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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

This selective review briefly summarises the published evidence relating to possible
effects of released pheasants and red-legged partridges on ground invertebrates
inside and alongside release pens (systematically reviewed in Sage and others,
2020 and Madden & Sage, 2020). It then describes in more detail papers on the diet
of released pheasants on farmland away from release sites. The main focus of this
review however is evidence previously receiving only limited peer-review (two PhD
theses: Callegari, 2006 and Pressland, 2009) relating to the possible effects of these
gamebirds on soil-surface or ground invertebrates in woodland and unimproved
grassland areas adjacent to release sites.

Releasing for shooting is widespread in parts of lowland UK and this review
contributes to a discussion around the wider ecological effects of this practice. It
includes evidence relating to releasing and ground invertebrates at designated sites.
At the time of writing there have been no studies of specialist invertebrates found in,
for example, decaying wood in relation to gamebird releasing.

There are three potential invertebrate foraging phases of released gamebirds. First,
as poults, when penned birds will peck at and eat invertebrates available within the
rearing pens; second, post-release, when young adults will generally be fed on a
manufactured commercial diet of grain and dispersal is contained for shooting; and
third, after the shooting season in early spring, where dispersal of the adult birds is
less contained but there are fewer birds.

Young adult released pheasants on arable farmland in the spring (i.e., following
dispersal from release sites and the winter shooting season) eat primarily seed
(supplementarily provided or not) and other vegetative matter and the invertebrate
diet in these circumstances was found in two studies (Draycott, Butler & Carroll,
1999; Hoodless and others, 2001) to be around 3%. Whether this has any impact on
invertebrate populations is not known. Work on captive adult pheasants in spring
suggest birds consume approximately 50g of grain per day and red-legged
partridges around half this amount (Game Conservancy Trust, 1996). How this
relates to free-living birds in spring is not clear.

There is clear evidence that newly released pheasant poults reduce certain larger
invertebrate groups such as carabid beetles inside woodland-based release pens,
where birds occur at the highest densities. Red-legged partridges are usually
released onto cultivated ground; if they are not, similar effects may occur, but this
has not been investigated. 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
enrichment.
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At wood edges alongside or close to pheasant release pens, Pressland (2009) found
that the diet of pheasants released the previous late summer comprised between 5%
and 20% invertebrate matter in early summer and spring respectively, 4% in late
summer and less than 2% in winter. Inside the woodland edge no effect of releasing
on the invertebrate community was found, but there was a negative effect of
releasing on two beetle groups, and a positive impact on one beetle group, outside
the woodland edge closest to the pens, in the spring but not in the autumn after
release.

Callegari (2006) looked at the effect of large but reasonably dispersed red-legged
partridge and pheasant releases using designated (SSSI/NNR/SAC) unimproved
species-rich grassland adjacent to release sites on nearby cultivated ground. At
least one invertebrate fragment was found in around 50% of all gamebird faecal
samples collected from the grasslands. Despite this, and the presence of up to (in
autumn) 20 gamebirds per hectare using the sensitive designated grasslands (50 ha
or more), these large but non-congregating gamebird releases had no measurable
effect on any measures of the invertebrate population in the grasslands. The
invertebrate populations were assessed using pitfall traps and emergence boxes
placed in experimental plots on the grassland. Gamebirds were excluded from half of
the plots and had full access to the other half (Callegari, 2006).

The work done so far suggests that adult pheasants and partridges will eat
invertebrates if available and are capable of significantly reducing some soil surface
invertebrate populations locally, mainly at release sites. It is likely this reduction
occurs in other places where released birds are allowed to accumulate at densities
approaching those found in and alongside release pens. This can include feeding
stations but also woodland edges, which can be seen as small three-dimensional
habitat areas used by released pheasants. However, on ground adjacent to or
further from release sites, where birds become reasonably dispersed, the available
evidence suggests that released gamebirds are less likely to significantly affect
ground invertebrate populations.

The results provide the basis for some specific management recommendations
relating to reducing high density accumulations of birds around release points,
feeding stations and other hotspots at sensitive sites. In terms of knowledge gaps,
this review concerns primarily ground dwelling invertebrates only. There has also
been little or no direct investigation of possible degradation of specific invertebrate
habitats and resources in relation to gamebird releasing. It would be useful to
consider more carefully the distance to release sites over which effects on
invertebrates and invertebrate resources might occur and the relative effect of
habitat management for gamebirds by game managers, habitat changes caused by
gamebirds and predatory activity.
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1. Introduction

1.1 History and releasing practice

Pheasants (Phasianus colchicus) were introduced to the UK as wild breeding birds
from Asia in around the 12" century, and red-legged partridges (Alectoris rufa,
hereafter ‘partridge’) from southern Europe in the 18" century (Lever, 1977). Wild
populations began to decline in the early 20t century and in response releasing for
shooting has steadily increased over the last few decades. Currently, it is estimated
35-46 million pheasant, and 8-14 million partridges have been released in the UK
each year to support shooting. These numbers are based on estimates made pre-
covid (Aebischer, 2019; Madden, 2021). The Game & Wildlife Conservation Trust’s
(GWCT) National Gamebag Census suggests there was a substantial drop in
numbers in 2020 due to Covid with a partial bounce back in subsequent years, but
these estimates are not yet back to the pre-covid levels for both pheasant and
partridge releasing (GWCT, 2025).

