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Abstract

Current woodland restoration programs are increasingly focussing on the creation of
habitat networks in order to increase woodland cover and connectivity. However, the
basic assumptions underpinning such strategies are largely untested for species
assoclated with woodland habitat. For many woodland invertebrate species, local scale
processes are potentially more important than processes operating at the landscape
scale in terms of species persistence, especially for those species that show high
dependence on woodland habitat conditions and have limited dispersal ability. The
applicability of landscape-scale approaches to woodland restoration therefore needed
to be evaluated in relation to the ecological characteristics of invertebrates. This thesis
examines these issues and provides a quantitative analysis of the factors influencing

presence of wood cricket (Nemobius sylvestris) at multiple scales within the landscape.

The investigation was conducted in woodland habitats on the Isle of Wight in the south
of the United Kingdom. A landscape-scale survey indicated that wood cricket was
found predominantly in large woodland fragments situated in close proximity to each
other, with ancient woodland characteristics and with a high amount of edge habitat.
The current pattern of distribution of wood cricket suggested that most woodland
fragments in the agricultural matrix are effectively isolated from each other, indicating
the importance of maintaining a high level of connectivity between habitats for this

invertebrate species.

An investigation within woodlands indicated that locations with permanent low cover of
ground vegetation, low canopy closure and high availablility of leaf litter were the
preferred habitat conditions for wood cricket. Ride and track edges, woodland
peripheries and open areas created and maintained by management activities were
found to be the main habitat locations for wood cricket. It was further found that wood
cricket was mainly present at permanent edges or in close proximity to these locations,

indicating the importance of maintaining these habitat features for this species.



The mean dispersal rate for dispersing wood cricket obtained from a series of field
experiments was found to be similar to that of other ground-dwelling invertebrate
species that were strongly associated with woodland. This level of habitat specialism
was consistent with the habitat preferences found for wood cricket, and therefore wood
cricket can be seen as representative of this particular group of woodland-associated
Invertebrates. Comparable to wood cricket, the dispersal ability for species of this
group was found to be limited. Few individuals of nymph (i.e. juvenile) and adult wood
cricket populations were found to disperse. Wood cricket was found able to disperse up

to 55 m Into non-woodland habitat and mature habitat corridors were found to be used

by wood cricket, but not new immature woodland plantings.

The results of this investigation indicate that the overall success of woodland
conservation for woodland invertebrates lies in adopting a multi-scale and multi-
management strategic approach. The current initiatives focussing on restoration and
re-instatement of traditional management activities within existing woodlands were
found to be highly beneficial for wood cricket. Corridors were found to facilitate
movement if suitable woodland habitat conditions were provided. Creation of woodland

habitat networks might therefore be beneficial for wood cricket if given enough time to

develop.
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Isle of Wight
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cricket was present; x indicate locations where wood cricket was absent. This map

is based on Ordnance Survey MasterMap data acquired under a ‘Contractor
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1 Thesis introduction

1.1 Background

1.1.1 Scale

The importance of scale in natural sciences is a recurring point of interest especially in
ecology (Levin, 1992; Scott et al., 2002). Working across scales is one of the most
challenging subjects in ecology, such that scale issues could become a primary field of
research in itself (Wiens, 1989). Choosing the right scale is a key issue in every
ecological study (Wiens, 1989; Levin, 1992). The scale of a study is primarily
determined by its research aims (Turner et al., 2001; Morrison, 2002). However, if a
specific species is the point of interest, then choosing the right scale should primarily
be informed by understanding the habitat requirement of the study species used.
Species interactions with and perception of the environment (Levin, 1992; Hanski &
Gilpin, 1997) as well as relationships between species and environmental factors often
change across scales (e.g. Wiens, 1989; Morrison, 2002; Bossenbroek et al., 2005).
However, most studies are conducted at only one often-small spatial scale. Translating
results obtained at one scale across a range of scales in most cases has proven to be
unrealistic (Wiens, 1989; Levin, 1992). Addressing this problem should be a focus In
empirical and modelling studies (Wiens, 2002b), especially in the context of generating
appropriate tools for conservation management. Ultimately, every study needs to
carefully define the appropriate scale that will fit the issues or problems the study is

meaning to address.
1.1.2 Theory

In natural sciences, theories are considered the cornerstones for research. Influential
theories specifically incorporating or based on scale are increasingly the focus of
attention in ecological applications (Turner et al., 2001). For instance, fractal dimension
theory (Mandelbrot, 1977) and hierarchy theory (Urban et al., 1987) are being used to
analyse patterns in landscapes across scales. Another theory increasingly applied in
ecology is percolation theory (With et al., 1997; McIntyre & Wiens, 1999). Percolation
theory focuses on how spatial structure of, for example, habitat patches influences the
level of connectivity within a heterogeneous landscape. This theory can be used to

extract parameter estimates such as thresholds (With, 2002), for process-specific
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connecitivity over a range of spatial scales (Gardner et al., 1989). Furthermore, in

conservation management specific key species are often used to inform decisions. Two
important theories explicitly incorporating a spatial element in relation to species are
the island biogeography theory (MacArthur & Wilson, 1963; 1967) and metapopulation
theory (Hanski & Gilpin, 1997; Hanski, 1998). Key features of both theories are based

on the spatial arrangement of habitat patches related to species diversity,

presence/absence and persistence.

1.1.2.1 Island biogeography theory

Island biogeography theory was developed by MacArthur and Wilson (1963; 1967), and
IS based on the study of species assemblages on islands. The key principles are based
on the influence of island size and distance from the mainland on species diversity.
Generally, this theory assumes that large islands sustain more species than smaller
ones and islands far away from the mainland have fewer species than islands that are
near. A positive linear relationship exists between species richness and area and a
negative exponential relationship with distance in this respect. These factors act on the
rate of immmigration and extinction and ultimately determine how many species are
present in time and space for every individual location (MacArthur & Wilson, 1963,
1967). These basic principles of the theory were applied and tailored to terrestrial

environments and have been widely used to inform and direct conservation efforts (e.g.
Diamond et al., 1976; Bennett, 1999, 2003; Freemark et al., 2002).

1.1.2.2 Metapopulation theory

Metapopulation theory has increasingly replaced the position of classic island

biogeography theory in informing conservation efforts (Hanski & Simberloft, 1997;
Turner et al., 2001; Breininger et al., 2002). However, the basic principles of island
biogeography form the basis of metapopulation theory (Hanski & Gilpin, 1997; Turner
et al., 2001). The principal idea of a metapopulation is that landscapes can be
considered as a matrix of unfavourable habitat surrounding distinct habitat patches that
sustain local species populations. However, a ‘classic’ metapopulation structure only
exists when species dynamics between the habitat patches is such that frequent
extinction and recolonisation events occur at the level of individual patches (Hanski &
Gilpin, 1997; Hanski, 1998). The main differences with island biogeography are that
within a terrestrial landscape metapopulation theory specifically addresses (1)

interactions between multiple patches instead of one island relative to a primary
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mainland source, and (2) focuses on the dynamics/persistence of individual species

rather than overall species diversity (Hanski & Simberloff, 1997).

1.1.3 Landscape ecology

Principles derived from a variety of research fields have informed the developing field
of landscape ecology. Landscape ecology differentiated itself as a distinct sub-
discipline of ecology when the importance of adopting a cross-scale landscape
approach In addressing environmental management issues became apparent.
Landscape ecology specifically addresses the interactions between spatial patterns
and ecological processes within heterogeneous landscapes, across a range of often
large spatial scales (Urban et al., 1987; Turner et al., 2001). Although widely applied
and accepted, landscape ecology still lacks a strong theoretical basis (Wiens, 1992;
Hanski, 1998; Turner, 2005). Theory development aims at simplifying processes in
order to identify generalisations relevant to many different situations. When considering
a landscape, increasing spatial and temporal scales largely increases the number and
complexity of the processes and patterns involved. This might indicate why the field of
landscape ecology struggles to produce its own body of theory (Wiens, 2002a). To date
landscape ecology is restricted to using relevant theory drawn from other intellectual
fields (Turner, 2005) and this can be considered as one of its main weaknesses,
potentially undermining its general acceptance in conservation management
(Gutzwiller, 2002b). Therefore, many authors repeatedly stress the importance of
producing relevant theory within the field of landscape ecology (e.g. Gutzwiller, 2002a;

Turner, 2005) to strengthen its position as a subdiscipline of ecological science.

