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1. About this book

The purpose of Conservation Evidence synopses

Conservation Evidence synopses do Conservation Evidence synopses do

not

Bring together scientific
evidence captured by the
Conservation Evidence project
(over 3,000 studies so far) on
the effects of interventions to
conserve biodiversity

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

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

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

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

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

Weight or numerically evaluate
the evidence according to its
quality

Provide answers to conservation
problems. We provide scientific
information to help with
decision-making




Who is this synopsis for?

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

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

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

The Conservation Evidence project

The Conservation Evidence project has three parts:

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.

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

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

These resources currently comprise over 3,000 pieces of evidence, all available in
a searchable database on the website www.conservationevidence.com.

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

Of the 322 bird conservation interventions identified in this synopsis, five are the
subjects of current systematic reviews:

e How does the impact of grazing on heathland compare with the impact of
burning, cutting or no management?
http://www.environmentalevidence.org/SR14.html

e |s predator control an effective strategy for enhancing bird populations?
http://www.environmentalevidence.org/SR38.html.

e Do matrix features affect species movement?
http://www.environmentalevidence.org/SR43.html




e Does structural connectivity facilitate dispersal of native species in Australia’s
fragmented terrestrial landscape?
http://www.environmentalevidence.org/SR44.html

e How do thinning and burning treatments in southwestern conifer forests in the
United States affect wildlife distribution, abundance and population
performance? http://www.environmentalevidence.org/SR66.html

In addition, three systematic reviews provide important information on the

impacts of threats on bird populations:

e Effects of wind turbines on bird abundance.
http://www.environmentalevidence.org/SR4.html

e What is the impact of public access on the breeding success of ground-
nesting and cliff-nesting birds?
http://www.environmentalevidence.org/SR16.html

e What are the impacts of human recreational activitiy on the distribution,
nest-occupancy rates and reproductive success of breeding raptors?
http://www.environmentalevidence.org/SR27.html

Another provides evidence for how to apply an intervention:

e Do trapping interventions effectively reduce or eradicate populations of the
American mink (Mustela vison)?
http://www.environmentalevidence.org/SR7.html.

There are several interventions which we feel would benefit significantly from

systematic reviews:

e Interventions to reduce the impact of electricity pylons and power lines

e Interventions to reduce seabird bycatch

e The provision of artificial nest sites

e The provision of supplementary food

Scope of the Bird Conservation synopsis

This synopsis covers evidence for the effects of conservation interventions for
native (see below), wild birds.

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

We have gathered evidence from all around the world, and the apparent over (or
under-representation) of some regions reflects the current biases in published
research papers available to Conservation Evidence.

Native vs. non-native species

This synopsis does not include evidence from the substantial literature on
husbandry of domestic birds, or non-native gamebirds (e.g. common pheasants
Phasianus colchicus in Europe and North America). However, where these
interventions affect native species, or are relevant to the conservation of native, wild
species, they are included (e.g. management of farmland for common pheasants has
a significant impact on several declining native songbirds in the UK, see Stoate (2002)
in ‘Manage hedges to benefit wildlife’, ‘Plant nectar flower mixture/wildflower strips’,



‘Plant wild bird seed cover strips’, ‘Provide supplementary food for birds’, ‘Create
beetle banks’, ‘Control predators not on islands - songbirds’, ‘Reduce pesticide or
herbicide use generally’.

How we decided which conservation interventions to include

Our list of interventions has been agreed in partnership with an Advisory Board
made up of international conservationists and academics with expertise in bird
conservation. Although the list of interventions may not be exhaustive, we have tried
to include all actions that have been carried out or advised to support populations or
communities of wild birds.

How we reviewed the literature

In addition to evidence already captured by the Conservation Evidence project, we

have searched the following sources for evidence relating to bird conservation:

e Fifteen specialist bird conservation journals, from their first publication to the
end of 2010 (African Bird Club Bulletin, The Auk, Bird Conservatin International,
Bird Study, BTO Research Reports, Emu, Ibis, Journal of Avian Biology —formerly
Ornis Scandinavica, Journal of Field Ornithology, Journal Raptor Research —
formerly Raptor Research, Ornitologia Neotropical, RSPB Research Reports,
The Condor, Waterbirds — formerly Colonial Waterbirds, Wilson Journal of
Ornithology — formerly Wilson Bulletin)

e Twenty general conservation journals over the same time period.

e Where we knew of an intervention which we had not captured evidence for,
we performed keyword searches on ISI Web of Science and
www.scholar.google.com for this intervention.

Individual studies covered in this synopsis are all included in full or in summary on
the Conservation Evidence website.

The criteria for inclusion of studies in the Conservation Evidence database are as
follows:

e There must have been an intervention that conservationists would do

o |ts effects must have been monitored quantitatively

In some cases, where a body of literature has strong implications for conservation of
a particular species group or habitat, although it does not directly test interventions
for their effects, we refer the reader to this literature, but present no evidence.

How the evidence is summarised

Conservation interventions are grouped primarily according to the relevant direct
threats, as defined in the International Union for the Conservation of Nature (IUCN)’s
Unified Classification of Direct Threats (www.iucnredlist.org/technical-
documents/classification-schemes/threats-classification-scheme-ver3). In  most
cases, it is clear which main threat a particular intervention is meant to alleviate or
counteract.

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



Some important interventions can be used in response to many different threats,
and it would not make sense to split studies up depending on the specific threat they
were studying. We have therefore separated out these interventions, following the
IUCN’s Classification of Conservation Actions (http://www.iucnredlist.org/technical-
documents/classification-schemes/conservation-actions-classification-scheme-ver2).
The actions we have separated out are: ‘Habitat protection’, ‘Education and
community development’, ‘Habitat restoration and creation’, ‘General responses to
small/declining populations’ and ‘Captive breeding, rearing and releases (ex situ
conservation)’. These respectively match the following IUCN categories: ‘Land/water
protection’, ‘Education and awareness’ and ‘Livelihood, economic and other
incentives’, ‘Land/water management — Habitat and natural process restoration’, and
‘Species Management’.

Normally, no intervention is listed in more than one place, and when there is
ambiguity about where a particular intervention should fall there is clear cross-
referencing. Some studies describe the effects of multiple interventions. When this is
the case, cross-referencing is again used to direct readers to the other interventions
investigated. Where a study has not separated out the effects of different
interventions, the study is only described once, but readers are directed to it from the
other interventions.

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

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

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

References containing evidence for the effects of interventions are summarised in
more detail on the Conservation Evidence website. In electronic versions of the
synopsis, they are hyperlinked directly to the summary. If you do not have access to
the electronic version of the synopsis, searching for the reference details or the
species name on www.conservationevidence.com is the quickest way to locate
summaries.

The information in this synopsis is available in three ways:

As a book, printed by Pelagic Publishing and for sale from www.nhbs.com

As a pdf to download from www.conservationevidence.com

As text for individual interventions on the searchable database at
www.conservationevidence.com.

Terminology used to describe evidence

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


file:///C:/Users/nmassen/Downloads/www.conservationevidence.com

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

Term

Meaning

Site comparison

Replicated

Controlled

Paired sites

Randomised

Before-and-after
trial

Review

Systematic
review

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

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

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

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

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

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

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

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



Taxonomy

We have followed the taxonomy used in BirdLife International’s 2011 checklist
(http://www.birdlife.org/datazone/info/taxonomy), updating the names used in
original papers where necessary. We have always referred to the species name used
in the original paper as well. Where possible, common names and Latin names are
both given the first time each species is mentioned within each intervention.

Where interventions have a large literature associated with them we have
sometimes divided studies along taxonomic or functional lines. These do not follow
strict taxonomic divisions, but instead are designed to maximise their utility. For
example, storks, herons and ibises are often included together as both groups are
large wading birds and may respond to interventions in similar ways.

Habitats

Where interventions have a large literature associated with them and effects could
vary between habitats, we have divided the literature using the IUCN Habitat
Classification Scheme (Version 3.0), available from www.iucnredlist.org.

Significant results

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

Multiple interventions

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

How you can help to change conservation practice.

If you know of evidence relating to bird conservation that is not included in this
synopsis, we invite you to contact us, via the www.conservationevidence.com
website. Following guidelines provided on the site, you can submit a summary of a
previously published study, or submit a paper describing new evidence to the
Conservation Evidence journal. We particularly welcome summaries written by the
authors of papers published elsewhere, and papers submitted by conservation
practitioners.




2. Habitat protection

Habitat destruction is the largest single threat to biodiversity, and the spread of
agriculture into natural habitats alone threatens 1,065 species of birds (87% of all
threatened species) (BirdLife International 2008). Habitat protection is therefore
one of the most frequently used conservation interventions, particularly in the
tropics and in other areas with large areas of surviving natural vegetation.

Habitat protection can be through the designation of legally protected areas (PAs),
using national or local laws; through the designation of Important Bird Areas
(IBAs) or similar schemes, which, whilst providing no formal protection, may
increase the profile of a site and make its conversion more difficult; or through the
protection of entire habitat types, for example through the EU’s Habitats Directive.

However, it can be difficult to measure the effectiveness of such areas: there may
be no suitable controls; monitoring often only begins with the designation of the
PA and PAs tend to be located in areas that would be less likely to be cleared even
if it was not protected, making the prevention of agricultural expansion is less
politically difficult (Joppa & Pfaff 2011). Analysis of PAs often, therefore, requires
large datasets, and this means that most studies investigating them use either
satellite imagery (e.g. Joppa et al. 2008) or overall ‘condition’ scores (e.g. Mwangi
et al. 2010), rather than data on bird populations, which are much harder to
collect.

It is worth noting that the designation of a habitat or area as ‘protected’ (also
known as de jure protection) does not necessarily mean protection in practical
terms (de facto protection). The chapter on ‘Threat: Biological resource use’
contains several studies that examine the effect of greater de facto protection on
bird populations.

Birdlife International (2008) State of the world's birds: Indicators for our changing world. Birdlife
International.

Joppa, L.N.,, Loarie, S.R. & Pimm, S.L. (2008) On the protection of “protected areas.” Proceedings of the
National Academy of Sciences, 105, 6673-6678.

Joppa, L.N. & Pfaff, A. (2011) Global protected area impacts. Proceedings of the Royal Society B:
Biological Sciences, 278, 1633 -1638.

Mwangi, M.A.K,, Butchart, S.H.M., Munyekenye, F.B., Bennun, L.A., Evans, M., Fishpool, L.D.C.,
Kanyanya, E., Madindou, 1., Machekele, ., Matiku, P., Mulwa, R., Ngari, A., Siele, J. &
Stattersfield, A.J. (2010) Tracking trends in key sites for biodiversity: a case study using
Important Bird Areas in Kenya. Bird Conservation International, 20, 215-230.

Key messages

Legally protect habitats

Four studies from Europe found that populations increased after habitat protection
and a review from China found high use of protected habitats by cranes. A replicated,
randomised and controlled study from Argentina found that some, but not all bird
groups had higher species richness or were at higher densities in protected habitats.



Ensure connectivity between habitat patches

Two studies of a replicated, controlled experiment in Canadian forests found that
some species (not forest specialists) were found at higher densities in forest patches
connected to continuous forest, compared to isolated patches and that some species
used corridors more than clearcuts between patches.

Provide or retain un-harvested buffer strips

Three replicated studies from the USA found that species richness or abundances were
higher in narrow (<100 m) strips of forest, but five replicated studies from North
America found that wider strips retained a community more similar to that of uncut
forest than narrow strips. Two replicated studies from the USA found no differences
in productivity between wide and narrow buffers, but that predation of artificial nests
was higher in buffers than in continuous forest.

21. Legally protect habitats

e Four studies (two replicated) from Europe (1,4-6) found population increases following
habitat protection, more positive population trends in protected habitats, compared with
outside, or with increases amounts of protected habitats.

o Aliterature review (2) reported that a large number of cranes (Gruidae) of seven species
used nature reserves in China, whilst a replicated, randomised and controlled study from
Argentina (3) found that some guilds of birds were found at higher species richnesses in
protected forests, some at higher densities, and that some showed no differences.

A before-and-after study in the western Pyrenees, Spain (1), found that the
population of griffon vultures Gyps fulvus increased from 282 pairs (in 23
colonies) in 1969-75 to 1,097 pairs (46 colonies) in 1989 following the initiation
of multiple conservation interventions including the creation of reserves at nine
breeding colonies (one in 1976, eight in 1987). This study is also discussed in more
detail in ‘Use legislative regulation to protect wild populations’, ‘Restrict certain
pesticides or other agricultural chemicals’ and ‘Provide supplementary food to
increase adult survival'.

A 1998 literature review (2) found that 25,500-31,800 cranes (Gruidae) of seven
species used 32 nature reserves, established mainly for crane conservation, in
China in 1994. This review is also discussed in ‘Use education programmes and
local engagement to help reduce pressures on species’, ‘Use legislative regulation
to protect wild populations’, ‘Mark power lines to reduce incidental mortality’,
‘Provide supplementary food to increase adult survival’ and ‘Release captive-bred
individuals’.

A replicated, randomised, controlled study in 1992-4 in Buenos Aires Province,
Argentina (3), found that total bird abundance and species richness was
significantly higher in September, December and March in a protected old-growth
tala-coronillo woodland (free of human disturbance for >100 years) than in a
woodland selectively logged for Celtis tala until 1960. Insect-eating bird density
and species richness was higher in the protected woodland than in the exploited
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woodland and fruit-eating birds showed higher total density in the protected
woodland in spring and summer but species richness was similar between both
woodland types. There were no differences between sites for seed-eating birds.

A replicated study in 1997 in 19 nature reserves across England (4) found that
they held consistently higher densities of northern lapwing Vanellus vanellus,
common redshank Tringa totanus and common snipe Gallinago gallinago than the
non-reserve Environmentally Sensitive Areas (an agri-environment scheme
designation) surrounding them (densities approximately 730% higher for
lapwing, 520% higher for redshank and 1600% higher for snipe). In addition,
population trends were generally positive in reserves (except for snipe), but
negative outside them (lapwing: 0.9-7.4% annual increase inside reserves vs. 0.7-
13% decline outside; redshank: 3.9-8.6% increase vs. 1.8-18.6% decrease; snipe:
6.1-16.8% decrease in reserves vs. 7.3-29.7% decrease outside). The authors note
that snipe have declined by approximately 70% across all reserves, due mainly to
declines at a single reserve with a large population and on reserves with mineral
soils (i.e. those with little organic matter). However, declines outside reserves
were considerably higher than those on reserves (20% vs. 10% annually). This
study is discussed in detail in ‘Pay farmers to cover the costs of conservation
measures’ and ‘Maintain traditional water meadows’.

A controlled, before-and-after study from 1970-2000 across Europe (5) found
that targeted species in European Union (EU) countries, which were legally
obliged to increase coverage of special protected areas (SPAs), had significantly
more positive population trends after implementation of the directive and
compared to non-EU countries (no implementation). Statistical models suggested
that for every additional 1% increase in SPA area, the chances of all species
experiencing positive population growth increased by 4%, with a 7% increase for
target species. The authors argue that the stronger response of the target species
provides direct evidence for the effectiveness of the EU Bird (79/409/EEC, est.
1979) and Habitats (92/43/EEC, est. 1992) Directives. Although non-target
species’ trends did not differ between EU and non-EU countries there was some
evidence that these populations were more positive in EU countries with more
extensive SPA networks.

A 2007 site comparison study of 677 plots covering 38,705 ha across southern
England (6) found that for three wader species, population trends were most
favourable in nature reserves, compared with farmland under the
Environmentally Sensitive Areas scheme. Between 1982 and 2002, common
redshank Tringa totanus declined by 70% in the wider countryside but increased
by 160% in nature reserves outside Environmentally Sensitive Areas. Northern
lapwing Vanellus vanellus showed a 48% decline in the wider countryside, and
increased only in nature reserves outside Environmentally Sensitive Areas (by
55%) and reserves with Environmentally Sensitive Area enhancement (121%).
Common snipe Gallinago gallinago breeding numbers decreased everywhere
(commonly with declines of 90% or more), although declines were smaller in
nature reserves outside Environmentally Sensitive Areas (-66%) and reserves in
Environmentally Sensitive Area enhancement (-24%).
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(1) Donazar, J. A. (1990) Population trends of the griffon vulture Gyps fulvus in northern Spain
between 1969 and 1989 in relation to conservation measures. Biological Conservation, 53, 83-91.

(2) Davis, C. (1998) A review of the success of major crane conservation techniques. Bird
Conservation International, 8, 19-30.

3) Cueto, V. R. & Casenave, J. L. D. (2000) Bird assemblages of protected and exploited coastal
woodlands in east-central Argentina. The Wilson Bulletin, 112, 395-402.

4) Ausden, M. & Hirons, G. J. M. (2002) Grassland nature reserves for breeding wading birds in
England and the implications for the ESA agri-environment scheme. Biological Conservation, 106,
279-291.

(5) Donald, P. F., Sanderson, F. J., Burfield, I. J., Bierman, S. M., Gregory, R. D. & Waliczky, Z. (2007)
International conservation policy delivers benefits for birds in Europe. Science, 317, 810 -813.

(6) Wilson, A., Vickery, ]J. & Pendlebury, C. (2007) Agri-environment schemes as a tool for reversing
declining populations of grassland waders: mixed benefits from Environmentally Sensitive
Areas in England. Biological Conservation, 136, 128-135.

2.2. Ensure connectivity between habitat patches

e A replicated, controlled study in Canada (2) found significantly higher abundances of
some birds, but not forest specialists, in forest patches connected to a continuous area
of forest, than in isolated patches.

e Another study of the same system (1) found evidence that corridors were used by some
bird species more than clearcuts between patches, although corridors near cut forest
were not used more than those near uncut stands.

Background

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

Theoretically, the number of species surviving in a habitat fragment is determined
by its size and its effective distance to other habitat patches (MacArthur & Wilson
1967). Connecting remaining areas of habitat is therefore often seen as a way to
increase the viability of populations, but there is considerable debate as to the
effectiveness of such ‘wildlife corridors’ (e.g. Beier & Noss 1998).

Studies describing the effects of creating habitat corridors, rather than retaining them are described in
‘Habitat restoration and creation’. Beier, P. & Noss, R.F. (1998) Do habitat corridors provide
connectivity? Conservation Biology, 12, 1241-1252.

Fahrig, L. (1997) Relative Effects of Habitat Loss and Fragmentation on Population Extinction. The
Journal of Wildlife Management, 61, 603-610.

MacArthur, R.H. (1967) The Theory of Island Biogeography. Princeton University Press, Princeton, N.]J.
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A replicated, controlled study in boreal forests in 1993-5 in Alberta, Canada (1),
found that significantly higher abundances of the ten most common understorey
birds were found in three riparian corridors between forest patches than in three
clearcuts between patches. Only two of the ten were found nesting or foraging in
clearcuts. In addition, significantly more juveniles used corridors following
logging, than before, but only in one site. No more birds used the buffer strips near
logged forest than similar strips near un-logged forest, when controlling for local
abundances. Corridors consisted of 1-5-m of riparian vegetation and 90-110 m of
forest. Visual surveys were used in clearcuts and mist nets in corridors.

A replicated, controlled study as part of the same study as (1) in mixed boreal
forests in northern Alberta, Canada (2), found significantly higher abundances of
resident songbirds and woodpeckers, but not of forest specialists, in forest plots
connected to a continuous block when compared to isolated fragments. Resident
species were found at similar abundances in connected fragments and
unfragmented forests, whilst habitat generalists were found at similar abundances
across all forest types. None of the individual species analysed appeared to benefit
from connectivity. Forest fragments were 10 or 40 ha, either in continuous forest,
isolated by a 200 m strip of clearcut on all sides or isolated on three of four sides
for connected fragments. Three replicates of each treatment were established in
the winter of 1993-4 and monitored until 1998.

(1) Machtans, C. S., Villard, M.-A., & Hannon, S. J. (1996) Use of riparian buffer strips as movement
corridors by forest birds. Conservation Biology, 10, 1366-1379.

() Hannon, S. J. & Schmiegelow, F. K. A. (2002) Corridors may not improve the conservation value
of small reserves for most boreal birds. Ecological Applications, 12, 1457-1468.

2.3. Provide or retain un-harvested buffer strips

e Fourreplicated studies from Canada and the USA (1,3,5,7) found that wider buffer strips
retained a bird community more similar to that of uncut forest than narrower strips. Two
replicated and controlled studies from the USA (3,4) found that several forest-specialist
species were absent from buffers up to 70 m wide.

e Two replicated and controlled studies from the USA (3,7) found that richness was higher
in buffers <100 m wide, compared to wider strips or forest. A replicated, controlled study
in the USA (6) found that thinned buffer strips had lower abundances of forest species
than unthinned strips, but higher abundances of early successional species. A replicated
study from the USA (4) found that species richness was similar between 20-50 m buffers
and original forest.

e Areplicated study from the USA (4) found that bird abundances were higher in 20-50 m
wide buffer strips than in original forest.

e A replicated study in the USA (8) found no differences in productivity of birds nests
between buffer strips wider than 350 m, compared to those thinner than 250 m. Whilst a
replicated, controlled study from the USA (2) found that predation of artificial nests was
significantly higher in buffer strips compared with continuous forest, but that there was
no diffrerence between narrow and wide buffers.

Background
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Provision or retention of forest strips in areas subject to timber extraction may be
undertaken with the purported objectives of helping to mitigate the effects of loss
of forest cover for woodland flora and fauna, as well as reducing potential
problems such as soil erosion. Nature conservation aims include retaining
valuable old forest features such as older trees with cavities and dead wood
affording nest site and foraging opportunities for woodland birds. A similar
intervention is ‘Ensure connectivity between habitat patches’, discussed in
‘Habitat protection’.

A replicated study in balsam fir Abies balsamea stands in Quebec, Canada, (1), in
1989-92 found that 60 m-wide riparian forest buffer strips retained forest-
dwelling breeding bird abundances and a species composition more similar to
uncut areas than that of narrower strips. For one year before and three years
following clearcutting, birds were surveyed in five buffer strips: 20 m-, 40 m-, 60
m-, and more than 300 m-wide (i.e. undisturbed control) strips, and a 20 m-wide
thinned (33% of trees removed) strip. After initial increases in bird densities (30-
70%) in all strips in the year after cutting, the 20 m- and 40 m-wide strips
exhibited greatest decreases. Three years after cutting, forest species were less
abundant (four songbirds becoming virtually absent) than habitat generalists in
the 20 m strips (the thinned 20 m strip had densities around 20% less than the
unthinned 20 m-wide strip).

Areplicated, controlled study from June-July in 1994 in five mainstem buffer strips
(60-80 m wide), five tributary buffer strips (20-40 m wide) and five continuously
forested control sites within commercial forests in Maine, USA (2) found that avian
nest predation rates were significantly higher in the buffer strips than in control
sites (31% predation in tributary buffer strips, 23% in mainstem buffers vs. 15%
in control sites). Red squirrels Tamiasciurus hudsonicus and blue jays Cyanocitta
cristata were responsible for > 50% of depredations. The authors suggest leaving
wide (> 150 m) buffer strips along riparian zones to reduce edge-related nest
predation. Artificial nests were placed at five points (100 m apart) along transects
that ran parallel to the stream.

A replicated, controlled study from May-June in 1994 in 12 riparian buffer-strip
(18-70 m wide) sites and four unlogged riparian sites of old-growth forest in
Oregon, USA (3) found that 27 species were recorded at unlogged and 42 species
at buffer-strip sites: eight species were more abundant in unlogged and 12 species
more abundant in buffer-strip sites. Four species that were more abundant in
unlogged stands increased with increasing width of riparian buffers. However,
four other species were rarely observed in even the widest buffers sampled (40-
70 m). Overall, bird species richness and abundance were not related to buffer-
strip width, but the author recommends buffer widths >40 m and maintaining a
high density of trees within the buffer.

A replicated, controlled paired sites study from June-July in 1994-5 in 16 pairs of
forested buffer strips (20-50 m) and undisturbed riparian coastal forest in
Newfoundland, Canada (4), found that bird abundance was higher in the buffer
strips (average of 10.5 individuals/transect for buffer strips vs. 7.9 for control
sites), total species richness was similar (7.2 species/transect in buffers vs. 6.2 in
controls) but that three of six specialist forest species were absent. Abundance of
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forest generalist, interior forest, and riparian species were similar between
buffers and controls and did not increase in wider buffers. Buffer strips were
adjacent to 3-5 year-old clear-cuts (> 10 ha) and were typically > 300 m long.

A replicated controlled before-and-after study in a managed Douglas-fir
Pseudotsuga menziesii forest in Washington, USA, (5), found that 31 m wide
riparian buffer strips contained bird communities that were more similar to
control (unharvested) forests than 14 m strips. Forest species (black-throated
grey warbler Dendroica nigrescens, golden-crowned kinglet Regulus satrapa and
brown creeper Certhia americana) decreased in buffer treatments (especially the
narrow buffer) relative to controls. Species of shrubby habitats (dark-eyed junco
Junco hyemalis, cedar waxwing Bombycilla cedrorum and song sparrow Melospiza
melodia) increased in one or both buffer treatments. Birds were surveyed in 18
sites (six of each treatment) in both pre-harvest (spring 1993) and post-harvest
(1995 and 1996) years.

A replicated controlled trial along a stream in Minnesota, USA (6), found that bird
species responded differently to timber harvest in riparian buffers, and that any
amount of harvest affected breeding bird communities. Along the stream, 30 m
wide forest buffers were established within plots with four treatments (3
plots/treatment): 1) no harvest in buffer; 2) reduction of tree basal area to 7-10
m?/ha; 3) reduction to 2 m?/ha (i.e. clear-cut); and 4) no harvest in buffer or
adjacent upland forest. Bird surveys were conducted 1 year prior to and for 4
years after, harvest. In the first year after harvest, bird community composition
changed in all buffer treatments relative to control plots, and diverged over time.
More individuals and species (primarily associated with edge or early-
successional habitats) colonized harvested buffers; abundances and species
richness of interior forest species declined.

A replicated, randomised, controlled study from May-June in 2001 and May-July
in 2002 in 24 buffer-strip blocks and 18 continuous, old-growth forest blocks in
coastal, temperate forests in Alaska, USA (7) found that species richness was
similarly distributed across treatments and controls (both averaged 15 species /
100 detections). Species richness and diversity were greatest in the narrowest
buffers (< 100 m) but species composition in the largest buffers (= 400 m) was
most similar to that in control blocks. Only 3 of 10 common species differed in
abundance across buffer treatments and controls (2 were positively and 1 was
negatively related to buffer width). The authors conclude that forested beach
buffers = 250 m wide can support densities of forest-associated birds similar to
that of natural stands but rare or uncommon species will benefit most from buffers
> 400 m in width.

A replicated study in 2003-4 in old-growth forest on Prince of Wales Island,
Alaska, USA (8), there were no significant differences in average clutch size or
number of young fledged across six species between nests in narrow (<250 m)
buffers at four sites, compared to wide (>350 m) buffers at three sites. The buffers
surrounded areas of 8-18 ha of forest and 76 nests of six species (Pacific-slope
flycatcher Empidonax difficilis, chestnut-backed chickadee Poecile rufescens,
winter wren Troglodytes troglodytes, Swainson’s thrush Catharus ustulatus,
hermit thrush C. guttatus and varied thrush Ixoreus naevius) were monitored. Of
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the 25 (18%) of nests that did not fledge young, 23 failed due to predation. Daily
survival rates were slightly higher (0.2 to 2.5%) in wide buffers.

1) Darveau, M., Beauchesne, P., Bélanger, L., Huot, ]. & Larue, P. (1995) Riparian forest strips as
habitat for breeding birds in boreal forest. Journal of Wildlife Management, 59, 67-78.

) Vander Haegen, W. M. & Degraaf, R. M. (1996) Predation on artificial nests in forested riparian
buffer strips. The Journal of Wildlife Management, 60, 542-550.

3) Hagar, J. C. (1999) Influence of riparian buffer width on bird assemblages in western Oregon.
Journal of Wildlife Management, 63, 484-496.

4) Whitaker, D. M. & Montevecchi, W. A. (1999) Breeding bird assemblages inhabiting riparian
buffer strips in Newfoundland, Canada. Journal of Wildlife Management, 63, 167-179.

(5) Pearson, S. F. & Manuwal, D. A. (2001) Breeding bird response to riparian buffer width in
managed Pacific northwest Douglas-fir forests. Ecological Applications, 11, 840-853.

(6) Hanowski, J., Danz, N., Lind, J. & Niemi, G. (2005) Breeding bird response to varying amounts
of basal area retention in riparian buffers. The Journal of Wildlife Management, 69, 689-698.

(7) Kissling, M. L. & Garton, E. O. (2008) Forested buffer strips and breeding bird communities in
southeast Alaska. Journal of Wildlife Management, 72, 674-681.

(8) Sperry, D. M., Kissling, M. & George, T. L. (2008) Avian nest survival in coastal forested buffer
strips on Prince of Wales Island, Alaska. The Condor, 110, 740-746.
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3. Education and awareness raising

Key messages

Raise awareness amongst the general public through campaigns and
public information

A literature review from North America found that education was not sufficient to
change behaviour, but that it was necessary for the success of economic incentives and
law enforcement.

Provide bird feeding materials to families with young children

A single replicated, paired study from the USA found that most children involved in
a programme providing families with bird food increased their knowledge of birds,
but did not significantly change in their environmental attitudes.

Enhance bird taxonomy skills through higher education and training

We captured no published evidence for the effects of enhancing bird taxonomy skills
on bird populations.

Provide training to conservationists and land managers on bird ecology
and conservation

We captured no published evidence on the effects of general awareness campaigns
and public information on the state of bird populations.

3.1. Raise awareness amongst the general public through
campaigns and public information

e A review of programmes in the USA and Canada (1) argues that education was not
sufficient to change behaviour, although it was necessary as a catalytic factor for
economic incentives and law enforcement.

Background

This intervention involves general information and awareness campaigns in
response to a range of threats. Studies describing educational campaigns in
response to specific threats are described in the chapter on that threat category
(e.g. ‘Threat: Biological Resource Use - Use education programmes and local
engagement to help reduce persecution or exploitation of species’).

A review of 16 case studies (six of which were directly related to birds) using
before-and-after analyses in the USA and Canada (1) found that education and
awareness initiatives were necessary but insufficient in effective conservation
projects. Of the six case studies concerning birds, education and awareness
decreased the hunting of American black duck Anas rubripes (USA and Canada)
and threatened geese through more stringent regulations; did not decrease lead
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poisoning of common loons Gavia immer in New England, three years after
pamphlet distribution; decreased oil contamination in Colorado and Wyoming pits
(USA) by 67%; increased hatching rates of snowy plovers Charadrius nivosus in
California (USA) by 18% in 5 years; and doubled seabird populations in a region
in Quebec (Canada). Overall, education and awareness was almost never a
sufficient factor in changing behaviour, although it was necessary as a catalytic
factor for economic incentives and law enforcement.

(1) Byers, B. A. (2003) Education, Communication and Outreach (ECO) success stories: Solving
conservation problems by changing behavior. U.S. Fish and Wildlife Service National Conservation
Training Center Division of Education Outreach report.

3.2. Provide bird feeding materials to families with
young children

e A single replicated before-and-after study from the USA (1) found that most children
involved in a programme providing families with bird food increased their knowledge of
birds, but there was no significant change in environmental attitudes.

Background

Feeding birds in gardens is a popular past time in many parts of the world, and
there is the possibility that encouraging young children to feed birds may increase
their knowledge of local species and their desire to conserve them. Studies
describing the effects of feeding on bird populations and reproduction are
described in ‘General responses to small/declining populations - Provide
supplementary food’.

A replicated before-and-after study in 65 families containing at least 1 child
provisioned with bird feeding and educational materials for use in urban gardens
in the USA (1) found that younger children showed significant gains in bird
knowledge but there was no systematic change in environmental attitudes. Forty-
nine (75%) children improved in bird knowledge, six (9%) showed no change and
ten (15%) declined. Post-program scores were significantly higher than pre-
program scores for both younger boys and girls (7-9 years old) but not older
children (10-12 years old). Positive change was correlated with higher education
levels of parents. Environmental attitudes, however, did not change and declined
for one subgroup of children (younger boys). Over 80% of parents felt the program
increased family interaction and 80% reported they will still watching and feeding
birds a year later. Of the children, 44% were boys and 56% girls.

1) Beck, A. M., Melson, G. F., da Costa, P. L. & Liu, T. (2001) The educational benefits of a ten-week
home-based wild bird feeding program for children. Anthrozoos, 14, 19-28.
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3.3. Enhance bird taxonomy skills through higher

education and training

We captured no published evidence for the effects of enhancing bird taxonomy skills on
bird populations.

3.4. Provide training to conservationists and land

managers on bird ecology and conservation

We captured no published evidence on the effects of general awareness campaigns and
public information on the state of bird populations.
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4. Threat: Residential and commercial development

Probably the biggest threats from development are from the destruction of
habitat, pollution and ‘transportation and service corridors’. Interventions in
response to these threats are described in ‘Habitat restoration and creation’,
‘Threat: Pollution’ and ‘Threat: Transportation and service corridors’.

The two interventions described in this section are designed to reduce collisions
between birds and windows, which kill many birds each year. Approximately 25%
of bird species in the USA having been recorded colliding with windows, with no
environmental conditions apparently reducing this risk (Klem 1989). Studies that
examine placing bird feeders in such a way as to minimise collision risk are
described in ‘Provide supplementary food’.

Klem, D. (1989) Bird-window collisions. The Wilson Bulletin, 101, 606—620.

Key messages

Angle windows to reduce bird collisions

A randomised, replicated and controlled experiment in the USA found that fewer birds
collided with windows angled away from the vertical.

Mark or tint windows to reduce bird collisions

Two randomised, replicated and controlled studies found that marking windows did
not appear to reduce bird collisions. However, when windows were largely covered
with white cloth, or tinted, fewer birds flew towards or collided with them. A third
randomised, replicated and controlled study found that fewer birds collided with
tinted windows than with un-tinted ones, although the authors noted that the poor
reflective quality of the glass could have influenced the results.

4.1. Angle windows to reduce collisions

e A single randomised, replicated and controlled experiment in the USA (1) found fewer
birds collided with windows angled away from the vertical.

Arandomised, replicated and controlled experiment in 1991 in Pennsylvania, USA
(1), found that a fewer birds collided with windows angled at 20° or 40° from the
vertical (28% and 15% of 53 recorded collisions respectively) than with vertical
windows (57% of collisions). Six plate glass, wooden framed windows (1.4 x 1.2
m, 1.2 m off the ground, 15-43 m apart) were used, between January and May, on
the edge of deciduous woodland and farmland.

@) Klem Jr, D., Keck, D. C., Marty, K. L., Ball, A. J. ., Niciu, E. E. & Platt, C. T. (2004) Effects of

window angling, feeder placement, and scavengers on avian mortality at plate glass. The Wilson
Bulletin, 116, 69-73.
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4.2. Mark or tint windows to reduce collision mortality

e Two randomised, replicated and controlled studies (one ex situ, (1)) found that marking
windows did not appear to reduce bird collisions. However, when windows were largely
covered with white cloth, fewer birds flew towards them.

e A randomised, replicated and controlled study (2) found that fewer birds collided with
tinted windows than with un-tinted ones, although the authors noted that the poor
reflective quality of the glass could have influenced the results.

A randomised, replicated and controlled study over 52 days in Illinois, USA (1),
found that marking windows in various ways did not reduce the number of birds
colliding with the windows, compared to an unmarked control window. Similarly,
a randomised, repeated and controlled choice experiment in a flight cage found
that dark-eyed juncos Junco hyemalis did not consistently avoid windows marked
with wind chimes, silhouettes of falcons, plants, stickers of eyes or model owls.
However, birds tended to avoid windows that were completely covered by white
cloth, or covered by closely spaced cloth strips and meshes. Widely spaced cloth
strips and flashing lights partially increased avoidance.

A randomised, replicated and controlled experiment between January and May
1991 in Pennsylvania, USA (2), found that a smaller proportion of collisions were
with tinted windows (32% of 53 recorded collisions) than with clear windows
(68% of collisions). The same study found that, when platform feeders were
placed at varying distances in front of the windows (see ‘Provide supplementary
food - Place feeders close to windows to reduce collisions’), only four of 52 fatal
collisions (8%) occurred with tinted windows, the rest with clear glass windows.
However, the authors note that the tinted glass was of a poor reflective quality and
they believe this may have resulted in fewer fatalities than a highly reflective
tinted glass. Experiments used six plate glass, wooden framed windows (1.4 x 1.2
m, 1.2 m off the ground, 15-43 m apart) on the edge of deciduous woodland and
farmland.

(1) Klem Jr, D. (1990) Collisions between birds and windows: mortality and prevention. Journal of
Field Ornithology, 120-128.

(2) Klem Jr, D., Keck, D. C., Marty, K. L., Ball, A. J., Niciu, E. E. & Platt, C. T. (2004) Effects of
window angling, feeder placement, and scavengers on avian mortality at plate glass. The Wilson
Bulletin, 116, 69-73.
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5. Threat: Agriculture

In Europe, much of the conservation effort is directed at reducing the impacts of
agricultural intensification on biodiversity on farmland and in the wider
countryside, and the majority of the interventions we have captured reflect this.
However, there is some debate as to whether ‘wildlife-friendly farming’ is the best
overall strategy to conserve biodiversity across the world. Wildlife-friendly
agriculture may be lower yielding than intensive agriculture, in which case a larger
area of land will be required to produce the same amount of food. If this leads to
increased habitat conversion, then intensifying production on current agricultural
land and ‘sparing’ wild habitats for conservation may be preferable.

Whilst there has been considerable debate over the validity of the land-sparing
approach, and Ewers et al. 2009 found some weak evidence that increased crop
yields are associated with land sparing, we have captured no studies examining
whether land-sparing benefits bird populations. To be successful, land-sparing
may well require effective habitat protection (Ewers et al. 2009), studies on which
are discussed in a separate chapter.

Ewers, R M., Scharlemann, ].P.W., Balmford, A., Green, R.E. (2009) Do increases in agricultural yield
spare land for nature? Global Change Biology, 15, 17161726

Key messages - All farming systems

Support or maintain low-intensity agricultural systems

We captured no intervention-based evidence for the effects of supporting low-
intensity agricultural systems on bird populations.

Food labelling schemes relating to biodiversity-friendly farming

We captured no evidence for the effects of food labelling schemes on bird populations.

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

Two studies from Switzerland and Australia, of the five we captured, found that areas
with plantings of native species, or areas under a scheme designed to increase semi-
natural habitats (the Swiss Ecological Compensation Areas scheme), held more bird
species than other areas. One study from Switzerland found that populations of three
bird species increased in areas under the Ecological Compensation Areas scheme. A
third Swiss study found that some habitats near Ecological Compensation Areas held
more birds than habitats further away, but the overall amount of Ecological
Compensation Area had no effect on bird populations. A study from the UK found no
effect of habitat-creation on grey partridge populations.
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Pay farmers to cover the costs of conservation measures

Three out of 31 studies found national population increases in three species after
payment schemes targeted at their conservation. One found that many other species
continued declining. Twenty-two studies found that at least some species were found
at higher densities on sites with agri-environment schemes; some differences were
present only in summer or only in winter. Fifteen studies found some species at similar
densities on agri-environment schemes and non-agri-environment scheme sites or
appeared to respond negatively to agri-environment schemes. One study found that
grey partridge survival was higher in some years on agri-environment scheme sites.
Two studies found higher productivity on agri-environment scheme sites for some
species, one found no effect of agri-environment schemes. A review found that some
agri-environment schemes options were not being used enough to benefit many
species of bird. A study from the UK found that there was no difference in the densities
of seed-eating birds in winter between two agri-environment scheme designations.

Cross compliance standards for all subsidy payments

Apart from the Swiss Ecological Compensation Areas scheme (considered in another
section), we found no studies investigating the effects of cross compliance standards
on birds.

Reduce field size (or maintain small fields)

We found no intervention-based evidence on the effects of reducing field sizes on
birds.

Provide (or retain) set-aside areas in farmland

Four out of 23 studies from Europe and North America found more species on set-
aside than on crops. One study found fewer. Twenty-one studies found that some
species were at higher densities on set-aside than other habitats, or that they used set-
aside more often. Four found that some species were found at lower densities on set-
aside than other habitats. Three studies found that waders and Eurasian skylarks had
higher productivities on set-aside than other crops. One study found that skylarks on
set-aside had lower similar or lower productivities than on crops. One study from the
UK found that rotational set-aside was used more tha non-rotational set-aside, another
found no difference. A review from North America and Europe found that naturally
regenerated set-aside held more birds and more species than sown set-aside.

Manage hedges to benefit wildlife

One of seven studies found no differences in the number of species in a UK site with
wildlife-friendly hedge management and sites without. Seven studies found that some
species increased in managed hedges or were more likely to be found in them than
other habitats. One investigated several interventions at the same time. Four studies
found that some species responded negatively or not at all to hedge management or
that effects varied across regions of the UK.

22



Plant new hedges

A study from the USA found that populations of northern bobwhites increased
following several interventions including the planting of new hedges.

Manage stone-faced hedge banks to benefit birds

We captured no evidence for the effects of managing stone-faced hedge banks on birds.

Manage ditches to benefit wildlife

One study of four from the UK found that bunded ditches were visitied more often by
birds than non-bunded ditches. Three studies found that some birds responded
positively to ditches managed for wildlife, but that other species did not respond to
management, or responded negatively.

Protect in-field trees

We found no evidence for the effects of protecting in-field trees on birds.

Plant in-field trees

We found no evidence for the effects of planting in-field trees on birds.

Tree pollarding and tree surgery

We found no evidence for the effects of tree pollarding and tree surgery on bird
populations.

Plant wild bird seed or cover mixture

Seven of 41 studies found that fields or farms with wild bird cover had higher diversity
than other sites, or that wild bird cover held more species than other habitats. Thirty-
two studies found that populations, or abundances of some or all species were higher
on wild bird cover than other habitats, or that wild bird cover was used more than
other habitats. Four of these studies investigated several interventions at once.
Thirteen studies found that bird populations or densities were similar on wild bird
cover and other habitats that some species were not associated with wild bird cover,
or that birds rarely used wild bird cover. Three studies found higher productivities of
birds on wild bird cover than other habitats. Two found no differences for some or all
species studied. Two studies found that survival of grey partridge or artificial nests
increased on wild bird cover; one found lower partridge survival in farms with wild
bird cover than other farms. Five studies from the UK found that some wild bird cover
crops were used more than others. A study and a review found that the arrangement
of wild bird cover in the landscape affected its use by birds.

Plant nectar flower mixture/wildflower strips

Three of seven studies found that birds used wildflower strips more than other
habitats; two found strips were not used more than other habitats. A study from
Switzerland found that Eurasian skylarks were more likely to nest in patches sown
with annual weeds than in crops and were less likely to abandon nests. A study from
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the UK found that management of field margins affected their use more than the seed
mix used.

Create uncultivated margins around intensive arable or pasture fields

One of eight studies found that three sparrow species found on uncultivated margins
on a site in the USA were not found on mown field edges. A replicated study from
Canada found fewer species in uncultivated margins than in hedges or trees. Three
studies found that some bird species were associated with uncultivated margins, or
that birds were more abundant on margins than other habitats. One study found that
these effects were very weak and four studies of three experiments found that
uncultivated margins contained similar numbers of birds as other habitats in winter,
or that several species studied did not show associations with margins. A study from
the UK found that yellowhammers used uncultivated margins more than crops in
early summer. Use fell in uncut (but not cut) margins later in the year. A study from
the UK found that grey partridge released on uncultivated margins had high survival.

Plant grass buffer strips/margins around arable or pasture fields

One of 15 studies found more bird species in fields in the USA that were bordered by
grass margins than in unbordered fields. Two studies from the UK found no effect of
margins on species richness. One study found that more birds used grass strips in
fields than used crops. Even more used grass margins. Nine studies from the USA and
UK found that sites with grass margins had more positive population trends or higher
populations for some birds, or that some species showed strong habitat associations
with grass margins. Three studies found no such effect for some or all species. Two
studies found that species used margins more than other habitats and one found that
birds used cut margins more than uncut during winter, but less than other habitats
during summer. A study from the UK found that grey partridge broods were smaller
on grass margins than other habitat types.

Use mowing techniques to reduce chick mortality

One of three studies from the UK found a large increase in the national population of
corncrakes after a scheme to delay mowing and promote corncrake-friendly mowing
techniques. Two studies found lower levels of corncrake and Eurasian skylark
mortality when wildlife-friendly mowing techniques were used.

Provide refuges in fields during harvest or mowing

One study found that fewer gamebirds came into contact with mowing machinery
when refuges were left in fields. A study from the UK found that Eurasian skylarks
did not nest at higher densities in uncut refuges than in the rest of the field.

Mark bird nests during harvest or mowing

A study from the Netherlands found that fewer northern lapwing nests were
destroyed when they were marked with bamboo poles than when they were
unmarked.
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Relocate nests at harvest time to reduce nestling mortality

A study from Spain found that Montagu’s harrier clutches had higher hatching and
fledging rates when they were temporarily moved during harvest than control nests
that were not moved.

Make direct payments per clutch for farmland birds

One of two studies from the Netherlands found slightly higher breeding densities of
waders on farms with per clutch payment schemes but this and another study found
no higher numbers overall. One study found higher hatching success on farms with
payment schemes.

Control scrub on farmland

A study from the UK found farms with a combined intervention that included scrub
control had lower numbers of young grey partridge per adult.

Take field corners out of management

A study from the UK found that overwinter survival of grey partridge was positively
correlated with taking field corners out of management, but this relationship was only
significant in one of three winters. There was no relationship with measures of
productivity (brood size, young: adult).

Reduce conflict by deterring birds from taking crops

Three studies have found evidence that deterrants are or could be effective. One found
less crop damage in almond orchards in the USA when crow distress calls were
broadcast, compared to when they were not. A study from Pakistan found that pest
species were less abundant when reflector ribbons were hung over crops. An ex situ
study from the USA found that dickcissels consumed less rice if it was treated with
repellent, compared to untreated rice.

Key messages - Arable farming

Increase crop diversity

A study from the UK found that more barnacle geese used a site after the amount of
land under cereals was decreased and several other interventions were used.

Implement mosaic management

One of two studies from the Netherlands found that northern lapwing population
trends, but not those of three other waders, became more positive following the
introduction of mosaic management. The other found that black-tailed godwit
productivity was higher under mosaic management than other management types.
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Leave overwinter stubbles

Three of fourteen studies report positive population-level changes in two species after
winter stubble provision. All investigated several interventions at once. Eight studies
found that some farmland birds were found on stubbles or were positively associated
with them, three investigated several interventions and one found no more positive
associations than expected by chance. A study from the UK found that most species
did not preferentially use stubble, compared to cover crops and another found that a
greater area of stubble in a site meant lower grey partridge brood size. Five studies
from the UK found that management of stubbles influenced their use by birds. One
study found that only one species was more common on stubbles under agri-
environment schemes.

Plant nettle strips

We found no evidence for the effects of planting nettle strips on bird populations.

Leave unharvested cereal headlands within arable fields

We found no evidence for the effects of leaving unharvested cereal headlands within
arable fields on bird populations.

Plant crops in spring rather than autumn

One study from Sweden, of three examining the effects of spring-sown crops, found
that more birds were found on areas with spring, rather than autumn-sown crops. A
study from the UK found that several species used the study site for the first time after
spring-sowing was started. All three studies found that some populations increased
after the start of spring sowing. A study from the UK found that some species declined
as well. A study from Sweden found that hatching success of songbirds and northern
lapwing was lower on spring-sown, compared with autumn-sown crops.

Undersow spring cereals, with clover for example

Four of five studies from the UK found that bird densities were higher on undersown
fields or margins than other fields, or that use of fields increased if they were
undersown. Two studies of the same experiment found that not all species nested at
higher densities in undersown habitats. A study from the UK found that grey
partridge populations were lower on sites with large amounts of undersown cereal.

Plant more than one crop per field (intercropping)
A study from the USA found that 35 species of bird used fields with intercropping,

with four nesting, but that productivity from the fields was very low.

Revert arable land to permanent grassland

All five studies looking at the effects of reverting arable land to grassland found no
clear benefit to birds. The studies monitored birds in winter or grey partridges in the
UK and wading birds in Denmark. They included three replicated controlled trials.
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Reduce tillage

Six of ten studies found that some or all bird groups had higher species richness or
diversity on reduced-tillage fields, compared to conventional fields in some areas. Two
studies found that some groups had lower diversity on reduced-tillage sites, or that
there was no difference between treatments. Nine studies found that some species
were found at higher densities on reduced tillage fields, six found that some species
were at similar or lower densities. Three studies found evidence for higher
productivities on reduced-tillage fields. One found that not all measures of
productivity were higher.

Add 1% barley into wheat crop for corn buntings

We have found no studies investigating the impact of adding barley to wheat on bird
populations.

Leave uncropped cultivated margins or plots (includes lapwing and
stone culew plots)

Three of nine studies report that the UK population of Eurasian thick-knees increased
following a scheme to promote lapwing plots (and other interventions). A study from
the UK found that plots did not appear to influence grey partridge populations. Four
studies from the UK found that at least one species was associated with lapwing plots,
or used them for foraging or nesting. One study found that 11 species were not
associated with plots, another that fewer used plots than used crops in two regions of
the UK. Two studies found that nesting success was higher on lapwing plots and
fallow than in crops. A third found fewer grey partridge chicks per adult on sites with
lots of lapwing plots.

Create skylark plots

One study of seven found that the Eurasian skylark population on a farm increased
after skylark plots were provided. Another found higher skylark densities on fields
with plots in. Two studies from the UK found that skylark productivity was higher for
birds with skylark plots in their territories, a study from Switzerland found no
differences. Two studies from Denmark and Switzerland found that skylarks used
plots more than expected, but a study from the UK found that seed-eating songbirds
did not.

Create corn bunting plots

We have found no studies investigating the impact of corn bunting plots on bird
populations.

Plant cereals in wide-spaced rows

One of three studies from the UK found that fields with wide-spaced rows held more
Eurasian skylark nests than control fields. One study found that fields with wide-
spaced rows held fewer nests. Both found that fields with wide-spaced rows held
fewer nests than fields with skylark plots. A study from the UK found that skylark
chicks in fields with wide-spaced rows had similar diets to those in control fields.
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Create beetle banks

Two of six studies from the UK found that some bird populations were higher on sites
with beetle banks. Both investigated several interventions at once. Two studies found
no relationships between bird species abundances or populations and beetle banks.
Two studies (including a review) from the UK found that three bird species used beetle
banks more than expected, one used them less than expected.

Key messages - Livestock farming

Maintain species-rich, semi-natural grassland

One of two studies found that the populations of five species increased in an area of
the UK after the start of management designed to maintain unimproved grasslands. A
study from Switzerland found that wetland birds nested at greater densities on
managed hay meadows than expected, but birds of open farmland used hay meadows
less.

Reduce management intensity of permanent grasslands

Seven of eight European studies found that some or all birds studied were more
abundant on grasslands with reduced management intensity, or used them more than
other habitats for foraging. Five studies of four experiments found that some or all
species were found at lower or similar abundances on reduced-management
grasslands, compared to intensively-managed grasslands.

Reduce grazing intensity

Nine of eleven studies from the UK and USA found that the populations of some
species were higher on fields with reduced grazing intensity, compared to
conventionally-grazed fields, or found that birds used these fields more. Three studies
investigated several interventions at once. Five studies from Europe found that some
or all species were no more numerous, or were less abundant on fields with reduced
grazing. A study from the UK found that black grouse populations increased at
reduced grazing sites (whilst they declined elsewhere). However, large areas with
reduced grazing had low female densities. A study from the USA found that the
number of species on plots with reduced grazing increased over time. A study from
four European countries found no differences in the number of species on sites with
low- or high-intensity grazing.

Provide short grass for waders

A study from the UK found that common starlings and northern lapwing spent more
time foraging on areas with short swards, compared to longer swards.

Raise mowing height on grasslands

One of two studies from the UK found that no more foraging birds were attracted to
plots with raised mowing heights, compared to plots with shorter grass. A review from
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the UK found that Eurasian skylarks had higher productivity on sites with raised
mowing heights, but this increase was not enough to maintain local populations.

Delay mowing date or first grazing date on grasslands

Two of five studies (both reviews) found that the UK corncrake populations increased
following two schemes to encourage farmers to delay mowing. A study from the
Netherlands found no evidence that waders and other birds were more abundant in
fields with delayed mowing. Another study from the Netherlands found that fields
with delayed mowing held more birds than other fields, but differences were present
before the scheme began and population trends did not differ between treatments. A
study from the USA found that fewer nests were destroyed by machinery in late-cut
fields, compared with early-cut fields.

Leave uncut rye grass in silage fields

All four studies from the UK (including two reviews) found that seed-eating birds
were benefited by leaving uncut (or once-cut) rye grass in fields, or that seed-eating
species were more abundant on uncut plots. Three studies found that seed-eating birds
were more abundant on uncut and ungrazed plots than on uncut and grazed plots. A
study from the UK found that the responses of non-seed-eating birds were less certain
than seed-eating species, with some species avoiding uncut rye grass.

Plant cereals for whole crop silage

Three studies of one experiment found that seed-eating birds used cereal-based
wholecrop silage crops more than other crops in summer and winter. Insect-eating
species used other crops and grassland more often.

Maintain lowland heathland

We found no intervention-based evidence on the effects of maintaining lowland heath
on bird populations.

Maintain rush pastures

We found no intervention-based evidence on the effects of maintaining rush pastures
on bird populations.

Maintain traditional water meadows

One of four studies (from the UK) found that the populations of two waders increased
on reserves managed as water meadows. Two studies from the Netherlands found that
there were more waders or birds overall on specially managed meadows or 12.5 ha
plots, but one found that these differences were present before management began,
the other found no differences between individual fields under different management.
Two studies from the UK and Netherlands found that wader populations were no
different between specially and conventionally managed meadows, or that wader
populations decreased on specially-managed meadows. A study from the UK found
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that northern lapwing productivity was not high enough to maintain populations on
three of four sites managed for waders.

Maintain upland heath/moor

A study from the UK found that bird populations in one region were increasing with
agri-environment guidelines on moor management. There were some problems with
overgrazing, burning and scrub encroachment.

Plant Brassica fodder crops

We found no evidence on the effects of planting Brassicas on bird populations.

Use mixed stocking

We found no evidence on the effects of mixed stocking on bird populations.

Use traditional breeds of livestock

A study from four countries in Europe found no differences in bird abundances in
areas grazed with traditional or commercial breeds.

Maintain wood pasture and parkland

We found no intervention-based evidence on the effects of maintaining wood pasture
and parkland on bird populations.

Exclude livestock from semi-natural habitat (including woodland)

Two studies from the USA, out of 11 overall, found higher species richness on sites
with grazers excluded. A study from Argentina found lower species richness and one
from the USA found no difference. Seven studies from the USA found that overall bird
abundance, or the abundances of some species were higher in sites with grazers
excluded. Seven studies from the USA and Argentina found that overall abundance or
the abundance of some species were lower on sites without grazers, or did not differ.
Three studies found that productivities were higher on sites with grazers excluded. In
one, the difference was only found consistently in comparison with improved
pastures, not unimproved.

Protect nests from livestock to reduce trampling

One of two studies found that a population of Chatham Island oystercatchers
increased following several interventions including the erection of fencing around
individual nests. A study from Sweden found that no southern dunlin nests were
trampled when protected by cages; some unprotected nests were destroyed.

Mark fencing to avoid bird mortality

A study from the UK found that fewer birds collided with marked sections of deer
fences, compared to unmarked sections.
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Create open patches or strips in permanent grassland

A study from the UK found that Eurasian skylarks used fields with open strips in, but
that variations in skylark numbers were too great to draw conclusions from this
finding.

Key messages - Perennial, non-timber, crops

Maintain traditional orchards

Two site comparison studies from the UK and Switzerland found that traditional
orchards offer little benefit to birds. In Switzerland only one breeding bird species was
associated with traditional orchards. In the UK, the population density of cirl bunting
was negatively related to the presence of orchards.

Manage perennial bioenergy crops to benefit wildlife

We captured no evidence for the effects of managing bioenergy crops for wildlife on
bird populations.

Key messages - Aquaculture

Scare bhirds from fish farms

One study from Israel found a population increase in fish-eating birds after efforts to
scare them from fish farms, possibly due to lower persecution. One of two studies
found evidence for reduced loss of fish when birds were scared from farms. Two
studies from Australia and Belgium found that disturbing birds using foot patrols was
not effective. Ten of 11 studies from across the world found some effects for acoustic
deterrents, five of seven found that visual deterrents were effective. In both cases some
studies found that results were temporary, birds became habituated or that some
deterrents were effective, whilst others were not. One study found that trained raptors
were effective, one found little evidence for the effectiveness of helicopters or light
aircraft.

Disturb birds at roosts

One study from the USA found reduced fish predation after fish-eating birds were
disturbed at roosts. Five studies from the USA and Israel found that birds foraged less
near disturbed roosts, or left the area after being disturbed. One found the effects were
only temporary.

Use electric fencing to exclude fish-eating birds

Two before-and-after trials from the USA found lower use of fish ponds by herons
after electric fencing was installed.
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Use netting to exclude fish-eating birds

Two studies from Germany and the USA, and a review, found that netting over ponds
reduced the loss of fish to predatory birds. Two studies from the USA and the
Netherlands found that birds still landed on ponds with netting, but that they altered
their behaviour, compared to open ponds. Two studies from Germany and Israel
found that some birds became entangled in netting over ponds.

Disturb birds using foot patrols

Two replicated studies from Belgium and Australia found that using foot patrols to
disturb birds from fish farms did not reduce the number of birds present or fish
consumption.

Use ‘mussel socks’ to prevent birds from attacking shellfish

A study from Canada found that mussel socks with protective sleeves lost fewer
medium-sized mussels (but not small or large mussels), compared to unprotected
mussel socks.

Translocate birds away from fish farms

A study from the USA found that translocating birds appeared to reduce bird numbers
at a fish farm. A study from Belgium found that it did not.

Increase water turbidity to reduce fish predation by birds

An ex situ study from France found that egret foraging efficiency was reduced in more
turbid water.

Provide refuges for fish within ponds

A study from the UK found that cormorants caught fewer fish in a pond with fish
refuges in, compared to a control pond.

Use in-water devices to reduce fish loss from ponds

A study from the USA found that fewer cormorants used two ponds after underwater
ropes were installed; a study from Australia found that no fewer cormorants used
ponds with gill nets in.

Spray water to deter birds from ponds

A study from Sweden found that spraying water deterred birds from fish ponds, but
that some birds became habituated to the spray.

Deter birds from landing on shellfish culture gear

A study from Canada found that fewer birds landed on oyster cages fitted with spikes
than control cages. The same study found that fewer birds landed on oyster bags
suspended 6 cm, but not 3 cm, underwater, compared to bags on the surface.
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All farming systems

5.1. Support or maintain low-intensity agricultural
systems

e We captured no evidence for the effects of supporting low-intensity agricultural systems
on bird populations.

Background

Low-intensity agricultural systems have consistently been shown to have higher
biodiversity than more intensive systems, both in temperate regions and the
tropics. Supporting such systems may therefore help declining farmland bird
populations. However, whilst we captured many studies describing the
distribution of birds across high- and low-intensity agricultural systems, we found
no intervention-based evidence for the effects of legislation aimed at supporting
and maintaining low-intensity agricultural systems on bird populations.

5.2. Practise integrated farm management
Background

Integrated Farm Management is a whole farm system that aims to provide
profitable production whilst being environmentally responsible. It focuses on
integrating beneficial natural processes, by using efficient soil management and
crop rotations for example, into modern farming techniques. Practitioners of
Integrated Farm Management need to be able to clearly demonstrate
improvement to the quality of soil, water, air, wildlife habitat and the landscape.

We have not included studies describing the effects of Integrated Farm
Management because farms are able to use a variety of different management
interventions and which were used in any particular case is not always recorded.
Where individual interventions are recorded, studies are described in the
appropriate section.

5.3. Food labelling schemes relating to biodiversity-
friendly farming

e We captured no evidence for the effects of food labelling schemes on bird populations.
Background

Food from many parts of the world now carries certification labels such as the
LEAF Marque (Integrated Farm Management) or Rainforest Alliance, or labelling
for shade-grown coffee or chocolate. These schemes are designed to allow
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biodiversity-friendly farming to attract a price premium, become more profitable
and therefore spread, potentially benefiting biodiversity.

5.4. Increase the proportion of natural/semi-natural
vegetation in the farmed landscape

e Of four studies captured, one, a replicated and controlled paired sites study from
Australia (4), found that farms with plantings of native vegetation held more species than
those without. The effect was smaller than that explained by variation in the amount of
natural habitat remaining on farms. A replicated study from Switzerland (5) found more
species in areas under the Ecological Compensation Area scheme than areas not under
it.

o A before-and-after study from Switzerland (1) found that the populations of three bird
species increased after an increase in the amount of land under the Ecological
Compensation Scheme. This study found that three species were more found more than
expected on Ecological Compensation Scheme land. Another replicated study from
Switzerland (3) found that some habitats held more birds if they were close to ECA
habitat but that the amount of Ecological Compensation Scheme in an area had no
impact on population densities.

e A small study from the UK (2) found no effect of habitat creation on grey partridge
populations.

Background

This intervention is concerned with general increases in the proportion of natural
or semi-natural habitat in a landscape. Studies describing the effects of the
creation of specific habitat types and the use of individual restored sites are
discussed in ‘Habitat restoration and creation’.

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

A small 2003 site comparison study of 20 farms in East Anglia and the West
Midlands, UK (2), found that the intentional creation of wildlife habitat had no
discernable effect on autumn grey partridge Perdix perdix densities. The change in
partridge densities from 1998 to 2002 on farms with habitat creation (-32% and -
1%, respectively) was not statistically different from farms without habitat
creation (-51% and -28%, respectively). Surveys of grey partridge were made
once each autumn in 1998 and 2002 on 20 farms: 12 farms that created wildlife
habitat and 8 farms which did not.
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A 2007 site comparison study of 23 sites in the lowlands north of the Alps,
Switzerland (3), found that the percentage of farmland designated as an ecological
compensated area had no effect on the population density of farmland bird species
or bird species with territories incorporating several habitat types. Ecological
compensated areas are areas managed for the primary function of providing plant
and animal habitat - these include meadows farmed at a low intensity. For 37
species surveyed in 1998/1999 and again in 2003/2004, population densities in
wetlands and rivers were not affected by proxmity to ecological compensated
areas, although hedges and traditional orchards close to ECAs did have higher bird
population densities than those further away. Twenty-three out of one hundred
hedges within ecological compensated areas had at least one of the 37 surveyed
species present compared to 13 of 100 hedges outside the agri-environment
scheme. The 23 selected sites (covering up to 3 km? each) were randomly selected
and surveyed three times each between April and June in both years of study.

A replicated and controlled paired sites study in the springs of 2002, 2004 and
2006 and winter 2004 on 46 wheat and livestock farms across New South Wales,
Australia (4), found that 23 farms with plantings of native vegetation had, on
average 3.4 more bird species than farms without plantings. If farms had more
than 20 ha of plantings then this increased to 4.4 more species. In addition, 12
native species responded positively to planting, and six responded negatively.
However, three times more variation in bird community assemblage was
explained by the presence or absence of remnant natural vegetation and the size
of remnant patches than by plantings. Plantings were of both locally endemic and
non-local (but native) species and were at least seven years old.

A 2007 site comparison study of 181 plots in the canton of Aagau, Switzerland (5),
found that, on average, two more bird species were identified in ecological
compensated areas (10 species on average) than in non-ecological compensated
areas (9 species). Although on average two more bird species were found in the
second set of surveys (carried out from 2001-2005) than in the first set (1996-
2000), this increase was uniform in both ecological compensated areas and non-
ecological compensated areas. One hundred and twenty 100 m radius circle plots
that contained some land designated as an ecological compensated area were
compared with 61 plots not containing any ecological compensated areas. The
authors note that ecological compensated areas were typically established on
promising farmland with the potential for “maximum biodiversity gain”, which
may have affected the relative species richness of ecological compensated areas
and non-ecological compensated areas.

(@) Spiess, M., Marfurt, C. & Birrer, S. (2000) Ecological compensation - a chance for farmland birds?
441 in: T. Alfoldi, W. Lockeretz, U. Niggli (eds) IFOAM 2000: the world grows organic. vdf
Hochschulverlag AG an der ETH Zurich, Basel, Switzerland 28-31 August 2000.

() Browne, S. & Aebischer, N. (2003) Arable stewardship: impact of the pilot scheme on grey partridge
and brown hare after five years. DEFRA Final Report RMP1870vs3. Department for Environment,
Food and Rural Affairs, London, UK.

3) Birrer, S., Spiess, M., Herzog, F., Jenny, M., Kohli, L. & Lugrin, B. (2007) The Swiss agri-
environment scheme promotes farmland birds: but only moderately. Journal of Ornithology, 148,
5295-303.
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4) Cunningham, R. B., Lindenmayer, D. B., Crane, M., Michael, D., MacGregor, C., Montague-
Drake, R. & Fischer, J. (2008) The combined effects of remnant vegetation and tree planting on
farmland birds. Conservation Biology, 22, 742-752.

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

5.5. Pay farmers to cover the costs of conservation
measures

e Three reviews from the UK (1,10,13) of three studies captured reported population
increases of three species after the introduction of specially-designed agri-environment
schemes. These species were cirl buntings, corncrakes and Eurasian thick-knees. One
of these found that many other species continued to decline (13).

e Twenty-two of 25 studies all from Europe, including a systematic review (2-9,12,14—
18,21,23,24,26-29,31), examining local population levels or densities found that at least
some birds studied were at higher densities, had higher population levels or more
positive population trends on sites with agri-environment schemes, compared to non-
agri-environment scheme sites. Some studies found that differences were present in all
seasons, others in either summer or winter. Fifteen studies from Europe, including a
systematic review (4,5,7-9,11,14,15,17,19,24,25,27,28,31), found that some or all
species were not found at higher densities, had similar or lower population levels,
showed similar population trends on sites with agri-environment schemes, compared
with non-agri-environment scheme sites, or showed negative population trends. A study
from the Netherlands (20) found that many agri-environment scheme farms were sited
in areas where they were unlikely to be effective.

e One small study from the UK (30) found no differences between winter densities of seed-
eating birds on UK Higher Levels Stewardship sites, compared with those under Entry
Level Stewardship.

e Areplicated study from the UK (29) found that grey partridge survival was higher on agri-
environment scheme sites than non-scheme sites. This difference was not significant
every year.

e Two of three studies investigating reproductive productivity (8,24), including one
replicated study, found that productivity was higher on farms under agri-environment
schemes. One replicated study from the UK (29) found no effect of agri-environment
schemes on productivity.

e Areview (22) found that the amount of land entering an agri-environment scheme was
on target, but that some options were not being used at high enough rates to help many
species.

Background

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

Agri-environment schemes represent many different specific interventions, and
where a study’s results can be clearly assigned to a specific intervention, they
appear in the appropriate section. This section, meanwhile, includes evidence
about the success of agri-environment policies overall.

Evidence relating to the Swiss Ecological Compensation Areas is placed under
‘Increase the proportion of natural habitat in the landscape’, if it involves
monitoring biodiversity effects on a landscape scale, rather than focussing on
specific aspects of habitat management.

In the USA and Canada, schemes such as the Conservation Reserve Program (USA)
and the Permanent Cover Program (Canada) are aimed primarily at creating semi-
natural and natural vegetation and are mainly discussed in ‘Habitat creation and
restoration’.

A 1998 literature review (1) found that cirl buntings Emberiza cirlus in Britain
responded positively to Countryside Stewardship Schemes, reaching population
levels of 360-388 occupied territories in 1995- 1997, compared with 118 or so in
the mid-1980s. Some of the interventions used include reducing grassland
management intensity; sowing arable field margins; managing hedgerows for
wildlife; growing spring barley; reducing herbicide use and maintaining
overwinter stubbles. More studies describing the effects of these interventions are
discussed in the relevant sections.

A 2000 literature review from the UK (2) found that the populations of four
farmland birds (grey partridge Perdix perdix, cirl buntings Emberiza cirlus,
corncrake Crex crex and Eurasian thick-knee Burhinus oedicnemus) increased
following agri-environment schemes targeted at them. The individual schemes are
discussed in the relevant interventions.

A 2001 replicated paired site comparison study in south Devon, England (3) found
that the number of cirl bunting Emberiza cirlus increased significantly more (up
72%, from 54 to 93 breeding territories) in areas participating in the Countryside
Stewardship Scheme, than on adjacent land not participating in the Countryside
Stewardship Scheme (down 20%, from 124 to 96 territories) between 1992 and
1999. Countryside Stewardship Scheme land that was near to known bunting
breeding territories saw greater increases in bunting numbers than Countryside
Stewardship Scheme areas further away: of the nine agreements further than 2
km from the nearest known breeding site in 1992, seven remained un-colonised
in 1999, one lost its only pair and one gained a pair. Forty-one 4 km? squares
containing both land within the Countryside Stewardship Scheme and non-
Countryside Stewardship Scheme land were surveyed in 1992, 1998 and 1999. In
each year each tetrad was surveyed at least twice, the first time during mid April
to late May, and the second time between early June and the end of August.

A replicated 2002 study from nine areas of the UK under Environmentally
Sensitive Areas schemes (4) found that the impacts of Environmentally Sensitive
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Area designation on farmland birds were mixed. There was evidence for
population increases or high numbers of some species of birds on
Environmentally Sensitive Areas-managed land for four Environmentally
Sensitive Areas. Populations of some species were stable in six Environmentally
Sensitive Areas, often in contrast to national trends, but four Environmentally
Sensitive Areas saw falls in the populations of at least one target species. The
authors also note that in five regions there were not adequate data for all target
species. The Environmentally Sensitive Areas scheme was introduced in 1987 and
offered payments for either maintaining or enhancing landscape quality and
biodiversity.

A study in 1997 in two Environmentally Sensitive Areas in eastern England (5)
found that higher tier options (i.e. those with more demanding prescriptions but
higher financial compensation) held significantly higher densities of wading birds
(northern lapwing Vanellus vanellus, common redshank Tringa totanus and
common snipe Gallinago gallinago) than lower tiers (Tier 1: 0.02-0.04 pairs/ha;
Tier 2: 0.07-0.22; Tier 3: 0.40). In addition, they held more waders for each unit
of money spent on the Environmentally Sensitive Area (Tier 1: 18-46
pairs/£100,000; Tier 2: 29-114; Tier 3: 167). However, when examining 1988-
1997 population trends in four Environmentally Sensitive Areas, the authors
found all three species investigated declined significantly (lapwing: 0.7-13%
decline each year; redshank: 1.8-18.6%; snipe: 7.3-29.7%). The impact of wetland
protection and management on waders is discussed in ‘Maintain traditional water
meadows’ and ‘Legally protect habitats’.

A review of research on agri-environment schemes in the UK (6) summarised two
reports (Wilson et al. 2000, ADAS 2001) evaluating the effects of the Arable
Stewardship Pilot Scheme (ASPS) in two regions (East Anglia and the West
Midlands) from 1998-2003. At the whole farm scale in winter, seed-eating
songbirds, thrushes and wagtails showed some increase on agreement farms
relative to control farms (numbers not given). In summer, numbers of breeding
northern lapwing Vanellus vanellus, reed bunting Emberiza schoeniclus, greenfinch
Carduelis chloris, house sparrow Passer domesticus, common starling Sturnus
vulgaris and yellow wagtail Motacilla flava were higher on agreement farms.
Agreement farms had some of the following options: overwinter stubbles
(sometimes preceded by reduced herbicide, followed by fallow or a spring crop),
undersown spring cereals (sometimes followed by a grass or grass/clover ley),
arable crop margins with reduced spraying (conservation headlands), grass
margins or beetle banks and sown wildlife seed mixtures (pollen and nectar or
wild bird seed mix). Over-winter stubble (974 and 2200 ha in East Anglia and West
Midlands respectively) and conservation headlands (605 and 1085 ha in East
Anglia and West Midlands respectively) were the most widely implemented
options. The effects of the pilot scheme on birds were monitored at the farm scale
over three years, relative to control areas, or control farms.

A 2003 replicated site comparison study of 102 fields across East Anglia and the
West Midlands in the UK, (7) found that two years after the introduction of the
Arable Stewardship Scheme there was no difference in the number of farmland
bird species observed in winter on Arable Stewardship Scheme and non-Arable
Stewardship Scheme fields. There were, however, significantly more seed-eating
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songbirds, wagtails, and pipits on fields participating in the scheme than on farms
not participating in the scheme. A further survey of 98 fields in summer found that
although there were significantly more northern lapwings, starlings, greenfinches
and reed buntings on Arable Stewardship Scheme fields, there were also fewer
woodpigeons Columba palumbus, sedge warblers Acrocephalus schoenobaenus
and rooks Corvus frugilegus than on the non-Arable Stewardship Scheme fields.
Fifty-four Arable Stewardship Schemes and 48 comparable non- Arable
Stewardship Scheme fields were surveyed for farmland birds in both the winters
of 1998/1999 and 1999/2000; 50 Arable Stewardship Schemes and 48 non-
Arable Stewardship Scheme fields were surveyed in the summer months of 1999
and 2000. The seed-eating songbirds identified included 13 species of finches,
buntings and sparrows; wagtails and pipits comprised three species.

A 2003 replicated site comparison study of 76 farms in East Anglia, UK, and the
West Midlands (8) found that autumn densities of grey partridges fell across both
Arable Stewardship Pilot Scheme and non-Arable Stewardship Pilot Scheme farms
from 1998 (when Arable Stewardship Pilot Scheme was introduced) to 2002. In
East Anglia densities fell 68% on non-ASPS farms (5.5 to 1.8 birds/km?) and 21%
on Arable Stewardship Pilot Scheme farms (9.6 to 7.6 birds/km?); in the West
Midlands densities fell 40% on non-ASPS farms (1.4 to 0.8 birds/km?) and 78%
on Arable Stewardship Pilot Scheme farms (3.0 to 0.8 birds/km?). In East Anglia,
however, the young-to-old ratio doubled on Arable Stewardship Pilot Scheme
plots from 1998 to 2002 (1 to 2 young : adult birds), whereas on non-Arable
Stewardship Pilot Scheme farms the ratio fell by more than 50% (1.2 to 0.5 young
: adult birds), indicating that the change in productivity on Arable Stewardship
Pilot Scheme farms was twice that on non-Arable Stewardship Pilot Scheme farms.
Surveys of grey partridge were made once each autumn in 1998 and 2002 on 76
farms: 20 ASPS and 19 non-ASPS farms in East Anglia and 20 Arable Stewardship
Pilot Schemes and 17 non-Arable Stewardship Pilot Scheme farms in the West
Midlands.

A 2003 review of 29 studies from six European countries (9) found that agri-
environment schemes had no consistent effect on bird species. While there were
individual successes, such as the 83% increase in cirl bunting between 1992 and
1998 on land within the Countryside Stewardship Scheme compared with the 2%
increase on adjacent land not in the scheme, only 13/29 studies found agri-
environment schemes increased bird species richness or abundance. Two studies
reported negative effects and nine reported both positive and negative effects. Of
the 19 studies that involved statistical tests, only four found positive effects, 2 of
19 reported negative effects and 9 of 19 reported both positive and negative
effects.

A 2004 review of agri-environment scheme uptake and effectiveness in Europe
(10) found that an average of 9% of agricultural land in EU countries was under
agri-environment scheme designation, but that this ranged from 7% or less in
some countries (e.g. The Netherlands, Spain, Greece) to 78, 77 and 64% in Austria,
Finland and Sweden, respectively. In the UK, four rare species (grey partridge,
corncrake, stone curlew or Eurasian thick-knee and cirl bunting) benefited from
agri-environment schemes, although the authors note that densities of some
species were higher on agri-environment scheme farms before they were
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designated. Similar methodological issues were found with studies in the
Netherlands, where studies found that, at both field and larger scales, there were
no population-level benefits of agri-environment scheme designation, although
hatching and fledging rates of some species were higher on agri-environment
scheme farms.

A 2004 replicated site comparison study of 74 farms in East Anglia and the West
Midlands (11) found few differences in the density of farmland birds on farms
participating in the Arable Stewardship Pilot Scheme and non-Arable Stewardship
Pilot Scheme and, five years after the introduction of the scheme. In the West
Midlands, although seed-eating songbirds, wagtails and pipits, insectivores, and
raptors were found at higher densities on Arable Stewardship Pilot Scheme land
than non-Arable Stewardship Pilot Scheme land, these higher densities were
already present when measured within one year of the introduction of the scheme.
Moreover, in East Anglia there were no differences the bird densities found on
Arable Stewardship Pilot Schemes and non-Arable Stewardship Pilot Scheme
fields. Surveys of grey partridge populations on 76 farms in 1998 and 2002 found
that adult densities decreased uniformly on both Arable Stewardship Pilot
Schemes and non- Arable Stewardship Pilot Scheme farms over the five-year
period. Bird surveys were carried out twice each during the winters of 1998/1999
and 2002/1903 on 18 Arable Stewardship Pilot Scheme and 19 non-Arable
Stewardship Pilot Scheme farms in East Anglia and 19 Arable Stewardship Pilot
Schemes and 18 non-Arable Stewardship Pilot Scheme farms in the West
Midlands.

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

A 2004 literature review (13) describes how ten years of agri-environment
schemes in the UK have failed to halt the decline of many formerly common
farmland species. However, it also points out that specially-designed agri-
environment scheme options have led to local-scale population increases of three
rare and range-restricted species (corncrake, Eurasian thick-knee and cirl
bunting).

A 2006 replicated site comparison study in Spain and the Netherlands (14) found
that birds bred more often, or were more numerous in areas participating in two
agri-environment schemes, than on conventionally-farmed fields. In Spain, birds
bred more often, and rare species bred and foraged more often in areas under a
scheme designed to promote the conservation of steppe-associated birds than on
paired sites without the scheme. In the Netherlands, more birds bred on 12.5 ha
plots consisting of a mixture of fields with postponed agricultural activities and
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fields with a per-clutch payment scheme. However, the number of bird species on
each type of farmland also did not differ between agri-environment schemes and
non- agri-environment scheme plots, and there was no difference in bird
abundance and breeding on those fields with only postponed agricultural
activities compared with conventionally farmed fields. In Spain, the agri-
environment scheme included limits on annual fertiliser and pesticide application;
a month of restricted agricultural activity between April and July; mandatory
unploughed strips covering three percent of fields; ploughing restrictions and a
ban on burning fallow vegetation. In the Netherlands, the scheme prohibited
changes in field drainage, pesticide application (except for patch-wise control of
problem weeds) and any agricultural activity between 1 April and early June.
Additionally, farmers of surrounding fields were paid for each meadow bird clutch
laid on their land (though no agricultural restrictions were in place on these
fields). In both countries, seven pairs of fields were surveyed in three parts of the
country, four times over the breeding season.

A replicated study in 1999 and 2003 on 84 farms in East Anglia and the West
Midlands, England (15), found that only three species (two in East Anglia, one in
the West Midlands) showed a significant positive response to the introduction of
agri-environment schemes, whilst one showed a significant negative effect.
Meadow pipits Anthus pratensis, carrion crows Corvus corone and reed buntings
either declined less or increased on farms under agri-environment schemes,
compared to conventionally managed farms,. Corn buntings Miliaria calandra
declined significantly faster on agri-environment scheme farms. Overall, only six
species showed any positive response (significant or not) in both regions, ten
showed negative responses in both and 12 showed a positive response in one
region and a negative response in the other. The impacts of individual
management options are discussed in the relevant interventions.

