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ABSTRACT 

Woodland provides an important multi-taxa refuge within managed agricultural 

ecosystems, and historically was the predominant habitat in Britain. However, it 

exists today in fragmented patches, arguably conserved in part due to game 

shooting interests. Annually, more than 37 million omnivorous non-native common 

pheasants (Phasianus coichicus) are introduced into woodland to top up wild 

populations for the shooting industry yet the trophic impacts of these mass releases 

are not well understood. This thesis is the first study to assess quantitatively the 

impact of releasing pheasants on invertebrate communities. 

The data show that ground-active invertebrate biomass was lower in woodlands 

where pheasants are released, particularly in late spring. Also, the proportion of 

arthropod content in pheasant faecal samples was higher April to July, which 

suggests pheasants have an increased reliability on invertebrates after the shooting 

season ceases. Supplementary grain provided by gamekeepers during the release 

and shooting season may help mitigate pheasant predation pressure on 

invertebrate populations. 

Weak evidence was found that pheasant density affected biomass of Lepidoptera 

and Symphyta caterpillars along woodland tracks. Biomass was best predicted by 

plant species richness and temperature when using an information theoretic 

approach. There was no evidence to suggest that pheasants were avoiding 

aposematic larval morphotypes. Additionally, there was no impact of releasing 

pheasants detected in day-flying woodland Lepidoptera recorded in the Butterfly 

Monitoring Scheme, suggesting that any positive or negative effects of pheasant 

management on Lepidoptera are insubstantial. 

Overall, impacts observed in invertebrate populations could be driving trophic 

perturbations in woodlands. Mass-releasing non-native pheasants into already 

sensitive woodland ecosystems require further study to determine the implications 

for communities. 
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CHAPTER 1 

INTRODUCTION 

1.1 The global biodiversity crisis 

Global biodiversity is in severe decline and changes due to human activity have 

been more rapid in the past 50 years than at any other time in human history 

(Millenium Ecosystem Assessment 2005). The most important direct drivers of this 

are habitat alteration (e. g. land use changes, modification of rivers, loss of coral 

reefs), climate change, invasive alien species, pollution, and over-exploitation 

(Millenium Ecosystem Assessment 2005). If extinctions continue at the current rate 

for the next century, we will experience the 6`h major global extinction event 

(Thomas et al. 2004). In light of this, the 2002 Johannesburg World Summit on 

Sustainable Development created a target set for 2010 to reduce significantly the 

current rate of biodiversity loss at the regional, national and global scale (Balmford 

et al. 2005). Rather than conservation of single species, conservation of ecosystem 

services is now being advocated as important due to rudimentary knowledge of the 

number and diversity of species and the poorly understood geophysical and 

geochemical processes that interact to contribute to human wellbeing (Balmford et 

al. 2002; Balmford, Green & Jenkins 2003; Sutherland et al. 2009). There is an 

estimated 80 - 95% of insect species alone yet to be found and described, mostly in 

the tropics (Stork 2007). Human impact is often measured in extinction rates, which 

create considerable difficulty extrapolating estimated rates for, as yet, unknown 

species (Balmford, Green & Jenkins 2003; Thomas et al. 2004). It is likely that 

biodiversity will continue to degrade, at possibly accelerating rates, without 

considerable changes in ecosystem resource use and management of landscapes 

for biological conservation (Lindenmayer et al. 2008). 
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1.2 Agricultural and woodland biodiversity 

There is a decline of species in almost all European habitats, with farmland 

experiencing the highest species population declines (Benton et al. 2002), averaging 

23% between 1970 and 2000 (de Heer, Kapos & ten Brink 2005). Through much of 

Europe the transition from natural to agricultural land was largely achieved several 

centuries ago and remained relatively similar until recently (Firbank et al. 2008). 

Since 1945 agricultural intensification in Britain has resulted in a 65% decrease in 

the number of farms, 77% decline in farm labour and an almost 400% increase in 

yield, due to machinery able to manage larger, more productive fields, and crop 
losses reduced with pesticides (Macdonald & Johnson 2000; Robinson & Sutherland 

2002). This reduction in non-crop habitat area and quality has produced declines in 

populations of many groups in Britain, especially habitat specialists, with generalists 

often still common on farmland (Robinson & Sutherland 2002; Benton 2007). For 

instance, birds have seen declines globally, with more than 10% of species 

estimated to be threatened with extinction (Cassey et al. 2008). However, in Europe 

populations of common farmland generalist species are roughly stable, increasing 

by 3%, whereas specialists have declined by 28% (Gregory et al. 2007). In Britain, 

overall bird populations look to have remained stable from 1970 to 2004, although 

patterns vary in different habitats. For instance, the British Trust for Ornithology's 

UK wintering waterbird indicator shows two-fold increases, whereas farmland 

species have declined by more than 40% in the UK wild bird population framework 

indicator (Eaton et al. 2006). Lepidoptera are undergoing significant declines 

(Conrad et al. 2004; Conrad et al. 2006; Fox et al. 2007), along with cereal aphids 

(and associated parasitoids), leaf and rove beetles, spiders and sawfly larvae 

(Sotherton & Self 2000). There is no observed change in abundance of ground 

beetles, aphid-specific predators (e. g. ladybirds, excluding the invasive harlequin 

ladybird Harmonia axyridis), and predatory flies, whilst increases have been found 

for most other aphid species (Sotherton & Self 2000). Lepidoptera and Aphidae are 

the best studied insect groups in Britain and reduced survey effort for other groups 

may be obscuring actual biodiversity changes over time (Duelli, Obrist & Schmatz 

1999; Billeter et al. 2008). 

2 



Habitat loss and fragmentation due to agricultural intensification consuming natural 

areas, such as woodlands and hedgerows, are detrimental to specialists like 

woodland birds and butterflies (Andren 1997; Radford & Bennett 2007). Significant 

woodland management is not new however: Britain's woodlands have been 

managed to some extent for at least 2000 years for harvesting and grazing 

(Rackham 2006). More recently broadleaved woodlands have undergone great 

ecological change, with around 34% area increase from 1947 - 2002 from new 

planting replacing ancient woodland lost post-war. In 1985 government policy 

moved towards providing greater protection for existing woodland, particularly 

ancient woods, and encouraged more broadleaved woodland creation (Hopkins & 

Kirby 2007). The increase in total area masks an important loss: young woodlands 

do not have the range of floral species that ancient woodlands have and, therefore, 

may not support as many species (Dudley et al. 2005; Bailey 2007). They also often 

contain species that require higher nutrient conditions, thereby creating strong 

competition pressures that prevent further colonisation (Duckworth et al. 2003). 

Changes in grazing pressure, pollution, climate change, alien species and woodland 

management have resulted in changes in ground flora and regeneration (Rackham 

2006; Hopkins & Kirby 2007) which have important implications for woodland taxa 

but are still not fully understood. 

The multiple effects of changes in agricultural and woodland management practices 

have resulted in reduced heterogeneity across rural Britain, and so agri- 

environment schemes (AES) have been introduced in an attempt to increase 

heterogeneity and ecosystem function (Merckx et al. 2009). Across Europe, 26 

countries now have some form of AES which compensate farmers for any loss of 

income associated with the uptake of measures that aim to benefit the ecosystem 

(Kleijn & Sutherland 2003); England's AES developed as part of the Rural 

Development Plan for England (RDPE). Schemes are also available to provide grants 

for additional establishment and/or management of non-cropped areas, such as the 

Forestry Commission's English Woodland Grant Scheme. Currently, 5 million 

hectares of land in England (54% of all agricultural land) are covered by 

environmental stewardship schemes, with 1 million hectares in the predecessor 
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schemes such as the Countryside Stewardship Scheme (Defra 2009a). AES is part 

government-funded and costs £400 million annually; the rest is subsidised by the 

Common Agricultural Policy (CAP) of the European Union (Carey, Manchester & 

Firbank 2005). The objective is to incorporate public enjoyment, landscaping, and 

archaeology as well as to benefit wildlife and ecosystem services (Carey, 

Manchester & Firbank 2005) to create a multifunctional environment that meets 

societal and economic needs (Hopkins & Kirby 2007). 

1.3 Introduced species and biodiversity 

An increasing number of species are being introduced by humans beyond their 

native range, and this is recognised as a major risk to ecosystems (Duncan, 

Blackburn & Sol 2003; Millenium Ecosystem Assessment 2005; Lockwood, Cassey & 

Blackburn 2005). Most introductions of plants and vertebrates have been 

intentional (Pimentel et aL 2000; Brown & Sax 2004) despite concerns over their 

potential impact (Sol, Vila & Kuhn 2008). The mechanisms by which an introduced 

species becomes naturalised, invasive or unsuccessful (Figure 1.1) is dependent on 

the environment, available resources and natural enemies, their interactions, and 

how these vary in time and space; this is known as 'niche opportunity' (Shea & 

Chesson 2002). Only a small proportion of introductions become established, and of 

these, only a small proportion will become nuisance species (Lodge 1993). There is 

evidence that habitat generalism and introduction effort (propagule pressure) are 

key determinants of establishment success (Cassey et al. 2004; Cassey et al. 2008). 

However, release effort is often not recorded and, furthermore, establishment is 

not guaranteed even with high propagule pressure (Duncan, Blackburn & Sol 2003). 

There is a need to understand the factors that determine why some introductions 

succeed and other do not (Blackburn 2001; Duncan, Blackburn & Sol 2003; 

Lockwood, Cassey & Blackburn 2005). Invasive species have the greatest impact and 

hence are the best studied, but a greater knowledge of those species that are 

naturalised is required to help understand the complex mechanisms involved with 

naturalisation and possible successful invasion (Py9ek et al. 2008). Since high 
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species diversity provides invasion resistance by reducing niche opportunity (Shea 

& Chesson 2002), invasion risk is likely to increase as biodiversity declines globally. 

Native 

species 

I Transport ------ º No - not considered 
(outside native range) 

I 
Yes - transported species 

Introduction ------ º No - cage/pet/captive 
(release or escape) 

1 
Yes - introduced species 

Establishment ------ º No -failed introduction 

Yes - established or naturalised 
1 

Spread -------------- No 
I 

Yes 

Invasive 

species 

Figure 1.1 The stages of the invasion process. Many released species are subsequently 
poorly studied and their invasion stage is unknown (shaded). Adapted from Duncan 

Blackburn & Sol (2003). 

Birds have been introduced for centuries, and as societies have changed over time 

so have the reasons for their release (Lever 1987). High dispersal ability, omnivory 

and gregariousness are thought to increase the probability of birds establishing in 

new localities (Mandon-Dalger et al. 2004). Birds have often colonised islands as a 

result of human intervention rather than migration (Blackburn, Cassey & Lockwood 

2008), and the majority of these introductions have been Passeriformes and 

Galliformes (game-birds) on oceanic islands (Moulton, Sanderson & Labisky 2001). 

The biotic resistance hypothesis predicts that introduction success should be higher 

on islands and lower at low altitudes because of increased isolation (Blackburn 

2001; Blackburn, Cassey & Lockwood 2008). The successfully introduced avifauna in 
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Hawaii supports this hypothesis (Gamarra et aL 2005) and game-bird releases in 

Hawaii have been studied to assess the potential impacts on native biota. Chukar 

partridges (Alectoris chukar) and common pheasants (Phasianus coichicus) are the 

dominant avifauna in high elevation shrubland of Haleakala National Park, Maui, 

where their food habits have been studied to assess their ecological niche (Cole et 

al. 1995). Their diets showed little seasonal variation and were predominantly fruits 

of native dicots, leaves and flower parts with a minor invertebrate component. It 

was concluded that competition with the native Nene (Branca sandicensis) is 

unlikely, and even that the game-birds may partially occupy the niche of now- 

extinct birds. The success of Galliformes here was predicted by interspecific 

interactions and environmental factors (community level factors), with only weak 

evidence to suggest that propagule pressure was a key determinant of success. This 

is unlike in other bird groups where propagule pressure is important, although the 

exact reasons for the success of gamebirds in Hawaii are obscure and probably 

skewed by of the lack of predators high up in the Hawaiian shrubland (Moulton, 

Sanderson & Labisky 2001). It is extremely difficult to determine the specific 

mechanisms of introduction, even with relatively closed ecosystems such as islands 

where dispersal is limited. In Britain, the relative island isolation may act under the 

biotic resistance hypothesis to increase likelihood of introduction success, whereas 

the low altitude for most of Britain may act to suppress success. 

1.4 Shooting and game management in Britain 

Shooting game-birds is a traditional rural activity in Britain where the primary bird 

shot is the pheasant. In lowland Britain the majority of shoots are driven shoots, in 

which pheasants are flushed from woodlands and copses to a line of stationary 

guns. In upland Britain and America, rough shooting is more common: small groups 

with dogs flush birds out of copses and woodland whilst walking around the habitat 

(Robertson 1997). In Britain it is estimated that up to two-thirds of rural land is 

directly and indirectly involved with the shooting industry, with 480,000 people 

participating. This generates an estimated 70,000 full time jobs and £1.6 billion a 

year to GDP and driven pheasant shooting is the most common (PACEC 2006). 
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1.4.1 Ecology of pheasants 

Common pheasants (Phasianus colchicus) are ground-nesting birds that originate 

from southeast Asia and have been introduced around the world for sport shooting 

(Figure 1.2). 

Figure 1.2 The natural and naturalised global distribution of common pheasants. Adapted 
from Lever (1987) 

In Britain, it is believed that they were introduced in the 11th century and became 

established shortly after (Lever 1987). Since the 16th century pheasants became an 

important quarry species (Hill & Robertson 1988) and by the 1960s the 

development of artificial rearing methods led to a substantial increase in the 

number of pheasants that are intensively reared (Tapper 1992; Robertson 1996). 

Traditionally, no compulsory central recording scheme existed for releasing 

pheasants for shooting in Britain, although estates often kept their own bag records 

(Parrott et al. 2003). Recently, the GB Poultry Register has been implemented 

because of the threat of avian influenza spreading globally from southeast Asia: 

premises are legally required to register all poultry (including game birds) where 

there are 50 or more birds (Anon. 2006). In 2006,39.83 million pheasants were 

registered on 10,840 sites, of which 98% had production type classified as 
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'shooting' (Defra 2006). In 2008,38.17 million pheasants were registered on 9,400 

sites; if the production proportions were similar then an excess of 37 million 

pheasants were released, across every county in Britain for shooting (Defra 2008) 

(Figure 1.3). This annual mass-releasing is unique to Britain; whilst other countries 

shoot game-birds, the densities of pheasants are a lot lower, with smaller 

introductions and more wild-bird shoots (Brittas et al. 1992; Draycott, Pock & 

Carroll 2002). The repeated mass introductions of rainbow trout (Oncorhynchus 

mykiss) for fishing in New Zealand (Lockwood, Cassey & Blackburn 2005) is perhaps 

the only comparable system. 

Pheasants are large birds, with females weighing between 0.75 and 1.20 kg, males 

1.00 to 1.70 kg (Robertson 1997; Snow, Perrins & Gillmor 1998). They are sexually 

dimorphic and polygynous (Figure 1.4). In Britain, pheasants are reared in 

hatcheries and released into open topped pens in woodlands in July and August as 

6-8 week old poults (Figure 1.5) (Robertson 1997). The pens allow the pheasants 

to move in or out but also help protect the vulnerable juveniles from predation by 

foxes (Vulpes vulpes) (Sage, Robertson & Wise 2001; Baker et al. 2006b), whilst 

being used by gamekeepers to keep the pheasants corralled at night. It is estimated 

that 1 in 12 woodlands contains a release pen (Sage, Ludolf & Robertson 2005) and 

14% of British woodland is under game management (Gilbert 2008). Grain is 

provided in numerous feeding stations from release in the summer until the end of 

the shooting season (15t February) to try to prevent the pheasants from straying 

onto neighbouring estates (Draycott et al. 1998). This is because there is either (i) 

not enough natural food to sustain the high numbers released until the shooting 

season begins on 1"' October and thereafter, or (ii) pheasants are ineffective 

foragers (Wise 1994; Hoodless et al. 2001). Hand-reared pheasants have poor 

survivability compared to wild pheasants (Leif 1994; Sage, Robertson & Wise 2001) 

and have higher mortality from foxes, corvids, birds of prey (Wilson, Drobney & 

Hallett 1992; Grahn 1993; Schmitz & Clark 1999; Draycott et al. 2008) and 

occasionally badgers (Metes metes) (Hounsome & Delahay 2005). Released 

pheasant populations decline by an estimated 25% before the shooting season 

commences (Turner & Sage 2003), so foxes are often heavily culled in the 
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surrounding areas to help prevent excessive losses (Frey et OL 2003). An estimated 

38% of released pheasants are shot and 16% survive the shooting season (Turner & 

Sage 2003) resulting in spring populations being a small proportion of the summer 

release densities (Petersen, Dumke & Gates 1988; Marcstrom, Kenward & Karlbom 

1989; Musil & Connelly 2009). However, annual releases still facilitated an increase 

in pheasant breeding biomass of 2500 tonnes between 1968-1988; 10 times higher 

than any other species (Dolton & Brooke 1999). 

In spring, surviving male pheasants seek to establish territories along woodland 

edges and hedgerows (Lachlan & Bray 1976; Hill & Robertson 1988; Robertson et al. 

1993). Males that successfully establish a territory compete to attract a group of 

females, and the females and male remain on the territory for the breeding season 

(Grahn, Goransson & Vonschantz 1993b, a). Most feeding activity is within 50 m of 

the woodland edge (GWCT 2003) during the 2 hours before and after dusk and 

dawn (Dalke 1937), although foraging occurs throughout the day, with the males 

guarding the females whilst they forage in the open. Their diet is omnivorous, 

consisting mainly of grain provided by gamekeepers, seeds, grasses, and 

invertebrates such as ground beetles and sawfly larvae (Hill 1985; Moreby 1988). 
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Figure 1.3 Density of pheasants per km2 registered in the GB Poultry Register (Defra 
2008). The hatched areas show counties with <5 premises registered: the number of 

pheasants were pooled and not provided separately (total of 42,218 pheasants). Every 
county has >_1 registered premises. 

Figure 1.4 Sexual dimorphism of female (left) and male (right) pheasants. Photos m 
Catherine Davey, reproduced with permission. 
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Figure 1.5 Release pen in woodland. 

1.4.2 Associated habitat management 

Historically, woodlands were retained because of an interest in field sports and so 

the woodland had a value beyond crop or development potential (Macdonald & 

Johnson 2000; Duckworth et al. 2003; Oldfield et al. 2003; Rackham 2006). A suite 

of additional management practices accompanies releasing pheasants for shooting. 

Pens are erected in woodland with tracks and rides cut for access, opening up the 

canopy and allowing additional light to penetrate. Recommendations from 

organisations like the Game and Wildlife Conservation Trust (GWCT) include 

hedgerow retention, woodland planting, shaping and maintenance, woodland edge 

gradation, cover crops, winter and spring feeding, conservation headlands, and 

predator control (Hill & Robertson 1988; Hoodless et al. 1999; GWCT 2003). No 

game management recommendations are mandatory, but when employed they 

have the potential to benefit non-target species on farmland. For example, 

supplementary feeding and predator control has been shown to benefit some 

farmland birds by increasing abundance (Stoate & Szczur 2001; Stoate 2002). 

Draycott, Hoodless & Sage (2008) found greater numbers of birds associated with 

pheasant managed woods, primarily woodpigeons and warblers, although Davey 
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(2009) found no relationship between woodland bird abundance and pheasant 

managed woods when comparing game and non-game managed woods. 

Disturbance and faecal inputs from pheasants in pens located in ancient semi- 

natural woodlands cause increases in phosphate and potassium in the soil, 

decreases in shade-tolerant perennial plants, decreases in plant species diversity, 

and increases in the amount of bare ground (Sage, Ludolf & Robertson 2005). The 

structure and flora of hedgerows near pheasant release pens have fewer tree and 

shrub seedlings, more weed species, fewer stable perennial species, more bare 

ground, and reduced measures of leafiness in taller hedges (Sage et al. 2009). 

Conversely, the woodland habitat management may be beneficial to butterfly 

populations (Robertson, Woodburn & Hill 1988; Warren 1989; Clarke & Robertson 

1993). 

