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Foreword

The overall aim of the Gamebird Research Project is to satisfy Defra’s commitment made
following their review of the research into the effects of gamebird releases. Defra have
committed to address gaps in the evidence highlighted by the Madden and Sage (2020)
Rapid Evidence Assessment to help understand the impact of releases on European sites.
This understanding will help Defra better understand what an effective future regulatory
regime would need to look like to give Defra confidence that releases are taking place on
and around European sites in a way that does not risk significant effects to the sites’
protected features.

Natural England commission a range of reports from external contractors to provide
evidence and advice to assist us in delivering our duties. The views in this report are those
of the authors and do not necessarily represent those of Natural England.
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Executive Summary

The aim of the study described in this report was to look at possible ecological effects of
pheasants on designated or other ancient semi-natural woodlands (ASNWs) at varying
distances from the release pen. The context for this is the current, and potentially future,
licensing arrangements for releasing gamebirds which are distance related (GL43: licence
to release common pheasants or red-legged partridges on certain European sites or within
500m of their boundary — GOV.UK.)

We collected data at 20 pheasant release sites distributed through England (18) and
Wales (2). Sites were all ASNWs and many were also Special Areas of Conservation
(SACs) and/ or Sites of Special Scientific Interest (SSSI). All had substantial pheasant
releases in a single release pen located within the woodland in the range of 600 — 8,000
pheasants.

We measured aspects of habitat quality near to the pen and then in plots along a transect
at increasing distance from the pen but also at increasing distance from other game
management features such as feeders, shelters and shrubby woodland edges located in
the direction of the shooting areas. We therefore anticipated a gradient of pheasant use,
and potentially a gradient in effects on ground flora, soils, invertebrate resources (such as
decayed wood), tree flora and other woodland habitat features caused by pheasants
through physical contact, eutrophication and possibly other processes.

The main focus of two sampling programmes at each of the 20 pheasant release
woodland sites was ground flora and soils (undertaken in spring and summer 2024) and
tree flora (winter of 2023/ 2024). We also sampled invertebrate resources alongside the
ground flora work. Sampling points were at 5 - 10m from the outside edge of the release
pen, then 100m from the pen, 250m, 500m and then a control plot at least 1km away (and
therefore beyond the 500m buffer zone underpinning current gamebird licensing in
protected sites).

In general, our hypothesis was that we would see a relative degradation in our measures
closer to the release pen. For example, increased soil nitrogen, phosphorus and
potassium levels (NPK), more weeds, fewer characteristic woodland plants, and a reduced
nitrogen-sensitive and an increased nitrogen-tolerant tree flora (lichens) on the trunks of
trees. All of these factors could be attributed to an increased density of pheasants by
means of both physical damage through trampling and pecking and / or eutrophication
effects from faecal deposits.

Along our transect, which we emphasise led away from any associated game managed
areas as well as from the release pen, we recorded a linear reduction of pheasant
encounters with nearly 10 times fewer encounters in the control plot compared to the
release pen plot. This provided confidence that we were measuring habitat factors along a
transect which had a clear gradient of pheasant use.
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There was no significant variation in soil NPK along our transect. There was not a
suggestion of higher levels near to the pen as might be hypothesised. There were not
more weeds, no more bare ground, no more plants with higher Ellenberg N indicator
values, and there were not fewer ancient woodland vascular plant indicator species in
plots near to the pen compared to other plots, as might be hypothesised.

There was reduced overall ground flora species richness nearer to the release pens i.e., in
the 5-10m pen-edge plot, the 100m plot and the 250m plot. There were significantly fewer
tree seedlings or small saplings in the plot nearest the pen (and hence an effect potentially
further out into the zone within the 100m plot), and a trend of increasing seedlings further
away (but not significant). The amount of decaying wood was the same in all plots except
the control plot where there was more of this resource.

Cover of nitrogen-tolerant epiphytic tree flora (both lichens and bryophytes combined)
showed a highly significant decrease with distance from the pen, with approximately 1.9
times greater level of cover at the pen compared to the control plots. The relationship
showed a linear decline from the pen edge to 250m away but then stabilised at similar
levels up to the control plot (=1000m away).

With cover of nitrogen-sensitive epiphytic tree flora, we detected lower levels of cover at
the pen-edge plot and out to 100m but beyond that the level of cover did not differ from
that found at the control distance. nitrogen-sensitive species at distances away from the
pen may also have been reduced by ambient inputs of aerial nitrogen from farmland and
other sources. These tree flora results were not significantly dependent on transect aspect
in relation to wind direction in our study.

Our overall interpretation of the soil chemistry, bare ground, nitrogen-tolerant weed flora,
and the Ancient Woodland Indicator (AWI) plant community results are that these are not
obviously affected near to the release pen away from the game managed areas. We
suggest these results are meaningful and representative and hence indicate a limited
effect of pheasants on soil chemistry and ground flora in these areas of ASNW which
game managers are not specifically encouraging birds to use.

Our results relating to overall species richness and to tree seedlings may suggest a subtle
effect on sensitive or young plants with reduced levels at the pen-edge and 100m away
and possibly 250m from the pen. However, our other null results, especially relating to soil
chemistry, suggest other factors as well as physical and nutrient changes due to
pheasants, might also be involved. In addition, we suggest our finding relating to decaying
wood may be a consequence of active woodland management and not to pheasants
directly. In particular, trees are more likely to be felled or pollarded, rather than to fall, and
cut wood was not counted in the assessments.

Our overall interpretation of the tree flora aspect of the study is that concentrations of
pheasants in and around release pens for several months from late summer until early
winter in designated and other ASNW does affect the tree flora up to 100m from the pen,
and possibly up to a range of approaching 250m. There were fewer N-sensitive indicator
species and more N-tolerant indicator species nearer to the pen. While transect aspect
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was not significant in relation to our tree flora variables, it is likely to be a factor affecting
the distance over which nitrogen enrichment effects occur.

The tree flora results, in particular, could provide the basis for informing decisions about
the location of release pens in relation to designated woodland sites. Our results relating
to tree seedling and ground flora species richness may also provide a guide.

Further research might be considered, particularly in relation to tree flora. For example, the
relationship between the type of woodland community and the nitrogen-tolerant and
nitrogen-sensitive epiphytic tree flora associated with these, the degree to which
background nitrogen pollution influences the epiphytic tree flora indicators relative to
pollution sources from pheasant pens and the relative distance over which effects occur in
relation to numbers released and prevailing wind direction.
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1. Introduction

1.1 General

Pheasants (Phasianus colchicus) are usually released into fenced pens located
within and near to woodland edges in late summer. The main reason for doing this is
to protect the released birds from foxes and other possible predators while they
acclimatize to their new surroundings and to allow them to adapt to roosting in trees
(Game Conservancy, 1988; Game Conservancy, 1996). In the past the pens might
have been used to ‘contain’ birds for many weeks for husbandry purposes, including
possibly medication (Game Conservancy, 1996), but following changes to disease
management options and adhering to various best practice considerations (Sage
and others, 2021), this is no longer a widespread practice. Instead after
approximately three weeks post-release birds are normally encouraged out of pens
during the day, using localised feeding and habitat management along rides and at
woodland edges as well as towards game crops, with most birds returning to the
release pen area at night (Game Conservancy, 1988; Turner, 2007). Once the
shooting season is underway this movement of birds is well established and allows
game managers to focus them in specific areas (‘drives’) and then flush them back to
their release pen wood, thus providing shooting opportunities.

These released gamebirds and their management have an effect on lowland
habitats, particularly woodland, and on other wildlife, much of which has been
studied scientifically by the Game & Wildlife Conservation Trust (GWCT) and others.
This research base up until 2020 was systematically reviewed resulting in two review
documents in 2020 and 2021. The first is a comprehensive report by University of
Exeter and GWCT, commissioned by Natural England (NE) and The British
Association for Shooting and Conservation (BASC) (Madden & Sage, 2020). The
second is a peer-reviewed published paper (Sage and others, 2021). A third review
taking a different approach was produced by the RSPB (Mason and others 2020).

The two systematic reviews provide the best overview of the various potential effects
of releasing gamebirds. Briefly, negative effects are generally caused by the birds
themselves while positive effects are usually a consequence of management
activities to support them. Some of the direct negative effects, such as damage to
woodland floras or impacts on invertebrates, are spatially confined, usually at the
release site or feeding points. Other indirect negative effects, in particular disease
issues and the effect of releasing on generalist predators, may occur at a landscape
scale. Since the reviews were published there has been some further research work,
looking at, for example, the distribution of released pheasants in the landscape
(Sage, Woodburn & Coomes, 2025 in press) and the effect of game crops on
breeding songbirds in an improved grassland landscape (Sage and others, 2024).
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This report describes a study that forms part of a programme of work instigated by
Defra in 2023, which was designed to inform and potentially refine the current
licensing approach to gamebird releasing. Legislation was introduced in England to
regulate gamebird releasing on or near protected sites with a European designation,
namely Special Areas of Conservation (SACs) and Special Protection Areas (SPAs).
These licences, known as GL43 and GL45, focus on the potential effects of
gamebird releasing and aim to regulate the release of birds, not only in the protected
areas, but also within a 500m buffer zone around them. Defra have used information
from the GWCT Guidelines for Sustainable Gamebird Releasing on which to base
the current licensing restrictions on acceptable gamebird releasing densities in and
near to sensitive woodland.

The focus of the study reported here is released pheasants and woodlands. A study
of red-legged partridge (Alectoris rufa) releasing in relation to sensitive sites would
be an entirely separate piece of work. They are generally released into pens sited on
improved farmland habitat, often game cover plots specifically planted to provide
‘holding habitat’ for the birds, and so there is less potential for damaging effects as a
consequence (Sage and others, 2021).

Areas of ancient semi-natural woodland (ASNW) are considered to be particularly
valuable in terms of wildlife and cultural heritage and as a consequence, have a high
sensitivity to damaging activities (Peterken & Game, 1984; Rackham, 2003). As
expected, studies in ASNW have shown that released pheasants degrade soils and
ground floras in release pens (Sage, Ludolf & Robertson, 2005). There is probably a
similar effect in other places where birds congregate, in particular at feeding points in
woodland. Outside woodland when pheasants congregate at farmland feed points
and in game crops, the soil chemistry and flora might also be changed but on
improved grasslands or cultivated arable areas this is of relatively little consequence.
However, where congregations of birds occur on other valuable semi-natural habitats
damage may be done. Nutrient levels are naturally low in most semi-natural habitats
and so congregations of pheasants are likely to have an effect through faecal
deposition (Sage, Ludolph & Robertson 2005).

With the current releasing licensing approach in mind, the aim of the study described
in this report was to look at possible ecological effects of pheasants on designated or
other ASNW at varying distances away from the release pen but not in the pen itself.
The premise for this is that effects on soils and flora inside pens are already
understood (Sage, Ludolf & Robertson, 2005). We also make the assumption that
where released pheasants congregate, and in particular around feeding points,
similar impacts to those recorded inside release pens are likely to occur. GWCT
Guidelines for Sustainable Gamebird Releasing recommend, where releasing in
sensitive woodland is needed, to have multiple feeding stations thereby avoiding
large congregations of birds, to move feeders regularly and to site feeders away from
sensitive areas of woodland as soon as possible to minimise longer-term effects
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(Sage and others, 2021). Our transect approach therefore was to measure effects
near to the pen edge and then at increasing distance from the pen but also at
increasing distance from other game management features such as feeders, shelters
and shrubby woodland edges located in the direction of the shooting ‘drives’. We
investigated at what distance we could detect differences from ‘next to pen edge’
measures and differences from control plots, where we assumed there to be no
effect of pheasant releasing on ground flora, soils, invertebrate resources, tree flora
(lichens and bryophytes), and other woodland habitat features.

The main focus of each of two sampling programmes at multiple pheasant release
woodland sites was firstly, ground ecological indicators especially floras and soils,
studied in spring and summer 2024, and secondly tree flora, where we collected data
in the winter of 2023/ 2024: These two main areas are described in separate sub-
sections that appear in each main section throughout the report, starting with the
Introduction. We also measured invertebrate resources alongside the ground flora
surveys, and this is described in the ground flora and soils sections. However, we did
not do any direct invertebrate sampling work. Meaningful invertebrate sampling, in
order to get a good indication of ground invertebrate abundance, requires multiple
visits to sites. This was beyond the agreed achievable scope of the project. The
particular topic of invertebrates and pheasant releasing is introduced below and then
discussed in detail in a review, which also considers red-legged partridge releasing.
This is available as a separate Natural England report (In prep).

1.2 Soil chemistry and ground ecological Indicators

Sage, Ludolf & Robertson (2005) compared flora and soil chemistry inside release
pens and in areas elsewhere in the same ASNW sites. The release pens tended to
have more bare ground, lower plant density and lower average species diversity of
herbs and ferns than other parts of the same woodlands outside the pen. Several
studies have indicated however (Sage, Ludolf & Robertson (2005); Sage (2018a);
Capstick, Sage & Hoodless (2019)), that these pens are not devoid of plants and the
degradation of ground floras and soils results in changing floras rather than
elimination. Shade tolerant perennials such as wood avens Geum urbanum, dog
violet Viola riviniana, and wood speedwell Veronica montana are relatively
uncommon in pens while annual species and some perennials preferring fertile or
disturbed soil such as annual meadow grass Poa annua or chickweed Stellaria
media may be more common, especially when stocking densities go above the
recommended threshold. Similarly, perennials characteristic of shady habitats, like
wood millet Milium effusum or wood anemone Anemone nemorosa, decreased as
stocking densities increase above about 1,000 birds ha™' of pen (Sage, Ludolf &
Robertson, 2005). Soil potassium and phosphate was higher in pens while pH and
magnesium levels were not detectably different in this small sample (Capstick, Sage
& Hoodless, 2019).
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There are several mechanisms by which woodland ground floras might be changed
where pheasants are released. Changes to soil chemistry is one. Plants that are still
present in late summer and autumn may also be damaged directly by pecking and
trampling following the release. The woodland ground flora could also be affected by
management of shrubs and trees in and around release pens. For example, where
the tree canopy is thinned to allow more light penetration into a woodland pen, while
certain plants and animals will benefit, some shade tolerant flora may be reduced
(Draycott & Hoodless, 2005).

The findings of Sage, Ludolf & Robertson (2005), in particular, assessments of
woodland ground floras around pen sites and elsewhere, provide the basis for the
current recommendation that release pens should be stocked at around 1000 birds
ha™! or less. This forms part of the current releasing licensing arrangements (Defra,
2024). The number ties in with long-standing release pen stocking recommendations
based on good husbandry (The Game Conservancy, 1996). The mean pen size in
the sample was 0.48 ha (data collected in 1988) stocked at 2200 birds ha! of pen.
Anecdotally we think typical stocking densities have decreased substantially since
then, with much larger pens being used, together with greater awareness of good
husbandry, possibly following the withdrawal of Emtryl as a prophylactic medication.

Elements of degradation at release sites, in particular enrichment of soils, probably
accumulates over time, although we do not have a clear insight into this. There has
however been some work on floral recovery in release pen areas. Capstick, Sage &
Hoodless (2019) found that in old pen sites (i.e.,15 years or so since the last release
of pheasants) the sensitive ground flora community and soil chemistry showed
significant signs of recovery. However, long-term recovery was only apparent at sites
where a density of pheasants of less than 1000 birds ha™' of release pen had
previously been released. This further supports the current recommendation that pen
stocking density should be limited to 1000 birds ha' (Sage and others, 2021). Both
papers suggest, and hence GWCT best practice guidelines (Sage and others, 2021)
recommend, that in general, release pen relocation (i.e., moving pens around a
woodland every few years) should be minimised and not usually undertaken on
conservation grounds (i.e. in an attempt to reduce damage to flora and soils).

Other aspects of the vascular plant community might also be affected by pheasants
in and around release pens. It is possible that tender tree seedlings, which are small
for several years, might be affected by the same mechanisms. Enrichment of soils in
particular, might also encourage a ‘weed’ flora of plants, tolerant of higher levels of
nitrogen (N) or other chemicals in the air or soil, rather than plants that would
normally be found in ancient woodlands (e.g. Goldberg and others 2007). Also,
ancient woodlands may frequently contain an ‘indicator’ community of plants,
species that are particular to certain woodland conditions and might be
disproportionately affected. It is also possible that the diversity or richness of the
plant community may be reduced (or possibly increased) due to changes in the soill
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near to pheasant release pens. In this study we explored many elements of the
ground flora community.

Released pheasant poults have been shown to affect certain invertebrates, notably
woodland Carabid beetle species, inside woodland-based release pens (Neumann
and others, 2015). It is likely, but has not been shown, that similar effects occur at
other places where birds congregate such as feed points. Studies speculate that
effects on invertebrates at release sites may be a combination of predation and
changes to soils and flora caused by pheasant pecking, trampling and soil
enrichment.

Available studies of invertebrates in relation to gamebird releasing are selectively
reviewed in a separate NE report produced as part of the contract for the field study
described in this report. At the proposal stage, it was agreed that a dedicated
invertebrate sampling programme was beyond the scope of the field study described
in this report, as already discussed in the general introduction (section 1.1).

Instead, some surveys of woodland invertebrate resources that could readily be
undertaken alongside the other ground flora assessments in this study was agreed.
In particular GWCT were asked by Natural England to quantify a) deadwood in the
study areas, with the idea that this resource might be depleted by pecking near to
pheasant release sites, along with b) invertebrate overwintering sites, such as dead
umbellifer stems or tussocky grasses, and c) flowering plants that might provide
nectar for invertebrates in the spring and summer. It was later decided not to include
these in analysis (see Methods).

1.3 Tree flora

Lichens obtain almost all their nutrients from the atmosphere through uptake over
their entire surface. They have no means of controlling nutrient uptake, unlike
vascular plants, and free exchange of both gases and solutions occurs across cell
surfaces (Turetsky, 2003). In addition, their surface area to mass ratio is very high
and capacity for assimilation is relatively low and therefore pollutants tend to
accumulate in the thallus. Lichens are therefore highly susceptible to changes in
atmospheric chemistry and deposition and for this reason provide very sensitive
indicators of such changes.

In Europe lichens have been used as sensitive bioindicators of air quality for more
than a century and continue to be used for similar research (Sebald and others,
2022). Not all lichens are sensitive to any particular pollutant while some can be
highly tolerant. Species are variously sensitive to sulphur, nitrogen, acidity, halogens
(e.g., fluoride), heavy metals, and ozone. Long distance transport of nitrogenous air
pollution is an important driver influencing the occurrence of acidophytic (acid loving)
lichen species, which are usually the most important in conservation terms, and is a
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real threat to these populations. Reasons for sensitivity to nitrogen compounds in
acidophytic lichens include an increase in bark pH i.e., lower acidity (often caused by
ammonia), effects of NH4* and or NOs™ in precipitation (N-deposition) and
eutrophication causing increased and dominant growth of competing species such
as algae. In the past, acid rain was put forward as the main cause of the decline in
‘acid sensitive’ Lobarion communities (Gilbert,1986). Lower bark pH however may
not be the main driver of species composition change which may also be attributed
to nitrogen (Farmer and others, 1992). Some evidence suggests that the
concentration of nitrogen, particularly as ammonium, may be more important than
the overall nitrogen dose (Britton & Fisher, 2010).

Epiphytic lichens - those that grow on trees - have been widely studied in terms of
their reaction to pollutants (SOz, nitrogenous gases and acidity) (Poikolainen,
Kuusinen, & Mikkola, 2000). Lichens on oak trees (Quercus spp.) in areas of high
rainfall but relatively low levels of aerial pollutants appear to be highly nitrogen-
sensitive (hereafter N-sensitive) (Mitchell and others, 2004). In Europe and the UK,
the lichen flora of oak trees growing in agricultural areas has changed from
communities dominated by species preferring acid bark to species that tolerate and
even benefit from nitrogen (van Herk, 1999). In the Netherlands high levels of
ammonia have led to complete disappearance of acidophytic (acid loving) species,
resulting in communities dominated by nitrophytic (nitrogen loving) species (van
Herk, 1999). One N-sensitive species Hypogymnia physodes showed a significant
country-wide geographic decrease in abundance (van Herk, 2001), which was
attributable to ammonia deposition causing an increase in bark pH. Research in the
Netherlands also found the pH of Quercus bark was correlated with the

NHs concentration in air with an increase of approximately two pH units with the
highest NH3 levels (van Herk, 2001).

More recent research (Seed and others, 2013) has identified species of lichens on
oak and birch trees (Betula spp.) across the UK that are sensitive to, or tolerant of,
increasing concentrations of gaseous nitrogenous pollutants. This information has
been used to formulate a simplified suite of species for monitoring pollution in the
UK. The response to increasing atmospheric nitrogen pollution in the field can be
measured by the decrease in N-sensitive and increase in nitrogen-tolerant (hereafter
N-tolerant) lichen species growing on the bark of these tree species (Air Pollution
Information System, 2025).

Bryophytes (mosses and liverworts) are among the most sensitive of vegetation taxa
with respect to pollutant deposition and can be sensitive to both acidity and nitrogen
levels, both of which are the most dominant elements of anthropogenic deposition.
Like lichens, many mosses have become extinct from urban and industrial
environments. Too much nitrogen can, for example, change morphology, leading to
sparser mats that are sensitive to desiccation and less efficient at suppressing
competitors (Armitage and others, 2012) and photosynthetic processes can also be
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compromised. Studies have also identified both N-sensitive and N-tolerant mosses.
A European survey (Harmens and others, 2011) found that the nitrogen
concentration in two common mosses correlated well with modelled N-deposition.
They suggested that these and other mosses could be used to provide reliable
estimates of nitrogen deposition, i.e., indicator species. It has also been suggested
that high nitrogen pollution can lead to excessive algae, possibly smothering
bryophytes on trees Bosanquet 2019).

