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Abstract 

Decaying wood hosts a diverse network of saproxylic invertebrates. These play 

important roles in forest functioning, including pest control, pollination, and 

nutrient cycling. However, declines in ancient and veteran trees in UK 

landscapes threaten saproxylic communities. The present research sought to 

address this through investigating multiple aspects of saproxylic habitat use and 

creation. 

Previous studies of saproxylic invertebrate landscape use have identified scales 

at which habitat density is most important. However, many of these studies 

were done in dense woodlands and none have been attempted in the UK. This 

research sought to fill these knowledge gaps by investigating habitat density 

scales of importance to invertebrate populations in English open-grown oak 

landscapes. Flight interception trapping data showed that higher veteran tree 

densities over a 250 m radius positively correlated with saproxylic community 

diversity, whilst higher densities over smaller scales support rare species.  

The second aspect of this research explored beetle boxes as a deadwood 

habitat creation method. The present research built upon previous studies by 

investigating a novel ground-level design to replicate basal tree hollows. It also 

tested the potential of different construction materials and content variations in 

improving beetle box function. Results showed that plastic beetle boxes 

contained similar abundances and diversities of deadwood-associated beetles 

than those made of wood. However, the wood mould in plastic boxes became 

significantly drier than that in wooden boxes. The addition of poultry faeces to 

beetle boxes as a source of nitrogen was associated with higher abundances 

and diversities of some beetle groups. No evidence of the basal hollow 

specialist, Limoniscus violaceus, was found in beetle boxes; however, more 

long-term monitoring is needed to thoroughly investigate this. This research 

also noted the potential for beetle boxes to function as a public engagement tool 

to promote a widespread appreciation of the importance of deadwood 

ecosystems. 
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1. Introduction 

1.1. Saproxylic invertebrates – their diversity and 
importance 

Global insect declines are a topic of growing concern over recent years 

(Wagner et al., 2021). However, a lack of data on population trends is a key 

limiting factor in understanding how invertebrate populations respond to the 

various stressors applied to them (Wagner et al., 2021). The invertebrates of 

decaying wood are a group that have experienced considerable past declines 

and remain under threat (Hall, 2018). The present study seeks to gather new 

data surrounding these, to improve understanding that could feed into their 

conservation.  

 

The saproxylic fauna  

Decaying wood provides habitat for diverse communities of invertebrates 

(Stokland et al., 2012). The term ‘saproxylic’ is used to describe invertebrates 

that rely on deadwood to complete their lifecycles.  

The original definition of ‘saproxylic’ by Speight (1989) is as follows: 

“Species of invertebrates that are dependent, during some part of their 

life cycle, upon the dead or dying wood of moribund or dead trees 

(standing or fallen), or upon wood-inhabiting fungi, or upon the presence 

of other saproxylics.” 

Since this publication, the definition of ‘saproxylic’ has expanded to reflect 

deadwood niches that fall outside of this description (Alexander, 2008). A large 

proportion of saproxylic species are not limited to dead or moribund trees, and 

many utilise microhabitats found on live trees (Alexander, 2008). Further 

definitions sought to encompass the niches of old, live trees by replacing ‘dead 

or dying’ with the word ‘senescent’ (Anon, 2003; Alexander, 2008). However, 

this further fails to incorporate the fact that younger trees can develop 

deadwood characteristics earlier in their lives (termed ‘veteran trees’) 
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(Alexander, 2008; Woodland Trust, 2021a). A more widely encompassing 

definition of ‘saproxylic’ has been suggested by Alexander (2008): 

“Saproxylic organisms are species which are involved in or dependent on 

the process of fungal decay of wood, or on the products of that decay, 

and which are associated with living as well as dead trees. 

Conventionally two further groupings of organisms are included within 

the definition: i) sap-run associates are included within the term 

saproxylic, i.e. species dependent on fluxes of sap and its decomposition 

products, and ii) organisms other than fungi that feed directly on wood.” 

One reason for the extensive diversity of the saproxylic fauna is that the broad 

definition of the group encompasses invertebrate species with a wide variety of 

life history strategies (Stokland et al., 2012). This ranges from those that feed 

on deadwood and spend their entire lives within it (except for occasional 

dispersal journeys), to species that may only use deadwood for protection 

during their vulnerable immature development phases (Stokland et al., 2012). 

Functional groups within this diversity include deadwood feeding (xylophagous) 

species, species that feed on decaying material (saprophagous) and those that 

feed upon other saproxylic species, including fungivores and predators of other 

saproxylic invertebrates (Stokland et al., 2012). 

In addition to this, deadwood itself provides a large diversity of microhabitat 

resources, the adaptation to which has facilitated extensive insect diversification 

(Speight, 1989; Stokland et al., 2012). For example, some insect groups 

including Aradidae flat bugs and Cucujidae beetles have evolved dorsoventrally 

flattened body forms to allow movement through tight crevices in the cambium 

layer under tree bark (Smith & Sears, 1982; Speight, 1989; Marchal et al., 

2012). Other deadwood microhabitats that host subsets of saproxylic diversity 

include sap runs, tree hollows, fungal fruiting bodies, old insect burrows, old 

birds nests and dead trunks and branches of trees in a variety of diameters, 

both standing and fallen (Speight, 1989). The specific traits that best suit life in 

these situations vary (Speight, 1989). For example, adaptations towards longer-

lived habitats may include a lower tendency to disperse, in comparison to those 

towards more ephemeral resources such as rotting fallen deadwood or a fungal 

fruiting body (Ranius & Hedin, 2001). 
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The age of the deadwood also contributes to saproxylic diversity. The more 

extensively decayed a deadwood resource is, the less residual tree defence 

chemicals remain (Stokland et al., 2012). The need to adapt a tolerance to 

these chemicals is a factor that causes species to specifically target certain 

species of tree (Stokland et al., 2012). Therefore, there is a tendency towards 

less tree-host specificity in species that use more extensively decayed niches 

such as wood mould, in comparison to species that bore directly into recently 

dead wood (Stokland et al., 2012).   

Some saproxylic species also exhibit preferences for different decay fungi 

(Arya, 1993; Yee et al., 2006). Wood decayed by red-rotting fungi is nutrient-

poor and has a low Ph (Fukasawa, 2021). Adaptations to these conditions have 

resulted in a distinct saproxylic community associated with red rot (Fukasawa, 

2021). In contrast, some saproxylic invertebrates have strong associations to 

white and soft rotting fungi (Arya, 1993; Yee et al., 2006) This is likely because 

these invertebrates have greater abilities to metabolise the various chemical 

components present in wood decayed by these respective fungi (Fukasawa, 

2021). 

 

Global/ European saproxylic diversity 

The global richness of saproxylic species (including all taxonomic groups) has 

been estimated to be in the range of 0.4-1 million (Stokland et al., 2012). 

However, the absolute total number of global saproxylic invertebrate species 

remains unknown (Stokland et al., 2012). Saproxylic knowledge is constantly 

expanding, and new species continue to be discovered and described at a high 

rate (Darby, 2017). With many species being elusive and rarely encountered 

during general fieldwork, a large amount of targeted study would be required to 

truly begin to understand global saproxylic invertebrate diversity. 

Various country- and region-specific research projects have been undertaken in 

Europe with the intention of developing understanding of local saproxylic faunas 

and aiding their conservation.  Key publications on several of these initiatives 

are summarised below in Table 1.1.  
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Table 1.1. A summary of key European initiatives collating information 
on local saproxylic species. 

Country(ies) Reference 
Taxonomic 

groups 
covered 

Summary 

France Bouget, 

Brustel & 

Zagatti, 

2008 

Coleoptera The FRench Information 

system on Saproxylic BEetle 

Ecology (FRISBEE) was 

developed with the intent of 

organising information on the 

ecological requirements of all 

saproxylic beetle species 

present in France. 

Germany 

 

Schmidl & 

Bußler, 

2004 

Coleoptera All saproxylic beetles known 

from Germany have been 

gathered in a list. This contains 

1,347 species alongside 

available information on their 

feeding guilds, association to 

Urwald/primeval forest and 

German Red List status. 

Recommendations are also 

given as to the species that 

should be considered as 

meaningful indicators of 

saproxylic quality in landscape 

studies. 

Müller et al., 

2005 

Coleoptera A refined list of 115 beetle 

species designated as Urwald 

relics was created. These 

species may be used as 

saproxylic indicator species for 

Germany. 
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Italy Carpento et 

al., 2015 

Coleoptera A database is compiled of 

2,049 saproxylic beetle species 

recorded from Italy, including 

information on their extinction 

risk and trophic interactions. 

This review identified 421 

saproxylic beetle species as 

threatened (categorised as 

critically endangered, 

endangered or vulnerable 

according to IUCN criteria). 

Norway, 

Sweden, 

Finland and 

Denmark 

Stokland & 

Meyke, 

2008 

Invertebrates, 

vertebrates, 

fungi, 

mosses and 

lichens 

A shared database is being 

developed for these target 

Nordic countries, containing 

ecological and geographical 

information on all of their 

multicellular saproxylic species. 

When finished, it is expected 

that this database will 

encompass approximately 

7,000 species. 

United 

Kingdom 

Alexander, 

2002 

Invertebrates A provisional review of 

saproxylic invertebrate species, 

containing information on 

species habitat requirements 

and rarity. The list contains 

1,792 species; however, it is 

highlighted that this number 

does not include all saproxylic 

species, with additional study 

needed of difficult groups such 

as Hymenoptera and 

Collembola. 
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UK saproxylic diversity evaluation 

The review of saproxylic insect species by Alexander (2002) listed in Table 1.1 

remains the most complete summary of saproxylic diversity in the UK to date. 

The invertebrate groups with the highest documented UK saproxylic diversity 

were Coleoptera and Diptera, with 700 and 730 species respectively 

(Alexander, 2002). Due to recent discoveries of saproxylic invertebrate species 

new to Britain (for example, Dermestoides sanguinicollis (Asaw & Barclay, 

2018)), the true saproxylic diversity in Britain is likely to be higher than the 

numbers listed by Alexander (2002). 

 

UK site-assessment methods of saproxylic diversity 

Historically different approaches to the assessment of saproxylic diversity value 

have existed between the constituent countries of the UK, causing 

inconsistencies in conservation priorities (Alexander, 2015). There was also a 

problem of saproxylic diversity being historically undervalued in site 

assessments (Fowles et al. 1999).  In order to systematise the approach to 

saproxylic assessment, several attempts have been made to create a 

consistent method that might be used to thoroughly evaluate saproxylic diversity 

across sites throughout the whole of the UK (Alexander, 2004; Fowles, 1997; 

Fowles et al. 1999). Details of these are outlined below: 

• Index of Ecological Continuity 

The saproxylic beetle Index for Ecological Continuity (IEC) was developed by 

Alexander (1988) based on a species list by Harding & Rose (1986) with the 

intention of creating a consistent, UK-wide method for saproxylic site 

assessment (Fowles et al., 1999). The focus of this method was not on rarity, 

but rather the ecological requirements of the saproxylic beetle species present, 

using the beetle fauna as a proxy for decaying wood habitat continuity and 

quality (Alexander, 2004). Species were designated as strong habitat indicators 

in accordance with the likelihood that they are remnant species from the 

‘wildwood’ condition of Britain in the prehistoric era (Alexander, 2004). This 

method was based on the work of Rose (1974) on epiphytic lichens and is a 
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similar approach to that used to designate priority species in Germany (Schmidl 

& Bußler, 2004). The species chosen are particularly faithful to relic ancient 

woodland and are sensitive to change due to limited dispersal and colonisation 

abilities, making them useful indicators of stable, continuous woodland 

(Alexander, 2004). Using the IEC, sites can be identified as being of 

international, national or regional importance (Alexander, 2004). 

Although the IEC is a useful method for assessing woodland continuity, there 

are several factors that should be considered during its application. One of 

these is that the effectiveness of the IEC is dependent on the recording effort 

that has been applied at a site (Alexander, 2004). Because of this it should 

ideally be based upon saproxylic beetle survey data covering all seasons over 

several years (Alexander, 2004). Additionally, the extent to which some 

saproxylic species are associated with relic woodland is changing with climate 

change (Alexander, 2004). This is causing some species previously included in 

the list to become weaker continuity indicators, highlighting the need for regular 

review of the species list used for assessment (Alexander, 2004).  For example, 

Agrillus biguttatus was previously considered an ancient woodland specialist but 

has extended its range considerably since the 1980s and is now widespread 

over much of south-east England (Alexander, 2004). Finally, it was noted that 

the IEC demonstrated a bias against areas of the UK that had a generally lower 

saproxylic species richness, such as those in the far north and west. This has 

potential to cause sites in these areas to register as unimportant in terms of 

their saproxylic fauna, despite some being home to nationally rare species 

(Alexander, 2004).  

• Saproxylic Quality Index 

The Saproxylic Quality Index (SQI) is a list of saproxylic species weighted by 

rarity (Fowles, 1997 & Fowles et al. 1999).  This list can be used to grade site 

species lists and assess their relative saproxylic value (Fowles et al. 1999). It is 

designed to aid in the quantification of such diversity so that resources for 

saproxylic conservation can be effectively designated (Fowles et al. 1999). The 

application of the Saproxylic Quality Index is heavily dependent on surveying 

effort and works best when at least 40 species are included per site (Fowles et 

al. 1999). Ideally, similar surveying effort should be applied to each site in 

instances where the SQI is used to make direct site comparisons (Fowles et al. 
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1999). Due to its requirement for relatively long species lists, there is a concern 

that the SQI may overlook sites where the resident saproxylic beetle fauna 

forms only a short list that nonetheless contains species that indicate the 

presence of ancient, relict woodland (Alexander, 2004). Because of this, the 

application of the SQI alongside the IEC can prevent important sites from being 

overlooked. 

 

Ecological roles of saproxylic diversity 

Historically, there has been a widespread impression among forestry workers 

that invertebrates, especially beetles, bring largely negative impacts on 

woodland health and tree productivity due to the action of a few species as tree-

pests (Winter, 1992). This is further compounded by the fact that the economic 

impacts of these species on forestry is a key driver of saproxylic-based 

research, drawing particular negative public attention to saproxylic pests (Flint 

et al., 2009; Holmes et al., 2009). Although tree pests can be damaging, the 

aforementioned perceptions overlook the range of useful processes to which 

deadwood invertebrates make an essential contribution. Furthermore, contrary 

to these beliefs, woodlands that are managed to promote ecological diversity 

are likely to be more resilient against pest activity as a result of lower 

concentrations of host tree species and greater activity levels of natural 

enemies (Jactel et al., 2005; Dalin et al., 2019; Stokland et al., 2012). A 

summary of the vital roles that saproxylic invertebrates play towards the 

provision of ecosystem services is summarised below:  

• Decomposition 

One of the most important ecological roles performed by saproxylic 

invertebrates is the decomposition of deadwood (Stokland et al., 2012). 

Invertebrates work alongside other organisms including fungi, slime moulds and 

bacteria to break down deadwood, returning the nutrients to the soil and making 

them available for other organisms (Stokland et al., 2012; Harderson & Zapponi, 

2018). The activity of saproxylic insects has a significant impact on 

decomposition rate of deadwood and directly influences the activities of other 

decomposing organisms (Ulyshen et al., 2016; Mestre et al., 2018; Wetherbee 

et al., 2022). Saproxylic beetles that penetrate tree bark provide entry points for 
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other decomposing organisms to access the wood beneath (Hardersen & 

Zappioni, 2018). In moving through the wood, beetles also open up galleries 

which further increase the surface area of wood that is accessible to 

decomposing organisms (Hardersen & Zappioni, 2018). In addition to this, 

beetles play a role in the transport of free-living microbes including fungi, 

directly inoculating deadwood with propagules found on their exoskeletons or in 

specialised spore-carrying organs called mycangia (Batra, 1963; Harrington, 

2005; Strid et al., 2014, Ulyshen et al., 2016). Some beetles carry microbial 

species in their gut flora, which aid in the decomposition of chemical 

components in deadwood that are difficult to break down, including lignin (Gieb 

et al., 2008). Examples of beetle families that exhibit this trait include 

Passalidae, Lucanidae and Cerambycidae (Suh et al., 2003; Gieb et al., 2008; 

Tanahashi et al., 2010). Both beetle and fungal diversity have been found to 

correlate positively with deadwood decay rate, highlighting the importance of 

protecting biodiversity in deadwood ecosystems (Kahl et al., 2017). 

• Engineering ecosystems 

Saproxylic insects can alter deadwood habitats in ways that improve their value 

for a range of other species (Buse et al., 2008; Harderson & Zappioni, 2018). 

For example, as mentioned in the previous section, the activities of some insect 

species promote the initial colonisation of deadwood by saproxylic fungi and 

increase wood decomposition rate (Harderson & Zappioni, 2018). This 

increases the suitability of the deadwood resource for a wider diversity of insect 

colonisers that feed on partially decayed wood and fungi (Harderson & 

Zappioni, 2018). 

The influence of some saproxylic species is so pronounced that they have been 

noted as ‘keystone species’ or ‘ecosystem engineers’.  One example is the 

Cerambycid beetle, Cerambyx cerdo (Buse et al., 2008). The larvae of this 

species create large galleries in living trees, which have been found to 

constitute important structures for a variety of other woodland species (Buse et 

al., 2008). In a study of oak beetle fauna, Buse et al. (2008) found that the 

richness of saproxylic beetle species had a significantly positive link to C. cerdo 

colonisation, with greater numbers of red-listed species found on colonised 

trees. Furthermore, 63 beetle species were found exclusively on trees inhabited 

by C. cerdo, almost half of which were red-listed (Buse et al., 2008). The 
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intensity of C. cerdo colonisation of a tree was found to be a stronger 

influencing factor on overall beetle species richness than other physical factors 

such as trunk diameter or sun exposure, indicating that its presence exerts a 

direct influence on other beetle species (Buse et al., 2008). A possible reason 

for this is that the galleries of C. cerdo may provide increased space for the 

activities of predatory beetle species that primarily use bark-denuded patches of 

wood (Buse et al., 2008). The value of this structural niche is not restricted to 

invertebrates, as C. cerdo larval galleries have also been shown to be an 

important habitat for hibernating bats including the species, Pipistrellus nathusii 

(Gottfried et al., 2019). 

The above evidence shows that the protection of key species such as C. cerdo 

can have prominent benefits for saproxylic biodiversity, including benefits for 

other threatened species. As C. cerdo is itself a threatened species that inhabits 

sun-exposed mature trees, its persistence is threatened by inappropriate 

management of wood pasture (Luce, 1997; Buse et al., 2008; Alexander, 

2016a). This highlights the importance of the research described in Chapter 2 of 

this thesis, which aims to investigate optimal management approaches to 

promote the conservation of saproxylic invertebrates in pasture woodland 

systems. 

Cetoniine Scarabaeoid beetles are another invertebrate group containing 

saproxylic members that are known to positively impact other saproxylic species 

through their interactions with deadwood habitats (Jönsson et al., 2004; Micó et 

al., 2011). The larvae of species including Cetonia aurataeformis and 

Osmoderma eremita which develop in tree hollows have been found to produce 

frass enriched with high levels of nitrogen and phosphorus (Jönsson, et al., 

2004; Micó et al., 2011). This contributes to the nutrient richness of the wood 

mould in tree hollows, improving the resources offered by these habitats to 

other species (Jönsson, et al., 2004; Micó et al., 2011). As a result, the 

presence of C. aurataeformis and O. eremita larvae in tree hollows have been 

found to predict the richness of other saproxylic species (Ranius, 2002; 

Sánchez-Galván, 2014).  A specific example of benefits gained from Cetoniine 

larval presence can be found in Myathropa florea larvae, which have been 

shown to develop at a higher rate, with improved resulting adult fitness, when 

reared in substrates enriched with C. aurataeformis frass (Sánchez-Galván, 
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2014). Understanding the influence of these keystone species upon their 

saproxylic habitats can be useful from a management perspective. Chapter 3 of 

this thesis utilises this knowledge to investigate optimal conservation techniques 

focussed on tree hollows. 

• Pollination 

In addition to their interactions with deadwood habitats, many saproxylic 

species also utilise floral resources (Falk, 2021). As a result, a proportion of 

saproxylic biodiversity provide the ecosystem service of pollination (Falk, 2021).  

Falk (2021) highlights over 320 invertebrate species of saproxylic pollinator 

found in Great Britain, including approximately 130 beetles, 85 flies, 75 wasps 

and 35 bees. This diversity encompasses species using a wide range of 

different deadwood resources for a variety of purposes (Falk, 2021). The plants 

visited most by saproxylic species include the common native species, 

hawthorn (Crataegus monogyna), bramble (Rubus fruticosus) and umbellifers 

such as hogweed (Heracleum sphondylium) (Falk, 2021).  Saproxylic pollinators 

can also benefit agricultural systems (Proesmans et al., 2019). For example, 

forest cover within 200 m radii has been shown to have a significant positive 

influence on the activity of saproxylic hoverflies that provide pollination services 

in intensively managed agricultural landscapes (Proesmans et al., 2019). Not 

only do these pollination activities further highlight the value of saproxylic 

habitats to biodiversity and ecosystem functioning, but they elucidate the 

importance of habitat heterogeneity in woodland ecosystems for the 

conservation of the deadwood fauna (Falk, 2021).  

• Pest control 

High levels of biodiversity contribute to the functioning and resilience of 

ecosystems (Stokland et al., 2012; Mori et al., 2017). Key contributors to the 

stability of saproxylic invertebrate communities are the predators and 

parasitoids, which act to control the population sizes of their hosts (Stokland et 

al., 2012; Hilszczański, 2018). These are particularly vital for the control of pest 

species, reducing population growth through top-down control and limiting the 

extent of damage they can cause (Hilszczański, 2018). For example, 35 

parasitoid species and a range of other predators have been found to play a 

role in controlling populations of the southern pine beetle, Dendroctonus 
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frontalis, preventing numbers from reaching infestations that can be difficult and 

expensive to control (Thatcher et al.,1981; Berisford, 2011). Therefore, a 

diversity of natural enemies of pest species in productive forests can decrease 

economic losses from reduced tree yields (Thatcher et al.,1981). The control of 

pests also helps to maintain forest health, preventing the loss of canopy cover 

through pest-induced tree death, thus preserving the air, water, and soil 

regulatory functions of the forest (Thatcher et al.,1981; Brockerhoff et al., 2017).  

Not only are the invertebrates of ancient trees valuable for control of forestry 

pests, but they can also provide pest-control benefits in agriculture. Wetherbee 

et al. (2020) found that the diversity of invertebrate predators was higher around 

veteran trees than around young oak trees. Similarly, greater rates of attack 

from invertebrate predators were made on artificial caterpillars in the veteran 

trees (Wetherbee et al., 2020). It is possible that these veteran trees were able 

to accommodate a greater number of predator species because of their 

structural complexity. A study by Perez-Alvarez et al. (2019) showed that 

complex landscapes with an abundance of semi-natural areas had fewer 

antagonistic interactions between predatory invertebrate species, allowing them 

to co-exist and facilitate improved biocontrol of agricultural pests. As a result of 

these effects, the conservation of ancient and veteran trees in farmland can be 

considered an important aspect of integrated pest management (IPM), 

potentially lowering the need for the application of other pest control methods 

and reducing the associated costs (Woodland Trust, 2021a).  

 

 

1.2 – Threats to saproxylic invertebrate populations 
 

Saproxylic decline  

The European Red list of saproxylic beetles describes 18% of the 700 assessed 

European saproxylic beetle species as being at risk of extinction (Hall, 2018; 

IUCN, 2018).  A key reason for this is the depletion of deadwood resources 

from ancient trees across European landscapes (Stokland et al., 2012). 

Woodland cover has historically declined catastrophically and, although tree 
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cover in Europe is now rising again, many woodlands are increasingly lacking 

the resources needed for saproxylic invertebrates to thrive (FAO, 2020; 

Woodland Trust, 2021b). A recent review found that only 7% of native woodland 

in the UK was in good ecological condition, with the majority of woodland 

lacking in deadwood supply, veteran tree numbers, and structural diversity 

(Woodland trust, 2021b). 

 

Woodland cover loss 

The state of current woodland in the UK is heavily shaped by historical 

clearance activities, with an estimated 50% of England’s wildwood having been 

cleared by 500BC to make way for agriculture (Rackham, 1986). A result of 

reduced woodland cover is that many remaining ancient woodland patches now 

exist in a highly fragmented state, with little connectivity to allow for species 

dispersal (Butler et al., 2002; Rackham, 2008; Defra, 2011). Because of this, 

woodland species are likely to have a lowered resilience to stochastic events 

and future challenges such as those brought by climate change (Bailey, 2007). 

Although woodland cover is now increasing in the UK, valuable trees outside 

woodlands, such as those in hedgerows continue to be lost (Woodland Trust, 

2021b) Hedgerow trees can provide high quality deadwood resources and 

increased landscape connectivity for saproxylic species, meaning that their loss 

further contributes to the increasing isolation of ancient woodland patches 

(Dodelin et al., 2017; Parmain et al., 2018).  

 

Suboptimal woodland planning  

With increasing motivations for climate, health and other ecosystem services, 

there has been a strong drive to accumulate new areas of woodland (Woodland 

Trust, 2021b).  As a result, the amount of woodland cover has more than 

doubled over the past 100 years and, for the past five years, the rate of new 

woodland recruitment in the UK has averaged close to 10,000ha per year 

(Woodland Trust, 2021b).  Despite the positive image portrayed by these 

figures, many new areas of woodland suffer from poor planning and often 

comprise ecologically poor, non-native tree species (Woodland Trust, 2021b). 
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Where these non-native trees are imported from other countries, they can also 

carry the risk of spreading pests and diseases (Woodland Trust, 2021b).  

Tree planting methods used to create new broadleaved woodlands often follow 

the approach used when planting wood plantations, with close, homogenous 

spacing between trees (Fuentes-Montemayor et al., 2022). This does not 

replicate natural tree recruitment and is unlikely to result in the open, light 

conditions required to support tree growth into old age (as discussed in section 

1.4) (Ferris-Kaan, 1995; Kirby et al., 1995). It is clear that this approach is not 

conducive to future saproxylic biodiversity maintenance. 

Tree planting projects also often lack a long-term perspective and do not 

document the process of tree maturation over time (Burton et al., 2018; 

Fuentes-Montemayor et al., 2022). As a result, there is a dearth of knowledge 

regarding extent to which new woodlands are able to develop a functioning 

ecosystem that can support saproxylic biodiversity (Burton et al., 2018; 

Fuentes-Montemayor et al., 2022). This is particularly the case for broadleaved 

sites, as a majority of research centres around coniferous plantation woodland 

creation (Burton et al., 2018).  

Without appropriate planning and monitoring, there is a risk that future 

woodlands will be unsuitable to support populations of saproxylic invertebrates. 

As a result, saproxylic biodiversity may continue to decline through a lack of 

appropriate resources, despite increasing tree cover. It is essential that future 

woodland areas are created with ecological consideration to avoid wasting 

conservation resources. The present research will aim to provide insights into 

appropriate tree spacing and deadwood resource provision that may inform 

afforestation practices in the future to increase their biodiversity value. 

 

Deadwood depletion in existing woodland through management  

The management techniques employed in any woodland are a key factor in 

determining the deadwood resources available for saproxylic invertebrates. 

Forest management practices have historically failed to promote sufficient 

ecological continuity of deadwood habitats through space and time to support 

saproxylic species that are vulnerable to isolation (Grove, 2002). Managed 
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forests also generally contain lower volumes of deadwood than unmanaged, 

old-growth forests (Goodburn & Lorimer, 1998). As a result, intensive 

management has caused large proportions of European woodland areas to 

become ecologically depleted, with a lowered ability to sustain suites of 

saproxylic species (Grove, 2002). Aspects of current woodland management 

that are antagonistic to the preservation of saproxylic diversity include: 

• Intensive wood extraction 

As forestry practices have become more efficient over time, attempts to reduce 

waste have led to increasingly intensive extraction from forests (Stokland et al., 

2012). This results in less wood being left in situ to provide resources for 

invertebrates. Trees are also being harvested at earlier stages in their lifecycle, 

meaning that little opportunity is given for deadwood resources to accumulate 

(Stokland et al., 2012). Where deadwood does occur, it is often of low value to 

many saproxylic species, not representing microhabitats typical of a late decay 

stage (Goodburn & Lorimer, 1998; Stokland et al., 2012). For example, Siitonen 

et al. (2000) found that the available deadwood in managed forests consisted 

largely of logging residues, cut stumps and short logs, most frequently of low 

diameter classes, whereas old-growth forests contained more high-diameter 

logs, snags and standing dead trees. In addition to its implications for 

deadwood, extensive extraction also involves intensive machine traffic through 

woodlands which can disturb organisms (Bouget et aI., 2012). 