A single farm, Rawcliffe Bridge, East Yorkshire, UK (16), with a combination of
conservation measures prescribed under the English Entry Level Stewardship
Scheme had higher densities of some bird species than the average for UK lowland
farms. Meadow pipit, reed bunting, Eurasian skylark, grey partridge, corn bunting
and yellow wagtail occurred in higher numbers in each monitoring year than the
average lowland farm density (provided by the British Trust for Ornithology). For
example, there were between 12 and 22 meadow pipit pairs/100 ha at Rawbridge,
compared to a national average of <3. Birds on the farm were monitored five times
each year from 2003 to 2005, by walking the field boundaries. The number of
breeding pairs/ha was estimated from clusters of sightings.

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

A 2007 site comparison study of 677 plots covering 38,705 ha across southern
England (18) found that for three wader species, population trends were more
favourable (increasing or declining less rapidly) in areas under the
Environmentally Sensitive Areas scheme options aimed at enhancing habitat than
in the less expensive Environmentally Sensitive Areas habitat maintenance
options and in parts of the surrounding countryside not participating in the
scheme. However, population trends were most favourable on nature reserves.
Between 1982 and 2002, common redshank declined by 70% in the wider
countryside but increased overall from 646 to 755 pairs (up 17%) on
Environmentally Sensitive Areas designated land (compared with 160% increases
on non-Environmentally Sensitive Areas reserves). Northern lapwing showed a
48% decline in the wider countryside, but increased in reserves with
Environmentally Sensitive Areas enhancement by 121% (compared with a 55%
increase in non-Environmentally Sensitive Areas reserves). Common snipe
breeding numbers decreased everywhere, but declines were smaller in reserves
in Environmentally Sensitive Areas (24% decline) compared with reserves
outside Environmentally Sensitive Areas (66% decline) or the wider countryside
(up to 90% declines). Breeding waders were surveyed in 1982 and 2002 at
lowland wet grassland sites covering ten counties in England. In both years, three
censuses were carried out at each site between mid-April and mid-June.

A before-and-after study, examining data from 1976-2003 from farms across
southern Sweden (19) found that four locally migrant farmland birds (northern
lapwing, Eurasian skylark, common starling and linnet) showed less negative (or
positive) population trends during 1987-1995, a period of agricultural
extensification which included the introduction of agri-environment schemes,
compared to in the preceding period of intensification (1976-1987). However,
following the adoption of the Common Agricultural Policy in 1995-2003, the
species showed more negative population trends again, despite the widespread
adoption of agri-environment scheme options. Three non-migrant species (house
sparrow Passer domesticus, tree sparrow P. montanus and yellowhammer
Emberiza citrinella) showed more diverse population trends and responses to
agricultural changes were largely non-significant.
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A study of the locations of Meadow Bird Agreements in the Netherlands (20) found
that 43% of the 71,982 ha of Meadow Bird Agreements area in 2004 was located
on sites where meadow bird populatons are constrained for reasons other than
those addressed by the agri-environment management. Twenty-two percent
(15,798 ha) were outside the area of known black-tailed godwit Limosa limosa
occurence (more than five breeding pairs/100 haina 1998-2000 survey; 90-95%
of other specialist meadow bird species breed in suitable black-tailed godwit
habitat). Within the black-tailed godwit area, 11% (6,166 ha) of the Meadow Bird
Agreements area was on heavily drained land, 4% (2,500 ha) was in landscapes
not considered open enough for meadow birds, 10% (5,400 ha) was in areas of
high traffic disturbance and an estimated 8% (2,834 of the 35,000 ha for which
data were available) was on sites with high predation. The authors advocated
targetting Meadow Bird Agreementsto the 285,000 ha of land in the Netherlands
with more than five breeding pairs of black-tailed godwit/100 ha, but none of the
other identified constraints.

Areplicated 2008 site comparison study of 53 2 km? plots on 14 farms in southeast
Scotland (21) observed that between 2002 and 2004, the number of territorial
male corn buntings fell by only 5% on plots that managed land according to the
Farmland Bird Lifeline scheme, whereas numbers declined by 43% in non-
Farmland Bird Lifeline plots in the same area. Between 2000 and 2002, before the
2002 introduction of the Farmland Bird Lifeline management practices, there was
no observed change in the number of corn buntings on either group of plots -
although plots destined to participate in the Farmland Bird Lifeline scheme did
already have 33% higher densities of corn bunting than comparison plots. The
Farmland Bird Lifeline scheme intended to reverse the declining numbers of corn
bunting, a priority species in the UK Biodiversity Action Plan. Farmers were paid
for a number of interventions, including providing grass margins to arable fields,
farming spring cereals and turnips at low intensity, spring cropping, leaving
unharvested crop, and supplementary feeding. Fourteen farms, nine in
Aberdeenshire and five in Fife, were surveyed every breeding season (late April to
August) from 2000 to 2004.

A 2008 literature review of the Environmental Stewardship programme,
particularly Entry Level Stewardship in the UK (22) found that the amount of land
entering the scheme was on target, but that several classes of options were not
being taken up at a high enough rate to maintain some farmland birds. The authors
argue that ‘in-field’ options such as skylark plots, conservation headlands and
stubbles (all are discussed in their own sections) need to be promoted, as do
complex field-edge options such as ‘enhanced hedgerow management’. The rate of
Entry Level Stewardship uptake in 2008 was estaimted to be sufficient to promote
population growth in only two of 12 species studied, and close in another. Even
with a 70% uptake rate, the scheme was not predicted to promote population
growth in five species (northern lapwing, European turtle dove Streptopelia
turtur, yellow wagtail, Eurasian linnet and yellowhammer). The authors warn,
however, that their analysis may have under estimated the effectiveness of Entry
Level Stewardship.

A 2008 site comparison study of ten 3 km? plots in Austria (23) showed that,
compared to conventionally managed arable land, land farmed less intensively
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(under agri-environment schemes) had larger numbers of ground breeding birds
(16 vs. 13 individuals/10 ha), red listed birds (3 vs. 2 individuals/10 ha), and
Species of European Conservation Concern (14 vs. 10 individuals/10 ha). Arable
land managed for the conservation of particular species had 27 Species of
European Conservation Concern individuals/10 ha and 29 ground breeding
individuals/10 ha compared with the 11 and 14, respectively, on conventionally
managed farmland. Reed-breeding birds on grassland benefited from similar
initiatives (11 vs. 3 individuals/10 ha of farmland). Habitat conservation
measures appeared to benefit ground breeders on arable farmland (17 vs. 10
individuals/10 ha). Breeding birds were surveyed during three visits between
April and June 2003.

A 2009 literature review of agri-environment schemes in England (24) found that
options and schemes varied in effectiveness. Breeding populations of some
nationally rare birds increased after the implementation of options on arable
farms (cirl bunting pairs increased by 130%, Eurasian thick-knee pairs by 87%)
and a case study from a single farm found that grey partridge numbers increased
by more than 250%/year; corn buntings by over 100%/year and Eurasian
skylarks by 71%/year following the implementation of a number of different
options. Productivity of some species was found to be higher on agri-environment
scheme farms, which also provided key habitats. However, there was little
evidence for any population-level beneficial effects of Entry Level Stewardship
designation on widespread birds such as skylarks or yellowhammers E. citrinella.
Several studies reviewed argued that most agri-environment scheme schemes
were not well targeted to provide habitat for waders, although other studies
argued that wader populations had declined less in regions designated as agri-
environment schemes than in the country overall. The effects of individual options
on birds are discussed in the relevant sections.

A replicated paired sites study on farms across Scotland under two agri-
environment scheme prescriptions (Countryside Premium Scheme and Rural
Stewardship Scheme) in spring-summer 2004-2008 (25) concluded that the
schemes had little impact on farmland biodiversity. Whilst 280 agri-environment
scheme farms had more birds of more species than 193 non-scheme paired farms
(averages of 140 birds of 23 species on 105 Countryside Premium Scheme farms
vs. 108 of 20 on paired non-scheme farms; 108 birds of 19 species on 88 Rural
Stewardship Scheme farms vs. 86 of 17 on paired farms), trends did not vary
between scheme and non-scheme farms, and scheme farms had higher species
richness and abundances before entering schemes. Differences held for all species
and for nationally threatened species. Time since entry into the Countryside
Premium Scheme did not appear to affect the number of species or bird
abundance, except for a small decline in the abundance of tits Parus spp. In
addition, no evidence was found for differing effects of schemes in different
regions of Scotland, or on different farm types.

A controlled study in 2002-9 on mixed farmland in Hertfordshire, England (26),
found that the estimated population density of grey partridges was significantly
higher on land under agri-environment schemes than on conventional arable
crops. This study also examined the densities found on set-aside (which were
similar to those on land under other agri-environment schemes, see ‘Provide or
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retain set-aside’), wild bird cover (which were considerably higher than on other
land uses, see ‘Plant wild bird seed or cover mixture’) and the impact of predator
control and supplementary food provision (see ‘Provide supplementary food to
increase adult survival’ and ‘Control predators not on islands”).

A large 2010 site comparison study of 2,046, 1 km? plots of lowland farmland in
England (27) found that the Countryside Stewardship Scheme and Entry Level
Stewardship schemes had no consistent effect on farmland bird numbers three
years after their introduction in 2005. Between 2005 and 2008 eight Farmland
Bird Index species showed significant declines on arable plots, nine species
declined significantly on pastoral plots and six species declined on mixed farmland
squares (farmland plots covered with less than 50% arable and less than 50%
pastoral farming). Only goldfinch Carduelis carduelis, jackdaw Corvus mondedula
and woodpigeon showed population increases between 2005 and 2008. Although
certain farmland bird species did show landscape-specific effects, there were no
consistent relationships between farmland bird numbers and whether or not the
plots contained Entry Level Stewardship and Countryside Stewardship Scheme
land, or the financial cost of the agri-environment interventions, or the length of
hedgerows or ditches under an agri-environment scheme, or the availability of
wild bird seed mix and over-winter stubbles (i.e. some species showed increases
in response to a particular intervention on a particular landscape-type but not on
other landscape-types, and these changes were not consistent between species).
The 2,046 1 km? lowland plots were surveyed in both 2005 and 2008 and
classified as arable, pastoral or mixed farmland. Eighty-four percent of plots
included some area managed according to the Entry Level Stewardship or
Countryside Stewardship Scheme. In both survey years, two surveys were
conducted along a 2 km pre-selected transect route through each 1km? square.

A replicated site comparison of the same 2,046, 1 km squares of agricultural land
across England as in (27) in April-June 2005 and 2008 (28) found that farmland
bird population responses to Entry Level Stewardship schemes varied regionally.
The authors suggest that detailed, regional prescriptions may be more effective in
stimulating population growth than uniform agri-environment schemes. Field
margin management took place in 36% of squares and did not have clear impacts
on ‘field margin’ species: two responded positively in at least one region, three
species showed positive and negative responses in different regions, one only
negative responses and the other six showed no significant responses.

A replicated site comparison study on 1,031 agricultural sites across England in
2004-2008 (29) found that in three out of four year-on-year comparisons, grey
partridge Perdix perdix density changes and overwinter survival were higher on
sites under agri-environment schemes, than on sites not under schemes (density
changes were more positive on agri-environment scheme sites than non-agri-
environment scheme sites in all comparisons except 2007-2008; overwinter
survival was higher for all except 2006-2007). However, these differences were
only significant in 2005-6 for density changes (6% increase on agri-environment
scheme sites vs. 11% decrease on non-agri-environment schemes sites) and
2006-2007 for overwinter survival. There were no consistent differences
between agri-environment schemes and non-agri-environment scheme sites with
respect to brood size. When schemes were investigated individually, only
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Countryside Stewardship Scheme sites and Environmentally Sensitive Areas sites
had significantly more positive density trends than non-scheme sites, and only in
2005-2006 (6% increase on Countryside Stewardship Scheme and
Environmentally Sensitive Areas sites vs. 12% decline on non-agri-environment
scheme sites), although other years and schemes showed a similar pattern.
Overwinter survival, brood size and the ratio of chicks to adults did not show
consistent effects across different schemes. These individual options are discussed
in the relevant sections. Various methods of succession management (rough
grazing, scrub creation, scrub control, grassland creation) were negatively
associated with the ratio of young to old partridges in 2008.

A small 2010 site comparison study of 75 fields in East Anglia and the West
Midlands, UK, (30) found no difference between the numbers of seed-eating birds
in fields managed under the Higher Level of the Environmental Stewardship
scheme and numbers in fields managed under the Entry Level of the scheme. Entry
Level Stewardship fields had stubbles and were prohibited from post-harvest
herbicide and cultivation until mid-February, and were planted overwinter with
wild bird seed mix. Higher Level Environmental Stewardship fields were planted
with enhanced wild bird seed mix and the stubbles had the basic Entry Level
Stewardship requirements plus reduced herbicide use. These interventions are
discussed in more detail in ‘Plant wild bird seed or cover mixture’ and ‘Leave
overwinter stubbles’.

A 2010 before-and-after trial of the Entry Level Stewardship ona 1,000 ha lowland
arable farm in central England (31) observed that the number of seed-eating birds
was higher on both Entry Level Stewardship and conventionally farmed fields in
the winter of 2006/2007 than during the previous winter — when the Entry Level
Stewardship was first introduced. This increase was greater on Entry Level
Stewardship plots setting aside five percent of farmland to provide winter bird
food (with an average of 70 birds/km of transect in 2007 versus five birds/km of
transect in 2006) than on conventionally farmed fields (25 birds/km of transect
in 2007 versus ten birds/km of transect in 2006). Although there were also more
summer breeding territories of seed-eating species, chaffinch Fringilla coelebs,
dunnock Prunella modularis, and robin Erithacus rubecula on the farm as a whole
in 2007 than in the previous breeding season, there was no difference in this
increase between Entry Level Stewardship and conventional fields. Land managed
according to the minimal environmental requirements was compared both with
fields where five percent of land was removed from production and replaced with
patches of winter bird food and field margins (6-8 m). Winter birds were surveyed
from transects on three visits (November, December, and January) in both the
winters of 2005/2006 and 2006/2007 - i.e. before and after bird food patch
establishment. Breeding territories were surveyed during four visits (April, May,
June, and July) in 2006 and 2007.

(1) Ovenden, G. N,, Swash, A. R. H. & Smallshire, D. (1998) Agri-environment schemes and their
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(2) Aebischer, N. ., Green, R. E. & Evans, A. D. (2000) From science to recovery: four case studies of
how research has been translated into conservation action in the UK. 43-54 in: N.J. Aebischer,
A.D. Evans, P.V. Grice, ].A. Vickery (eds) Ecology and Conservation of Lowland Farmland Birds
British Ornithologists Union, Tring.
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5.6. Cross compliance standards for all subsidy
payments

e Apart from the Swiss Ecological Compensation Areas scheme (considered in another
section), we found no studies comparing the effects of cross compliance standards with
other means of implementing agri-environmental measures, or that considered the
effects of cross compliance by monitoring farmland bird populations before and after it
was implemented.

Background

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

5.7. Reduce field size (or maintain small fields)

e We found no intervention-based evidence on the effects of reducing field sizes on bird
populations.

Background
Reducing field size means having a greater number of smaller fields, with

boundaries between them. One reason this approach is expected to enhance
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biodiversity is that field boundaries of any type provide heterogeneity, with
heterogeneity thought to be a strong factor determining biodiversity on farmland.

5.8. Provide or retain set-aside areas in farmland

e Three replicated studies and a review of five studies from Europe and North America
(1,8,13,15) examining species richness or diversity found that more species were found
on set-aside than on crops. One (14) found fewer species on set-aside than other
agricultural habitats.

o All 21 studies, including a systematic review, 12 replicated experiments and two reviews,
from Europe and North America that investigated population trends or habitat
associations found that some species were found at higher densities or used set-aside
more than other habitats (1-8,11-14,16-22), or were found on set-aside (9,10,23). Four
studies (three replicated) from the UK (4,5,11,14) found that some species were found
at lower densities on set-aside compared to other habitats.

e Three of four replicated studies from the UK (1-3) found that waders and Eurasian
skylarks had higher productivities on set-aside, compared to other habitats. One study
(10) found that skylarks nesting on set-aside had lower productivity compared to those
on cereal crops, and similar productivities to those on other crops.

e One replicated paired study from the UK (7) found that rotational set-aside was used
more than non-rotational set-aside, a replicated paired study (8) found no differences
between rotational and non-rotational set-aside. A review from Europe and North
America (13) found that naturally regenerated set-aside held more birds and more
species than sown set-aside.

Background

Allocation of some farmland to ‘set-aside’ (fields taken out of production) was
compulsory under European agricultural policy from 1992 until 2008. Originally
intended as a method of reducing production, set-aside has also been promoted as
a way of protecting on-field biodiversity. Set-aside fields can be sown with fallow
crops or left to naturally regenerate. Set-aside can be rotational (in a different
place every year) or long term (retained for 5-20 years).

A 2008 literature review of the Environmental Stewardship programme,
particularly Entry Level Stewardship (ELS) in the UK (Vickery et al. 2008) found
that the population trends of all Farmland Bird Index species were positively
correlated with the availability of set-aside in that year and that Entry Level
Stewardship may not be able to effectively replace set-aside.

Vickery, J., Chamberlain, D., Evans, A., Ewing, S., Boatman, N., Pietravalle, S., Norris, K. & Butler, S.
(2008) Predicting the impact of future agricultural change and uptake of Entry Level Stewardship on
farmland birds. British Trust for Ornithology, The Nunnery, Thetford.

A replicated, paired sites study on seven pairs of fields in northeast Scotland in
1989-91 (1) found that one-year-old set-aside fields held significantly more
species of bird than similar, non-set-aside fields (average of 12 species/10 ha for
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first year set-aside vs. 5 species/10 ha for ‘control’ fields). There were no
differences in the years before or after set-aside. In addition, there were higher
breeding densities of grey partridge Perdix perdix, Eurasian skylark and Eurasian
curlew Numenius arquata in set-aside compared with ‘control’ fields. Densities of
curlew, partridge, northern lapwing Vanellus vanellus and Eurasian oystercatcher
Haematopus ostralegus were higher in set-aside years than before set-aside
(songbird densities were not recorded before set-aside was used). Wader
breeding success appeared higher on set-aside, but numbers were too small for
statistical tests. The densities and number of species declined over time in set-
aside fields. Set-aside fields were previously arable fields but were not cropped
for at least one year.

A replicated study in summers of 1993-95 on seven farms in southern England
(2) found that there were significantly higher densities of Eurasian skylark Alauda
arvensis nests on set-aside fields than on conventionally or organically managed
crop fields (0.3-0.5 territories/ha for set-aside fields vs. a maximum of 0.4
territories/ha for cropped fields). Estimated nest survival was significantly higher
on set-aside fields than conventionally managed cereal fields (44% survival to
fledgling on set-aside vs. 11% for conventional cereals). Set-aside was either
naturally regenerated from crop stubble or sown with grass.

A site comparison in April to August 1992 on three farms in south England (3)
found that skylarks had significantly higher productivity in set-aside fields,
compared to spring-sown cereals or grass (0.5 fledglings/ha in set-aside vs. 0.21
fledglings/ha in spring cereals and 0.1 fledglings/ha in silage grass). This
difference was largely due to higher densities of territories (2-3 times higher in
set-aside and grass, compared to cereals) and more successful nests (highest on
grass, but twice as high in set-aside as in cereal crops) and larger clutches in set-
aside (3.9 eggs/clutch for nests in set-aside vs. 3.3 eggs/clutch for spring cereals
and 3.4 eggs/clutch in grass, eleven nests in each habitat type). Fledging success
did not vary between habitats. No nests with chicks were found in winter-sown
cereals. Set-aside consisted of four year-old permanent fallow sown with red
fescue Festuca rubra, perenial rye-grass Lolium perenne and white clover
Trifolium pratense.

A replicated study in summer 1995 on 89 fields in the South Downs, southern
England (4), found that the density of singing Eurasian skylarks was higher on set-
aside fields than on any other field type, except undersown spring barley fields
(approximately 15 birds/km2 on six set-aside fields vs. 22 birds/km2 on four
spring barley fields and 2-12 birds/km2 on 79 other fields). Other field types were
arable fields reverted to species-rich grassland (‘Habitat restoration and creation’)
or permanent grassland (Revert arable land to permanent grassland’); downland
turf (close-cropped, nutrient-poor grassland); permanent grasslands; and winter
wheat, barley and oil seed rape. This study is also described in ‘Reduce grazing
intensity on permanent grasslands’ and ‘Undersow spring cereals’.

A randomised and replicated site comparison in the winters of 1992-1993 and
1993-1994 on 40 farmland sites in Devon and East Anglia, UK (5) found that only
one taxonomic group (finches, sparrows and buntings, seven species) showed a
significant preference for set-aside habitats in both years, preferentially using
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sown set-aside less than one year old. Conversely, thrushes (four species) and
hedge-dwelling species (European robin Erithacus rubecula, wren Troglodytes
troglodytes and dunnock Prunella modularis) avoided regenerating set-aside less
than one year old in Devon. At a species level, a preference for set-aside was seen
in both winters by one species in Devon (cirl buntings Emberiza cirlus selecting
sown set-aside more than one year-old) and two species (plus one introduced
species not considered here) in East Anglia (grey partridge preferred older sown
set-aside and yellowhammer Emberiza citrinella selected one year-old sown
cover). A further 13 species in both East Anglia and Devon preferentially selected
a set-aside habitat in one winter. Blackbirds Turdus merula and five other species
avoided some set-aside in at least one year in Devon; no native species did so in
East Anglia. The same 40 plots (50-100 ha) were surveyed each winter, although
the amount of set-aside they contained varied due to rotation schemes.

A 2000 literature review from the UK (6) found that the populations of grey
partridge, Eurasian thick-knee Burhinus oedicnemus and cirl buntings all
increased following multiple measures including the provision of set-aside.
Partridge numbers were 600% higher on farms with conservation measures
aimed at partridges (including conservation headlands, planting cover crops,
using set-aside and creating beetle banks) in place, compared to farms without
these measures; the UK thick-knee population increased from 150 to 233 pairs
from 1991 to 1999 (interventions were set-aside provision and uncultivated plots
in fields); the UK cirl bunting population increased from 118-132 pairs in 1989 to
453 pairs in 1998, with a 70% increase on fields under schemes (with overwinter
stubbles, grass margins, and beneficially managed hedges and set-aside),
compared to a 2% increase elsewhere.

A replicated paired sites study in 1996-7 across 92 arable farms in England (7)
found that five of six bird functional groups examined were at higher densities on
set-aside fields, compared to winter cereals or grassland (although thrushes only
showed this preference in one year). On ten farms with rotational and non-
rotational set-aside, all groups except crows were found at higher densities on
rotational set-aside fields. All groups except gamebirds (which showed no
significant field preferences) were also more likely to be found on set-aside than
on other field types. Functional groups of birds were gamebirds, pigeons, crows,
skylarks, thrushes and seed-eating songbirds (sparrows, buntings and finches).

A replicated paired sites study in 1996-7 on 11 farms in east and west England
(8), found that set-aside fields supported more species and higher densities of
birds than adjacent crop fields (1-7 birds/ha and 7-21 species for 11 set-aside
fields vs. 0.2-0.8 birds/ha and 2-5 species on 11 crop fields). Between 78% and
100% of species found on both field types were more abundant on set-aside. These
preferences were stronger (although not significantly so) for rotational set-aside,
compared to non-rotational.

Another analysis (9) as part of the same study as in (7) found that skylark densities
on set-aside fields ranged from zero to approximately three birds/ha. A total of 74
set-aside fields (36 rotational and 38 non-rotational) were examined, each from a
different farm. The authors’ note that fields with approximately 30% bare earth,
straw and litter had the highest densities of skylarks.
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A replicated study in 1996-98 on 22 farms in southern England (10) found that
skylark nests had significantly lower survival in set-aside, compared to in cereals
(22% overall survival for 525 nests in set-aside vs. 38% survival for 183 nests in
cereal fields). There were no differences between set-aside and other crop types
(19% survival for 173 nests in grass fields, 29% survival for 60 nests in other field
types) or between rotational and non-rotational set-aside. On one intensively-
studied farm, over 90% of 422 skylark nests were found on ten fields of well-
established, non-rotational set-aside. This study also describes the impact of
predator control on skylark nest survival, discussed in ‘Control predators not on
islands “.

A study of different set-aside crops at Allerton Research and Educational Trust
Loddington farm, UK (11) found that Eurasian skylark, but not yellowhammer
Emberiza citronella, used unmanaged set-aside more than expected compared to
availability. Skylarks used unmanaged set-aside more than expected compared to
availability, but significantly less than kale set-aside ‘wild bird cover’, ‘wild bird
cover’ strips and beetle banks. Cereal (wheat, barley) and broad-leaved crops
(beans, rape) were used less than expected. Yellowhammer used unmanaged set-
aside as expected compared to availability and used it significantly less than cereal
and cereal set-aside ‘wild bird cover’ and ‘wild bird cover’ strips. Set-aside strips
(field margin and midfield) were sown with kale-based and cereal-based mixtures
for ‘wild bird cover’ and ‘beetle banks’. Other habitat types were: unmanaged set-
aside, cereal (wheat, barley), broad-leaved crop (beans, rape) and ‘other’ habitats
(including permanent pasture, woodland, hedgerows, tracks and riparian
areas). Thirteen skylark and 15 yellowhammer nests with chicks between 3-10
days old were observed. Foraging habitat used by the adults was recorded for 90
minutes during three periods of the day. This study is also discussed in ‘Create
beetle banks’ and ‘Plant wild bird seed /cover’.

A replicated, randomised study of 200 farms in England with set-aside (12) found
that an increase in bird numbers was reported by 47% of farmers with
rotational set-aside and 69% of farmers with non-rotational set-aside. Bird
density in rotational set-aside was nine times, and in non-rotational sown
grassland set-aside seven times, that in crops. Management of set-aside had
minimal effect on bird abundance. Breeding bird territories were mapped on 63-
92 farms (1996-1997). More intensive surveys were undertaken for habitat use
by birds on 11 farms (1996-1997).

A meta-analysis of 127 studies comparing set-aside and conventional land (13)
found that species richness and population densities of birds were significantly
higher on set-aside land than on nearby conventional fields in Europe and North
America. Positive effects were greatest on larger and older areas of set-aside,
when the comparison conventional field was crops rather than grasses and in
countries with more arable land under agri-environment schemes and with less
intensive agriculture. Overall, variation in establishment methods and types of set-
aside made little difference to the positive effect on biodiversity, although species
richness was increased more when set-aside was naturally regenerated rather
than sown.
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A replicated, randomised, controlled study from November-February in
2000/2001and 2001/2002 in 20 arable farms in eastern Scotland (14) found that,
of 23 species recorded, only Eurasian skylarks were found at higher densities in
fields with set-aside than fields with wild bird cover crops or conventional crops.
Bird density was up to 100 times greater in wild bird cover crops than on set-aside
fields. The wild bird cover crops attracted 50% more species than set-aside fields.
Of eight species with sufficient data for individual analysis, seven were
consistently significantly more abundant in wild bird cover than in set-aside fields.
Set-aside fields were those in which cereal stubble was left to regenerate naturally.
Between 6 and 28 ha were sampled on each farm annually.

A replicated paired sites comparison in summer 2003 in County Laois and County
Kildare, Ireland (15), found that 18 set-aside fields had significantly higher avian
species diversity and richness than 18 adjacent agricultural fields (an average of
13 species on set-aside vs. 9 species on farmed fields). Three species were
significantly more abundant on set-aside and whilst six species showed a
preference for non-set-aside fields, these preferences were not significant and the
species (whitethroat Sylvia communis, goldcrest Regulus regulus, blackcap Sylvia
atricapilla, stonechat Saxicola torquata, tree sparrow Passer montanus and
treecreeper Certhia familiaris) were more likely to be selecting habitats based on
field margins, rather than field management. Six species were associated with non-
rotational set-aside; two with rotational set-aside; one with long-term grazed
pasture set-aside and three with first year pasture set-aside.

A replicated study in 1999 and 2003 on 256 arable and pastoral fields across 84
farms in East Anglia and the West Midlands, England (16), found that only two of
twelve farmland bird species analysed were positively associated with the
provision of set-aside, wildlife seed mixtures (see ‘Plant wild bird seed or cover
mix’) or overwinter stubble (see ‘Leave overwinter stubbles’). These were
skylarks Alauda arvensis (a field-nesting species) and linnets Carduelis cannabina
(a boundary-nesting species). The study did not distinguish between set-aside,
wildlife seed mixtures or overwinter stubble, classing all as interventions to
provide seeds for farmland birds. This study describes several other interventions,
discussed in the relevant section.

A 2007 systematic review identified 11 papers investigating the effect of set-aside
provision on farmland bird densities in the UK (17). In both winter and summer
surveys there were significantly higher densities of farmland birds on fields
removed from production and under set-aside designation than on conventionally
farmed fields. The meta-analysis included experiments conducted between 1988
and 2002 from eight controlled trials and three site comparison studies.

A before-and-after study, examining data from 1976-2003 from farms across
southern Sweden (18) found that four locally migrant farmland birds showed less
negative (or positive) population trends during a period of agricultural
extensification, which included an increase in the area of set-aside. The authors
suggest that the two could be causally linked. This study is discussed in ‘Pay
farmers to cover the costs of conservation measures’.
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A before-and-after site comparison study in 2000-2005 in Bedfordshire, England
(19), found that set-aside fields sprayed in May or June supported higher densities
of grey partridge, seed-eating songbirds and skylarks Alauda arvensis, compared
to set-aside sprayed in April or crop fields (although seed-eating passerines were
equally numerous on oilseed rape Brassica napus fields). Early-sprayed set-aside
had consistently lower densities of all species, compared to all land uses except
winter-sown wheat. The site-level effects of set-aside and sowing crops in spring
are discussed in ‘Plant crops in spring rather than autumn’. This study also
investigated the impact of reducing pesticide and fertiliser inputs (see ‘Threat:
Pollution’).

A controlled study in 2002- 2009 on mixed farmland in Hertfordshire, England
(20), found that the estimated population density of grey partridges Perdix perdix
was significantly higher on set-aside land, than on conventional arable crops. The
difference was strongest for rotational set-aside, with non-rotational set-aside not
having a significant positive impact on partridge densities. This study also
examined the densities found on land under various agri-environment schemes
(which were similar to those on set-aside, see ‘Pay farmers to cover the costs of
conservation measures’), wild bird cover (which were higher than those on set-
aside, see ‘Plant wild bird seed or cover mixture’) and the impact of predator
control and supplementary food provision (see ‘Provide supplementary food to
increase adult survival’ and ‘Control predators not on islands’).

A small study on four farms in Aberdeenshire, north east Scotland, in summer
2005 (21) found that yellowhammers from ten nests preferentially foraged on set-
aside land, compared to cereal fields, but that this preference was not significant
(set-aside comprising 23% of available habitat but used for 42% of foraging flights
vs. cereals comprising 42% of habitat and being used 25% of the time).

A study in April-May 2004 and 2005 (22), found that four birds of conservation
concern were all found on set-aside on 210 fields in pseudo-steppe farmland in
Catalonia, Spain. Little bustards Tetrax tetrax were found on 23-50% of fields
within their range at densities of 0.3-0.8 birds/ha (68 fields surveyed in 2004, 86
in 2005), Eurasian thick-knee on 43-52% at 0.4-0.6 birds/ha (93 fields in 2004,
117 in 2005), short-toed larks Calandrella brachydactyla on 28-32% at 0.2-0.4
birds/ha (50 fields in 2004, 64 in 2005) and calandra larks Melanocorphya
calandra on 27-34% at 0.4-0.7 birds/ha (93 fields in 2004, 117 in 2005). Only
male bustards were recorded, due to problems surveying cryptic females.

(1) Watson, A. & Rae, R. (1997) Some effects of set-aside on breeding birds in northeast Scotland.
Bird Study, 44, 245.

(2) Wilson, J. D., Evans, J., Browne, S. J. & King, J. R. (1997) Territory distribution and breeding
success of skylarks Alauda arvensis on organic and intensive farmland in southern England.
Journal of Applied Ecology, 34, 1462-1478.

3) Poulsen, J. G., Sotherton, N. W. & Aebischer, N. J. (1998) Comparative nesting and feeding
ecology of skylarks Alauda arvensis on arable farmland in southern England with special
reference to set-aside. Journal of Applied Ecology, 35, 131-147.

4) Wakeham-Dawson, A., Szoszkiewicz, K., Stern, K. & Aebischer, N. J. (1998) Breeding skylarks
Alauda arvensis on Environmentally Sensitive Area arable reversion grass in southern England:
survey-based and experimental determination of density. Journal of Applied Ecology, 35, 635—648.
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5.9. Manage hedges to benefit wildlife

The one study of six that investigated species richness (2) found no difference in species
richness between a UK site with wildlife-friendly hedge management and three control
sites.

Seven studies from the UK (1,2,4-7) and Switzerland (3), five replicated, found that
some species studied increased in relation to managed hedges or were more likely to
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be found in managed hedges, compared to other habitats. Two (1,2) investigated several
interventions at once.

e One replicated study (5) found that species that showed positive responses to hedge
management in some regions showed weak or negative responses in other parts of the
UK. Four studies from the UK (2,4-6) found that some species declined or showed no
response to wildlife-friendly management of hedges.

Background

Hedges can be key habitats for farmland biodiversity, but they may need managing
to maximise their value. Managing hedges to benefit wildlife involves one or more
of the following management changes: reduce cutting frequency; reduce or avoid
spraying; mowing vegetation beneath hedgerows or filling gaps in hedges.

A 2000 literature review (1) found that the UK population of cirl buntings
Emberiza cirlus increased from between 118 and 132 pairs in 1989 to 453 pairs in
1998 following a series of schemes designed to provide overwinter stubbles, grass
margins, and beneficially managed hedges and set-aside. Numbers on fields under
the specific agri-environmental scheme increased by 70%, compared with a 2%
increase elsewhere.

A small replicated controlled study from May-June in 1992-8 in Leicestershire,
England (2), found that the abundance of nationally declining songbirds and
species of conservation concern significantly increased on a 3 km? site where
hedges were managed to benefit wildlife (alongside several other interventions),
although there was no overall difference in bird abundance, species richness or
diversity between the experimental and three control sites. Numbers of nationally
declining species rose by 102% (except for Eurasian skylark Alauda arvensis and
yellowhammer Emberiza citronella). Nationally stable species rose
(insignificantly) by 47% (eight species increased, four decreased). The other
interventions employed were: ‘Create beetle banks’, ‘Plant nectar flower
mixture/wildflower strips’, ‘Plant wild bird seed cover strips’, ‘Provide
supplementary food’, ‘Control predators’ and ‘Reduce pesticide or herbicide use
generally’.

A replicated site comparison study across eleven areas in the Swiss plateau
between 1998 and 2001 (3) found that the centres of territories of hedgerow birds
were significantly more frequent in or near Ecological Compensation Areas than
expected by an even distribution across the landscape (293 territories found in
ECA hedgerows), suggesting that hedgerow birds were attracted to or favoured by
these areas. Territories of breeding birds were mapped in 23 study areas, based
on three visits between mid-April and mid-June.

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

A replicated site comparison of 2,046, 1 km squares of agricultural land across
England in 2005 and 2008 (5) found that management of hedges and ditches (see
‘Manage ditches to benefit wildlife’) under Entry Level Stewardship did not have
clear impacts on farmland bird species. Management had significant positive
impacts on five species in at least one region of England, but these effects were
often very weak and four of the same species showed negative responses in other
regions. The other five ‘hedgerow species’ investigated were never positively
associated with boundary management. Generally, effects appeared to be more
positive in the north of England.

Areplicated 2010 site comparison study of 2,046 1 km? plots of lowland farmland
in England (6) found that three years after the 2005 introduction of the
Countryside Stewardship Scheme and Entry Level Stewardship schemes, there
was no association between the length of hedgerow managed according to the
agri-environment scheme and farmland bird numbers. Hedgerow specialist
species, including the yellowhammer Emberiza citrinella and common
whitethroat, showed no significant population response, whereas there were
greater numbers of common starling Sturnus vulgaris on arable, pastoral and
mixed farmland with hedgerow management. For example, in mixed farmland
plots starling populations increased by 0.2 individuals for each 1 km of hedgerow.
On the other hand, the grey partridge Perdix perdix appeared to be detrimentally
affected, with an apparent decline of 0.3 individuals for every 1.1 km of hedgerow
managed according to the agri-environment schemes. The 2,046 1 km? lowland
plots were surveyed in both 2005 and 2008 and classified as arable, pastoral or
mixed farmland. Eighty-four percent of plots included some area managed
according to the schemes. In both survey years, two surveys were conducted along
a 2 km pre-selected transect route through each 1 km? square.

A replicated site comparison study on farms in two English regions (7) found that
summer yellowhammer numbers were significantly higher in hedges under
environmental stewardship management than in conventionally managed hedges.
On East Anglian farms, this was true for both Entry Level Stewardship and Higher
Level Stewardship hedge management options (estimated >1.5
yellowhammers/m in Higher Level Stewardship hedges compared to <0.5
yellowhammers/m in conventional hedges). On farms in the Cotswolds, UK, it was
only true for hedges managed as ‘high environmental value hedges’ under Higher
Level Stewardship (estimated 0.5 yellowhammers/m), while hedges managed
under Entry Level Stewardship did not have more yellowhammers than
conventional hedges (estimated <0.2 yellowhammers/m). Hedgerows managed
under Entry Level Stewardship are cut every two or three years in winter only.
Surveys were carried out in the summers of 2008 and 2009, on up to 30 Higher
Level Stewardship farms and 15 non-stewardship farms in East Anglia, and up to
19 Higher Level Stewardship and 8 non-stewardship farms in the Cotswolds. This
study also discusses several other interventions.
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5.10. Plant new hedges

e Asmall study from the USA (1) found that the population of northern bobwhites increased
following several interventions including the planting of new hedges.

Background

Hedges are used to separate fields but are also extremely important habitats on
many farms, providing heterogeneity in the landscape and resources not found
elsewhere. In much of Europe, hedges are being removed as field sizes are
increased, potentially reducing the biodiversity value of farmland. Planting new
hedges may mitigate this change, but may be both costly and unattractive to
farmers, as they can reduce the efficiency of farming.

A small 1967 before-and-after study on a 1,214 ha farm in Maryland, USA (1),
found that after the introduction in 1957 of a number of management
interventions, including planting 11.4 miles of new hedges, the number of coveys
of northern bobwhites Colinus virginianus increased from five coveys identified in
the winter of 1956/1957 to 38 in the winter of 1964/1965. Although this study
does not isolate the effect of the individual interventions made, it is noted that 14
of 33 new coveys were located in multi-flora hedges planted during the eight years
of management interventions. Interventions included planting shrub lespedeza
Lespedeza thunbergii and sericea lespedeza Lespedeza cuneata strips, seeding 20
ha of grassland, and limiting livestock grazing. Sightings of coveys were reported
by farm employees and hunting parties during each winter from 1956 to 1965.

(1) Burger, G. V. & Linduska, J. P. (1967) Habitat management related to bobwhite populations at
Remington farms. The Journal of Wildlife Management, 31, 1-12.
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5.11. Manage stone-faced hedge banks to benefit birds

e We captured no evidence for the effects of managing stone-faced hedge banks on bird
populations.

Background

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

5.12. Manage ditches to benefit wildlife

e Three out of four replicated studies from the UK (2—4) found that some farmland birds
responded positively to the presence of ditches managed for wildlife. All three also found
that some species did not respond positively or responded negatively to management.

e Areplicated, controlled and paired sites study from the UK (1) found that bunded ditches
were visited by more birds than non-bunded ditches.

Background

Managing ditches to benefit wildlife can involve reduced or delayed cutting of
vegetation on ditch banks and restricted fertiliser, herbicide or pesticide use on
ditch banks or in fields adjoining ditches. ‘Bunded’ ditches are blocked to allow
them to fill with water.

A replicated, controlled and paired sites study of bunded and non-bunded
drainage ditches in arable and pastoral areas of Leicestershire, UK (1), found that
bird visit rates were significantly higher in bunded compared to non-bunded
ditches (1.0 vs. 0.5 visits/month). Sampling involved bird observations (45
minutes, 1-2/month between April 2005 and March 2007.

Areplicated study in February 2008 across 97, 1 km? plots in East Anglia, England
(2), found that four farmland birds showed strong positive responses to field
boundaries (hedges and ditches) managed under agri-environment schemes. Six
others showed weak or negative responses. This study is discussed in detail in
‘Manage hedges to benefit wildlife’.

A replicated site comparison of 2,046, 1 km squares of agricultural land across
England in 2005 and 2008 (3) found that management of hedges (see ‘Manage
hedges to benefit wildlife’) and ditches under Entry Level Stewardship did not
have clear impacts on farmland bird species. Management had significant positive
impacts on five species in at least region of England, but these effects were often
very weak and four of the same species showed negative responses in other
regions. The other five ‘hedgerow’ species investigated were never positively
associated with boundary management. Generally, effects appeared to be more
positive in the north of England.
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A replicated 2010 site comparison study (4) of the same 2,046, 1 km? plots of
lowland farmland in England as in (3) found that three years after the 2005
introduction of the Entry Level Stewardship and Countryside Stewardship
Schemes, there was no consistent association between the length of ditches
managed according to the agri-environment scheme on a plot and farmland bird
numbers. Although there were higher numbers of linnet Carduelis cannabina and
reed bunting Emberiza schoeniclus (two species known to nest in vegetation at the
side of ditches) in plots with ditches managed according to the Countryside
Stewardship Scheme and Entry Level Stewardship than in other plots, this
difference was not observed for other species also expected to benefit from ditch
management, including the yellowhammer Emberiza citrinella and yellow wagtail
Motacilla flava. Between 2005 and 2008, skylark Alauda arvensis and grey
partridge Perdix perdix declines were greater in plots with lengths of ditch
management than other plots. For example, grey partridges showed decreases of
1.3 birds for each 0.08 km of ditch on pastoral farmland. The 2,046 1 km? lowland
plots were surveyed in both 2005 and 2008 and classified as arable, pastoral or
mixed farmland. Eighty-four percent of plots included some area managed
according to the Entry Level Stewardship or Countryside Stewardship Schemes.
In both survey years, two surveys were conducted along a 2 km pre-selected
transect route through each 1 km? square.

(1) Anon (2007) Wetting up farmland for birds and other biodiversity, Defra Report BD1323.

) Davey, C. M., Vickery, J. A., Boatman, N. D., Chamberlain, D. E. & Siriwardena, G. M. (2010)
Entry Level Stewardship may enhance bird numbers in boundary habitats. Bird Study, 57, 415—
420.

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

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

5.13. Protect in-field trees

e We found no evidence for the effects of protecting in-field trees on bird populations.
Background

Retaining in-field trees and developing agro-forestry systems has the potential to
retain on-farm biodiversity. There has been considerable work on the importance
of agro-forestry systems for biodiversity in general and especially birds,
particularly in the tropics, where traditional farming practices often use such
systems. Agroforestry is discussed in more detail in the text at the beginning of the
chapter.

5.14. Plant in-field trees

e We found no evidence for the effects of planting in-field trees on bird populations.
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5.15. Tree pollarding and tree surgery

We found no evidence for the effects of tree pollarding and tree surgery on bird
populations.

5.16. Plant wild bird seed or cover mixture

All seven studies (based on five replicated experiments and a review) that investigated
species richness or diversity were from the UK and found that fields or farms with wild
bird cover had higher bird diversity than those without, or that more species were found
in wild bird cover than in surrounding habitats (17,19,20,24-26,30).

Thirty-two studies out of 33 from the UK and North America that examined abundance
and population data (4-10,12,13,15-36,40), found that bird densities, abundances,
nesting densities or use of wild bird cover was higher than in other habitats or
management regimes, or that sites with wild bird cover had higher populations than those
without. These studies included a systematic review (27) and seven randomised,
replicated and controlled studies (10,16-18,23,24,28). Some studies found that this was
the case across all species or all species studied, while others found that only a subset
showed a preference. Four studies investigated other interventions at the same time.
Thirteen of the 33 studies (all replicated and from Europe and the USA), found that bird
populations or densities were similar on wild bird cover and other habitats, that some
species were not associated with wild bird cover or that birds rarely used wild bird cover
(7,10,11,13,14,17,21-23,25,35,36,40).

Three studies from the UK and Canada (3,6,37), two replicated, found higher
productivities for some or all species monitored on wild bird cover, compared to other
habitats. Two replicated and controlled studies from Canada and France (3,14) found no
differences in reproductive success between wild bird cover and other habitats for some
or all species studied.

Three studies from Europe and the USA investigated survival, with two finding higher
survival of grey partridge Perdix perdix released on wild bird cover (41) or of artificial
nests in some cover crops (ref no. 1 needs to go here). The third (14) found that survival
of grey partridge was lower on farms with wild bird cover, possibly due to high predation.

Five studies from the UK (8,10,16,38,39), three replicated, found that some wild bird
cover crops were preferred to others. A randomised, replicated and controlled study and
a review from the UK (19,28) found that the landscape surrounding wild bird cover and
their configuration within it affected use by birds.

Background

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

A replicated, controlled study from May-June in 1955-1958 in three treatment
cover types and six natural (control) cover types in Idaho, USA (1), found that
artificial nests in some cover crops were less likely to be predated than those in
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other crops. Over ten days, 30% of nests in cereal crops or cattail Typha
angustifolia, bulrush Scirpuss acutus or S. validus margins were predated,
compared with 40% in alfalfa Medicago sativa and 80% in tall weeds, willows Salix
spp., sagebrush Artemisia tridentate or downy chess Bromus tectorum. Overall,
52% of nests were destroyed within 10 days. Grain fields provided significantly
greater protection (average ten ‘safe’ days and only 3% nests destroyed)
compared to alfalfa and irrigation ditches (average of seven and five ‘safe’ days)
or any control cover types. A total of 529 nests, each containing four eggs were
placed randomly in cover types (32-68 nests/cover type).

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

A replicated, controlled study in May-July 1992-94 of 31 wild bird cover and 31
control prairie-parkland plots in Saskatchewan, Canada (3) found that mallard
Anas platyrhyncos and gadwall A. strepera displayed higher nest survival rates in
wild bird cover than in unmanaged plots (14-16% vs. 4%). There was no
difference in nest survival for blue-winged teal A. discors and northern shoveler
A. clypeata nests (10-15% vs. 10-14%). Nest survival rates differed significantly
between years (8-26% in wild bird cover and 4-16% in control plots) and overall
nesting density in wild bird cover plots was low (1.1-1.4 nests/ha). Consequently,
the authors suggest that wild bird cover plots would need prohibitively large areas
of establishment to be effective. The wild bird cover plots were planted on
previously cultivated land with a grass-legume mix (average 37 ha); unmanaged
plots were cropland (average 40.4 ha).

A 2000 literature review from the UK (4) found that the populations of grey
partridge Perdix perdix was 600% higher on farms with conservation measures
aimed at partridges in place, compared to farms without these measures.
Measures included the provision of conservation headlands, planting cover crops,
using set-aside and creating beetle banks.

A small study of set-aside strips over five years at Loddington, Leicestershire, UK
(5), found that set-aside sown with wild bird cover was used by nesting Eurasian
skylarks Alauda arvensis significantly more than other habitats. The majority of
skylark territories found were within set-aside strips (margins or midfield) sown
with wild bird cover (55-76% each year), although the habitat covered only 8-
10% of the area. The habitat was also used more for foraging than all others,
except linseed. Wild bird cover was sown with either cereal-based or kale-based
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mixtures. Skylark territories were recorded in 1995-1997 and 1999. Nests were
located in 1999 and foraging trips observed for two one and a half hour periods.

A small before-and-after study from May-July in 1992-1994 in river islands in
Quebec, Canada (6), found that the number of dabbling ducks Anas spp. nesting in
the study area increased from 143 to 263 nests, following the establishment of
dense nesting cover and rotational grazing (see ‘Graze semi-natural habitats’).
Density of nests on fields seeded with dense nesting cover in 1993 as higher than
other habitats in 1994 (7 nests/havs. 1.1-2.8 nests/ha for other habitats). Nesting
success in seeded fields was also higher (82% success for 64 nests) than in
improved pastures (15% for 39 nests).

A replicated, randomised study of annual and biennial crops over three years in
Norfolk, Hertfordshire and Leicestershire, UK (7), found that bird species tended
to use a variety of cover crops, but whereas yellowhammers Emberiza citrinella
used mainly cereals, greenfinches Carduelis chloris tended to use borage,
sunflowers and mustard. Crops used by several species included kale, quinoa,
fathen and linseed. Buckwheat was used a small amount, and apart from
greenfinch, few others used sunflower or borage. Crops were sown in a
randomised block design with three replicates at each of the three farms. Plots
sizes were 20 or 50 m x 12 or 16 m. Numbers of birds feeding in, or flushed from
each plot were recorded before 11:00 at weekly intervals from October-March
1998-2000.

A study of different set-aside crops at Allerton Research and Educational Trust
Loddington farm, Leicestershire, UK (8), found that Eurasian skylark and
yellowhammer used wild bird cover set-aside (kale set-aside, cereal set-aside,
annual/biennial crop strips) more than expected compared to availability.
Skylarks also used wild bird cover more than unmanaged set-aside, broad-leaved
crops and other habitats. Yellowhammer used wild bird cover strips more than
expected. Cereal set-aside wild bird cover was used significantly more than beetle
banks, kale set-aside wild bird cover, unmanaged set-aside and ‘other’ habitats.
Wild bird cover strips were used significantly more than kale set-aside,
unmanaged set-aside and other habitats. Field margin and midfield set-aside
strips were sown with kale-based and cereal-based mixtures for wild bird cover
and ‘beetle banks’. Other habitat types were: unmanaged set-aside, cereal (wheat,
barley), broad-leaved crop (beans, rape) and ‘other’ habitats. Thirteen skylark and
15 yellowhammer nests with chicks between 3-10 days old were observed.
Foraging habitat used by the adults was recorded for 90 minutes during three
periods of the day.

A small replicated controlled study from May-June in 1992-98 in Leicestershire,
England (9), found that the abundance of nationally declining songbirds and
species of conservation concern significantly increased on a 3 km2 site where 20
m wide mid-field and field-edge strips were planted with game cover crops
(alongside several other interventions), although there was no overall difference
in bird abundance, species richness or diversity between the experimental and
three control sites. Numbers of nationally declining species rose by 102% (except
for Eurasian skylark and yellowhammer). Nationally stable species rose
(insignificantly) by 47% (eight species increased, four decreased). The other
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interventions employed were: ‘Manage hedges to benefit wildlife’, ‘Create beetle
banks’, ‘Provide supplementary food’, ‘Control predators’ and ‘Reduce pesticide or
herbicide use generally’.

A replicated, randomised, controlled study over the winters of 1998-2001 in 192
sites on 161 arable farms across England (10) found that, of all the wild bird cover
crops trialled, kale (Brassica spp.) was used by the widest range of species. Overall,
all species analysed exhibited higher densities on wild bird cover crops over
conventional crops except Eurasian skylarks, which preferred cereal stubbles.
Although all species showed non-random and different wild bird cover crop
preferences, kale was preferred by the greatest number of species. Additionally,
bird abundance was significantly greater on wild bird cover crops located adjacent
to hedgerows than those located midfield. Ten annual crops and four biennial
crops were planted each year at each site with three replicates/crop. At 11 and 13
sites for 1999-2000 and 2000-2001 respectively strips containing the same crop
were grown in pairs, one against a hedgerow and one infield, to determine location
preference.

A replicated 2003 site comparison study of 88 farms in East Anglia and the West
Midlands (11) found that between 1998 and 2002 there was no difference in the
decrease in autumn densities of grey partridge on farms that planted wild bird
cover mixtures and farms that did not. Surveys for grey partridge were made once
each autumn in 1998 and 2002 on 88 farms: 38 farms that planted wild bird cover
and 50 farms that did not.

A replicated, controlled study over the winters of 1997-1998, 1998-1999 and
2000/01 in approximately 15 experimental and 15 control fields on one arable,
autumn-sown crop farm in County Durham, England (12) found that farmland bird
abundance was significantly higher in wild bird cover crops than commercial
crops (420 birds/km2 in wild bird cover vs. 30-40/km2 for commercial crops). Of
11 species with sufficient data for analysis, exhibited significant preference for
wild bird cover crops in all species-year combinations birds. Of the wild bird cover
crops, kale Brassica napus crops were preferred by nine species and quinoa
Chenopodium quinoa crops by six species, although cereals and linseed were also
used. The wild bird cover crops were planted in approximately 20 cm wide strips
along one edge of arable wheat, barley or oil-seed rape fields. Bird counts were
conducted twice monthly from October-March in 1997-1998; and three times per
month from October-December as well as twice monthly from January-March in
1998-1999 and 2000-2001.

A replicated, randomised study between November 2003 and March 2004 in 205
cereal stubble fields under a range of management intensities in arable farmland
in south Devon, UK (13) found no clear changes in habitat use by seed-eating birds
after the establishment of wild bird cover crops on some stubble fields. The target
species, cirl bunting Emberiza cirlus, made insignificant use of wild bird cover
crops (average of two individuals/plot). Only two plots contained >5 individuals
and use of the habitat dropped drastically in March, which the authors suggest
makes the habitat a poor alternative to stubbles. High numbers of other seed-
eating species were recorded on the wild bird cover crops, especially those
containing a mixture of rape, millet, linseed, kale and quinoa (maximum seed-
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eating bird count = 491 vs. 191 on barley fields). Only song thrush Turdus
philomelos abundance was significantly positively related to wild bird cover
presence. However, few stubble fields contained wild bird cover crops (13 fields
with 24 wild bird cover strips) and the results may have been confounded by low
sample size.

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

Areview of experiments on the effects of agri-environment measures on livestock
farms in the UK (15) found that in one experiment in southwest England (the
PEBIL project, also reported in (23), birds preferred grass margins sown with
plants providing seed food and cover over plots of grassland subject to various
managements. The review assessed results from seven experiments (some
incomplete at the time of the review) in Europe.

A replicated, randomised, controlled study over the winters of 1998-2001 in 192
plots of arable fields in lowland England (16) found that farmland birds were
significantly greater in density and diversity on wild bird cover crops than on
conventional crops. Although there were no significant differences between wild
bird covers containing a single plant species and conventional crops, bird density
was 50 times higher on ‘preferred’ wild bird covers. Kale Brassica oleracae
viridus-dominated wild bird cover supported the widest range of species
(especially insectivores and seed-eaters), quinoa Chenopodium quinoa dominated
wild bird cover were mainly used by finches and tree sparrows Passer montanus
and (unharvested) seeding cereals were mainly used by buntings. Sunflowers,
phacelia and buckwheat were the least preferred wild bird cover. All bird species,
besides Eurasian skylarks, corn buntings Miliaria calandra and rooks Corvus
frugilegus, were significantly denser on wild bird cover. The differences between
wild bird cover were more marked in late-winter as kale and quinoa retained
seeds for longer periods. Within each plot, one wild bird cover and up to four
conventional crops were surveyed at least once.

A replicated, randomised, controlled study from November-February in 2000-
2001 and 2001-2002 in 20 arable farms in eastern Scotland (17) found that
farmland bird abundance and diversity were significantly higher in fields
containing wild bird cover crops (0.6-4.2 ha sampled annually) than fields with
set-aside, fields with overwinter stubble or fields with conventional crops. Bird
density was up to 100 times higher/ha in wild bird cover crops than on control
fields. The wild bird cover crops attracted 50% more species than set-aside and
stubble fields; and 91% more than the conventional fields. Of eight species with
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sufficient data for individual analysis, seven were consistently significantly more
abundant in wild bird cover than in control crops. However, skylarks were
significantly more abundant in set-aside and stubble fields. The authors point out
that many of the species that favour wild bird cover crops are those currently
causing concern because of their declining populations.

Areplicated, randomised, controlled study from June-September in 2001-02 of 21
cereal farms in eastern Scotland (18) found that farmland birds were significantly
more abundant on fields containing wild bird cover crops than on fields with
conventional crops. A total of 25 species were recorded, with up to 80 times more
birds seen in wild bird cover than in conventional crops. Over all month-crop
combinations bird density was significantly higher on wild bird cover crops for all
groups except finches in July. Bird density increased steadily over all months of
the study on wild bird cover crops but remained relatively constant on
conventional crops. Wild bird cover crops contained up to 90% more weed species
and 280% more important bird-food weeds, than conventional crops. The wild
bird cover crops were composed mainly of kale Brassica spp. quinoa
Chenopodium quinoa and triticale Triticosecale spp. and were sown in strips (20
x 650 m). Arandom sample of 4.9 ha of conventional crops was made on each farm.

A review of the results of four projects conducted from 1998-2004 of wild bird
cover crops planted in arable farms in England (19) found that the density and
diversity of bird species increased significantly when wild bird cover crops were
included in the farm. Four studies reported greater use of wild bird cover crops
than of commercial crops during winter (October-March). One study reported an
increase in bird abundance when wild bird cover crops were introduced into areas
that previously lacked them. Kale Brassica napus and quinoa Chenopodium quinoa
were used by the most species. Buckwheat was rarely used by species in any of the
studies. Millet was used by more species than any other cereal. Three other studies
also found that the location of wild bird covers within the whole-farm
configuration had an effect on bird densities. Wild bird covers located close to
hedges were favoured. Four studies found that a mixture of wild bird cover crops
will produce the highest bird density and diversity.

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

A replicated, controlled study in February-March 2002-03 on three arable farms
in Mississippi, USA (21), found that densities of song sparrow Melospiza melodia
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were significantly higher in field margins seeded with Kobe lespedeza Lespedeza
striata and partridge pea Chamaecrista fasciculata, compared to control field
margins, when fields bordered blocks (> 30 m) of herbaceous vegetation (31
birds/ha vs. 8 birds/ha) or strips (<30 m) of woodland (38 birds/ha vs. 10
birds/ha), but not when fields bordered herbaceous strips (96 birds/ha vs. 70
birds/ha) or blocks of woodland (25 birds/ha vs. 28 birds/ha). Savannah
sparrows Passerculus sandwichensis did not show any such variation, whilst
other sparrow species (notably swamp sparrow M. georgiana) were significantly
higher in uncultivated margins adjacent to herbaceous blocks (78 birds/ha vs. 19
birds/ha), herbaceous strips (139 birds/ha vs. 30 birds/ha) and wooded blocks
(51 birds/ha vs. 12.6 birds/ha). Borders were established in 2000 and were
seeded in 2000 and early 2001.

A replicated study in 1999 and 2003 on 256 arable and pastoral fields across 84
farms in East Anglia and the West Midlands, England (22), found that only two of
twelve farmland bird species analysed were positively associated with the
provision of wildlife seed mixtures, overwinter stubble (see ‘Leave overwinter
stubbles’) or set-aside (see ‘Provide or retain set-aside areas in farmland’). These
were Eurasian skylarks (a field-nesting species) and Eurasian linnets Carduelis
cannabina (a boundary-nesting species). The study did not distinguish between
set-aside, wildlife seed mixtures or overwinter stubble, classing all as
interventions to provide seeds for farmland birds.

A randomised, replicated, controlled trial on four farms in southwest England in
2003-2006 (23) found that 12, 50 x 10 m plots of permanent pasture sown with
a wild bird seed attracted more foraging songbirds (dunnock Prunella modularis,
winter wren Troglodytes troglodytes, European robin Erithacus rubecula, seed-
eating finches and buntings) than 12 control plots managed as silage (cut twice in
May and July, and grazed in autumn/winter). Dunnocks, but not chaffinches
Fringella coelebs or blackbirds Turdus merula, nested in hedgerows next to the
sown plots more than expected, with 2.5 nests/km, compared to less than 0.5
nests/km in hedges next to experimental grass plots. Experimental plots were
sown with a mix of crops including linseed and legumes. There were twelve
replicates of each management type, monitored over the four years (2003-2006).

Arandomised, replicated, controlled trial on four farms in southwest England (24)
(same study as Defra 2007) found that 50 x 10 m plots of permanent pasture sown
with a mix of crops including linseed and legumes attracted more birds, and more
bird species than control treatments, in both summer and winter. Plots were
established in 2002, re-sown in new plots each year and monitored annually from
2003 to 2006. Legumes sown included white clover, red clover, common vetch and
bird’s-foot trefoil. There were twelve replicates of each treatment.

A replicated trial on four farms in England (25) found that the numbers of birds
and bird species were higher in sown wild bird mix than crops in December and
January (around 100 birds of over three species per count on average in the wild
bird mix, compared to fewer than 10 birds or <1 species in the crop), but not in
February and March. Eurasian linnet Carduelis cannabina (at three sites) and reed
bunting Emberiza schoeniclus (at one site) were the most abundant bird species
recorded in the wild bird mix. A seed mix containing white millet Echinochloa
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esculenta, linseed Linum usitatissimum, radish Raphanus sativus and quinoa
Chenopodium quinoa was sown in a 150 x 30 m patch in the centre of an arable
field (winter wheat) on each of four farms in Cambridgeshire, Bedfordshire,
Oxfordshire and Buckinghamshire, in April 2004 and 2005. Birds were counted
once a month between December 2004 and March 2005.

A replicated controlled trial on one farm in Warwickshire, UK in 2005-2006 (26)
found that field corners or margins sown with a wild bird seed mix had more birds
and bird species in winter than all other treatments. Fifty-five birds/plot from four
species on average were recorded on the wild bird seed plots, compared to 0.1-1
bird/plot, or 0.1-0.7 species on average on control crop plots, plots sown with
wildflower seed mix or left to naturally regenerate. The wild bird seed mix (five
species) was sown in April 2006 and fertilised in late May 2006. The crop, oats,
was sown in October 2005. Each treatment was tested in one section of margin
and one corner in each of four fields. Farmland birds were counted on each plot
on seven counts between December 2006 and March 2007.

A 2007 systematic review identified five papers investigating the effect of winter
bird cover on farmland bird densities in the UK (27). There were significantly
higher densities of farmland birds in winter on fields with winter bird cover than
on adjacent conventionally managed fields. The meta-analysis included
experiments conducted between 1998 and 2001 from two controlled trials and
one randomised control trial.

A replicated, randomised, controlled study in September, November, December
and February in 2004-2005 in seven grassland farms (87-96% grass) in western
Scotland (28) found that songbirds responded significantly more positively to
wild bird cover crops in grassland compared to arable regions. Average songbird
densities were two orders of magnitude greater in wild bird cover crops than
conventional crops (average 51 birds/ha vs. 0.2). The average density of songbirds
in wild bird cover in the grassland region was more than double that in wild bird
cover in the arable region at the same time of year (average 61.3 and 29.0 birds /
harespectively). Average densities in grassland conventional crops were just 14%
of that in the arable region. On each site, an average of 1.2 ha of wild bird cover
and 10.3 ha of conventional crops was randomly sampled. Arable farm data from
a previous study was used for comparison.

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

The second monitoring year of the same study as (26) in 2005-2007 (30) found
that wild bird cover plots had more birds of more species in winter (86 birds/plot,
of six species on average) than control cereal plots, plots sown with wildflower
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seed mix or left to naturally regenerate (2 birds/plot or less, and 0.4-1.6
species/plot on average). Farmland birds were counted on each plot on four
counts between December 2007 and March 2008. The crop control in year two
was winter wheat.

A 20009 literature review of agri-environment schemes in England (31) found that
high densities of seed-eating songbirds and Eurasian skylarks were found on land
planted with wild bird seed or cover mix and on stubble fields (see ‘Leave
overwinter stubbles’). A survey in 2007-2008 found that densities of seed-eating
songbirds were highest on wild bird seed or cover mix, compared to other agri-
environment schemes options. This review also examines several other
interventions, discussed in the relevant sections.

A 20009 literature review of European farmland conservation practices (32) found
that margins sown with wild bird cover crops such as quinoa Chenopodium
quinoa and kale provided more food for seed-eating birds in late winter than other
field margin types and supported large numbers of some songbird species.

A controlled study in 2002-2009 on mixed farmland in Hertfordshire, England
(33), found that the estimated population density of grey partridges was
significantly higher on land sown with wild bird cover than on conventional arable
crops. This study also examined the densities found on land under various agri-
environment schemes and set-aside (which were higher than those on wild bird
cover, see ‘Pay farmers to cover the costs of conservation measures’ and ‘Provide
or retain set-aside’) and the impact of predator control and supplementary food
provision (see see ‘Provide supplementary food to increase adult survival’ and
‘Control predators not on islands’).

A follow-up review of experiments on the effects of agri-environment measures
on livestock farms in the UK (34), found that in one experiment in southwest
England (the PEBIL project, also reported (23), small insect-eating birds preferred
grassland margins sown with plants providing seed food over plots of grassland
subject to various managements, despite there being no difference in insect
numbers between the two sets of treatments. The preference for wild bird cover
was attributed to easier accessibility (less dense ground cover). The review
assessed results from four experimental projects (one incomplete at the time of
the review) in the UK.

Areplicated 2010 site comparison study of 2,046 1 km? plots of lowland farmland
in England (35) found that three years after the 2005 introduction of the two agri-
environment schemes, Countryside Stewardship Scheme and Environmental
Stewardship, there was no consistent association between the provision of wild
bird cover and farmland bird numbers. European greenfinch, stock dove Columba
oenas, starling Sturnus vulgaris and woodpigeon Columba palumbus showed
more positive population change (population increases or smaller decreases
relative to other plots) in the 9 km? and 25 km? areas immediately surrounding
plots planted with wild bird cover mix than in the area surrounding plots not
planted with wildlife seed mixture. Although Eurasian linnet and rook also showed
positive associations with wild bird cover mix at the 25 km? scale, plots with wild
bird cover were associated with a greater decline in grey partridge populations at
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both scales between 2005 and 2008. The 2,046 1 km? lowland plots were surveyed
in both 2005 and 2008 and classified as arable, pastoral or mixed farmland.
Eighty-four percent of plots included some area managed according to the Entry
Level Stewardship or CSS. In both survey years, two surveys were conducted along
a 2 km pre-selected transect route through each 1 km? square.

A replicated site comparison of 2,046, 1 km squares of agricultural land across
England in 2005 and 2008 (36) found that four of eight regions of England had at
least two farmland birds that showed positive responses to wild bird cover and
overwinter stubble fields (see ‘Leave overwinter stubbles’). Across all 15 species
thought to benefit from these interventions, only one region (the North West)
showed significantly more positive responses than would be expected by chance.
Some species responded positively in some regions and negatively in others.

A replicated site comparison study on 1,031 agricultural sites across England in
2004-2008 (37) found that the proportion of young grey partridges in the
population was higher in 2007 and 2008 on sites with higher proportions of wild
bird cover. Brood sizes were also related to wild bird cover in 2008 only.
Overwinter survival was positively related to wild bird cover in 2004-2005 but
negatively in 2007-2008. There were no relationships between wild bird cover
and year-on-year density trends. This study describes the effects of several other
interventions, discussed in the relevant sections.

A replicated 2010 site comparison study of 52 fields in East Anglia and the West
Midlands, UK, (38) found no difference between the number of seed-eating birds
in fields managed under the Higher Level Strata of the Environmental Stewardship
scheme (i.e. on fields planted with Enhanced Wild Bird Seed Mix) than in fields
managed under the Entry Level Strata of the Environmental Stewardship scheme
(i.e. fields planted with wild bird cover mix). In East Anglia, but not the West
Midlands, there were significantly more seed-eating birds on fields planted with
wild bird cover under the Environmental Stewardship scheme (59 birds/ha) than
non-Environmental Stewardship fields planted with a game cover (2 birds/ha).
Seed-eating birds were surveyed on two visits to each site between 1 November
2007 and 29 February 2008.

Areplicated site comparison study on farms in two English regions (39) found that
more seed-eating farmland songbirds (including tree sparrow and corn bunting)
were found on Higher Level Stewardship wild bird seed mix sites than on non-
stewardship game cover crops in East Anglia (6-11 birds/ha on wild bird seed
mix, compared to <0.5 birds/ha on game cover), but not in the West Midlands (2-
4 birds/ha on both types). The survey was carried out in winter 2007-2008 on 27
farms with Higher Level Stewardship, 13 farms with Entry Level Stewardship and
14 with no environmental stewardship, in East Anglia or the West Midlands.

A replicated study from April-July in 2006 on four livestock farms (3
replicates/farm) in southwest England (40) found that dunnock Prunella
modularis, but not Eurasian blackbird Turdus merula or chaffinch, nested at
higher densities in hedges alongside field margins sown with wild bird seed crops,
or barley undersown with grass and clover, compared to those next to grassy field
edges under various management options (dunnocks: approximately 2.5
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nests/km for seed crops vs. 0.3/km for grass margins; blackbirds: 1.0 vs. 1.3;
chaffinch: 1.5 vs. 1.4). Margins were 10 m wide, 50 m long and located adjacent to
existing hedgerows. Seed crop margins were sown with barley (undersown with
grass/legumes) or a kale/quinoa mix. There were 12 replicates of each treatment.
This study reports on results from the same experiment as (23).

A replicated study on four farms in Gloucestershire and Oxfordshire, England, in
2007 (41) found that grey partridge released in coveys in the autumn used cover
crops more frequently than birds released in pairs in the spring. This study is
discussed in ‘Captive breeding, rearing and releases (ex situ conservation)’.
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(41) Rantanen, E. M., Buner, F., Riordan, P., Sotherton, N. & Macdonald, D. W. (2010) Habitat
preferences and survival in wildlife reintroductions: an ecological trap in reintroduced grey
partridges. Journal of Applied Ecology, 47, 1357-1364.

5.17. Plant nectar flower mixture/wildflower strips

e Two replicated and controlled studies from the UK (one randomised) and a European
review (1,3,7) out of seven studies captured found that more birds used nectar/wildflower
strips than crops or land under other management. Two studies of a replicated and
controlled experiment in the UK (4,5) found that no more birds used nectar/wildflower
strips in winter than used land under other management.

e Areplicated, controlled study from Switzerland (6) found that Eurasian skylarks Alauda
arvensis were more likely to nest in patches of fields sown with annual weeds than in
crops, and were less likely to abandon nests in these patches.

e A randomised, replicated and controlled study from the UK (2) found that field margin
management affected their use by birds more than the seed mix used on them.

Background

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

A replicated, controlled study in summer and autumn of 1995 and 1996 on 15
sown set-aside strips on a farm in Cambridgeshire, UK (1), found that more bird
individuals (average 20% of the total) and species (average 56%) used the strips
than the adjacent crop area (average 7% of individuals and 33% of species) in both
years. However, the highest proportions of both individuals and species were
recorded in the field boundaries (average 68% individuals and 80% of species).
This study is discussed in detail in ‘Plant grass buffer strips/margins around
arable or pasture fields’.

A randomised, replicated, controlled trial of sown grassy field margins from 2002
to 2006 in eastern England (2) found that the management of margins affected
bird use more than the seed mix used. The number of birds using the margins in
summer increased by 29% between 2003 and 2006. Bird densities were higher on
disturbed and graminicide-treated plots than on cut plots (no actual bird densities
given, only model results). Bird densities were linked to densities of diurnal
ground beetles (Carabidae), especially in disturbed and graminicide-treated plots.
In winter, there were twice as many birds on cut margins as uncut margins, and
twice as many birds in the second year than the first. Field margin plots (6 x 30 m)
were established using one of three seed mixes: 1) Countryside Stewardship mix,
2) tussock grass mix and 3) a mixture of grasses and forbs designed for pollinating
insects. The margins were managed in spring from 2003 to 2005 with one of three
treatments: 1) cut to 15 cm, 2) soil disturbed by scarification until 60% of the area
was bare ground, 3) treated with graminicide at half the recommended rate. There
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were five replicates of each treatment combination, at two farms - one in
Boxworth, Cambridgeshire, England, and one in High Mowthorpe, Yorkshire,
England. Birds were surveyed five to eight times between April and July from 2002
to 2006. In winters of 2004-2005 and 2005-2006, birds were also surveyed on 6
m margins on 10 farms in eastern England with two seed mixes (tussocky grass
and fine grass). Margins were either cut in autumn or uncut. There were four
replicates of each treatment combination per farm.

A randomised, replicated, controlled trial on four farms in southwest England (3)
found that 50 x 10 m plots of permanent pasture sown with a grass and legume
seed mix attracted more birds, and more bird species than control treatments in
both summer and winter. Plots were established in 2002, re-sown in new plots
each year and monitored annually from 2003 to 2006. Legumes sown included
white clover Trifolium repens, red clover T. pratense, common vetch Vicia sativa
and bird’s-foot trefoil Lotus corniculatus. There were twelve replicates of each
management type.

A replicated controlled trial on one farm in Warwickshire, UK in 2005-2006 (4)
found that field corners or margins sown with a wildflower mix did not have more
birds in winter (species or individuals) than control crop plots. Average counts
were close to zero birds/plot for both. The wildflower mix (25 broadleaved non-
grass species, making up 10% by weight, with 90% grass from four species) was
sown in August 2005 and treated with graminicide in November 2005. Plots were
cut three times in 2006, and cuttings removed. The crop, oats, was sown in October
2005. Each treatment was tested in one section of margin and one corner in each
of four fields. Farmland birds were counted on each plot on seven counts between
December 2006 and March 2007.

The second monitoring year of the same study as (4), from 2005-2007 (5) found
that wildflower plots did not have more birds in winter than control cereal plots.
There were two birds/plot or fewer, and 0.4-1.6 bird species/plot on average on
all treatments except those sown with wild bird seed mix. Farmland birds were
counted on each plot on four counts between December 2007 and March 2008.
The crop control in year two was winter wheat.

A replicated, controlled study from March-July in 2006 in winter wheat fields in
mixed farming lands near Berne, Switzerland (6), found that Eurasian skylarks
Alauda arvensis with territories that included undrilled patches were significantly
less likely to abandon their territory than birds without patches, and more likely
to use the undrilled patches as nesting and foraging sites than expected by chance.
The strips were sown with six annual weed species but otherwise resembled
skylark plots and this study is discussed in detail in ‘Create skylark plots’.

A 2009 literature review of European farmland conservation practices (7) found
that the availability of bird food-species was higher in nectar-rich field margins
than in crops, and several species used margins planted with wildflower mixes
more than grass-only strips (see ‘Plant grass buffer strips/margins around arable
or pasture fields’). This study discusses several other field-margin agri-
environment options, which are described in the relevant sections.
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5.18. Create uncultivated margins around intensive

arable or pasture fields

A replicated, controlled study from the USA (1) found that three sparrow species found
on uncultivated margins were not found on mown field edges. A replicated study from
Canada (2) found fewer species in uncultivated margins than in hedges or in trees
planted as windbreaks.

Three replicated studies from the USA and UK (1,3,7), one controlled, found that some
birds were associated with uncultivated margins, or that birds were more abundant on
margins than on other habitats. One study found that these effects were very weak. Four
replicated studies (two of the same experiment) from the UK (3-5,7), two controlled,
found that uncultivated margins contained similar numbers of birds in winter, or that
several species studied did not show associations with margins.

A replicated, controlled study from the UK (6) found that yellowhammers Emberiza
citrinella used uncultivated margins more than crops in early summer, but use fell in
uncut margins in late summer. Cut margins however, were used more than other habitat
types late in summer.

A replicated study from the UK (8) found high rates of survival for grey partridge Perdix
perdix released in margins.

Background

This intervention allows vegetation in field margins to regenerate naturally,
without planting, although it can involve subsequent mowing. The margins are not
fertilised and only spot-treated with herbicides if necessary.
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A replicated, controlled study in February 1997 and 1998 on eight arable farms in
North Carolina, USA (1), found that sparrow species were significantly more
abundant on farms with uncultivated field margins (set up in 1996) than on those
with mown field edges (34-36 sparrows/ha for uncultivated margins vs. 6-21
sparrows/ha for mowed edges). In addition, uncultivated field margins contained
three species (white-throated sparrow Zonotrichia albicollis, field sparrow
Spizella pusilla and chipping sparrow S. passerina) not found in mowed edges; all
four species found in mowed edges (savannah sparrow Passerculus sandwichensis,
song sparrow Melospiza melodia, swamp sparrow M. georgiana and dark-eyed
junco Junco hyemalis) were also found in uncultivated field margins. In total, 93%
of birds detected in field edges were sparrows.

A replicated study in southern Quebec, Canada, in July 1995 (2), found that
herbaceous borders around arable fields held significantly fewer individuals and
species than either hedges or trees planted as windbreaks (19 species found in 17
herbaceous borders, at 19 birds/ha vs. 25 species at 51 birds/ha for 17
windbreaks and 39 species at 57 birds/ha for 27 hedges). Differences were
significant, even when adjusting for different sample sizes.

A replicated study in 1999 and 2003 on 256 arable and pastoral fields across 84
farms in East Anglia and the West Midlands, England (3), found that a combination
of creating planted (see ‘Plant grass buffer strips/margins around arable or
pasture fields’) and uncultivated margins around fields was strongly positively
associated with four out of twelve farmland bird species analysed. These were
skylark Alauda arvensis (a field-nesting species) and chaffinche Fringilla coelebs,
whitethroat Sylvia communis and yellowhammers Emberiza citrinella (all
boundary-nesting species). The study did not distinguish between uncultivated
and planted margins. This study describes several other interventions, discussed
in the relevant sections.

A replicated controlled trial on one farm in Warwickshire, UK in 2005-2006 (4)
found that field corners or margins left to naturally regenerate for one year did
not have more birds in winter (species or individuals) than control crop plots.
Average counts were one bird/plot or fewer for both treatments. The plots were
left as unmanaged wheat stubble for all of 2006. The crop, oats, was sown in
October 2005. Each treatment was tested in one section of margin and one corner
in each of four fields. Farmland birds were counted on each plot on seven counts
between December 2006 and March 2007.

The second monitoring year of the same study as (4), from 2005-2007 (5) found
that naturally regenerated plots did not have more birds in winter than control
cereal plots. There were two birds/plot or fewer, and 0.4-1.6 bird species/plot on
average on all treatments except wild bird seed mix (see ‘Plant wild bird seed or
cover mixture’). Farmland birds were counted on each plot on four counts
between December 2007 and March 2008. The crop control in the second year
was winter wheat.

A replicated, controlled study in May-August 2005-6 on five farms in
Aberdeenshire, Scotland (6), found that a larger proportion of early-summer
yellowhammer Emberiza citrinella foraging flights were in field margins (32% of
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233 flights from ten nests), compared to cereal crops (8%). However, in late
summer, cereal fields were used more (up to 56% of 506 flights) and field margins
less (down to 15%). In 2006, sections of margins around some nests were cut
down to the soil. These patches comprised 2.3-2.4% of margin area, and were
used for 2.9% of 172 foraging flights in early summer and 34% of 77 foraging
flights in late summer. The authors suggest that yellowhammers used cut patches
disproportionately as the uncut sections grew taller and so reduced the access to
invertebrates.

A large 2010 site comparison study of 2,046 1 km? plots of lowland farmland in
England (7) found that three years after the 2005 introduction of the Countryside
Stewardship Scheme and Entry Level Stewardship schemes, there was no
consistent association between the provision of uncultivated field margins on
arable or pastoral farmland and farmland bird numbers. Although plots with field
margins did see more positive population changes (increases or smaller decreases
relative to other plots) of rook Corvus frugilegus, starling Sturnus vulgaris and
woodpigeon Columba palumbus, the effect was small, with starlings, for example,
showing increases of only 0.0002 individuals for every 0.001 km? of margin in
mixed farmland plots. Other species expected to benefit from margin provision
including corn bunting Emberiza calandra, grey partridge Perdix perdix, kestrel
Falco tinnunculus, jackdaw Corvus monedula, reed bunting Emberiza schoeniclus,
and common whitethroat Sylvia communis all showed no effect of margin
management. Yellowhammer Emberiza citrinella, also expected to benefit from
margin creation, showed a positive association in mixed landscapes and a negative
association on grassland plots. The 2,046 1 km? lowland plots were surveyed in
both 2005 and 2008 and classified as arable, pastoral or mixed farmland. Eighty-
four percent of plots included some area managed according to the Entry Level
Stewardship or the Countryside Stewardship Scheme. In both survey years, two
surveys were conducted along a 2 km pre-selected transect route through each 1
km? plot.