1.5 Potential implications of shooting in Britain 

The release of over 37 million pheasants has the potential to cause significant 

trophic perturbations (Figure 1.6), especially since it occurs as a boom-and-bust 

dynamic over a6 month period. However, the ecological impacts of such large 

releases are poorly understood. Pheasants are generalist foragers that exert a 

variety of predatory pressures on lower trophic levels. Their mass release attracts 

predators into the area, and the supplementary grain attracts granivorous 

vertebrates like wood mice (Davey 2009). Additional interactions are created in 

farmland food webs through predator control by gamekeepers, planting of game 

cover crops and habitat alteration in woodland; these are also unquantified. 

However, the impact of the pheasants themselves is not well understood. The 

annual release of pheasants to maintain sufficient stocks for driven game shooting 

do not allow the opportunity to assess the stage of the invasion process pheasants 

could reach (Figure 1.1). Pheasants in high densities are sufficiently damaging to 

lead to recommended stocking limits of 1000 pheasants per hectare of pen (700 per 

hectare if the pen is in ancient semi-natural woodland), and pen areas no larger 

than one third of the woodland (Sage 2006). These guidelines promote responsible 

game management, however they are not mandatory and so detrimental 
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overstocking could be widespread. Given the concerns about non-native species 

(e. g. Zavaleta, Hobbs & Mooney 2001), releasing high densities of exotic birds that 

have an unknown impact in every county in Britain, and specifically managing their 

habitat for high stocking densities understandably causes concern among 

conservationists and scientists, raising valid questions about the wisdom of such a 

practice (Davey 2009). 
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Figure 1.6 Simple schematic woodland food web demonstrating the additional 
interactions created from shooting (shaded). High-density pheasant releases, 

supplementary grain provision, and nutrient enrichment of soil from increased faecal 
inputs have the potential to cause trophic perturbations. Clipart courtesy FLIT 

(http: //etc. usf. edu/clipart). 

1.6 Thesis rationale 

There is widespread belief that management practices associated with releasing 

pheasants have beneficial impacts on non-target species (Warren & Fuller 1993; ITE 

& CEH 1999; DETR 2000; Kirby 2001; PACEC 2006), although there is limited 
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evidence for this. It is however, difficult to believe that any potential conservation 

benefits gained from this practice will wholly mitigate the impacts of mass releasing 

a large non-native bird into complex woodland communities that are already 

undergoing dramatic fluctuations due to habitat and climate alteration. 

In reality, very little is known about the direct and indirect effects of the presence 

of pheasants in woodlands and the surrounding area on invertebrate communities. 

The study presented in this thesis is the first to provide a quantified assessment of 

the impacts of pheasants on invertebrate biodiversity. My study sites were located 

in southwest Britain, where pheasant densities are high and sites representative of 

the sport (Figure 1.3). 

1.7 Thesis structure 

In this thesis, I employ a variety of approaches to investigate the effects of releasing 

pheasants on two key invertebrate communities, and their associated plants: 

ground active-invertebrates and Lepidoptera. 

In Chapter 2I determine whether releasing pheasants has negative impacts on 

ground-active invertebrates by comparing managed and unmanaged sites both 

before and after pheasants are released. First, I investigate if invertebrate biomass 

is lower on sites that release pheasants, and if differences are greater after release. 

I investigate whether pheasant release density affects biomass and plant species 

diversity. Finally, I investigate how the proportion of invertebrate content found in 

pheasant faecal pellets changes over seasons. 

In Chapter 3I assess whether pheasants impact caterpillar communities in 

woodland tracks. I investigate how pheasant density affects caterpillar biomass and 

how other environmental factors, such as track habitat and weather, influence 

observed biomass. Finally, I test whether pheasants are selecting for or avoiding 

particular caterpillar morphologies in woodland tracks. 
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In Chapter 4I investigate whether the release of pheasants and associated 

management impacts woodland adult butterflies and day-flying moths recorded in 

the UK Butterfly Monitoring Scheme. I test the general hypothesis that woodlands 

that release and manage for pheasants will have lower densities of adult 

Lepidoptera than sites with no pheasants releasing within 5 km, and that this effect 

will be greater after pheasants are released. 

In Chapter 5I discuss my findings from the data chapters and consider the 

implications of releasing pheasants and associated management for woodland 

invertebrate communities in light of my results. I discuss the ecological and 

epidemiological issues surrounding high-density releasing of non-native pheasants 

into Britain and finish by identifying future research that, in my opinion, will help 

clarify the implications of pheasant management. 
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CHAPTER 2 

THE EFFECT OF RELEASING PHEASANTS ON GROUND-ACTIVE 

INVERTEBRATES IN WOODLAND EDGES 

Summary 

1. The impacts of annual high-density pheasant releases into woodland for 

shooting are largely unknown. This is the first quantitative study to 
determine the effects of releasing pheasants on woodland edge 
invertebrate communities. 

2. Ground-active invertebrates were sampled along woodland and grass 
field edge boundaries using pitfall traps, on sites that did and did not 
release pheasants, before (May or June) and after (September) release 
in 2006. Invertebrates caught were identified to order, with beetles 
(Coleoptera) and spiders (Araneae) further identified to family. 

3. Faecal samples were collected March to July, and October and 
November to determine if the proportion of invertebrates in the diet 

was lower when supplementary grain provisioning occurred. 
4. There was an overall lower invertebrate biomass on managed sites, due 

to lower biomass sampled in grass field edges before pheasant release. 
Order richness overall was not significantly different between sites, but 
the grass field plots before release were significantly less order-rich on 
sites that released pheasants. 

5. Coleoptera, Isoptera and Collembola were negatively affected, and 
Chrysomelidae was positively affected, by releasing pheasants. Effects 
in Coleoptera were due to lower biomass of Carabidae and 
Curculionidae. The only effect on spider biomass was positive in 

managed sites in the woodland after release. 
6. The proportion of invertebrates in faecal samples was higher April to 

July when no supplementary feeding occurred, possibly explaining the 
reduced invertebrate biomass in late spring and early summer. 

7. Plant species diversity significantly increased invertebrate biomass 
caught in traps, but was not significantly different between sites that 
did and did not release pheasants. 

17 



2.1 Introduction 

2.1.1 Pheasant behaviour and diet 

Pheasants released for shooting in lowland areas of Britain are more abundant in 

areas of woodland cover (Robertson 1997). They forage on the woodland edge and 

surrounding fields using the woodland for roosting and protection from rain and 

wind (Cramp 1980). Pheasants forage throughout the day but are most active in the 

2 hours after dawn and before dusk (Dalke 1937). They are generally omnivorous 

during the winter (Stromborg 1979; Hill & Robertson 1988), but over the spring and 

summer consumption of invertebrates increases; up to 20% of diet volume in 

August and September is animal food, primarily insects (Cramp 1980) compared to 

0- 17.2% in May and June (Stromborg 1979). Many ground-active invertebrate 

groups are consumed by pheasants (Hill 1985; Moreby 1992) and females have a 

higher proportion of invertebrates in their diet during spring when they need 

additional protein for breeding. Chicks require a high protein diet for growth 

(Whitmore, Pruess & Gold 1986) and select beetles (Coleoptera), caterpillars 

(Lepidoptera), sawfly larvae (Symphyta), and bugs and hoppers (Hemiptera) (Hill 

1985; GCT 2006). Pheasants are large birds: up to 1.20 kg for females, 1.70 kg for 

males (Snow, Perrins & Gillmor 1998) with crops that can contain 20.1 ± 4.8 g 

(mean ± SE) of food daily (Stromborg 1979). For a crop this size, 5 17.2% 

invertebrate content in early summer could be a significant amount of animal 

matter when multiplied up over an estimated 1.8 - 1.9 million breeding pairs of 

pheasants in Britain (Burfield & Bommel 2004; Baker et aL 2006a) i. e. circa 5 12,000 

kg/day invertebrates eaten, assuming a 50: 50 sex ratio. Likewise, in September, 5 

20% (s 4.02 g) of pheasant diet composing of invertebrate matter when multiplied 

by over 38 million pheasants (Defra 2008) could have a significant impact i. e. circa :5 

150,000 kg/day invertebrates eaten. Whilst these are maximum bounds 

approximations, these figures clearly demonstrate the potential impact of 

pheasants on invertebrate populations. 

Wild-born chicks appear early in summer and are highly dependent on a diet rich in 
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protein for several weeks after hatching (Hill 1985; Robertson 1997). With released 

chicks that are typically 6 to 8 weeks old (poults), protein pellets are often fed 

alongside supplementary grain. Gamekeepers use these supplementary food 

resources as devices to keep pheasants in particular areas for the shoot, and to 

prevent dispersal onto neighbouring estates. The health of released pheasants 

improves significantly if supplementary feeding occurs in release pens and 

surrounding feed hoppers (Sage, Putaala & Woodburn 2002). This suggests that 

either the natural food sources in and around a wood are not sufficient to maintain 

released populations or released pheasants are inadequate foragers when first 

released, or both. Supplementary feeding usually ceases with the end of the 

shooting season (1st February) as most estates have too few pheasants left on the 

land to be of interest to maintain. Whilst some estates use habitat management 

and predator control to encourage a breeding population with the aim of creating 

wild bird-only shoots, wild shoots are rare in lowland England. Most shoots 

supplement wild populations with reared birds later in the summer to have the 

numbers required for a productive shooting season. 

2.1.2 Impacts on invertebrate communities 

Greater species richness of carabid beetles and spiders can be found within 

approximately 5m of a woodland edge compared to within wood or field habitats 

(Bedford & Usher 1994; Dangerfield et al. 2003). Woodland edge is the primary 

habitat of pheasants and therefore where impacts of high-density pheasant 

releases are most likely to occur. Beetles and spiders are important generalist 

predators of invertebrates in agroecosystems (Lang, Filser & Henschel 1999) and a 

decrease in their populations due to predation from introduced pheasants could 

cause a trophic cascade amongst lower arthropods. A study looking at the impact of 

released pheasants and red-legged partridges on chalk grassland used six 1m by 1 

m exclusion and control pairs of plots to test for predatory effects of pheasants on 

adonis blue (Polyommatus be/largus) butterfly larvae and other ground-dwelling 

insects (Callegari 2006). The following spring, pheasant faecal samples were 

analysed, and emergence boxes used to collect post-hibernation and 
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metamorphosed insects, and pitfall traps used to sample ground-active 

invertebrates. Callegari (2006) found that a large range of invertebrates were 

consumed by the gamebirds, but that there was no detectable impact of release on 

ground-active and emerging invertebrate populations. This is the only study to date 

that has attempted to quantify the impact of releasing pheasants on invertebrate 

communities. However, the results may be confounded by the small sample size 

used, because grassland rather than woodland edge was surveyed, and because 

edge effects could be important in such small plots. 

2.1.3 Aims and hypotheses 

My primary aim was to quantify the impact of releasing pheasants on ground-active 

invertebrate biomass by comparing sites that did and did not release pheasants, 

both before and after release. In addition, I aimed to determine if the proportion of 

invertebrates in pheasant diet changed seasonally using faecal analysis. Specifically, 

my hypotheses were: 

1. Biomass of ground-active invertebrates will be lower on sites that release 

pheasants for shooting. 

2. Biomass of invertebrates will be lower after pheasants are released. 

3. Biomass of invertebrate predators, beetles (Coleoptera) and spiders 
(Araneae), will be lower on sites that release pheasants, most notably after 

pheasants are released. 

4. Biomass of invertebrates will be negatively affected by pheasant density 

along woodland edges. 

S. There will be an increase in the proportion of invertebrates found in pheasant 
faeces with the cessation of supplementary feeding. 
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2.2 Methods 

2.2.1 Site selection 

Ground active invertebrates were sampled from 34 farms across southwest England 

(Figure 2.1). Sites were arranged into 17 matched pairs, one releasing pheasants, 

the other not, situated 1 to 11 km apart. The pheasant-managed site (referred to as 

managed forthwith) was chosen first and the non-pheasant-managed (referred to 

as not managed forthwith) site pair chosen, matching one woodland in each site for 

stand type (primarily broadleaved or mixed), with the managed woodland 

containing an active release pen. Each sampling area was standardised for an 

adjacent grass field that was used for grazing stock (although stock were not always 

present during sampling) at the same compass bearing (± 45°) as the other member 

of the pair (Figure 2.2). Plots were sampled twice: once in May or June, and then 

after pheasants were released in September before the shooting season 

commenced in October. 

Figure 2.1 Location of sites for ground-active invertebrate study. Closed circles represent 
the managed members, open circles non-managed members. 
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Figure 2.2 Example of a matched woodland pair a) managed member with release pen, b) 

non-managed member, showing transect placements in white along the woodland edge 
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2.2.2 Sampling method 

Pitfall traps were run for 7 days per survey to sample ground-active invertebrates at 

the woodland edge with each pair sampled simultaneously to control for weather 

conditions. The traps consisted of 100 ml ethylene glycol (anti-freeze) and distilled 

water (1 : 1) in 200 ml plastic cups set into the soil to ground level. To prevent 

vertebrate by-catch, a 12 cm by 12 cm square of 1 cm fused chicken wire was 

placed 1 cm above the trap and held in place with a ground staple. A transect 

consisted of four traps placed in a1m by 1m square plot both in the field and 

wood interior, placed opposite each other 2m from the woodland boundary (Figure 

2.3). The transect was replicated a minimum 20 m away along the same woodland 

edge. Plant species and abundance (% cover) at herb, shrub and tree levels were 

recorded in a2m by 2m square surrounding each trap plot. 

Each trap was emptied into a small sieve lined with muslin and all invertebrates 

excluding slugs and snails retained. The invertebrates were then wrapped in the 

muslin and placed in a 30 ml container with 70% ethanol and stored until 

identification. I used a dissecting microscope and measuring eye piece graticule to 

identify invertebrates to order and measure length from the mouthparts to the end 

of the abdomen to 0.1 mm. With elytral insects, length was measured from the 

mouthparts to the end of the elytra. Acari (ticks and mites) and Myriapoda 

(centipedes and millipedes) were treated as orders here for convenience. Length 

was measured to estimate biomass using published conversion equations, as this 

was more efficient than drying every sample (Saint-Germain et al. 2007). Beetles 

(Coleoptera) and spiders (Araneae) were identified to family. None of the 

invertebrates were identified to species as there was no evidence that pheasants 

only eat specific species. Since there was no information about possible effects of 

pheasants on invertebrates, I decided that a whole community biomass approach 

was more informative than a species-specific one. Samples had up to 241 

invertebrates and took 1 to 4 hours to process, so 1 trap per plot was identified 

(Figure 2.3), a total of 272 traps out of 1088 collected. 
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Figure 2.3 Transect pitfall trap organisation and surrounding plant survey area. The traps 
from which invertebrates were identified are shaded. 

2.2.3 Pheasant surveying 

Pheasant density was estimated for each woodland pair in April and September in 

the 2 hours after dawn and before dusk when pheasants are most actively feeding 

(Dalke 1937; Robertson et al. 1993). Surveys were repeated 3 times, each pair 

surveyed simultaneously with the aid of a field assistant. Pair members were 

allocated randomly dawn or dusk, and between surveyors, with the exception of 

one pair where only I had permission from the gamekeeper to survey the 

woodland. In September, I performed the surveys without assistance but pairs were 

still surveyed within the same 2-hour activity period. The woodland edge was 

surveyed using binoculars with the recorder hidden behind vantage points of 

hedgerows, trees and fences to reduce disturbing the pheasants. All territorial 

males, non-territorial males, females and, in September, juveniles were identified 

using behavioural and morphological characteristics (Robertson 1997). These data 

were used to estimate the number of pheasants using the woodland edge by 

calculating the maximum number of pheasants in each group observed during the 3 

surveys and dividing by the length of woodland edge surveyed (pheasants per m). In 

addition, gamekeepers and landowners provided information on numbers of 
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pheasants released into each site pen. 

2.2.4 Pheasant faecal sampling 

Pheasant faecal samples (Figure 2.4) were collected from 27 sites between March 

and November 2007, excluding August and September (pheasant releasing period) 

at the request of the gamekeepers. Faecal pellets were stored in 100% ethanol. 

Using a binocular dissecting microscope, each pellet was placed in a petri dish and 

pulled apart using a dissecting needle and forceps. Chitinous invertebrate 

fragments and feathers were separated from the vegetative matter, and the 

samples were then dried and weighed to calculate the proportion of invertebrate 

content by weight. 

2.2.5 Statistical analysis 

The sampling design was a variant of a before-after-control-impact (BALI) design 

where sites that did or did not release pheasants were measured for invertebrate 

biomass before and after pheasants were released. Matched pairs statistical tests 

were not suitable for this design because of 3 factors of non-independence: 

temporal (repeat sampling pre- and post- pheasant release), spatial (habitat plots 

were 4m apart and replicated twice per site) and pairing (sites were paired for 

location and woodland type). Instead a linear mixed effects model approach was 

used to include the sampling structure, whilst quantifying the effect of pheasant 

release and plant species richness (independent variables) on invertebrate biomass 

(dependent variable). Mixed models are flexible tests that can analyse balanced or 
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unbalanced data and contain two predicting aspects: random and fixed effects. 

Random effects are thought of as features of experimental units drawn at random 

from a population, or structural factors whose variance is to be considered i. e. 

repeat measurements. Fixed effects are parameters that can be altered by the 

experimenter (e. g. treatment) and/or variables whose effect is of particular interest 

(Pinheiro & Bates 2000; Crawley 2007; Bolker et al. 2009). Linear mixed models 

allowed the full sampling structure to be incorporated into a single model, whilst 

avoiding pseudoreplication. Markov chain Monte Carlo (n = 1000) simulations were 

used to obtain p values and 95% confidence intervals (Baayen, Davidson & Bates 

2008). To keep the integrity of the sampling design, the transect replicates were not 

summed (with the exception of the more detailed invertebrate family analyses) as 

the plots in the wood and field edge were not spatially independent. The replicates 

were summed for field and wood edge habitats for each site per sampling occasion 

for the family analyses as there were not enough data at the plot level, therefore 

paired t-tests were be used for the individual comparisons per habitat, before and 

after pheasant release. Analyses were performed in R (R Development Core Team 

2009) using the Ime4 package (Bates & Maechler 2009) for the linear mixed models 

and SPSS (SPSS Inc. 1989-2006) for t-tests. 

Biomass was calculated from the measured invertebrate body lengths and 

published equations which predict the relationship between body length and 

biomass (Hodar 1996). I used these equations rather than create my own biomass 

regression charts as this was more efficient given the number of invertebrates 

sampled. As I was measuring relative differences between pair members rather 

than estimating overall site biomass, and so any errors would not greatly affect 

comparisons of relative differences. Biomass was transformed using natural log (In). 

Plant species diversity per plot was calculated as inverse Simpsons Diversity Index 

(lID) (Simpson 1949) using BioDiversity Professional (McAleece 1999), where a 

higher value indicates greater diversity. Plant species diversity was included in the 

analyses to test the integrity of the matching procedure and as a covariate to 

predict invertebrate biomass. Invertebrate order richness was calculated as the 

number of different orders per trap, and was analysed for differences between 
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managed and non-managed sites using mixed models. 

In addition to the matched pairs analyses, the managed members of each pair were 

analysed separately using mixed models to determine whether numbers of 

pheasants affected invertebrate biomass. The maximum number of pheasants 

observed during surveys were calculated as pheasants per metre of woodland edge 

surveyed. The number of pheasants released and the spring surveys were analysed 

using linear regression to assess if higher pheasant release resulted in higher 

numbers of pheasants surviving after the cessation of the shooting season. The 

release numbers and survey counts were transformed using natural log (In). 

The proportion of invertebrate dried biomass relative to vegetative matter in faecal 

samples calculated was arcsine transformed. A one-way ANOVA with post-hoc 

pairwise comparisons in SPSS (SPSS Inc. 1989-2006) was used to determine if diet 

proportions changed across months and which months differed most significantly. 

Bonferroni corrections (a/n) were used for multiple comparisons between monthly 

means (n = 21), maintaining the experimentwise error rate by reducing the 

significance level (a = 0.05) according to the number of comparisons made (Dytham 

2003). 

2.3 Results 

2.3.1 Effect of releasing pheasants on invertebrate biomass 

In total, 19,537 invertebrates were recorded across 22 orders. Invertebrate biomass 

was lower on pheasant managed sites overall (Table 2.1; Table A. 1) due to a 

significant decrease in biomass before pheasant release in the field edge plot 

(Figure 2.5a, b). Wood edge and post pheasant-release plots showed no significant 

difference in biomass with pheäsant release. 
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Table 2.1 Model results of the comparison of pheasant release and non-release on 
invertebrate biomass over sampling occasion and habitat. 