Hill and others (2007) produced ‘attribute data’' for all British and Irish mosses and
liverwort plant species. This includes assigning them Ellenberg values (Ellenberg,
1974), on a nine-point scale indicating their tolerance to background environment
including nitrogen (based more on soil fertility or productivity, not presence of mineral
nitrogen). This has enabled ecologists to interpret distribution patterns in response to
environmental pressures.

For this study, a small selection of N-tolerant and N-sensitive bryophyte species
were used as the basis for exploring possible changes to the overall bryophyte
community caused by pheasant feeding and dunging leading to atmospheric N-
enrichment. There are some data (Sage, 2018a; Sage, 2018b) which suggest that
some tree flora species are affected in release woodlands away from pheasant
release pens and away from other places where birds congregate. Physical aerial
pollution is difficult and expensive to survey and monitor and also requires a long
period of monitoring to mitigate for temporal and geographical variations. The study
therefore required a proxy method of assessing local aerial pollution in the shape of
Nitrate loads.
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2. Methods

2.1 General considerations

The quality and relevance of the outputs from this study depended on acquiring a
group of representative sites that release pheasants into designated or sensitive
woodland. Another key factor was to secure suitable control plots which had no
gamebird release nearby and no game management. This phase of the study took
several months in 2023.

A theme of the sampling work was to look for accumulated effects of gamebird
releasing on soils, ground flora, tree flora, and invertebrate resources, rather than
transient effects. Consequently, ground flora, invertebrate related assessments and
soil survey work were conducted during the spring and early summer, prior to
gamebird releasing and dispersal.

The main fieldwork programme started with preliminary visits to potential sites in
summer 2023, followed by two major data collection episodes. The first in winter
2023/ 24, to do tree flora surveys and gamebird surveys, and then the second
throughout spring and early summer 2024, to cover ground flora, tree seedlings, soil
sampling, and the invertebrate related survey work, all completed before the next
gamebird release in late summer 2024. The aim was to secure 20 suitable study
sites, and this approach allowed time to identify, negotiate with and plan the
fieldwork strategy on all of these sites and the control areas in spring and summer
2023, prior to initiating and completing the first fieldwork programme in winter 2023/
2024.

The basic sampling strategy for all parts of the fieldwork was to sample several large
plots at increasing distance from a release pen and then a further control plot at
greater distance. At each site, our approach was to avoid places where released
gamebirds congregate. The study would therefore look at effects on designated or
other ancient woodland sites adjacent to release sites but not close to feed points or
alongside game crops or in any other places where pheasants are encouraged to
congregate. Current evidence suggests that places where birds congregate will
usually have negative effects for all the measures we would be recording and the
relevance of distance to release pen would disappear (Madden and Sage, 2020). It
was therefore necessary to have an understanding of game management activities
on study sites before choosing transects and sampling locations. This was generally
done through detailed discussions with landowners and/ or gamekeepers and, where
possible a site visit, to determine the suitability of each site. Exact locations of game
management activities were therefore known and recorded on site maps before
transecting routes were finalised.
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2.2 Site acquisition

Initially the aim was to secure designated SAC/SSSI sites in England only, but it
became apparent that this was not going to be possible, given the site-specific
constraints relating to, for example woodland type and size (more details below), but
also taking into account the need for the cooperation and agreement of both game
managers and designated site managers.

Instead, our basic requirement was moderated so that potential sites were all
broadleaf ASNW blocks (whether SAC/SSSI or not) that contained a large pheasant
release pen and were large enough to contain a 500m long transect route from the
release pen with four sampling points, all of which also occurred in closed canopy
woodland. This transect did not need to be a straight line, but it did need to avoid
going back on itself to any great extent, to ensure that the sampling points along its
length were at appropriate increasing distance from the release pen. We were asked
to find sites with a reasonable distribution across England, and it was agreed during
the acquisition process to also include two sites in Wales, both of which had similar
ecology to the English sites.

All study pens in potential woodland sites that fitted these initial criteria also needed
to have been releasing gamebirds each year for the past five years. We did not ask
for specific details on the overall scale of releasing on each estate as a whole.
Initially we asked sites only if the release into the study pen was upwards of 800
pheasants. Subsequently we asked for further details about the pen release. Not all
sites disclosed the actual release number, but most did. We wanted to work on a
representative group of professionally managed sites i.e., not small amateur
releases of say a hundred birds, nor exceptionally large releases of many tens of
thousands of birds in one pen. In the event while we were not given a number for the
actual release in four study pens, we were confident that all 20 sites released
between 600 and approximately 8000 pheasants.

While there are release pen density restrictions at or within 500m of designated sites
in England (not Wales) as a part of current licencing arrangements (Defra 2024),
there are not pen size restrictions, so numbers released at designated sites are not
restricted and hence in the context of our study not necessarily lower than at other
sites. We did not ask sites for information on pen size. In this study we did not
measure inside pens, so pen density is not especially relevant to the study aims.

If sites met the above suitability requirement a visit was arranged, as outlined earlier.
On this visit other factors were assessed; firstly, the presence of a suitable area of
woodland for a control point (around twice as large as a plot survey area i.e., circa
30m radius circle or more). Ideally this point was in the same woodland as the rest of
the transect but this was often not possible to achieve, mainly due to size
constraints. In this case the control wood was as far as possible similar to the main
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woodland and the sampling plot was 1km or more away from the study pen and any
other pheasant release pen or other game management ‘hotspots. In the event all
control plots were between circa 1km and 3 km from the main study pen.

Other factors we took into consideration included the presence of other significant
nitrogen enrichment sources, if known. For example, sites that were close to very
busy roads, large-scale pig units or poultry farms and so on, were excluded.
However, realistically, it was probably impossible to avoid all possible sources of
background pollutants that could potentially influence our results.

Taking account of timescales and our resources, we aimed for 20 sites as an
achievable representative sample size within the constraints of the project (a number
based on past experience of this type of work). Site acquisition involved visiting, or
occasionally only interviewing, around 30 or more sites to secure 20 suitable ones
and this process took several months during summer and autumn 2023. Table 2.1
indicates the number of sites in each county used in the study. Each site was
assigned an individual code and used in all datasets to maintain site anonymity.
Eighteen sites were located in England, widely spread from north to south as shown,
and two sites were located in Wales. The distribution of sites is shown in Table 2.1.
Sites were distributed across twelve counties in England and two in Wales.

Table 2.1 The distribution of the twenty sites used in the study by county
across England and Wales.

Country name No. of sites

Cambridgeshire 1
Cornwall 2
Cumbria 1
Denbighshire 1
Devon 2
Hampshire 3
Herefordshire 1
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Country name No. of sites

Kent 2
Leicestershire 1
Northamptonshire 1
Powys 1
Somerset 1
Staffordshire 1
Wiltshire 2

2.3 Transect location

In woodlands, released pheasants usually make daily movements between release
pens and, typically, woodland edge habitat or other areas where they are
encouraged to go. These include feeding sites, game crop plots and other specific
game management habitat where the resources they are looking for have been
located or created by the game manager.

As outlined earlier, transect location required an understanding of game
management on sites before data collection. Our survey approach required that at
each of our 20 study sites, there was a large area of woodland with reasonably
closed canopy and without game management focal points. A transect was defined
to run through that area with assessments made at varying distances from the pen.

Having defined a transect, we located sampling points for soil, tree and ground flora
surveys, tree regeneration and invertebrate related work where possible as follows:
within 5-10m of the release pen edge and then at 100m, 200m, and 500m from the
pen plus a control woodland plot circa 1Tkm+ away. Sampling points were also
always further away from other game management interests than the study pen.
Sampling locations along transects were not always exact, and sometimes they had
to take account of site considerations, such as woodland type/ tree species. For
example, a site where an area of trees might have been cleared in recent times at,
say the 200m location but where mature stands existed at 250m, then the sampling
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point would have been taken at the 250m point. At several sites transects were not
straight lines but straight-line distances between plots were estimated to ensure
distance requirements were still more or less achieved.

A key aspect of the final transect selection was that ecological parameters were
sampled across a route, moving from an area of potentially high pheasant density
i.e., close to the outside edge of the release pen, to an area of potentially fairly low
pheasant density 500m away. The first sampling plot (Point A) was located on the
outside edge of the pheasant release pen, in practice approximately 5-10m away
from the actual pen fence line in order to avoid site access tracks, electric fence
wires, funnelled access points for the birds, tree stumps after timber removal and
any other obvious game management ‘measures’ that could impact the immediate
habitat. As outlined above, sampling points B, C and D were located at
approximately 100m, 250m and 500m from point A respectively (Figure 2.1). The
position of each survey plot was recorded (Ordnance Survey coordinates) using a
hand-held GPS device (level of accuracy approximately 5-10m, depending on
canopy cover

Arable field

Arable field

Figure 2.1 — A diagrammatic representation of a typical area of broadleaved
woodland, showing the location of a pheasant release pen and other game
management ‘hotspots’ in the vicinity. An example transect route containing 5
sampling points (A to E) is shown to illustrate the route, going from an area of
potentially high pheasant density close to the pen edge (A) to likely lower
pheasant density at 500m (D) and the ‘control’ point (E) at approximately 1km
from the release pen. Points B and C are located at approximately 100m and
250m from the pen edge respectively.
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After the final study site selection, the main fieldwork involved two periods of data
collection, each visit requiring 1-2 days to complete the fieldwork. Visit 1 was done
during winter 2023 into early spring 2024 (Nov — March) and Visit 2 was done during
spring and summer 2024 (April — July).

A summary of the programme of work is given as an Appendix (section 6.1).

2.4 Gamebird Counts

A key part of the survey work was to conduct gamebird counts at all sites alongside
other habitat assessment work. The winter visits in particular allowed us to get an
idea of numbers during the main usage period of woodlands by released pheasants
and when we would be most likely to see a distribution of decreasing abundance
with distance away from the pen. The work, especially during the winter shooting
period in a pheasant release woodland is potentially intrusive to shoot owners/ game
managers, so it was helpful to be able to undertake game counts alongside other
habitat assessment work, thereby minimising visit number. Nevertheless, on several
sites we were not allowed access during the shooting season, but we were able to
extend the time plan for Visit 1 and do the survey in February or early March (as
early as possible after shooting had finished, and access was permitted).

The gamebird counts were carried out at all sites during both Visit 1 and Visit 2 using
a standard non-vehicle count protocol (Sage, Woodburn & Coomes, 2025 in press).
This involved recording all gamebirds seen or heard during habitat assessments,
and/or while walking between sampling points, so typically over a one-two hour
period. This provides no insight into actual numbers, but it does provide a crude
index for comparison between plots within sites, which was the main purpose of the
data collection.

To carry out the main habitat assessments we deployed a sampling protocol in each
plot along each transect, described in detail in section 2.6. This followed previous
similar work undertaken in the Exmoor region (Sage, 2018a; Sage, 2018b). Each
plot was a circle of approximately 50m in diameter within which five points were
located in a stratified-random manner.

2.5 Soil sampling

2.5.1 Field collection

The soil samples were collected using a metal Grass Plot Sampler (NHBS Ecology
supplies). It consisted of a 7.5cm steel auger pipe and a collecting bucket on a steel
handle stick. Samples were taken by pushing the auger into the ground by foot up to
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the level of the collecting bucket. This ensured a uniform sample volume of 35ml of
soil was taken every time at a depth of 7.5cm.

The soil sample was taken anywhere within the 1m? quadrat (see section 2.6),
depending on the hardness of the substrate. Each sample was tipped into a labelled
plastic bag and the auger cleaned between samples to avoid cross contamination.
Samples from each of the 5 sampling points (1-5) at any one distance plot (A-E)
were combined in one bag. All samples were then stored in the dark in a fridge or
cool box before being processed in the lab.

2.5.2Preliminary laboratory processing

Prior to soil chemistry analyses (by University of Exeter) soil samples were
processed at the GWCT, following a standard protocol supplied by the University.
First, the soil samples were mixed up by hand in the plastic bag to ensure uniformity.
Approximately 2.5g of fresh soil was removed from each bag, labelled, and reserved
for soil nitrate analysis (kept in a fridge at 5° C). The remaining sample was placed in
a constant temperature drying oven set at 50° C for ~60 hours, with the bags opened
up but kept intact. Each sample was then weighed and put back into the drying oven
for another 1-2 hours and re-weighed to make sure the samples were completely dry
(constant weight reached). This process was repeated where necessary and bags
re-sealed when samples were fully dried.

Following the instructions in the protocol (Appendix 2, Section 6.2), each sample was
then tipped into a 2mm (2000 micron) metal sieve over a collecting pot. Large
stones, roots and other non-soil debris were removed. The remaining lumps of soll
were then gently broken up in a large pestle & mortar. The sample was then sieved
again using a metal spatula and stiff brush to help pass the soil through. Small
stones and roots still not small enough to pass through the sieve were removed.
Samples were re-bagged, labelled and stored in a fridge before delivery to the
geography department at the University of Exeter, including the fresh soil samples.
Soil chemistry analyses using specialised equipment were carried out there,
specifically for nitrate, phosphate and potassium levels.

Details of equipment and methods employed at the University of Exeter for soil
chemical analysis are in shown in Appendix 2, section 6.2.

2.6 Ground Ecological Indicators

Each study site was visited again between April and July 2024 (Visit 2) to survey
woodland ground flora and to record various invertebrate resources. Using the GPS
coordinates recorded from Visit 1, we relocated the central tree. We then walked six
paces from it (~5m) in a random direction chosen by the surveyor, and this was our
first sampling point (1) at each plot for Visit 2. Sampling methods as detailed below
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were carried out at this point. In a similar way to the method used to select sample
trees in Visit 1, from this first sampling point (1) we then walked 15 paces (~12-15m)
in a random direction (chosen by the surveyor) to the second point (2) and repeated
sampling methods here. We then went back to Point 1 and walked 15 paces in each
of the other three cardinal directions to locate the remaining three points (Points 3-5)
to ultimately achieve five data sampling points arranged on a compass-point cross
design around a central point (1). This was repeated at of the survey plots, Plots A-
E. Figure 2.2 shows the sampling area at each of the survey plots on the transect,
showing how the sample points (1-5) were located around a central tree (or six
paces from it for Visit 2). The area within the red circles represents the area (6m
radius) within which the sampling methods (described below) were carried out.

Figure 2.2 Diagrammatic representation of the sampling area at each of the
survey points on the transect, showing how the sample points (1-5) were
randomly selected around a central tree. Numbers in blue circles indicate the
sample points in an approximate compass-point cross design (i.e., 1 = first
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sample point). The tree image shows Point 1 for the tree flora survey (Visit 1),
or six paces away from the central tree for the ground flora survey (Visit 2).
The red dashed lines represent the approximate 6m radius surveying area
around each point in Visit 2, as described in the text.

At each sampling point (1-5) the following methodology, developed with advice from
Natural England scientists, was used. Together with the soil samples (see section
2.5) five measures of ground flora and five soil samples were collected at each
sample plot (A-E) and hence a total of 25 samples of each type were collected per
study site respectively.

2.6.1 Ground flora sampling

Using a 1x1m? quadrat as the centre of the sampling point, all ground flora and
evidence of tree regeneration (i.e., tree seedlings and saplings) within the quadrat
were recorded (excluding mosses). Species quantification was done using a DAFOR
rating (Dahl & Hadoc, 1941) for ground flora. The scale used in DAFOR is:

D = dominant vegetation cover, > 50%

A = abundant vegetation cover, 25 - 50%
F = frequent vegetation cover, 10 - 25%
O = occasional vegetation cover, 5 - 10%
R = rare vegetation cover, 1 - 5%

Bare ground and moss coverage within the quadrat were also quantified using the
DAFOR scale, but tree seedlings and young saplings were analysed using a
presence or absence score. We used the flora data to calculate several variables
including Ancient Woodland Indicator species (AWIs) and ‘weed’ species. Ancient
Semi-Natural Woodlands are broadleaf woodlands with mainly native tree and shrub
species over 600 years old. Many of these have been altered by selective or clear
felling and replanting. Such sites will usually have a ground flora and trees and
shrubs which indicate continuity and these are termed AWIs. These include species
such as wild service tree (Sorbus torminalis), bluebell (Hyacinthoides non-scripta),
primrose (Primula vulgaris) and herb paris (Paris quadrifolia). The concept of AWIs
was developed over many decades (Goldberg and others, 2007) and has more
recently been refined to suites of species in regions of the UK (Kirby & Goldberg,
2003; Glaves and others, 2009). For the purposes of this study, a more general list
of species was used as a reference (Peterken, 2000).

‘Weeds’ are usually invasive and highly competitive plants that are indicative of
disturbed and/or highly nitrified soils. Such species include nettle (Urtical dioica) and
several dock species (e.g. Rumex obtusifolius and R. crispus). These are therefore
potentially useful indicators of high pheasant stocking rates and consequent soil
disturbance. The list of weed species in this study was compiled from those used by
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the Nature Conservation Agencies in their SSSI Condition Monitoring Guidance
(JNCC, 2004).

2.6.2 Dead wood assessment

We estimated the volume of dead wood (according to forestresearch.gov.uk) within a
circle of 6m radius form the centre of the sample point (where the 1m? quadrat was
placed) and assigned a DAFOR score. Felled tree stumps and cut timber were
excluded from the score. Where possible three individual pieces of dead wood were
selected and assigned a decay class from 1-5 (based on forestresearch.gov.uk
guidelines, where 1 = little decay, bark hard and intact to 5 = extensive decay, bark
absent and wood texture very soft and spongy).

2.6.3 Over-wintering insect habitat assessment

Within a circle of 6m radius from the centre of the sample plot the volume of dead
plant material which could provide suitable over-wintering habitat for invertebrates
was estimated. This was predominantly dead umbellifer stems (often hollow), grassy
tussocks or clumps of dead grass material and dead bracken fronds. Each was
assigned a DAFOR score for quantity of available material.

Within the circle of 6m radius we also estimated the abundance of flowering plants
currently in flower (both ground flora species and shrubs). Each flowering species
was identified and assigned a DAFOR abundance score to assess of the availability
of pollen and nectar sources to invertebrates.

Of the over-wintering insect habitat assessment data collected, only the decaying
wood aspect was included in the analysis. The decision was made before analyses
were undertaken, not to include the other data in this section (2.6.3) in the main
analyses due to the potential for multiple testing errors. More details are given in
section 2.8.1.

2.7 Tree flora surveys

Tree flora assessments were undertaken at all sites during winter and early spring
2023/ 2024 (Visit 1). Winter is a good time to do surveys of most bryophyte and
lichen species as the high atmospheric moisture content means that the bodies of
the plants are fully hydrated and therefore relatively easy to identify, despite the fact
that many will not have fruiting bodies present.

Note transects and plots were located using GPS, but individual trees were not
marked during the winter tree flora assessments so location of ground quadrats for
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the second round of surveys were not related to specific trees. A consideration was
to take account of wind direction because it might be expected for atmospheric
eutrophication to travel further downwind of a source. This however proved to be an
unrealistic site requirement. As a result, the pen was usually but not always, up-wind
of the very large area of woodland which could contain our 500m transect and also
avoided all other game management hotspots (which was seen as essential). This
was checked in analysis (i.e., whether orientation affected tree flora data).

At each study site, having located the study pen and potential transect route, the first
tree at sample point A was randomly selected as one meeting the species type and
minimum diameter criteria (see details below). This was at a distance approximately
halfway along the release pen edge and 5-10m out from the actual pen fence (to
avoid construction aspects of the pen). The other four points at A were selected by
walking 15 paces from the central tree in each of the four compass/ cardinal
directions and using the nearest suitable tree (species & size) to survey.

Tree flora (selected bryophytes and lichens) assessments involved locating quadrats
at fixed height on the trunk of firstly the central tree and then on one tree at each of
the other four points in each sampling plot (located and defined as before) in
accordance with the methods in Sage (2018a), meaning five trees altogether. It was
essential the trees themselves were not selected visually - the protocol for selection
is given below. The same survey method was repeated along the transect route at
points B to E with the central tree being randomly assigned at the relevant distance
from the release pen.

At each selected survey point the Air Pollution Information System (APIS) -
Monitoring Air Quality Using Lichens — *field guide and app’ method was employed.
Firstly, suitable tree species were identified (preferably oak spp. and birch spp. but if
these were not present, rowan (Sorbus aucuparia), alder (Alnus glutinosa), beech
(Fagus sylvatica), lime (Tilia spp.) or ash (Fraxinus excelsior) could be used growing
under similar environmental conditions (not densely planted or shaded)). These are
all relatively acid-barked trees (tree bark in order of reducing acidity: birch, oak (pH
3.8-5.8), rowan, alder, beech, lime, ash (pH 5.2-6.6), elder, sycamore and field
maple, apple, poplar, willow and elm (pH 4.7-7.1)).

Secondly, trees with a high cover of lvy (Hedera helix) i.e., where it largely obscured
the tree trunk and potentially made locating quadrats difficult, were not used unless
there were no alternatives. Wherever possible, selected trees were single stemmed
(standard) with a straight trunk, > 40 cm in circumference or girth (ca 13 cm
diameter). Site and plot location, grid reference and altitude were recorded.

Thirdly, the three aspects (E, S and W using a compass) on the trunks to be
surveyed were selected using a hand-held compass and a 50 x 10cm area on each
of the three aspects of the tree between 1.0 and 1.5 m above ground level was
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delineated using a quadrat. Fourthly, presence and % cover of N-sensitive and N-
tolerant species growing between 1m and 1.5m above ground level on each of the
three aspects (E, S and W) within the 50 x 10cm area were recorded (Figure 2.3).
Presence and % cover of lichens listed in the APIS guide and any of the six indicator
bryophytes within the quadrat were recorded:

1. Lichens: N-sensitive indicators: Pseudevernia furfuracea, Evernia prunastri,
Hypogymnia spp, Parmelia spp, Usnea spp, Bryoria spp, Sphaerophorus
globosus, Graphis spp, Ochrolechia androgyna;

2. Lichens: N-tolerant indicators: Xanthoria parietina, X. polycarpa/X.
ucrainica, Candelariella reflexa, Punctelia subrudecta, Physcia adscendens/P.
tenella, Anthonia radiate, Lecidella elaeochroma, Amandinea punctata .

