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Abstract

The release of gamebirds for recreational shooting exerts a series of effects on the
ecosystems into which they are placed. Pheasants (Phasianus colchicus) are omniv-
orous and eat invertebrates, especially when young or, if females, when breeding.
Consequently, the release of large numbers of pheasants into woodland release pens
may affect local invertebrate populations. Previous studies have reported mixed evi-
dence. We conducted pitfall trapping at 13 sites (49 pens) in central England over
2 years (totaling 65 pen measures), comprising three surveys annually, immediately
prior to releases in mid-summer, 4 weeks later when most birds were still in the pens,
and another 5 weeks later when most birds had dispersed. We compared traps in-
side and 25 m outside pens in the same wood. We considered release densities and
whether the birds had prior experience of eating invertebrates. While accounting
for overall seasonal declines in invertebrates trapped, we detected changes for total
invertebrate biomass and total counts indicative of released pheasants causing local
decreases inside pens, either directly by predation or indirectly by modifying vegeta-
tion. There were also relative decreases outside pens when the pheasants start to
disperse, suggesting that the released pheasants may be affecting invertebrates in
those nearby areas or that their earlier effects inside the pen, modifying vegetation
or increasing invertebrate activity, increased the relative susceptibility of inverte-
brates there to trapping. However, these effects were not seen for specific inver-
tebrate groups believed to be especially susceptible to pheasants. For slugs and
detritivores, we detected small population increases inside pens. Across the study
period, decreases for most measures were greater outside pens than inside them.
We conclude that any effects pheasants have on invertebrate communities at release
sites in woodlands are complex and that long-term and taxon-specific studies should
be considered to understand the local net ecological effects of gamebird releases on
invertebrates.
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1 | INTRODUCTION

Pheasants Phasianus colchicus (also red-legged partridges Alectoris
rufa and mallard Anas platyrhynchos) are released in the UK for
recreational hunting. These releases comprise some tens of mil-
lions of birds annually (Madden, 2021) with the birds being man-
aged postrelease through habitat creation, predator control, and
supplementary feeding in an area influenced by shooting of over
90,000 km? (PACEC2014). Their release and associated manage-
ment can have a wide and mixed range of effects on the habitats
and wildlife in and around the woodland release sites (Madden &
Sage, 2020; Mason et al., 2020; Sage et al., 2020). The most ob-
vious effects are seen within and in the immediate vicinity of the
open-topped pens (each occupying an area of up to several acres)
into which pheasants are released when they are 6-8 weeks old,
typically in July-August (Sage et al., 2020). Negative effects are
more likely to occur or be more marked when release densities are
high. Stocking densities of <700-1000 birds/ha are recommended
by the Game and Wildlife Conservation Trust (GWCT) (Sage &
Swan, 2003), and densities > 1,000 birds/ha can alter floral com-
position and still affect pen habitat 10 years after the pen is no
longer in use (Capstick et al., 2019). Densities of birds may be es-
pecially high in and around these pens for several weeks following
release, but these densities decrease as the birds disperse freely
from the site and/or are predated. Therefore, the direct effects
of the birds may be initially concentrated around the pen but ex-
tend further into the environment, albeit at lower intensities, as
the birds disperse.

Invertebrates may provide an indicator taxon of these effects.
Effects on invertebrate communities may arise indirectly because
of associated changes to the habitat, either as a result of the
birds themselves changing the vegetation composition (Capstick
et al., 2019; Sage et al., 2005, 2009) or because the management
actions in or around the sites alter vegetation composition (Hoodless
& Draycott, 2008; Robertson, 1992; Short, 1994). Such effects on
the habitat may increase or decrease invertebrate populations
(e.g., Neumann et al., 2015; Robertson et al., 1988; Woodburn &
Sage, 2005). Effects may also arise directly because pheasants in
the wild may consume invertebrates, particularly when they are
chicks or laying hens (Beer, 1988). Insects and other animals com-
prised ~5%-15% of the diet of wild-living pheasants in the UK be-
tween July and September, based on fecal samples, with much lower
proportions in the remaining months (Lachlan & Bray, 1973 in Hill
& Robertson, 1988). A similar annual pattern was detected in crop/
gizzard samples from the USA, but with a peak in insect and other
animal consumption between June and July with levels of <5% for
the rest of the year (Dalke, 1937 in Hill & Robertson, 1988). A meta-
analysis of 15 pheasant diet studies based on crop contents of 1,663
wild-living birds collected during the spring reported that animal
matter (no separation of vertebrates and invertebrates) varied from
0.9%-26.1% with a weighted average of 7.2% (Stromborg, 1979).
Porter (1981) looked at 150 pheasant droppings collected from a

site with pheasants and a high density of butterflies including marsh

fritillary Eurodryas aurinia which revealed that only two samples con-
tained caterpillar remains.