A replicated study on four farms in Gloucestershire and Oxfordshire, England, in
2007 (8) found that grey partridge Perdix perdix released in pairs in the spring
used field margins more frequently than birds released as family groups in the
autumn. This study is discussed in detail in ‘Captive breeding, rearing and releases
(ex situ conservation)’.

(@) Marcus, J. F., Palmer, W. E. & Bromley, P. T. (2000) The effects of farm field borders on
overwintering sparrow densities. The Wilson Bulletin, 112, 517-523.

(2) Jobin, B., Choiniere, L. & Belanger, L. (2001) Bird use of three types of field margins in relation to
intensive agriculture in Quebec, Canada. Agriculture, Ecosystems & Environment, 84, 131-143.

3) Stevens, D. K. & Bradbury, R. B. (2006) Effects of the Arable Stewardship Pilot Scheme on
breeding birds at field and farm-scales. Agriculture, Ecosystems & Environment, 112, 283-290.

4) Pywell, R. & Noweakowski, M. (2007) Farming for Wildlife Project: Annual Report 2006/7.

) Pywell, R. & Noweakowski, M. (2008) Farming for Wildlife Project: Annual Report 2007/8.

(6) Douglas, D.]. T., Vickery, J. A. & Benton, T. G. (2009) Improving the value of field margins as
foraging habitat for farmland birds. Journal of Applied Ecology, 46, 353-362.

7) Davey, C. M., Vickery, J. A., Boatman, N. D., Chamberlain, D. E., Parry, H. R. & Siriwardena, G.
M. (2010) Assessing the impact of Entry Level Stewardship on lowland farmland birds in
England. Ibis, 152, 459-474.
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(8) Rantanen, E. M., Buner, F., Riordan, P., Sotherton, N. & Macdonald, D. W. (2010) Habitat
preferences and survival in wildlife reintroductions: an ecological trap in reintroduced grey
partridges. Journal of Applied Ecology, 47, 1357-1364.

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

e One replicated controlled study from the USA (11) found that there were more species
in fields bordered by margins than unbordered fields. Two replicated studies from the UK
(6,7), one with paired sites, found no effect of field margins on species richness. A
replicated, controlled study from the UK (1) found that more birds and more species used
sown strips in fields than the fields themselves, but even more used field margins.

¢ Nine studies from the UK and USA, seven replicated, two controlled, found more positive
population trends, higher populations or strong habitat associations for some or all
species for sites with grass margins to fields (2-4,8,10,11,13-15). One study
investigated multiple interventions. Three replicated studies from the UK (6,8,13) found
that grass field margins did not have a positive effect on populations of some or all bird
species investigated.

e Both studies that examined habitat use (one replicated, both from the UK) found that
species used margins more than other habitats (5,12). A randomised, replicated and
controlled study from the UK (9) found that birds used cut margins more than uncut
margins during winter but less than other management regimes during summer. The
authors argue that management type is more important than the seed mix used to sow
the margins.

e Areplicated study from the UK (14) found that grey partridge Perdix perdix had smaller
broods in grass margins than other habitat types.

Background

This intervention involves planting field margins with a grass-rich seed mixture.
It includes ‘floristically-enhanced' grass margins available under the English
Higher Level Stewardship scheme. The margins are not fertilised and only spot-
treated with herbicides if necessary.

A replicated, controlled study in summer and autumn of 1995 and 1996 on 15
sown set-aside strips on a farm in Cambridgeshire, UK (1) found that more bird
individuals (average 20%) and species (average 56%) used the strips than the
adjacent crop area (average 7% individuals and 33% species) in both years.
However, the highest proportions of both individuals and species were recorded
in the field boundaries (average 68% ind. and 80% spp.). The highest species
richness was found in the most diverse grass mix. The seed mixture ‘Tiibinger
Mischung’ with only wildflowers attracted most individuals, but the lowest species
numbers. Note that no statistical analyses were performed on these data. Five seed
mixtures were sown on set-aside areas (minimum 20 m wide and 100 m long) in
the autumns of 1993 and 1994. Seed mixtures contained either only grass species
(three mixes including three to six species, cost £15-£70/ha), a mix of grasses and
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herbs (six grass and eight herb species, cost £300/ha) or only herbs 11 species,
£35/ha). Birds were recorded during 15 min point counts on 10 occasions
between June and September 1995 and July and October 1996. Each bird’s
location was recorded in three categories: field boundary, set-aside strip and crop.
After each count, the strips were walked to flush any birds present but not visible
during the count.

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

A 2001 replicated paired site comparison study in south Devon (3) found that
fields with 6 m grass margin were associated with increases in cirl bunting
Emberiza cirlus numbers. Six of 7 Countryside Stewardship Scheme plots that had
6 m grass margins and were within 2.5 km of former bunting territories gained
birds, whereas more generally there were declines of 20% in bunting numbers on
land not-participating within the CSS. Forty-one 2x2 km? squares containing both
land within Countryside Stewardship Scheme and non-Countryside Stewardship
Schemeland were surveyed in 1992, 1998 and 1999. In each year each square was
surveyed at least twice, the first time during mid-April to late May, and the second
time between early June and the end of August.

A replicated, controlled study in winter 1999/2000 and summer 2000 on 23
pastoral farms in the West Midlands, UK (4), found 16 times higher winter
densities of seed-eating birds within 6 m of boundaries on fields with Countryside
Stewardship Scheme grass margins than on fields without (1.1 vs. 0.1 birds/ha),
and twice as many Eurasian blackbirds Turdus merula near the boundaries on
fields without Countryside Stewardship Scheme grass margins than with (1.8 vs.
0.9 birds/ha). A total of 388 grass fields were surveyed four times each in winter
and in summer. No statistical analysis was performed.

A controlled study from May-August in 1995-7 and 1999 on a mixed arable and
pastoral farm in Oxfordshire, UK (5), found that yellowhammers Emberiza
citronella spent significantly greater time foraging in grass margins and field
boundaries than in other habitats. There was no difference between margins and
boundaries, or between cut and uncut grass margins. However, greater use was
made of both cut and uncut grass margins combined than field boundaries.
Habitats surveyed were cut (1.8 km) or uncut (1.6 km) grass margins (2 or 10 m
wide, at edges of arable field), field boundaries, arable fields (winter-sown cereals)
and grass fields (pasture, silage and hay) found. Total area surveyed was 143 ha
in 1995-7 and 107 ha in 1999.

A 2006 replicated site comparison study of 42 fields in the UK (6) found that
installing 6 m-wide grass field margin strips along arable fields had no effect on
the number of birds or bird species found to breed or forage on farmland. Under
the Countryside Stewardship Scheme, these 6-m-wide grass field margin strips
were grown through natural regeneration, the sowing of grass, or grass/forbs
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mixture. Pesticides applications were prohibited - except for the patch-wise
control of problem weeds. The margin, which could not be used for regular access
by farm vehicles, may havebe mown once a year after mid July, and dense cuttings
must be removed. The study surveyed seven pairs of fields (one with field margins
managed under the Countryside Stewardship Scheme, one conventionally farmed)
and the 12.5 ha area surrounding each field, from three different regions of the UK
four times during the breeding season.

A replicated, paired sites comparison in mid-summer 2003 on 42 arable fields in
southern England (7) found that there were no more farmland bird species and
birds were no more abundant on fields with 6 m wide grassy margins, compared
to control fields without margins (11-18 species/site for 21 fields with margins
vs. 11-15 species/site for 21 without).

A replicated study in 1999 and 2003 on 256 arable and pastoral fields across 84
farms in East Anglia and the West Midlands, England (8), found that a combination
of creating uncultivated (see ‘Create uncultivated margins around intensive arable
or pasture fields’) and planted margins around fields was strongly positively
associated with four out of 12 farmland bird species analysed. These were
skylarks Alauda arvensis (a field-nesting species) and chaffinches Fringilla coelebs,
whitethroats Sylvia communis and yellowhammers Emberiza citrinella (all
boundary-nesting species). The study did not distinguish between uncultivated
and planted margins. This study describes several other interventions, discussed
in ‘Leave headlands in fields unsprayed (conservation headlands)’; ‘Create beetle
banks’; ‘Leave uncropped, cultivated margins or plots, including lapwing and
stone curlew plots’; ‘Leave overwinter stubbles’; ‘Plant wild bird seed or cover
mixture’; ‘Provide or retain set-aside areas in farmland’; ‘Pay farmers to cover the
costs of conservation measures’; ‘Reduce pesticide or herbicide use generally’.

A randomised, replicated, controlled trial of sown grassy field margins from 2002
to 2006 in eastern England (9) found that the management of margins affect bird
use more than the seed mix used. The number of birds using margins on two farms
in summer increased by 29% between 2003 and 2006 and bird densities were
higher on disturbed and plots treated with grass-killing herbicides (graminicides)
than on cut plots (no actual bird densities given, only model results). Bird densities
were linked to densities of diurnal ground beetles (Carabidae), especially in
disturbed and graminicide-treated plots. In winter, there were twice as many
birds on cut margins on 10 farms as on uncut margins, and twice as many birds in
the second year than the first. Field margin plots (6 x 30 m) were established using
one of three seed mixes: 1) Countryside Stewardship mix, 2) tussock grass mix and
3) a mixture of grasses and forbs designed for pollinating insects. The margins
were managed in spring from 2003 to 2005 with one of three treatments: 1) cut
to 15 cm, 2) soil disturbed by scarification until 60% of the area was bare ground,
3) treated with graminicide at half the recommended rate. There were five
replicates of each treatment combination, at two farms - one in Boxworth,
Cambridgeshire, England, and High Mowthorpe, Yorkshire, England. Birds were
surveyed five to eight times between April and July from 2002 to 2006. In winters
of 2004/5 and 2005/6, birds were also surveyed on 6 m margins on 10 farms in
eastern England with two seed mixes (tussocky grass and fine grass). Margins
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were either cut in autumn or uncut. There were four replicates of each treatment
combination per farm.

A 2007 literature review discussing research on a farm in Leicestershire, UK (10),
found that grass margins around fields contained high numbers of yellowhammer
Emberiza citrinella and whitethroat Sylvia communis nests, the former of which
had higher survival than in adjacent hedgerows. This study is also discussed in
‘Leave uncropped, cultivated margins or plots, including lapwing and stone curlew
plots’, ‘Create skylark plots’ and ‘Create beetle banks’.

A replicated controlled study in May and June 2003-4 on six arable farms in
Mississippi, USA (11), found that there were significantly more farmland bird
species in bordered field margins, compared to unbordered margins
(approximately 5 species/ha for 35 bordered margins vs. 0.5 species/ha for 21
unbordered margins). There were higher densities of farmland birds on margins
and crops for fields with wide borders (35 birds/ha for 7-11 wide borders and
27-29 birds/ha for adjacent cropland), compared with narrow margins (18
birds/ha for 24-27 narrow borders and 13-15 birds/ha for cropland) or fields
without borders (3 birds/ha for 21 unbordered margins and 1-9 birds/ha for
cropland). Four species (red-winged blackbird Agelaius phoeniceus, dickcissel
Spiza americana, northern cardinal Cardinalis cardinalis, indigo bunting Passerina
cyanea) were significantly more abundant on bordered margins. Borders
consisted of strips either 6-12 m (narrow) or 20-56 m (wide) around arable fields
and planted in spring 2002 with grasses and legumes. If non-native species were
dominant, the borders were also treated with selective herbicide.

A replicated study in Aberdeenshire, Scotland, in May-August 2004-6 (12),
investigated the impact of cutting sown and naturally regenerated field margins,
with yellowhammers Emberiza citrinella appearing to use cut patches of margins
for 3% (of 172) in early summer, compared to 34% (of 77) foraging flights in late
summer. This study is discussed in ‘Create uncultivated margins around intensive
arable or pasture fields’.

A replicated study in February 2008 across 97 1 km? plots in East Anglia, England
(13), found that 19 of 24 farmland bird species responded positively to field
margins managed under agri-environment schemes, but only yellowhammer
Emberiza citrinella and possibly blackcaps Sylvia altricapilla showed strong
responses. Great tits Parus major and common starlings Sturnus vulgaris showed
weak positive responses. Field margins were categorised as grassy/weedy,
bare/fallow or wild-bird cover (although very few fields had wild bird cover) and
most were managed under the Entry Level Stewardship scheme. This study also
investigated the effects of field boundary management; see ‘Manage hedges to
benefit wildlife’.

A replicated site comparison study on 1,031 agricultural sites across England in
2004-8 (14) found that grey partridge Perdix perdix brood size was negatively
associated with the proportion of a site under planted grass buffer strips, with a
significant relationship in 2008. The ratio of young partridges to old was
negatively related to the proportion of grass strips in 2005 and 2008. However,
year-on-year changes in partridge density and overwinter survival were
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positively correlated with the proportion of grass buffer strips on a site in some
years - 2006 to 2007 (year-on-year changes) and 2005-6 (overwinter survival).
This study describes the effects of several other interventions, discussed in the
relevant sections.

A replicated site comparison study on farms in three English regions (15) found
that hedges alongside grass field margins ‘floristically enhanced’ under Higher
Level Stewardship had more yellowhammers (estimate of 0.4 birds/m) compared
to hedges without a grass margin (estimated 0.2 birds/m). Hedges alongside
unenhanced grass margins, either conventionally managed or managed under
Entry Level Stewardship, did not have more yellowhammers. Surveys were
carried out on 69 farms with Higher Level Stewardship in East Anglia, the West
Midlands or the Cotswolds and on 31 farms across all three regions with no
environmental stewardship.

1) Clarke, J. H., Jones, N. E., Hill, D. A. & Tucker, G. M. (1997) The management of set-aside within
a farm and its impact on birds. Proceeding of the 1997 Brighton Crop Protection Conference, 1-3,
1179-1184.

) Aebischer, N. ., Green, R. E. & Evans, A. D. (2000) From science to recovery: four case studies of
how research has been translated into conservation action in the UK. 43-54 in: N.J. Aebischer,
A.D. Evans, P.V. Grice, ].A. Vickery (eds) Ecology and Conservation of Lowland Farmland Birds.
British Ornithologists Union, Tring.

3) Peach, W., Lovett, L., Wotton, S. & Jeffs, C. (2001) Countryside stewardship delivers cirl
buntings (Emberiza cirlus) in Devon, UK. Biological Conservation, 101, 361-373.

4) Buckingham, D. L., Peach, W.]. and Fox, D.(2002) Factors influencing bird use in different
pastoral systems. In: J. Frame (ed) Conservation pays? Reconciling environmental benefits with prof
table grassland systems.. British Grassland Society occasional symposium no. 36, pp. 55-58. British
Grassland Society, Reading, UK.

(5) Perkins, A. J., Whittingham, M. J., Morris, A. J. & Bradbury, R. B. (2002) Use of field margins by
foraging yellowhammers Emberiza citrinella. Agriculture, Ecosystems & Environment, 93, 413-420.

(6) Kleijn, D., Baquero, R. A., Clough, Y., Diaz, M., Esteban, ]., Fernandez, F., Gabriel, D., Herzog, F.,
Holzschuh, A., Johl, R., Knop, E. Kruess, A., Marshall, E. ]. P., Steffan-Dewenter, I., Tscharntke,
T., Verhulst, J., West, T. M. & Yela J. L. (2006) Mixed biodiversity benefits of agri-environment
schemes in five European countries. Ecology Letters, 9, 243-254.

(7) Marshall, E. J. P., West, T. M. & Kleijn, D. (2006) Impacts of an agri-environment field margin
prescription on the flora and fauna of arable farmland in different landscapes. Agriculture,
Ecosystems & Environment, 113, 36—44.

(8) Stevens, D. K. & Bradbury, R. B. (2006) Effects of the Arable Stewardship Pilot Scheme on
breeding birds at field and farm-scales. Agriculture, Ecosystems & Environment, 112, 283-290.

9) Henderson, I. G., Morris, A.J., Westbury, D. B., Woodcock, B. A., Potts, S. G., Ramsay, A. &
Coombes, R. (2007) Effects of field margin management on bird distributions around cereal
fields. Aspects of Applied Biology, 81, 53—60.

(10) Stoate, C. & Moorcroft, D. (2007) Research-based conservation at the farm scale: Development
and assessment of agri-environment scheme options. Aspects of Applied Biology, 81, 161-168.

11) Conover, R. R, Burger, L. W. & Linder, E. T. (2009) Breeding bird response to field border
presence and width. Wilson Journal of Ornithology, 121, 548-555.

(12)  Douglas, D.]. T., Vickery, J. A. & Benton, T. G. (2009) Improving the value of field margins as
foraging habitat for farmland birds. Journal of Applied Ecology, 46, 353-362.

(13) Davey, C. M., Vickery, J. A., Boatman, N. D., Chamberlain, D. E. & Siriwardena, G. M. (2010)
Entry Level Stewardship may enhance bird numbers in boundary habitats. Bird Study, 57, 415-
420.

(14) Ewald, J. A., Aebischer, N. J., Richardson, S. M., Grice, P. V. & Cooke, A. 1. (2010) The effect of
agri-environment schemes on grey partridges at the farm level in England. Agriculture,
Ecosystems & Environment, 138, 55-63.

82



(15) Field, R. H., Morris, A. J., Grice, P. V. & Cooke, A. 1. (2010) Evaluating the English Higher Level
Stewardship scheme for farmland birds. Aspects of Applied Biology, 100, 59-68.

5.20. Use mowing techniques to reduce chick mortality

e Areview from the UK (2) found a large increase in corncrake Crex crex populations in
the UK following a scheme to delay mowing and promote corncrake-friendly mowing
techniques.

e One replicated controlled study from the UK (1) and a review from the UK (3) found lower
levels of mortality of corncrakes and Eurasian skylark Alauda arvensis when wildlife-
friendly mowing techniques were used, compared to other techniques.

Background

During mowing and harvesting operations, ground-nesting birds frequently
remain in long grass or crops for as long as possible. If mowing/harvest occurs
from the outside of the field inwards, this behaviour can leave the birds trapped
in the centre of the field and killed as the last patch is harvested. Adjusting mowing
techniques, for example starting from the inside of the field, can therefore allow
chicks to escape into field margins.

A replicated controlled study in three areas in Ireland between 1992 and 1995 (1)
found that corncrake Crex crex chicks were more likely to survive in hay and silage
meadows when they were mown from the inside-out (I-O), compared to the
traditional outside-in (O-I) mowing pattern (68% survival for 76 chicks in I-O
fields vs. 45% survival for 31 chicks in O-I fields). Most chicks (80%) were killed
during the last eight sweeps of the harvester for O-I and the last five for [-0O, and
mortality was zero for both methods when the nearest tall vegetation was within
5 m of the edge of the field. Chicks that were more than one day old were able to
move fast enough away from the mower to escape, so long as a route to unmown
cover was available.

A 2000 literature review (2) found that the UK population of corncrakes Crex crex
increased from 480 to 589 males between 1993 and 1998 (an average rise of
3.5%/year) following schemes to get farmers to delay mowing dates and to leave
leaving unmown ‘corridors’ to allow chicks to escape to field edges.

A review of four experiments on the effects of agri-environment measures on
livestock farms in the UK (3) found one trial from 2006 to 2008 that tested the
effect of mowing techniques to reduce mortality of Eurasian skylarks Alauda
arvensis nesting in silage fields. Preliminary results showed that chick survival was
strongly affected by the type of machinery used. Survival was four times higher
using wider machinery and reducing the number of machinery passes than
without these changes. However, the number of new birds produced each year
(productivity) was more sensitive to re-nesting rates than chick survival. This
study formed part of a Department for Environment, Food and Rural Affairs
(Defra) funded project (BD1454) for which no reference is given in the review.
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(1) Tyler, G. A., Green, R. E. & Casey, C. (1998) Survival and behaviour of corncrake Crex crex chicks
during the mowing of agricultural grassland. Bird Study, 45, 35-50.

(2) Aebischer, N. J., Green, R. E. & Evans, A. D. (2000) From science to recovery: four case studies of
how research has been translated into conservation action in the UK. 43-54 in: N.J. Aebischer,
A.D. Evans, P.V. Grice, ].A. Vickery (eds) Ecology and Conservation of Lowland Farmland Birds
British Ornithologists Union, Tring.

3) Buckingham, D. L., Atkinson, P. W, Peel, S. & Peach, W. (2010) New conservation measures for
birds on grasslands and livestock farms. BOU Proceedings - Lowland Farmland Birds III: delivering
solutions in an uncertain world. British Ornithologists Union.

5.21. Provide refuges in fields during harvest or mowing

e A replicated study in France (1) found that fewer gamebirds came into contact with
mowing machinery when refuges were left in fields than when they were not left.

e A review from the UK (2) found that Eurasian skylarks Alauda arvensis did not nest at
higher densities in uncut refuges than in the rest of the fields.

Background

During mowing and harvesting operations, ground-nesting birds frequently
remain in long grass or crops for as long as possible. If mowing/harvest occurs
from the outside of the field inwards, this behaviour can leave the birds trapped
in the centre of the field and killed as the last patch is harvested. However, if
unharvested refuges are left in fields then it is possible that chicks and adults will
remain in them and survive.

A replicated study in 1996-7 in 62 hay fields in Bourgogne, France (1), found that
contact between mowing machinery and unfledged common quail Coturnix
coturnix and corncrake Crex crex was reduced by approximately 50% and 33%
respectively, by leaving 10 m wide, uncut strips in the centre of fields. In addition,
unmowed strips held the highest concentrations of corncrakes, quails and
passerines (7.7 birds/ha, 3.8 birds/ha and 10.8 birds/ha respectively in 1996).

A review of four experiments on the effects of agri-environment measures on
livestock farms in the UK (2) found one trial from 2006 to 2008 demonstrating
that uncut nesting refuges for skylarks Alauda arvensis in silage fields were not
used more than other areas. Refuge plots of 1 ha were cut with raised mowing
height in the first silage cut, then left uncut for the rest of the season. The plots
were preferred for re-nesting for two weeks following the first cut, but
subsequently did not have higher nest densities than other areas. Skylarks
continually re-nest rather than re-nesting in a batch after each cut. After the
second cut, safe areas were completely avoided by skylarks. This study formed
part of a Defra-funded project (BD1454) for which no reference is given in the
review.

(1) Broyer, J. (2003) Unmown refuge areas and their influence on the survival of grassland birds in
the Saone valley (France). Biodiversity and Conservation, 12, 1219-1237.

(2) Buckingham, D. L., Atkinson, P. W., Peel, S. & Peach, W. (2010) New conservation measures for
birds on grasslands and livestock farms. BOU Proceedings - Lowland Farmland Birds III: delivering
solutions in an uncertain world. British Ornithologists Union.
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5.22. Mark bird nests during harvest or mowing

e A replicated study from the Netherlands (1) found that northern lapwing Vanellus
vanellus nests were less likely to be destroyed when they were marked, compared to
when they were not.

Background

Marking the nests of ground-nesting birds may reduce the accidental destruction
by farmers during harvest or mowing.

A replicated study in 2005-6 on arable farms in Noordoostpolder and Oostelijk
Flevoland, the Netherlands (1), found that marked northern lapwing Vanellus
vanellus nests were significantly less likely to fail as a result of farming operations
than unmarked nests (0-9% of 1,644 marked nests destroyed vs. 15-42% of 229
unmarked nests). However, overall survival rates did not differ significantly (37-
73% success for marked nests vs. 38-66% for unmarked), with some evidence
that marked nests were deserted or predated more often. Nests on the marked
farms (121 in 2005, 113 in 2006) were marked with two bamboo poles (1 m high)
by 151-171 volunteers, and farmers told of their presence. On the control farms,
no markers were put in place and farmers were not informed of the nests.

1) Kragten, S., Nagel, J. A. N. & De Snoo, G. R. (2008) The effectiveness of volunteer nest protection
on the nest success of northern lapwings Vanellus vanellus on Dutch arable farms. Ibis, 150, 667—
673.

5.23. Relocate nests at harvest time to reduce nestling
mortality

e A replicated controlled study from Spain (1) found that clutches that were temporarily
removed from fields during harvest and then replaced had higher hatching and fledging
rates than control clutches. Effects were greater on clutches that were older when
moved.

Background

If nests are likely to be destroyed by machinery during harvest or mowing, it may
be possible to move them and then return them after the danger has passed. If
nests are extremely likely to be destroyed during harvest or mowing then it may
be best to remove the chicks and hand-rear them. Studies on the effects of this
intervention are found in the chapter on captive breeding and hand-rearing.

A replicated, controlled study from 1987-91 in five areas of cereal fields in
southwest Spain (1) found that nestling mortality of Montagu’s harriers Circus
pygarus was significantly lower, and fledging success significantly higher, for
clutches that were removed from fields before harvesting, and returned within an
hour, compared to control (unmoved) clutches (28% mortality and 75% of nests
fledging at least one chick in 72 managed clutches vs. 67% mortality and 29%
fledging success in 39 controls). Outcome was highly dependent on clutch age at
time of harvest: no clutches less than ten days old at harvest fledged young, whilst
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nest management increased the proportion of successful clutches aged 11-20
days at harvesting from 14% to 75%. The average harvest date of barley fields was
later than for wheat or oat fields, but the small number of clutches (13) in barley
fields made it impossible to assess the influence of nesting habitat on unmanaged
clutch success. The nature of the crop (wheat and/or oat vs. barley) did not
influence breeding success in managed clutches.

(1) Corbacho, C., Sanchez, J. M. & Sanchez, A. (1999) Effectiveness of conservation measures on
Montagu’s harriers in agricultural areas of Spain. Journal of Raptor Research, 33, 117-122.

5.24. Make direct payments per clutch for farmland birds

e One of two replicated and controlled study from the Netherlands (2) found that farms
with per clutch payments held slightly higher breeding densities of waders, but not higher
overall numbers than control farms. One study found no population effects over three
years (1).

e A replicated and controlled study (1) found higher hatching success on farms with
payment schemes than control farms.

Background

Most agri-environment schemes aim to compensate farmers for the cost of
conservation management on their land, irrespective of the outcomes. The
Netherlands, however, also has a scheme where farmers are paid directly, based
on the number of breeding bird pairs on their land.

A replicated and controlled study on intensive dairy grassland in the western
Netherlands between 1993 and 1996 (1) found that northern lapwing Vanellus
vanellus and black-tailed godwit Limosa limosa showed higher hatching success on
15 farms offered per-clutch payments for farmland birds than on nine control
farms (65% vs. 48% for lapwing, 63% vs. 39% for godwits). A non-significant
difference was also seen for common redshank Tringa totanus (39% vs. 21%).
There were no differences in treatment during 1993-4, before payments. The
number of control farms was reduced to three in 1995-6, because the farmers on
other farms had become too involved in conservation for their farms still to be
considered true controls. No other bird conservation measures were in place and
the cost was estimated at €40/clutch. Population-level impacts were not
observed, possibly due to the relatively short time-scale and small number of
farms.

A replicated and controlled paired sites study in the western Netherlands in 2003
(2) found slightly higher breeding densities of birds on 19 grassland plots with
per-clutch payments for wader clutches, compared to 19 paired, control plots,
both when delayed mowing was also used and when per-clutch payment was the
only scheme used (13 territories/plot for combined schemes; 13 territories/plot
for per-clutch payment and 11 territories/plot for controls). However, birds were
not more abundant under either scheme, compared with controls (approximately
125 birds/plot for combined schemes; 125 birds/plot for per-clutch payment and
110 birds/plot for controls). Wader breeding densities were higher (but not
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significantly so) on combined and per-clutch payment plots (approximately 7
territories/plot for combined schemes; 7 territories/plot for per-clutch payment
and 5 territories/plot for controls). When individual wader species were analysed,
there were higher numbers of redshank Tringa totanus on combined or per-clutch
payment plots (approximately 5 birds/plot for combined schemes; 5 birds/plot
for per-clutch payment and 3 birds/plot for controls), but there were no
significant differences in breeding densities for redshank, northern lapwing
Vanellus vanellus, Eurasian oystercatcher Haematopus ostralegus or black-tailed
godwit Limosa limosa. The authors suggest that groundwater depth, soil hardness
and prey density drove these patterns. All farms had been operating the schemes
for at least three (and an average of four) years before the study. This study is also
discussed in ‘Delay haying/mowing’.

(1) Musters, C. J. M., Kruk, M., De Graaf, H. J. & Keurs, W. J. T. (2001) Breeding birds as a farm
product. Conservation Biology, 15, 363-369.

) Verhulst, J., Kleijn, D. & Berendse, F. (2006) Direct and indirect effects of the most widely
implemented Dutch agri-environment schemes on breeding waders. Journal of Applied Ecology,
44, 70-80.

5.25. Control scrub on farmland

e Areplicated study from the UK (1) found a negative relationship between the number of
young grey partridge Perdix perdix per adult and a combined intervention of scrub
control, rough grazing and the restoration of various semi-natural habitats.

Background

Scrub on farmland can add complexity and heterogeneity to farmland. However, if
scrub dominates non-productive land on farms it may lead to declines in species
that require grassland and other farmland habitats.

A replicated site comparison study on 1,031 agricultural sites across England in
2004-8 (1) investigated the impact of scrub control on grey partridge Perdix
perdix. However, the study does not distinguish between the impacts of scrub
control, rough grazing and the restoration of various semi-natural habitats. There
was a negative relationship between the combined intervention and the ratio of
young to old partridges in 2008. This study investigated several other
interventions, discussed in the relevant sections.

1) Ewald, J. A., Aebischer, N. J., Richardson, S. M., Grice, P. V. & Cooke, A. 1. (2010) The effect of
agri-environment schemes on grey partridges at the farm level in England. Agriculture,
Ecosystems & Environment, 138, 55-63.

5.26. Take field corners out of management

e A replicated study in the UK (1) found that overwinter survival of grey partridge Perdix
perdix was higher where field corners were taken out of management than on other sites
for one of three winters. There was no relationship with the intervention and brood size,
the ratio of young to old birds or density changes.
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Background

Field corners can be taken out of management on both arable and livestock farms.
This can either involve simply not managing or planting corners with grass (see
also ‘Plant grass buffer strips’).

A replicated site comparison study on 1,031 agricultural sites across England in
2004-8 (1) found that grey partridge Perdix perdix overwinter survival was
positively correlated with taking field corners out of management, significantly so
in 2007-8. There were no relationships with brood size, the ratio of young to old
birds or year-on-year density changes. This study describes the effects of several
other interventions, discussed in the relevant sections.

(1) Ewald, J. A., Aebischer, N. J., Richardson, S. M., Grice, P. V. & Cooke, A. 1. (2010) The effect of
agri-environment schemes on grey partridges at the farm level in England. Agriculture,
Ecosystems & Environment, 138, 55-63.

5.27. Reduce conflict by deterring birds from taking crops
Background

In some parts of the world, the persecution of birds that take crops can be a serious
threat to the survival of populations. Methods to reduce the damage done by birds
can therefore be important in reducing the pressure on populations.

5.27.1. Use bird scarers

e A controlled paired study in the USA (1) found reduced levels of damage to almond
orchards when American crow Corvus brachyrhynchos distress calls were broadcast,
compared to the previous year. There were no decreases in control orchards.

o Areplicated study in Pakistan (2) found that four pest species were less abundant when
reflector ribbons were hung above crops, compared to when ribbons were not used.

A controlled, paired study in central California, USA (1), found that two of three
almond orchards with crow distress calls broadcast had reduced damage from
American crows Corvus brachyrhynchos in 2003, compared to 2002, when
broadcasts were not used. Damage reduced from 6.0 kg/ha to 1.1 kg/ha, and 18.2
kg/ha to 4.8 kg/ha. There was no change in three paired sites without broadcasts.
Orchards were 16-30 ha in area and monitored in June-August. Broadcasting units
were deployed at onset of crow damage until almond harvest (1 unit/1.6 ha; hung
in trees at 1-2 m) throughout the orchard, moved to a new tree every two weeks,
switched to a different call every 3-4 days, broadcast dawn to dusk, each 25
seconds long with approximately 12 min between calls.

A replicated two-month study (November-December) on agricultural land in
Punjab, Pakistan (2), found that hanging reflector ribbons 65-100 cm above crops
was a low cost technique that significantly decreased abundances of four main
bird pest species (house crow Corvus splendens, ring-necked parakeet Psittacula
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krameri, common myna Acridotheres tristis and bank myna A. ginginianus) that
heavily damage young wheat Triticum aestivum and maize Zea mays crops.

(1) Houk, A., Delwiche, M., Gorenzel, P. & Salmon, T. (2004) Electronic repeller and field protocol
for control of crows in almonds in California. 130 Proceedings-Vertebrate Pest Conference, 21, 130—
135.

) Hafeez, S., Khan, T. H., Khan, T. A.]. ., Shabaz, M. & Ahmed, M. (2008) Use of reflector ribbon
as a pest birds repellent in wheat and maize crop. Journal of Agriculture and Social Sciences. Journal
of Agriculture and Social Sciences, 4, 92-94.

5.27.2. Use repellents

e A replicated, randomised and controlled ex situ study in the USA (1) found that
dickcissels Spiza americana consumed less rice if it was treated with two repellents,
compared to controls. Two other repellents did not reduce consumption as effectively.

A replicated, randomised and controlled ex situ study in the USA (1) found that
dickcissels Spiza americana captured in Venezuela consumed 70% less rice if it
was treated with methiocarb (at 0.05 g/g rice) or anthraquinone (0.5 g/g),
compared to control (untreated) rice offered previously. Methyl anthranilate and
lower doses of anthraquinone did not reduce consumption of rice when treated
rice was offered after untreated rice. However, when a choice of rice treated with
0.05% or 0.1% anthraquinone or untreated millet was offered at the same time,
birds significantly reduced their consumption of rice, with the preference growing
over eight days of testing. Rice was offered over five days (control rice on the first,
followed by treated rice), with rice and millet being offered over eight days. The
number of birds tested is not provided.

1) Avery, M. L, Tillman, E. A. & Laukert, C. C. (2001) Evaluation of chemical repellents for
reducing crop damage by dickcissels in Venezuela. International Journal of Pest Management, 47,
311-314.

Arable farming systems

5.28. Increase crop diversity

o A before-and-after study in the UK (1) found that more barnacle geese Branta leucopsis
used a site after the amount of land used to grow cereals was reduced and other
interventions were used.

Background

Farmland heterogeneity is thought to be key in determining on-farm biodiversity
(Benton et al. 2003). Therefore, increasing the range of different crops grown in a
given year may increase the biological value of a farm.
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Benton, T.G., Vickery, J.A. & Wilson, ].D., 2003. Farmland biodiversity: is habitat heterogeneity the key?
Trends in Ecology & Evolution, 18, 182-188.

A before-and-after study in Dumfries, southern Scotland (1), found that the
number of barnacle geese Branta leucopsis on a mixed agricultural site and nature
reserve increased from 3,200 in 1970 to 6,000 in 1975 following a reduction in
the amount of cereals grown on arable land. From 1970 onwards, only 16.7% of
the 50 ha of arable land was used for cereals. In addition, all cereals were
undersown (see ‘Undersow spring cereals’) and no stock were allowed to graze on
the arable land after November (see ‘Reduce grazing intensity on permanent
grassland’).

(1) Owen, M. (1977) The role of wildfowl refuges on agricultural land in lessening the conflict
between farmers and geese in Britain. Biological Conservation, 11, 209-222.

5.29. Implement ‘mosaic management’

e A replicated, controlled before-and-after study from the Netherlands (2) found that
northern lapwing Vanellus vanellus population trends changed from decreases to
increases following the introduction of mosaic management. Three other waders did not
show such a response.

e A replicated, paired sites study in the Netherlands (1) found that black-tailed godwits
Limosa limosa had higher productivity under mosaic management than other
management types, and nests were less likely to be trampled by livestock.

Background

Mosaic management is a Dutch agri-environment scheme that, rather than
concentrating on individual farms, attempts to coordinate management across
groups of farms. Interventions include delayed and staggered mowing, refuge
strips and nest protection and aim to provide suitable foraging habitat for wader
chicks throughout the year.

A replicated paired sites comparison in 2004-5 on six wet grassland sites in the
Netherlands (1) found that the reproductive productivity of black-tailed godwits
Limosa limosa was significantly higher on sites managed under a ‘mosaic
management’ agri-environment scheme, compared to on non-scheme sites
(average of 0.28 chicks fledged /breeding pair for scheme sites vs. 0.16 chicks/pair
on non-scheme sites). Differences were due to higher nest survival on mosaic
management sites (50% vs. 33%), as there were no differences in the number of
chicks hatching in successful nests (3.4 chicks/successful nest vs. 3.2
chicks/successful nest), or the fledging rate of chicks (11% fledging success on all
sites). Nests were equally likely to be predated on scheme and non-scheme sites
(32% predated vs. 37%), but were more likely to be trampled or destroyed by
mowing on non-scheme sites (6% vs. 29%). Most fields in five scheme sites and
about 50% in the sixth, had nests marked (to reduce losses due to farming
activities); at non-scheme sites almost 100% of nest were marked in three, some
in two, and none in one. The number of nests on different sites was not provided.
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A replicated, controlled before-and-after study in 1996-2008 in eight wet
grassland areas in Friesland and Groningen, the Netherlands (2), found that
northern lapwing Vanellus vanellus population trends moved from a 7% annual
decrease to a 4% annual increase following the introduction of mosaic
management in 2000-1. Three other species (black-tailed godwit Limosa limosa,
common redshank Tringa totanus and Eurasian oystercatcher Haematopus
ostralegus) did not show any change in trend after the introduction. When
comparing trends on the mosaic management sites with 29 farms using individual
conservation management, 46 farms with standard management and 42 nature
reserves, only lapwing populations increased significantly more on mosaic
management sites, compared to the others. Oystercatcher populations did
significantly less well on mosaic management sites, compared to nature reserves.

(1) Schekkerman, H., Teunissen, W. & Oosterveld, E. (2008) The effect of “mosaic management”on
the demography of black-tailed godwit Limosa limosa on farmland. Journal of Applied Ecology, 45,
1067-1075.

) Oosterveld, E. B., Nijland, F., Musters, C. J. M. & Snoo, G. R. (2010) Effectiveness of spatial
mosaic management for grassland breeding shorebirds. Journal of Ornithology, 152, 161-170.

5.30. Leave overwinter stubbles

e The three studies from the UK (one replicated) that report population-level changes
found positive effects of over-winter stubble provision (1,9,12), but all investigated
multiple interventions at once.

e Eight studies from the UK (2,4,6,8-12), including a systematic review, found that at least
some species or groups of farmland birds were positively associated with over-winter
stubbles, or were found on stubbles. Three studies (6,9,10) investigated multiple
interventions without separating the effects of each. Two studies (8,9) reported that
seed-eating birds in particular were more abundant on stubbles.

e One of the eight studies (10) found that no more positive responses to stubbles were
found than would be expected by chance. A replicated, randomised and controlled study
from the UK (4) found that 22 of 23 species did not preferentially use stubbles compared
to cover crops. A replicated study from the UK (12) found that the area of stubble in a
site was negatively related to grey partridge Perdix perdix brood size.

e Five studies from the UK (3,5,7,13,14), four replicated, found that stubble management
affected use by birds. Some species or groups were more common on cut stubbles,
some on uncut and some showed preferences for barley over wheat. One study (13)
found that only Eurasian skylarks Alauda arvensis were more common on stubbles under
agri-environment schemes, and only on highly prescriptive schemes. One study (14)
found that all seed-eating species were more abundant on stubbles under agri-
environment schemes in one of two regions studied.

Background

A 2008 literature review and analysis of the Environmental Stewardship
programme, particularly Entry Level Stewardship in the UK (Vickery et al. 2008),
suggested that, for Eurasian skylarks Alauda arvensis, approximately 0.1 km? of
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stubble/km?2 would be needed to prevent population declines. The authors also
suggest that having these patches over 1 km apart would maximise winter use.

Vickery, J., Chamberlain, D., Evans, A., Ewing, S., Boatman, N., Pietravalle, S., Norris, K. & Butler, S.
(2008) Predicting the impact of future agricultural change and uptake of Entry Level Stewardship on
farmland birds. British Trust for Ornithology, The Nunnery, Thetford.

A 2000 literature review (1) found that the UK population of cirl buntings
Emberiza cirlus increased from between 118 and 132 pairs in 1989 to 453 pairs in
1998 following a series of schemes designed to provide overwinter stubbles, grass
margins, and beneficially managed hedges and set-aside areas. Abundance on
fields under the specific agri-environment schemes increased by 70%, compared
with a 2% increase elsewhere.

A replicated study in the winters of 1997-8 and 1998-9 on 122 stubble fields on
32 farms in central England (2) found 13 bird species using stubble fields. Four
species (Eurasian linnet Carduelis cannabina, Eurasian skylark Alauda arvensis,
reed bunting E. schoeniclus and corn bunting Miliaria calandria) were found more
frequently on intensively-farmed barley stubbles than intensive or organic wheat,
whilst woodpigeons Columba palumbus were found most frequently on organic
wheat.

Areplicated, randomised study from November 2003 to March 2004 in 205 cereal
stubble fields under a range of management intensities in arable farmland in south
Devon, UK (3), found that barley stubbles following low-input herbicide were
more beneficial for cirl buntings Emberiza cirlus than wheat or conventionally
managed stubbles. Higher population sizes were also associated with the number
of breeding bunting territories the previous season, and with small field size. The
effect of small field size may be because cirl buntings prefer to forage near
hedgerows and because smaller fields are less intensively managed. The authors
argue for strategic spatial targeting of stubble prescriptions. Overall, barley fields
were generally preferred by seed-eating species. Low-input barley stubbles had
significantly higher seed abundance and broad-leaved weed cover (approximately
four times greater). Fields where stubbles were grazed over winter had
significantly lower densities of seed-eating birds in general. The authors point out
that seed-eating species’ preference for barley stubbles was independent from the
positive correlation with broad-leaved weed density and should be taken into
account when planning prescriptions.

A replicated, randomised, controlled study from November-February in 2000-
2001 and 2001-2002 in 20 arable farms in eastern Scotland (4) found that, of 23
species recorded, only skylarks Alauda arvensis were significantly denser in fields
with stubble left over winter than fields with wild bird cover crops or conventional
crops. Stubble fields were those in which cereal and oilseed rape stubbles were
left over winter. Between 6.2 and 28.3 ha were sampled on each farm annually.
This study is discussed in more detail in ‘Plant wild bird cover crops’ and ‘Provide
set-aside areas’.

A replicated controlled study in winter 2003-2004 on 20 wheat fields from 12
lowland farms in central England (5) found that seed-eating songbirds and
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invertebrate-feeding birds were more abundant on stubble fields cut to 6 cm,
whereas skylark Alauda arvensis and partridge Perdix perdix were more abundant
on fields with uncut stubble, approximately 14 cm tall (fields were visited six times
each for a total of 120 visits. Seed-eaters: 343 individuals were seen on
approximately 25 visits to cut fields vs. 89 individuals on 15 visits to control fields;
invertebrate-eaters: 623 birds on 17 visits vs. 34 on five visits; skylarks: 557 on
50 visits vs. 814 on 80 visits; partridges: five on two visits vs. 235 on 27 visits).
Crows and pigeons showed no response to stubble cutting. Each field was split so
that half was cut to approximately 6 cm tall, with the other half left as a control.

A replicated study in 1999 and 2003 on 256 arable and pastoral fields across 84
farms in East Anglia and the West Midlands, England (6), found that only two of
12 farmland bird species analysed were positively associated with the provision
of overwinter stubble, set-aside areas (see ‘Provide or retain set-aside areas in
farmland’) or wildlife seed mixtures (see ‘Plant wild bird seed or cover mixture”).
These were Eurasian skylarks Alauda arvensis (a field-nesting species) and
Eurasian linnets Carduelis cannabina (a boundary-nesting species). The study did
not distinguish between set-aside, wildlife seed mixtures or overwinter stubble,
classing all as interventions to provide seeds for farmland birds. This study
describes several other interventions, discussed in the relevant sections.

A small randomised site comparison study in winter 2004-5 in central England
(7) found that seed-eating songbirds and invertebrate-feeding birds were found
at higher density on sections of fields where stubble had been cut short (642 seed-
eaters and 1,207 invertebrate-feeders recorded on cut stubble plots vs. 364 and
415 on cut stubble). Eurasian skylarks Alavda arvenis, partridges, pigeons
Columba spp., and meadow pipits Anthus pratensis were at higher densities in
areas of uncut stubble (241 skylarks, 100 partridges, 37 pigeons and 81 meadow
pipits on uncut plots vs. 27, 7, 12 and 9 on cut plots). In addition, skylarks and
invertebrate feeders were found at higher densities on scarified (i.e. lightly tilled)
sections of fields than control (unscarified) sections (339 skylarks and 1371
invertebrate feeders on scarified plots vs. 241 and 251 on controls). The stubble
on one half of each field was cut in the winter of 2004-2005 before the fields were
surveyed between December 2004 and March 2005.

A 2007 systematic review identified five papers investigating the effect of
overwinter stubble provision on farmland bird densities in the UK (8). There were
significantly higher densities of farmland birds in winter on fields with stubbles
than on conventionally managed fields. In particular, there were greater densities
of seed-eating songbirds and crows on fields with stubbles than on control fields.
The meta-analysis included experiments conducted between 1992 and 2002 from
three controlled trials, before-and-after study, and one site comparison study.

A 20009 literature review of agri-environment schemes in England (9) found that
there was a 146% increase in cirl bunting Emberiza cirlus territory density on land
under a Countryside Stewardship Scheme ‘special project’, which (amongst other
interventions) increased the amount of weedy overwinter stubbles in the target
area between 1992 and 2003. In addition, the national population increased from
319 to nearly 700 pairs over the same period. Generally, the review found high
densities of seed-eating songbirds and Eurasian skylarks Alauda arvensis on
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stubbles and wild bird seed or cover mix (see ‘Plant wild bird seed or cover
mixture’), compared to other land uses, and a survey in the winter of 2007-8 found
the highest densities of skylarks on stubble fields, compared with other agri-
environment schemes options. This review also examines several other
interventions, discussed in the relevant sections.

A replicated site comparison of 2,046 1 km squares of agricultural land across
England in 2005 and 2008 (10) found that four of eight regions of England had at
least two farmland birds that showed positive responses to wild bird cover (see
‘Plant wild bird seed or cover mixture’) and overwinter stubble fields. Across all
15 species thought to benefit from these interventions, only one region (the North
West) showed significantly more positive responses than would be expected by
chance. Some species responded positively in some regions and negatively in
others. This study is also discussed in ‘Pay farmers to cover the costs of
conservation measures’, ‘Manage ditches to benefit wildlife’ and ‘Manage hedges
to benefit wildlife’.

A large 2010 site comparison study of the same 2,046 1 km? plots of lowland
farmland in England as in (10),(11) found that three years after the 2005
introduction of the Countryside Stewardship Scheme and Entry Level Stewardship
schemes, there was no consistent association between the provision of stubbles
and farmland bird numbers. Grey partridge Perdix perdix and tree sparrow Passer
montanus were the only two species that showed more positive population change
(population increases or smaller decreases relative to other plots) from 2005 to
2008 in the 9 km? and 25 km? areas immediately surrounding plots planted with
stubble than in the area surrounding plots without stubbles. The effect of stubbles
was small, however, with tree sparrow numbers increasing by 0.05 at the 9 km?
scale for each 0.07 km? of stubble and by 0.07 at the 25 km scale for each 0.14 km?
of stubble. The 2,046 1 km? lowland plots were surveyed in both 2005 and 2008
and classified as arable, pastoral or mixed farmland. Eighty-four percent of plots
included some area managed according to the Entry Level Stewardship or
Countryside Stewardship Scheme. In both survey years, two surveys were
conducted along a 2 km pre-selected transect route through each 1 km? square.

A replicated site comparison study on 1,031 agricultural sites across England in
2004-2008 (12) found that the ratio of young to old grey partridges Perdix perdix
on sites was positively related to the proportion of sites left as overwinter stubble.
However, when stubbles were used in conjunction with other interventions, the
results were mixed. In conjunction with small field sizes and reduced chemical
inputs, stubbles were weakly positively correlated with year-on-year changes in
partridge density but negatively related to brood size. In conjunction with
undersowing spring cereals, stubbles were negatively associated with year on
year changes (2006-2007) and overwinter survival (2004-2005, 2005-2006 and
generally). This study describes the effects of several other interventions,
discussed in the relevant sections.

A replicated site comparison study of 75 fields in East Anglia and the West
Midlands (13) found no difference in the number of seed-eating birds or Eurasian
skylarks Alauda arvensis on Environmental Stewardship stubbles and non-
Environmental Stewardship stubbles. There was also no significant difference in
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the number of seed-eating birds on stubbles managed under the Higher Level
Stewardship (18.0 birds/ha) than in fields managed under the Entry Level
Stewardship (8.5 birds/ha). Skylarks, however, were found to be more numerous
on Higher Level Stewardship fields (9.3 birds/ha) than ELS fields (1.2 birds/ha).
Entry Level Stewardship stubbles prohibited post-harvest herbicide and
cultivation until mid-February; Higher Level Stewardship stubbles had the basic
Entry Level Stewardship requirements plus reduced herbicide use. Non-ES
stubbles were rotational stubbles without restrictions on herbicide or cultivation
practices. Seed-eating birds were surveyed on two visits to each site between 1
November 2007 and 29 February 2008.

A replicated site comparison study on farms in two English regions (14) found
more seed-eating farmland songbirds on overwinter stubbles managed under
Entry Level Stewardship than on non-stewardship stubbles in the West Midlands
(average 6 birds/ha on Entry Level Stewardship compared with 2.5 bird/ha on
conventionally managed stubble). This difference was not significant for farms in
East Anglia (3.5 birds/ha on Entry Level Stewardship stubble compared with 0.7
birds/ha on conventionally managed stubble fields). Overwinter stubble fields in
stewardship schemes have restrictions on herbicide use and cultivation times. The
survey was carried out in winter 2007-2008 on 27 farms with Higher Level
Stewardship, 13 farms with Entry Level Stewardship and 14 with no
environmental stewardship, in East Anglia or the West Midlands. The group of
birds analysed included tree sparrow Passer montanus and corn bunting Emberiza
calandra, but not grey partridge Perdix perdix. More of these birds used
overwinter stubbles on Higher Level Stewardship farms than on Entry Level
Stewardship farms. There were 5 birds/ha compared to 2 birds/ha on average, on
stubble fields in Higher Level Stewardship and Entry Level Stewardship farms
respectively.

(1) Aebischer, N. J., Green, R. E. & Evans, A. D. (2000) From science to recovery: four case studies of
how research has been translated into conservation action in the UK. 43-54 in: N.J. Aebischer,
A.D. Evans, P.V. Grice, ].A. Vickery (eds) Ecology and Conservation of Lowland Farmland Birds.
British Ornithologists Union, Tring.

(2) Moorcroft, D., Whittingham, M. J., Bradbury, R. B. & Wilson, J. D. (2002) The selection of stubble
fields by wintering granivorous birds reflects vegetation cover and food abundance. Journal of
Applied Ecology, 535-547.

3) Defra (2004) Comparative quality of winter food sources for cirl bunting delivered through
countryside stewardship special project and CS arable options. RSPB/Defra Report BD1626.

4) Parish, D. M. B. & Sotherton, N. W. (2004) Game crops and threatened farmland songbirds in
Scotland: a step towards halting population declines? Bird Study, 51, 107.

(5) Butler, S. J., Bradbury, R. B. & Whittingham, M. ]. (2005) Stubble height affects the use of stubble
fields by farmland birds. Journal of Applied Ecology, 42, 469-476.

(6) Stevens, D. K. & Bradbury, R. B. (2006) Effects of the Arable Stewardship Pilot Scheme on
breeding birds at field and farm-scales. Agriculture, Ecosystems & Environment, 112, 283-290.

(7) Whttingham, M. J., Devereux, C. L., Evans, A. D. & Bradbury, R. B. (2006) Altering perceived
predation risk and food availability: management prescriptions to benefit farmland birds on
stubble fields. Journal of Applied Ecology, 43, 640—-650.

8) Roberts, P. D. & Pullin, A. S. (2007) The effectiveness of land-based schemes (including agri-
environment) at conserving farmland bird densities within the UK. Systematic Review No. 11.
Collaboration for Environmental Evidence / Centre for Evidence-Based Conservation,
Birmingham, UK.

9) Natural England (2009) Agri-environment schemes in England 2009: A review of results and
effectiveness. Natural England, Peterborough.
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5.31. Plant nettle strips

We found no evidence for the effects of planting nettle strips on bird populations.

5.32. Leave unharvested cereal headlands within arable

fields

We found no evidence for the effects of leaving unharvested cereal headlands within
arable fields on bird populations.

Background

Unharvested cereal headlands are strips of cereal crop around the edge of arable
fields that are left throughout the winter. In addition, they are often treated less
intensively with few fertilisers and no broadleaved herbicides.

5.33. Plant crops in spring rather than autumn

A replicated, controlled, paired sites study from Sweden (3) found more bird species on
areas with spring sown cereals, compared with winter cereals. A before-and-after study
from the UK (2) found that several species bred in the study site for the first time after
the start of spring sowing.

Three studies from Sweden and the UK (1-3), two replicated and controlled, found
population increases after the start of spring sowing, or higher populations on sites with
spring-sown cereals, compared to sites with winter cereals. A before-and-after study
from the UK (2) found that ten species did not increase after spring sowing began. No
species decreased. A replicated, controlled paired sites study from Sweden (3) found
that the benefits of spring-sowing decreased with the proportion of autumn-sown crops
in the surrounding area.

A replicated, controlled study from Sweden (1) found that hatching success was lower
on spring-sown crops than autumn sown.

Background
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Changes in farming practice in northern Europe have included a shift from sowing
crops in spring to sowing them the preceding autumn/winter. This change is
considered to have adversely affected farmland biodiversity including
invertebrates and farmland birds (see for example, Donald & Vickery, 2000).

Donald, P. F. & Vickery, J. A. (2000) The importance of cereal fields to breeding and wintering Skylarks
Alauda arvensis in the UK. 140-150 in: N. J. Aebischer, A. D. Evans, P. V. Grice and J. A. Vickery
(eds) Ecology and Conservation of Lowland Farmland Birds, British Ornithologists Union,
Tring.

A replicated, controlled study between 1984 and 1994 in Vastmanland, Sweden
(1), found that northern lapwings Vanellus vanellus nested on spring-sown crops
more than expected based on their availability, and on autumn-sown crops less
than expected. However, hatching success on spring crops was lower than on
autumn crops (29-50% for 1,236 nests on spring crops vs. approximately 85% for
27 nests on autumn crops). This study is discussed in more detail in ‘Restore or
create traditional water meadows’.

A before-and-after site comparison study in 2000-2005 in Bedfordshire, England
(2), found that fields sown with wheat in spring held significantly more skylarks
Alauda arvensis, seed-eating songbirds and insect-eating birds than winter-sown
wheat. In addition, 20 bird species showed significant population increases on a
61 ha site where the area of spring-sown wheat and naturally regenerated set-
aside was increased over the study period. Increases were lower or absent on an
80 ha area of farmland adjacent to the experimental area and without the land use
change. Five species were recorded breeding for the first time after management
started. Ten species showed no significant increase on the study site, whilst none
decreased significantly. The biggest increases occurred in the first three years of
management and were higher for farmland birds than for woodland birds. This
study also investigated the impact of reducing pesticide and fertiliser inputs (see
‘Reduce pesticide or herbicide use generally’) and of set-aside (see ‘Provide or
maintain set-aside’).

A replicated, controlled paired sites study in 2004 in Uppsala, Sweden (3), found
that there were significantly greater numbers of ground-foraging breeding birds
and more species in spring-sown barley than in autumn-sown wheat (0.8
species/ha in spring-sown vs. 0.5 species/ha in autumn-sown plots). Territory
densities of lapwing Vanellus vanellus and wheatear Oenanthe oenanthe were also
higher in spring-sown (lapwing: 0.08 territories/ha; wheatear: 0.12) compared to
autumn-sown cereal plots (lapwing: 0.02; wheatear: 0.05). There was no effect of
sowing time on skylark Alauda arvensis or yellowhammer Emberiza citronella
breeding density. In spring-sown plots, numbers of species decreased significantly
as the proportion of autumn-sown cereals in the surrounding landscape increased.
Forty-one independent pairs of autumn-sown wheat and spring-sown barley plots
were selected, each centred on an infield non-crop island. Non-crop islands were
surveyed for cover of trees, shrubs and weeds and cereal height was measured on
five occasions in each field. All birds were recorded within a radius of 100 m from
the centre of each plot during five point counts of seven minutes (mid-May - end
of June 2004).
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(1) Berg, A., Jonsson, M., Lindberg, T. & Kallebrink, K. G. (2002) Population dynamics and
reproduction of northern lapwings Vanellus vanellus in a meadow restoration area in central
Sweden. Ibis, 144, E131-E140.

) Henderson, I. G., Ravenscroft, N., Smith, G. & Holloway, S. (2009) Effects of crop diversification
and low pesticide inputs on bird populations on arable land. Agriculture, Ecosystems &
Environment, 129, 149-156.

3) Eggers, S., Unell, M. & Part, T. (2011) Autumn-sowing of cereals reduces breeding bird numbers
in a heterogeneous agricultural landscape. Biological Conservation, 144, 1137-1144.

5.34. Undersow spring cereals, with clover for example

o Three studies from the UK (1-3,5), two replicated, found that there were higher densities
of some study species on undersown fields or margins, compared with other fields, or
that use of fields increased after they were undersown. One of these (reported in two
places) found that not all species nested at higher densities (3,5). One replicated study
from the UK (4) found that various measures of grey partridge population health declined
as the amount of undersown cereal on sites increased.

e A replicated study from the UK (4) found no relationship between the amount of
undersown cereals on a site and the productivity of grey partridge on that site.

A before-and-after study in Dumfries, southern Scotland (1), found that the
number of barnacle geese Branta leucopsis on a mixed agricultural site and nature
reserve increased from 3,200 in 1970 to 6,000 in 1975 after all cereals sown on
the site were undersown from 1970 onwards. The nature reserve consisted of 220
ha of salt pasture, whilst the agricultural land was 50 ha of arable fields. Most of
the extra geese fed on the arable land. In addition to undersowing, the proportion
of cereals grown on the arable land decreased (see ‘Increase crop diversity’ for
details) and no stock were allowed to graze on the arable land after November.
The paper also discussed the impact of reducing grazing intensity, see ‘Reduce
grazing intensity on permanent grassland’.

A replicated, controlled study in summer 1995 on 89 fields in the South Downs,
southern England (2), found that the density of singing Eurasian skylarks Alauda
arvensis was higher on undersown spring barley fields than on any other field type
(approximately 22 birds/km? on four spring barley fields vs. 2-15 birds/km? on
85 other fields). Other field types were arable fields reverted to species-rich
grassland (see ‘Habitat restoration and creation: Grasslands’) or permanent
grassland (‘Revert arable land to permanent grassland’); downland turf (close-
cropped, nutrient-poor grassland); permanent grasslands; winter wheat, barley
and oil seed rape and set-aside (‘Provide or maintain set aide areas in farmland’).

A randomised, replicated, controlled trial on four farms in southwest England, in
2003-2006 (3), found that 12, 50 x 10 m plots of undersown spring barley
attracted more small passerines (dunnock Prunella modularis, wren Troglodytes
troglodytes, European robin Erithacus rubecula, seed-eating finches and buntings)
than 12 control (not-undersown) plots. In addition, dunnocks, but not chaffinches
or blackbirds, nested in hedgerows next to the sown plots more than expected,
with 2.5 nests/km, compared to less than 0.5 nests/km in hedges next to
experimental grass plots. Experimental plots were sown with spring barley
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Hordeum vulgare and a grass and legume mix, whereas control plots were
managed as silage - cut twice in May and July, and grazed in autumn/winter. This
study is also discussed in ‘Reduce management intensity on permanent grassland’,
‘Reduce pesticide or herbicide use generally’, ‘Raise mowing height on grasslands’,
‘Reduce grazing intensity on permanent grasslands’ and ‘Plant wild bird seed or
cover mixture’.

A replicated site comparison study on 1,031 agricultural sites across England in
2004-8 (4) found that various measures of grey partridge Perdix perdix
population health declined as the amount of undersown cereal on sites increased.
There were significant changes for year-on-year density changes in 2006-2007.
When undersown cereals were combined with overwinter stubbles, overwinter
survival rates were lower in sites with higher amounts of undersown cereals.
There were no changes in brood size or the ratio of young to old birds.

A replicated study from April-July in 2006 on four livestock farms (3
replicates/farm) in southwest England (5) - the same study as (3) - found that
dunnock Prunella modularis, but not Eurasian blackbird Turdus merula or
chaffinch Fringella coelebs, nested at higher densities in hedges alongside field
margins sown with either wild bird seed crops or barley undersown with grass
and clover, compared to those next to grassy field edges under various
management options (dunnocks: approximately 2.5 nests/km for seed crops vs.
0.3/km for grass margins; blackbirds: 1.0 vs. 1.3; chaffinch: 1.5 vs. 1.4). Margins
were 10 m wide, 50 m long and located adjacent to existing hedgerows. Seed crop
margins were sown with barley (undersown with grass/legumes) or a
kale/quinoa mix. There were 12 replicates of each treatment.

1) Owen, M. (1977) The role of wildfowl refuges on agricultural land in lessening the conflict
between farmers and geese in Britain. Biological Conservation, 11, 209-222.

(2) Wakeham-Dawson, A., Szoszkiewicz, K., Stern, K. & Aebischer, N. J. (1998) Breeding skylarks
Alauda arvensis on Environmentally Sensitive Area arable reversion grass in southern England:
survey-based and experimental determination of density. Journal of Applied Ecology, 35, 635—-648.

3) Defra (2007) Potential for enhancing biodiversity on intensive livestock farms (PEBIL). Defra
Report BD1444.

4) Ewald, J. A., Aebischer, N. J., Richardson, S. M., Grice, P. V. & Cooke, A. L. (2010) The effect of
agri-environment schemes on grey partridges at the farm level in England. Agriculture,
Ecosystems & Environment, 138, 55-63.

(5) Holt, C. A., Atkinson, P. W., Vickery, J. A. & Fuller, R. J. (2010) Do field margin characteristics
influence songbird nest-site selection in adjacent hedgerows? Bird Study, 57, 392.

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

e A study from the USA (1) found that 35 species of bird used fields with intercropping,
with four nesting, but that productivity from the fields was very low.

Background

Planting more than one crop in each field increases habitat heterogeneity at a
smaller scale than increasing crop diversity at a landscape scale (see ‘Increase
crop diversity’). Heterogeneity is thought to be key for increasing farmland
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biodiversity and so planting multiple crops may help birds of different functional
groups to use a single field.

A study on two arable farms in lowa, USA, in May-August 1992-3 (1), found that
35 bird species used fields under an experimental intercropping system, with an
average of 108 birds/count/100 ha. Three native species (red-winged blackbird
Agelaius phoeniceus, common grackle Quiscalus quiscula and vesper sparrow
Pooecetes gramineus) nested in the fields, but that only one nest of forty (2.5%)
successfully fledged young. Destruction by farming activities was the largest cause
of nest mortality (39%) followed by predation (29%). Desertion only occurred at
5% of nests. Strips were 4.6 m wide and contained corn, soybeans and oats as well
as mammoth red clover Trifolium pratense.

(1) Stallman, H. R. & Best, L. B. (1996) Bird use of an experimental strip intercropping system in
northeast Iowa. The Journal of Wildlife Management, 60, 354-362.

5.36. Revert arable land to permanent grassland

o Allfive studies looking at the effects of reverting arable land to grassland found no clear
benefit to birds. The studies monitored birds (2,3) or grey partridges (1,5) in the UK and
wading birds in Denmark (4). They included three replicated controlled trials (2—4).

e One of the studies, a controlled before-and-after study from the UK, showed that grey
partridge numbers fell significantly following the reversion of arable fields to grassland

(1).
Background

This intervention involves changing from an arable crop to sown agricultural
grassland, to be used for grazing or silage. It is not the same as the creation of
species-rich or other semi-natural grasslands, which is discussed in the chapter on
habitat restoration and creation.

See also ‘Provide or retain set-aside areas’ for some studies where non-rotational
set-aside land was sown with grass, but managed as set-aside rather than as
permanent agricultural grassland.

A controlled before-and-after study in 1970-94 in a 28 km?2 area of arable
farmland in Sussex, England (1), found that grey partridge Perdix perdix numbers
declined rapidly on arable fields in 1987-94, following their reversion to
grassland, beginning in 1987 (average of 6.5 coveys/km? in 1970-86 vs. 1.1
coveys/km? in 1987-94). There was a considerably smaller decline on arable
fields that were not reverted to grassland (average of 4.9 coveys/km? in 1970-86
vs. 2.5 coveys/km? in 1987-94). The reversed fields went from being more
favoured by partridges before reversion to less favoured afterwards, equating to
a 23% per year decrease in relative habitat quality on the reversion fields.

A replicated, controlled study in the winters of 1994-7 on farmland in southern
England (2) found that Eurasian skylark Alauda arvensis, corn bunting Miliaria
calandra and meadow pipit Anthus pratensis were not consistently more abundant
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on arable land reverted to grassland than on intensively managed permanent
grassland or winter wheat fields (4-11 birds/km? for skylarks on reverted fields
vs. 0-10 and 1-8 birds/km? for permanent grassland and winter wheat; values
were 0.1-0.2, 0 and 0-1 birds/km? for buntings and 0-1.1 0 and 0-4 birds/km?
for pipits). Densities of rooks Corvus frugilegus did not differ across field types.
Reverted arable fields were sown with agricultural grass mixtures and managed
under specific guidelines, whilst the permanent grassland fields were mown
frequently and fertilised. This study also describes the effects of ‘Habitat
restoration/creation’ and is discussed in ‘Create open patches or strips in
permanent grassland’.

A replicated, controlled study in the spring and summer 1994-6 on 40 farms in
southern England (3) found that arable fields reverted to permanent grassland
held similar densities of Eurasian skylarks Alauda arvensis as winter wheat and
intensively managed permanent grassland, except in summer 1994, when they
held significantly higher densities, and summer 1995, when they held lower
densities than winter wheat (summer 1994: 11.9 birds/km? on 65 reverted fields
vs. 2.6 and 4.4 birds/km? for 29 and 47 fields of permanent grassland and winter
wheat, respectively; summer 1995: 2.1 birds/km? for 15 reverted fields vs. 3.0 and
11.0 birds/km? for seven and 26 fields of permanent grassland and winter wheat;
other seasons: 5.7-9.1 birds/km? vs. 3.6-4.0 and 8.5-13.0 birds/km?). Densities
of carrion crows Corvus corone tended to be higher on reverted land, significantly
so in some seasons (1.8-4.8 birds/km? on reverted fields vs. 0-3.0 and 0-1.1
birds/km? for grassland and wheat) and rooks C. frugilegus were never found on
winter wheat. Between 65 and 82 reverted arable fields were surveyed, each sown
with agricultural grass mixtures and managed under specific guidelines, whilst the
15-29 permanent grassland fields were frequently mown and fertilised. Between
38 and 47 winter wheat fields were surveyed. This study is also described in
‘Undersow spring cereals’, ‘Reduce grazing intensity on permanent grasslands’,
‘Habitat restoration and creation: Grasslands’ and ‘Provide or maintain set-aside
areas in farmland’.

A replicated, controlled study in 615 grassland fields in Jutland, Denmark (4),
found that the populations of four waders (northern lapwing Vanellus vanellus,
black-tailed godwit Limosa limosa, common redshank Tringa totanus and Eurasian
oystercatcher Haematopus ostrolagus) did not increase on restored grasslands
(formerly croplands), whether or not they were under a scheme designed to
increase water levels in fields. There were increases on some other field types.
This study is discussed in detail in ‘Raise water levels in ditches or grassland’.

A replicated site comparison study on 1,031 agricultural sites across England in
2004-8 (5) investigated the impact of the restoration of different grasslands on
grey partridge Perdix perdix. However, the study does not distinguish between the
impacts of grassland restoration, scrub restoration and control and rough grazing.
Sites with more of the combined intervention had a lower proportion of young
partridges in the population in 2008. This study describes the effects of several
other interventions, discussed in the relevant sections.
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history. Journal of Ornithology, 148, 287-293.

(5) Ewald, J. A., Aebischer, N. J., Richardson, S. M., Grice, P. V. & Cooke, A. 1. (2010) The effect of
agri-environment schemes on grey partridges at the farm level in England. Agriculture,
Ecosystems & Environment, 138, 55-63.

5.37. Reduce tillage

e Four replicated and controlled studies from North America and Canada (1-3) and the
UK (6) and two literature reviews (4,5) found that some or all bird groups had higher
species richness or diversity on reduced-tillage fields, compared to conventional field in
some areas. Two replicated and controlled studies from Canada (3) and the UK (9) and
a review (4) found that some measures of diversity were lower, or no different, on
reduced-tillage fields, compared to conventional fields.

e Five replicated and controlled studies from the USA and Europe (1,2,6,7,10), a small
study (8) and two reviews (4,5) all found that some bird species are found at higher
densities on fields with reduced tillage than conventional fields. Five replicated and
controlled studies from the USA, Canada and Europe (2,3,6,9,10), and a review (5) found
that some or all species were found at similar or lower densities on reduced-tillage fields
compared to conventional fields, with one (7) finding that preferences decreased over
time (possibly due to extreme weather) and another (2) finding that preferences were
only found in spring.

e Two controlled studies (one replicated) and a review (1,4,8) found evidence for higher
productivity, nesting success or earlier laying on reduced tillage fields, compared to
conventional fields. One controlled study found no evidence for greater success or larger
chicks on reduced-tillage fields (8).

Background

Conventional ploughing uses a mould-board plough, cultivating to a depth of
around 20 cm. This can damage soil structure and potentially reduce the
abundance of soil invertebrates, a food source for many farmland birds. This
intervention includes various methods to reduce the depth or intensity of
ploughing, such as layered cultivation, non-inversion tillage and conservation
tillage. It also includes stopping tillage altogether, sometimes called 'no till'.

A replicated, controlled study from May-July in 1982-1984 in nine experimental
sites and three control sites in cropland in lowa, USA (1), found that farmland bird
species richness and nesting density and success were higher in fields without
tillage. In total, 12 species were found nesting in the non-tillage fields with an
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average density of 36 nests/100 ha whereas only three species with an average of
4 nests/100 ha nested in tilled fields. Nest success was greatest in fields with corn
residue (48% nestling survival rate). Three no-tillage treatments (corn planted in
corn residue: 125 ha); corn planted in sod residue: 117 ha); and soybeans planted
in corn residue: 113) and one control treatment (corn planted in tilled fields: 129
ha) were surveyed each year. Discovered nests were monitored every 2-3 days.

A replicated, controlled, site comparison study from 1991-1993 in ten reduced
tillage, ten organic and ten conventional agricultural fields in North Dakota, USA
(2), found that more farmland birds nested on reduced-tillage than conventional
fields (1 nest/10 ha vs. 0.5 nests/10 ha). Minimum tillage fields also possessed a
significantly greater diversity of nesting species (2 species/field vs. 1). In spring,
bird densities in minimum tillage fallow fields were higher than those in organic
fallow, minimum tillage sunflower and wheat fields and all conventional fields.
There were no differences in bird abundance between treatments in other seasons
but fallow fields (across treatments) exhibited the highest densities in summer (1-
2 individuals/ha). There were no significant differences in nest loss or daily
survival rate between treatments.

A replicated, controlled study from June-July in 1996-1997 in 37 conservation
tillage, 40 organic, 38 conventional and 31 wild (control) sites in both upland and
wetland areas of crop farms (75% wheat) in Saskatchewan, Canada (3), found that
bird diversity and abundance were highest overall in wild areas compared to
farmed areas, highest in conservation tillage farms in upland areas and in organic
farms in wetland areas. In upland areas, of 37 species recorded, one was more
abundant on farms, four more abundant in wild areas while the rest showed no
distinct preference. Conservation tillage wetlands had similar bird communities
to conventional wetland farms. Clusters of four treatments were located within a
25 km radius of one another. Fixed-radius (100 m) point-count surveys were used
to survey twice per year.

A 2004 review of the effects of non-inversion tillage (NIT) on farmland bird
abundance across the world, with special reference to the UK and Europe (4)
found that the evidence for positive bird responses to NIT is inconclusive. Four
studies in North America found higher bird density, diversity and nest
productivity on NIT fields and another found greater bird diversity in summer on
NIT fields (but not in autumn, winter or spring). Three studies found that Eurasian
skylarks Alauda arvensis, gamebirds and seed-eating songbirds are more
abundant on NIT fields. However, one study found that NIT fields act as ecological
‘traps’ when nests are destroyed by mechanical weeding. The authors point out
that this type of weed control is not common in Europe.

A review of the effects of conservation tillage relative to conventional ploughing
(5) found mixed effects for birds. One study showed no effect on five bird species
in the context of organic farming. Another showed a higher number and diversity
of birds on conservation tillage fields in Spain.

Areplicated, controlled study in the winters of 2000-2003 in 63 experimental and
58 control winter wheat and barley fields in Oxfordshire, Leicestershire and
Shropshire, UK (6), found that Eurasian skylarks Alauda arvensis, seed-eating
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songbirds and gamebirds occupied a significantly higher proportion of fields
managed through non-inversion tillage than conventionally ploughed fields in late
winter (January-March). Species richness of seed-eating songbirds was also higher
on non-inversion tillage fields (five species vs. one on conservation tillage fields).
No birds showed any preference for field type in early winter (October to
December), and crows, pigeons and insect-eaters showed no preference across the
study period. Field size ranged from 1.6 to 22.3 ha, with similar numbers of non-
inversion tillage and conventionally ploughed farms censused each year.

Areplicated controlled paired site study from October to March 2003-6 in 12 pairs
of winter wheat fields in Didskal, Hungary (7), found that the preference of some
farmland birds for conservation tillage fields over adjacent ploughed fields (P)
decreased over the study period. In one farm (with eight field pairs), Eurasian
skylarks Alauda arvensis and seed-eating songbirds (mostly European goldfinches
Carduelis carduelis) were more abundant on conservation tillage fields in the first
winter (2003-4), whilst starlings Sturna vulgaris and skylarks were more
abundant on conservation tillage fields over the second and third winters
respectively. In a second farm, with four fields, skylarks and crows were more
abundant on conservation tillage fields in the first winter only. The number of days
with ground snow cover increased over the three years. The authors suggest such
abnormal weather may have confounded the results.

A small replicated, randomised, controlled study from April-July 2005 in two
experimental and two control fields of winter wheat in Rutland, England (8), found
that Eurasian skylark Alauda arvensis nest density was higher in fields managed
through conservation tillage than control fields that were ploughed, with 24 of 32
nests found in conservation tillage fields. Average laying date was also
significantly earlier on conservation tillage fields by 25 days. The authors suggest
the effect was due to conservation tillage fields containing more crop residue than
control fields (32% residue compared to none). Foraging distance of provisioning
adult skylarks was 50% lower on conservation tillage fields (48 m vs. 93 m).
However, nest success and nestling size were similar in both field types. Control
fields were sown with winter wheat after mould-board ploughing, while
conservation tillage fields were direct drilled into oil-seed rape residue after light
rotary harrow.

A replicated, controlled study in the winters of 2006-8 in four (2006-7) and two
(2007-8) fields of winter oilseed rape on a single farm in Cambridgeshire, UK (9),
found that bird densities were similar between non-inversion tillage and control
fields. Neither individual species nor groups of species responded to differences
in crop establishment. However, the Farmland Bird Index (which included
omnivores, carnivores, insect-eating birds and seed-eating species) was
significantly higher on control fields. The authors point out that the overall
densities on both treatments were still relatively low compared to other
interventions (such as wild bird seed and over-winter cereal stubble). Two
surveys were made in each field each month between September-March across
the whole field area.

A replicated, controlled study from April-June in 2006-2007 in 48 conservation
tillage, 31 organic and 63 conventional winter barley and wheat fields in Seine-et-
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Marne, France (10), found that that species differed in their responses to
management. Two species were more abundant in conservation tillage fields than
conventional fields, whilst seven were more abundant on conservation tillage
fields than on organic. One species was more abundant on conventional fields and
five on organic, compared to conservation tillage. Specialist species were least
abundant on conservation tillage fields, whilst insect-eating birds were more
abundant. The authors point out that conservation tillage fields were more
intensely managed than conventional fields and experienced much disturbance.
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5.38. Add 1% barley into wheat crop for corn buntings

We have found no studies investigating the impact of adding barley to wheat on corn
bunting Miliaria calandra populations.

Background

This is a suggested way of providing the preferred food source of corn buntings
within a wheat crop.

5.39. Leave uncropped, cultivated margins or plots

(includes lapwing and stone curlew plots)

Two studies and two reviews examined population-level effects of uncropped margins
or plots. A before-and-after study from the UK (3) and two reviews (1,7) found an
increase in Eurasian thick-knee Burhinus oedicnemus numbers following a scheme that
promoted plots (amongst other interventions); a replicated study from the UK (8) found
no effect of plots on grey partridge density changes.
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e Four studies (three replicated) and a review from the UK (2,4,6-8) found that at least
one species was associated with lapwing plots or used them for foraging or nesting. One
replicated study from the UK (2) found that 11 species were not associated with plots;
another (9) found that fewer birds used the plots than cropland in two out of three UK
regions.

e Two of the three studies that examined productivity (one replicated) (4,5) found that
nesting success of birds was higher in fallow fields or lapwing plots than in crops. A
replicated study from the UK (8) found that grey partridge Perdix perdix productivity was
not related to the amount of lapwing plots on a site and that the proportion of young
partridges in the population was lower on sites with lots of cultivated fallow plots.

Background

Lapwing and stone curlew plots are cultivated plots or strips that are left undrilled
to encourage northern lapwings Vanellus vanellus and stone curlews (Eurasian
thick-knees) Burhinus oedicnemus to nest successfully. They are normally >2 ha in
size and different from 'skylark plots' (see separate section), which are much
smaller and usually created in groups. Similar interventions include set-aside,
which involves fields that are not cultivated at all.

A 2000 literature review (1) found that the UK population of Eurasian thick-knees
Burhinus oedicnemus increased from 150 pairs in 1991 to 233 in 1999, following
an agri-environment scheme designed to provide uncultivated plots in fields and
set-aside.

A replicated study in 1999 and 2003 on 256 arable and pastoral fields across 84
farms in East Anglia and the West Midlands, England (2), found that only reed
buntings Emberiza schoeniclus (out of 12 farmland birds analysed) were strongly
and positively associated with uncropped, cultivated strips. No other species
showed a strong association (positive or negative) with the strips. This study
describes several other interventions, discussed in the relevant sections.

A before-and-after study of a Countryside Stewardship Scheme in southern
England (3) found that the population of stone curlews (Eurasian thick-knees)
Burhinus oedicnemus increased from 71 breeding pairs in 2000 to 103 in 2005,
following the creation of 156 stone curlew plots over the study period. A further
51 were created in 2006 and the UK population of stone curlews increased from
160 pairs in the 1980s to 300 pairs in 2005. Stone curlew plots consisted of 1-2
ha of arable or set-aside land cultivated to create a ‘rough fallow’ in spring.
Preferably they should be located close (<1 km) to pasture, pig farms or other food
sources and away from edges of fields.