3. Bryophytes: N-sensitive indicators (Ellenberg N indicator values of 2):
Dicranum scoparium, Frullania tamarisci,

4. Bryophytes: N-tolerant indicators (Ellenberg N indicator values of 6):
Amblystegium serpens, Brachythecium rutabulum, Rhynchostegium
confertum, Thamnobryum alopecurum.

The four highly N-tolerant and two highly N-sensitive bryophyte species selected
were deemed to be sufficiently widely distributed and hence likely to occur across
the survey area. They were selected in consultation with Natural England’s National
Bryophyte Specialist and added to the standard list of lichens to be recorded.

Cover (%) of the most abundant species of lichens and bryophytes were also
recorded (if not identifiable in the field, notes were made on its characteristics). The
four stages were repeated for each of the five trees.
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Figure 2.3 shows the sampling places for tree flora surveys on a typical
broadleaved tree at approximately 1.5m height. From APIS Monitoring air quality
using lichens - field guide and app | Air Pollution Information System.
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A quadrat designed and constructed to consistently record epiphytes on the trees
was used throughout the survey. In addition to the indicator species all identifiable
bryophytes and lichens were recorded in the survey if they occurred at sufficient
abundance to influence the lower plant community. These were not however,
incorporated in the analysis but will potentially provide additional data for community
characterisation.

2.8 Data interpretation

2.8.1 General

Analysis of habitat data aimed at identifying distance trends in our data variables
was based on within site comparisons between plots along transects and with the
control plot. Gamebird counts at all study sites and in relation to game management
activities provided a valuable dataset on relative pheasant activity on sites.

The full data analysis was undertaken at University of Exeter by one of the authors
(JRM). It was a consideration that GWCT collected data on too many variables to
analyse given the site sample size, without increasing to unacceptable levels the
probability of potential multiple testing errors. As a consequence, some low-quality
data were not explored and not included in this report, notably flowering plant
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resources and invertebrate overwintering habitats (other than dead wood). Details of
methodology used to collect these data are still included in section 2.6.3.

2.8.2 Modelling

Analyses were conducted using linear mixed models to account for the use of
repeated transect measures across multiple study sites. The general structure was
to include the five ‘distance-from-the-pen’ categories as the main independent
variable of interest with additional variables included as necessary, with interactions
where appropriate, shown in Table 2.2.

Table 2.2. Summary of the variables investigated, and the generalised mixed
model structures used in the data analysis.

VEH Random Link SolE
Main area of . Any co- glmmTM . inflate
. variable of . terms . functio
interest . variates? . B family d
interest included n used
model
Season
Gamebirds Count of (summer/wi
Section 3.1 gamebirds nter) Site nbinom2 | Log No
Count *
Season
Soil Soil Nutrient . . .
Section 3.2 Nitrate None Site Gaussian | Identity | No
Soil Nutrient
Phosphate | None Site Gaussian | Identity | No
Soil Nutrient
. None Site Gaussian | Identity | No
Potassium
Bare ground None Site nbinom2 | Log Yes
coverage
Ground Ellenbura N
‘ enburg
:E(:?Iogtglcal community | None Site Gaussian | Identity | No
ndicators composition
Section 3.3
Species
Richness
AWI species None Site nbinom2 | Log Yes
abundance
Weed None Site nbinom2 | Log No
abundance
Presence of
tree None Site binomial Logit No
seedlings
Amount of
decayed None Site gamma Log Yes
wood
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Zero-

Main area of | Main Anyco- |Random o, v | HPK  linflate
. variable of / terms . functio
interest . variates? . B family d
interest included n used model
c Tree
Tree flora b;\ll\lerage species Distance|Sit
indicators tolerant tree Coverage * e nbinom2 Log No
Section 3.4 | q5/4 Tree
species
Tree
Coverage species
by N . | Distance|Sit .
sensitive _cr;l?eveerage e nbinom2 | Log No
tree flora
species

This allowed us to ask two questions in each test. First, did the measure collected
just outside the pen, circa 5-10m away (Plot A) differ from that collected at the
control site (Plot E), at least 1km away from the pen in a woodland where no
gamebird management was conducted? Second, at what distance (100m, 250m,
500m, 1000m) could we detect any differences from the measure collected just
outside the release pen? We addressed these questions by conducting post-hoc
contrast tests using the Emmeans package (Lenth, 2025) with Tukey correction for
multiple comparisons.

A generalised model structure was used because all dependent variables were
counts or proportions with error structures and link functions selected as appropriate
to the data (Table 2.2). Some variables were highly skewed. We checked measures
of dispersion and zero inflation using the DHARMa package (Hartig, 2022).

Where necessary, we adjusted error structures and/or used zero inflated model
approaches to ensure model assumptions were met (Table 2.2). We inspected
model fit visually. P values of main effects or interactions were derived using the
“drop1” function. Although we tested the effects of 12 dependent variables, and thus
made multiple comparisons of the same question — at what distance category does
variable X show differences from measures just outside the pen — this was an
exploratory study, and we did not adjust the alpha value. Therefore, conclusions
about individual variables should be made with care. All analyses were conducted
using the gimmTMB package (Brooks and others, 2017) in R (R Core Team, 2024).
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3. Results
3.1 Gamebirds

3.1.1 Do the numbers of gamebirds detected differ
depending on distance from release sites?

The effect of distance from release pen on the number of pheasants detected during
surveys differed between the winter and summer, Visit 1 and Visit 2 (Distance x
Season: x?4=18.5, p = 0.001, Figure 3.1). The distance ticks on the x-axis relate to
sampling plots A — E respectively, Plot A being circa 5-10m from the pen edge and
Plot E being 1000m+ from the release pen (details given in section 2.3 in Methods).
During the winter, the number of pheasants declined with distance from the pen, but
during the summer there was no relationship, and the numbers detected were lower
than during the winter. Overall, there were significantly fewer pheasants at the
control site compared to just outside the pen (post-hoc contrast, p = 0.0011) with 8.2
times more gamebirds detected outside the pen compared to the control site during
winter surveys.

10.0

~N
3

season

Winter
M Summer

Estimated mean number of
pheasants counted

10m 100m 250m 500m  1000m (Control)
Distance from release pen

0.0

Figure 3.1 Mean number of gamebirds counted per plot at five distances from
release pens during winter (red) and summer (blue) surveys. Error bars
indicate 95% CI.

Page 34 of 75 The Potential Impact of Pheasant Releasing in Ancient Woodland.
NECR709



3.2 Soil

3.2.1Do nitrate levels differ depending on distance from
release sites?

Levels of bio-available nitrates did not differ depending on survey distance from the

release pen (x?4=4.13, p = 0.41, Figure 3.2). The levels just outside the pen did not
differ from the control sites (post-hoc contrast, p = 0.98). There were no differences

in levels just outside the pen and any of the other four distance measures (post-hoc

contrast, all p > 0.72).
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Figure 3.2 Estimated mean level of NO3 (mg/l) extracted from soil samples at
five distances from release pens during spring/ summer surveys. Error bars
indicate 95% CI.
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3.2.2 Do phosphate levels differ depending on distance
from release sites?

Levels of bio-available phosphates did not differ depending on survey distance from
the release pen (x?4=2.38, p = 0.67, Figure 3.3). The levels just outside the pen did
not differ from the control sites (post-hoc contrast, p = 0.99). There were no
differences in levels just outside the pen and any of the other four distance measures
(post-hoc contrast, all p > 0.85).
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Figure 3.3 Estimated mean level of phosphates in the soil (mg/g) derived from
samples at five distances from release pens during spring/ summer surveys.
Error bars indicate 95% CI.
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3.2.3 Do potassium levels differ depending on distance
from release sites?

Levels of bio-available potassium did not differ depending on survey distance from
the release pen (x?4=7.44, p = 0.13, Figure 3.4). The levels just outside the pen did
not differ from the control sites (post-hoc contrast, p = 0.26). There were no
differences in levels just outside the pen and any of the other four distance measures

(post-hoc contrast, all p > 0.26).
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Figure 3.4 Estimated mean level of potassium in the soil (mg/g) derived from
samples at five distances from release pens during spring/ summer surveys.
Error bars indicate 95% CI.
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3.2.4 Does the cover of bare ground differ depending on
distance from release sites?

Figure 3.5 shows that the area of bare ground in a quadrat (numerised DAFOR
score) did not differ depending on survey distance from the release pen (x%4=7.44,
p = 0.80). The levels just outside the pen did not differ from the control sites (post-
hoc contrast, p = 1.0). There were no differences in levels just outside the pen and
any of the other four distance measures (post-hoc contrast, all p > 0.87).
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Figure 3.5. Mean cover of a quadrat by bare ground (measured using a
numerised DAFOR score) at five distances from release pens during spring/
summer surveys. Error bars indicate 95% CI.
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3.3 Ground ecological indicators

3.3.1 Does the average plant community N sensitivity in a
quadrat differ depending on distance from release sites?

The mean Ellenberg N score for plant species recorded in a quadrat differed
depending on the distance of the survey point from the release pen (x?4 =22.2, P =
0.0002, Figure 3.6). The mean score at the control site did not differ from that just
outside the release pen (post-hoc contrast, p = 0.95), but quadrats at 500m had a
higher mean score (species favouring more nutrient rich soil) than those just outside
the release pen (post-hoc contrast, p = 0.0083).
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Figure 3.6 The mean Ellenberg’s N score for plant species recorded in
quadrats at five distances from release pens during spring/ summer surveys.
Higher values indicate that the species prefer more nutrient rich soils. Error
bars indicate 95% CI.
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3.3.2 Does overall plant species richness i.e., number of
species, differ with distance from pen?

The number of species of vascular plants recorded in a quadrat differed with
distance from the release pen (x?4 = 25.2, P <0.0001, Figure 3.7). There was
approximately one more species recorded in quadrats at 500m and 1000m (mean =
~4.5 species) compared to quadrats closer to the release pen (mean = ~3.5 species)
(all post-hoc contrasts between 500 & 1000m and 10-250m, P < 0.043). There was
no difference in the numbers of species recorded between quadrats at 10-250m (all
post-hoc contrasts, P > 0.94) or in numbers of species recorded between quadrats at
500-1000m (post-hoc contrast, P = 0.99).
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Figure 3.7 The mean number of vascular plant species recorded in quadrats at
five distances from release pens during spring/ summer surveys. Error bars
indicate 95% CI.
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3.3.3 Does the abundance of Ancient Woodland Indicator
species plants differ with distance from pen?

There was no difference in the abundance (sum of numerised DAFOR scores) for all
Ancient Woodland Indicator plant species recorded in quadrats with distance from
the release pen (x?4=3.41, P = 0.51, Figure 3.8). The abundance scores from
quadrats just outside the pen did not differ from the control sites (post-hoc contrast, p
= 0.58). There were no differences in abundance scores from quadrats just outside
the pen and any of the other four distance measures (post-hoc contrast, all p > 0.58).
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Figure 3.8 The abundance score (sum of numerised DAFOR scores) for each
Ancient Woodland Indicator (AWI) species recorded in quadrats at five
distances from release pens during spring/ summer surveys. Error bars
indicate 95% CI.
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3.3.4 Does the abundance of weed species plants differ
with distance from pen?

The abundance (sum of numerised DAFOR scores for all weed species in a quadrat)
of weed species recorded in quadrats differed with distance from the release pen (x?
4=14.6, P = 0.0060, Figure 3.9). However, there was no difference in the abundance
scores from quadrats just outside the pen and the control sites (post-hoc contrast, p
= 0.58) nor were there any differences in abundance scores from quadrats just
outside the pen and any of the other four distance measures (post-hoc contrast, all p
> 0.39). There were generally more weeds in quadrats at 500m and 1000m
compared to quadrats closer to the release pen.
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Figure 3.9 The abundance score (sum of numerised DAFOR scores for each
weed species) for weed species recorded in quadrats at five distances from
release pens during spring/ summer surveys. Error bars indicate 95% CI.
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3.3.5 Does the presence of germinating tree-seedlings and
saplings differ depending on distance from release sites?

The probability of detecting germinating tree-seedlings and saplings in a quadrat
differed depending on the distance of the quadrat from the release pen (x?2= 17.45,
P =0.0013, Figure 3.10). There was a greater probability of detecting them in the
control site compared to just outside the release pen (post-hoc contrast, p = 0.006).
While the figure suggests a trend with distance, the probabilities at other distances
did not differ significantly from those just outside the release pen (post-hoc contrasts,
all p > 0.30)
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Figure 3.10 The probability of detecting germinating seeds or saplings in a
quadrat at five distances from release pens during spring/ summer surveys.
Error bars indicate 95% CI.
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3.3.6 Does the availability of decayed wood differ
depending on distance from release sites?

The availability of more decayed wood differed depending on the distance of the
survey point from the release pen (x24 = 21.5, P = 0.0001, Figure 3.11). There was
more available in the control site compared to just outside the release pen (post-hoc
contrast, p = 0.0008), but quadrats at other distances up to this point did not differ
from those just outside the release pen (post-hoc contrasts, all p > 0.92).
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Figure 3.11 The availability of more decayed wood (calculated by multiplying
the mean level of decay of the wood recorded by the DAFOR abundance score)
at five distances from release pens during spring/ summer surveys. Error bars
indicate 95% CI.
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3.4 Tree flora indicators

3.4.1Do tree flora indicators of nitrogen levels differ
depending on distance from release sites?

Prior to wider analyses of tree flora indicators in relation to distance, the effect of tree
species on presence and cover of epiphytic lichens and bryophytes was investigated
(Figure 3.12). Quadrat cover varied by all tree species (x?4= 35.9, P < 0.001), with
lower cover on Beech and Oak compared to Ash, Birch and Others (post-hoc
contrasts, Beech vs Ash, Birch and Others, all p < 0.007, Oak vs Ash, Birch and
Others, all p < 0.055).
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Figure 3.12. Estimated mean cover by N-tolerant tree flora (lichens and
bryophytes) in quadrats on trees of different species during winter/ early
spring surveys. Error bars indicate 95% CI.

Page 45 of 75 The Potential Impact of Pheasant Releasing in Ancient Woodland.
NECR709



3.4.2 Nitrogen tolerant tree flora species

Cover of N-tolerant epiphytic tree flora differed depending on the distance from the
release pen (x?4=20.2, p = 0.0058, Figure 3.13). There tended to be 1.9 times
greater coverage by N-tolerant epiphytic tree flora in quadrats (controlling for tree
species) just outside the release pen compared to the control sites (post-hoc
contrast, p = 0.096). There was significantly lower coverage compared to just outside
the pen at 100m and 250m (post-hoc contrasts, 100m p = 0.0017, 250m p = 0.015).
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Figure 3.13 Estimated mean cover by N-tolerant tree flora (lichens and
bryophytes) in quadrats on trees (species controlled for in the model) at five
distances from release pens during winter/ early spring surveys. Error bars
indicate 95% CI.
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3.4.3 Nitrogen sensitive tree flora species

Cover of N-sensitive epiphytic tree flora differed depending on the distance for the
release pen (x?4=23.1, p = 0.0014, Figure 3.14). Cover just outside the pen did not
differ from that at control sites (post-hoc contrast, p = 0.93). However, there was
significantly higher cover compared to just outside the pen at 100m (post-hoc
contrasts, 100m p = 0.0031). The species of tree surveyed was not influential (x*4=
5.31, p = 0.25).
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Figure 3.14 Estimated mean cover by N-sensitive tree flora (lichens and
bryophytes) in quadrats on trees (species controlled for in the model) at five
distances from release pens during winter/ early spring surveys. Error bars
indicate 95% CI.

In a separate model testing for an effect of wind direction, there was no relationship
between the deviation from the prevailing wind and either the model intercept,
indicating relative amount of tree flora, or the slope of change in tree flora along the
five survey points on a transect at the 20 sites (N-tolerant tree flora: Intercept rs20 = -
0.19, P = 0.43, slope rs20 = -0.22, P = 0.35; N-sensitive tree flora rs20 = 0.18, P =
0.46, slope rs20 = -0.057, P = 0.81).
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3.5 Summary of Results

The findings from the statistical analyses are shown in Table 3.1. This lists the main

variables of interest within the wider groups in each analysis.

Table 3.1 Summary of results showing the main variables of interest in the
analyses. The data output generated from all the statistical analyses are

shown in Appendix 3, Section 6.3

Main Area [Main variable

of Interest [of interest

Was there a

difference in the

main variable
between the

At what distance did
the main variable
differ from
measures near to

plots?

the release pen?

tree seedings

sites

Soil
Section Soil NO3 No No N/A
3.2
Soil K No No N/A
Soil P No No N/A
Bare ground No No N/A
coverage
Ground 500m = higher mean
ecological | Ellenburg’s N score (opposite to
Indicators | community Yes No prediction) but
Section composition difference lost at
3.3 1000m/control.
Species Higher in plots at
richness ves ves 500m+
AWI species No No N/A
abundance
No difference from
outside release pen,
Weed but generally more
abundance ves No wee%s at 50)6m and
1000m/control —
opposite to prediction
1000m/Control site =
Presence of Yes — more more
Yes seedlings at control | seedlings/saplings at

1000m/control sites —
supports prediction
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Was there a At what distance did

. . . difference in the the main variable
Main Area [Main variable

of Interest [of interest

main variable differ from

between the measures near to
plots ? the release pen?
1000m/Control site =

Yes — more
Yes decayed wood at
control sites

Availability of
decayed wood

more decayed wood
at 1000m/control sites
— supports prediction

Treeflora | erby N Tendency (P 100-250m = lower
indicators =0.096) for less N
. tolerant tree Yes cover by N tolerant —
Section flora tolerant coverage supports prediction
3.4 at controls PP P
100m (then difference
Cover by N lost at >250m) =
sensitive tree | Yes No higher cover by N
flora sensitive — supports

prediction
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4. Discussion

4.1 Pheasant count data

During surveys we counted pheasants seen or heard while undertaking fieldwork in
each survey plot. As outlined in the Methods section, we recorded birds during both
survey periods. The results from Visit 1 (winter survey) showed that at 100m we
recorded on average about 75 % of the number recorded at the pen plot. At 250m it
was about 50% and at 500m about 25%. In the control plots it was between 12-13%.
In the late spring and summer (Visit 2) there was no difference in pheasants
recorded between any plot types. Note also that typically the number recorded
during the summer was around 10% of what was recorded near the pen in the
winter.

These results are broadly as expected and provide some reassurance regarding our
basic transect based study design. In summer pheasants are no longer associated
with release sites and were occupying the woodland areas surveyed at consistently
lower relative densities. Previous work has also shown that by the start of the
breeding season in the spring following release the previous summer, only 15% of
released birds are alive, mainly due to shooting mortality and predation with a low
level of natural dispersal (Robertson, Woodburn & Hill, 1993a, Turner, 2007). In the
winter, the data also show that there are some birds in the woodland away from the
game managed areas, but that activity or number of birds decreases linearly with
distance along our transect which leads away from game management areas. We
know that the decrease in numbers we observed may not have occurred in other
areas with intense game management, where distributions and density of birds may
depend more on locations of other resources such as feeding points rather than
distance from the pen.

In terms of the actual pheasant releases in our study woods we asked sites to meet
a minimum requirement and then to give us a guide. From these discussions, while
we were not always given a number, we are confident that the number of birds in the
study pens on 18 sites was between 600 birds and 5000, and at one site in excess of
8000 birds were released. Anecdotally in the past we have occasionally encountered
situations where shoots operate very large release pens into which, we were told,
they released 20,000 or 30,000 birds. It is reasonable to suggest that our study is not
representative of these situations, and it is likely that negative effects on soils,
ground and tree flora would be more apparent / greater than we report here.

Releases of the sort of scale in our study lead to local autumn densities away from
the release pen itself (i.e., after birds have started habitually leaving the pen area
during the day) of typically between 500 -1500 birds per km?, sometimes more in
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smaller areas (Sage, Woodburn & Coomes, 2025 in press). In the spring after the
shooting season, densities of 100 — 300 birds per km? are typical on these sorts of
sites. In the context of our study, we would expect densities to be lower than this,
especially in the autumn, because we were working away from game managed
areas. Note that the ratio of winter to summer counts we recorded in the study
reported here approximately tally with the winter to summer ratio in the density
figures reported in Sage, Woodburn & Coomes (2025 in press).

4.2 Soil chemistry and ground flora

While Sage, Ludolf & Robertson (2005) found increased P and K levels inside
pheasant release pens compared to plots further away in the same wood, in this
study, our soil samples had similar mean levels of NO3s, P and K per plot at all five
survey locations including the control. The main difference between studies is that
we did not measure anything inside the release pen in the study reported here.
There was no significant effect of distance to pen and there was no tendency even
(i.e., P>0.05 and <0.1) for there to be significantly more of these chemicals in survey
plots near to the pen sites as might be hypothesised (see Figures 3.2, 3.3, and 3.4 in
Section 3. Results).

In terms of our ecological indicator measures, our ground flora assessments to some
extent reflected this lack of eutrophication of soils near to the pen. First, there was no
difference in the proportion of bare ground in quadrats along the transect and
between transect plots and the control, shown in Figure 3.5. This possible effect
would probably be associated more with physical damage, although if ground flora is
degraded or depleted by eutrophication then more bare ground could be a
secondary effect. Second, there was no difference in the abundance score for AWI
species either. Third, for weed species, these were more abundant at distance from
the pen (500m) and in the control which again is probably not what would be
hypothesised. Fourth, for species with higher Ellenberg N scores there were more of
these in the control woodland than anywhere along the transect. These last two
results might suggest there is some other mechanism not related to pheasant
releasing that is causing them to be more common in the control woods.

The presence of AWIs is related to age of woodland but also to soil disturbance and
nutrient status i.e., they tend to become more abundant in woodlands that have
lower NPK levels (Goldberg and others, 2007; Glaves and others, 2009). The main
mechanism for an effect of released gamebirds on AWIs and other woodland ground
flora other than eutrophication would be physical damage, simply the process of
many birds pecking, scratching and trampling the low vegetation (Sage, Ludolf &
Robertson, 2005).