Because of the appearance of invertebrates in the diet of
pheasants at certain times of year, several studies have inves-
tigated whether their releases deplete local populations of in-
vertebrates directly, especially close to release sites where
high densities of birds occur. The majority of pheasants living in
the UK however are not wild-born, but rather have been bred
and reared in captivity for 6-8 weeks before being released.
Therefore, we may expect that these birds are not the very young
individuals, whose diet is comprised almost exclusively of inver-
tebrates (Warner, 1979), or the laying females, which commonly
eat invertebrates. Instead, the natural diet of released non-
breeding birds of 8 weeks or older is predominantly seeds and
plant material (Dalke, 1937 in Hill & Robertson, 1988). Pheasant
numbers are highest when birds are released and then decline
steadily during the autumn preshooting and winter shooting pe-
riods (Blackburn & Gaston, 2021). Released pheasants are rou-
tinely fed throughout, so while any consumption of wild foods by
these birds will normally be additional or incidental, invertebrates
have been recorded as part of their diet (Doxon & Carroll, 2010;
Hoodless et al., 2001). An estimated 39-57 million pheasants
are released each year into UK woodlands (Madden, 2021), and
consequently, even low individual levels of direct predation could
affect invertebrate populations. Corke (1989) reported a negative
correlation between UK 10 km? tetrads where pheasants were
reported (according to the BTO bird atlas) and a suite of butter-
fly species which he suggested could have been caused directly.
However, Warren (1989) described how the size, timings, and be-
havior of these butterfly larvae meant that they were at a low
risk of predation and that Corke's correlations were probably not
causal. Clarke and Robertson (1993) conducted an experimental
predation study but found no relationships with distance to pen.
Clarke and Robertson (1993) also surveyed 50 woods in central
southern England with historical records of fritillary colonies and
found the same patterns of declines in woods with and without
pheasant releasing. Pressland (2009) studied 17 matched wood-
land pairs (with and without pheasant releasing) in SW England.
There was no detectable difference in insect numbers in wood-
edge plots with or without releasing and before or after releas-
ing, and between any plot type after release. There were fewer
insects overall caught in grass fields outside of the releasing
woods compared to other woods before releasing occurred (May/
June sampling), suggesting some possible chronic effects of re-
leases. Neumann et al. (2015) looked at ground-active inverte-
brates during the spring of 2 years and the autumn of 1 year at 37
woodland sites in southern England where pheasants had been
released at high densities, comparing invertebrate communities
within release pens and at control woodland sites. They found
no difference in overall invertebrate abundance between areas
inside and outside the pens. Carabid and Staphylinid species rich-
ness was also the same. However, in autumn, the release pens had

fewer large woodland carabid beetles and more beetles that were
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characteristic of arable fields and grasslands. They suggested that
release pens commonly have reduced shade due to tree canopy
management. There were also more detritivores such as snails in
the release pens that released more than 1,000 birds per ha.

Any link between numbers of released pheasants and changes
in invertebrate populations would be strengthened by a better
understanding of mechanisms underlying such links. If changes in
invertebrate numbers were greater in areas where released birds
were better able to catch invertebrate prey, then we might con-
clude that it was the direct predation by birds that was causing
declines. Pheasants reared under more naturalistic (Enhanced)
conditions including access to live invertebrate prey were better
able to catch novel invertebrate prey and exhibited a greater di-
etary diversity after release (Whiteside et al., 2015). A comparison
of differences in invertebrate populations between areas where
these Enhanced birds and those normally reared were released
might indicate whether it was the direct predation of inverte-
brates that caused differences in invertebrate populations or, in
the absence of differences between sites, we might conclude that
invertebrate populations were affected by nonpredatory effects of
the released birds such as physical disturbance or changes in plant
communities.

The influence of releases gamebirds on invertebrate popula-
tions would be more compelling if patterns of effects on inver-
tebrate populations were consistent across years when release
patterns remained constant. Invertebrate populations are highly
susceptible to climatic conditions (Rae et al., 2006). Differences
in climatic conditions between years might also distort the rela-
tionships between pheasants and the invertebrate communities.
An example would be hotter and drier years resulting in increased
total invertebrate biomass (Morecroft et al., 2002), possibly re-
ducing the proportional effects of pheasant predation. There may
also be carryover effects by which the presence of pheasants in
1 year caused changes in invertebrate abundance in subsequent
years (Pressland, 2009). Therefore, in this study, we compared in-
vertebrate abundance within and outside a set of 49 release pens
in the West Midlands, UK, immediately prior to release, 4 weeks
after release when the birds were typically still within the pen,
and 9 weeks after release when birds had largely dispersed out of
the pen into the surrounding landscape. We explored: Whether
any effects were more likely to be driven by the density at which
pheasants were released (as per Neumann et al., 2015), with
the prediction that effects would be greater at higher density;
whether effects differed depending on the rearing history of the
birds, specifically whether those Enhanced birds reared with a
more natural diet exerted greater effects on invertebrate commu-
nities; and whether these effects were consistent across 2 years
when climatic conditions or a prior history of occupancy at the
pen was known. We made no predictions as to which taxonomic
groups would be especially affected, but rather consider this to
be an exploratory study in which we initially looked at overall in-
vertebrate populations and then refined our analyses, focusing on

some common invertebrate groupings.
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2 | METHODS
2.1 | Study area