1.1.3.1 Theory integration

Landscape ecologists deal with realistic complex landscapes, and focus on
understanding/analysing landscape structure and the interactions between individual
landscape features, whereas metapopulation theory focuses on the dynamics of
individual populations (Hanski, 1998). It is increasingly recognised that considerable
overlap exists in the basic principles used within the fields of landscape ecology and
metapopulation biology (Pickett & Cadenasso, 1995; Hanski & Gilpin, 1997; Turner,
2005). However, landscape ecology and metapopulation biology largely evolvead
independently from each other (Hanski & Simberloff, 1997). Whereas some point out
the reluctance of landscape ecologists to incorporate basic metapopulation principles in

their research (Hanski & Simberloff, 1997), others point out the fundamental difference
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between the two fields in regarding the landscape (Forman, 1995; Wiens, 1997), as the
main reason for this. Metapopulation ecology essentially views the landscape as
holding distinct habitat patches embedded within a homogeneous ‘hostile’ landscape
matrix, where landscape ecologists try to value all landscape features individually.
Metapopulation biology clearly is stronger in terms of underpinning theory (Hanski,
1998). However, landscape ecology seems to have established itself firmly within the
field of ecology, increasingly by integrating relevant principles and theory from other
fields (Pickett & Cadenasso, 1995; Turner, 2005). Combining principles developed in
both metapopulation biology and landscape ecology as well as with theories from other
scientific fields, shows potential (e.g. in modelling; see With et al., 1997) and should
become more accepted (Wiens, 1997), especially in terms of better informing

conservation management strategies (Breininger et al., 2002).
1.1.3.2 Landscape simplification

Realistically simplifying the structure of a real landscape is one of the major challenges
In landscape ecology. The pattern in the landscape is primarily driven by geological
processes, natural disturbances and most of all, anthropogenic influences (Forman &
Godron, 1986; Forman, 1995; Pickett & Cadenasso, 1995). Human impacts have, in
many areas around the world, resulted in increasingly fragmented landscapes (Forman,
1995). Technological advances in geographic information systems (GIS) and readily
available satellite imagery have made it possible to easily quantify this landscape
pattern (Turner et al., 2001). The simplest way to quantify landscape pattern is to divide
landscapes into distinct patches (e.g. woodland stands) lying within a dominant
contrasting matrix (e.g.'agricultural land). This oversimplification of landscape pattern is
directly rooted in the island biogeography approach and is the basis of metapopulation
theory (Hanski & Gilpin, 1997). Another approach often used is to identify additional
corridor features in the landscape and is referred to as the patch — corridor — matrix
model (Forman, 1995). In this model, patches are regarded as distinct non-linear areas
differing from their surroundings (e.g. small woodland patches in an agricultural matrix),
corridors are linear features in the landscape distinctly differing from their surroundings
(e.g. hedges or roads), and the matrix is the dominating landscape feature in which the
patches and corridors are embedded (e.g. agricultural land). This basic simplification of
the landscape is often used in modelling efforts and as a basis for analysing how
underlying ecological processes relate to landscape pattern (e.g. Hanski & Gilpin, 1997,
Scott et al., 2002). However, from a species perspective, differences between matrix,

patches and corridors as separate landscape features are often not as distinct.
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Landscapes are more likely to act as a mosaic of different habitats interacting with
each other (Dale et al., 2000), where each feature has a certain level of suitability for

each species to exploit and/or move through (Hobbs, 2002).

1.1.4 Connectivity

Connectivity can be considered in two different ways. It can be looked at from a purely
structural/physical or from a functional point of view (Crooks & Sanjayan, 2006).
Structural connectivity only considers the pattern and the amount of particular
landscape elements, and therefore focuses on the physical level of connectivity.
Functional connectivity indicates the level of connectivity based on processes and
movement of organisms, influenced by the structural configuration of the landscape
elements. In a fragmented landscape, the amount and the spatial configuration of
habitat patches determines how they will interact with each other and their
surroundings. The key element in this respect is the degree of connectivity between
habitat patches (Forman & Godron, 1981; Bennett, 1999, 2003; Crooks & Sanjayan,
2006). This degree of connectivity determines how well nutrients, materials or energy
can flow through a system (Forman & Godron, 1986). For.functional connectivity, as a
rule of thumb, if a particular habitat patch is situated close to another similar patch, it is
likely to be more connected in terms of ecological interactions than if it is situated
further away. However, the spatial arrangement of habitat patches can be such that
distances between patches might be large, but small similar habitat fragments situated
IN between act as ‘stepping stones’ facilitating flows and subsequently increasing the
degree of connectivity (Forman, 1995). Furthermore, linear features connecting
patches might also increase connectivity by acting as a conduit/corridor between them
(Bennett, 1999, 2003; Crooks & Sanjayan, 2006). Finally, every landscape feature lying
between habitat patches will influence the level of connectivity, based on the resistance
it poses to the process under study (i.e. its permeability) (Hobbs, 2002). This level of
permeability determines to what extent the feature functions as a conduit or poses a
barrier to the flows in the system. Altogether, this means that hypothetically a habitat

patch can functionally be more connected to a distant neighbour than to one situated

closer by.
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1.1.4.1 Species perspective

In conservation, from a species point of view, one aspect determining the level of
functional connectivity between habitat patches is how these patches are structurally or
spatially arranged within the landscape (Bennett, 1999, 2003: Crooks & Sanjayan,
2006). The main goal of conservation is essentially to provide enough habitat for
species to sustain viable and temporal stable populations. So in a fragmented
landscape the key questions to be answered are: (i) is there enough habitat available,
(i) at what spatial scale can it be exploited, and (jii) can it be accessed by the species
in such a way that it can sustain a viable population? How species experience different
landscape features is another issue that has to be determined (Freemark et al., 2002).
Every feature between habitat patches will influence the level of functional connectivity
In this respect. A key question in this context is whether the species is willing and/or
able to exploit and/or move through a particular feature (i.e. how permeable the feature
IS for the species). A component to be incorporated in determining this level of
permeability of landscape features is the movement strategy of individual species.
Issues such as how a species moves and how fast it can move through landscape
components are critical to determine how permeable a habitat feature is for the species
and if it can be used for dispersal (Turchin, 1998). Incorporating the level of
permeabllity in spatially realistic models might highlight the features that need to be
targeted and improved in this respect. Overall, increasing the level of functional
connectivity by making the intersecting habitat features more accessible or permeable

for a species is one aspect that might prove to be an essential focus point for
conservation efforts (Bennett, 1999, 2003; Dale et al., 2000).

1.1.5 Habitat networks

Internationally the recent trend in conservation science and practice highlights the
importance of reversing habitat loss by preserving, expanding and re-connecting
habitat fragments at a landscape scale in order to halt the continuous decline in
species diversity. Traditionally, individual habitat patches and/or reserves have been
managed regardless of the surrounding landscape. However, research has highlighted
the importance of surrounding landscape features acting upon the processes within
and between individual reserves (Turner et al., 2001), and the extent of different
features functioning as conduits or barriers (Hobbs, 2002). Furthermore, insights
developed in the field of landscape ecology have indicated the potential benefits of the

development of links or corridors to increase connectivity, reducing the effects of
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fragmentation (Bennett, 1999, 2003: Crooks & Sanjayan, 2006). Therefore, a trend in

conservation policy and practice has developed focusing on the creation of habitat
networks (Bennett, 1999, 2003; Hobbs, 2002 Bennett, 2004a; Crooks & Sanjayan,
2006). The principles behind this concept are rooted in the model of distinct habitat
patches lying within a more-or-less hostile matrix within the landscape. The primary
aim of this concept is to connect individual patches to such an extent that they can
Interact with each other and form a functional ‘network’ for species and processes. The
concept of developing habitat networks is further supported by insights in ecology that
emphasise the positive role of size and negative role of isolation of habitat patches in
the wider landscape in terms of species diversity, persistence and occurrence
(MacArthur & Wilson, 1967; Forman & Godron, 1986: Hanski & Gilpin, 1997; Turner et
al., 2001). Furthermore, connectivity of habitat patches and the permeability of the
landscape matrix are considered to be key factors influencing the population dynamics
of species within fragmented landscapes (Forman & Godron, 1986; Hanski & Gilpin,
1997; Turner et al., 2001). These insights have resulted in conservation management

plans increasingly incorporating the ‘network’ concept across a range of spatial scales.