• Removal of deadwood for sanitary reasons 

There has long been a belief that allowing deadwood to remain in woodlands 

constitutes a risk of pest outbreaks and disease (Winter, 1993; Stokland et al., 

2012). Past devastating effects of beetle species such as Ips typographus on 

tree stocks in productive European forests contributed to these fears (Winter, 

1993). Consequently, sanitation felling and burning of trees is a common 

forestry practice, constituting attempts to prevent the source of apparent 

sickness in trees from spreading (Winter, 1993). The majority of damaging 

insect pest problems in forestry occur in plantations of coniferous trees and, in 

areas where the tree species in plantations are non-native, these woodlands 

constitute little biodiversity potential (Winter, 1993). However, when sanitation 

practices are carried over into deciduous woodland, conflicts emerge between 
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wildlife conservation and industry. Aside from few specific examples of insects 

facilitating deciduous tree damage, such as that of Scolytus spp. and the spread 

of Dutch Elm Disease, the overall threats of insects to deciduous trees and 

wood harvesting are minimal (Winter, 1993). As a result, strict sanitation of 

broadleaved woodland is often unnecessary and damaging to overall woodland 

health.   

 

Tree age gaps 

Even within remaining areas of ancient woodland, historical tree felling has led 

to biases in tree age structures and a paucity of trees in certain important age 

categories (Woodland Trust, 2021b). This is likely to cause gaps in the 

continuity of saproxylic habitat through time, where there is an absence of trees 

entering their decay stage available to replace old trees that are deteriorating 

beyond usability for certain invertebrate groups (Harding & Rose, 1986). For 

example, mature trees are predicted to be lost in agricultural landscapes over 

the next 180 years under current management regimes as a result of tree 

losses combined with low tree recruitment (Gibbons et al., 2008). Periods of 

poor deadwood availability has the potential to damage saproxylic invertebrate 

populations, especially for species that are less able to disperse to different 

areas of habitat to find new resources (Harding & Rose, 1986). As a result, the 

age-structure problem is thought to be a major contributing factor to declines in 

saproxylic habitat in European woodlands (Hall, 2018). This has instigated new 

research threads into innovative methods of mitigating the threats of age gaps, 

such as the application of beetle boxes as intermediary tree-hollow resources 

discussed later in this chapter (Jansson, Ranius, et al., 2009; Carlsson et al., 

2016). The present research provides a key contribution to this field.  

 

Tree disease 

A further threat to deadwood habitats, and consequently to the saproxylic fauna, 

is tree disease (Woodland Trust, 2021b). A recent example of this is ash 

dieback, caused by the fungal pathogen, Hymenoscyphus fraxineus, which has 

caused widespread reductions in population sizes of European ash trees 
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(Fraxinus excelsior) (Baral et al.,2014; Hultberg et al., 2020). These declines 

have direct impacts on a number of saproxylic invertebrate species (Littlewood 

et al., 2015). One of these is the violet click beetle (Limoniscus violaceus*), 

which relies heavily on ash trees at Bredon Hill in Worcestershire and at a 

further site in Gloucestershire (Whitehead, 2003; Littlewood et al., 2015). As 

these sites constitute two of three sites in the UK in which L. violaceus is found, 

losses of ash trees through ash dieback in these areas are likely to severely 

impact its survival potential in the UK (Whitehead, 2003; JNCC, 2019). Chapter 

3 of this thesis addresses the conservation of L. violaceus at Bredon Hill in 

respect to dwindling habitat resources in more detail. Overall, the continued 

decline of ash trees carries high regional extinction risks for species with 

obligate or strong associations to them, demonstrating the cascading effect that 

can result from widespread tree disease (Littlewood et al., 2015; Hultberg et al., 

2020) 

 

Invasive Species 

In addition to introduced pathogens, the introduction of new invasive species 

can have implications for forest health and the future availability of saproxylic 

habitats. An example illustrating this can be found in the Asian longhorn beetle 

(Anoplophora glabripennis), which is native to China and Korea and has been 

accidentally introduced several times to areas of North America, Europe and 

Australasia, where it acts as a pest species (Haack et al., 2010; Faccoli & 

Gatto, 2016). Infestations of A. glabripennis can result in tree death, with both 

young and old individuals of over 24 hardwood tree species being at risk 

(Faccoli & Gatto, 2016). As a result, the establishment of this pest species could 

result in considerable losses of trees, including those with valuable deadwood 

habitats (Faccoli & Gatto, 2016). This demonstrates the potential impacts of 

*A recent reclassification synonymised Limoniscus with the genus 
Gambrinus, causing L. violaceus to be renamed as Gambrinus violaceus 
(Etzler, 2019). However, for the purpose of clarity, the previously used name 
is retained in this research. 
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invasive pests on deadwood resources and their associated saproxylic 

invertebrate fauna. 

 

Climate change 

Climate change is expected to result in increased incidence of forest 

disturbance events such as fire, drought and windthrows which can increase 

tree mortality and alter the structure and composition of woodlands (Seidl et al., 

2017).  These events alongside the general temperature increases will have 

particularly pronounced impacts on alpine forest systems, which contain some 

of the highest concentrations of deadwood-rich plots of all of Europe’s forests 

(Brang et al., 2013; Puletti et al., 2017). In addition, climate change is likely to 

drive an increase in the frequency and severity of outbreaks of aforementioned 

pests and diseases that threaten woodland health (Seidl et al., 2017; Kurz et al., 

2020).  As mentioned in the previous sections, low connectivity as a result of 

historically fragmented landscapes and declining numbers of trees outside of 

woodland leave saproxylic invertebrates poorly prepared to escape the impacts 

of climate change through dispersal (Bailey, 2007). This is especially the case 

for species that have adapted to a strategy of infrequent dispersal due to their 

reliance on typically long-lived, stable habitats (Hedin et al., 2008). Chapter 2 of 

this thesis provides key data that could inform woodland management that 

promotes dispersal of saproxylic communities, potentially increasing their 

resilience to climate change. 

 

1.3 - Deadwood connectivity as a limiting factor for 
saproxylic dispersal 

The importance of studying dispersal in saproxylic communities 

As identified in section 1.2, dispersal is a critical factor determining the survival 

of saproxylic species in fragmented wooded landscapes (Harding & Rose, 

1986; Ranius, 2006; Bailey, 2007; Svensson et al., 2011). For dispersal to 

effectively take place, the habitat matrix needs to contain a sufficient number of 

high-quality habitat patches that are spaced closely enough together to 
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accommodate species movement, creating a connected landscape (Hanski, 

1998; Ranius & Hedin, 2001). Understanding species dispersal behaviours is 

critical to predict how species will respond to future habitat changes and to 

make effective management decisions to support species, for example through 

the creation of new habitat (Ranius & Hedin, 2001; Ranius & Kindvall, 2006; 

Svensson et al., 2011). Therefore, it is important that research continues into 

the spatial dynamics of connectivity in saproxylic communities, so that 

management can be adjusted to benefit as many species as possible and 

prevent future local extinctions (Watson et al., 2018). Chapter 2 of this thesis 

plays a role in this, contributing new knowledge on saproxylic dispersal in open 

wooded landscapes.  

 

The dispersal tendencies of saproxylic species that use different decaying 
wood microhabitats 

The dispersal abilities of saproxylic species vary according to the specific 

deadwood habitat that they use (Ranius & Hedin, 2001). For example, tree 

hollows take hundreds of years to develop and are very stable, with the ability to 

persist in living trees for many years (Nilsson & Baranowski, 1997; Ranius et al., 

2009). Because of this, dispersal is a risky strategy for saproxylic invertebrate 

species that are highly specialised to tree hollow habitats (Stokland et al., 

2012). Therefore, saproxylic beetles that inhabit tree rot holes have generally 

been found to have low dispersal abilities (Nilsson & Baranowski, 1997; Ranius 

& Hedin, 2001). In contrast, species that utilise more ephemeral resources such 

as freshly dead wood or dead, fallen trees that decay away quickly tend to have 

greater abilities to disperse due to the need to constantly find new habitat 

patches (Nilssen, 1984; Nilsson & Baranowski, 1997; Ranius & Hedin, 2001). 

 

The influence of invertebrate body size on dispersal ability 

Relationships have been found between the body size of saproxylic 

invertebrates and their dispersal ability; however, there are conflicting findings 

on the directionality of this link (Holland et al., 2005; Gibb et al., 2006). Holland 
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et al. (2005) found that the abundances of longhorn beetles with larger body 

sizes were influenced by the density of surrounding habitat within larger spatial 

scales than those of smaller species. This suggests that body size is positively 

correlated with dispersal ability, with larger species able to make use of more 

distant habitat patches (Holland et al., 2005). Similarly, Gibb et al. (2008) found 

that larger species of parasitic wasps did not respond strongly to habitat 

abundance at any tested radius, indicating that their abundances may have 

been influenced by forest cover at scales greater than those covered by the 

study. A possible reason for these links between body size and dispersal is that 

larger insects may have greater control of their flight in more exposed areas 

with stronger wind currents, allowing them to accurately travel to more distant, 

isolated trees than smaller species (Peng, 1991; Pasek, 1988). Additionally, this 

tendency may have been driven by the fact that larger organisms have greater 

energetic needs than smaller individuals, requiring them to travel farther to 

gather sufficient resources to survive (Pasek, 1988; Holland et al., 2005).  

In contrast to these findings, Sverdrup-Thygeson et al. (2017) found that beetles 

with specialist habitat requirements had significantly larger body sizes than 

generalist species, and that the abundance of specialist species was influenced 

by surrounding habitat density at a smaller scale than generalist species. This 

demonstrates that multiple factors of species biology may simultaneously 

influence dispersal behaviours. Therefore, it is important to consider species 

traits in combination when interpreting the results of dispersal studies. 

  

Differing dispersal tendencies of common and rare species 

Another characteristic that has been linked to dispersal tendency is species 

rarity (Brunet & Isacsson, 2009; Baur, 2014). Brunet & Isacsson (2009) found 

through window trapping that red-listed and formerly threatened species were 

less able to disperse over long distances of unsuitable habitat matrices than 

non-threatened species. It is possible that the lower levels of dispersal observed 

in rare species is due to smaller existing source populations from which 

dispersal events originate in these species (Brunet & Isacsson, 2009). Rare 

species may also rely on more specialist resources, meaning habitat patches 

that are suitable for them are rarer in the landscape (Gibb et al., 2006).  
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Alternatively, this link may be causal, with the poor dispersal abilities of these 

species being part of the reason that they are threatened, making them 

vulnerable to impacts from habitat fragmentation and less able to recolonise 

areas (Henle et al., 2004).  

 

Understanding dispersal impacts in complex saproxylic communities 

As shown by the variety of factors influencing dispersal ability addressed above, 

the extensive diversity of decaying-wood associated insects means the 

dispersal and resource-related needs at play in saproxylic communities are 

complex. The presence of species of various guilds and life strategies means 

that responses to tree density can vary widely across a single beetle community 

(Bergman et al., 2012). As a result, knowledge of the relationship between 

saproxylic insect diversity and deadwood dynamics at different spatial and 

temporal scales remains limited (Sverdrup-Thygeson et al., 2014) 

Several studies have attempted to understand saproxylic dispersal by 

researching the behaviour of single species (Sverdrup-Thygeson & Mitgaard, 

1998; Svensson et al., 2011). An example of this was carried out on the fungus-

feeding Tenebrionid beetle, Bolitophagus reticulatus, which is commonly found 

in Norway (Sverdrup-Thygeson & Mitgaard, 1998).  By quantifying B. reticulatus 

abundances in trees with different levels of connectivity, Sverdrup-Thygeson & 

Mitgaard (1998) identified that beetles were significantly less likely to inhabit 

trees with an average distance of greater than 125 m from the nearest three 

inhabited trees. This shows how patterns of occupancy can provide useful 

information on species habitat use and dispersal limitations. Chapter 2 of this 

thesis further explores this concept, using occupancy patterns to identify the 

distance radii over which habitat was most utilised by range of saproxylic 

species. 

In choosing target species for these studies, it is important not to neglect rarer 

species as these often have different requirements than more common species 

(Ranius, 2006). As discussed previously, rare species have a tendency towards 

lower dispersal capacities, meaning that they require habitat to be more closely 

connected to colonise new patches (Baur, 2014). As a result, following the 
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‘umbrella species’ concept, studying the dispersal activities of particularly 

vulnerable, high priority species, and managing habitats to accommodate these 

species would theoretically be beneficial for biodiversity as a whole (Baur, 2014; 

Hedin et al., 2008; Svensson et al., 2011). For example, the dispersal 

tendencies of the umbrella species, Osmoderma eremita has been extensively 

researched using a range of different methods including telemetry, mark-

release-recapture, and patterns of occurrence across a habitat matrix (Ranius & 

Hedin, 2001; Hedin et al., 2008; Svensson et al., 2011; Dodelin et al., 2017). 

The findings of these studies are further explored below, in the ‘Differing 

Dispersal Tendencies of Common and Rare Species’ section of this chapter. 

Another approach used to simplify the study of whole communities is to analyse 

species dispersal requirements according to their specific functional groups 

(Pilskog et al.,2016; Janssen et al., 2017). This approach allows researchers to 

identify subsets of a population that are most vulnerable to extinction (Pilskog et 

al.,2016). Pilskog et al. (2016) found that beetles in the ‘xylomycetophagous’ 

functional group were present at significantly lower abundances in oak trees 

that were isolated from other hollow oaks at a 200 m scale. This analysis also 

ensures that key community processes are considered in dispersal studies, 

meaning that management decisions based on the results will prioritise the 

preservation of ecosystem functioning (Pilskog et al., 2016; Janssen et al., 

2017).  

 

Methodologies used to study saproxylic beetle dispersal  

Several different approaches have been used to study insect dispersal. A 

summary of these, partially based on the work of Ranius (2006) is provided in 

Table 1.2. 
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Table 1.2. A summary of a range of techniques that have previously 
been used to study saproxylic invertebrate dispersal, based on a 
review by Ranius (2006). 

Method 
Example 
reference 

Pros Cons 

Mark-release-

recapture 

(Ranius, 

2001) 

Direct observations 

can be made of the 

movement activities 

of individual 

specimens. 

Dispersal distance 

observations are limited 

by the search radius 

used to recapture 

individuals. 

 

The likelihood of re-

finding individuals 

decreases with 

distance, as the search 

area increases 

exponentially with 

increasing search radii. 

 

May overlook rarer 

dispersal events. 

 

If insects disperse to 

unexpected locations, 

they will be difficult to 

re-find meaning that 

some dispersal events 

may not be recorded. 

Telemetry 

using radio-

transmitters 

(Hedin et 

al., 2008) 

Obtains direct 

measures of 

species dispersal in 

the field. 

 

Requires specialist, 

potentially expensive 

equipment. 
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Allows observations 

of dispersal events 

that end in 

unexpected 

habitats. 

Radio-transmitters may 

influence species 

behaviour. 

 

Only possible for larger 

flying insects that will 

not be excessively 

impeded by the 

attachment of a radio-

transmitter. 

 

If an individual moves 

too far it can be difficult 

to track them. 

Observation of 

insect flight 

using slow-

motion 

recording 

equipment 

(Farisenk

ov et al., 

2020) 

Allows detailed 

analysis of flight 

behaviours, allowing 

researchers to 

better understand 

species behaviours. 

Can be difficult to carry 

out and requires 

expensive specialist 

equipment. 

Tracking the 

colonisation of 

new habitat 

patches with 

knowledge of 

likely source 

population 

locations 

(Jonsson 

& 

Nordlande

r, 2006) 

Conclusions can be 

made on species 

colonisation ability 

in real world habitat 

systems. 

Can be used to 

understand insect 

colonisation ability 

within certain time 

scales. 

It is difficult to 

understand the 

influence that the size 

of the source population 

has on the results. 

Analysing 

patterns of 

occurrence 

(Bergman 

et al., 

2012) 

Show the real-world 

impacts that species 

dispersal abilities 

have on their 

It may be difficult to 

draw firm conclusion on 

species dispersal 
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throughout a 

habitat matrix 

interaction with 

habitat matrices.  

 

Reflect long-term 

dispersal trends. 

abilities from patterns 

observed. 

 

Results may be 

complicated by 

historical changes in 

habitat patch 

distributions. 

 

It can be difficult to 

define which habitat 

patches comprise truly 

suitable dispersal 

sources. 

 

Analysis of 

genetic 

structuring 

across a 

population 

(Schmucki 

et al., 

2006) 

Show the impact 

that habitat isolation 

can have on the 

species studied. 

There may be several 

possible explanations 

for trends identified 

through genetic studies, 

meaning that they can 

be difficult to interpret. 

 

Due to the need to 

collect specimens for 

genetic analysis, it can 

be difficult and 

potentially detrimental 

to conservation to study 

rare and threatened 

species.  

 

 

Chapter 2 of this thesis uses the approach of studying dispersal through 

existing occurrence patterns throughout a landscape. This method was chosen 
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as it allows observations to be made that are directly relevant to the landscapes 

studied and the invertebrate communities existing within them. The study 

carried out in Chapter 2 was designed to develop conclusions to underpin the 

development of the conservation management plans for these landscapes, and 

the data gathered using species occurrence patterns were considered likely to 

best facilitate this. In addition to developing a better understanding of species 

movement abilities through the woodlands studied, this method can provide 

information on habitat patches that are ‘hot-spots’ for rare species, which could 

be prioritised in future conservation efforts (Ranius, 2006).  

 

Spatial scales that are relevant to saproxylic beetle dispersal 

Dispersal studies using the above methods have found saproxylic species to be 

associated with a range of different scales of habitat connectivity (Ranius et al., 

2011).  Several studies into the dispersal of specific beetle species have 

identified the importance of local habitat presence at a small scale. For 

example, the majority of dispersal journeys recorded for Osmoderma eremita 

were less than 50 m in length (Hedin et al., 2008). Similarly, the distances of 

less than 100 m between trees can be enough to negatively impact the 

dispersal of B. reticulatus between fungal fruiting bodies (Sverdrup-Thygeson & 

Mitgaard, 1998). 

Populations of other species have been found to be more sensitive to habitat 

density changes across greater distance ranges, indicating that they can 

disperse further to access more distant habitat resources (Saint-Germain & 

Drapeau, 2011). For example, habitat cover at scales between 800 m and 2,000 

m were found to be most influential on the abundance of several species of 

Cerambycidae (Saint-Germain & Drapeau, 2011). Another study found that 

beetle species that live on hollow oak trees responded to tree density at 

differing spatial scales, between 52 m2 and >5,200 m2 (Bergman et al., 2012).  

Despite the habitat scale for some species being found to be low, Økland et al. 

(1996) found that 40 x 40 m scale was too small to allow meaningful study of 

the community-level relationships with habitat density in a flight interception 

trapping study. This suggests that, although some highly dispersal limited 
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species exist, most saproxylic species are able to disperse further than 40 m 

and use more widely spaced habitat patches (Økland et al., 1996). In fact, 

Økland et al., (1996) found that habitat variations at the largest scale included in 

the study (4 km2) were the most meaningful for saproxylic dispersal. Similarly, 

Bergman et al. (2012) found that overall species richness of saproxylic beetle 

diversity in a tree was most significantly influenced by habitat density at a scale 

of 2,284 m. 

Overall, scales from approximately 50 m2 to over 5,000 m2 have been found to 

be variably important for saproxylic dispersal (Hedin et al., 2008; Saint-Germain 

& Drapeau, 2011; Bergman et al., 2012). Chapter 2 of this thesis investigates 

spatial scales within this range to add to existing knowledge on dispersal 

strategies. The studies reviewed in this section also highlight that responses to 

habitat density at a community level, using measures such as species richness 

may not reflect the nuances of individual species dispersal responses (Bergman 

et al., 2012). As a result, the research in Chapter 2 of this thesis encapsulates 

both community and species-level dispersal in its findings.  

• A case study of an umbrella species approach to habitat 
connectivity planning - Osmoderma eremita 

As community-level responses to habitat density have been found to occur at 

greater scales than that of some vulnerable species, it is important to ensure 

that the species with the lowest dispersal capacities are not forgotten in 

management decisions. To do this, the designation of species with lower 

dispersal tendencies as ‘umbrella species’ can be a useful conservation 

practice (Hedin et al., 2008). One example of this is the previously mentioned 

Scarabaeid beetle species O. eremita (Ranius, 2002; Hedin et al., 2008). In 

addition to being featured on the red-list, O. eremita has a life strategy that 

involves developing and feeding exclusively within tree hollows, a trait which is 

associated with low dispersal (Ranius & Hedin, 2001; Ranius, 2002). 

Dispersal of O. eremita, between trees has been shown to occur infrequently, 

over generally short distances (Ranius & Hedin; 2001; Hedin et al., 2008). 

Using mark-recapture methods, Ranius & Hedin (2001) estimated the dispersal 

rate to be 15% of individuals over 5 years. With this low dispersal tendency, 
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O.eremita is faced with a challenge of finding new mates in newly inhabited 

territory. It is thought to overcome this challenge by mating before dispersal to 

increase the chances of forming a new colony in a new habitat (Svensson et al., 

2011). However, this may still leave this species under threat of becoming 

genetically bottlenecked and bring the associated risks of vulnerability to 

disease or other stochastic events (Bohonak, 1999). As a result of these 

findings, Ranius and Hedin (2001) suggest that habitat fragmentation at a scale 

of a few hundred meters could be detrimental to the local population structures 

of O. eremita. 

By understanding the needs of this particularly vulnerable species, conservation 

strategies can be better shaped to ensure that they accommodate species 

under the highest threat of local extinction. The low dispersal distance of O. 

eremita combined with its preference for high quality rot hole habitats make it an 

ideal indicator species (Ranius, 2002). Therefore, managing landscapes to 

protect O. eremita would have residual benefits for large proportions of the 

coexisting saproxylic fauna.  

Despite this, using an umbrella-species-led approach can carry a risk of 

focusing too strongly on the requirements of the chosen species at the expense 

of other threatened species with differing needs (Ranius et al., 2011). For 

example, the presence of beetle species with greater rarity statuses, including 

Elater ferrugineus and Tenebrio opacus, have been shown to be linked to 

habitat connectivity on larger scales than those required by O.emerita (Ranius 

et al., 2011). This means that E. ferrugineus and T. opacus disperse over longer 

distances and would benefit from habitat patches at greater distances from their 

source populations than O.emerita (Ranius et al., 2011).  As a result, these 

species would require different habitat management considerations than 

O.emerita, with a greater prioritisation of long-distance habitat connectivity 

(Ranius et al., 2011). This shows that, whilst umbrella species can constitute an 

effective starting point in designating protected areas for habitat connectivity, it 

is important to maintain a community-wide, site-specific perspective in 

conservation decisions to ensure that the requirements of other valuable 

saproxylic species are not overlooked.  
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Considerations of dispersal in conservation 

When making conservation decisions regarding habitat connectivity, it is 

important to consider the density of habitat patches in combination with habitat 

quality (Ranius & Kindvall, 2006). The most efficient and appropriate 

conservation measures for a landscape can vary according to factors such as 

landscape history, current habitat distributions and the potential for rapid habitat 

restoration in the area (Ranius & Kindvall, 2006). Therefore, each landscape 

should be considered for its unique character and invertebrate community when 

making conservation decisions. To enable this, Chapter 2 of this thesis 

gathered data on the density and microhabitat characterisation of veteran trees 

in wooded landscapes, which can feed into conservation decisions at the 

studied sites. 

 

 

1.4 - Conservation of saproxylic invertebrates 

Protecting existing woodland habitat 

As loss of habitat is a key threat to saproxylic invertebrates, the protection of 

remaining, existing deadwood habitats is a clear priority for their conservation 

(Davies et al., 2008; Woodland Trust, 2013, 2021). Encouraging progress in 

woodland protection is currently being made, with forest area dedicated for 

biodiversity conservation in Europe having increased by half a million hectares 

every year between 2001 and 2011 (Forest Europe, UNECE & FAO, 2011). 

Despite this, a lack of guidelines ensuring the appropriate spatial design of 

protected areas, in combination with insufficient collaboration between 

stakeholders and inadequate funding, mean that current forest protections may 

not be enough to ensure the long-term persistence of biodiversity (Branquart et 

al., 2008). 
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Approaches to the protection of deadwood resources  

There are various approaches to the preservation of saproxylic resources, 

including the protection of whole woodlands areas that are rich in deadwood 

habitats, and the protection of individual trees that confer particular saproxylic 

value (Pryor & Peterken, 2001). European and UK-specific legislation exists for 

these approaches to provide guidelines on their application and facilitate their 

enforcement (Pryor & Peterken, 2001).  

Although these coordinated protection regulations provide a useful basis for 

habitat conservation, they should not overlook the fact that wooded landscapes 

require individual consideration (Forestry Commission, 2003).  There is no one-

size-fits all approach to woodland management, and it is important that wooded 

landscapes are managed according to their unique characteristics and the 

assemblages of species that they host (Natural England, 2000; Forestry 

Commission, 2003). For example, wet woodlands benefit from the promotion of 

natural regeneration through reduced grazing pressures, while many lowland 

woods benefit from more active management to create open areas (Forestry 

Commission, 2003). Unfortunately, evidence of the effectiveness of different 

management techniques for saproxylic invertebrate conservation is currently 

lacking, as there have been few long-term field studies collecting high-quality 

data on their effects (Davies et al., 2008). Therefore, it is important that 

management programmes incorporate sufficient monitoring to understand how 

the activities carried out influence saproxylic populations in practice.  

In addition to protecting existing resources, wooded landscapes should also be 

managed with the future in mind. This may involve the creation of new 

resources to improve connectivity and ensure habitat representation over time 

(Natural England, 2000; Jansson, Ranius, et al., 2009; Bengtsson et al., 2012). 

The creation of these new resources can take a long time; however, as 

discussed later in this section, novel research is being conducted into more 

short-term methods of plugging potential gaps in the continuity of saproxylic 

habitats (Jansson, Ranius, et al., 2009; Bengtsson et al., 2012). The research in 

Chapter 3 of this thesis further builds upon this concept.  
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Protecting valuable woodlands 

There are various regulations under which woodland areas, and the valuable 

deadwood resources that they contain, receive statutory protection. One of 

these is the Habitats Directive, which is European legislation that was adopted 

in 1992 for the protection of rare, threatened, or endemic species (European 

Commission, n.d.; Council of the European Community, 1992). It forms the 

basis of the designation of Special Areas of Conservation (SAC) under Natura 

2000, a coordinated network of protected areas (European Commission, n.d.; 

Pryor & Peterken, 2001). European member states are required to implement 

appropriate conservation measured for SACs and make efforts to prevent their 

disturbance and deterioration (Council of the European Community, 1992). The 

Habitats Directive covers various types of natural/semi-natural woodland which 

are likely to carry valuable stocks of decaying wood (Council of the European 

Community, 1992). 

Since the UK left the EU in 2020, protected sites in the UK are no longer 

considered a part of the Natura 2000 network (Defra, 2021). Instead, in the UK 

SACs are considered alongside Special Protection Areas (SPA) in the 

designation of the National Site Network (Pryor & Peterken, 2001; Defra, 2021; 

JNCC, 2022a). These SPAs, which began to be implemented in the 1980s, are 

designated specifically for the protection of birds and are classified under a 

several sets of regional conservation regulations (JNCC, 2022a). As they are 

tailored towards birds, SPAs contain a high proportion of wetland areas; 

however, they do contain some valuable woodland sites including the New 

Forest and Ashdown Forest (JNCC, 2022b). The condition of SPAs is regularly 

monitored by Statutory Nature Conservation Bodies (SNCB) and results of this 

are used to assess the status of protected species within them (JNCC, 2022a). 

In the UK, the designation of Sites of Special Scientific Interest (SSSI) is one of 

the primary mechanisms for statutory protection of areas with ecological and 

geological interest (Pryor & Peterken, 2001). National countryside government 

agencies are legally responsible for the protection of their respective SSSIs 

(Pryor & Peterken, 2001). As of 2001, 23% of ancient semi-natural woodlands 

were designated as Sites of Special Scientific Interest (SSSI) (Pryor & 

Peterken, 2001). 
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A further method of site protection in the UK is the designation of sites as 

National Nature Reserves (NNR) (Pryor & Peterken, 2001). The status of NNR 

is designated to sites that are already classified as SSSIs and represent 

particularly high-quality examples of the habitat/landscape type that they 

represent (NatureScot, n.d.; Pryor & Peterken, 2001). They are chosen based 

upon particularly unique and outstanding attributes that are deemed worthy of 

special consideration in conservation (NatureScot, n.d.). In 2001, England 

contained 9,185 ha of woodland habitat under NNR designation, comprising a 

range of Biodiversity Action Plan (BAP) woodland types including mixed 

deciduous woods, western oakwoods, wet woodland, ancient parkland/wood 

pasture, beech/yew woods, coniferous plantations, and upland ashwoods (Pryor 

& Peterken, 2001). 