We monitored 49 pheasant release pens in woods across 12 UK
sites in Herefordshire and Worcestershire and one additional site
in Leicestershire in 2016 and 2017. Sixteen pens were surveyed in
both years, resulting in a total of 65 pen surveys. These pens con-
tained a total of 59,190 pheasants, with a mean of 910 (+1SE = 210)
in each. The areas surrounding the release woods were predomi-
nantly arable or pastoral fields. The mean pen area was 3,716 m?
(+1SE = 654 m?) (ESM Table 1) Stocking density of the release
pens, whose area we measured from GPS points and whose bird
numbers were provided by the shoot manager, ranged from 220 to
7310 birds/ha, with a mean of 2,600 birds/ha. Some of the densi-
ties that we recorded were markedly higher than those reported
in other studies (Capstick et al., 2019; Neumann et al., 2015; Sage
et al., 2005) and may be a consequence of using unusually small
pens, each containing relatively few birds. These pens were stocked
with various mixes of Enhanced birds and those that had been reared
by the same breeder but using traditional methods (ESM Table 1).
Briefly, traditionally reared pheasants aged 1 day old were placed
in either small or large rearing setups of 350 or 800 birds respec-
tively and confined to sheds (2.5 x 2.5 m small, 3.6 x 3.6 m large)
before being given access to larger fenced and netted exterior runs
of 70 m? for small runs and 170 m? for large runs when 2-3 weeks old
(depending on the weather). Age-appropriate food and water were
continuously available ad lib. Pheasants were reared until 6-7 weeks
old before release. Enhanced birds were reared in these same con-
ditions but were given access to elevated perches from 1 week old
and a diet of age-appropriate commercial feed pellets supplemented
with 1% live mealworms and 5% mixed bird seed. For full details
of the Enhanced rearing methodology, see Whiteside et al. (2015),
Whiteside et al. (2016). The weather was different across the 2 years
of our study. 2017 was wetter and slightly cooler over the actual
survey period (ESM Table 2).

2.2 | Study design

In order to determine the effects of released pheasants on inverte-
brate populations which may fluctuate due to other environmental
or life-history reasons, it is necessary to compare sites where re-
leased gamebirds are present with controls where they are absent. In
the UK, where game releases are widespread and longstanding, find-
ing sites that match the environment and faunal and floral composi-
tion of release pens but where gamebirds do not occur is difficult.
An alternative is to build exclosures near to release sites. However,
any exclosure that we can conceive which kept out gamebirds would
also keep out a wide range of other wildlife (deer, corvids, badgers,
etc.) which may have their own effects on invertebrate populations,
making it hard to conclude that any effects were due to the game-

birds. Instead, we made use of the release pens and the actions of
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the gamekeepers at our study sites to compare transects inside the
pens with transects close to but outside the pens (Figure 1). At each
release pen, we conducted three surveys using pitfall trapping to
sample invertebrate populations from inside (interior) and 25 m out-
side (exterior) of release pens. Survey 1 was conducted 2-4 weeks
prior to pheasant release between 1 July and 19 August 2016 in
Year 1 and 5 June and 14 August 2017 in Year 2. This allowed us
to determine baseline differences in invertebrate populations be-
tween interior and exterior transects prior to pheasant releases. At
this time, released pheasants were absent from both transects and
we expected there to be no differences in invertebrate populations
between transects due to the direct effects of released pheasants
(although persistent changes to soils or vegetation from previous
releases may drive chronic differences). Survey 2 was conducted
4 weeks after pheasants had been released into the pens between
12 August and 30 September 2016 and 26 July and 30 September
2017, and during which time the pheasants typically remained en-
tirely within the pen (Beardsworth et al., 2021). This allowed us to
explore the relationship between interior and exterior invertebrate
populations compared to the baseline established in Survey 1. With
a high density of pheasants around the interior transects but a low
density around the exterior transects, differences at this point, while
controlling for any underlying differences between transects at a
site revealed by Survey 1, would present conditions where we could
detect effects due to the presence of released pheasants. Survey
3 took place 9 weeks after the initial pheasant release between 16
September and 29 October in Year 1 and 6 August and 4 November
in Year 2, by which time pheasants had typically dispersed out from
the pen into the surrounding landscape. At this point, we can as-
sume a similar density of pheasants around both transects. If the
birds were having direct effects on the invertebrates, then we might
expect that there would be steeper changes in samples for exterior
transects which have more recently hosted pheasants compared to
the interior transects that could have been affected by the presence
of pheasants during Survey 2. Due to logistical issues, we were un-
able to conduct Survey 3 at six release pens in 2016. We collected
all three surveys from all pens in 2017. This approach mimics that

Survey 1
2-4 weeks prior to
pheasant release

Survey 2
4 weeks after
pheasant release

Interior
Transects

Pheasants slowly start to
disperse out of the pen

¥

Pheasants placed in the release pen

Exterior
Transects

Many birds inside the pen, but very few yet outside

No released birds either inside or outside the pen

Similar densities of birds inside and outside the pen

[mm————————

%

used by Neumann et al. (2015) in 1 year of their study (their “pen-
scale” comparison) which they contrasted with a “wood-scale” com-
parison which contrasted with woods where no releases occurred.
They found that the differences were basically the same across com-
parison type although there appeared to be lower noise in data from
pen-scale comparisons.