Projects following the habitat network approach have been initiated worldwide. Local,
regional, nation and continent wide plans have been designed and launched (Bennett,
1999, 2003; Vos et al., 2002; Jongman et al., 2004; Crooks & Sanjayan, 2006). An
excellent review on the background of these initiatives is given by Bennett (1999, 2003),
Including a set of current examples (Vos et al., 2002; also see Hobbs, 2002; Bennett,
2004a; Bennett, 2004b) such as the development of a National Ecological Network in
the Netherlands (Jongman, 1995). Designing and implementing network projects often
becomes more difficult with an increasing scale (Hobbs, 2002), mainly because of the
increasing number of stakeholders involved. Nonetheless, in Europe, a growing
number of countries including the United Kingdom, have committed themselves to a
landscape-scale approach to conservation of natural resources under the European
Landscape Convention (Council of Europe, 2007). Similar commitments have been
made focusing on sustainable management of forests (MCPFE, 2003). To date,
several continent-wide habitat network schemes have been initiated under the

Convention, including the Pan-European Ecological Network and the Emerald Network

(Council of Europe, 2007; Jones-Walters, 2007) and forests are incorporated as an

integral part of these networks.

31



1.2 Woodland conservation in the United Kingdom

In the United Kingdom, woodland conservation is currently focusing on efforts to

reduce and reverse current fragmentation and habitat loss (Peterken, 2002). This has
resulted in the development of several policy initiatives focusing on the concept of
creating Forest Habitat Networks (FHN) (Humphrey et al., 2005). These initiatives
support the development of new woodland designed to link existing woodland patches
or fragments together (Peterken, 2002; Humphrey et al., 2005). This is based on the
belief that creating new native woodland on strategic locations reduces the negative
effects of habitat fragmentation on woodland biodiversity by providing links and

stepping stones’ between isolated populations of woodland species (Spellerberg &
Gaywood, 1993; Kirby & Rush, 1994; Peterken, 1995; Kirby, 1995).

One of the main conservation initiatives in the UK is the Biodiversity Action Plan (UK
BAP) (Bendall et al., 1994; UK BAP, 2008). This initiative identifies several ancient
woodland types as priority habitat for conservation. Over 30% of all individual species
mentioned in the UK BAP are related to woodlands and are indicated as target species
for conservation (Forestry Commission, 2005). The England Forestry Strategy (EFS)
(Forestry Commission, 1998) and the revised UK Forestry Standard (Forestry
Commission, 2004) point out that many of the UK’s native ancient and semi-natural
woodlands are fragments of historically more extensive woods. Restoring and
iIncreasing the total amount of woodland area is therefore one of the main conservation
targets in the UK (Forestry Commission, 2004). As a result, one of the objectives
identified in these policy Initiatives Is to target grants through the England Woodland
Grant Scheme (EWGS) (Forestry Commission, 2006a) and the Environmental
Stewardship (Rural Development Service, 2005) to reverse the negative effects of
habitat loss and fragmentation by promoting the creation of new woodland, expanding
existing ancient and native woodlands (Defra, 20035). Careful planning and targeting

suitable areas for restoration is a key element of achieving these policy goals (Petit et
al., 2004; Lee & Thompson, 2005).

The targeted approach in the development of habitat networks was adopted by the
Forestry Commission and resulted in the 'JIGSAW' Challenge (Joining and Increasing
Grand Scheme for Ancient Woodlands) (Forestry Commission, 2005), which was an
initiative developed under the Woodland Grand Scheme (WGS) (Forestry Commission,
2003). To contribute to sustainable forest management, this initiative implemented

landscape ecological principles by funding the expansion and linkage of semi-natural
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woodland in key areas of special conservation concern (Forestry Commission, 2005).
This initiative together with the WGS is now included in the EWGS. A further aim is to
restore planted ancient woodland sites (PAWS) by removing non native tree species in
order to preserve their remaining ancient characteristics and biodiversity (Defra, 2005).
The Forestry Commission has included similar targets in their long-term Forest Design
Plans (Forestry Commission, 2007), aiming at restoring Forestry Commission
woodlands on historical ancient woodland sites. The Woodland Trust has adopted
similar approaches in their strategic conservation policy, which refers to increasingly

Incorporating a landscape-scale approach in their conservation efforts (Woodland Trust
2003). To support this initiative, in 2004 the Woodland Trust organised an international

conference in collaboration with the International Association for Landscape Ecology

(IALE (UK)), which focused on the landscape ecology of woodlands (Smithers, 2004).
Throughout the UK, landscape-scale strategies are being adopted in numerous local

initiatives (Humphrey et al., 2003) and are presently the main mechanism for reversing

the negative impacts of woodland habitat fragmentation.

Although the value of restoring, expanding and linking woodland fragments has a
strong theoretical basis, little empirical evidence is available to support the application
of these principles in practice (Bennett, 1999, 2003; Dolman & Fuller, 2003; Bailey,
2007). This raises the question whether current policy and related strategic plans and
Initiatives are going to deliver their intended results, and highlights the need for more
empirical studies on species and communities particularly across a range of spatio-
temporal scales (Wiens, 2002b). Furthermore, research is lacking on the factors
Influencing movement of woodland species at the landscape scale (Dolman & Fuller,
2003). The basic aim behind reversing the effects of fragmentation and creating habitat
networks is to increase connectivity, which is assumed to be beneficial for species
persistence by enhancing migration between populations (Bailey, 2007). However,
Bailey (2007) also stresses the need to further strengthen the empirical evidence base
for the development of habitat networks in order o decide what management strategy
is likely to provide the highest conservation return. How woodland species move
through the landscape Is a key question that needs to be addressed in this respect.
However, the understanding of and factors acting on the dispersal ability of many
woodland taxa are still poorly understood (Dolman & Fuller, 2003). This lack of

knowledge stresses the need to test the assumptions on which current conservation

management and policy is based.
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1.3 Project outline
1.3.1 Project objectives

1. To review the empirical evidence regarding the dispersal ability of different
species and functional groups of organisms, in relation to their ecological traits
and the characteristics of wooded landscapes.

2. To analyse the key factors influencing species colonisation of woodlands, with
particular reference to processes operating at the landscape scale, through a
programme of field-based research.

3. To examine the potential impacts of current approaches to development and

management of wooded landscapes on species composition.

1.3.2 Context

Species greatly differ in their habitat needs. Relatively small animal species often use
habitats at small spatial scales, only needing a few different resources during their,
often short, life-cycle. Large animals generally live longer and operate at large spatial
scales, utilising a wider array of resources compared to smaller species. Conservation
efforts therefore require information on the amount and distribution of habitat that is
necessary for a particular species at a variety of different spatio-temporal scales.
Furthermore, our understanding of the dispersal abilities of many taxa is severely
limited (e.g. Bowne & Bowers, 2004) and the mechanisms that contribute to low
dispersal are often poorly understood (Turchin, 1998; Dolman & Fuller, 2003). Stuaies
on large mammals and birds account for the majority of previous investigations (Scott
et al., 2002; Bowne & Bowers, 2004); however these species are relatively mobile and
are therefore capable of readily crossing unsuitable areas (matrix) to reach their

- preferred habitat patches. To address these issues for woodland species, Doiman and
Fuller (2003) suggest that more studies are necessary on a variety of woodland taxa to
provide a firmer basis for current management strategies. Specifically studies on
woodland invertebrate species are underrepresented in the scientific literature
(Mazerolle & Villard, 1999; Bowne & Bowers, 2004).

Previous research has indicated that woodland invertebrate specialist species show a
decline in species diversity with an increase in habitat loss and subsequent
fragmentation (Niemela et al., 1988; Lovei & Cartellieri, 2000; Magura et al., 2001;

Barbaro et al., 2005). Whereas generalist species generally use both habitat inside and
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outside woodlands (Magura et al., 2001), woodland specialist species often
demonstrate very specific habitat requirements and therefore occupy only very specific
habitat niches within the interior of woodlands (Ranius, 2002). This makes them
vulnerable to changes in their environment specifically because of their often low
dispersal ability (Magura et al., 2001; Ranius & Kindvall, 2006). Species intermediate in
their degree of habitat specialism but limited in their dispersal ability have largely been
ignored as study species in previous research, but might benefit most from current
conservation efforts (Bailey, 2007). Developing habitat networks by linking woodland
fragments with corridors is unlikely to facilitate dispersal of species that are dependent
on woodland interiors, at least in the short term (Dolman & Fuller, 2003). However, it
might potentially benefit species that are not able to cross a hostile matrix (e.g. arable
land) but can traverse through relatively new woodland and/or semi-natural habitat
(Bailey, 2007). How the intermediate group of relatively immobile woodland species

utilise the landscape remains a gap in knowledge that needs to be addressed.