 

Protecting pasture woodland 

Conservation policy has been shaped by a framework based upon set 

vegetation/woodland categories (Alexander, 2016a). Because of this, closed 

canopy woodland has historically received the most conservation attention, with 

pasture woodland, comprising a heterogenous mosaic of habitats and 

conditions, being misclassified and neglected (Miklín & Čížek, 2014; Alexander, 

2016a). The open, sun exposed conditions in pasture woodlands have 

historically provided trees the opportunity to grow without excessive crown 

competition, allowing them to reach very old ages and develop a wealth of 

deadwood habitats (Kirby et al., 1995). As a result, pasture woodlands are one 

of the most important woodland types for saproxylic invertebrates (Alexander, 

1999). However, pasture woodlands have experienced considerable depletion 

(Miklín et al., 2018). For example, between 1903 and 1995, 43% of parkland 

areas in Lincolnshire were lost and a further 23% reduced in size (Kirby et al., 

1995). This demonstrates that they have historically not been appreciated for 

their deadwood habitat value in conservation management planning (Alexander, 

2016a).  

Perception of the value of pasture woodlands is now increasing and recent 

government guidance states that ancient pasture woodlands should be valued 

to the same extent as other ancient woodland types in planning decisions 
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(Natural England & Forestry Commission, 2022). Pasture woodland is now 

listed as a UK Biodiversity Action Plan priority habitat and is given special 

consideration in the designation of woodland as SSSIs (BRIG, 2011; Latham et 

al., 2018).  

Pasture woodlands are vulnerable to management changes that may cause 

them to become more shaded and enclosed, such as ‘hands-off/rewilding’ 

approaches in which succession is allowed to naturally progress (Miklín et al., 

2018; Ranius & Jansson, 2000). This is because tree mortality increases under 

enclosed conditions, causing increased losses of valuable veteran trees (Miklín 

et al., 2018). Trees are also more likely to die before reaching a veteran stage 

under closed woodland conditions (Miklín et al., 2018).  As a result, techniques 

that promote disturbance and thinning, such as those used in past traditional 

management, enhance the health and resilience of pasture woodland (Miklín et 

al., 2018; Clark & Schweitzer, 2016). Therefore, it is important to not only 

protect pasture woodland areas from loss through development but also to 

ensure that they are sensitively and appropriately managed to preserve their 

unique character into the future (Grove, 2002). Chapter 2 of this thesis provides 

data to fill knowledge gaps on the optimal management strategies for these 

vulnerable habitats so that protection designations can be most appropriately 

applied in the future.  

 

Protecting individual trees 

Trees outside woodlands such as those found in hedgerows, urban areas, or 

arable field margins can contribute to important wildlife corridors and provide a 

refuge that enhance local species richness (Merckx et al., 2012; Feber, 2017). 

However, in a similar way to pasture woodlands, trees outside woodlands can 

be overlooked in conservation decisions, being vulnerable to loss through 

development and land use change (Nolan et al., 2020). They are afforded some 

protection through various legislations and guidelines, for example, felling 

licences are required for the removal of any tree unless it falls within a list of 

exceptions (such as trees with a low diameter, those that are infected with a 

quarantined disease/pest or that present a danger to people or property) 

(Forestry Commission, 2020). Official recommendations also state that trees 
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with arboriculture, landscape, cultural, or conservation value should be retained 

during construction activities (British Standards Institution, 2005). 

Additionally, individual trees may be afforded protection through tree protection 

orders (TPOs) (Natural England, 2000; Woodland Trust, 2011; Forestry 

Commission, 2020). These are given at the discretion of local planning 

authorities, usually to trees with particular landscape interest (Natural England, 

2000). Permission from the local authority must be given for work to be carried 

out on a tree that has been placed under a TPO, with unauthorised work 

resulting in a fine (Natural England, 2000). Similarly, trees within local 

conservation areas or other conservation designated zones such as Sites of 

Special Scientific Interest (SSSI) are afforded protection from unauthorised 

work (Natural England, 2000). 

Trees may also benefit from protections afforded to other species that inhabit 

them, such as bats (Natural England, 2000; Woodland Trust, 2011). Specific 

tree-related activities that are controlled for the protection of bats include the 

removal of branches from mature trees and the removal of woodlands and 

hedgerows that may be used for bat ‘commuting’ (Natural England & DEFRA, 

2014a). 

A further safeguarding method that is used to prevent damage of notable trees 

during construction work is the enforcement of root protection areas (RPA) 

within which soil disturbance should be avoided in order to maintain root and 

tree health (Woodland Trust, 2011). This is calculated as 12x the diameter of a 

tree trunk diameter breast height (DBH), although a greater area of 15x the 

DBH is recommended for particularly vulnerable ancient trees (Woodland Trust, 

2011). This is particularly important as root compaction has been reported as 

the most common threat to ancient trees (Nolan et al., 2020). 

Unfortunately, the weak enforcement of these protections and the fact that 

many valuable trees fall outside of their scope mean that veteran trees remain 

under threat in the UK landscape (Woodland Trust, 2021b). This further 

exacerbates the decline in deadwood resources and the resultant impacts on 

saproxylic communities, which drives the conservation-based research of the 

present study.  
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Protecting connectivity features 

Hedgerows can act as corridors to aid species movement between woodland 

patches (Zhang & Usher, 1991; Beier & Noss, 1998; Petit & Usher, 1998). 

Woodland associated mammals, birds and invertebrates benefit from the 

structural complexity of hedgerows as protective cover when moving across 

otherwise more hostile landscape types (Davies & Pullin, 2007). Such 

connectivity positively influences gene flow and the resilience of species to 

changing conditions such as those brought by climate change (Coulon et al., 

2004; Heller & Zavaleta, 2009). In the UK, hedgerows receive government 

protection when they meet criteria relating to length, age, location and 

associated species (Natural England & DEFRA, 2014b). 

 

Monitoring woodland resources to understand deadwood distributions 

Creating inventories of veteran trees and woodland is essential for the 

protection of saproxylic resources, as it is important to have a comprehensive 

understanding of where trees of greatest value lie so that they may be 

protected. Within the UK, several initiatives have endeavoured to gather records 

of ancient and veteran tree resources to allow improved conservation planning 

and habitat protection. One of these is the ancient woodland inventory (AWI), 

which was initiated by Natural England in 1981 (Spencer & Kirby, 1992; Whittet 

et al, 2015). This aimed to aid the selection of sites for SSSI status and to 

identify priorities for future survey work (Whittet et al., 2015). A problem with the 

AWI is that it does not represent ancient trees that occur in low-density 

situations such as pasture woodlands (Natural England & Forestry Commission, 

2022). To account for this, Natural England has also formed a Wood Pasture 

and Parkland inventory (Frith et al., 2009). This was collated using a 

combination of existing datasets, historic maps, aerial photography and ground-

truthing (Frith et al., 2009). 

In addition to woodlands, ancient trees with great ecological value also occur in 

a wide range of other situations such as hedgerows, arable land and urban 

areas (Feber, 2017; Forest Research, 2017). Such trees are termed Trees 

Outside Woodlands (TOW) (Brown & Fisher, 2009; Feber, 2017). In order to 

ensure that TOWs are recorded alongside those in woodlands, a record of 
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ancient, veteran and otherwise notable trees in the UK has been accumulated 

in the Ancient Tree Inventory (ATI) through the work of citizen scientists (Nolan 

et al., 2020). Approximately 12,300 ancient and veteran trees have been 

recorded on the Ancient Tree Inventory with many more awaiting inclusion 

(Woodland Trust, 2021b). In addition to this, the National Tree Inventory (NTI) 

periodically analyses maps and aerial photographs to estimate forest and tree 

resources, with verification carried out through fieldwork in a subsample of sites 

(Forest Research, 2017, 2019). 

 

Umbrella species for the designation of protected woodland 
 

The ‘umbrella species’ concept mentioned in section 1.3 can be used in a 

practical context in the selection of protected areas to ensure the persistence of 

high-quality habitats and vulnerable community assemblages (Simberloff, 1998; 

Gouix et al., 2015; Eckelt et al., 2018). There are currently 23 species of 

saproxylic beetle that are protected through the Habitats Directive, specifically 

selected for their associations with threatened habitats (Council of the European 

community, 1992; Hardersen & Zappioni, 2018). By recording the presence of 

these species, the quality of a woodland can be monitored, allowing appropriate 

protections and conservation measures to be applied. Additionally, as 

mentioned in section 1.3, managing landscapes for umbrella species can 

promote beneficial woodland connectivity (Hedin et al., 2008). 

 

• Limoniscus violaceus – a saproxylic umbrella species 

The violet click beetle (Limoniscus violaceus) is an endangered species that is 

currently protected under various pieces of legislation including the Wildlife and 

Countryside Act and the European Commission Habitats Directive (Wildlife and 

Countryside Act, 1981; Council of the European Community, 1992; Nieto & 

Alexander, 2010). It is considered an umbrella species as it requires high-

quality basal tree hollow habitat to survive (Gouix et al., 2012). It is recognised 

throughout Europe as a relic of old-growth woodlands and it is generally rare 

and sparsely distributed throughout its range, having gone extinct in some 

localities (Gouix et al., 2012). 
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Due to its preference for ancient trees, L. violaceus is thought to be associated 

with pasture woodlands where open-grown trees have adequate light conditions 

to reach particularly old ages (Alexander, 2009). However, L. violaceus is also 

known to breed in enclosed, unmanaged forests (Gouix et al., 2012). This 

discrepancy is likely linked to the fact that L. violaceus exhibits little preference 

for specific tree species, having been recorded from a range of broadleaved 

trees including beech (Fagus spp.), oak (Quercus spp.), ash (Fraxinus spp.), 

alder (Alnus spp.), elm (Ulmus spp.), and others (Gouix et al., 2012). These tree 

species mature differently in more enclosed forest conditions, resulting in some 

species developing appropriate microhabitats under greater levels of shade, 

whereas others require the sun exposure that is typical of pasture conditions 

(Ligot et al., 2014). This lack of specialisation of L. violaceus regarding tree 

species highlights the homogenising effect of extensive decay on the nature of 

deadwood, as unique tree-associated defence chemicals and wood structures 

are broken down (Stokland et al., 2012). 

L. violaceus is known to prefer large diameter trees that have extensive 

hollowing at the base containing wood mould that forms a continuous gradient 

with the soil below (Gouix et al., 2015). It uses more solid clumps of decaying 

wood as a pupation site, so a lack of uniformity of wood mould texture is 

beneficial (Gouix et al., 2012). The moisture content of wood mould substrate 

has also been found to be an important factor in L. violaceus habitat selection 

(Gouix et al., 2015; Cuff, Müller, et al., 2021). As in many other species of 

saproxylic insect, L. violaceus has been observed visiting flowers (Whitehead, 

2003; Falk, 2021). Specifically, it has been recorded on the blossom of 

hawthorn trees on two separate occasions at different sites in the UK 

(Whitehead, 2003). This supports the tendency of L. violaceus to survive well in 

pasture woodlands, as hawthorn is a staple of such open, grazed situations and 

is rarely found in more shaded forest situations (Quelch, 2000; Jørgensen & 

Quelch, 2014).  

 

Finding and monitoring umbrella species 

For umbrella species to be used effectively in site designation and protection, 

they must be monitored to gain an understanding of their distributions and 
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success levels at different sites. This constitutes a problem for saproxylic 

umbrella species such as L. violaceus, as they are very reclusive and rarely 

observed outside of their tree-hollow habitats (Whitehead, 2003). It can be 

difficult to investigate such habitats thoroughly without negatively impacting the 

target species, because survey methods such as the excavation of wood mould 

can cause disturbance and damage to their habitats (Gouix & Brustel, 2012). 

Other methods, such as pitfall trapping, introduce an increased risk of killing 

specimens of the target species (Woodcock, 2005). They can also require 

extensive time investment of researchers when emptied frequently to reduce 

killing risk, which can be costly in funding-limited research projects.  

To circumvent these problems, less intrusive and time-intensive species 

surveying techniques are being investigated, for example the use of species-

specific sex hormone pheromone lures to attract males present in an area 

(Svennson et al., 2012; Musa et al., 2013). A notable example of this was a 

pheromone successfully developed for the uncommon saproxylic beetle Elater 

ferrugineus which also inhabits tree hollows (Svennson et al., 2012; Musa et al., 

2013). The pheromone has subsequently been used to elucidate the true extent 

of Elater ferrugineus populations and better understand their habitat 

requirements (Musa et al., 2013). Whilst no pheromone has yet been developed 

for L. violaceus, work is in progress (D. Harvey, 2019, pers. comm.). If 

successfully formulated, this would be a valuable tool to properly assess the 

true distribution of the species. However, pheromones should be used with 

discretion as the repeated attraction of males to lures could have detrimental 

impacts on actual mating activities (Svennson et al., 2012). Although 

pheromone work has yet to take place, L. violaceus has been successfully lured 

to cat food baits (D. Heaver 2021, pers. comm.). This could indicate that L. 

violaceus benefits from the presence of incidental carrion in tree hollows. 

In addition to lure-based surveying methods, a trained dog has successfully 

been employed to indicate the presence of adult and larval Osmoderma eremita 

(Mosconi et al., 2017). The dog was able to identify O. eremita presence to a 

high degree of accuracy and demonstrated the ability to distinguish the smell of 

O. eremita from that of other Scarabaeidae species (Mosconi et al., 2017). This 

survey approach prevents disturbance and damage of beetle populations that 
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may be caused by manual surveying and has the potential for use with other 

rare umbrella species. 

The analysis of environmental DNA (eDNA) has allowed the successful 

detection of species (including rare and invasive ones) in substrate samples, for 

example in freshwater systems (Rees et al., 2014). If it was possible to extract 

and analyse eDNA from samples of deadwood substrates such as wood mould, 

this could be a useful method of monitoring saproxylic umbrella species. 

However, attempts to use eDNA in deadwood contexts have so far yielded low 

levels of success in the detection target beetle species (Winiger et al., 2022). 

This was thought to be a result of extensive degradation of DNA fragments in 

the deadwood substrates, potentially through interaction with extracellular 

fungal enzymes and low pH levels (Winiger et al., 2022). It has therefore been 

suggested that eDNA is not currently a reliable method for detecting the 

presence of saproxylic beetles (Winiger et al., 2022). However, it is possible 

that advancements in sampling and DNA extraction protocols may increase the 

applicability of eDNA to monitoring invertebrates in deadwood contexts in the 

future (Winiger et al., 2022). 

The work in Chapter 3 of this thesis constitutes a potential conservation 

initiative for L. violaceus. Therefore, is possible that several of the innovative 

monitoring techniques outlined in this section may be applied alongside the 

experimental infrastructure set up for this study to enable forward research 

programmes in the future. 

 

Managing woodland resources for saproxylic invertebrates 

Tree planting and the creation of new woodland 

Despite historical deforestation in Europe, the trend has now switched towards 

woodland expansion, with forest area in Europe having increased by 5.1 million 

ha between 2005 and 2011 (Forest Europe, UNECE & FAO, 2011). Woodland 

cover has doubled in the UK and Ireland over the past 100 years and is now 

estimated to cover approximately 13% of land (Woodland Trust, 2021b) 

However, many new areas of woodland in the UK suffer from poor planning and 

often comprise of ecologically poor, non-native tree species (Woodland Trust, 
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2021b). This could lead to woodlands of the future being unsuitable to support 

local saproxylic faunas.  

The benefits of future woodlands could be maximised if they were planned in a 

way that enhanced pre-existing resources. The Woodland Trust (2021b) 

recommends that new woodland patches should be designed to extend existing 

native woodland and connect patches of semi-natural habitat where possible. 

This enhanced woodland connectivity would promote the resilience of local 

invertebrate communities (Schiegg, 2000a).  Natural tree colonisation provides 

a cost- and resource-effective method to achieve this (The Woodland Trust, 

2021b), because natural tree regeneration creates resilient woodlands, rich in 

structural heterogeneity, which promotes biodiversity (Forestry Commission, 

2021). Nonetheless, it does involve some sacrifices, such as the ability of 

planners to control and predict the nature of the resulting woodland. Where tree 

planting does occur, strategies such as rigorous border checks of imported 

trees should be enforced, to minimise associated risks of introducing new pests 

and diseases (Woodland Trust, 2021b). 

 

Managing existing woodlands appropriately 

The management approaches employed in woodlands have a great influence 

on their saproxylic value. As discussed in section 1.2, intensive extraction of 

trees and ‘forest hygiene’ practices mean that managed forests typically contain 

lower volumes of deadwood and lower numbers of decaying wood 

microhabitats than natural forests (Stokland et al., 2012). As a result, managed 

forests have been found to support a lower saproxylic insect diversity, with the 

use of clear cutting strongly altering the species composition of saproxylic 

communities (Siitonen, 2001; Heikkala et al., 2016).  To support and conserve 

saproxylic invertebrates, it is recommended that forest management practices 

leave areas of deadwood where appropriate, including a range of different 

deadwood types to ensure high quality of habitat (Sippola et al., 1998). Leaving 

selected trees in an otherwise heavily managed woodland can provide open-

grown deadwood resources that provide suitable habitat for many species of 

insect, including several that are rare and threatened (Kalia et al., 1997).  
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Despite commonly perpetuated myths, integrating deadwood into forest 

management practices is not likely to increase the risk of pest outbreak or forest 

fires (Stokland et al., 2012). Moreover, active deadwood promotion in managed 

woodlands has been found to significantly increase local saproxylic biodiversity 

over short timescales (Doerfler et al., 2018). This shows the potential for 

productive woodland to aid in the habitat connectivity of woodland nature 

reserves over wider landscapes (Doerfler et al., 2018). The designation of land 

as deadwood patches does carry a cost of decreased wood product yield (Zumr 

et al., 2021). However, if the areas designated for biodiversity are chosen 

carefully, these costs can be minimised, with a compensatory benefit 

associated with the delivery of woodland ecosystem services through 

biodiversity, as described earlier in section 1.1 (Stokland et al., 2012; Doerfler et 

al., 2018; Zumr et al., 2021). In addition to woodland health gains, schemes 

have also been suggested in which landowners receive monetary compensation 

for the role that their land plays in biodiversity enrichment (Mitani & Lindhjem, 

2015; Zumr et al., 2021). This is because increased conservation 

implementation would help governments meet their targets in environmental 

protection and improvement (Environment Act, 2021). 

 

Islands of diversity among plantation forests 

One method to improve the ecological diversity of productive forests is to leave 

designated areas of woodland untouched, allowing trees to naturally age and 

deadwood to accumulate (Lachat & Bütler Sauvaun, 2007). These patches 

have been termed ‘islands of senescence’ (‘îlots de sénescence’) (Lachat & 

Bütler Sauvaun, 2007). A similar concept, ‘islands of ageing’ (‘îlots de 

vieillissement’), has also been proposed, whereby trees are allowed to age to a 

certain extent, but are removed before they die and are not left as deadwood 

(Lachat & Bütler Sauvaun, 2007; Mason et al., 2016). However, it has been 

argued the ‘islands of ageing’ approach can be counterproductive, as habitat 

accumulation is minimal and the removal of trees at an early stage can damage 

pioneering saproxylic insects that are beginning to use the maturing resources 

(Lachat & Bütler Sauvaun, 2007).  
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For the ‘islands of senescence’ method to be effective, they should be large 

enough to ensure the continued presence of a complete range of decay stages 

(Lachat & Bütler Sauvaun, 2007). A minimum size of 0.5 ha has been 

suggested, however, larger decay islands would likely offer greater biodiversity 

benefits (Jakoby et al., 2010; Müller et al., 2012).  The approach has been put 

into practice in Switzerland and France, where financial compensation is offered 

for the inclusion of islands of senescence in productive forests (Bütler et al., 

2006; Mason et al., 2016). Inventories of existing islands of decay have shown 

that they can contain saproxylic microhabitats at an even greater density to 

natural forests (Bütler et al., 2006; Lachat & Bütler Sauvaun, 2007).  

 

Manmade microhabitat Islands  

While ‘islands of senescence’ seek to incorporate ancient woodland features as 

complete habitat patches on a landscape scale, there are other methods being 

developed to enhance the presence of individual microhabitats in existing 

woodland situations (Rotheray, 2004; Jansson, Ranius, et al., 2009; Bengtsson 

et al., 2012). These methods are particularly valuable for increasing the 

representation of microhabitat-types that can take a long time (as long as 

several hundreds of years) to develop naturally (Jansson, Ranius, et al., 2009; 

Ranius et al., 2009). Examples of microhabitat-focused practices include the 

veteranisation of trees and the introduction of manmade structures designed to 

mimic natural tree-decay scenarios (Rotheray, 2004; Jansson, Ranius, et al., 

2009; Bengtsson et al., 2012). These measures can be employed to 

supplement areas of woodland that have declined in quality over time, for 

example where ancient trees approach the end of their lives without the 

appropriate woodland age structure to ensure a consistent presence of 

saproxylic microhabitats (Bengtsson et al., 2012). They also have potential for 

use in improving connectivity of fragmented wooded landscapes by providing 

habitat stepping-stones to saproxylic species (Hilszczański et al., 2014). 

• Veteranisation and habitat maintenance 

Veteranisation is a process by which trees are intentionally damaged in a way 

that exposes heart wood to air, allowing it to dry out enough to create a suitable 

moisture level for fungi to grow (Bengtsson et al., 2012). This process may be 
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aided by the direct inoculation of heart-rot associated fungi into specially 

created holes in trees (Wainhouse & 

Boddy, 2021). These activities mimic the 

cumulative damage that occurs over a 

tree’s lifetime and speed up age-associated 

processes (Bengtsson et al., 2012). 

Therefore, through veteranisation, trees 

can exhibit decay-habitat features usually 

found on ancient trees at younger ages 

(Bengtsson et al., 2012). 

On the opposite end of the spectrum to 

promoting the early formation of saproxylic 

habitats through veteranisation, it is also 

possible to extend the life of pre-existing 

resources that are deteriorating. Trials have 

been carried out involving the re-erection of 

fallen trees by standing them up vertically 

and securing them to existing standing structures (Figure 1.1) (Whitehead, 

2003). Re-erecting trees aims to slow their decay and increase their lifespan as 

a cavity habitat for invertebrates, however this process is still at an exploratory 

stage. 

• Hoverfly lagoons 

One example of a saproxylic microhabitat that has been successfully recreated 

through human intervention are water-filled rot holes or ‘phytotelmata’ 

(Rotheray, 2004; Kitching, 1971). These deep tree cavities filled with water are 

used as development sites for a variety of insect larvae, notably including a 

range of hoverflies (Syrphidae) (Ulyshen, 2018).  Phytotelmata provide these 

larvae with food in the form of accumulated bacteria, algae and detritus, as well 

as with stable temperature conditions to facilitate their development (Kitching, 

1971).  

Of the hoverflies that use phytotelmata, a few species are considered of 

conservation concern, including Callicera spinolae and Blerra fallax, both of 

which are included in the Biodiversity Action Plan list of priority species (JNCC, 

Figure 1.1. An example of a 
dead tree that has fallen and 
been re-erected at Windsor 
Forest. 



44 
 

2007; Rotheray, 2004; Rotheray, 2012; Rotheray et al., 2016). To supplement 

the conservation of both of these species, successful trials have been carried 

out involving the experimental creation of artificial rot-holes to act as breeding 

sites in areas where they were present (Rotheray, 2004; Rotheray, 2012). The 

methods of creating artificial rot holes for hoverflies have included filling plastic 

bottles with rotting material and using chainsaws to create new hollows in 

existing tree stumps (Rotheray, 2004; Rotheray & Rotheray, 2012).  

Hoverfly lagoons have also been used as an educational tool to teach members 

of the public about rot-hole specialist invertebrates (Kilburn Junior School, n.d.). 

They are particularly suitable for this as they are low-cost and can be set up in 

positions that are easily accessible to aid observation (Buzz Club, 2018). Their 

accessibility to members of the public has also fed into the use of hoverfly 

lagoons in a citizen science project in which participants are encouraged to 

gather data on hoverfly larval numbers (Buzz Club, 2018). 

• Beetle boxes 

Another example of the artificial replication of a naturally occurring deadwood 

microhabitat can be found in the form of ‘beetle boxes’. These are containers 

filled with a decaying wood substrate installed into woodland landscapes 

(Jansson, Ranius, et al., 2009). Several variations have been trialled including 

wooden boxes attached to tree trunks, hollowed tree stumps and even a small 

out-building filled with decaying wood (Jansson, Ranius, et al., 2009; Sherwood 

Forest, 2022; Blincow & Newton, 2019). These constructions are designed to 

provide analogous conditions to those found in tree hollows containing a fine, 

crumbly wood mould (Jansson, Ranius, et al., 2009). Beetle boxes have been 

shown to provide adequate conditions for the survival and reproduction of the 

rare beetle species, Osmoderma barnabita which requires similar habitat to the 

previously mentioned umbrella species, O. eremita (Hilszczański et al., 2014). 

Similarly, boxes installed in Sweden were inhabited with 91 species of 

saproxylic beetle, including 11 of conservation concern and several that were 

known specialists of rot-hole habitats (Carlsson et al., 2016).  

Beetle boxes require regular maintenance and content top-ups in order to 

function as habitat patches over longer periods of time as they are susceptible 

to damage in the field and the wood mould inside them naturally decays away 
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over several years (Carlsson et al., 2016). Because of the cost and time 

associated with this, beetle boxes may be most appropriately used as 

temporary solutions to support tree-hollow invertebrates until new cavities 

develop in real trees, potentially through the application of veteranisation 

practices. Nevertheless, research into the use of beetle boxes is only in its initial 

stages and they are likely to present several new opportunities for managing 

saproxylic invertebrates in the future. For example, there are several 

conservation applications of beetle boxes that have yet to be explored, such as 

their use in species translocations and as habitat stepping-stones (Jansson, 

Ranius, et al., 2009). Chapters 3 and 4 of this thesis explore several novel 

applications of the beetle box concept for saproxylic conservation and 

educational purposes. 

 

1.5. - Study aims and systems 

This study aimed to develop new knowledge relevant to key components of the 

various conservation strategies for saproxylic invertebrates presented above. 

These included: habitat use and dispersal, practical applications of novel 

conservation methods, and public education. The key aims of this research are 

outlined below. 

 

Study aims 

Chapter 2 seeks to address concerns related to saproxylic species dispersal by 

providing new data on the habitat requirements of saproxylic beetles including 

threatened species. This aims to inform tree planting regimes, so that future 

wooded landscapes can provide optimally spaced tree resources. Another aim 

is to highlight the most beneficial areas of a landscape to carry out 

veteranisation to ensure that habitat features remain sufficiently available 

(Bengttson et al.,2012). With strong enough evidence, these practices could be 

incorporated into environmental policy for the health of saproxylic communities 

in future open wooded habitats. 



46 
 

There has been little published research on the dispersal of saproxylic insects 

based in the UK. Most previous work has been carried out in countries with 

different invertebrate faunas and often different climatic conditions (Bergman et 

al., 2012; Percel et al., 2019). In addition, many studies that have aimed to find 

the limits of dispersal of specific beetles have focussed on species that are 

either absent or rare and restricted in the UK (e.g., Osmoderma eremita) 

(Ranius & Hedin, 2001; Ranius, 2006). To address this knowledge gap, Chapter 

2 aims to identify trends in the habitat-density dependence of a wider variety of 

species including those that are more common and widespread across the UK 

saproxylic landscape. It is hoped that this will generate new understanding 

relevant to the biodiversity of UK pasture woodland, providing a relevant basis 

for future policy.  

Furthermore, many previous dispersal studies have focussed on enclosed 

forest habitats (Schiegg, 2000b; Irmler et al, 2010). The research programme in 

Chapter 2 was designed to address this by encompassing veteran trees in a 

range of more open situations, including arable hedgerows and pastureland. In 

doing so, it aims to develop knowledge and appreciation for open-grown 

veteran trees, contributing towards better informed future conservation 

guidelines. It was envisaged that this work could increase understanding of the 

role of trees outside woodlands as habitat steppingstones. The knowledge 

generated from this could have important future implications as climate change 

increases the need for species to move across the landscape (Alexander, 

2012). These motivations resulted in the following key aims of Chapter 2: 

 

• Investigate how saproxylic invertebrates interact with habitat resources 

over different spatial distances across a UK open-grown oak wooded 

landscape. 
 

• Explore how the types of deadwood microhabitats represented influence 

the saproxylic invertebrate species found in veteran trees. 

 

In addition to better understanding the needs of saproxylic communities, this 

research was also designed to investigate novel, practical methods to aid in 

their conservation. The effectiveness of beetle boxes in supporting umbrella 
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species has previously been demonstrated (Hilszczański et al., 2016). Chapter 

3 sought to build upon this in applying a novel beetle box design tailored 

towards an umbrella species that uses a different type of tree hollow habitat. 

The specific design trialled was intended to replicate the conditions in tree 

hollows at the base of tree trunks, so that it might support local populations of L. 

violaceus and communities of other species using this habitat type. By 

monitoring these boxes after a year in the field, this study sought to explore 

colonisation rate of invertebrate communities into them. As a result, the 

research in Chapter 3 was developed to address the following aims: 

 

• Investigate the effectiveness of beetle boxes in attracting and supporting 

basal tree-hollow specialist saproxylic invertebrates. 
 

• Understand more about the timescales of species accumulation in newly 

formed wood mould resources through sampling beetle boxes after one 

year in the field.  
 