A replicated, controlled study in the breeding seasons of 1999-2000 on 28 farms
in western England (4) found that 85% of 34 northern lapwing Vanellus vanellus
nests successfully hatched at least one chick on fields with cultivated ‘lapwing
plots’, compared to 64% of 154 nests on all other fields types. Nest survival
estimates were also significantly higher (99% daily survival vs. 96-96%), and no
nests were lost to agricultural operations, compared to over 50% in other fields.
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A study in 2003-5 in Cambridgeshire, UK (5), found that the nesting success of
Eurasian skylarks Alauda arvensis was significantly higher in a field that was
fallowed after harvest, compared to in cereal crop fields (84% success in the fallow
field vs. 35%), whilst the number of nests in the field increased from two to eight
following the fallow. Overwinter counts of yellowhammers Emberiza citrinella,
reed buntings E. schoeniclus, linnets Carduelis cannabina and skylarks on the
fallow field were also far higher than in previous years. This study is also discussed
in ‘Create skylark plots’, ‘Plant grass buffer strips/margins around arable or
pasture fields’ and ‘Create beetle banks’.

Areplicated study in 2007 (6) found that northern lapwings Vanellus vanellus used
39% of 212 lapwing plots on 180 farms across England, with breeding suspected
on 25% of plots. In addition, Eurasian skylark Alauda arvensis, grey partridge
Perdix perdix and yellow wagtail Motacilla flava were recorded breeding in 73%,
17% and 6% of plots respectively. There were no significant differences in lapwing
occurrence or breeding in plots managed under Higher Level Stewardship
compared with those under the Countryside Stewardship Scheme. Lapwing
occurrence decreased if there was woodland adjacent, and the probability of
breeding increased with the proportion of bare ground present on plots. Skylarks
were less likely to be found on plots near hedgerows.

A 20009 literature review of agri-environment schemes in England (7) found that
spring and summer fallows provided nesting habitats for northern lapwings
Vanellus vanellus, with 40% of fallow plots used by lapwings and breeding
suspected on 25%. In addition, the number of breeding pairs of Eurasian thick-
knees (stone curlews) Burhinus oedicnemus in southern England increased from
631in 1997 to 103 in 2005 following the implementation of a Country Stewardship
Scheme ‘special project’, which included the provision of fallow plots. This review
also examines several other interventions, discussed in the relevant sections.

A replicated site comparison study on 1,031 agricultural sites across England in
2004-8 (8) found a lower proportion of young grey partridges Perdix perdix in the
population in 2007 on sites with a large area of uncropped but cultivated margins
and plots. There were no significant relationships with changes in partridge
density, brood size or overwinter survival. This study describes the effects of
several other interventions, discussed in the relevant sections.

A replicated site comparison study on farms in three English regions (9) found
that in two of the three regions Higher Level Stewardship fallow plots for ground-
nesting birds had significantly fewer seed-eating farmland songbirds than
conventional crop fields during summer. On farms in East Anglia and the
Cotswolds, there were approximately 2.5 birds/ha on crops compared to 1
bird/ha on fallow plots. However, in a third region, the West Midlands, more seed-
eating farmland birds were recorded on fallow plots than in crop fields (1.5
birds/ha on fallow plots compared to <0.5 birds/ha on crops). The group of birds
analysed included tree sparrow Passer montanus and corn bunting Emberiza
calandra, but not grey partridge Perdix perdix. Surveys were carried out in the
summers of 2008 and 2009, on 69 farms with Higher Level Stewardship in East
Anglia, the West Midlands or the Cotswolds and on 31 farms across all three
regions with no environmental stewardship.
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5.40. Create skylark plots

A before-and-after study found an increase in Eurasian skylark Alauda arvensis
population on a farm after the creation of skylark plots (3); a replicated, controlled study
from the UK found higher densities of skylarks on fields with plots, compared to those
without (2). No other studies investigated population-level effects.

Two UK studies (2,5), one replicated and controlled, found that skylark productivity was
higher in plots or in fields with plots than in controls. One replicated and controlled study
from Switzerland (6) found no differences in productivity between territories that included
plots and those that did not.

Two replicated studies (one controlled) from Denmark (1) and Switzerland (6) found that
skylark plots were used by skylarks more than expected. A replicated and controlled
study from the UK (7) found that seed-eating songbirds did not use skylark plots more
than surrounding crops.

Background

Eurasian skylarks Alauda arvensis require short vegetation to nest in and skylark
plots are small (usually 4-16 m2) undrilled patches within cereal fields that
provide this, with little impact on overall yield. They are similar to lapwing plots
(see above) but much smaller.

A replicated study from April-May in 1990-3 in five spring-sown barley fields in
eastern Jutland, Denmark (1) found that Eurasian skylarks Alauda arvensis used
unsown plots in the fields significantly more than expected by an even distribution
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across the landscape. Radio-tracked birds were observed more in tramlines and
unsown plots and mean faecal density was significantly higher in unsown areas
than in crops (1.4 droppings/ha vs. 0.1). One 22 ha field with 100, 40 mZ2 plots had
higher densities of skylarks than four fields with an average of seven plots/ha,
each of 7 m2.

A replicated, controlled study from April-August in 2002-3 in 15 sites in northern
and eastern England (2) found that Eurasian skylark breeding density, duration
and success were higher in winter wheat fields with undrilled patches (4 x 4 m)
than in fields with widely-spaced (25 cm apart) rows or under conventional
management (0.3 nests/ha in fields with undrilled plots vs. 0.2 for the other
treatments). Fields with undrilled patches also lost fewer territorial and nesting
birds over the breeding season and by the end of the breeding season nests in
these fields produced on average one more chick than control nests. Body
condition of nestlings decreased in control nests over the breeding season but
increased in experimental fields. The proportion of within-treatment foraging
flights remained constant in fields with undrilled patches but decreased over time
in other treatments.

A Dbefore-and-after study in Cambridgeshire, England (3), found that the
population of Eurasian skylarks on an arable farm increased from 10 territorial
males in 2000 to 34 in 2005, following the use of skylark plots from 2001 (in
addition to 6 m margins around fields and set-aside). Nests were also aggregated
in fields with skylark plots. The study also reports that fields on 15 experimental
farms with skylark plots held 30% more skylarks than control fields. In addition,
nests in fields with plots produced 0.5 more chicks/breeding attempt.

A replicated, controlled study in 2002-3 on ten farms in England (4) found that
45% of 159 Eurasian skylark nests monitored were found in fields with skylark
plots. By June, fields with plots held 30% more skylarks and 100% more nests than
control fields. At the start of the breeding season there was little difference in
success between treatments, but by June fields with plots in had more nests (1
nest/ha vs. 0.4) and more chicks/nest than controls (1.75 chicks/nest vs. 0.9).
Over the whole season nests in experimental fields raised 0.5 more chicks per
breeding attempt (and 1.5 more late in the season) than controls.

A 2007 literature review (5) reports that on two experimental farms in the UK
Eurasian skylarks were able to raise 49% more young in fields with skylark plots,
compared to fields without plots, by prolonging the length of the breeding season.
This study is also discussed in ‘Leave uncropped, cultivated margins or plots,
including lapwing and stone curlew plots’, ‘Plant grass buffer strips/margins
around arable or pasture fields’ and ‘Create beetle banks’.

A replicated, controlled study near Berne, Switzerland (6) found that skylarks
Alauda arvensis with territories that included undrilled patches were significantly
less likely to abandon their territory than birds without patches, and more likely
to use the undrilled patches as nesting and foraging sites than expected by chance.
The study was from March-July in 2006 in 21 experimental sites and 16 control
sites of winter wheat fields in mixed farming lands From June to July, the
percentage of control fields in skylark territories decreased from 60% to 38%,
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whilst 55% of fields with undrilled patches remained in territories. Nest
productivity was identical between control and fields with undrilled patches (1.4
chicks/territory) and there was no difference in chick body mass or tarsus length.
Undrilled patches were composed of either 4 patches/ha (each 3 x 12 m, in seven
fields) or a single strip (2.5 x 80 m, in 14 fields) sown with a mixture of six annual
weed species. This study is also discussed in ‘Plant nectar flower
mixture/wildflower strips’.

A replicated site comparison study on farms in three English regions (7) found
that skylark plots were well used (1-3 seed-eating farmland songbirds/ha) but
did not have significantly more birds in than crop fields or fallow plots. Surveys
were carried out on 69 farms with Higher Level Stewardship in East Anglia, the
West Midlands or the Cotswolds and 31 farms across all three regions with no
environmental stewardship.

1) Odderskeer, P., Prang, A., Poulsen, J. G., Andersen, P. N. & Elmegaard, N. (1997) Skylark (Alauda
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Environment, 62, 21-29.

) Morris, A. J., Holland, J. M., Smith, B. & Jones, N. E. (2004) Sustainable Arable Farming For an
Improved Environment (SAFFIE): managing winter wheat sward structure for skylarks Alauda
arvensis. Ibis, 146 Supplement 155-162.

3) Donald, P. F. & Morris, T. J. (2005) Saving the skylark: new solutions for a declining farmland
bird. British Birds, 98, 570-578.

4) Ogilvy, S. E., Clarke, J. H., Wiltshire, J. J. ]., Harris, D., Morris, A., Jones, N., Smith, B.,
Henderson, 1., Westbury, D.B., Potts, S.G., Woodcock, B.A. & Pywell, R.G. (2006) SAFFIE -
research into practice and policy. HGCA Conference: Arable crop protection in the balance: Profit and
the environment.

(5) Stoate, C. & Moorcroft, D. (2007) Research-based conservation at the farm scale: Development
and assessment of agri-environment scheme options. Aspects of Applied Biology, 81, 161-168.

(6) Fischer, J., Jenny, M. & Jenni, L. (2009) Suitability of patches and in-field strips for skylarks
Alauda arvensis in a small-parcelled mixed farming area. Bird Study, 56, 34—42.

(7) Field, R. H., Morris, A. J., Grice, P. V. & Cooke, A. I. (2010) Evaluating the English Higher Level
Stewardship scheme for farmland birds. Aspects of Applied Biology, 100, 59-68.

5.41. Create corn bunting plots

e We have found no studies investigating the impact of corn bunting plots on corn bunting
Miliaria calandra or other bird populations.

Background

Corn bunting plots are sown patches (normally 0.15 or 0.6 ha in size) of either
grass or a cereal mix designed to provide nesting habitat for corn buntings Miliaria
calandra.

5.42. Plant cereals in wide-spaced rows

e A replicated and controlled study from the UK (2) found that planting cereals in wide-
spaced rows “offered benefits over conventional wheat for Eurasian skylarks, but details
were not given. Another replicated and controlled study from the UK (1) found that fields
with wide-spaced rows had fewer skylark nests than control or skylark plot fields.
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e A replicated and controlled study from the UK (3) found that the faecal content (and
therefore diet) of skylark nestlings was similar between control fields and those with
wide-spaced rows.

Background

Planting cereals in widely spaced rows can increase the proportion of habitat in
the farmland that can be used by birds, as spaces between rows can be left fallow
or planted with grass or legumes.

Areplicated, controlled study from April-Augustin 2002-2003 in 15 winter wheat
fields in northern and eastern England (1) found that Eurasian skylark Alauda
arvensis nests were significantly less abundant on fields with wide-spaced rows
than on control fields or those with undrilled patches (see ‘Create skylark plots’)
(0.16 nests/ha vs. 0.18 for controls and 0.31 for those with undrilled patches). The
proportion of within-treatment foraging flights decreased over time in control and
wide-spaced fields but remained constant in fields with undrilled patches. Body
condition of nestlings, however, decreased in control nests but increased in the
other treatments over the breeding season.

A replicated, controlled study in 2002-2003 on ten farms in England (2) found
that wide-spaced rows offered ‘significant benefits’ to Eurasian skylarks, but
details were not given. The authors note that skylark plots (see ‘Create skylark
plots’) were more consistently beneficial.

A replicated, controlled study from April-August in 2002-3 in 30 treatment and
30 control fields of winter wheat in northern and eastern England, UK (3) found
no difference in faecal content of Eurasian skylark Alauda arvensis nestlings in
fields with wide-spaced rows, compared to control fields.

(1) Morris, A.J., Holland, J. M., Smith, B. & Jones, N. E. (2004) Sustainable Arable Farming For an
Improved Environment (SAFFIE): managing winter wheat sward structure for skylarks Alauda
arvensis. Ibis, 146, 155-162.

(2) Ogilvy, S. E., Clarke, J. H., Wiltshire, J. J. J., Harris, D., Morris, A., Jones, N., Smith, B.,
Henderson, 1., Westbury, D.B., Potts, S.G., Woodcock, B.A. & Pywell, R.G. (2006) SAFFIE -
research into practice and policy. HGCA Conference: Arable crop protection in the balance: Profit and
the environment.

3) Smith, B., Holland, ]., Jones, N., Moreby, S., Morris, A. J. & Southway, S. (2009) Enhancing
invertebrate food resources for skylarks in cereal ecosystems: how useful are in-crop agri-
environment scheme management options? Journal of Applied Ecology, 46, 692-702.

5.43. Create beetle banks

e A small UK study (3) found that a site with beetle banks had increasing populations of
rare or declining species, although several other interventions were used on this site. A
literature review from the UK (1) found that grey partridge Perdix perdix populations were
far larger on sites with beetle banks and other interventions than on other farms. Two
replicated studies from the UK also investigated population-level effects: one (4) found
that no bird species were strongly associated with beetle banks; the second (6) found no
relationship between beetle banks and grey partridge population density trends.
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e A UK literature review (5) found that two bird species nested in beetle banks and that
some species were more likely to forage in them than others. A study in the UK (2) found
that one of two species used beetle banks more than expected. The other used them
less than other agri-environment options.

Background

Beetle banks are grassy mounds, about 2 m wide, that run across the middle of
large arable fields. They are intended to provide habitat, especially during winter,
for predatory insects such as beetles and spiders and therefore could also provide
foraging habitats for birds.

A 2000 literature review from the UK (1) found that the populations of grey
partridge Perdix perdix was 600% higher on farms with conservation measures
aimed at partridges in place, compared to farms without these measures.
Measures included the provision of conservation headlands, planting cover crops,
using set-aside and creating beetle banks.

A study of different set-aside crops at Allerton Research and Educational Trust
Loddington farm, Leicestershire, (2) found that Eurasian skylarks Alauda arvensis,
but not yellowhammer Emberiza citrinella used beetle banks more than expected
compared to availability. Skylarks used them significantly more than unmanaged
set-aside, broad-leaved crops and other habitats, while yellowhammers used
them significantly less than cereal and set-aside with ‘wild bird cover’. Field
margin and midfield set-aside strips were sown with kale-based and cereal-based
mixtures for ‘wild bird cover’, and ‘beetle banks’. Other habitat types were:
unmanaged set-aside, cereal (wheat, barley), broad-leaved crop (beans, rape) and
‘other’ habitats. Thirteen skylark and 15 yellowhammer nests with chicks between
3-10 days old were observed. Foraging habitat used by the adults was recorded
for 90 minutes during three periods of the day. This study is also discussed in
‘Plant wild bird seed /cover and Provide (or retain) set-aside areas in farmland’.

A small replicated study from May-June in 1992-8 in Leicestershire, England (3),
found that the abundance of nationally declining songbirds and species of
conservation concern significantly increased on a 3 km? site where beetle banks
were created (alongside several other interventions), although there was no
overall difference in bird abundance, species richness or diversity between the
experimental and three control sites. Numbers of nationally declining species rose
by 102% (except for Eurasian skylark Alauda arvensis and yellowhammer
Emberiza citronella). Nationally stable species rose (insignificantly) by 47% (eight
species increased, four decreased). The other interventions employed were:
‘Manage hedges to benefit wildlife’, ‘Plant nectar flower mixture/wildflower
strips’, ‘Plant wild bird seed cover strips’, ‘Provide supplementary food’, ‘Control
predators’ and ‘Reduce pesticide or herbicide use generally’.

A replicated study in 1999 and 2003 on 256 arable and pastoral fields across 84
farms in East Anglia and the West Midlands, England (4), found that none of 12
species of farmland bird were strongly associated (either positively or negatively)
with beetle banks. The species analysed were skylark Alauda arvensis, corn
bunting Miliaria calandra, lapwing Vanellus vanellus, yellow wagtail Motacilla
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flava, chaffinch Fringilla coelebs, dunnock Prunella modularis, greenfinch Carduelis
chloris, linnet C. cannabina, reed bunting Emberiza schoeniclus, tree sparrow
Passer montanus, whitethroat Sylvia communis and yellowhammer E. citrinella.
This study describes several other interventions, discussed in ‘Leave headlands in
fields unsprayed (conservation headlands)’; ‘Leave uncropped, cultivated margins
or plots, including lapwing and stone curlew plots’; ‘Leave overwinter stubbles’;
‘Plant grass buffer strips/margins around arable or pasture fields’; ‘Create
uncultivated margins around intensive arable or pasture fields’; ‘Plant wild bird
seed or cover mixture’; ‘Provide or retain set-aside areas in farmland’; ‘Pay
farmers to cover the costs of conservation measures’ and ‘Reduce pesticide or
herbicide use generally’.

A 2007 UK literature review (5) describes studies that found grey partridge Perdix
perdix and Eurasian skylarks Alauda arvensis nesting in beetle banks. One study
also found that skylarks were more likely than yellowhammers Emberiza citrinella
to forage in beetle banks. This study is also discussed in ‘Leave uncropped,
cultivated margins or plots, including lapwing and stone curlew plots’, ‘Plant grass
buffer strips/margins around arable or pasture fields’ and ‘Create skylark plots’.

A replicated site comparison study on 1,031 agricultural sites across England in
2004-8 (6) found that grey partridge Perdix perdix overwinter survival was
significantly and positively correlated with the presence of beetle banks in 2007 -
8. Across all years there was a positive relationship with the ratio of young to old
birds. There were no relationships with brood size or year-on-year density
changes. This study describes the effects of several other interventions, discussed
in the relevant sections.

1) Aebischer, N.J., Green, R. E. & Evans, A. D. (2000) From science to recovery: four case studies of
how research has been translated into conservation action in the UK. 43-54 in: N.J. Aebischer,
A.D. Evans, P.V. Grice, ].A. Vickery (eds) Ecology and Conservation of Lowland Farmland Birds
British Ornithologists Union, Tring.

(2) Murray, K. A., Wilcox, A. & Stoate, C. (2002) A simultaneous assessment of farmland habitat use
by breeding skylarks and yellowhammers. Aspects of Applied Biology, 67, 121-127.

3) Stoate, C. (2002) Multifunctional use of a natural resource on farmland: wild pheasant (Phasianus
colchicus) management and the conservation of farmland passerines. Biodiversity and
Conservation, 11, 561-573.

4) Stevens, D. K. & Bradbury, R. B. (2006) Effects of the Arable Stewardship Pilot Scheme on
breeding birds at field and farm-scales. Agriculture, Ecosystems & Environment, 112, 283-290.

(5) Stoate, C. & Moorcroft, D. (2007) Research-based conservation at the farm scale: Development
and assessment of agri-environment scheme options. Aspects of Applied Biology, 81,.161.

(6) Ewald, J. A., Aebischer, N. J., Richardson, S. M., Grice, P. V. & Cooke, A. I. (2010) The effect of
agri-environment schemes on grey partridges at the farm level in England. Agriculture,
Ecosystems & Environment, 138, 55-63.

Livestock farming

5.44. Maintain species-rich, semi-natural grassland

e A before-and-after study from the UK (1) found five species of conservation concern
increased after the implementation of management designed to maintain unimproved
grasslands.
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o A replicated study from Switzerland (2) found that wetland birds appeared to
preferentially choose managed hay meadows; birds of open farmland avoided it.

Background

Low-intensity management of grasslands has produced some of the most species-
rich habitats in Europe and there are several agri-environment schemes designed
to maintain these grassland. Such schemes may include several different
interventions, attempting to replicate traditional management.

A before and after trial in England (1) concluded that management prescriptions
in the Exmoor Environmentally Sensitive Area are maintaining the condition of
unimproved grassland, based on trends in bird populations in parts of the
Environmentally Sensitive Areas under long term management agreements. The
study found that five red/amber-listed species of conservation concern (linnet
Carduelis cannabina, bullfinch Pyrrhula pyrrhula, grey partridge Perdix perdix,
house sparrow Passer domesticus and garden warbler Sylvia borin) appeared to be
increasing in density within the Cotswolds Environmentally Sensitive Areas while
declining nationally, suggesting that they benefit from some aspect of
Environmentally Sensitive Areas management. In each Environmentally Sensitive
Areas, breeding birds were surveyed in May-August 2002, and results were
compared with baseline survey information from 1992/3 (Exmoor) and 1997
(Cotswolds). In the Cotswolds Environmentally Sensitive Area, birds were
surveyed in 96 randomly-selected 1 km squares, while the majority (153km?2) of
the Exmoor Environmentally Sensitive Area was surveyed.

In a replicated site comparison study, Herzog et al (2005) (2) found that on
average 86% of litter meadows in Ecological Compensation Areas on the Swiss
plateau were of ‘good ecological quality’ (based on national guidelines for
Ecological Compensation Areas target vegetation), compared to only 20% of hay
meadows. While wetland birds appeared to benefit from litter meadow Ecological
Compensation Areas, with significantly more territories (52) than expected (31)
in these areas, birds of open cultivated land had fewer territories (68) than
expected (151) on hay meadow Ecological Compensation Areas. For hay meadow
Ecological Compensation Areas, ecological quality was significantly lower in the
more intensively farmed ‘lowland’ zone of the Swiss plateau, compared to ‘pre-
alpine hills’ zone. Territories of breeding birds were mapped in 23 study areas,
based on 3 visits between mid-April and mid-June. This study is also discussed in
‘Maintain traditional orchards’ and ‘Manage hedges to benefit wildlife (includes no
spray, gap-filling and laying)’.

(1) Defra (2002) Breeding bird survey of the Cotswold Hills ESA and Exmoor ESA. Defra, UK.

(2) Herzog, F., Dreier, S., Hofer, G., Marfurt, C., Schupbach, B., Spiess, M. & Walter, T. (2005) Effect
of ecological compensation areas on floristic and breeding bird diversity in Swiss agricultural
landscapes. Agriculture, Ecosystems & Environment, 108, 189-204.
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5.45. Reduce management intensity on permanent
grasslands

e Fourreplicated trials and a review (2-6), of seven studies in total, found that some or all
birds monitored were more abundant or foraged more on grasslands with lower
management intensity than on conventionally managed agricultural grasslands.

e Four analyses from three replicated trials (1-3,7), of seven studies in total, found that
some or all birds monitored were less or similarly abundant on grasslands with lower
management intensity than on conventionally managed agricultural grasslands.

Background

Reducing the intensity of grassland management involves one or more of:
reducing or stopping the use of fertilisers, herbicides and pesticides; delaying the
mowing date; reducing the number of cuttings taken.

Areplicated controlled, paired site study in the Netherlands (1) found that the density
of breeding bird territories was not significantly different between 20 fields with
meadow bird agreements and 20 control fields, both for all bird species and just for
waders. Qystercatcher Haematopus ostralegus, black-tailed godwit Limosa limosa,
common redshank Tringa totanus and lapwing Vanellus vanellus were all significantly
less abundant on management agreement fields than on control fields. There was no
significant difference in the number of territories between field types for three of
these species, but oystercatchers had significantly fewer territories on management
agreement fields than on control fields (0.13 vs. 0.52). Paired fields were within 1 km
of each other, similar in size and soil type. Fertiliser inputs were significantly lower and
mowing dates later on fields with management agreements than on conventionally
managed fields. Birds were surveyed five times between March and June.

Further analysis of the same data used in Kleijn et al. 2001 (2), found that wading
birds were less abundant on fields under meadow bird agreements (average of
seven birds and 1.3 territories on agreement fields vs. 12 and 2.1 on conventional
fields), whilst meadow songbirds were more abundant on meadow bird
agreement fields, when analysed as a 12.5 ha scale (9.9 birds/plot on agreement
fields vs. 7.7 on conventional fields). Duck and non-meadow bird breeding
densities did not differ between management types at either the field, or 12.5 ha
scale.

A 2006 replicated site comparison study of 42 fields in Switzerland (3) found that
more birds, but not more bird breeding territories, were found in fields
participating in the ecological compensation area scheme than in conventionally
farmed fields. There was no difference in the numbers of bird species on each type
of farmland. Ecological Compensation Areas are typically hay meadows farmed at
low intensity: no fertilisers or pesticides (except for patch-wise control of problem
weeds) are permitted, and vegetation must be cut and removed at least once a year
- but not before 15 June (lowlands) or early July (mountains). The study surveyed
seven pairs of fields (one within an Ecological Compensation Area, one
conventionally farmed) and a 1-ha area surrounding each field, from each of three
different parts of Switzerland four times during the breeding season.

115



A randomised, replicated, controlled trial on four farms in southwest England, in
2003-2006 (4), found that 50 x 10 m plots of permanent pasture cut just once in
May or July or not at all during the summer and left unfertilised attracted more
insectivorous and seed-eating songbirds than control plots (fertilised plots cut in
May and July, as in conventional silage management). The preference was shown
by dunnocks Prunella modularis, winter wren Troglodytes troglodytes, European
robin Erithacus rubecula, seed-eating finches and buntings, and was particularly
strong for plots left uncut in summer. There were twelve replicates of each
management type. This study is also discussed in ‘Reduce pesticide or herbicide
use generally’, ‘Undersow spring cereals’, ‘Raise mowing height on grasslands’,
‘Reduce grazing intensity on permanent grasslands’ and ‘Plant wild bird seed or
cover mixture’.

A replicated, controlled before-and-after study in 615 grassland fields in Jutland,
Denmark (5), found that permanent grasslands fields under an agri-environment
scheme designed to increase water levels had significantly higher numbers of
three species of wader (northern lapwing Vanellus vanellus, black-tailed godwit
Limosa limosa, common redshank Tringa totanus) in 2004-2005 after the scheme
was implemented, compared to in 1999-2001, before the scheme. Eurasian
oystercatchers Haematopus ostrolagus did not increase and effects varied between
restored and permanent grasslands, and between wet and dry fields. The scheme
involved promoting wet grasslands (see ‘Raise water levels in ditches or
grassland’) as well as reducing fertiliser inputs, grazing pressure and the period of
mowing,.

A review of four experiments on the effects of agri-environment measures on
livestock farms in the UK (6) found two replicated trials in southwest England
showing that reduced management intensity on permanent grasslands benefits
foraging birds. Both found higher numbers of invertebrates, seed heads and
foraging birds at lower management intensity (less fertiliser, less cutting, less
grazing or a combination of these). One study was the PEBIL project, also reported
in (4). The other was part of a Defra-funded project focussed largely on the effects
of reduced grazing pressure (Defra report BD1454) for which no reference is
given in the review. See ‘Reduce grazing intensity on permanent grasslands’ for
more information.

A replicated site comparison study on farms in three English regions (7) found
that grassland managed under Higher or Entry Level Stewardship Schemes with
low or very low inputs was not used significantly more by seed-eating farmland
songbirds than improved grassland or open rough grassland. Between 0.5 and 2
birds/ha were recorded on average on the different types of grassland. The
stewardship grassland category also included land being maintained as semi-
natural grassland under the schemes. It is not clear how many sites of the different
management types were used in the analysis. Surveys were done in the summers
of 2008 and 2009 on 69 farms with Higher Level Stewardship in East Anglia, the
West Midlands or the Cotswolds and on 31 farms across all three regions with no
environmental stewardship.

(1) Kleijn, D., Berendse, F., Smit, R. & Gilissen, N. (2001) Agri-environment schemes do not
effectively protect biodiversity in Dutch agricultural landscapes. Nature, 413, 723-725.
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(2) Kleijn, D., Berendse, F., Smit, R., Gilissen, N., Smit, J., Brak, B. & Groeneveld, R. (2004) Ecological
effectiveness of agri-environment schemes in different agricultural landscapes in the
Netherlands. Conservation Biology, 18, 775-786.

3) Kleijn, D., Baquero, R. A., Clough, Y., Diaz, M., Esteban, J., Fernandez, F., Gabriel, D., Herzog, F.,
Holzschuh, A., Johl, R., Knop, E. Kruess, A., Marshall, E. J. P, Steffan-Dewenter, 1., Tscharntke,
T., Verhulst, J., West, T. M. & Yela J. L. (2006) Mixed biodiversity benefits of agri-environment
schemes in five European countries. Ecology Letters, 9, 243-254.

4) Defra (2007) Potential for enhancing biodiversity on intensive livestock farms (PEBIL). Defra
Report BD1444.

(5) Kahlert, J., Clausen, P., Hounisen, J. P. & Petersen, 1. K. (2007) Response of breeding waders to
agri-environmental schemes may be obscured by effects of existing hydrology and farming
history. Journal of Ornithology, 148, 287-293.

(6) Buckingham, D. L., Atkinson, P. W., Peel, S. & Peach, W. (2010) New conservation measures for
birds on grasslands and livestock farms. BOU Proceedings - Lowland Farmland Birds III: delivering
solutions in an uncertain world. British Ornithologists Union.

(7) Field, R. H., Morris, A.]., Grice, P. V. & Cooke, A. 1. (2010) Evaluating the English Higher Level
Stewardship scheme for farmland birds. Aspects of Applied Biology, 100, 59-68.

5.46. Reduce grazing intensity

e Nine studies from the USA (1,2) and the UK (3-6,8,10,11), one replicated and controlled,
found increases in populations of some species on fields with reduced grazing, or
increased use of such fields by birds. Three of the studies used multiple interventions at
once. Five studies from Europe (4,7-10), four replicated and controlled, found that some
or all species were no more numerous on fields with reduced grazing, compared to
intensively-grazed fields. One paired sites study from the UK (5) found that black grouse
Tetrao tetrix populations increased at reduced grazing sites (and declined elsewhere),
but that large areas of reduced grazing had lower densities of female grouse.

e Abefore-and-after study from the USA (2) found that the number of species on plots with
reduced grazing increased over time. A replicated, controlled study from four countries
in Europe (9) found no differences in the number of species on sites with low-intensity
or high-intensity grazing.

e One replicated trial in the UK (10) found that some bird groups preferred grassland short
in winter (grazing effect simulated by mowing), and others preferred it long (unmown to
simulate removal of livestock). Frequency and timing of the simulated grazing did not
alter this preference.

Background

Overgrazing is responsible for the degradation of habitats across the world, being
especially damaging in arid environments, where the removal of vegetation can
quickly lead to soil erosion. Reducing grazing intensity may reduce the damage to
vegetation and can also help reduce disturbance to birds and accidental loss of
nests.

A small 1967 study in Maryland, USA (1), investigated the impact of limiting
livestock grazing, as well as other interventions, on northern bobwhites Colinus
virginianus and found that the population on the farm increased from five to 38
coveys in eight years. This study is described in ‘Threat: Agriculture - Plant new
hedges’.
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A before-and-after study in an 8,357 ha grassland site under rest-rotation grazing
since 1967 in Montana, USA (2), found that the number of wildfowl nesting on the
site, the species richness and the number of broods produced all increased
between 1970 and 1973-4 (190 pairs of seven species producing 127 broods in
1970 vs. 270 pairs of 12 species producing 191 broods in 1974). The grazing
regime involved five areas of the site being grazed at different times each year to
allow the vegetation to recover. The highest densities of wildfowl were found in
areas that had been rested in the previous year.

A before-and-after study in Gloucestershire, England, (3), found that the
proportion of geese on a grassland site using a specifically managed 130 ha area
increased from 33% in the winter of 1970-1971 to 87% by 1975-1976, following
a reduction in grazing intensity over this period. Starting in 1970, stock were
sequentially removed from three sections of the area: the first was ungrazed from
the 30t September, the second from the 31st October and the third from the 30th
November. A fourth area was not grazed at all. Other interventions are discussed
in ‘Increase crop diversity’ and ‘Undersow spring cereals’.

A randomised, replicated and controlled study in spring and summer 1995-6 on
12 fields in Sussex, England (4), found that Eurasian skylark Alauda arvensis
densities were significantly higher on fields grazed at lower intensities (4.4-14.3
birds/km? for six lightly-grazed fields vs. 1.3-2.4 birds/km? on six intensely-
grazed fields). The density of carrion crows Corvus corone and rooks C. frugilegus
did not vary between treatments. Intensively-grazed fields were managed to keep
the sward under 10 cm long, less intensively managed fields had a 15-25 cm
sward. This study is also described in ‘Undersow spring cereals’, ‘Revert arable
land to permanent grassland’, ‘Habitat restoration and creation’ and ‘Provide or
maintain set aide areas in farmland’.

A paired sites study on moorland in 1996-2000 in northern England (5) found
that the number of displaying black grouse Tetrao tetrix males increased by an
average of 5% each year at 10 sites where levels of sheep grazing were reduced,
compared with average declines of 2% each year at ten control sites. Changes were
most positive in the first years after grazing reduction. The proportion of females
with chicks was also significantly higher at treatment sites (average of 54%) than
at control sites (32%). However, there were declines in female densities at sites
where restricted grazing areas exceeded approximately 1 km2. Grazing was
reduced to below 1.1 sheep/ha in summer and 0.5 sheep/ha in winter for at
between one and five years on treatment sites. Densities were two or three times
higher on control sites.

A before-and-after study of grazing marshes in east England from 1993-2003 (6)
found that the number of northern lapwing Vanellus vanellus and wildfowl
increased and vegetation communities changed following a reduction in grazing
intensity and improved footdrain management in 1996. This study is discussed in
‘Raise water levels in ditches or grassland’

A randomised, replicated, controlled trial on four farms in southwest England in
2003-6 (7) found that 12, 50 x 10 m plots of permanent pasture managed as
conventional silage but without autumn/winter grazing did not attract more
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foraging birds than 12 control plots, managed identically but with autumn and
winter grazing. Plots were fertilised and cut twice in May and July. This study is
also discussed in ‘Reduce management intensity on permanent grassland’, ‘Reduce
pesticide or herbicide use generally’, ‘Raise mowing height on grasslands’,
‘Undersow spring cereals’ and ‘Plant wild bird seed or cover mixture’.

A controlled replicated trial in the UK (8) found that the response of bird
populations to the removal of grazing from upland improved grassland between
late May and July varied between functional groups of birds and depended on the
time of year. Plots with seasonal removal of grazing had the greatest number of
birds of songbird species between May and July (126 birds compared to 60 in
control plots), and between July and September (312 birds compared to 169 in
control plots), but numbers were similar to those in control plots between October
and January (13 and 11, respectively). Between July and September, there were
more birds of invertebrate-feeding species on plots with seasonal removal of
grazing (105 birds, compared to 41 on control plots), but between October and
January there were more birds on continuously grazed plots (5,833 birds,
compared to 1,458 on plots with seasonal removal of grazing). At all times of year,
crows were more abundant on continuously grazed plots. Bird numbers and
species were recorded in plots with and without seasonal removal of grazing for
silage making (10 replicates).

Areplicated, controlled trial in four European countries (UK, Germany, France and
Italy) from 2002-4 (9) found that numbers of birds and bird species were not
different between fields under low-intensity grazing, compared to intensively-
grazed fields. Birds were counted every two weeks in early morning, from May to
October in 2002-4, with a 7 minute observation period and a walking transect.
Exact grazing regimes differed between countries.

A randomised, replicated trial of different winter cutting regimes, designed to
simulate grazing intensity on grasslands in Oxfordshire, England (10), found that
different groups of birds prefer different treatments. Foraging song thrushes
Turdus philomenus and common starlings Sturnus vulgaris, crows and Eurasian
kestrels Falco tinnunculus preferred mown (grazed) plots to unmown (ungrazed)
plots. Grey herons Ardea cinerea and meadow pipits Anthus pratensis preferred
unmown plots to plots that were mown once or twice. For gamebirds, wood
pigeons and hedgerow species, there was no significant difference in numbers
between the different mowing regimes. Seventeen grass fields (average size 5 ha)
were used in the experiment, with two treatments (mown once vs. unmown) or
four treatments (unmown, mown once at two different times or mown twice) in
each. Winter mowing simulates the effects of grazing or cutting for silage. Grass
height did not differ between the 14 replicate plots mown once in
November/December, once in January or twice during winter, so one winter cut
or grazing period was sufficient to create the habitat advantage for bird groups
that prefer short grass.

A 20009 literature review of agri-environment schemes in England (11) describes
a case study of a farm on Exmoor, Devon, which found that three species increased
on the farm from 1993-2003, following a reduction in grazing intensity on
moorland areas (Eurasian skylark Alauda arvensis increased from none to 13
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birds; Eurasian linnet Carduelis cannabina from none to nine birds; common
stonechat Saxicola torquata from none to one territory). One species (meadow
pipit Anthus pratensis) showed little change (nine birds vs. eight) and another
(northern wheatear Oenanthe oenanthe) declined slightly, from one territory to
none. This review also examines several other interventions, discussed in the
relevant sections.

A review of UK experiments on the effects of agri-environment measures on
livestock farms in the UK (12) found two replicated controlled trials that reduced
grazing pressure (fewer cattle, cattle removed from July onwards, or both) over
two to four years. One also reduced fertiliser input from 150 to 50 kg N/ha.
Reduced grazing significantly increased the number of foraging skylarks Alauda
arvensis on the trial fields in both studies. Birds that eat only seeds - European
goldfinch Carduelis carduelis and linnet Carduelis cannabina - preferred plots with
cattle removed in July. These studies formed part of a Defra-funded project
(BD1454) for which no reference is given in the review. The study including low
fertiliser input used eight replicates, the other used 14. The review assessed
results from four experimental projects (one incomplete at the time of the review)
in the UK. This study also discusses other interventions, described in the relevant
sections.

(1) Burger, G. V. & Linduska, J. P. (1967) Habitat management related to bobwhite populations at
Remington farms. The Journal of Wildlife Management, 31, 1-12.

) Mundinger, J. G. (1976) Waterfowl response to rest-rotation grazing. The Journal of Wildlife
Management, 40, 60-68.

3) Owen, M. (1977) The role of wildfowl refuges on agricultural land in lessening the conflict
between farmers and geese in Britain. Biological Conservation, 11, 209-222.

4) Wakeham-Dawson, A., Szoszkiewicz, K., Stern, K. & Aebischer, N. J. (1998) Breeding skylarks
Alauda arvensis on Environmentally Sensitive Area arable reversion grass in southern England:
survey-based and experimental determination of density. Journal of Applied Ecology, 35, 635-648.

) Calladine, J., Baines, D. & Warren, P. (2002) Effects of reduced grazing on population density
and breeding success of black grouse in northern England. Journal of Applied Ecology, 39, 772-780.

(6) Smart, M. & Coutts, K. (2004) Footdrain management to enhance habitat for breeding waders on
lowland wet grassland at Buckenham and Cantley Marshes, Mid-Yare RSPB Reserve, Norfolk,
England. Conservation Evidence, 1, 16-19.

(7) Defra (2007) Potential for enhancing biodiversity on intensive livestock farms (PEBIL). Defra
Report BD1444.

(8) Vale, J. E. & Fraser, M. D. (2007) Effect of sward type and management on diversity of upland
birds. 333-336 in: J.J. Hopkins, A.J. Duncan, D.I. McCracken, S. Peel, ].R.B. Tallowin (eds) British
Grassland Society Occasional Symposium No.38 British Grassland Society, Reading.

) Wallis De Vries, M., Parkinson, A., Dulphy, J., Sayer, M. & Diana, E. (2007) Effects of livestock
breed and grazing intensity on biodiversity and production in grazing systems. 4. Effects on
animal diversity. Grass and Forage Science, 62, 185-197.

(10)  Whittingham, M. J. & Devereux, C. L. (2008) Changing grass height alters foraging site selection
by wintering farmland birds. Basic and Applied Ecology, 9, 779-788.

(11) Natural England (2009) Agri-environment schemes in England 2009. A review of results and
effectiveness. Natural England, Peterborough.

(12)  Buckingham, D. L., Atkinson, P. W., Peel, S. & Peach, W. (2010) New conservation measures for
birds on grasslands and livestock farms. BOU Proceedings - Lowland Farmland Birds I1I: delivering
solutions in an uncertain world. British Ornithologists Union.
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5.47. Provide short grass for waders

e Areplicated UK study (1) found that common starlings and northern lapwings spent more
time foraging on short swards, compared to longer grass, and that starlings captured
more prey in short grass.

Background

Vegetation height is important in determining the value of a grassland to wildlife,
with short vegetation allowing birds access to the ground for foraging and
potentially reducing predation risk. However, high vegetation can provide more
complex environments and more habitats (see Raise mowing height on permanent
grassland).

A replicated study from January-May in 2002 that observed 15 northern lapwing
Vanellus vanellus chicks on the Isle of Islay, UK, and 20 common starlings Sturnus
vulgaris in Oxfordshire, UK (1) found that both species experienced significantly
greater foraging success in shorter grass swards. For lapwing chicks, foraging rate
declined as sward height increased. In short swards, starlings spent 30% more
time actively foraging and captured 33% more prey, although intake rate
(captures per second of active foraging) did not differ between swards.
Invertebrate abundance did not differ between long and short swards. Fertiliser
application and water level was manipulated to provide a range of sward heights
on the lapwing site. Starlings were observed in enclosures placed within
intensively managed permanent pasture that was mown to either 3 cm (short
sward) or 13 cm (tall sward).

(1) Devereux, C. L., Mckeever, C. U,, Benton, T. G. & Whittingham, M. J. (2004) The effect of sward
height and drainage on common starlings Sturnus vulgaris and northern lapwings Vanellus
vanellus foraging in grassland habitats. Ibis, 146, 115-122.

5.48. Raise mowing height on grasslands

e A review from the UK (2) found that raising mowing height may have increased
productivity of Eurasian skylarks, but not sufficiently to maintain the local population.

e A randomised, replicated and controlled study from the UK (1) found that no more
foraging birds were attracted to plots with raised mowing heights, compared to plots with
shorter grass.

Background
Vegetation height is important in determining the value of a grassland to wildlife.
High vegetation can provide more complex environments and more habitats, but

short vegetation can allow birds access to the ground which can help foraging, and
can reduce the risk of predation (see Provide short grass for waders).
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A randomised, replicated, controlled trial on four farms in southwest England in
2003-6 (1) found that 12, 50 x 10 m plots of permanent pasture cut to 10 cm in
May and July did not attract more foraging birds than 12 control plots cut to 5 cm.
Plots were cut twice in May and July, and grazed in autumn/winter. This study is
also discussed in ‘Reduce management intensity on permanent grassland’, ‘Reduce
pesticide or herbicide use generally’, ‘Undersow spring cereals’, ‘Reduce grazing
intensity on permanent grasslands’ and ‘Plant wild bird seed or cover mixture’.

A review of four experiments on the effects of agri-environment measures on
livestock farms in the UK (2) found one trial from 2006 to 2008 that tested the
effect of mowing height on skylarks Alauda arvensis nesting in silage fields.
Preliminary results showed that chick survival was not affected by raised cutting
height. However, the number of new birds produced each year (productivity) was
more sensitive to re-nesting rates than chick survival. Raised cutting height
slightly increased productivity, because skylarks re-nested sooner after cutting,
but this was not enough to maintain a local population given survival rates. This
study formed part of a Defra-funded project (BD1454) for which no reference is
given in the review.

(1) Defra (2007) Potential for enhancing biodiversity on intensive livestock farms (PEBIL), Defra
Report BD1444.

) Buckingham, D. L., Atkinson, P. W., Peel, S. & Peach, W. (2010) New conservation measures for
birds on grasslands and livestock farms. BOU Proceedings - Lowland Farmland Birds III: delivering
solutions in an uncertain world. British Ornithologists Union.

5.49. Delay mowing date or first grazing date on
grasslands

e Two reviews from the UK (1,2) found that the population of corncrakes Crex crex
increased following the implementation of two initiatives to encourage farmers to delay
mowing (and provide cover and use corncrake-friendly techniques).

e A replicated and controlled paired sites studies from the Netherlands (3) found no
evidence that waders and other birds were more abundant in fields with delayed mowing,
compared to paired controls. A replicated and controlled before-and-after study from the
Netherlands (4) found that fields with delayed mowing held more birds than controls, but
did so before the start of the scheme. Population trends did not differ between
treatments.

e A replicated, controlled study from the USA (5) found that destruction of nests by
machinery was lower and late-season nesting higher in late-cut fields, compared with
early-cut fields.

Background

Early-season, mechanised mowing is thought to be responsible for declines in the
UK and elsewhere of species such as the corncrake Crex crex, with chicks killed and
nests destroyed by mowing machinery. Delaying mowing until after chicks can
escape is therefore a part of many agri-environment schemes.
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A 2000 literature review (1) found that the UK population of corncrakes Crex crex
increased from 480 to 589 males between 1993 and 1998 (an average rise of
3.5%/year) following schemes to get farmers to delay mowing dates and to leave
unmown ‘corridors’ to allow chicks to escape to field edges which are thought to
increase chick survival.

A 2002 review (2) states that the British population of corncrakes Crex crex
increased by 34% between 1993 and 2001, following the implementation of the
"Corncrake Initiative" which financially compensates farmers who agree to delay
mowing until after chicks can escape machinery. A second programme, begun in
1999, also included the provision of suitable cover. Both were based in western
Scotland, where the remaining British population was found.

A replicated and controlled paired sites study in the western Netherlands in 2003
(3) found that 19 grassland plots with delayed mowing had significantly higher
breeding densities of waders, compared to 19 paired, control plots (approximately
8 territories/plot for delayed-mowing plots vs. approximately 3 territories/plot
for controls). This difference was not apparent when delayed mowing was
combined with per-clutch payment, and there were no differences in abundances
of waders or all bird species. However, when delayed mowing was combined with
per-clutch payment, breeding densities of all bird species was significantly higher
(13 territories/plot for combined schemes; 11 territories/plot for controls). There
were higher numbers of redshank Tringa tetanus on combined plots
(approximately 5 birds/plot for combined schemes; 5 birds/plot for per-clutch
payment and 3 birds/plot for controls), but not on delayed-mowing plots. There
were higher abundances of northern lapwing Vanellus vanellus on control plots,
compared to delayed-mowing plots, but this difference was not significant
(approximately 18 birds/plot for controls vs. 13 birds/plot for delayed-mowing
plots). There were no significant differences in breeding densities for redshank,
northern lapwing, Eurasian oystercatcher Haematopus ostralegus or black-tailed
godwit Limosa limosa. The authors suggest that groundwater depth, soil hardness
and prey density were drove these patterns. All farms had been operating the
schemes for an average of four years before the study. This study is also discussed
in ‘Offer per-clutch payment for farmland birds’.

A replicated, controlled, before-and-after study in 1,040 grassland areas in the
Netherlands, between 1990 and 2002 (4), found that nesting densities of black-
tailed godwit Limosa limosa and redshank Tringa totanus were higher in areas
with management agreements with postponed mowing, but these differences
were present before the agreements came into effect. Population trends were
similar between management and control areas for godwits and Eurasian
oystercatchers Haematopus ostralegus, but northern lapwing Vanellus vanellus
and redshank declined on management areas, relative to controls. Mowing was
postponed on management areas to the end of May or beginning of June.

Areplicated, controlled study in Arkensas, USA, in 2003 (5) found that a far higher
percentage of grassland bird nests were destroyed by haying operations in two
early-cut fields (cut from 26-31 May), compared to four late-cut fields (cut 17-26
June) (88% of 17 nests destroyed in early-cut fields vs. 4% of 52 nests destroyed
in late-cut fields). The two surviving nests in early-cut fields did not fledge any
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chicks. Following early cutting, only one nest was started in early cut fields (0.03
nests/ha) compared with 0.13 nests/ha in uncut fields (seven nests) and 0.13
nests/ha in late-cut fields (11 nests). Nests were of dickcissel Spiza americana (32
nests), red-winged blackbird Agelaius phoniceus (30 nests), field sparrow Spizella
pusilla (14 nests) and eastern meadowlark Sturnella magna (13 nests) and nest
densities were similar across field types before haying (0.3-0.5 nests/ha).

(1) Aebischer, N. J., Green, R. E. & Evans, A. D. (2000) From science to recovery: four case studies of
how research has been translated into conservation action in the UK. 43-54 in: N.J. Aebischer,
A.D. Evans, P.V. Grice, ].A. Vickery (eds) Ecology and Conservation of Lowland Farmland Birds
British Ornithologists Union, Tring.

(2) Green, R. E. (2002) Corncrakes, conservation management and agri-environment schemes.
Aspects of Applied Biology, 67, 189. CHECKING WITH RHYS

3) Verhulst, J., Kleijn, D. & Berendse, F. (2006) Direct and indirect effects of the most widely
implemented Dutch agri-environment schemes on breeding waders. Journal of Applied Ecology,
44, 70-80.

4) Breeuwer, A., Berendse, F., Willems, F., Foppen, R., Teunissen, W., Schekkerman, H. &
Goedhart, P. (2009) Do meadow birds profit from agri-environment schemes in Dutch
agricultural landscapes? Biological Conservation, 142, 2949-2953.

5) Luscier, J. D. & Thompson, W. L. (2009) Short-term responses of breeding birds of grassland and
early successional habitat to timing of haying in northwestern Arkansas. The Condor, 111, 538—
544.

5.50. Leave uncut rye grass in silage fields

e Two reviews from the UK (1,3) found that leaving rye grass uncut, or with only a single
cut, benefited seed-eating birds and two replicated, controlled studies from the UK (2,4)
found that seed-eating birds were more abundant on uncut plots.

e Two replicated and controlled studies (2,4) and a review (1), all from the UK, found that
seed-eating birds were more abundant on uncut and ungrazed plots than on uncut and
grazed plots.

e A replicated, controlled study from the UK (4) found that the responses of non-seed-
eating birds were less certain than seed-eaters, with some species avoiding uncut rye
grass.

Background

In the UK, seed-eating songbirds have declined across farmland, probably in part
because of a lack of winter food. Rye grass Lolium perenne seeds are a potential
food source, but cutting rye grass fields multiple times a year for silage removes
seed heads before they can ripen and so reduces the food available to birds the
following winter. Leaving fields or plots uncut may therefore provide valuable
overwinter food.

Areview of experiments on the effects of agri-environment measures on livestock
farms in the UK (1) found that leaving rye grass silage uncut was shown to benefit
seed-eating birds in winter in one experiment. No reference was given in the
review for these results. The birds were only found in any numbers on plots left
unmown, and were more abundant on plots left ungrazed rather than being grazed
from September. Yellowhammers Emberiza citrinella and reed buntings Emberiza
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schoeniclus reached densities of 132 and 52 birds/ha respectively on unmown,
ungrazed plots.

A replicated, controlled study of four silage fields on separate dairy farms in
England (2) found that numbers of yellowhammer Emberiza citrinella, reed
bunting Emberiza schoeniclus, wren Troglodytes troglodytes, song thrush Turdus
philomelos and skylark Alauda arvensis were higher in plots left to set seed
compared to mown plots, and in ungrazed seeded plots compared to grazed
seeded plots. Significantly higher numbers of yellowhammer were observed in
seeded plots (458 birds seen) compared to mown (one bird) and in ungrazed
seeded plots (423) than grazed seeded plots (35). Reed buntings showed a similar
response (seeded ungrazed: 160; grazed: 29; mown ungrazed: 3; grazed: 0). As did
wren (seeded ungrazed: 22, grazed: 1; mown ungrazed: 2, grazed: 0) and song
thrush (seeded ungrazed: 7, grazed: 3; mown ungrazed: 4, grazed: 0). There were
more skylark in seeded than mown plots (18 vs. 0), and more in grazed (17) than
ungrazed seeded plots (1). Two of four plots (0.5 ha) in each field were left uncut
when the third silage cut was taken in July-August 2002 so that the grass set seed.
One mown and one seeded plot was grazed by cattle until October, cattle were
excluded from the other two plots. Numbers and species of birds using each plot
were recorded over eight one hour periods between November 2002 and
February 2003.

A review of four experiments on the effects of agri-environment measures on
livestock farms in the UK (3) found that leaving rye grass Lolium perenne silage
uncut was shown to benefit seed-eating birds in winter in one experiment. These
are further results from a study discussed in Buckingham et al. (2004), with no
reference given (Defra project BD1455). Only plots cut once during previous
season produced large seed crops and attracted yellowhammers Emberiza
citrinella (0.5 birds per visit on average) and reed buntings E. schoeniclus,
(approximately 2 birds/visit on average) but not finches. Plots cut twice or three
times (control) did not attract these birds. Birds were observed over two winters.

A replicated, controlled study on 12 farms in the West Midlands, UK (4), in the
winters of 2007-9, found that seed-eating birds (yellowhammer Emberiza
citrinella and reed bunting E. schoeniclus) preferentially foraged in rye grass fields
that were only one cut once for silage and ungrazed, compared to twice cut
(ungrazed) or control (two or more cuts and grazed) plots. Meadow pipits Anthus
pratensis (which eat seeds and insects) did not show a preference for perennial
rye grass fields under different treatments and showed a weak preference for
other rye grasses that were only cut once. Insect-eating winter wrens Troglodytes
troglodytes preferentially foraged in all treatments except controls. Insect-eating
European robins Erithacus rubecula preferentially foraged on control plots.

(1) Buckingham, D. L., Atkinson, P. W. & Rook, A.J. (2004) Testing solutions in grass-dominated
landscapes: a review of current research. Ibis, 146, 163-170.

(2) Buckingham, D. L. & Peach, W. J. (2006) Leaving final-cut grass silage in situ overwinter as a
seed resource for declining farmland birds. Biodiversity and Conservation, 15, 3827-3845.

3) Buckingham, D. L., Atkinson, P. W., Peel, S. & Peach, W. (2010) New conservation measures for
birds on grasslands and livestock farms. BOU Proceedings - Lowland Farmland Birds III: delivering
solutions in an uncertain world. British Ornithologists Union.

125



4) Defra (2011) Grass silage as a new source of winter food for declining farmland birds. Defra,
UK.

5.51. Plant cereals for whole crop silage

e Areplicated, controlled trial in the UK (1-3) found that seed-eating birds used CBWCS
fields, especially those planted with barley, more than other crops in both summer and
winter. Insect-eating species used other crops and grassland more.

Background

Cereal-based wholecrop silage (CBWCS) is an intervention that involves growing
crops, not grass, to turn into silage. This may provide seed resources for grain-
eating farmland birds throughout the year.

A replicated, controlled trial in 2004-2006 in northwest England (1) found that
seed-eating songbirds and swallows and martins were more abundant on cereal
(wheat and barley) fields planted in livestock areas than in grass and maize fields.
In winter 2005/6, 1,390-1,564 seed-eaters were recorded on barley stubbles
compared to 48 on grass fields and 406 on maize. Large insect-eating birds
(thrushes) were far more abundant on grass fields in winter (2,272 birds in total,
compared to 28-789 on other field types. Winter wheat and spring barley were
sown in 16 trial fields, each on a separate farm in Cheshire, Staffordshire and north
Shropshire. Neighbouring maize or short-term grass silage fields were monitored
for comparison. Plants, invertebrates and birds were monitored on each field, in
summer 2005 and winter 2005/06.

A review of four experiments on the effects of agri-environment measures on
livestock farms in the UK (2) found one study of CBWCS in which winter wheat
planted for silage was avoided by seed-eating birds during winter, but used as
much as a control spring barley crop during summer. Maize planted for silage was
little used by birds in summer or winter. These results are reported in more detail
by Peach et al (2011). This study also describes the results of several other
interventions, discussed in the relevant sections.

An update of Mortimer et al. 2007 included data from winter 2004/5 (3) and found
that CBWCS fields were used significantly more by farmland birds than other crop
types. Each farm contained two CBWCS fields (autumn-sown wheat, 5.3 ha, and
spring-sown barley, 4.4 ha), one maize field (6.1 ha) and one grass field (2.1 ha).
During summer, a total of 1,535 seed-eaters and 1,901 swallows and martins were
found on barley CBWCS fields, compared with 847 and 197 for wheat CBWCS
fields; 441 and 95 for maize fields; and 41 and 480 for grass fields. Northern
lapwing Vanellus vanellus, insect-eating species, and crows did not use CBWCS
fields more than other types in summer. In winter, seed-eating species (seed-
eating songbirds, Eurasian skylark Alauda arvensis, meadow pipit Anthus
pratensis) used barley stubbles extensively, whilst insect-eating species used
other crop stubbles more. The authors argue that CBWCS (with selectively applied
herbicide, retention of over-winter stubbles and delayed harvesting) offer a
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practical conservation measure for seed-eating farmland birds. This study uses
data from Defra report number BD1448 (Defra 2007).

(1) Mortimer, S., Westbury, D., Dodd, S., Brook, A., Harris, S., Kessock-Philip, R., Chaney, K.,
Lewis, P., Buckingham, D. & Peach, W. (2007) Cereal-based whole crop silages: potential
biodiversity benefits of cereal production in pastoral landscapes. Aspects of Applied Biology, 81,
77-86.

(2) Buckingham, D. L., Atkinson, P. W, Peel, S. & Peach, W. (2010) New conservation measures for
birds on grasslands and livestock farms. BOU Proceedings - Lowland Farmland Birds III: delivering
solutions in an uncertain world. British Ornithologists Union.

3) Peach, W.]., Dodd, S., Westbury, D. B., Mortimer, S. R., Lewis, P., Brook, A.]., Harris, S.].,
Kessock-Philip, R., Buckingham, D. L. & Chaney, K. (2011) Cereal-based wholecrop silages: a
potential conservation measure for farmland birds in pastoral landscapes. Biological Conservation,
144, 836-850.

5.52. Maintain lowland heathland

e We found no intervention-based evidence on the effects of maintaining lowland heath on
bird populations.

5.53. Maintain rush pastures

e We found no intervention-based evidence on the effects of maintaining rush pastures on
bird populations.

5.54. Maintain traditional water meadows

e Areplicated study from the UK (1) found that northern lapwing and common redshank
populations increased on nature reserves managed to maintain water meadows. Two
replicated studies from the Netherlands (2,3) found that there were more waders or birds
overall on specially managed meadows or 12.5 ha plots including several management
interventions than on conventional fields, but one study (2) found that these differences
were present before the management scheme was introduced and the other (3) found
no differences between individual fields under different management.

e A replicated study from the UK (1) found that common snipe decreased on nature
reserves managed to maintain water meadows and a replicated before-and-after study
from the Netherlands (2) found that wader population trends on specially managed
meadows were no different to those on conventionally-managed meadows.

e Areplicated study from the UK (4) found that lapwing populations on three of four water
meadow sites managed for conservation did not have high enough productivity to
maintain population levels. All three sites were judged deficient in at least one
management category.

Background

Water meadows are areas of grazing land or hay meadow that have carefully
controlled water levels to keep the soil damp. In Europe they provide valuable
breeding habitats for waders and other biodiversity. The studies below describe
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instances where multiple interventions have been used to maintain meadows.
When the effects of multiple interventions, such as raising water levels and adding
foot drains, can be separated, they are discussed under the relevant interventions
in ‘Threat: Natural system modifications’. The creation of new water meadows and
the restoration of degraded ones are discussed in ‘Habitat restoration and
creation’.

Areplicated study in 19 nature reserves established across England between 1983
and 1999 (1) found that the number of northern lapwing Vanellus vanellus and
common redshank Tringa totanus on 13 nature reserves increased by 300% and
500% respectively in the first seven years following the initiation of management
aimed at wading birds. Numbers then declined but were still higher than before
the initiation of management. However, across all reserves, common snipe
Gallinago gallinago declined, largely due to population collapses on reserves with
mineral soils. Management included immediate changes to grazing (reduced
during breeding seasons and adjusted to produce a favourable sward) and
mowing (delayed until after nesting) and hydrological changes (raising water
levels, surface flooding) introduced over two or more years. This study is also
discussed in ‘Pay farmers to cover the costs of conservation measures’ and ‘Legally
protect habitats’.

A replicated, before-and-after site comparison study of 34 fields in Zeeland, the
Netherlands (2), found no conclusive evidence that meadow bird conservation
efforts resulted in higher territory numbers. Although there were significantly
more meadow birds and territories of lapwing and black-tailed godwit Limosa
limosa on fields managed for meadow bird conservation than on conventionally
farmed fields in 1995, these differences were at least partly because those
meadows in the bird agreements scheme also had higher groundwater levels.
Moreover, population trends between 1989 and 1995 were similar for fields with
and without meadow bird agreements, and the observed difference in settlement
density in 1995 was also already present in 1989. 17 pairs of fields were matched
for landscape structure and were surveyed in 1989, 1992 and 1995.

A 2006 replicated site comparison study of 42 fields in the Netherlands in 2006
(3) found that more birds bred on 12.5-ha scheme plots consisting of a mixture of
fields with postponed agricultural activities and fields with a per-clutch payment
scheme than on conventionally farmed plots. A survey of individual fields found
there was no difference in bird abundance and breeding on those fields with
postponed agricultural activities only and on conventionally farmed fields. The
number of bird species on each type of farmland also didn’t differ between agri-
environment schemes and non-agri-environment scheme plots. The agri-
environment scheme, which intended to promote the conservation of Dutch
meadow birds, prohibited changes in field drainage, pesticide application (except
for patch-wise control of problem weeds) and any agricultural activity between 1
April and early June. Additionally, farmers of surrounding fields were paid for each
meadow bird clutch laid on their land (though no agricultural restrictions were in
place on these fields). The study surveyed seven pairs of fields (one within the
agri-environment scheme, one conventionally farmed) and the 12.5-ha area
surrounding each field, from each of three different parts of the Netherlands four
times during the breeding season.
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A replicated study in 2010 on four areas of wet grassland managed for wildlife in
Kent, England (4), found that productivity of northern lapwings Vanellus vanellus
was too low to sustain populations on three of the four (i.e. below 0.7
chicks/pair/year, which is thought to be the level necessary to maintain
populations). The author identifies five management practices thought to be
important for lapwing success: grazing regime; water availability; ‘micro-
topography’ (changes in ground level to provide a range of habitats); reduced
fertiliser inputs and predator control. At least one of these was rated as ‘fair’ or
‘poor’ in all three sites with low productivity.

(1) Ausden, M. & Hirons, G. J. M. (2002) Grassland nature reserves for breeding wading birds in
England and the implications for the ESA agri-environment scheme. Biological Conservation, 106,
279-291.

) Kleijn, D. & van Zuijlen, G. J. C. (2004) The conservation effects of meadow bird agreements on
farmland in Zeeland, The Netherlands, in the period 1989-1995. Biological Conservation, 117, 443—
451.

3) Kleijn, D., Baquero, R. A, Clough, Y., Diaz, M., Esteban, J., Fernandez, F., Gabriel, D., Herzog, F.,
Holzschuh, A., Johl, R., Knop, E. Kruess, A., Marshall, E. ]. P., Steffan-Dewenter, I., Tscharntke,
T., Verhulst, J., West, T. M. & Yela J. L. (2006) Mixed biodiversity benefits of agri-environment
schemes in five European countries. Ecology Letters, 9, 243-254.

4) Merricks, P. (2010) Lapwings, farming and environmental stewardship. British Wildlife, 22, 10—
13.

5.55. Maintain upland heath/moor

o Aliterature review from the UK (1) found that agri-environment guidelines on moorland
grazing were leading to increased bird populations in one region. There were localised
problems with overgrazing, burning and scrub encroachment.

Background

Unpland heath and moorland is maintained through unenclosed upland grazing.
This intervention includes grazing on acid grassland, dry and wet upland heath.

A 2009 literature review of agri-environment schemes in England (1) found
studies that concluded that Environmentally Sensitive Area management
prescriptions were having positive effects on moorland bird populations in
Dartmoor Environmentally Sensitive Areas, UK. However, a study warned that
localised problems such as overgrazing, burning or scrub encroachment were
negatively affecting species such as tree pipit Anthus trivialis, whinchat Saxicola
rubetra and ring ouzel Turdus torquatus. This review also examines several other
interventions, discussed in the relevant sections.

(1) Natural England (2009) Agri-environment schemes in England 2009. A review of results and
effectiveness. Natural England, Peterborough.

5.56. Plant Brassica fodder crops

e We found no evidence on the effects of planting brassicas on bird populations.
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5.57. Use mixed stocking

e We found no evidence on the effects of mixed stocking on bird populations.
Background

Different livestock forage differently and so stocking multiple species in one area
may help create a more diverse habitat.

5.58. Use traditional breeds of livestock

e Areplicated controlled study in four European countries (1) found no differences in bird
abundances between areas grazed with traditional or commercial breeds of livestock.

A replicated and controlled trial in four European countries (UK, Germany, France
and Italy) from 2002-4 (1) found no differences in bird numbers between areas
grazed with traditional breeds of livestock and those grazed by commercial
breeds. Birds were counted every two weeks in early morning, from May to
October, with a 7 minute observation period and a walking transect. The
traditional breeds were Devon, German Angus and Salers, compared with
commercial Charolais x Fresian, Simmental and Charolais, in the UK, Germany and
France respectively. In Italy traditional Karst sheep were compared with
commercial Finnish Romanovs. Animals were monitored in 2002, 2003 and 2004.

(1) Wallis De Vries, M., Parkinson, A., Dulphy, J., Sayer, M. & Diana, E. (2007) Effects of livestock
breed and grazing intensity on biodiversity and production in grazing systems. 4. Effects on
animal diversity. Grass and Forage Science, 62, 185-197.

5.59. Maintain wood pasture and parkland

e We found no intervention-based evidence on the effects of maintaining wood pasture
and parkland on bird populations.

5.60. Exclude grazers from semi-natural habitats
(including woodland)

e Two replicated (one controlled) studies from the USA (3,6) found higher species
richnesses on sites with grazers excluded; a replicated and controlled study from
Argentina (10) found lower species richness in ungrazed sites and a study from the USA
(4) found no difference.

e Seven studies from the USA (three controlled, two replicated) found that overall bird
abundance, or the abundances of some species were higher in sites with grazers
excluded (1,3,5-8,11); seven studies from the USA (1,3,4,7,8,10,11) and Argentina
found that overall abundance or the abundances of some species were lower on sites
without grazers, or did not differ between treatments.
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e Three studies from the USA investigated productivity (2,7,9) and found it higher in sites
with grazers excluded. In one study (7) this difference was only found on improved, not
unimproved pastures.

Background

Whilst grazing can be used to maintain early-successional habitats (see ‘Natural
System Modifications’), this may not always be desirable. In addition, over-grazing
can be a severe problem and whilst a reduction in stocking densities (see ‘Reduce
grazing intensity’) can reduce damage, sometimes livestock need to be excluded
to allow vegetation to recover.

Excluding wild grazers and browsers is discussed in ‘Threat: Invasive alien and
other problematic species’.

A controlled study in 1981-1983 at a semi-desert grassland site in Arizona, USA
(1), found that bird communities differed between an area from which cattle had
been excluded since 1968 and one that had been continuously grazed. Total bird
numbers were higher on grazed plots than ungrazed in summer, with no
difference in winter (summer: 193 birds counted in ungrazed sites vs. 270 in
grazed; winter: 242 birds in grazed vs. 247 in ungrazed). Open-ground foraging
species were significantly more abundant in the grazed area, whilst species that
prefer grass and shrub cover were the most abundant birds in protected sites, but
absent on grazed pasture. The authors argue that the bird communities prevalent
in grazed areas were more typical of lower elevations and dry habitats, and may
be an indication of desertification of intensively grazed semi-desert and plains
grasslands.

In a 1994 site comparison study in Little Valley, Nevada, USA (2), the nesting
success rates of riparian bird species were found to be lower in an area grazed by
cattle than an adjacent area rested from grazing for 30 years (grazed area: 83% of
six above-ground nests successful and 67% of 12 ground nests predated; rested
area 36% of 14 above-ground nests successful and 43% of seven ground nests
predated). Experimental data from placing artificial nests baited with a Japanese
quail Coturnix japonica egg and one painted plasticine egg in both areas showed a
similar trend (daily survival rates of 55-95% of 120 eggs in grazed area vs. 77-
98% of 120 in rested area). The authors suggest that grazing may facilitate nesting
predation through changes in predator assemblage or increasing nest
detectability.

A replicated, controlled study in 1991-1994 in semi-arid riparian habitats in
Oregon, USA (3), found that bird species richness and relative abundance were
significantly higher on three ungrazed 1.5 ha plots, compared to three grazed 1.5
ha plots (approximately 10-12 species/plot for ungrazed plots vs. 7-10
species/plot for grazed plots). In addition, ten species associated with riparian and
wetlands habitats were found only on exclosure plots, and five species associated
with uplands habitats only on open plots. Ungrazed plots had not been grazed for
30 years, whilst grazed plots were grazed until 1990. In the final year of study,
four years after grazing had been stopped, key wet-meadow species (sora Prozana
carolina, Wilson'’s phalarope Phalaropus tricolor, green-winged teal Anas crecca,
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and gadwall A. strepera) were found on open plots. Throughout the study, sedge
cover, forb cover and foliage height diversity of herbs were greater within the
exclosure; bare ground, litter cover, shrub cover and shrub foliage height diversity
were greater on open plots.

A study from 1992-5 in New Mexico, USA (4), found no significant differences in
songbird abundance or species richness between pinyon-juniper woodland sites
that were actively grazed and sites from which livestock grazing had been
excluded for 20 years (39 species on ungrazed sites, 36 on grazed). However, the
authors argue that the slow growing woodland may not have had time to recover
over the study period. One species, the western scrub-jay Aphelocoma californica,
was more common on ungrazed sites. The authors note that over 75% of blue-gray
gnatcatcher Polioptila caerulea, solitary vireo Vireo solitarius and western tanager
Piranger ludoviciana nests were parasitised by brown-headed cowbirds Molothrus
ater, raising concern that pinyon-juniper woodland habitat close to grazed areas
could act as a population sink for songbirds due to cowbird parasitism.

A site comparison study from December-March in 1996-8 in oak savanna
in Arizona, USA (5), found that 19 seed-eating birds were 270% more abundant in
a livestock exclosure (former cattle ranch, ungrazed since 1968) than on a
‘holistically managed’ ranch, where 60 paddocks (covering 3,238 ha) were grazed
intensively on a short rotation. Twenty-four other species (predators, fruit-eaters
and insect-eaters) made up a smaller proportion of total bird abundance and did
not differ in abundance between grazed and ungrazed sites. Grasses in the
ungrazed area were significantly taller (4.4 times) and had higher basal-area
ground cover (2.5 times) and higher overall canopy (2.2 times). The study sites
were separated by a 7 km boundary fence, which was divided into 1 km sampling
transects.

A replicated study in 1994-1995 in the Mojave Desert, California, USA (6), found
that bird abundance and species richness were higher inside two 2.25 ha sites
protected from sheep grazing and off-highway vehicles (OHV) since 1978,
compared to adjacent sites that were grazed and driven over by OHVs. Significant
differences were observed for sage sparrow Amphispizia belli, Le Conte’s thrasher
Toxostoma lecontei, loggerhead shrike Lanius Iludovicianus, verdin Auriparus
flaviceps and ash-throated flycatcher Myiarchus cinerascens. The authors suggest
the increased abundance of bird species within the protected area is linked to a
greater food supply.

A small controlled study from May-July in 1992-4 in river islands in Quebec,
Canada (7), found that, in 1993, more duck nests than expected by an even
distribution were found in idle fields, from which cattle were excluded, whilst
fewer than expected were found on improved or unimproved pasture. In 1994,
unimproved pasture held more than expected as well, but improved pasture held
fewer. Nests on improved pasture had significantly lower success than those in
other habitats (15% success of 39 nests vs. 47-82% elsewhere), with 33% being
trampled. Nesting densities were no higher on idle areas than other habitat types.

A before-and-after study from 1986-1990 (8) found that more birds were
detected in an area of riparian, mesquite and Chihuahuan desert-scrub in Arizona,
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USA, after the removal of cattle and the onset of a grazing moratorium in 1988
(average of 221 birds detected /km of transect in 1990 vs. 103 birds/km for 1986).
Detections increased for 42 species, 26 significantly, and decreased for 19 species,
eight significantly. Only four species in the study showed similar trends in regional
Breeding Bird Surveys. Insectivores, granivores, midstory species, upperstory
species and riparian species were most likely to increase, and migrants tended to
show greater increases than residents. Chihuahuan desert-scrub species showed
the smallest increases and were most likely to decline, possibly because the
Chihuahuan scrub changed the least with the grazing moratorium. Surveys were
conducted three times a month, every month over the study period.

A study in May-July of 2000 and 2001 in Kaibab National Forest, Arizona, USA (9),
observed significantly higher fledging success rates of ground-nesting dark-eyed
Juncos Junco hyemalis breeding in areas not grazed by cattle (48% of 21 nests)
than in immediately adjacent, grazed areas (12% of 17 nests). The authors suggest
that reduced nest cover may expose nests to more extreme climatic conditions and
make them more conspicuous to predators.

Areplicated, controlled study from December 2002 to March 2003 in 46 sampling
transects (300 m long, 60 m wide, 1.8 ha, 2-40 km apart) across eight vegetation
units and two grazing regimes (6 transects/vegetation unit; 3/grazing regime) in
woodland, grassland and rocky habitats in the C6rdoba Mountains, Argentina (10)
found that bird species richness and abundance was significantly lower in
livestock-excluded areas. Livestock exclusion reduced bird density and species
richness across all vegetation units for all species and for endemic subspecies
alone. Similarly, species richness was higher in grazed sites than in livestock-
excluded areas for both insect-eating birds (5.0 compared to 3.8) and seed-eating
birds (1.8 compared to 1.6 species / 1.8 ha). Community composition was different
between vegetation units, but not between grazing regimes. Traditional livestock
management stocking rates ranged from 0.4 - 1.5 cattle equivalents / ha. Livestock
exclusion areas were without cattle since 1998.

A study in northern Hawaii, USA (11), found that seven species in an open koa
Acacia koa forest from which feral grazers were excluded showed long-term
population stability or growth, but only two were increasing in a closed forest with
grazers excluded. This study is discussed in ‘Threat: Invasive and other
problematic species - Reduce adverse habitat alterations by excluding problematic
species’ and ‘Habitat restoration and creation - Forest restoration’.

(1) Bock, C. E., Bock, ]. H., Kenney, W. R. & Hawthorne, V. M. (1984) Responses of birds, rodents,
and vegetation to livestock exclosure in a semidesert grassland site. Journal of Range Management,
37,239-242.

() Ammon, E. M. & Stacey, P. B. (1997) Avian nest success in relation to past grazing regimes in a
montane riparian system. The Condor, 99, 7-13.

3) Dobkin, D. S., Rich, A. C. & Pyle, W. H. (1998) Habitat and avifaunal recovery from livestock
grazing in a riparian meadow system of the northwestern Great Basin. Conservation Biology, 12,
209-221.

4) Goguen, C. B. & Mathews, N. E. (1998) Songbird Community composition and nesting success
in grazed and ungrazed pinyon-Juniper woodlands. The Journal of Wildlife Management, 62, 474—
484.
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(5) Bock, C. E. & Bock, J. H. (1999) Response of winter birds to drought and short-duration grazing
in southeastern Arizona. Conservation Biology, 13, 1117-1123.

(6) Brooks, M. (1999) Effects of protective fencing on birds, lizards, and black-tailed hares in the
western Mojave Desert. Environmental Management, 23, 387—-400.

(7) Lapointe, S., Giroux, J. F., Belanger, L. & Filion, B. (2000) Benefits of rotational grazing and dense
nesting cover for island-nesting waterfowl in southern Quebec. Agriculture, Ecosystems &
Environment, 78, 261-272.

(8) Krueper, D., Bart, J. & Rich, T. D. (2003) Response of vegetation and breeding birds to the
removal of cattle on the San Pedro River, Arizona (USA). Conservation Biology, 17, 607-615.

) Walsberg, G. E. (2005) Cattle grazing in a national forest greatly reduces nesting success in a
ground-nesting sparrow. The Condor, 107, 714-716.

(10) Garcia, C., Renison, D., Cingolani, A. M. & Fernandez-Juricic, E. (2008) Avifaunal changes as a
consequence of large-scale livestock exclusion in the mountains of Central Argentina. Journal of
Applied Ecology, 45, 351-360.

(11) Camp, R.],, Pratt, T. K,, Gorresen, P. M., Jeffrey, J. ]. & Woodworth, B. L. (2010) Population
trends of forest birds at Hakalau Forest National Wildlife Refuge, Hawai'i. The Condor, 112, 196—
212.

5.61. Protect nests from livestock to reduce trampling

e A before-and-after study from the Chatham Islands, New Zealand (1) found that the
population of Chatham Island oystercatcher increased following several interventions
including the erection of fencing around individual nests.

e A replicated, controlled study in Sweden (2) found that no southern dunlin nests were
trampled when protected by cages; some unprotected nests were destroyed.

Background

As well as altering vegetation (see previous intervention), livestock can also
reduce the breeding success of ground-nesting birds by trampling nests.

A study in the Chatham Islands from 1999 to 2005 (1) found that the number of
Chatham Island oystercatcher Haematopus chathamensis pairs in a 14 km stretch
of coastal land increased from 16 to 35 within six years, following several
interventions including erecting 10 x 10 m enclosures of 1 m high electric fencing
around individual nests to reduce disturbance and trampling by livestock. Other
interventions used are discussed in the relevant sections.

A replicated, controlled study between 1999 and 2004 on pastures in southwest
Sweden (2) found that none of 77 southern dunlin Calidris alpina schinzii nests
protected with cages were trampled by cattle, whereas 31 of 291 unprotected
nests (11%) failed because of grazing livestock. Cages were 20 cm high truncated
cones with 7.5 cm gaps between vertical bars and 4 x 4 cm steel mesh covering the
top. The effect of cages on predation of nests and adults is discussed in ‘Threat:
Invasive alien and other problematic species”.

1) Moore, P. (2005) Stock fencing and electric fence exclosures to prevent trampling of Chatham
Island oystercatcher Haematopus chathamensis eggs, Chatham Island, New Zealand. Conservation
Evidence, 2, 76-77.

2) Pauliny, A., Larsson, M. & Bloqvist, D. (2008) Nest predation management: effects on
reproductive success in endangered shorebirds. Journal of Wildlife Management, 72, 1579-1583.
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5.62. Mark fences to reduce bird collision mortality

e A randomised, replicated and controlled study from the UK (1) found that fewer birds
collided with deer fence marked with orange netting than with unmarked sections.

Background

Fences erected around young plantations (to exclude deer and other browsers) or
to delineate property can be hard to see and low-flying birds such as grouse can
be killed by flying into them. See ‘Mark power lines to reduce incidental mortality’
for similar interventions designed to reduce collision mortality with power lines.

In a randomised, replicated and controlled study at thirteen sites in the Scottish
Highlands from April 1995 to May 1997 (1), significantly fewer birds collided with
sections of deer fence marked with orange netting (0.35 collisions/km/month)
than with unmarked control sections (1.13 collisions/km/month). A total of 437
birds collided with the fences, 92% of which were gamebirds (red grouse Lagopus
lagopus scoticus accounted for 42%, black grouse Tetrao tetrix 29% and western
capercaillie Tetrao urogallus 20%). Collision rates in marked sections were 91%
lower for black grouse and 64% lower for capercallie than in control sections. A
total of 20 km of ten different fences was tested, with two 1 km stretches of each
fence being randomly assigned to treatments.

(1) Baines, D., and Andrew, M. (2003) Marking of deer fences to reduce frequency of collisions by
woodland grouse. Biological Conservation, 110, 169-176.

5.63. Create open patches or strips in permanent
grassland

e Arandomised, replicated and controlled study from the UK (1) found that more Eurasian
skylarks used fields with open strips in, but that variations in skylark numbers were too
great to draw conclusions from this finding.

Background

Open patches and strips in permanent grassland can be used, in a similar way to
skylark plots (see ‘Create skylark plots’) to provide short, open swards for ground-
nesting birds.

A randomised, replicated and controlled trial on 14 fields in southern England in
winter 1995-6 (1), found more Eurasian skylarks Alauda arvensis on seven fields
that had open strips created in them, than in seven control fields, but the variation
in numbers was so great that these differences were not significant (2-55
skylarks/km? on treated fields vs. 0 on controls). Open strips were created in a
grid pattern, 25 m apart, using a tine-cultivator in November 1995. Experimental
fields were still significantly more open in May 1996, but the swards had closed
entirely by February 1997. This study is also described in ‘Revert arable land to
permanent grassland’ and ‘Habitat restoration and creation’.
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(1) Wakeham-Dawson, A. & Aebischer, N. J. (1998) Factors determining winter densities of birds on
environmentally sensitive area arable reversion grassland in southern England, with special
reference to skylarks (Alauda arvensis). Agriculture, Ecosystems & Environment, 70, 189-201.