1.3.3 Choice of experimental species

To address this gap in knowledge, a suitable study candidate needed to be identified.
An initial meeting with local stakeholders and specialists held on the Isle of Wight on
the 4™ of April 2005 resulted in a shortlist of candidate species. In this meeting, it was
recognised that woodland invertebrates were a good candidate group for study. These
species are a dominant and important group within woodland ecosystems, for example
by serving as a food source for many other woodland organisms (Warren & Key, 1991).
A further meeting with a local entomologist (Adam Wright; Ventnor, Isle of Wight)
resulted in a shortlist of candidates extracted from the BAP species list for the Isle of
Wight (Isle of Wight Biodiversity Action Plan Steering Group, 2000). The candidate
invertebrates were selected following a set of criteria based on the species
characteristics and known distribution on the island. The following selection criteria
were used in order of decreasing importance: the species had to (1) be affiliated with
deciduous woodland for most of their life-cycle, (2) have restricted dispersal ability, (3)
be of national and/or local conservation concern, and (4) be present in sufficient
numbers in order to permit experimental analyses. Additionally, to increase the time for
conducting experiments, species with a relatively long lifespan were preferred over
species with a short activity window. The final selection of the candidate species was

based on a literature review to verify if all criteria would be met.
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The species that was selected meeting all these criteria was the woodland invertebrate
species, the wood cricket (Nemobius sylvestris). Wood cricket are bound by their life-
cycle requirements to woodland habitat, because it needs a well-developed leaf litter
layer to reproduce (Brown, 1978). Wood cricket have restricted dispersal ability, being
small and flightless (Richards, 1952). These characteristics suggest that it is a Species
that might be expected to benefit from the existence of a wooded habitat corridor in
order to move between habitat patches. In the UK the species is classified as nationally
scarce and Is both nationally and locally designated as a Species of Conservation
Concern (Isle of Wight Biodiversity Action Plan Steering Group, 2000; NBN Gateway,
2007). Furthermore, when present at an area where habitat conditions are suitable,
population densities are often high (Gabbutt, 1959). This is especially beneficial in
terms of being able to locate, catch and use individual specimens for more detailed
study without having a significant impact on their overall population persistence. In
addition, the constant stridulation of the males in the summer makes it easy to quickly

establish their presence at a woodland site (Proess & Baden, 2000).

1.3.4 Wood cricket (Nemobius sylvestris) biology

Wood cricket can be considered as intermediate between woodland generalist and
specialist species. It is not a woodland specialist per se, In that it is not restricted to a
small habitat niche in the interior of woodlands but is predominantly found on wooded
edges (Richards, 1952). During their entire life-cycle, wood cricket can be found Iin
wooded areas within a matrix of open and closed canopy habitat. WWood cricket lives on
the ground and is strongly linked with, but not restricted to, deciduous and often oak-
(Quercus spp.) dominated woodland. Wood cricket prefers a well-developed leaf litter
layer that is used for shelter and serves as food source, although the species is
omnivorous (Richards, 1952; Gabbutt, 1959; Proess & Baden, 2000; Koehler &
Samietz, 2006). Viable wood cricket populations are restricted to locations with a well-

developed leaf litter layer, which is used as a breeding ground and as a nursery (Brown,
1978) (see Appendix Il).

Both Gabbutt (1959) and Brown (1978) studied the life-cycle of wood cricket in the UK.
In Britain, wood cricket has a two-year (semi-voltine) life-cycle involving two
overwintering stages. The life-cycle includes eight nymphal (i.e. instar) stages. In the
first year from August to November, adult wood cricket lay their eggs in the soill
beneath the litter layer after which the eggs go into diapause and overwinter. The next

year in late June, the eggs hatch and the juveniles (i.e. nymphs) develop throughout
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the summer and autumn by means of moulting up to the 5/6" instar stage. Moulting
ceases completely in September where the nymphs will overwinter finding shelter in
the litter layer. The second year of its development starts in spring, where the nymphs
continue to develop from April onwards. After the last instar stage (8"), the first adults
appear in July/August and are reproductively active through to September/October.
Occasionally adults overwinter, however are unable to reproduce and soon die-off in
the following spring. This semi-voltine life-cycle results in the coexistence of nymphs of
the 1% — 5/6" instar and adult wood cricket during the second half of each summer. The
adult wood cricket grows up to approximately 0.9 — 1.1 cm in body size, males being
always slightly smaller than females (Richards, 1952) (see Appendix I1l). They are
unable to fly and move by way of walking or hopping (Richards, 1952). The male adult

wood crickets produce a soft chirping sound (stridulation) by rubbing their wing remains
together. This stridulation is associated with territorial and competitive behaviour
amongst the males and is also thought to have an attracting effect on female wood
crickets (Richards, 1952). The produced sound is very characteristic and is easily
distinguishable from grasshoppers and other crickets (Proess & Baden, 2000).

Furthermore, this stridulation is readily audible from 15 °C and above and is produced
both during the day and during the night (Richards, 1952).

1.3.4.1 European distribution

Wood cricket is found both on mainland Europe and Britain (including the Isle of Wight)
indicating that it was probably already present on the UK mainland before separation of
the landmasses, which took place more than 7000 years ago (Scaife, 2003). In Europe
the species is widespread from the Mediterranean to northern Europe, reaching its
Northern limit in the United Kingdom, Holland, Germany and Poland (Chinery, 1977,
Brown, 1978; Marshall & Haes, 1988; Wallaschek, 1997). In the UK wood cricket was
first recorded in the New Forest (Richards, 1952; Marshall & Haes, 1988). The species
is found in three main areas in the South of Britain (Marshall & Haes, 1988). The
largest continuous area where wood cricket is found is in the New Forest (Hampshire),
the other locations being South Devon and the Isle of Wight (Marshall & Haes, 1988;
NBN Gateway, 2007).
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1.3.5 Study area

8 km

Figure 1: The woodland fragments on the Isle of Wight. Derived from digital maps based on the
National Inventory of Woodland and Trees (NIWT) (Smith & Gilbert, 2003).

The research was undertaken on the Isle of Wight situated between 50° 39’ N, 1° 35 W
and 50° 40’ N, 1° 04’ W in the South of the United Kingdom (Figure 1). Selection of this
study area was based on the following criteria. The study area needed to provide a

landscape characterised by the impacts of fragmentation, with a range of different

native woodland fragments varying in size and degree of isolation (Figure 1).

Furthermore, the area needed to be a targeted site of active woodland restoration and
reforestation. For wood cricket, only three candidate areas were available, and of these,
only the Isle of Wight met all of the criteria. The fragmented structure of the landscape
on Isle of Wight made it ideal for a landscape-scale research approach (Figure 1). It
was further selected because the area was one out of eight key areas receiving special
conservation efforts regarding woodland creation targeted under the ‘JIGSAW' scheme
(Forestry Commission, 2005) and has since been the focus of ongoing conservation

management involving woodland habitat restoration and expansion (Forestry

Commission, 2006a). A number of woodland areas scattered over the island were
specifically targeted in order to increase connectivity between woodland fragments
(Quine & Watts, 2007), making these sites ideal for more detailed study on the

dispersal abilities of wood cricket. Additionally, the majority of woodland sites on the
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Isle of Wight supporting wood cricket populations have some form of national
protection status (NBN Gateway, 2007). Further benefits of working on an island using
a flightless species were the exclusion of the effects of Immigration from external
population sources. For this species, the island can be considered as a closed system

where populations are only affected by processes working at the scale of this island.

Overall, this situation provided an excellent opportunity for research focusing on scale

Issues and testing the potential effectiveness of current conservation efforts.