Pre-release Post-release Overall 
Estimates (95% Cis) Estimate* (95% Cis) Estimates (95% Cis) 

t value t value t value 
6.297 (5.796,6.781) 5.318 (4.626,6.096) 5.657 (5.194,6.003) 

No Ph 
Field 

-0.645 (-1.013, -0.227) -0.046 (-0.447,0.416) -0.329 (-0.620, -0.058) Ph 
-3.290 ** -0.220 -2.580* 

No Ph 6.009 (5.106,6.723) 5.718 (5.114,6.400) 5.977 (5.426,6.461) 
Wood -0.145 (-0.687,0.380) -0.090 (-0.467,0.342) -0.124 (-0.401,0.189) 

Ph 
-0.580 -0.446 -0.860 

6.115 (5.662,6.583) 5.390 (5.028,5.733) 5.724 (5.417,5.988) 
No Ph 

Overall 
-0.393 (-0.738, -0.089) -0.059 (-0.344,0.199) -0.224 (-0.422, -0.012) Ph 

-2.150 * -0.630 -2.020* 
** * P= <0.001; ** P=0.01; * P=0.05; 'biomass (In mg) per trap. The non-managed group (No Ph) 
is the intercept in the model with the mean (estimate) and Cls given; the estimates for the managed 
group (Ph) are the difference from the intercept. The mixed model t statistic shows the direction of 
effect: negative values indicate managed sites had lower biomass. 

Plant species diversity had a significant effect on biomass (t = 3.09, P=0.002; Figure 

A. 1) and so was included as a covariate for all models. There was no significant 

difference of plant species diversity between non-managed and managed pairs (t = 

-1.547, P=0.238), which is most likely due to the matching procedure (Figure 2.4c, 

d). 

2.3.2 Effect of releasing pheasants on invertebrate groups 

There were mixed effects of pheasant release between invertebrate groups (Table 

2.2; Figure 2.6; Table A. 2). There was insufficient data to analyse 10 of the 22 orders 

recorded. Coleoptera (beetles), Collembola (springtails) and Isopoda (woodlice) had 

significantly lower biomass in the field edge before pheasant release on sites that 

released pheasants, and are likely causes of the lower biomass observed for this 

habitat and sampling period (Table 2.1). In the wood habitat before release there 

was a higher biomass of Isopoda on sites that did not release pheasants. In the 

wood habitat after release on pheasant managed sites, Araneae (spiders) and 

unidentified larvae had higher biomass whereas Acari (ticks and mites) had a lower 

biomass. 
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Table 2.2 Effect of pheasant release on common invertebrate groups before and after 
release in field and wood edge habitats. Negative t values in t-tests and mixed model 
(overall) results indicate a neeative effect of pheasant release. 

Group 
Pre release 

Field Wood 
Post release 

Field Wood 
Overall 

Acari t16 = 1.270 t16= 1.241 t16 = 0.822 t16 = -2.990 
** 

t=0.164 

Araneae t16 = 0.551 t16 = -1.070 t16 = -1.390 t16 = 2.721 * t= -0.106 
Coleoptera t16 = -3.160 

** 
t16 = -1.111 t16 = -0.880 t16 = 0.050 t= -1.660 

Collembola t16 = -4.091 t16 = -1.258 t16= -0.692 t16 = 1.082 t= -3.130 

Dermaptera - - - - t =1.815 
Diptera t16 = -1.160 t15 = -1.400 t16 =1.340 t16 = -1.760 t= -0.433 
Hemiptera - - - - t=0.478 
Hymenoptera t16=-1.700 t16=-1.161 t16= -0.351 t16=0.512 t=-1.011 
Isopoda t16 = -3.142 t16 = -2.664 - t16 = -0.193 t= -3.726 

Myriapoda - - - - t =1.773 
Opiliones - - t16= 0.570 t16= -0.971 t=0.728 
Unknown 
larvae 

t16=0.890 t16=0.583 t16=1.344 t16=2.401* t=0.322 

***P=<0.001; "' P=0.01; ' P=0.05; -insufficient data. 

Order richness per trap was not significantly correlated with pheasant release over 

the whole dataset (t = -1.643, P=0.108). When isolating the field edge before 

pheasant release, there were significantly fewer orders recorded on sites that 

released pheasants (t = -2.635, P=0.010). There were no significant differences in 

the wood edge habitat and after pheasant release between managed and non- 

managed sites. 

2.3.3 Effect of releasing pheasants on beetles and spiders 

Not all beetle and spider families could be analysed separately as many were only 

caught occasionally in pitfall traps. Whilst effects of pheasant release are mixed, 

Carabidae, Curculionidae and Tetragnathidae had significant decreases in biomass 

on managed sites in the field edge before pheasant release (Table 2.3; Table A. 3). 

Chrysomelidae biomass on managed sites was significantly higher before release 

and in the wood edge after release; there was no effect in the field after release. 

The decrease in Carabidae and Curculionidae in the field edge of managed sites 

before pheasant release may explain the overall decrease in Coleoptera (Table 2.2). 
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Table 2.3 Effects of pheasant release on invertebrate family biomass in field and wood 
edge habitats, before and after pheasant release, and overall. 

Family 
Pre-release Post-release 

Overall 
Field Wood Field Wood 

Coleoptera 
Carabidae tl6 = -3.580 t16 = -0.199 t16 = 0.731 t16 = -2.560 t= -1.57 

Chrysomelidae t16 = 3.114 t16 = 3.529 t16 = 0.607 t16 = 4.942 t=5.731 

Curculionidae t16 = -3021 t16 = 0.040 t16 = 1.167 - t= -0.520 

Elateridae t16 = -0.837 - - - t= -1.262 
Ptiliidae - - t16 = -0.523 t16 = 0.044 t= -1.491 
Staphylinidae t16 = -1.043 t16 = -2.239 t16 = -1.016 t16 =1.453 t= -0.894 
Aroneae 
Linyphiidae t16 = 0.686 t16 = 0.392 t16 = 0.007 t16 = 0.260 t=0.600 
Lycosidae t16 = -0.050 t16 = -0.149 t16 = -1.942 t16 =1.421 t= -0.476 
Tetragnathidae t16 = -5.907 - - - t= -5.907 

"" P=<0.001; ** P=0.01; *P=0.05; - insufficient data 
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Figure 2.6 Mean biomass (mg) of invertebrate groups per pitfall trap on non-managed 
(white bars) and managed (grey bars) sites (with 95% Cis). 

2.3.4 Effect of pheasant density on invertebrate biomass 

The number of pheasants released into the wood resulted in more pheasants 

surviving into spring (F1,16 = 9.35, P=0.008; Figure A. 2). When only considering the 

managed sites, the number of pheasants utilising the woodland edge did not affect 

invertebrate biomass in the field or wood, before or after release (t = 0.373, P= 

0.810). There was no relationship between the number of pheasants released into 

the survey woodland and invertebrate biomass (t = 0.258, P=0.776). 

2.3.5 Effect of season on pheasant diet 

A total of 84 faecal samples were analysed. Overall, there was a difference between 

months in the proportion of invertebrates in the diet (F6,83 = 2.213, P=0.051) 

(Figure 2.7). However, when looking at the post-hoc pairwise comparisons between 

months, none were significantly different. This was due to the high variability within 

samples and the conservative Bonferroni adjustments. April to July had the highest 

proportion of invertebrates present in the diet, with May and October showing the 
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biggest difference in means (mean log difference = 1.807,95% Cl = -0.290 - 3.903, P 

= 0.175). 
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Figure 2.7 The monthly proportion of invertebrates in pheasant faecal samples (n = 84) 
and average pitfall trap biomass sampled (grey dashes). August and September were not 

collected as access was not granted to pheasant release sites during releasing months. 

2.4 Discussion 

Overall, sites were that managed for pheasants had lower biomass and order 

diversity of ground-active invertebrates than non-managed sites. This was due to 

the lower biomass and order diversity in the field edge habitat in spring and early 

summer, before pheasants were released on managed sites. These sites had a 

significantly lower biomass of Coleoptera (primarily Carabidae), Isopoda and 

Collembola. There was no overall difference in biomass between managed and non- 

managed sites after pheasant release, or in the woodland edge habitat. Plant 

species diversity positively increased invertebrate biomass, but there was no 

difference in plant species diversity between sites that did and did not release 

pheasants. The proportion of invertebrate fragments in the diet was higher 

between April to July, probably due to greater reliance on natural food resources as 

supplementary grain provision had ceased. In this section, I will first discuss the 
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limitations of the study, then the results, their relevance to previous research, and 

their implications for invertebrate populations. 

2.4.1 Limitations 

Pitfall trapping is a measure of activity rather than abundance (Greenslade 1964; 

Luff 1975). There can be problems interpreting the effect of habitat structure on 

invertebrate activity and so using catches as estimates of true abundance is 

problematic (Topping & Sunderland 1992; Melbourne 1999). Here, I was not aiming 

to estimate total abundance, but used pitfall trapping as an indicator of the 

invertebrate communities between two 'treatments': pheasant-releasing and non 

pheasant-releasing. Although pitfall trapping has limitations, when used as a 

comparable tool in a matched-pairs design, the error is equal in each treatment. 

Whilst activity can vary between invertebrate sexes, as in spiders, where males are 

more likely to be caught by pitfall trapping (Topping & Sunderland 1992), I do not 

believe this to be an important issue as I was simply measuring difference and so 

did not identify the sex of the invertebrates. 

Matched-pairs designs can be difficult to achieve, especially in highly diverse 

agroecosystems. My pairs were 1 to 11 km away from each other, which 

standardised effects of weather perturbations on trap catches, and matched 

woodland and field types as accurately as possible. I could not, however, match for 

soil composition, woodland area and altitude. The absence of any difference in 

plant diversity between managed and non-managed site plots reinforces design 

confidence. 

The low level of replication (n = 17) and high variability of the system meant that 

detecting a causal relationship between pheasants and invertebrate biomass was 

not possible. The correlative relationships found here are treated with caution 

when regarding the impact of pheasants as the underlying mechanisms of the 

differences observed are not well understood. Further investigation is required to 

determine the specific interactions that result in differences in invertebrate 
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assemblages. 

Faecal analysis by dissection has inherent errors in that detection is based on 

chitinous fragments that have not been digested and thus soft-bodied prey items 

are undetectable. This was unavoidable, but the aim here was not to identify which 

invertebrate groups were eaten, but see if, in relative terms, there was an increased 

reliance on animal food in the absence of supplementary grain provision. 

Differences observed over the year may indicate increases and decreases in the 

proportion of hard-bodied invertebrates consumed, but there was no evidence to 

determine how soft-bodied invertebrates such as caterpillars are affected. 

2.4.2 Releasing pheasants and ground-active invertebrate communities 

I hypothesised that pheasants would have most impact on the wood and field edge 

habitats when densities were highest after release but found no evidence to 

support this. Instead, the pre-release samples demonstrated reduced insect 

biomass on sites that released pheasants, a trend supported by increases in the 

invertebrate content detected in faecal samples. When pheasants are released, the 

gamekeepers provide vast quantities of grain and protein pellets to encourage swift 

growth and maintain high densities in selected areas of the estate in preparation 

for the shooting season. It is reasonable to predict that supplementary feeding 

reduces the need for naive poults to forage for invertebrates. I was not able to 

sample during the shooting season (1st October to 1St February), so post-release 

sampling occurred on average one month after the pheasants were released into 

the pens, before the shooting season commenced. There may not have been 

sufficient time for increased predation pressure to deplete invertebrate 

communities enough to have a detectable impact, whereas in spring and summer 

pheasants have been in the ecosystem for up to 9 months. Supplementary feeding 

ceases on most sites after the end of the shooting season, and although surviving 

populations of pheasants are comparatively low, those remaining could be the 

cause of changes in ground-active invertebrate assemblages. Pheasants are large 

compared to other woodland bird species and could potentially consume 
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considerable quantities of invertebrates in the 4 months between cessation of 

supplementary feeding and spring pitfall sampling. Although I termed spring 

sampling 'pre-release' here, the term may be misleading if the effects on 

invertebrates are being caused by the previous year's released pheasants. 

Furthermore, invertebrates are higher in density in late spring than autumn and this 

is reflected in the biomass differences sampled in the pre- and post-release season. 

Higher availability of invertebrates in the ecosystem and, therefore, more foraging 

opportunities for pheasants to consume invertebrates, could account for the 

invertebrate proportion differences found in the diet and the differences in 

biomass sampled. The matched pairs design helped to reduce the impact of 

seasonal differences on the analyses because pairs were sampled simultaneously 

and hence seasonal invertebrate fluctuations due to weather are potentially equal. 

I cannot rule out the possibility that differences observed in the spring pitfall 

samples were due to intra-site population fluctuations. Large emergences of groups 

such as carabids on a site could heavily influence the trap catch regardless of the 

presence of pheasants. 

Invertebrates that overwinter in the soil might be particularly at risk of pheasant 

predation, since this would reduce emerging populations and be detectable in the 

spring sampling. Curculionid and carabid beetles overwinter as larvae in the soil or 

as adults in grass or hedge bottoms: both had reduced biomass during spring in the 

field habitat on sites that release pheasants. Chrysomelid beetles consistently had 

higher biomass on sites that released pheasants, even though they have been 

classified as a favourite food item of pheasant chicks. Whilst some chrysomelid leaf 

beetles are agricultural pests, I could find no evidence that pheasants are 

performing natural pest control at wood edges, although I did not sample crop 

fields. Reductions in important predatory carabids could create a trophic cascade 

where chrysomelid larvae and pupae have reduced predatory pressure, such that 

overwintering populations have more successful emergence. Furthermore, weed 

species increase in hedgerows nearby pheasant release pens, probably due to 

pheasants trampling more sensitive plant species and disturbing the soil (Sage et al. 

2009). Chrysomelid beetles are common in weeds and pheasant release may be 
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increasing weed species abundance along the woodland edge, thereby facilitating 

greater abundances of generalist leaf beetles. The only spider family to show 

effects of pheasant releasing was Tetragnathidae and there were only sufficient 

data for the field habitat before pheasant release. Spider biomass was higher in 

managed sites after pheasant release but the causes of this are equivocal. It could 

be due to an increase in invertebrate prey species or a decrease in spider predators. 

A recent study by Davey (2009) found that, although many small mammals 

appeared to be largely unaffected by pheasant releasing, wood mice were found 

closer to pens in autumn. Wood mice are omnivorous and likely to be attracted to 

the supplementary grain, but increases in wood mice density could be facilitating 

displacement of insectivorous mammals that would otherwise predate on autumn 

spider populations. Furthermore, changes in woodland bird populations when 

releasing pheasants could alter spider predator distribution. Higher densities of 

ground-feeding woodland birds occur in releasing woods (Draycott, Hoodless & 

Sage 2008) and species attracted by supplementary feeding may switch their diet to 

the grain provided, rather than forage for invertebrates. Overall, however, the data 

suggest that any effects of releasing pheasants on spider populations are small. 

Although releasing pheasants potentially has an effect on invertebrate 

communities, there was no negative association between pheasant density and 

invertebrate biomass. Pheasants disperse when released to find shelter and 

foraging space along linear features such as woodland edges and hedgerows; 

increased release densities may spread, rather than concentrate, impacts on edge 

habitats. 

There was a positive relationship between plant species diversity and invertebrate 

biomass, indicating that plant species composition is important in invertebrate 

activity. Increased host plant diversity accommodates a wider range of 

invertebrates and could account for the differences observed. If releasing 

pheasants had large impacts on plant species diversity then this would have been 

detected here: it was not. Since biomass differences between managed and non- 

managed sites are not confounded by plant diversity, they are more likely to occur 
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because of pheasant release. In addition, there is no evidence to suggest that sites 

that release pheasants have higher plant species diversity at woodland edges: 

whilst management recommendations for pheasant shooting include grading the 

woodland edge to increase shrub cover and promote increased plant species 

diversity, no woodland in my study that was managed for pheasant shooting 

followed this recommendation. 

2.4.3 Past and future research 

My study was the first to look at the impact of pheasants on a wide range of 

invertebrates. I found releasing pheasants had a correlation with reduced beetle 

biomass, an effect not previously found in the small scale exclusion study. Exclusion 

plots have the potential to provide a quantitative assessment of the impact of 

pheasants on soil overwintering adults, larvae, and pupae, and the seed bank, as 

pheasants can scratch up to 8 cm into the soil (Cramp 1980). A future study using 

exclusion plots over an entire year, combined with monitoring foraging activity and 

crop analysis would shed light on the predation rate and details of the impact of 

pheasants. A food web approach would isolate the components of pheasant diet 

and quantify changes throughout the year. A molecular approach to faecal analysis 

may be needed to determine more accurately which invertebrate groups are 

consumed, as faecal dissection is limited to identifying only chitinous fragments 

that withstand digestion. Analysis of crop contents of birds shot and killed on the 

road could provide more detailed information about the variety and quantity of 

invertebrates and vegetative matter eaten as soft-bodied invertebrates have a 

higher probability of detection through dissection or molecular techniques. 

Creating quantitative food webs, combined with pheasant removal or exclusion 

experiments, would enable the trophic effects to be more accurately modelled over 

the year and possible cascades identified. Further study on woodland communities 

after pheasants are released is strongly encouraged. There is a seasonal issue: 

fewer invertebrates are active in early autumn compared to spring and early 

summer, reducing the probability of detecting perturbations. Whilst I found no 

evidence that releasing pheasants impact woodland edges after pheasants are 
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released, this does not mean that more subtle impacts are not occurring. The 

implications of invertebrate trophic perturbations at woodland edges are important 

and require further investigation. 

2.4.4 Conclusions 

Releasing pheasants in woodlands correlates with reductions in ground-active 

invertebrate biomass in spring and early summer at woodland/grass field 

boundaries. No detectable effect on invertebrate biomass was found after 

pheasants are released. Further work is needed to ascertain if more subtle impacts 

are occurring in communities after pheasants are released, and what specific 

impacts pheasants have on invertebrate overwintering populations. 
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CHAPTER 3 

THE EFFECT OF PHEASANT MANAGEMENT ON CATERPILLAR 

ABUNDANCE AND DIVERSITY 

Summary 

1. Woodland management for pheasants involves structural changes that 
in theory benefit Lepidoptera, although increased predation pressure on 
larval communities caused by annual high density pheasant 
introductions may counteract any management benefits. 

2. Caterpillars (Lepidoptera and Symphyta larvae) were sampled along 
woodland tracks, where release densities ranged from 0- 255 per 
hectare in spring and summer 2007 and spring 2008. 

3. Pheasants did not appear to be selecting for or avoiding larvae based on 
morphology. 

4. Pheasant density had a negative effect on larval biomass when 
modelled as the only predictor. When all habitat variables were 
modelled with pheasant density, plant species richness and 
temperature were the main predictors of larval biomass. 

5. There was no evidence to suggest that increased pheasant density lead 
to changes in plant species diversity due to soil fertilisation from 
increased faecal inputs. 

6. Low sampling success due to adverse weather conditions produced 
weak evidence linking pheasants to larval declines. These preliminary 
results, however, suggest that there may be a negative relationship 
which warrants further investigation. 
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3.1 Introduction 

3.1.1 Woodland management and lepidopteran communities 

Lepidoptera have undergone dramatic fluctuations in Britain over the past 30 years 

(Defra 2002; Fox et al. 2006), especially species which are habitat specialists. For 

instance, 93% of woodland butterfly species are in decline (Fox et al. 2007). 

Recommendations for both pheasant releasing and Lepidoptera conservation in 

woodlands have a number of factors in common, such as creating and maintaining 

woodland, opening up the canopy to encourage a dense herbaceous understory, 

cutting tracks and rides to increase light penetration, grading woodland edges, 

maintaining hedgerows, and encouraging coppicing (Lachlan & Bray 1976; 

Robertson, Woodburn & Hill 1988,1993; Robertson et al. 1993; Robertson 1997; 

Hoodless et al. 1999; Hoodless & Draycott 2007). Whilst the most common 

pheasant management practices are cutting tracks for access and thinning 

woodland for release pens, there is a substantial potential for woodland 

Lepidoptera to benefit if all the recommended management practices are carried 

out in the many woodlands used for pheasant releasing in Britain. Widening tracks 

and creating more open sunny areas benefits butterflies and other woodland-edge 

invertebrates due to increases in the range of herbaceous vegetation and, 

therefore, host plants (Warren 1985; Clarke & Robertson 1993; Greatorex-Davies et 

aL 1993; Warren & Fuller 1993; Sparks et al. 1996; Feber et al. 2001; Ausden 2007). 