Perennial, non-timber crops

Agroforestry and silvopastoralism are the practices of growing crops or raising
livestock under shade trees, which can be native and remnants of cleared
vegetation, leguminous species that increase soil fertility, or fruit and other crop
trees. These practices are often traditional forms of agriculture and are still widely
practiced in many parts of the world, including much of the tropics.

Agroforestry provides a more complex habitat than many forms of farming and
has been shown to support higher levels of biodiversity than monocultures.
However, all the studies we found examined correlations between land-uses and
biodiversity patterns, rather than studying the effects of converting agricultural
land to agroforestry systems.

5.64. Maintain traditional orchards

e Two site comparison studies from the UK (1) and Switzerland (2) found that traditional
orchards did not benefit many birds. In Switzerland, one species was associated with
orchards; in the UK, the focal species was negatively related to the presence of orchards.

Background

Traditionally-managed orchards are low-intensity systems that have the potential
to provide unique habitats for wildlife and that tend to hold older and rarer
varieties of fruit. However, they are threatened in many countries, with 60% of
traditional orchards in Britain having been lost and another 30% converted to
intensive production since the 1950s. Studies investigating the impact of restoring
or creating traditional orchards are described in ‘Habitat restoration and creation’.

A 2001 paired site comparison study in south Devon (1) found that the presence
of traditional orchards was associated with reduced cirl bunting Emberiza cirlus
numbers. This effect, however, may have been at least partly because orchards
typically had few areas of spring-sown barley and scrub clearance - both practices
identified as benefiting cirl bunting. Traditional orchard management was
encouraged as a prescription within the Countryside Stewardship Scheme (CSS).
Forty-one 2x2 km? squares containing both land within the CSS and non-CSS land
were surveyed in 1992, 1998 and 1999. In each year each tetrad was surveyed for
cirl bunting at least twice, the first time during mid-April to late May, and the
second time between early June and the end of August.

A replicated site comparison (2) found that on average only 12% of traditional
orchards in Ecological Compensation Areas on the Swiss plateau were of ‘good
ecological quality’ (based on national guidelines for Ecological Compensation Area
target vegetation). Orchard Ecological Compensation Areas appeared to offer
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little benefit to orchard birds, with territories of only one species (green
woodpecker Picus viridis) found more frequently in or near Ecological
Compensation Area orchards (11 territories) than expected. Plant species and
orchard characteristics were recorded for 187 Ecological Compensation Area
orchards (total area 108 ha) between 1998 and 2001. Territories of breeding birds
were mapped in 23 study areas, based on 3 visits between mid-April and mid-June.
This study is also discussed in ‘Manage hedges to benefit wildlife (includes no
spray, gap-filling and laying)’ and ‘Maintain species-rich, semi-natural grassland’.

(1) Peach, W., Lovett, L., Wotton, S. & Jeffs, C. (2001) Countryside stewardship delivers cirl
buntings (Emberiza cirlus) in Devon, UK. Biological Conservation, 101, 361-373.

) Herzog, F., Dreier, S., Hofer, G., Marfurt, C., Schupbach, B., Spiess, M. & Walter, T. (2005) Effect
of ecological compensation areas on floristic and breeding bird diversity in Swiss agricultural
landscapes. Agriculture, Ecosystems & Environment, 108, 189-204.

5.65. Manage perrenial bioenergy crops to benefit wildlife

e We captured no evidence for the effects of managing bioenergy crops for wildlife on bird
populations.

Background

Several perennial crops are grown solely for biomass, or conversion to fuel. They
include elephant grass (Miscanthus) and willow (Salix sp.) grown as short rotation
coppice.

Aquaculture

5.66. Reduce conflict with humans to reduce persecution
Background

Predation by birds at aquaculture facilities (e.g. fish ponds, raceways and shellfish
farms) can cause significant commercial loss (Draulans 1987) and all the
interventions discussed below are designed to reduce conflict between
aquaculturists and birds, and therefore reduce persecution. With increasing
protective wildlife legislation, demand for non-lethal, environmentally safe
methods of bird exclusion and scaring have increased. Most fish farmers now rely
primarily on non-lethal techniques to accomplish control (i.e. to reduce
abundance or exclude fish-eating birds in and around the vicinity of fish farms).
Control efforts may be optimized by compiling evidence relating to deterrent or
exclusion device efficacy, taking into account costs, practicality of use and the
possibility of developing integrated strategies (i.e. combining more than one
deterrent method). Avian deterrents can be categorised as auditory, visual,
chemical, exclusion, habitat modification and lethal (Bishop et al. 2003). Lethal
deterrents are not considered here (except where, very rarely, used as part of an
integrated approach). Presented here are synopses of numerous published studies
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and reviews; it is acknowledged that much information exists as grey literature
and is not presented here.

Bishop, J., McKay, H., Parrott, D. & Allan, J. (2003) Review of international research literature regarding
the effectiveness of auditory bird scaring techniques and potential alternatives. Department for
Environment Food and Rural Affairs.

Draulans, D. (1987) The effectiveness of attempts to reduce predation by fish-eating birds: a review.
Biological Conservation, 41, 219-232.

5.67. Scare birds from fish farms

e One before-and-after study from Israel (15) found that the population of pygmy
cormorants in the area increased after birds were scared away from fish farms, possibly
due to lower persecution.

e One of two studies that examined fish stocks found that fewer fish were taken from a
farm when heron distress calls were played (2). The other study, a literature review (5),
found no evidence for the effects of scaring birds on fish stocks.

e Two replicated studies from Belgium (4) and Australia (9) found that using foot patrols to
disturb birds from fish farms did not reduce the number of birds present or fish
consumption.

e Ten of eleven studies from across the world (1,2,5,6,8,11-13,15,16), three controlled,
found evidence that playing distress calls or using other acoustic deterrents (some with
flashes of light) reduced the number of birds at fish farms, or changed bird behaviours.
One of these involved underwater broadcasting (13). One study found effects were only
temporary (16) and five (2,3,6,8,11) found that birds became habituated to noises. Four
studies (1,7,11,16), one replicated and controlled, two before-and-after, found that
acoustic deterrents were not effective in scaring birds.

e Five of seven studies (7,8,10,12,14), one controlled, found evidence that visual
deterrents (including inflatable ‘Scarey Man’ scarecrows) reduced the number of birds at
fish farms. Three found evidence for habituation to deterrents (8,10,12) and three studies
(3,5,12) found no evidence that visual deterrents were effective.

e Two studies examined other deterrents, finding that trained raptors were effective (5) but
that the effects of helicopters and ultra-light aircraft were either inconclusive or very
temporary (6).

A trial at a fish pond in western Germany in 1976 (1) found that broadcasting the
flight call of a grey heron Ardea cinerea during daylight caused herons standing
near the pond to take off and deterred flying herons from landing. However, at
dawn trials, the majority (ten of 12) of herons were not deterred from landing.
Preliminary trials had revealed that distress calls were more effective at scaring
herons than heron alarm calls, combined heron and other bird alarm calls or a
white-tailed sea eagle Haliaeetus albicilla call.

A controlled trial in northern Israel in September and October 1978 (2) found that
88% (1,122 of 1,265) of black-crowned night-herons Nycticorax nycticorax feeding
at fishpond were scared off when heron distress calls (both adult and juvenile)
were played on 12 observation nights. Over the study period there was no
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apparent habituation to the distress calls, in contrast to when recordings of a gas
gun were used, when herons became habituated after only one night (60% of birds
remained at ponds after 12 nights). Distress calls also reduced the number of
herons perched in nearby trees by approximately 50% and, despite less than 5%
of scared herons leaving the area, the scaring significantly reduced fish losses over
the study period.

Areplicated trial in the winter of 1962-3 in North Rhine-Westphalia, Germany (3),
tested the effectiveness of visual and acoustic deterrents on deterring grey herons
Ardea cinerea from fish ponds and found that a ‘Flash-Harry’ (wind-powered
rotating orange cross on a pole) had no effect, whilst birds quickly became used to
streamer bands, broadcasting of bird distress/alarm calls and scarecrows.
Shooting guns close to birds proved impractical. This study also investigated the
use of netting on ponds, discussed in ‘Use netting to reduce fish loss to birds’.

A replicated study from Limburg, Belgium, over 49 nights in 1982-3 (4), found
that using foot patrols to disturb grey herons Ardea cinerea from 12 fish ponds did
not necessarily reduce fish consumption. Low frequency disturbance (e.g. 3-5
farmer visits/night) caused a significant decrease in heron numbers but became
less effective as heron numbers increased. Reduced numbers did not necessarily
reduce fish consumption, as maximum predation occurred soon after bird arrival
and disturbance mostly discouraged only well-fed birds from returning.

A 1987 literature review (5) found that there was little evidence that scaring
devices at fish farms succeeded in increasing fish stocks/reducing losses. Devices
could be classified as visual (scarecrows, flags, reflectors, lights, model etc),
acoustic (gun shots, firecrackers and gas cannons) or biological (recordings of
distress calls etc). Black-crowned night herons Nycticorax nycticorax were
deterred by distress calls but only close to the speaker and no data are presented
to support any positive effects on fish stocks. The use of dead birds, model
predators and dogs is reported by several authors as almost completely
ineffectual. Trained raptors seemed effective but expensive.

A series of experiments in Flevoland, the Netherlands, in 1981-3 (6) found that
pistol-fired flash cartridges (detonation after a light flash, or a flash only)
appeared the most effective method of deterring great cormorants Phalacrocorax
carbo from ponds and scared most birds away (although some alighted on nearby
ponds). Gas cannons (producing a bang at regular or irregular intervals) had little
effect as birds soon habituated to the noise; an overflying helicopter scared
cormorants from ponds but they soon returned (on the day following the 2-day
trial large numbers were present). An ultra-light aircraft proved inconclusive.

A before-and-after trial at 25 fish ponds in a catfish farm over 45 days in February
and March 1992 in the Mississippi delta region, USA (7), found that using a ‘Scarey
Man’ resulted in a rapid decrease in double-crested cormorant Phalacrocorax
auritus numbers (320 birds/patrol before treatment vs. 8/patrol for the first
seven days after erection and 16/patrol for the whole 46 day experiment).
Clothing the devices to resemble marksmen, replacing them with actual
marksmen and using propane gas exploders (at up to six Scarey Man positions for
23 days) did not further reduce cormorant numbers.

139



A 1995 review assessed effectiveness of techniques used to prevent double-
crested cormorant Phalacrocorax auritus predation at aquaculture facilities in the
Mississippi delta region, USA (8), and concluded that there was little good
evidence for what worked and what did not. Pyrotechnics, human effigies, gas
cannons, and live ammunition have been used with varying degrees of success in
frightening cormorants, but the authors warn that birds can become habituated to
them.

Areplicated trial in New South Wales, Australia (9), found that hanging gill nets in
fish ponds and using harassment patrols to deter cormorants Phalacrocorax spp.
from fish farms was not effective. This study is discussed in ‘Use in-water devices
to reduce fish loss from ponds’.

A replicated, controlled, paired sites study in winter-spring 1991 at four pairs of
catfish farms in the Mississippi delta region, USA (10), found a 71-99% reduction
in double-crested cormorant Phalacrocorax auritus numbers following the
deployment of six ‘Scarey Man’ devices for 10-19 days. However, signs of
habituation became apparent (reduced flush success) within the trial period at
three sites.

A before-and-study in May-June 1993 at a trout-rearing farm in Colorado, USA
(11), found a 48% reduction in black-crowned night heron Nycticorax nycticorax
numbers following the broadcasting heron alarm/distress calls for 11 days (pre-
treatment average 77 birds; treatment 40; post-treatment 69). However, numbers
and the proportion remaining increased from nights over the treatment phase,
indicating habituation. Great blue heron Ardea herodias numbers were unaffected
(pre-treatment 15; treatment 13; post-treatment 16. Herons were counted during
six pre-treatment (12-13 to 18-19 May 1993), five treatment (21-22 May to 31
May-1 June 1993), and five post-treatment (1-2 to 11-12 June 1993) nights. Calls
were broadcast through each night of the 11 day treatment period: 15-sec
sequences of night heron calls followed by 14 min without calls, then a similar
sequence of great blue heron calls.

A series of before-and-after trials in trout farms in Colorado, USA, in 1990-2 (12),
found that pyrotechnics were effective at decreasing the number of black-crowned
night-herons Nycticorax nycticorax and great blue herons Ardea herodia at farms.
Firing pyrotechnics for 14 consecutive nights was more successful than doing so
for seven nights. Frightening every fifth night was unsuccessful. Rotating lights did
not reduce the number of attempted or successful fish captures. ‘Scarey Man’
reduced heron numbers during the first four nights but numbers of both species
subsequently increased substantially to night 18, indicating habituation.

A controlled, replicated before-and-after experiment in January-April and October
1998, and March 1999, in Argyll, Scotland (13), found that an underwater
playback system (UPS) was effective in deterring common eider Somateria
mollissima from feeding on mussels Mytilus edulis at farms on two sea lochs (47-
80% fewer birds feeding after use of the UPS; 2-37 birds feeding before use).
Underwater recordings of an approaching ‘scare boat’ (scaring by boat being a
conventional deterrent method) were played via an underwater loudspeaker, and
also a ‘control’ i.e. playback of an unassociated sound. Average return time of
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eiders after chasing by boat also increased significantly, suggesting that
effectiveness was strengthened by UPS.

Replicated ex situ experiments in Ohio, USA (14), found that p10mW, 633nm laser
did not repel brown-headed cowbirds Molothrus ater or European starlings
Sturnus vulgaris from a perch over three trials with stationary and moving laser
beams treating a randomly selected perch. Effectiveness of a 68mW, 650nm laser
in dispersing starlings and rock doves Columba livia from perches, and Canada
geese Branta canadensis and mallard Anas platyrhynchos from grass plots was also
tested. Starlings did not disperse when targeted with the beam, doves dispersed
only in the first 5 min of six 80 min treatment periods. An average, 96% of
individual geese in six groups of four birds, dispersed from laser-treated plots
during 20-min periods (23 replicates). Mallard dispersed (average 57% of
individuals) during 20-min treatment periods, but habituated to the beam after
about 20 min.

A before-and-after study in northern Israel (15) found that pygmy cormorants
Phalacrocorax pygmeus relocated away from colonies near fish farms during 1999—
2002, following the use of gas cannons and pyrotechnics to scare birds before the
start of nesting in winters between 1999-2000 and 2002-3. Between 1998 and
2004, the overall number of cormorant nests in the area increased from 60 to
approximately 110 (reaching a high of approximately 155 in 2001), possibly due
to greater reproductive success with lower levels of persecution following
relocation.

At four sites around Lake Como, Italy, a controlled replicated experiment (16)
found that none of three deterrents (gas cannon detonations, fire crackers and
shooting near birds) were effective or practical in deterring great crested grebes
Podiceps cristatus from areas with commercially important common bleak
Alburnus alburnus shoals. Grebe behavioural response was recorded during 3-h
observation periods when deterrents were or were not, in use. Cannons had little
effect. Crackers and shooting caused significant behavioural changes (less time
feeding, resting and preening, and more time swimming) compared to control
periods, but grebe numbers were only temporarily reduced in the vicinity.

(1) Von R. Behlert, H. (1977) Phonoakustische methode zur vergramung von Graureihern (Ardea
cinerea) in Fischzuchtanlagen. Zeitschrift fiir Jagdwissenschaft, 23, 144-152.

2) Spanier, E. (1980) The use of distress calls to repel night herons (Nycticorax nycticorax) from fish
ponds. Journal of Applied Ecology, 287-294.

3) Ueckermann, E., Spittler, H. & Graumann, F. (1981) Technische Mafinahmen zur Abwehr des
Graureihers (Ardea cinerea) von Fischteichen und Fischzuchtanlagen. Zeitschrift fiir
Jagdwissenschaft, 27, 271-282.

4) Draulans, D. & Van Vessem, J. (1985) The effect of disturbance on nocturnal abundance and
behaviour of grey herons (Ardea cinerea) at a fish-farm in winter. Journal of Applied Ecology, 22,
19-27.

(5) Draulans, D. (1987) The effectiveness of attempts to reduce predation by fish-eating birds: a
review. Biological Conservation, 41, 219-232.

(6) Moerbeek, D. J., Van Dobben, W. H., Osieck, E. R., Boere, G. C. & Bungenberg de Jong, C. M.
(1987) Cormorant damage prevention at a fish farm in the Netherlands. Biological Conservation,
39, 23-38.
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(7) Stickley Jr, A. R. & King, J. O. (1993) Long-term trial of an inflatable effigy scare device or
repelling cormorants from catfish ponds. 89-92 Proceedings of the Eastern Wildlife Damage Control
Conference, 6, 89-92.

(8) Mott, D. F. & Boyd, F. L. (1995) A review of techniques for preventing cormorant depredations
at aquaculture facilities in the southeastern United States. Colonial Waterbirds, 18, 176-180.

) Rowland, S.J. (1995) Predation of Bidyanus bidyanus (Teraponidae) in ponds by cormorants. The
Progressive Fish-Culturist, 57, 248-249.

(10) Stickley, A. R., Mott, D. F. & King, J. O. (1995) Short-term effects of an inflatable effigy on
cormorants at catfish farms. Wildlife Society Bulletin, 23, 73-77.

(11)  Andelt, W. F. & Hopper, S. N. (1996) Effectiveness of alarm—distress calls for frightening herons
from a fish rearing facility. The Progressive fish-culturist, 58, 258-262.

(12) Andelt, W. F., Woolley, T. P. & Hopper, S. N. (1997) Effectiveness of barriers, pyrotechnics,
flashing lights, and Scarey Man® for deterring heron predation on fish. Wildlife Society Bulletin,
25, 686—694.

(13) Ross, B. P., Lien, J. & Furness, R. W. (2001) Use of underwater playback to reduce the impact of
eiders on mussel farms. ICES Journal of Marine Science: Journal du Conseil, 58, 517.

(14) Blackwell, B. F., Bernhardt, G. E. & Dolbeer, R. A. (2002) Lasers as nonlethal avian repellents. The
Journal of Wildlife Management, 66, 250-258.

(15)  Nemtzov, S. C. (2005) Relocation of pygmy cormorants Phalacrocorax pygmeus using scare tactics
to reduce conflict with fish farmers in the Bet She’an Valley, Israel. Conservation Evidence, 2, 3-5.

(16) Gagliardi, A., Martinoli, A., Preatoni, D., Wauters, L. A. & Tosi, G. (2006) Behavioral responses
of wintering great crested grebes to dissuasion experiments: Implications for management.
Waterbirds, 29, 105-114.

5.68. Disturb birds at roosts

e One controlled study from the USA (2) investigated the effects of harassment on fish
predation, and found there were fewer double-crested cormorants Phalacrocorax auritus
on, and fewer fish were taken from, fish ponds near roosts which were harassed,
compared with undisturbed roosts.

e Areview (1) found that there was a reduction in the number of cormorants foraging near
roosts after night-time disturbance. Four studies, two replicated, from the USA and Israel
(2-5), found that cormorants moved away from roosts where they were disturbed at
night. One study (4) found that this effect was only temporary.

A 1995 review assessed effectiveness of techniques used to prevent double-
crested cormorant Phalacrocorax auritus predation at aquaculture facilities in the
Mississippi delta region, USA (1), and concluded that disturbing birds at their
roosts was more effective than scaring birds from fish farms during the day, with
one study finding a 75-90% reduction in cormorant numbers foraging in the area
after disturbance.

A controlled experiment over three winters in the vicinity of channel catfish
Ictalurus punctatus rearing ponds in the Mississippi delta region, USA (2), found
that the number of double-crested cormorants Phalacrocorax auritus on or near
fish ponds was reduced by approximately 70% following a winter of extensive
harassment at roosts. Catfish farmers within an area of intensive roost harassment
also reported a reduction in fish predation by cormorants. Significantly fewer
cormorants used intensely harassed night roosts than less intensely harassed or
roosts that were not harassed. Pyrotechnics (designed to scare birds) were fired
at roosting cormorants and those flying towards the roost during the two hours
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before sunset. Cormorants were counted on or near ponds and comparisons made
between intensely harassed, less intensely harassed and non-harassed roost sites.

Replicated before-and-after trials in January-March 2003 at double-crested
cormorant Phalacrocorax auritus night roosts (with 2,500 to 34,000 individuals)
near catfish farms in Mississippi and Alabama, USA (3), found that hand-held
lasers reduced cormorant numbers by 94% to 100%. The time required to achieve
success varied (the most effective was 16 min to achieve 100% success at one
roost; the least effective 113 min to achieve 94% success at another), but
cormorants typically abandoned roosts after three nights of harassment. Six trials
(at six sites) were conducted using a Desman™ Laser and five using a Laser
Dissuader™. From sunset to 1 hour after sunset (on one to three consecutive
evenings), a laser beam was directed at roosting cormorants, from 100-1,000 m
distant. Birds were counted before and after treatment. (Note: Laboratory trials
found no ocular damage to cormorants exposed to the Desman Laser at distances
to the minimum of 1 m tested).

A replicated, controlled study in 1997 near channel catfish Ictalurus punctatus
ponds in the Mississippi delta, USA (4), found that harassed double-crested
cormorants Phalacrocorax auritus flew farther to their next roost than birds not
harassed the previous night. Only 11% of harassed birds returned to the same
roost within 48 hours, compared with 81% return to non-harassed roosts.
Harassment shifted birds away from areas of catfish farm concentrations, but
effects were temporary. Farmers undertook co-ordinated night-roost harassment
patrols and prior to patrols, 50 cormorants were radio-tagged and their
movements monitored from January through March 1997.

A before-and-after study in Bet She’an Valley, Israel (5), found that pygmy
cormorants Phalacrocorax pygmeus relocated away from fish farms and bred
successfully in nearby wetlands after harassment at all roosting sites in the valley
using gas cannons and pyrotechnics in the winters of 1999/2000 and 2000/01.
Between 1998 and 2004, number of cormorant nests in the area increased from
60 to 110 (peaking at around 155 in 2001).

(1) Mott, D. F. & Boyd, F. L. (1995) A review of techniques for preventing cormorant depredations
at aquaculture facilities in the southeastern United States. Colonial Waterbirds, 18, 176-180.

(2) Mott, D. F., Glahn, J. F., Smith, P. L., Reinhold, D. S., Bruce, K. J. & Sloan, C. A. (1998) An
evaluation of winter roost harassment for dispersing double-crested cormorants away from
catfish production areas in Mississippi. Wildlife Society Bulletin, 26, 584-591.

3) Glahn, J. F,, Ellis, G., Fioranelli, P. & Dorr, B. S. (2000) Evaluation of moderate and low-powered
lasers for dispersing double-crested cormorants from their night roosts. Wildlife Damage
Management Conferences—Proceedings, 11, 89-92.

4) Tobin, M. E., King, D. T, Dorr, B. S., Werner, S. J. & Reinhold, D. S. (2002) Effect of roost
harassment on cormorant movements and roosting in the delta region of Mississippi. Waterbirds,
25, 44-51.

) Nemtzov, S. C. (2005) Relocation of pygmy cormorants Phalacrocorax pygmeus using scare tactics
to reduce conflict with fish farmers in the Bet She’an Valley, Israel. Conservation Evidence, 2, 3-5.
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5.69. Use electric fencing to exclude fish-eating birds

e Two before-and-after studies from the USA (1, 2) found that electric fencing reduced the
use of fish ponds by great blue herons Ardea herodias and great egrets Casmerodius
albus.

Before-and-after trials in Mississippi, USA (1), found that a two-strand electric
fence reduced pond use by great blue herons Ardea herodias and great egrets
Casmerodius albus by 91%. Five ponds (0.3-2.2 ha in area) containing channel
catfish Ictalurus punctatus were tested.

A before-and-after trial in August-November 1996 in Pennsylvania, USA (2), found
that electric fencing was fairly effective in deterring great blue herons Ardea
herodias from raceways (long, 3-6 m wide fish ponds) at two trout hatcheries
(declines from 6-14 birds/h/day and 76-159/h/day to <3 and <58 after electric
fencing was erected). Fences comprised two strands of polyethylene tape (1.6 cm
wide, 15-30 cm apart). Herons were counted (4 counts/week before and after
installation; additional counts to 62 days after installation). Reductions in fish
predation were not assessed.

(1) Mott, D. E. & Flynt, R. D. (1995) Evaluation of an electric fence system for excluding wading
birds at catfish ponds. The Progressive Fish-Culturist, 57, 88-90.

) Tobin, M. E., Glahn, ]. F. & Rasmussen, E. S. (1997) Electric fencing reduces heron predation at
northeastern trout hatcheries. Proceedings of the Eighth Eastern Wildlife Damage Management
Conference (1997), 8, 16-19.

5.70. Use netting to exclude fish-eating birds

e Two replicated studies from Germany (1) and the USA (5) found that netting or closely-
spaced string barriers reduced losses of fish or deterred fish-eating birds from fish ponds.
A review (3) concluded that excluding birds was an effective way to reduce damage.

o A series of tests in the Netherlands (2) found that netting or nylon lines over ponds did
not prevent birds from landing, but did alter behaviour, whilst a before-and-after study
from the USA (4) found that fewer great blue herons Ardea Herodias landed at fish ponds
with netting, but that they stayed longer.

e Two replicated studies from Germany (1) and Israel (6) found that some birds became
entangled in netting or closely-spaced string barriers over fish ponds. The Israeli study
found that dark, small meshed netting entangled fewer birds than other netting types.

Areplicated trial in the winter of 1962-3 in North Rhine-Westphalia, Germany (1),
found that using string barriers and netting were effective at deterring grey
herons Ardea cinerea from fish farms, if strings were 30 cm apart (larger distances
being significantly less effective), but that occasional fatalities (entanglement)
occurred. String barriers were ropes laid parallel across the water, 0.3 to 2 m
apart; netting had 10 cm mesh size; and stumble ropes were also tested. This study
also investigated the effects of scaring birds from fish farms, discussed in ‘Scare
birds from fish farms’.
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A series of experiments in Flevoland, the Netherlands, in 1981-3 (2) found that
nylon lines and ropes did not prevent cormorants from landing on fish ponds, but
did change behaviour (from quick incursions by many birds to smaller numbers
staying in ponds for longer). Effects on fish stocks are not reported. In 1981 nylon
lines (forming 20 x 20 m squares) were placed over a 5 ha pond; in winter 1981-
1982, 10 x 10 m squares were tested, and four ponds fitted with 20 x 20 m squares,
with an irregular pattern over another; in 1983 over a 5 ha pond, ropes were
stretched downwards from 10 m towers in the pond centre to the sides, with
spacing between lines of 14-15 m). The effect of scaring birds from fish ponds is
discussed in ‘Scare birds from fish farms’.

A 1995 review assessed effectiveness of techniques used to prevent double-
crested cormorant Phalacrocorax auritus predation at aquaculture facilities in the
Mississippi delta region, USA (3), and concluded that excluding birds using netting
or wires was an effective way to reduce damage.

A before-and-after trial in trout farms in Colorado, USA, in 1990-2 (4), found that
7 cm nylon netting significantly reduced great blue heron Ardea Herodias numbers
next to ponds, but they stayed longer to capture fish after netting installation.
Netting was 2.3 m long, 0.5 m high and slanted toward the water. The effects of
various scaring devices is discussed in ‘Scare birds from fish farms’.

A controlled, replicated experiment in 1995-6 at 18 ponds in seven aquaculture
facilities in Florida, USA (5), found that fish losses from ponds covered in netting
were significantly lower (11%) than for uncovered ponds (38%). Main species
predating fish were snowy egret Egretta thula, green-backed heron Butorides
striatus, tricolored heron E. tricolor and little blue heron E. caerulea.

Areplicated study in 2000-1 at 101 fish ponds, covered in 20 net types, in two fish
farms in Israel (6) found that few or no dead birds were found in small mesh sizes
with thick or dark-coloured netting. However, the largest numbers of entangled
(dead) birds were found in two, thin monofilament net types, even though they
had small mesh sizes (35 birds equivalent to 34/ha and 30 birds, equivalent to
25/ha). Ponds with slack, horizontal nets also had fewer dead birds, probably
because they were more visible (flapping in the wind) than tight-strung nets.
Entrapment within some ponds was attributed to poor net maintenance (e.g.
holes/tears). A total of 327 dead (entangled) and 4,575 live birds (under nets) of
31 species were recorded.

(@) Ueckermann, E., Spittler, H. & Graumann, F. (1981) Technische Mafinahmen zur Abwehr des
Graureihers (Ardea cinerea) von Fischteichen und Fischzuchtanlagen. Zeitschrift fiir
Jagdwissenschaft, 27, 271-282.

(2) Moerbeek, D. J., Van Dobben, W. H., Osieck, E. R., Boere, G. C. & Bungenberg de Jong, C. M.
(1987) Cormorant damage prevention at a fish farm in the Netherlands. Biological Conservation,
39, 23-38.

(3) Mott, D. F. & Boyd, F. L. (1995) A review of techniques for preventing cormorant depredations
at aquaculture facilities in the southeastern United States. Colonial Waterbirds, 18, 176-180.

4) Andelt, W. F., Woolley, T. P. & Hopper, S. N. (1997) Effectiveness of barriers, pyrotechnics,
flashing lights, and Scarey Man® for deterring heron predation on fish. Wildlife Society Bulletin,
25, 686—694.
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(5) Avery, M. L., Eiselman, D. S., Young, M. K., Humphrey, J. S. & Decker, D. G. (1999) Wading bird
predation at tropical aquaculture facilities in central Florida. North American Journal of
aquaculture, 61, 64-69.

(6) Nemtzov, S. C. & Olsvig-Whittaker, L. (2003) The use of netting over fishponds as a hazard to
waterbirds. Waterbirds, 26, 416-423.

5.71. Disturb birds using foot patrols

e Two replicated studies from Belgium (1) and Australia (2) found that using foot patrols to
disturb birds from fish farms did not reduce the number of birds present or fish
consumption.

A replicated study from Limburg, Belgium, over 49 nights in 1982-3 (1), found
that using foot patrols to disturb grey herons Ardea cinerea from 12 fish ponds did
not necessarily reduce fish consumption. Low frequency disturbance (e.g. 3-5
farmer visits/night) caused a significant decrease in heron numbers but became
less effective as heron numbers increased. Reduced numbers did not necessarily
reduce fish consumption, as maximum predation occurred soon after bird arrival
and disturbance mostly discouraged only well-fed birds from returning.

Areplicated trial in New South Wales, Australia (2), found that hanging gill nets in
fish ponds and using harassment patrols to deter cormorants Phalacrocorax spp.
from fish farms was not effective. This study is discussed in ‘Use in-water devices
to reduce fish loss from ponds’.

1) Draulans, D. & Van Vessem, J. (1985) The effect of disturbance on nocturnal abundance and
behaviour of grey herons (Ardea cinerea) at a fish-farm in winter. Journal of Applied Ecology, 22,
19-27.

() Rowland, S.J. (1995) Predation of Bidyanus bidyanus (Teraponidae) in ponds by cormorants. The
Progressive Fish-Culturist, 57, 248-249.

5.72. Use ‘mussel socks’ to prevent birds from attacking
shellfish

e Arandomised, replicated controlled experiment in Canada (1) found that fewer medium-
sized mussels were taken from mussel socks with a protective ‘sleeve’, compared to un-
sleeved socks. There were no differences for small or large mussels.

Background

‘Mussel socks’ are protective netting materials designed to reduce predation by
birds on shellfish. The socks are made from polypropylene material with a
biodegradable layer sown around it. The second layer (which has smaller mesh
openings) prevents mussels from migrating towards the outside of the sock in
order to filter feed and so reduces the threat from predation. The mussels are
buffered between these layers over winter until the following spring when the
protective layer decomposes and allows mussel growth to continue unhindered.

A randomised, replicated controlled experiment in October 2002 in three bays on
Prince Edward Island, Canada (1), found that mussel socks with a ‘sleeve’ of a
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biodegradable cotton-polyester mesh lost fewer medium-sized (20 mm) mussels
to greater scaup Aythya marila predation than un-sleeved socks. Losses were
similar for small (14 mm) and large (26 mm) mussels, but more small mussels
migrated through sleeved socks (thus more vulnerable to predation).

(1) Dionne, M., Lauzon-Guay, J. S., Hamilton, D. J. & Barbeau, M. A. (2006) Protective socking
material for cultivated mussels: a potential non-disruptive deterrent to reduce losses to diving
ducks. Aquaculture International, 14, 595-613.

5.73. Translocate birds away from fish farms

e A study from the USA cited in a review (1) found that translocating birds away from a
fish farm appeared to reduce the number of birds at the farm. A study from Belgium (2)
found that translocating herons did not seem to be an effective way to reduce bird
numbers at fish farms.

Background

Studies detailing the effects of translocating birds (for many reasons) are
discussed in a separate chapter. The two studies described below specifically deal
with catching and releasing birds away from fish farms.

A study cited in (1), effectively reduced a population of green herons Butorides
virescens feeding at a fish hatchery in USA, by catching and releasing them 40 km
away. No details are given regards the time period over which the reduced
population level was maintained or the effort needed to catch the birds. The effects
on fish farm productivity were not measured.

A study in Belgium found that capturing grey herons Ardea cinerea (using clap
nets) at a fish farm and releasing them at various distances away (2) did not
appear to reduce heron abundance. Catching herons was very time-consuming (a
maximum of four, but usually 1-2 caught each day). Some birds released 30 to 80
km returned within a month; one released 150 km away reappeared the following
winter. Numbers relocated were too low to reduce heron abundance and
relocation was considered ineffective.

(1) Mott, D. F. (1978) Control of wading bird predation at fish-rearing facilities. 131-132 in: A
Sprunt 1V, J.C. Ogden, S. Winckler (eds) Wading Birds. National Audubon Society, New York, NY
Aududon Society, New York.

(2) Van Vessem, ]., Draulans, D. & De Bont, A. F. (1985) The effects of killing and removal on the
abundance of grey herons at fish farms. 337-343 Proceedings of the XVIIth Congress of the
International Union of Game Biologists Brussels, Belgium.

5.74. Increase water turbidity to reduce fish predation by
birds

e Arandomised trial in France (1) found that little egret Egretta garzetta foraging efficiency
was lower in turbid water than clear.

Background
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Birds are visual predators and rely on detecting prey within the water in order to
hunt. By obscuring predators’ search images overall predation rates might
decrease and reduce bird-human conflict in aquaculture operations.

A randomised trial in southern France found that little egret Egretta garzetta
foraging efficiency (capture rate) declined significantly in turbid water, under
captive conditions (1). A 3 x 6 m pool (water depth 10 cm) was used. Nine adult
egrets either foraged alone or in threes. Three trials were undertaken using clear
or turbid water, with three densities of prey i.e. mosquito fish Gambusia affinis (1,
2, and 4/m?). Treatment order was randomised and trials lasted 5 min. Turbid
water was created by adding clay (Secchi disc lost from view at 10 cm depth).

(1) Cezilly, F. (1992) Turbidity as an ecological solution to reduce the impact of fish-eating colonial
waterbirds on fish farms. Colonial Waterbirds, 15, 249-252.

5.75. Provide refuges for fish within ponds

e A controlled cross-over trial in the UK (1) found that great cormorant Phalacrocorax
carbo foraging success was lower in a pond with artificial refuges, compared to a control
pond.

In Berkshire, England, a controlled cross-over trial (in the winters of 2003 and
2004) found that great cormorant Phalacrocorax carbo foraging success was
lower in a pond with artificial refuges, compared to a control pond (on average,
67% less fish weight consumed/cormorant visit); fish loss was significantly lower
(79% less fish weight lost); and there were 77% fewer cormorant visits. Two
adjacent ponds (45.0 x 27.2 m; 1.35 m depth) were used, with provided in one
pond each year. Refuges were 12 mesh covered cages (2 x 2 x 1.2 m high) in two
blocks of six, with shade cloth and containing 4-6 tree saplings to provide cover.
At commencement of each trial, ponds were similarly stocked with freshwater
fish. Fish weight was recorded at the beginning and end of each trial.

(1) Russell, I., Parrott, D., Ives, M., Goldsmith, D., Fox, S., Clifton-Dey, D., Prickett, A. & Drew, T.
(2008) Reducing fish losses to cormorants using artificial fish refuges: an experimental study.
Fisheries Management and Ecology, 15, 189-198.

5.76. Use in-water devices to reduce fish loss from ponds

e A before-and-after study from the USA (1) found a 95% reduction in the number of
double-crested cormorant Phalacrocorax auritus at two ponds in a fish farm following the
installation of underwater ropes.

e Areplicated study at a fish farm in Australia (2) found that hanging gill nets in ponds did
not decrease the number of cormorants swimming in ponds.

Background

Cormorants Phalacrocorax spp. hunt by pursuing fish underwater. Putting nets or
other obstacles underwater may reduce hunting effectiveness and so reduce
aquaculture losses.
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A before-and-after study at a channel catfish Ictalurus punctatus farm in
Mississippi, USA, in January-April 1992 (1) found a 95% reduction in double-
crested cormorant Phalacrocorax auritus on two ponds following the installation
of parallel lengths of 9.5 mm yellow polyethylene rope with foam floats, 6.1 m
apart (0.8-2.2 birds/min/day before installation vs. 0.03-0.08 afterwards).
Eleven helium balloons also appeared useful in frightening cormorants habituated
to ropes. During the week prior to addition 0.29 cormorants/min/day entered,
whereas in the week after 0.02 entered. A 4.6 ha pond was monitored for 1,019
minutes before rope installation and 2,418 minutes after.

A replicated study at four silver perch Bidyanus bidyanus rearing ponds in New
South Wales, Australia, found that hanging of gill nets and harassment patrols
proved ineffective in deterring cormorants (great Phalacrocorax carbo, little black
P. sulcirostris and little pied P. melanoleucos) from fishing in the ponds (2). Gill nets
(large diameter mesh enabling young fish to swim through) were hung vertically
in the water and harassment patrols (people walking around the ponds) were
undertaken. Three ponds of 0.1 ha were stocked with fry (50,000-60,000 fish/ha)
and one of 0.3 ha stocked with fingerlings (8,000/ha). Survival rates of fry in the
three smaller ponds was 0.3%, 0.8% and 3.5% (average 1.5%), and survival of
fingerlings 0.9%.

(1) Mott, D. F., Flynt, R. D. & King, J. O. (1993) An evaluation of floating ropes for reducing
cormorant damage at catfish ponds. 24 Sixth Eastern Wildlife Damage Control Conference), 6, 93-97.

) Rowland, S. J. (1995) Predation of Bidyanus bidyanus (Teraponidae) in ponds by cormorants. The
Progressive Fish-Culturist, 57, 248-249.

5.77. Spray water to deter birds from ponds

o Areplicated study from Sweden (1) found that a rotating water spray deterred birds from
fish ponds, but that birds often became used to the spray.

A replicated study from Alvkarleby municipality, Sweden (1), found that a rotator
device for protecting small, circular fish ponds from gulls and terns deterred birds.
Increased water pressure and intermittent spraying (instead of continuous)
increased effectiveness but birds often became accustomed to the spray.

(1) Svensson, K. M. (1976) Rotator for protecting circular fish ponds against predatory birds. The
Progressive Fish-Culturist, 38, 152-154.

5.78. Deter birds from landing on shellfish culture gear
Background
Oyster bags are mesh bags, attached to floats and anchored on the seabed into
which young ‘seed’ oysters are placed. They then grow and are harvested when

large enough. Oyster cages are similar, but are made of rigid wire mesh.

5.78.1. Use spikes on oyster cages
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e A replicated and controlled study from Canada (1) found that significantly fewer birds
landed on oyster cages with spikes attached, compared to control cages.

A replicated and controlled experiment in summer and autumn 2006 and 2007 in
oyster Crassostrea virginica farms off the coast of New Brunswick, Canada (1),
found that ‘AntiCormo’ devices (spikes attached to oyster cage floats) significantly
reduced the number of birds roosting on oyster cages (0-1.3 birds/100 cages at
one site with AnitCormo cages; 0-42 birds at a second vs. 100-499 birds/100
cages at a control farm). Five species were seen on oyster cages (double-crested
cormorants Phalacrocorax auritus, herring gull Larus argentatus, great black-
backed gull L. marinus, common tern Sterna hirundo and great blue heron Ardea
herodias).

(1) Comeau, L. A., St-Onge, P., Pernet, F. & Lanteigne, L. (2009) Deterring coastal birds from

roosting on oyster culture gear in eastern New Brunswick, Canada. Aquacultural Engineering, 40,
87-94.

5.78.2. Suspend oyster bags under water

e A replicated and controlled study from Canada (1) found that significantly fewer birds
roosted on oyster bags suspended 6 cm below the water, compared with non-submerged
bags. Birds roosted on bags suspended 3 cm below the water as frequently as control
bags.

A replicated and controlled experiment in summer and autumn 2006 and 2007 in
oyster Crassostrea virginica farms off the coast of New Brunswick, Canada (1),
found that suspending oyster bags 6 cm under the water significantly reduced the
number of birds roosting on them (1 bird/100 bags on submerged bags vs. 37 on
controls). However, suspending bags 3 cm below the water did not significantly
reduce the number of birds roosting (15 birds roosting/100 bags).

(@) Comeau, L. A,, St-Onge, P., Pernet, F. & Lanteigne, L. (2009) Deterring coastal birds from

roosting on oyster culture gear in eastern New Brunswick, Canada. Aquacultural Engineering, 40,
87-94.
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6. Threat: Energy Production and mining

Mining can have immense impacts on natural environments through the
destruction and pollution of habitats. For example, coal mining in the eastern USA
has been implicated in the catastrophic decline of cerulean warbler Dendroica
cerulea in the past 40 years (Weakland & Wood 2005). Similarly, energy
production, both renewable and non-renewable can impact on bird populations,
again through pollution, but also through direct collisions with wind farms. Most
of the interventions in response to these threats are discussed elsewhere, in
‘Threat: Pollution’ and ‘Habitat restoration and creation’.

Weakland, C. A. & Wood, P. B. (2005) Cerulean Warbler Dendroica cerulea microhabitat and landscape-
level habitat characteristics in southern West Virginia. Auk, 122, 497-508.

Key messages

Paint wind turbines to increase their visibility

A single, controlled ex situ experiment found that thick black stripes running across a
wind turbine’s blades made them more conspicuous to an American kestrel Falco
sparverius than control (unpatterned) blades. Other designs were less visible or
indistinguishable from controls.

6.1. Paint wind turbines to increase their visibility

e A single ex situ experiment (1) found that thick black stripes running across a wind
turbine’s blades made them more conspicuous to an American kestrel than control
(unpatterned) blades, but that other designs were less visible, or indistinguishable from
controls.

Background

Wind turbines can have a detrimental impact on birds both through direct
collisions with the blades or because the vortices created force birds to the ground.
Direct collisions may be reduced if birds can clearly see and avoid blades.

A randomised, controlled ex situ experiment on an American kestrel Falco
sparverius (1) found that it could discriminate between a control stimulus and an
image of rotating wind turbine blades better if the blades were painted with two
thick black bands running across the width of the blade (a visibility ratio of 2.4 in
bright light, decreasing to 1.5 in low light, no difference in very low light). Blades
with narrow black bands running across the width of the blade were less
conspicuous in bright light (ratio of 0.1) and were indistinguishable in low light. A
pattern of three stripes running the length of the blade were not significantly more
or less conspicuous than plain white blades. Both the control (grey blade rotating
in front of a grey background) and experimental stimuli rotated at 30 rpm.

1) Mclsaac, H. P. (2001) Raptor acuity and wind turbine blade conspicuity. Proceedings of National
Avian-Wind Power Planning Meeting IV, 59-87.
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7. Threat: Transportation and Service Corridors

Key messages

Mow roadside verges

A single replicated, controlled trial in the USA found that mowed roadside verges
were less attractive to ducks as nesting sites, but had higher nesting success after four
years.

Sow roadside verges

We captured no intervention-based evidence for the effects of sowing roadside verges
on bird populations.

Scare or otherwise deter birds from airports

Two replicated studies in the UK and USA found that fewer birds used areas of long
grass at airports, but no data were provided on the effect of long grass on strike rates
or bird mortality.

Key messages - Power lines and electricity pylons

Bury or isolate power lines

A single before-and-after study in Spain found a dramatic increase in juvenile eagle
survival following the burial or isolation of dangerous power lines.

Remove earth wires from power lines

Two before-and-after studies from Norway and the USA describe significant
reductions in bird collision mortalities after earth wires were removed from sections
of power lines.

Thicken earth wires
A single paired sites trial in the USA found no reduction in crane Grus spp. collision

rates in a wire span with an earth wire three times thicker than normal.

Mark power lines

A total of eight studies and two literature reviews from across the world found that
marking power lines led to significant reductions in bird collision mortalities. Different
markers had different impacts.

Use raptor models to deter birds from power lines

A single paired sites trial in Spain found that installing raptor models near power lines
had no impact on bird collision mortalities.
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Add perches to electricity pylons

A single before-and-after study in Spain found that adding perches to electricity
pylons did not reduce electrocutions of Spanish imperial eagles Aquila adalberti.

Insulate electricity pylons

A single before-and-after study in the USA found that insulating power pylons
significantly reduced the number of Harris’s hawks Parabuteo unicinctus electrocuted.

Use perch-deterrent lines

A single controlled study in the USA found that significantly fewer raptors were found
near perch-deterrent lines, compared to controls, but no information on electrocutions
was provided.

Reduce electrocutions by using plastic, not metal, leg rings to mark
birds

A single replicated and controlled study in the USA found no evidence that using
plastic leg rings resulted in fewer raptors being electrocuted.

71. Mow roadside verges

e A single replicated, controlled study in the USA (1) found that more ducks nested on
unmown roadside verges, but that over four years, nesting success on unmown verges
fell to below that on mown verges.

Background

Roadside verges could potentially act as a valuable nesting or foraging habitat for
many species of birds, but can become overgrown with rank vegetation. Mowing,
therefore, may increase the value of this habitat.

Alternatively, conservationists may want to limit the number of birds using roads
verges, to reduce the risk of collisions with vehicles.

Areplicated, controlled trial in 1969-72 in North Dakota, USA (1), found that more
ducks nested in unmown than mown road verges (although this difference was
not significant in 1972). However, nesting success remained between 40-60% in
mowed strips, whereas it fell from >70% to <30% in unmown strips due to an
increase in mammalian nest predation. Alternate mowed and unmown 1.6 km
strips of roadside vegetation were compared along 37km of Interstate 94. The 23
mowed strips (totalling 123 ha) were mown once in autumn. Six duck species
nested over the four years: blue-winged teal Anas discors, mallard A.
platyrhynchos, gadwall A. strepera, northern shoveler A. clypeata, pintail A. acuta
and lesser scaup Aythya affinis.

(1) Voorhees, L. D. & Cassel, J. F. (1980) Highway right-of-way: mowing versus succession as
related to duck nesting. Journal of Wildlife Management, 44, 155-163.
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7.2. Sow roadside verges

e We captured no evidence for the effects of sowing roadside verges on bird populations.
Background

Sowing roadside verges with natural vegetation could provide valuable habitats
for birds, for nesting, foraging and escaping predators.

7.3. Scare or otherwise deter birds from airports

e Tworeplicated studies in the UK and USA (1,2) found that fewer birds (mainly gulls Larus
spp.) used areas of long grass at airports.

e However, no data were provided on the effect of long grass on strike rates or mortality
of birds.

Background

Collisions between birds and aircraft (‘birdstrikes’) at airports are potentially
dangerous to planes, whilst also harming bird populations. Therefore making
airports less attractive to birds, or scaring them off, has the potential for multiple
benefits.

A replicated study in the UK (1) found that fewer birds used grass on Royal Air
Force airfields when it was allowed to grow long, compared to when it was kept
short. In 1967-1968, ten English airfields were included, with data from 1972-
1973 available for three more airfields (including one in Scotland and one in
Wales). Grass was kept 15-20 cm high in some areas whilst others were
maintained at 5-10 cm. The repellent effect of long grass was almost 100% for
gulls Larus spp. and golden plover Pluvialis apricaria, and very good for northern
lapwing Vanellus vanellus, Eurasian oystercatcher Haematopus ostralegus and
crows (rook Corvus frugilegus, carrion crow C. corone, Eurasian jackdaw C.
monedula).

A replicated study in June-August 1985-6 at Kennedy International Airport, New
York City, USA (2), found that fewer laughing gulls Larus atricilla were found on
areas of grass allowed to grow long, than on short-cropped areas. Thirty-six plots
across three experimental blocks were used, with long grass being grown to 45 cm
in length and short-cropped areas kept at 5 cm.

(1) Brough, T. & Bridgman, C. J. (1980) An evaluation of long grass as a bird deterrent on British
airfields. Journal of Applied Ecology, 17, 243-253.

(2) Buckley, P. A. & McCarthy, M. G. (1994) Insects, vegetation, and the control of laughing gulls
(Larus atricilla) at Kennedy International Airport, New York City. Journal of Applied Ecology, 31,
291-302.

154



Power lines and electricity pylons

In 2008, there were an estimated 65 million km of medium- and high-voltage
power lines in use across the world, with the network growing at perhaps 5% a
year (Jenkins, Smallie, & Diamond 2010). These power lines are a significant threat
to many species of birds, with both direct collision mortality and electrocution
(from touching multiple wires at once) killing birds. As well as causing potentially
unsustainable mortality, these collisions can be economically costly, especially
when large-bodied species are involved.

Species are most at risk if they are large and heavy, with poor eyesight and limited
manoeuvrability (Jenkins, Smallie, & Diamond 2010), but some relatively small
species, such as gamebirds, are also very vulnerable (Bevanger & Bryseth 2001).
Appropriate planning of power lines to avoid high-risk areas (such as those
between feeding and roosting grounds) and to follow features such as roads may
well reduce bird mortalities (Bevanger 1994), but in many cases wires are already
in potentially dangerous locations and techniques are needed to mitigate the
damage they cause.

Bevanger, K. (1994) Bird interactions with utility structures: collision and electrocution, causes and
mitigating measures. Ibis, 136, 412—425.

Bevanger, K. & Bryseth, H. (2001) Bird collisions with power lines—an experiment with ptarmigan
(Lagopus spp.). Biological Conservation, 99, 341-346.

Jenkins, A.R., Smallie, J.J. & Diamond, M. (2010) Avian collisions with power lines: a global review of
causes and mitigation with a South African perspective. Bird Conservation International, 20, 263—

278.
7.4. Bury or isolate power lines to reduce incidental
mortality

e Asingle before-and-after trial in Spain (1) showed a dramatic increase in the survival of
juvenile Spanish imperial eagles Aquila adalberti following the burial or isolation of power
lines.

A before-and-after trial in the wetlands of the Dofiana National Park (1),
Andalusia, Spain, found that six-month survival for radio-marked juvenile Spanish
imperial eagles Aquila adalberti increased from 18% of 17 individuals in 1986-7
to 80% of 15 in 1988-9 following the isolation or burial of previously identified
dangerous power lines. This study discusses other eagle management techniques,
described in ‘Add perches to electricity pylons to reduce electrocution’, ‘Use signs
and access restrictions to reduce disturbance at nest sites’, ‘Foster eggs or chicks
with wild conspecifics’ and ‘Remove/treat endoparasites’.

(1) Ferrer, M. & Hiraldo, F. (1991) Evaluation of management techniques for the Spanish imperial
eagle. Wildlife Society Bulletin, 19, 436—442.
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7.5. Remove earth wires to reduce incidental mortality

e A before-and-after study and a literature review (2,3) describe significant reductions in
collision mortalities of cranes Grus spp. and grouse Lagopus spp. following the removal
of earth wires.

Background

Earth wires act to protect transmission wires against lightning, by dispersing
excessive electricity. They are normally positioned either above or below the
transmission wires, increasing the vertical height of wires and therefore the
chances of collisions. In addition, earth wires tend to be thinner than transmission
wires and so less visible, which, when they are positioned above transmission
wires, increases the chances of collisions as birds climb to avoid the transmission
wires.

A controlled before-and-after trial between 1989 and 1995 in boreal and
subalpine forests in southern Norway (2) found a 51% decrease in collision
mortality of willow grouse Lagopus lagopus and rock ptarmigan L. mutus by a 2.5
km section of 22 kV power line from which the earth wire was removed (49
fatalities before removal, 24 afterwards). There was no corresponding decrease in
two control sections (61 vs. 50 fatalities and 20 vs. 27 fatalities). The earth wire
was located 1.5 m below the phase conductor lines

A literature review (3) described a before-and-after trial (1) that found an 80%
reduction in collision mortality of sandhill cranes Grus canadensis and whooping
cranes G. americana following removal of the earth wire from a 3.2 km span of 116
kV line in Colorado, USA.

(@) Brown, W. M., Drewien, R. C. & Bizeau, E. G. (1987) Mortality of cranes and waterfowl from
powerline collisions in the San Luis Valley, Colorado. 128-136 Proceedings of the crane workshop,
1985 Platte River Whooping Crane Maintenance Trust, Grand Island, Nebraska.

2) Bevanger, K. & Bryseth, H. (2001) Bird collisions with power lines—an experiment with
ptarmigan (Lagopus spp.). Biological Conservation, 99, 341-346.

3) Jenkins, A. R., Smallie, J. J. & Diamond, M. (2010) Avian collisions with power lines: a global
review of causes and mitigation with a South African perspective. Bird Conservation International,
20, 263-278.

7.6. Thicken earth wire to reduce incidental mortality

o Aliterature review (2) found no evidence that thickening the earth wire had any impact
on collision mortality of cranes Grus spp.

Background

Removing earth wires is not always practical, given their protective nature.
However, they can be rendered more visible by thickening the wire.

A literature review (2) describes how a paired site study in Colorado, USA (1),
found that replacing 50% of the earth wire from 3.2 km of 115 kV wire with an
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earth wire three times thicker than normal had no effect on crane Grus spp.
collision mortality compared to the span with a normal thickness earth wire.

(1) Brown, W. M., Drewien, R. C. & Bizeau, E. G. (1987) Mortality of cranes and waterfow] from
powerline collisions in the San Luis Valley, Colorado. 128-136 Proceedings of the crane workshop,
1985 Platte River Whooping Crane Maintenance Trust, Grand Island, Nebraska.

(2) Jenkins, A. R., Smallie, J. J. & Diamond, M. (2010) Avian collisions with power lines: a global
review of causes and mitigation with a South African perspective. Bird Conservation International,
20, 263-278.

7.7. Mark power lines to reduce incidental mortality

e A total of studies (1-4,6,9-11) and two literature review (5,12) from across the world
found that marking power lines led to significant reductions in collision rates or
dangerous flight behaviour (i.e. approaching close to power lines) in cranes Grus spp.,
mute swans Cygnus olor and other bird species.

e All markers except thin, black plastic strips or neoprene crosses (6) were effective, with
no differences in effectiveness between Bird Flight Diverters (BFDs: brightly coloured
plastic spirals) and static fibreglass plates (3) and only a small possible difference
between BFDs and ‘flappers’ (moving markers).

Background

Birds may fly into power lines accidentally, either because they do not see them at
all, or because they see them too late to react; this is a particular issue for large
species that cannot change direction quickly. Increasing power line visibility by
marking them is therefore frequently proposed as a way of reducing collision-
induced mortalities without the need to remove earth wires or bury transmission
wires.

Areplicated, paired sites study (1) in south-central Nebraska, USA, between 1988-
1990, found that marking the static wire of nine spans of high-voltage
transmission wire reduced collision mortality in sandhill cranes Grus canadensis
by 66% compared with unmarked spans (11 fatalities vs. 25). Crane flocks were
also more likely to increase altitude (454 flocks vs. 397) or change direction
gradually (114 vs. 92) when flying close to marked spans, but were less likely to
react quickly (and potentially dangerously) to marked spans (19 vs. 36) or show
no reaction (1,200 vs. 768). Experimental spans were 1-2.5 km in length and
marked with yellow aviation balls (30 cm in diameter with a vertical black stripe)
at 100m intervals, staggered to appear more closely spaced.

A controlled before-and-after trial in the winters of 1989-90 and 1990-1 in mixed
woodland and farmland in Extremadura, Spain (2), found there were fewer
collisions and fewer birds flying between lines following the marking of four
sections of line (60% reduction in fatalities: 45 vs. 18; 61% decrease in birds flying
between lines: 357 birds/day vs. 124 birds/day). There were no such decreases at
unmarked spans of wire (19 vs. 15 fatalities). Markers were coloured PVC spirals
(1 mlong, 30 cm in diameter) attached every 10m.
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A paired sites study in autumn and spring 1988-1991 in mixed wetlands,
croplands and uplands in south-central Colorado, USA (3), found that collision
mortality was 61% lower in four spans marked by ‘dampers’ and 63% lower in
four spans marked by ‘plates’ compared with eight unmarked spans. Birds also
reacted to marked lines earlier and flew over them at a greater height. ‘Dampers’
were yellow, spiral vibration dampers, 112-125 cm long, placed at 3.3 m intervals;
‘plates’ were yellow fibreglass plates, 30.5 x 30.5 cm with a 5 cm diagonal black
strip, placed at 23-32 m intervals. Both markers were placed on two spans of 7.2
KV distribution lines and two of 69-115 kV transmission lines, with all spans
totalling 13.2 km. Most birds killed were sandhill cranes Grus canadensis and
wildfowl.

A paired sites study in 1991-4 in coastal wetlands in South Carolina, USA (4),
found a 53% reduction in collision mortalities at a 3.9 km span of 115 kV
transmission lines where the static wires were marked, compared to a 1.2 km
unmarked span. A higher proportion of birds approaching marked wires at the
most dangerous height (between transmission wires and earth wire) reacted to
them, compared to unmarked wires (98% of 9,819 flocks vs. 89% of 4,209 flocks
respectively) and fewer crossed the wires at this height (4% vs. 24%). However,
overall, a higher percentage of birds reacted to lines at unmarked spans (40% of
17,391 flocks vs. 34% of 64,512 flocks). The experimental span was marked with
yellow aviation balls (30 cm in diameter with a vertical black stripe) at 61 m
intervals, staggered to give the appearance of a 30.5 m spacing.

A controlled before-and-after study of three different markers at three sites in
Spain in 1991-5 (6) found that markers differed in their effects. In grassland and
arable land in Badajoz, collision mortality across all species was 81% lower
following the installation of white plastic spirals (expected mortality of 47 birds,
actual mortality of nine). In mixed cattle grazing and cereal cropland in Caceres,
the total number of collisions (72) remained constant following the installation of
neoprene strips, but there was a 76% reduction in collision mortality when great
bustards Otis tarda were excluded from the analysis. In a wetland in Huelva there
was no difference in collision mortality after the installation of black plastic strips
(6 collisions in marked vs. 12 in unmarked spans). Plastic spirals were 1m long,
30 cm maximum diameter and placed every 10 m on static wires, staggered to give
the appearance of a 5 m placement. Neoprene bands were crossed black strips, 35
x 5 cm with a 5 x 4 cm phosphorescent stripe, installed every 20 m on conductor
wires and staggered to give the appearance of a 10 m placement. Black plastic
stripes were 70 x 0.8 cm and hung every 12 m on a distribution line.

A literature review (5) found three studies, all of which show a reduction in crane
Grus spp. mortality, following the marking of power lines. (1) and (3) are discussed
elsewhere. The third study found that marking, burying or removing power lines
in Japan reduced the percentage of red-crowned crane Grus japonicus mortalities
attributed to power line collisions from 70.9% (1970-4) to 26.8% (1980-4). The
rate of population increase rose from 5.9% (1970-4) to 18.9% (1980-4). There
was also an increase in the number of breeding pairs and the percentage of
juveniles in the population.
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A controlled before-and-after study in 1997-2000 in northern Colombia (9) found
that the average number of bird deaths due to collision with power lines was
significantly lower (5.3 deaths/ha) in a site where the ground wires were marked
with yellow plastic spirals than for an unmarked circuit (13.6 deaths/ha); no
significant difference in collision mortality between the circuits was detected
prior to marking. A total of 810 birds of 47 species were found.

A before-and-after trial at a wetland site in Essex, England (10), installed 500 red,
spiral-shaped ‘flight diverters’ (32 cm long, 17.5 cm in diameter) at 5 m intervals
along 1.5 km of power lines. In two springs preceding installation (2004 and
2006), 28 mute swans Cygnus olor were Kkilled through collisions with the wires.
Following installation, one swan was Kkilled in the springs of 2007 and 2008
combined.

A replicated, controlled before-and-after trial over the winters of 2003-4, 2004-5
and 2005-6, in mixed wetland and crops on Staten Island, California, USA (11),
found a 60% reduction in collision mortality across all species following the
installation of ‘Firefly bird flappers’ on 20 spans of a 5.6 km section of 12 kV wire.
There was also a smaller (approximately 10%) reduction in mortality in nine
spans adjacent to marked spans. There was no corresponding decrease in collision
mortality in 20 unmarked spans. However, markers did not appear to have an
effect on bird flight behaviour. Markers were 15 x 9 cm acrylic sheets of two
contrasting colours with a luminescent strip and placed at 15 m intervals,
staggered to appear 5m apart. A total of 65 fatalities were recorded over the three
winters.

A 2010 literature review (12) found significant reductions in bird mortality
following the marking of power lines in the USA and South Africa. A before-and-
after trial over two years in Indiana (7), USA, found significantly reduced mortality
with both Bird Flight Diverters (BFDs, 73% fewer fatalities) and larger ‘Swan
Flight Diverters’ (50% fewer). The reviewers noted that there was considerable
variability in collision rates across all sites. A before-and-after trial over three
years in Karoo, South Africa (8) found a 67% reduction in collision mortality
following the marking of both earth wires of 10 km of 132 kV line with BFDs (30
cm long) every 10 m. The same study also found that spans marked with BFDs and
‘flappers’ (loosely suspended polycarbon discs) had 52% lower collision mortality
than spans marked just with BFDs, and 80% lower collision mortality than the
same spans prior to marking. Spans with just flappers had 60% lower mortality
than those with BFDs but the results are inconclusive. The reviewers noted a
considerable decrease in blue crane Anthropoides paradiseus and Ludwig’s
bustard Neotis ludwigii (the main species colliding with the line) populations in
the area following marking.

(1) Morkill, A. E. & Anderson, S. H. (1991) Effectiveness of marking powerlines to reduce sandhill
crane collisions. Wildlife Society Bulletin, 19, 442-449.

(2) Alonso, J. C., Alonso, J. A. & Munoz-Pulido, R. (1994) Mitigation of bird collisions with
transmission lines through groundwire marking. Biological Conservation, 67, 129-134.

3) Brown, W. M. & Drewien, R. C. (1995) Evaluation of two power line markers to reduce crane
and waterfowl] collision mortality. Wildlife Society Bulletin, 23, 217-227.

4) Savereno, A. J., Savereno, L. A., Boettcher, R. & Haig, S. M. (1996) Avian behavior and mortality
at power lines in coastal South Carolina. Wildlife Society Bulletin, 24, 636—648.
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(5) Davis, C. (1998) A review of the success of major crane conservation techniques. Bird
Conservation International, 8, 19-30.

(6) Janss, G. F. & Ferrer, M. (1998) Rate of bird collision with power lines: effects of conductor-
marking and static wire-marking. Journal of Field Ornithology, 69, 8-17.

(7) Crowder, M. R. (2000) Assessment of devices designed to lower the incidence of avian power
line strikes. Masters of Science Thesis, Purdue University, East LaFayette, IN. 91p.

8) Anderson, M. D. (2002) Large terrestrial bird powerline project. Unpublished report Eskom,
Johannesburg.

) De La Zerda, S. & Roselli, L. (2003) Mitigation of collisions of birds with high-tension electric
power lines by marking the guard wire. Ornitologia Colombiana, 1, 42-63.

(10)  Frost, D. (2008) The use of “flight diverters” reduces mute swan Cygnus olor collision with
power lines at Abberton Reservoir, Essex, England. Conservation Evidence, 5, 83-91.

(11)  Yee, M. L. (2008) Testing the effectiveness of an avian flight diverter for reducing avian
collisions with distribution power lines in the Sacramento Valley, California: PIER final project
report. California Energy Commission.

(12) Jenkins, A. R., Smallie, J. J. & Diamond, M. (2010) Avian collisions with power lines: a global
review of causes and mitigation with a South African perspective. Bird Conservation International,
20, 263-278.

7.8. Use raptor models to deter birds and so reduce
incidental mortality

e A single paired sites study in Spain (1) found no evidence that raptor models were
effective in deterring birds from crossing power lines and may even have attracted some
species to the area.

Background

Models of raptors are used in a variety of situations in attempts to keep smaller
birds away from areas, on the basis that they will avoid predators.

A controlled paired sites study in two sites in Andalusia, Spain (1), found no effect
of raptor models (one golden eagle Aquila chrysaetos and two Accipiter spp.) on
the number of flocks crossing power lines in either migration or non-migration
areas. In the migration area south of Cadiz, there was no difference in the number
of flocks of birds coming within 100 m of the power lines, although there was a
higher proportion of raptors in the section with the eagle model (42% of 119
records were raptors vs. 21% of 43 records) and flocks flew above 20 m more
frequently in the section with the eagle model. In the non-migration area (the Coto
Dofana National Park), more flocks and a higher proportion of raptors, waterfowl
and corvids were seen in sections near the eagle model, compared with control
sections (the Accipiter models were not tested in the park).

(@) Janss, G.F. ., Lazo, A. & Ferrer, M. (1999) Use of raptor models to reduce avian collisions with
powerlines. Journal of Raptor Research, 33, 154-159.
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7.9. Add perches to electricity pylons to reduce
electrocution

e A single before-and-after study in Spain (1) found that adding perches did not reduce
electrocutions of Spanish imperial eagles Aquila adalberti.

Background

Raptors and other large birds can become electrocuted when they perch on pylons
and touch multiple wires with their wings. Adding perches to pylons may
therefore reduce mortality by allowing birds to land safely away from the wires.

A before-and-after study in a wetland national park in Andalusia, Spain (1), found
that adding perches to 80 electricity pylons did not reduce electrocution rates of
Spanish imperial eagle Aquila adalberti. This study discusses other eagle
management techniques, described in ‘Bury or isolate power lines’, ‘Use signs and
access restrictions to reduce disturbance at nest sites’, ‘Foster eggs or chicks with
wild conspecifics’ and ‘Remove/treat endoparasites’.

1) Ferrer, M. & Hiraldo, F. (1991) Evaluation of management techniques for the Spanish imperial
eagle. Wildlife Society Bulletin, 19, 436—442.

7.10. Insulate power pylons to prevent electrocution

e A single before-and-after study in the USA (1) found the insulating power pylons
significantly reduced the number of Harris’s hawks Parabuteo unicinctus electrocuted.

Background

Another method of preventing electrocution is to insulate parts of pylons that
large birds are likely to touch at the same time.

A before-and-after study in 2003 in urban environments in Tucson, Arizona, USA
(1), found that there were significantly fewer electrocutions following the
insulation of potentially dangerous elements of power pylons (1.4
electrocutions/nest before insulation vs. 0.2 electrocutions/nest afterwards). Any
differentially energised hardware components, closer than 60 cm apart, on half
the power poles within 300 m of 58 Harris’s hawk Parabuteo unicinctus nests were
insulated.

1) Dwyer, J. F. & Mannan, R. (2007) Preventing raptor electrocutions in an urban environment.
Journal of Raptor Research, 41, 259-267.

7.11. Use perch-deterrents to stop raptors perching on
pylons

e Asingle controlled study from the USA (1) found significantly lower raptor activity close
to perch-deterrent power lines, compared to control lines. No data were provided on
electrocution rates.
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Background

Preventing raptors from landing on pylons at all may reduce electrocution, for
example, perch-deterrent power lines have spikes and pole caps on the pylons to
deter birds.

A controlled study from September-August in 2006-2007 in shrubland in
Wyoming, USA (1), found that raptor activity and predation rates were
significantly lower near a 24.9 km perch-deterrent line, compared to a 16.4 km
section of control line (42 sightings vs. 551 and 69 prey items found vs. 277).
Golden eagles Aquila chrysaetos and common ravens Corvus corax were the
species most commonly observed successfully overcoming deterrent devices
(76% of deterrent-line sightings). More raptors perched on wires (rather than
pylons) on perch-deterrent lines (228 compared to 11 sightings on control lines;
68% of sightings were rough-legged hawks Buteo lagopus).

1) Slater, S. J. & Smith, J. P. (2010) Effectiveness of raptor perch deterrents on an electrical
transmission line in southwestern Wyoming. Journal of Wildlife Management, 74, 1080-1088.

7.12. Reduce electrocutions by using plastic, not
aluminium, leg rings to mark birds

e A replicated and controlled study in the USA (1) found no evidence for lower
electrocution rates for raptors marked with plastic leg rings, compared to metal ones.

Background

Leg rings, used to identify birds, could increase electrocution rates if made of
metal. Therefore, plastic bands are sometimes recommended.

Areplicated, controlled study in Tucson, Arizona, USA (1), found that electrocution
rates for 38 Harris’s hawks Parabuteo unicinctus marked with plastic leg bands
were no lower than for 41 birds marked with aluminium bands. In addition, there
were no signs of burning/electrocution close to the rings on dead birds’ legs.

(1) Dwyer, J. F. & Mannan, R. W. (2009) Return rates of aluminum versus plastic leg bands from
electrocuted Harris’s hawks (Parabuteo unicinctus). Journal of Raptor Research, 43, 152-154.
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8. Threat: Biological Resource Use

Key messages - reducing exploitation and conflict

Use legislative regulation to protect wild populations

Five out of six studies from Europe, Asia, North America and across the world, found
evidence that stricter legislative protection was correlated with increased survival,
lower harvests or increased populations. The sixth, a before-and-after study from
Australia, found that legislative protection did not reduce harvest rates.

Increase ‘on-the-ground’ protection to reduce unsustainable levels of
exploitation

Two before-and-after studies from Europe and Central America found increases in
bird populations and recruitment following stricter anti-poaching methods or the
stationing of a warden on the island in question. However, the increases in Central
America were only short-term, and were lost when the intensive effort was reduced.

Promote sustainable alternative livelihoods

A single before-and-after study in Costa Rica found that a scarlet macaw Ara macao
population increased following several interventions including the promotion of
sustainable, macaw-based livelihoods.

Use education programmes and local engagement to help reduce
persecution or exploitation of species

Six out of seven studies from across the world found increases in bird populations or
decreases in mortality following education programmes, whilst one study from
Venezuela found no evidence that poaching decreased following an educational
programme. In all but one study reporting successes, other interventions were also
used, and a literature review from the USA and Canada argues that education was not
sufficient to change behaviour, although a Canadian study found that there was a
significant shift in local peoples’ attitudes to conservation and exploited species
following educational programmes.

Employ local people as ‘biomonitors’

A single replicated study in Venezuela found that poaching of parrot nestlings was
significantly lower in years following the employment of five local people as
‘biomonitors’.

Mark eggs to reduce their appeal to collectors

A single before-and-after study in Australia found increased fledging success of raptor
eggs in a year they were marked with a permanent pen.
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Relocate nestlings to reduce poaching

A single replicated study in Venezuela found a significant reduction in poaching rates
and an increase in fledging rates of yellow-shouldered amazons Amazona barbadensis
when nestlings were moved into police premises overnight.

Use wildlife refuges to reduce hunting disturbance

Three studies from the USA and Europe found that more birds used refuges where
hunting was not allowed, compared to areas with hunting, and more used the refuges
during the open season. However, no studies examined the population-level effects of
refuges.

Introduce voluntary ‘maximum shoot distances’

A single study from Denmark found a significant reduction in the injury rates of pink-
footed geese Anser brachyrhynchus following the implementation of a voluntary
maximum shooting distance.

Use alerts during shoots to reduce mortality of non-target species

We found no evidence as to the effectiveness of using alerts during shoots.

Provide ‘sacrificial’ grasslands to reduce the impact of wild geese on
crops

Two UK studies found that more geese used areas of grassland managed for them, but
that this did not appear to attract geese from outside the study site and therefore was
unlikely to reduce conflict with farmers.

Move fish-eating birds to reduce conflict with fishermen

A single before-and-after study in the USA found that Caspian tern Sterna caspia chicks
had a lower proportion of commercial fish in their diet following the movement of the
colony away from an important fishery.

Scare fish-eating birds from areas to reduce conflict

Studies investigating scaring birds from fishing areas are discussed in ‘Threat:
Agriculture — Aquaculture’.

Key messages - reducing fisheries bycatch

Set longlines at night to reduce seabird bycatch

Six out of eight studies from around the world found lower bycatch rates when
longlines were set at night, but the remaining two found higher bycatch rates (of
northern fulmar Fulmarus glacialis in the North Pacific and white-chinned petrels
Procellaria aequinoctialis in the South Atlantic, respectively). Knowing whether bycatch
species are night- or day-feeding is therefore important in reducing bycatch rates.
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Turn deck lights off during night-time setting of longlines to reduce
bycatch

A single replicated and controlled study in the South Atlantic found lower seabird
bycatch rates on night-set longlines when deck lights were turned off.

Use streamer lines to reduce seabird bycatch on longlines

Ten studies from coastal and pelagic fisheries across the globe found strong evidence
for reductions in bycatch when streamer lines were used. Five studies from the South
Atlantic, New Zealand and Australia were inconclusive, uncontrolled or had weak
evidence for reductions. One study from the sub-Antarctic Indian Ocean found no
evidence for reductions. Three studies from around the world found that bycatch rates
were lower when two streamers were used compared to one, and one study found
rates were lower still with three streamers.

Use larger hooks to reduce seabird bycatch on longlines

We captured no intervention-based evidence on the impact of large hooks on seabird
bycatch. However, one study found a negative correlation between hook size and
bycatch rate.

Use a water cannon when setting longlines to reduce seabird bycatch

We found no evidence for the effects on seabird bycatch rates when using a water
cannon during the setting longlines.

Set lines underwater to reduce seabird bycatch

Five studies in Norway, South Africa and the North Pacific found lower seabird
bycatch rates on longlines set underwater. However, results were species-specific,
with shearwaters Puffinus spp. and possibly albatrosses continuing to take baits set
underwater.

Set longlines at the side of the boat to reduce seabird bycatch

We found no evidence for the effects on seabird bycatch rates of setting longlines from
the side of the boat.

Use a line shooter to reduce seabird bycatch

Two randomised, replicated and controlled trials found that seabird bycatch rates
were higher (in the North Pacific) or the same (in Norway) on longlines set using line
shooters, compared to those set without a shooter.

Use bait throwers to reduce seabird bycatch

A single analysis found significantly lower seabird bycatch on Australian longliners
when a bait thrower was used to set lines.
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Tow buoys behind longlining boats to reduce seabird bycatch

We found no evidence for the effects on seabird bycatch rates of towing buoys behind
longlining boats.

Dye baits to reduce seabird bycatch

A single randomised, replicated and controlled trial in Hawaii, USA, found that
albatross Phoebastria spp. attacked baits at significantly lower rates when baits were

dyed blue.

Use high-visibility longlines to reduce seabird bycatch

We captured no intervention-based evidence on the impact of high-visibility longlines
on seabird bycatch.

Use a sonic scarer when setting longlines to reduce seabird bycatch

A single study from the South Atlantic found that seabirds only temporarily changed
behaviour when a sonic scarer was used, and seabird bycatch rates did not appear to
be lower on lines set with a scarer.

Weight baits or lines to reduce longline bycatch of seabirds

Three replicated and controlled studies from the Pacific found lower bycatch rates of
some seabird species on weighted longlines. An uncontrolled study found low bycatch
rates with weighted lines but that weights only increased sink rates in small sections
of the line. Some species were found to attack weighted lines more than control lines.

Use shark liver oil to deter birds when setting lines

Two out of three replicated and controlled trials in New Zealand found that fewer
birds followed boats or dived for baits when non-commercial shark oil was dripped
off the back of the boat.

Thaw bait before setting lines to reduce seabird bycatch

A study from Australia found that longlines set using thawed baits caught
significantly fewer seabirds than controls.

Reduce seabird bycatch by releasing offal overboard when setting
longlines

Two replicated and controlled studies in the South Atlantic and sub-Antarctic Indian
Ocean found significantly lower seabird bycatch rates when offal was released
overboard as lines were being set.

Use bird exclusion devices (BEDs) such as ‘Brickle curtains’ to reduce
seabird mortality when hauling longlines

A single replicated study found that Brickle curtains reduced the number of seabirds
caught, when compared to an exclusion device using only a single boom. Using purse
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seine buoys as well as the curtain appeared to be even more effective, but sample sizes
did not allow useful comparisons.

Use acoustic alerts on gillnets to reduce seabird bycatch

A randomised, replicated and controlled trial in a coastal fishery in the USA found
that fewer guillemots (common murres) Uria aalge but not rhinoceros auklets
Cerorhinca monocerata were caught in gillnets fitted with sonic alerts.

Use high visibility mesh on gillnets to reduce seabird bycatch

A single randomised, replicated and controlled trial in a coastal fishery in the USA
found that fewer guillemots (common murres) Uria aalge and rhinoceros auklets
Cerorhinca monocerata were caught in gillnets with higher percentages of brightly
coloured netting. However, such netting also reduced the catch of the target salmon.

Reduce gillnet deployment time to reduce seabird bycatch

We found no evidence for the effects of reducing gillnet deployment time on seabird
bycatch rates.

Mark trawler warp cables to reduce seabird collisions

A single replicated and controlled study in Argentina found lower seabird mortality
(from colliding with warp cables) when warp cables were marked with orange traffic
cones.

Reduce ‘ghost fishing’ by lost/discarded gear

We captured no evidence for the effects of reducing ghost fishing on seabird bycatch
rates or populations.

Reduce bycatch through seasonal or area closures

We captured no evidence for the effects of seasonal or area closures on seabird
populations or bycatch rates.

8.1. Use legislative regulation to protect wild
populations

e Six out of seven (1,3,5,6,8,9) before-and-after studies and two literature reviews/meta-
analyses (4,7) found evidence that legislation protects bird populations.

e Five studies in Europe (3,8,9), Indonesia (6) and across the world (4) found increased
population levels of vultures, raptors, cranes and cockatoos following protective
legislation (amongst other interventions). However, one (9) found populations of raptors
declined soon after. The literature review (4) also found two cases of limited or no impact
of legislation.
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e Two before-and-after studies from Denmark (1) and the USA and Canada (5) and the
meta-analysis (7) found increased estimated survival of falcons, ducks and parrots with
stricter protection, but not necessarily population-level responses.

e A meta-analysis (7) found decreased harvest of parrots in areas with stricter protection
regimes, but a before-and-after study (2) found no evidence for reduced shearwater
harvest with legislation.

Background

Perhaps the most commonly used intervention in response to declining species is
to provide legal protection for the species. This alone may be enough to protect a
species or population, but if not, de facto or ‘on-the-ground’ protection may also
be required to ensure people abide by the law.

A before-and-after study examining 524 Kkestrels Falco tinnunculus recovered
during 1917-80 in Denmark (1) found that estimated survival rates of birds
ringed as chicks increased during 1967-72 (66% annual survival) compared to
1945-66 (50%), following the introduction of legal protection for all birds of prey
in 1967. However, the increase in survival rate following kestrel-specific
legislation in 1926 was insignificant (45% for 1917-25 vs. 55% for 1926-39) and
there was a significant fall in 1973-80 (to 53%). There were similar (although
insignificant) patterns for birds ringed as juveniles or adults. There were
significant decreases in the proportion of recoveries that were shot following each
piece of legislation, from 1917-25 (59% of 29) to 1926-39 (14% of 35) and again
from 1945-66 (17% of 76) to 1976-80 (2% of 192).