The total surface area of the Isle of Wight is 388 km? (estimated in ArcGIS 9.1; ESRI,
Redlands, California, USA). The area is characterised by a temperate climate with a
distinct oceanic influence. Mean maximum temperatures in the warmest month lie
around 20 °C and mean yearly minimum temperatures around 7.5 °C (Simmons, 2003).
The Island boasts high averages of sunshine of around 5 hours daily (Simmons, 2003),
making it a ‘hot-spot’ for Orthoptera (Marshall & Haes, 1988). Mean rainfall levels lie
between 700 and 900 mm per annum, dependant on the topographical location on the
Island (Simmons, 2003). The underlying geology of the northern half of the island is
dominated by Tertiary clays and the southern part by Lower Greensands (Insole, 2003).
A central Chalk ridge divides the northern and southern part of the island. The soils in
the southern half are light sandy and well-drained, whereas the northern soils are
mainly poor draining heavy clays and silts (Insole, 2003). These characteristics make

cultivation difficult, hence most native woodlands are situated/survived on the northern
half of the island (Insole, 2003).

The landscape matrix is dominated by urban and agricultural land with a scatter of
woodland patchily distributed across the island (Figure 1). The total woodland area
iIncluding recent new planted sites currently covers 51.2 km? (5120 ha) or 13% of the
island surface. Following the classification of the ‘Ancient Woodland Inventory’ (English
Nature, 1998 - 2006; Smith & Gilbert, 2003), based on continuous woodland cover
since 1600 AD, of the total woodland area, 68% of the woodlands on the island are of
secondary origin. The remaining 32% still retain ancient woodland characteristics, of
which 17% is classified as ancient semi-natural woodland (ASNW) and 15% as planted
ancient woodland sites (PAWS) (i.e. planted with non-native, mainly coniferous, tree
species) (all percentages estimated in ArcGIS 9.1, ESRI, Redlands, California, USA).
Historically, the vegetation on the northern half of the island was dominated by
deciduous woodland and flower-rich meadows, and the southern half by extensive
heathland and acidic wetland vegetation (Pope, 2003). At present only small fragments

of semi-natural habitat remain in the predominant agricultural matrix. The presence of
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open woodland species such as Narrow-leaved Lungwort (Pulmonaria longifolia) and
Wood Anemone (Anemone nemorosa) indicate that the majority of woodlands on the
Island historically were coppiced, however this practice has been mostly abandoned
(Pope, 2003). The current deciduous woodlands in the northern half are dominated by
Pedunculate oak (Quercus robur) and Ash (Fraxinus excelsior), with frequent
occurrence of Field maple (Acer campestre). In the southern half Pedunculate oak
(Quercus robur) with Birch (Betula spp.) and bracken undergrowth are dominant, and

Willow (Salix spp.) and Alder (Alnus glutinosa) are frequent in the woodlands situated

on the more humid soils around the river valleys (Pope, 2003).

1.3.6 Single species approach

The decision to investigate a single species rather than multiple species was based on
a number of factors. This choice was informed by following a reverse planning strategy;,
which is a useful approach for planning ecological field studies (Sutherland, 2006). This
strategy involves a process of systematically assessing what is necessary to reach the
objectives of the study and most importantly, what is possible in terms of the time that
IS available (Sutherland, 2006). The key topics that had to be addressed in this project
were landscape-scale processes acting on species colonisation and related ecological
traits, such as dispersal, that influence colonisation in wooded landscapes (see 1.3.1
Project objectives). First and foremost, landscape-scale surveys and dispersal studies
are known to be highly time consuming (Turchin, 1998). Therefore, these time
restrictions had to be considered in order to design appropriate and realistic census
strategies to address the key topics of this project. Many species particularly restricted
to woodland habitat are often so specialised that they only inhabit a small niche and
occur in small numbers, making individuals difficult to locate and posing particular
challenges for detailed study (Ranius, 2006). When assessing multiple woodland
species, rapid surveys are therefore impossible and this poses restrictions on the scale
of the study, in terms of the area that can be included. The possibility of including more
species simultaneously within a study could potentially be achieved when examining
highly specialised species inhabiting one specific habitat substrate (e.g. Rukke, 2000;
Ranius, 2002). However, because dispersal traits are generally highly species-specific,
detailed studies on dispersal still need to be carried out on individual species (Turchin,
1998: Ranius, 2002). Assessment of the dispersal ability of a species needs in depth
knowledge of their biology (Turchin, 1998). Therefore, dispersal studies are recognised

to be very time consuming and often difficult to perform (Turchin, 1998).
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Furthermore, using a single species has the great benefit of being able to examine both
patterns and processes in greater depth (e.9. Ranius, 2000b; Berggren, 2001). Single
species can be used to investigate species traits and factors affecting species dispersal
apbllity and colonisation across a range of scales (Ranius, 2000b; Berggren, 2001).
Multi-species studies lack this possibility of In-depth exploration of movement traits,
especially across different scales. Performing research across a range of scales makes
It possible to identify at what scale a particular process operates and permits an
evaluation of its importance in terms of conservation efforts. However, it is recognised
that a single species study should not be the sole basis of Informing management
actions (James & McCulloch, 2002). The particular limitation of single-species studies
Is that the results obtained may have limited wider applicability. However, by comparing
findings of similar studies, generalisations can be made by identifying groups of
species with matching habitat preferences that operate at similar scales and in similar
ways. In the current investigation, this was achieved by undertaking a systematic
review, focussing on identifying groups of woodland invertebrates living in temperate

forest ecosystems that were similar to wood cricket in terms of habitat preferences and

dispersal ability.
1.4 Thesis structure

1.4.1 Work sequence

Studies on wood cricket examining the factors influencing its distribution across a
range of scales and its dispersal ability through different habitats outside and within
woodlands have never been conducted previously. In fact, such an integrated

assessment of factors affecting movement has rarely been undertaken with any

woodland invertebrate species.

At the outset of the investigation, the available information of wood cricket presence on
the Isle of Wight was scattered and largely outdated (NBN Gateway, 2007). Therefore,
a survey was carried out in the summer of 2005 to determine the landscape-scale
distribution of wood cricket focusing on the woodland fragments present on the Isle of
Wight. After establishing their presence and absence at the landscape scale, a study
was conducted in 2006 focusing on three separate woodland fragments aimed at
analysing the factors influencing their distribution at fine scales within woodlands. To
provide a wider context for this study, in 2006/2007, a systematic review of the

literature was conducted with the aim to identify similarities between wood cricket and
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other woodland-associated species focussing on their habitat specialism and related
dispersal ability. Finally, informed by the findings of the systematic review, in 2007, a
series of experiments were undertaken to examine the dispersal ability and role of
specific factors influencing movement and dispersal of wood cricket within features
represented by a wooded ‘network’ landscape. The overall rationale behind the
research strategy/sequence described here was to examine processes and factors
Influencing dispersal ability of wood cricket across a range of different spatial and
temporal scales, informed by observations made in the field. The ultimate aim of this
strategy was to understand the processes influencing wood cricket distribution and to

iInform conservation efforts, specifically the design of woodland habitat networks.

1.4.2 Chapter outline and aims

Chapters 2 — 6 are structured as individual papers that will be submitted for publication

In scientific journals (see Appendix 1). The original project objectives of this study (1.3.1

Project objectives) are addressed as follows. Each chapter presented in this thesis

addresses one or a specific part of the original project objectives. For each chapter,
these objectives were translated into specific aims matching the context of the
individual investigations and species used. Objective 1 is addressed in Chapter 4;
Objective 2 is addressed in Chapters 2, 3, 5 & 6; and Objective 3 is addressed In

Chapter 7. The individual aims addressed in Chapters 2 — 7 are listed below.

Chapter 2 focuses on the landscape scale distribution of wood cricket addressing the

following aims:
1. To determine the landscape scale distribution of wood cricket on the Isle of
Wight.
2. To test the relationships between wood cricket presence/absence and (a) paich
area, (b) isolation (i.e. Euclidean distance) (c) measures of habitat availability,
and (d) patch age.

3. To develop a deterministic model for wood cricket presence.
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Chapter 3 focuses on habitat requirements and the distribution of wood cricket within

woodlands addressing the following aims:

1. To test the relationships between wood cricket presence/absence and (a)
ground habitat (ih.e. leaf litter depth and volume), (b) vegetation structure (i.e.

ground vegetation cover, vegetation height, canopy closure), and (c) isolation
measures (i.e. Euclidean distance).