However, pheasants are known to feed on lepidopteran larvae (Hill 1985; Hill & 

Robertson 1988). High-density pheasant introductions into woodlands in late 

summer could lead to intense predation pressure on woodland lepidopteran 

communities, as foraging pheasants utilise open woodland habitats where larval 

food plants are most abundant e. g. tracks and woodland edges. Added to this, the 

high densities of pheasants along tracks may affect soil composition from 

disturbance or fertilisation from faecal deposits and, therefore, plant species 

composition e. g. potassium and phosphorous levels were 3.5 and 1.7 times higher 

in pens compared to control plots (Sage, Ludolf & Robertson 2005). Increased 

42 

fir. 



fertilisation often results in reduced plant species diversity due to competition for 

light (Stevens et al. 2004; Hautier, Niklaus & Hector 2009) and this may have 

significant implications for open woodland species. 

3.1.2 Background research 

Surprisingly, little research has been published on the impact of mass annual 

introductions of pheasants and widespread game management on Lepidoptera, 

even though it was suggested that pheasants could cause butterfly declines over 80 

years ago (Frohawk 1924). It has been argued that pheasants were exacerbating 

declines in British butterflies and based on correlations between patterns of range 

contraction in 18 species and pheasant abundance (Corke 1989). This has since 

been rejected as simply circumstantial evidence and that densities of pheasants 

surviving the shooting season are too low to have an impact on larval phases 

(Warren 1989). However, larvae of Lepidoptera and Symphyta are preferentially 

selected by pheasant chicks (Hill 1985). Symphyta larvae resemble Lepidoptera 

caterpillars and are also preferred food items of grey partridges (Perdix perdix) 

(Potts 1970,1986; Moreby, Aebischer & Southway 2006). Breeding populations of 

pheasants rear chicks in early summer and could increase predation pressure on 

larval stages, even though the free-living pheasant population is considerably lower 

in summer than autumn, when they are released. 

Clarke and Robertson (1993) used an experimental approach to quantify the effect 

of pheasant predation on larvae of the pearl-bordered fritillary (Boloria 

euphrosyne). They placed larvae on Viola tricolor planted at increasing distances 

from a release pen and monitored losses to pheasants: there were none. However, 

B. euphrosyne larvae are black with orange markings and a dense covering of hairs 

and spines; attributes which may be warnings to pheasants. Multicomponent 

defence by aposematic colours, spines and hairs are common amongst Lepidoptera 

larvae and are effective warning signals to predatory birds (Speed & Ruxton 2005; 

Lindstedt, Lindstrom & Mappes 2008). 
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3.1.3 Prey preferences in Galliformes 

Studies involving domestic chickens (Gallus gallus domesticus) and grey partridges 

(P. perdix) have shown that these species selected food items based on colour, and 

were avoiding red items (Roper 1990; Gamberale-Stille & Tullberg 1999,2001; 

Moreby, Aebischer & Southway 2006). Grey partridges showed preferences for 

yellow and green food items and if this is typical of Galliformes, pheasants may 

share similar colour preferences, so that many lepidopteran larvae (especially 

micromoth larvae) are ideal prey. This also raises the question of whether 

pheasants avoid larvae with antipredator defences, which are often the rare 

lepidopteran groups like fritillaries. Would potential increased predatory pressure 

on non-defensive larvae by released pheasants be more intense than other bird 

predators whose diets rely predominantly on caterpillars in woodland, e. g. blue tits 

(Cyanistes caeruleus)? 

3.1.4 Aims and hypotheses 

My aim was to evaluate the impact of pheasant density on woodland Lepidoptera 

and Symphyta larvae, hereafter referred to as caterpillars, by (i) assessing their 

abundance in woods where pheasants are released; (ii) examining the distribution 

of morphotypes of larvae in woodlands to ask whether pheasants avoid species 

with antipredator defence characteristics; and (iii) determining which features of 

woodland tracks and rides affected larval density. Specifically, my hypotheses were: 

1. Woodlands with zero or low pheasant densities will have higher biomass of 

caterpillars than woodlands with a high pheasant density. 

2. Woodlands with higher pheasant densities will suffer a disproportionate loss 

of caterpillar species with cryptic, non-defensive larval forms. 

3. Woodlands with tracks that are more plant-species rich, wider and have 

reduced canopy cover, will have a higher biomass of larvae. 
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3.2 Methods 

3.2.1 Field surveys 

Caterpillars were sampled from 20 primarily broadleaved woodlands across 

southwest England (Figure 3.1), with annual pheasant releases ranging from 0 to 

20,000. All woodlands were a minimum 10 hectares in size and, with the exception 

of the zero-pheasant release site, contained a pheasant release pen. 

Figure 3.1 Location of the sites used for caterpillar sampling 

Larvae were sampled over 8 surveys along 30 m sections of tracks and rides within 

each woodland at random locations selected using ArcGIS 9.2 (ESRI 1999-2006); a 

different transect was used each time to avoid depleting larval populations. It was 

not possible to control for woodland area, however, caterpillar sampling occurred 

in the same area as the pheasant surveys (3.2.3). Each survey involved sampling all 

20 sites over a maximum time of 6 days, to control for emergence of adult insects. 

All vegetation was swept and beaten 1m on either side of the 30 m transect 

resulting in 4800 m of transects (9600 sq m) surveyed for caterpillars. Habitat 

variables were recorded every 10 m (Table 3.1). Temperature and wind were 

recorded during each transect using a Silva ADC Wind® meter. Days when there was 
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persistent rain were not used as sampling is ineffective in these conditions. 

Table 3.1 Habitat variables recorded: survey points situated 0,10,20 and 30 m along the 
transects. 
Plant sp Plant species richness found at survey points along track width 
Canopy Average canopy cover (%) 
Width Average track width (m) 
Temp Min Minimum temperature (°C) during survey 
Wind Max Maximum wind speed (mph) during survey 
Weather Sun out, overcast, mixed, drizzle during survey 

3.2.2 Larval morphology 

Morphological variables were recorded for each larva (Table 3.2). Width and length 

were measured to the nearest millimetre by placing the larva on graph paper, and 

used to create biomass estimations. Biomass is a more useful indicator of the 

functionality of invertebrates than abundance, as it is strongly correlated with 

metabolism (Saint-Germain et al. 2007). A subset of larvae were retained to 

measure dried weight; the remainder were returned to their host plant. 

Table 3.2 Morphological variables recorded from caterpillars sampled 
Variable Name Description 
Level Low <1 m (herbaceous), high >1 m (shrub and tree level) 
Hostplant Species of host plant where found 
Type Non-looper, looper (Geometridae), Symphyta 
Length Length of larva (mm) 
Larval width Width of larva (mm) 
Primary colour Primary prominent colour of larva§ 
Secondary colour Secondary prominent colour of larva4 
Hair length Length of hairs (none/short <3 mm/long >3 mm) 
Hair density Density of hairs (none/sparse<25%/dense >25% coverage) 
Spot size Spot/pinnacula size (none/small <1 mm/large >1 mm) 
Spot density Spot density (none/sparse<50%/dense >50% coverage) 
Line thickness Line thickness (none/thin<1 mm/thick >1 mm) 
Line position Position of lines (none/lateral/dorsal/both) 
Spines If spines present 
§ simple colour spectrum categories of red to blue/violet including white, brown and black, and 
'light' and 'dark' variants. 

3.2.3 Pheasant surveys 

Figures from gamekeepers were used to calculate the density of pheasants released 
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per hectare per site (Pheasant density). In addition, survival densities (Spring 

density) were calculated to test the assumption that higher release densities 

resulted in higher survival densities and, therefore, had a greater potential impact 

on caterpillars. A circular survey area of 500 m diameter (19.63 ha) was surveyed 

with binoculars three times in April in the 2 hours before dusk or after dawn when 

the pheasants are most actively feeding (Dalke 1937; Robertson et al. 1993). All 

territorial males, non-territorial males, and females were identified using 

behavioural and morphological characteristics (Robertson 1997) and their positions 

recorded on bespoke ArcGIS 9.2 (ESRI 1999-2006) printed maps; this approach 

identifies 85-88% of territorial males (Robertson et al. 1993). The number of 

pheasants recorded was summed by using the maximum number of non-territorial 

males and females recorded in a survey, plus the maximum number of territorial 

males adjusted by the more conservative estimate measure (number of territorial 

males/0.88). 

3.2.4 Analysis 

If not normal, variables were transformed using natural log (In) or arcsin 

(arcsineVp). The data were checked for the assumptions of each test employed. 

Larval biomass at each site was summed rather than treated as repeated measures 

due to low numbers of samples in some surveys. However, the experimental design 

of sampling all sites within 6 days helped reduce temporal variation between sites, 

whilst avoiding resampling the same area of woodland reduced the spatial non- 

independence within sites. All analyses were performed with the software R (R 

Development Core Team 2009) and SPSS (SPSS Inc. 1989-2006). 

3.2.4.1 Biomass calculations 

The relationship between caterpillar size and biomass was determined by drying 

and weighing a subset (n = 71) of larvae (Hodar 1996); the volume of each larva was 

estimated by assuming a cylindrical shape (Eqn 1). Geometrid larvae were 

considered separately due to differences in morphology and length: width ratio. 

U 1VERsrnr 
n= caoic-r^1 



Insufficient Symphyta larvae were sampled to analyse separately (n = 8), so were 

estimated using the non-geometrid equation. 

Eqn 1 Volume(mm3)=3/ zd2/ 

d= Larval width variable (mm), I= Length variable (mm) 

3.2.4.2 Larval morphology analysis 

Some of the morphological variables were not independent e. g. Hair length and 

Hair density (Table 3.2) would both be null if no hairs were present. Therefore a 

categorical principle component analysis was performed to test for correlation 

between the morphological variables Hair length, Hair density, Spot size, Spot 

density, Line thickness, and Line position. There were insufficient samples in the 

Spines category (n = 1) to be included in the analysis. Ideally, >90% variation must 

be accounted for in the fewest dimensions (Table 3.3) (Crawley 2007). This 

procedure simultaneously quantified the six categorical variables while reducing the 

dimensionality of the data into 3 weighted variables (principle components) (Table 

3.4). 

Table 3.3 Results of the categorical principle component analysis. Total Cronbach's alpha 
is based on the total eigenvalue, and is a measure of reliability, where larger values are 
more reliable. Variables with eigenvalues >1 are useful to the model 

Variance accounted for 

Dimension Cronbach's alpha 
Total % variance (eigenvalue) 

1 0.690 2.354 39.233 
2 0.594 1.979 32.989 
3 0.480 1.667 27.778 

Total 1.000 6.000 100.000 
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Table 3.4 Component loadings from variable principle normalization. The values indicate 
how strongly each variable is associated with each dimension, either positively or 
negatively. It is clear that each Hair, Spot, and Line variable pair are closely related 

Variable 1 
Dimension 

2 3 
Hair length 0.752 -0.104 0.651 
Hair density 0.752 -0.104 0.651 

Spot size 0.732 -0.253 -0.632 
Spot density 0.732 -0.253 -0.632 

Line thickness 0.275 0.956 -0.097 
Line position 0.275 0.957 -0.097 

The colours of caterpillars (Primary colour and Secondary colour) were not 

considered in the categorical principle component analysis, although the two colour 

variables were not independent of each other. Principal components analysis finds 

a set of orthogonal standardized linear combinations which together explain all the 

variation in the original data, and it is important to use this method when a 

structure is assumed rather than to discover structure (Crawley 2007). Since colour 

classification was based on human vision, whereas avian vision includes UV or near- 

UV sensitivity (Bennett et al. 1996; Cuthill et al. 2000), two groups were created as 

the derived variable Colour: potentially aposematic and not potentially aposematic, 

using published literature on conspicuousness against "chief tints of nature" green 

and brown (Poulton 1890). Examples of potential aposematism include red larvae 

and yellow and black larvae. Logistic regression was used to test Colour against 

Pheasant density. Furthermore, a variable was created (Scale) by combining Colour 

and Hair variables (Table 3.5), two antipredator defence mechanisms- characteristic 

of lepidopteran larvae (Figure 3.2). Scale was tested for a relationship with 

Pheasant density using multinomial logistic regression because the dependent 

variable had >2 categories. 
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Table 3.5 Description of aposematic scale (Scale) used in multinomial logistic regression. 
Long hairs were >3 mm, dense hairs were > 25% 

Scale Colour Hair length Hair density n 
1 not potentially aposematic none none 128 
1 not potentially aposematic short sparse 122 
2 not potentially aposematic short dense 14 
2 not potentially aposematic long sparse 21 
3 not potentially aposematic long dense 8 
4 potentially aposematic none none 19 
4 potentially aposematic short sparse 3 
5 potentially aposematic short dense 0 
5 potentially aposematic long sparse 4 
6 potentially aposematic long dense 1 

3.2.4.3 Habitat data analysis 

An information theoretic approach was used to construct a set of a priori candidate 

models to assess how habitat and pheasant density affected larval biomass 

(Burnham & Anderson 2002; Johnson & Omland 2004; Wagenmakers & Farrell 

2004). This approach allows assessment and ranking of the candidate models to 

determine which model is the most likely to fit the observed data collected, and 

infers how accurate the best model is. Akaike information criterion (AIC) values 

(Eqn 2) were used as a measure of information loss based on maximum likelihood, 

where the model with the lowest AIC value has the lowest expected information 

loss (i. e., the model closest to the true model). 

Eqn 2 AIC=-2(Iog-I ikelihoo-2K 
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Figure 3.2 Examples of caterpillar morphology: (a) aposematic larva of figure of eight 
moth (Diloba caeruleocephala) showing warning defence colouration and short sparse 
hairs (Scale = 4), (b) non-aposematic larva of mother of pearl moth (Pleuroptya ruralis) 

with cryptic colouration and short sparse hairs (Scale = 1). Photos © Ian Kimber, 
reproduced with permission (http: //ukmoths. org. uk/) 



K= number estimated parameters (i. e. number of variables + intercept + constant 
variance (a) 

For small sample sizes (i. e. n/K <40) the second-order AICC was used (Eqn 3). 

Eqn 3 AICc =AIC+2K(K+1) 
n-K-1 

The measure of each model relative to the best model (lowest AIC value) was used 

to compare candidate models in the set (Eqn 4). 

Eqn 4 d, =AI C, -Alq,,, (ij 

Akaike weights (w, ) show the importance of models within the whole set (R) (Eqn 

5). The weights sum to 1 where the best model has the highest w, value. This can be 

interpreted as each model's probability of being the best, given the data and the set 

of candidate models. 

Eqn 5 
W' _R 

exp(-0, /2) 

Eexp(-A, /2) 
r=1 

The evidence ratio determines how each model competes with the best in the set 
(Eqn 6). 

Eqn 6 Evi den caa ti o= 
Wi(bat) 

Wj 

Any correlated predictor variables identified with Pearson correlation coefficients 

were not included in the same candidate model to avoid multicollinearity. All 

models were analysed using linear and multiple regression. Additionally, plant 

species richness was tested using regression to determine whether increased 

pheasant management affected plant diversity. 
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3.3 Results 

Adverse weather conditions in the spring and summer of 2007 resulted in a low 

sampling success despite a substantial survey effort: only 320 larvae were recorded. 

Few symphytan larvae were sampled (n = 8). 

3.3.1 Larval biomass 

There was a strong relationship between estimated volume and dried weight 

(Figure 3.3), so the equation was considered reliable for calculating larval biomass 

for the rest of the data. 
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Figure 3.3 Relationship between biomass and volume calculated from length and width 
measurements for geometrid larvae and all other larvae combined. Solid (all other 

caterpillars) and dashed (Geometridae) lines are the regression line of best fit. 

3.3.2 Pheasant surveying 

Release, spring and surviving pheasant densities are shown in Table 3.6. Larger 

releases for shooting in late summer resulted in higher residual densities of 

pheasants within the study areas in the following spring (R2 = 0.590, F1113 = 25.868, P 

< 0.001; Figure 3.4). There was a clear positive relationship between release density 

and surviving density post shooting season, confirming the assumption that sites 

releasing more pheasants have higher densities in the ecosystem throughout the 
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year. 

3.3.3 Larval biomass between sites 

When modelled as the only predictor, there was a negative relationship between 

pheasant release density and total larval biomass (R2 = 0.258, F1,18 = 6.245, P= 

0.022; Figure 3.5). Three data points had a large influence on the regression (using 

Cook's distances); there was a stronger negative correlation when these were 

removed from the regression (R2 = 0.406, F1,1s = 6.933, P=0.019). The lowest total 

caterpillar biomass found on a site was 0.06 g (96.79 pheasants released/ha) which 

was also the smallest woodland surveyed (10.05 ha). The largest woodland 

surveyed was 530.22 ha, but the site with the highest total larval biomass had 0.45 

g (0 pheasants release/ha) and was 75.35 ha in size. 

Table 3.6 Pheasant density and survival on all study sites 

Site 
Woodland 
area (ha) 

Release 
number 

Release 
density 

(Pheasant 
density) 

Spring 
density 

Survival 

1 274.32 125 6.37 0 0 
2 42.17 1740 88.64 27.94 0.016 
3 31.00 550 28.02 45.12 0.082 
4 26.67 1000 50.94 19.24 0.019 
5 43.15 2500 127.36 28.29 0.011 
6 24.93 500 25.47 29.35 0.059 
7 40.93 4000 203.77 87.88 0.022 
8 13.76 5000 254.71 92.65 0.019 
9 127.98 4000 203.77 146.94 0.037 
10 137.28 3000 152.83 28.53 0.095 
11 21.14 2500 127.36 55.53 0.022 
12 36.90 1000 50.94 29.71 0.03 
13 75.35 0 0 0 0 
14 530.22 1200 61.13 13.35 0.011 
15 10.05 1900 96.79 44.29 0.023 
16 82.74 2500 127.36 21.59 0.009 
17 352.83 400 20.38 5.71 0.014 
18 20.30 2700 137.54 29.41 0.011 
19 35.34 666 33.93 14.53 0.022 
20 132.94 4000 203.77 53.65 0.013 
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Figure 3.4 Relationship between the number of pheasants released into the study areas 
(19.63 ha) in late summer and abundance the following spring. 
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Figure 3.5 Total larval biomass (g) versus number of pheasants released per hectare. 

3.3.4 Morphological differences 

The principle components showed no evidence that pheasants were selecting for 

larval morphology when considering hairs, spots and line markings (Table 3.7). 

Nor was there any relationship between pheasant density and larval antipredator 

defense mechanisms categorised in the variable Scale (Nagelkerke R2 = 0.258, X27o = 

72.968, P=0.381). The most abundant category in the data was 1 (78.1% of all 

larvae sampled) i. e. caterpillars not having any antipredator defense characteristics. 
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Table 3.7 Larval morphological results from linear regressions using categorical PCA 
variables. Dependent variables 1 and 3 are strongly associated with Hair and Spot 
characteristics, variable 2 is strongly associated with Line characteristics (see Table 3.4) 

Dependent variable (Sy E) B 95% Cl df F P Adj. R2 

1 -0.01 
(0.001) -0.02,0.001 1,318 1.379 0.241 0.001 

2 
0.001 

(0.001) -0.001,0.002 1,318 0.558 0.456 -0.001 

3 0.001 
(0.001) 0.000,0.003 1,318 3.229 0.073 0.007 

§ unstandardized coefficients 

3.3.5 Habitat effects on larval biomass 

Plant species richness and minimum temperature best explained the observed data 

(Table 3.8), but support for predicting larval biomass accurately was weak. Ideally 

an Akaike weight w, > 0.9 and a large evidence ratio to the next best model are 

required for strong evidential support favouring the best model (Burnham & 

Anderson 2002). The second best model in the set was only 3 times less likely to 

predict the observed data accurately, and the best model only had a 60% chance 

that it was the 'true' best model. Pheasant release density was included in the 

second best model, which had a low wj of 0.20. I was not interested in the 

importance of plant species richness or environmental factors predicting caterpillar 

biomass, but rather if pheasant release density was an important predictor of 

biomass then it would increase model likelihood when included with plant species 

richness and environmental factors. If the model likelihood reduces when including 

pheasant release density, then pheasant release density is not an important 

predicting factor. This considered, there is weak evidence that pheasant release 

density impacts caterpillar biomass. 