Releasing is undertaken in woodlands and on farmlands throughout the UK but
especially in the south and northeast of England, usually to support driven game
shooting (Tapper, 1992; Madden & Sage, 2020). On average a release-based shoot
will release around 10 birds per hectare of a shooting estate, while in some extreme
situations approaching 100 birds per hectare of land are released (Sage and others,
2021). Pheasants are usually released into large open-topped pens sited in
woodland when they are around 6-8 weeks old in mid-late summer. Partridges are
usually released into smaller initially closed pens located in game crops on farmland
at about 12 weeks old but at a similar time of year and partridge shooting can start a
month earlier than pheasant shooting. The basic aim of gamebird management in
and around release sites is to keep the birds healthy, protect them from predation
and provide attractive habitat and food that holds birds in the right areas to facilitate
driving and shooting (Game Conservancy Trust, 1988; Game Conservancy Trust,
1996; Sage and others, 2021).

1.2 Ecological effects of releasing

There is a mixture of evidence and perception about what the effect of these
released birds, and the land management practices undertaken to support them,
might be having on the ecology of the habitats they occupy. Releasing for shooting
is currently very topical and as a consequence several reviews that looked at the
scientific evidence relating to the ecological effects of releasing were published
recently (Madden & Sage 2020; Mason and others, 2020; Sage and others, 2020;
see also Sage and others, 2021). Another recent study has looked specifically at the
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perceptions of land managers (Minter and others, 2024). The reviews (and the
perceptions of game managers) indicate a broad variety of ecological consequences
that range from a group of local (usually near to release sites) negative effects
caused by the released birds themselves, on soils and flora for example, some wider
potential negative indirect effects such as increases in generalist predators, and to
the benefits of game management practices. These revolve mainly around habitat
management such as maintaining rides and creating shrubby cover in woodland, and
on farmland maintaining hedgerow networks and providing seed-bearing game-crops
in winter.

Sage and others, (2020) and Madden & Sage, (2020) both employed a formal
systematic review process to identify and access the literature, which is documented
in those reviews. The reviews highlighted that while there are published studies of
invertebrates at gamebird release sites - the findings of which are summarised here -
there is virtually no useful published literature on effects on invertebrates away from
release sites. There has been little published since those reviews that is relevant to
this paper, so a formal systematic review is not repeated here, and a selective
approach is taken. The relevant part of Sage and others, (2020) is referred to and
used as the basis for the more detailed and updated review of the effects of
releasing on ground invertebrates with, as indicated, a focus on two PhD theses,
Callegari (2006) and Pressland (2009). Both these PhD studies looked at
invertebrates near to but not inside or alongside release pens.

1.3 Released gamebirds and invertebrates

There are several papers specifically on the diet of adult released gamebirds not
identified by the keyword strings used in the original systematic reviews, and these
have been included here (Draycott, Butler & Carroll, 1999; Hoodless and others,
2001). Similarly, there have been two new relevant publications that would have
been identified by the original systematic review but have been published since and
the findings of Hall, Sage & Madden, (2021) are discussed below. Devlin, Hefin
Jones, & Thomas, (2021) looked at invertebrates in rough grassland in relation to
released pheasants. However, invertebrates were measured in just one pair of plots
so this study was unable to test hypotheses relating to gamebirds and invertebrates,
and its findings are not included in this review (Sage, 2022).

In terms of effects on ground invertebrates the two PhDs were not written up for peer
review publication (but see Callegari and others, 2014, on butterflies), although this
was not for reasons related to the quality of those studies. They were both based on
robust fieldwork programmes at multiple sites and well-executed data investigations.
The primary purpose of this focussed review is to briefly summarise the evidence
relating to release sites and invertebrates and then to describe in some detail the
study design and fieldwork methods employed by those PhD studies. The overall
aim is to make the findings of the two PhD theses readily accessible in the context of
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other relevant work, to the ongoing debate on the ecological consequences of
releasing gamebirds in lowland habitats.

At the time of writing, licencing arrangements for released pheasants and partridges
in England are designed to limit the likelihood of effects on designated sites and a
buffer of 500m is used to define an area around a ‘European site’ (Special Protection
Areas or SPA and Special Areas of Conservation or SAC) where best practice
releasing principles must be applied (Defra, 2024). The main best practice
consideration is the density of birds per hectare of release pen which is limited to
700 or 1000 pheasants (depending on woodland type, Sage and others, 2021), or in
the case of partridges 1000 birds per hectare of game crop (Defra, 2024)

Note, a separate aspect of both PhD studies was to look at possible effects of
released gamebirds on certain butterflies. There are several other papers that look
at this and the main findings of the PhDs and these other studies are summarised in
Sage and others (2020), and Madden & Sage (2020). It is not the aim of this paper
to review this topic. In brief, Callegari (2006) did not find any effect of released
gamebirds on the abundance of Adonis Blue Polyommatus bellargus butterfly on her
chalk grassland sites (this part of the study was written up for peer review and
published, see Callegari and others, 2014). Pressland (2009) measured lepidoptera
larvae and adult butterflies in woodland rides, but data collection was hampered by
poor weather and the main conclusion was that further investigation would be
required. Variation in larval biomass as measured was caused primarily by
environmental factors such as plant species diversity and woodland size and
whether there was a residual effect of pheasants is unclear.

There have been no studies of specific invertebrate resources that could be affected
by released game such as decaying wood and nectar resources, or of more
specialist non-soil surface dwelling invertebrates (e.g., those found in decaying
wood) in relation to released game. The presence and retention of decaying wood
and other possible invertebrate resources in relation to distance to woodland
pheasant release pens at designated sites is investigated in an ongoing (at time of
writing) parallel study (Sage and others, (2025) in prep).