A before-and-after study at non-commercially exploited short-tailed shearwater
Puffinus tenuirostris colonies in Tasmania, Australia (2), found that attempts to
reduce non-commercial harvests of shearwater chicks in 1979 did not reduce the
percentage of chicks taken, which remained at over 90% until 1985. Legal
measures included shortening the non-commercial harvest season (so that it
ended in mid- not late-April), reducing the daily bag limit, closing colonies on
rotation, protecting colonies, education and stricter regulation enforcement.
Takes at the time of the study were considered to be well in excessive of the
maximum sustainable yield at the colonies.

A before-and-after study in the western Pyrenees, Spain (3), found that the
population of griffon vultures Gyps fulvus increased from 282 pairs (in 23 colonies)
in 1969-75 to 1,097 pairs (46 colonies) in 1989 following the initiation of multiple
conservation interventions including: legal protection (in 1973); the creation of a
reserve at nine breeding colonies (one in 1976, eight in 1987); the banning of
strychnine (in 1984); and the installation of feeding stations between 1969 and
1979. Surveys in 1979 and 1984 found 364 pairs (in 26 colonies), and 589 pairs
(32 colonies) respectively. This study is also discussed in ‘Habitat protection’,
‘Restrict certain pesticides or other agricultural chemicals’ and ‘Provide
supplementary food to increase adult survival’.

A 1998 literature review of crane Grus spp. conservation (4) described how two of
four case studies found a positive response of crane populations to legal
protection, with one showing partial success and the final study finding that legal
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protection had no impact. A small population of red-crowned cranes G. japonensis
remained stable and increased slightly (from 20 to 35 birds between 1925-52)
following legal protection at Kushiro Marsh, Hokkaido, Japan; whilst the American
population of migratory sandhill cranes G. canadensis increased dramatically
following a ban on hunting. Whooping cranes G. americana continued to decline
following protection in 1916, but after public education, only four birds are
thought to have been shot (see ‘Use education programmes and local engagement
to help reduce pressures on species’). The central Asian population of Siberian
cranes G. leucogeranus continued to decline in India, from 200 in 1964-5 to three
in 1996-7 despite protection in flyways in Pakistan. This study is also discussed
in ‘Habitat protection’, ‘Use education programmes and local engagement to help
reduce pressures on species’, ‘Mark power lines to reduce incidental mortality’,
‘Provide supplementary food to increase adult survival’ and ‘Release captive-bred
individuals’.

A before-and-after study in six areas in Canada and the USA (5) found that (for
areas with more than 100 ducks recovered), the introduction of progressively
more restrictive legislation on harvesting American black ducks Anas rubripes in
1967 and 1983 (USA) and 1984 (Canada) appeared to reduce hunting mortality:
recovery rates of ringed ducks fell by 14.5% (adults) and 7% (immatures) from
1955-66 to 1967-82 and by 37% (adults) and 27% (immatures) from 1967-82 to
1983-93. Models calculating survival rates, however, estimated that these
changes would not necessarily see a corresponding increase in survival.

A Dbefore-and-after study on Sumba, Indonesia (6), found that estimated
population densities of citron-crested cockatoos Cacatua sulphurea citrinocristata
increased between 1992 and 2002, following the imposition of a ban on trade in
wild-caught birds in 1993. Increases were seen over the entire study and at two
out of four forest sites (by 130-700%). One further site showed no change in
density and the final site a possible decrease. No evidence was found for forest
contraction (i.e. increased densities are thought to reflect an increase in total
population sizes), total recorded birds increased by 56% from 1992-2002;
significantly more birds were in groups of two or more and the estimated
population size was 90% larger in 2002. The authors note that the trade ban has
not been enforced perfectly, but that it has significantly reduced the number of
wild-caught birds being traded.

A literature review and meta-analysis (7) found that protective legislation
reduced nest-take (the percentage of nests from which chicks were removed by
people) in wild parrots and may increase nest success. Across 20 species-country
combinations, medium (involving either national or local protection) and high
(involving both) levels of protection significantly reduced nest-take between 4.5
and 50 times compared to low levels of protection (unenforced, ambiguous or
absentlocal or national protection). These results excluded a Nigerian study based
on trapper surveys and with 100% nest-take, but included Australian data -
Australia being the most developed country in the analysis and with a
disproportionate number of studies. If both countries were excluded then medium
and high protection resulted in a significant (170%) increase in nest success.
However, if all data were included then there was a non-significant increase in nest
success.
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A controlled, before-and-after study from 1970-2000 across Europe (8) found
that target bird species appeared to benefit from the passing of the EU Birds
(79/409/EEC, est. 1979) and Habitats (92/43/EEC, est. 1992) Directives. This
study is discussed in ‘Habitat protection - Legally protect habitats’.

A before-and-after study on a grouse moor in Dunfries and Galloway, south
Scotland (9), found that the numbers of hen harriers Circus cyaneus and peregrine
falcons Falco peregrinus increased after birds were given full protection from
persecution in 1990 (harriers increased from two pairs in 1992 to 20 pairs in
1997, whilst peregrines increased from two to six pairs). However, following the
discontinuation of moor management in 2000, harriers declined again to two to
four pairs in 2003-6 (see ‘Shrubland modifications - Use fire suppression or
control’). Both species were legally protected since 1961, but until 1990 many
were still killed illegally on the moor. Three wader species and red grouse Lagopus
lagopus all declined following harrier protection and the cessation of
management. Meadow pipits Anthus pratensis and stonechats Saxicola rubicola
both declined as harriers increased but increased again after 2000. Carrion crows
Corvus corone increased from 2000, after they were no longer shot by
gamekeepers.

1) Noer, H. & Secher, H. (1983) Survival of Danish kestrels Falco tinnunculus in relation to
protection of birds of prey. Ornis Scandinavica, 14, 104-114.

) Skira, I. ., Wapstra, J. E., Towney, G. N. & Naarding, J. A. (1986) Conservation of the short-
tailed shearwater Puffinus tenuirostris in Tasmania, Australia. Biological Conservation, 37, 225-236.

3) Donazar, J. A. (1990) Population trends of the griffon vulture Gyps fulvus in northern Spain
between 1969 and 1989 in relation to conservation measures. Biological Conservation, 53, 83-91.

4) Davis, C. (1998) A review of the success of major crane conservation techniques. Bird
Conservation International, 8, 19-30.
(5) Francis, C. M., Sauer, ]. R. & Serie, J. R. (1998) Effect of restrictive harvest regulations on survival

and recovery rates of American black ducks. The Journal of Wildlife Management, 62, 1544-1557.

(6) Cahill, A. J., Walker, J. S. & Marsden, S. J. (2006) Recovery within a population of the critically
endangered citron-crested cockatoo Cacatua sulphurea citrinocristata in Indonesia after 10 years of
international trade control. Oryx, 40, 161-167.

(7) Pain, D.J., Martins, T. L. F., Boussekey, M., Diaz, S. H., Downs, C. T., Ekstrom, ]J. M. M., Garnett,
S., Gilardi, J. D., McNiven, D., Primot, P., Rouys, S., Saoumoe, M., Symes, C. T., Tamungang, S.
A., Theuerkauf, ., Villafuerte, D., Verfailles, L., Widmann, P. & Widmann, I. D. (2006) Impact of
protection on nest take and nesting success of parrots in Africa, Asia and Australasia. Animal
Conservation, 9, 322-330.

8) Donald, P. F., Sanderson, F. ]., Burfield, L. J., Bierman, S. M., Gregory, R. D. & Waliczky, Z. (2007)
International conservation policy delivers benefits for birds in Europe. Science, 317, 810 -813.

9) Baines, D., Redpath, S., Richardson, M. & Thirgood, S. (2008) The direct and indirect effects of
predation by hen harriers Circus cyaneus on trends in breeding birds on a Scottish grouse moor.
Ibis, 150, 27-36.

8.2. Increase ‘on-the-ground’ protection to reduce
unsustainable levels of exploitation

e Two before-and-after studies from Central America (1) and Europe (2) found increases
in recruitment and population levels following either stricter anti-poaching measures (1)
or stricter protection and the stationing a warden on an island (2).
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e However, the Central American study (1) found that recruitment increases were only
maintained for as long as the intensive effort was continued.

Background

Whilst providing legal protection for species may be effective on its own, it is
possible that those exploiting a species or population will not stop unless there is
‘on- the-ground’ or de facto protection — wardens or guards at a site preventing
exploitation. However, increasing such protection is expensive and may be
unpopular with local people if it is done in an insensitive way.

A before-and-after study in western Costa Rica (1) found an increase in a scarlet
macaw Ara macao population from 185-225 individuals in 1990-4 to 225-265 in
1997-2003, following an increase in anti-poaching patrols and the confiscation of
ladders and tree-climbing equipment (used to remove nestlings from nests) and
several other interventions (see ‘Use education programmes and local
engagement to reduce pressures on species’, ‘Promote sustainable alternative
livelihoods based on species’, ‘Provide artificial nesting sites’ and ‘Guard nests to
increase nest success’). In 1990-4 the population had been showing a 4%/year
decline. In addition, following the start of intensive anti-poaching activities, the
young-to-adult ratio (which is related to recruitment rate) was 9% in 1995-6
(compared to an average of 6% for 1990-2003). However, the intensity of the anti-
poaching effort could not be maintained and when it was reduced the ratio fell
back to 6%.

A before-and-after study on Selvagem Grande, Madeira, Portugal (2), found that
the population of Cory’s shearwaters Calonectris diomedea borealis increased from
approximately 7,000 pairs in 1980 and only 64 chicks on the island in 1976, to
18,100 breeding pairs in 1995 (a 5% annual increase) following the installation of
a permanent warden and stricter de facto protection on the island. Before this, a
series of severe harvesting events by Portuguese and Spanish fishermen in 1975-
6 had reduced the population from 130,000-150,000 in the early 1900s, despite
the de jure protection of the island from 1971. Despite a 13% decrease over 1995-
8, the population was estimated at 29,540 pairs in 2005.

(1) Vaughan, C., Nemeth, N. M., Cary, J. & Temple, S. (2005) Response of a scarlet macaw Ara macao
population to conservation practices in Costa Rica. Bird Conservation International, 15, 119-130.

(2) Granadeiro, J. P., Dias, M. P., Rebelo, R., Santos, C. D. & Catry, P. (2006) Numbers and
population trends of Cory’s shearwater Calonectris diomedea at Selvagem Grande, northeast
Atlantic. Waterbirds, 29, 56—60.

8.3. Promote sustainable alternative livelihoods

e Asingle before-and-after study in Costa Rica (1) found an increase in a scarlet macaw
Ara macao population following several interventions including the promotion of
sustainable, macaw-based livelihoods.

Background
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Conserving biodiversity and eliminating poverty are linked global challenges. The
poor, particularly the rural poor, depend on nature for many elements of their
livelihoods, including food, fuel, shelter and medicines. Working alongside people
who will ultimately benefit from conservation can build social capital, improve
accountability and reduce poverty.

A before-and-after study in western Costa Rica (1) found an increase in a scarlet
macaw Ara macao population from 185-225 individuals in 1990-4 to 225-265 in
1997-2003, following the promotion of economic incentives relating to macaws
and several other interventions (‘Use education programmes and local
engagement to help reduce persecution or exploitation of species’, ‘Provide
artificial nesting sites’ and ‘Guard nests to increase nest success’). In 1990-4 the
population had been showing a 4% /year decline. This study is discussed in more
detail in ‘Increase ‘on-the-ground’ protection to reduce unsustainable levels of
exploitation’.

1 Vaughan, C., Nemeth, N. M., Cary, J. & Temple, S. (2005) Response of a scarlet macaw Ara macao
& Y P P
population to conservation practices in Costa Rica. Bird Conservation International 15, 119-130.

8.4. Use education programmes and local engagement
to help reduce persecution or exploitation of species

o Five out of six studies (1-5) from across the world found increases in bird populations or
decreases in mortality following education programmes. In all but one case (1),
education was one of several interventions employed.

e A replicated before-and-after study from Canada (1) also found that there was a
significant shift in local peoples’ attitudes to conservation and exploited species following
educational programmes.

e One study from Venezuela (6) found no evidence for decreases in yellow-shouldered
parrot Amazona barbadensis poaching following an educational programme in local
schools. The authors argue that the benefits would probably be seen later in the project.

Background

If a community relies on exploiting bird populations then they may well want to
exploit the population sustainably, to ensure it persists and can be exploited in the
future. However, exactly how to exploit a population sustainably may not be clear,
and so education programmes may be useful in reducing over-exploitation.

Other, more general education programmes are discussed in ‘Education and
community development’.

A replicated, before-and-after study from 1978-1988 using 141 heads-of-
households interviewed before (1981-1982) and after (1988) the wide-scale
implementation of the Marine Bird Conservation Project in the coastal North
Shore region of Quebec, Canada (1) found that conservation behaviour and
seabird populations significantly increased after educational campaigns
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(including hands-on lessons, field trips, local volunteering, academic materials
and creative productions). All seabird populations, especially the alcids (average
increase > 50%), significantly increased from 1978-1988 following a decline from
1955-1978. There were significant reductions in respondents who believed that
it should be legal to hunt Atlantic puffins Fratercula arctica (54% to 30%),
razorbills Alca torda (59% to 38%), and common guillemot Uria aalge (76% to
65%) but no change in perception of common eider Somateria mollissima or
herring gull Larus argentatus hunting. The percentage of family members involved
in hunting dropped significantly from 76% to 48% and the average number of
birds reported as needed per year dropped from 44 to 24.

Aten-year study of a griffon vulture Gyps fulvus reintroduction programme in river
gorges in Aveyron, southern France (2) found that an education programme run
at the same time appeared to reduce persecution of vultures. No shooting or
poisoning was recorded in the study area and only a single nest was disturbed by
a climber. In addition, farmers were reported to be leaving carcasses in fields more
frequently, thus providing a source of food for the vultures. No details are
provided on the education programme. The reintroduction programme itself is
discussed in ‘Release captive-bred individuals’ and ‘Release birds as adult or
subadults, not juveniles’.

A 1998 literature review of crane Grus spp. conservation (3) describes how
whooping cranes G. americana continued to decline in the USA following legal
protection, until intensive public education programmes. Before education, fewer
than half the recorded whooping crane mortalities were due to natural causes, but
between 1968 and 1998, only four whooping cranes are known to have been shot.
This review is discussed in more detail in ‘Habitat protection’, ‘Use legislative
regulation to protect wild populations’, ‘Mark power lines to reduce incidental
mortality’, ‘Provide supplementary food to increase adult survival’ and ‘Release
captive-bred individuals’.

A 1998 review of a yellow-shouldered amazon Amazona barbadensis release
programme on Margarita Island, Venezuela (4), found that the population on the
island increased from 750 to approximately 1,900 individuals between 1989 and
1996. The authors argue that the success was dependent to a large degree on a
five-year public education and awareness programme, with promotions such as
making the parrot the state bird, visiting local schools, involving youth
conservation brigades and local news reports. The details of the reintroduction
programme are in ‘Release captive-bred individuals’, ‘Artificially incubate and
hand-rear birds in captivity’ and ‘Foster eggs or chicks with wild conspecifics’.

A before-and-after study in western Costa Rica (5) found an increase in a scarlet
macaw Ara macao population from 185-225 individuals in 1990-4 to 225-265 in
1997-2003, following the formation of a local conservation organisation;
environmental education programmes; meetings with local stakeholders and
several other interventions (‘Promote sustainable alternative livelihoods based on
species’, ‘Provide artificial nesting sites’ and ‘Guard nests to increase nest
success’). In 1990-4 the population had been showing a 4%/year decline. This
study is discussed in more detail in ‘Increase ‘on-the-ground’ protection to reduce
unsustainable levels of exploitation’.
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A replicated study from 2000-2003 (part of a longer study from 2000-2009) of
10 monitored yellow-shouldered parrot Amazona barbadensis nests in tropical
forest habitat on Margarita Island, Venezuela (6), found that there was no short-
term decrease in poaching rates after raising environmental awareness at schools.
Poaching increased from 25% (during 1990-1999) to 100% in 2000-2003 of
monitored fledglings. The environmental education programme, focused on older
elementary schoolchildren (8-13 years old), was established by providing
information, training, resources and support to local elementary school teachers.
Schools hosted environmental days and started environmental brigades. At the
end of each breeding season, a ‘parrot festival’ was organized by the people of one
of the towns. The authors point out that the benefits of this program are likely to
be detected at later stages of the project. This study is also discussed in ‘Relocate
nestlings to reduce poaching’, ‘Provide artificial nest sites’, ‘Employ locals as
biomonitors’ and ‘Foster eggs or chicks with wild conspecifics’.

(1) Blanchard, K. A. & Monroe, M. C. (1990) Culture and conservation: strategies for reversing
population declines in seabirds. Endangered Species Update, 7, 1-5.

) Sarrazin, F., Bagnolini, C., Pinna, J. L., Danchin, E. & Clobert, ]J. (1994) High survival estimates of
griffon vultures (Gyps fulvus fulvus) in a reintroduced population. The Auk, 111, 853-862.

3) Davis, C. (1998) A review of the success of major crane conservation techniques. Bird
Conservation International, 8, 19-30.

4) Sanz, V. & Grajal, A. (1998) Successful reintroduction of captive-raised yellow-shouldered
Amazon parrots on Margarita Island, Venezuela. Conservation Biology 12, 430—-441.

(5) Vaughan, C., Nemeth, N. M., Cary, J. & Temple, S. (2005) Response of a scarlet macaw Ara macao
population to conservation practices in Costa Rica. Bird Conservation International, 15, 119-130.

(6) Bricefio-Linares, ]. M., Rodriguez, ]J. P., Rodriguez-Clark, K. M., Rojas-Suarez, F., Millan, P. A.,
Vittori, E. G. & Carrasco-Mufioz, M. (2011) Adapting to changing poaching intensity of yellow-
shouldered parrot (Amazona barbadensis) nestlings in Margarita Island, Venezuela. Biological
Conservation, 144, 1188-1193.

8.5. Employ local people as ‘biomonitors’

e Asingle replicated study in Venezuela (1) found that poaching of parrot nestlings was
significantly lower following the employment of five young men as ‘biomonitors’.

Background

Employing local people in conservation can give them an active stake in ensuring
that species or habitats survive. In addition, if locals are used to reduce threats
such as poaching then those responsible may respond more positively than to
police or conservationists.

A replicated study in 2004 (part of a longer study from 2000-2009) of 10
monitored yellow-shouldered parrot Amazona barbadensis nests in tropical forest
habitat on Margarita Island, Venezuela (1) found that the recruitment of young
people as nest biomonitors significantly decreased poaching rate. Implementation
of 24 h surveillance by the biomonitors resulted in a decrease in poaching from
nearly 100% between 2000 and 2003, to 56% in 2004. A team of five young people
of a similar age, background and social context as poachers were recruited from
local communities to monitor nests. The authors point out that it was their hope
that the biomonitors would be well-placed to encourage positive conservation
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action by peers. This study is also discussed in ‘Relocate nestlings to reduce
poaching’, ‘Use education programmes and local engagement to help reduce
pressures on species’, ‘Provide artificial nest sites’ and ‘Foster eggs or chicks with
wild conspecifics’.

1) Bricefio-Linares, ]. M., Rodriguez, J. P., Rodriguez-Clark, K. M., Rojas-Suarez, F., Millan, P. A.,
Vittori, E. G. & Carrasco-Murfioz, M. (2011) Adapting to changing poaching intensity of yellow-
shouldered parrot (Amazona barbadensis) nestlings in Margarita Island, Venezuela. Biological
Conservation, 144, 1188-1193.

8.6. Mark eggs to reduce their appeal to egg collectors

e Asingle before-and-after (1) study found that marking eggs greatly increased the number
of chicks fledging from six raptor nests in Australia in 1979 and 1980.

Background

Egg collecting involves removing eggs from nests, blowing them to remove the
contents and presenting the eggs in a collection. This practice can be extremely
damaging for some slow-reproducing species (Ewins 1997) and is made more so
by the greater value of, and demand for, rarer species’ eggs. This has led to the
prohibition of egg collecting in many countries, but the practice still continues.

Marking eggs in a non-damaging way may reduce the desirability of eggs because
collectors are interested in eggs for their aesthetic appeal.

Ewins, P.J. (1997) Osprey (Pandion haliaetus) populations in forested areas of North America: changes,
their causes and management recommendations. Journal of Raptor Research, 31, 138-150.

A small before-and-after study in the Flinders Ranges, South Australia (1), found
that twice as many young fledged from five peregrine falcon Falco peregrinus nests
(12 young fledged from 16 eggs) and one wedge-tailed eagle Aquila audax nest
(one chick from two eggs) in 1980, when eggs were marked with a single line
drawn in black, waterproof ink, as in 1979, when no eggs were marked (6/15 and
0/2 fledged respectively).

(@) Olsen, J., Billet, T. & Olsen, P. (1982) A method for reducing illegal removal of eggs from raptor
nests. Emu, 82, 225.

8.7. Relocate nestlings to reduce poaching

e A replicated before-and-after study in Venezuela (1) found significant decreases in
poaching rate and increased fledging rates of parrots after wild chicks were moved into
police premises each night.

Background
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Nestlings are particularly vulnerable to exploitation, as they cannot fly and are
confined to nests. This is especially problematic with species such as parrots that
are exploited for the pet trade, as nestlings can be easily raised in captivity and
sold on. Moving nestlings into safer areas may reduce the threat of exploitation,
but is likely to be expensive or time-consuming. In the study below, chicks were
taken from nests overnight and then returned in the morning, something that is
only likely to be possible for species under very intense management.

A replicated before-and-after study in 2008-2009 (part of a longer study from
2000-2009) in 15 monitored yellow-shouldered parrot Amazona barbadensis
nests in tropical forest habitat on Margarita Island, Venezuela (1) found that
moving nestlings into municipal police premises overnight significantly decreased
poaching rates. In 2008, the municipal police received the birds nightly during the
breeding season, which brought poaching rates down from 60% at the end of 2007
to 16% in 2008 and 1% in 2009 (with the help of the National Guard). The
Macanao municipal police helped with surveillance in the field and escorted the
fledglings every night to police headquarters instead of the local field base. In
2009, birds were taken nightly to the National Guard headquarters. Overall, the
fledging rate doubled while the poaching rate was halved from 2000-2009
compared to pre-intervention period of 1990-1999 (3.8 and 1.6 birds / nest; 25%
and 49% respectively). This study is also discussed in ‘Use education programmes
and local engagement to help reduce pressures on species’, ‘Provide artificial
nesting sites’, ‘Employ locals as biomonitors’ and ‘Foster eggs or chicks with wild
conspecifics’.

(1) Bricefio-Linares, J. M., Rodriguez, J. P., Rodriguez-Clark, K. M., Rojas-Suarez, F., Millan, P. A.,
Vittori, E. G. & Carrasco-Mufioz, M. (2011) Adapting to changing poaching intensity of yellow-
shouldered parrot (Amazona barbadensis) nestlings in Margarita Island, Venezuela. Biological
Conservation, 144, 1188-1193.

8.8. Use wildlife refuges to reduce hunting disturbance

e Three studies from the USA (1) and Europe (2,3) found that bird densities were higher
in refuges where hunting was prohibited, compared to areas with hunting. In addition,
two studies (2,3) found that more birds used hunting-free areas during the open season
and on hunting days.

¢ No studies investigated the population-level impacts of these refuges.
Background

Wildlife refuges are a type of protected area where hunting is prohibited. Often
situated near hunting areas, they can be effective both by reducing the number of
birds shot, but also in reducing the disturbance to non-target species. Other
interventions designed to reduce disturbance are discussed in ‘Threat:
Disturbance’.

A site comparison study from 1940-1951 in two natural, 400 private and 13 public
waterfowl refuges of wetland habitat in Illinois, USA (1), found that waterfowl
refuges should cover at least 400 ha if shooting is permitted. Refuges where
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hunting is prohibited exhibit higher waterfowl abundance (for example, duck
populations increased on average by 37,075 ducks/refuge over seven years in
sites where hunting became closed). Similarly, hunting-restricted refuges exhibit
greater duck usage (4,010, 911 and 56 duck-days/ha over 50 days for a non-
hunting refuge, a hunting refuge and a non-refuge respectively). Refuge size affects
hunting impact: one smaller refuge containing higher concentrations of duck food
than a larger, nearby refuge exhibits significantly lower average duck density
(1,504 compared to 4,327 ducks/ha), but significantly higher hunting pressure
(15 compared to 8% of the population hunted). In total, refuges cover 23,209 ha,
of which 2,023 ha are open to hunting,.

A study on alake in Northern Ireland, UK, in the boreal winter of 1997-8 (2), found
that significantly more wildfowl were found on a bay used as a wildlife refuge (i.e.
closed to hunting) during the hunting season, compared with the closed season
(average of 1,027 individuals on the lake during open season vs. 597 during the
closed season). A significant increase in usage was also observed within the open
season at weekends, when hunting intensity was highest, a pattern most
noticeable for mallard Anas platyrhynchos and common coot Fulica atra. There
was a corresponding decrease in wildfowl numbers in an area of the lake used for
shooting. A total of 20 waterfowl species were recorded at the refuge, the most
common being mallard, common goldeneye Bucephala clangula, tufted duck
Aythya fuligula and common coot.

A controlled study from October-December in 2003 on one 10 km? site within
intensively cultivated farmland in Tauché and Sainte Blandine villages, France (3),
found that northern lapwings Vanellus vanellus, golden plovers Pluvialis apricaria
and little bustards Tetrax tetrax were affected by hunting activities and used
hunting-free areas in response. Hunting activity increased flight probability and
time spent vigilant (higher on hunting days than just before and after a hunting
day), to the detriment of resting. Foraging was unaffected by hunting. The hunting-
free reserve was used significantly more frequently during hunting days. Little
bustards used the hunting-free reserve almost exclusively (96% of observations
within hunting-free reserve). The authors suggest that reserves can mitigate the
disturbance caused by hunting.

(1) Bellrose, F. C. (1954) The value of waterfowl refuges in Illinois. The Journal of Wildlife
Management, 18, 160-169.

2) Evans, D. M. & Day, K. R. (2002) Hunting disturbance on a large shallow lake: the effectiveness
of waterfowl] refuges. Ibis, 144, 2-8.

3) Casas, F., Mougeot, F., Vinuela, ]. & Bretagnolle, V. (2009) Effects of hunting on the behaviour
and spatial distribution of farmland birds: importance of hunting-free refuges in agricultural
areas. Animal Conservation, 12, 346-354.

8.9. Introduce voluntary ‘maximum shoot distances’

e A replicated, randomised before-and-after study from Denmark (1) found that
significantly fewer pink-footed geese Anser brachyrhynchus were wounded but not
killed, following the implementation of a voluntary maximum shooting distance.
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Background

The probability of successfully killing a bird when shooting decreases with
distance from the bird. If hunting is regulated by ‘bag limits’ (i.e. the number of
birds individuals can harvest), then shooting at birds from a long distance may be
detrimental, as many birds are hit but do not die instantly. These escape and die
later but are not collected and so are not included in a bag limit. This means that
actual mortality from hunting is considerably higher than the set bag limits.

Areplicated, randomised before-and-after study in March from 1998-2005 in one
wetland area in which 150-500 pink-footed geese Anser brachyrhynchus were
monitored annually in Jutland, Denmark (1) found that the implementation of a
voluntary restriction on maximum shooting distance (25 m) in 1997 significantly
reduced injury rate during the hunting season. The proportion of wounded first-
year and older geese significantly decreased over the study period (7-11% and
18% decrease by 2005 respectively). A simple population dynamic model
predicted these decreases to be consistent with a c. 60% reduction of numbers
wounded for both age classes. Since 1997, the total annual number of harvested
geese in Denmark increased from 15,000 to 30,000. Thus, the authors point out,
reductions in numbers wounded did not appear to have had any negative impact
on harvest size. A mobile surgical X-ray unit was used to screen for shot.
Recaptures accounted for just 1% of the sample.

1) Noer, H., Madsen, J. & Hartmann, P. (2007) Reducing wounding of game by shotgun hunting:
effects of a Danish action plan on pink-footed geese. Journal of Applied Ecology, 44, 653—662.

8.10. Provide ‘sacrificial’ grasslands to reduce the impact
of wild geese on crops

e Two studies in the UK (1, 2) found that managing grasslands for geese increased the
number grazing there. However, both found that the birds were moving within a relatively
small area (i.e. within the study sites) and therefore the grasslands may not reduce
conflict with farmers.

Background

There have been dramatic increases in many species of goose in recent decades
(Madsen et al. 1999) and this has led to increasing conflict with farmers, as many
species graze on arable land, potentially ruining crops. One potential solution, to
reduce conflict whilst maintaining the populations of geese is to provide ‘sacrificial
grasslands’ - areas set-aside for geese to feed on, which keeps them away from
agricultural fields.

To be useful, such areas need to be more attractive than neighbouring fields.
Interventions detailing specific management practices are mainly described in
‘Threat: Natural system modifications’, whilst the studies below describe whether
the provision of sacrificial grasslands actually affects the distribution of geese in
an area.
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Madsen, J., Cracknell, G. and Fox, A.D. (1999) Goose Populations of the Western Palearctic. A Review of
Status and Distribution, Wetlands International Publication No. 48. Wetlands International,
Wageningen, The Netherlands.

A before-and-after study in Gloucestershire, England (1) found that up to 87% of
geese on a grassland site used a 130 ha area managed for them in 1975-6. The
interventions used are discussed in ‘Reduce grazing intensity’, ‘Increase crop
diversity’ and ‘Undersow spring cereals’.

A replicated, controlled trial in 1984-7 on a reserve on the island of Islay, west
Scotland (2), found more barnacle geese Branta leucopsis used wet pasture fields
if they were re-seeded or fertilised than if they were unmanaged. However,
increases were due to a redistribution of local birds, rather than new birds visiting
the reserve. The author therefore suggests that improving the reserve grasslands
will only minimally reduce conflict with farmers elsewhere on the island. The
details of management interventions are discussed in ‘Re-seed grasslands’ and
‘Fertilise grasslands’.

1) Owen, M. (1977) The role of wildfowl refuges on agricultural land in lessening the conflict
between farmers and geese in Britain. Biological Conservation, 11, 209-222.

() Percival, S. M. (1993) The effects of reseeding, fertiliser application and disturbance on the use of
grasslands by barnacle geese, and the implications for refuge management. Journal of Applied
Ecology, 30, 437-443.

8.11. Move fish-eating birds to reduce conflict with
fishermen

e A single before-and-after study in the USA (1) found that Caspian tern Sterna caspia
chicks had a lower proportion of commercial fish in their diet following the movement of
the colony away from an important fishery.

A before-and-after study in 1999-2001 on two small islands in the Columbia River
Estuary, Oregon, USA (1), found that various interventions led to the relocation of
a Caspian tern Sterna caspia colony (8,900 pairs in total) away from an important
fishery. Tern chicks had a significantly lower proportion of juvenile commercial
fish (such as coho salmon Oncorhynchus kisutch, steelhead 0. mykiss and chinook
salmon O. tshawytscha) in their diet following the movement of the colony to East
Sand Island, compared with its original position on Rice Island (commercial fish
making up 42% of the diet on East Sand Island vs. 83% on Rice Island,
approximately 120 bill-loads sampled at each site each year). The predation of
commercial fish by terns was a significant source of conflict with local fishermen,
and translocation may well have reduced this conflict. Tern productivity was
significantly higher at East Island than Rice Island in every year of the study.
Individual interventions are discussed in ‘Use decoys to attract birds to new
nesting areas’, ‘Use vocalisations to attract birds to new nesting areas’, ‘Control
avian predators on islands’, ‘Habitat restoration/creation - intertidal habitats’ and
‘Translocations - Alter habitat to encourage birds to leave an area’.
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(1) Roby, D. D., Collis, K., Lyons, D. E., Craig, D. P., Adkins, J. Y., Myers, A. M. & Suryan, R. M.
(2002) Effects of colony relocation on diet and productivity of Caspian terns. The Journal of
Wildlife Management, 66, 662—673.

8.12. Scare fish-eating birds from areas to reduce conflict

Studies investigating scaring birds from fishing areas are discussed in ‘Threat:
Agriculture — Aquaculture’.

Reduce fisheries bycatch

Commercial fisheries have expanded dramatically across the world since the
1960s, and are having increasing direct impacts on seabirds worldwide.
Commercial longline, trawl and gillnet fisheries are responsible for the deaths of
hundreds of thousands of seabirds each year, threatening the survival of a number
of species, especially albatrosses.

Longline fleets set more than one billion hooks each year and up to 300,000
seabirds, including 100,000 albatrosses, are killed on longlines as they scavenge
for bait and offal and are accidentally caught on the fishhooks and drowned. This
form of bycatch is now the single greatest threat to albatrosses. All 22 albatross
species are classed as globally threatened or Near Threatened.

Trawl fisheries are also a threat, with birds killed when they are hit by the
powerful cables that attach the trawl net to the vessel, and by being entangled by
the net as they scavenge for fish.

Gillnets - static curtains of netting designed to entangle fish by their gills - can be
responsible for the accidental entanglement of large numbers of pelagic birds.
Despite a ban on their use in the high seas, commercial gillnet fisheries continue
to operate in territorial and coastal waters around the world, where they pose a
significant threat to numerous seabird populations, especially ‘pursuit-diving’
species, such as divers (loons), grebes, sea ducks, auks and cormorants.

This bycatch is extremely detrimental to bird populations, but is also expensive
for fishermen, as each bait taken by a bird is one lost for catching fish. Methods to
prevent bycatch are therefore also likely to increase profits. Both conservation-
based and commercial fisheries organisations are now working together to try and
uncover which methods are the most effective and then to ensure that every boat
employs them.

A literature review in 2000 (Melvin & Robertson 2000) argued that much of the
research into bycatch is confused and non-standardised, with different
methodologies being used and experiments often uncontrolled. Bycatch can often
vary hugely from one voyage to the next and from year to year, due to movements
of birds and changes in fish stocks, but also because of factors, such as the phase
of the moon, which alter the effectiveness of, for example, setting lines at night.
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Evidence from single-year comparisons or uncontrolled tests therefore need to be
treated with caution.

Melvin, E.F. and Robertson, G. 2000. Appendix 3. Seabird mitigation research in longline fisheries:
status and priorities for future research and actions. In: Cooper, J. (Ed.). Albatross and Petrel
Mortality from Longline Fishing International Workshop, Honolulu, Hawaii, USA, 11-12 May
2000. Report and presented papers. Marine Ornithology, 28, 179-182.

8.13. Set longlines at night to reduce seabird bycatch

e Six out of eight studies from fisheries around the world (1-3, 5-7) found lower rates of
seabird bycatch on longlines set at night, compared with during the day, or with
previously collected data (5). However, effects seemed to depend on the species caught.

e Two studies (4, 8) found higher rates of bycatch on night-set longlines, due to high
numbers of white-chinned petrels Procellaria aequinoctialis or northern fulmars
Fulmarus glacialis being caught at night.

Background

Most seabirds feed during the day and so longlines set at night may catch fewer
birds. Some species, however, do hunt at night and so night-setting is unlikely to
be an effective mitigation measure. An adequate knowledge of bycatch species’
ecology is therefore important in determining whether to promote night-setting.

Many of the studies in this section do not explicitly say whether night-setting was
done for conservation purposes or not. However, given the valuable information
they contain, we have included them below.

A study using data from bluefin tuna Thunnus thynnus boats operating off New
Zealand between 1988 and 1992 (1) found that the effects of night-setting on
seabird bycatch rates varied between fishing areas, probably due to different
species making up the majority of bycatch. In southern areas, 87% of 47 identified
birds caught were albatrosses and 73% of 88 birds were caught between 0600 and
1400 (when 41% of 1,009 lines were set). In contrast, in northern fishing grounds,
where 59% of 75 identified birds were petrels, 44% of the 181 birds caught were
hooked within 90 minutes of dawn or dusk and 42% were caught at night (when
54% of 1,180 lines were set).

A small study on a commercial longlining boat in the South Atlantic in March-April
1993 (2) found that no birds were caught on seven lines, set predominantly at
night. The number of birds following the boat increased during the day: seven
birds were seen following the boat during setting before 05:00 hr (first light was
at 04:00 hr), with 84 being seen between 05:00 hr and 07:30 hr and several
hundred following the boat during daytime hauling operations. This study also
investigated the impact of streamer lines (see ‘Use streamer lines to reduce
seabird bycatch on longlines’).

A replicated, controlled study on a commercial fishing boat in the South Atlantic
in April-May 1994 (3) found that longlines set at night appeared to catch fewer
birds as bycatch, and of fewer species, compared to lines set during the day (15
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birds caught on 16 lines set at night, all white-chinned petrels Procellaria
aequinoctialis vs. 83 birds of six species on four lines set during the day). A further
four day-set and three night-set lines caught 1-5 birds each but were not analysed
separately. The vessel was fishing for Patagonian toothfish Dissostichus eleginoides
off South Georgia, UK. This study is also discussed in ‘Use streamer lines to reduce
seabird bycatch on longlines’ and ‘Use a sonic scarer when setting longlines to
reduce seabird bycatch’.

A replicated and controlled study (4) in the Patagonian toothfish Dissostichus
eleginoides fishery in the South Atlantic found that 38 birds (two grey-headed
albatross Thalassarche chrysostoma, formerly Diomedea chrysostoma, and 36
white-chinned petrels Procellaria aequinoctialis) caught on 72 longlines (174,000
hooks) set in February 1994, were caught at a much higher rate on lines set at
night, than during the day (1.00 vs. 0.38 birds/1,000 hooks). The study took place
around South Georgia (UK) and Kerguelen Islands (France) (sectors 332 and 333).
This study is also discussed in ‘Turn decklights off during night-time setting of
longlines to reduce bycatch’.

A study in March-May 1997 near South Georgia, South Atlantic (5) found that 61
line sets, laid at night from a Patagonian toothfish Dissostichus eleginoides vessel,
caught a total of 12 birds. This was the equivalent of 0.1 birds/1,000 hooks, which
the authors’ state is considerably lower than many boats fishing near South
Georgia, possibly due to night-setting of lines. Nine birds were white-chinned
petrels Procellaria aequinoctialis, two black-browed albatross Thalassarche
melanophrys and one was unidentified.

A replicated, controlled study using data from 86 longlining vessels operating in
Australian waters, between April 1992 and March 1995 (6) found that longlines
set at night caught approximately five times fewer seabirds than those set during
the day (1.0 birds/1,000 hooks for 924 line-sets set at night vs. 4.8 birds/1,000
hooks for 1,372 line-sets set during the day). The difference was greatest on nights
close to a new moon (with 7% of the bycatch rates of day sets), but there were
always significant reductions (sets on full moon nights had approximately one-
third the bycatch rates of day sets). This study does not discuss which birds were
caught, but previous studies have shown that this fishery catches mainly albatross.
This study is also discussed in ‘Use bait throwers to reduce seabird bycatch’ and
‘Thaw bait to reduce seabird bycatch’.

A replicated, controlled study in the sub-Antarctic Indian Ocean in 1994-7 (7)
found that longlines set at night had significantly lower seabird bycatch, compared
to those set during the day (0.91 birds caught/1,000 hooks for day-set lines vs.
0.17 birds/1,000 hooks for night-set lines, total of 524 lines studied). This result
was consistent across all species, except for wandering albatross Diomedea
exulans, which was only caught on 12 occasions. The authors note that whilst the
number of white-chinned petrels Procellaria aequinoctialis caught was half that
caught during the day, these levels may still be unsustainably high: they quote an
unpublished figure of 340 petrels caught during a single line set off Kerguelen
Island. The study took place on three Ukranian and one Japanese longliners fishing
for Patagonian toothfish Dissostichus eleginoides off Kerguelen Island (France).
Deck lights were not switched on during night setting. This study is also discussed

182



in ‘Use streamer lines to reduce seabird bycatch on longlines’ and ‘Reduce seabird
bycatch by releasing offal overboard when setting longlines’.

A replicated and controlled study (8) in the North Pacific in late summer 1999 and
2000, found that lines set at night or during sunrise had higher rates of seabird
bycatch (0.13 and 0.07 birds/1,000 hooks respectively) than those set during the
day or at sunset (0.02 and 0.01 birds/1,000 hooks respectively). Differences were
due to bycatch rates of northern fulmars Fulmarus glacialis (the most numerous
species caught and the only species caught at night). Shearwaters Puffinus spp.
constituted 67% of species caught during the day, but were never caught during
the night. A total of 490 line sets were studied from the Pacific cod Gadus
macrocephalus and walleye pollock Theragra chalcogramma fishery southeast of
the Pribilof Islands, USA. This study is also discussed in ‘Weight baits or lines to
reduce longline bycatch of seabirds’, ‘Use streamer lines to reduce seabird bycatch
on longlines’, ‘Use a line shooter to reduce seabird bycatch’ and ‘Set lines
underwater to reduce seabird bycatch’.

(1) Murray, T. E., Bartle, J. A., Kalish, S. R. & Taylor, P. R. (1993) Incidental capture of seabirds by
Japanese southern bluefin tuna longline vessels in New Zealand waters, 1988-1992. Bird
Conservation International, 3, 181-210.

) Ashford, J. R., Croxall, J. P., Rubilar, P. S. & Moreno, C. A. (1994) Seabird interactions with
longlining operations for Dissostichus eleginoides at the South Sandwich islands and South
Georgia. CCAMLR Science, 1, 143-153.

3) Ashford, J. R., Croxall, J. P., Rubilar, P. S. & Moreno, C. A. (1995) Seabird interactions with
longlining operations for Dissostichus eleginoides around South Georgia, April to May 1994.
CCAMLR Science, 2, 111-121.

4) Cherel, Y., Weimerskirch, H. & Duhamel, G. (1996) Interactions between longline vessels and
seabirds in Kerguelen waters and a method to reduce seabird mortality. Biological Conservation,
75, 63-70.

(5) Ashford, J. R. & Croxall, J. P. (1998) An assessment of CCAMLR measures employed to mitigate
seabird mortality in longlining operations for Dissostichus eleginoides around South Georgia.
CCAMLR Science, 5, 217-230.

(6) Klaer, N. & Polacheck, T. (1998) The influence of environmental factors and mitigation measures
on by-catch rates of seabirds by Japanese longline fishing vessels in the Australian region. Emu,
98, 305-316.

(7) Weimerskirch, H., Capdeville, D. & Duhamel, G. (2000) Factors affecting the number and
mortality of seabirds attending trawlers and long-liners in the Kerguelen area. Polar Biology, 23,
236-249.

(8) Melvin, E. F., Parrish, J. K., Dietrich, K. S. & Hamel, O. S. (2001) Solutions to seabird bycatch in
Alaska’s demersal longline fisheries. Washington Sea Grant Program, University of Washington.

8.14. Turn deck lights off during night-time setting of
longlines to reduce bycatch

e Asingle replicated and controlled study in the South Atlantic (1) found significantly lower
bycatch rates when deck lights were turned off during line setting at night.

Background

Birds might be attracted to deck lights on fishing boats either to use them to
forage, or because birds are generally attracted to lights at night (see ‘Threat:
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Pollution’ for interventions designed to reduce the threat of light pollution). In
either case, birds may be vulnerable, so turning off the lights may reduce mortality.

A replicated and controlled study (1) in February 1994 in the South Atlantic
Patagonian toothfish Dissostichus eleginoides fishery found that seabird bycatch
rates on longlines set at night were much lower for lines set when the decklights
were turned off, compared to sets with the lights on (0.15 vs. 0.59 birds/1,000
hooks). A total of 21 white-chinned petrels Procellaria aequinoctialis were caught.
This study is also discussed in ‘Set longlines at night to reduce seabird bycatch’.

(1) Cherel, Y., Weimerskirch, H. & Duhamel, G. (1996) Interactions between longline vessels and
seabirds in Kerguelen waters and a method to reduce seabird mortality. Biological Conservation,
75, 63-70.

8.15. Use streamer lines to reduce seabird bycatch on
longlines

e A total of eight studies (1, 2, 5, 6, 10-12, 14) and two literature reviews (15, 16) from
coastal and pelagic fisheries across the world found strong evidence for reduced seabird
bycatch on longlines when streamer lines were used.

e Areplicated, controlled trial from the sub-Antarctic Indian Ocean (9) found no reduction
in bycatch rates when using streamer lines, whilst five studies (3, 4, 7, 8, 13) were
inconclusive, uncontrolled or had weak evidence for reductions.

o The effect of streamer lines appears to vary between seabird species: northern fulmars
Fulmarus glacialis were consistently caught at lower rates when streamers were used
(6, 10, 12, 14, 15) but shearwaters Puffinus spp. and white-chinned petrels Procellaria
aequinoctialis were caught at similar rates with and without streamers in one study each
(9, 12).

e The three studies that investigated the use of multiple streamer lines all found that fewer
birds were caught when two streamer lines were used, compared to one (11, 12, 16),
with even fewer caught when three were used (16).

Background

Streamer lines are long lines attached to a high point on the stern of a fishing boat
so that they fall slowly to the surface of the water. On the 25 m or so of the lines,
multiple ‘streamers’ are attached: strands of often brightly coloured line attached
on a swivel to the main line. These move in the wind and interfere with birds
attempting to reach the baited longline below. Streamer lines can vary in
effectiveness with design, and the Commission for the Conservation of Antarctic
Marine Living Resources (CCAMLR) and some other fisheries organisations have
specific recommendations on their design. For example, boats in CCAMLR fishing
areas must use a line at least 150 m long, attached 4.5 m above the water, with five
sets of streamers attached at 5 m interval (Miller et al. 2003).
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Multiple streamer lines may also be more effective than a single streamer, and how
the streamer is deployed is thought to be important: if the wind moves the
streamer so it is not directly over the longline then it is unlikely to have an effect.

Miller, D.G.M., Sabourenkov, E.N. and Ramm, D.C. (2003) CCAMLR'’s approach to managing Antarctic
marine living resources. Conference Reports of: Deep Sea 2003: Conference on the Governance of Deep-
sea Fisheries, Queenstown, New Zealand.

A controlled study on a fishing voyage off the southwest coast of Tasmania,
Australia (1), found that using a streamer line reduced the number of baits taken
by albatross from 5.8/1000 to 1.7/1,000. Fewer attempts at baits were also made
within 50 m of the ship (from 12.8/1,000 baits and 63% of the total attempts to
0.2/1,000 baits and 2.3%). Streamer lines were 150 m long with seven ‘double-
line vertical streamers’ attached at 4.1 m intervals.

A comparative study of ten bluefin tuna Thunnus thynnus longlining boats fishing
off New Zealand in 1992 (2), found that none of five vessels that used a streamer
line over 51% of the time caught any birds (over 100 line sets). The remaining five
boats used streamer lines for less than 12% of the time and caught 14 birds over
157 sets. However, the authors cautioned that these results were preliminary,
with limited observer coverage, no controls and no statistical tests.

A small study on a commercial longlining boat in the South Atlantic in March-April
1993 (3) found that no birds were caught on seven lines set for Patagonian
toothfish Dissostichus eleginoides. The authors state that they could not draw
conclusions on the effectiveness of the streamers because of the small number of
repeats and the lack of birds interacting with line setting. This study also
investigated the impact of setting lines at night (see ‘Set longlines at night to
reduce seabird bycatch’).

A study of 20 longlines set in April-May 1994 in the South Atlantic (4) found that
98 birds were caught as bycatch on the lines, with 45 on two lines set without
streamer lines, 38 on two set with a streamer line and 1-5 birds/line for seven set
with a different streamer design. A further 15 birds (all white-chinned petrels
Procellaria aequinoctialis) were caught on 15 sets, of which three used the first
streamer design. The authors concluded that streamer lines ‘were observed to
interrupt birds’ behaviour...and to reduce mortality’. A streamer line was also use
during the hauling of seven line sets, but no birds were caught during hauling,
either with or without streamer lines. This study is also discussed in ‘Set longlines
at night to reduce seabird bycatch’ and ‘Use a sonic scarer when setting longlines
to reduce seabird bycatch’.

Analysis of data from 14 longlining trips by 12 vessels in the South Atlantic
between March and May 1995 (5), found that seven vessels using streamer lines
caught significantly fewer birds per unit fishing effort (BPUE < 0.1 birds/1,000
hooks) than those without streamer lines (BPUE > 0.3 birds/1,000 hooks). A total
of 1,428 birds were caught. The authors note that there was considerable variation
in BPUE due to confounding factors, but that line sets compared were similar apart
from the use of streamers. Vessels were fishing for Patagonian toothfish
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Dissostichus eleginoides in Subarea 48.3 (South Georgia and the South Sandwich
[slands).

A replicated, controlled study off the coast of Norway (6) found that seabird
bycatch on 13 days in May 1996 was significantly lower for 13 daytime line sets
when a streamer line was used (two birds caught, 0.04 birds/1,000 hooks),
compared to control sets with no streamer line (99 birds, 1.75 birds/1,000 hooks).
Bycatch was mainly northern fulmars Fulmarus glacialis and the streamer line was
8 mm nylon with 8 cm wide, 0.5-3 m long yellow tarpaulin streamers at 5.1 m
intervals.

A randomised, replicated and controlled study on a boat in the South Atlantic on
27 nights between March and May 1997 (7), found that, when the vessel followed
other guidelines from the CCAMLR streamer lines did not significantly reduce
BPUE (a total of 12 birds were Kkilled by lines). However, the authors predict that
125 replicates of each treatment would be needed to detect the effect of streamer
lines, far more than in this study. The vessel was fishing for Patagonian toothfish
Dissostichus eleginoides in Subarea 48.3 of the southwest Atlantic (South Georgia
and the South Sandwich Islands), setting an average of 12,990 hooks each night.
CCAMLR guidelines say that lines should be set at night and weighted, that deck
lights should be extinguished and no offal discarded during line setting.

An analysis of data from tuna vessels fishing in Australian waters in 1991-5 (8)
does not provide conclusive evidence for the effectiveness of streamer lines.
Voyages with streamer lines caught more birds than those without, but when
catch rates for individual seasons and areas were analysed, catch rates were lower
with streamer lines, but not significantly so. The authors argue that the lack of
conclusive evidence is due to the lack of a controlled analysis and the
disproportionate use of streamer lines in areas with higher catch rates and during
the day (see ‘Set longlines at night to reduce seabird bycatch’). A total of 3,477 line
sets were studied.

A replicated, controlled study in the sub-Antarctic Indian Ocean in 1994-7 (9)
found that using a streamer line whilst setting longlines did not appear to reduce
seabird bycatch for all species combined, or for white-chinned petrels Procellaria
aequinoctialis, the most frequently caught birds (0.57 birds/1,000 hooks on sets
with a streamer vs. 0.52 birds/1,000 hooks for sets without, total of 524 lines
studied). Streamer lines were 150-175 m long propylene ribbons (2 m long) every
2-3 m. This study is also discussed in ‘Set longlines at night to reduce seabird
bycatch’ and ‘Reduce seabird bycatch by releasing offal overboard when setting
longlines’.

A randomised, replicated and controlled experiment in February 1999, in the
Northwestern Islands, Hawaii, USA (10), found that using a streamer line when
setting hookless bait lines lowered attacks by black-footed Phoebastria nigripes
and Laysan P. immutabilis albatrosses by 75% and 77% respectively, compared to
controls. Streamer lines were 150 m long: a 10 m attachment section of 6.25 mm
twisted yellow polypropylene; 40 m with seven forked ‘aerial streamers’; 85 m of
red 3 mm nylon with eight small streamers in the first 40 m, 15 m of 12 mm yellow
polypropylene. Lines were attached 8 m above the stern so that the first streamer
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touched the water approximately 5 m behind the bait entry point. Twenty four
repeats of each treatment were used, with lines set during the day, mimicking
swordfish longline techniques.

A randomised, replicated and controlled experiment off the coast of mid-Norway
in August 1998 (11), found that two streamer lines both significantly reduced the
seabird bycatch on longlines compared with lines set with no streamer (no birds
caught with the 11 repeats using the advanced streamer, two birds and 0.03
birds/1,000 hooks with the 11 repeats of the simple streamer vs. 74 birds and 1.06
birds/1,000 hooks for 11 sets with no streamer line). The majority of hooked birds
were northern fulmars Fulmarus glacialis. Each set contained approximately
6,500 hooks and was set during daylight. Both streamers were 80 m long and hung
7-8 m above sea level; the advanced line had four gillnet float rings at the trailing
end and twelve 8 cm wide yellow tarpaulin streamers, 5 m apart, 0.5-3 m long; the
simple line had a punctured buoy at the trailing end and six, equally placed, 30 cm,
red plastic streamers.

Two randomised, replicated and controlled trials in 1999 and 2000 (12) found
that seabird bycatch was 88-100% lower on longlines set with paired streamer
lines, compared to controls (0.00-0.04 birds/1,000 hooks with paired streamers
vs. 0.22-0.37 birds/1,000 hooks for controls). Similarly, bycatch was lower with
single streamers in the Pacific halibut Hippoglossus stenolepis and sablefish
Anoplopoma fimbria fishery in the Gulf of Alaska and the Aleutian Islands, USA
(0.01 birds/1,000 hooks), although reduction for paired streamers were higher
(50% and 80% reductions in Laysan albatross Phoebastria immutabilis and
northern fulmar Fulmarus glacialis bycatch, respectively). However, in the Pacific
cod Gadus macrocephalus and walleye pollock Theragra chalcogramma fishery
southeast of the Pribilof Islands, USA, lines set with single streamers caught as
many birds as controls. This was due to similar numbers of shearwaters Puffinus
spp. caught on lines with single streamers; no northern fulmars Fulmarus glacialis
were caught on lines set with streamers. Streamer lines were 90 m of 21 mm blue
polyester, with streamers of 6.4 mm orange tubing attached at 5 metre intervals
for the first 50 m. This study is also discussed in ‘Weight baits or lines to reduce
longline bycatch of seabirds’, ‘Set longlines at night to reduce seabird bycatch’, ‘Use
a line shooter to reduce seabird bycatch’ and ‘Set lines underwater to reduce
seabird bycatch’.

A study on a longlining vessel on the Chatham Rise, New Zealand, in July-August
1998 (13) and using weighted lines (see ‘Weight baits or lines to reduce longline
bycatch of seabirds’) and a streamer line caught an average of 0.0093 birds/1,000
hooks - far lower than many other studies. The streamer line extended 75-85 m
behind the boat, covering the longline to a depth of 2-5 m. Many seabirds can dive
up to 10 m (a depth not reached until 170 m behind the streamer), so the authors
caution that the streamer may not offer as high protection as it appeared.

Arandomised, replicated and controlled trial on a commercial longlining vessel off
the coast of mid-Norway in August 1999 (14), found that bycatch of northern
fulmar Fulmarus glacialis fell to zero when a streamer line was deployed during
line setting and just one bird (0.02 birds/1,000 hooks) when both a streamer line
and line shooter were used, compared with 32 fulmars (0.52 birds/1,000 hooks)
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during control line sets, and 13 fulmars (0.22 birds/1,000 hooks) when just a line
shooter was used. Eleven repeats of each treatment were used, with lines set
during daylight. Streamer lines were 90 m long, with a 69 m streamer section with
twelve 8 cm wide yellow tarpaulin streamers, 5.4 m apart, 0.5-2 m long. This study
is also discussed in ‘Use a line shooter to reduce seabird bycatch’.

A literature review of three replicated and controlled studies off the coast of
Norway (15), found that only two northern fulmars Fulmarus glacialis were caught
on 185,000 longline hooks when a streamer line was deployed, compared with
205 birds (mostly fulmars) from a similar number of hooks without streamer
lines. The three studies (6, 11, 14) are outlined in detail above.

A literature review (16) described evidence for the effectiveness of bycatch
reduction methods in pelagic longline fisheries as ‘inconclusive’, highlighting the
need for further research into the design and configuration of streamer lines. Two
studies (one controlled) from Alaska and the Falkland Islands found that streamer
lines reduced seabird mortality by 71% (single line), 75% (two lines) or 97%
(three lines). An uncontrolled study near New Zealand suggests that using two
streamer lines and an acoustic cannon almost eliminated white-chinned petrels
Procellaria aequinoctialis diving within 50 m of the boat, but that the ‘boom and
bridle’ system of attaching streamers to boats did not reduce diving within the
aerial range of the streamer line.

(1) Brothers, N. (1991) Albatross mortality and associated bait loss in the Japanese longline fishery
in the Southern Ocean. Biological Conservation, 55, 255-268.

) Murray, T. E., Bartle, J. A., Kalish, S. R. & Taylor, P. R. (1993) Incidental capture of seabirds by
Japanese southern bluefin tuna longline vessels in New Zealand waters, 1988-1992. Bird
Conservation International, 3, 181-210.

3) Ashford, J. R., Croxall, J. P., Rubilar, P. S. & Moreno, C. A. (1994) Seabird interactions with
longlining operations for Dissostichus eleginoides at the South Sandwich islands and South
Georgia. CCAMLR Science, 1, 143-153.

4) Ashford, J. R., Croxall, J. P., Rubilar, P. S. & Moreno, C. A. (1995) Seabird interactions with
longlining operations for Dissostichus eleginoides around South Georgia, April to May 1994.
CCAMLR Science, 2,111-121.

(5) Moreno, C. A., Rubilar, P. S., Marschoff, E. & Benzaquen, L. (1996) Factors affecting the
incidental mortality of seabirds in the Dissostichus eleginoides fishery in the southwest Atlantic
(subarea 48.3,1995 season). CCAMLR Science, 3, 79-91.

(6) Lokkeborg, S. (1998) Seabird by-catch and bait loss in long-lining using different setting
methods. ICES Journal of Marine Science, 55, 145-149.

(7) Ashford, J. R. & Croxall, J. P. (1998) An assessment of CCAMLR measures employed to mitigate
seabird mortality in longlining operations for Dissostichus eleginoides around South Georgia.
CCAMLR Science, 5, 217-230.

(8) Brothers, N., Gales, R. & Reid, T. (1999) The influence of environmental variables and mitigation
measures on seabird catch rates in the Japanese tuna longline fishery within the Australian
Fishing Zone, 1991-1995. Biological Conservation, 88, 85-101.

) Weimerskirch, H., Capdeville, D. & Duhamel, G. (2000) Factors affecting the number and
mortality of seabirds attending trawlers and long-liners in the Kerguelen area. Polar Biology, 23,
236-249.

(10) Boggs, C. H. (2001) Deterring albatrosses from contacting baits during swordfish longline sets.
79-94 In: Melvin, E. F. & Parrish, ]J. K. (eds) Seabird Bycatch: trends, roadblocks and solutions. Alaska
Sea Grant, Fairbanks.

(11)  Lekkeborg, S. (2001) Reducing seabird bycatch in longline fisheries by means of bird-scaring
lines and underwater setting. 33—41 In: Melvin, E. F. & Parrish, J. K. (eds) Seabird Bycatch: trends,
roadblocks and solutions. Alaska Sea Grant, Fairbanks.
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(12) Melvin, E. F., Parrish, J. K., Dietrich, K. S. & Hamel, O. S. (2001) Solutions to seabird bycatch in
Alaska’s demersal longline fisheries. Washington Sea Grant Program, University of Washington.

(13) Smith, N. W. M. (2001) Longline sink rates of an autoline vessel, and notes on seabird
interactions. Science for Conservation, 183, 5-32.

(14)  Lokkeborg, S. & Robertson, G. (2002) Seabird and longline interactions: effects of a bird-scaring
streamer line and line shooter on the incidental capture of northern fulmars Fulmarus glacialis.
Biological Conservation, 106, 359-364.

(15)  Lokkeborg, S. (2003) Review and evaluation of three mitigation measures — bird-scaring line,
underwater setting and line shooter—to reduce seabird bycatch in the north Atlantic longline
fishery. Fisheries Research, 60, 11-16.

(16) Melvin, E. E., Sullivan, B., Robertson, G. & Wienecke, B. (2004) A review of the effectiveness of
streamer lines as a seabird by-catch mitigation technique in longline fisheries and CCAMLR
streamer line requirements. CCAMLR Science, 11, 189-201.

8.16. Use larger hooks to reduce seabird bycatch

e We captured no intervention-based evidence on the impact of large hooks on seabird
bycatch.

Background

Large hooks may be more difficult for birds to swallow and so may reduce bycatch
rates. A correlative study found a negative relationship between hook size and
bycatch rate (Moreno et al. 1996). However, large hooks may be more likely to
hook birds through the body or wings (‘foul hooking’).

(1) Moreno, C. A., Rubilar, P. S., Marschoff, E. & Benzaquen, L. (1996) Factors affecting the
incidental mortality of seabirds in the Dissostichus eleginoides fishery in the southwest Atlantic
(subarea 48.3,1995 season).CCAMLR Science, 3, 79-91.

8.17. Use a water cannon when setting longlines to
reduce seabird bycatch

e We found no evidence for the effects on seabird bycatch rates of using water cannon
when setting longlines.

Background

A water cannon used when longlines are set could unsettle birds and stop them
from coming close enough to the boat to attack baits and get hooked.

8.18. Set lines underwater to reduce seabird bycatch

e Four replicated and controlled studies (1-4) and a literature review (5) in Norway, South
Africa and the North Pacific found reductions in northern fulmar Fulmarus glacialis,
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albatross and petrel bycatch rates when using an underwater setting funnel. Although
one (4) found a disproportionate number of albatross were caught during day line setting.

e Areplicated and controlled study (3) found that underwater setting increased attack rates
of shearwaters Puffinus spp. on longlines and did not reduce bycatch.

Background

Most birds caught on longlines are caught when the lines are being set, after the
bait has been attached to hooks but before they have sunk out of the reach of
surface-feeding birds. If lines are set underwater then it may reduce the time they
are available to birds and therefore reduce bycatch.

A randomised, replicated and controlled study off the coast of Norway (1) found
that seabird bycatch in May 1996 was significantly lower when an underwater
setting funnel was used to set longlines (28 birds caught, 0.49 birds/1,000 hooks
for 13 line sets) than in control sets without the funnel (99 birds caught, 1.75
birds/1,000 hooks for 13 line sets). Lines were set during daylight and bycatch
was mainly northern fulmars Fulmarus glacialis.

A randomised, replicated and controlled experiment, with 11 repeats of each
treatment (each approximately 6,500 hooks), off the coast of mid-Norway during
daylight in August 1998 (2), found that longlines set using an underwater setting
funnel significantly reduced the number of seabirds caught compared with control
lines, set without a funnel (six birds and 0.08/1,000 hooks vs. 74 birds and
1.75/1,000 hooks). The majority of hooked birds were northern fulmars Fulmarus
glacialis.

A randomised, replicated and controlled study (3) in a North Pacific fishery in
August 1999 found that using a setting funnel (“lining tube”) reduced the number
of seabirds caught on longlines, compared to controls (0.045 birds/1000 hooks vs.
0.218 birds/1000 hooks). However, this decline was only fewer northern fulmars
Fulmarus glacialis being caught, with the bycatch rate of shearwater Puffinus spp.
remaining constant. Overall, the number of birds following and the rate of attacks
on baits were consistent across treatments, although attack rates by shearwaters
were twice as high when using a setting funnel. The study took place in the Pacific
cod Gadus macrocephalus and walleye pollock Theragra chalcogramma fishery
southeast of the Pribilof Islands, USA. This study is also discussed in ‘Weight baits
or lines to reduce longline bycatch of seabirds’, ‘Set longlines at night to reduce
seabird bycatch’, ‘Use a line shooter to reduce seabird bycatch’ and ‘Use streamer
lines to reduce seabird bycatch on longlines’.

A replicated, controlled study in a South African fishery, between 1998 and 2000
(4) found that seabird bycatch in longline sets that used an underwater setting
funnel was significantly lower than sets that did not use a funnel, both during the
day (funnel: 2,255,150 hooks set, 23 petrels, 10 albatross killed, 0.015 birds/1,000
hooks; no funnel: 434,598 hooks set, 20 petrels, 1 albatross killed, 0.048
birds/1,000 hooks) and night (funnel: 317,503 hooks set, 3 petrels and no
albatross killed, 0.009 birds/1,000 hooks; no funnel: 2,045,912 hooks set, 56
petrels, one albatross Kkilled, 0.028 birds/1,000 hooks). However, a
disproportionate number of albatrosses were killed during day-time sets using the
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setting funnel. The study took place in the Patagonian toothfish Dissostichus
eleginoides fishery off the coast of the Prince Edward Islands.

A review of two randomised, replicated and controlled studies off the coast of
Norway (5) found that fewer northern fulmars Fulmarus glacialis were caught on
longline hooks when an underwater setting funnel was used (34 birds and 0.08-
0.49 birds/1,000 hooks) compared to control line sets (174 birds and 1.06-1.75
birds/1,000 hooks). Both papers are outlined above.

(1) Lokkeborg, S. (1998) Seabird by-catch and bait loss in long-lining using different setting
methods. ICES Journal of Marine Science, 55, 145-149.

() Lekkeborg, S. (2001) Reducing seabird bycatch in longline fisheries by means of bird-scaring
lines and underwater setting. 33-41 In: Melvin, E. F. & Parrish, ]. K. (eds) Seabird Bycatch: trends,
roadblocks and solutions. Alaska Sea Grant, Fairbanks.

3) Melvin, E. F., Parrish, J. K., Dietrich, K. S. & Hamel, O. S. (2001) Solutions to seabird bycatch in
Alaska’s demersal longline fisheries. Washington Sea Grant Program, University of Washington.

4) Ryan, P. G. & Watkins, B. P. (2002) Reducing incidental mortality of seabirds with an
underwater longline setting funnel. Biological Conservation, 104, 127-131.

(5) Lokkeborg, S. (2003) Review and evaluation of three mitigation measures — bird-scaring line,
underwater setting and line shooter—to reduce seabird bycatch in the north Atlantic longline
fishery. Fisheries Research, 60, 11-16.

8.19. Set longlines at the side of the boat to reduce
seabird bycatch

e We found no evidence for the effects on seabird bycatch rates of setting longlines from
the side of the boat.

Background

Setting longlines off the side of the boat allows baits to sink before they reach the
stern, where most of the birds following boats will be flying. However, it may
require refitting boats, which is potentially expensive.

8.20. Use a line shooter to reduce seabird bycatch

e Arandomised, replicated and controlled trial from a pelagic fishery in the North Pacific
(1) found significantly higher seabird bycatch when a line shooter was used to set
longlines.

e A second randomised, replicated and controlled trial (from Norway, (2)), found no effect
of a line shooter on bycatch rates.

Background

As a longline is deployed it will be put under tension as the movement of the boat
stretches the line. This can delay the sinking of the line and baits, increasing the
time available for birds to get hooked. A line shooter works by deploying the line
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faster than the boat is moving, removing tension from it and allowing the line to
sink faster.

A randomised, replicated and controlled study (1) in the North Pacific in August
1999, found that using a line shooter significantly increased the number of birds
caught, compared to controls (0.336 birds/1,000 hooks vs. 0.218 birds/1,000
hooks). Treatment had no effect on the number of birds following vessels, or the
attack rate on baits. A total of 156 line sets were studied, set for Pacific cod Gadus
macrocephalus and walleye pollock Theragra chalcogramma southeast of the
Pribilof Islands, USA. This study is also discussed in ‘Weight baits or lines to reduce
longline bycatch of seabirds’, ‘Use streamer lines to reduce seabird bycatch on
longlines’, ‘Set longlines at night to reduce seabird bycatch’ and ‘Set lines
underwater to reduce seabird bycatch’.

A replicated, randomised and controlled trial on a commercial long-lining vessel
off the coast of mid-Norway in August 1999 (2), found that by-catch of northern
fulmar Fulmarus glacialis was not significantly lower when a line shooter was used
during line setting (13 fulmars hooked during 11 sets, 0.22 birds/1,000 hooks),
compared with either control sets (32 fulmars in 11 sets, 0.52 birds/1,000 hooks)
or with lines set using a streamer line as well (no birds caught on 11 sets with just
the streamer line vs. a single bird or 0.02 birds/1,000 hooks on 11 sets with the
streamer and shooter). This study is also discussed in ‘Use streamer lines to
reduce seabird bycatch on longlines’.

1) Melvin, E. F., Parrish, J. K., Dietrich, K. S. & Hamel, O. S. (2001) Solutions to seabird bycatch in
Alaska’s demersal longline fisheries. Washington Sea Grant Program, University of Washington.

) Lokkeborg, S. & Robertson, G. (2002) Seabird and longline interactions: effects of a bird-scaring
streamer line and line shooter on the incidental capture of northern fulmars Fulmarus glacialis.
Biological Conservation, 106, 359-364.

8.21. Use bait throwers to reduce seabird bycatch

o A study from Australia (1) found significantly lower seabird bycatch on longlines set with
a bait thrower.

Background

The turbulence created by a boat’s wake can stop bait from sinking quickly,
allowing birds more time to become hooked. Bait throwers work by throwing bait
clear of the wake, so that it sinks faster. Throwers also allow fishermen to direct
lines, for example aiming them to lie under streamer lines (see ‘Use streamer lines
to reduce seabird bycatch on longlines’).

A comparative analysis of data from 86 longlining vessels operating around
Tasmania, Australia, between April 1992 and March 1995 (1) and studying a total
of 141 line sets, found that sets that using a bait thrower had significantly lower
seabird bycatch rates, compared to sets without a thrower. This study is also
described in ‘Set longlines at night to reduce seabird bycatch’ and ‘Thaw bait to
reduce seabird bycatch’.
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(1) Klaer, N. & Polacheck, T. (1998) The influence of environmental factors and mitigation measures
on by-catch rates of seabirds by Japanese longline fishing vessels in the Australian region. Emu,
98, 305-316.

8.22. Tow buoys behind longlining boats to reduce
seabird bycatch

e We found no evidence for the effects on seabird bycatch rates of towing buoys behind
longlining boats.

Background

Buoys may interfere with birds landing on the water and attempting to take baits
in a similar way to streamer lines interfering with birds flying behind boats.

8.23. Dye baits to reduce seabird bycatch

e A randomised replicated and controlled study in Hawaii (1) found that dying bait blue
significantly reduced the number of attacks from albatross on baits being set.

Background

Most seabirds are visual predators, and so are less likely to take bait if it is difficult
to see. Dyeing bait blue so that it is hard to see against the water may therefore
reduce bait loss and bycatch rates.

A randomised, replicated and controlled experiment in February 1999, in the
Northwestern Islands, Hawaii, USA (1), found that dyeing squid bait blue when
setting hookless bait lines reduced attacks by black-footed Phoebastria nigripes
and Laysan P. immutabilis albatrosses by 95% and 94% respectively, compared to
lines set with un-dyed baits (measured as attacks/bird/100 branch lines).
Twenty-four repeats of each treatment were used, set during the day to mimic
longline setting for swordfish.

(1) Boggs, C. H. (2001) Deterring albatrosses from contacting baits during swordfish longline sets.

79-94 In: Melvin, E. F. & Parrish, J. K. (eds) Seabird Bycatch: trends, roadblocks and solutions. Alaska
Sea Grant, Fairbanks.

8.24. Use high-visibility longlines to reduce seabird
bycatch

e We captured no intervention-based evidence on the impact on seabird bycatch of high-
visibility longlines.

Background
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If birds can see longlines then they may avoid them as they forage for baits,
potentially reducing the risk of ‘foul hooking’ (birds being hooked through the
body or wing), if not the risk of being hooked whilst taking bait.

8.25. Use a sonic scarer when setting longlines to reduce
seabird bycatch

e Asingle study from the South Atlantic (1) found that seabird bycatch rates did not appear
to be lower on longlines set with a sonic scarer, and that changes in seabird behaviour
due to the scarer were only temporary.

Background

It might be possible to stop birds from taking baits from longlines by scaring them
away from boats using loud noises.

A study on a commercial fishing boat in the South Atlantic in April-May 1994 (1)
found that longlines set with a sonic scarer did not appear to catch fewer seabirds
than lines set without a scarer. Lines set with and without the scarer were not
analysed separately (with 15 birds caught on six sets without a scarer and six with,
as well as three with a streamer line), although the authors observed changes in
behaviour when a scarer was first used, but that birds quickly got used to the
noise. The scarer emitted periodic bursts of compressed gas. This study is also
discussed in ‘Set longlines at night to reduce seabird bycatch’ and ‘Use streamer
lines to reduce seabird bycatch on longlines’.

1) Ashford, J. R., Croxall, J. P., Rubilar, P. S. & Moreno, C. A. (1995) Seabird interactions with
longlining operations for Dissostichus eleginoides around South Georgia, April to May 1994.
CCAMLR Science, 2, 111-121.

8.26. Weight baits or lines to reduce longline bycatch of
seabirds

e Three replicated and controlled studies (1,2,4) found evidence for reduced bycatch in
some species when using weighted lines. One study (3) found low bycatch rates, but
was uncontrolled.

e In Hawaii (1) and New Zealand (4), rates of bait loss and bycatch of albatrosses
Phoebastria spp., white-chinned petrels Procellaria aequinoctialis and sooty
shearwaters Puffinus griseus were much lower with weighted baits or integrated weight
lines than with control lines.

e In the North Pacific, two trials (2) found that bycatch rates of some species was reduced
when using weights, but that shearwaters Puffinus spp. attacked weighted lines more
often.

e A study off New Zealand (3) found that attaching weights to lines had only localised
effects on sink-rate.

Background
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Most birds take baits when they are close to the surface. Reducing the time that
baits are at the surface by weighting them may, therefore, reduce bycatch rates.

A randomised, replicated and controlled experiment in February 1999, in the
Northwestern Islands, Hawaii, USA (1), found that weighing bait when setting
hook-less bait lines, reduced attacks by black-footed Phoebastria nigripes and
Laysan P.immutabilis albatrosses by 93% and 91% respectively, compared to
lines set with un-dyed baits (measured as attacks/bird/100 branch lines). There
were 24 replicates of each treatment, with squid bait weighed down with a 60 g
swivel weight. Lines were set during the day and mimicked swordfish longline
setting.

Two randomised, replicated and controlled studies in 1999 (2) found that seabird
bycatch rates were significantly lower on weighted longlines, than on controls
(0.052 and 0.234 birds/1,000 hooks for weighted lines vs. 0.218 and 0.371
birds/1,000 hooks for controls; totals of 156 and 121 line sets). However, results
in one fishery (for Pacific cod Gadus macrocephalus and walleye pollock Theragra
chalcogramma fishery, southeast of the Pribilof Islands, USA) were due purely to
reductions in northern fulmars Fulmarus glacialis caught, with shearwater
Puffinus spp. bycatch remaining constant. In the second fishery (for Pacific halibut
Hippoglossus stenolepis and sablefish Anoplopoma fimbria in the Gulf of Alaska and
Aleutian Islands, USA), removing the single line set with the highest bycatch (of 27
birds) made the reduction in bycatch non-significant. A further trial in 2000 found
no birds were caught on weighted or unweighted lines set under a streamer line
(see ‘Use streamer lines to reduce seabird bycatch on longlines’. Weighted lines
had 4.5 kg weights every 90 m. This study is also discussed in ‘Use a line shooter
to reduce seabird bycatch’, ‘Set longlines at night to reduce seabird bycatch’ and
‘Set lines underwater to reduce seabird bycatch’.

A study on a longlining vessel on the Chatham Rise, New Zealand, in July-August
1998 (3) and using weighted lines and a streamer line (see ‘Use streamer lines to
reduce seabird bycatch on longlines’), caught an average of 0.0093 birds/1,000
hooks - far lower than many other studies. Weights of 5 kg were attached every
400 m, but only caused faster sinking for approximately 40 m either side.

A replicated, controlled and paired study using longlines in November 2002 and
2003 in New Zealand (4), found that using ‘integrated weight’ longlines reduced
mortality of white-chinned petrels Procellaria aequinoctialis by 94-99%, and of
sooty shearwaters Puffinus griseus by 61%, compared to unweighted lines
(petrels: one and four birds on weighted lines vs. 81 and 43 in 2002 and 2003
respectively; shearwaters: 15 birds on weighted lines in 2003 vs. 38 on
unweighted lines; a single shearwater was killed on an unweighted line in 2002).
Atotal of 213 paired sets of lines were set, with integrated lines containing 50 g/m
of lead. All lines were set under a single streamer line (see ‘Use streamer lines to
reduce seabird bycatch on longlines’ for studies testing this intervention).

(1) Lokkeborg, S. (2001) Reducing seabird bycatch in longline fisheries by means of bird-scaring
lines and underwater setting. 33—41 In: Melvin, E. F. & Parrish, ]. K. (eds) Seabird Bycatch: trends,
roadblocks and solutions. Alaska Sea Grant, Fairbanks.

(2) Melvin, E. F., Parrish, J. K., Dietrich, K. S. & Hamel, O. S. (2001) Solutions to seabird bycatch in
Alaska’s demersal longline fisheries. Washington Sea Grant Program, University of Washington.
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3) Smith, N. W. M. (2001) Longline sink rates of an autoline vessel, and notes on seabird
interactions. Science for Conservation, 183, 5-32.

4) Robertson, G., McNeill, M., Smith, N., Wienecke, B., Candy, S. & Olivier, F. (2006) Fast sinking
(integrated weight) longlines reduce mortality of white-chinned petrels (Procellaria aequinoctialis)
and sooty shearwaters (Puffinus griseus) in demersal longline fisheries. Biological Conservation,
132, 458-471.

8.27. Use shark liver oil to deter birds when setting lines

e Two replicated and controlled trials (1, 2) found reductions in the number of seabirds
following boats, or diving for baits, when shark liver oil was dripped behind the boats.
Other oils had no effect.

e Athird replicated and controlled trial in (2) found no differences in the number of seabirds
following a bait-laying boat with shark liver oil.

Background

Seabirds may be predated by large fish such as sharks and so may show avoid the
smell of them. Dripping shark liver oil whilst setting lines may, therefore, reduce
bycatch.

A replicated, controlled experiment off the coast off north-east New Zealand (1)
found that the number of dives made by seabirds in pursuit of pilchard baits
behind a longline fishing vessel was dramatically lower (< 5 birds/min) when
small quantities of shark liver oil were dripped onto the water behind the vessel
than during control trials using vegetable oil (always > 30 birds/min) or sea water
(20-40 birds/min). Diving birds were mainly flesh-footed shearwaters Puffinus
carneipes, but also Buller's shearwaters Puffinus bulleri and white-faced storm
petrels Pelagodroma marina.

One replicated, controlled experiment off Kaikoura, South Island, New Zealand, in
2005 (2) found no significant differences in the number of seabirds following a
bait-laying boat when it was dripping shark liver oil (both commercially available
and made by fishermen) behind the boat, compared to control conditions.
However, a second trial in April 2006 off Hauraki Gulf, North Island, New Zealand
found the number of seabirds following a bait-laying boat decreased significantly
faster if fisherman-produced shark liver oil was dripped behind the boat,
compared to controls dripping seawater. Other fish oils (anchovy, pollock and
commercially available shark liver oil) did not have a significant impact on the
number of following birds. However, all oils except for anchovy did significantly
reduce the number of dives made by seabirds.

(1) Pierre, J. & Norden, W. (2005) Trials using shark liver oil to deter seabirds from eating bait
during long-line fishing, Leigh, New Zealand. Conservation Evidence, 2, 99-100.

(2) Norden, W. S. & Pierre, J. P. (2007) Exploiting sensory ecology to reduce seabird by-catch. Emu,
107, 38—43.
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8.28.  Thaw bait before setting lines to reduce seabird
bycatch

e A single study from Australia (1) found that lines set using thawed baits caught
significantly fewer seabirds than controls.

Background

Thawed bait sinks more quickly than frozen bait and so using it may reduce the
time that bait is available to birds and therefore reduce bycatch.

An analysis of data from 86 longlining vessels operating around Tasmania,
Australia, between April 1992 and March 1995 (1) and studying a total of 141 line
sets, found that sets that using partially or completely thawed bait had
significantly lower bycatch rates, compared to sets using unthawed bait. This
study is also described in ‘Set longlines at night to reduce seabird bycatch’ and ‘Use
bait throwers to reduce seabird bycatch’.