We did find an effect of distance to pen on tree seedlings, with significantly fewer
tree seedlings in the plot closest to the pen compared to the others. Note that the
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next plot is 100m from the pen so this effect could persist some tens of metres
further into the zone between those two distance plots (A & B). The results in Figure
3.10 also suggests a trend of increasing tree seedlings up to the 500m plot but it is
not statistically significant. Therefore, we cannot say if the effect on tree seedlings
extends to 250m or 500m from this but the trend in the data suggest that might be
the case.

It is possible that the effect on tree seedlings relates to physical damage by
pheasants near to release pens. It is also possible that some other factor, possibly
proximity to woodland edge or shadiness levels is also a factor. However, tree
seedlings are slow growing compared to vascular plants and are present during the
winter. They are therefore vulnerable to physical effects for a longer period of time,
so it is plausible this finding relates to pheasants.

We also found a significant effect on overall species richness (of vascular plants),
again with reduced number of plant species overall, in the pen edge, the 100m point
and the 250m plot compared to the 500m and control plots. Again, this is plausibly
related to pheasants. As indicated species richness tends to decline with increased
soil fertility (e.g. Mcrea et al. 2001). While AWTI’s did not vary along the transect, they
are a select group of plants that have a particular role in the categorization of
woodland types and status as areas of ASNW (Glaves and others, 2009). There are
other ‘non-weed’ woodland plants that are characteristic of shady habitats, so it is
possible this result relating to AWIs alongside reduced species richness near to pens
is meaningful. While we might suggest soil nutrient levels might be a factor here, we
acknowledge we found no variation in this so this result may well be related to an
unknown factor.

Our measurement of decaying wood indicates no variation in this resource in the
main transect up to 500m but there was more in the control wood. It seems unlikely,
especially in the context of other results, that decaying wood would be substantially
reduced by pheasants all along the main transect up to and including 500m. The
hypothesis is that released pheasants peck at decaying wood to potentially access
invertebrates as a food source or possibly for other reasons relating to behaviour, for

example cleaning or sharpening beaks. We suggest that our control woods may

have more decaying wood in them for some other, possibly management related
reasons, for example an increased tendency to remove timber in game managed
woods.

So why did we not find a difference in several ground flora metrics and in all soil
chemistry measurements between quadrats in plots alongside pens, and in quadrats
further away? Sage, Ludolf & Robertson’s (2005) measurements of soil chemistry
and ground flora inside release pens, indicated soil enrichment and depletion of the
ground flora in the pen including areas in the centre and alongside the inside edge of
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the pen. The authors suggested both physical damage and eutrophication as the
likely reasons for the reduced floral diversity.

It is a very common feature of pheasant release pens that they have several
funnelled access points at the bottom of the fence wire with one-way opening gates,
allowing birds back into, but not out of the pen (GCT 1996). Pheasants that fly out of
the pen and want to get back in tend to walk or run around the perimeter of the pen,
within perhaps one or two metres of the fence, before eventually finding their way
back in via these funnelled access gates. Because of this behaviour, we might have
expected to see more effects of pheasants in terms of eutrophication and physical
effects just outside the edge of the pen in our study. However, our plot design was
based on a 6m radius circle, and the quadrats were typically between 5 and 25m
from the pen - close to the pen but actually in a different zone in terms of potential
pheasant use.

It is a key consideration that our survey plots were on the far side of the pen, away
from the main access point and the most focused area of game interest. On this
‘game managed’ side of the release pen one would expect to see, in the autumn
‘post-release’ period especially, many birds milling around, moving between feeders
placed nearby, and possibly game crops, and the pen itself. We describe in the
introduction how in these places woodland floras and soils are likely to be degraded
in a similar way to what happens within the pen. As indicated, the rationale for not
quantifying effects in this area is that it is reasonable to assume there are effects on
soil and plants here, and that the potential effects in this zone can be managed or
avoided.

Nitrogen / NHs (ammonia) emissions to the air from farming contributes significantly
to nitrogen deposition on the ground in the UK and it is likely that our study woods
had some soil enrichment via this route (Dragosits and others, 2006). This is further
discussed in the Tree Flora section (section 4.3). We would expect less direct
defecation by birds at distance along the transect but it is possible that this effect is
blurred by the uniform airborne deposition in our study woods. Obvious point sources
of atmospheric nitrogen (e.g., pig units or manure heaps) were avoided during our
site selection phase but the furthest points on the transects were sometimes nearer
to fields with grazing or arable crops or nearer to roads than the actual release pen
points. However, while there were not fewer AWIs in the plot nearest to the release
pen, there was reduced species richness overall (or number per m?) by the pen,
which might be related to eutrophication by pheasants.

Another possible effect is that in recent years, i.e. since the beginning of the Covid
outbreak in 2020, and during the subsequent avian influenza epidemic, the level of
releasing has at least temporarily reduced by up to (in any one year) around 25%
(Aebischer 2019; GWCT NGC, 2025). Some of our study sites anecdotally indicated
a reduced release at some point in the two or three years before our surveys. It is
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plausible that any soil chemistry effects are relatively transient i.e., that N and P
enrichment caused by defecation had to some extent dissipated or leached away
and not fully ‘recovered’ when we surveyed. However, the results of Capstick and
others (2019) on old disused pens suggests this process might take one or two
decades. For example, P Is a very insoluble and rather immobile element in soil and
is only leached out once it reaches excessive levels. Once its status is raised it
declines only very slowly, even in the absence of fertiliser additions (Natural England
2008).

Our overall interpretation of our findings is that soil chemistry nutrient levels are not
elevated, and ground flora are not obviously depleted near to the release pen but
away from the game managed areas. However, our results relating to overall species
richness and tree seedlings may be suggesting a subtle effect on sensitive or young
plants, reducing at the pen edge (and hence within 100m from the pen) and possibly
further still. There are alternative interpretations, however. One is that the whole of
the woodlands we surveyed (i.e. up to 500m away) had depleted soils and floral
diversity caused by pheasants while the effect on seedlings and richness was, for an
unknown reason, limited to 100m. Controls were also not different for some metrics
but there is a concern that control woods were sometimes different to the main
survey wood in terms of for example tree density and overall size (usually smaller),
creating noise in our data and hence a reduced ability to make meaningful
comparisons. It may also be possible that there was a subtle overall change in some
woodland characteristics, e.g. more shade, at further distance from the pen and it
was this that caused the effect on overall diversity and tree seedlings. As a general
rule, game managers do try to reduce dense canopy cover close to release sites,
while also increasing low shrubby cover (GCT 1988; Robertson, Woodburn & Hill,
1993a). However, in this scenario we might have expected fewer ancient woodland
indicator species near to the pen.

4.3 Tree flora

The results from the study reported here indicate that increases in aerial N from the
pen area and over a short distance within the woods are consistently picked up using
the epiphytic tree flora as indicators. This is particularly true for the N-tolerant
species, with more of these species within at least 100m or so (but less than 250m)
of the pen compared to all other plots along the transect, including the control plot.
For the N-sensitive species this result is reinforced, with fewer of these near to the
pen and up to at least 100m away and less than 250m. Further along the transect
the relationship breaks down.

In 2015 the GWCT undertook a survey of bryophytes and lichens on the ground and
on tree trunks in pheasant releasing woods at seven estates in Devon, SW England,
comparing them with control areas in the same woods and also with control areas in
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woods without release pens on the same estates (Sage, 2018a; Sage, 2018b). They
did not measure the size of pens or density of pheasants but at most of the study
sites the releases would be categorised as very large in terms of overall numbers.
The abundance and diversity of bryophytes and lichens on trees overall was not
different between release pen plots and both control types. However, moss diversity
was about 25% lower on trees in both release pen plots and in the control plots
outside the release pens but in the same woods, compared to the estate control
woods without release pens. Liverwort species diversity was between approximately
30-50% lower in the release pens and release pen wood controls, compared to the
non-pen estate control woods.

These data provided an early indication that these large releases were affecting
lower order plant communities on trees away from the release pens but in the same
wood. The data presented in this report reinforce and refine these earlier findings
with some useful information on distance. In an unpublished report Bosenquet
(2018) reported damage to tree floras in a designated woodland with a pheasant
release pen in Wales. Distance factors, other possible nitrogen enrichment sources
at the site and the process of selecting trees for survey were not clear.

Data from the Air Pollution Information System (APIS) show that background aerial
pollution across our surveyed sites in England and Wales exceeds accepted limits
beyond which there may be significant effects on plant growth, soil acidity and other
negative effects on sensitive habitats (Stevens and others, 2011). It is likely then that
this is a factor in our study with trees in survey plots exposed to pollution levels that
might have an effect. This exposure may also vary between our survey plots. The
locations of survey plots at increasing distances from the pen where the relatively
lower levels of closed canopy and increase in woodland edge effects probably allow
greater aerial N to penetrate from prevailing winds and inputs from farming (see
below). This was probably most influential at the 500m and control locations. The
relative scarcity of the N-sensitive species may therefore be disproportionately
influenced by these background environmental effects. While prevailing wind
direction was not found to be a factor in our study as might be expected, it is likely
this would need to be investigated at a finer scale i.e., with more measurements
taken at locations away from the pen.

Another factor determining the relative abundance of N-sensitive and N-tolerant
lichens and bryophytes at sites could be how much biomass occurred on the trunks
of the trees surveyed. Trees in the wetter western woods can have a high biomass of
bryophytes (mainly mosses) and this could increase the amount of air-borne
pollutants held among the plants and therefore filtering down to the bark. It is
possible that this results in a reduced sensitivity to further eutrophic factors such as
presence of a pheasant release pen. Also, the high biomass of mosses may out-
compete or obscure the lichens. Note also that while it is possible soil enrichment
effects had dissipated because of reduced releasing in the two or three years prior to
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this study (see above), the effect on tree flora was maintained because they are
relatively slow growers and slow to change.

NHs (ammonia) emissions to the air from intensive animal husbandry are also a
major contribution to nitrogen deposition on the ground in the UK and elsewhere and
there are studies that look at concentrations and the distances from sources over
which deposition can occur (Dragosits and others, 2006). Our results suggest that
the effects of ammonia (if we assume it is just NHs and not other N) from release
pens on tree flora became undetectable (in the context of background levels) in our
study at a distance of between 100m and 250m from the pen. Pheasant releasing is
undertaken at a relatively small scale compared to say poultry farming, but it is still
useful to look at pheasant related effects in the context of farming. Pitcairn and
others (1998) report four field studies measuring ammonia along transects downwind
at two poultry farms, a pig farm and a dairy farm. The study documents ammonia
concentrations moving away from the farms which return to background levels well
within 1 km from the source. In particular changes in key flora metrics with distance
from the poultry farms (holding between 100000 and 200000 broilers) in woodland
were limited to within 300m or so.

Dragosits and others (2006) summarise data from Pitcairn and others (1998) and
other sources collected in the late 1990s-early 2000s, and conclude ammonia
concentrations downwind of sources of this sort of size declined to upwind,
background values within 1 km. The papers indicate, without giving figures, that the
size of the source affects the distance over which concentrations are increased.

This gamebird/poultry comparison suggests that typical pheasant release pens
containing a few thousand birds or less, and for a relatively short time, might have an
effect on sensitive lower order plants at sensitive sites well within a few hundred
metres at most. This coincides with our findings in this study of effects on lower order
plants on tree trunks. Our overall interpretation of this aspect of the study is that
concentrations of pheasants in release pens for several months in late summer and
autumn in designated and other ASNWs does negatively affect the tree flora at least
100m from the pheasant release pen, and possibly up to a range of approaching
250m or so. While transect orientation was not significant in relation to our tree flora
variables, it is likely to be a factor affecting the distance over which N enrichment
effects occur.

4.4 Further work

We suggest further work focusing on the tree flora aspect of this study. Further
research on this would potentially be revealing and may refine a best practice
approach and licensing in relation to releasing near to designated woodlands.
Specifically, we suggest the following investigations might be considered:
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e The link between measurable levels of atmospheric N at various distances
from the pens and cover of both N-tolerant and N-sensitive epiphytic tree
flora.

e The relative distance over which effects occur in relation to release density
and prevailing wind direction.

e The degree to which background N-pollution, in terms of N-deposition,
ammonia and other forms, influence the epiphytic tree flora indicators relative
to pollution sources from pheasant pens.

¢ Net woodland change in ground flora diversity especially AWI spp. Does
management ensure a more diverse woodland habitat (rides, multi-level
structures, disturbance) across the wood and is this good or bad for AWI
species.

e Variation in effects depending on woodland or soil type.

e A dedicated programme of work on direct and indirect impacts on woodland
invertebrates.

e Quantifying nutrient output per pheasant via dunging and exploring how
different diets might alter/reduce this

e The effects of red-legged partridges released on unimproved
grassland/upland fringes.
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6. Appendices
6.1 Appendix 1 — Fieldwork programme

The fieldwork programme was undertaken in accordance with the Gantt chart shown
in Figure 6.1.

2023 2024

Spring | Summer | Autumn | Winter | Spring | Summer | Autum | Winter

A Prelim Discussions with NE re sites and methods. Review and methods
development

B Site acquisition, sampling locations, site maps, planning, site data

C Report first phase

D Winter tree flora surveys and air sampling. Pheasant counts

E Summer ground flora, soil, invertebrate surveys. Pheasant counts
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F Data analysis and final report

G Gamebird releasing period (R) followed by shooting season (S)

Figure 6.1 Details of the fieldwork programme summarised for the duration of
the study, starting in spring 2023 through until winter 2024/2025.

The actual seasonally defined work periods were as follows:

Spring 2023 Initiate full review of all relevant work including several key currently
unpublished sources. Preliminary investigations of potential sites with NE and others.

Summer 2023 Initial site visits to identify suitability and approximate location of
survey work. Gain permissions. Plan and mark survey locations. Collect site data on
release and location of pens, feed sites and game crops.

Autumn 2023 Report on site acquisition phase and detailed sampling proposal
for steering. Complete review of relevant work and report. Refine sampling protocols
and target species in light of these reports.

Winter 23/24 Appoint tree flora contract specialist and with PDRA undertake surveys
of lichens and mosses on trees and take air samples. Do counts of gamebirds along
transects between sampling points and/or at sampling points.

Summer 2024 Deploy team of two (RA and PDRA) to undertake ground flora
surveys, soil samples, invertebrate resource surveys, at all 20 sites. Undertake game
counts on all visits. Forward soil samples to University of Exeter soil laboratory.

Winter 24/25 Dataset compilation, initial analysis. Final analysis including derived
variables and soil data, first draft report end February 2025.
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6.2 Appendix 2 — Soil analysis

Details of the soil chemical analysis procedure as provided by the University of
Exeter

Method - Game Bird Survey: Potassium (K) Analysis by ICP-OES.
Sample preparation - digestion
Equipment

Milestone Ethos Easy advanced microwave digester with MAXI-44 rotor and TMF
vessels, lids, and caps.

Balance - 4 decimal place

Brand set volume concentrated acid dispenser
Pipette variable volume

Volumetric flasks 50ml

Plastic funnels and filter papers

Plastic centrifuge tubes 50ml

Wash bottle Deionised water

Concentrated Nitric acid — Fisher AR 37%
Concentrated Hydrochloric acid — Fisher AR 70%

Certified Reference material (CRM2) - Sigma-Aldrich Metals in Soil SQ001-30G lot.
LRAC6625.

Reference 2C — Soil sample 2C as supplied by the client.
Dried soil samples — analysed as sent by the client to the laboratory
Neutracon cleaning bath 10% for vessel decontamination and cleaning

Sample preparation - methodology
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~ 0.5g of the samples as presented by the client to the laboratory, were directly
weighed into microwave digest vessels. Masses (mg) were recorded to 4 decimal
places.

Concentrated acid reverse Aqua regia of ratio 3:1, 9ml Nitric and 3ml Hydrochloric
acid was added to the samples and then digested in a closed vessel Microwave
(Milestone Ethos Easy advanced microwave digester with MAXI-44 rotor).

The acid digested samples were then gravity filtered into 50ml Standard Volumetric
flasks and made up to volume using deionised water. The digested samples were
then transferred into 50ml plastic centrifuge tubes for storage in the cold store (4°C).

A Certified Reference Material (CRM2) Sigma-Aldrich Metals in Soil, SQ001-30G lot
no. LRAC6625 was digested with the first microwaved sample batch.

Sample (2C) (as supplied by the client) was repeat analysed as a reference and was
redigested alongside each batch of microwave digested samples. n=20 samples, 1 x
blank, 1 x CRM (or 1 x reference sample) were digested in each microwave-
prepared batch of samples.

Microwave digest vessels were decontaminated between digest batches in
Neutracon 10% bath and rinsed thoroughly in deionised water.

The digested samples were then analysed for Potassium using ICP-OES (Agilent
ICP-OES 5110 with autosampler)

Sample analysis

Equipment

Agilent ICP-OES 5110 instrument and autosampler
Variable volume pipettes and tips

Brand set volume concentrated acid dispenser
Volumetric flasks 100ml

Concentrated Nitric acid

Wash bottle Deionised water

Phosphorus suppliers stock standard — Sigma-Aldrich 102262059 Phosphorus
Standard for ICP 1000ppm, Lot. BCCD2573

Multi element suppliers stock standard — Sigma-Aldrich 1.11355.0100 ICP muilti
element standard solution IV 1000ppm. Lot no. HC15457555
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Sample acid digests

Instrument calibration standards were prepared in 100ml volumetric flasks from
supplier stock standards. Concentrated Nitric acid was added to a volume of
deionised water in the flasks to produce a 2% acid. The Phosphorus and multi-
element stock standards were added to the flasks and made up to the final volume
with deionised water.

The ICP-OES was calibrated using the standards and the sample acid digests were
analysed without initial dilution.

The data results from the ICP-OES analysis are presented in parts per million (ppm).
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6.3 Appendix 3 — Full Model Outputs from statistical
analysis

Table 6.1. Data output from all the statistical analyses, split into sections within the
table.

Do the numbers of gamebirds detected differ depending on distance from
release sites?

Estimate |Std. error |Z value

(Intercept — 10m survey point/Winter) 1.82 0.23 7.92
100m survey point -0.29 0.27 -1.04
250m survey point -0.65 0.28 -2.29
500m survey point -1.36 0.31 -4.39
1000m survey point/Control -2.11 0.36 -5.91
Summer -2.30 0.37 -6.21
100m survey point x Summer -0.10 0.55 -0.18
250m survey point x Summer 1.04 0.51 2.05
500m survey point x Summer 1.30 0.55 2.39
1000m survey point/Control x Summer 1.99 0.58 3.44

Do soil nutrient levels differ depending on distance from release sites?

Nitrates Estimate |Std. error |Z value

(Intercept — 10m survey point) 2.96 0.45 6.55
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Nitrates Estimate |Std. error |Z value
100m survey point -0.63 0.51 -1.25
250m survey point 0.21 0.51 0.41
500m survey point -0.13 0.51 -0.25
1000m survey point/Control 0.29 0.51 0.57

Phosphates Estimate [Std. error [Z value
(Intercept — 10m survey point) 0.09 0.02 3.66
100m survey point -0.01 0.02 -0.43
250m survey point -0.01 0.02 -0.60
500m survey point -0.02 0.02 -0.99
1000m survey point/Control 0.01 0.02 0.42

Potassium Estimate Std. error [Z value
(Intercept — 10m survey point) 2.47 0.28 8.68
100m survey point -0.06 0.18 -0.35
250m survey point 0.01 0.18 0.04
500m survey point 0.17 0.18 0.94
1000m survey point/Control 0.37 0.18 2.03
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Does the coverage of bare ground differ depending on distance from release
sites?

(Intercept — 10m survey point) 4 . 24.54
100m survey point -0.14 0.15 -0.96
250m survey point 0.05 0.15 0.31
500m survey point -0.02 0.15 -0.14
1000m survey point/Control 0.00 0.14 -0.03

Does the presence of germinating seedlings and saplings differ depending on
distance from release sites?

Estimate |Std. error [Z value

(Intercept — 10m survey point) -1.15 0.31 -3.69
100m survey point -0.06 0.34 -0.17
250m survey point 0.38 0.33 1.15
500m survey point 0.63 0.33 1.93
1000m survey point/Control 1.11 0.33 3.40

Does the availability of decayed wood differ depending on distance from
release sites?
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Estimate Std. error [Z value
100m survey point 0.05 0.15 0.31
250m survey point 0.02 0.16 0.12
500m survey point 0.13 0.16 0.83
1000m survey point/Control 0.62 0.16 3.95

Does the average plant community N sensitivity in a quadrat differ depending

on distance from release sites?

(Intercept — 10m survey point) 39.76
100m survey point -0.07 0.09 -0.77
250m survey point -0.05 0.08 -0.61
500m survey point 0.28 0.09 3.33
1000m survey point/Control 0.06 0.08 0.74

Does the abundance of Ancient Woodland Indicator species plants differ with

distance from pen?

Estimate Std. error |[Z value
(Intercept — 10m survey point) 3.05 0.20 15.12
100m survey point -0.09 0.22 -0.40
250m survey point 0.02 0.22 0.10
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Estimate Std. error [Z value
500m survey point -0.06 0.22 -0.26
1000m survey point/Control -0.33 0.22 -1.47

Does the abundance of weed species plants differ with distance from pen?

Estimate Std. error [Z value
(Intercept — 10m survey point) 1.10 0.50 2.18
100m survey point -0.65 0.47 -1.38
250m survey point -0.48 0.48 -1.01
500m survey point 0.82 0.46 1.77
1000m survey point/Control 0.77 0.52 1.47
Does the number of species differ with distance?
Estimate Std. error  |Z value
(Intercept — 10m survey point) 1.25 0.08 15.79
100m survey point 0.05 0.07 0.73
250m survey point 0.04 0.07 0.48
500m survey point 0.25 0.07 3.51
1000m survey point/Control 0.25 0.07 3.64
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Do tree flora indicators of nitrogen levels differ depending on distance from

release sites?