Neumann et al.'s (2015) and Oliver and Beattie's (1996) method-
ologies formed the basis for our invertebrate sampling, with surface
activity of invertebrates assessed using transects of pitfall traps. A
transect consisting of five interior traps, all within the pen, passed
through the central point of each pen while an exterior transect of
five traps was placed 25 m outside of the release pen parallel to the
pen fence. In the first year (2016), we were concerned that local wild-
life, particularly badgers, might disturb pitfall traps outside the pen,
so we added an extra trap to each exterior transect. Subsequently,
this did not generally occur in that year, so we only placed five traps
on exterior transects in the second year (2017). Due to the small
size of many of the release, pens only 5 m spaces were left between
traps instead of 20 m recommended by studies such as Woodcock
(2005). This could have potentially resulted in over-trapping of local
invertebrate populations and trapping itself decreasing invertebrate
abundances (Ward et al., 2001). However, as this 5 m distance was
standardized between interior and exterior transects, any negative
consequences should have been equal across locations. The pens
were also permeable to movements of invertebrates either through
the gaps in the mesh fences, by flying over them or burrowing under
them. As many of the woodlands within which the release pens were
located were also relatively small, with the smallest at ~2,700 m?, the
exterior transects were placed 25 m from the release pens to ensure
that the same woodland was surveyed. Although this close proximity
increased the likelihood that the exterior transects would be directly
affected by the relatively nearby release pens, it also minimized po-
tential variation in additional variables between interior and exterior
transects (e.g., soil moisture, flora composition, topography, etc.). All
traps that were disturbed or destroyed by wildlife between surveys
were replaced within a meter of the original site for subsequent sur-

veys to ensure consistency.

Survey 3
9 weeks after
pheasant release

Many pheasants have left
the pen

v
Y v

FIGURE 1 Summary of the study
design showing the introduction and
gradual dispersal of pheasants at release
pens where transects were conducted
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Pitfall traps consisted of buried plastic cups (200 ml) with the
lip level with the soil. Covers were placed 3-5 cm above each pitfall
trap to prevent rainfall flooding samples and to deter other animals
from scavenging each trap's contents. Each trap was filled to one-
third with a liquid comprising 89.05% water, 10% ethylene glycol,
and 0.5% Morrisons' own-brand washing liquid. The traps were not
baited. The traps were typically left for 7 days before collection. All
trap contents from a single transect were pooled together. Samples
were washed and sieved after collection to separate invertebrates
from detritus and additional unwanted organic matter. The number
of traps that survived each survey varied because of damage by
wildlife, and some transects had to be collected on either 6 or 8 days
after being placed, rather than the standard seven, for logistical rea-
sons. Therefore, we standardized each invertebrate measure by cor-
recting for trapping effort per transect, using invertebrate measure
divided by trap number divided by number of operational days for
our analyses.

We condensed our catch data from the pitfall traps into six in-
vertebrate measures. We used the total biomass and total count of
all individuals captured as a crude indicator of the entire inverte-
brate population. We then used counts for four common taxonomic
groupings to allow us to investigate whether pheasants had differ-
ential impacts on particular invertebrate populations. These group-
ings were primarily chosen because previous research (Neumann
et al.,, 2015) showed that pheasant releases reduced the abundance
of larger carabids and increased the abundance of spiders and detri-
tivores. Additionally, little if any research has been previously carried
out on the effect of pheasants on slug populations, so slugs were
also specifically investigated to expand the current knowledge base.
Slugs are of particular interest as they are a major farmland pest
(Frank, 1998; Martin, 1991), and as pheasants are largely released
in and around arable land, any effect that pheasants might have
on slugs could be directly beneficial or detrimental to farming. As
such, the populations that were separately counted were as follows:
Slugs (Veronicelloidea), Beetles (Coleoptera), Arachnids consisting of
spiders and harvestmen (Arachnida), and Detritivores consisting of
woodlice and millipedes (Oniscidea and Diplopda).

2.3 | Statistical analysis

Due to our experimental design, we were specifically interested in
the differences in invertebrate measures between the interior and
exterior transects at a site, while accounting for how those differ-
ences may change over the season as invertebrate and gamebird
numbers change. We wanted to test whether these patterns of dif-
ference and change were consistent across the 2 years of the study
and whether either the density of the released birds or the propor-
tion of them that had been reared under enhanced conditions and
so were more likely to be efficient invertebrate predators, affected
the patterns of difference and change. Because our sample size was
relatively small with each pen being an independent sample, in order

to address these specific questions we ran a series of models with
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different structures (Base Models, Density Models, and Enhanced
Models). We had six invertebrate measures to consider, and there-
fore, we ran six sets of each model.