There was no relationship between plant species richness and pheasant density 

(F1,75 = 0.607, P=0.438) and, therefore, no evidence of fertilisation from faeces or 

disturbance effects on plant species composition. 
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Table 3.8 The top ranking candidate models predicting caterpillar biomass (where d, < 10) 

Model 
95% Cl Adj. R2 AICC dl W, 

Evidence 
pre dictors/variables ratio 
1 Plant sp 0.044,0.512 0.732 -53.18 0 0.60 - 

Temp Min 0.063,0.049 
2 Pheasant density -0.049,0.134 0.701 -50.98 2.20 0.20 3.00 

Plant sp -0.042,0.150 
3 Plant sp -0.087,0.076 0.638 -49.19 3.99 0.08 7.36 
4 Plant sp -0.238,0.056 0.661 -48.48 4.70 0.06 10.48 

Width -0.256,0.096 
5 Canopy -0.252,0.737 0.734 -47.99 5.19 0.04 13.42 

Plant sp -0.087,0.546 
Pheasant density -0.095,0.529 

Temp Min -0.120,0.531 
6 Plant sp -0.262,0.136 0.627 -46.56 6.62 0.02 27.41 

Canopy -0.411,0.395 

3.4 Discussion 

Despite pheasant predation being highlighted 80 years ago as potentially having an 

impact on lepidopteran larvae, this is the first quantitative survey investigating 

effects of pheasant predation on all woodland caterpillars. I found that pheasant 

release density may have negative impacts on caterpillar biomass but the evidence 

for this is weak. When using an information theoretic approach, plant diversity and 

temperature within the woodland track had the greatest effect on caterpillar 

biomass. There was no evidence that pheasants select or avoid caterpillars based 

on aposematic morphological traits. In this section, I will first discuss the limitations 

of the study, the results, and finish with the management implications for 

woodland caterpillars. 

3.4.1 Limitations 

The models in an information theoretic approach are only as accurate as the data 

within them; the persistent poor weather is likely to have resulted in a restricted 

data set where the effects of pheasant density and habitat were too variable to 

detect accurately. Variations in caterpillar morphotype were therefore limited, 

resulting in any potential pheasant prey selection effects being undetectable given 

the dataset. Larval morphotyping was used to provide a quick field classification 
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that avoided the need to collect all the larvae sampled. Ideally, reflectance spectra 

would be performed and colours analysed quantitatively against host plant spectra 

to obtain more accurate degrees of aposematism and crypsis. However, this would 

be extremely time consuming and not practical for large-scale sampling. Thus, I 

cannot rule out that those larvae I have labelled as not potentially aposematic or 

Scale 1 have markings that are observable only in UV light and, therefore, would be 

more conspicuous to pheasants (Zeigler & Bischof 1993). Since cryptic larvae were 

the most numerous in the dataset, I would expect the results to alter significantly if 

UV markings were present on many species (Church et al. 1998). To control for 

error in the field, I used a simple approach of few/many, long/short, present/absent 

when recording larval hairiness. Although accurate, this method provides little 

detail as to the degrees of hairiness. The poor weather resulted in relatively small 

sample sizes and hence fewer variations in hair characteristics, so detail missing on 

degrees of hairiness is unlikely to be a serious issue in the results. 

I did not include abundance in the plant species measures; only diversity was 

assessed. Therefore, there was no indication of species dominance, which may be 

important in predicting caterpillar biomass when considering host plant availability. 

Additionally, no attempt was made to control for woodland area, which is likely to 

produce confounding edge effects in smaller woodlands. This was unavoidable as 

the range of pheasant release densities was the primary aim. However, woodlands 

were a minimum 10 ha in order to provide enough track area to survey. 

Summing caterpillar biomass recorded over all surveys per site results in loss of 

temporal information. Ideally, a repeated measures sampling structure would be 

incorporated into the model, but this would have resulted in too many null values 

for some surveys and was therefore unsuitable for analysis. 
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3.4.2 Effects of pheasants on caterpillars 

3.4.2.1 Biomass 

When modelled as the only predictor of caterpillar biomass, pheasant release 

density has a negative correlation and this study is the first to highlight the 

potential impact of high-density pheasant releases on woodland caterpillars. The 

correlation must be treated with caution when considering habitat effects. 

Although pheasant release density was not present in the best predicting model, it 

is present in the second best model, suggesting that further data may strengthen 

this relationship. Higher releases of pheasants result in higher surviving densities in 

woodland areas after the shooting season, and therefore potential impacts of large 

commercial shoots on larval communities could be substantial. Excluding 

insectivorous birds from woodlands can significantly increase caterpillar 

populations (Holmes, Schultz & Nothnagle 1979), and can depress caterpillar 

populations when experimentally increased (Sanz 2001). Although pheasants are 

more accurately described as omnivorous, the sudden and high increases in 

predator pressure from pheasants introduced into woodlands could have 

homologous effects on caterpillar assemblages. 

The lowest larval biomass was not found on the site with the highest pheasant 

release density, but it was the smallest woodland surveyed and the mechanisms 

behind this result are unclear. Although increased edge effects in smaller woodland 

may provide a more suitable environment for larvae to develop due to increased 

light penetration, predation from pheasants may be more concentrated. Here, the 

smallest woodland had the lowest caterpillar biomass but not a high pheasant 

release density. This density was calculated as a density within the 19.63 ha survey 

area (see 3.2.3). If considering the size of the woodland (10.05 ha) and the release 

load (1,900 pheasants; Table 3.6, Site 15) then the potential maximum density 

within the wood rises to 189.54 pheasants per hectare. Pheasants forage primarily 

in more open edge areas rather than thick vegetation so are unlikely to stay solely 

within the wood to forage, however, the possibility of higher predation impact on 
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caterpillar biomass is increased with this additional consideration of woodland area. 

3.4.2.2 Morphology 

I found no evidence to suggest that pheasants were selecting larvae based on 

morphology, or causing changes in morphological composition of caterpillar 

communities. Despite the limitations with morphotyping, the data show that the 

majority of larvae found in woodlands are potentially non-defensive attractive prey 

items. The question of whether pheasants exhibit prey preferences and thereby 

potentially affect lepidopteran community composition requires more detailed 

study in order to isolate or rule out adverse effects of pheasant predation on 

woodland larval communities. A choice experiment similar to that used on grey 

partridges and domestic chickens (Roper 1990; Gamberale-Stille & Tullberg 1999, 

2001; Moreby, Aebischer & Southway 2006) would ascertain if pheasants select for 

larval morphotypes, and would also determine if defence mechanisms of 

caterpillars are effective in predation avoidance. 

3.4.3 Woodland track structure and caterpillar biomass 

Plant species richness and temperature best predicted larval biomass along 

woodland tracks. Whilst previous studies suggested that canopy cover and track 

width are important in lepidopteran larval communities (Feber, 2001 #416; Clarke, 

1993 #14), they were not important predictors of larval biomass on these 20 farms. 

However, these results are not contradictory: more open canopy and increased 

track width would increase sunlight penetration, potentially resulting in increased 

plant abundance, species richness and temperature. The positive relationship 

between plant species diversity and caterpillar biomass suggests that tracks 

dominated by a few species would have reduced caterpillar biomass. The reasons 

for plant diversity loss could be due to track usage: sites that heavily utilise the 

tracks, e. g. regularly driving vehicles along it, could limit plant success through 

trampling and soil disturbance. Detailed measurements of canopy cover using 

hemispherical analysis (Evans & Coombe 1959) would identify subtle, yet 
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important, differences in canopy cover that determine track temperature and plant 

diversity. Since plant species richness and track temperature best predict larval 

biomass, more work is needed to identify the features of tracks that increase 

biomass and diversity of caterpillars. Additionally, more knowledge is required on 

how pheasants utilise tracks and how much foraging occurs here in order to gain 

more information on pheasant predation on larvae. 

Increases in pheasant density may increase soil fertilisation with the potential to 

reduce plant biodiversity, whilst pheasant disturbance and increased ground 

foraging may serve to open up the soil allowing dormant seeds to germinate and 

increase plant biodiversity: I found no evidence for pheasant density affecting plant 

species richness directly. If fertilisation due to increased faecal inputs is occurring 

on sites with higher pheasant densities, this may affect plant competition for light, 

resulting in reduced diversity through plant dominance. Detailed work on soil 

composition and the seed bank is needed to determine if this prediction is valid. 

3.4.4 Conclusions 

This study has shown that woodland caterpillar biomass is best predicted by plant 

species richness and temperature, with weak evidence that pheasant density has 

negative impacts on larval biomass. There was no evidence to support the 

hypothesis that pheasants select for larvae based on morphology, nor for the 

hypothesis that increased pheasant density led to decreased plant species richness. 

Although the adverse weather conditions resulted in a low sampling success, these 

conclusions are based on a substantial survey effort. The preliminary results shown 

here may hint at larger effects that warrant further study. 
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CHAPTER 4 

THE IMPACT OF PHEASANT MANAGEMENT ON DAY FLYING 

LEPIDOPTERA IN UK WOODLANDS 

Summary 

1. Woodland Lepidoptera have declined dramatically over the past 30 
years largely due to habitat destruction and alteration. Annual high- 
density pheasant releases into woodland for shooting may increase 
predatory pressure on already sensitive communities, whereas 
woodland management associated with shooting may improve habitat 
for butterflies and moths. 

2. Transect counts of Lepidoptera collected every week from April to 
September as part of the UK Butterfly Monitoring Scheme were 
analysed to determine the potential impacts of releasing pheasants for 

shooting. Sixty-seven woodland sites were sampled from 2000 to 2007. 
Sites were categorised as having pheasants released <1 km (within), 1 

-5 km (near) and >5 km (none) from the transect. 
3. Using an information theoretic approach, linear mixed models were 

used to test whether pheasant management had an impact on adult 
Lepidoptera abundance (Lepidoptera/m) and species diversity. The 
effect of the weather on the Lepidoptera was also considered. 

4. There was no evidence to suggest that pheasant management had any 
impact on overall abundance or diversity. Rather temperature and 
sunlight best predicted Lepidoptera counts. 

5. When considering selected groups separately, pheasant management 
had a significant impact on the abundance of 7 butterfly and 1 day- 
flying moth species but is probably an artefact of small sample sizes 
rather than a causal relationship. 
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4.1 Introduction 

Approximately 2500 of the ca. 23,500 species of insect currently known in Britain 

are Lepidoptera (Parsons et al. 1999), one of the largest and best studied insect 

groups, being found in all terrestrial habitats. Lepidoptera diversity and abundance 

are strongly associated with vegetation structure and composition, which 

potentially makes them bioindicators of the health of ecosystems (Lomov et al. 

2006; van Swaay, Warren & Lois 2006). There are also a relatively easy-to-study, 

charismatic phytophagous group that provides a link between plants and 

insectivorous animals. Sensitivity to habitat alteration and short generation times 

mean that Lepidoptera react to community perturbations and are useful in 

determining possible effects of habitat management. Long-term butterfly data 

collected in the UK Butterfly Monitoring Scheme have shown that butterflies could 

be used as a gauge for other terrestrial insects as population changes correlate with 

changes in long-term plant and bird datasets in Britain (Thomas 2004; Thomas et al. 

2004). However, butterflies represent less than 3% of all Lepidoptera; moths are 

more species-rich and ecologically diverse, so could potentially represent more 

terrestrial insects. Habitat alterations and climate change have been identified as 

the main causes of huge declines in macromoths, which have been surveyed since 

1968 by the Rothamsted light trap network (Conrad et a/. 2004). The declines 

recorded in moths are greater than birds or plants and at least as great as those for 

butterflies in Britain; the implications for insect predators such as birds and bats 

could be highly significant and suggest that other, less well-studied, invertebrate 

groups may be suffering similar declines (Conrad et al. 2006). 

4.1.1 Declines in Lepidoptera 

Changes in biodiversity due to human activities have been more rapid over the last 

50 years that any other time in the past, with habitat loss being the main cause 

(Millenium Ecosystem Assessment 2005). In Britain, there has been a 65% reduction 

in the number of farms since 1945 yet a 400% increase in yield (Robinson & 

Sutherland 2002). Agricultural intensification has led to a 70% loss of semi-natural 
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habitats since 1940; this alone suggests that species will have declined (Asher 

2001). The most dramatic declines in butterfly populations since the 1950s were 

due to destruction and alteration of habitats (Pollard 1982,1991; Pollard, Moss & 

Yates 1995). Butterfly monitoring schemes have recorded declines in 76% of 

species, with 93% of habitat specialists and two-thirds of common macromoth 

species showing decreases (Conrad et al. 2004). 

4.1.2 The UK Butterfly Monitoring Scheme 

The UK Butterfly Monitoring Scheme is run by Butterfly Conservation and the 

Centre for Ecology and Hydrology, and is the largest database on butterfly 

population changes in the world. It was established in 1976 and currently consists 

of 1351 fixed survey transects throughout England (Botham et al. 2007). The aim is 

to provide objective data on butterfly diversity and abundance and is a compromise 

between ideal and practical comprehensive long-term surveying (Pollard & Yates 

1995). Whilst the Butterfly Monitoring Scheme focuses on butterflies, analysing 

changes by species group - habitat generalists, habitat specialists, farmland species, 

woodland species, residents and migrants, it also provides data on day-flying 

moths. Transect surveys provide no information on absolute population size, but 

can be used to measure changes over time. Capture-mark-recapture techniques 

used in conjunction with transect counts showed that both measures are closely 

correlated (Thomas 1983). Transect surveying has advantages: unlike capture-mark- 

recapture it is non-invasive, it requires fewer assumptions about the behaviour of 

individual butterflies, and can be done when populations are very large (Pollard & 

Yates 1995). Furthermore, the standardised methodology means that differences 

between sites can be quantified (Gall 1985). 

4.1.3 Pheasant management and woodland Lepidoptera 

Butterfly Monitoring Scheme woodland transects run along tracks, rides or glades 

as butterflies prefer more open areas (Heath, Pollard & Thomas 1984). These open 

areas are also utilised by pheasants and annual releases into woodlands for 
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shooting could increase predatory pressure on larvae (Hill 1985; Hill & Robertson 

1988). Corke (1989) proposed that pheasant predation was important because 

there was a negative correlation with the distribution of species deemed 'at risk' 

and pheasant density. Butterflies at risk of predation according to Corke (1989) had 

larvae or pupae occurring near enough to the ground to be accessible to pheasants, 

had larvae or pupae that were accessible to pheasants during July to March when 

pheasants were most abundant, were a woodland habitat species; and their larvae 

were gregarious or poorly camouflaged and hence theoretically more conspicuous 

to pheasants. Predation on larvae was tested using sentinel pearl-bordered fritillary 

caterpillars. None were eaten by pheasants (Clarke & Robertson 1993). However, 

in section 3.1.2 of this thesis I suggest that this could be an effect of 

multicomponent antipredator defence as these larvae are considered aposematic. 

Habitat management associated with pheasant releasing, such as woodland 

retention and planting, maintaining hedgerows and cutting rides and glades to 

open up the canopy can be beneficial to butterflies (Warren 1985; Dover & Settele 

2009). Transects comparing butterflies in woodlands managed for coppice and ride 

cutting with neglected woodland and woodland solely managed for timber showed 

that the former had a richer butterfly fauna and ground flora (Robertson, 

Woodburn & Hill 1988). This was attributed to increased light penetration from 

wider rides and more open canopy, management typical of pheasant shooting. 

Thus, potential indirect positive benefits of pheasant management on ground flora 

could have a greater impact on butterfly numbers than predation. However, there 

can also be negative effects of habitat structure: in pheasant release pens there is 

lower plant species diversity, lower percentage of shade tolerant perennials, and 

higher average phosphate and potassium in the soil (Sage, Ludolf & Robertson 

2005). Hedges also suffer near release pens when releases exceed 1000 birds; this 

leads to increases in weed species and decreases in stable perennials species and 

seedlings (Sage et al. 2009). With an estimated 1 in 12 woodlands In Britain 

containing a release pen (Sage, Ludolf & Robertson 2005), effects on food plants 

could dramatically alter the structure of woodland lepidopteran communities. 
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4.1.4 Aims and hypotheses 

My aim was to evaluate the impact of releasing pheasants on populations of 

woodland Lepidoptera from 2000 to 2007 using data from the Butterfly Monitoring 

Scheme. Specifically, my hypotheses were: 

1. Sites that release pheasants will have lower numbers of Lepidoptera than 

sites with no pheasants released within 5 km. 

2. Species with cryptic, non-defensive larval forms will have lower densities on 

sites that release pheasants due to increased predatory pressure. 

3. Species likely to suffer pheasant predation will have lower densities on sites 

that release pheasants. Increased pheasant predation is associated with 

pupation near or on the ground, having larval stages during the release 

season (when pheasants are most abundant), and having larval stages within 

reach (less than 1m from the ground) of foraging pheasants. 

4. Species diversity will be lower on sites that release pheasants. 

4.2 Methods 

4.2.1 The UK Butterfly Monitoring Scheme 

Data were obtained for 67 woodland-based Butterfly Monitoring Scheme sites in 

England, Wales and Scotland which had at least 10 years data since 1976 and which 

the data manager for Butterfly Conservation considered reliable. Fixed transects 

had been walked (one per site) every week from April to September (26 weeks), 

weather and volunteer commitments permitting. The transects ranged from 704 m 

to 6233 m and took 45 to 120 minutes to walk at a constant steady pace. 

Lepidoptera were recorded in a5m wide swathe around the recorder between 

10: 45 am and 3: 45 pm. Surveys were only undertaken when weather conditions 

were dry, wind speed <5 on the Beaufort scale, temperature k 13'C, and k 60% 
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sunshine (Pollard & Yates 1995). 

While good, the data were not perfect. Thus the transects were divided into 

sections according to different habitat or management units and this information 

was incomplete for many sites. Moreover temperature, wind scale and % sun were 

also often missing. In practice, it was also rare to achieve the maximum 26 surveys 

per year due to the changeable weather in Britain. The Centre for Ecology and 

Hydrology have developed a method for estimating a small number of missing 

values for species using generalised additive models (Rothery & Roy 2001). 

However, I only used the raw data as I was not looking at changes over time but 

differences between groups. Since the majority of continuous records were 

between 2000 and 2007,1 included only these years in my analyses. 

4.2.2 Pheasant management on UK Butterfly Monitoring Scheme sites 

A questionnaire and ordnance survey map were sent to each site's volunteer 

recorder to determine whether pheasant management occurred near the transects 

(Table B. 1). Based on the information returned, each site was allocated to one of 

three categories (Table 4.1, Figure 4.1). These categories provided a simple 

quantification of the potential effects of pheasant disturbance and predation, Ph M 

near was included as a separate category because I could not rule out the possibility 

of pheasants drifting into the transect area from nearby release sites: in spring 

breeding male pheasants move on average 3.2 km from their wintering sites (Leif 

2005). 

Table 4.1 Pheasant management (PhM) categories determined from questionnaire 
responses. The release distance is the distance of a pheasant release pen to the survey 
transect. 
Pheasant management code n Release distance Recorder pheasant sightings 

PhM within 33 <1 km regular 
PhM near 11 1- 5 km occasional 
PhM none 23 >5 km rare or none 
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Figure 4.1 Location of Butterfly Monitoring Scheme sites used in this study and pheasant 
management category 

4.2.3 Data management 

The Butterfly Monitoring Scheme data were received in Transect Walker (Pisces 

Conservation 2006) files with 5 variables per site (Table 4.2). They were converted 

to tab-delimited text files and imported into an access database. Because I had not 

collected or entered the data, I made stringent checks to ensure data integrity. 