2. Todevelop a deterministic habitat suitability model.

Chapter 4 presents a systematic literature review of empirical evidence on movement
rates of woodland invertebrates addressing the following aims:
1. To systematically identify studies within the published scientific literature
providing direct measures of movement for woodland invertebrate species.
2. To examine whether ground-dwelling woodland invertebrates can be grouped
based on movement rate (m day™) (i.e. dispersal ability) and habitat speéialism.
3. To examine the relationships between movement rate, body size and habitat

specialism.

Chapter 5 focuses on the movement strategy of wood cricket nymphs and adults
through different ground surface habitats addressing the following aims:
1. To explore the movement strategy of wood cricket nymphs and adults under

different ground cover conditions.

2. To determine the rate of movement for both nymphs and adults under different

ground cover conditions.
3. To determine the preferred ground cover/habitat of both adults and nymphs

when presented with a choice.

Chapter 6 focuses on factors influencing dispersal of wood cricket addressing the

following aims:
1. To model empirically the dispersal of wood cricket nymphs and adults (males

and females).

2. To determine to what extent wood cricket nymphs and adults (males and
females) move along corridors and through sub-optimal habitat.

3. To determine what factors influence their choice of habitat.

4. To determine whether wood cricket nymphs and adults (males and females)

can cross a water barrier.
5 To what extent adult wood cricket are able to orientate themselves in the

landscape.
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Chapter 7 integrates and discusses the results of chapters 2 — 6 and focuses on
assessing whether current woodland management initiatives and policy are appropriate
for the conservation of wood cricket and similar woodland invertebrate species. The
alms addressed here are:
1. To determine the appropriate scale for conservation directed at wood cricket
and associated invertebrate species.
2. To evaluate the potential gain of creating forest habitat networks for wood

cricket and associated species.
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2 The influence of habitat and landscape structure on the

distribution of wood cricket (Nemobius sylvestris) on the Isle of
Wight, UK

2.1 Introduction

In recent years, many habitats and species have been subjected to increasing
anthropogenic pressure. Activities such as agricultural intensification and exploitation of
natural resources have resulted in substantial habitat loss and fragmentation of natural
habitats (Forman & Godron, 1986; Andrén, 1994;: Forman, 1995: Pickett & Cadenasso,
19995), which are both increasingly being recognised as principal drivers of worldwide
biodiversity loss (Hanski, 1998; Fahrig, 2003). These effects are typically evident at the
landscape scale, with many landscapes now being characterised by a mosaic of
different agricultural land use types, often with fragments of native habitat embedded
within them. Examples of historic and ongoing fragmentation acting on natural habitats
iInclude the tropical rainforest landscapes in Amazonian Brazil (Michalski & Peres,
2005), south temperate and tropical montane forests (Newton, 2007), the Rocky

Mountains (Reed et al., 1996) and the fragmented woodlands in the British countryside
(Peterken, 2000; Smith & Gilbert, 2003).

In a fragmented landscape, the biodiversity supported in remnants of natural habitat Is
commonly influenced by the quality and amount of habitat available within individual
habitat fragments, and the spatial configuration of the fragments within the landscape
(Andrén, 1994; Fahrig, 2003). In terrestrial environments the most common
relationships explored for predicting species diversity at the landscape scale are based
on fragment or patch area and measures of connectivity, and a substantial body of
literature is now available highlighting such relationships (Andrén, 1994; Mazerolle &
Villard, 1999: Bennett, 1999, 2003; Ewers & Didham, 2006; Bailey, 2007). Many
studies have recorded a positive relationship between species diversity and fragment
area and a negative relationship between diversity and the level of isolation. Both of
these relationships are consistent with island biogeography theory (MacArthur & Wilson,
1963: 1967). However, these relationships vary in their precise response and degree of
significance among and within different taxonomic groups, primarily because ot
variation in habitat specialism and the level of permeability of the matrix for different
groups of organisms (MacArthur & Wilson, 1967; Andrén, 1994; Mazerolle & Villard,
1999: Bennett, 1999, 2003; Lovei et al., 2006). For instance, in a study conducted In
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the Carpathians (Hungary/Ukraine) on the effects of forest fragmentation, Magura et al.
(2001) found that the total number of generalist carabid beetle species decreased with
the size of the forest fragments, whereas for specialist carabid diversity this relationship
was positive. They further found that the number of generalist species increased with

Isolation, whereas the number of specialist species decreased.

While the majority of previous investigations have focused on relatively mobile large-
bodied species (e.g. vertebrates and birds; (Andrén, 1994)), a substantial body of
iterature has also developed examining the diversity and abundance of relatively small
ground-dwelling woodland invertebrates in fragmented landscapes (e.g. Niemela et al.,
1988; Usher et al., 1993; Margules et al., 1994; Didham, 1997; Mazerolle & Villard,
1999; Lovei & Cartellieri, 2000; Jukes et al., 2001; Magura et al., 2001; Barbaro et al.,
2005; Debuse et al., 2007, Bailey, 2007), mainly focussing on woodland carabid
assemblages. From these studies, a number of patch characteristics in addition to
patch area have been found to influence species diversity, including within-patch
habitat availability (Mazerolle & Villard, 1999; Jukes et al., 2001; Barbaro et al., 2005),
amount of edge (Didham, 1997; Barbaro et al., 2005), patch shape (Usher et al., 1993;
Magura et al., 2001; Barbaro et al., 2005) and patch age (Jukes et al., 2001). In these
studies, various combinations of patch variables together with patch area and

measures of isolation explained the variation in beetle diversity within woodland

fragments.

Relatively few studies have assessed the factors influencing the presence/absence of
individual species within fragmented wooded landscapes (Andrén, 1994; Mazerolle &
Villard, 1999; Bailey, 2007). In particular, studies on the distribution of invertebrate
species at the landscape scale are underrepresented in the literature (Mazerolle &
Villard, 1999: Bailey, 2007). However, the available information again indicates the
importance of patch area and connectivity as key variables influencing the distribution
of individual species at the landscape scale as shown in studies on plants (Grashof-
Bokdam, 1997), mammals (Andrén, 1994; Mazerolle & Villard, 1999; Bennett, 1999,
2003) and birds (Andrén, 1994; Mazerolle & Villard, 1999). Studies on relatively
immobile woodland specialist beetle species showed differences in area effect and
generally no isolation effect on their patterns of distribution (i.e. presence/absence)
(Rukke & Midtgaard, 1998; Ranius, 2000a; Rukke, 2000). However, a study on a
mobile butterfly species classed as a woodland edge generalist (i.e. common in woody
edge habitat) showed a significant negative isolation effect and a positive area effect

between habitat locations (Chardon et al., 2003). Furthermore a study on a ground-
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dwelling non-flying large mobile woodland carabid beetle classed as a woodland
generalist (i.e. using both interior and exterior woody habitat) showed a significant
negative isolation effect (Petit & Burel, 1998), although the effect of area was not tested.
A further factor that appears to influence the distribution of woodland invertebrate
species in fragmented landscapes is habitat availability within individual patches.
Previous studies on tree associated specialist beetle species all found a positive effect
of within-patch habitat availability on patterns of distribution (Rukke & Midtgaard, 1998;
Ranius, 2000a; Rukke, 2000). Within-patch habitat availability variables therefore
appear to have strong predictive power when considering the distribution of
invertebrate species in fragmented landscapes. Together, this suggests that at the
landscape scale, woodland species respond différently to fragmentation depending on

their mobility, degree of habitat specialism and within-fragment habitat availability.

No previous study has examined the landscape-scale effects of woodland availability
together with within-patch habitat availability and fragment age, on the
presence/absence of a non-flying ground-dwelling woodland invertebrate species. This
iInvestigation therefore examined the effects of patch area, isolation, habitat availability
and patch age on the incidence of such a species within woodland fragments in an
agricultural landscape. The study was performed on Wood cricket (Nemobius sylvestris)
on the Isle of Wight, United Kingdom. Wood cricket is a non-flying cricket species that
is strongly associated with native broadleaved woodland, typically dominated by oak
(Quercus spp.) (Richards, 1952). The species is characteristic of relatively open areas,
including wooded edges, clearings, tracks and rides (Richards, 1952). The insects live
on the ground and prefer a well-developed leaf litter layer which provides shelter, and
acts as a primary food source and breeding ground (Richards, 1952; Gabbutt, 1959;
Brown, 1978: Proess & Baden, 2000). In Europe the species is widely distributed from
the Mediterranean countries through central Europe, reaching its Northern limit in the
United Kingdom (UK), Holland, Germany and Poland (Chinery, 1977; Brown, 1978;
Marshall & Haes, 1988: Wallaschek, 1997). In the UK populations of the species are
only found in the South of England at three main locations, the New Forest
(Hampshire), in South Devon and on the Isle of Wight (Marshall & Haes, 1988; NBN
Gateway, 2007). In the UK, wood cricket is classified as ‘Nationally Scarce’ and

designated as a ‘Species of Conservation Concern’ (NBN Gateway, 2007).