In each model, the comparisons of interest that might indicate
that the released pheasants were having an effect or not were those
between invertebrate measures collected from transects at the in-
terior and exterior of the pen. During Survey 1, we expected that
prior to the release of pheasants, measures from the interior and
exterior transects would be the same. During Survey 2, we expected
that with pheasants at high density inside the pen and absent or at
low density outside the pen, measures from inside the pen would
be lower than those outside the pen (controlling for any initial dif-
ferences detected in Survey 1, as indicated by a steeper drop in the
measure for the interior transects). During Survey 3, we expected
that because pheasants had now dispersed out of the pen, differ-
ences between the interior and exterior transects may be smaller,
although legacy effects may mean that measures from interior
transects were still low, and we might expect a steeper drop in the
measure for exterior transects (controlling for the numbers present
during Survey 2) because the dispersing pheasants had encountered
them for the first time. Seasonal changes in invertebrates may be
responsible for coordinated changes for interior and exterior tran-
sects. If the effects of the pheasants on invertebrates differed be-
tween years, perhaps due to climatic conditions, then we expected
to find a significant 3-way interaction between year, survey number,
and transect location. If this interaction was not significant, then we
could assume that effects were consistent across the 2 years so we
could drop the 3-way interaction and the 2-way interactions with
trap location and survey number and just look at the 2-way interac-
tion between survey number and transect location as well as includ-
ing the main effects. This critical comparison would reveal whether
the invertebrate measure changed differently across the sampling
season depending on whether the transects were inside or outside
the pen, suggesting that pheasants were having an effect on inver-
tebrates. These formed the set of Base Models.

To understand whether the density of released pheasants
(measured as pheasants/m2 of pen at release; ESM Table 1) or the
proportion of enhanced birds (measured as the relative number of
enhanced and control birds released into the pen; ESM Table 1) ex-
erted differential effects on the invertebrate measures, we included
year as a random effect, rather than as the fixed effect that we had
in the initial set of models, and instead considered the 3-way inter-
actions between the bird density, survey number, and transect loca-
tion or between the percentage of enhanced birds, survey number,
and transect location. If those interactions were significant, then we
could conclude that density or percentage of enhanced birds had dif-
ferential effects on invertebrate numbers in the way the measures
changed over the trapping season on interior and exterior transects.
These analyses formed the sets of density models and enhanced
models.

All models were run in R version 3.6.1 (R Core Team, 2018) using
the Ime4 package (Bates et al., 2015). Generalized linear mixed effect

models with a Gamma distribution and Log link function were used
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and a bobyqa optimizer used to improve convergence. Many inverte-
brate measures in a transect were 0. We are not aware of packages
that allow the inclusion of mixed effects in zero-inflated models.
Additionally, we believe that the O measure did not truly represent
absence of the invertebrate type of interest, but instead reflected
their rarity, and thus, they were present at a lower level than we
could detect. Therefore, we overcame the computational problem
of the O score being impossible to analyze by adding 0.000001 to all
of the invertebrate measure count/per trap/per day scores for our
analyses of slugs, beetles, arachnids, and detritivores. This is <0.01%
of any of the mean values of these dependent variables. Slug count,
arachnid count, and detritivore count measures were square root
transformed to reduce overdispersion. Significance levels for inter-
actions and main effects were obtained using the drop1 function.
Separate analyses were conducted on each of these invertebrate
measures, but as the individual count variables are subdivisions of
the total count, we recognize that the threshold for significance
using p values should be reduced to account for multiple compar-
isons. However, as this was primarily an exploratory study, we re-
tained the convention of significance being assumed when p < 0.05
while acknowledging that this increases the likelihood of Type 1

errors.

3 | RESULTS

Although overall invertebrate measures of total biomass, total
counts, slugs and beetles were all lower in 2017 compared to 2016,
we found no significant 3-way interactions between year, survey
number, and trap location in any of our Base models (ESM Table 3).
This indicates that any effects that the released pheasants had on
invertebrate measures were consistent across the 2 years of our
study. Therefore, we removed the 3-way interaction and the 2-way
interactions between year and trap location and survey number. This
allowed us to ask whether the differences between invertebrate
measures differed between the interior and exterior transects dif-
ferentially across the three survey periods, potentially indicating ef-
fects of released pheasants.

The total invertebrate biomass and the total count measures
showed separate patterns of differences between the interior and
exterior transects across the survey periods, indicative of effects
of released pheasants (total biomass: GLMM, trap location x survey
number, LRT = 8.52, p = 0.014; total count: LRT = 10.73, p = 0.005,
ESM Table 3, Figure 2). In both cases, measures were initially simi-
lar between interior and exterior transects during Survey 1 (being
6% higher on exterior compared to interior transects for total bio-
mass and 1% higher for total counts). Measures declined markedly
between Survey 1 and 2 (when pheasants were introduced to,
and at high density in, the pen), and these decreases were higher
for interior transects where the pheasants were present (total bio-
mass = 74%; total counts = 57%) although there were also large de-
creases on exterior transects where released pheasants were absent

(total biomass = 66%; total counts = 52%). These two invertebrate

measures continued to decline, although at a slower rate between
Survey 2 and 3 (when pheasants began to disperse from the pen)
with lower decreases on interior transects (total biomass = 25%;
total counts = 4%) compared to exterior transects to which pheas-
ants were dispersing (total biomass = 55%,; total counts = 41%). We
did not find these differences in patterns of declines when consid-
ering the taxon-specific measures for slugs, beetles, arachnids, or
detritivores with changes across surveys being consistent between
trap locations (Sqrt Slug: GLMM, trap location x survey number,
LRT = 2.82, p = 0.24; beetle: LRT = 3.27, p = 0.19; sqrt arachnid:
LRT = 1.08, p = 0.58; sqrt detritivore: LRT = 1.26, p = 0.53; ESM
Table 3, Figure 2).