Many records were missing or incorrect: Butterfly Monitoring Scheme survey week 

number often did not correspond to date (if given) or day number of survey, and 

weather variables and/or habitat information were frequently missing. A reference 

table of day number, week number and year was created to correct errors in the 
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week numbering given in the files. This was vital as Butterfly Monitoring Scheme 

week number was an important part of the structure of the analyses. Records were 

removed where variables were entered incorrectly, or recorded far below or above 

the recommended recording range stated in the methodology, e. g. temperatures < 

13°C Records were also removed where species were not Lepidoptera. It was not 

possible to assess if particular habitat types were more favourable to Lepidoptera 

because too many sites had incomplete records. 

Table 4.2 List of file types and content for Transect Walker data files received from 
Butterfly Conservation. 
File type Variables Complete/total files 
ful Record day, species, count, section , recorder, date, 509/536 

time, temperature, wind, sun 

. ann Year, species, count, weeks, date, recorder, sun*, 67/67 
temperature*, wind* 

sec Year, species, count, section 67/67 

. sit Site name, OS grid reference, year established, 67/67 
primary and secondary habitat, owner 

. trn Sections, grid reference, length (m), habitat 34/67 
descriptions, management descriptions 

§ file arranged according to variable 
t1 file per year per site, years 2000-2007 only, total years of site data in database = 1275 files 
* mean 
# files contain counts but regularly missing additional data 

4.2.4 Statistical analysis 

I standardised the records by transforming the counts to Lepidoptera per metre and 

normalised the data using natural logs. Other transformations included angular 

transformation of % sun (arcsineVp) (Dytham 2003), and sequential regression to 

remove the collinearity between sun and temperature (SUN_resids) (Graham 2003). 

The dataset consisted of a maximum 26 repeat surveys (weeks), in a maximum 8 

years, in 67 sites and so has an inherent multilevel structure. Inferences should be 

made involving the factors of the experimental design, and multilevel modelling is a 

direct method that allows inclusion of all levels (Gelman & Hill 2007). Here, linear 

mixed models were used to avoid pseudoreplication, and deal with the unbalanced 

data due to missing counts (see 2.2.4 for details on mixed models). Site, year and 

week surveyed were included in each model as random effects, with an information 
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theoretic approach used to assess the fixed effects of pheasant management and 

weather. All modelling was performed using the lme4 package (Bates & Maechler 

2009) in R (R Development Core Team 2009). Linear mixed models calculated in this 

package do not provide a p-value due to difficulties of accurately predicting the 

number of parameters and, therefore, degrees of freedom due to the random 

effect terms. The t-value test statistic can be acknowledged as approximately 

predicting 'significance' in null hypothesis testing terms if the value given is >2 

(positive or negative depending on the direction of relationship) (Baayen, Davidson 

& Bates 2008). 

The species-specific analyses had insufficient weather data for model selection so 

Markov chain Monte Carlo (MCMC) sampling (n = 1000) was used to estimate 95% 

confidence intervals and p-values to determine the potential pheasant 

management effects (Baayen, Davidson & Bates 2008). The intraclass correlation 

(ICC) was calculated from the random effect variance and the residual variance to 

describe the proportion of variation explained by each group; ICC =1 when all 

records in the groups are identical, and ICC =0 when all records in the groups differ 

(Gelman & Hill 2007). Species diversity was calculated using Simpson's Diversity 

Index (D) (Simpson 1949) in BioDiversity Pro (McAleece 1999) and analysed for 

differences between pheasant management categories with ANOVA in SPSS (SPSS 

Inc. 1989-2006). 

Models were chosen based on effects of weather variables combined with 

pheasant management. I predicted that weather would model the data well due to 

the environmentally-dependent behaviour of Lepidoptera (Roy et OL 2001); if 

pheasant management was important then it would improve the likelihood of the 

model when included. I analysed the data separately for lepidopteran groups based 

on Butterfly Conservation's groupings and more loosely on Corke's (1989) larval risk 

factors for the species-specific models. The larval morphology hypothesis used in 

Chapter 3 was applied in this chapter. Thus, woodlands with higher pheasant 

densities will have lower diversity of larvae and, in particular, species with cryptic, 

non-defensive larval forms. The analyses were exploratory and thus many 
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questions are asked in the same manner to make comparisons straightforward and 

to determine whether any specified group of Lepidoptera, such as day-flying moths, 

were affected by pheasant management. I analysed the data separately for 

"before" and "after" pheasant release because I could not rule out the possibility 

that pheasants could be disrupting assemblages. Whilst many Lepidoptera are 

adults during the release season, many bivoltine species have a larval stage in late 

summer and could be potential prey. My sample sizes for larvae in Chapter 3 were 

limited by poor weather; these survey data enabled me to test the hypothesis that 

pheasants may avoid aposematic, defensive larvae on a much larger dataset that I 

could have collected myself. 

4.3 Results 

4.3.1 Lepidoptera counts and pheasant release season 

When assessing the whole dataset, numbers of Lepidoptera were best predicted by 

temperature and sunlight (Table 4.3). Pheasant management was in the second 

best performing model as a positive predictor but were unlikely to be an important 

addition to the model considering the low Akaike weight (w, = 0.05) compared to 

the top model (w, = 0.95) and evidence ratio (20.09). 

Table 4.3 Results of the top two models predicting lepidopteran counts/m (nob,.,., Ion, = 
10,320) where d; < 10. nobs. rvation, are the number of records analysed in the model. When 
categorical variables were in the model, the intercept was the baseline factor from which 
differences were calculated from, e. g. PhM none. The means were calculated from the 
estimate predicted by the model back transformed from natural log values to be more 
meaningful. 

Fixed effects Random effects 
Estimate 95% Cl t value SD ICC 

(Intercept) 0.151 0.109-0.217 -8.98 SITE 0.655 0.359 
TEMP 1.031 1.026-1.037 10.75 YEAR 0.124 0.020 

SUN_resids 1.183 1.123-1.245 6.36 WEEK 0.924 0.527 
(AIC = 27036, d, = 0, w, = 0.95) 

2 (Intercept) 0.146 0.105-0.210 -8.53 SITE 0.661 0.361 
PhM (near) 0.138 0.070-0.279 -0.23 YEAR 0.130 0.021 

PhM (within) 0.166 0.091-0.314 0.72 WEEK 0.974 0.551 
TEMP 1.031 1.026-1.037 10.74 

SUN_resids 1.183 1.120-1.243 6.36 
(AIC = 27042, d, = 6, w, = 0.05, evidence ratio = 20.09) 
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Predictably, site and survey week explained much of the variation observed. When 

plotted, the data showed that pheasant management alone was an unlikely 

determinant of numbers of Lepidoptera in woodlands (Figure 4.2). 

During the release season (mid July to September; Butterfly Monitoring Scheme 

weeks 16 to 26) sunlight best predicted lepidopteran counts; pheasant 

management was a positive influence, with sun in the next best performing model 

(Table 4.4), although it was 4.48 times less likely to be the 'true' best model. 

Pheasant management alone was ranked third best, along with temperature and 

sunlight, but was 148 times less likely to predict the data accurately than the top 

model and was unlikely to have an effect alone on the numbers of Lepidoptera 

observed during release season. 
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Figure 4.2 Mean weekly number of lepidoptera/m per pheasant management group 

observed during transect surveys (+ 95% Cl). 



Table 4.4 Results of the top 2 best predicting models for lepidoptera count/m (where di < 
10) during the release season mid July - September (nobservat; ons = 4390). 

Fixed effects Random effects 
Estimate 95% Cl t value SD ICC 

(Intercept) 0.326 0.200-0.551 -3.26 SITE 0.701 0.436 
SUN 1.144 1.070-1.231 3.74 YEAR 0.215 0.064 

WEEK 1.062 0.626 
(AIC=11077, d; =0, w, =0.81) 

2 (Intercept) 0.277 0.165-0.429 -3.61 SITE 0.713 0.431 
PhM (near) 0.414 0.159-0.939 1.47 YEAR 0.215 0.064 

PhM (within) 0.375 0.165-0.757 1.54 WEEK 1.062 0.626 
SUN 1.143 1.063-1.227 3.73 

(AIC = 11080, d, = 3, wi = 0.18, evidence ratio = 4.48) 

Sunlight and temperature best predicted numbers of Lepidoptera before the 

release season (April to June; Butterfly Monitoring Scheme weeks 1 to 13), with the 

addition of pheasant management being a positive influence in the next best- 

performing model (Table 4.5). The evidence for sunlight and temperature alone is 

strong (w, = 0.92) and the next best model with pheasant management included 

was 12.18 times less likely to be the best model given the data. 

Table 4.5 Results of the top 2 best predicting models for Lepidoptera/m April to June 
(nobservations = 5109) i. e. before the release season 

Fixed effects Random effects 
Estimate 95% Cl t value SD ICC 

(Intercept) 0.075 0.050-0.109 -13.75 SITE 0.650 0.371 
SUN_resids 1.338 1.238-1.438 7.50 YEAR 0.211 0.059 

TEMP 1.044 1.036-1.053 10.39 WEEK 0.481 0.244 
(AIC =13153, d, = 0, w, = 0.92) 

2 (Intercept) 0.080 0.054-0.116 -12.34 SITE 0.649 0.370 
PhM (near) 0.056 0.026-0.120 -1.44 YEAR 0.211 0.058 

PhM (within) 0.077 0.040-0.151 -0.20 WEEK 0.481 0.244 
SUN_resids 1.338 1.243-1.444 7.51 

TEMP 1.044 1.036-1.052 10.39 
(AIC =13158,61 = 5, w, = 0.08, evidence ratio =12.18) 

4.3.2 Effect of pheasant release on lepidopteran groups 

When considering the Biodiversity Action Plan (BAP) species of Lepidoptera 

independently, there was strong evidence for sunlight alone as the best predictor, 

with pheasant management included in the second best model (Table 4.6a). The 
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third best-ranking model was pheasant management on its own as a marginally 

negative predictor of the number of BAP species observed in surveys, but this 

model was over 54 times less likely to be the best model and the t-values were well 

below 2. Non-BAP species counts were best predicted by sunlight and temperature 

(Table 4.6b). When pheasant management was included in the model it ranked 

second, and was 12.18 times less likely to be the best predicting model. 

Table 4.6 Results of the top four models predicting (a) BAP species counted/m (nobservations 

= 2,316) and (b) non-BAP species counted/m (nobservat; o�5 = 10,308) where di < 10. 
Fixed effects Random effects 

Estimate 95% Cl tvalue SD ICC 

a. 1 (Intercept) 0.014 0.010-0.019 -25.60 SITE 0.705 0.323 
SUN 1.206 1.059-1.365 2.79 YEAR 0.153 0.022 

WEEK 0.402 0.134 
(AIC=6,901, Ai =0, w; =0.92) 

2 (Intercept) 0.014 0.010-0.021 -21.44 SITE 0.720 0.332 
PhM (near) 0.014 0.006-0.033 -0.08 YEAR 0.153 0.022 

PhM (within) 0.014 0.007-0.030 -0.11 WEEK 0.402 0.134 
SUN 1.207 1.065-1.360 2.80 

(AIC = 6,907, Aj = 6, w; = 0.05, evidence ratio = 20.09) 
3 (Intercept) 0.018 0.014-0.025 -22.46 SITE 0.718 0.330 

PhM (near) 0.017 0.008-0.040 -0.03 YEAR 0.149 0.021 
PhM (within) 0.017 0.009-0.035 -0.07 WEEK 0.398 0.132 

(AIC = 6,909, Aj = 8, w; = 0.02, evidence ratio = 54.60) 
4 (Intercept) 0.015 0.010-0.022 -20.75 SITE 0.706 0.323 

SUN_resids 1.189 1.035-1.353 2.52 YEAR 0.152 0.022 
TEMP 1.009 0.995-1.022 1.24 WEEK 0.400 0.133 

(AIC = 6,910, Ai = 9, w; = 0.01, evidence ratio = 90.01) 

b. 1 (Intercept) 0.140 0.101-0.194 -9.70 SITE 0.678 0.371 
SUN_resids 1.201 1.133-1.262 6.87 YEAR 0.121 0.019 

TEMP 1.032 1.027-1.038 10.93 WEEK 0.947 0.535 
(AIC = 27,169, a; = 0, w1= 0.92) 

2 (Intercept) 0.132 0.090-0.180 -8.71 SITE 0.684 0.375 
PhM (near) 0.132 0.063-0.275 -0.02 YEAR 0.121 0.019 

PhM (within) 0.157 0.078-0.280 0.89 WEEK 0.947 0.535 
SUN_resids 1.201 1.133-1.257 6.86 

TEMP 1.032 1.027-1.038 10.92 
(AIC = 27,174, Aj = 5, w, = 0.08, evidence ratio = 12.18) 

Resident species were primarily affected by sunlight and temperature, with 

pheasant management being included in the second best performing model (Table 

4.7a). Migrant species were most affected by temperature, although the evidence 

was not convincing as sunlight was a close second best model (Table 4.7b). 
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Pheasant management was 4.48 times less likely to predict numbers of migrant 

species. 

Table 4.7 Results of the (a) top two models predicting resident species counted/m 
(nobservations = 10,296) and (b) the top six models predicting migrant species counted/m 
(nobservations = 4,214) where di < 10. 

Fixed effects Random effects 
Mean 95% CI t value SD ICC 

a. 1 (Intercept) 0.141 0.099-0.199 -9.21 SITE 0.642 0.345 
SUN_resids 1.182 1.122-1.247 6.22 YEAR 0.121 0.018 

TEMP 1.033 1.027-1.039 11.22 WEEK 0.939 0.529 
(AIC=27,215, d; =0, wj=0.95) 

2 (Intercept) 0.136 0.094-0.200 -8.76 SITE 0.649 0.349 
PhM (near) 0.129 0.061-0.270 -0.24 YEAR 0.121 0.018 

PhM (within) 0.154 0.080-0.289 0.70 WEEK 0.939 0.529 
SUN_resids 1.182 1.113-1.236 6.22 

TEMP 1.033 1.027-1.039 11.21 
(AIC = 27,221, d; = 6, w, = 0.05, evidence ratio = 20.09) 

b. 1 (Intercept) 0.011 0.007-0.015 -27.61 SITE 0.506 0.253 
TEMP 1.012 1.004-1.021 2.68 YEAR 0.281 0.095 

WEEK 0.365 0.150 
(AIC=11,081, dß=0, w, =0.52) 

2 (Intercept) 0.013 0.009-0.018 -28.84 SITE 0.508 0.255 
SUN 1.045 0.958-1.118 1.11 YEAR 0.286 0.098 

WEEK 0.385 0.165 
(AIC = 11,082, d, = 1, w, = 0.31, evidence rati o=1.65) 

3 (Intercept) 0.013 0.009-0.017 -27.63 SITE 0.514 0.259 
PhM near 0.015 0.008-0.029 0.81 YEAR 0.288 0.099 

PhM within 0.014 0.008-0.023 0.42 WEEK 0.383 0.164 
(AIC =11,084, d, = 3, w, = 0.12, evidence rati o=4.48) 

4 (Intercept) 0.011 0.008-0.014 -27.48 SITE 0.505 0.253 
SUN_resids 1.019 0.943-1.098 0.45 YEAR 0.281 0.095 

TEMP 1.012 1.003-1.021 2.58 WEEK 0.366 0.151 
(AIC =11,087, d, = 6, w, = 0.03, e vidence ratio = 20.09) 

5 (Intercept) 0.010 0.007-0.015 -25.92 SITE 0.510 0.257 
PhM near 0.012 0.006-0.025 0.82 YEAR 0.281 0.095 

PhM within 0.011 0.006-0.020 0.40 WEEK 0.365 0.150 
TEMP 1.021 1.004-1.021 2.67 

(AIC =11,088, d, = 7, w, = 0.02, e vidence ratio = 33.12) 
6 (Intercept) 0.012 0.009-0.017 -26.72 SITE 0.512 0.259 

PhM near 0.014 0.008-0.028 0.81 YEAR 0.286 0.098 
PhM within 0.013 0.007-0.023 0.42 WEEK 0.385 0.165 

SUN 1.045 0.966-1.128 1.10 
(AIC =11,089, d, = 8, w, = 0.01, evidence ratio = 54.60) 

Butterfly abundance increased with temperature and sunlight (Table 4.8). The 
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presence of pheasants reduced the model fit and so was unlikely to be -an 

important factor in determining butterfly counts. 

Table 4.8 Results of the top two models predicting butterfly abundance/m (nobseryations = 
10,317)whered; <10. 

Fixed effects Random effects 
Mean 95% Cl t value SD ICC 

(Intercept) 0.150 0.107-0.206 -8.98 SITE 0.651 0.356 
SUN_resids 1.187 1.127-1.247 6.48 YEAR 0.122 0.019 

TEMP 1.031 1.027-1.038 10.78 WEEK 0.927 0.528 
(AIC = 27,035, Aj = 0, w, = 0.95) 

2 (Intercept) 0.144 0.103-0.202 -8.55 SITE 0.658 0.361 
PhM (near) 0.138 0.071-0.290 -0.19 YEAR 0.122 0.019 

PhM (within) 0.165 0.085-0.301 0.74 WEEK 0.927 0.528 
SUN_resids 1.187 1.124-1.247 6.48 

TEMP 1.031 1.026-1.037 10.78 
(AIC = 27,041, dr = 6, w; = 0.05, evidence ratio = 20.09) 

The model results for the generalist lepidopteran species were identical to for the 

results for all Lepidoptera: sunlight and temperature interacted to predict 

generalist butterfly counts (Table 4.9a). The majority of butterfly records were for 

species that are habitat generalists (99.5%), which explains why the best models 

were the same. When habitat specialists were analysed, sunlight alone best 

predicted counts (Table 4.9b), with temperature featured in the second most likely 

model. The evidence was weak for the sunlight only model (w, = 0.64) but this could 

be a product of the smaller sample size. 

When the data for day-flying moths were analysed, sun and pheasant'management 

models best described the data, although the evidence was weak when looking at 

the Akaike weights (Table 4.10). The data for moths were sparse, which probably 

accounted for the inability of the model selection to determine a single overriding 

model that best explained moth counts. 
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Table 4.9 Results of the (a) top two models predicting generalist butterfly species 
abundance/m (nobseryation, = 10,267) and (b) top models predicting specialist butterfly 
species abundance/m (nobseryation, = 3,674) where di < 10. 

Fixed effects Random effects 
Mean 95% Cl tvalue SD ICC 

a. 1 (Intercept) 0.125 0.090-0.170 -9.68 SITE 0.693 0.378 
SUN_resids 1.194 1.135-1.261 6.58 YEAR 0.120 0.18 

TEMP 1.034 1.028-1.040 11.41 WEEK 0.935 0.525 
(AIC=27,218, d, =0, w, = 0.95) 

2 (Intercept) 0.122 0.082-0.171 -9.10 SITE 0.700 0.382 
PhM (near) 0.111 0.050-0.228 -0.36 YEAR 0.120 0.018 

PhM (within) 0.138 0.068-0.256 0.66 WEEK 0.935 0.525 
SUN_resids 1.194 1.135-1.263 6.58 

TEMP 1.034 1.029-1.041 11.40 
(AIC = 27,224, d; = 6, w, = 0.05, evidence ratio = 20.09) 

b. 1 (Intercept) 0.018 0.013-0.027 -19.41 SITE 0.973 0.444 
SUN 1.207 1.083-1.350 3.42 YEAR 0.222 0.040 

WEEK 0.618 0.243 
(AIC = 11,390, d, = 0, w, = 0.64) 

-2 (Intercept) 0.015 0.010-0.024 -18.77 SITE 0.973 0.444 
TEMP 1.023 1.012-1.036 3.67 YEAR 0.210 0.036 

WEEK 0.584 0.223 
(AIC = 11,393, d, = 3, w, = 0.14, evidence rati o=4.48) 

-2 (Intercept) 0.015 0.011-0.025 -18.34 SITE 0.972 0.444 
SUN_resids 1.153 1.032-1.299 2.47 YEAR 0.211 0.036 

TEMP 1.020 1.007-1.032 3.15 WEEK 0.595 0.230 
(AIC = 11,393, d; = 3, w, = 0.14, evidence rati o=4.48) 

4 (Intercept) 0.018 0.012-0.029 -16.27 SITE 0.990 0.452 
PhM near 0.016 0.007-0.046 -0.28 YEAR 0.222 0.040 

PhM within 0.018 0.008-0.045 0.06 WEEK 0.618 0.244 
SUN 1.207 1.078-1.329 3.42 

(AIC =11,395, d, = 5, wi = 0.05, evidence ratio = 12.18) 

-5 (Intercept) 0.015 0.009-0.023 -16.12 SITE 0.990 0.453 
PhM near 0.013 0.005-0.034 -0.28 YEAR 0.210 0.036 

PhM within 0.015 0.007-0.036 0.04 WEEK 0.584 0.224 
TEMP 1.023 1.011-1.035 3.67 

(AIC = 11,398, d, = 8, w, = 0.01, evidence ratio = 54.60) 

-5 (Intercept) 0.016 0.010-0.024 -15.78 SITE 0.989 0.452 
PhM near 0.014 0.005-0.039 -0.29 YEAR 0.211 0.036 

PhM within 0.016 0.007-0.040 0.02 WEEK 0.595 0.230 
SUN_resids 1.153 1.038-1.290 2.47 

TEMP 1.020 1.008-1.032 3.15 
(AIC = 11,398, d, = 8, w, = 0.01, evidence ratio = 54.60) 
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Table 4.10 Results of the top models best predicting day-flying moth abundance/m 
(nobservations = 397). 