(1) Klaer, N. & Polacheck, T. (1998) The influence of environmental factors and mitigation measures
on by-catch rates of seabirds by Japanese longline fishing vessels in the Australian region, Emu.
98, 305-316.

8.29. Reduce seabird bycatch by releasing offal
overboard when setting longlines

e Two replicated and controlled studies in the South Atlantic and sub-Antarctic Indian
Ocean (1,2) found significant reductions in the number of albatross and petrels attacking
baits and being caught when offal was released overboard during line setting.

Background

Many fishing boats prepare fish onboard, after catching them, in order to maximise
the catch that can be stored. The offal (waste) is then normally discarded
overboard. Moreno et al. 1996 describe the highest bycatch rates of a series of
voyages coming from a vessel that piped offal overboard on the same side that the
line was being set. However, other studies suggest that piping offal overboard
from a different point to where the lines are being set will reduce bycatch, as birds
spend their time eating the offal, rather than attempting to take bait.

Moreno, C.A., Rubilar, P.S., Marschoff, E. & Benzaquen, L. (1996) Factors affecting the incidental
mortality of seabirds in the Dissostichus eleginoides fishery in the southwest Atlantic (subarea
48.3, 1995 season). CCAMLR Science, 3, 79-91.

Areplicated and controlled study in the South Atlantic in February 1994 (1) found
that piping offal overboard whilst setting longlines greatly reduced the number of
birds caught on 69 line sets, from 33 birds to three, equivalent to a decrease from
0.49 to 0.01 birds/1000 hooks. Caught birds were white-chinned petrels
Procellaria aequinoctialis, and two grey-headed albatross Thalassarche
chrysostoma (formerly Diomedea chrysostoma). There was a corresponding
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significant decrease in the rate of bird attacks on the bait for all species except
wandering albatross D. exulans (92% decrease for black-browed albatross T.
melanophris (formerly D. melanophris), 96% for grey-headed albatross and 96%
for white-chinned petrel). Vessels were fishing for Patagonian toothfish
Dissostichus eleginoides around South Georgia and Kerguelen Islands.

A replicated, controlled study in the sub-Antarctic Indian Ocean in 1994-7 (2)
found that significantly fewer white-chinned petrels Procellaria aequinoctialis
were caught on longlines when offal was released over the side of the boat as lines
were being set (0.46 birds/1,000 hooks caught when offal was released vs. 1.00
birds/1,000 hooks with no release, total of 524 lines studied). There were no
significant changes in other species caught, possibly due to smaller sample sizes.
The authors caution that significantly more birds followed fishing boats when they
released offal (significant increases for six of ten species) and the practice may
therefore enforce long-term associations between fishing boats and food. This
study is also discussed in ‘Set longlines at night to reduce seabird bycatch’ and ‘Use
streamer lines to reduce seabird bycatch on longlines’.

1) Cherel, Y., Weimerskirch, H. & Duhamel, G. (1996) Interactions between longline vessels and
seabirds in Kerguelen waters and a method to reduce seabird mortality. Biological Conservation,
75, 63-70.

) Weimerskirch, H., Capdeville, D. & Duhamel, G. (2000) Factors affecting the number and
mortality of seabirds attending trawlers and long-liners in the Kerguelen area. Polar Biology, 23,
236-249.

8.30. Use bird exclusion devices (BEDs) such as ‘Brickle
curtains’ to reduce seabird mortality when hauling
longlines

e A study of longliners in the South Atlantic (1) found that fewer seabirds were caught on
longlines hauled under BEDs with two booms, compared to those with a single boom.

Background

Although most birds caught as bycatch are caught as the lines are set, they may
also be vulnerable when the lines are hauled in, with birds attempting to take the
remaining baits or even caught fish. Bird exclusion devices (BEDs) such as ‘Brickle
curtains’ hang around the hauling point and are designed to prevent birds getting
to the line, which will only be visible for a short time as it reaches the boat.

A study in 2005-8 on longline vessels near South Georgia, South Atlantic (1), found
that fewer birds were caught during longline hauling operations when ‘Brickle
curtains’ were used (28 birds caught by 20 vessels, 19 in a single incident where
the line broke), compared to a single boom exclusion device (43 birds caught by
20 vessels). Brickle curtains consisted of two booms extending over the hauling
area with streamers attached, the single boom had one or more objects suspended
from it. Boats using a third exclusion device consisting of two booms and a line of
purse seine buoys (with or without streamers) caught no birds over three years,
but the sample size was too small for meaningful comparisons to be made.
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(1) Reid, E., Sullivan, B. & Clark, J. (2010) Mitigation of seabird captures during hauling in
CCAMLR longline fisheries. CCAMLR Science, 17, 155-162.

8.31. Use acoustic alerts on gillnets to reduce seabird
bycatch

e A repeated, randomised and controlled trial (1) in the USA found that sonic alerts
reduced the number of common guillemots Uria aalge but not rhinoceros auklets
Cerorhinca monocerata caught in gillnets.

Background

Using acoustic alerts on gillnets may deter birds from approaching them and
becoming entangled.

Arepeated, randomised and controlled trial in a drift gillnet fishery in North Puget
Sound, Washington, USA, in July and August 1996 (1), found that nets fitted with
acoustic alerts (‘pingers’) caught significantly fewer common guillemots (common
murres) Uria aalge than control nets (0.31 vs. 0.60 entanglements/net). There was
no significant change in the number of rhinoceros auklets Cerorhinca monocerata
caught. A total of eight boats and 321 net sets were studied.

(1) Melvin, E. F., Parrish, J. K. & Conquest, L. L. (1999) Novel tools to reduce seabird bycatch in
coastal gillnet fisheries. Conservation Biology, 13, 1386-1397.

8.32. Use high-visibility mesh on gillnets to reduce
seabird bycatch

e A repeated, randomised and controlled trial (1) in the USA found that having gillnets
made partially from high-visibility mesh was effective in reducing seabird bycatch.

e Having a greater percentage (25% vs. 10%) of the net made from high-visibility mesh
was more effective, but also reduced catch of the target species.

Background

Pursuit-diving birds (those most vulnerable to gillnets) are visual hunters, and so
high-visibility mesh may reduce the number caught as bycatch. There is also the
possibility, however, that highly-visible nets will reduce the number of target
species caught.

Arepeated, randomised and controlled trial in a drift gillnet fishery in North Puget
Sound, Washington, USA, in July- August 1996 (1), found that nets fitted with
highly visible mesh in the top 25% caught significantly fewer common guillemots
(common murres) Uria aalge and rhinoceros auklets Cerorhinca monocerata than
control nets (guillemots: 0.37 vs. 0.6 entanglements/net; auklets: approximately
0.05 vs. 0.2 entanglements/net). Nets fitted with highly visible mesh in the top
10% caught significantly fewer guillemots than controls (0.32 vs. 0.6
entanglements/net), but there was no significant change in the number of auklets
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caught. Nets with 25% high visibility mesh also caught significantly fewer sockeye
salmon Oncorhynchus nerka, the target species, compared to controls (10 vs. 36
entanglements/net). A total of eight boats and 482 net sets were studied.

(1) Melvin, E. F., Parrish, J. K. & Conquest, L. L. (1999) Novel tools to reduce seabird bycatch in
coastal gillnet fisheries. Conservation Biology, 13, 1386-1397.

8.33. Reduce gillnet deployment time to reduce seabird
bycatch

e We found no evidence for the effects on seabird bycatch rates of reducing gill net
deployment time.

Background

If birds are attracted to the fish caught in gillnets then removing the nets more
quickly may reduce their attractiveness to birds and so reduce bycatch.

8.34. Mark trawler warp cables to reduce seabird
collisions

e Areplicated, controlled study in Argentina (1) found that seabird mortality from collisions
with trawler warp cables was much lower when the cables were marked.

Areplicated and controlled study in Golfo San Jorge, Argentina between December
2004 and April 2005 (1) found that there were significantly fewer seabird
collisions with warp cables during net-hauling activities (and cable-related
mortality was nil) when an orange-coloured plastic traffic cone was attached to
each cable (average of 5.4 contacts/haul and no mortalities in 12 hauls) compared
with when cones were not used (average of 58.5 contacts/haul and a total of 11
mortalities in ten hauls). Trials were on three commercial trawlers using cones 1
m long and 20-10 cm in diameter. Mortalities were eight kelp gulls Larus
dominicanus and three black-browed albatross Thalassarche melanophrys.

(@) Gonzalez-Zevallos, D., Yorio, P. & Caille, G. (2007) Seabird mortality at trawler warp cables and

a proposed mitigation measure: A case of study in Golfo San Jorge, Patagonia, Argentina.
Biological Conservation, 136, 108-116.

8.35. Reduce ‘ghost fishing’ by lost/discarded gear

e We captured no evidence for the effects on seabird bycatch rates or populations of
reducing ghost fishing.

Background

Abandoned fishing gear or gear that is lost at sea can continue catching fish, birds
and other animals for years, or even decades, as the strong monofilament or steel
nets slowly break up. Such gear has no commercial purpose and can damage fish
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stocks or even equipment as well killing birds. Reducing this ‘ghost fishing’ is
therefore likely to benefit both wildlife and fishermen.

8.36. Reduce bycatch through seasonal or area closures
e We captured no evidence for the effects on seabird populations or bycatch rates of
seasonal or area closures.

Background

Birds show seasonal patterns of habitat use and therefore reducing fishing in areas
where there are large populations of foraging birds may reduce bycatch. However,
these areas may also be the most profitable to fish in, as seabirds are likely to
follow fish stocks. Closures may therefore not be a viable option.
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9. Threat: Human Intrusions and Disturbance

Key messages

Use signs and access restrictions to reduce disturbance at nest sites

Six studies from across the world found increased numbers of breeders, higher
reproductive success or lower levels of disturbance in waders and terns following the
start of access restrictions or the erection of signs near nesting areas. Two studies from
Europe and Antarctica found no effect of access restrictions on reproductive success
in eagles and penguins, respectively.

Set minimum distances for approaching birds (buffer zones)

We captured no intervention-based evidence for the effects on bird populations of
setting minimum distances for approaching birds.

Provide paths to limit disturbance

A study from the UK found that two waders nested closer to a path, or at higher
densities near the path, following resurfacing, which resulted in far fewer people
leaving the path.

Reduce visitor group sizes

We found no intervention-based evidence for the effects of limiting visitor group sizes
on bird populations.

Use voluntary agreements with local people to reduce disturbance

A before-and-after trial in the USA found significantly lower rates of waterfowl
disturbance following the establishment of a voluntary waterfowl avoidance area,
despite an overall increase in boat traffic.

Start educational programmes for personal watercraft owners

A before-and-after study in the USA found that common tern reproduction increased,
and rates of disturbance decreased, following a series of educational programmes
aimed at recreational boat users.

Habituate birds to visitors

A study from Australia found that bridled terns from heavily disturbed sites had
similar or higher reproductive success compared with less-disturbed sites, possibly
suggesting that habituation had occurred.
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Use nest covers to reduce the impact of research on predation of
ground-nesting seabirds

A before-and-after study from Canada found that hatching success of Caspian terns
was significantly higher when researchers protected nests after disturbing adults from
them.

9.1. Use wildlife refuges to reduce hunting disturbance

Background

Wildlife refuges are areas where hunting is prohibited. They reduce mortality
from hunting and the disturbance it causes. Studies describing the effects of
refuges are discussed in ‘Threat: Biological resource use’.

9.2. Use signs and access restrictions to reduce
disturbance at nest sites

e Six studies (two replicated and controlled, two before-and-after and two small studies)
from across the world (2, 3, 5, 7-10) found increased numbers of breeders (2, 8), higher
reproductive success (3, 5, 9, 10) or lower levels of disturbance (5, 7) in waders and
terns following the start of access restrictions or the erection of signs near nesting areas.
One Canadian study (2) involved the use of multiple interventions.

e A before-and-after study from the USA (6) found that a colony of black-crowned night
herons Nycticorax nycticorax was successfully relocated to an area with no public
access.

e  One small study from Europe (1) and one replicated and controlled study from Antarctica
(4) found no effect of access restrictions on the reproductive success of eagles or
penguins, respectively.

Background

If most disturbance to nesting birds is accidental, then simply warning the public
that there are birds present, or restricting access at certain times of the year may
help reduce disturbance and the abandonment or destruction of nests. Conversely,
if disturbance is coming from people attempting to see nests or birds, then alerting
the public to their presence with signs could be counter-productive.

A small study in 1976-88 in the wetlands of the Dofiana National Park, Andalucia,
Spain (1), found that there were no differences in number of Spanish imperial
eagle Aquila adalberti pairs that laid, clutch size, hatching size or nestling survival
after trails near nests were temporarily closed. This study discusses other eagle
management techniques, described in ‘Add perches to electricity pylons to reduce
electrocution’, ‘Bury or isolate power lines’, ‘Foster eggs or chicks with wild
conspecifics’ and ‘Remove/treat endoparasites’.
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Two before-and-after studies in 1977-89 at two common tern Sterna hirundo
colonies in Lake Ontario, Canada (2), found that the nesting population increased
at one colony but decreased at the second following the use of several
interventions, including the erection of signs highlighting the presence of nesting
birds. This study is discussed in ‘Replace nesting substrate following severe
weather’.

A replicated controlled study on a 28 km stretch of coast in a heavily-visited
national park in Victoria, Australia (3), found that hooded plovers Thinornis
rubricollis had significantly higher reproductive success in 1991-8 under three
restricted-access regimes, compared to two regimes that allowed dogs on the
beach (0.55 fledglings/clutch for 40 restricted access clutches vs. 0.10
fledglings/clutch for 131 open-access clutches). Hatching success was 31-40%
and fledging success 31-68% for the 40 clutches in areas with no access for dogs;
both dogs and people or under a ‘Plover Watch’ scheme, where volunteers ask
people to avoid nests and control dogs. This compared with hatching and fledging
success of 0-12% and 0-16% for 131 clutches in areas where dogs were
prohibited from 0900-1700 each day or where there was unrestricted access to
people and dogs. Overall, the average number of fledglings increased over the
study period.

A replicated, controlled study on Goudier Island (2 ha), Antarctica (4), in the
austral summer of 1996-7, found that gentoo penguins Pygoscelis papua did not
have significantly higher reproductive success at colonies with no access by
tourists, compared to six colonies that tourists could walk through. The
percentage of birds laying and eggs hatching did not vary between colonies (82-
98% of birds laying and 71-95% of eggs hatching for 556 nests in disturbed
colonies vs. 89-100% laying and 88-90% hatching for 170 nests in control
colonies), nor did the growth rates of chicks. Overall, 3,103 tourists visited the
island making a total of 7,938 ‘man-hours’ of visits over four months. Tourists
could walk under supervision through six disturbed colonies but could not
approach closer than 25 m to four protected colonies (with two 70 m away and
partially concealed by rocks).

A before-and-after trial from July-August in 1997-1998 in the waterways
surrounding a common tern Sterna hirundo nesting island in Barnegat Bay, USA
(5), found that disturbance and reproductive costs caused by personal watercraft
disturbance significantly decreased after the implementation of educational
campaigns and increased signage in late 1997. This study is discussed in ‘Start
educational programs for personal watercraft owners’.

A before-and-after trial at a coastal site in Long Beach, California, USA (6),
reported the successful translocation of a black-crowned night heron Nycticorax
nycticorax colony to a site where public access was stopped. This study is
discussed in ‘Translocate individuals’.

A replicated before-and-after study in 1982, 1987, 1992 and 2002 at 17 local
beaches within Delaware Bay, USA (7) found that disturbance to shorebirds
decreased markedly following intensive management intervention to control
birdwatchers and crab collectors. Both the mean disruption rate and the mean
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time that shorebirds were disturbed increased during the 1980s when there were
no restrictions or viewing platforms and then declined by 2002 after viewing
platforms were constructed and beach access restrictions were enforced (5.6
disruptions/hour and 53 minutes disturbed/hour in 1987 vs. 0.4 and 3.6 in 2002).
Fewer people were observed on the beaches after restrictions were enforced and
only one bird watcher disturbed the birds in 2002. However, the percentage of
disturbed shorebirds that flew away (and did not return within 10 min) did not
change during the 1980s and increased in 2002. Observations were made on 12-
20 days each year for 6-10 h per day.

A small before-and-after study on a beach in California, USA (8), found that the
number of breeding snowy plovers Charadrius alexandrinus increased from one
pair in 2001 to 26 pairs (fledging 74 young) in 2004, following the installation of
a simple rope fence in June 2001. The probability of eggs being trampled in 2002
was 8% outside the roped area, compared with 0% inside. The fence consisted of
metal posts every 5 m and a single rope strung across the top. In 2001, 265 m of
beach was roped off; this increased to 400 m in 2002 and further increased in
2003-4.

A replicated, controlled study at three sandy beaches in Algarve, Portugal (9),
found that little tern Sterna albifrons breeding success in 2003-5 was significantly
higher on two beaches with information and warning signs and weekend
wardening, compared to a beach without protective measures (50-91% nesting
success for 339 nests on the two protected beaches vs. 0-35% success for 153
nests on the unprotected beach). The presence/absence of protective measures
was the most important predictor of nesting success. The main causes of nest
failure were predation, destruction by humans and dogs and abandonment.

A small study in Victoria, Australia, between 2003 and 2007 (10) found that two
hooded plover Thinornis rubricollis nests located on beaches that were being
cleaned following an oil spill, both survived and fledged young, after they were
marked using signs and rope fences. In addition, cleaning crews worked for 20
minutes and then stopped for 20 minutes to allow adults to incubate the eggs. This
study is also discussed in ‘Clean birds following oil spills’.

(1) Ferrer, M. & Hiraldo, F. (1991) Evaluation of management techniques for the Spanish imperial
eagle. Wildlife Society Bulletin, 19, 436—442.

(2) Morris, H., Blokpoel, H. & Tessier, G. D. (1992) Management efforts for the conservation of
common tern Sterna hirundo colonies in the Great Lakes: two case histories. Biological
Conservation, 60, 7-14.

3) Dowling, B. & Weston, M. A. (1999) Managing a breeding population of the hooded plover
Thinornis rubricollis in a high-use recreational environment. Bird Conservation International ,9,
255-270.

4) Cobley, N. D. & Shears, . R. (1999) Breeding performance of gentoo penguins (Pygoscelis papua)
at a colony exposed to high levels of human disturbance. Polar Biology, 21, 355-360.

(5) Burger, J. & Leonard, J. (2000) Conflict resolution in coastal waters: the case of personal
watercraft. Marine Policy, 24, 61-67.

(6) Crouch, S., Paquette, C. & Vilas, D. (2002) Relocation of a large black-crowned night heron
colony in southern California. Waterbirds, 25, 474-478.

7) Burger, J., Jeitner, C., Clark, K. & N, L. J. (2004) The effect of human activities on migrant
shorebirds: successful adaptive management. Environmental Conservation, 31, 283-288.
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8) Lafferty, K. D., Goodman, D. & Sandoval, C. P. (2006) Restoration of breeding by snowy plovers
following protection from disturbance. Biodiversity and Conservation, 15, 2217-2230.

) Medeiros, R., Ramos, J. A, Paiva, V. H., Almeida, A., Pedro, P. & Antunes, S. (2007) Signage
reduces the impact of human disturbance on little tern nesting success in Portugal. Biological
Conservation, 135, 99-106.

(10) Weston, M. A., Dann, P., Jessop, R., Fallaw, J., Dakin, R. & Ball, D. (2008) Can oiled shorebirds
and their nests and eggs be successfully rehabilitated? A case study involving the threatened
hooded plover Thinornis rubricollis in south-eastern Australia. Waterbirds, 31, 127-132.

9.3. Set minimum distances for approaching birds
(buffer zones)

o \We captured no intervention-based evidence for the effects on bird populations of setting
minimum distances for approaching birds.

Background

Disturbance by people on foot or in vehicles can reduce birds’ use of habitats, or
drive them into less favourable habitats. Preventing people from approaching
birds too closely may help reduce disturbance. We found two studies that
investigated the distances at which birds were disturbed by people: one found that
people on foot disturbed birds at greater distances than people in boats (Rodgers
& Smoth 1995); the second found that different species reacted differently to
disturbance (Rodgers & Schwikert 2002). Both recommended buffer zones of
between 100 and 180 m around breeding or feeding birds.

Rodgers, J.A. & Smith, H.T. (1995) Set-back distances to protect nesting bird colonies from human
disturbance in Florida. Conservation Biology, 9, 89-99.

Rodgers, J.A. & Schwikert, S.T. (2002) Buffer-zone distances to protect foraging and loafing waterbirds
from disturbance by personal watercraft and outboard-powered boats. Conservation Biology, 16,
216-224.

9.4. Provide paths to limit the extent of disturbance

e Abefore-and-after study from the UK (1,2) found that two species of wader nested closer
to a path, or at higher densities near the path, following resurfacing, which resulted in far
fewer people leaving the path.

Background

Studies have shown that visitors keep to paths when they are provided, thereby
reducing disturbance to the wider habitat without the need for specific access
restrictions (e.g. Pearce-Higgins & Yalden 1997).

Pearce-Higgins, ] W. & Yalden, D.W. (1997) The effect of resurfacing the Pennine Way on recreational
use of blanket bog in the Peak District National Park, England. Biological Conservation, 82, 337—
343.

A before-and-after study from March-July in 1986-1988 and 1996-1998 at a moor
and bog site within the Peak District, England (1), found that Eurasian golden
plovers Pluvialis apricaria avoided a significantly smaller area surrounding a path
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after it was re-surfaced, compared with before (birds avoided areas up to 200 m
from the path before re-surfacing vs. areas 50 m from the path afterwards; birds
showed no avoidance on weekdays after re-surfacing). Before resurfacing, up to
30% of walkers left the path, afterwards only 4% left it. The study found no
evidence that plover reproduction was adversely affected by disturbance around
footpaths.

A before-and-after study (2) using data from the same surveys as in (1) found that
dunlin Calidris alpine occupancy within 200 m of the footpath increased by 50%
following path re-surfacing in 1994 (35 birds seen before resurfacing vs. 57
afterwards). However, the authors caution that this was not a significant increase,
probably due to small sample sizes. The study found no evidence that dunlin
reproduction was adversely affected by disturbance around footpaths.

(1) Finney, S. K., Pearce-Higgins, ]. W. & Yalden, D. W. (2005) The effect of recreational disturbance
on an upland breeding bird, the golden plover Pluvialis apricaria. Biological Conservation, 121,
53-63.

) Pearce-Higgins, J. W., Finney, S. K., Yalden, D. W. & Langston, R. H. W. (2007) Testing the
effects of recreational disturbance on two upland breeding waders. Ibis, 149, 45-55.

9.5. Reduce visitor group sizes

e We captured no intervention-based studies examining the effects of reducing visitor
numbers on bird populations. However, a single, replicated study in forests in Spain in
2004 (1) found that fewer birds, but not fewer species, were observed as visitor number
increased. This effect was largely due to decreases in collared dove Streptopelia
decaocto presence and serin Serinus serinus abundance.

Background

Larger groups of visitors to sites will probably cause more disturbances, so
limiting the number of people visiting at once may reduce detrimental impacts on
birds.

(@) Remacha, C., Perez-Tris, J. & Antonio Delgado, J. (2011) Reducing visitors’ group size increases
the number of birds during educational activities: Implications for management of nature-based
recreation, Journal of Environmental Management, 92, 1564-1568.

9.6. Use voluntary agreements with local people to
reduce disturbance

e A before-and-after trial in the USA (1) found significantly lower disturbance rates
following the establishment of a voluntary waterfowl avoidance area (VWAA), despite an
overall increase in boat traffic.

Background
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Many people will be willing to avoid certain areas or activities to help local bird
populations if they are consulted and kept informed about conservation issues.
Under these circumstances, voluntary agreements to avoid birds may be at least
as effective in reducing disturbance as restricting access.

A before-and-after study 1986 in Lake Onalaska, Wisconsin and Minnesota, USA
(1), found that disturbances to waterfowl within a voluntary waterfowl avoidance
area (VWAA) established in 1986 decreased significantly over time. Despite an
increase in boating traffic (1.82 boating events/hour in 1986-8 vs. 2.58 in 1997),
the 1997 disturbance rate were comparable to that in 1981. Rate of intrusion into
the VWAA was lower in 1997 (0.11 intrusions/boating event) than in either 1986-
8 (0.18) or 1993 (0.21). Boating disturbances to waterfowl within the VWAA
occurred at about half the rate (0.24-0.28 disturbances/hour) observed prior to
establishment of the program (0.48 disturbances/hour). The total number of
waterfowl displacements observed as a result of boating events was 435,770 in
1993 and 71,155 in 1997. More than 90% of all waterfowl were observed within
the VWAA.

1) Kenow, K. P., Korschgen, C. E., Nissen, J]. M., Elfessi, A. & Steinbach, R. (2003) A voluntary
program to curtail boat disturbance to waterfowl during migration. Waterbirds, 26, 77-87.

9.7. Start educational programmes for personal
watercraft owners

e A before-and-after trial in the USA (1) found that rates of disturbance by personal
watercraft decreased and reproductive success of common terns Sterna hirundo
increased following a series of educational programmes aimed at recreational boat
users.

Background

It is possible that people will respond more positively to access restrictions or
signs warning them of disturbing birds if they are more aware of the issue.
Educational programmes may be able to help with this, informing the public of
why certain actions are being taken. More general education programmes are
discussed in ‘Use education programmes and local engagement to help reduce
pressures on species’.

A before-and-after trial from July-Augustin 1997-8 in the waterways surrounding
a common tern Sterna hirundo nesting island in Barnegat Bay, USA (1), found that
disturbance and reproductive costs caused by personal watercraft (PWC)
disturbance significantly decreased after the implementation of educational
campaigns in late 1997. The proportion of PWCs moving past the nesting island
decreased from 60% in 1997 to 30% in 1998 and PWCs moved at significantly
slower speeds. No PWCs went all the way around the nesting island in 1998. The
number of terns displaced by PWCs significantly declined (from an average of 40
birds flying over the nesting island in 1997 to 20 birds in 1998). Fledging rate in
1998 was almost 1 chick/nest, similar to before PWC influx (pre-1996). The
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educational campaign was aimed at local PWC rental businesses and owners and
signs were posted around tern nesting islands.

1) Burger, J. & Leonard, J. (2000) Conflict resolution in coastal waters: the case of personal
watercraft. Marine Policy, 24, 61-67.

9.8. Habituate birds to human visitors

e A replicated, controlled study from Australia (1) found that bridled terns Sterna
anaethetus in heavily disturbed had similar or higher reproductive success compared
with less-disturbed sites, possibly suggesting that habituation had occurred.

Background

Disturbance may well be more damaging to birds that are not use to humans.
Therefore, habituating birds to the presence of human visitors may decrease nest
abandonment or mortality, or increase reproductive success.

A replicated, controlled study from December-February in 1995-8 on rocky islets
in Queensland, Australia (1), found that bridled terns Sterna anaethetus on three
high-disturbance sites had similar reproductive success to birds on two low-
disturbance sites, but that intermediate-aged chicks from the disturbed sites were
significantly heavier in one of two breeding seasons (average weight of 80 g for
12-13 day-old nestlings in the high-disturbance site vs. 80 g in the low). The
author argues that this may be caused by birds habituating to humans faster at the
heavily disturbed sites. High-disturbance sites were disturbed by ‘visiting’ (3-6
people, variable walking speeds and noise levels). Visitation was 3 continuous
hours / weekor 3 x 1 hours / week and disturbance regimes were rotated between
plots. Low-disturbance sites experienced ambient disturbance during data
collection and monitoring.

(1) Gyuris, E. (2003) An experimental investigation of the effects of human intrusion into breeding
colonies of bridled terns Sterna anaethetus in the Great Barrier Reef. Pacific Conservation Biology, 9,
265-272.

9.9. Use nest covers to reduce the impact of research
on predation of ground-nesting seabirds
e Abefore-and-after study in Canada (1) found that protecting Caspian tern Sterna caspia

nests after researchers disturbed parents from them significantly increased hatching
success. This was due to a reduction in predation by ring-billed gulls Larus delawarensis.

Background

Researchers arriving at nesting colonies may disturb birds and, particularly with
ground-nesting species, may leave them vulnerable to opportunistic predators.
This predation might be reduced by protecting the nests with cages or individual
barriers.
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Studies describing the more general use of nest cages and predator barriers are
discussed in ‘Reduce nest predation by excluding predators from nests or nesting
areas’.

A before-and-after study at a site on the South Limestone Islands, Lake Huron,
Canada (1), found that the hatching rate in a Caspian tern Sterna caspia colony was
significantly higher in 1979 when researchers visiting the site added nest covers
to nests when they arrived at the colony and removed them as they left, compared
to in 1978, when covers were not used (77% of 156 eggs hatching in 1979 vs. 62%
of 188 in 1978). This difference was mainly due to large numbers of eggs being
eaten by ring-billed gulls Larus delawarensis in 1978. The author notes that two
eggs in 1978 were crushed by poor placement of the covers. Covers were 38 cm
diameter hemisphere made from wood, steel and chicken wire.

(1) Quinn, J. S. (1984) Egg predation reduced by nest covers during researcher activities in a
Caspian tern colony. Colonial Waterbirds, 7, 149-151.
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10. Threat: Natural system modifications

Key messages

Use prescribed burning

We captured 70 studies that investigated the effects of prescribed burning on birds.
Nine investigated burning alongside other interventions. Three studies, one from
savanna and two from pine forests, found that species richness or diversity was higher
in burned areas. Eleven studies from pine forests, Australian sclerophyl forests and
grasslands found no differences in species richness between burned and unburned
areas. Thirty-two studies on savannas, shrublands, grasslands and pine forests, found
that some or all species were found at higher densities on burned areas, or that
community composition changed with burning. Thirty-three studies found that some
or all birds were similarly or less abundant on burned areas, or that there was no
change in community composition. Six studies found higher reproductive
productivities in burned areas, or that reproduction was not disrupted by burning.
Eight studies found no changes in productivity, survival or predation rates after
burning. Three studies found that the effects of burning varied with geography, season
or climate; three found no effect of burn season. Six studies found that species were
lost temporarily from burned areas but returned, or that results varied depending on
the length of time between burning and monitoring.

Use fire suppression/control

All three studies we captured, from the USA, UK and Australia, found that some bird
species increased after fire suppression, and in one case that woodland species
appeared in a site. Two studies (from the UK and USA) found that some species
declined following fire suppression. The USA study identified open country species
as being negatively affected.

Protect nest trees before burning

We found no studies describing the effects of protecting nest trees on bird populations.

Clear or open patches in forests

Seven out of nine studies from the UK and USA found that early-successional species
increased in clearcut areas of forests, compared to other management. Two studies
found that mature-forest species declined. One study found no differences in species
richness between treatments, another found no consistent differences. A study from
the USA found that a mosaic of cut and uncut areas supported a variety of species.

Clearcut and re-seed forests

One of two studies from the USA found that stands of pines replanted with native
species held more species typical of scrub habitats than stands under different
management. The other study found similar bird densities in clearcut and re-seeded
sites and those under different management.
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Thin trees within forests

One study of 14 (from the USA) found higher bird species richness in sites with tree
thinning and several other interventions, compared to unmanaged sites. Three studies
from the UK and USA found no such differences. Seven studies (four investigating
multiple interventions) found that overall bird abundance or the abundance of some
species was higher in thinned plots, compared to those under different management.
Five studies found that found that abundances were similar, or that some species were
less abundant in areas with thinning. Two studies from the USA found no effect of
thinning on wood thrushes, a species thought to be sensitive to it. A study from the
USA found that a higher proportion of nests were in nest boxes in a thinned site,
compared to a control. A study from the USA found no differences in bird abundances
between burned sites with high-retention thinning, compared to low-retention sites.

Coppice trees

One of three studies found a population increase in European nightjars on a UK site
after the introduction of coppicing and other interventions. Two studies from the UK
and USA found that the use of coppices by some bird species declined over time. A
UK study found that species richness decreased with the age of a coppice, but that
some species were more abundant in older stands.

Use patch retention harvesting instead of clearcutting

One of two studies (from the USA) found that areas under patch retention harvesting
contained more birds of more species than clearcut areas, retaining similar numbers to
unharvested areas. Two studies found that forest specialist species were found more
frequently in patch retention plots than under other management. Habitat generalists
declined on patch retention sites compared to other managements.

Use selective harvesting/logging instead of clearcutting

Six of seven studies from the USA and Canada found that some species were more,
and other less, abundant in selectively logged forests compared to unlogged stands,
or those under other management. One study found that differences between
treatments were not consistent. A study from the USA found that species richness of
cavity-nesting birds was lower in selectively logged forests than in clearcuts. One
study from the USA found that brood parasitism was higher in selectively logged
forests for two species and lower for two others, compared to control stands.

Use variable retention management during forestry operations

A study from the USA found that nine species were more abundant and five less so in
stands under variable retention management, compared to unmanaged stands.

Use shelterwood cutting instead of clearcutting

A study from the USA found that bird community composition differed between
shelterwood stands and those under other forestry practices: some species were more
abundant, others less so.
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Manage woodland edges for birds

One of three studies found that a local population of European nightjars increased at
a UK site following the start of a management regime that included the management
of woodland edges for birds. Two studies of an experiment in the USA found that bird
abundance (but not species richness or nesting success) was higher in woodland edges
managed for wildlife than unmanaged edges.

Manually control or remove midstorey and ground-level vegetation
(including mowing, chaining, cutting etc)

One of the 34 studies captured found higher species richness in forests in the USA with
mid- and under-storey control. Four studies found similar, or lower, richness or
diversity on sites with vegetation control. One study from the UK reported an increase
in wader populations after artificial grasslands were cut. Sixteen studies from natural
and artificial grasslands, forests, shrublands and savannas found that overall bird
densities, or those of some species, were higher on sites with mechanical vegetation
control. Five of these investigated several interventions at once. Fifteen studies from
the same habitats and reedbeds found that overall densities, or those of some species,
were similar or lower on sites with vegetation control, compared to those without, or
under different, management. Two investigated several interventions at once. Four
studies found that productivity in forests, grasslands and reedbeds was higher with
vegetation control, two found no differences. One study found that northern bobwhite
chicks had greater foraging success in sites with vegetation controls than in burned
sites, but not compared to other managements. One study found that Henslow's
sparrows were more likely to be recaptured on artificial grasslands with vegetation
control and a study found that mid- and under-storey control in forests did not alter
inter-specific competition. One study found that burn season did not alter the effects
of burning in shrublands and another that geese grazed at the highest densities on
reedbeds cut 5-12 years earlier.

Replace non-native species of tree/shrub

A study from the USA found that the number of black-chinned hummingbird nests
increased after fuel reduction and the planting of native species, but that the increase
was smaller than at sites without planting.

Provide deadwood/snags in forests

One of six studies found higher bird diversity in forests in the USA when snags were
provided. Two studies from the USA and Australia found that total bird abundances
or those of some species were higher where trees were ring-barked or debris was
added. Three studies from the UK and the USA found that birds nested in and foraged
on artificially created snags. One UK study found that the target species (crested tits)
did not use snags created for them.

Remove coarse woody debris from forests

Two studies from the USA found that some species increased in sites with woody
debris removal. One found that overall breeding bird abundance and diversity were
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lower in removal plots; the other that survival of black-chinned hummingbird nests
was lower.

Apply herbicide to mid- and understorey vegetation

One of seven studies from North America found that bird species richness in a forest
declined after deciduous trees were treated with herbicide. Three studies found
increases in total bird densities, or those of some species, after herbicide treatment,
although one found no differences between treatment and control areas. One study
found that densities of one species decreased and another remained steady after
treatment. Three studies found that nest survival was lower in herbicide-treated areas
and one found lower nesting densities. One study found that northern bobwhite chicks
higher had foraging success in forest areas treated with herbicide compared to under
other managements.

Treat wetlands with herbicides

All four studies from the USA found higher densities of birds in wetlands sprayed
with herbicide, compared with unsprayed areas. Two found that some species were at
lower densities compared to unsprayed areas or those under other management.

Employ grazing in natural and semi-natural habitats

One of 30 studies found more bird species on grazed than ungrazed savannas in Kenya
and one from Canada found that duck populations increased on artificial grasslands
after grazing was started. One study found lower species richness on grazed artificial
grasslands and one found a decrease in species number after an increase in grazing
intensity. Thirteen studies found that some species were at higher densities on grazed
than ungrazed habitats, or increased after grazing started, although one found that
there were no such differences in drought years. Twenty found that some species
declined, or did not differ, between grazed and ungrazed areas. Two studies found
higher nesting success for ducks on grazed grasslands, ten studies found lower
productivities for a variety of species on grazed, compared to ungrazed sites, one
investigated several interventions at once. One study found that two groups of birds
in the UK were more abundant on grazed non-grasslands than on permanent pasture.
Another group was less abundant.

Plant trees to act as windbreaks

One of two studies found that a population of European nightjars increased at a UK
site after multiple interventions including the planting of windbreak trees. A study
from the USA found that such trees appeared to disrupt lekking behaviour in greater
prairie chickens.

Re-seed grasslands

One of two studies from the UK found that geese grazed at higher densities on re-
seeded grasslands than on control or fertilised grasslands. Another study from the UK
found that geese grazed at higher densities on areas sown with clover, rather than
grass seed.
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Fertilize grasslands

All four studies captured (all from the UK) found that more geese grazed on fertilised
areas of grass more than control areas. Two investigated cutting and fertilizing at the
same time. One study found that fertilised areas were used less than re-seeded areas.
One study found that fertilisation had an effect at applications of 50 kg N/ha, but not
at 18 kg N/ha. Another found that the effects of fertilisation did not increase at
applications over 80 kg N/ha.

Raise water levels in ditches or grassland

One of seven studies found that three waders were found to have recolonised a UK
site or be found at very high densities after water levels were raised. Three studies
from Europe found that raising water levels on grassland provided habitat for waders.
A study from Denmark found that oystercatchers did not nest at higher densities on
sites with raised water levels. A study from the UK found that birds visited sites with
raised water levels more frequently than other fields, but another UK study found that
feeding rates did not differ between sites with raised water levels and those without.
A study from the USA found that predation rates on seaside sparrow nests increased
as water levels were raised.

Manage water level in wetlands

Three studies (of six) from the USA, UK and Canada found that different species were
more abundant at different water heights. One found that diversity levels also
changed. One study found that great bitterns in the UK established territories earlier
when deep water levels were maintained, but productivity did not vary. A study from
Spain found that water management successfully retained water near a greater
flamingo nesting area, but did not measure the effects on productivity or survival.

Use environmentally sensitive flood management

One of two studies found more bird territories on a stretch of river in the UK with
flood beams, compared to a channelized river. The other found that 13 out of 20 species
of bird increased at sites in the USA where a river’s hydrological dynamics were
restored.

Use greentree reservoir management

A study from the USA found that fewer mid- and under-storey birds were found at a
greentree reservoir site than at a control site. Canopy-nesting species were not affected.

Plough habitats

One of four studies found that bird densities were higher on ploughed wetlands in the
USA than unploughed ones. Three studies of one experiment in the UK found that few
whimbrels nested on areas of heathland ploughed and re-seeded, but that they were
used for foraging in early spring. There were no differences in chick survival between
birds that used ploughed and re-seeded heathland and those that did not
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Create scrapes and pools in wetlands and wet grasslands

Four out of six studies from the UK and North America found that more bird used
sites, or breeding populations on sites increased, after ponds or scrapes were created.
A study from the USA found that some duck species used newly created ponds and
others used older ponds. A study from the UK found that northern lapwing chicks
foraged in newly created features and that chick condition was higher in sites with a
large number of footdrains.

10.1. Use prescribed burning

Controlled burning of accumulated litter (fuel reduction) may reduce the risk of
hotter, more extensive and potentially more damaging, wildfires in temperate
woodland habitats (e.g. Wooller & Brooker 1980). Periodic prescribed burns may
also be used to reinstate/restore ecosystem processes in forests historically
subject to occasional wildfires but where active fire suppression has occurred,
often over many decades. Changes likely to occur with burning include a reduction
in hardwood understorey vegetation and an increase in grasses and herbaceous
vegetation. Other habitat modifications or interventions may be undertaken in
combination with fire, such as thinning trees or the removal of mid- and
understorey vegetation. Sometimes conflicts arise as to conservation priorities
and possible detrimental effects on non-target species or communities.

Wooller, R.D. & Brooker, K.S., 1980. The effects of controlled burning on some birds of the understorey
in karri forest. Emu, 80, pp.165-166.

10.1.1. Deciduous forests

e Of four studies found, one paired sites study from the USA (1) found that bird species
richness was similar in burned and unburned aspen forests, although there were
significant changes in the relative abundances of some species. A replicated, controlled
study in the USA (2) found no evidence for changes in community composition in oak
and hickory forests following burning.

e Areplicated controlled trial from the USA (3) found no differences in wood thrush nest
survival in burned compared to unburned areas. Another replicated controlled trial from
the USA (4) found a reduction in the number of black-chinned hummingbird nests
following fuel reduction treatments that included burning.

A paired site comparison study in 1994-1995 in Bridger-Teton National Forest
Wyoming, USA (1), found no difference in average bird species richness in burned
compared to unburned forest sites. There were significantly higher relative
abundances of mountain bluebird Sialia currucoides and pine siskin Carduelis
pinus in burned than unburned sites. Six areas of trembling aspen Populus
tremuloides-dominated forest (38-407 ha) were burned during 1988-1993 and
paired with similar-sized unburned areas for comparison.

A replicated, controlled study in Wayne National Forest and Vinton Furnace
Experimental Forest, Ohio, USA (2), found that overall, there were no differences
in breeding bird community composition in areas of forest under early spring
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burning compared to unburned areas, although species responses varied. Four
areas dominated by oak Quercus spp. and hickory Carya spp. were each divided
into three treatment units of 20-30 ha: unburned; burned 4-years in a row (1996-
1999); and burned twice (1996 and 1999). Burning reduced habitat suitability for
ground- and low-shrub nesting birds: some species declined in response to
repeated burning. Conditions for ground- and aerial-foraging species appeared
improved by burning.

A replicated controlled study in 1995-1999 at four mixed-oak Quecus spp. forest
sites in Ohio, USA (3), found there were no significant differences in wood thrush
Hylocichla mustelina nest survival rates in burned plots (of 20-35 ha), compared
to unburned ones. Within burn plots, nests were situated more frequently in areas
subject to low or moderate burn intensity and less so high intensity areas. Nest
concealment (i.e. percentage overhead and side cover) was similar in burned and
unburned plots but nests were located significantly higher, and in taller and
larger-stemmed trees and shrubs in burned than unburned areas.

A replicated, controlled study in riparian forest along the Middle Rio Grande, New
Mexico, USA, in 2002-2004 (4), found a 62% reduction in the number of black-
chinned hummingbird Archilochus alexandri nests (from 42 to 16) on two sites
where exotic shrubs and woody debris were cut and burned before herbicide was
applied to the root crowns of exotic species. This compared with 8-18% increases
at sites with fuel reduction treatments that did not involve burning. These results
are discussed in more detail in ‘Control/remove understorey and midstorey
vegetation’ and ‘Plant native shrubs following fuel reduction’.

1) Dienj, J. S., and Anderson, S. H. (1999) Effects of recent burning on breeding bird community
structure in aspen forests. Journal of Field Ornithology, 70, 491-503.

) Artman, V. L., Sutherland, E. K., and Downhower, J. F. (2001) Prescribed burning to restore
mixed-oak communities in southern Ohio: effects on breeding-bird populations. Conservation
Biology, 15, 1423-1434.

3) Artman, V. L., and Downhower, J. F. (2003) Wood thrush (Hylocichla mustelina) nesting ecology
in relation to prescribed burning of mixed-oak forest in Ohio. The Auk, 120, 874-882.

4) Smith, D. M., Finch, D. M., and Hawksworth, D. L. (2009) Black-chinned hummingbird nest-site
selection and nest survival in response to fuel reduction in a southwestern riparian forest. The
Condor, 111, 641-652.

10.1.2. Pine forests

e Two studies of the 28 captured (all from the USA) found higher bird species richness in
sites with prescribed burning, tree thinning and mid- or understorey control (11) or just
burning and tree thinning (22), compared to control sites. Five studies found no
differences in species richness or community composition between sites with prescribed
burning (2,5,8); prescribed burning, tree thinning and mid- or understorey control (3); or
prescribed burning and tree thinning only (24), compared to control sites, or those with
other management.

e Eight studies (8,16-19,26,27) found that some species or guilds (such as open habitat
species) were more abundant or more likely to be found in burned areas of pine forest
than control areas. One study (28) found that the responses of Henslow’s sparrows to
burning varied considerably with geography and habitat.
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e Three studies (12,22,24) found that some species were more abundant in thinned and
burned stands, compared to controls or other management (12,21,24). Three studies
found that overall bird densities (3,11) or abundances of red-cockaded woodpeckers (1)
were higher in open pine forests with prescribed burning, tree thinning and mid- or
understorey control, compared with control areas (1,11) or those thinned but not burned
(3). One (11) found differences were more marked in spring. A study found that a red-
cockaded woodpecker population increased following the start of intensive management
consisting of prescribed burning and other interventions.

e Ten studies found that total bird densities or those of some species was the same or
lower in sites with prescribed burning (2,3,5,7-9,18,24,25,27) compared to control sites,
or those with other management. Five studies (3,7,9,18,24) investigated several
interventions at once. Generally, closed-forest species and ground nesters appeared to
be adversely affected by burning.

e Three studies found higher productivities or survival of species in burned (10,20) or
burned and thinned (13) areas, compared to control areas or those burned less recently.
Seven studies found no differences in productivity, behaviour or survival (including of
artificial nests) in burned areas (14,20-22,25) or burned and thinned areas (9,15),
compared to controls. One study (23) found that northern bobwhite chicks had lower
foraging success in burned areas, compared to other management regimes, whilst
another (14) found that different predators were dominant under different management.

e The three studies that investigated it (5,16,20) found that burning season did not appear
to affect the effects of burning.

Background

Fire is a fundamental part of many pine forest ecosystems, and is particularly well
studied in the USA, where open pine forests and savannas are intensively managed
for red-cockaded woodpeckers Picoides borealis and other species such as
Bachman’s sparrows Peucaea aestivalis (formerly Aimophila aestivalis).

A replicated before-and-after study in four National Forests in Texas, USA (1),
found that red-cockaded woodpecker Picoides borealis populations increased at
all four sites in the early 1990s after management for woodpeckers was intensified
in 1989. This followed declines in the 1980s. Management included: prescribed
burning and mechanical mid-storey vegetation removal and pine thinning;
provision of 716 artificial cavities and the translocation of 19 woodpeckers. Status
(i.e. active or inactive) of woodpecker cavity-tree clusters (groups of trees
occupied by a breeding group of woodpeckers) was monitored (1983-1993) and
by 1993, 98% of active clusters and 58% of inactive clusters had been burned at
least once.

A replicated study in 1991 in Ocala National Forest, an area of sand pine scrub in
Florida, USA (2), found similar bird densities and species richness in areas that
were burned, compared to areas that were clearcut and ‘brake-seeded’. This study
is discussed in detail in ‘Clearcut and re-seed forests’.

A replicated controlled study in 33 pine-grassland stands in Ouachita National
Forest, Arkansas, USA (3), found that overall bird species richness was similar
across a series of different managements aimed at red-cockaded woodpecker
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conservation. Bird densities were highest in the second growing season after both
burning and midstorey and tree thinning, compared with those subject to only
midstorey and tree thinning or untreated stands. Ground-nesting species were
most abundant in untreated stands. Management appeared beneficial to several
species of conservation concern e.g. Bachman's sparrow Peucaea aestivalis
(formerly Aimophila aestivalis), as well as red-cockaded woodpeckers.

A study in mixed pine Pinus spp. forests in South Carolina, USA (4) found that a
population of red-cockaded woodpeckers increased from four individuals and one
breeding pair in 1985 to 99 and 19 pairs in 1996 following intensive management,
including prescribed burning. The authors emphasise that hardwood midstory
control using prescribed burning as well as cutting, herbicide applications and
thinning of trees mimicked the natural fire regime and was essential to the success
of the project. In addition, artificial cavities were installed; southern flying
squirrels Glaucomys volans (a cavity competitor) were controlled and 54
woodpeckers were translocated into areas with artificial or natural cavities.

A replicated study in mid-December 1995 to mid-February 1996 at a mixed pine
forest at Fort Benning Military Reservation, Georgia, USA (5), found no significant
differences between wintering bird abundances or community composition in
nine plots burned during the growing season (April-August ) of 1994, compared
to nine plots burned during the dormant season (January-March). A total of 48
species were recorded (during point count censuses): 41 in growing-season burn
plots and 41 in dormant-season burn plots (34 common to both). On average, 27
species were recorded in a growing-season burn plot and 25 in a dormant-season
burn plot. Abundance of individual species was similar between plot types.

A replicated study in 2004-2005 in open pine forests at Eglin Air Force Base,
Florida, USA (6), found that eight of 21 plots managed intensively for red-
cockaded woodpeckers contained Bachman's sparrows. Management was mainly
prescribed burning but included some midstorey clearing. Some areas with woody
midstory vegetation and lacking dense ground cover were unsuitable for breeding
sparrows. A burn rotation of 3-5 years (burning early in the growing season)
appeared best to encourage the dense grassy understory and sparse midstory
preferred by Bachman's sparrows for nesting, whilst not decreasing habitat
suitability for red-cockaded woodpeckers.

A replicated study in 1995-1996 in pine savanna in South Carolina, USA (7), found
that there were fewer scrub-successional species in stands managed for red-
cockaded woodpeckers (including prescribed burning) than in stands which were
clearcut to remove non-native pines and replanted with longleaf pines Pinus
palustris. This study is discussed in detail in ‘Clearcut and re-seed forests’.

A replicated, controlled study in 1993-1995 in loblolly pine Pinus taeda-
dominated forest in Piedmont National Wildlife Refuge, Georgia, USA (8), found
that red-cockaded woodpeckers were found in 18 rotationally burned plots (each
>100 ha) but not in six unburned plots. Average species richness was similar for
burned and unburned plots (42 vs. 41 species) and all other species were found in
both plot types. Of 29 species that showed significant differences in abundance
between burned and unburned areas, 22 were more abundant in burned plots and
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seven were more abundant in unburned plots. During 1994-1995, 224 nests of 20
species were found in burned plots; only nine nests (six species) were found in
unburned plots.

At Piedmont National Wildlife Refuge, Georgia, USA, a four-year replicated
controlled study found no evidence that winter burning and tree thinning
(management primarily to improve red-cockaded woodpecker habitat) negatively
affected wood thrushes Hylocichla mustelina in loblolly pine-dominated forest (9).
Thrush density and adult or juvenile survival during the breeding season did not
vary between compartments subject to thinning and prescribed burning and
unmanaged ones. Overall, thrush numbers increased on treatment compartments
(0.91-0.97 birds present before vs. 0.98-1.05 after management), and declined
slightly in controls (0.98-1.05 vs. 0.87-0.92). Plots were surveyed eight times in
1993 and sixteen times a year in 1995-1996.

A replicated study in 1996-1998 in a longleaf pine forest in South Carolina, USA
(10), found that great crested flycatchers Myiarchus crinitus had larger clutches
and slightly higher productivity in nest boxes in plots burned during the warm
season (April-June: 4.9 eggs/clutch and 2.7 fledglings/clutch for 24 clutches)
compared to those burned during the cool season (December-March: 4.5
eggs/clutch and 2.5 fledglings/clutch for 14 clutches). There were no differences
in overall occupancy rates or hatching rates (21% occupancy and 61% hatching
success for 210 boxes in plots burned in the warm season vs. 19% and 61% for
120 boxes in those burned in the cool season). This study is also discussed in
‘Provide artificial nest sites’

Areplicated, paired, controlled study in 1995-1997 in two pine Pinus spp. habitats
at Angelina National Forest, Texas, USA (11), found that bird species richness and
abundances in spring were significantly higher in plots managed for red-cockaded
woodpecker, compared to unmanaged plots (longleaf pine forests: 7 species and
22 individuals in managed forests vs. 6 and 13 in controls; loblolly pine-shortleaf
pine P. echinata forests: 10 species and 32 individuals vs. 7 and 20). Differences
were also present in loblolly-shortleaf, but not longleaf pine forests during winter
(loblolly-shortleaf forests: 8 species and 42 individuals vs. 5 and 28; longleaf: 7
and 30 vs. 7 and 26). Management consisted of prescribed burning, mechanical
mid-storey vegetation removal and thinning of pine trees.

A replicated study in 1999-2000 across 40 shortleaf pine-hardwood stands in
Ouachita National Forest, Arkansas, USA (12), found that northern bobwhite
Colinus virginianus abundances were highest in stands thinned and burned three
years previously (1.5 males heard/count), but were not significantly higher than
in stands which were only thinned (1.1) and those thinned and burned two years
previously (0.8). Control (unmanaged) stands and those burned a year previously
had significantly lower abundances than those burned three years previously or
thinned but not burned (control stands: 0.1 calls/count; 0.4 for stands one year
after burning). The stands with the highest abundances also had greater
understory shrub cover. The management was aimed at restoring pine-grassland
habitats.
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A controlled study in 1998-2001 on Mt. Trumbull, Arizona, USA (13), found that
western bluebirds Sialia mexicana were more likely to successfully fledge young
and fledged more chicks in restored ponderosa pine Pinus ponderosa forest,
compare to unrestored forest (75% of 56 nests in restored forest fledging young,
with an average of 3 chicks/nest vs. 39% and 2 chicks in control stands). Clutch
size and number of nestlings per nest were similar between treatments but an
average of 91% of nests were infested with parasitic blowfly Protocalliphora spp.
larvae in treated forest compared with 46% in unmanaged forest; any effects on
post-fledging survival are unknown. Restoration treatments comprised tree
thinning, slash manipulation (e.g. chopping) and burning.

A replicated, randomised and controlled study in May-July 2000 in 28 longleaf
pine forest plots in Georgia, USA (14) found that survival of 770 artificial nests was
similar between burned (42%) and unburned plots (41%). Bird predation was
greater in burned (14%) than unburned (10%) plots. Small mammal predation
was greater in unburned (31%) than in burned (15%) plots. There was no
interaction between the supplementary feeding of predators, burning and nest
predation.

At Piedmont National Wildlife Refuge, Georgia, USA (15), a controlled before-and-
after study found that wood thrush habitat use ands movements in loblolly pine
stands were very similar in stands managed for red-cockaded woodpeckers and
control stands. Management consisted of thinning forests and prescribed burning,
mostly on small scales, in stands up to 50 ha. Juvenile and adult thrushes were
monitored by radio-tracking in two breeding seasons before management (1993-
1994) and two after (1995-1996) on an experimental compartment, and for four
years on a control (1993-1996).

Areplicated study in 1999-2000 in longleaf pine forest at Conecuh National Forest
Alabama, and Blackwater River State Forest, Florida, USA (16), found that
Bachman's sparrow density was greater in forest patches during the first three
years after burning (compared to four or more years). Density did not differ
between stands burned during the growing season (April-September) or dormant
season (October-March). More sparrows occurred in areas of denser, taller grass,
regardless of burn season. As tree canopy cover increased, grass cover decreased.
Fire suppression or burning at intervals of more than 4-5 years, resulted in a
greatly reduced grass/herbaceous understorey.

A site comparison study in the winters of 2001-2002 at three pine savanna sites
in southeast Louisiana, USA (17), found that wintering Henslow's sparrow
Ammodramus henslowii abundance was significantly higher in areas burned the
preceding growing season (average of 3 birds/ha) than in areas burned two or
three years previously (1 bird/ha). Eight areas were burned once in May-August
1999-2001. There was a trend for decreasing sparrow abundance with time since
burn: 1.0/ha in areas burned one year previously, around 0.7 /ha in areas burned
two years previously and 0.2/ha in those burned three years previously. Of
vegetation characteristics measured, average seed abundance (which decreased
with time since burn) was the best predictor of sparrow abundance.
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A replicated, controlled study in 1994-1997 in open-longleaf pine and pocosin
woodlands at Fort Bragg, North Carolina, USA (18), found that species associated
with open longleaf habitats (e.g. red-cockaded woodpecker and Bachman's
sparrow) were most common in burned areas of forest. Fire-suppression-
associated species (e.g. wood thrush and ovenbird Seiurus aurocapilla) were
confined to denser vegetation around pocosins (woodland with a dense
understorey around stream-heads) in burned areas, but were abundant in fire-
suppressed areas with a dense understorey. Overall bird abundance and diversity
was greater closer to the pocosins.

A replicated study in 2000 in pine and mixed forests in eight ‘Sky Island’ mountain
ranges in Arizona, USA (19), found that the distributions of 11 of 65 species of
birds were affected by burning: 73% of species were positively associated with
burned areas and showed stronger associations with severe rather than less
severe burns. Strong positive associations with severe fires were apparent for
western wood-pewee Contopus sordidulus and house wren Troglodytes aedon, but
negative associations were found for warbling vireo Vireo gilvus and red-breasted
nuthatch Sitta canadensis.

A replicated experiment in 1999-2001 in 13 longleaf pine forest plots within
Conecuh National Forest, Alabama, USA (20), found that a significantly lower
proportion of Bachman's sparrow territories in compartments burned four years
previously (20% of 20) successfully produced young than those in compartments
burned less than three years previously (52% of 50). In addition, a higher
proportion of male sparrows remained unpaired in compartments burned four
years previously compared to those in more recently burned plots (50% of 20
males in plots burned four years before remain unpaired vs. 28% of 50 in more
recently burned areas). There was no significant difference between growing or
dormant season burn plots. Daily survival rates were similar in compartments
burned 4-years previously (93%) and those burned more recently (94%), and
those burned during the growing or dormant season (89% and 95% respectively).

A controlled cross-over study over four breeding seasons (2003-2006) in old-
growth longleaf pine forest at Wade Tract, Georgia, USA (21), found no significant
effect of breeding season prescribed burns on the territory size or site fidelity of
male Bachman's sparrows. Approximately half (40 ha) of the study area was
burned each year, with the unburned half burned the following year. On average,
sparrow territories that were burned (1.9 ha) were similar in size from those that
were not (2.1 ha). The proportion of ringed males observed after a prescribed
burn was similar in burned (73%) and unburned (77%) areas.

A replicated, randomised, controlled study in 1998-2005 in 12 ponderosa pine
stands (15-20 ha) in the North Cascade Range, Washington, USA (22), found that
there was a trend towards higher bird density in restored stands, compared to
controls (13 birds/ha in eight restored stands vs. 10 in four controls).
Management consisted of thinning and understorey burning. Thinning took place
in 1998-1999, with burns in spring 2000 and 2004. Breeding birds were censused
in 2001 and 2005. White-headed woodpecker Picoides albolarvatus and western
bluebird Sialia mexicana, Cassin’s finch Carpodacus casinii and yellow-rumped
warbler Dendroica coronata had higher densities in treated stands. Mountain
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chickadee Poecile gambeli, western tanager Piranga ludoviciana and red-breasted
nuthatch Sitta canadensis were more common in control stands.

A controlled study within a loblolly pine plantation in Louisiana, USA, in 2003-
2005 (23) found that northern bobwhite chicks were 50% less likely to
successfully capture arthropods in burned areas of forest than in mown areas,
areas burned and treated with imazapyr herbicide, or control areas.

A controlled before-and-after study in 2000-2006 at three ponderosa pine forest
sites in northern Arizona, USA (24), found no differences in species richness or
evenness between blocks (16-30 ha) which were thinned, those which were
burned, those both thinned and burned and control blocks. Western bluebird, and
pygmy nuthatch Sitta pygmea were significantly more abundant after both
burning and thinning (with bluebirds also being more abundant in burned-only
sites), compared to controls. Mountain chickadees Poecile gambeli were less
abundant under burning and burning-and-thinning, than in controls, whilst
yellow-rumped warblers Dendroica coronata were less abundant after thinning-
and-burning, compared to control sites and dark-eyed juncos Junco hyemalis did
show a response to treatments. Thinning was undertaken in autumn 2002 and
burns in autumn 2003. Birds were surveyed (point sampling) in May-July 2000-
2002 and 2003-2006.

A replicated controlled trial in 2001-2003 in pine-dominated forests in Klamath
National Forest, California, USA (25), found that the average number of dark-eyed
juncos, the number of territories, nest survival and nestling weights and sizes
were all similar between five 40 ha plots which were burned in autumn 2001 and
unburned plots (8-17 birds, 3-6 territories and 95-97% survival for burned plots
vs. 8-18 birds, 3-5 territories and 95-96%). Juncos were surveyed in 2002 and
2003. All ten plots had small trees removed in 1998-2000.

A replicated controlled trial in November-January 2005-2008 in longleaf pine
plantations in Pebble Hill and Arcadia, Georgia, USA (26), found that there were
more Bachman's sparrows in burned plots (10-60 ha), compared to unburned
plots (0.6 birds/count vs. 0.3). Approximately 50% of habitat was burned each
May with individual blocks burned every second year. Sparrow numbers were
positively correlated with percentage bare ground cover, and negatively so with
numbers of low woody shrubs, grass cover and grass height.

A paired, controlled study in the winters of 2004-2006 in ponderosa pine
woodlands in Coconino and Kaibab National Forests, Arizona, USA (27), found that
hairy woodpecker Picoides villosus densities were higher in burned plots than
controls (11 birds/100 ha in burned plots vs. 2 in controls). Pygmy nuthatch (45
in burn units; 40 in controls) and white-breasted nuthatch Sitta carolinensis (10
and 12) densities were similar between treatments. Activity of bark beetles
(potential bird food) was greater in burn units (10% of trees having signs of
beetles vs. 5% of controls). Burns took place in autumn 2003 (Coconino) and
autumn 2003 and spring 2004 (Kaibab).

A replicated study in the winters of 2005-2007 in 19 longleaf pine and flatwoods
pitcher plant savannas in Louisiana, USA (28), found that the response of over-
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wintering Henslow's sparrows to burning varied regionally: abundance in burn
plots increased over the first three years after burning in western plots (from
approximately 1 bird/ha to 2 birds/ha), but decreased in the east (from 2 to 1
birds/ha). Different habitats may explain the regional responses, as seven of ten
eastern plots were in wet flatwoods pitcher plant bogs, five of six western plots
were in (drier) longleaf savanna. Throughout Louisiana 19, 2.25 ha plots were
established, with 18 burned every 2-3 years. Sparrows were surveyed by flush
netting in November-April. Habitat generally became unsuitable for sparrows by
about 5-years post-burn due to woody plant encroachment.

)
)

)

4)
®)

(6)

@)

8)

©)

(10)

(11)

(12)

(13)

(14)

(15)
(16)

(17)

Conner, R. N., Rudolph, D. C., and Bonner, L. H. (1995) Red-cockaded woodpecker population
trends and management on Texas National Forests. Journal of Field Ornithology, 66, 140-151.
Greenberg, C. H., Harris, L. D., and Neary, D. G. (1995) A comparison of bird communities in
burned and salvage-logged, clearcut, and forested Florida sand pine scrub. The Wilson Bulletin,
107, 40-54.

Wilson, C. W., Masters, R. E., and Bukenhofer, G. A. (1995) Breeding bird response to pine-
grassland community restoration for red-cockaded woodpeckers. The Journal of Wildlife
Management, 59, 56—67.

Franzreb, K. E. (1997) Success of intensive management of a critically imperiled population of
red-cockaded woodpeckers in South Carolina. Journal of Field Ornithology, 68, 458—470.

King, T. G., Howell, M. A, Chapman, B. R., Miller, K. V., and Schorr, R. A. (1998) Comparisons
of wintering bird communities in mature pine stands managed by prescribed burning. The
Wilson Bulletin, 110, 570-574.

Plentovich, S., Tucker, J. W., Holler, N. R., and Hill, G. E. (1998) Enhancing Bachman’s sparrow
habitat via management of red-cockaded woodpeckers. The Journal of Wildlife Management, 62,
347-354.

Krementz, D. G., and Christie, J. S. (1999) Scrub-successional bird community dynamics in
young and mature longleaf pine-wiregrass savannahs. The Journal of Wildlife Management, 63,
803-814.

White, D. H., Chapman, B. R., Brunjes IV, J. H., Raftovich Jr, R. V., and Seginak, J. T. (1999)
Abundance and reproduction of songbirds in burned and unburned pine forests of the Georgia
Piedmont. Journal of Field Ornithology, 70, 414—424.

Powell, L. A,, Lang, ]. D., Conroy, M. ], and Krementz, D. G. (2000) Effects of forest
management on density, survival, and population growth of wood thrushes. The Journal of
Wildlife Management, 64, 11-23.

White, D. H., and Seginak, J. T. (2000) Nest box use and productivity of great crested flycatchers
in prescribed-burned longleaf pine forests. Journal of Field Ornithology, 71, 147-152.

Conner, R. N., Shackelford, C. E., Schaefer, R. R., Saenz, D., and Rudolph, D. C. (2002) Avian
community response to southern pine ecosystem restoration for red-cockaded woodpeckers. The
Wilson Bulletin, 114, 324-332.

Cram, D. S,, Masters, R. E., Guthery, F. S., Engle, D. M., and Montague, W. G. (2002) Northern
bobwhite population and habitat response to pine-grassland restoration. The Journal of Wildlife
Management, 66, 1031-1039.

Germaine, H. L., and Germaine, S. S. (2002) Forest restoration treatment effects on the nesting
success of western bluebirds (Sialia mexicana). Restoration Ecology, 10, 362-367.

Jones, D. D., Conner, L. M., Warren, R. J., and Ware, G. O. (2002) The effect of supplemental prey
and prescribed fire on success of artificial nests. The Journal of Wildlife Management, 66, 1112—
1117.

Lang, J. ., Powell, L. A., Krementz, D. G., and Conroy, M. J. (2002) Wood thrush movements and
habitat use: effects of forest management for red-cockaded woodpeckers. The Auk, 119, 109-124.
Tucker, J. W., Robinson, W. D., and Grand, ]. B. (2004) Influence of fire on Bachman’s sparrow,
an endemic North American songbird. The Journal of Wildlife Management, 68, 1114-1123.
Bechtoldt, C. L., and Stouffer, P. C. (2005) Home-range size, response to fire, and habitat
preferences of wintering Henslow’s sparrows. The Wilson Bulletin, 117, 211-225.

224



(18) Allen, J. C., Krieger, S. M., Walters, J. R., and Collazo, ]. A. (2006) Associations of breeding birds
with fire-influenced and riparian-upland gradients in a longleaf pine ecosystem. The Auk, 123,
1110-1128.

(19) Kirkpatrick, C., Conway, C. ], and Jones, P. B. (2006) Distribution and relative abundance of
forest birds in relation to burn severity in southeastern Arizona. The Journal of Wildlife
Management, 70, 1005-1012.

(20) Tucker Jr, J. W., Robinson, W. D., and Grand, ]J. B. (2006) Breeding productivity of Bachman’s
sparrows in fire-managed longleaf pine forests. Wilson Journal of Ornithology, 118, 131-137.

(21) Cox, J. A., and Jones, C. D. (2007) Home range and survival characteristics of male Bachman’s
sparrows in an old-growth forest managed with breeding season burns. Journal of Field
Ornithology, 78, 263-269.

(22) Gaines, W. L., Haggard, M., Lehmkuhl, J. F.,, Lyons, A. L., and Harrod, R. J. (2007) Short-term
response of land birds to ponderosa pine restoration. Restoration Ecology, 15, 670—-678.

(23) Burke, J. D., Chamberlain, M. J., and Geaghan, J. P. (2008) Effects of understory vegetation
management on brood habitat for northern bobwhites. Journal of Wildlife Management, 72, 1361—
1368.

(24) Hurteau, S. R., Sisk, T. D., Block, W. M., and Dickson, B. G. (2008) Fuel-reduction treatment
effects on avian community structure and diversity. Journal of Wildlife Management, 72, 1168—
1174.

(25)  Sperry, J. H., George, T. L., and Zach, S. (2008) Ecological factors affecting response of dark-eyed
juncos to prescribed burning. Wilson Journal of Ornithology, 120, 131-138.

(26) Cox, J. A., and Jones, C. D. (2009) Influence of prescribed fire on winter abundance of Bachman'’s
Sparrow. The Wilson Journal of Ornithology, 121, 359-365.

(27) Pope, T. L., Block, W. M., and Beier, P. (2009) Prescribed fire effects on wintering, bark-foraging
birds in northern Arizona. Journal of Wildlife Management, 73, 695-700.

(28) Palasz, L. M., Brooks, M. E., and Stouffer, P. C. (2010) Regional variation in abundance and
response to fire by Henslow’s sparrows in Louisiana. Journal of Field Ornithology, 81, 139-150.

10.1.3. Australian sclerophyll forest

e Two of three studies from Australia (1,3) found no differences in bird species richness in
burned sites compared to unburned areas.

e Three studies (1-3) found differences in species assemblages in burned and unburned
areas, with some species lost and others gained from areas after fire.

A before-and-after study at Treen Brook State Forest, Western Australia, Australia
(1), in 1978-1979 found no significant effect on overall bird abundance of
understorey burning of karri Eucalyptus diversicolor forest, but two species (of low
conservation concern) present prior to the burn were absent afterwards and five
species not caught pre-burn were captured post-burn. Capture data from pre-burn
(May 1978; 31 net-days) and post-burn (May 1979; 37 net-days) mist-netting was
used to monitor birds. In May 1979, 83 individuals of 15 species were captured,
comparable to the 66 individuals of 12 species caught in May 1978 (allowing for
difference in catch effort).

A replicated study in 1999 in 36 sclerophyll forest sites in southeast Queensland,
Australia (2), at found that two of the eleven hollow-nesting species analysed
(brown treecreeper Climacteris picumnus, little lorikeet Climacteris picumnus)
were positively associated with more frequent prescribed burning. No species
were negatively associated with more frequent prescribed burning.

A randomised, controlled study in January-March 2001 in eucalypt and riparian
woodland at three sites along seasonally dry watercourses in northeast
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Queensland, Australia (3), found no significant differences in overall bird species
richness between 10 ha plots burned during the dry season (August 2000), the
wet season (December 1999) or unburned plots. Two species were more
abundant in the dry season burned compared to unburned sites, while one was
more abundant in the dry season burned areas than under other treatments and
two species were less abundant after burns. Two other species’ responses varied
depending on which forest type they were in. Follow-up surveys in 2004 found no
differences in species richness between fire treatments.

(1) Wooller, R. D., and Brooker, K. S. (1980) The effects of controlled burning on some birds of the
understorey in karri forest. Emu, 80, 165-166.

(2) Smyth, A., Mac Nally, R., and Lamb, D. (2002) Comparative influence of forest management and
habitat structural factors on the abundances of hollow-nesting bird species in subtropical
Australian eucalypt forest. Environmental Management, 30, 547-559.

3) Valentine, L. E., Schwarzkopf, L., Johnson, C. N., and Grice, A. C. (2007) Burning season
influences the response of bird assemblages to fire in tropical savannas. Biological Conservation,
137, 90-101.

10.1.4. Savannas

e A replicated and controlled study from Kenya (5), of five studies captured, found that
burned areas of savanna tended to have more birds and more species than control or
grazed areas. However, the authors note that differences were not present during
drought years and burned sites showed significant annual variation, unlike grazed sites.
A replicated and controlled study from Australia (4) found that the effects of burning on
bird abundances depended on burn season, and habitat type.

e Two replicated studies in the USA (2,3) found that some open country species were
more common in burned areas than unburned, whilst other species were less so.

e A small study from the USA (1) found that two eastern bluebird Sialia sialis successfully
raised chicks after the habitat around their nest boxes was subject to a prescribed burn.

Background

Periodic wildfires and grazing/browsing by wild animals maintained open
savanna ecosystems in parts of the world, retarding woody plant encroachment
and succession to woodland. In some regions where these natural processes have
been lost, and where active fire suppression may have also occurred, rotational
burning may be used to reinstate and maintain more open habitat conditions
amenable. Other methods commonly used include thinning of trees and shrubs,
timber harvesting, and livestock grazing.

There is a continuum between habitats classified as ‘savannas’ and those classified
as ‘forests’ and ‘grasslands’. Relevant information for management of habitats
with both trees and grasses may, therefore, be found in all three sections.

A small study in Minnesota, USA (1), found that eastern bluebird Sialia sialis
clutches in two nest boxes in an area that underwent prescribed burning both had
100% success (i.e. all eggs produced fledglings), compared with an average
success of 93% for 23 nest boxes nearby. Flame height was 1 m or less and did not
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reach the boxes at 1.2 and 1.4 m above ground. Adult bluebirds left their boxes as
the fire approached, returning when it had passed.

At Cedar Creek Natural History Area, Minnesota, USA (2), a replicated controlled
study of oak savanna restoration by prescribed burning (initiated in 1964) found
that ‘open country’ bird abundance increased as restoration progressed. Seven
units (8-18 ha) were subject to one of seven burn frequencies, ranging from nearly
every year to no burning over the previous 31 years. Burns were conducted in
spring (except two in late summer). Bird species richness in the two unburned
units (17 and 23 species) was lower than that of two frequently burned units (30
and 32) in June 1995 and similar in 1996. As woodland became more open, upper
tree canopy insectivores declined, whilst omnivorous birds, particularly ground
and lower canopy foragers increased. Woodpeckers increased as standing dead
tree abundance increased.

A replicated, paired study in oak Quercus spp. savanna in Illinois, USA (3), found
that bird community composition was significantly different in areas with
prescribed burning compared to closed-canopy oak forest. Of the 31 bird species
analysed, 12 were more common in burned savanna and five more common in
unburned forest. Twelve savanna sites maintained by burns (spring, autumn or
both, on a 3-5 year rotation, with periodic removal of Acer spp. and European
buckthorn Rhamnus catharticus) were paired with 12 forest sites (no burning for
over 50 years). Point counts were conducted for 3-5 years (between 25 May-10
July 1995-1999) to assess bird abundance. There was no effect of burning on
brood parasitism by brown-headed cowbird Molothrus ater.

A replicated, controlled study in January-March 2001 and 2004 in open eucalypt
and riparian woodland along three creeks in Queensland, Australia (4), found that
plots burned in the dry season of 2000 had significantly fewer birds in 2004 than
control (unburned) sites, whilst sites burned in the wet season of 2000 had higher
abundances. Species richness did not vary in 2004. However, several species
showed short-term changes in abundance after fire: three species were more
abundant in dry-season burned sites in 2001; two were less abundant after burns.
Pied butcherbirds Cracticus nigrogularis were more abundant in burned eucalypt
sites and little friarbirds Philemon citreogularis were more abundant in dry season
burnt sites and riparian habitat of wet season burnt sites.

In Laikipia District, Kenya, a replicated controlled study in 2005-2007 (5) found
that five burned plots of savanna had, on average, but not consistently, higher
densities of birds and more species than five grazed or four unmanaged control
areas (3-17 birds and 3-8 species/100 m2 for burned areas vs. 4-6 birds and 2.5-
4.0 species for controls; 5-8 birds and 4-5.5 species for grazed areas). The authors
note that there were no differences between treatments in drought years, and that
the yearly variation in burned plots was greater than in grazed plots, suggesting
that grazing may have longer term benefits. In addition, some species were only
recorded in unmanaged areas. The impact of burning appeared to decrease over
time.

(1) Cox, C. A. (1987) Nesting bluebirds tolerate prescribed burn (Minnesota). Restoration and
Management Notes, 5, 48.
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(2) Davis, M. A., Peterson, D. W,, Reich, P. B., Crozier, M., Query, T., Mitchell, E., Huntington, J.,
and Bazakas, P. (2000) Restoring savanna using fire: impact on the breeding bird community.
Restoration Ecology, 8, 30-40.

3) Brawn, J. D. (2006) Effects of restoring oak savannas on bird communities and populations.
Conservation Biology, 20, 460—469.

4) Valentine, L. E., Schwarzkopf, L., Johnson, C. N., and Grice, A. C. (2007) Burning season
influences the response of bird assemblages to fire in tropical savannas. Biological Conservation,
137, 90-101.

(5) Gregory, N. C,, Sensenig, R. L., and Wilcove, D. S. (2010) Effects of controlled fire and livestock
grazing on bird communities in east African savannas. Conservation Biology, 24, 1606-1616.

10.1.5. Shrublands

e One controlled study from the USA (2), of eight captured, found that overall bird densities
were similar between burned and unburned areas, whilst a replicated and controlled
study (4) found that species numbers and bird densities did not vary between areas
burned in summer and those burned in winter.

e Three studies (1,2,8) found that some species were more abundant on areas that were
burned, compared to those managed differently, or not at all. Four studies (2,5,7,8) found
that the densities of individual species were similar or lower on burned areas compared
to control areas or those under different management.

o A before-and-after study (3) found that sage sparrows chose different nest sites before
burning compared to after. A controlled study (6) found no differences in greater sage
grouse movement between burned and unburned areas.

Background

Fire can play an important part in shrublands by maintaining the balance between
woody and herbaceous vegetation types. If the natural systems have been
modified so that fire does not occur as regularly as it used to, for example to reduce
risks to homes and property, then prescribed burning may be necessary to
maintain the natural dynamics of the habitat.

A before-and-after study in shrubland in 1962-1963 in Wisconsin, USA (1), found
that the number of male prairie chickens Tympanuchus cupido displaying at a site
increased from seven to 13 following prescribed burning. However, the authors
note that the number at other sites without burning also increased over the period,
(by a single male each time).

A controlled study in 1980 in Utah, USA (2), found that response of breeding
songbirds in sagebrush habitat chained or burned 3-4 years earlier varied
between species. Total bird densities and diversity were similar between a
chained site (i.e. vegetation knocked down by dragging a large chain), burned sites
and sites without any intervention for 17 years. However, a burned site had 50-
86% fewer Brewer's sparrow Spizella breweri (a sagebrush specialist) territories
than chained or untreated sites. Horned lark Eremophila alpestris densities were
200-250% higher on the burned site compared to the untreated one. Vesper
sparrow Pooecetes gramineus and western meadowlark Sturnella neglecta
densities appeared unaffected by sagebrush control.
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A before-and-after study in Artemisia spp. sagebrush habitat around the Idaho
National Engineering Laboratory, Idaho, USA (3), found that in 1982 all 34 sage
sparrow Amphispiza belli nests found were within sagebrush plants. In 1983, after
a prescribed burn created a mosaic of burned and unburned patches, 23 of 29
nests (79%) were within sagebrush but six were in atypical locations: five on the
ground under small plants and one within a grass clump.

A replicated and controlled study in shrub dominated by saw-palmetto Serenoa
repens (a type of palm) in 1988-1989 in Myakka River State Park, Florida, USA (4),
found that the total number of birds and the number of species found did not vary
between two sites burned in winter (January 1988) and two burned in summer
(June 1988) (1.7 species and 2.4 individuals/winter burned site vs. 1.5 and 1.9 for
summer burned). There were no differences between winter-burned and control
(unburned) sites, but summer-burned sites had significantly fewer species and
individuals (2.0 species and 2.7 individuals/unburned site).

A controlled before-and-after study in May-August 1989 in Wyoming big
sagebrush Artemisia tridentata wyomingensis and threetip sagebrush A. tripartita
scrub in Big Desert, Idaho, USA (5), found that relative abundances of greater sage
grouse Centrocercus urophasianus were similar between a burned and unburned
area before and after burning. Abundances of Hymenoptera species (an important
part in grouse diets) were significantly lower in the burned area two and three
years after burning.

A controlled study in 1987-1992 in the Big Desert sagebrush ecosystem
(dominated by Wyoming big sagebrush) of southeast Idaho, USA (6), found that
there were no differences in timing, distance or direction of movement of 81
greater sage grouse between burned and unburned areas. A 5,800 ha area of
sagebrush was burned in late summer 1989, removing vegetation from
approximately 57% of the area.