These patterns of differences in invertebrate measures between
trap locations across survey periods did not differ with either den-
sity of released pheasants or the percentage of Enhanced pheasants
released in a pen (GLMM, release density x trap location x survey
number, all 3-way interactions LRT < 3.92, all p > 0.14, full model
tables in ESM Table 4; percentage of enhanced birds x trap loca-
tion x survey number, all 3-way interactions LRT < 0.4, all p > 0.82,
full model Tables in ESM Table 5).

4 | DISCUSSION

We detected a range of effects on invertebrates due to releasing
pheasants into woodland pens. Broadly, such measures declined as
the year progressed, but in general these declines for most of our
measures were greatest in specific areas where pheasants had re-
cently arrived and were expected to be at higher densities. However,
these effects were not consistent across all our measures with some
groupings showing increases over time; the size of the effects was
small compared to overall variation between the 2 years of our sur-
vey during which time other environmental or climatic conditions
may have affected invertebrate populations; we found a poor cor-
respondence between the size of the effects and the presumed
intensity of predation by the pheasants. All invertebrate measures,
both from transects inside and outside the pen, were highest dur-
ing Survey 1, conducted between early June and mid-August. They
were all lower during Survey 2 (conducted between late July and late
September), with decreases of 42%-74% inside the pen where pheas-
ants had been introduced, but also with simultaneous decreases of
41%-66% outside the pen where pheasants had not yet dispersed to.
The invertebrate measures were again mainly lower during Survey 3
(conducted between early August and early November) compared to
Survey 2, but during this period the declines were typically greater
for exterior transects (38%-58%) compared to interior ones (4%-
25%). Indeed, for two measures, slugs and detritivores, counts on
interior transects increased (24% & 18%, respectively) over that pe-
riod despite declining on exterior transects.

There were no differences between invertebrate measures in-
side and outside of release pens prior to release during Survey 1,
indicating an absence of chronic between-year effects on inverte-

brates. Pressland (2009) showed that pheasant releases can exert
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FIGURE 2 Changes in (a) total invertebrate biomass; (b) total invertebrate counts; (c) slug counts; (d) arachnid counts; (e) detritivore
counts; and (f) beetle counts made inside and outside pheasant release pens. Survey number 1 = 2-4 weeks before birds were released,;

2 = 4 weeks after the birds were released (and were generally still confined to the pen); 3 = 9 weeks after the birds were released (and had
begun to disperse from the pen). Error bars = 1 SE. Statistics report the 2-way interaction between Survey Number and Trap Location which
might indicate that the released pheasants are having an effect on that invertebrate measure

a chronic effect on invertebrate biomass, reducing it at the wood-
land scale, with evidence of lower levels of biomass prior to release.
Although we did not study nonrelease woodlands, our study does
show that this effect of reduced biomass from the presence of
pheasants does not appear to be higher within the release pens in
general. We did find that, with the exception of arachnid and detriti-
vore counts, all 2017 invertebrate measures were significantly lower
than those made in 2016 across the entire survey period, being
about 2.4 times lower for Invertebrate Biomass, 3.6 times lower for
Total Count and 3.6 times lower for slugs and 2.9 times lower for
beetles. Naively, this might be interpreted as indicative of a chronic
effect, with lower invertebrate measures in the year following a re-
lease. However, in all cases, pens had been release sites at levels sim-
ilar to those occurring in our study years prior to 2016, in some cases
for >15 years. Therefore, we suspect that a more likely explanation

for these between-year differences is climatic variation, with 2017

being both a drier and hotter year overall compared to 2016 but
also being predominantly wetter and slightly colder over the actual
survey period (Met Office, 2019). Wetter and colder weather may
have reduced invertebrate movement and decreased the likelihood
of them falling into the pitfall traps (Saska et al., 2013). Conversely,
changes in climate may have made food less available and reduced
the carrying capacity of the woodlands to support as many inverte-
brates (Dempster & Pollard, 1981), reducing their overall abundance.