 

This research also seeks to identify optimal procedures for the application of 

beetle boxes regarding their resilience and ecological function. In order to do 

this, variations in the external construction materials used in beetle boxes are 

investigated. The research in Chapter 3 explores this by comparing plastic and 

wooden beetle box designs. The research in Chapter 4 was designed to explore 

this further through the preliminary trial of a concrete beetle box. In addition, by 

incorporating variations in the components used to form the internal wood 

mould, the research was designed to explore the impact of internal environment 

variation on invertebrate communities. The knowledge gained from this could 

support the development of optimal beetle box design and management 

practices. Observations surrounding the box structure and contents could 

inform changes to future methodologies, for example, by adjusting the moisture 

or nutrient levels in the wood mould, allowing boxes to increasingly meet the 

requirements of their target fauna. These intentions resulted in the following 

research aims: 
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• Explore the effectiveness of various construction materials on the ability 

of beetle boxes to imitate tree hollow conditions and support populations 

of saproxylic and deadwood associated beetle species 
 

• Study whether the addition of manure to beetle boxes affects the 

communities of colonising saproxylic and deadwood-associated 

invertebrates. 

 

• Identify implications of using sawdust from different tree species in the 

wood mould of beetle boxes communities of invertebrates inhabiting 

them 

 

In addition to the aforementioned applications, this thesis sought to further 

research the use of beetle boxes for the novel application of public education. 

Science communication is a growing priority in conservation, as greater 

understanding of the value of a resource is likely to result in increased 

consideration of its protection in policy (Bickford et al., 2012). The involvement 

of the public in conservation management schemes through sustained 

communication and creative opportunities for involvement can lead to greater 

levels of project success (Druschke & Hychka, 2015). The innovative and 

unusual nature of beetle boxes has high potential of captivating public attention 

and increasing appreciation of the invertebrate faunas that they are designed to 

protect. This could play a key role in the success of future projects involving 

beetle boxes and deadwood creation in the future. Chapter 4 of this thesis 

seeks to further investigate this potential by monitoring a beetle box in a more 

urban setting. The key aim for this was as follows: 

 

• Investigate the potential of beetle boxes to be used as educational 

resources to promote public understanding of the importance of 

deadwood for biodiversity in urban settings. 
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Study systems 

Invertebrate groups studied 

Saproxylic beetles were selected as a particular focus for this research as there 

is already a well-established research base surrounding their ecology. This 

means that it is easier to make meaningful interpretations of the results of the 

present research and fill poignant gaps in the existing research landscape 

through the study of beetles. In addition, there are several up-to-date 

identification keys for UK Coleoptera, making the identification of specimens 

particularly practical (Duff, 2012; Duff, 2016; Duff, 2020; Käfer Europas, n.d.). 

These recent resources also mean that there is a lower likelihood of errors in 

identification resulting from out-of-date taxonomy or the absence of more 

recently introduced species in the older keys that are relied upon for some other 

invertebrate groups.  

In order to maximise the interpretation of sample data, members of other 

invertebrate groups have been identified in Chapters 3 and 4 of this thesis 

where practical. These were used to make additional observations in the 

applications of beetle boxes for the wider community of saproxylic invertebrates 

that may utilise basal tree hollow habitats. 

 

Sites used to investigate the habitat use of saproxylic beetle in Chapter 2  

Previous tree mapping activities by Natural England were a major factor in the 

choice of using Stowe and Wimpole National Trust sites in this study. The 

previous survey work streamlined the process of choosing trees for trapping 

and allowed for local saproxylic-tree density analysis, making this study 

possible within the limited timeframe available.  

• Stowe 

Stowe is a National Trust-owned landscape containing an extensive medieval 

deer park, areas of semi-natural ancient woodland and landscaped gardens 

(Alexander et al. 2016). These landscape features surround Stowe House 

which was initially built in 1676 (Pevsner & Williamson, 1994). The National 

Trust funded surveys of Stowe’s saproxylic fauna between 1990 and 2000 
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which yielded several species of interest, including some records that were new 

to Buckinghamshire (Alexander, 1991; Fowles & Alexander, 1999). Stowe is 

currently the 33rd highest ranked site in the UK according to the Saproxylic 

Quality index, with a score of 550.9 (Fowles & Alexander, 1999; Fowles, 2022).  

• Wimpole 

Wimpole Estate comprises of landscaped gardens and parkland which are 

owned by the National Trust, surrounded by an extensive arable landscape 

(Alexander et al., 2016). The parkland was once a deer park before landscaping 

work began in the 18th century (Alexander et al., 2016). The majority of trees in 

the parkland area are horse chestnut (Aesculus hippocastanum) and common 

lime (Tilia × europaea). However, there is a strong presence of scattered old 

oak trees and the surrounding farmland has many ancient hedgerow trees with 

strong saproxylic potential (Alexander et al., 2016). Several previous surveys 

have identified Wimpole as a site of particular deadwood interest (Kirby, 2002; 

Damant & Kirby, 2005) The Saproxylic Quality Index ranking of Wimpole Estate 

the 27th highest in the UK, with a score of 573.0 (Fowles & Alexander, 1999; 

Fowles, 2022). 

 

 

Sites used to investigate beetle boxes in Chapter 3  

Windsor Forest and Bredon Hill are two of only three sites where L. violaceus is 

found in the UK. The presence of L. violaceus indicates that both sites possess 

high quality basal hollow habitat. This factor unites these sites despite their 

structural and compositional differences.  

• Bredon Hill 

Currently under the management of Natural England. Bredon Hill was 

designated as a Special Area of Conservation (SAC) due to the presence of L. 

violaceus (JNCC, n.d.). It contains areas of pasture woodland with ancient 

pollards as well as closed canopy Ash woodland and areas of coppice and 

scrub (Whitehead, 1996; Natural England, 2022). There are also areas of 

unimproved grassland containing several uncommon plant species which are 

characteristic of this habitat (Natural England, 2022).  It benefits from a 
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historical proximity with a more extensive woodland belt in the region 

(Whitehead, 1996).  Bredon Hill is the second highest ranked site in the UK 

according to the saproxylic Quality Index with a current SQI value of 854.7 

(Fowles & Alexander, 1999; Fowles, 2022).  

• Windsor Forest 

Windsor Park was formed in the 11th century (Natural England, 2019). Windsor 

Forest is considered internationally important due to the rare saproxylic 

invertebrates that have been found in its ancient, wooded landscapes (Natural 

England, 2019). It has even been suggested that Windsor Great Park and its 

associated forest could constitute the site with the greatest concentration of old 

oak trees in the world (Butler et al., 2002).  According to the Saproxylic Quality 

Index, Windsor Forest is the third highest ranked site in the UK with SQI value 

of 850.0, only a few points behind Bredon Hill (Fowles & Alexander, 1999; 

Fowles, 2022). The range of habitats across the site vary from parkland/pasture 

oak woodland, more shaded beech dominated woodland, ponds, grassland, 

and scrub (Natural England, 2019).  

The study in Chapter 3 took place in one of the more shaded areas of woodland 

in High Standing Hill. This is an example of the Special Area of Conservation 

qualifying habitat, atlantic acidophilous beech forest (Alexander, 2019a). Having 

previously been managed as an open pasture woodland, it also has a number 

of legacy ancient trees, some of which are known to be inhabited by L. 

violaceus - the target umbrella species for the beetle boxes (Alexander, 2019a; 

Natural England, 2019). Other rare beetle species found in the High Standing 

Hill area include Ischnodes sanguinicollis (Nationally Notable A) and 

Megapenthes lugens (RDB1) (Webb et al., 2018; Alexander, 2019a). High 

Standing Hill is also inhabited by several important species of saproxylic 

Diptera, including the royal splinter crane fly (Gnophomyia elsneri), the tree 

snipefly (Chrysopilus laetus) and the band-winged stilt-legged fly (Rainieria 

calceata) (Alexander, 2019a). In addition to invertebrates, Windsor Forest and 

Great Park support a great diversity of fungi including several rare species 

(Alexander, 2019a; Natural England, 2019). 
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The wildlife garden site used to investigate urban applications of beetle 
boxes in Chapter 4  

• Hilldrop 

Hilldrop is a wildlife garden in North London, near the border to Essex. The 

value of deadwood has been considered in the planning of the garden, with 

features such as log piles, veteran hawthorn trees, and a ring of standing 

deadwood being incorporated (Little, n.d.). Veteranisation practices have also 

been implemented in a willow tree on site (Little, n.d.). In addition to deadwood, 

the garden also contains three ponds and a range of other habitat features, 

many of which have a particular focus on providing resources for invertebrates 

(Little, n.d.; Gedge, 2017). As part of this habitat development, Hilldrop has 

been used as a site for the experimental trials of several novel biodiversity 

initiatives (Little, n.d.; McWaters, 2022). As a result, it has attracted 

considerable attention, and several workshop and public open days have been 

being given there to educate people on innovative wildlife gardening techniques 

(Gedge, 2017). 
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research and the key areas that will be investigated. 
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Chapter 2 - Investigating the habitat use of 
saproxylic beetles in open wooded landscapes 
 
2.1. - Introduction  
 

Rationale and basis for study 
 
The value of open grown oak trees 

Large mature trees are keystone habitat features for a range of species groups 

(Fischer et al., 2010; Stagoll et al., 2012). Old oak trees in particular have been 

identified as hotspots of value for saproxylic beetle diversity (Sverdrup-

Thygeson, 2009). This is because oak supports the greatest diversity of 

saproxylic invertebrates of all tree species in Europe, including many threatened 

beetle species (Palm, 1959; Widerberg et al., 2012). Oak trees reach their 

greatest saproxylic potential when they grow in open situations (Widerberg et 

al., 2012; Bouget et al., 2014). One of the reasons for this is that the lack of 

crown competition associated with open conditions best supports tree 

development into old age, resulting in the accumulation of deadwood 

microhabitats over time (Alexander et al., 2016). Secondly, several oak-dwelling 

saproxylic species prefer to live in the warmer conditions that result from the 

consistent trunk sun exposure provided by open conditions (Widerberg et al., 

2012; Alexander, 2018). As a result, open grown trees have been found to 

contain significantly different beetle assemblages to those grown within forest 

conditions (Parmain & Bouget, 2018).   

In addition to the value of open-grown oak trees to invertebrate diversity, they 

also provide other beneficial ecosystem services (Blackshaw & Blacksaw, 1994; 

Townsend & Barton, 2018). In farmland, open-grown pasture trees can provide 

areas of shade to prevent grazing animals from experiencing excessive heat 

stress (Blackshaw & Blacksaw, 1994). There is also evidence that humans gain 

a sense of safety and wellbeing from large, spreading trees as a result of an 

evolutionary link with refuge and predator avoidance (Townsend & Barton, 

2018). The aforementioned advantages highlight the value that old oak trees 
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confer to landscapes and reinforce the importance of conserving them. This 

chapter aims to gather further data on the biodiversity value of these trees and 

to propose conservation measures that will benefit the future perpetuation of old 

oak trees and their associated deadwood fauna. 

Pasture woodland 

Old open-grown oak trees can occur in a range of landscape classifications, a 

prominent example of which is pasture woodland. This is defined as a mosaic 

habitat in which open-grown trees exist alongside grazing animals in a 

continuously managed landscape with a strong representation of saproxylic 

habitats and nectar sources (BRIG, 2011) Pasture woodland once occurred 

naturally across the British landscape (Alexander, 2012). However, processes 

that perpetuated this habitat, such as widespread grazing of large herbivores, 

now rarely occur in nature (Alexander, 2008). Therefore, the persistence of this 

form of woodland must be managed artificially. In the UK, the National Trust has 

a leading role in preserving and protecting parkland containing valuable old, 

open-grown trees. It owns over 100 parkland landscapes across the UK, 

several of which have nationally significant saproxylic value (Harding & 

Alexander, 1992). The present study seeks to gather data that is directly 

relevant to the veteran trees in National Trust landscapes, providing the basis 

for improved management of these resources to support saproxylic biodiversity. 

Trees outside woodlands 

In addition to pasture woodlands, ancient trees with high deadwood potential 

are also found outside of woodland contexts. An estimated 3.2% of the UK’s 

land area is covered by trees outside woodlands, including hedgerow trees, 

street trees, trees on farms, and trees along stretches of river (Woodland Trust, 

2021b). This is greater than the 2.5% of land area in the UK covered by Ancient 

Woodland (Woodland Trust, 2021b), highlighting that trees outside woodlands 

have great potential for providing widespread habitat islands and connecting 

wooded landscapes throughout the country. However, in contrast to the trend of 

increasing general woodland cover, numbers of trees outside woodlands are 

declining. In a study of the Eastern Claylands across Essex and Suffolk, only 

51% of trees outside woodlands mapped in 1850 still survived today, with 54% 

of boundary trees and 84% of scattered trees having been lost during this 
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period (Woodland Trust, 2021b). The threat of loss from development is 

particularly high for trees outside woodlands (Woodland Trust, 2021b).  

Agricultural landscapes account for 71% of the UK’s land area (DEFRA, 2022). 

Therefore, trees in agricultural landscapes surrounding old parklands and 

pasture woodlands are likely to play an important role in the wider connectivity 

of saproxylic communities (Kirby, 2022). However, agricultural trees have 

undergone historical declines through intensified agriculture, field reorganisation 

and tree disease (Rackham, 1986). These declines are predicted to continue 

under current management regimes, with tree populations suffering from low 

age diversity through a lack of consistent recruitment through time (Gibbons et 

al., 2008). To prevent this from having negative effects on saproxylic 

communities, protection of existing trees and more consistent tree recruitment 

in agricultural landscapes must be prioritised (Gibbons et al., 2008). The 

present study seeks to gather data that will contribute towards the formulation of 

best practice for the implementation of these conservation methods regarding 

their value for saproxylic beetle diversity.  In addition, novel methods of 

deadwood habitat recruitment, such as tree veteranisation and the employment 

of artificial habitats also present opportunities to enhance agricultural deadwood 

resources and protect their associated saproxylic fauna (Jansson, Ranius, et 

al., 2009; Bengtsson et al., 2012).  The approach through which artificial 

habitats such as beetle boxes can supplement depleted deadwood resources is 

further explored in Chapter 3 of this thesis.  

Old tree context ambiguity – pasture woodland/ outside woodland 

Trees defined as being part of a pasture woodland and trees outside of 

woodland situations are known to provide value through their open-grown 

nature, but ambiguity in the definition of different woodland and non-woodland 

tree situations has caused problems for researchers (Alexander, 2008; Brown & 

Fisher, 2009). There are no clear boundaries between definitions of trees in 

pasture woodland situations and those characterized as being outside of 

woodlands, with some authors considering pasture-woodland trees to be within 

the scope of trees outside woodland (Brown & Fisher, 2009; Feber, 2017). 

These contextual definitions can be useful for conservation and monitoring 

purposes as they allow valuable habitats to be quantified and protected. 

However, such definitions are less useful for research at a deadwood 



57 
 

microhabitat scale, as they do not necessarily encapsulate the full extent of the 

deadwood resource that supports saproxylic species (Kirby, 2022). Therefore, it 

is important to think about wooded landscapes at the tree-scale, rather than 

according to ambiguous contextual definitions (Alexander, 2008). The present 

study considers these trees as a matrix of saproxylic value across differing 

landscape, as this most reflects the way in which deadwood resources are used 

by their associated saproxylic invertebrate fauna (Kirby, 2022). 

 

Current state of research and knowledge gaps 

Microhabitat requirements 

The specific habitat requirements of saproxylic beetle assemblages is a key 

area requiring further study (Harding & Alexander, 1992; Jansson, 2002; Davies 

et al., 2008; Micó et al., 2020).  Alexander (2002) represents the last 

comprehensive summary knowledge on the resource associations of UK 

saproxylic species; however, it is highlighted that the information given is open 

to change and does not yet constitute a complete review. The present study will 

combine data on veteran tree microhabitats with data on local saproxylic 

beetles to formulate objective, empirical inferences on the habitat associations 

of saproxylic beetle species. This approach has previously been used by 

Bouget et al., (2014). The present study builds upon this work by incorporating 

data on a greater range of saproxylic microhabitats and by focussing trapping 

activities specifically on open oak wooded landscapes. Through this, the 

present research will produce detailed data to fill knowledge gaps on the 

specific requirements of members of the UK saproxylic beetle fauna in open-

grown oak trees.    

An important part of understanding saproxylic microhabitat dynamics is 

investigating how beetle communities interact differently with trees of different 

ages (Alexander, 2008; Irmler et al., 2010). The saproxylic habitats offered by 

trees changes over time as trees go through a range of distinct life stages, from 

growth up to their peak height, to retrenchment into old age (Alexander, 2008). 

At the trees peak height, lower branches often become shaded out by upper 

canopy, subsequently becoming decayed by fungal communities that prefer 

these shaded conditions (Alexander, 2008). Following this, the thinning of tree 



58 
 

growth rings as the tree enters old age prevents resources from reaching the 

upper crown, causing death of higher branches and retrenchment into a shorter 

form (Alexander, 2008).  Then, when trees reach their ancient stages, they are 

often extensively hollow, containing cavities with well-rotted wood mould. 

(Alexander, 2008). This study will seek to provide further insights into how 

deadwood features linked to these different tree life stages support saproxylic 

invertebrates in different ways. This will help to further elucidate the value of 

younger, veteranized trees in supporting saproxylic beetle populations, 

providing a basis for future management decisions. 

The microhabitat investigation of this study will also investigate fallen 

deadwood. Due to the aesthetic nature of parkland, especially in historic 

landscapes such as those owned by the National Trust, there is a tendency for 

fallen deadwood to be cleared away (PTES, 2022). This has potential to be 

detrimental for saproxylic diversity, as fallen deadwood has previously been 

found to benefit rare beetle species (Bouget et al., 2014). The present research 

will examine the levels of fallen deadwood found in managed landscapes such 

as these and investigate how these may link to local invertebrate faunas. 

Density requirements 

In addition to understanding which microhabitats are important for saproxylic 

beetles, it is also important to learn how dense trees with these features need to 

be in a landscape to support beetle communities most effectively (Alexander, 

2008).  Different saproxylic species can have a wide range of dispersal 

tendencies dependent upon their habitat requirements, physical features and 

life history traits (Holland et al., 2005; Bergman et al., 2012; Sverdrup-Thygeson 

et al., 2017). Understanding the scales that are relevant for a particular fauna 

present at a site can help planners make informed conservation decisions that 

will affect the future connectivity of the landscape for relevant species. The 

ways in which the present study seeks to contribute to this understanding are 

outlined in the ‘study aims’ section of this chapter.  

Many studies of saproxylic insect dispersal are carried out in areas of enclosed 

forest (Økland et al, 1996; Brunet & Isacsson 2009). Insect dispersal tendencies 

can be affected by the landscape permeability (Trakhtenbrot et al., 2005). 

Open, wooded landscapes such pasture woodlands and arable tree matrices 
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are likely to present different levels of permeability to insect movement than 

enclosed woodlands. As a result, dispersal studies in open wooded landscapes 

are likely to yield useful new insights into how the tree density requirements of 

saproxylic invertebrates are influenced by specific woodland characteristics. 

The spatial scales that are important for saproxylic beetles in hollow oaks have 

previously been investigated by Bergman et al. (2012) in the Swedish county of 

Östergötland. The landscapes investigated in this study consist of a mixture of 

coniferous forests and arable fields (Bergman et al., 2012). Because of the 

large spatial scale of this study, it incorporated oak trees from a wide range of 

different landscape contexts. The present study seeks to replicate this 

investigation on a smaller scale, to explore whether the findings are applicable 

for specific pasture landscapes with scattered old oak trees in the UK. The 

ownership of many of the UK’s pasture woodlands by the National Trust, means 

that conservation decisions will largely be made on the individual site scale. 

Therefore, it is important to understand how tree density influences saproxylic 

communities within areas of several km2. The present study constitutes the first 

investigation into the impacts of deadwood habitat density on saproxylic 

invertebrates that is directly relevant to saproxylic faunas and tree distributions 

in the open-grown woodlands of the UK.  

 

Study aims 

Microhabitat requirements 

A key aim of the present research is to learn more about the saproxylic value of 

veteran trees in pasture woodland/ agricultural landscapes. This will be done by 

gathering data on the representation of different microhabitats across the matrix 

of ancient and veteran trees present and how this differs across trees of various 

ages and growth-forms. This information will then be used alongside data on 

local saproxylic beetle species communities to formulate conclusions on how 

the incidence of deadwood microhabitats impacts the beetle faunas inhabiting a 

tree. Through this, the present research also aims to contribute further 

knowledge on habitat requirements of saproxylic beetle species.  
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Density requirements 

The present research aimed to gather data on the scales at which tree density 

has the greatest effect on the diversity of saproxylic beetle fauna in open-grown 

oak woodlands. It did this by quantifying the number of veteran trees present 

within a range of distance radii that are relevant for UK pasture-woodland 

situations and identifying how this density impacts saproxylic beetle species 

diversity. The knowledge gained from this study aims to inform land managers 

in ensuring that future provisions of deadwood are at the correct scales to meet 

the needs of the local saproxylic fauna. 

Summary 

By addressing the above aims, this study will work towards filling key 

knowledge gaps on the habitat requirements of vulnerable saproxylic beetle 

communities. The results of this research will allow conservation managers to 

better understand how the protection of trees with certain deadwood features 

may influence the saproxylic fauna of open-grown oak woodlands. They will 

also prove valuable in informing best practice for the potential future 

implementation of tree planting, veteranisation practices and artificial habitats in 

open, wooded landscapes. 

 

 
 
 

2.2. - Methods  

Study sites 

This study was carried out at the National Trust-managed landscapes at Stowe 

(SP6736) and Wimpole Estate (TL3351).  Both sites incorporate ornamental 

gardens and surrounding areas of grazed pastureland featuring open-grown 

veteran oak trees. Further details on the history and saproxylic value of these 

sites can be found in Section 1.5 of this thesis. This study also incorporated 

areas of farmland surrounding Stowe and Wimpole Estate, in which notable 

veteran oak trees featured in fields and hedgerows. Areas rich in veteran trees 

were chosen for this research to ensure that the findings are relevant to the 
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conservation of the saproxylic diversity present in the few ‘high value’ wooded 

landscapes that remain in fragmented English landscapes. As these sites 

support the highest numbers of saproxylic species, insights into their effective 

management are the most impactful for biodiversity conservation on a national 

level. Investigating diverse sites also generates data on a wider range of 

species, making it more likely that the findings will be relevant to aspects of the 

saproxylic fauna in other UK broadleaved woodlands. This means that the 

conservation insights gathered from the research will be more widely applicable 

for the enhancement of UK deadwood habitats. 

 

Experimental design 

Tree selection 

Oak trees were selected for inclusion in a flight interception trapping regime 

based on visual inspection of trees that had been previously identified as having 

high trapping potential by the preliminary surveys of Alexander et al. (2016). 

Oak was chosen as it is the dominant tree species at both survey areas, and, 

within these tree stocks, there are known to be many veteran individuals that 

support rich saproxylic communities (Alexander et al.,2016). Oak trees are 

particular hot-spots for saproxylic diversity and are therefore a worthwhile study 

subject for saproxylic diversity (Sverdrup-Thygeson, 2009).  Trees were 

deemed suitable for trapping if they featured at least one visible saproxylic 

microhabitat feature and had a sturdy branch in the vicinity from which a trap 

could reasonably be suspended. The main saproxylic features that traps were 

stationed by included: 

• Tree holes 

• Tears (recently shed limbs) 

• Aerial deadwood 

• Areas of denuded bark 

 

Flight interception trapping 

A flight interception trapping regime was carried out in 2019. Following the 

recommendations of Alexander et al. (2016), clear cross vane flight interception 
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traps were used for trapping.  These are an effective and statistically 

comparable method of catching saproxylic beetles, while remaining simple to 

install and collect samples from (Alexander et al. 2016; Bouget et al., 2008).  

The traps were deployed from May to September 2019, which is the 

recommended time-period to survey saproxylic activity (Nageleisen & Bouget, 

2009). Due to the extreme winds of Storm Hannah during the first week of trap 

deployment, several traps were damaged and therefore trapping data from the 

first week was discounted from statistical analysis. As a result, the trapping data 

presented covered the period from mid-May to September, which still 

incorporated the majority of the beetle activity period.  

The number of trees sampled were 14 and 16 for Stowe and Wimpole 

respectively.  Initially a greater number to traps were deployed at both sites (17 

and 19 for Stowe and Wimpole respectively), however subsequent trap faults 

meant that the data from six traps (three per site) were deemed to no longer be 

comparable to that from other traps. As a result, the beetle species data from 

these traps were not used in statistical analysis. The locations of traps deployed 

at Stowe and Wimpole are shown in Figures 2.1 and 2.2.  

The traps were positioned in the tree as close as possible to at least one of the 

above microhabitat features. This is because traps placed directly next to visible 

features such as hollows and beetle exit holes have been shown to capture a 

higher proportion of tree-specialist species compared to vagrant species 

(Sverdrup-Thygeson, 2009; Sverdrup-Thygeson & Birkemoe, 2009). Therefore, 

positioning traps in this way maximises the potential of capturing a higher 

proportion of the saproxylic diversity of a tree whilst minimising by-catch.  The 

habitat feature closest to the trap on each trapping tree was also noted and 

included as a variable in analyses to evaluate the influence of trap location on 

its tendency to capture certain species.  

Due to the heterogenous nature of microhabitat locations and suitable branches 

to hang traps from, the trap height was not standardised between trees. Trap 

height has been found to negatively correlate with specimen abundance and 

species richness of the trap catches (Bouget et al., 2008). Due to the 

heterogenous nature of trees, this height variation was unavoidable, and it is 

considered likely that major differences in results based on microhabitat and 
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tree density will still be evident despite these effects. Nonetheless, this should 

be considered as a potential limiting factor of the results of the present study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Imagery ©2022 TerraMetrics, Map data ©2022 Google 

Figure 2.1. A map of trapping trees in Stowe National Trust landscape 
and the surrounding arable land. Trees in which trapping occurred are 

indicated as points on the map. Yellow points indicate traps from which beetle 

species data were used in the analysis. Pink dots indicate traps that 

experienced faults, meaning that their species data were excluded from 

statistical analysis. 
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The impacts of flight interception trapping on local insect population sizes are 

not well known. As a result, it is important to take precautionary measures to 

minimise any potential impacts of trapping regimes on vulnerable species. 

Researchers have recommended using flight interception traps over intermittent 

time-periods, rather than continuously, to limit potential negative impacts on 

vulnerable beetle populations (Alexander et al., 2016). Following this guidance, 

trapping for this study was carried out on a bi-weekly alternating schedule, with 

the traps actively collecting invertebrates for two weeks, followed by a two-week 

period with no collecting pot attached. A summary of trapping dates is 

presented in Table 2.1.  Traps were also unbated, avoiding intentional capture 

Imagery ©2022 CNEA/Airbus Getmapping plc, Infoterra Ltd & Bluesky, Landsat / 

Copernicus, Maxar Technologies, The GeoInformation Group, Map data ©2022 Google 

Figure 2.2. A map of trapping trees in Wimpole National Trust 
landscape and the surrounding arable land. Trees in which trapping 

occurred are indicated as points on the map. Yellow points indicate traps 

from which beetle species data were used in the analysis. Pink dots indicate 

traps that experienced faults, meaning that their species data were excluded 

from statistical analysis. 
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of large proportions of nearby populations, instead relying on incidental 

collisions by any insects flying in the area.  

 

Table 2.1. A summary of the dates during which flight interception traps 
were actively catching invertebrates at Stowe and Wimpole. * indicates 

dates during which trap catches were excluded from analysis due to 

incomplete sampling as result of extreme weather and trap faults. 

Sampling 
session 

Flight interception trap deployment dates 
Stowe Wimpole 

1 *25/04/2019 – 08/05/2019 *19/04/2019 – 03/05/2019 

2 22/05/2019 – 05/06/2019 17/05/2019 – 31/05/2019 

3 19/06/2019 – 01/07/2019 14/06/2019 – 28/06/2019 

4 17/07/2019 – 31/07/2019 12/07/2019 – 26/07/2019 

5 14/08/2019 – 28/08/2019 09/08/2019 – 23/08/2019 

6 11/09/2019 – 25/09/2019 06/09/2019 – 20/09/2019 

 

The collecting pots attached to the traps contained a mixture of 50% Propylene 

glycol, 50% water and drop of unscented washing-up liquid to disrupt surface 

tension and allow invertebrates to sink. This fluid was chosen as it is an 

effective killing agent that is low-cost, minimally volatile, non-toxic, and 

environmentally safe (Weeks & McIntyre, 1997; McCravy & Willand, 2007; 

Weigand et al., 2021). Propylene glycol is also known to retain morphological 

features of specimens well whilst keeping them flexible, allowing for dissection 

of genitalia where required for identification (Weigand et al., 2021). 