Fixed effects Random effects 
Mean 95% Cl t value SD ICC 

-1 (Intercept) 0.018 0.012-0.028 -18.14 SITE 0.392 0.127 
PhM near 0.025 0.005-0.150 0.56 YEAR 0.267 0.063 

PhM within 0.012 0.005-0.043 -1.04 WEEK 0.590 0.248 
(AIC = 1,227, d; =0, wi=0.35) 

-1 (Intercept) 0.022 0.013-0.041 -12.90 SITE 0.393 0.128 
SUN 0.794 0.594-1.128 -1.40 YEAR 0.268 0.064 

WEEK 0.582 0.243 
(AIC = 1,227, d, =0, w; =0.35) 

2 (Intercept) 0.023 0.013-0.043 -12.49 SITE 0.390 0.126 
PhM near 0.033 0.006-0.203 0.56 YEAR 0.268 0.064 

PhM within 0.017 0.005-0.062 -0.95 WEEK 0.585 0.245 
SUN 0.804 0.587-1.120 -1.32 

(AIC = 1,229, d; = 2, w; = 0.13, evidence ratio = 2.72) 
3 (Intercept) 0.008 0.004-0.018 -11.69 SITE 0.402 0.134 

SUN_resids 0.697 0.506-0.967 -2.07 YEAR 0.241 0.053 
TEMP 1.039 1.003-1.075 2.12 WEEK 0.554 0.226 

(AIC = 1,230, d; = 3, w, = 0.08, evidence rati o=4.48) 
All but 1 model had d; < 10 so only the top 4 are shown. 

4.3.3 Effect of pheasant release on larval morphotypes 

There was no clear difference in response of the two groups of Lepidoptera with 

potentially defensive larvae and those with larvae that are not potentially 

defensive. In both cases the diversity and abundance were best predicted by 

temperature and sunlight, with pheasant management ranking a low second when 

added to the model fixed effects (Table 4.11a, b). 

Plotting the Akaike weights showed that temperature and sunlight were 

consistently the most important variables affecting numbers of Lepidoptera (Figure 

4.3 and 4.4). There was no evidence that wind was important in predicting counts in 

any of the model sets. Pheasant management ranked higher in the models for 

predicting numbers of migrants and day-flying moths, but overall Akaike weights for 

models with pheasant management included were low (range w; = <0.01 to 0.35). 
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Table 4.11 Results of the top best predicting models for predicting abundance/m of (a) 
Lepidoptera without aposematic larvae (nobseryations = 10,089) and (b) Lepidoptera with 
defensive aposematic larvael (nobseryat; o�s = 8603) where d, < 10. 

Fixed effects Random effects 
Mean 95% Cl t value SD ICC 

a. 1 (Intercept) 0.122 0.076-0.157 -9.23 SITE 0.669 0.346 
SUN_resids 1.165 1.105-1.235 5.41 YEAR 0.139 0.022 

TEMP 1.031 1.026-1.038 10.08 WEEK 1.062 0.572 
(AIC=27,416,4=0, w, =0.95) 

2 (Intercept) 0.107 0.073-0.152 -8.89 SITE 0.675 0.351 
PhM (near) 0.104 0.048-0.214 -0.11 YEAR 0.139 0.022 

PhM (within) 0.124 0.061-0.232 0.82 WEEK 1.062 0.572 
SUN_resids 1.165 1.102-1.229 5.41 

TEMP 1.031 1.026-1.038 10.08 
(AIC = 27,422, Aj = 6, w, = 0.05, evidence ratio = 20.09) 

b. 1 (Intercept) 0.026 0.019-0.034 -23.44 SITE 0.605 0.246 
SUN_resids 1.211 1.123-1.285 5.38 YEAR 0.136 0.016 

TEMP 1.030 1.023-1.038 7.77 WEEK 0.529 0.200 
(AIC=27,218,, 6, =0, wj=0.95) 

2 (Intercept) 0.026 0.018-0.035 -21.04 SITE 0.613 0.252 
PhM (near) 0.024 0.011-0.047 -0.33 YEAR 0.136 0.016 

PhM (within) 0.027 0.014-0.049 0.28 WEEK 0.529 0.200 
SUN_resids 1.211 1.128-1.296 5.38 

TEMP 1.030 1.022-1.037 7.77 
(AIC = 27,224, d; = 6, w, = 0.05, evidence ratio = 20.09) 

4.3.4 Species - specific effect of pheasant releasing 

When individual species counts were analysed, only 6 species demonstrated any 

significant effect of pheasant management (Table 4.12) when Markov Chain Monte 

Carlo sampling was used to estimate parameters and p-values. Many species had 

insufficient data for analysis and the weather data were inadequate to use for 

model selection. Of the 6 species analysed, the holly blue (Celastrina argriolus) was 

most commonly recorded, with 1240 records; numbers observed were negatively 

affected by pheasants released into the transect woodland (P = 0.008). A bivoltine 

species in the south, its larvae are inconspicuous and present during the pheasant 

release season, with food plants such as ivy, bramble and holly (Porter 1997) that 

are within reach of foraging pheasants. The brown argus (Aricia agestis) has similar 

characteristics, as well as larvae during the spring pheasant breeding season; it was 

also negatively correlated with pheasant release in the transect wood (P = 0.016). 
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Species with counts positively affected by pheasant management were the 

northern brown argus (Aricia artaxerxes) and wall brown (Lasiommata megera). 

Both species share larval characteristics i. e. not potentially defensive, present 

during the breeding season, have near-ground pupation, and low food plants within 

reach of foraging pheasants. The former species is rare and present in the larval 

stage during the pheasant release season (Porter 1997). 
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Figure 4.3 Akaike weights (w, ) from model sets showing how the 8 models created from 

predicting variables combined rank with each dataset: (a) all Lepidoptera data over all 
weeks, release season - mid-July to September, and pre-release season April-June; (b) all 
Butterfly Monitoring Scheme weeks with butterfly species only, generalist and specialist 
butterfly species and day flying moths shown separately. PhM = pheasant management 

category of site; Temp = temperature during survey; Sun =% sunlight during survey (arcsine 

transformed); Wind = Beaufort scale during survey. 
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Figure 4.4 Akaike weights (w; ) from model sets showing how the 8 models created from 

predicting variables combined rank with each dataset: (a) BAP species and non-BAP 
species, resident and migrant species shown separately; (b) potentially defensive and not 

potentially defensive lepidopteran larval morphotypes. PhM = pheasant management 
category of site; Temp = temperature during survey; Sun =% sunlight during survey (arcsine 

transformed); Wind = Beaufort scale during survey. 
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4.3.5 Effect of pheasant releases on lepidopteran species diversity 

Species diversity was measured using Simpson's Diversity Index (D) to calculate a 

diversity index per site over the 8 survey years. There was no significant difference 

in lepidopteran species diversity according to pheasant management group (F2 64 = 

1.385, P=0.258; Figure 4.5) 
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Figure 4.5 Species diversity of sites according to pheasant management code. 

4.4 Discussion 

I found no evidence to suggest that pheasant management influenced adult 

woodland Lepidoptera in the years 2000 to 2007. Temperature and sunlight best 

predicted lepidopteran numbers in most models; there was no effect of wind on 

numbers, and there was no difference in species diversity. Nor was there any 

evidence to suggest that pheasant management within the transect woodland was 

beneficial to lepidopteran numbers. 

4.4.1 Pheasant management and lepidopteran communities 

I found no evidence that releasing pheasants reduced transect counts, before or 
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after release. There was no evidence to suggest that pheasants avoid or select 

larval morphotypes, which supports my conclusions in Chapter 3. This design 

should have detected whether pheasants were having major detrimental effects on 

larval communities. It is likely that high density releases of pheasants do increase 

predation pressure on lepidopteran larval communities but that this impact is too 

subtle for this study to detect. Predation from other woodland bird species on 

caterpillars may be more influential on population densities (Cornell & Hawkins 

1995; Fuller 2003). 

There was no evidence to indicate that pheasant management in the woodland 

increased lepidopteran abundance or diversity. I found no evidence to support the 

earlier findings that woodlands managed for pheasants benefit woodland 

butterflies (e. g. Warren 1985; Robertson, Woodburn & Hill 1988; Clarke & 

Robertson 1993). These previous studies compared butterflies in woodlands 

managed with coppicing and ride cutting compared with neglected woodland and 

woodlands used for timber harvesting (Robertson, Woodburn & Hill 1988). It is 

probably not surprising that butterflies are more abundant and diverse in the 

managed woodlands: the stark contrast in management would probably obscure 

any detectable effects of pheasants. This study was ideal for assessing the potential 

impacts of pheasant releases, as most of the woodland sites in the Butterfly 

Monitoring Scheme are SSSIs or wildlife trust reserves, thus reducing the likelihood 

of confounding management effects. 

4.4.2 Effects of weather 

Temperature and sunlight were the most important variables in determining 

lepidopteran counts. Sunlight and temperature affected behaviour and activity 

during surveying and could have indirect effects on abundance through influences 

on plant composition. The benefit of using a long-term dataset allows relative 

abundance to be inferred from transect counts, which would have been difficult to 

achieve if I had attempted a small-scale lepidopteran survey on my own. There was 

a small probability that these weather variables would not have any impact due to 
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the stringent recording guidelines, precluding large weather extremes. The data 

management performed before analyses removed erroneous and questionable 

records, so the temperature range was fairly small (15 - 30°C), although, the dataset 

was sufficiently large to detect a strong correlation. Wind was consistently the 

lowest ranking variable, presumably because the transects were woodland-based 

and were sheltered from stronger winds. The wind speed experienced within the 

monitoring area may have been exaggerated by using the Beaufort scale: assessing 

moving branches in the canopy may suggest stronger winds, but at transect level 

the trees are likely to buffer much of the effect. 

4.4.3 Butterfly Monitoring Scheme data considerations 

Effects of pheasant management were detected in the species-specific models, but 

need to be interpreted with caution as weather variables could not be included due 

to gaps in the data. The models showed positive correlations for northern brown 

argus, wall brown and burnet companion, and negative correlations for brown 

argus, holly blue and marsh fritillary. Nearly all these species are associated with 

very open, wide sunny rides in woodland (Warren & Fuller 1993), which are also 

features of pheasant foraging areas. All of them also have food plants that are 

accessible to foraging pheasants and all have larval stages either during the 

pheasant breeding season or the pheasant release season. It is possible that 

pheasants could feed on these larvae, but the correlations found here could also be 

the result of more subtle vegetation differences. 

Lepidoptera have highly fluctuating populations and so many replicates and 

repeated samples were needed to make robust inferences. This involved a potential 

trade-off between large numbers of repeat measures (i. e. the number of survey 

years included in the analyses) and confounding variation due to changing 

geographical distributions, habitat alteration and potential climate change. 

However, using longer-term data would risk making inferences based on 

community structures that may no longer exist. Also, using data from 1976 would 

have restricted the mixed model as few sites were running when the scheme was 
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first established and so the number of missing values would be too large for the 

model to make predictions. Additionally it would be difficult to determine whether 

pheasant releases occurred at the transect site or nearby for longer-term data as 

the volunteers running the scheme would be less likely to be available. 

Furthermore, pheasant management has changed dramatically over the past 30 

years, with massive increases in the release intensity across Britain. So while 

confining the analyses to the period 2000 to 2007 reduced the dataset, it ultimately 

made it more reliable and robust. 

Since the survey technique was designed to provide species abundance indices to 

monitor long-term population changes, I deliberately did not use index data 

calculated from raw data even though the algorithms designed by Butterfly 

Conservation and the Centre for Ecology and Hydrology help smooth missing data 

values. I was interested in comparing groups and, while transect methods have 

their weaknesses (Anderson 2001), relative comparisons can be made and 

differences interpreted when all replicates undergo an identical sampling protocol. I 

reduced assumptions to a minimum by analysing the raw multilevel data 

incorporating a model structure that dealt with missing values. There was 

undoubtedly error integral to the data as transects were recorded by different 

people with varying accuracies in surveying. This was unavoidable but having site as 

a random effect in the mixed model helped account for this bias by modelling 

within-site records more similarly than between-site records. Again, limiting the 

data to a few years helped reduce incidences of error where sites changed 

recorders. 

4.4.4 Management implications 

I found no evidence to support previous findings that habitat management for the 

benefit of pheasant shooting benefits woodland butterfly populations. The records 

showed that site variation was large. Agricultural ecosystems are highly variable 

(Matson et al. 1997); this makes it difficult to detect subtle community dynamic 

perturbations caused by annual high-density pheasant releases and associated 
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woodland management. Pheasant density figures for each site throughout the 

years may have produced interpretable trends, but these data were not available. 

Even with site variation considered, this study casts doubt on the magnitude of 

beneficial impacts of woodland habitat management associated with pheasant 

releasing for lepidopteran abundance and diversity. It is possible that any beneficial 

effects of habitat management camouflage any increased predation pressure from 

annual pheasant introductions. This would effectively mitigate pheasant impact. 

Alternatively, predation impact and benefits from management could both be 

negligible. Lepidoptera are likely to benefit from increased temperatures and richer 

plant flora, achievable through canopy thinning and wider ride and glade creation. 

Lepidoptera are more likely to be observed flying on warm sunny days (Wikstrom, 

Milberg & Bergman 2009) and land managers who manage woodland to increase 

temperature and sunlight within the woodland will likely see increases in 

observable Lepidoptera. 

4.4.5 Conclusions 

This study used a comprehensive long-term dataset to provide a preliminary 

assessment into the potential effects of releasing pheasants on adult Lepidoptera 

across Britain. There was no detectable positive or negative effect of pheasant 

release and management near the survey transect, with temperature and sunlight 

best predicting increases in Lepidoptera observed during Butterfly Monitoring 

Scheme transect counts. 
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CHAPTER 5 

DISCUSSION 

Agriculture is the predominant land use in Britain, with the natural and semi-natural 

habitats supporting most biodiversity (Hopkins & Kirby 2007). Woodland has the 

richest invertebrate fauna of any habitat in Britain (Kirby 2001) and it provides an 

important multi-taxa refuge within managed agricultural ecosystems. Historically, 

woodland was the predominant habitat in Britain, yet it exists today in fragmented 

patches (Rackham 2006), and was conserved in part because of sporting interests 

(Macdonald & Johnson 2000; Oldfield et aL 2003; Hopkins & Kirby 2007). 

Understanding how introduced species impact their environment is a challenging 

task involving many trophic levels of the host ecosystem. In the previous chapters, I 

described a variety of tests and approaches to identify the impacts of releasing 

pheasants for shooting on invertebrate communities. In this chapter, I will 

summarise the main results from my study, and discuss them within the broader 

context of habitat management and avian introductions. I will end by highlighting 

other issues that need to be addressed and outline the potential directions for 

future research. 

5.1 Impacts of pheasants on invertebrates 

My research is the first quantitative study to assess the impacts of releasing 

pheasants on invertebrates. Overall, I showed that pheasants cause perturbations 

in invertebrate populations, although my results were occasionally confounded by 

small sample sizes and large confidence intervals. I found no evidence to support 

the idea that habitat management for pheasants benefits non-target species. 

examined whether releasing pheasants had an impact on ground-active 
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invertebrates by comparing biomass on sites that did and did not release 

pheasants, both before and after release. I found that biomass was lower on sites 

that released pheasants and this was correlated with increases in the proportion of 

invertebrates in pheasant faeces. Whilst I predicted that released pheasants would 

have a significant impact on invertebrate populations after release, I detected a 

substantial impact on biomass before release. The results were perhaps more 

intuitive than my original prediction: the post-release surveys were performed after 

the released pheasants had been in the woodland ecosystem for approximately one 

month, whereas the pre-release surveys could have been detecting impacts made 

by the birds released the previous season which has been in the ecosystem for up 

to 9 months. If these effects are cumulative, as suggested by these results, then 

annual mass-releases of pheasants have the potential to cause continual pressure 

on invertebrates in woodland edge habitats, especially when considering the 

breeding population estimated at 1.8 - 1.9 million pairs of pheasants in Britain 

(Burfield & Bommel 2004; Baker et aL 2006a). Furthermore, detrimental impacts 

may be harder to detect in autumn after release as invertebrate populations are 

lower and grain is supplied in large amounts to stop the pheasants straying away 

from the release sites; both factors will mitigate their predatory pressure on 

invertebrates. 

The evidence for the impact of releasing pheasants and associated habitat 

management on Lepidoptera populations is mixed. In isolation, pheasant density 

along woodland tracks negatively impacts caterpillar biomass, but this negative 

correlative relationship is weak when additional environmental variables are 

considered. Plant species richness and temperature positively predict caterpillar 

biomass in woodland tracks and this supports previous research on environmental 

impacts on Lepidoptera. Pheasants have a negative impact on plants within release 

pens (Sage, Ludolf & Robertson 2005) and in hedgerows (Sage et al. 2009); the 

same could be occurring along tracks, thereby affecting caterpillars indirectly. 

Whilst I predicted that decreased canopy cover and increased track width would 

positively affect biomass of caterpillars in accordance with previous studies, I found 

no evidence to support this. However, increasing light penetration into woodland is 
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likely to increase microclimate features such as temperature, and the diversity of 

herbaceous species by increasing establishment opportunities. This in turn should 

create more suitable habitats for caterpillars by increasing the choice of host 

plants. I found no evidence that pheasants avoid aposematic larvae, but this was 

not comprehensively tested here. Pheasants are generalist omnivores, but if prey 

preferences exist, species will have varying predation pressure. I found no evidence 

that releasing pheasants had an impact on adult Lepidoptera. My collaboration with 

the Butterfly Monitoring Scheme data allowed sites with and without pheasants to 

be compared using data that it would be impossible for a single researcher to 

collect. If pheasants or their management were having significant positive or 

negative impact on adult Lepidoptera, this should have been detected from the 

large scale Butterfly Monitoring Scheme data; no impact was detected. This is at 

variance with previous research that has found positive effects of habitat 

management for pheasant shooting on butterflies. However, these earlier studies 

focussed on rather few species and so were unable to assess wider trends, or 

correlations with any host plant effects. Secondly, data were not collected long- 

term to assess if any impacts were consistent. Thirdly, larval morphology of 

butterflies and potential prey avoidance in pheasants were not considered. I found 

no evidence that released pheasants or associate habitat management had effects 

on adult Lepidoptera populations over time. Instead, my results were in agreement 

with previous findings of the importance of temperature and sunlight during 

transect surveys. 

5.2 Management for pheasants and woodland ecosystems 

Shooting management has been assumed to be beneficial for ecosystems, but is 

poorly studied: studies thus far show that impacts and indirect effects are varied. 

Similarly, the management options created in environmental stewardship schemes 

were assumed to be beneficial, but it is only now that the options are being tested 

and examined to determine if benefits can be achieved; so far, results have been 

mixed (e. g. Vickery et al. 2004; Shore et al. 2005; Kleijn et aL 2006; Marshall, West 

& Kleijn 2006; Pywell et al. 2006; Wilson, Vickery & Pendlebury 2007). Associated 
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habitat management and supplementary grain provision have had benign or 

positive effects (Robertson, Woodburn & Hill 1988; Stoate & Szczur 2001; Draycott, 

Hoodless & Sage 2008; Davey 2009), although negative impacts have been found in 

some rarer farmland birds (Davey 2009). Resource pulses are the temporary 

availability of significantly higher than normal levels of a resource, which declines 

over time (Ostfeld & Keesing 2000). Grain supplied in shooting management could 

be considered a conscious resource pulse, although interpulse time is only around 6 

months. Furthermore, releasing pheasant chicks may be a resource pulse for 

predators like, foxes. Resource pulses are common phenomena in terrestrial 

systems and affect individual, population and community levels as generalist 

consumers alter behaviour to maximise the resource opportunity (Yang et al. 2008). 