(Intercept — 10m survey point/Ash)

100m survey point -0.33 0.20 -1.67
250m survey point -0.92 0.24 -3.75
500m survey point -0.72 0.23 -3.14
1000m survey point/Control -0.63 0.26 -2.48
Beech -0.92 0.25 -3.65
Birch 0.17 0.20 0.84
Oak -0.50 0.16 -3.15
Other 0.65 0.42 1.55

Nitrogen sensitive species Std. error

(Intercept — 10m survey point/Ash) -1.17 0.50 -2.35
100m survey point 1.45 0.40 3.59
250m survey point 1.00 0.47 2.13
500m survey point 0.00 0.59 -0.01
1000m survey point/Control 0.45 0.57 0.79
Beech 0.65 0.49 1.32
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Nitrogen sensitive species i Std. error

Birch -0.36 0.39 -0.92
Oak -0.16 0.34 -0.48
Other 0.54 0.68 0.80
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	Foreword 
	The overall aim of the Gamebird Research Project is to satisfy Defra’s commitment made following their review of the research into the effects of gamebird releases. Defra have committed to address gaps in the evidence highlighted by the Madden and Sage (2020) Rapid Evidence Assessment to help understand the impact of releases on European sites. This understanding will help Defra better understand what an effective future regulatory regime would need to look like to give Defra confidence that releases are ta
	Natural England commission a range of reports from external contractors to provide evidence and advice to assist us in delivering our duties. The views in this report are those of the authors and do not necessarily represent those of Natural England. 
	  
	Executive Summary  
	The aim of the study described in this report was to look at possible ecological effects of pheasants on designated or other ancient semi-natural woodlands (ASNWs) at varying distances from the release pen. The context for this is the current, and potentially future, licensing arrangements for releasing gamebirds which are distance related (GL43: licence to release common pheasants or red-legged partridges on certain European sites or within 500m of their boundary – GOV.UK.) 
	We collected data at 20 pheasant release sites distributed through England (18) and Wales (2). Sites were all ASNWs and many were also Special Areas of Conservation (SACs) and/ or Sites of Special Scientific Interest (SSSI). All had substantial pheasant releases in a single release pen located within the woodland in the range of 600 – 8,000 pheasants.  
	We measured aspects of habitat quality near to the pen and then in plots along a transect at increasing distance from the pen but also at increasing distance from other game management features such as feeders, shelters and shrubby woodland edges located in the direction of the shooting areas. We therefore anticipated a gradient of pheasant use, and potentially a gradient in effects on ground flora, soils, invertebrate resources (such as decayed wood), tree flora and other woodland habitat features caused b
	The main focus of two sampling programmes at each of the 20 pheasant release woodland sites was ground flora and soils (undertaken in spring and summer 2024) and tree flora (winter of 2023/ 2024). We also sampled invertebrate resources alongside the ground flora work. Sampling points were at 5 - 10m from the outside edge of the release pen, then 100m from the pen, 250m, 500m and then a control plot at least 1km away (and therefore beyond the 500m buffer zone underpinning current gamebird licensing in protec
	In general, our hypothesis was that we would see a relative degradation in our measures closer to the release pen. For example, increased soil nitrogen, phosphorus and potassium levels (NPK), more weeds, fewer characteristic woodland plants, and a reduced nitrogen-sensitive and an increased nitrogen-tolerant tree flora (lichens) on the trunks of trees. All of these factors could be attributed to an increased density of pheasants by means of both physical damage through trampling and pecking and / or eutroph
	Along our transect, which we emphasise led away from any associated game managed areas as well as from the release pen, we recorded a linear reduction of pheasant encounters with nearly 10 times fewer encounters in the control plot compared to the release pen plot. This provided confidence that we were measuring habitat factors along a transect which had a clear gradient of pheasant use. 
	There was no significant variation in soil NPK along our transect. There was not a suggestion of higher levels near to the pen as might be hypothesised. There were not more weeds, no more bare ground, no more plants with higher Ellenberg N indicator values, and there were not fewer ancient woodland vascular plant indicator species in plots near to the pen compared to other plots, as might be hypothesised.  
	There was reduced overall ground flora species richness nearer to the release pens i.e., in the 5-10m pen-edge plot, the 100m plot and the 250m plot. There were significantly fewer tree seedlings or small saplings in the plot nearest the pen (and hence an effect potentially further out into the zone within the 100m plot), and a trend of increasing seedlings further away (but not significant). The amount of decaying wood was the same in all plots except the control plot where there was more of this resource.
	Cover of nitrogen-tolerant epiphytic tree flora (both lichens and bryophytes combined) showed a highly significant decrease with distance from the pen, with approximately 1.9 times greater level of cover at the pen compared to the control plots. The relationship showed a linear decline from the pen edge to 250m away but then stabilised at similar levels up to the control plot (≥1000m away). 
	With cover of nitrogen-sensitive epiphytic tree flora, we detected lower levels of cover at the pen-edge plot and out to 100m but beyond that the level of cover did not differ from that found at the control distance. nitrogen-sensitive species at distances away from the pen may also have been reduced by ambient inputs of aerial nitrogen from farmland and other sources. These tree flora results were not significantly dependent on transect aspect in relation to wind direction in our study.  
	Our overall interpretation of the soil chemistry, bare ground, nitrogen-tolerant weed flora, and the Ancient Woodland Indicator (AWI) plant community results are that these are not obviously affected near to the release pen away from the game managed areas. We suggest these results are meaningful and representative and hence indicate a limited effect of pheasants on soil chemistry and ground flora in these areas of ASNW which game managers are not specifically encouraging birds to use. 
	Our results relating to overall species richness and to tree seedlings may suggest a subtle effect on sensitive or young plants with reduced levels at the pen-edge and 100m away and possibly 250m from the pen. However, our other null results, especially relating to soil chemistry, suggest other factors as well as physical and nutrient changes due to pheasants, might also be involved. In addition, we suggest our finding relating to decaying wood may be a consequence of active woodland management and not to p
	Our overall interpretation of the tree flora aspect of the study is that concentrations of pheasants in and around release pens for several months from late summer until early winter in designated and other ASNW does affect the tree flora up to 100m from the pen, and possibly up to a range of approaching 250m. There were fewer N-sensitive indicator species and more N-tolerant indicator species nearer to the pen. While transect aspect 
	was not significant in relation to our tree flora variables, it is likely to be a factor affecting the distance over which nitrogen enrichment effects occur. 

	The tree flora results, in particular, could provide the basis for informing decisions about the location of release pens in relation to designated woodland sites. Our results relating to tree seedling and ground flora species richness may also provide a guide.  
	Further research might be considered, particularly in relation to tree flora. For example, the relationship between the type of woodland community and the nitrogen-tolerant and nitrogen-sensitive epiphytic tree flora associated with these, the degree to which background nitrogen pollution influences the epiphytic tree flora indicators relative to pollution sources from pheasant pens and the relative distance over which effects occur in relation to numbers released and prevailing wind direction. 
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	1. Introduction 
	1.1 General 
	Pheasants (Phasianus colchicus) are usually released into fenced pens located within and near to woodland edges in late summer. The main reason for doing this is to protect the released birds from foxes and other possible predators while they acclimatize to their new surroundings and to allow them to adapt to roosting in trees (Game Conservancy, 1988; Game Conservancy, 1996). In the past the pens might have been used to ‘contain’ birds for many weeks for husbandry purposes, including possibly medication (Ga
	These released gamebirds and their management have an effect on lowland habitats, particularly woodland, and on other wildlife, much of which has been studied scientifically by the Game & Wildlife Conservation Trust (GWCT) and others. This research base up until 2020 was systematically reviewed resulting in two review documents in 2020 and 2021. The first is a comprehensive report by University of Exeter and GWCT, commissioned by Natural England (NE) and The British Association for Shooting and Conservation
	The two systematic reviews provide the best overview of the various potential effects of releasing gamebirds. Briefly, negative effects are generally caused by the birds themselves while positive effects are usually a consequence of management activities to support them. Some of the direct negative effects, such as damage to woodland floras or impacts on invertebrates, are spatially confined, usually at the release site or feeding points. Other indirect negative effects, in particular disease issues and the
	This report describes a study that forms part of a programme of work instigated by Defra in 2023, which was designed to inform and potentially refine the current licensing approach to gamebird releasing. Legislation was introduced in England to regulate gamebird releasing on or near protected sites with a European designation, namely Special Areas of Conservation (SACs) and Special Protection Areas (SPAs). These licences, known as GL43 and GL45, focus on the potential effects of gamebird releasing and aim t
	The focus of the study reported here is released pheasants and woodlands. A study of red-legged partridge (Alectoris rufa) releasing in relation to sensitive sites would be an entirely separate piece of work. They are generally released into pens sited on improved farmland habitat, often game cover plots specifically planted to provide ‘holding habitat’ for the birds, and so there is less potential for damaging effects as a consequence (Sage and others, 2021). 
	Areas of ancient semi-natural woodland (ASNW) are considered to be particularly valuable in terms of wildlife and cultural heritage and as a consequence, have a high sensitivity to damaging activities (Peterken & Game, 1984; Rackham, 2003). As expected, studies in ASNW have shown that released pheasants degrade soils and ground floras in release pens (Sage, Ludolf & Robertson, 2005). There is probably a similar effect in other places where birds congregate, in particular at feeding points in woodland. Outsi
	With the current releasing licensing approach in mind, the aim of the study described in this report was to look at possible ecological effects of pheasants on designated or other ASNW at varying distances away from the release pen but not in the pen itself. The premise for this is that effects on soils and flora inside pens are already understood (Sage, Ludolf & Robertson, 2005). We also make the assumption that where released pheasants congregate, and in particular around feeding points, similar impacts t
	(Sage and others, 2021). Our transect approach therefore was to measure effects near to the pen edge and then at increasing distance from the pen but also at increasing distance from other game management features such as feeders, shelters and shrubby woodland edges located in the direction of the shooting ‘drives’. We investigated at what distance we could detect differences from ‘next to pen edge’ measures and differences from control plots, where we assumed there to be no effect of pheasant releasing on 

	The main focus of each of two sampling programmes at multiple pheasant release woodland sites was firstly, ground ecological indicators especially floras and soils, studied in spring and summer 2024, and secondly tree flora, where we collected data in the winter of 2023/ 2024. These two main areas are described in separate sub-sections that appear in each main section throughout the report, starting with the Introduction. We also measured invertebrate resources alongside the ground flora surveys, and this i
	1.2 Soil chemistry and ground ecological Indicators  
	Sage, Ludolf & Robertson (2005) compared flora and soil chemistry inside release pens and in areas elsewhere in the same ASNW sites. The release pens tended to have more bare ground, lower plant density and lower average species diversity of herbs and ferns than other parts of the same woodlands outside the pen. Several studies have indicated however (Sage, Ludolf & Robertson (2005); Sage (2018a); Capstick, Sage & Hoodless (2019)), that these pens are not devoid of plants and the degradation of ground flora
	There are several mechanisms by which woodland ground floras might be changed where pheasants are released. Changes to soil chemistry is one. Plants that are still present in late summer and autumn may also be damaged directly by pecking and trampling following the release. The woodland ground flora could also be affected by management of shrubs and trees in and around release pens. For example, where the tree canopy is thinned to allow more light penetration into a woodland pen, while certain plants and an
	The findings of Sage, Ludolf & Robertson (2005), in particular, assessments of woodland ground floras around pen sites and elsewhere, provide the basis for the current recommendation that release pens should be stocked at around 1000 birds ha-1 or less. This forms part of the current releasing licensing arrangements (Defra, 2024). The number ties in with long-standing release pen stocking recommendations based on good husbandry (The Game Conservancy, 1996). The mean pen size in the sample was 0.48 ha (data 
	Elements of degradation at release sites, in particular enrichment of soils, probably accumulates over time, although we do not have a clear insight into this. There has however been some work on floral recovery in release pen areas. Capstick, Sage & Hoodless (2019) found that in old pen sites (i.e.,15 years or so since the last release of pheasants) the sensitive ground flora community and soil chemistry showed significant signs of recovery. However, long-term recovery was only apparent at sites where a de
	Other aspects of the vascular plant community might also be affected by pheasants in and around release pens. It is possible that tender tree seedlings, which are small for several years, might be affected by the same mechanisms. Enrichment of soils in particular, might also encourage a ‘weed’ flora of plants, tolerant of higher levels of nitrogen (N) or other chemicals in the air or soil, rather than plants that would normally be found in ancient woodlands (e.g. Goldberg and others 2007). Also, ancient woo
	near to pheasant release pens. In this study we explored many elements of the ground flora community. 

	Released pheasant poults have been shown to affect certain invertebrates, notably woodland Carabid beetle species, inside woodland-based release pens (Neumann and others, 2015). It is likely, but has not been shown, that similar effects occur at other places where birds congregate such as feed points. Studies speculate that effects on invertebrates at release sites may be a combination of predation and changes to soils and flora caused by pheasant pecking, trampling and soil enrichment.  
	Available studies of invertebrates in relation to gamebird releasing are selectively reviewed in a separate NE report produced as part of the contract for the field study described in this report. At the proposal stage, it was agreed that a dedicated invertebrate sampling programme was beyond the scope of the field study described in this report, as already discussed in the general introduction (section 1.1).  
	Instead, some surveys of woodland invertebrate resources that could readily be undertaken alongside the other ground flora assessments in this study was agreed. In particular GWCT were asked by Natural England to quantify a) deadwood in the study areas, with the idea that this resource might be depleted by pecking near to pheasant release sites, along with b) invertebrate overwintering sites, such as dead umbellifer stems or tussocky grasses, and c) flowering plants that might provide nectar for invertebrat
	Lichens obtain almost all their nutrients from the atmosphere through uptake over their entire surface. They have no means of controlling nutrient uptake, unlike vascular plants, and free exchange of both gases and solutions occurs across cell surfaces (Turetsky, 2003). In addition, their surface area to mass ratio is very high and capacity for assimilation is relatively low and therefore pollutants tend to accumulate in the thallus. Lichens are therefore highly susceptible to changes in atmospheric chemist
	In Europe lichens have been used as sensitive bioindicators of air quality for more than a century and continue to be used for similar research (Sebald and others, 2022). Not all lichens are sensitive to any particular pollutant while some can be highly tolerant. Species are variously sensitive to sulphur, nitrogen, acidity, halogens (e.g., fluoride), heavy metals, and ozone. Long distance transport of nitrogenous air pollution is an important driver influencing the occurrence of acidophytic (acid loving) l
	real threat to these populations. Reasons for sensitivity to nitrogen compounds in acidophytic lichens include an increase in bark pH i.e., lower acidity (often caused by ammonia), effects of NH4+ and or NO3- in precipitation (N-deposition) and eutrophication causing increased and dominant growth of competing species such as algae. In the past, acid rain was put forward as the main cause of the decline in ‘acid sensitive’ Lobarion communities (Gilbert,1986). Lower bark pH however may not be the main driver 

	Epiphytic lichens - those that grow on trees - have been widely studied in terms of their reaction to pollutants (SO2, nitrogenous gases and acidity) (Poikolainen, Kuusinen, & Mikkola, 2000). Lichens on oak trees (Quercus spp.) in areas of high rainfall but relatively low levels of aerial pollutants appear to be highly nitrogen-sensitive (hereafter N-sensitive) (Mitchell and others, 2004). In Europe and the UK, the lichen flora of oak trees growing in agricultural areas has changed from communities dominate
	More recent research (Seed and others, 2013) has identified species of lichens on oak and birch trees (Betula spp.) across the UK that are sensitive to, or tolerant of, increasing concentrations of gaseous nitrogenous pollutants. This information has been used to formulate a simplified suite of species for monitoring pollution in the UK. The response to increasing atmospheric nitrogen pollution in the field can be measured by the decrease in N-sensitive and increase in nitrogen-tolerant (hereafter N-toleran
	Bryophytes (mosses and liverworts) are among the most sensitive of vegetation taxa with respect to pollutant deposition and can be sensitive to both acidity and nitrogen levels, both of which are the most dominant elements of anthropogenic deposition. Like lichens, many mosses have become extinct from urban and industrial environments. Too much nitrogen can, for example, change morphology, leading to sparser mats that are sensitive to desiccation and less efficient at suppressing competitors (Armitage and o
	compromised. Studies have also identified both N-sensitive and N-tolerant mosses. A European survey (Harmens and others, 2011) found that the nitrogen concentration in two common mosses correlated well with modelled N-deposition. They suggested that these and other mosses could be used to provide reliable estimates of nitrogen deposition, i.e., indicator species. It has also been suggested that high nitrogen pollution can lead to excessive algae, possibly smothering bryophytes on trees Bosanquet 2019). 

	Hill and others (2007) produced 'attribute data' for all British and Irish mosses and liverwort plant species. This includes assigning them Ellenberg values (Ellenberg, 1974), on a nine-point scale indicating their tolerance to background environment including nitrogen (based more on soil fertility or productivity, not presence of mineral nitrogen). This has enabled ecologists to interpret distribution patterns in response to environmental pressures.  
	For this study, a small selection of N-tolerant and N-sensitive bryophyte species were used as the basis for exploring possible changes to the overall bryophyte community caused by pheasant feeding and dunging leading to atmospheric N-enrichment. There are some data (Sage, 2018a; Sage, 2018b) which suggest that some tree flora species are affected in release woodlands away from pheasant release pens and away from other places where birds congregate. Physical aerial pollution is difficult and expensive to su
	 
	  
	2. Methods 
	2.1 General considerations 
	The quality and relevance of the outputs from this study depended on acquiring a group of representative sites that release pheasants into designated or sensitive woodland. Another key factor was to secure suitable control plots which had no gamebird release nearby and no game management. This phase of the study took several months in 2023.  
	A theme of the sampling work was to look for accumulated effects of gamebird releasing on soils, ground flora, tree flora, and invertebrate resources, rather than transient effects. Consequently, ground flora, invertebrate related assessments and soil survey work were conducted during the spring and early summer, prior to gamebird releasing and dispersal.  
	The main fieldwork programme started with preliminary visits to potential sites in summer 2023, followed by two major data collection episodes. The first in winter 2023/ 24, to do tree flora surveys and gamebird surveys, and then the second throughout spring and early summer 2024, to cover ground flora, tree seedlings, soil sampling, and the invertebrate related survey work, all completed before the next gamebird release in late summer 2024. The aim was to secure 20 suitable study sites, and this approach a
	The basic sampling strategy for all parts of the fieldwork was to sample several large plots at increasing distance from a release pen and then a further control plot at greater distance. At each site, our approach was to avoid places where released gamebirds congregate. The study would therefore look at effects on designated or other ancient woodland sites adjacent to release sites but not close to feed points or alongside game crops or in any other places where pheasants are encouraged to congregate. Curr
	2.2 Site acquisition 
	Initially the aim was to secure designated SAC/SSSI sites in England only, but it became apparent that this was not going to be possible, given the site-specific constraints relating to, for example woodland type and size (more details below), but also taking into account the need for the cooperation and agreement of both game managers and designated site managers.   
	Instead, our basic requirement was moderated so that potential sites were all broadleaf ASNW blocks (whether SAC/SSSI or not) that contained a large pheasant release pen and were large enough to contain a 500m long transect route from the release pen with four sampling points, all of which also occurred in closed canopy woodland. This transect did not need to be a straight line, but it did need to avoid going back on itself to any great extent, to ensure that the sampling points along its length were at app
	All study pens in potential woodland sites that fitted these initial criteria also needed to have been releasing gamebirds each year for the past five years. We did not ask for specific details on the overall scale of releasing on each estate as a whole. Initially we asked sites only if the release into the study pen was upwards of 800 pheasants. Subsequently we asked for further details about the pen release. Not all sites disclosed the actual release number, but most did. We wanted to work on a representa
	While there are release pen density restrictions at or within 500m of designated sites in England (not Wales) as a part of current licencing arrangements (Defra 2024), there are not pen size restrictions, so numbers released at designated sites are not restricted and hence in the context of our study not necessarily lower than at other sites. We did not ask sites for information on pen size. In this study we did not measure inside pens, so pen density is not especially relevant to the study aims.  
	If sites met the above suitability requirement a visit was arranged, as outlined earlier. On this visit other factors were assessed; firstly, the presence of a suitable area of woodland for a control point (around twice as large as a plot survey area i.e., circa 30m radius circle or more). Ideally this point was in the same woodland as the rest of the transect but this was often not possible to achieve, mainly due to size constraints. In this case the control wood was as far as possible similar to the main 
	woodland and the sampling plot was 1km or more away from the study pen and any other pheasant release pen or other game management ‘hotspots. In the event all control plots were between circa 1km and 3 km from the main study pen. 