In the UK, and throughout Europe, landscape-scale approaches are increasingly
becoming the focus of conservation management efforts involving connecting and

increasing the extent of natural habitat in order to reverse the negative impacts of
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habitat loss and fragmentation on biodiversity (e.g. Hobbs, 2002: Humphrey et al.,

20095). In Europe a growing number of countries, including the United Kingdom, have
committed themselves to a landscape-scale approach to conservation of natural
resources under the European Landscape Convention (Council of Europe, 2007) and
similar commitments have been made focussing on sustainable management of forests
(MCPFE, 2003). This reflects a current trend in conservation focussing on the creation
of habitat networks aiming at developing physical links (I.e. corridors) between habitat
fragments to increase connectivity and consequently reduce the negative effects of
fragmentation (Bennett, 1999, 2003; Hobbs, 2002). In the case of woodland habitat on
the Isle of Wight, this has resulted in several initiatives aiming to increase the total
woodland cover as well as to increase connectivity between individual fragments
(Quine & Watts, 2007). However, the lack of empirical knowledge on the dispersal
ability of woodland species (Dolman & Fuller, 2003) and on the effects of Increasing

connectivity on such species (Bennett, 1999, 2003) raises the question of whether

these efforts will deliver their expected benefits for biodiversity.

This study addressed the following aims: (1) to determine the landscape scale
distribution of wood cricket on the Isle of Wight (UK), which was largely unknown at the
outset of this investigation (NBN Gateway, 2007); (2) to test the relationships between
wood cricket presence/absence and (a) patch area, (b) isolation (i.e. Euclidean
distance) (¢) measures of habitat availability and (d) patch age; and (3) to develop a
deterministic model for wood cricket presence. Based on the general findings of
previous fragmentation research it was hypothesised that wood cricket would be more
likely to be present in woodlands that: (7) are large rather than small, (2) are spatially
aggregated rather than isolated, (3) have a long outside edge rather than short, (4) are
more complex shaped than simple, (5) provide a high amount of edge habitat, and (6)
are old (i.e. long-established) rather than young. The results of this study were further
used to critically evaluate the principles underpinning current management strategies

and to identify the broader implications for landscape-scale conservation efforts.
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2.2 Methods

2.2.1 Study area

A survey was carried out in the woodlands of the Isle of Wight (UK) situated between
50° 39" N, 1° 35" W and 50° 40’ N, 1° 04" W (Figure 2). The total surface area of the
Isle of Wight is 388 km? (estimated in ArcGIS 9.1 (ESRI, Redlands, California, USA)).
Total woodland area is currently 51.2 km? (5120 ha) or 13% of the island (Figure 2).
The landscape matrix is dominated by urban and agricultural land with woodland
patches distributed across the island. Of the total woodland area, 32% is classified as
woodland still retaining ancient woodland characteristics of which 17% is classified as
ancient semi-natural woodland (ASNW) and the remaining 15% as planted ancient
woodland sites (PAWS) (i.e. planted with non-native, mainly coniferous, tree species).

The remaining woodlands are secondary in origin or are plantations (English Nature,
1998 - 2006; Smith & Gilbert, 2003).

P e —
0 2 4 8 km

Figure 2: The woodland fragments on the Isle of Wight. Derived from digital maps based on the
National Inventory of Woodland and Trees (NIWT) (Smith & Gilbert, 2003).
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2.2.2 Survey methods

The survey was carried out between mid-July and mid-September 2005. Wood cricket
Is known to be associated with deciduous woodlands as its preferred habitat (e.g.
Richards, 1952; Gabbutt, 1959; Brown, 1978). Therefore, the focus of the survey was
on the northern part of the Isle of Wight where the majority of deciduous woodland
fragments are located (Figure 2). All mature deciduous woodlands with at least 50%
native species cover in the canopy larger than 5 ha were surveyed. When wood cricket

was found in a particular location, all surrounding areas of woodland were also

surveyed, regardless of their size and composition.

The survey was carried out focussing on adult wood crickets. The individuals were
located by sound recognition of stridulating males, following the survey method of
Proess and Baden (2000). Male wood cricket produce a very distinctive sound by
stridulation, which is not readily confused with any other species (Proess & Baden,
2000). Presence of wood cricket was confirmed by visual observation wherever
possible. To optimise detection success the surveys were carried out on days with a
mean daytime temperature of 15°C and above. The volume of the stridulation is
dependant on the prevailing temperature. Below 15°C, stridulation volume reduces
considerably (Richards, 1952). Before each survey, local weather forecasts were used
to determine if this requirement would be met. Individual woodlands were thoroughly
surveyed by walking around the woodland periphery and through the woodlands using
the woodland tracks. Stops were made at likely habitat locations focussing particularly
on open woodland edges typically present along the periphery, tracks and in clearings.
At these locations, presence/absence was determined by listening for stridulating
males for a period of 2-5 minutes. When individuals were encountered, each location
was recorded using a hand-held GPS device (Garmin lll GPS V, Garmin (Europe) Ltd,

Romsey, UK).
2.2.3 Habitat variables and GIS analysis

A digital map based on the National Inventory of Woodland and Trees (NIWT) (Smith &
Gilbert, 2003) was used within the software package ArcGIS 9.1 to create a base map
by differentiating between the different woodland habitat types present on the Isle of
Wight (Figure 2). Based on the tree species composition, the original map was adapted
by including all NIWT classification categories into one of the three main woodland

habitat stand type classes, namely “mixed”, "broadleaved” and “coniferous” (see Smith
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& Gilbert, 2003). “Mixed” included stands with a mixture of broadleaved and coniferous

species with both groups occupying at least 20% of the canopy. "“Broadleaved” and

‘coniferous” stands were defined as each respectively having an overall dominance of
at least 80% within the canopy (Smith & Gilbert, 2003).

From the base map two woodland sample maps were constructed, which were used in
further analyses. The first sample (Sample 1) included all the woodlands that were
surveyed, which were each classified according to three woodland habitat stand type
classes. With this classification, a single woodland could therefore be divided in several
Individual woodland ‘units’, each representing a different stand type. This resulted in a
sample including 215 separate woodland “units”, which were each classified as one of
three stand type categories namely broadleaved (n, = 115), coniferous (n, = 44) and
mixed (n, = 56). For the second sample map (Sample 2), the separate woodland
‘units” (Sample 1) were aggregated into one within the boundaries of each single
woodland fragment. Fragment boundaries were defined either by neighbouring
agricultural land (grassland or arable) or by distinct anthropogenic/natural landscape
features (urban fringes, roads, railway lines, rivers and steams (> 1 m wide)). This
resulted in a sample size of 147 individual woodland fragments. ‘Sample 1’
representing the woodland ‘units’, was used to test for differences in wood cricket
presence between the different woodland habitat stand types and ‘Sample 2’,
representing the whole woodland fragments, was used for all other analyses. The
separate classifications were checked for accuracy against digitised, orthorectified
aerial photographs using imagery from The Geolnformation Group (© 2007) available
in Google Earth (3.0, Google Inc., Silicon Valley, California, USA) and Getmapping Plc
(© 1998, Hartley Wintney, Hampshire, United Kingdom). All further analyses were

undertaken using these two samples to represent the individual woodland areas.

The extent of occurrence and the area of occupancy (following I[UCN, 2001) were
measured using the Hawth's Analysis Tools (for ArcGIS, Version 3.24, (Beyer, 2004)).
To measure the extent of occurrence for this species on the Isle of Wight a smallest
convex polygon was drawn around the GPS coordinates of the wood cricket locations.
By projecting a 200x200 m grid over the extent of occurrence, the area of occupancy

was determined for the species, by identifying within how many grid cells the species

was located.