The largest declines for all invertebrate measures occurred be-
tween Surveys 1 and 2. This period corresponds to the introduction
of pheasants into the pen. It was notable that decreases were typ-
ically higher on interior transects compared to exterior transects,
with the exception of counts of Beetles which decreased more on
exterior transects. This suggests that the released pheasants may
be having an additional effect on invertebrate declines beyond any

seasonal patterns. The most marked differences (>5%) were seen
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for total biomass (interior declines of 74%, exterior declines of 66%),
arachnid counts (interior declines of 68%, exterior declines of 41%),
and detritivore counts (interior declines of 54%, exterior declines of
42%). The absolute declines, regardless of transect location, could
indicate that the release of pheasants has immediate, widespread
effects on invertebrate populations in woods surrounding the pens
where pheasants are released. However, pheasants typically do not
leave their release pen during these first few weeks (Beardsworth
et al., 2021; Hill & Robertson, 1988), so we doubt whether these ab-
solute declines are due to direct predation by the pheasants. Instead,
declines outside the pen may occur because predation on inverte-
brates within the pen produces vacant niches that draw inverte-
brates in from outside and the pen may act as a population sink, so
reducing their abundance outside. Alternatively, and we believe far
more likely, absolute declines in Invertebrate Measures both inside
and outside the pens, reflect nonpheasant related declines in pop-
ulations as the year progresses (Wolda, 1988), with Survey 1 con-
ducted between early June and mid-August and Survey 2 conducted
6-8 weeks later. Carabids, which constituted 92% of the total beetle
count, are most active in late summer, with some species being three
times as active then than in winter (Cartellieri & Lovei, 2003), and
predatory arthropod populations have been shown to peak in June/
July (Kovanci et al., 2007). These seasonal differences would seem
to match the patterns shown here.

The absolute changes in invertebrate measures between Surveys
2 and 3, when the pheasants dispersed from the release pen, were
smaller and less consistent than those between Surveys 1 and 2. This
may be because the invertebrate populations were naturally smaller
or less active in autumn compared to summer (see above). However,
when we compared changes between interior and exterior transects,
decreases for all measures were greater for exterior transects (total
biomass: exterior = 55%, interior = 25%; total count: exterior = 41%,
interior = 4%; beetle count: exterior = 38%, interior = 14%; arachnid
count: exterior = 58%, interior = 25%). For two measures, we re-
corded increases on interior transects over this period while exterior
measures decreased (Slug count: exterior = 42%, interior = 24% in-
crease; Detritivore count: exterior = 44%, interior = 18% increase).
One potential explanation is that the trampling, disturbance, and
accumulation of fecal matter inside pens may provide an attractive
habitat for some particular invertebrate groups or make them more
susceptible to trapping, especially once the numbers or density of
pheasants in the pens has declined.

The declines in total biomass and total count measures were
typically seen in areas where pheasants had recently arrived (in-
side the pen during Survey 2 and outside the pen in Survey 3)
supporting the hypothesis that pheasants reduce invertebrate
populations generally in and immediately around their release
sites. However, when we considered specific taxonomic groups
(arachnids, beetles, detritivores, and slugs) that we had a priori
reasons to expect may be especially affected by released pheas-
ants, we found no support for differential changes in their popu-
lations inside or outside pens during the survey period. This may

be our sampling efforts were insufficient to detect small effects

in subsamples of the data. The size of the overall effects on bio-
mass and counts was small, with the declines being only 4%-9%
greater inside the pen during Survey 2. This is surprising because
at this point the pheasants are at their highest densities and num-
bers, before they have dispersed or died in large numbers, and
therefore, we would expect them to exert the strongest effect
if directly eating the invertebrates. We also detected relatively
greater changes between exterior and interior transects during
Survey 3 when pheasants had dispersed from the pen. This again
supports the hypothesis that pheasants may reduce invertebrate
numbers around release pens because as the birds moved out from
the pens, so too did the detectable effects on some invertebrate
measures. However, it is surprising that the relative (although not
the absolute) larger effects seen on exterior compared to interior
transects occurred later in the year for two reasons. First, as the
year progresses, the proportion of invertebrate matter in pheas-
ant diets decreases to <10% of their diet in October/November
(Dalke, 1937; Lachlan & Bray, 1973, Hill & Robertson, 1988), sug-
gesting that they may depredate insects less at this time. Second,
as the birds disperse, they forage at a lower density (both because
they occupy a far larger area of ground and because they die in
fairly large numbers) (Madden et al., 2018), so their depredations
(which are already at a lower level) are likely to be diluted. In con-
trast to our results supporting the hypothesis that the released
pheasants caused declines in invertebrates, we also found that
across all three surveys each year, there were greater total de-
clines in five of the six invertebrate measures on exterior as op-
posed to interior transects. On exterior transects, decreases in
total biomass, total counts slugs, beetles, and detritivores ranged
from 65%-85%, whereas for interior transects, they ranged from
50%-80%. For arachnids, total exterior decreases were 75% com-
pared to 76% on interior transects. We are not sure why areas
that overall had lower numbers of pheasants present across the
survey period should exhibit lower decreases in most invertebrate
measures. We speculate that, if pheasants exert any effects that
explain this pattern, then it is that their actions either through di-
rect predation or damage to vegetation made invertebrates inside
the release pen more susceptible to trapping, thus boosting their
apparent abundance. However, we did not study invertebrate be-
havior or use alternative trapping methods that would allow us
to better understand such a potential mechanism. Alternatively,
it is possible that the changes in invertebrate measures were
not caused by released pheasants, indicating that they do not
have effects on invertebrate populations, matching conclusions
drawn by previous studies (Clarke & Robertson, 1993; Neumann
et al., 2015; Pressland, 2009; Warren, 1989).