2. Diet of pheasants and red-legged
partridges in the UK

Young gamebird chicks are precocial and need to eat invertebrates for several
weeks until fully feathered (Beer, 1988). In the UK, farm-reared gamebirds are
released when they are poults or young adults, usually between 6-8 weeks old, and
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their dietary requirements are provided by feeding a commercial ‘growers’ diet
(Game Conservancy Trust, 1996). By 12-14 weeks the need for extra protein to
grow and form feathers has largely disappeared and the feed type provided in
autumn and winter changes to reflect that, being predominantly cereal grain
(Beer,1988). In particular the added protein content will be removed leaving usually
cereal grain (which does have an inherent protein content). They may however still
be eating invertebrates to some extent within and next to release pens after release
and the possible effects of this are discussed. Adult released gamebirds that survive
the winter shooting season are usually still fed in the early spring and this can
improve aspects of survival and breeding ecology (Hoodless and others 1999).

A good way to define a free-living gamebird is that it came from a nest in the wild,
even if its parents were released. Truly wild pheasants and red-legged partridges
are uncommon in most parts of the UK although there are pockets, usually
associated with wild game management programmes in primarily the east of the UK
(Sage and others, 2021). On a well-managed wild pheasant or partridge estate (i.e.,
where birds are hatched and reared naturally in the wild) chick production in a good
year might be in the region of 100 fledged chicks per km?, or one chick per hectare
(Sage, 2000). Invertebrate chick-food availability on modern farmland often limits
breeding success for gamebirds and other wild birds (Newton, 2004; Potts, 1986).
While these free-living or truly wild pheasants and partridges will be eating a high
proportion of invertebrates in their diet for several weeks as chicks, at these kinds of
densities it is unlikely there will be a significant population effect on invertebrate
communities in most farmland situations. It is also important to note that dedicated
invertebrate rich brood-rearing habitats are likely to be planted in these
circumstances (Potts, 1986).

There are a small number of studies that have collected data on the invertebrate
component of the diet of adult free-living gamebirds. Holland and others (2006)
reviewed the European literature on diet to compare the relative proportions of
invertebrates and seed-bearing plants for 22 UK farmland bird species including the
two partridge species free-living in the UK. Differences in diet between breeding and
non-breeding adult birds was compared. For some farmland bird species in the
review such as reed bunting and skylark, the diet of adult birds made a significant
switch from primarily plant-based to more invertebrates during the breeding season.
Most of these birds were collecting invertebrates and feeding them to their young.
Others such as linnet maintained a plant-based diet. Data for grey partridge (which
have precocial chicks feeding on invertebrates) indicate that the adult birds switch
from eating plants only to eating a small proportion, around 10%, of invertebrates for
a short period alongside their chicks. Red-legged partridge adults also only eat
plants when not breeding according to the review but there were no reports of adult
diet during breeding.
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Wild adult pheasants probably eat more insects than released pheasants (Jensen,
Madsen & Jensen, 2012) but within the overall scope of what is palatable to them,
general dietary studies over the years suggest that adult farm-reared and released
gamebirds will eat what is readily available including insects (Beer, 1988). As
indicated, game managers feed their birds in and around release sites and in areas
away from release pens where they want the birds to accumulate to facilitate
shooting. Once birds are fully feathered at the age of about seven weeks this will
usually be in the form of cereal grain. However, at certain times of the year, and
when released birds move into other areas, supplementary feed may not be
available. Hoodless and others (2001) looked at the diet of released pheasants in
spring at a 10 km? shooting estate in central southern England. The main purpose of
the study was to look for any differences in the diet in released pheasants between
areas on the estate that provided supplementary feeding in the form of grain
throughout the spring and into early summer, and areas that did not. Six 1 km? plots
were defined and these were sampled in April, May, and June in each of two years.
Sampling involved collecting faecal deposits along a 1 km transect in each plot six
times through the three-month period in each year.

The main result was that on the fed areas wheat grain was 50% of the diet and leaf
plant matter (grasses and herbs) was another 45%. On the unfed plots no wild grain
was available (cereal and other crops were generally not ready) so nearly 95% of the
diet was leaf. Animal fragments accounted for 2.7% of the diet as recorded in both
plot types. The presence or otherwise of grain feeders during the spring affected the
proportion of invertebrates in the diet.

Draycott, Butler & Carroll (1999) investigated the diet of adult released pheasants in
spring at 15 different farmland sites in southern England. The focus of this study
was to further understand the nutrient requirements of released pheasants in the
period following shooting and before the breeding season. Some sites were large
releases through to others that had wild birds only. Faecal samples were collected
along transects that contained a mixture of woodland and field edge habitats in
March and April and analysed for diet in terms of a count of faecal fragments.
Across the 15 sites the diet was dominated by leafy plant matter in both months, 75
and 78% respectively, followed by grain 22 and 8% respectively. Across the 15 sites
the average count of invertebrate faecal fragments was less than 2%. Note that
looking for invertebrate fragments in faecal samples is good for invertebrates that
have any hard body parts. Most do, including anything with jaws such as otherwise
soft bodied beetle, sawfly and butterfly larvae, but some very small insects are all
soft bodied and are not identified using faecal searches (Moreby, 1988).

These studies indicate that within the context of managed mainly arable or mixed
farmland shoots, whether feed was provided or not, released adult gamebirds have a
seed/grain-based diet and the measured invertebrate component is small. The
studies did not assess invertebrate availability in the mainly field and wood-edge
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habitats from which faecal samples were collected. The dietary proportions may be
higher in invertebrate rich habitats. For instance, some released gamebirds will stray
from shoot areas, sometimes into areas that have important invertebrate
communities. Applying the same basic premise as before, i.e., eating what is
available to them, those birds will be eating a mixture of growing vegetative material,
with a focus on seeds and grain when available, plus potentially more insects where
they are readily available (Sage and others, 2020). Implications are considered
further in the subsequent sections.