The multilevel complexity makes understanding the mechanisms and consequences 

of resource pulses challenging and probably explains why the evidence of the 

impacts of shooting management is mixed. There may be both top-down and 

bottom-up effects on food webs in pheasant managed systems. A study looking at 

the complex terrestrial food web of forest ecosystems in Hawaii found that 

excluding birds (predators) experimentally or increasing fertilisation from severely 

nutrient-limited soil had differing trophic impacts on invertebrate density and 

biomass (Gruner 2004). Bottom-up factors (fertilisation) controlled basal trophic 

levels and increased detritivores and herbivores, whereas top-down factors (bird 

exclusion) controlled higher order consumers by increasing carnivores; this did not 

cascade to the basal levels. There is potential for pheasant management to interact 

similarly by altering fertilisation and plant species composition, and consequently 

basal communities, whilst introducing pheasants causes top-down effects on 

carnivorous invertebrates. Supplied grain could benefit generalist omnivores and 

cause top-down effects on invertebrates by reducing the predation pressure whilst 

the grain resource pulse is present. If top-down effects on higher order 

invertebrates do not result in cascades to basal levels; mitigation management 

would probably be more successful in focusing on lower trophic levels to ensure 

woodland ecosystems are resilient to shooting management. 

Additionally, game management is no longer the central incentive for woodland 

92 



conservation. Whilst it may be true that woodland in Britain historically had been 

retained and managed in part because of the income and recreation benefits 

generated from shooting, government schemes are now available providing grants 

for creating, managing and conserving woodland regardless of field sport interests. 

There is an economic gain to be had from the shooting industry; however, the 

associated management with pheasant shooting requires huge financial and 

management effort. Grant schemes, such as AES and the Forestry Commission 

woodland grant schemes, offer broad-scale conservation at reduced cost. They do 

not involve targeted culling or introducing non-native species, and often provide 

public access, which pheasant-releasing sites rarely provide due to the threat 

politically charged vandalism. Therefore, woodland grants may be more in keeping 

with government's commitment to 2010 Biodiversity Target and could reduce game 

management's role in conservation in Britain in the future. 

5.3 Pheasant introduction ecology 

The recurrent mass release of an exotic species of bird for sport shooting is a 

practice unique to Britain. There is a considerable deficiency of rigorous study on 

the impacts of pheasants as a non-native species, and this dearth of knowledge is 

alarming given the extent of land managed for shooting and the number of 

gamebirds released each year. Understanding how pheasants affect interactions in 

new ecosystems is imperative to isolate detrimental perturbations as well as 

identify practices which may mitigate their impacts. 

Pheasants are an unusual subject when considering invasiveness: they are regarded 

as 'naturalised' in Britain (e. g. Lever 1987) i. e. a non-native organism that has 

obtained a self-sustaining population (Falk-Petersen, Bohn & Sandlund 2006) but I 

question the long-term validity of this. Would populations proliferate beyond a few 

years if releasing for shooting ceased? Releasing over 37 million pheasants annually 

is likely to reinforce breeding populations as an estimated 16% of released birds 

survive the shooting season (Turner & Sage 2003). Wild bird shoots are not as 

common as driven shoots because populations are harder to maintain: increased 
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effort in predator control, targeted habitat management and supplementary 

feeding are required to sustain abundances for a profitable shoot (Draycott, Pock & 

Carroll 2002) Due to high mortality during the breeding season (Brittas et al. 1992; 

Grahn 1993; Frey et al. 2003; Draycott et aL 2005; Baker et al. 2006b; Draycott et 

al. 2008). This suggests that self-sustaining populations large enough for shooting 

are difficult to establish in Britain. Conversely, what mechanisms would be required 

to drive pheasants from naturalised to 'invasive'? Invasion biology theory advocates 

propagule pressure as a key determinant of invasion success, and certainly 

propagule pressure involved in British pheasant shooting is purposely high, 

particularly in England. It is unknown how pheasant populations would survive if 

introductions ceased as there has never been a national release suspension, but 

this is a fundamental issue that needs addressing: continued high propagule 

pressure has the potential to create an invasive situation given time and favourable 

conditions i. e. in areas where predator density is low. 

In the main, schedule 9 lists non-native species that are already established in the wild, 
but which continue to pose a conservation threat to native biodiversity and habitats, 

such that further releases should be regulated. 
Schedule 9, Section 14, Wildlife and Countryside Act 1981 

Recently, a consultation to revise the species listed in Schedule 9 proposed 36 

animal species for possible addition, including the Japanese green pheasant 

(Phasianus versicolor), stating "there have been many recent releases of this 

species in Britain, with sporadic breeding reported. It is important to prevent its 

further establishment as a breeding species in Britain" (Defra 2007). There have 

been objections to this proposal as most common pheasants (P. colchicus) that are 

currently released are frequently hybrids with P. versicolor (Robertson 1996) and 

consequently if P. versicolor is included in Schedule 9 then this could have huge 

impacts on the shooting industry by dramatically restricting the pheasants that can 

be sold and released. The consultation resulted in 36 respondents in favour of 

inclusion out of 44, and is now under more detailed consideration with a decision 

pending later this year (Defra 2009b). The given statement that P. versicolor are 

problematic is perhaps surprising given there is no published research on this, 
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although a study has found that P. versicolor has better predator avoidance than P. 

colchicus (Rutting et al. 2007). This improved predator avoidance may be facilitating 

higher wild breeding and survival success, but given the populations are 

significantly lower than P. colchicus (Holling 2007) their threat to biodiversity 

appears questionable if P. colchicus impact is still not well understood. 

Pheasant invasiveness is also an epidemiological one. The majority of pheasants in 

Britain are captive-bred and a source of infection for other species. Parasitic worms 

Heterakis gallinarum and Capillaria spp. found in the caecae of grey partridges are 

usually infections sourced from released pheasants (Draycott et al. 2000; Tompkins 

et aL 2000; Sage et al. 2002). The spread of highly pathogenic avian influenza 

(H5N1) from China is of global concern: the spread through poultry and wild birds 

has caused the death and culling of hundreds of millions of poultry and a significant 

zoonosis threat (Yasue et al. 2006; Alexander 2007; Capua & Alexander 2008). 

Pheasants act as reservoirs of influenza virus in live poultry markets because they 

have continuous asymptomatic infection and long-term shedding of the virus 

through faeces and feather dust, even after inoculation (Humberd, Guan & Webster 

2006; Humberd, Boyd & Webster 2007). This has huge implications for the shooting 

industry as pheasants are initially captive-bred then released to become free- 

ranging 'wild' birds. Recommendations for poultry managers are to look for 

symptoms and dead birds: pheasants are asymptomatic carriers and do not die 

from the disease. If influenza infected game-rearing farms, it would probably go 

undetected and once released the infected pheasants would expose farmland birds, 

their predators (e. g. foxes and birds of prey), gamekeepers, shoot participants and 

gun dogs (Songserm et aL 2006) to potential infection. Shedding of virus in faeces 

could cause woodland tracks and areas under roost trees and around feed hoppers 

to become reservoirs of infection: dung beetles and non-target species that utilise 

feed hoppers such as squirrels, rats and wood mice have the potential to spread 

infection amongst their conspecifics and predators. The potential of pheasants as 

vectors of avian influenza therefore could significantly undermine surveillance and 

infection control, whilst facilitating infection across agroecosystems. 
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5.4 Future directions 

I have made the first comprehensive study into the impact of pheasants on 

invertebrates. I have shown that releasing pheasants has a significant impact on 

ground-active invertebrate biomass; this requires further study into the trophic 

effect on woodland edge communities. I recommend a food web approach 

combining quantitative pheasant diet analysis with identification of plant- 

herbivore-predator interactions to model predictions of pheasants in different 

habitats and at different release densities. Molecular techniques would isolate what 

pheasants consume and crop analysis would be more accurate than faecal sampling 
for obtaining soft-bodied invertebrate food items such as caterpillars. Experimental 

approaches are recommended: a BACI design would help isolate the immediate 

impact of releasing pheasants in an area previously unmanaged for pheasants. This 

was beyond the scope of this project. However, if all trophic levels were sampled, 

multilevel effects would be quantifiable and predictive food web models could be 

constructed. Impacts over time could also be assessed. For smaller scale studies, 

exclusion/inclusion plots could help identify and quantify isolated sections of the 

food web. 

Fertilisation effects on vegetative composition at woodland edges require further 

study to define the impact on basal level invertebrates. Pheasant predation could 

be assessed for a variety of Lepidoptera species with experimental feeding plots 

situated at intervals from the release pen, as in Clarke and Robertson (1993), run 

concurrently with laboratory choice experiments to determine whether any prey 

avoidance is present. In addition, if supplied grain is mitigating predation pressure 

on ground-active invertebrates after release as suggested in Chapter 2, further 

study is recommended to determine if continued supplementary feeding would 

mitigate negative impacts observed in late spring. My investigation in Chapter 2 

could be replicated with the addition of pheasant-managed sites continuing grain 

provision beyond the end of the shooting season. This would determine if grain 

provision alone can mitigate pheasant predation pressure on ground-active 

invertebrates. Furthermore, if soil core samples were included and the seed and 
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pupal banks assessed, these would determine if pheasants have an impact on 

overwintering invertebrate populations. 

Analysing long-term datasets of animal records is a useful approach and I 

recommend further multipurpose assessments. Further work with the Butterfly 

Monitoring Scheme data would allow better assessment of game management 

variables: quantification of numbers of pheasants released, grain provision and 

plant surveys would identify those factors that affect the abundance of day-flying 

Lepidoptera. Rothamsted Research has collected long-term light trap data of 

macromoths across Britain in a variety of habitats, and a similar approach to the 

Butterfly Monitoring Scheme used here could be informative in assessing if moths 

suffer any impacts of pheasant management. By analysing multi-taxa data 

combined with information on pheasant management, the trophic impacts of 

pheasant management could be more easily modelled to make predictions about 

management effects in particular habitats. 

The game industry is politically contentious and historically no accurate records 

have been kept of the number of non-native game birds introduced for shooting 

because gamekeepers and landowners were reluctant to surrender release figures. 

With the threat of avian influenza, the GB Poultry Register provides the first 

accurate record of the number of pheasants in Britain and I recommend this system 

be retained and regularly audited. The epidemiological value is clear, and in my 

opinion, so is the ecological one as the number of introduced non-native birds is of 

importance, especially since such large areas of Britain are directly or indirectly 

involved. I also recommend that the industry be better regulated e. g. there is 

building evidence that stocking densities exceeding 1000 pheasants per hectare are 

detrimental and moves towards legislation would be sensible to ensure impacts 

from release pens are minimised, although I accept this would be hard to enforce in 

reality. The scale and extent of the shooting industry remains largely unknown and, 

therefore, so is the potential impact. I recommend that game shoots are required 

to maintain and surrender detailed records of numbers released and shot with 

associated management. This would provide a better understanding of the 
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potential magnitude of effect, which could be combined with further research in 

order to understand thoroughly the local trophic impacts of releasing over 37 

million pheasants per year in agroecosystems. Highly diverse woodlands within 

British agriculture are already under threat from ecological isolation due to loss of 

surrounding semi-natural habitats, fragmentation, increased pollution, changing 

grazing pressure, climate change, and alien species (Hopkins & Kirby 2007). 

Pheasant shooting is likely to continue in Britain and the trophic manipulations that 

accompany pheasant management, such as predator persecution, providing 

supplementary grain, structural manipulation and high volume introductions of 

pheasants should continue to be investigated in order to close the knowledge 

deficit. A better understanding of how shooting affects sensitive agroecosystems 

will develop responsible shooting practices and targeted mitigation management. 
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APPENDIX A 

Table A. 1 Total and mean (in brackets) biomass (g) recorded in pitfall traps 
Pre-release Post-release Overall 
30465.50 13704.89 44170.39 

No Ph (896.04) (403.09) (649.56) 
Field 14931.67 10277.67 25209.34 

Ph (439.17) (302.28) (370.73) 

No Ph 
23830.45 17306.18 41136.63 
(700.90) (509.01) (604.95) 

Wood 51538.27 17776.16 69314.43 
Ph (1515.83) (522.83) (1019.33) 

No Ph 
54295.95 31011.07 85307.02 
(798.47) (456.05) (627.26) 

Overall 66469.94 28053.83 94523.77 
Ph (977.50) (412.56) (695.03) 
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Figure A. 1 Results of model showing the relationship of plant species diversity and 
invertebrate biomass per trap (±95% Cl) 

Table A. 2 Total and mean (in brackets) biomass (g) sampled in pitfall traps according to 
gnvcU acu'oac WI uc. i 6. --I. 

Pre-release Post-release 
Field Wood Field Wood 

Order Mean Total Mean Total Mean Total Mean Total 
Acari 

No Ph 0.16 3.46 0.60 16.25 0.11 2.46 0.47 16.06 
Ph 0.27 6.93 0.88 23.68 0.15 3.90 0.29 8.87 

Araneae 
No Ph 95.44 3244.88 14.78 398.97 22.49 697.08 7.55 188.71 

Ph 115.96 3942.61 11.01 319.33 18.33 513.24 17.01 459.25 
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Pre-release Post-release 
Field Wood Fi eld Wood 

Order Mean Total Mean Total Mean Total Mean Total 

Coleoptera 
No Ph 670.79 22806.70 527.69 17941.58 297.18 9806.98 436.22 14395.36 

Ph 231.09 7857.06 1279.90 43516.73 235.58 8009.72 427.64 14539.65 
Collembola 

No Ph 2.72 92.37 4.54 154.48 33.44 1036.64 3.77 128.02 
Ph 1.05 34.79 4.45 133.47 2.18 71.94 3.32 106.20 

Dermaptera 
No Ph 6.36 57.27 5.87 64.52 2.60 10.38 18.56 37.11 

Ph 6.41 25.65 18.25 109.49 15.66 31.33 7.68 7.68 
Diplura 

No Ph 6.53 78.34 9.85 49.25 
Ph 2.58 23.26 

Diptera 
No Ph 11.37 375.07 21.31 682.05 8.92 267.64 4.28 132.80 

Ph 8.32 257.88 7.61 251.03 5.48 169.99 8.33 216.69 
Hemiptera 

No Ph 2.83 59.51 1.25 23.84 3.35 56.98 10.77 75.36 
Ph 3.26 48.95 1.36 25.92 2.64 34.30 4.17 33.36 

Hymenoptera 
No Ph 56.81 1931.38 30.59 978.96 15.66 454.13 9.71 281.69 

Ph 31.47 1038.49 21.38 705.62 13.00 416.11 11.10 343.96 
Isopoda 

No Ph 36.07 1082.01 63.56 2097.58 14.49 362.19 16.70 467.72 
Ph 15.95 350.89 27.84 779.47 6.32 75.81 16.42 443.44 

Lepidoptera 
No Ph 31.20 311.99 21.41 64.22 96.69 193.38 11.48 22.97 

Ph 11.74 23.49 0.76 3.05 
Mallophaga 

No Ph 8.25 8.25 
Ph 

Mecoptera 
No Ph 8.04 32.15 

Ph 0.18 0.18 
Myriapoda 

No Ph 44.06 220.31 53.61 911.32 38.12 457.47 60.79 182.36 
Ph 83.24 1082.17 280.60 5331.36 16.19 129.49 33.98 305.82 

Opiliones 
No Ph 9.36 46.79 4.91 88.39 12.01 168.15 44.15 1368.61 

Ph 5.53 5.53 10.38 166.02 19.77 276.74 40.13 1123.77 
Orthoptera 

No Ph 
Ph 69.46 208.39 

Plecoptera 
No Ph 8.04 16.08 

Ph 5.70 34.22 
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Pre-release Post-release 
Field Wood Field Wood 

Order Mean Total Mean Total Mean Total Mean Total 
Pseudoscorpionida 

No Ph 
Ph 0.23 0.23 0.21 0.21 0.23 0.23 

Siphonaptera 
No Ph 

Ph 0.36 1.81 
Thysanoptera 

No Ph 0.02 0.02 
Ph <0.01 0.01 

Trichoptera 
No Ph 

Ph 0.46 2.29 
Unknown larva 

No Ph 8.18 155.42 18.05 342.95 7.55 150.98 1.57 9.41 
Ph 11.18 257.04 6.18 111.28 21.03 336.50 15.60 187.23 

Table A. 3 Total biomass (g) sampled in pitfall traps according to beetle and spider 
families 

Family Pre-release Post-release 
Field Wood Field Wood 

Coleoptera 
Carabidae No Ph 21608.93 17293.11 7528.79 13219.13 

(654.82) (508.62) (242.86) (400.58) 
Ph 6569.95 42801.19 6437.29 9146.05 

(199.09) (1297.01) (242.86) (285.81) 
Chrysomelidae No Ph 6.92 1.78 6.98 8.55 

(0.46) (0.45) (0.63) (0.66) 
Ph 118.98 203.46 13.42 94.09 

(5.95) (8.85) (1.03) (4.95) 
Curculionidae No Ph 118.30 93.98 31.43 5.74 

(6.57) (5.53) (3.49) (2.87) 
Ph 31.71 128.72 57.44 235.85 

(2.44) (5.60) (5.22) (29.48) 
Elateridae No Ph 96.22 96.25 0 0 

(9.62) (16.04) 
Ph 38.16 7.23 0 0 

(7.63) (3.62) 
Ptiliidae No Ph 0.40 0 0.17 0.19 

(0.10) (0.02) (0.04) 
Ph 1.13 0.69 0.21 0.25 

(0.16) (0.05) (0.01) (0.05) 
Staphylinidae No Ph 472.29 321.92 2161.11 1143.56 

(14.31) (9.76) (74.52) (42.35) 
Ph 608.60 302.03 1498.21 2570.79 

(19.63) (9.44) (55.49) (88.65) 
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Family Pre-release Post-release 
Araneae 

Linyphiidae No Ph 192.29 57.30 42.42 17.07 
(5.66) (2.39) (1.84) (0.81) 

Ph 251.34 47.96 39.46 21.40 
(7.62) (1.84) (2.19) (1.13) 

Lycosidae No Ph 2852.04 306.89 654.66 163.08 
(89.13) (18.05) (23.38) (10.87) 

Ph 3620.79 271.37 374.59 269.65 
(109.72) (14.28) (15.61) (15.86) 

Tetragnathidae No Ph 165.93 0 0 0 
(9.76) 

Ph 16.58 0 0 0 
(2.37) 
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Figure A. 2 Spring survival of pheasants and number of pheasants released in previous 

season 
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APPENDIX B 

Table B. 1 Questionnaire sent to BMS transect recorders. Ordnance survey maps of the 
transects and surrounding area were provided. 

Question Answer 

1. Are you aware of any releasing of birds for shooting in this 
area? 
(No/Yes-please indicate years releasing has occurred) 

2. Have you ever seen pheasants in or around the transect 
area? 
(No/Yes-occasionally/Yes-frequently/Yes-many of them) 

3. Have you ever seen partridges in or around the transect 
area? 
(No/Yes-occasionally/Yes-frequently/Yes-many of them) 

4. Is there, or has there ever been, a release pen in or near 
the transect area? 
(No/Yes - please state years you have know it to be there 
and mark it on the map) 

5. Have you ever seen feeding stations around the area? 
(No/Yes-please mark on map) 

6. Are you aware of a nearby pheasant release 
farm/estate/area? 
(No/Yes - please indicate approximately how far away this 
is, or mark on the map) 

7. Are any game cover crops planted in or near the transect 
area? 
(No/Yes - please mark on the map) 

Please give any information you can. If you have more details, e. g. approximate 
numbers of pheasants released every year or locations of pens, then please indicate 
on the map and answer boxes. 

Important note: 

All information given will be kept strictly confidential. I will be using the 
information ONLY to ascertain levels of game management affecting the 
butterfly data collected in the transect. NO sensitive information about the 
location of release pens or releasing farms will be available to third parties. 
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