Beetle identification 

All beetles extracted from the flight-interception trap samples were visually 

identified to family level. Beetles belonging to families that contain saproxylic 

species were then identified to species level using various taxonomic keys 

(Duff, 2012; Duff, 2016; Duff, 2020; Käfer Europas, n.d.). Beetles of the 

Staphylinidae were excluded from this study due to the difficulty of their 

identification, with the exception of those from the subfamilies, Pselaphinae and 

Scydmaenidae. The exclusion of Staphylinidae is not expected to negatively 

impact the results of this study, as the diversity and community composition of 
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beetle assemblages that exclude Staphylinidae have been found to correlate 

highly to that of complete assemblages (Parmain et al., 2015). The identified 

species were categorised as saproxylic according to species lists from the UK 

and Germany (Alexander, 2002; Schmidl & Bußler, 2003). Only saproxylic 

species were included in subsequent analyses. Additional data was gathered 

about the functional guilds and rarity statuses of selected beetle species using a 

range of sources (listed in table 3.2).  

Tree Microhabitat Investigation 

In October 2019, each trapping tree was revisited and surveyed to quantify the 

saproxylic microhabitats that they exhibited. This was undertaken to expand 

upon the preliminary survey work completed prior to trapping, as limitations on 

time and volunteer availability prevented the recording of such detailed 

observations at the time.  The survey conducted method was an adapted 

version of the Specialist Survey Form from the Veteran Trees Initiative (Fay & 

De Berker, 2003). Changes included the exclusion of certain categories that 

were considered not relevant to this study, for example whether the tree was 

single or multi-stemmed (as all trees in the survey were single stemmed) and 

whether the tree was standing or fallen (only standing trees were included in the 

study). The features recorded as part of this survey are summarised in Table 

2.2.  

Table 2.2. A summary of the habitat features recorded for each trapping 
tree at Stowe and Wimpole. 

Habitat feature Unit of measurement 

Tree height (measured using a 
clinometer) 

meters 

Diameter at breast height centimetres 
Epicormic growth at the base of the 
tree 

presence/absence 

Epicormic growth on the trunk of the 
tree 

presence/absence 

Epicormic growth in the crown of the 
tree 

presence/absence 

Bark depletion an estimated percentage of all bark 
on the tree 

Sap runs number 
Split limbs number 
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Only habitat features that were visible from the ground were counted as part of 

this survey. This constituted a limitation in microhabitat recording, meaning that 

some less-visible features may have been missed or inaccurately quantified. It 

is noted that this may have influenced capacity of the results of this study to 

identify the true extent of species links with these habitats. However, as the 

method of microhabitat evaluation used is based on an established veteran tree 

monitoring methodology (Fay & De Berker, 2003), it means that the results of 

this study are maximally applicable to existing survey data. This means that, 

Tears (recently shed limbs) number 
Scars (old tree wounds with evidence 
of healing) 

number 

Lightning strikes presence/absence 
Hollowing rated on a scale from 1-5 as defined 

by Fay & De Berker (2003) 
Holes around the tree base number 
Holes in the tree trunk number 
Holes in tree branches number 
Water-pockets number 
Red rot presence/absence 
White rot presence/absence 
Aerial deadwood (over 15cm in 
diameter) 

meters – estimated 

Fallen deadwood (over 15cm in 
diameter) 

meters – estimated 

Fungi presence/absence 
Lichen estimated percentage of tree covered 
Moss estimated percentage of tree covered 
Ivy estimated percentage of tree covered 
Signs of invertebrate activity presence/absence 
Signs of bird activity presence/absence 
Signs of mammal activity presence/absence 
Habitat context chosen from habitat codes listed by 

Fay & De Berker (2003) 
Signs of damage to tree presence/absence 
Shade estimated percentage of canopy 

cover over the trapping area 
Exposure Rated on a scale from 0-3 based on 

the number of aspects of the trapping 
area exposed to wind 
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despite some lack of precision, the data collected in this study are relevant for 

the management of veteran oak landscapes.  

Another limitation of the microhabitat data was that many of the categories 

recorded are subjective to the surveyor.  To ensure a level of consistency to be 

achieved across all measures, the microhabitat features were recorded by the 

same researchers for each tree.  

 

Microhabitat data analysis 

Microhabitat representation 

To analyse the representation of the different deadwood microhabitats across 

all trees surveyed, the data for each category was converted into 

presence/absence data. This allowed a percentage of surveyed trees that 

exhibited each feature to be calculated.  

Diameter at breast height links to microhabitat diversity and beetle 
species richness  

Pearsons correlation tests were used to investigate relationship between the 

diameter at breast height (DBH) of tree trunks and factors associated with 

saproxylic diversity in trees. One tree was excluded from DBH analysis as it 

was particularly small, constituting an anomalous data point that was likely to 

skew the results of correlation testing.  

To investigate the hypothesis that older trees carry a greater diversity of 

deadwood features, Pearson correlation test was carried out to measure the 

association between the DBH of tree trunks to the diversity of microhabitats (the 

number of recorded microhabitat types) recorded in a tree. In addition, Pearson 

correlation tests were run between tree DBH to the richness of all saproxylic 

species, the richness of rare species (those with a conservation status), and the 

Shannon diversity index. These tests were intended to investigate the 

hypothesis that older, larger trees support a greater diversity of saproxylic 

beetles. 
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Tree feature variation 

Unconstrained principal components analysis (PCA) was used to determine the 

principal components that best and most simply encapsulate the variation in the 

tree-feature data. To prepare the tree-feature data for this analysis, all 

categorical variables were converted into numeric equivalents, using numbers 

to encode for categories.  The tree features that most contributed to the 

principal component axis were identified. Additional axes of the tree features 

were overlayed onto the principal component plot to visually represent the 

extent to which each feature explains the overall variation in tree character 

along the principal component axes, and also to show which tree features 

covaried with one another. Points representing individual trees surveyed were 

also plotted on this graph to display how they varied in their relationships to the 

various tree-feature gradients. 

Differences in saproxylic beetle communities  

The differences in saproxylic beetle communities between the two trapping sites 

(Stowe and Wimpole) were investigated using an analysis of similarities 

(ANOSIM) test. This used dissimilarity values to identify whether the 

composition of samples from the same group are significantly different from 

composition of samples between groups. 

Nonmetric multidimensional scaling (NMDS) plots were constructed to elucidate 

possible groupings within the species data that may represent shared 

associations to certain habitat factors. This involves constructing an ordination 

that is based upon a dissimilarity matrix, representing the dissimilarity of 

samples in a low-dimensional space.  Species traits (such as larval feeding 

guild and rarity status) were indicated in these plots through point symbology to 

identify any groupings that may occur among species with shared attributes.   

Redundancy analysis 

Redundancy analysis (RDA) was used to model relationships between the tree-

feature variables and the variation in the occurrence of saproxylic species 

among the trapping trees. This analysis allows the formulation of hypotheses on 

the habitat associations of saproxylic beetle species based on how the species 

group together around the constrained axes representing the tree-features. This 
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analysis may be confounded when more than one tree feature is strongly 

correlated with another. Because of this, it was not always possible to identify 

specific species-habitat links from the data. To minimise this limitation, existing 

knowledge of species behaviour and habitat requirements was considered 

when interpreting the results to identify the most probable factors influencing the 

abundance of species. 

 

Tree density investigation 

Tree surveys 

This study used data from tree surveys carried out by Alexander et al. (2016). 

These surveys identified all veteran trees containing saproxylic microhabitats 

and evidence of hollowing (hereafter termed ‘habitat trees’) within buffer areas 

of 2000 m from the central zones of Stowe and Wimpole landscapes (Alexander 

et al.,2016).  The tree surveys were carried out by the same group of 

researchers for both sites, providing consistency in the categorisation of the 

trees. Due to access permission difficulties, the tree-mapping surveys at Stowe 

did not include an area around Tile House to the north-east of Stowe landscape. 

Whilst this introduced a limitation to the data, it was assessed that conducting 

additional surveys by a different surveyor could introduce inconsistency into the 

existing data, thereby reducing its overall validity. To compensate for this 

potential limitation, the radii of tree density used were adjusted, extending only 

up to 1000 m rather than 2000 m to exclude the un-surveyed area. Whilst this 

may limit the study from identifying saproxylic relationships with tree density at 

larger scales, it will still provide data on density requirements at useful scales 

for local management of the central pasture woodlands and their surrounding 

arable areas.  

The tree-survey data from Stowe and Wimpole parks cannot constitute a 

complete and definitive catalogue of all habitat trees in the areas with hollowing, 

as it is not always possible to identify hollowing levels from surveys at ground 

level. This is because, for lower levels of hollowing, the extent to which decay 

extends into heartwood is difficult to visually discern (Alexander et al., 2016). 

Nonetheless, the survey data provides an estimate of appropriate saproxylic 

habitat, and the resultant calculations constitute estimates of local tree density 
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rather than true values. As the tree survey data was collected in 2014 and 2015, 

there was at least a 4-year period between the tree surveys and the trapping 

activities of this study. Consequently, it is possible that some changes may 

have occurred in the trees within this time. Despite this, due to the relatively 

infrequent rate at which many saproxylic species are thought to disperse, this 

timing discrepancy is not considered a major constraint to any associations 

between saproxylic diversity and tree density that may be found (Ranius & 

Hedin, 2001; Ranius 2006).  

Quantification of tree density 

To quantify habitat tree density, the habitat trees that were identified by the 

above survey were plotted onto maps in QGIS. Trees where trapping was 

undertaken were then added to the map separately. Buffer circles of different 

distance radii (25 m, 50 m, 100 m, 250 m, 500 m, 750 m, 1000 m) were created 

around each trapping tree. The number of other habitat trees within the buffer 

zones of each trapping tree were counted for each of the chosen buffer scales. 

Figures 2.3. and 2.4 illustrate the distance buffers around each trapping tree 

used to calculate the density of habitat trees at different scales. 

There was a high degree of overlapping in the radii around the trapping trees, 

especially at the larger scales. Some studies have suggested that this may 

constitute a lack of spatial independence, leading to pseudoreplication (Holland 

et al., 2014). However, others have suggested that this is not a relevant 

problem as overlapping landscapes do not induce spatial autocorrelation 

(Zuckerberg et al., 2020). Despite the potential to influence the findings of this 

research, the present study design was deemed to be the most appropriate as it 

allowed for higher replication than could be achieved when avoiding any 

overlapping of spatial radii. With the range of landscape situations encapsulated 

by this methodology, it is expected that any trends found to be statistically 

significant will reflect real world influences on tree density upon saproxylic 

organisms rather than any confounding factors (Oksanen, 2001). 
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Imagery ©2022 TerraMetrics, Map data ©2022 Google 

 

Figure 2.3. A map of buffer radii around trapping trees in Stowe 
National Trust landscape and surrounding arable land. Trees in which 

trapping occurred are indicated as dark red dots, whilst other veteran trees 

in the area (as surveyed by Alexander et al. (2016) are shown as light blue 

dots. Buffers of 25 m, 50 m, 100 m, 250 m, 500 m, 750 m and 1000 m have 

been created around each trapping tree, shown here on a colour gradient 

from yellow to red. 
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Density data analysis 

Analysis of the associations between beetle species richness and habitat 
tree densities at different scales 

To investigate links between the species richness of saproxylic beetles found 

within a tree and the numbers of surrounding habitat trees within different 

distance radii of that tree, the richness of saproxylic species found within each 

trapping tree was first evaluated. Separate Pearson’s correlation coefficient 

tests were then carried out between species richness and the number of 

veteran trees found within each of the distance radii (25 m, 50 m, 100 m, 250 m, 

500 m, 750 m and 1000 m) of the trapping trees.  

Imagery ©2022 CNEA/Airbus Getmapping plc, Infoterra Ltd & Bluesky, Landsat / 

Copernicus, Maxar Technologies, The GeoInformation Group, Map data ©2022 

Google 

Figure 2.4. A map of buffer radii around trapping trees in Wimpole 
National Trust landscape and the surrounding arable land. Trees in 

which trapping occurred are indicated as dark red dots, whilst other 

veteran trees in the area (as surveyed by Alexander et al. (2016)) are 

shown as light blue dots. Buffers of 25 m, 50 m, 100 m, 25 0m, 500 m, 

750 m and 1000 m have been created around each trapping tree, shown 

here on a colour gradient from yellow to red. 
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Separate analyses were carried out to investigate the hypothesis that rarer 

species are often poorer dispersers that interact with their surrounding 

landscape differently to common species. Pearson’s correlation coefficient tests 

were used to measure the relationship between saproxylic species with a 

conservation status and veteran tree-numbers within the different distance radii 

of trapping trees. 

Analysis of habitat tree density scales relevant for specific saproxylic 
beetle species  

The links between tree density and the occurrence of specific saproxylic beetle 

species were analysed following the methodology of Bergman et al. (2012). 

Species data was first converted into presence/absence measures for each 

species at each trapping tree. Generalised linear models were then computed 

between the presence/absence data of each beetle species with five or more 

occurrences in the trapping trees with the number of habitat trees within the 

various radii (25 m, 50 m, 100 m, 250 m, 500 m, 750 m and 1000 m) of the 

trapping trees. Species were noted when they exhibited significant positive 

relationships with any of the tree density radius variables. For species with 

significant density relationships, the Wald statistics were plotted against the 

tree-density scales tested, indicating the radii in which tree density variation 

best explained the probability of specimen occurrence within trees.  
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2.3. – Results 

 

From all trapping activities across both Stowe and Wimpole, 1314 individuals of 

122 saproxylic beetle species were found. This included 56 species that were 

found at both sites, while Stowe and Wimpole both had 33 species that were 

unique to them and not found at the other site. The beetle communities found at 

Stowe and Wimpole were found to be significantly different from one another 

(R= 0.144, p = 0.013). Summaries of the saproxylic beetle species recorded 

from each trapping tree are provided in Appendices B and C. 

At Wimpole Estate, 872 individuals of 89 saproxylic beetle species were found. 

These included 29 species (32.6%) which had a UK conservation status. The 

three most common saproxylic species recorded at Wimpole were Euglenes 

oculatus (154 individuals), Dacne bipustulata (131 individuals) and Dorcatoma 

chrysomelina (121 individuals). 

At Stowe National Trust Landscape, 442 individuals of 89 saproxylic beetle 

species were found, of which 29 (32.6%) had a UK conservation status. The 

three most common saproxylic species found at Stowe were Dacne bipustulata 

(61 individuals), Euglenes oculatus (39 individuals) and Hemicoelus fulvicornis 

(35 individuals). The present round of trapping at Stowe produced 47 saproxylic 

species not previously recorded for the site according to the Saproxylic Quality 

Index site rankings (Fowles, 2022).  

Due to the loss of samples through trap faults and weather interference, the 

data from three traps run at Wimpole Hall and three traps at Stowe were not 

used in analysis. The removal of the data from these traps meant that the 

number of saproxylic species used in analysis for Wimpole Hall was 79 (747 

individuals), while from Stowe, 81 species (368 individuals) were included. 

Table 2.3 summarises the species found at both sites and highlights those that 

were excluded from analysis. 
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Table 2.3. continued 
 

Family Species 
Found 

at 
Stowe 

Found at 
Wimpole 

Larval 
feeding 

guild 

Adult 
feeding 

guild 

GB rarity 
status 

Saproxylic 
habitat 

Tree species 
associations 

Aderidae  

Aderus populneus  ✓  Xylophagus1 Nectivore19 Nationally 
scarce2 Tree hollows13 Broadleaved13 

Euglenes oculatus ✓  ✓  Xylophagus1 Nectivore19 Nationally 
scarce2 Red rot13 Oak13 

Biphyllidae Diplocoelus fagi  ✓  Fungivore1 Fungivore1 Notable b10 Under bark13 Beech and oak13 

Buprestidae Agrilus laticornis ✓  ✓  Xylophagus1 N/A1 None3 Live or freshly 
dead wood20 Oak13 

Cantharidae  

Malthinus balteatus ✓  ✓  Predator22 Predator/ 
nectivore22 None3 Old 

deadwood20 Broadleaved1 

Malthinus frontalis  ✓  Predator22 Predator/ 
nectivore22 

Nationally 
scarce3 

Old 
deadwood20 Broadleaved1 

Malthinus 
seriepunctatus 

 ✓  Predator22 Predator/ 
nectivore22 None3 Old 

deadwood20 Broadleaved1 

Malthodes 
marginatus 

 ✓ * Predator22 Predator/ 
nectivore22 None3 Old 

deadwood20 Broadleaved1 

Malthodes minimus ✓   Predator22 Predator/ 
nectivore22 None3 Old 

deadwood20 Broadleaved1 

Carabidae  

Dromius meridionalis ✓ * ✓  Predator1 Predator1 None5 Under bark1 Broadleaved13 

Dromius 
quadrimaculatus 

✓  ✓  Predator1 Predator1 None5 Under bark13 Generalist13 

Cerambycidae  Clytus arietis  ✓  Xylophagus1 N/A1 None8 Live or freshly 
dead wood20 Broadleaved13 

Table 2.3. A list of all saproxylic beetle species identified from flight interception trapping at Stowe and Wimpole. 

✓ *   indicates species that were only caught in traps that were subsequently discarded from analysis due to faults 
influencing their function. 



77 
 

Table 2.3. continued 
 

Family Species 
Found 

at 
Stowe 

Found at 
Wimpole 

Larval 
feeding 

guild 

Adult 
feeding 

guild 

GB rarity 
status 

Saproxylic 
habitat 

Tree species 
associations 

Grammoptera 
ruficornis 

✓  ✓  Xylophagus1 Nectivore14 None8 Old 
deadwood20 Broadleaved13 

Phymatodes 
testaceus 

 ✓ * Xylophagus1 N/A1 None8 Live or freshly 
dead wood20 Oak13 

Cerylonidae Cerylon ferrugineum ✓  ✓  Fungivore1 Fungivore1 None13 Under bark13 Broadleaved13 

Ciidae  

Cis bilamellatus ✓  ✓  Fungivore1 Fungivore1 
Not 

Applicable 
13 

Fungi13 Broadleaved1 

Cis boleti ✓   Fungivore1 Fungivore1 None13 Fungi20 Broadleaved1 

Cis fagi ✓   Fungivore1 Fungivore1 None13 Fungi20 Oak13 

Cis micans ✓   Fungivore1 Fungivore1 None13 Fungi20 Oak13 
Cis pygmaeus ✓  ✓  Fungivore1 Fungivore1 None13 Fungi20 Oak13 

Cis vestitus ✓  ✓  Fungivore1 Fungivore1 None13 Fungi20 Oak13 
Cis villosulus ✓   Fungivore1 Fungivore1 None1 Fungi20 Broadleaved1 

Ennearthron 
cornutum 

✓  ✓  Fungivore1 Fungivore1 None13 Fungi20 Broadleaved1 

Cleridae  

Opilo mollis  ✓  Predator1 Predator1 Nationally 
scarce3 

Old 
deadwood20 Broadleaved1 

Tillus elongatus  ✓  Predator1 Predator1 Nationally 
scarce3 

Old 
deadwood20 Broadleaved1 

Corylophidae Orthoperus 
nigrescens 

✓  ✓  Fungivore1 Fungivore1 Notable b10 Fungi20 Broadleaved1 

Cryptophagidae  
Cryptophagus 

dentatus 
✓  ✓  Fungivore22 Fungivore22 Nationally 

scarce13 Fungi13 Generalist22 
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Table 2.3. continued 
 

Family Species 
Found 

at 
Stowe 

Found at 
Wimpole 

Larval 
feeding 

guild 

Adult 
feeding 

guild 

GB rarity 
status 

Saproxylic 
habitat 

Tree species 
associations 

Cryptophagus labilis  ✓  Fungivore1 Fungivore1 Nationally 
scarce13 Under bark13 Broadleaved1 

Cryptophagus 
ruficornis 

 ✓  Fungivore1 Fungivore1 Nationally 
scarce13 Fungi13 Broadleaved1 

Cryptophagus 
scanicus 

✓  ✓  Fungivore1 Fungivore1 Nationally 
scarce13 Fungi1 Generalist22 

Cucujidae Pediacus 
dermestoides 

 ✓  Predator1 Fungivore13 None13 Under bark13 Broadleaved13 

Curculionidae  

Acalles misellus ✓   Xylophagus1 N/A1 None13 Old 
deadwood20 Broadleaved1 

Achopera alternata ✓   N/A25 N/A25 
Not 

applicable 
21 

Tree hollows25 Broadleaved25 

Dryocoetes villosus ✓   Xylophagus1 N/A1 None13 
 

Live or freshly 
dead wood13 

Oak, sweet 
chestnut and 

beech13 

Ernoporicus fagi ✓   Xylophagus1 N/A1 Notable a10 Live or freshly 
dead wood13 

Beech, oak and 
birch13 

Euophryum confine ✓  ✓  Saprophagus
1 N/A1 

Not 
applicable 

13 

Old 
deadwood20 Generalist13 

Hylesinus crenatus ✓   Xylophagus1 N/A1 None13 
 

Live or freshly 
dead wood20 

Ash, oak and 
walnut13 

Hylesinus varius  ✓  Xylophagus1 N/A1 None13 
 

Live or freshly 
dead wood13 Ash13 
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Table 2.3. continued 
 

Family Species 
Found 

at 
Stowe 

Found at 
Wimpole 

Larval 
feeding 

guild 

Adult 
feeding 

guild 

GB rarity 
status 

Saproxylic 
habitat 

Tree species 
associations 

Kissophagus vicinus ✓ * ✓  Saprophagus
1 N/A1 Notable b10 Live or freshly 

dead wood13 Ivy13 

Platypus cylindrus ✓   Xylophagus1 N/A1 Notable b10 Live or freshly 
dead wood20 Oak and beech13 

Scolytus intricatus ✓  ✓  Xylophagus1 N/A1 None13 
 

Live or freshly 
dead wood20 Broadleaved13 

Stereocorynes 
truncorum 

 ✓ * Xylophagus1 N/A1 Notable b13 Old 
deadwood20 

Oak, beech and 
poplar13 

Taphrorychus bicolor ✓  ✓  Xylophagus1 N/A1 Notable a10 Live or freshly 
dead wood20 

Beech and 
hornbeam13 

Xyleborus 
dryographus 

✓   Fungivore1 N/A1 Notable b10 Live or freshly 
dead wood20 

Oak, sweet 
chestnut, beech 

and elm13 

Xyleborus 
monographus 

✓  ✓  Fungivore17 N/A17 
Not 

applicable 
17 

Live or freshly 
dead wood20 Broadleaved17 

Dermestidae Ctesias serra ✓ * ✓  Detritivore1 N/A1 None7 
Under bark 

and in insect 
galleries13 

Broadleaved13 

Elateridae  

Ampedus cardinalis ✓   Omnivore15 N/A1 RDB29 Red rot13 Oak13 

Ampedus quercicola ✓   Omnivore15 Nectivore13 Notable b10 Tree hollows13 Broadleaved13 

Elater ferrugineus  ✓  Predator1 N/A1 RDB19 Tree hollows20 Broadleaved1 

Melanotus 
castanipes 

✓  ✓  Predator1 N/A1 None18 Old 
deadwood20 Generalist13 
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Table 2.3. continued 
 

Family Species 
Found 

at 
Stowe 

Found at 
Wimpole 

Larval 
feeding 

guild 

Adult 
feeding 

guild 

GB rarity 
status 

Saproxylic 
habitat 

Tree species 
associations 

Melanotus villosus ✓  ✓  Predator1 N/A1 None18 Old 
deadwood20 Generalist13 

Procraerus tibialis  ✓  Predator1 N/A1 RDB313 Tree hollows20 Broadleaved1 

Stenagostus 
rhombeus 

 ✓  Predator1 N/A1 None13 
 Under bark13 Broadleaved1 

Endomychidae Symbiotes latus ✓  ✓  Fungivore1 Fungivore1 Notable b10 Fungi13 Broadleaved1 

Erotylidae  

Dacne bipustulata ✓  ✓  Fungivore1 Fungivore1 None13 Fungi13 Broadleaved13 

Dacne rufifrons ✓  ✓  Fungivore1 Fungivore1 None13 Fungi13 Broadleaved13 

Triplax russica ✓  ✓  Fungivore1 Fungivore1 None1 Fungi13 Broadleaved13 

Eucnemidae  

Hylis olexai ✓   Saprophagus
1 N/A1 RDB 313 Old 

deadwood20 Beech13 

Melasis buprestoides ✓  ✓  Xylophagus1 N/A1 Notable b10 Live or freshly 
dead wood20 Broadleaved13 

Histeridae  

Aeletes atomarius ✓   Predator1 Predator1 Nationally 
scarce6 

In insect 
galleries13 Broadleaved1 

Gnathoncus 
buyssoni 

✓   Predator1 Predator1 Nationally 
scarce6 

Birds’ nests in 
tree hollows13 generalist23 

Gnathoncus 
rotundatus 

✓ *  Predator1 Predator1 None6 Birds’ nests in 
tree hollows23 generalist23 

Paromalus flavicornis ✓  ✓  Predator1 Predator1 None6 Under bark13 Broadleaved13 

Plegaderus dissectus ✓ * ✓  Predator1 Predator1 None6 Old 
deadwood13 Broadleaved13 

Laemophloeidae Cryptolestes 
duplicatus 

✓ *  Fungivore1 Fungivore1 None13 Under bark13 Broadleaved13 

Latridiidae  Dienerella vincenti ✓   Fungivore22 Fungivore22 None18 Fungi22 Generalist22 
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Table 2.3. continued 
 

Family Species 
Found 

at 
Stowe 

Found at 
Wimpole 

Larval 
feeding 

guild 

Adult 
feeding 

guild 

GB rarity 
status 

Saproxylic 
habitat 

Tree species 
associations 

Enicmus brevicornis ✓  ✓  Fungivore1 Fungivore1 Notable12 Fungi20 Broadleaved1 
Enicmus rugosus ✓  ✓  Fungivore1 Fungivore1 Notable12 Slime mould13 Generalist13 

Enicmus testaceus ✓  ✓  Fungivore1 Fungivore1 None13 Slime mould13 Generalist13 

Leiodidae Anisotoma humeralis ✓   Fungivore1 Fungivore1 None13 Fungi and 
slime mould13 Broadleaved1 

Lucanidae Sinodendron 
cylindricum 

✓  ✓  Saprophagus
1 N/A1 None13 Old 

deadwood20 Generalist13 

Lymexylidae Lymexylon navale ✓   Xylophagus1 N/A1 Nationally 
scarce3 

Old 
deadwood20 

Oak and sweet 
chestnut13 

Malachiidae Axinotarsus 
marginalis 

✓  ✓  Predator1 Predator1 Not 
applicable3 

Old 
deadwood13 Oak13 

Melandryidae 
 

Abdera biflexuosa ✓   Fungivore1 Fungivore1 Nationally 
scarce2 Fungi20 Broadleaved13 

Abdera 
quadrifasciata 

✓   Fungivore1 Fungivore1 Nationally 
scarce2 Fungi20 Broadleaved13 

Monotomidae Rhizophagus 
bipustulatus 

 ✓  Fungivore22 Fungivore22 None4 Under bark13 Broadleaved13 

Mordelidae  

Mordellochroa 
abdominalis 

 ✓  N/A1 Nectivore1 None2 Old 
deadwood20 Broadleaved13 

Tomoxia bucephala  ✓  N/A13 Nectivore13 Nationally 
scarce2 

Old 
deadwood20 Broadleaved13 

Mycetophagidae  

Litargus connexus  ✓  Fungivore1 Fungivore1 None2 Fungi20 Broadleaved13 

Mycetophagus 
multipunctatus 

✓ * ✓  Fungivore1 Fungivore1 None2 Fungi20 Broadleaved13 
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Table 2.3. continued 
 

Family Species 
Found 

at 
Stowe 

Found at 
Wimpole 

Larval 
feeding 

guild 

Adult 
feeding 

guild 

GB rarity 
status 

Saproxylic 
habitat 

Tree species 
associations 

Mycetophagus 
piceus 

✓  ✓  Fungivore1 Fungivore1 None2 Fungi20 Oak13 

Mycetophagus populi  ✓  Fungivore1 Fungivore1 Nationally 
rare2 Fungi20 Broadleaved13 

Mycetophagus 
quadripustulatus 

✓  ✓  Fungivore1 Fungivore1 None2 Fungi20 Broadleaved13 

Stereophilus filicornis ✓   Fungivore1 Fungivore1 Not 
applicable2 Fungi13 Broadleaved13 

Nitidulidae  

Epuraea aestiva ✓   N/A13 Nectivore13 None13 Unknown13 Generalist13 

Soronia grisea  ✓ * Saprophagou
s1 

Saprophag
ous1 None13 Under bark13 Ash13 

Ptiliidae  

Baeocrara variolosa  ✓  N/A24 Dung24 None18 old 
deadwood20 Generalist24 

Oligella intermedia ✓   Fungivore1 Fungivore1 RDBK13 
Hummus 
under old 
trees13 

Broadleaved1 

Ptinella aptera ✓   Fungivore1 Fungivore1 None13 Under bark13 Oak and beech13 

Ptinella errabunda ✓   Fungivore1 Fungivore1 
Not 
applicable 
13 

Under bark13 Generalist13 

Ptinidae  

Anobium 
inexpectatum 

✓  ✓  Xylophagus1 N/A1 None7 Old 
deadwood20 Ivy13 

Anobium punctatum ✓  ✓  Xylophagus1 N/A1 None7 Old 
deadwood20 Broadleaved1 



83 
 

Table 2.3. continued 
 

Family Species 
Found 

at 
Stowe 

Found at 
Wimpole 

Larval 
feeding 

guild 

Adult 
feeding 

guild 

GB rarity 
status 

Saproxylic 
habitat 

Tree species 
associations 

Dorcatoma 
chrysomelina 

✓  ✓  Fungivore1 N/A1 None7 Red rot13 Oak and ash13 

Dorcatoma 
dresdensis 

✓   Fungivore1 N/A1 Nationally 
scarce7 Fungi13 Broadleaved13 

Dorcatoma 
flavicornis 

✓  ✓  Fungivore1 N/A1 Nationally 
scarce7 Red rot13 Broadleaved1 

Dorcatoma substriata ✓  ✓ * Fungivore1 N/A1 Nationally 
scarce7 Fungi20 Broadleaved22 