3. PhD Theses Reviews

3.1 The effect of released pheasants on woodland
ground invertebrates inside and alongside release
pens

Neumann and others (2015) used pitfall traps to study ground invertebrate
movement at pairs of plots in game woodland i.e., inside and outside release pens,
usually around 1 ha or so in size, and in other plots located in non-game woods. The
study compared invertebrate samples from 10 pitfall traps at each of 37 sites in the
central area of the release pen with woodland pitfall traps around 300 m away. All
sites were studied in May/June 2006 and 2008, and a subset of sites were revisited
in October 2008 after pheasants were released. The paper found that there was no
difference in overall invertebrate abundance between the pens and woodland control
sites. However, inside the release pens there was a different community of ground
beetles compared to the controls with fewer large woodland carabid beetles and
more common species that are characteristic of arable and grass fields (Neumann
and others, 2015). The number of different beetle species was not different, but the
proportions were altered in release pens. There were also more detritivores such as
snails in the release pens at sites which released more than 1000 birds per ha of
pen.

Hall, Sage & Madden (2021) looked at 16 pairs of plots at release pen sites each
summer for two years. The pitfall traps were placed and left for seven days either
inside the pen, or in the adjacent woodland at three time points, i.e., just prior to
release (typically in June), then four weeks after release (typically in August), and
then nine weeks after release. The study found a greater abundance of ground
invertebrates in the early summer than in the last survey period, both inside and
outside the pens. This may be related to pheasants or a seasonal effect. It also
found that four weeks after pheasant release, both the total number and total
biomass of invertebrates caught was slightly lower inside the pens than outside.
Neumann and others (2015) showed a change in the invertebrate community inside
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pens. Nine weeks after pheasant release, their results show that the overall
abundance of invertebrates caught in pitfall traps was lower again overall, but more
so outside the release pens than inside. However, considering the groups of
invertebrates that were affected inside release pens according to Neumann and
others (2015) (namely slugs, beetles, spiders or detritivores) there was no difference.
Also, no differences were found when comparing areas with higher or lower densities
of released pheasants.

The explanation offered for the main findings from both studies is that pheasants
released into woodland release pens reduce the numbers of some invertebrate
groups in the following weeks either directly by predation or indirectly by changing
the habitat. Hall, Sage & Madden (2021) also found that in the later comparison (nine
weeks after the release), the number of invertebrates trapped outside the pens was
lower than in the pitfall traps inside the pens. However, because release pens
remain the focus of released gamebirds throughout the pre-shooting period i.e.,
including the later period of study in Hall, Sage & Madden (2021), it seems unlikely
that the accumulated effect of pheasant predation of invertebrates just outside pens
would be greater than inside. It is possible that in this later comparison, more bare
ground inside the release pens (which is usual in the weeks following release (Sage,
Ludolf & Robertson, 2005) increased the likelihood of being trapped (Thomas, Brown
& Kendall, 2006).

In summary, we know from both papers, that pheasants affect some invertebrate
groups inside release pens to a measurable extent, either directly or by changing the
habitat. These findings are clear enough to consider management
recommendations. In relation to siting release pens in woodlands, game managers
should be aware of the potential for some invertebrates to be affected by the pen
itself when moving or constructing new pens. The density of released pheasants
inside release pens should comply with best practice and with statutory limits
associated with SPA and SAC, which is between 700 and 1000 pheasants per
hectare of pen, depending on location. Scientifically, these density guidelines are
based primarily on effects to woodland ground flora (Sage, Ludolf & Roberston,
2005) rather than invertebrates. They also fit with early released gamebird
husbandry principles based on best practice welfare considerations and disease
management (Game Conservancy Trust 1996). Another study has shown that
ground floras in hedgerows close to larger release pens can be degraded by the
released gamebirds moving through those hedgerows (Sage and others, 2009). It is
reasonable to suggest from these studies that at other places where pheasants
congregate such as at feeding points in woodland near to release pens or in habitats
alongside game crops, or in a woodland ride alongside a release pen, the same
effects on ground flora and invertebrates as within release pens are likely to occur to
some extent. As before these effects can be reduced or avoided through thoughtful
management.
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For red-legged partridges, similar studies of invertebrates (or ground flora) at release
sites are not available (Madden & Sage, 2020). The primary reason for this is that
while pheasants are released into sometimes semi-natural woodlands or at least
uncultivated tree plantations, partridges are usually released onto cultivated/arable
ground on farmland. While this ground will usually have some invertebrates in it,
these cultivated habitats are abundant, and any impacts are likely to be less
important for protected site management questions.

3.2 Callegari (2006) - The impact of released
gamebirds on the nature conservation value of chalk
grassland in Central Southern England

3.2.1 Methods

Callegari (2006) studied the effect of released gamebirds on ground invertebrates on
flora-species rich chalk grasslands in central southern England. She worked on
three large (50 — 200 ha) designated grassland sites with adjacent releasing shoots
and several broadly similar control sites without releasing (see Chapter 1). All sites
were species-rich unimproved grasslands in valleys or hillsides, and all were SSSls
(Sites of Special Scientific Interest). The releasing sites were all large commercial
shoots at the time of the study. The game managers indicated that they released
between 20,000 and 40,000 gamebirds each on mainly nearby surrounding land,
with varying proportions of both red-legged partridges and pheasants. At two of the
sites release pens were more or less located at the boundary of the grassland and at
one site the release pen was more or less surrounded by the grassland. All sites
would normally support a diverse and abundant invertebrate community.

The study made good long-term assessments of gamebirds using the grassland
sites in Chapter 2 and an investigation of the feeding behaviours of those gamebirds
in Chapter 3. Gamebirds were assessed using standard techniques (vehicle counts)
approximately fortnightly, throughout the year, at three release sites, for three or four
years (depending on the site). These data provided a valuable insight into the
densities of released gamebirds occurring on grassland habitats that are adjacent to
large releases.