A replicated, controlled study in montane shrubland in Rocky Mountain National
Park, Colorado, USA, (7) found that green-tailed towhee Pipilo chlorurus
occurrence and nesting density was significantly lower for 3-5 years after burning
in four areas of subject to prescribed burning (0.05-0.30 birds/ha) compared with
three unburned sites (0.60-1.95 birds/ha). Two sites, Deer Ridge Low (55 ha) and
Deer Ridge High (80 ha), were burned in 1998 and 1999 respectively, with towhee
density estimated in June 2002-2003. Of 179 nests found, only 14 (8%) were at
burned sites, and were within remnant patches of live shrubs (in areas where burn
severity had been lower).

A controlled study in 1999-2001 on Nantucket Island, Massachusetts, USA (8),
found that eastern towhee Pipilo erythrophthalmus and common yellowthroat
Geothlypis trichas were significantly more abundant in burned areas of shrubland
than in mown areas. Towhees (but not yellowthroats) were also more common in
burned areas than controls (towhees: 1.4 birds/ha for burned areas vs. 1.1 for
control areas; yellowthroats: 0.4 for both control and burned areas). Song
sparrows Melospiza melodia were not significantly more abundant on burned
areas than on control or mown areas (0.3 birds/ha for mown areas vs. 0.4 for
controls and burned areas).
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10.1.6. Grasslands

e Four studies from the USA (6,13,16,17), Of 21 studies captured, found that overall
species richness did not vary between burned areas, or areas burned recently, and
unburned sites. One study (13) found that community composition was also similar whilst
others found that species showed individual responses.

e Nine studies from across the world (2,3,5,7,8,12,14,19,20) found that at least some study
species were found at higher densities or were more abundant in burned areas than in
unburned areas or areas under different management. One study investigated multiple
interventions at once (7). Fourteen studies (1,3-11,14,15,19,20) found that at least one
study species was less abundant or found at similar abundances on burned areas of
grassland, compared to unburned areas or those under different management. However,
four studies (2,16,19,21) found that apparent responses varied depending on how soon
after fires measurements were taken. Care should therefore be taken when interpreting
the results of studies on prescribed burning.

e One study from the USA (11) found that Florida grasshopper sparrow had significantly
higher reproductive success soon after plots were burned, whilst another American study
(18) founds that dickcissel reproductive success was higher in patch-burned areas than
burned and grazed areas.

Background

Suppression of fires may shift grassland communities from grasses and herbs
towards woody-stemmed species. Alternatively, it may allow the fuel load to build
up to such an extent that when fires do occur, they are hotter and burn for longer.
This can mean that even fire-adapted plants (such as some pines and palms) are
killed.

A possible way to reduce these effects is to ensure there are frequent, smaller fires,

which prevent trees from establishing and constantly reduce the fuel load of a
system.
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A replicated and controlled study in meadows in North Dakota, USA (1), in 1961
found that there were 38% fewer pairs of ducks in burned areas of meadow,
compared to unburned areas. This study is discussed in more detail in ‘Mow
natural grasslands’.

A controlled trial in upland grassland at Highmoor State Forest, KwaZulu-Natal,
South Africa (2),in 1973-1977 found that grey-winged Francolinus africanus and
red-winged F. levaillantii francolins were found at higher densities in unburned,
rather than burned areas immediately after fire, but that preferences were
reversed in the year after burning. At the start of the experimental period (spring
1975), francolin densities were higher in an area sunject to large scale burns than
an area under patch burning, but by autumn 1977 there were significantly higher
densities in the patch-burned area.

A replicated before-and-after study on Matagorda Island, Texas, USA (3), found
that northern harrier Circus cyaneus hudsonius numbers decreased significantly
on two winter-burned natural grassland plots (from 39 to 12 birds), whilst
American kestrels Falco sparverius increased (from two to ten birds). Raptor use
during the month before and after burning was assessed on two 140 ha plots
(burned 4-5 January 1993), by one hour weekly counts (13 December 1992 to 14
February 1993). Surveys (2 December-7 February) across the whole island, found
a non-significant increase in total raptor numbers, and of the two commonest
species (northern harrier and American kestrel). Total raptor numbers using plots
pre- and post-burn were similar but with slight (non-significant) decreases.

A randomised, controlled, replicated before-and-after study in 1980-1988 in
mixed-grass prairie at Lostwood National Wildlife Refuge, North Dakota, USA (4),
found that nest densities of gadwall Anas strepera (but not six other duck species)
were lower in areas and years with summer burning (and for several years after)
compared to control areas. Densities of gadwall and blue-winged teal A. discors
were also lower in areas with a combination of burning and spring cattle grazing.
Nest success was generally high (31-45%) and unaffected by treatment. The
authors argue that grazing reduced brush cover that provided nesting habitat for
ducks.

A replicated, controlled trial in March-May 1993-1994 on Matagorda Island,
Texas, USA (5), found few differences in spring bird abundance in cordgrass
Spartina-dune paspalum Paspalum monostachyum grassland subject to summer
compared to winter burns. Six 122 ha plots were established each year: two
unburned; two burned late August (1992-1993); and two in January (1993-
1994). Wrens (Troglodytidae) were consistently most abundant in unburned plots
(21-28 birds/40 ha in unburned areas vs. 2-3 for summer burn and 1 for winter
burn); 18-22 months after burning wren abundance increased but was still less
than within unburned plots. Sparrows (Emberizinae) were most abundant on
burn plots both 6-10 months (unburned: 3-8 birds/40 ha vs. summer burn: 16-
19; winter burn: 11-16) and 18-22 months post-burn.

A replicated, controlled study in 1992-1995 in native grass-sown Conservation
Reserve Program fields in Riley County, Kansas, USA (6), found significantly lower
bird nesting density in fields with spring (mid-April-May) burning in the year of
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the burn, compared to control fields (27 of 399 nests found were on burned fields
vs. 372 on controls). Nest success was 22% on burned and 34% on unburned
fields. Average bird abundance on burned fields (year of burn) was6 birds/km of
transect vs. 9/km on unburned fields. Species richness was similar (12-21 burned
vs. 10-19 unburned).

A replicated and controlled study in 1990-1994 in two intensively managed
grassland sanctuaries in southeast Illinois, USA (7), found that northern harriers
tended to nest in fields not disturbed by grassland management (burning and
mowing) within the last 12 months (a total of 22 nests in unmanaged fields vs.
seven in burned and grazed fields). Short-eared owl Asio flammeus nest-site
selection could only be assessed in 1990: all 13 nests were in fields subject to
management within the last 12 months. One study site comprised 550 ha of
grassland among 10 tracts, the second 308 ha among seven tracts. Each tract
comprised 3-32 ‘sub-fields’ (0.5-15 ha) usually subject to one management type
(all burned or all mowed).

A replicated, controlled before-and-after study in 1997-1999 in six semi-desert
grassland plots at Buenos Aires National Wildlife Refuge, Arizona, USA (8), found
that the population responses of five wintering sparrow species to a prescribed
spring burn varied between species. Over the three years, vesper Pocecetes
gramineus and savannah Passerculus sandwichensis sparrow populations
increased in three burned plots, whilst Cassin's sparrow Aimophila cassinii
populations decreased. Grasshopper sparrow A. savannarum increased up to two
years post-burn. Baird's sparrow Ammodramus bairdii had consistently low
abundance (<0.7/plot).

Areplicated, controlled trial in May-June 1995-1996 in grasslands in Prairie Ridge
State Natural Area, Illinois, USA (9), found that burned, non-native ‘cool season’
grassland plots held lower average densities of five grasslands birds than native
‘warm season’ grasslands under any management (burning, grazing, mowing or
no management) and non-native grassland under mowing, haying, grazing or no
management. However, species showed individual responses to different
managements. The species surveyed were eastern meadowlark Sturnella magna
and dickcissel Spiza americana, Henslow’s sparrow Ammodramus henslowii, field
sparrow Spizella pusilla and grasshopper sparrow.

A randomised, controlled study in 1995-1997 in six tracts of tallgrass prairie in
Melvern Wildlife Management Area, Kansas, USA (10), found that Henslow’s
sparrow were significantly less abundant in burned areas than in unburned tracts
(1 bird/ha vs. 4); dickcissel abundance was similar in burned and unburned tracts
(12 birds/ha). In spring 1995 four tracts were burned, in 1996 one was burned
and in 1997 two were burned. In total, 22 Henslow’s sparrows (overall relative
abundance 0.2 birds/ha) and 200 dickcissel (1.1 birds/ha) were recorded.
Abundance was not correlated to tract perimeter length, or different distances to
each other.

In prairie grassland at Air Force Avon Park Range, USA, a replicated study in
March-August 1997-1999 (11) found that Florida grasshopper sparrow
Ammodramus savannarum floridanus reproductive success was significantly
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higher six months after burning (38% of 32 nests successful) than at 18 (14% of
35 nests successful) and 30 months (0% of 13 nests successful) after burning. Four
prairie pastures (165-324 ha) were burned in December to mid-March on three
year rotations. Sparrow territory density (up to 0.2 territories/ha) appeared
unaffected by time elapsed since burning.

A replicated study in June 1998-1999 in grassland and shrubland on a subalpine
hillside in the Pyrénées-Orientales, France (12) found that four bird species with
an unfavourable conservation status in Europe (rock bunting Emberiza cia,
woodlark Lullula arborea, stonechat Saxicola torquata and red-backed shrike
Lanius collurio) were found at highest abundances on recently burned grassland
with scattered shrubs. A wildfire burned about one half of the hillside in 1980.
From 1990 onwards, grassland management comprised prescribed winter burns
(on a one-to-seven year rotation) and summer cattle grazing.

Areplicated, randomised and controlled study in DeSoto National Wildlife Refuge,
Iowa, USA, in 1998-1999 (13), found that the average species richness of tallgrass
prairie blocks (3-10 ha) was similar for four burned sites (10), mowed sites (12)
and controls (11). Community composition was also similar. Burning and mowing
took place from 22 April-11 May 1999.

A replicated study in tallgrass prairie in Kansas, USA (14), found that six of seven
birds surveyed showed a significant response to burning: Henslow's sparrow,
grasshopper sparrow, dickcissel, eastern meadowlark (grassland species) and
Bell's vireo Vireo bellii (a shrub-dependent species) were least abundant in the
breeding season following a burn (with Bell's vireo being absent from sites burned
annually); upland sandpipers Bartramia longicauda were most abundant in the
season following a burn. Brown-headed cowbird Molothrus ater did not show any
significant response.

A controlled study in 1999-2001 on Nantucket Island, Massachusetts, USA (15),
found that song sparrows Melospiza melodia were significantly less abundant on
burned grasslands, compared to controls (0.1 birds/ha on burned grasslands vs.
0.6 on controls). There was no significant difference between burned and mown
grasslands. Savannah sparrows were equally abundant (0.7-0.9 birds/ha) on all
treatments.

A replicated study in the winters of 2002-2003 in coastal prairie at Brazoria
National Wildlife Refuge, Texas, USA (16), found no significant difference in
average number of bird species in five plots one year after burning, compared to
plots two or three years after burning. Three rarer species (sandhill crane Grus
canadensis, Sprague's pipit Anthus spragueii and grasshopper sparrow) were only
observed in first-year burn plots. Of the four commonest species, Le Conte's
sparrow A. leconteii was significantly more abundant in second-year than third-
year burn plots, savannah sparrow more so in first- than second- or third-year
burn plots, and sedge wren Cistothorus platensis more common in second- and
third-year than first-year burn plots. No significant differences were found for
swamp sparrow Melospiza georgiana.
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A replicated, randomized, controlled study in May-July 1995-1997 in tallgrass
prairie at DeSoto National Wildlife Refuge, lowa, USA (17), found that overall, bird
species richness and diversity did not vary between burned patches (3-9.3 ha) of
prairie and unburned controls (9-12 species/plot in five burned plots vs. 7-10
species on five controls).

A study in Oklahoma, USA, in 2003-2004 (18), found that dickcissel reproductive
success was lower in traditionally-managed pastures (annual burning followed by
early-intensive grazing) compared to patch-burn management of tallgrass prairie.
Dickcissels (296 nests monitored) tended to start nesting later, but nest densities
were higher, in traditionally managed pasture. The average number of eggs per
clutch and fledglings produced were similar between treatments. Predation was
the main cause of nest failure and was higher in the traditionally managed
pastures, as was parasitism by brown-headed cowbird Molothrus ater.

A replicated study in 2002-2003 (19) at the same tallgrass prairie site in Kansas,
USA, as in (14), found that all seven bird species surveyed showed a significant
response to burning: upland sandpipers were more abundant in the breeding
season following a burn, whilst Henslow's sparrow, grasshopper sparrow,
dickcissel, eastern meadowlark, brown-headed cowbird (all grassland species)
and Bell's vireo (a shrub-dependent species) were less abundant or absent.
Grasshopper and Henslow’s sparrows, and meadowlark were more abundant in
areas not burned the preceding spring, and less abundant at sites burned every
four years. Bell’s vireo was commonest at sites burned every four years.

A replicated study in the winters of 2006-2007 in four wiregrass Aristida
beyrichiana-dominated prairie sites in south-central Florida, USA (20), found that
grasshopper sparrow were six times more likely to be found if transects were
burned within the previous 12 months. Sedge wrens Cistothorus platensis were
more abundant in grassland with longer intervals between fires.

A replicated study in prairie in May-June 1998-2003 at ]. Clark Salyer National
Wildlife Refuge, North Dakota, USA (21), found that prescribed burning in seven
41-69 ha blocks (each burned in one year of the study) initially reduced densities
of some grassland passerines but that total numbers soon increased. Twenty-two
grassland bird species were recorded. Species richness and number of pairs was
lowest in the first post-burn breeding season, increasing in the second and
stabilizing up to 4-years post-burn. Fire significantly affected five of eight species
analysed: numbers of pairs of sedge wren, clay-colored sparrow Spizella pallida,
Le Conte's sparrow Ammodramus leconteii, savannah sparrow and bobolink
Dolichonyx oryzivorus were lowest in the year following burning but then
generally increased and stabilized within three years.

(1) Martz, G. F. (1967) Effects of nesting cover removal on breeding puddle ducks. The Journal of
Wildlife Management, 31, 236-247.

(2) Mentis, R. C., and Bigalke, R. C. (1981) The effect of scale of burn on the densities of grassland
francolins in the Natal Drakensberg. Biological Conservation, 21, 247-261.

3) Chavez-Ramirez, F., and Prieto, F. G. (1994) Effects of prescribed fires on habitat use by
wintering raptors on a Texas barrier island grassland. Journal of Raptor Research, 28, 262-265.

(4) Kruse, A. D., and Bowen, B. S. (1996) Effects of grazing and burning on densities and habitats of
breeding ducks in North Dakota. The Journal of Wildlife Management, 60, 233-246.
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10.1.7. Coastal habitats

Of three studies captured, one replicated, controlled, paired sites study from the USA (1)
found that there was a fall in breeding seaside sparrow numbers on a burned site in the
year it was burned. The next year, numbers were higher than on an unburned site. A
controlled study in Argentina (2) found that tall-grass specialist species were lost from
burned areas in the year of burning, but that some habitats recovered by the following
year.

A replicated controlled study from the USA (3) found no differences in nest predation
rates between burned and unburned areas for two years after burning.
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A replicated, controlled paired sites trial in 1996-1998 on a salt marsh in
Rockefeller State Wildlife Refuge, Louisiana, USA (1), found that seaside sparrow
Ammodramus maritimus numbers were lower on four burned plots than on
unburned controls in the breeding season after the burn (0-3 males/survey for
burned areas vs. 7-12 for unburned). However, numbers were higher on burned
plots the following year (16 males/survey vs. 8). Sparrow numbers were similar
across plots in 1996, before burning, which occurred in 9-18 January 1997.
Territorial male sparrows were recorded in April-July in 1996-1998 in each 250
x 250 m plot.

A controlled study on salt marsh at Mar Chiquita Biosphere Reserve, Chaco,
Argentina (2), found that during 12 months after prescribed burns, specialist
grassland birds reliant on taller grassland were absent, whilst common
widespread species remained. A 200 ha spring burn in September 1995
encompassed Spartina spp. marsh and Juncus spp. marsh and although Juncus
marsh recovered pre-burn vegetation structure within a year, Spartina marsh had
not recovered to its original condition (the vegetation was still short). The bird
community and relative abundances of bird species using Juncus marsh a year
after burning were similar to that in unburned areas, but bay-capped wren-
spinetail Spartonoica maluroides was present within burned areas at lower
abundance than unburned habitat.

A replicated, controlled study on Spartina marshland at Blackwater National
Wildlife Refuge and Fishing Bay Wildlife Management Area, Maryland, USA (3),
found no significant difference in overall predation rates of seaside sparrow nests
between three plots burned in January-March 2002-2003 and three plots last
burned in 1994 (37-41% of 130 nests in burned areas predated vs. 27-43% of
112 in unburned areas). In 2002, but not 2003, predation rates in the incubation
period were higher for burned areas (35% of 51 nests) than unburned areas (13%
of 45).

(1) Gabrey, S. W., and Afton, A. D. (2000) Effects of winter marsh burning on abundance and
nesting activity of Louisiana seaside sparrows in the Gulf Coast Chenier Plain. The Wilson
Bulletin, 112, 365-372.

(2) Isacch, J. P, Holz, S., Ricci, L., and Martinez, M. M. (2004) Post-fire vegetation change and bird
use of a salt marsh in coastal Argentina. Wetlands, 24, 235-243.

3) Almario, B. S., Marra, P. P., Gates, . E., and Mitchell, L. (2009) Effects of prescribed fire on
depredation rates of natural and artificial seaside sparrow nests. Wilson Journal of Ornithology,
121, 770-777.

10.2. Use fire suppression/control

e Two out of three before-and-after studies, from Australia (2) and the UK (3), found that
five species of bird (including noisy scrub-bird, the target species of one study) increased
following fire suppression measures.

e A before-and-after study in the USA (1) found that open habitat species declined in a
pine forest site after fire exclusion, whilst mesic woodland species appeared. A before-
and-after study from the UK (3) found that five bird species declined following fire
suppression.
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Background

In some environments, fires can damage important habitats, particularly if habitat
patches are small or fragmented, meaning that entire patches can be destroyed in
fires. Under these circumstances it may be beneficial to reduce fire frequency or
severity, but there may be long time issues due to the build-up of fuel (i.e. dead
vegetation).

A before-and-after study in 1967-1981 in loblolly pine Pinus taeda-shortleaf pine
P. echinata woodland at Tall Timbers Research Station, Florida, USA (1), found the
breeding bird community changed dramatically in an 8.6 ha plot from which fire
was was excluded for 15 years. The plot was burned in March 1967, after which
fire excluded, with annual burns in the surrounding woodland. Species of more
open habitat (e.g. blue grosbeak Passerina caerulea and Bachman's sparrow
Aimophila aestivalis) disappeared within five years of fire exclusion although
abundance of species peaked during the ‘brushy’ stage (years 3-7) and mesic
woodland species (e.g. wood thrush Hylocichla mustelina) appeared following sub-
canopy development. The total number of species recorded regularly in the plot
fluctuated between 15 and 29 species. Numbers of red-cockaded woodpecker
Picoides borealis declined (over the site as a whole) over the study period.

A before-and-after study in Two Peoples Bay Nature Reserve (4,637 ha), Western
Australia, Australia (2), found that the local population of noisy scrub-bird
Atrichornis clamosus increased from 45 to 189 singing males over a period of 25
years following the implementation of fire prevention measures from 1970 to
1994, which excluded wildfires. The population also expanded outwards from its
initial stronghold to colonise new areas.

A before-and-after study in 2000-2006 on a grouse moor in Dunfries and
Galloway, south Scotland (3), found that five bird species decreased following the
discontinuation of moor management in 2000, whilst four increased. Before 2000,
the moor underwent rotational burning and red foxes Vulpes vulpes, carrion crows
Corvus corone, stoats Mustela erminea and weasels M. nivalis were controlled.

(1) Engstrom, R. T., Crawford, R. L., and Baker, W. W. (1984) Breeding bird populations in relation
to changing forest structure following fire exclusion: a 15-year study. The Wilson Bulletin, 437—
450.

2) Smith, G. T. (1996) Habitat use and management for the noisy scrub-bird Atrichornis clamosus.
Bird Conservation International, 6, 33—48.

3) Baines, D., Redpath, S., Richardson, M., and Thirgood, S. (2008) The direct and indirect effects of
predation by hen harriers Circus cyaneus on trends in breeding birds on a Scottish grouse moor.
Ibis, 150, 27-36.

10.3. Protect nest trees before burning

e We captured no evidence for the effects of protecting nest trees of bird populations.

Background
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Rare species, or those restricted to small areas, may suffer population declines if
fires damage nests or kill chicks. Protecting nest trees may help reduce this
negative effect. We found no studies describing the effects of nest tree protection
on bird populations but (Williams et al. 2006) found that protected nest trees in a
longleaf pine Pinus palustris forest in Florida, USA, had significantly lower
mortality than unprotected trees.

Williams, B.W., Moser, E.B., Hiers, ] K., Gault, K. & Thurber, D.K. (2006) Protecting red-cockaded
woodpecker cavity trees predisposed to fire-induced mortality. The Journal of Wildlife
Management, 70, 702-707.

10.4. Clear or open patches in forests

e Of nine studies, seven from the UK (2) and the USA (3-8) found that early-successional
species increased in clearcut areas or opened forests, compared to control areas, areas
before management, or other management techniques. One study (3) found that
population increases only occurred in clearcuts up to 20 ha in size. Two studies (6,8)
report that mature-forest species declined in cut/opened areas of forest.

e A replicated, randomised, controlled study from the USA (5) found no differences in
species richness between clearcuts of different sizes, whilst another American study (1)
found that a mosaic of cut and uncut areas supported a variety of species. A long-term
study from the USA (9) of a landscape with opened patches found that there were no
consistent differences between clearcut and controlled areas, although some species
were only seen in clearcuts.

Background

Forests naturally undergo disturbances, from storms, lightning and even large
animals. These disturbances can create a mix of different habitats, with open
clearings allowing a greater range of species to survive in a forest. Deliberately
creating open patches may, therefore, encourage woodland edge and ‘early-
successional’ species.

A replicated study between December 1981 and June 1984 in a mosaic of aspen
Populus spp. and oak Quercus spp. managed for ruffed grouse Bonasa umbellus at
Barrens Grouse Management Area, Pennsylvania, USA (1), found that 13 species
in winter and 69 species in spring were recorded. In winter, birds were
significantly more abundant in the interior of mature aspen (>60 years old) stands
than in young (1-3 years since clear-cutting) aspen stands and the edge of
intermediate (4-8 years since clear-cutting) aspen stands. In spring, birds were
significantly more abundant in intermediate aspen and oak stands (interior and
edge) and the interior of mature aspen, than in the interior of mature oak stands
and the edge of mature and young aspen stands.

A before-and-after study at Minsmere reserve (151 ha), Suffolk, UK, in 1978-1988
(2), found that the number of churring (calling) male European nightjars
Caprimulgus europaeus increased significantly from eight to 23 following a series
of management interventions, including the creation of woodland ‘glades’. Other
interventions included increasing the length of woodland edge habitat; creating
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potential nesting sites (10-50/ha), mainly by clearing 1 m square patches of
heather Calluna vulgaris at the base of small (1-3 m tall) birch Betula spp. trees
(previously shown to be the most frequently-used nest sites); planting
windbreaks; coppicing birch trees and the opening of areas of heath.

A replicated study in 1989-1990 at three mixed forest sites in Maine, USA (3),
found some evidence of increased bird species richness in clearcuts from 2 ha up
to 20 ha in area: of the 15 most common clearcut species in both years, ten (in
1989) and 12 ( in 1990) were more abundant in larger clearcuts, up to 20 ha,
beyond which no preference for clearcut size was apparent, however, average
species richness showed no trend amongst the range of clearcut sizes. Study sites
comprised 45 clearcuts (2 to 112 ha in area) from 3-10 years post-cut age. These
were surveyed in May-June 1989 and 1990; 69 bird species were recorded.

A replicated study in 1993-4 in mixed forests in the Missouri Ozarks, Missouri,
USA (4), found that eight species (brown-headed cowbird Molothrus ater, blue-
winged warbler Vermivora pinus, prairie warbler Dendroica discolor, rufous-sided
towhee Pipilo erythrophthalmus, white-eyed vireo Vireo griseus and yellow-
breasted chat Icteria virens) were more abundant in 12 clearcuts than in 12
shelterwood stands (see ‘Use shelterwood cutting instead of clearcutting’), 22
stands under selective logging (see ‘Use selective harvesting/logging instead of
clearcutting’) or 12 mature stands. Six species were more abundant in selectively-
logged or mature forest than in clearcuts.

In oak-hickory forest in the Missouri Ozarks, USA, in 1991-2000, a replicated,
randomised, controlled study (5) found that early successional species increased
in response to even- (i.e. clearcutting) and uneven-aged (i.e. selection cutting)
management, whereas mature forest species declined. Mature forest bird
abundance declined as trees were removed, with harvest disturbance affecting
densities of some species in adjacent forest for three years or more. Nest success
(average of 29% for all species) did not change after treatment. Each of nine sites
was randomly assigned even- or uneven-aged treatment (undertaken May 1996
to May 1997) with a patch of about 10% of each site left uncut. The two treatments
are compared in ‘Use selective harvesting/logging instead of clearcutting’.

A before-and-after study in mixed woodlands in Pennsylvania, USA (6), at the
same study site as (1) found that three early successional species (indigo bunting
Passerina cyanea, eastern towhee Pipilo erythrophthalmus and field sparrow
Spizella pusilla) were more abundant and three woodland species (red-eyed vireo
Vireo olivaceus, ovenbird Seiurus aurocapilla and American redstart Setophaga
ruticilla) were less abundant on test plots in 2001-2002, compared with 1998-
1999, following the completion of a cutting cycle. Across the entire site (both test
and control plots) total bird abundance and species richness increased over the
study period, with several species showing significant population increases. The
authors suggest this is because the cutting management increased the
heterogeneity of habitats across the site.

In Ouachita National Forest, Arkansas and Oklahoma, USA, a replicated study (7)
found that three species of songbird known to favour early-successional habitats
were all more abundant in three ‘seed-tree’ stands (10-25 mature trees left/ha),
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compared to in the openings made by group-selection harvesting (typically 10%
of stand cut every 10 years in patches of 0.8 ha or less): indigo bunting (54 nests
and 31% success in seed-tree stands vs. 28 and 42% in group-selection stands);
yellow-breasted chat (50 nests and 31% success vs. two and 0%) and prairie
warbler (14 nests with 45% success, all in seed-tree stands). The authors conclude
that group-selection openings appeared too small to support nesting yellow-
breasted chat and prairie warbler. Nests were monitored in May-August 2000-
2001, within three-, six- and seven-year-old openings created by the two
management techniques.

A replicated controlled before-and-after study in oak and hickory Carya spp.
forests in the Missouri Ozarks, USA (8), found that densities of early-successional
species (indigo bunting, prairie warbler and yellow-breasted chat) increased after
even-aged forest management (clearcutting), compared to control (no harvest)
stands, whilst some mature forest species (Acadian flycatcher Empidonax
virescens, ovenbird, and worm-eating warbler Helmitheros vermivorus) declined.
Bird territories were recorded during before (1991-1995) and after cutting
(1997-2000) in six sites (312-512 ha), three randomly assigned to even-aged
management. Each even-aged site was partitioned into: clearcut (average 5.4 ha),
buffer (0-100 m from clearcut), and interior (>100 m from clearcut) bird. No
effects of cutting were found >100 m from clearcuts.

A study from mixed woods in Pennsylvania, USA (9), at the same site as (6),
compared the results from (6) with bird surveys in 2005-7. Species composition
and abundance differed but early successional species did not decline (despite
forest maturation). Overall habitat management for ruffed grouse did not affect
other bird populations since the last cutting cycle. During 2005-2007, 46 species
were recorded. Of the 17 species recorded 10 or more times, six were observed
only in managed area plots (grey catbird Dumetella carolinensis, chestnut-sided
warbler Dendroica pensylvanica, common yellowthroat Geothlypis trichas, indigo
bunting, field sparrow Spizella pusilla and chipping sparrow S. passerina). No
species were observed only within unmanaged plots.

(1) Yahner, R. H. (1987) Use of even-aged stands by winter and spring bird communities. The Wilson
Bulletin, 99, 218-232.

(2) Burgess, N. D., Evans, C. E., and Sorensen, J. (1990) The management of lowland heath for
nightjars at Minsmere, Suffolk, Great-Britain. Journal of Environmental Management, 31, 351-359.

3) Rudnicky, T. C.,, and Hunter, M. L. (1993) Reversing the fragmentation perspective: effects of
clearcut size on bird species richness in Maine. Ecological Applications, 3, 357-366.

4) Annand, E. M., and Thompson, F. R. (1997) Forest bird response to regeneration practices in
central hardwood forests. The Journal of Wildlife Management, 61, 159-171.

(5) Gram, W. K., Porneluzi, P. A., Clawson, R. L., Faaborg, J., and Richter, S. C. (2003) Effects of
experimental forest management on density and nesting success of bird species in Missouri
ozark forests. Conservation Biology, 17, 1324-1337.

(6) Yahner, R. H. (2003) Responses of bird communities to early successional habitat in a managed
landscape. The Wilson Bulletin, 115, 292-298.

7) Alterman, L. E., Bednarz, ]. C., and Thill, R. E. (2005) Use of group-selection and seed-tree cuts
by three early-successional migratory species in arkansas. The Wilson Bulletin, 117, 353-363.

(8) Wallendorf, M. J., Porneluzi, P. A., Gram, W. K., Clawson, R. L., and Faaborg, ]J. (2007) Bird
response to clear cutting in Missouri Ozark forests. The Journal of Wildlife Management, 71, 1899—
1905.
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) Yahner, R. H. (2008) Bird responses to a managed forested landscape. Wilson Journal of
Ornithology, 120, 897-900.

10.5. Clearcut and re-seed forests

e One of two replicated studies from the USA (1) found similar bird densities in clearcut
and re-seeded sites as in sites under other managements.

o A replicated study from the USA (2) found that pine stands replanted with native pines
held more scrub-sucessional species than stands managed with tree thinning, midstory
tree removal and burning.

A replicated study in 1991 in Ocala National Forest, an area of sand pine Pinus
clausa scrub in Florida, USA (1), found similar densities and species richness of
birds in areas that were clearcut and ‘brake-seeded’ (i.e. direct seeding on to small,
machine-made mounds), compared with areas that were burned, or were clearcut
with the understorey also mown. Results were similar for the breeding season
(389 birds/km? and five species for clearcut and re seeded areas vs. 581
birds/km?, six species for clearcut and mown; 389 birds/km?, five species for
burned) and winter (894 birds/km? and 11 species for clearcut and re seeded
areas vs. 594 birds/km?, ten species for clearcut and mown; 531 birds/km?, 12
species for burned). Shrub-nesting species were most abundant in mown plots. In
summer, the threatened Florida scrub-jay Aphelocoma coerulescens was evenly
distributed across plots, in winter it was found only in re-seeded plots. All
management occurred 5-7 years before the study in 1991.

A replicated study in 1995-1996 in pine Pinus spp. savanna in South Carolina, USA
(2), found that stands managed for red-cockaded woodpeckers Picoides borealis
held fewer scrub-successional species than stands where non-native pines were
removed and replanted with longleaf pines Pinus palustris (31-36 species in
managed stands vs. 54-55 in replanted stands). However, no differences in
survival rates were apparent for Bachman's sparrow Aimophila aestivalis (a near-
threatened species), indigo bunting Passerina cyanea, and combined scrub-
successional birds between stand types. Management for woodpeckers involved
tree thinning, midstory tree removal and burning.

(@) Greenberg, C. H., Harris, L. D., and Neary, D. G. (1995) A comparison of bird communities in
burned and salvage-logged, clearcut, and forested Florida sand pine scrub. The Wilson Bulletin,
107, 40-54.

2) Krementz, D. G., and Christie, J. S. (1999) Scrub-successional bird community dynamics in
young and mature longleaf pine-wiregrass savannahs. The Journal of Wildlife Management, 63,
803-814.

10.6. Thin trees within forests

e Of 13 studies, one from the USA (9) which used several interventions found higher
species richness in managed sites. Three studies from the USA and the UK (3,13,14)
found no differences between thinned and control sites.
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e Seven studies from the USA and Sweden found that total bird abundance, or that of
some species, were higher in thinned plots than control plots or those under different
management (2,4,5,8—-10). Four of these used other interventions as well (2,4,8,10). Five
(3,5,6,13,14) studies found that abundances were similar, or that some species were
less abundant in areas with thinning.

e Two studies from the USA (7,11) found no effect of thinning on wood thrushes, a species
thought to be sensitive to it. A controlled before-and-after study (1) found that more nests
were in nest boxes in a thinned site, compared to a control site.

e A replicated randomised, controlled study in the USA (12) found no differences in bird
abundances between burned sites with high-retention thinning, compared to low-
retention.

Background

Thinning of trees (i.e. removal of, trees to reduce density) may be undertaken as a
timber management practice e.g. within forestry plantations where saplings may
be planted at unnaturally high densities, or as a deliberate conservation
management practice to reinstate more natural open woodland conditions that
have been lost due to active fire suppression and/or loss of populations large
mammal grazers and browsers. Whilst mechanical thinning may be aimed at
benefitting certain target species (flora or fauna), impacts on non-target species
inevitably occur.

Many studies (especially in pine forests and savannas) simultaneously thin forests
whilst introducing a prescribed fire regime. These studies are described in detail
in ‘Use prescribed burning’.

A controlled before-and-after study in 1973-1983 in pine- Pinus spp. oak
Quercus spp. woodlands in Arizona, USA (1), found that over 90% of nests on two
managed plots were in nest boxes, compared to 30% on an unmanaged plot. This
study is discussed in more detail in ‘Provide artificial nesting sites’.

A replicated before-and-after study in four National Forests in Texas, USA (2),
found that red-cockaded woodpecker Picoides borealis populations increased at
all four sites in the early 1990s after management, including reducing pine tree
basal area to 14 m?/ha, was intensified in 1989. This study is discussed in detail
‘Provide artificial nesting sites’, ‘“Translocate individuals’ and ‘Use prescribed
burning’.

A replicated controlled study in 1992-1993 in 33 pine-grassland stands in
Ouachita National Forest, Arkansas, USA (3), found that overall bird species
richness and abundances were similar in stands with tree thinning, compared to
control stands. This study is discussed in more detail in ‘Use prescribed burning’.

A study in mixed pine forests in 1985-1996 in South Carolina, USA (4) found that
a population of red-cockaded woodpeckers increased following the thinning of
trees, reducing basal area to 14-18 m2/ha, amongst other interventions. The
results of this study are discussed in more detail in ‘Use prescribed burning’.
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A replicated, controlled study in 1992-1994 in oak-hickory Carya forests in the
Ozark Mountains, Arkansas, USA (5), found that three of 14 species analysed were
more abundant in plots with both thinning and understorey control, compared to
control plots or those with just understorey control. This study is discussed in
detail in ‘Manually control/remove understorey and midstorey vegetation’.

A replicated study in 1995-1996 in pine savanna in South Carolina, USA (6), found
that there were fewer scrub-successional species in stands managed for red-
cockaded woodpeckers (including tree thinning) than in stands which were
clearcut to remove non-native pines and replanted with longleaf pines Pinus
palustris. This study is discussed in detail in ‘Clearcut and re-seed forests’.

At Piedmont National Wildlife Refuge, Georgia, USA (7), a replicated controlled
study in 1993-1996 found no impact of thinning and prescribed burning on wood
thrushes Hylocichla mustelina. This study is discussed in detail in ‘Use prescribed
burning’.

A replicated study in four oak-hazel Corylus avellana woodlands (average size 5.3
ha) in 1996-1999 in Uppland and Aland, Sweden (8), found that sites that were
subject to brush cutting and tree thinning had similar numbers of migrant and
breeding birds as grazed sites, and more than some abandoned sites. Sites under
traditional management (cleared in spring, mown in mid-late summer and grazed
in autumn) had higher abundances of migrant birds. This study is discussed in
detail in ‘Employ grazing in natural and semi-natural habitats’.

A replicated, controlled paired sites study in 1995-1997 in pine forests in
Angelina National Forest, Texas, USA (9), found that spring bird species richness
and abundances were significantly higher in plots managed for red-cockaded
woodpecker, compared to unmanaged plots. This study is discussed in detail in
‘Use prescribed burning’.

A replicated study across 40 shortleaf pine Pinus echinata-hardwood stands in
Ouachita National Forest, Arkansas, USA, in 1999-2000 (10) found that northern
bobwhite Colinus virginianus abundances were higher in thinned stands,
compared to controls. This study is discussed in more detail in ‘Use prescribed
burning’.

A controlled before-and-after study in 1993-1996 in loblolly pine Pinus taeda
forests in Piedmont National Wildlife Refuge, Georgia, USA (11), found that habitat
management for red-cockaded woodpecker (largely prescribed burning and
thinning) had little effect on wood thrushes. This study is discussed in detail in
‘Use prescribed burning - pine forests’.

A replicated, randomised, controlled study in 1998-2005 in 12 ponderosa pine
stands (15-20 ha) in the North Cascade Range, Washington, USA (12), found that
there were no differences in bird densities between four stands with low-
retention thinning and prescribed burning and those with high retention thinning
and burning (averages of 13 birds/ha for both). This study is described in detail in
‘Use prescribed burning’.

243



A controlled before-and-after study in 2000-2006 at three ponderosa pine Pinus
ponderosa forest sites in northern Arizona, USA (13), found that species richness
and evenness did not differ between thinned forest blocks and controls. In
addition, none of five common species were more abundant after thinning, but two
(vellow-rumped warbler Dendroica coronata and mountain chickadees Poecile
gambeli were less abundant in thinned plots. This study is discussed in more detail
in ‘Prescribed burning’.

A replicated, paired site study from April-June in 2006 in 20 conifer
plantation sites in Moray Firth, Scotland (14), found that bird species richness and
abundance was similar between thinned and unthinned plantations. Sites were in
first-rotation and 18-32 years since planting and consisting of ten thinned sites
paired with ten unthinned (average of 11 and 16 trees within a 5 m radius around
count stations). Average species richness was 19 (range 13-24) at the thinned
sites and 19 (range 15-22) at control sites. No significant differences between
treatments were found in occurrence rates or abundance for any bird species. As
the authors did not find any difference in species richness, they concluded that
thinning within the study areas was also unlikely to have influenced the breeding
populations of the scarcer species. No significant differences in ground cover, the
presence of shrubs or stem diameter at breast height were found between
treatments.

1) Brawn, J. D., and Balda, R. P. (1988) Population biology of cavity nesters in northern Arizona: do
nest sites limit breeding densities? The Condor, 90, 61-71.

(2) Conner, R. N., Rudolph, D. C., and Bonner, L. H. (1995) Red-cockaded woodpecker population
trends and management on Texas National Forests. Journal of Field Ornithology, 66, 140-151.

3) Wilson, C. W., Masters, R. E., and Bukenhofer, G. A. (1995) Breeding bird response to pine-
grassland community restoration for red-cockaded woodpeckers. The Journal of Wildlife
Management, 59, 56—67.

4) Franzreb, K. E. (1997) Success of intensive management of a critically imperiled population of
red-cockaded woodpeckers in South Carolina. Journal of Field Ornithology, 68, 458—470.

(5) Rodewald, P. G., and Smith, K. G. (1998) Short-term effects of understory and overstory
management on breeding birds in Arkansas oak-hickory forests. The Journal of Wildlife
Management, 62, 1411-1417.

(6) Krementz, D. G., and Christie, J. S. (1999) Scrub-successional bird community dynamics in
young and mature longleaf pine-wiregrass savannahs. The Journal of Wildlife Management, 63,
803-814.

(7) Powell, L. A, Lang, J. D., Conroy, M. J., and Krementz, D. G. (2000) Effects of forest
management on density, survival, and population growth of wood thrushes. The Journal of
Wildlife Management, 64, 11-23.

(8) Hansson, L. (2001) Traditional management of forests: plant and bird community responses to
alternative restoration of oak—hazel woodland in Sweden. Biodiversity and Conservation, 10, 1865—
1873.

9) Conner, R. N., Shackelford, C. E., Schaefer, R. R., Saenz, D., and Rudolph, D. C. (2002) Avian
community response to southern pine ecosystem restoration for red-cockaded woodpeckers. The
Wilson Bulletin, 114, 324-332.

(10) Cram, D. S,, Masters, R. E., Guthery, F. S, Engle, D. M., and Montague, W. G. (2002) Northern
bobwhite population and habitat response to pine-grassland restoration. The Journal of Wildlife
Management, 66, 1031-1039.

(11) Lang, J. ., Powell, L. A., Krementz, D. G., and Conroy, M. J. (2002) Wood thrush movements and
habitat use: effects of forest management for red-cockaded woodpeckers. The Auk, 119, 109-124.

(12) Gaines, W. L., Haggard, M., Lehmkuhl, J. F.,, Lyons, A. L., and Harrod, R. J. (2007) Short-term
response of land birds to ponderosa pine restoration. Restoration Ecology, 15, 670—-678.
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(13) Hurteau, S. R., Sisk, T. D., Block, W. M., and Dickson, B. G. (2008) Fuel-reduction treatment
effects on avian community structure and diversity. Journal of Wildlife Management, 72, 1168—
1174.

(14) Calladine, J.,, Humphreys, E. M., Strachan, F., and Jardine, D. C. (2009) Forestry thinning in
commercial conifer plantations has little effect on bird species richness and breeding abundance.
Bird Study, 56, 137.

10.7. Coppice trees

e Of three studies, one, a before-and-after study in the UK (3) found that a population of
European nightjars increased following a series of management interventions, including
the coppicing of some birch trees.

e Two before-and-after studies from the UK and the USA (1,2) found that the use of
coppices by some bird species declined over time. The UK study (2) also found that
overall species richness decreased with age, but that some species were more abundant
in older stands.

Background

Coppicing is a management practice typical of Eurasian northern temperate zone
deciduous woodlands and wood pastures, in which stems of tree species, such as
hazel Corylus avellana and sweet chestnut Castanea sativa, are cut near ground
level once every few years, often in defined coppice compartments. These then
regrow from the cut ‘stool’ giving a sustainable yield of woody material harvested
on a rotational basis.

A before-and-after study between 1950 and 1962 in a pine-oak forest in
Pennsylvania, USA (1), found that the local population of ruffed grouse Bonasa
umbellus declined over time, as coppiced woodlands became more mature and
developed thick ground cover and mid-storey canopy. Similarly, the use of
coppiced woodland by grouse broods decreased over time.

A before-and-after study between 1975 and 1984 at Longbeech Wood (300 ha),
Kent, England (2), found that overall bird diversity decreased with coppice age
and declined markedly at canopy closure. Warblers, finches and buntings were
most abundant in young coppice (0-3 years of growth), whilst thrushes and tits
increased in abundance with age since coppicing.

A before-and-after study at Minsmere reserve (151 ha), Suffolk, UK, in 1978-1988
(3), found that the local population of European nightjars Caprimulgus europaeus
increased following a series of management interventions, including the coppicing
of some birch trees. This study is discussed in detail in ‘Clear or open patches in
forests’.

(1) Sharp, W. M. (1963) The effects of habitat manipulation and forest succession on ruffed grouse.
The Journal of Wildlife Management, 27, 664—-671.

(2) Fuller, R. J., and Moreton, B. D. (1987) Breeding bird populations of Kentish sweet chestnut
(Castanea sativa) coppice in relation to age and structure of the coppice. Journal of Applied Ecology,
13-27.

3) Burgess, N. D., Evans, C. E., and Sorensen, J. (1990) The management of lowland heath for
nightjars at Minsmere, Suffolk, Great-Britain. Journal of Environmental Management, 31, 351-359.
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10.8. Use patch retention harvesting instead of
clearcutting

e One before-and-after study of two from the USA (2) found that areas under patch
retention harvesting contained more birds of more species than clearcut areas, retaining
similar numbers to unharvested areas.

e Two studies from the USA (1,2) found that forest specialist species were found with
greater frequency in patch retention plots than other management types. One found that
habitat generalists increased on other management types, relative to patch retention
areas (1).

Background

In forests in which trees are commercially exploited for timber, a system known
as patch retention harvesting may be used as an alternative to a total clear-cut.
Typically, around 10% of mature and/or immature trees are retained in patches
within an otherwise, clear-cut harvest compartment, with ‘prompt reforestation’
subsequent to timber extraction in the other 90%. These retained patches could
help maintain characteristic forest species and act as reservoirs for re-
colonisation by forest dependant species.

In McDonald-Dunn Forest, Oregon, USA, a replicated, controlled study (1) found
that patch-group-harvested stands (33% of tree volume removed in 0.2 ha
patches) retained an old forest-associated bird composition more similar to that
of control (unharvested, old-growth Douglas-fir Pseudotsuga menziesii) stands,
compared to two-story (66% of wood removed) and modified clearcut (1.2 trees
retained/ha) stands. Of ten abundant forest species in patch group stands, five
restricted-range species declined in modified clear-cut and two-story harvested
stands, whilst nine mostly habitat generalists species increased in these two
treatments. Seven to 11 stands of each treatment were studied, with birds
surveyed in the breeding season prior to, and in the two years after, timber harvest
(1989-1993).

A controlled before-and-after study in May-June 1999-2001 in bottomland
hardwood forest in South Carolina, USA (2), found that a small increase in species
richness in the short-term in an area with patch-retention harvesting and a control
area, whilst richness decreased in an area with clearcutting (patch retention area:
21 species in 1999, 15 in 2000, 25 in 2001; clear cut area: 25, nine, five; control
area: 18 in 1999 and 30 in 2001). Species lost from the clearcut plot were mostly
forest specialists. Estimated bird density in the patch-retention area fell from c.3.5
pairs/ha in 1999 to 17 in 2000, recovering to around 34 in 2001. In the clear-cut
area, it fell from 3.3 pairs/ha before harvest to around three in 2000 and 14 in
2001. Densities in the control remained relatively constant (c.3.2 pairs/ha).
Estimated bird density in the patch-retention area fell from 3.5 pairs/ha in 1999
to 1.7 in 2000, recovering to around 3.4 in 2001. In the clear-cut area, it fell from
3.3 pairs/ha before harvest to around 0.3 in 2000 and 1.4 in 2001. Densities in the
control remained relatively constant (3.2 pairs/ha).

(1) Chambers, C. L., McComb, W. C., and II, J. C. T. (1999) Breeding bird responses to three
silvicultural treatments in the Oregon coast range. Ecological Applications, 9, 171-185.
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(2) Harrison, C. A., and Kilgo, J. C. (2004) Short-term breeding bird response to two harvest
practices in a bottomland hardwood forest. The Wilson Bulletin, 116, 314-323.

10.9. Use selective harvesting/logging instead of
clearcutting

e Six studies of seven from the USA and Canada (1,3-7) found that some species were
more abundant in selective-logged forests, whilst others were less abundant, compared
to both control stands and other managements. One study (3) found that there were no
consistent differences between selectively harvested and clearcut stands.

e A replicated study from the USA (6) found a lower species richness of cavity-nesting
birds in snags in selectively-logged stands, compared to clearcuts.

e Areplicated study from the USA (2) found that brood parasitism of two species by brown-
headed cowbirds was higher in harvested stands compared to controls, but it was lower
for two others.

Background

It has been suggested that conservation aimed at maintaining bird populations
and economic need for timber extraction can be compatible if extraction methods
minimize creation of large clearcut areas. One such method is selective logging
(removing one or two trees and leaving the rest intact) that maintains an uneven-
age forest structure and creates openings typically smaller than 0.4 ha, and often
considered a sustainable alternative to clear-cutting. However, predators and
avian nest parasites are often most common in edge habitat, thus potentially
reducing reproductive success of birds breeding near forest edges.

Areplicated study in 1993-1994 in mixed forests in the Missouri Ozarks, Missouri,
USA (1), found that four species (hooded warbler Wilsonia citrina, northern parula
Parula americana, Acadian flycatcher Empidonax virescens and red-eyed vireo
Vireo olivaceus) were more abundant in 22 stands under selective logging or in 12
mature stands, than in 12 clearcuts or 12 shelterwood stands. Eight species were
less abundant in selectively-logged forests than in clearcuts and two were less
abundant than in mature forest.

In deciduous forest in Illinois, USA, a replicated study in 1990-1991 (2) found that
parasitism by brown-headed cowbirds Molothrus ater was significantly higher on
Acadian flycatchers and Kentucky warbler Oporornis formosus in recently
selectively-harvested compartments, compared to compartments 10-15 years
post-harvest; and compartments uncut for at least 40 years. Parasitism on wood
thrush Hylocichla mustelina and northern cardinal Cardinalis cardinalis was
unaffected by cutting and no species had consistently greater nest losses
attributable to predation in cut than uncut forests.

In oak-hickory forest in the Missouri Ozarks, USA, in 1991-2000, a replicated,
randomised, controlled study (3) found no consistent differences in bird
community responses to even- (i.e. clearcutting) and uneven-aged (i.e. selection
cutting) management. However, some mature-forest species, such as overbirds
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Seiurus aurocapillus were less common on even-aged sites, whilst some early-
successional species were more common on these sites. This study is discussed in
more detail in ‘Clear or open patches in forests’.

A replicated study in deciduous forest in 1998 in Algonquin Provincial Park,
Ontario, Canada (4), found that white-throated sparrow Zonotrichia albicollis,
chestnut-sided warbler Dendroica pensylvanica, and mourning warbler Oporornis
philadelphia were significantly more abundant in stands recently (1-5 years
previously) subject to single-tree selection harvest than in other treatments
(logging 15-20 years previously or controls). Ovenbird abundance was
approximately 50% lower in stands logged either recently or 15-20 years
previously than in controls. Management was designed to mimic natural small-
scale disturbances that create forest gaps. In June-August 1998, birds were
surveyed in: 24, 1-5 years post-harvest stands; 23, 15-20 years post-harvest
stands; and 24 stands subject to no harvest for over 30 years. Shrub and slash
cover was highestin recently logged stands and appeared important in influencing
bird species composition.

A replicated study in 2000-2001 in Ouachita National Forest, Arkansas and
Oklahoma, USA (5), found that three early-successional species were more
abundant in three ‘seed-tree’ stands (10-25 mature trees left/ha), compared to in
the openings made by group-selection harvesting (typically 10% of stand cut
every 10 years in patches of 0.8 ha or less). This study is discussed in detail in
‘Clear or open patches in forests’.

A replicated study in 2001 in 30 Douglas-fir Pseudotsuga menziesii stands in the
Coast Range of Oregon, USA (6), found that stands managed with group selection
cuts had lower species richness of cavity-nesting birds using artificially-created
snags and fewer nesting birds than clearcut stands with trees retained. This study
is discussed in detail in ‘Provide deadwood/snags in forests’.

A replicated study in April-June 2003-2004 in three bottomland hardwood forest
wildlife management areas in Louisiana, USA (7), found that 14 species were more
abundant in 12 stands that had been subject to selective harvest either recently or
12-18 years previously, compared to 12 control stands (not harvested for at least
30 years). Three species were more abundant in control stands than in harvested
ones. A further 18 species did not differ between stands.

(1) Annand, E. M., and Thompson, F. R. (1997) Forest bird response to regeneration practices in
central hardwood forests. The Journal of Wildlife Management, 61, 159-171.

() Robinson, S. K., and Robinson, W. D. (2001) Avian nesting success in a selectively harvested
north temperate deciduous forest. Conservation Biology, 15, 1763-1771.

3) Gram, W. K., Porneluzi, P. A., Clawson, R. L., Faaborg, J., and Richter, S. C. (2003) Effects of
experimental forest management on density and nesting success of bird species in Missouri
ozark forests. Conservation Biology, 17, 1324-1337.

4) Jobes, A. P., Nol, E., and Voigt, D. R. (2004) Effects of selection cutting on bird communities in
contiguous eastern hardwood forests. The Journal of Wildlife Management, 68, 51-60.

(5) Alterman, L. E., Bednarz, J. C., and Thill, R. E. (2005) Use of group-selection and seed-tree cuts
by three early-successional migratory species in Arkansas. The Wilson Bulletin, 117, 353-363.

(6) Walter, S. T., and Maguire, C. C. (2005) Snags, cavity-nesting birds, and silvicultural treatments
in western Oregon. The Journal of Wildlife Management, 69, 1578-1591.
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(7) Heltzel, . M., and Leberg, P. L. (2006) Effects of selective logging on breeding bird communities
in bottomland hardwood forests in Louisiana. The Journal of Wildlife Management, 70, 1416-1424.

10.10. Use variable retention management during forestry
operations

e Areplicated, controlled study from the USA (1) found that nine bird species occurred at
higher densities in stands under variable retention management, compared to control
stands. Five were found at lower densities.

Background

Variable retention timber management is a silvicutural technique designed to
retain habitat features important for wildlife e.g. large trees, snags and woody
debris. This method of harvesting does not seek to maximize timber production.

A replicated, controlled study in the summers of 2003-2004 in bottomland
hardwood forest on Tensas River National Wildlife Refuge, Louisiana, USA (1),
found that densities of nine species of birds (six of conservation concern) were
higher in stands under variable-retention timber harvests, compared to control
(untreated) stands. Densities of five species were greater in untreated stands.
Conservation concern scores and detection rates of 30 species, suggest that the
mosaic of treated stands afforded greater community-wide bird conservation
value than untreated stands. Bird densities were estimated (distance sampling)
within forest subject to variable-retention harvests within a 13-year
chronosequence (i.e. a set of forested sites with similar attributes but of different
ages), and untreated stands.

(1) Twedt, D.J., and Somershoe, S. G. (2009) Bird response to prescribed silvicultural treatments in
bottomland hardwood forests. Journal of Wildlife Management, 73, 1140-1150.

10.11. Use shelterwood cutting instead of clearcutting

e A replicated study from the USA (1) found that community composition of birds in
shelterwood stands differed from other forestry practices, with some species more
abundant and others less so.

Background

Shelterwood cutting is a management technique designed to avoid clear-cutting,
but to provide even-aged timber. It involves cutting trees in a series of cuttings,
allowing new seedlings to grow from the seeds of older trees.

Areplicated study in 1993-1994 in mixed forests in the Missouri Ozarks, Missouri,
USA (1), found that indigo bunting Passerina cyanea and field sparrow Spizella
pusilla were more abundant in 12 shelterwood stands and in 12 clearcuts than in
22 stands under selective logging or 12 mature stands. Six species were more
abundant in clearcuts than in shelterwood stands and six were more common in
selectively-logged or mature stands.
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(1) Annand, E. M., and Thompson, F. R. (1997) Forest bird response to regeneration practices in
central hardwood forests. The Journal of Wildlife Management, 61, 159-171.

10.12. Manage woodland edges for birds

e We captured three studies of two experiments, of which one, a before-and-after study
from the UK (1), found an increase in the local population of European nightjars following
several management interventions, including the management of woodland edges for
birds.

e Two studies of a replicated, controlled paired sites experiment in the USA (2,3) found
that bird abundances were higher in woodland edges with border-edge cuts and that
predation on artificial nests was lower than in uncut edges. Scrub- and edge-nesting
species were more abundant. Overall species richness and nest success did not differ
different between treatments.

A before-and-after study at Minsmere reserve (151 ha), Suffolk, UK, in 1978-1988
(1), found that the local population of European nightjars Caprimulgus europaeus
increased following a series of management interventions, including creating
crenulated woodland edges to maximise the length of edges. This study is
discussed in detail in ‘Clear or open patches in forests’.

A replicated, controlled and paired study in May-June 1996 on a mixed woodland-
farmland site in Pennsylvania, USA (2), found that bird abundance was higher in
12 woodland edges subject to border-edge cuts than in 12 control (uncut) edges
(8 species/100 m of cut edge vs. 6 species/100 m of uncut edge). Cut edges also
contained more shrub and edge-nesting species (25 vs. 17 species), but contained
fewer woodland species (nine vs. 23 species). Whilst 13 of 60 species recorded
were only found in cut edges, 23 of 60 were only found in uncut edges. Overall
species richness and nesting success estimates were no different between edge
types (14 species/site and 54% success for 35 nests in cut edges vs. 15
species/site and 52% for 25 nests in controls). Cut edges consisted on felling trees
15-40 m into each woodlot and leaving the debris in place. This occurred two or
three years before bird surveys were conducted.

A replicated, controlled and paired study from Pennsylvania, USA (3), on the same
site as in (2), found that predation rates on artificial nests were over twice as high
in five unmanaged woodlot edges, as in five border-cut edges (36% predation of
50 nests in five cut edges vs. 88% of 50 nests in five controls). The authors suggest
this difference may be due to increased cover in cut edges. Nests were placed
either on the ground, in low shrubs or in taller shrubs, up to 2 m above ground and
contained two northern bobwhite Colinus virginianus eggs.

(1) Burgess, N. D., Evans, C. E., and Sorensen, J. (1990) The management of lowland heath for
nightjars at Minsmere, Suffolk, Great-Britain. Journal of Environmental Management, 31, 351-359.

(2) Fleming, K. K., and Giuliano, W. M. (1998) Effect of border-edge cuts on birds at woodlot edges
in southwestern Pennsylvania. The Journal of Wildlife Management, 62, 1430-1437.

3) Fleming, K. K., and Giuliano, W. M. (2001) Reduced predation of artificial nests in border-edge
cuts on woodlots. The Journal of Wildlife Management, 65, 351-355.
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10.13. Manually control or remove midstorey and ground-
level vegetation (including mowing, chaining, cutting
etc)

10.13.1. Forests

o Of fifteen studies captured, one, a replicated controlled study from the USA (4), found
higher bird species richness in areas with midstorey thinning, compared to control areas.
One study from the USA (3) found similar bird species richness in areas with mid- and
understorey control, compared to other management types. A study from Canada (7)
found fewer species in treated sites than controls.

e Seven studies from Europe (1,10) and the USA (2,4,6,8,13) found that total bird densities
or those of some species or guilds were higher in areas with mid- or understorey
management, compared to before management or to areas without management. Four
of these studies (1,2,6,10) used understorey removal as part of a wider management
regime.

e Five studies from the USA and Canada (3,7-9,11) found that densities of some species
were lower in areas with midi or understorey control, or that overall bird densities did not
different between managed and unmanaged areas. Two of these studies (8,9)
investigated several interventions at once.

e Areplicated controlled study from the USA (13) found similar survival for black-chinned
hummingbirds in areas with understorey management, compared to areas with other
interventions. Two replicated, controlled studies from Canada (7,11) found higher nest
survival in forests with removal of deciduous trees, compared to controls. A controlled
study (12) found that northern bobwhite chicks had greater foraging success in areas
with cleared understorey vegetation compared to burned areas, but lower than under
other managements.

e A replicated, controlled study from the USA (5) found that midstorey control did not
appear to affect competition between species for nesting sites.

Background

In wooded habitats, control or removal of understorey and/or midstorey
vegetation may be undertaken as a deliberate conservation management practice,
for example to restore previously naturally occurring open woodland conditions
that have been lost due to active fire suppression and/or declining populations of
large mammal grazers and browsers. In terms of bird conservation, such practice
may aim to improve habitat conditions to maintain and enhance populations of
individual endangered species. However, such changes may make habitat
unsuitable for other species.

Many studies (especially in pine forests and savannas) simultaneously control
vegetation and introduce a prescribed burning regime. These studies are
described in detail in ‘Use prescribed burning’. Studies that describe the impact of
mid- and understorey vegetation removal in open pine woodlands, which form a
continuum with pine savannas are discussed below.
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A before-and-after study at Minsmere reserve (151 ha), Suffolk, UK, in 1978-1988
(1), investigated how European nightjars Caprimulgus europaeus responded to a
series of management interventions, including the clearing of understory
vegetation (1 m?2 of heather Calluna vulgaris at the base of 1-3 m tall birch Betula
spp. trees). This study is discussed in detail in ‘Clear or open patches in forests’.

A series of before-and-after trials in four open pine forests in Texas, USA (2), found
that red-cockaded woodpecker Picoides borealis populations increased at all four
sites in the early 1990s after management, including mid- and under-storey
thinning, was intensified in 1989. Vegetation was removed from 1988-1993 from
310-1450 ha of cluster areas each year and 30 of 39 (77%) new breeding clusters
(i.e. breeding groups of woodpeckers) established over the study period were in
areas with extensive mid- and under-storey thinning. This study is discussed in
detail in ‘Provide artificial nesting sites’, ‘Translocate individuals’ and ‘Use
prescribed burning’.

A replicated study in 1991 in Ocala National Forest, an area of sand pine Pinus
clausa scrub in Florida, USA (3), found similar densities and species richness of
birds in areas that were clearcut and had the understorey mown, compared to
areas that were clearcut and ‘brake-seeded’. This study is discussed in detail in
‘Clearcut and re-seed forests’.

A replicated controlled study in 1992-3 in 33 pine-grassland stands in Ouachita
National Forest, Arkansas, USA (4), found that overall bird species richness and
abundances were similar in stands with midstorey thinning, compared to control
stands. This study is discussed in more detail in ‘Use prescribed burning’.

A controlled, replicated study in 1990-1 in mixed loblolly pine Pinus taeda and
shortleaf pine P. echinata forests in eastern Texas, USA (5), found no differences
in occupancy rates of nest cavities by red-cockaded woodpeckers and southern
flying squirrels Glaucomys volans between stands with thinned midstorey
vegetation and control stands. This study is discussed in detail in ‘Reduce inter-
specific competition for nest sites by modifying habitats to exclude competitor
species’.

A before-and-after study in mixed pine Pinus spp. forests in 1985-1996 in South
Carolina, USA (6) found that a population of red-cockaded woodpeckers increased
following the clearance of midstorey vegetation amongst other interventions. The
authors emphasise that hardwood midstorey control using cutting and herbicides
and prescribed burning mimicked the natural fire regime and was essential to the
success of the project. The results of this study are discussed in more detail in ‘Use
prescribed burning’.

Areplicated, controlled study from May-July in 1992-1995 in three replicate plots
of mixed forest in British Columbia, Canada (7), found that bird abundance did not
vary between sites with manual thinning of the mid- and understorey vegetation
and controls, although thinned areas held fewer species than controls. Abundance
of birds increased annually (no significant differences between the control and
treated areas) due primarily to the significant increase in numbers of common
species. Nesting success was higher in manually thinned areas (46%) than in
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controls (28%). Manual thinning reduced the volume of deciduous trees by 90-96
% by removing deciduous trees within 1 m of conifer seedlings, or that were 1 m
taller than nearby conifers.

A replicated, controlled study in 1993-1994 in oak Quercus-hickory Carya forests
in the Ozark Mountains, Arkansas, USA (8), found that one of the 14 species
analysed was more abundant on plots from which understorey vegetation was
removed, compared to those with both understorey and overstorey control. Three
species were more abundant in plots with both over- and understorey control,
whilst three tree-nesting species and ground- and shrub-nesting species were
more abundant in control stands.

A replicated study in 1995-1996 in pine savanna in South Carolina, USA (9), found
that there were fewer scrub-successional species in stands managed for red-
cockaded woodpeckers (including midstorey thinning) than in stands which were
clearcut to remove non-native pines and replanted with longleaf pines Pinus
palustris. This study is discussed in ‘Clearcut and re-seed forests’.

A replicated study in four oak- hazel Corylus avellana woodlands (average size 5.3
ha) in 1996-1999 in Uppland and Aland, Sweden (10), found that sites that were
subject to brush cutting and tree thinning (see ‘Thin trees within forests’) had
similar numbers of migrant and breeding birds as grazed sites, and more than
some abandoned sites. Sites under traditional management (cleared in spring,
mown in mid-late summer and grazed in autumn) had higher abundances of
migrant birds. This study is discussed in detail in ‘Employ grazing in natural and
semi-natural habitats’.

A replicated, randomised, controlled study from 1992-1995 in nine 11-22 year
old regenerating coniferous plantations (22-47 ha) in British Columbia, Canada
(11), found that bird nesting density was lower, but success higher, in areas where
deciduous trees and saplings were cut, compared to controls (40 nests and 28%
success in treatment areas vs. 79 nests and 18% success in controls). Overall,
density and success increased with increasing area of deciduous vegetation
remnants. Three years after treatment removed 90-96% of deciduous vegetation,
experimental areas had similar numbers of deciduous trees to controls. The effect
also applying herbicide to the deciduous stumps is discussed in ‘Apply herbicide
to mid- and understorey vegetation’.

A controlled study within a loblolly pine plantation in Louisiana, USA, in 2003-
2005 (12) found that northern bobwhite Colinus virginianus chicks were
significantly more likely to successfully capture arthropods in areas of forest that
were mown, compared to areas that were burned. However, success was
significantly lower than in areas that were both burned and treated with imazapyr
herbicide. There was only a very small difference between mown and control
areas.

A replicated, controlled study in riparian forest along the Middle Rio Grande, New
Mexico, USA, in 2002-2004 (13), found an 18% increase in the number of black-
chinned hummingbird Archilochus alexandri nests (from 114 to 134) across four
sites where exotic shrubs and woody debris were removed and chipped before
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herbicide was applied to the root crowns of exotic species. However, an increase
was only seen at one site, with the other three showing a 27% decline from 73 to
53 nests. This compared with an 8% increase at three sites with planting of native
shrubs (see ‘Plant native shrubs following fuel reduction’) after fuel reduction and
a 42% decrease at two sites where debris was burned (‘Use prescribed burning’).
Across all fuel reduction treatments, nest survival was around 67% before fuel
reduction and 43% after; in three control plots it remained similar (54 vs. 57%).

(1) Burgess, N. D., Evans, C. E., and Sorensen, J. (1990) The management of lowland heath for
nightjars at Minsmere, Suffolk, Great-Britain. Journal of Environmental Management, 31, 351-359.

() Conner, R. N., Rudolph, D. C., and Bonner, L. H. (1995) Red-cockaded woodpecker population
trends and management on Texas National Forests. Journal of Field Ornithology, 66, 140-151.

3) Greenberg, C. H., Harris, L. D., and Neary, D. G. (1995) A comparison of bird communities in
burned and salvage-logged, clearcut, and forested Florida sand pine scrub. The Wilson Bulletin,
107, 40-54.

4) Wilson, C. W., Masters, R. E., and Bukenhofer, G. A. (1995) Breeding bird response to pine-
grassland community restoration for red-cockaded woodpeckers. The Journal of Wildlife
Management, 59, 56—67.

(5) Conner, R. N., Rudolph, D. C,, Saenz, D., and Schaefer, R. R. (1996) Red-cockaded woodpecker
nesting success, forest structure, and southern flying squirrels in Texas. The Wilson Bulletin, 108,
697-711.

(6) Franzreb, K. E. (1997) Success of intensive management of a critically imperiled population of
red-cockaded woodpeckers in South Carolina. Journal of Field Ornithology, 68, 458—470.

(7) Easton, W. E., and Martin, K. (1998) The effect of vegetation management on breeding bird
communities in British Columbia. Ecological Applications, 8, 1092-1103.

(8) Rodewald, P. G., and Smith, K. G. (1998) Short-term effects of understory and overstory
management on breeding birds in Arkansas oak-hickory forests. The Journal of Wildlife
Management, 62, 1411-1417.

) Krementz, D. G., and Christie, J. S. (1999) Scrub-successional bird community dynamics in
young and mature longleaf pine-wiregrass savannahs. The Journal of Wildlife Management, 63,
803-814.

(10)  Hansson, L. (2001) Traditional management of forests: plant and bird community responses to
alternative restoration of oak—hazel woodland in Sweden. Biodiversity and Conservation, 10, 1865—
1873.

(11)  Easton, W. E., and Martin, K. (2002) Effects of thinning and herbicide treatments on nestsite
selection by songbirds in young managed forests. The Auk, 119, 685-694.

(12) Burke, J. D., Chamberlain, M. J., and Geaghan, ]. P. (2008) Effects of understory vegetation
management on brood habitat for northern bobwhites. Journal of Wildlife Management, 72, 1361—
1368.

(13) Smith, D. M., Finch, D. M., and Hawksworth, D. L. (2009) Black-chinned hummingbird nest-site
selection and nest survival in response to fuel reduction in a southwestern riparian forest. The
Condor, 111, 641-652.

10.13.2. Remove midstorey from savannas

e A controlled study in Argentina (1) found that in summer, but not overall, a control area
had higher bird abundance and species richness than an area where shrubs were
removed. There were also differences in community composition between treatments.

Background

Conservationists may wish to remove shrubs from savanna if they are dominating
the habitat and excluding some open-habitat species. However, shrubs can also
provide habitat complexity and additional niches for species.
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A controlled study in 1998-1999 in one treatment (where shrubs were manually
removed) and one control (shrubs left unmanipulated) area (both 200 ha) within
the same Chacoan forest in Santiago del Estero, Argentina (1) found that, overall,
there was no difference in bird abundance or species richness between the two
areas. However, the treatment area contained significantly lower species richness
and abundance than the control area in summer. At the guild level, bark-feeding
insectivores were more abundant in the treatment area; whereas foliage-gleaning
insectivores and arboreal seed-eating species were less abundant in the treatment
area. In December 1998, terrestrial insectivores were less abundant in the
treatment. Birds were surveyed four times at 30 points within each area. In the
treatment area, saplings of species that form the tree layer were not removed.

(1) Codesido, M., Drozd, A. A., Gado, P. A., and Bilenca, D. (2009) Responses of a bird assemblage
to manual shrub removal in a Chacoan subtropical semiarid forest, Argentina. Ornitologia
Neotropical, 20, 47-60.

10.13.3. Shrubland

e Of seven studies, one controlled study from the USA (3), found that overall bird diversity
was similar between chained areas, burmned areas and controls. A replicated and
controlled study from the USA (5) found that overall diversity was lower on mown sites
than controls, but that grassland-specialist species were present on managed sites.

e Five studies from the USA (1-3) and Europe (4,6) found than some study species were
found at greater densities or abundances on sites with mechanical vegetation control
than on sites with prescribed burning or no management, or that abundances increased
after management. One study (4) investigated several interventions at once.

e One study from the USA (3) found that total bird densities were similar between chained,
burned and control sites. A replicated controlled study from the USA (5) found that mown
sites had lower bird abundances than control sites. Three studies from the USA (2,3,7)
found that some species were less abundant on sites with mechanical vegetation
removal, compared with burned or control sites, or showed smaller increases after
management.

e One replicated, controlled study from the USA (5) found no differences between areas
cut in winter and those cut in summer.

Background

Conservationists may wish to remove woody vegetation from shrublands if they
are dominating the habitat and excluding some open-habitat species. Chaining is
sometimes used to do this: a large heavy chain is dragged over the ground to clear
vegetation. However, shrubs can also provide habitat complexity and additional
niches for species.

A replicated before-and-after study in 1962-1963 in shrubland in Wisconsin, USA
(1), found that male prairie chickens Tympanuchus cupido showed a preference
for mown areas over controls when the original height of vegetation was over 15
cm (between four and 31 birds using each of five areas before mowing vs. 8-85
after), but not if it was shorter (7-45 birds using five areas before mowing vs. 12-
69 birds after).
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A replicated, controlled before-and-after study in 1968-1970 in sagebrush
Artemisia tridentate shrubland in central Montana, USA (2), found that the number
of strutting male greater sage grouse Centrocercus urophasianus increased by 28%
at three lekking sites within 0.5 km of areas treated with herbicide and mechanical
clearing, whilst numbers fell by 63% at a fourth site. Numbers increased by 323%
at two leks more than 4 km from treated areas.

A controlled study in 1980 in Utah, USA (3), found that response of breeding
songbirds in sagebrush habitat chained or burned 3-4 years earlier varied
between species. Total bird densities and diversity were similar between a
chained site, a burned site and a site without any intervention for 17 years.
However, the chained site had significantly more Brewer's sparrow Spizella
breweri (a sagebrush specialist) territories than the burned site, and horned lark
Eremophila alpestris densities were 175-200% higher on the chained site than
untreated sites. Vesper sparrow Pooecetes gramineus and western meadowlark
Sturnella neglecta densities appeared unaffected by sagebrush control.

A before-and-after study at Minsmere reserve (151 ha), Suffolk, UK, in 1978-1988
(4), found that the local population of European nightjars Caprimulgus europaeus
increased following a series of management interventions, including creating open
patches in heath and removing dominant species such as bracken Pteridium
aquilinum, birch Betula spp. and pines Pinus spp. This study is discussed in detail
in ‘Clear or open patches in forests’.

A replicated and controlled study in shrub dominated by saw-palmetto Serenoa
repens (a type of palm) in 1988-1989 in Myakka River State Park, Florida, USA (5),
found that total number of birds and the number of species found were
significantly lower in two sites cut in winter (January 1988) or summer (June
1988), compared to control (uncut) sites (0.2-1.0 species and 0.2-1.2
individuals/site for cut sites vs. 2.0 and 2.7 for control sites). There were no
differences between winter and summer-cut sites. Whilst total bird abundance (27
species recorded) was lowest in cut plots, species were mostly (management
target) grassland specialists (e.g. Bachman’s sparrow Aimophila aestivalis and
loggerhead shrike Lanius ludovicianus).

A replicated, paired study in a mosaic of Mediterranean maquis, pasture and
cropland in Ciudad Real province, Spain, in 2002-2003 (6), found that 21 maquis
stands where most shrubs and saplings were removed (but taller trees retained)
supported greater densities of bird species of high European conservation
concern than paired stands without vegetation removal. Such species included
red-legged partridge Alectoris rufa, woodchat shrike Lanius senator and wood lark
Lullula arborea. The authors note that all three species were fairly common in the
study area. Stands were at least 12 ha in size and were cleared between two and
ten years before birds were surveyed.

A replicated, controlled study in 1999-2001 in 14 areas of shrublands on
Nantucket Island, Massachusetts, USA (7), found that eastern towhee Pipilo
erythrophthalmus and common yellowthroat Geothlypis trichas were significantly
less common in areas that had been mown, compared with controls and burned
areas (towhees: 0.7 birds/ha vs. 1.1 for control areas and 1.4 for burned areas;
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yellowthroats: <0.1 birds/ha vs. 0.40 for control and burned areas). Areas mown
twice in a season had even fewer towhees (0.5 birds/ha) and no yellowthroats.
Song sparrows Melospiza melodia were equally abundant on mown areas and
other treatments (0.3 birds/ha for mown areas vs. 0.40 for controls and burned
areas).

(1) Anderson, R. K. (1969) Prairie chicken responses to changing booming-ground cover type and
height. The Journal of Wildlife Management, 33, 636—643.

() Wallestad, R. (1975) Male sage grouse responses to sagebrush treatment. The Journal of Wildlife
Management, 39, 482-484.

(3) Castrale, J. S. (1982) Effects of two sagebrush control methods on nongamebirds. The Journal of
Wildlife Management, 46, 945-952.

4) Burgess, N. D., Evans, C. E., and Sorensen, J. (1990) The management of lowland heath for
nightjars at Minsmere, Suffolk, Great-Britain. Journal of Environmental Management, 31, 351-359.

(5) Fitzgerald, S. M., and Tanner, G. W. (1992) Avian community response to fire and mechanical
shrub control in south Florida. Journal of Range Management, 45, 396—400.

(6) De La Montafia, E., Rey-Benayas, J. M., and Carrascal, L. M. (2006) Response of bird
communities to silvicultural thinning of Mediterranean maquis. Journal of Applied Ecology, 43,
651-659.

(7) Zuckerberg, B., and Vickery, P. D. (2006) Effects of mowing and burning on shrubland and
grassland birds on Nantucket Island, Massachusetts. Wilson Journal of Ornithology, 118, 353-363.

10.13.4. Mow or cut natural grasslands

e Of six studies, two replicated and controlled studies from the USA (2,3) found higher
densities of birds or nests on mown grasslands, compared to unmanaged or burned
areas. Two controlled studies from the USA (2,6), one replicated, found lower nesting or
population densities of some species, on mown grasslands compared to unmown areas.
Two replicated and controlled studies (1,4) found no significant differences in nesting
densities or community composition between mown and unmown areas.

e One study from the USA (5) found that grasshopper sparrow nesting success was higher
on mown areas than grazed areas of grassland. A replicated controlled study from the
USA (1) found that ducks had similar nesting success on cut and uncut areas.

Background

Cutting and mowing of grasslands can help maintain grass cover, as grasses can
survive cutting, whilst herbs and woody plants may not. Cutting can also
encourage grass re-growth and increase productivity. Alternatively, in improved
soils, cutting and removing the cut vegetation can reduce the nutrient content of
the grassland and allow species that rely on nutrient poor soils to return.

A replicated and controlled study in between five and eight meadows in the Lower
Souris National Wildlife Refuge, North Dakota, USA, in 1961-1962 (1), found that
duck pair density (mainly blue-winged teal Anas discors and gadwall A. strepera)
was 6% lower in three areas mown in August than in five control areas. This
difference was not significant and gadwall mostly nested in unmanaged areas
beside mowed meadows and blue-winged teal frequently nested in mowed
meadows. Nest success did not differ significantly between mowed and unmown
meadows. A total of 398 nests were surveyed.
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A replicated and controlled study in 1990-1994 in two intensively managed
grassland sanctuaries in southeast Illinois, USA (2), found that short-eared owls
Asio flammeus were more likely to nest on fields burned and mowed in the last 12
months than on controls (undisturbed for 12 months). Northern harriers Circus
cyaneus hudsonius were less likely to. Mowing was conducted between 20t June
and 15t July each year. This study is discussed in detail in ‘Use prescribed
burning’.

Areplicated, controlled trial in May-June 1995-1996 in grasslands in Prairie Ridge
State Natural Area, Illinois, USA (3), found that native grasslands mown between
late July and October held higher average densities of five songbird species than
unmanaged native and non-native grasslands and mowed, hayed and burned non-
native grasslands. Mowed and hayed non-native grasslands held lower average
densities than unmanaged or grazed grasslands but higher densities than burned
non-native grasslands. However, species showed individual responses to different
managements. The species surveyed were eastern meadowlark Sturnella magna,
dickcissel Spiza americana, Henslow’s sparrow Ammodramus henslowii, field
sparrow Spizella pusilla and grasshopper sparrow A. savannarum. This study is
discussed further in ‘Use prescribed burning’ and ‘Graze grasslands’.

Areplicated, randomised and controlled study in DeSoto National Wildlife Refuge,
Iowa, USA (4), found that bird communities were not fundamentally different
between areas of tallgrass prairies mown on a 3-4 year rotation and unmanaged
or burned prairies (12 species/site for four mowed areas vs. 10 species/site for
four burned and 11 species/site for four controls). This study is discussed in detail
in ‘Use prescribed burning’.

At Blue Grass Army Depot, Kentucky, USA (5), a site comparison study in April-
August 2002-2003 found that grasshopper sparrow nesting success was
significantly higher in a 3,950 ha area mown in July-August compared to a 2,100
ha cattle-grazed area (70% of 34 nests in mown areas fledging at least one young
vs. 25% of 12 in grazed; overall survival estimated at 46% vs. 9%). Average clutch
size in the mown area (five eggs) was significantly larger than in grazed area (four

eggs).

A controlled study in 1999-2001 on Nantucket Island, Massachusetts, USA (6),
found that song sparrows Melospiza melodia were significantly less abundant on
mown grasslands (between one and three cuts annually), compared to controls (1
bird/10 ha on mown grasslands vs. 6 birds/10 ha on controls). There was no
significant difference between mown and burned grasslands. Savannah sparrows
Passerculus sandwichensis were equally abundant (7-9 birds/10 ha) on all
treatments.

(1) Martz, G. F. (1967) Effects of nesting cover removal on breeding puddle ducks. The Journal of
Wildlife Management, 31, 236-247.

(2) Herkert, J. R., Simpson, S. A., Westemeier, R. L., Esker, T. L., and Walk, J. W. (1999) Response of
northern harriers and short-eared owls to grassland management in Illinois. The Journal of
Wildlife Management, 63, 517-523.

3) Walk, J. W., and Warner, R. E. (2000) Grassland management for th