Hedobia imperialis ✓  ✓ * Xylophagus1 N/A1 None7 Old 
deadwood13 

Rose and 
hawthorn13 

Hemicoelus 
canaliculatus 

 ✓  Xylophagus1 N/A1 Nationally 
rare7 

Old 
deadwood20 Poplar and maple13 

Hemicoelus 
fulvicornis 

✓  ✓  Xylophagus1 N/A1 None7 Old 
deadwood20 Broadleaved13 

Ochina ptinoides ✓  ✓  Xylophagus1 N/A1 None7 Old 
deadwood20 Ivy13 

Ptilinus pectinicornis ✓  ✓  Xylophagus1 N/A1 None7 Old 
deadwood20 Broadleaved13 

Ptinus sexpunctatus  ✓  N/A22 Saprophag
ous22 None7 Old 

deadwood22 Broadleaved22 

Salpingidae  

Lissodema denticolle  ✓  Predator1 Predator1 Nationally 
scarce2 

Live or freshly 
dead wood20 Generalist13 

Salpingus planirostris ✓  ✓  Predator1 Predator1 None2 Under bark13 Broadleaved13 
Salpingus ruficollis ✓   Predator1 Predator1 None2 Under bark13 Broadleaved13 
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Table 2.3. continued 
 

Family Species 
Found 

at 
Stowe 

Found at 
Wimpole 

Larval 
feeding 

guild 

Adult 
feeding 

guild 

GB rarity 
status 

Saproxylic 
habitat 

Tree species 
associations 

Scirtidae Prionocyphon 
serricornis 

 ✓  Saprophagus
1 

Saprophag
ous1 None16 Water-filled 

rot-holes13 Broadleaved1 

Scraptiidae  

Anaspis fasciata ✓ * ✓  Predator1 Nectivore1 None2 Old 
deadwood13 Oak13 

Anaspis frontalis ✓  ✓  Predator1 Nectivore1 None2 Old 
deadwood20 Broadleaved1 

Anaspis maculata ✓  ✓  Predator1 Nectivore1 None2 Old 
deadwood20 Broadleaved13 

Anaspis regimbarti ✓  ✓  Predator1 Nectivore1 None2 Old 
deadwood20 Oak13 

Scraptia testacea  ✓  Predator1 N/A1 Nationally 
scarce2 Soft rot13 Oak, beech and 

hawthorn13 

Staphylinidae  

Euplectus karstenii ✓  ✓ * Predator1 Predator1 None1 Old 
deadwood20 Broadleaved1 

Scydmaenus rufus ✓   Predator1 Predator1 RDB213 Under bark13 Broadleaved1 

Trichonyx sulcicollis ✓   Predator1 Predator1 RDB213 Old 
deadwood20 Broadleaved13 

Tenebrionidae  

Diaperis boleti  ✓  Fungivore1 Fungivore1 Nationally 
scarce2 Fungi13 Birch and poplar13 

Eledona agricola ✓  ✓ * Fungivore1 Fungivore1 None2 Fungi13 Broadleaved13 

Mycetochara 
humeralis 

✓  ✓  Omnivore15 N/A1 Nationally 
scarce2 Tree hollows13 Beech, oak and 

cherry13 

Prionychus ater ✓   Omnivore15 N/A1 None2 Tree hollows13 Broadleaved13 

Pseudocistela 
ceramboides 

 ✓  Omnivore15 Nectivore1 Nationally 
scarce2 Tree hollows13 Broadleaved13 
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Table 2.3. continued 
 

Family Species 
Found 

at 
Stowe 

Found at 
Wimpole 

Larval 
feeding 

guild 

Adult 
feeding 

guild 

GB rarity 
status 

Saproxylic 
habitat 

Tree species 
associations 

Throscidae Aulonothroscus 
brevicollis 

 ✓  N/A1 N/A1 RDB313 Old 
deadwood13 Oak13 

Trogidae Trox scaber ✓  ✓  N/A1 N/A1 None1 Tree hollows1 Broadleaved1 

(1) Webb et al., 2018 (2) Alexander et al., 2015 (3) Alexander, 2014a (4) Lane, 2021 (5) Telfer, 2016 (6) Lane, 2017 (7) Alexander (2014b) (8) 

Alexander, 2019b (9) Shirt, 1987 (10) NBN Atlas n.d.-c (11) NBN Atlas n.d.-d (12) NBN Atlas n.d.-e(13) Alexander, 2002 (14) UK Beetles n.d.-k (15) 

K. N. A. Alexander, 2023, pers. comm. (16) Foster, 2010 (17) Duff, 2016 (18) NBN Atlas, n.d.-a (19) Falk, 2021 (20) Schmidl & Bußler, 2004 (21) 

UK Beetles n.d.-a (22) Duff, 2020 (23) Lane et al., 2020 (24) Duff, 2012 (25) UK Beetles, n.d.-a 
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Habitat context of open grown oak trees 

The Shannon diversity indices recorded for trees at Stowe ranged from 1.57 to 

2.81, whilst for Wimpole they ranged from 1.39 to 2.63. Through visual 

inspection of maps depicting Shannon diversity indexes of the beetle 

communities trapped in each tree (Figures 2.5 & 2.6), no patterns could be 

determined linking trees in particular landscape contexts with higher beetle 

diversity index values. Trees with particularly high values include those in all 

habitat contexts including hedgerows, tree-avenues, open fields, and copses of 

trees.  

Figure 2.5. A map of the Shannon diversity indices recorded for 
trapping trees in Stowe National Trust landscape and the surrounding 
arable land. Yellow points represent trees that were used for trapping and 

the point sizes are weighted by the Shannon diversity index of the saproxylic 

beetle assemblages that were caught in the trap in each respective tree. 

Imagery ©2022 TerraMetrics, Map data ©2022 

Google 
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Figure 2.6. A map of the Shannon diversity indices recorded for 
trapping trees in Wimpole National Trust Landscape and the 
surrounding arable land. Yellow points represent trees that were used for 

trapping and the point sizes are weighted by the Shannon diversity index of 

the saproxylic beetle assemblages that were caught in the trap in each 

respective tree.  

 

Imagery ©2022 CNEA/Airbus Getmapping plc, Infoterra Ltd & Bluesky, Landsat / 

Copernicus, Maxar Technologies, The GeoInformation Group, Map data ©2022 

Google 
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The associations of saproxylic beetle diversity with habitat tree 
density at different scales 

Species richness of all saproxylic beetles had significant positive correlations 

with the number of habitat trees recorded within 50 m, 250 m, and 500 m radii 

of trapping trees (Figure 2.7). The statistics for the correlation tests carried out 

are summarised in Table 2.4.  

 

Table 2.4. A summary of the correlation tests carried out between 
surrounding tree density data and species richness of saproxylic 
beetles recorded from the trees at Stowe and Wimpole. *, P<0.05; **, 

P<0.01. 

Radius Test Statistics 

25 m 
Spearman’s rank 

correlation 

rs(28) = 0.228, p = 0.122 

50 m 
Spearman’s rank 
correlation 

rs(28) = 0.364, p = 
0.048* 

100 m 
Spearman’s rank 

correlation 

rs(28) = 0.298, p = 0.109 

250 m 
Spearman’s rank 
correlation 

rs(28) = 0.516, p = 
0.003** 

500 m Pearson’s correlation r(28)= 0.378, p= 0.040* 
750 m Pearson’s correlation r(28) = 0.287, p = 0.124 

1000 m Pearson’s correlation r(28) = 0.186., p = 0.324 
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Figure 2.7. The correlation of saproxylic beetle richness against the 
number of trees containing deadwood habitats recorded within radii of 
50m (top) and 250m (middle) and 500m (bottom) of each trapping tree.  
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The associations of rare saproxylic beetle species diversity with habitat 
tree density at different scales 

The richness of rare saproxylic beetle species (those with a conservation 

status) was positively correlated with the number of habitat trees recorded 

within 25 m, 50 m, 100 m, 250 m, 750 m, and 1000 m radii of trapping trees 

(Figure 2.8). The statistics for the correlation tests carried out between rare 

saproxylic species richness and tree habitat numbers within different distance 

radii of the trapping trees are summarised in Table 2.5. 

 

 

 

Table 2.5. A summary of the correlation tests carried out between 
surrounding tree density data and species richness of saproxylic 
beetles recorded from the trees at Stowe and Wimpole.  *, P<0.05;         

**, P<0.01. 

Radius Test Statistics 

25 m 
Spearman’s rank correlation rs(28) = 0.505, p = 

0.005** 

50 m 
Spearman’s rank correlation rs(28) = 0.563, p = 

0.001** 

100 m 
Spearman’s rank correlation rs(28) = 0.459, p = 

0.011* 

250 m 
Spearman’s rank correlation rs(28) = 0.553, p = 

0.002** 

500 m 
Pearson’s correlation  

(beetle richness log transformed) 

r(28) = 0.359, p = 0.051 

750 m 
Pearson’s correlation  
(beetle richness log 
transformed) 

r(28) = 0.426, p = 
0.019* 

1000 m 
Pearson’s correlation 
(beetle richness log 
transformed) 

r(28) = 0.365, p = 
0.048* 
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Figure 2.8. The correlation of the richness of saproxylic beetle species 
with conservation statuses against the number of trees containing 
deadwood habitats recorded within radii of 25 m (top left), 50 m (top 
right), 100 m (middle left), 250 m (middle right), 750m (bottom left) and 
1000m (bottom right) of each trapping tree.  
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Links between tree density and the presence of particular 
saproxylic beetle species 

Significant associations of between presence/absence and local tree density at 

certain scales were found in four of the saproxylic beetle species recorded: Cis 

bilamellatus, Dorcatoma flavicornis, Agrilus laticornis and Scolytus intricatus 

(Figure 2.9). The radii in which the number of hollow oaks significantly 

explained the presence of these species are presented in Table 2.6.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.9. A line graph depicting the extent to which the number of 
habitat trees within different distance radii explained the likelihood of 
occurrence of four beetle species within a tree. The wald statistic of 

beetle species that showed significant relationships to one or more tree 

density radii are plotted against the different distance radii within which 

habitat trees were counted. Higher wald statistics are interpreted as a higher 

influence of tree density at a given radius on the likelihood of a species 

occurring. 
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Table 2.6. The z- and p-values calculated through generalised linear 
models, quantifying the relationship between the number of trees within 
various distance radii of a trapping tree and the occurrence of named 
beetle species in trap-catches from that tree. *, P<0.05. 

Species Distance radius z-value p-value 

Agrilus laticornis 

25 m 0.94 0.35 
50 m 0.79 0.43 

100 m 0.91 0.36 
250 m 1.49 0.14 
500 m 2.24 0.03* 
750 m 2.01 0.04* 
1000 m 1.71 0.09 

Cis bilamellatus 
 

25 m -0.01 0.99 
50 m -0.14 0.89 

100 m -1.10 0.27 
250 m 0.18 0.86 
500 m 1.92 0.06 
750 m 2.52 0.01* 
1000 m 2.49 0.01* 

Dorcatoma 
flavicornis  

25 m 0.37 0.71 
50 m 0.14 0.89 

100 m -0.80 0.42 
250 m 0.23 0.82 
500 m 1.52 0.13 
750 m 2.48 0.013* 
1000 m 2.39 0.017* 

Scolytus intricatus  
 

25 m 1.08 0.28 
50 m 1.18 0.24 

100 m 2.34 0.02* 
250 m 1.18 0.24 
500 m -0.21 0.84 
750 m -1.53 0.13 

1000 m -1.19 0.24 
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The traits recorded in veteran trees used for trapping 

 

The most common microhabitat 

feature recorded from the trapping 

trees was attached deadwood, with 

all trees carrying attached, dead 

branches to some extent (Table 2.7). 

Tears and scars were also commonly 
recorded, indicating that the majority 

of trees surveyed had dropped 

branches at varying times in the past 

(Table 2.7).  

The height of trees used for trapping 

at Stowe and Wimpole formed a 

normal distribution, with the most-

represented height range being 15-

20 m (Figure 2.10). The DBH of 

veteran trees used for trapping at 

Stowe and Wimpole also followed a 

largely normal distribution, with the 

exception of one small tree at 

Wimpole (Figure 2.10). This was a 

young tree that had become 

veteranised through damage. Tree 

DBH was not found to correlate with 

the diversity of deadwood-associated 

microhabitats present on a tree (r(27) 

= 0.30,  p = 0.11). Full summaries of 

the features recorded from each 

trapping tree used in analysis are 

provided in Appendices D and E. 

 

 

Table 2.7. The percentages of all 
trees used for trapping in this 
study featuring particular 
microhabitats. 

Feature Percentage 
of trees 
(n=30) with 
feature 

Epicormic growth base 10.0 
Epicormic growth trunk 50.0 
Epicormic growth 
crown 

80.0 

Bark depletion 76.7 
Sap runs 43.3 
Split limbs 20.0 
Tears 96.7 
Scars 90.0 
Lightning strikes 16.7 
Hollowing (beyond 
category 1) 

13.3 

Holes base 46.7 
Holes trunk 80.0 
Holes branches 43.3 
Water pockets 20.0 
Red rot 66.7 
White rot 80.0 
Attached deadwood 100.0 
Fallen deadwood 56.7 
Fungi 46.7 
Lichens 96.7 
Moss 53.3 
Ivy 20.0 
Mammal signs 46.7 
Bird signs 46.7 
Damage 26.7 
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PCA analysis of Tree Traits  

The characteristics that proved to be most descriptive of overall tree form based 

on the variables measured included: 

• the presence of lightning strikes 

• the percentage of bark depletion 

• level of tree hollowing 

• the presence of epicormic growth in the crown of a tree 

• the presence of evident damage to a tree  

• the number of holes observed in tree branches.  

Small angles between the vector lines on the PCA biplot demonstrate a positive 

correlation between the occurrence of lightning strikes, bark depletion, 

hollowing and holes in the trunk (Figure 2.11). Tree hight has a similarly positive 

correlation to features including epicormic growth at the base, attached 

deadwood, tears and holes in tree branches (Figure 2.11).

Figure 2.10. Histograms demonstrating the height (top) and diameter at 
breast height (DBH) (bottom) of trees used for trapping in the present 
study. 
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DBH and Species Diversity 

Tree diameter at breast height was not found to have a significant relationship 

to the richness of all saproxylic species (r(27) = 0.03,  p = 0.88), the richness of 

rare species (r(27) = 0.29,  p = 0.12), or the Shannon diversity index (r(27) = 

0.06,  p = 0.77) of the beetles found in a tree. 

 

 

Figure 2.11. A PCA biplot with the tree data/environmental variables 
depicted as vectors upon which the individual trees are plotted as points.  
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Groupings of species by larval feeding guild 

The occurrence of beetle species recorded during this study was not found to 

significantly differ according to their larval feeding guild (R = 0.026, p = 0.10). 

The NMDS plot shows a grouping of fungus-feeding species including Abdera 

biflexuosa, Cis bilamellatus, Ennearthron cornutum, Dorcatoma flavicornis, 

Dorcatoma chrysomelina, Mycetophagus piceus and Rhizophagus bipustulatus 

(Figure 2.12).

Figure 2.12. An NMDS plot depicting the saproxylic beetle species 
found at Stowe and Wimpole, positioned in multidimensional space 
according to the probability for them to occur together across the suite 
of trees sampled. The point icons depict the larval feeding guilds of the 

species. A grouping of species with fungivorous larvae is identified using a 

red circle. 
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Associations of saproxylic beetle species with specific 
microhabitats 

Species including Scolytus intricatus, Enicmus testaceus and Melanotus 

castanipes show an association with the presence of observable red rot in 

habitat trees, with that of S. intricatus showing as the strongest of these (Figure. 

2.13). The Erotylid species, Dacne bipustulatus shows a positive correlation to 

the extent of bark depletion in trees (Figure. 2.13). Species including 

Hemicoelus fulvicornis and Eulgenes oculatus show positive links to the number 

of tears in trees (Figure. 2.13). The species Aulonothroscus brevicollis and 

Dorcatoma chrysomelina are shown to be positively associated with higher 

levels of shade and the presence of fungi (Figure. 2.13). The extent of tree trunk 

hollowing is shown to be positively correlated to the occurrence of Xyleborus 

monographus, Abdera biflexuosa and Sinodendron cylindricum (Figure. 2.13).
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Figure 2.13. An RDA plot showing how the occurrence of beetle species in trees are correlated with the extent of the 
different microhabitats present. The figure on the left shows the tree numbers and beetle species in relation to the microhabitat 

axes. The figure on the right presents a closer image of the beetle species on the plot without the other features to allow their 

locations on the plot to be more easily interpreted.  
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2.4. - Discussion 

More than half of the saproxylic beetle species found at Stowe during the 

present study had not previously been recorded on the SQI list for the site. In 

contrast, for Wimpole the number of species not previously listed on the SQI 

equated to just over one third of the diversity found during the present study. 

Discrepancies in these proportions reflect differences in the survey efforts that 

have previously been carried out on the respective sites (Alexander et al., 

2016). The saproxylic beetle diversity in the trees at Wimpole has previously 

been surveyed by Kirby (2002) and Damant & Kirby (2005), whereas Stowe has 

been investigated to a lesser extent between 1990 and 2000 by the National 

Trust, including one survey documented by Alexander (1991) (Alexander et al., 

2016).  

It is important to note that the proportions of species represented on the SQI 

quoted here are slightly confounded by the fact that the present study based the 

classification of ‘saproxylic’ on several different lists, meaning that some 

species considered as saproxylic in this study may not be included by the SQI. 

However, discrepancies between lists were only found for a small minority of 

species. This finding demonstrates the importance of regular monitoring of 

saproxylic invertebrates, as organised trapping regimes can result in 

considerable new data which can be used to ensure that as large as possible 

an extent of the saproxylic fauna is considered in the management of wooded 

landscapes. 

Differences between sites 

Despite the same number of saproxylic species being found at both sites, the 

beetle communities at Stowe and Wimpole were found to be significantly 

different from each other. This is likely to indicate a lack of large-scale habitat 

connectivity linking these sites over the 67.5 km distance between them. The 

character of the intermediate landscape is largely arable land and it has been 

suggested that trees outside woodlands such as those in arable hedgerows 

may provide habitat corridors to species movement between woodland patches 

(Feber, 2017). However, research is lacking into the real-world effectiveness of 

these corridors, especially for saproxylic species (Davies & Pullin, 2007; 

Parmain & Bouget, 2018). This finding suggests that the network of veteran 
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trees between the Stowe and Wimpole is not consistent enough to enable the 

extensive movement of all saproxylic species found at these sites. This 

highlights the detrimental effects of historic fragmentation and isolation of 

woodland in the UK on the saproxylic fauna (Rackham, 1986).  

Despite this, it is important to remember that the sampling of the present study 

does not constitute an exhaustive list of the saproxylic species at both sites. 

Overlooked species may prove the sites to be more similar than shown by the 

present results. Therefore, additional future monitoring would be useful in 

further understanding the extent of saproxylic differences between these sites 

and the reasons behind them. 

Landscape contexts of trees 

No obvious trend is visible in the distribution of beetle diversity across trees in 

different landscape contexts. This shows that trees have the potential to provide 

valuable ecological resources for saproxylic beetles, independent of whether 

they are in a wooded copse, in a hedgerow, in a field margin or in a managed 

pasture context. Therefore, trees in all these situations should be considered for 

their individual character and valued equally in conservation decisions.  

 

Saproxylic beetle species of particular interest 

Euglenes oculatus 

The nationally scarce saproxylic species, 

Euglenes oculatus was the most commonly 

recorded species at Wimpole (Figure. 2.14). This 

corresponds to data collected from oak 

woodlands in Norway, in which Euglenes oculatus 

was also collected abundantly (Sverdrup-

Thygeson, 2009). Ancient, hollowing oak trees in 

pasture-like woodland situations are considered 

to be a particularly important resource for this 

species (Alexander, 2002). As Euglenes 

oculatus adults are flower-visiting and perform 

Figure 2.14. An image of 
a specimen of Euglenes 
oculatus trapped during 
this study. 
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pollination services, this demonstrates the value of old oak trees for ecosystem 

services (Alexander, 2002; Falk, 2021). 

Mycetophagus piceus  

The Mycetophagid beetle species, 

Mycetophagus piceus was found at both of the 

trapping sites, with higher numbers recorded 

from trees at Wimpole than Stowe (Figure. 

2.15). This species has been previously 

identified as an indicator species for sites with 

high conservation priority species index scores 

(Jansson, Bergman, et al., 2009). The presence 

of M. piceus therefore highlights that both 

Stowe and Wimpole are sites of particular 

importance for the conservation of rare 

species. The high diversity of saproxylic 

species found during the present study 

supports this finding, with approximately a 

third of the species found at both sites being of conservation concern.   

Elater ferrugineus 

The click beetle, Elater ferrugineus is a species 

that specialises on wood mould inside tree 

cavities (Alexander, 2002; Tolasch et al., 2007) 

(Figure. 2.16). It has been suggested as a 

potential indicator species for the beetle 

biodiversity of hollowing trees (Schmidl & Bußler, 

2004; Musa et al., 2013). Due to its specific 

habitat requirements, it is threatened by the loss 

of ancient trees and habitat fragmentation 

(Tolasch et al., 2007).  It is considered to be 

rare throughout its range; however recent 

developments in the use of pheromone lures 

for this species is allowing the identification of 

new sites hosting active populations (Musa et 

Figure 2.15. An image of a 
specimen of 
Mycetophagus piceus 
trapped during this study. 

Figure 2.16. An image of 
a specimen of Elater 
ferrugineus trapped 
during this study. 
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al., 2013). The presence of E. ferrugineus has previously been noted at 

Wimpole Estate (Damant & Kirby, 2005; Damant & Warrington, 2006), and the 

finding of two specimens during the present study confirms its continued 

presence at the site. 

Achopera alternata 

A particularly interesting finding of the present study was the discovery of a 

previously undocumented population of the weevil species, Achopera alternata 

(Figure 2.17). This species is a migrant from south-east Australia and has 

previously been found at only three other sites in the UK (Duff, 2016). These 

sites include Erddig Park and Llangollen in Denbighshire and Cassiobury Park 

in Hertfordshire (Murray et al., 2014; Duff, 2016). As a result, this is likely the 

first discovery of A. alternata from the county of Buckinghamshire. This 

demonstrates the value of regular monitoring of sites with high saproxylic 

potential in understanding changing species distributions.  

The low number of UK observations of A. alternata may be partially due to the 

fact that they are night active and difficult to observe in the field as a result of 

their tendency to remain very still (UK Beetles, n.d.-a; Murray et al., 2014). Most 

previous observations of A. alternata in the UK have been on beech trees; 

however, one specimen has been found on an oak tree matching the 

circumstances of the present finding (UK Beetles, n.d.-a; Murray et al., 2014). It 

has been suggested that A. alternata may feed on fungi or algae, which, 

depending on their preferred food species, could explain this lack of tree-

specificity (UK Beetles, n.d.-a; Duff, 2016). They are also thought to be 

associated with birds’ nests and it has been suggested that they may disperse 

phoretically by clinging to birds as they fly to new areas, potentially using the 

hooks on their tibiae to aid in attachment (UK Beetles, n.d.-a). This is an 

interesting alternative strategy to consider in the study of saproxylic beetle 

dispersal, allowing species that may themselves be relatively immobile to cross 

large distances (Bartlow & Agosta, 2021). With knowledge of this new 

population of A. alternata, it would be beneficial to conduct night surveys at 

Stowe in the area of this specimen’s capture to locate the main population and 

facilitate future monitoring. 
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The Impacts of Tree Density on Saproxylic Beetles 

Tree density and the diversity of all saproxylic beetle species 

This study found the that the number of deadwood-habitat trees within the radii 

of 50 m, 250 m and 500 m had significantly positive relationships to the species 

richness of saproxylic beetles found in oak trees. This is a narrower range of 

significance than that identified by Bergmann et al. (2012), who found significant 

positive relationships between species richness and tree density at all scales 

between approximately 100 m and 5284 m radii. Additionally, the present study 

found the correlation coefficient for tree density at a radii of 250 m (rs = 0.516) 

to be similar to the maximum correlation coefficient value (r = 0.535) recorded 

by Bergmann et al. (2012), which occurred at the considerably greater radius of 

2284 m. As the present study did not measure tree density in radii of this size it 

is not possible to establish whether a second peak may have emerged. 

However, as the correlation coefficients found in the present study decreased 

between 250 m to 500 m and no significant correlations were found between 

species richness and tree density in the largest radius measured in this study 

(1000 m), there is no evidence of an upward trend towards a second peak. 

This finding suggests that the saproxylic beetle communities at Stowe and 

Wimpole were generally moving between deadwood resources within shorter 

Figure 2.17. Two images of a specimen of Achopera alternata collected 
from Stowe National trust landscape. The images were created using 

photo-stacking equipment at the Angela Marmont Centre of the London 

Natural History Museum. 
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distances than those recorded by Bergmann et al. (2012). However, this may 

reflect the larger area that was surveyed by Bergmann et al. (2012) than in the 

present study. The large study area allowed Bergmann et al. (2012) to minimise 

autocorrelation caused by overlapping distance radii from each trapping area in 

which tree densities were measured. In contrast, the smaller sites surveyed by 

the present study necessitated some overlapping of radii, especially over the 

larger distances. The inclusion of the same habitat trees in the distance radii for 

multiple trapping trees may have reduced the levels of variation in species 

diversity that may have otherwise occurred if the trees within the radii of each 

trapping tree were entirely independent.  This potential reduction in beetle 

diversity variation may have decreased the likelihood of trends over large 

distance scales becoming evident in statistical analysis.  

Alternatively, this difference in the scale at which tree density most impacted 

species richness may have resulted from differences in the landscapes 

sampled. The present survey focussed specifically on open-grown wooded 

landscapes including pastureland, incorporating few trees within denser 

woodland situations, meaning that the species found in the present study were 

likely to be typical of pasture fauna. In contrast, the landscape surveyed by 

Bergmann et al. (2012) included areas of coniferous forest in addition to arable 

fields, likely producing more variability in the growth situations of the oak trees. 

Hollow oaks trees in open-grown situations such as pasture and parkland have 

been found to host higher proportions of saproxylic beetle species associated 

with tree cavities than hollow trees in denser woodland situations (Sverdrup-

Thygeson et al., 2010). This trend may explain the greater significance of closer 

habitat patches to the overall saproxylic diversity in the present study, as hollow 

associated species are thought to have particularly low tendencies for dispersal 

(Ranius & Hedin, 2001).  Moreover, as Bergmann et al. (2012) conducted their 

research in Sweden, differences between the saproxylic faunas of Sweden and 

the UK may have also played a role in the difference found between peak 

response radii.  

Pilskog et al., (2016) found that isolation of hollow oaks from each other at a 

distance of 200 m negatively influenced the abundances of xylomycophagous 

and oak semi-specialist beetle species. This is a similar distance to that which 

were linked to the greatest changes in species richness in the present study 
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(250 m). Therefore, this supports the finding that habitat connectivity at over 

distances of approximately 200/250 m is important in promoting the vitality of 

saproxylic invertebrate populations in oak woodlands. However, as Pilskog et 

al., (2016) did not analyse habitat density at any other distance radii lengths, 

this cannot be presumed to be the most influential habitat scale in the woodland 

studied. 

Schiegg (2000b) found that species richness of saproxylic insects was positively 

influenced by deadwood connectivity within 150 m of trunk-window traps. The 

study conducted by Schiegg (2000b) differed from the present methodology in 

that they investigated the density of both standing and lying deadwood pieces, 

rather than that of exclusively living veteran trees. It is therefore surprising that 

the connectivity was found to influence species richness at a similarly small 

scale to the present study, as the fauna associated with more ephemeral 

deadwood resources such as quickly decaying logs are hypothesised to have 

greater abilities to disperse over longer distances than species associated with 

stable habitats such as tree hollows (Percel et al., 2019). A possible reason for 

this is that Schiegg (2000b) only measured deadwood distribution within radii 

from 50-200 m, meaning that they may have missed associations of the 

saproxylic community with deadwood on larger scales.  Additionally, Schiegg 

(2000b) carried out their research in woodland dominated by Fagus sylvatica 

and Picea sp. trees. The growth tendencies of these tree species dictate that 

this study was done in more enclosed woodland conditions than the present 

study. It is not clear how this may have influenced the results of this study as 

little research has been carried out into the differences in dispersal tendencies 

of beetle communities in different woodland types (Schiegg, 2000b). This is an 

area that would benefit from additional future research to better understand 

which woodland features are linked to dispersal tendencies.  