The foraging behaviour of pheasants and partridges respectively was documented
using standard focal observational techniques including random selection of
individuals using the grassland, 10-minute observation periods, and categorizing
behaviour. The invertebrate diet of the released gamebirds was assessed by
collecting and analysing faecal samples.
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The study then made a thorough investigation of the effect of those gamebirds on
the community of invertebrates present (see Chapter 5). It discusses the fact that
there would have been an unusually diverse and abundant invertebrate community
in the areas under study, certainly more so than in cultivated habitats. While suitable
game crop and feeding areas were provided for these birds on nearby cultivated
ground, a proportion of birds that did move away from those areas still amounted to
significant use of the grasslands.

3.2.2 Results

3.2.2.1 Gamebirds

Following release in August, there were up to 5-10 pheasants and 5-10 partridges
per hectare on the sites during September through to November, (so approximately
15 birds per ha) before numbers started to reduce in December and January. These
are mean densities over the whole study site areas which varied from 50 — 200 ha.
From February until the next release, gamebirds were often still present on the sites
but at much lower overall densities. Occasionally up to one gamebird was recorded
per hectare during spring and summer counts, but usually considerably less than this
and often zero. Overall, pheasants were occupying the grasslands at higher
densities for several months over the winter whereas partridge densities peaked in
late September and early October only. This reflects the fact that most partridge
shooting is undertaken during the early part of the shooting season, while pheasant
shooting peaks later.

The thesis provides maps of gamebird distribution on sites which illustrate densities
over the whole year for certain parts of each site (see Chapter 2). For those parts of
each site with the highest densities, generally along site boundaries nearer to
release pen areas, there were between 5 and 30 gamebirds per hectare on average
over the whole year. In terms of peak densities in these specific areas, a maximum
of 120, 160 and 200 gamebirds per hectare were recorded in one survey at each of
three sites in September or October.

The behaviours of 136 pheasants and 21 partridges were documented. On average
66% of a pheasant’s time and 40% of a partridge’s time was spent foraging or
feeding (not necessarily on invertebrates). Fourteen pheasants, around 10%, and no
partridges were seen to chase insects during the 10-minute observations. In general
birds were reasonably dispersed and there were no focal points on the unimproved
grassland area, such as feeders, where birds would congregate.

3.2.2.2 Invertebrates

Diet of the released gamebirds that used the grasslands was assessed at two sites
by collecting faecal samples from the grasslands over one winter (September
through to January inclusive). Up to 30 samples were collected each month along a
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random transect and standard laboratory techniques used to identify the invertebrate
component (Moreby, 1988). As partridge numbers in particular declined on sites in
December and January, fewer and eventually no faecal samples were collected.

The results showed that around 55% of all pheasant faecal samples collected, and
44% of partridge samples, contained at least one invertebrate fragment. The highest
monthly percentage was in September (the first month of collection following
release) with 81% and 55% respectively. By December / January the proportion
reduced to around 20%, probably due to reduced availability of invertebrates. The
faecal sample data showed that the diet of both gamebird species was dominated by
Curculionidae (weevils). This group is also commonly found in the diet of native grey
partridge chicks (Potts, 1986). Callegari (2006) noted that grain weevils occurred in
the provided feed-grain, but it is not known what proportion of these appeared in the
samples. For pheasants, Formicidae (ants) and adult Carabididae (carabid beetles),
and for partridge, Orthoptera (grasshoppers) and Aranae (spiders), were also
common in faecal samples. While the invertebrate diet of both gamebirds was
dominated by these few groups, otherwise it was quite diverse. Callegari (2006)
suggests this indicates opportunistic rather than searching feeding behaviour.

In Chapter 5 of her thesis, Callegari (2006) used 5m x 5m exclosure plots, designed
to exclude gamebirds and equivalent sized ‘open’ control plots which did not restrict
gamebird access, located on grasslands at six sites, three of which released
gamebirds and three sites with no releasing. This allowed her to compare
differences in invertebrate variables between exclosure plots and control plots, with
and without gamebirds. This approach means that any effects on invertebrates can
be reliably attributed to gamebirds rather than, for example, effects of the exclosures
themselves. There was good replication and random placement of plots within the
sites. Invertebrates within exclosure plots and control plots were collected using
pitfall traps. In total the study collected nearly 40,000 invertebrates across 308
species.

Comparing mean values between site types, there was no difference between
exclosure plots and ‘open’ control plots for the number of species and the
abundance of invertebrate individuals. At the sites with no gamebird releasing there
was a suggestion of slightly more species and greater abundance in the exclosure
plots (suggesting a small effect of the actual exclosure) but this was not significant.
There was no difference between plot types or site types for diversity index, richness
index or an evenness index. Overall, there were slightly more invertebrates and
species at the release sites than at the sites without gamebird releasing (but
marginally not significant P=0.06).

There were numerous comparisons of species group differences between plots on
control (non-release) and release sites which revealed one significant effect for
Diptera, apparently caused by more invertebrate species from this group in
exclosures at the control (non-release) sites. For Coleoptera, the group most
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commonly found in gamebird faecal samples, there was a suggestion of more
species (marginally not significant P=0.09) at the release sites in the open plots
(gamebirds not excluded). Callegari (2006) indicates the potential for multiple testing
errors in these group by group comparisons and overall, the conclusion is there was
no effect of gamebird presence on species groups. The thesis also includes a
community-based investigation of invertebrates. The main conclusions from this
were that grazing regimes and sward height rather than gamebird presence were the
main determinants of certain communities.