	Other factors we took into consideration included the presence of other significant nitrogen enrichment sources, if known. For example, sites that were close to very busy roads, large-scale pig units or poultry farms and so on, were excluded. However, realistically, it was probably impossible to avoid all possible sources of background pollutants that could potentially influence our results. 
	Taking account of timescales and our resources, we aimed for 20 sites as an achievable representative sample size within the constraints of the project (a number based on past experience of this type of work). Site acquisition involved visiting, or occasionally only interviewing, around 30 or more sites to secure 20 suitable ones and this process took several months during summer and autumn 2023. Table 2.1 indicates the number of sites in each county used in the study. Each site was assigned an individual c
	 
	Table 2.1 The distribution of the twenty sites used in the study by county across England and Wales.  
	Country name 
	Country name 
	Country name 
	Country name 
	Country name 

	No. of sites 
	No. of sites 


	Country name 
	Country name 
	Country name 

	No. of sites 
	No. of sites 



	Cambridgeshire 
	Cambridgeshire 
	Cambridgeshire 
	Cambridgeshire 

	1 
	1 


	Cornwall 
	Cornwall 
	Cornwall 

	2 
	2 


	Cumbria 
	Cumbria 
	Cumbria 

	1 
	1 


	Denbighshire 
	Denbighshire 
	Denbighshire 

	1 
	1 


	Devon 
	Devon 
	Devon 

	2 
	2 


	Hampshire 
	Hampshire 
	Hampshire 

	3 
	3 


	Herefordshire 
	Herefordshire 
	Herefordshire 

	1 
	1 


	Kent 
	Kent 
	Kent 

	2 
	2 


	Leicestershire 
	Leicestershire 
	Leicestershire 

	1 
	1 


	Northamptonshire 
	Northamptonshire 
	Northamptonshire 

	1 
	1 


	Powys 
	Powys 
	Powys 

	1 
	1 


	Somerset 
	Somerset 
	Somerset 

	1 
	1 


	Staffordshire 
	Staffordshire 
	Staffordshire 

	1 
	1 


	Wiltshire 
	Wiltshire 
	Wiltshire 

	2 
	2 




	 
	2.3 Transect location 
	In woodlands, released pheasants usually make daily movements between release pens and, typically, woodland edge habitat or other areas where they are encouraged to go. These include feeding sites, game crop plots and other specific game management habitat where the resources they are looking for have been located or created by the game manager.  
	As outlined earlier, transect location required an understanding of game management on sites before data collection. Our survey approach required that at each of our 20 study sites, there was a large area of woodland with reasonably closed canopy and without game management focal points. A transect was defined to run through that area with assessments made at varying distances from the pen.  
	Having defined a transect, we located sampling points for soil, tree and ground flora surveys, tree regeneration and invertebrate related work where possible as follows:  within 5-10m of the release pen edge and then at 100m, 200m, and 500m from the pen plus a control woodland plot circa 1km+ away. Sampling points were also always further away from other game management interests than the study pen. Sampling locations along transects were not always exact, and sometimes they had to take account of site cons
	point would have been taken at the 250m point. At several sites transects were not straight lines but straight-line distances between plots were estimated to ensure distance requirements were still more or less achieved. 

	A key aspect of the final transect selection was that ecological parameters were sampled across a route, moving from an area of potentially high pheasant density i.e., close to the outside edge of the release pen, to an area of potentially fairly low pheasant density 500m away. The first sampling plot (Point A) was located on the outside edge of the pheasant release pen, in practice approximately 5-10m away from the actual pen fence line in order to avoid site access tracks, electric fence wires, funnelled 
	 
	 
	Figure
	Figure 2.1 – A diagrammatic representation of a typical area of broadleaved woodland, showing the location of a pheasant release pen and other game management ‘hotspots’ in the vicinity. An example transect route containing 5 sampling points (A to E) is shown to illustrate the route, going from an area of potentially high pheasant density close to the pen edge (A) to likely lower pheasant density at 500m (D) and the ‘control’ point (E) at approximately 1km from the release pen. Points B and C are located at
	After the final study site selection, the main fieldwork involved two periods of data collection, each visit requiring 1-2 days to complete the fieldwork. Visit 1 was done during winter 2023 into early spring 2024 (Nov – March) and Visit 2 was done during spring and summer 2024 (April – July). 
	A summary of the programme of work is given as an Appendix (section 6.1). 
	2.4 Gamebird Counts 
	A key part of the survey work was to conduct gamebird counts at all sites alongside other habitat assessment work. The winter visits in particular allowed us to get an idea of numbers during the main usage period of woodlands by released pheasants and when we would be most likely to see a distribution of decreasing abundance with distance away from the pen. The work, especially during the winter shooting period in a pheasant release woodland is potentially intrusive to shoot owners/ game managers, so it was
	The gamebird counts were carried out at all sites during both Visit 1 and Visit 2 using a standard non-vehicle count protocol (Sage, Woodburn & Coomes, 2025 in press). This involved recording all gamebirds seen or heard during habitat assessments, and/or while walking between sampling points, so typically over a one-two hour period. This provides no insight into actual numbers, but it does provide a crude index for comparison between plots within sites, which was the main purpose of the data collection. 
	To carry out the main habitat assessments we deployed a sampling protocol in each plot along each transect, described in detail in section 2.6. This followed previous similar work undertaken in the Exmoor region (Sage, 2018a; Sage, 2018b). Each plot was a circle of approximately 50m in diameter within which five points were located in a stratified-random manner. 
	 
	2.5 Soil sampling 
	2.5.1  Field collection 
	The soil samples were collected using a metal Grass Plot Sampler (NHBS Ecology supplies). It consisted of a 7.5cm steel auger pipe and a collecting bucket on a steel handle stick. Samples were taken by pushing the auger into the ground by foot up to 
	the level of the collecting bucket. This ensured a uniform sample volume of 35ml of soil was taken every time at a depth of 7.5cm.  

	The soil sample was taken anywhere within the 1m2 quadrat (see section 2.6), depending on the hardness of the substrate. Each sample was tipped into a labelled plastic bag and the auger cleaned between samples to avoid cross contamination. Samples from each of the 5 sampling points (1-5) at any one distance plot (A-E) were combined in one bag. All samples were then stored in the dark in a fridge or cool box before being processed in the lab. 
	2.5.2 Preliminary laboratory processing 
	Prior to soil chemistry analyses (by University of Exeter) soil samples were processed at the GWCT, following a standard protocol supplied by the University. First, the soil samples were mixed up by hand in the plastic bag to ensure uniformity. Approximately 2.5g of fresh soil was removed from each bag, labelled, and reserved for soil nitrate analysis (kept in a fridge at 5° C). The remaining sample was placed in a constant temperature drying oven set at 50° C for ~60 hours, with the bags opened up but kept
	Following the instructions in the protocol (Appendix 2, Section 6.2), each sample was then tipped into a 2mm (2000 micron) metal sieve over a collecting pot. Large stones, roots and other non-soil debris were removed. The remaining lumps of soil were then gently broken up in a large pestle & mortar. The sample was then sieved again using a metal spatula and stiff brush to help pass the soil through. Small stones and roots still not small enough to pass through the sieve were removed. Samples were re-bagged,
	Details of equipment and methods employed at the University of Exeter for soil chemical analysis are in shown in Appendix 2, section 6.2. 
	2.6 Ground Ecological Indicators 
	Each study site was visited again between April and July 2024 (Visit 2) to survey woodland ground flora and to record various invertebrate resources. Using the GPS coordinates recorded from Visit 1, we relocated the central tree. We then walked six paces from it (~5m) in a random direction chosen by the surveyor, and this was our first sampling point (1) at each plot for Visit 2. Sampling methods as detailed below 
	were carried out at this point. In a similar way to the method used to select sample trees in Visit 1, from this first sampling point (1) we then walked 15 paces (~12-15m) in a random direction (chosen by the surveyor) to the second point (2) and repeated sampling methods here. We then went back to Point 1 and walked 15 paces in each of the other three cardinal directions to locate the remaining three points (Points 3-5) to ultimately achieve five data sampling points arranged on a compass-point cross desig

	 
	 
	 
	Figure
	Figure 2.2 Diagrammatic representation of the sampling area at each of the survey points on the transect, showing how the sample points (1-5) were randomly selected around a central tree. Numbers in blue circles indicate the sample points in an approximate compass-point cross design (i.e., 1 = first 
	sample point). The tree image shows Point 1 for the tree flora survey (Visit 1), or six paces away from the central tree for the ground flora survey (Visit 2). The red dashed lines represent the approximate 6m radius surveying area around each point in Visit 2, as described in the text.  

	At each sampling point (1-5) the following methodology, developed with advice from Natural England scientists, was used. Together with the soil samples (see section 2.5) five measures of ground flora and five soil samples were collected at each sample plot (A-E) and hence a total of 25 samples of each type were collected per study site respectively. 
	2.6.1 Ground flora sampling 
	Using a 1x1m2 quadrat as the centre of the sampling point, all ground flora and evidence of tree regeneration (i.e., tree seedlings and saplings) within the quadrat were recorded (excluding mosses). Species quantification was done using a DAFOR rating (Dahl & Hadoc, 1941) for ground flora. The scale used in DAFOR is: 
	D = dominant vegetation cover, > 50% 
	A = abundant vegetation cover, 25 - 50% 
	F = frequent vegetation cover, 10 - 25% 
	O = occasional vegetation cover, 5 - 10% 
	R = rare vegetation cover, 1 - 5% 
	Bare ground and moss coverage within the quadrat were also quantified using the DAFOR scale, but tree seedlings and young saplings were analysed using a presence or absence score. We used the flora data to calculate several variables including Ancient Woodland Indicator species (AWIs) and ‘weed’ species. Ancient Semi-Natural Woodlands are broadleaf woodlands with mainly native tree and shrub species over 600 years old. Many of these have been altered by selective or clear felling and replanting. Such sites 
	‘Weeds’ are usually invasive and highly competitive plants that are indicative of disturbed and/or highly nitrified soils. Such species include nettle (Urtical dioica) and several dock species (e.g. Rumex obtusifolius and R. crispus). These are therefore potentially useful indicators of high pheasant stocking rates and consequent soil disturbance. The list of weed species in this study was compiled from those used by 
	the Nature Conservation Agencies in their SSSI Condition Monitoring Guidance (JNCC, 2004). 

	2.6.2  Dead wood assessment 
	We estimated the volume of dead wood (according to forestresearch.gov.uk) within a circle of 6m radius form the centre of the sample point (where the 1m2 quadrat was placed) and assigned a DAFOR score. Felled tree stumps and cut timber were excluded from the score. Where possible three individual pieces of dead wood were selected and assigned a decay class from 1-5 (based on forestresearch.gov.uk guidelines, where 1 = little decay, bark hard and intact to 5 = extensive decay, bark absent and wood texture ve
	 
	2.6.3 Over-wintering insect habitat assessment 
	Within a circle of 6m radius from the centre of the sample plot the volume of dead plant material which could provide suitable over-wintering habitat for invertebrates was estimated. This was predominantly dead umbellifer stems (often hollow), grassy tussocks or clumps of dead grass material and dead bracken fronds. Each was assigned a DAFOR score for quantity of available material. 
	Within the circle of 6m radius we also estimated the abundance of flowering plants currently in flower (both ground flora species and shrubs). Each flowering species was identified and assigned a DAFOR abundance score to assess of the availability of pollen and nectar sources to invertebrates.  
	Of the over-wintering insect habitat assessment data collected, only the decaying wood aspect was included in the analysis. The decision was made before analyses were undertaken, not to include the other data in this section (2.6.3) in the main analyses due to the potential for multiple testing errors. More details are given in section 2.8.1. 
	2.7 Tree flora surveys 
	Tree flora assessments were undertaken at all sites during winter and early spring 2023/ 2024 (Visit 1). Winter is a good time to do surveys of most bryophyte and lichen species as the high atmospheric moisture content means that the bodies of the plants are fully hydrated and therefore relatively easy to identify, despite the fact that many will not have fruiting bodies present. 
	Note transects and plots were located using GPS, but individual trees were not marked during the winter tree flora assessments so location of ground quadrats for 
	the second round of surveys were not related to specific trees. A consideration was to take account of wind direction because it might be expected for atmospheric eutrophication to travel further downwind of a source. This however proved to be an unrealistic site requirement. As a result, the pen was usually but not always, up-wind of the very large area of woodland which could contain our 500m transect and also avoided all other game management hotspots (which was seen as essential). This was checked in an

	At each study site, having located the study pen and potential transect route, the first tree at sample point A was randomly selected as one meeting the species type and minimum diameter criteria (see details below). This was at a distance approximately halfway along the release pen edge and 5-10m out from the actual pen fence (to avoid construction aspects of the pen). The other four points at A were selected by walking 15 paces from the central tree in each of the four compass/ cardinal directions and usi
	Tree flora (selected bryophytes and lichens) assessments involved locating quadrats at fixed height on the trunk of firstly the central tree and then on one tree at each of the other four points in each sampling plot (located and defined as before) in accordance with the methods in Sage (2018a), meaning five trees altogether. It was essential the trees themselves were not selected visually - the protocol for selection is given below. The same survey method was repeated along the transect route at points B t
	At each selected survey point the Air Pollution Information System (APIS) - Monitoring Air Quality Using Lichens – ‘field guide and app’ method was employed. Firstly, suitable tree species were identified (preferably oak spp. and birch spp. but if these were not present, rowan (Sorbus aucuparia), alder (Alnus glutinosa), beech (Fagus sylvatica), lime (Tilia spp.) or ash (Fraxinus excelsior) could be used growing under similar environmental conditions (not densely planted or shaded)). These are all relativel
	Secondly, trees with a high cover of Ivy (Hedera helix) i.e., where it largely obscured the tree trunk and potentially made locating quadrats difficult, were not used unless there were no alternatives. Wherever possible, selected trees were single stemmed (standard) with a straight trunk, > 40 cm in circumference or girth (ca 13 cm diameter). Site and plot location, grid reference and altitude were recorded. 
	Thirdly, the three aspects (E, S and W using a compass) on the trunks to be surveyed were selected using a hand-held compass and a 50 x 10cm area on each of the three aspects of the tree between 1.0 and 1.5 m above ground level was 
	delineated using a quadrat. Fourthly, presence and % cover of N-sensitive and N-tolerant species growing between 1m and 1.5m above ground level on each of the three aspects (E, S and W) within the 50 x 10cm area were recorded (Figure 2.3). Presence and % cover of lichens listed in the APIS guide and any of the six indicator bryophytes within the quadrat were recorded: 

	1.
	1.
	1.
	 Lichens: N-sensitive indicators: Pseudevernia furfuracea, Evernia prunastri, Hypogymnia spp, Parmelia spp, Usnea spp, Bryoria spp, Sphaerophorus globosus, Graphis spp, Ochrolechia androgyna;  

	2.
	2.
	 Lichens: N-tolerant indicators: Xanthoria parietina, X. polycarpa/X. ucrainica, Candelariella reflexa, Punctelia subrudecta, Physcia adscendens/P. tenella, Anthonia radiate, Lecidella elaeochroma, Amandinea punctata . 

	3.
	3.
	 Bryophytes: N-sensitive indicators (Ellenberg N indicator values of 2): Dicranum scoparium, Frullania tamarisci;  

	4.
	4.
	 Bryophytes: N-tolerant indicators (Ellenberg N indicator values of 6): Amblystegium serpens, Brachythecium rutabulum, Rhynchostegium confertum, Thamnobryum alopecurum.  


	The four highly N-tolerant and two highly N-sensitive bryophyte species selected were deemed to be sufficiently widely distributed and hence likely to occur across the survey area. They were selected in consultation with Natural England’s National Bryophyte Specialist and added to the standard list of lichens to be recorded.  
	Cover (%) of the most abundant species of lichens and bryophytes were also recorded (if not identifiable in the field, notes were made on its characteristics). The four stages were repeated for each of the five trees.  
	 
	 
	Figure
	Figure 2.3 shows the sampling places for tree flora surveys on a typical broadleaved tree at approximately 1.5m height. From APIS . 
	Monitoring air quality 
	Monitoring air quality 
	using lichens - field guide and app | Air Pollution Information System


	A quadrat designed and constructed to consistently record epiphytes on the trees was used throughout the survey. In addition to the indicator species all identifiable bryophytes and lichens were recorded in the survey if they occurred at sufficient abundance to influence the lower plant community. These were not however, incorporated in the analysis but will potentially provide additional data for community characterisation. 
	 
	2.8 Data interpretation 
	2.8.1 General   
	Analysis of habitat data aimed at identifying distance trends in our data variables was based on within site comparisons between plots along transects and with the control plot. Gamebird counts at all study sites and in relation to game management activities provided a valuable dataset on relative pheasant activity on sites.  
	The full data analysis was undertaken at University of Exeter by one of the authors (JRM). It was a consideration that GWCT collected data on too many variables to analyse given the site sample size, without increasing to unacceptable levels the probability of potential multiple testing errors. As a consequence, some low-quality data were not explored and not included in this report, notably flowering plant 
	resources and invertebrate overwintering habitats (other than dead wood). Details of methodology used to collect these data are still included in section 2.6.3. 

	2.8.2  Modelling   
	Analyses were conducted using linear mixed models to account for the use of repeated transect measures across multiple study sites. The general structure was to include the five ‘distance-from-the-pen’ categories as the main independent variable of interest with additional variables included as necessary, with interactions where appropriate, shown in Table 2.2.  
	Table 2.2. Summary of the variables investigated, and the generalised mixed model structures used in the data analysis.  
	Main area of interest 
	Main area of interest 
	Main area of interest 
	Main area of interest 
	Main area of interest 

	Main variable of interest 
	Main variable of interest 

	Any co-variates? 
	Any co-variates? 

	Random terms included 
	Random terms included 

	glmmTMB family 
	glmmTMB family 

	Link function used 
	Link function used 

	Zero-inflated model 
	Zero-inflated model 


	Main area of interest 
	Main area of interest 
	Main area of interest 

	Main variable of interest 
	Main variable of interest 

	Any co-variates? 
	Any co-variates? 

	Random terms included 
	Random terms included 

	glmmTMB family 
	glmmTMB family 

	Link function used 
	Link function used 

	Zero-inflated model 
	Zero-inflated model 



	Gamebirds 
	Gamebirds 
	Gamebirds 
	Gamebirds 
	Section 3.1 
	 

	Count of gamebirds 
	Count of gamebirds 

	Season (summer/winter) 
	Season (summer/winter) 
	Count * Season 

	Site 
	Site 

	nbinom2 
	nbinom2 

	Log 
	Log 

	No 
	No 


	Soil 
	Soil 
	Soil 
	Section 3.2 

	Soil Nutrient Nitrate 
	Soil Nutrient Nitrate 

	None 
	None 

	Site 
	Site 

	Gaussian 
	Gaussian 

	Identity 
	Identity 

	No 
	No 


	 
	 
	 

	Soil Nutrient Phosphate 
	Soil Nutrient Phosphate 
	 

	None 
	None 

	Site 
	Site 

	Gaussian 
	Gaussian 

	Identity 
	Identity 

	No 
	No 


	 
	 
	 

	Soil Nutrient Potassium 
	Soil Nutrient Potassium 

	None 
	None 

	Site 
	Site 

	Gaussian 
	Gaussian 

	Identity 
	Identity 

	No 
	No 


	 
	 
	 

	Bare ground coverage 
	Bare ground coverage 

	None 
	None 

	Site 
	Site 

	nbinom2 
	nbinom2 

	Log 
	Log 

	Yes 
	Yes 


	Ground 
	Ground 
	Ground 
	Ecological Indicators 
	Section 3.3 

	Ellenburg N community composition 
	Ellenburg N community composition 

	None 
	None 

	Site 
	Site 

	Gaussian 
	Gaussian 

	Identity 
	Identity 

	No 
	No 


	 
	 
	 

	Species Richness 
	Species Richness 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	AWI species abundance 
	AWI species abundance 

	None 
	None 

	Site 
	Site 

	nbinom2 
	nbinom2 

	Log 
	Log 

	Yes 
	Yes 


	 
	 
	 

	Weed abundance 
	Weed abundance 

	None 
	None 

	Site 
	Site 

	nbinom2 
	nbinom2 

	Log 
	Log 

	No 
	No 


	 
	 
	 

	Presence of tree seedlings 
	Presence of tree seedlings 

	None 
	None 

	Site 
	Site 

	binomial 
	binomial 

	Logit 
	Logit 

	No 
	No 


	 
	 
	 

	Amount of decayed wood 
	Amount of decayed wood 

	None 
	None 

	Site 
	Site 

	gamma 
	gamma 

	Log 
	Log 

	Yes 
	Yes 


	Tree flora 
	Tree flora 
	Tree flora 
	indicators 
	Section 3.4 

	Coverage by N tolerant tree flora 
	Coverage by N tolerant tree flora 

	Tree species 
	Tree species 
	Coverage * Tree species 

	Distance|Site 
	Distance|Site 

	nbinom2 
	nbinom2 

	Log 
	Log 

	No 
	No 


	 
	 
	 

	Coverage by N sensitive tree flora 
	Coverage by N sensitive tree flora 

	Tree species 
	Tree species 
	Coverage * Tree species 

	Distance|Site 
	Distance|Site 

	nbinom2 
	nbinom2 

	Log 
	Log 

	No 
	No 




	This allowed us to ask two questions in each test. First, did the measure collected just outside the pen, circa 5-10m away (Plot A) differ from that collected at the control site (Plot E), at least 1km away from the pen in a woodland where no gamebird management was conducted? Second, at what distance (100m, 250m, 500m, 1000m) could we detect any differences from the measure collected just outside the release pen? We addressed these questions by conducting post-hoc contrast tests using the Emmeans package (
	A generalised model structure was used because all dependent variables were counts or proportions with error structures and link functions selected as appropriate to the data (Table 2.2). Some variables were highly skewed. We checked measures of dispersion and zero inflation using the DHARMa package (Hartig, 2022).  
	Where necessary, we adjusted error structures and/or used zero inflated model approaches to ensure model assumptions were met (Table 2.2). We inspected model fit visually. P values of main effects or interactions were derived using the “drop1” function. Although we tested the effects of 12 dependent variables, and thus made multiple comparisons of the same question – at what distance category does variable X show differences from measures just outside the pen – this was an exploratory study, and we did not 
	3. Results  
	3.1 Gamebirds 
	3.1.1 Do the numbers of gamebirds detected differ depending on distance from release sites? 
	The effect of distance from release pen on the number of pheasants detected during surveys differed between the winter and summer, Visit 1 and Visit 2 (Distance x Season: χ2 4 = 18.5, p = 0.001, Figure 3.1). The distance ticks on the x-axis relate to sampling plots A – E respectively, Plot A being circa 5-10m from the pen edge and Plot E being 1000m+ from the release pen (details given in section 2.3 in Methods). During the winter, the number of pheasants declined with distance from the pen, but during the 
	 
	 
	Figure 3.1 Mean number of gamebirds counted per plot at five distances from release pens during winter (red) and summer (blue) surveys. Error bars indicate 95% CI.  
	Figure
	3.2 Soil 
	3.2.1 Do nitrate levels differ depending on distance from release sites? 
	Levels of bio-available nitrates did not differ depending on survey distance from the release pen (χ2 4 = 4.13, p = 0.41, Figure 3.2). The levels just outside the pen did not differ from the control sites (post-hoc contrast, p = 0.98). There were no differences in levels just outside the pen and any of the other four distance measures (post-hoc contrast, all p > 0.72). 
	 