Wood cricket presence/absence was related to patch variables that were computed by

analysing the sample maps in ArcGIS. ‘Sample 2' was used to calculate for each
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individual woodland fragment the total area (ha), perimeter (m) (i.e. circumference),
and two shape measures, namely the fractal dimension index (FRAC) and the shape

- Index (SHAPE) using FRAGSTATS 3.3 (McGarigal et al., 2002). These shape metrics
are both computed by using the variables woodland area and perimeter to describe
woodland shape complexity. FRAC describes the shape of a woodland patch between
the values 1 and 2, with values approaching 1 for very simple shapes (e.g. circles), and
approaching 2 for shapes with highly convoluted, area-filling perimeters. An increasing
FRAC therefore indicates an increase in shape complexity. The shape index can be
interpreted in the same way, but here the range of outcomes is from one to infinity.
When SHAPE = 1, the patch is maximally compact (i.e. circular) and as values

Increase patch shape becomes more irregular and convoluted (for more details see
McGarigal et al., 2002).

FFor quantifying the degree of isolation between woodland fragments, an Euclidean
distance measure (i.e. nearest occupied neighbour distance) was computed. The
distance from the edge of each surveyed woodland to the edge of its nearest occupied
neighbour was measured In a straight-line using measurement tools in ArcGIS. This
measure was performed separately for both the inhabited and uninhabited woodlands.
For the individual woodlands (Sample 2), woodland age was derived using a digital
map produced from the inventory of ancient woodland sites for the United Kingdom
(Ancient Woodland Inventory; see Spencer & Kirby, 1992; English Nature, 1998 - 2006).
This map was used to differentiate between ancient (i.e. woodland established before
1600 AD) and secondary woodland (i.e. woodland established after1600 AD). All
woodlands including ancient woodland characteristics within its boundary were
classified as ‘Ancient’. All other woodlands were classified as ‘Secondary’. Only
woodland fragments over two hectares in area were included in the analysis, following

the original inventory criteria (Spencer & Kirby, 1992).

Finally, for each woodland fragment a measure of habitat availability was computea.
This measure was based on the amount of permanent edges present within each
fragment. This measure was computed by adding the perimeter distance to the total
distance of permanent edges present within the boundaries of the woodland fragments.
Permanent edges within woodlands were defined as clearly visible tracks, paths, roads
and railways within the boundary of the woodland as detected on orthorectified aerial
nhotographs derived from the Geolnformation Group (© 2007) available in Google
Earth (3.0, Google Inc., Silicon Valley, California, USA). The total distance of these

" features were calculated with measurement tools available in Google Earth and ArcGIS.
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2.2.4 Statistical data analysis

The individual habitat variables were tested to identify relationships with wood cricket
presence using SPSS 12.0.1 for Windows (SPSS Inc., Chicago, lllinois, USA). The

values for the separate variables were first explored using descriptive statistics within
SPSS. This included testing for normality (Kolmogorov-Smirnov test) and producing
boxplots for the individual variables to visualise the range and variation in values of
measurements made for both ‘presence’ and ‘absence’ locations. All variables were
found to be not normally distributed. To explore the relationships between wood cricket
presence and woodland area, woodland perimeter, fractal dimension index (FRAC),
shape index (SHAPE), distance to nearest wood cricket inhabited woodland and
habitat availability (i.e. permanent edges), Mann-Whitney U tests were performed.
Additionally, the effect size (r) for each individual variable was calculated ( = z / square
root n), in this case indicating the strength of association of each variable with wood
cricket presence/absence (Pallant, 2007). The z test statistic is given by SPSS when
performing a Mann-Whitney U test and is used to test for a significant difference
between two groups. For exploring the relationships between wood cricket presence
and woodland age (using Sample 2) and stand type (using Sample 1), chi-square tests
of association were performed. In addition, for woodland age, the odds ratio for wood
cricket presence was calculated to examine the likelihood of wood cricket presence in
ancient woodland compared to secondary woodland (see Field, 2005 (p.693-4)). Finally,
a Spearman rank correlation test was undertaken to examine correlations between the
measured variables. Assessment of the correlations and effect size (r) was based on
the guidelines of Cohen (1988) where values between r=0.10 and 0.29 indicate a
small correlation effect/effect size; r = 0.30 to 0.49 a medium effect and values r = 0.50

to 1.00 a large effect.

Several logistic regression methods were used to examine the relative influence of the
different habitat variables on distribution of wood cricket and to identify the key
variables explaining the presence of the species within woodlands at a landscape scale.
For these analyses the continuous variables Area, Perimeter, Permanent edge, FRAC,
SHAPE, Distance and Age were included. Three outlying cases were excluded from
‘Sample 2’ (n = 147) resulting in a sample size of n = 144, with 113 "absent’ and 31
‘oresent’ woodlands. These three woodland fragments were excluded, because they
were situated in areas where the survey of the surrounding woodlands was not

completed. Of the excluded woodland fragments, one supported a wood cricket

population whereas the other two did not.
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First, all individual variable responses were explored in order to determine their

individual explanatory power. For this, all variables were used to create individual
univariate models using the ‘Enter’ function within SPSS. This function is used to build
regression models by hand. Only the significant variables (Wald test: P < 0.05, see
below) were used in subsequent analyses. To explore the influence of the individual
variables, multivariable models were constructed. First a stepwise logistic regression
(Forward: LR in SPSS) was used. This function lets the program build a regression
model, step by step including the variables with the highest score statistic and
significance, until there are no variables left that significantly add to the model.
Particularly when using a large number of variables, this method is useful to provide an
indication of the explanatory variables that are most powerful. The outcomes of these
automatic logistic regressions and the outcomes from the Spearman rank correlation
test were used to inform further exploration of different variable combinations by using
the 'Enter’ function. This manual method allows correlations between variables and

other factors influencing models generated from stepwise methods to be taken into

account (Strauss & Biedermann, 2005).

The output that is generated by SPSS when analysing the individual models provides
iInformation on the performance of the total model and information on performance of
the individual variables used within these models. For total model performance, SPSS
produces two ‘goodness-of-fit’ tests, a ‘classification table’ and information on ‘effect
size'. Goodness-of-fit test are designed to test how well the created models perform
and fit the data. There is no universally preferred test for this purpose (Tabachnick &
Fidell, 2001), so SPSS performs a ‘model fit test’ and a ‘Hosmer & Lemeshow model fit
test’. However, in this case the ‘Hosmer & Lemeshow model fit test’ is considered to be
more powerful than the ‘model fit test’ (Pallant, 2007). The ‘classification table provides
information on the percentage of cases (i.e. presence/absence locations) that are
correctly classified by the model and the ‘effect size’ provides information on the
amount of variation that is explained by the model. For the performance of the
individual variables, SPSS uses the ‘Wald test’ to test the contribution of the individual
variables to the predictive ability of the model. SPSS further generates B values (+
Standard Error) which are used as constants in the probability function (see Equation
1). This equation was further used to construct probability curves to display the

relationships between the individual predictor variables and wood cricket presence.
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Equation 1: Probability equation for wood cricket presence (from Tabachnick & Fidell, 2001). ‘B’

values are generated by SPSS for the individual variables that are included in the model.

x=1
a+2b
e n

Ply) = —

P(y) = probability of wood cricket being present
a= B value for the constant included in the model

b = B value * variable(s) included in the model

The B value further indicates the direction of the relationship between the individual
predictor variables and the dependant variable (i.e. wood cricket presence). The final
piece of information given is the Exp(B) value (with 95% Confidence Interval) which
Indicates the odds ratio for wood cricket presence per unit increase of the predictor

variable. Further details on SPSS output interpretation for logistic regression analyses
are provided by Tabachnick and Fidell (2001), Field (2005) and Pallant (2007).

The following selection criteria were used to choose the most powerful and realistic
model: (1) all individual correlations (r values) between the variables included had to be
less than +/- 0.7 (following Strauss & Biedermann, 2005), (2) all individual tests for
significance had to be met (‘'model fit test’ (P < 0.05), 'Hosmer & Lemeshow model fit
test’ (P > 0.05) and ‘Wald test’ (P < 0.05)), (3) all B values had to indicate the correct
sign of the relationship (+/-), and (4) the 95% confidence interval for Exp(B) was not
allowed to include the value of 1, which indicates no effect. The best fitting model was

then selected based on the highest scores for ‘effect size’ (R\) and ‘Hosmer &

L emeshow model fit test’ scores.
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2.3 Results

2.3.1 Landscape scale distribution

e ™
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Figure 3: Distribution of wood cricket (Nemobius sylvestris) on the Isle of Wight. The black
patches represen