3.2.3 Discussion

Callegari (2006) found typically between 10 - 20 gamebirds using her grassland
study plots per hectare in winter and 1 - 2 per hectare in summer. These birds were
often engaged in feeding behaviours and tended to move around as individuals
rather than accumulate in groups (there were no feeders, for example). Her
investigations showed that the released gamebirds were eating what was readily
available to them and this included invertebrates, identified in around half of all
faecal samples. The study however found no effect of this on the number of species,
abundance or diversity of invertebrates on the grassland in the comparison between
sites with and without gamebirds, or in the ‘within’ site comparison between
gamebird exclosure plots, and open-access plots. Behaviour and diet analysis in the
study suggests that predation of invertebrates may be a mechanism for impact of
released gamebirds on chalk grassland. However, data collected failed to establish
any real impact (Callegari, 2006).

We do not know the proportion of the birds’ diet that was invertebrates, so we do not
know if they were eating a lot of insects compared to other studies. However, the
proportion of faecal samples that contained invertebrates, and the diversity of
invertebrates eaten does suggest that in this particular scenario the birds were
probably eating more invertebrates than has been found in other studies on farmland
or in woodland. Despite this, the predation of invertebrates by the released
gamebirds had no significant effect on the abundance of insects at the study sites.

Species rich grasslands support a diverse flora and invertebrate fauna. The
abundance and diversity of invertebrates found probably has two effects in this
scenario which do not necessarily translate into other situations. The first, applying
the principle of availability influencing diet, is that where invertebrates are less
common, it is likely that fewer invertebrates would be eaten by released gamebirds
compared to this study. The second is that where invertebrates are less common,
these released gamebirds may be more likely to have a measurable effect on the
population. The two processes have the potential to balance one another and
possibly lead to no effect when there are fewer (or more) invertebrates, as found by
Callegari (2006). However, gamebirds probably preferentially eat certain groups of
invertebrates, (as suggested but not shown by faecal analysis in Callegari (2006)
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and in previous studies) and it is more likely those groups would be depleted in
either scenario.

3.3 Pressland (2009) - The impact of releasing
pheasants for shooting on invertebrates in British
woodlands

3.3.1 Methods

The main investigation described by Pressland (2009) involved sampling ground
invertebrate communities in 17 pairs of woodlands, so 34 woodlands in total, on
farms across southwest England (see Chapter 2). In each pair, one woodland
contained an active pheasant release pen and the other did not. The aim of the
study was specifically to look at possible effects of releasing on invertebrates outside
the release pen area, and no invertebrate samples were collected inside or
immediately adjacent to the release pen. Both woods in each pair had similar basic
stand type, primarily either broadleaf or mixed tree species. An adjacent grass field
was identified at each wood. Invertebrates were sampled in four plots, two each
located either side of the woodland edge so 2m+ inside the woodland and then 2m+
into the adjacent grass field. Selected edges had approximately similar
orientation/aspect in the two woods within pairs.

Pressland argued that woodland edges close to release pens are a primary habitat
for pheasants and provided references to show that they tended to contain greater
species richness of invertebrates citing carabid beetles and spiders. Sampling was
undertaken in two periods, before pheasant release in May/June and again in
September, after release but before shooting. Pitfall traps were set in a group of four
in each plot. The thesis indicates that the location of these traps was in the vicinity
of the release pens but does not indicate actual distances.

Traps were run for seven days and efforts made to prevent vertebrate catch (mice,
shrews, etc.). Plant species and abundance were recorded in a 2m square around
the traps. Invertebrates were identified to family in the laboratory using appropriate
techniques. However, because of quantity and time factors and with 34 woodland
plots, invertebrates from only one trap per plot were processed, so at each site four
pitfall traps, two inside the wood edge and two in the grass field outside the wood
edge were used in the analysis. Woodland edge pheasant counts were undertaken
from hidden vantage points at each woodland pair three times in spring and autumn
at dawn or dusk. The thesis states that pheasant faecal samples were collected from
27 sites from March until July and again in October and November. However, only
84 samples in total were analysed and so at many ‘site / visit’ combinations
presumably no samples were collected or more samples were collected, and these
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were then sub-sampled for analysis, but this is not described. Invertebrate
fragments were collected from the faecal samples and an estimate of the proportion
of the diet that was invertebrate (so compared to vegetation biomass) was
calculated.

3.3.2 Results

Analysis of the 84 faecal samples found very high variance within and between
months in the proportion of invertebrates in the diet of adult pheasants (released in
the previous summer). In April, 8% of the diet was invertebrate, and in May it peaked
at around 20%, with a few samples collected containing a very high proportion of
invertebrates. In June and July, it was around 4% of the diet. Following the new
release, no faecal samples were collected in August and September. In October and
November around 1% was invertebrate and in March it was less than 1%.

Overall, invertebrate biomass from pitfall traps was not different between samples
collected in the two plot types (pheasant release or non-release woodlands) in
September, i.e., in the key period following pheasant release. There was no
difference between plot types in samples collected in the wood edge or in the field
edge. There was also no difference between plot types in overall invertebrate
biomass in the summer just before release in the wood or field edge. However,
there was significantly lower invertebrate biomass in the pheasant release plot type
(compared to the non-release wood), but only in the field edge data in the summer
samples. This was balanced numerically with higher invertebrate biomass in the
wood edge summer samples in the no release sites, and hence no difference overall.
(see Appendix A1 in the thesis for actual mean biomass figures).

Exploring the data further, Coleoptera, Collembola and Isopoda species were the
families of invertebrates that had lower biomass in the releasing woodland plots, in
the field edge, before pheasant releasing in summer. After release there were no
differences in these groups between plot types. There were several other significant
effects involving invertebrate families in the wood edge in the post-release
comparison. There were fewer Acari in the releasing woodland edges and there
were also more Aranae and more unknown larvae in the releasing woodland edges
compared to the non-release woodland edges.