	 
	Figure
	Figure 3.2 Estimated mean level of NO3 (mg/l) extracted from soil samples at five distances from release pens during spring/ summer surveys. Error bars indicate 95% CI. 
	3.2.2  Do phosphate levels differ depending on distance from release sites? 
	Levels of bio-available phosphates did not differ depending on survey distance from the release pen (χ2 4 = 2.38, p = 0.67, Figure 3.3). The levels just outside the pen did not differ from the control sites (post-hoc contrast, p = 0.99). There were no differences in levels just outside the pen and any of the other four distance measures (post-hoc contrast, all p > 0.85). 
	 
	 
	Figure
	Figure 3.3 Estimated mean level of phosphates in the soil (mg/g) derived from samples at five distances from release pens during spring/ summer surveys. Error bars indicate 95% CI. 
	 
	3.2.3  Do potassium levels differ depending on distance from release sites? 
	Levels of bio-available potassium did not differ depending on survey distance from the release pen (χ2 4 = 7.44, p = 0.13, Figure 3.4). The levels just outside the pen did not differ from the control sites (post-hoc contrast, p = 0.26). There were no differences in levels just outside the pen and any of the other four distance measures (post-hoc contrast, all p > 0.26). 
	 
	 
	Figure
	Figure 3.4 Estimated mean level of potassium in the soil (mg/g) derived from samples at five distances from release pens during spring/ summer surveys. Error bars indicate 95% CI. 
	3.2.4  Does the cover of bare ground differ depending on distance from release sites? 
	Figure 3.5 shows that the area of bare ground in a quadrat (numerised DAFOR score) did not differ depending on survey distance from the release pen (χ2 4 = 7.44, p = 0.80). The levels just outside the pen did not differ from the control sites (post-hoc contrast, p = 1.0). There were no differences in levels just outside the pen and any of the other four distance measures (post-hoc contrast, all p > 0.87). 
	 
	 
	Figure
	Figure 3.5. Mean cover of a quadrat by bare ground (measured using a numerised DAFOR score) at five distances from release pens during spring/ summer surveys. Error bars indicate 95% CI. 
	3.3  Ground ecological indicators 
	3.3.1  Does the average plant community N sensitivity in a quadrat differ depending on distance from release sites? 
	The mean Ellenberg N score for plant species recorded in a quadrat differed depending on the distance of the survey point from the release pen (χ2 4  = 22.2, P = 0.0002, Figure 3.6). The mean score at the control site did not differ from that just outside the release pen (post-hoc contrast, p = 0.95), but quadrats at 500m had a higher mean score (species favouring more nutrient rich soil) than those just outside the release pen (post-hoc contrast, p = 0.0083). 
	 
	 
	Figure
	Figure 3.6 The mean Ellenberg’s N score for plant species recorded in quadrats at five distances from release pens during spring/ summer surveys. Higher values indicate that the species prefer more nutrient rich soils. Error bars indicate 95% CI. 
	3.3.2  Does overall plant species richness i.e., number of species, differ with distance from pen? 
	The number of species of vascular plants recorded in a quadrat differed with distance from the release pen (χ2 4  = 25.2, P <0.0001, Figure 3.7). There was approximately one more species recorded in quadrats at 500m and 1000m (mean = ~4.5 species) compared to quadrats closer to the release pen (mean = ~3.5 species) (all post-hoc contrasts between 500 & 1000m and 10-250m, P < 0.043). There was no difference in the numbers of species recorded between quadrats at 10-250m (all post-hoc contrasts, P > 0.94) or i
	 
	 
	Figure
	Figure 3.7 The mean number of vascular plant species recorded in quadrats at five distances from release pens during spring/ summer surveys. Error bars indicate 95% CI. 
	3.3.3 Does the abundance of Ancient Woodland Indicator species plants differ with distance from pen? 
	There was no difference in the abundance (sum of numerised DAFOR scores) for all Ancient Woodland Indicator plant species recorded in quadrats with distance from the release pen (χ2 4 = 3.41, P = 0.51, Figure 3.8). The abundance scores from quadrats just outside the pen did not differ from the control sites (post-hoc contrast, p = 0.58). There were no differences in abundance scores from quadrats just outside the pen and any of the other four distance measures (post-hoc contrast, all p > 0.58). 
	 
	Figure
	Figure 3.8 The abundance score (sum of numerised DAFOR scores) for each Ancient Woodland Indicator (AWI) species recorded in quadrats at five distances from release pens during spring/ summer surveys. Error bars indicate 95% CI. 
	3.3.4  Does the abundance of weed species plants differ with distance from pen? 
	The abundance (sum of numerised DAFOR scores for all weed species in a quadrat) of weed species recorded in quadrats differed with distance from the release pen (χ2 4 = 14.6, P = 0.0060, Figure 3.9). However, there was no difference in the abundance scores from quadrats just outside the pen and the control sites (post-hoc contrast, p = 0.58) nor were there any differences in abundance scores from quadrats just outside the pen and any of the other four distance measures (post-hoc contrast, all p > 0.39). The
	 
	Figure
	Figure 3.9 The abundance score (sum of numerised DAFOR scores for each weed species) for weed species recorded in quadrats at five distances from release pens during spring/ summer surveys. Error bars indicate 95% CI. 
	3.3.5  Does the presence of germinating tree-seedlings and saplings differ depending on distance from release sites? 
	The probability of detecting germinating tree-seedlings and saplings in a quadrat differed depending on the distance of the quadrat from the release pen (χ2 4 = 17.45, P = 0.0013, Figure 3.10). There was a greater probability of detecting them in the control site compared to just outside the release pen (post-hoc contrast, p = 0.006). While the figure suggests a trend with distance, the probabilities at other distances did not differ significantly from those just outside the release pen (post-hoc contrasts,
	 
	Figure
	Figure 3.10 The probability of detecting germinating seeds or saplings in a quadrat at five distances from release pens during spring/ summer surveys. Error bars indicate 95% CI. 
	3.3.6  Does the availability of decayed wood differ depending on distance from release sites? 
	The availability of more decayed wood differed depending on the distance of the survey point from the release pen (χ2 4  = 21.5, P = 0.0001, Figure 3.11). There was more available in the control site compared to just outside the release pen (post-hoc contrast, p = 0.0008), but quadrats at other distances up to this point did not differ from those just outside the release pen (post-hoc contrasts, all p > 0.92). 
	 
	Figure
	Figure 3.11 The availability of more decayed wood (calculated by multiplying the mean level of decay of the wood recorded by the DAFOR abundance score) at five distances from release pens during spring/ summer surveys. Error bars indicate 95% CI. 
	3.4  Tree flora indicators 
	3.4.1 Do tree flora indicators of nitrogen levels differ depending on distance from release sites? 
	Prior to wider analyses of tree flora indicators in relation to distance, the effect of tree species on presence and cover of epiphytic lichens and bryophytes was investigated (Figure 3.12). Quadrat cover varied by all tree species (χ2 4 = 35.9, P < 0.001), with lower cover on Beech and Oak compared to Ash, Birch and Others (post-hoc contrasts, Beech vs Ash, Birch and Others, all p < 0.007, Oak vs Ash, Birch and Others, all p < 0.055).  
	 
	Figure
	Figure 3.12. Estimated mean cover by N-tolerant tree flora (lichens and bryophytes) in quadrats on trees of different species during winter/ early spring surveys. Error bars indicate 95% CI. 
	 
	 
	 
	 

	3.4.2  Nitrogen tolerant tree flora species 
	Cover of N-tolerant epiphytic tree flora differed depending on the distance from the release pen (χ2 4 = 20.2, p = 0.0058, Figure 3.13). There tended to be 1.9 times greater coverage by N-tolerant epiphytic tree flora in quadrats (controlling for tree species) just outside the release pen compared to the control sites (post-hoc contrast, p = 0.096). There was significantly lower coverage compared to just outside the pen at 100m and 250m (post-hoc contrasts, 100m p = 0.0017, 250m p = 0.015).  
	 
	Figure
	Figure 3.13 Estimated mean cover by N-tolerant tree flora (lichens and bryophytes) in quadrats on trees (species controlled for in the model) at five distances from release pens during winter/ early spring surveys. Error bars indicate 95% CI. 
	 
	3.4.3  Nitrogen sensitive tree flora species 
	Cover of N-sensitive epiphytic tree flora differed depending on the distance for the release pen (χ2 4 = 23.1, p = 0.0014, Figure 3.14). Cover just outside the pen did not differ from that at control sites (post-hoc contrast, p = 0.93). However, there was significantly higher cover compared to just outside the pen at 100m (post-hoc contrasts, 100m p = 0.0031). The species of tree surveyed was not influential (χ2 4 = 5.31, p = 0.25).  
	 
	Figure
	Figure 3.14 Estimated mean cover by N-sensitive tree flora (lichens and bryophytes) in quadrats on trees (species controlled for in the model) at five distances from release pens during winter/ early spring surveys. Error bars indicate 95% CI. 
	In a separate model testing for an effect of wind direction, there was no relationship between the deviation from the prevailing wind and either the model intercept, indicating relative amount of tree flora, or the slope of change in tree flora along the five survey points on a transect at the 20 sites (N-tolerant tree flora: Intercept rs20 = -0.19, P = 0.43, slope rs20 = -0.22, P = 0.35; N-sensitive tree flora rs20 = 0.18, P = 0.46, slope rs20 = -0.057, P = 0.81). 
	 
	3.5 Summary of Results 
	The findings from the statistical analyses are shown in Table 3.1. This lists the main variables of interest within the wider groups in each analysis. 
	Table 3.1 Summary of results showing the main variables of interest in the analyses. The data output generated from all the statistical analyses are shown in Appendix 3, Section 6.3 
	Main Area of Interest 
	Main Area of Interest 
	Main Area of Interest 
	Main Area of Interest 
	Main Area of Interest 

	Main variable of interest 
	Main variable of interest 

	Any overall effect? 
	Any overall effect? 

	Was there a difference in the main variable between the plots? 
	Was there a difference in the main variable between the plots? 

	At what distance did the main variable differ from measures near to the release pen? 
	At what distance did the main variable differ from measures near to the release pen? 


	Main Area of Interest 
	Main Area of Interest 
	Main Area of Interest 

	Main variable of interest 
	Main variable of interest 

	Any overall effect? 
	Any overall effect? 

	Was there a difference in the main variable between the plots? 
	Was there a difference in the main variable between the plots? 

	At what distance did the main variable differ from measures near to the release pen? 
	At what distance did the main variable differ from measures near to the release pen? 



	Soil 
	Soil 
	Soil 
	Soil 
	Section 3.2 

	Soil NO3 
	Soil NO3 

	No 
	No 

	No 
	No 

	N/A 
	N/A 


	 
	 
	 

	Soil K 
	Soil K 

	No 
	No 

	No 
	No 

	N/A 
	N/A 


	 
	 
	 

	Soil P 
	Soil P 

	No 
	No 

	No 
	No 

	N/A 
	N/A 


	 
	 
	 

	Bare ground coverage 
	Bare ground coverage 

	No 
	No 

	No 
	No 

	N/A 
	N/A 


	Ground ecological Indicators 
	Ground ecological Indicators 
	Ground ecological Indicators 
	Section 3.3 

	Ellenburg’s N community composition 
	Ellenburg’s N community composition 

	Yes 
	Yes 

	No 
	No 

	500m = higher mean score (opposite to prediction) but difference lost at 1000m/control. 
	500m = higher mean score (opposite to prediction) but difference lost at 1000m/control. 


	 
	 
	 

	Species richness  
	Species richness  

	Yes 
	Yes 

	Yes 
	Yes 

	Higher in plots at 500m+ 
	Higher in plots at 500m+ 


	 
	 
	 

	AWI species abundance 
	AWI species abundance 

	No 
	No 

	No 
	No 

	N/A 
	N/A 


	 
	 
	 

	Weed abundance 
	Weed abundance 

	Yes 
	Yes 

	No 
	No 

	No difference from outside release pen, but generally more weeds at 500m and 1000m/control – opposite to prediction 
	No difference from outside release pen, but generally more weeds at 500m and 1000m/control – opposite to prediction 


	 
	 
	 

	Presence of tree seedings 
	Presence of tree seedings 

	Yes 
	Yes 

	Yes – more seedlings at control sites 
	Yes – more seedlings at control sites 

	1000m/Control site = more seedlings/saplings at 1000m/control sites – supports prediction 
	1000m/Control site = more seedlings/saplings at 1000m/control sites – supports prediction 


	 
	 
	 

	Availability of decayed wood 
	Availability of decayed wood 

	Yes 
	Yes 

	Yes – more decayed wood at control sites 
	Yes – more decayed wood at control sites 

	1000m/Control site = more decayed wood at 1000m/control sites – supports prediction 
	1000m/Control site = more decayed wood at 1000m/control sites – supports prediction 


	Tree flora 
	Tree flora 
	Tree flora 
	indicators 
	Section 3.4 

	Cover by N tolerant tree flora 
	Cover by N tolerant tree flora 

	Yes 
	Yes 

	Tendency (P =0.096) for less N tolerant coverage at controls  
	Tendency (P =0.096) for less N tolerant coverage at controls  

	100-250m = lower cover by N tolerant – supports prediction 
	100-250m = lower cover by N tolerant – supports prediction 


	 
	 
	 

	Cover by N sensitive tree flora 
	Cover by N sensitive tree flora 

	Yes 
	Yes 

	No 
	No 

	100m (then difference lost at >250m) = higher cover by N sensitive – supports prediction 
	100m (then difference lost at >250m) = higher cover by N sensitive – supports prediction 




	 
	 
	4. Discussion  
	4.1 Pheasant count data 
	During surveys we counted pheasants seen or heard while undertaking fieldwork in each survey plot. As outlined in the Methods section, we recorded birds during both survey periods. The results from Visit 1 (winter survey) showed that at 100m we recorded on average about 75 % of the number recorded at the pen plot. At 250m it was about 50% and at 500m about 25%. In the control plots it was between 12-13%. In the late spring and summer (Visit 2) there was no difference in pheasants recorded between any plot t
	These results are broadly as expected and provide some reassurance regarding our basic transect based study design. In summer pheasants are no longer associated with release sites and were occupying the woodland areas surveyed at consistently lower relative densities. Previous work has also shown that by the start of the breeding season in the spring following release the previous summer, only 15% of released birds are alive, mainly due to shooting mortality and predation with a low level of natural dispers
	In terms of the actual pheasant releases in our study woods we asked sites to meet a minimum requirement and then to give us a guide. From these discussions, while we were not always given a number, we are confident that the number of birds in the study pens on 18 sites was between 600 birds and 5000, and at one site in excess of 8000 birds were released. Anecdotally in the past we have occasionally encountered situations where shoots operate very large release pens into which, we were told, they released 2
	Releases of the sort of scale in our study lead to local autumn densities away from the release pen itself (i.e., after birds have started habitually leaving the pen area during the day) of typically between 500 -1500 birds per km2, sometimes more in 
	smaller areas (Sage, Woodburn & Coomes, 2025 in press). In the spring after the shooting season, densities of 100 – 300 birds per km2 are typical on these sorts of sites. In the context of our study, we would expect densities to be lower than this, especially in the autumn, because we were working away from game managed areas. Note that the ratio of winter to summer counts we recorded in the study reported here approximately tally with the winter to summer ratio in the density figures reported in Sage, Wood

	4.2 Soil chemistry and ground flora 
	While Sage, Ludolf & Robertson (2005) found increased P and K levels inside pheasant release pens compared to plots further away in the same wood, in this study, our soil samples had similar mean levels of NO3, P and K per plot at all five survey locations including the control. The main difference between studies is that we did not measure anything inside the release pen in the study reported here. There was no significant effect of distance to pen and there was no tendency even (i.e., P>0.05 and <0.1) for
	In terms of our ecological indicator measures, our ground flora assessments to some extent reflected this lack of eutrophication of soils near to the pen. First, there was no difference in the proportion of bare ground in quadrats along the transect and between transect plots and the control, shown in Figure 3.5. This possible effect would probably be associated more with physical damage, although if ground flora is degraded or depleted by eutrophication then more bare ground could be a secondary effect. Se
	The presence of AWIs is related to age of woodland but also to soil disturbance and nutrient status i.e., they tend to become more abundant in woodlands that have lower NPK levels (Goldberg and others, 2007; Glaves and others, 2009). The main mechanism for an effect of released gamebirds on AWIs and other woodland ground flora other than eutrophication would be physical damage, simply the process of many birds pecking, scratching and trampling the low vegetation (Sage, Ludolf & Robertson, 2005).  
	We did find an effect of distance to pen on tree seedlings, with significantly fewer tree seedlings in the plot closest to the pen compared to the others. Note that the 
	next plot is 100m from the pen so this effect could persist some tens of metres further into the zone between those two distance plots (A & B). The results in Figure 3.10 also suggests a trend of increasing tree seedlings up to the 500m plot but it is not statistically significant. Therefore, we cannot say if the effect on tree seedlings extends to 250m or 500m from this but the trend in the data suggest that might be the case.  

	It is possible that the effect on tree seedlings relates to physical damage by pheasants near to release pens. It is also possible that some other factor, possibly proximity to woodland edge or shadiness levels is also a factor. However, tree seedlings are slow growing compared to vascular plants and are present during the winter. They are therefore vulnerable to physical effects for a longer period of time, so it is plausible this finding relates to pheasants.  
	We also found a significant effect on overall species richness (of vascular plants), again with reduced number of plant species overall, in the pen edge, the 100m point and the 250m plot compared to the 500m and control plots. Again, this is plausibly related to pheasants. As indicated species richness tends to decline with increased soil fertility (e.g. Mcrea et al. 2001). While AWI’s did not vary along the transect, they are a select group of plants that have a particular role in the categorization of woo
	Our measurement of decaying wood indicates no variation in this resource in the main transect up to 500m but there was more in the control wood. It seems unlikely, especially in the context of other results, that decaying wood would be substantially reduced by pheasants all along the main transect up to and including 500m. The hypothesis is that released pheasants peck at decaying wood to potentially access invertebrates as a food source or possibly for other reasons relating to behaviour, for  
	example cleaning or sharpening beaks. We suggest that our control woods may have more decaying wood in them for some other, possibly management related reasons, for example an increased tendency to remove timber in game managed woods.  
	So why did we not find a difference in several ground flora metrics and in all soil chemistry measurements between quadrats in plots alongside pens, and in quadrats further away? Sage, Ludolf & Robertson’s (2005) measurements of soil chemistry and ground flora inside release pens, indicated soil enrichment and depletion of the ground flora in the pen including areas in the centre and alongside the inside edge of 
	the pen. The authors suggested both physical damage and eutrophication as the likely reasons for the reduced floral diversity. 

	It is a very common feature of pheasant release pens that they have several funnelled access points at the bottom of the fence wire with one-way opening gates, allowing birds back into, but not out of the pen (GCT 1996). Pheasants that fly out of the pen and want to get back in tend to walk or run around the perimeter of the pen, within perhaps one or two metres of the fence, before eventually finding their way back in via these funnelled access gates. Because of this behaviour, we might have expected to se
	It is a key consideration that our survey plots were on the far side of the pen, away from the main access point and the most focused area of game interest. On this ‘game managed’ side of the release pen one would expect to see, in the autumn ‘post-release’ period especially, many birds milling around, moving between feeders placed nearby, and possibly game crops, and the pen itself. We describe in the introduction how in these places woodland floras and soils are likely to be degraded in a similar way to w
	Nitrogen / NH3 (ammonia) emissions to the air from farming contributes significantly to nitrogen deposition on the ground in the UK and it is likely that our study woods had some soil enrichment via this route (Dragosits and others, 2006). This is further discussed in the Tree Flora section (section 4.3). We would expect less direct defecation by birds at distance along the transect but it is possible that this effect is blurred by the uniform airborne deposition in our study woods. Obvious point sources of
	Another possible effect is that in recent years, i.e. since the beginning of the Covid outbreak in 2020, and during the subsequent avian influenza epidemic, the level of releasing has at least temporarily reduced by up to (in any one year) around 25% (Aebischer 2019; GWCT NGC, 2025). Some of our study sites anecdotally indicated a reduced release at some point in the two or three years before our surveys. It is 
	plausible that any soil chemistry effects are relatively transient i.e., that N and P enrichment caused by defecation had to some extent dissipated or leached away and not fully ‘recovered’ when we surveyed. However, the results of Capstick and others (2019) on old disused pens suggests this process might take one or two decades. For example, P Is a very insoluble and rather immobile element in soil and is only leached out once it reaches excessive levels. Once its status is raised it declines only very slo

	Our overall interpretation of our findings is that soil chemistry nutrient levels are not elevated, and ground flora are not obviously depleted near to the release pen but away from the game managed areas. However, our results relating to overall species richness and tree seedlings may be suggesting a subtle effect on sensitive or young plants, reducing at the pen edge (and hence within 100m from the pen) and possibly further still. There are alternative interpretations, however. One is that the whole of th
	4.3 Tree flora 
	The results from the study reported here indicate that increases in aerial N from the pen area and over a short distance within the woods are consistently picked up using the epiphytic tree flora as indicators. This is particularly true for the N-tolerant species, with more of these species within at least 100m or so (but less than 250m) of the pen compared to all other plots along the transect, including the control plot. For the N-sensitive species this result is reinforced, with fewer of these near to th
	In 2015 the GWCT undertook a survey of bryophytes and lichens on the ground and on tree trunks in pheasant releasing woods at seven estates in Devon, SW England, comparing them with control areas in the same woods and also with control areas in 
	woods without release pens on the same estates (Sage, 2018a; Sage, 2018b). They did not measure the size of pens or density of pheasants but at most of the study sites the releases would be categorised as very large in terms of overall numbers. The abundance and diversity of bryophytes and lichens on trees overall was not different between release pen plots and both control types. However, moss diversity was about 25% lower on trees in both release pen plots and in the control plots outside the release pens

	These data provided an early indication that these large releases were affecting lower order plant communities on trees away from the release pens but in the same wood. The data presented in this report reinforce and refine these earlier findings with some useful information on distance. In an unpublished report Bosenquet (2018) reported damage to tree floras in a designated woodland with a pheasant release pen in Wales. Distance factors, other possible nitrogen enrichment sources at the site and the proces
	Data from the Air Pollution Information System (APIS) show that background aerial pollution across our surveyed sites in England and Wales exceeds accepted limits beyond which there may be significant effects on plant growth, soil acidity and other negative effects on sensitive habitats (Stevens and others, 2011). It is likely then that this is a factor in our study with trees in survey plots exposed to pollution levels that might have an effect. This exposure may also vary between our survey plots. The loc
	Another factor determining the relative abundance of N-sensitive and N-tolerant lichens and bryophytes at sites could be how much biomass occurred on the trunks of the trees surveyed. Trees in the wetter western woods can have a high biomass of bryophytes (mainly mosses) and this could increase the amount of air-borne pollutants held among the plants and therefore filtering down to the bark. It is possible that this results in a reduced sensitivity to further eutrophic factors such as presence of a pheasant
	this study (see above), the effect on tree flora was maintained because they are relatively slow growers and slow to change. 