We found little evidence that, within the range that we sam-
pled, the density at which pheasants were stocked had any imme-
diate differential effect on invertebrate measures, with stocking
density failing to explain any of the additional variance in differ-
ences between interior and exterior transects across the survey
periods as indicated by the nonsignificant 3-way interactions in-

volving density, trap location, and survey number. The densities of
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pheasant releases in this study were all relatively high, with only
three of the 65 releases having stocking densities lower than the
700 birds/ha recommended by the GWCT (Sage & Swan, 2003),
and only nine pen densities being lower than the 1,000 birds/ha
required to avoid shifts in floral compositions and long-term hab-
itat degradation (Capstick et al., 2019; Sage et al., 2005). Both
the mean and high outlying densities of pheasants encountered in
this study are higher than reported elsewhere. Sage et al. (2005)
reported a mean figure of 2,250 birds per hectare of pen in a
1988 sample of around 40 sites and a mean of 1,800 in a 2004
sample of 50 sites. Neumann et al. (2015) recorded 1,500 birds
per hectare of pen at 37 sites. Our study was conducted at sites
that tended to use smaller pens with correspondingly higher
overall densities. Therefore, it is possible that the lack of effect
of release density arose because we encountered a ceiling effect
with very few pens where release densities were low enough to
exert little pressure.

We found little evidence that the rearing methods used to pro-
duce the pheasants, specifically if they had prior experience of and
hence greater competence at predating live invertebrates, immedi-
ately influenced any invertebrate measures with the percentage of
enhanced birds released in a pen failing to explain any of the ad-
ditional variance in differences between interior and exterior tran-
sects across the survey periods. Enhanced birds were only released
during the years of our study, in 2016 and 2017; therefore, it was
not possible that they could have exerted a chronic effect. We can
conclude that the release of pheasants reared under enhanced con-
ditions in which they might be expected to become more efficient
predators of live invertebrate prey (Whiteside et al., 2015) did not
have immediate disproportionate negative effects on the inverte-
brate community postrelease when compared to pheasants reared
under more conventional methods.

It should be remembered that the results that we report here
are deemed statistically significant only before any correction
might account for the large number of analyses that we con-
ducted on the various subsets of this dataset. Therefore, care
should be taken when drawing conclusions from such a study
and instead we recommend that our findings be used as a basis
for future directed studies that specifically test some of the pat-
terns that we report. We also emphasize that our sample of sites
was relatively small and may not have captured the range of pens
or shoot management techniques that occur more widely across
UK lowland shoots. Our study pens appeared to be typically
smaller and stocked at higher densities than those previously
studied and therefore may be more representative of smaller
amateur shoots than those used on larger, more professionally
managed commercial shoots. There are also likely to be import-
ant interactions between the released birds and different pen
floras and faunas in different regions of the UK. Despite these
caveats, our results and the conclusions that we can draw from
them contribute to the slowly growing picture of the direct ef-
fects of pheasants on the invertebrate communities within and

around their release pens.
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5 | CONCLUSIONS

Pheasants undoubtedly eat invertebrate prey, as revealed by a
range of dietary studies (Hill & Robertson, 1988; Porter, 1981;
Stromborg, 1979), and so unnaturally large numbers of pheasants
placed in release pens, even though they receive supplementary food,
may be expected to reduce invertebrate populations. Our study in-
volving 49 release pens over 2 years releasing at relatively high den-
sities detected some evidence to support this hypothesis, but also
indications that this is not a ubiquitous process, with those effects
that we did detect often restricted to particular taxonomic groups and
that the size of the effects was small compared to variation across
different years when climatic or environmental effects may influ-
ence invertebrate population's size or activity. We did not explicitly
look at effects on particular species, but this would be informative,
especially if releases occur in areas where species of conservation
concern are found (Callegari et al., 2014). The differential effects on
particular invertebrate taxa that we detected could be due to direct
predation, with pheasant targeting preferred, more available, or more
conspicuous prey. More detailed study of pheasant foraging behavior
and prey choice could help explain why some invertebrate groups may
be especially vulnerable to predation. We also found that relatively
higher numbers of some taxonomic groups can be found within the
release pens once pheasants have dispersed into the surrounding
environment. The increase in some invertebrate measures inside the
pens between Surveys 2 and 3 suggests that pheasants actually make
pens more attractive habitats to certain invertebrate groupings, or in-
creases their susceptibility to trapping, through the trampling, distur-
bance, and accumulation of fecal matter in pens. This work indicates
that the effects of released pheasants may be somewhat localized
both in time and space, being detectable at a fine spatial resolution
(transects separated by some tens of meters) and differentially over a
four-week period (as the birds disperse from the pen). Previous work
(Sage et al., 2020) suggests that the direct effects of released game-
birds on a range of native fauna and flora are usually restricted to the
areas in and around where they are released. Our study contributes to
the growing body of work that reveals effects of released gamebirds
on UK lowland wildlife and biodiversity, but indicates that such effects
may differ depending on the biodiversity measures being used and the

explicit link to predation behavior by pheasants may not be clear.
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