In the beetle samples, which were well represented in the traps overall, there were
fewer Carabidae, Curculionidae and Tetrgnathidae in the release woodland plot
samples in the field edge only, just before releasing. After release there were no
longer these differences. There were fewer Carabidae in the wood edge plots in the
releasing woodland plots just after release. There were more Chrysomelidae in the
releasing plots in field and wood edge data before and after release.
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Considering the effect of pheasant density based on counts, the PhD looked for
relationships between the number of pheasants counted at the releasing sites and
invertebrate biomass, but there were none. There were proportionately more
invertebrate fragments in the diet based on faecal samples in spring and early
summer compared to winter collected samples.

3.3.3 Discussion

The thesis looked for meaning in the overall result that in September, typically
around two months after pheasants were released and when effects on invertebrates
would be expected, there was no overall effect. Then in summer, just before the next
release of gamebirds, there was an overall effect in the grass field edge. There were
no differences in insect numbers found in wood-edge plots with or without gamebird
releasing, before or after releasing, and between any plot type after release. The
invertebrate family comparisons indicate that some families, primarily Carbidae and
Isopoda, in the field edges and before releasing, are reduced by releasing (and
causing the overall effect). For other groups, such as Chrysomelidae, biomass was
greater in field edges and wood edges before release, and Aranae and unknown
larval biomass was greater in wood edges in September, after release. Faecal
analysis indicated that pheasants sometimes ate invertebrates especially in the
spring when more insects were available and pheasants much less common.

The results of Pressland (2009) are difficult to untangle. There is a mixture of
reduced and increased invertebrate biomass in pitfall samples collected in woodland
and field edge plots near to pheasant release pens compared to other woods. There
is however relatively little effect in the autumn sampling period, i.e., after pheasant
release, when effects might be most expected and where previous studies have
found an effect inside release pens. There was high variance in the data, not helped
by the reduced sample size with only one quarter of samples collected actually
identified in the laboratory and used in analysis. It is possible that there may have
been more differences observed in invertebrates trapped between release and non-
release sites if samples sizes had been larger.

There is no investigation of invertebrate species in the study so it is not possible to
tell if species diversity was affected by releasing or not but the modest effects on
biomass would suggest not. It is difficult to explain how beetle biomass was lower in
release woods before pheasant release but that it then recovers in the period after
release. However, it is possible for example, that some autumn emerging beetle
species occupied the study woods.

The increased occurrence of invertebrate fragments in faecal samples in summer
compared to winter will probably be largely a consequence of greater invertebrate
abundance and availability in the summer, combined with a reduction in the provision
of food for gamebirds after the end of the shooting season in February. The thesis
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emphasises a lack of supplementary grain but we do not know how many sites
continued to provide grain in spring. This is considered best practice in game
management terms and while many releases sites do this, it is not always adhered
to. There is generally abundant natural vegetative food for pheasants in these
habitats by late spring. Overall, it is notable that in this wood edge habitat, near to
pheasant release pens, on average for the spring (March — May) around 10 % by
biomass of pheasant diet was identified from faecal samples as invertebrates.

The results from Neumann and others’ (2015) pitfall trapping programme inside
pheasant release pens and in unpaired control woods (described earlier), did not
detect an effect on overall invertebrate abundance and species richness. However,
they did find a different community of large beetles inside release pens, especially
Carabidae, with fewer woodland specialists and more generalist grassland/farmland
beetles. In terms of species groups affected, this does match Pressland’s (2009),
main results. Neumann and others (2015) suggest that habitat changes inside
release pens may be having an effect, but also, that in the weeks after release, these
larger, slower, very visible beetles were predated by pheasants. The researchers
found this effect inside release pens during and shortly after the period when
pheasants were at high density inside pens. The suggestion is that large woodland
beetles are reduced inside the pens during this period primarily by direct predation.
Pressland (2009) found fewer larger beetles along the woodland edge, outside but
near to release pens, but not during the releasing period.

A plausible explanation of this result is that the immediate effect inside the pen itself
(which Neumann and others (2015) found but was not measured by Pressland
(2009)) has a delayed effect on the overall distribution and density of the carabid
beetle community in the immediate area. However, it is also possible that certain
beetles were depleted in the woodland edge plots through direct predation by
pheasants that had congregated there, even though this was not picked up by the
autumn sampling programme, when the density of pheasants in and around release
pens would be at its highest. This could result from a seasonal cumulative effect of
high released pheasant densities alongside woodland edges which deplete certain
beetles over a period of time, until mid-summer, even though gamebird numbers
have steadily declined since release, and which then recover to some extent by the
following autumn. A preferred habitat of pheasants is the outside edges of
woodland, often woodlands in which the birds themselves were released, and they
can readily be found congregating there. They like to feed and interact socially in
open areas, especially in the sunshine, but alongside more shrubby woodland
‘escape’ cover (Game Conservancy Trust, 1988; Robertson, Woodburn & Hill, 1993).

It is possible that there are also habitat effects here, either affecting trapping rates
(this is discussed) or that the habitat is subtly different between the two woodland
groups, which then affects certain invertebrates. Neumann and others (2015) also
noted that the flora inside release pens can provide food plants for some more
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generalist invertebrates and mentioned Chrysomelidae as being a potential
beneficiary. Pressland (2009) found more Chrysomelidae in plots associated with
releasing in both survey periods and Neumann and others (2015) provide a potential
explanation for that.

Many bird species including Galliformes can show large individual variation in dietary
behaviour (e.g. Cabodevilla and others 2021) and it is noteworthy that Pressland
(2009) recorded this, in terms of the quantity of invertebrates eaten. It may be that
invertebrate consumption by pheasants and partridges is more generally very
variable between individuals, with various behavioural determinants of that.