	NH3 (ammonia) emissions to the air from intensive animal husbandry are also a major contribution to nitrogen deposition on the ground in the UK and elsewhere and there are studies that look at concentrations and the distances from sources over which deposition can occur (Dragosits and others, 2006). Our results suggest that the effects of ammonia (if we assume it is just NH3 and not other N) from release pens on tree flora became undetectable (in the context of background levels) in our study at a distance 
	Dragosits and others (2006) summarise data from Pitcairn and others (1998) and other sources collected in the late 1990s-early 2000s, and conclude ammonia concentrations downwind of sources of this sort of size declined to upwind, background values within 1 km. The papers indicate, without giving figures, that the size of the source affects the distance over which concentrations are increased.  
	This gamebird/poultry comparison suggests that typical pheasant release pens containing a few thousand birds or less, and for a relatively short time, might have an effect on sensitive lower order plants at sensitive sites well within a few hundred metres at most. This coincides with our findings in this study of effects on lower order plants on tree trunks. Our overall interpretation of this aspect of the study is that concentrations of pheasants in release pens for several months in late summer and autumn
	4.4 Further work 
	We suggest further work focusing on the tree flora aspect of this study. Further research on this would potentially be revealing and may refine a best practice approach and licensing in relation to releasing near to designated woodlands. Specifically, we suggest the following investigations might be considered: 
	•
	•
	•
	 The link between measurable levels of atmospheric N at various distances from the pens and cover of both N-tolerant and N-sensitive epiphytic tree flora.  


	 
	•
	•
	•
	 The relative distance over which effects occur in relation to release density and prevailing wind direction. 


	 
	•
	•
	•
	 The degree to which background N-pollution, in terms of N-deposition, ammonia and other forms, influence the epiphytic tree flora indicators relative to pollution sources from pheasant pens. 


	 
	•
	•
	•
	 Net woodland change in ground flora diversity especially AWI spp. Does management ensure a more diverse woodland habitat (rides, multi-level structures, disturbance) across the wood and is this good or bad for AWI species. 


	 
	•
	•
	•
	 Variation in effects depending on woodland or soil type. 


	 
	•
	•
	•
	 A dedicated programme of work on direct and indirect impacts on woodland invertebrates. 


	 
	•
	•
	•
	 Quantifying nutrient output per pheasant via dunging and exploring how different diets might alter/reduce this 


	 
	•
	•
	•
	 The effects of red-legged partridges released on unimproved grassland/upland fringes.  
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	6. Appendices 
	6.1 Appendix 1 – Fieldwork programme 
	The fieldwork programme was undertaken in accordance with the Gantt chart shown in Figure 6.1.   
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	A Prelim Discussions with NE re sites and methods. Review and methods development 
	B Site acquisition, sampling locations, site maps, planning, site data 
	C Report first phase 
	D Winter tree flora surveys and air sampling. Pheasant counts 
	E Summer ground flora, soil, invertebrate surveys. Pheasant counts 
	F Data analysis and final report 
	G Gamebird releasing period (R) followed by shooting season (S) 
	Figure 6.1 Details of the fieldwork programme summarised for the duration of the study, starting in spring 2023 through until winter 2024/2025. 
	The actual seasonally defined work periods were as follows: 
	Spring 2023  Initiate full review of all relevant work including several key currently unpublished sources. Preliminary investigations of potential sites with NE and others.  
	Summer 2023  Initial site visits to identify suitability and approximate location of survey work. Gain permissions. Plan and mark survey locations. Collect site data on release and location of pens, feed sites and game crops.  
	Autumn 2023  Report on site acquisition phase and detailed sampling proposal for steering. Complete review of relevant work and report. Refine sampling protocols and target species in light of these reports. 
	Winter 23/24 Appoint tree flora contract specialist and with PDRA undertake surveys of lichens and mosses on trees and take air samples. Do counts of gamebirds along transects between sampling points and/or at sampling points.  
	Summer 2024 Deploy team of two (RA and PDRA) to undertake ground flora surveys, soil samples, invertebrate resource surveys, at all 20 sites. Undertake game counts on all visits. Forward soil samples to University of Exeter soil laboratory. 
	Winter 24/25   Dataset compilation, initial analysis. Final analysis including derived variables and soil data, first draft report end February 2025. 
	  
	 
	6.2 Appendix 2 – Soil analysis 
	Details of the soil chemical analysis procedure as provided by the University of Exeter 
	Method - Game Bird Survey: Potassium (K) Analysis by ICP-OES. 
	Sample preparation - digestion 
	Equipment 
	Milestone Ethos Easy advanced microwave digester with MAXI-44 rotor and TMF vessels, lids, and caps. 
	Balance - 4 decimal place 
	Brand set volume concentrated acid dispenser 
	Pipette variable volume 
	Volumetric flasks 50ml 
	Plastic funnels and filter papers 
	Plastic centrifuge tubes 50ml 
	Wash bottle Deionised water 
	Concentrated Nitric acid – Fisher AR 37% 
	Concentrated Hydrochloric acid – Fisher AR 70% 
	Certified Reference material (CRM2) - Sigma-Aldrich Metals in Soil SQ001-30G lot. LRAC6625. 
	Reference 2C – Soil sample 2C as supplied by the client.  
	Dried soil samples – analysed as sent by the client to the laboratory 
	Neutracon cleaning bath 10% for vessel decontamination and cleaning 
	Sample preparation - methodology 
	~ 0.5g of the samples as presented by the client to the laboratory, were directly weighed into microwave digest vessels. Masses (mg) were recorded to 4 decimal places.  
	Concentrated acid reverse Aqua regia of ratio 3:1, 9ml Nitric and 3ml Hydrochloric acid was added to the samples and then digested in a closed vessel Microwave (Milestone Ethos Easy advanced microwave digester with MAXI-44 rotor). 
	The acid digested samples were then gravity filtered into 50ml Standard Volumetric flasks and made up to volume using deionised water. The digested samples were then transferred into 50ml plastic centrifuge tubes for storage in the cold store (4oC). 
	A Certified Reference Material (CRM2) Sigma-Aldrich Metals in Soil, SQ001-30G lot no. LRAC6625 was digested with the first microwaved sample batch. 
	Sample (2C) (as supplied by the client) was repeat analysed as a reference and was redigested alongside each batch of microwave digested samples. n=20 samples, 1 x blank, 1 x CRM (or 1 x reference sample) were digested in each microwave-prepared batch of samples. 
	Microwave digest vessels were decontaminated between digest batches in Neutracon 10% bath and rinsed thoroughly in deionised water. 
	The digested samples were then analysed for Potassium using ICP-OES (Agilent ICP-OES 5110 with autosampler) 
	Sample analysis 
	Equipment 
	Agilent ICP-OES 5110 instrument and autosampler 
	Variable volume pipettes and tips 
	Brand set volume concentrated acid dispenser 
	Volumetric flasks 100ml 
	Concentrated Nitric acid 
	Wash bottle Deionised water 
	Phosphorus suppliers stock standard – Sigma-Aldrich 102262059 Phosphorus Standard for ICP 1000ppm, Lot. BCCD2573 
	Multi element suppliers stock standard – Sigma-Aldrich 1.11355.0100 ICP multi element standard solution IV 1000ppm. Lot no. HC15457555 
	Sample acid digests 
	Instrument calibration standards were prepared in 100ml volumetric flasks from supplier stock standards. Concentrated Nitric acid was added to a volume of deionised water in the flasks to produce a 2% acid. The Phosphorus and multi-element stock standards were added to the flasks and made up to the final volume with deionised water. 
	The ICP-OES was calibrated using the standards and the sample acid digests were analysed without initial dilution.  
	The data results from the ICP-OES analysis are presented in parts per million (ppm). 
	6.3  Appendix 3 – Full Model Outputs from statistical analysis  
	Table 6.1. Data output from all the statistical analyses, split into sections within the table.  
	Do the numbers of gamebirds detected differ depending on distance from release sites? 
	 
	 
	 
	 
	 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point/Winter) 
	(Intercept – 10m survey point/Winter) 
	(Intercept – 10m survey point/Winter) 
	(Intercept – 10m survey point/Winter) 

	1.82 
	1.82 

	0.23 
	0.23 

	7.92 
	7.92 


	100m survey point 
	100m survey point 
	100m survey point 

	-0.29 
	-0.29 

	0.27 
	0.27 

	-1.04 
	-1.04 


	250m survey point 
	250m survey point 
	250m survey point 

	-0.65 
	-0.65 

	0.28 
	0.28 

	-2.29 
	-2.29 


	500m survey point 
	500m survey point 
	500m survey point 

	-1.36 
	-1.36 

	0.31 
	0.31 

	-4.39 
	-4.39 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	-2.11 
	-2.11 

	0.36 
	0.36 

	-5.91 
	-5.91 


	Summer 
	Summer 
	Summer 

	-2.30 
	-2.30 

	0.37 
	0.37 

	-6.21 
	-6.21 


	100m survey point x Summer 
	100m survey point x Summer 
	100m survey point x Summer 

	-0.10 
	-0.10 

	0.55 
	0.55 

	-0.18 
	-0.18 


	250m survey point x Summer 
	250m survey point x Summer 
	250m survey point x Summer 

	1.04 
	1.04 

	0.51 
	0.51 

	2.05 
	2.05 


	500m survey point x Summer 
	500m survey point x Summer 
	500m survey point x Summer 

	1.30 
	1.30 

	0.55 
	0.55 

	2.39 
	2.39 


	1000m survey point/Control x Summer 
	1000m survey point/Control x Summer 
	1000m survey point/Control x Summer 

	1.99 
	1.99 

	0.58 
	0.58 

	3.44 
	3.44 




	 
	Do soil nutrient levels differ depending on distance from release sites? 
	Nitrates 
	Nitrates 
	Nitrates 
	Nitrates 
	Nitrates 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 


	Nitrates 
	Nitrates 
	Nitrates 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 

	2.96 
	2.96 

	0.45 
	0.45 

	6.55 
	6.55 


	100m survey point 
	100m survey point 
	100m survey point 

	-0.63 
	-0.63 

	0.51 
	0.51 

	-1.25 
	-1.25 


	250m survey point 
	250m survey point 
	250m survey point 

	0.21 
	0.21 

	0.51 
	0.51 

	0.41 
	0.41 


	500m survey point 
	500m survey point 
	500m survey point 

	-0.13 
	-0.13 

	0.51 
	0.51 

	-0.25 
	-0.25 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	0.29 
	0.29 

	0.51 
	0.51 

	0.57 
	0.57 




	 
	Phosphates 
	Phosphates 
	Phosphates 
	Phosphates 
	Phosphates 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 

	0.09 
	0.09 

	0.02 
	0.02 

	3.66 
	3.66 


	100m survey point 
	100m survey point 
	100m survey point 

	-0.01 
	-0.01 

	0.02 
	0.02 

	-0.43 
	-0.43 


	250m survey point 
	250m survey point 
	250m survey point 

	-0.01 
	-0.01 

	0.02 
	0.02 

	-0.60 
	-0.60 


	500m survey point 
	500m survey point 
	500m survey point 

	-0.02 
	-0.02 

	0.02 
	0.02 

	-0.99 
	-0.99 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	0.01 
	0.01 

	0.02 
	0.02 

	0.42 
	0.42 




	 
	Potassium 
	Potassium 
	Potassium 
	Potassium 
	Potassium 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 

	2.47 
	2.47 

	0.28 
	0.28 

	8.68 
	8.68 


	100m survey point 
	100m survey point 
	100m survey point 

	-0.06 
	-0.06 

	0.18 
	0.18 

	-0.35 
	-0.35 


	250m survey point 
	250m survey point 
	250m survey point 

	0.01 
	0.01 

	0.18 
	0.18 

	0.04 
	0.04 


	500m survey point 
	500m survey point 
	500m survey point 

	0.17 
	0.17 

	0.18 
	0.18 

	0.94 
	0.94 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	0.37 
	0.37 

	0.18 
	0.18 

	2.03 
	2.03 




	 
	Does the coverage of bare ground differ depending on distance from release sites? 
	 
	 
	 
	 
	 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 

	3.42 
	3.42 

	0.14 
	0.14 

	24.54 
	24.54 


	100m survey point 
	100m survey point 
	100m survey point 

	-0.14 
	-0.14 

	0.15 
	0.15 

	-0.96 
	-0.96 


	250m survey point 
	250m survey point 
	250m survey point 

	0.05 
	0.05 

	0.15 
	0.15 

	0.31 
	0.31 


	500m survey point 
	500m survey point 
	500m survey point 

	-0.02 
	-0.02 

	0.15 
	0.15 

	-0.14 
	-0.14 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	0.00 
	0.00 

	0.14 
	0.14 

	-0.03 
	-0.03 




	 
	Does the presence of germinating seedlings and saplings differ depending on distance from release sites? 
	 
	 
	 
	 
	 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 

	-1.15 
	-1.15 

	0.31 
	0.31 

	-3.69 
	-3.69 


	100m survey point 
	100m survey point 
	100m survey point 

	-0.06 
	-0.06 

	0.34 
	0.34 

	-0.17 
	-0.17 


	250m survey point 
	250m survey point 
	250m survey point 

	0.38 
	0.38 

	0.33 
	0.33 

	1.15 
	1.15 


	500m survey point 
	500m survey point 
	500m survey point 

	0.63 
	0.63 

	0.33 
	0.33 

	1.93 
	1.93 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	1.11 
	1.11 

	0.33 
	0.33 

	3.40 
	3.40 




	 
	Does the availability of decayed wood differ depending on distance from release sites? 
	 
	 
	 
	 
	 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 


	 
	 
	 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 

	3.10 
	3.10 

	0.19 
	0.19 

	16.73 
	16.73 


	100m survey point 
	100m survey point 
	100m survey point 

	0.05 
	0.05 

	0.15 
	0.15 

	0.31 
	0.31 


	250m survey point 
	250m survey point 
	250m survey point 

	0.02 
	0.02 

	0.16 
	0.16 

	0.12 
	0.12 


	500m survey point 
	500m survey point 
	500m survey point 

	0.13 
	0.13 

	0.16 
	0.16 

	0.83 
	0.83 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	0.62 
	0.62 

	0.16 
	0.16 

	3.95 
	3.95 




	 
	Does the average plant community N sensitivity in a quadrat differ depending on distance from release sites? 
	 
	 
	 
	 
	 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 

	5.63 
	5.63 

	0.14 
	0.14 

	39.76 
	39.76 


	100m survey point 
	100m survey point 
	100m survey point 

	-0.07 
	-0.07 

	0.09 
	0.09 

	-0.77 
	-0.77 


	250m survey point 
	250m survey point 
	250m survey point 

	-0.05 
	-0.05 

	0.08 
	0.08 

	-0.61 
	-0.61 


	500m survey point 
	500m survey point 
	500m survey point 

	0.28 
	0.28 

	0.09 
	0.09 

	3.33 
	3.33 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	0.06 
	0.06 

	0.08 
	0.08 

	0.74 
	0.74 




	 
	Does the abundance of Ancient Woodland Indicator species plants differ with distance from pen? 
	 
	 
	 
	 
	 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 


	 
	 
	 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 

	3.05 
	3.05 

	0.20 
	0.20 

	15.12 
	15.12 


	100m survey point 
	100m survey point 
	100m survey point 

	-0.09 
	-0.09 

	0.22 
	0.22 

	-0.40 
	-0.40 


	250m survey point 
	250m survey point 
	250m survey point 

	0.02 
	0.02 

	0.22 
	0.22 

	0.10 
	0.10 


	500m survey point 
	500m survey point 
	500m survey point 

	-0.06 
	-0.06 

	0.22 
	0.22 

	-0.26 
	-0.26 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	-0.33 
	-0.33 

	0.22 
	0.22 

	-1.47 
	-1.47 




	 
	Does the abundance of weed species plants differ with distance from pen? 
	 
	 
	 
	 
	 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 

	1.10 
	1.10 

	0.50 
	0.50 

	2.18 
	2.18 


	100m survey point 
	100m survey point 
	100m survey point 

	-0.65 
	-0.65 

	0.47 
	0.47 

	-1.38 
	-1.38 


	250m survey point 
	250m survey point 
	250m survey point 

	-0.48 
	-0.48 

	0.48 
	0.48 

	-1.01 
	-1.01 


	500m survey point 
	500m survey point 
	500m survey point 

	0.82 
	0.82 

	0.46 
	0.46 

	1.77 
	1.77 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	0.77 
	0.77 

	0.52 
	0.52 

	1.47 
	1.47 




	 
	Does the number of species differ with distance? 
	 
	 
	 
	 
	 

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 
	(Intercept – 10m survey point) 

	1.25 
	1.25 

	0.08 
	0.08 

	15.79 
	15.79 


	100m survey point 
	100m survey point 
	100m survey point 

	0.05 
	0.05 

	0.07 
	0.07 

	0.73 
	0.73 


	250m survey point 
	250m survey point 
	250m survey point 

	0.04 
	0.04 

	0.07 
	0.07 

	0.48 
	0.48 


	500m survey point 
	500m survey point 
	500m survey point 

	0.25 
	0.25 

	0.07 
	0.07 

	3.51 
	3.51 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	0.25 
	0.25 

	0.07 
	0.07 

	3.64 
	3.64 




	 
	 
	Do tree flora indicators of nitrogen levels differ depending on distance from release sites? 
	Nitrogen tolerant species  
	Nitrogen tolerant species  
	Nitrogen tolerant species  
	Nitrogen tolerant species  
	Nitrogen tolerant species  

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point/Ash) 
	(Intercept – 10m survey point/Ash) 
	(Intercept – 10m survey point/Ash) 
	(Intercept – 10m survey point/Ash) 

	2.15 
	2.15 

	0.22 
	0.22 

	9.81 
	9.81 


	100m survey point 
	100m survey point 
	100m survey point 

	-0.33 
	-0.33 

	0.20 
	0.20 

	-1.67 
	-1.67 


	250m survey point 
	250m survey point 
	250m survey point 

	-0.92 
	-0.92 

	0.24 
	0.24 

	-3.75 
	-3.75 


	500m survey point 
	500m survey point 
	500m survey point 

	-0.72 
	-0.72 

	0.23 
	0.23 

	-3.14 
	-3.14 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	-0.63 
	-0.63 

	0.26 
	0.26 

	-2.48 
	-2.48 


	Beech 
	Beech 
	Beech 

	-0.92 
	-0.92 

	0.25 
	0.25 

	-3.65 
	-3.65 


	Birch 
	Birch 
	Birch 

	0.17 
	0.17 

	0.20 
	0.20 

	0.84 
	0.84 


	Oak 
	Oak 
	Oak 

	-0.50 
	-0.50 

	0.16 
	0.16 

	-3.15 
	-3.15 


	Other 
	Other 
	Other 

	0.65 
	0.65 

	0.42 
	0.42 

	1.55 
	1.55 




	 
	Nitrogen sensitive species  
	Nitrogen sensitive species  
	Nitrogen sensitive species  
	Nitrogen sensitive species  
	Nitrogen sensitive species  

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 


	Nitrogen sensitive species  
	Nitrogen sensitive species  
	Nitrogen sensitive species  

	Estimate 
	Estimate 

	Std. error 
	Std. error 

	Z value 
	Z value 



	(Intercept – 10m survey point/Ash) 
	(Intercept – 10m survey point/Ash) 
	(Intercept – 10m survey point/Ash) 
	(Intercept – 10m survey point/Ash) 

	-1.17 
	-1.17 

	0.50 
	0.50 

	-2.35 
	-2.35 


	100m survey point 
	100m survey point 
	100m survey point 

	1.45 
	1.45 

	0.40 
	0.40 

	3.59 
	3.59 


	250m survey point 
	250m survey point 
	250m survey point 

	1.00 
	1.00 

	0.47 
	0.47 

	2.13 
	2.13 


	500m survey point 
	500m survey point 
	500m survey point 

	0.00 
	0.00 

	0.59 
	0.59 

	-0.01 
	-0.01 


	1000m survey point/Control 
	1000m survey point/Control 
	1000m survey point/Control 

	0.45 
	0.45 

	0.57 
	0.57 

	0.79 
	0.79 


	Beech 
	Beech 
	Beech 

	0.65 
	0.65 

	0.49 
	0.49 

	1.32 
	1.32 


	Birch 
	Birch 
	Birch 

	-0.36 
	-0.36 

	0.39 
	0.39 

	-0.92 
	-0.92 


	Oak 
	Oak 
	Oak 

	-0.16 
	-0.16 

	0.34 
	0.34 

	-0.48 
	-0.48 


	Other 
	Other 
	Other 

	0.54 
	0.54 

	0.68 
	0.68 

	0.80 
	0.80 
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