The sun-exposed nature of trees is thought be a key factor in supporting high 

saproxylic diversity in open wooded landscapes, as invertebrate species benefit 

from the rich accumulations of deadwood habitats and the increased warmth in 

these trees (Horak et al., 2014; Alexander et al., 2016). Therefore, it is expected 

that a point would be reached at which increases in density of trees within small 

radii would begin to negatively influence saproxylic species richness, as the 

shading effect of the closely spaced trees would decrease the extent of this sun 



107 
 

exposure. Theoretically this would result in a curvilinear relationship, in which 

the positive relationship of saproxylic diversity with tree density would switch to 

a negative relationship after a certain number of surrounding veteran trees. This 

trend is not evident in the tree density graphs for this study, possibly suggesting 

that the trees measured did not include those experiencing a sufficient level of 

shade to induce these trends. This lack of datapoints at the particularly high tree 

density mean that it is not possible to discern the validity of this theory from the 

present results. This study could be expanded by studying landscapes with 

stronger gradients of trees under different density and shade levels to 

investigate this further.   

Tree density and the diversity of rare saproxylic beetle species 

The richness of saproxylic beetle species with conservation statuses (hereafter 

termed ‘rare species’) showed significant positive correlations with the number 

of habitat trees within a greater range of distance radii than overall saproxylic 

beetle richness. The significant relationships found between the richness of 

these rare species also had higher correlation coefficients at almost all distance 

radii than the significant correlations found with overall species richness.  This 

indicates that rarer species could be particularly sensitive to changes in local 

tree densities in open-grown pasture woodlands over many scales and are 

likely to be a subset of the community that are most negatively affected by 

habitat isolation in these landscapes.  

One of the radii at which the richness of rare species was most strongly 

correlated with tree number was 250 m. This is consistent with the finding of 

Brunet & Isacsson (2009) who found that red-listed beetle species richness was 

linked with the density of snags in a beech forest at a scale of 200-300 m. This 

is perhaps an unexpected consistency as beech forests are generally very 

different to the oak landscape studied, with the beech woodlands constituting 

denser, shadier environments than the largely open sun exposed oak trees in 

the present study. It is unclear how these landscape variations may have 

impacted the results of these studies, as the differences in dispersal tendencies 

in saproxylic beetles inhabiting different types of woodland have not been 

extensively investigated. Nevertheless, this finding further supports the 

observation that 250 m is a scale of particular importance for rare saproxylic 

beetle species. 



108 
 

In addition to the 250 m scale, particularly high correlation coefficients (r > 0.5) 

were also found between rare saproxylic beetle richness and the number of 

habitat trees within the radii of 50 m and 25 m. These strong positive 

associations with tree density within the lowest distance radii measured support 

the finding of Brunet & Isacsson (2009), that red-listed species have generally 

more limited dispersal tendencies than more common species, making local 

habitat patches particularly important resources for them. These findings 

contradict Økland et al. (1996), who found that 40 m was too small a scale to 

allow meaningful study of the relationships of species presence.  

In contrast to the findings of the present study, Pilskog et al. (2016) did not find 

that isolation of trees from other hollow oaks at the scale of 200 m produced 

any significant influence on the diversity or abundance of red-listed species. 

This may be a result of differences in the methodology used between this and 

the present study, with Pilskog et al. (2016) placing trees into ‘high isolation’ 

and ‘low isolation’ categories and using this categorisation as a variable in 

generalized linear mixed effect models. It is possible that the cut-off chosen to 

distinguish between ‘high isolation’ and ‘low isolation’ in this study was not at 

the most appropriate level to constitute a meaningful difference in habitat 

availability for red-listed species.  

It may be possible that limitations in data collection played a role in the lower 

correlation coefficients found between rare species richness and habitat tree 

numbers at higher distance radii in the present study. As mentioned in the 

previous section, the autocorrelation caused by overlapping radii of larger 

distances meant that the same habitat trees were included in the radii for 

several trapping trees. The repeated inclusion of the same habitat trees may 

have caused reduced variation in the saproxylic species diversity available to 

disperse to the trapping trees over these distances in comparison to an entirely 

independent study. Therefore, it should not be discounted that the true influence 

of tree density over greater scales may be stronger than the trends presented 

by these data. 
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Links between tree density and individual saproxylic beetle 
species 

The present study identified significant positive relationships between species 

occurrence and habitat tree numbers within various distance radii for four 

species. Three of these species (Agrilus laticornis, Cis bilamellatus and 

Scolytus intricatus) had not previously been linked to spatial scales by 

Bergmann et al. (2012). The Wald values for the associations between 

individual species and tree numbers within associated distance radii in the 

present study were lower than the 3.90 cut-off value used by Bergmann et al. 

(2012). This suggests that the relationships of species occurrences with tree 

density found during the present research were not as strong as in the 

aforementioned work. The higher sampling effort carried out by Bergmann et al. 

(2012) may explain this, as it could have allowed more instances of species 

presence to be identified than in the present study. Nevertheless, the significant 

associations identified by the present study provide interesting observations of 

species habitat use which are discussed below. 

Agrilus laticornis 

No previous studies have identified a 

dispersal distance range of importance for 

Agrilus laticornis (Figure. 2.18). Therefore, 

the links found between the presence of A. 

laticornis and habitat tree numbers over 

scales of 500 and 700 m during the present 

study constitute new contributions to 

saproxylic beetle dispersal knowledge. 

Buprestidae have a pronounced preference 

for inhabiting sun exposed wood 

(Vandekerkhove et al., 2015). Therefore, it 

is possible that the lack of positive 

associations of A. laticornis with habitat 

density on lower distance scales were a 

result of this species avoiding trees that 

were shaded by other nearby veteran trees.  

Figure 2.18. An image of a 
specimen of Agrilus 
laticornis trapped during 
this study. 
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In the related species, Agrilus planipenis, which is an invasive pest of ash trees 

in North America, the majority of females were found to have oviposited on 

trees within 300 m of a host tree, although one larva was found on a tree 750 m 

away from the source (Mercader et al., 2009). The lack of influence of habitat 

tree number over smaller distance radii found during the present study contrasts 

to these findings. However, the observation of a single larva at 750 m by 

Mercader et al. (2009) demonstrates the ability of Agrilus spp. to move over the 

distance scales found to be significant in explaining the occurrence of A. 

laticornis in the present study. Despite this, it is important to remember that 

differences in dispersal tendencies can occur between various species in the 

same family (Jonesell et al., 1999). Therefore, findings on the dispersal of A. 

planipenis cannot necessarily be taken as direct supporting evidence for the 

observed trends in A. laticornis movement.  

Dorcatoma flavicornis 

Bergmann et al. (2012) identified two peak scales (60 m and 1986 m) at which 

Dorcatoma flavicornis presence was best explained by the density of 

surrounding habitat trees. The second peak (1986 m) occurred as the apex of a 

wide ark of significant, positive associations of D. flavicornis presence with tree 

density at distance radii between around 200 m and 5000 m, with the 

significance of the response steadily increasing up to the peak of 1986m and 

thereafter decreasing (Bergmann et al., 2012).The distance radii at which D. 

flavicornis presence was found to be significantly explained by tree density in 

the present study (750 m and 1000 m) both fall within the scope of this ark, 

supporting the findings of Bergmann et al. (2012). Additionally, the strength of 

response of D. flavicornis presence to tree density remained fairly consistent 

between the two highest distance radii measured in the present study, 

potentially supporting the idea that the most important density scale for this 

species may be greater than 1000m, such as in the second response peak 

found by Bergmann et al. (2012). The ability of Dorcatoma spp. to colonise 

distant habitat patches has previously been noted by Jonesell et al. (1999), who 

observed their readiness to fly over open fields to reach new areas. The present 

study’s finding that D. flavicornis is able to make use of habitat patches over 

considerable distance ranges is consistent with these observed behaviours. It 

has been suggested that the high dispersal tendencies of Dorcatoma spp. 
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evolved as a mechanism to escape competition and parasitism (Jonesell et al., 

1999). 

In contrast to the link found to habitat density at 60 m by Bergmann et al. 

(2012), the present study did not identify any significant relationship of D. 

flavicornis occurrence with tree numbers within the smaller radii measured. It is 

possible that the greater sampling effort carried out by Bergmann et al. (2012) 

resulted in the collection of a greater number of D. flavicornis specimens, thus 

allowing a more detailed analysis of the scales relevant for its dispersal. 

Therefore, it may have been possible to identify weaker associations with 

habitat density under certain distances using their data than could be identified 

by the present study. 

Scolytus intricatus 

The microhabitat used by S. intricatus is 

freshly dead branches (Alexander, 

2002) (Figure. 2.19). Attached 

deadwood was found to be the most 

ubiquitously present microhabitat on all 

trapping trees in this study. If this 

observation is assumed to be consistent 

across the landscape and such dead 

branches are also extensively present in 

the majority of other identified habitat 

trees, S. intricatus is likely to have been 

relatively uninhibited in the trees that it 

is able to colonise. With such a high presence of suitable microhabitat, S. 

intricatus is likely to have little need to travel long distances to find new habitat 

patches. Therefore, this may explain why S. intricatus was found to benefit from 

higher tree numbers at the smallest scale of the four species with significant 

links to tree density, as all trees within this range are likely to have constituted 

useable habitat stepping-stones. This may not have been the case for other 

species with preferred microhabitats that are rarer in the landscape. 

A study into different Scolytus species, S. laevis and S. scolytus found that 

beetles were caught more abundantly in traps set within 20-300 m from a 

Figure 2.19. An image of a 
specimen of Scolytus intricatus 
trapped during this study. 
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woodland edge than in traps set between 1-2km from the habitat, with less than 

1% of captured beetles reaching the more distant traps (Anderbrant & Schlyter, 

1987). The distance radius of 100 m at which S. intricatus was influenced by 

habitat density identified by the present study falls within this shorter range, 

supporting the finding that Scolytus species tend to disperse over relatively 

small distances.  

Additionally an experiment involving logs placed at various distances from a 

central dispersal point, Yates (1984) found that the majority of S. intricatus 

specimens were recaptured on the closest logs to the source, at 10 m distance. 

Beetles were found to disperse to all other distances tested, including 3.5% of 

the marked beetles to the logs at the furthest distance of 75.8m (Yates, 1984). 

This supports the finding that S. inrticatus readily disperses across smaller 

distances. A potential reason for the lack of significant associations between S. 

intricatus presence and tree density at the smallest distance radii measures in 

the present study (25m and 50m) could be because higher numbers of large 

trees at these small scales carry the tendency for increased shading of the 

trapping tree. Dry and warm conditions are linked to greater population sizes of 

S. intricatus (Mezei et al., 2022). This may be a result of dry conditions causing 

drought-related stress to trees, making them more vulnerable to S. intricatus 

infestation (Mezei et al., 2022). Therefore, increased shading of habitat trees by 

other surrounding trees within short distances are likely to make them less 

attractive habitat patches for S. intricatus. 

Cis bilamellatus 

The non-native Ciid beetle, Cis 

bilamellatus, was first discovered 

near London in 1884 (Wood, 1884; 

Orledge et al., 2010) (Figure. 2.20). 

Originally from the Australasian 

region, it is thought to have entered 

the UK through fungal material sent 

to Kew gardens (Orledge et al., 

2010). Following its discovery, C. 

bilamellatus went through a slow 

establishment phase, during which its range grew by less than 1km per year 

Figure 2.20. An image of a 
specimen of Cis bilamellatus 
trapped during this study. 
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(Orledge et al., 2010). After this, C. bilamellatus entered a period of more rapid 

expansion of approximately 13 km per year, moving around the UK and 

entering many new vice counties (Orledge et al., 2010). This rapid spread is 

considered to be largely unaided by human activities, demonstrating the high 

natural dispersal capabilities of C. bilamellatus (Orledge et al., 2010). These 

dispersal capabilities are consistent with the finding that C. bilamellatus was 

significantly associated with the abundance of surrounding habitat trees at the 

greatest distance radii measured by the present study (750m and 1000m).  

The present study found that C. bilamellatus had dispersal associations to the 

same distance radii as D. flavicornis. In contrast to this, Jonesell et al. (1999) 

found that Cis spp. were less effective dispersers than Dorcatoma spp.. The 

study by Jonesell et al. (1999) measured dispersal by observing the 

colonisation of fungal fruiting bodies of Fomitopsis pinicola and Fomes 

fomantarius. Therefore, the differences observed may have been influenced by 

varying preferences of Cis spp. and Dorcatoma spp.. to these fungal species.  

In addition, the species of Cis and Dorcatoma recorded by Jonesell et al. (1999) 

did not include C. bilamellatus or D. flavicornis. Therefore, it may be that the 

dispersal tendencies of these species differ from those of other members of 

their genera.  

 

Tree habitat features 

The PCA analysis of the tree environmental and habitat features showed that 

evidence of lightning strikes, extent of bark depletion, and tree hollowing were 

the three most explanatory variables in predicting the collection of features 

present in a tree. These three features were highly positively correlated with 

each other, with small angles between their vector lines on the PCA biplot. This 

could suggest that the occurrence lighting strike to a tree influences the 

formation of hollows and areas of bark denudation. It is not surprising that a 

catastrophic event such as a lightning strike considerably alters the growth and 

form of a tree. Tree hollows and peeling bark are both important saproxylic 

habitat features for saproxylic invertebrates (Alexander, 2002; Bouget et al., 

2014). Therefore, this indicates that the occurrence of lightning strikes to trees 
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could be an important process in creating decaying wood resources for 

saproxylic communities.  

The value of trees struck by lightning for beetles is supported by the finding that 

lightning strikes have been previously associated with higher numbers of beetle 

entrance holes in the trunks of tropical trees (Parlato et al., 2020). This may be 

a result of greater amounts of peeling bark on these trees exposing more of the 

cambium layer underneath for beetles to access. Due to the value of lightning 

strikes in creating decaying wood resources, veteranisation procedures have 

been designed to mimic their activity, with linear fissures being manually carved 

into trees using chainsaws (Bengtsson et al., 2012; Ancient Tree Forum, 2016). 

The results from the present analysis suggest that this type of veteranisation 

practice would be particularly beneficial in supporting saproxylic invertebrate 

species that specialise on tree hollow and peeling bark habitats. Long term 

studies of the changes in saproxylic invertebrate communities inhabiting a tree 

in the years after such veteranisation would be useful in further testing this 

hypothesis. 

The links found between tree hight and epicormic growth, attached deadwood, 

and tears, appears to encapsulate the stage of the tree-aging process in which 

trees have reached their peak growth and are entering into the retrenchment 

stage. This occurs when trunk growth slows and new, outer tree rings become 

too thin to effectively transport water to the tree crown (Alexander et al., 2016). 

At this point, the upper tree branches begin to die (resulting in the increased, 

attached deadwood observed in this analysis) and some may drop, resulting in 

the formation of scars (Alexander et al., 2016). The tree responds to this stress 

by producing epicormic growth which may eventually contribute to a new, lower 

crown (Joye, 2019).  

The lack of significant associations between DBH with microhabitat diversity or 

with any measure of saproxylic beetle richness or diversity was unexpected, as 

larger trees are thought to contain more heterogenous habitats and support a 

greater diversity of saproxylic invertebrate specialists (Grove, 2002). This 

absence of associations may have been a result of the current study specifically 

selecting trees with generally large DBH and rich microhabitat representation for 

trapping. As a result, there may not have been sufficient variation in the tree 
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sizes to produce any significant effect on microhabitat representation or 

saproxylic beetle fauna.  

 

The microhabitat associations of particular beetle species 

Red rot 

The association found between Scolytus intricatus and red rot is unexpected, as 

this species has been noted to inhabit freshly dead tree branches (Alexander, 

2002). As red rot-inducing fungi act slowly and are particularly linked to the 

heartwood of a tree, it is not a microhabitat that fits with freshly dead branches 

(Rayner & Boddy, 1988a; Alexander et al., 2016). To support this, the 

microhabitat analysis in the present study did not find that red rot and attached 

deadwood were correlated with one another. It is surprising that no link was 

found between S. intricatus and attached deadwood. This may be explained by 

trap location, as aerial deadwood often occurs at the top of a tree canopy 

crown, whereas traps in this study were mostly stationed lower than this level. 

As a result, the trapping regime may have failed to capture clusters of S. 

intricatus occurring in direct association with aerial dead branches.  

Bark beetles such as Scolytus spp. Are known for their ability to act as vectors 

for fungi (Anderbrant & Schlyter, 1987). Therefore, it may be through this 

process that the presence of S. intricatus in trees is linked to higher fungal 

diversity, including the presence of red-rotting fungal. Strid et al., (2014) found 

that bark beetle activity impacts fungal species composition in deadwood. 

However, these interactions were only noted for white rot fungal species in the 

bark beetles studied (Pityogenes chalcographus, Ips typhographus and 

Crypturgus sp.) (Strid et al., 2014). As a result, further investigation may be 

required to elucidate the reasons for the link between S. intricatus and red rot 

found in the present study.  
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The positive association found between Enicmus 

testaceus and the presence of red rot and fungal 

fruiting bodies on trees may be explained by the 

fact that E. testaceus has been documented 

feeding on ripe slime moulds, particularly the 

species Reticularia lycoperdon (Donisthorpe, 

1935; Alexander, 2002) (Figure. 2.21). Slime 

moulds inhabit moist, shady environments, which 

are also the preferred conditions for many fungi 

(Rayner & Boddy, 1988b; Ranius & Jansson, 

2000; Smith-Ferguson & Beekman, 2020). 

Therefore, the links found by the present study 

with E. testaceus may be an indication that 

inhabited host trees provide particularly suitable 

moisture and light conditions for the cultivation of 

fungal and slime mould communities. It is also possible that the link between E. 

testaceus and red rot is more direct, as Jonsell & Nordlander (1995) found that 

E. testaceus was significantly attracted to the odours of the red-rotting fungal 

species, Fomitopsis pinicola. Considering this, the present association with red 

rot may constitute an undiscovered trophic association of E. testaceus with 

fungi.  

Figure 2.21. An image of 
a specimen of Enicmus 
testaceus trapped 
during this study. 
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The association found between Melanotus 

castanipes and the presence of red rot in the 

trapping trees is supported by current knowledge 

of this species (Alexander, 2002) (Figure. 2.22). 

However, Jonsell & Nordlander (1995) did not find 

that M. castanipes showed significant levels of 

attraction to odour lures for the red-rotting fungal 

species Fomitopsis pinicola or Fomes 

fomentarius. As a result, it remains unknown 

which fungal species influence the presence of M. 

castanipes and further investigation would be 

required to elucidate this. 

It is important to note that this study only takes 

into account examples of red rot that were visible 

from external inspection. As red rot is linked to 

tree heartwood, it is likely that some red rot was not visible, potentially 

confounding the ability of these results to fully reflect associations with this 

habitat type.  

Tears 

One of the saproxylic species shown to be associated with tears through 

redundancy analysis was Hemicoelus fulvicornis. This species is thought to 

develop in small dead branches (Alexander, 2002). The point for H. fulvicornis 

on the RDA plot was also nearby the axis for attached deadwood, likely 

reflecting this association. The axis for tears and attached deadwood were 

shown to be highly correlated with each other through PCA analysis, meaning 

that these two features commonly co-occur in trees. This may reflect the 

process of trees beginning to shed their branches through retrenchment 

(Alexander et al., 2016). Therefore, H. fulvicornis may have a particular 

association to trees undergoing this stage of life. 

The species, Euglenes oculatus was also linked to the number of tares on the 

trapping tree. This is not an association that has previously been noted 

(Alexander, 2002). E. oculatus are thought to develop in crumbly red-rotten 

wood in hollowing trees (Alexander, 2002). Tears can represent the beginning 

Figure 2.22. An image 
of a specimen of 
Melanotus castanipes 
trapped during this 
study. 
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stages of hollowing, providing an entry point for fungi to decay away the 

heartwood of a tree (Ranius et al., 2009). However, the axis for tears on the 

RDA plot points in the opposite direction to that of hollowing and is also not 

correlated with the red rot axis. This would suggest that the positioning of E. 

oculatus indicates a negative association with hollowing and red rot, which is a 

surprising finding. Further research would be required to better understand the 

reasoning for this. A potential reason for the link between E. oculatus and tears 

is that this species is also reported to hide in tree crevices during the day whilst 

being active on tree trunks at night (UK Beetles, n.d.-b). It could be possible that 

the crevices formed in the areas where branches tear away provide hiding 

spaces for adult E. oculatus. This is an interesting novel finding that would 

benefit from additional future investigation through the inspection of tree branch 

tears in the field. 

Shade 

Dacne bipustulata was shown to be the species 

with the most negative association to shade 

(Figure. 2.23). This is supported by the findings of 

Lindhe et al. (2005) who found D. bipustulata in 

significantly higher densities under fully 

exposed conditions in comparison to semi 

exposed and shaded conditions. However, this 

conflicts with the fact that D. bipustulata inhabits 

fungi, which generally prefer more moist, 

shaded conditions (Rayner & Boddy, 1988b; 

Alexander, 2002). It may be that D. 

bipustulata benefits most from a 

heterogenous landscape, utilising shade-

associated resources whilst being most 

active (and therefore most likely to be trapped) in sun-exposed areas. Further 

investigation into the resource use and flight activity D. bipustulata would be 

necessary to investigate this hypothesis. 

 

 

Figure 2.23. An image of a 
specimen of Dacne 
bipustulata trapped during 
this study. 
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Fungus 

A grouping of beetles that use fungi as their larval food resource was shown on 

the NMDS plot. Of these, D. chrysomelina, D. flavicornis and Mycetophagus 

piceus are linked to red-rotten wood through the activity of chicken-of-the-

woods, Laetiporus sulphureus (Alexander, 2002). This joint association may 

suggest that the other species in the NMDS plot grouping (Abdera biflexuosa, 

Cis bilamellatus, Ennearthron cornutum, Rhizophagus bipustulatus) also have 

particular, previously unidentified trophic links to L. sulphureus. Alternatively, all 

of these species may have a shared link to another fungal species, causing 

them to frequently co-occur in the same trees. In addition, D. chrysomelina, D. 

flavicornis and M. piceus and A. biflexuosa are all noted for their particular 

association to ancient pasture woodland habitats (Alexander, 2002). Therefore, 

this grouping may represent a typical community that can be expected to be 

found associated with fungi in open-grown oak trees.  

 

Tree Case Studies 

A large ancient tree limited by isolation 

The tree with the largest DBH across all sites (190.35 cm) was found at Stowe 

and had a relatively low Shannon 

diversity index, in comparison to other 

trees surveyed (Figure. 2.24). The 

numbers of habitat trees surrounding 

this tree was low at many of the radii 

measured, with no other habitat trees 

recorded within in a radius of 250 m. 

Despite its low diversity index, several 

rare species were recorded solely from 

this tree, including the nationally 

threatened pasture specialist, Ampedus 

cardinalis, as well as Oligella intermedia 

(RDB K) and Ampedus quercicola (notable b). The presence of the species A. 

cardinalis is positively associated to oak densities at a scale of 60 m, 

suggesting that this is a relevant scale for its dispersal (Bergman et al., 2012) 

Figure 2.24. A large ancient tree 
in an isolated area at Stowe. 
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(Figure. 2.25). As the ancient tree discussed here 

had no other surrounding habitat trees within a 

radius of 250 m, it is unsurprising that this species 

was not shown to have inhabited other trapping trees 

in the area.  

This indicates that the saproxylic community in this 

tree is negatively affected by isolation from other 

sources of deadwood habitat. It would take many 

years to increase the surrounding deadwood 

resource through the growth of new trees (Ranius et 

al., 2009). For this reason, this tree would constitute 

an ideal situation for the employment of beetle boxes 

and veteranisation processes in the surrounding 

area to boost deadwood connectivity. Beetle boxes 

could be especially useful for the two species of 

Ampedus found in the tree, as they are both 

associated to decaying heartwood in tree cavities, 

which is the habitat that beetle boxes are designed to recreate (Alexander, 

2002; Jansson, Ranius, et al., 2009). Beetle boxes have the potential to act as 

habitat stepping-stones for saproxylic beetle species to move to and from this 

tree. As a result, the high-quality habitat in this tree (as demonstrated by the 

rare specialist species that are able to inhabit it) could be more extensively 

utilised by a greater range of species. Also, the species that were only recorded 

in this tree could be released from their habitat isolation and allowed to expand 

into new trees, making them more resilient to the potential loss of this individual 

tree in the future.  

  

Figure 2.25. The 
specimen of 
Ampedus cardinalis 
found at Stowe 
during this study. 
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A small veteran tree demonstrating the potential of veteranisation  

It has been suggested that ‘bigger is better’ in terms of the size of a tree and its 

value for invertebrates (Grove, 2002). This is logical as larger, older trees have 

often accumulated microhabitats over their lives that provide a greater range of 

resources to saproxylic invertebrates with different requirements (Grove, 2002). 

However, a method that is increasingly being used to artificially increase 

saproxylic habitats in areas where it is becoming depleted is veteranisation, 

which increases the representation of deadwood microhabitats in younger trees 

(Bengtsson et al., 2012). This means that smaller trees may play an increasing 

role in supporting saproxylic invertebrate communities in the future. 

The flight interception programme run during this study incorporated one tree of 

particularly low girth (35.97 cm DBH) from Wimpole (Figure. 2.26). Despite its 

small size, it showed evident signs of 

decay, possibly as a result of damage by 

agricultural machinery due to its location 

on an arable field margin. The trap 

positioned in this tree collected a 

surprisingly high diversity of beetles, with 

16 individuals of 9 species and a 

Shannon diversity index of 2.01. This 

diversity score is higher than 50% of the 

other trees at Wimpole Hall Estate. The 

species found include Aulonothroscus 

brevicollis which has a RDB 3 

conservation status (Webb et al., 2018). 

This highlights that veteranised trees can 

provide valuable habitats to saproxylic 

species despite younger age and smaller 

size. 

 

 

Figure 2.26. A small-diameter 
veteran tree containing 
various deadwood 
microhabitats at Wimpole. 
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Study limitations 

Many of the saproxylic species recorded from oak trees in Stowe and Wimpole 

have also been found to occur on several other species of broadleaved trees in 

addition to oak (Alexander, 2002). As a result, it is possible that the presence of 

veteran trees of other species may have influenced the distribution results. 

Limited time and resources meant that it was outside the scope of the present 

study to survey all trees at Stowe and Wimpole to account for this. However, it 

is presumed that the influence of other tree species was likely small, as oak 

trees constituted a key species of deadwood value at the surveyed sites 

(Alexander et al., 2016). Additionally, open grown oak trees have been 

identified as hotspots for red-listed saproxylic species, suggesting that they 

would have had a strong influence upon the rarer species found during the 

present study (Sverdrup-Thygeson, 2009).  

The conclusions formed from the data collected in this study was based on the 

species collected from each tree. However, the lack of specimens of a certain 

species collected from a tree is not definite proof of its absence from that tree 

(Hirzel et al, 2002). Therefore, the results of this study are limited by the 

effectiveness of the sampling.  However, as the trapping effort was equivalent 

for all trees sampled, the communities of species found were comparable 

between trees for the analysis carried out. This allowed the results of this study 

to remain statistically valid despite this potential of having overlooked of some 

species present. 

The species distributions across the landscapes at Stowe and Wimpole are the 

culmination of historical dispersal events. These may have been impacted by 

habitat patches that have been lost over time and are therefore not represented 

in the tree survey data. Without the analysis of old maps, it is difficult to 

understand how this impacted the study. Time constraints meant that historical 

map analysis was outside of the scope of the present study. Despite this, the 

strength of the trends identified suggest that any influence of unaccounted 

historical trees on the results of this study was minimal.  

It is possible that differences in the height of traps in the trees could have 

caused confounding effects in the findings of this study. Attempts were made to 
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measure the heights of the traps so that this could be accounted for in the 

statistical analysis; however, unfortunately, these data were lost, meaning that 

the data could not be included. In addition to height, the natural variation in the 

forms of the trees used for trapping also meant that traps could not be 

positioned next to equivalent microhabitat situations each time. The specific 

positioning is likely to have had some influence on the species captured in each 

tree. Both of these confounding factors could not be avoided, as the suitable 

locations for hanging traps in trees are limited by available branches. 

As mentioned earlier in this section, the overlapping of radius buffers for the 

tree density analysis, particularly at greater distances may mean that this study 

experiences some pseudoreplication. This could have influenced the strength of 

the correlations identified between species richness measures and the number 

of trees within larger distance radii. The size of the study sites meant that this 

could not be avoided whilst also including a suitable number of replicates for 

meaningful statistical analysis. Despite the overlapping radii, enough variation in 

tree numbers was achieved over large distance radii to identify significant 

relationships with the richness of rare saproxylic species and the occurrence of 

particular beetle species (e.g. C. bilamellatus and D. flavicornis). This suggests 

that the data from this study has value in identifying beetle habitat associations. 