4. Conclusions

4.1 Overall results

The summary of two PhD theses undertaken in the 2000s are presented here,
Callegari (2006) and Pressland (2009). In the context of other published evidence on
gamebird diet and effects on invertebrates at release sites, they provide a better
insight into the likely effect of releasing gamebirds on invertebrate populations and
potentially provide the basis for some management recommendations.

Chicks need protein to grow and feather and consequently chicks reared in the wild
require mainly insects in their diet for the first few weeks of life. In contrast, the diet
of young adult released gamebirds, living primarily on arable farmland on shoots in
the presence of supplementary feeding, is dominated by seed and other vegetative
matter. However faecal investigations show that partridges and pheasants will eat
more invertebrates in habitats that are rich in invertebrates.

Released pheasants have been found to reduce some ground invertebrate groups
inside release pens when at high densities (typically 1,000 or more birds per
hectare). Red-legged partridges are usually released onto cultivated ground but if
they are not, similar effects may occur, but this has not been investigated. Studies
speculate that effects on invertebrates at release sites may be a combination of both
direct predation and changes to soils and flora.

In general, there are three distinct potential invertebrate foraging phases of released
pheasants: a) as poults, when birds still confined to release pens eat invertebrates
available within the pens; b) post-release, when young adults will generally be
feeding mainly on supplementary grain provided by gamekeepers; and c) after the
end of the shooting season in early spring, where supplementary feeding is
sometimes reduced, resulting in more dispersal amongst the fewer birds remaining,
producing a more opportunistic feeding strategy.
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Callegari (2006) found that 45% of faecal samples from red-legged partridges and
55% from pheasants using areas of unimproved species rich grassland contained at
least one invertebrate fragment. Also, she found that a wide variety of invertebrate
species were consumed. This predation, in the context of an abundant invertebrate
community and a large (approximately 20 individuals per hectare in winter and a few
birds per hectare on average in summer) but dispersed released gamebird
population, did not have a measurable effect on any invertebrate species group
sampled in the grasslands.

Along woodland edges close to pheasant release pens, Pressland (2009) found that
the invertebrate component of the diet of pheasants using those habitats peaked at
between 5 and 20% in summer and spring. Inside the woodland edge zone, no
effect of releasing on the ground invertebrate community was found, but there was a
negative effect of releasing on two beetle groups (depending on the time of year) just
outside the woodland edge zone.

Overall, these studies together suggest that released pheasant and partridge poults
and adults (i.e., not pre-release young chicks) will predate invertebrates when they
are available. They show that certain invertebrate families (e.g., beetles) in suitable
habitats and when the gamebirds are most aggregated, can be affected. This
predation is capable of significantly reducing some ground invertebrate populations
at release sites, but also in other places where birds are allowed to congregate at
densities approaching those found in and alongside release pens. These can
include feeding points but also woodland edge areas, which are three-dimensional
linear habitat features that pheasants particularly like to use and where released
birds sometimes congregate at high density. Pressland’s (2009) results also suggest
that areas such as woodland edges adjacent to release pens can show a reduction
in large carabids in the spring which may be caused at least partly by predation by
pheasants inside the nearby pen in the previous autumn, reducing the overall
population size over a wider area.

On the grasslands studied by Callegari (2006), large adjacent gamebird releases
resulted in up to 20 birds per hectare in the autumn across the whole of each site.
While the birds did use some areas more than others, they generally remained
reasonably dispersed on the grasslands. The released gamebirds did not seem to
have any measurable impact on the ground invertebrates. On ground adjacent to
release sites or at other places where released birds become reasonably dispersed,
the available evidence suggests that, while released adult gamebirds will eat
invertebrates, especially in invertebrate rich habitats, they are unlikely to significantly
affect invertebrate populations.
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4.2 Gamebird management and invertebrates

The conclusions of this review suggest two specific management proposals that
might reduce impacts of gamebirds on invertebrates, and which would complement
more general guidance on requirements around gamebird density at release sites
and release location. They could be considered where effects of released pheasants
on invertebrates is a particular concern on a designated or other potentially sensitive
site.

The first is to minimise or eliminate gamebird management practices that create
places where released birds congregate in sensitive locations such as woodland
edges or sunny glades within woodland which are attractive to both pheasants and
other wildlife. Birds moving between release areas and game crops on shooting
drives should be enticed away from sensitive locations and so the overall ‘shoot’
design and careful location of feeders and shelters are both key considerations to
help minimise potential impacts.

The second is to ensure pheasant feeding is continued after the shooting season
finishes and into the spring and early summer. This forms part of current good
game management guidelines (Game Conservancy Trust, 1996) and supplementary
feed should be provided using best practice techniques (including avoiding sensitive
habitats as above).

4.3 Further work

In terms of knowledge gaps, this review concerns primarily ground-dwelling
invertebrates and the studies reported have relied on faecal sample investigations
and pitfall trapping to assess invertebrate abundance, both of which have limitations.
Pitfall trapping in particular investigates only species that might fall into those traps
but provides no information on other species that may be present.

More generally, the studies reviewed here provide useful information about impacts
to specific invertebrate communities in certain scenarios. However, we recognise
the limitations of these studies including the suite of relevant species studied, the
habitats within which they have been studied, the temporal scales at which they have
been studied (e.g. the persistence of effects) and the relative contributions of varying
pheasant rearing / management activities alongside the effects of the birds
themselves.

There has also been little or no direct investigation of possible degradation of
specific invertebrate habitats and resources in relation to gamebird releasing. It
would be useful to consider more carefully the distance from release sites over which
effects on invertebrates and invertebrate resources might occur.
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