Nevertheless, it is important to consider that pseudoreplication may have had 

some influence on the conclusions of this research.  

Summary of aims 

Microhabitat requirements 

This study identified a range of links between saproxylic beetle species and 

particular tree microhabitats. Some of these findings support current knowledge 

of the biology of respective species, whilst others represent novel observations 

that may be worthwhile investigating further in future research. The links found 

in this research may be used to improve the ability to make inferences of the 

microhabitat-types present in a tree using a species list of saproxylic beetles 

found within it. Similarly, they may allow estimations to be made of which beetle 

species a tree may be able to support, based upon the results of a microhabitat 

survey. 
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Density requirements 

The results of this study suggest that, for open-grown wooded landscapes in the 

UK, such as those including pasture woodland and trees outside woodland, 

increased connectivity of deadwood resources within a radius of 250 m is 

beneficial to local saproxylic beetle diversity. Habitat connectivity at this scale 

benefits both common and threatened saproxylic species, making it highly 

suitable for consideration in conservation management schemes. The results 

also highlight that veteran tree connectivity has particularly high influence on 

rarer species richness, especially over smaller distance radii. This further 

emphasises the importance of maintaining and promoting decaying wood 

resources in the landscape for the conservation of vulnerable portions of the 

saproxylic community. 

This study also shows that saproxylic communities contain species with varied 

dispersal needs, including species such as Scolytus intricatus that was shown 

to move between habitat trees within 100 m of an inhabited veteran tree, as well 

as Cis bilamellatus and Dorcatoma flavicornis which are more likely to occur in 

trees with greater habitat connectivity over distances of 750 m and 1000 m. This 

highlights the importance of considering the requirements of individual species 

in addition to those of the whole community, as over-generalisations may result 

in suboptimal conservation decisions for certain subsets of the saproxylic 

community. 

Recommendations for future research 

The potential problems associated with using overlapping distance radii to 

measure surrounding tree density may be avoided in future studies by 

incorporating a greater number of similar sites containing open-grown oaks. 

Through this, trees could be selected specifically to avoid such overlapping 

radii. This would give greater confidence in the strength of habitat density 

associations over greater distances.   

The differences in species composition and resource use of saproxylic 

invertebrates in hollow oaks under different forest conditions have been 

previously investigated (Sverdrup-Thygeson, 2010; Horak et al., 2014). 

However, little research has been done investigating the influence of forest 

conditions on saproxylic insect dispersal tendencies. It would therefore be 
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beneficial to conduct a similar trapping methodology as that used in the present 

study, specifically in oak trees in denser forest situations. This would allow any 

differences in the ability of saproxylic communities to move through differing 

landscape structures to be identified. Such information would be useful in 

informing tailored conservation management plans for saproxylic invertebrate 

communities in specific landscape types.  

Another area that would benefit from additional research would be the long-term 

effects of the implementation of veteranisation practices or beetle boxes on the 

connectivity of these sites. Research into these practices remain in their initial 

stages (Jansson, Ranius, et al., 2009; Bengtsson et al., 2012). However, their 

implementation into sites such as these with well-understood saproxylic 

communities could provide valuable information into their potential applicability 

for the conservation of species in open-grown oak wooded landscapes.  
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How much and what types of decaying 
wood habitat are needed to support 
saproxylic invertebrate populations 

across a landscape? 

Investigating the habitat 
requirements of saproxylic 
beetles in open oak wooded 

landscapes 

Scales at which tree density 
influences saproxylic beetle 

dispersal 

The number of habitat trees within a 250 
m radius of a trapping tree was strongly 
correlated with general species richness 

and rare species richness. 

The richness of rare species was more 
influenced by the number of trees within 
smaller distance radii (25-100 m) than 

general species richness. 

Individual beetle species were found to be 
associated with different scales of habitat 

connectivity. 

Deadwood microhabitat types 
in veteran trees 

Lightning strikes are associated with tree 
hollow and peeling bark microhabitats. 

Certain beetle species showed particular 
links with the presence of various 

microhabitats. 

Figure 2.27. A conceptual framework outlining the key findings on the 
main research areas that this chapter addressed concerning the habitat 
requirements of saproxylic beetle communities in open oak woodlands. 
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Chapter 3 – Ground Level Beetle Boxes as a 
Novel Method of Habitat Creation 
 

3.1.  Introduction 
 

Rationale and basis for study 
 

Trees with heartwood decay cavities are some of the most important habitats 

for saproxylic beetles (Alexander, 2008). However, the stocks of open-grown 

ancient and veteran trees that carry these hollows are declining on both local 

and global scales (Lindenmayer et al., 2012; Woodland Trust, 2021b). As a 

result, hollow-dwelling invertebrates are of particular conservation concern. For 

example, in Germany, 86.1% of beetle species associated with rot holes are 

identified by the red list as being threatened (Geiser, 1998; Floren & Schmidl, 

2008). To mitigate tree-hollow habitat declines, researchers have investigated 

creating supplementary habitat sources in the form of containers filled with 

decaying sawdust and other components (Jansson, Ranius, et al., 2009; 

Hilszczański et al., 2014; Carlsson et al., 2016). These artificial habitat boxes, 

hereafter referred to as ‘beetle boxes’, are intended to help sustain local 

saproxylic invertebrate populations in a landscape while new habitat trees reach 

their hollowing stage (Jansson, Ranius, et al., 2009).  

 

Beetle boxes work in a similar way to bird nesting boxes, introducing extra, 

manmade habitat into an area to augment existing natural stocks (Jansson, 

Ranius, et al., 2009). They aim to mimic tree cavities, which are the preferred 

habitat of many threatened beetle species (Alexander, 2002; Jansson, Ranius, 

et al., 2009). Beetle boxes consist of enclosed containers, emulating natural 

tree hollows by providing sheltered conditions that buffer against external 

temperature and moisture fluctuations (Coombs et al., 2010). The containers 

are filled with woody substrates that are left to decay over time (Jansson, 

Ranius, et al., 2009; Hilszczański et al., 2014; Carlsson et al., 2016). This 

material eventually develops into a fine, crumbly wood mould, similar to that 
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which develops in the base of natural tree cavities (Jönsson et al., 2004). This 

process encourages a suite of fungi, slime moulds, bacteria, and soil 

invertebrates to accumulate within the boxes, all of which are known to benefit 

tree-hollow beetle communities (Ulyshen, 2015).  

Cavities of greater volume have been shown to better support some target 

beetle species (Ranius & Nilsson, 1997; Gioux et al., 2009). This may be 

because larger tree hollows tend to have existed for longer periods of time, 

allowing more opportunities for colonisation by beetles (Ranius & Nilsson, 

1997). Alternatively, it has been suggested that tree hollows containing greater 

volumes of wood-mould provide increased temperature stability than those with 

shallower mould layers (Ranius & Nilsson, 1997). Due to the links between 

cavity size and beetle occupancy, most previously trialled beetle boxes have 

been relatively large, with capacities of around 60-90 litres (Jansson, Ranius, et 

al., 2009; Hilszczański et al., 2014; Carlsson et al., 2016; Mestre et al., 2018).  

Previous studies of beetle boxes have proven their ability to support rare and 

vulnerable saproxylic species (Jansson, Ranius, et al., 2009; Hilszczański et al., 

2014; Carlsson et al., 2016). A range of tree-hollow associated species have 

been recorded from beetle boxes, including Atomaria morio, Prionychus ater, 

Pseudocistella ceramboides and Mycetochara humeralis (Alexander, 2002; 

Alexander, 2016b; Jansson, Ranius, et al., 2009; Carlsson et al., 2016). These 

findings demonstrate the potential of the beetle box concept to achieve its 

intended purpose of emulating tree-hollow habitats. This indicates that beetle 

boxes have a high conservation potential for the saproxylic fauna, and that 

further research into the concept as an interim habitat to plug spatial or 

temporal gaps in tree hollow habitat is worthwhile. 

 
Conservation applications of beetle boxes 
 

Beetle boxes have the potential to be used in various practical contexts to 

benefit the conservation of tree hollow invertebrates, in addition to the 

supplementation of local deadwood habitat. For instance, researchers have 

suggested beetle boxes could be used as a tool in species translocation 

schemes such as reintroductions (Carlsson et al., 2012).  The installation of 
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beetle boxes may ensure that sufficient wood-mould habitat exists at a target 

site for translocations. They could then be monitored to check for establishment 

of the target species to assess the effectiveness of the translocation. The 

potential of this approach has been demonstrated by Rotheray & Rotheray 

(2012) who successfully translocated the rare hoverfly, Blera fallax, to new 

areas, supplementing local water-filles rot hole habitat at target locations by 

creating manmade hollows in pine stumps.  

Beetle boxes could also be used more directly in species translocations. For 

example, if a key beetle species was known to inhabit a beetle box, the whole 

structure could be moved to a target location. This would provide the species 

with a known suitable habitat reservoir in the new landscape, thereby 

supporting the species during the spatial transition. Nonetheless, this method 

should be thoroughly assessed to avoid risks such an unintentional introduction 

of accompanying non-target species into a new area.  

Some concerns surrounding translocation as a conservation tool include 

uncertainties around its effectiveness and the fear of unintended ecological 

consequences when introducing a species to a new area (Butt et al., 2021). 

Despite these, it is predicted that translocation or ‘assisted migration’ will 

become an increasingly important strategy to help isolated species survive the 

consequences of climate change (Butt et al., 2021). This is especially true for 

species with low tendencies for natural dispersal such as those associated with 

tree hollows, as their limited ability to escape suboptimal conditions give them a 

higher risk of extinction (Butt et al., 2021). It has been acknowledged that there 

is an urgent need for novel innovations within this developing field (Butt et al., 

2021). Beetle boxes have the potential to fill this gap in a saproxylic context, 

making their study particularly worthwhile.  

In addition to these practical applications, artificial habitats could help to 

minimise damage to valuable old trees during monitoring activities. Some 

survey methods used to investigate saproxylic faunas carry inevitable 

consequences of disturbing or destroying existing deadwood habitats. For 

example, several previous studies of tree cavities have involved the excavation 

of a considerable proportion or all internal wood-mould (Ranius et al., 2010; 

Cuff, Müller, et al., 2021). While this can be necessary for effective surveying, it 

also carries the potential to disturb gradients of moisture and decay-extent that 
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have accumulated within tree hollows over hundreds of years. Surveying 

activities may also disturb protected bat species that inhabit tree hollows 

(Burgar et al., 2015). In addition, regular visits to vulnerable ancient trees may 

result in damage to root systems through trampling (Nolan et al., 2020). If beetle 

boxes are shown to support communities of species that are representative of 

those found in real tree cavities, they could be used as remote sampling points 

to investigate local tree hollow invertebrate communities without disturbing 

ancient trees. Through this method, surveyors could gather data on invertebrate 

assemblages whilst minimising damage to priority habitats of conservation 

concern. 

Beetle boxes also offer unique opportunities for studying tree-hollow systems to 

learn more about the processes and community dynamics that occur within 

them (Jansson, Ranius, et al., 2009; Mestre et al., 2018; Weatherbee et al., 

2022). Study into tree hollow habitats may suffer from low replication if there are 

limited examples of the hollows in an area. Also, natural variation in tree hollow 

habitats may not be extensive or evenly spread enough to be conducive to a 

controlled, replicated scientific study. To investigate key influences of tree-

hollow dynamics in a more controlled manner, artificial habitats can be used as 

experimental units and manipulated in a way that provides required levels of 

variation (Jansson, Ranius, et al., 2009; Weatherbee et al., 2022). For example, 

Jansson, Ranius, et al., (2009) positioned beetle boxes at controlled distances 

from source populations to investigate the effects of habitat isolation on the 

colonisation of wood mould by saproxylic species. Similarly, beetle boxes have 

been used to investigate the factors influencing wood-mould decomposition and 

nutrient accumulation within tree hollows (Mestre et al., 2018; Weatherbee et 

al., 2022).  

 

Current state of beetle box research and knowledge gaps 

Fungal presence and rot type in tree hollows and beetle boxes 

The potential for beetle boxes to be employed for the aforementioned purposes 

is dependent on how effectively they can mimic the conditions in real tree 

hollows and provide suitable habitat for the target species.  Beetle box research 

is still in its early stages and the results from previous studies indicate that, 
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whilst they show promise, there is a need to further refine the design and 

contents of beetle boxes so they can support a wider suite of saproxylic beetle 

species. For instance, after four years of maturation time, Jansson, Ranius, et 

al. (2009) found fewer red listed species in habitat boxes than in wood mould 

from real veteran tree hollows. This suggests that the wood mould in the boxes 

had not achieved entirely comparable conditions to a true tree cavity. It is 

possible that this was due to differing decay processes occurring in the 

respective habitats. 

The fungal diversity in real tree hollows and the rot-process that occur have a 

strong influence on the saproxylic invertebrate communities that inhabit them 

(Fukasawa, 2021). The most prominent groups of wood decay fungi include 

those causing white, red, and soft rot types (Fukasawa, 2021). 

White rotting fungi include many basidiomycetes and some ascomycetes 

(Fukasawa, 2021). White rot is characterised by the decay of lignin, causing 

wood to develop a spongy, fibrous texture (Fukasawa, 2021). Breaking down 

lignin allows a range of invertebrates to access the cellulose and hemicellulose 

inside wood cells (Fukasawa, 2021).  

Red rot (also known as ‘brown rot’) is the result of a 

range of basidiomycete fungal species that decay 

away the cellulose and hemicellulose of wood cells, 

leaving the lignin intact (Fukasawa, 2021). This 

produces a distinctive dry, cubical decay pattern in 

wood (Fukasawa, 2021) (Figure 3.1). Several tree 

hollow dwelling beetle species have been noted to 

have particular associations to red-rotten wood 

(Alexander, 2002). 

Soft rot is caused by Ascomycete fungi, which decay 

cellulose (Blanchette et al., 2004; Fukasawa, 2021).  

This process produces a muddy, soil like texture in 

the wood (Fukasawa, 2021). Soft rot fungal species can tolerate situations with 

a higher moisture content than both red and white rot fungi (Fukasawa, 2021). 

Soft rot fungi have also been observed to outcompete white rot fungi in 

nitrogen-rich sawdust (Tokimoto, 1985). 

Figure 3.1. An 
image showing the 
cubical structure of 
red rotten wood. 
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In addition to these key fungal decay types, mycorrhizal fungi are also present 

in extensively decayed wood that is in contact with the soil at the base of a tree 

(Rajala et al., 2015). The activity of these fungi on wood structures has been 

less extensively studied than the other rot types discussed here (Baldrian, 2009; 

Fukasawa, 2021). As a result, the interactions of mycorrhizal fungi with wood 

are not as well understood. 

Deadwood decay occurs through a succession of 

fungal species which cause these different rot types 

(Rajala et al., 2015; Fukasawa, 2021). Red and white 

rotting fungi are early colonisers, often entering wood 

whilst it is alive and peaking in abundance during the 

intermediate stages of decay (Alexander et al., 2016; 

Rajala et al., 2015; Song et al., 2017; Fukasawa, 

2021). While white rotting fungi adopt a generalist 

strategy regarding their habitat requirements, red 

rotting fungi have more specific niches (Rajala et al., 

2015). This is because fungi responsible for 

producing red rot are poor competitors but are 

resistant to stressful situations such as dryness 

(Song et al., 2017; Fukasawa, 2021) As a result, 

red-rotting fungi are able to dominate in the heartwood walls of tree hollows 

where the dry conditions mean that there are lower levels of competition from 

other fungal species (Fukasawa, 2021).  Their specialism for heartwood 

explains why red rot occurs mainly in wood of a greater diameter, in which an 

internal heartwood zone has become clearly delimited (Yee et al., 2006) (Figure 

3.2). 

When heartwood in the walls of tree hollows is degraded to the point where it 

detaches or crumbles from the inside of the trunk, it falls into the base of a tree 

hollow (Figure 3.3). At this stage, the damp, soil-like condition of wood mould in 

basal tree hollows inhibits the action of red rotting fungi (Stockland, et al., 

2016). As a result, the red rot fungi are no longer able to compete with the 

highly combative soft rot and mycorrhizal fungi found in the wet wood mould 

and soil (Boddy, 1993; Rajala et al., 2015; Song et al., 2017; Fukasawa, 2021). 

A considerable drop in the prevalence of red-rotting fungi is therefore observed 

Figure 3.2. An image 
showing differential 
decay patterns in 
heartwood and 
sapwood. 
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during later decay stages (Rajala et al., 2015). Because of this, red rot is not 

expected to be a significant component of the decay occurring in the wood 

mould of basal rot holes.  

The beetle boxes are expected to mimic the late-stage decay of wood mould 

(Alexander, 2016).  However, as the external structure of the boxes does not 

feature the delimited areas of heartwood of real trees, it is unlikely that red rot 

will be strongly represented within them. This is supported by previous studies, 

which have observed the notable absence of red rot associated beetle species 

among the community of species found in beetle boxes (Jansson, Ranius, et al., 

2009; Alexander, 2016b). Despite this, as the boxes are aimed towards the 

specialist fauna of late-stage wood mould in these basal tree hollows, it is 

expected that the absence of red rot in the boxes will not significantly impede 

the boxes’ intended conservation function.  
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Nitrogen Content of wood mould 

In addition to fungi, the nutrient content of wood-mould inside beetle boxes 

could be another important factor in creating comparable conditions to those in 

natural tree hollows. Wood mould in basal tree cavities has been found to 

contain higher levels of nitrogen than surrounding soil and other types of 

decaying wood (Kelner–Pillault, 1974; Jönsson et al., 2004). This is thought to 

be linked to the tendency for birds and other vertebrates to nest in hollow trees, 

resulting in depositions of nitrogen-rich faeces and carrion into the wood mould 

(Jansson, Ranius, et al., 2009; Micó et al., 2015). Invertebrates also contribute 

to the high nitrogen content of wood mould (Ulyshen, 2015). Some beetle 

Red rot 

White rot 

Soft rot 

Mycorrhizal fungi 

Figure 3.3. A diagram of the predominant rot types in different areas of 
a tree hollow. Red and white rot types are most prevalent in the 

intermediate decay stage that occurs in tree hollow walls. In the damp wood 

mould of the tree hollow base, soft rot and mycorrhizal fungi are dominant. 

Wood transitions between these stages when pieces become detached from 

the hollow wall and fall down into the base. 
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species fix nitrogen in their gut and produce nitrogen-rich frass (Jönsson et al., 

2004; Ulyshen, 2015; Wetherbee et al., 2022). In addition, fungus feeding 

invertebrates release nitrogen from fungal fruiting bodies into the mould 

(Ulyshen, 2015). Finally, the frass of hollow-dwelling insects benefits free-living 

nitrogen-fixing bacteria that exist independently in the mould (Ulyshen, 2015).  

 

Several studies have addressed the effects of nutrient variation in beetle boxes 

through adding different ingredients to beetle box contents (Elbourn, 1970; 

Jansson, Ranius, et al., 2009; Carlsson et al., 2016). For example, Jansson, 

Ranius, et al. (2009) found that the addition of nitrogen-rich poultry manure to 

beetle boxes did not influence the diversity or abundance of saproxylic beetles 

inhabiting the resultant wood mould; however, it is possible that this was a 

result of the specific volume and type of manure used. As beetle box research 

remains in its early stages, the influence of nutrient additives in beetle boxes on 

inhabiting beetle communities is an area that would benefit from additional 

investigation. The ways in which the present study will further contribute to 

knowledge on this is explored in the ‘study aims’ section.  

Longevity of beetle boxes 

Beetle boxes used in previous studies have almost exclusively been 

constructed from wood to most closely mimic the qualities of a tree hollow 

(Elbourn, 1970; Jansson, et al., 2009; Hilszczański et al., 2014; Carlsson et al., 

2016). However, the lack of resilience of untreated wood to changing weather 

conditions and constant internal moisture mean that these beetle boxes have a 

tendency to deteriorate over time (Hilszczański et al., 2014; Carlsson et al., 

2016). Over a ten-year period, 10.4% of boxes investigated by Carlsson et al. 

(2016) became broken beyond usability, yet they found that wood-mould inside 

the beetle boxes became increasingly suitable habitat for rot-hole specialist 

invertebrates over this timescale. This improvement in wood mould quality over 

time is unsurprising, as real cavities in living, veteran trees take a long time to 

develop and can persist for hundreds of years (Ranius et al., 2009). Therefore, 

the durability of beetle box designs is critical for them to reach their optimum 

performance and function as a long-term conservation tool.  
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One of the first trials of the beetle box concept was carried out by Ted Green in 

1988, who set out a metal bin and plastic bin liner filled with wood mould in 

Windsor Forest to provide analogous rot hole habitat (Whitehead, 2003). 

Although the work of Ted Green played an important role in initiating the 

ongoing research structure into beetle boxes, the results of these trials were 

never formally published. Similarly, in 2009, plastic bins filled with wood mould 

at Bredon Hill were investigated by Paul Whitehead for their beetle content, with 

these results also remaining unpublished (Alexander, 2016b). The resilience of 

alternative construction materials such as plastic means that their use in beetle 

box designs has potential to provide a more long-term habitat option for tree-

hollow species, suggesting that further research into its use would be valuable. 

Due to the lack of published results, the functioning of plastic as a material for 

beetle boxes remains a gap in the research landscape. In addition, no previous 

research has conducted a direct comparison of the invertebrate diversity able to 

inhabit plastic boxes to that in wooden boxes. This lack of comparison data is 

addressed by the current research, as discussed in the ‘study aims’ section.  

Beetle box design and location 

The majority of previous studies into cavity-mimicking box structures have 

investigated boxes that are mounted on tree trunks, with the intention of 

mimicking the conditions found in tree cavities occurring above-ground 

(Elbourn, 1970; Jansson, Ranius, et al., 2009; Hilszczański et al., 2014; 

Carlsson et al., 2016; Weatherbee et al., 2022). As a result of this, there is little 

available data on the effectiveness of beetle boxes in mimicking cavities that 

occur at the base of the tree. These basal cavities differ from the aerial cavities 

in having an increased exposure to soil and the associated invertebrate fauna 

(Johnston & Crossley, 1996). There are also specific fungal species that 

infiltrate a tree through the roots, contributing to basal cavity formation which 

differ from those that enter through tree wounds to form aerial cavities (Boddy, 

2001).    

 

Basal tree cavities are particularly important from a conservation perspective as 

they are the specific habitat of the endangered violet click beetle (Limoniscus 

violaceus) (Whitehead, 2003; Gouix et al., 2015). This species has only been 

recorded from three locations in the UK and is protected under the Wildlife and 



137 
 

Countryside Act (1981). Due to its very restricted range, L. violaceus is under 

threat of extinction in the UK, especially as tree age gaps mean that basal 

hollow habitats are declining in areas where it is present (JNCC, 2019). Beetle 

boxes could present a unique opportunity to support L. violaceus through these 

periods of decline in their natural basal hollow habitat. Beetle boxes have 

previously been used as successful breeding sites for another highly 

specialised tree-hollow species, Osmoderma barnabita, demonstrating their 

potential to provide suitable resources for umbrella species of conservation 

concern (Hilszczański et al., 2014). There have also been observations of L. 

violaceus using wood-mould sources outside of natural tree hollows, with their 

larvae having been found inside a bin filled with decaying wood substrate 

(Whitehead, 2003). This provides evidence that beetle boxes have potential to 

provide suitable habitat to contribute towards the conservation of L. violaceus. 

The ways in which the present study aims to build on these findings are 

highlighted in the subsequent ‘study aims’ section.  

Sampling time 

Most previous studies into beetle boxes have left the boxes in the field for 

several years before beginning investigations into their saproxylic beetle 

communities (Jansson, et al., 2009; Carlsson et al., 2016). Only one study has 

investigated beetle box fauna after a shorter exposure time of six months 

(Elbourne, 1970). This means that there is a gap in knowledge on how the 

succession of beetle communities inhabiting wood mould in beetle boxes 

changes over time, especially between the periods of six months and four years 

(Elbourne, 1970; Jansson, et al., 2009). This knowledge gap will be addressed 

by the present research, as discussed in the ‘study aims’ section. 

 
Study aims  
 

Nitrogen content 

The present study aimed to further investigate the role of increased nitrogen in 

wood mould and identify how the addition of nitrogen-rich components impacts 

the ability of beetle boxes to mimic tree hollow conditions. This was done by 

adding poultry manure to a subset of wooden habitat boxes and observing the 
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effects of this on invertebrate communities inhabiting the wood mould within 

these. This concept has already been explored by Jansson, Ranius, et al. 

(2009) who did not find the addition of fertiliser to affect saproxylic beetle 

populations in beetle boxes. However, the present study will introduce novel 

experimental factors that will help to elucidate whether the lack of trends 

observed by Jansson, Ranius, et al. (2009) were a true reflection of the impacts 

of enhanced nitrogen on beetle communities, or whether they were a result of 

the specific methodology used. One of these novel factors was that the poultry 

manure used in the present study was in the form of pellets, which release 

nitrogen into the surrounding more slowly than the raw faeces used by Jansson, 

Ranius, et al. (2009) (Hara, 2001). In addition, the present study added greater 

volumes of manure to the wood mould than Jansson, Ranius, et al. (2009) to 

explore whether this induces a greater effect on invertebrate communities.  

Longevity of beetle boxes 

To address the problem of beetle box longevity, the present study aimed to 

investigate beetle boxes made from plastic as a more resilient alternative to 

wooden boxes. This will be the first time that the ability of plastic beetle boxes to 

mimic conditions in tree-hollows is compared to that of wooden boxes. To do 

this, data will be collected on the similarities and differences in communities of 

beetles and other invertebrates that occur in beetle boxes made of plastic and 

wood. The current study also aimed to identify differences in how plastic and 

wood construction materials influence the internal wood-mould conditions of 

beetle boxes. It is hoped that this might help to explain any differences in the 

invertebrate communities that are found.  

Beetle box design and location 

The current research aimed to investigate the novel concept of beetle boxes 

established at ground level to mimic basal tree hollows. Beetle boxes were 

specially designed for this purpose, incorporating novel elements intended to 

closely mimic the features of basal hollows. The extent to which the boxes could 

mimic this target habitat was quantified by investigating levels of similarity in the 

communities of beetles and other invertebrates inhabiting them and those found 

in real tree hollows. This study also sought to identify any signs of the basal 

hollow specialist, L. violaceus, inhabiting the boxes. Wood mould in beetle 
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boxes is known to become increasingly inhabited by hollow specialist beetle 

species with longer maturation times (Carlsson et al., 2016). Therefore, the 

potential of finding L. violaceus in boxes is expected to be low at the planned 

time of sampling. Despite this, any observations made by the present study will 

contribute to knowledge on the timescales required for colonisation of wood 

mould by L. violaceus, which will inform future conservation strategies for this 

species involving beetle boxes. The infrastructure set up for this research could 

also facilitate longer term research into the inhabitation of beetle boxes by L. 

violaceus over the coming years. 

Sampling time 

The present study aimed to gather data on the early successional invertebrate 

colonisers of developing wood mould. This was achieved by gathering data on 

the beetle and other invertebrate inhabitants of beetle boxes after a single year 

in the field. The resultant data will work to bridge the gap in knowledge of beetle 

community changes that occur between six months and four years of beetle box 

deployment (Elbourne, 1970; Jansson, et al., 2009). It will also provide the basis 

for potential future study into change in saproxylic communities in wood mould 

over time, should inhabitants of the boxes be further sampled after additional 

time has elapsed.   

 

Summary 

The above research aims were developed to advance understanding of the 

potential of beetle boxes to contribute to saproxylic beetle conservation 

approaches. The conceptual framework below summarises the objectives, 

aims, and innovation in these approaches (Figure 3.4). 
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How can we introduce new sources of 
decaying wood habitat into a landscape? 

 

Research Aims 

• Investigate the potential of ground level beetle boxes in 
mimicking basal tree hollow habitat 

• Trial variations in the beetle box design to investigate how 
various factors influence the performance of the boxes and 
identify best practices for future trials 

Investigating Artificial Habitats 
‘Beetle Boxes’ 

Novel elements 

• Ground-level design mimicking basal tree hollows 
• Construction material – plastic vs wood 
• Wood mould composition 

• Fertiliser addition 
• Sawdust type 

• Sampling time – investigating early colonisers of wood mould 

Figure 3.4. A conceptual framework depicting how the research 
in Chapter 3 fits into the research landscape. It details how the 
present investigation into ground level beetle boxes is informed 
by key conservation research motivations and describes the key 
aims and novel elements of this work.    
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3.2.  Methods 
 

Study sites 

Beetle boxes were installed in areas of Windsor Forest (SU9374) and Bredon 

Hill (SO9439), with permission from Natural England, the Crown Estate, and 

reserve managers. Both sites are known to have active populations of L. 

violaceus (Henshall et al., 2015; Alexander, 2019a; A. Fallon, 2019, personal 

communication). At Windsor Forest, boxes were installed in the High Standing 

Hill area, which is dominated by beech (Fagus sylvatica) trees (Alexander, 

2019a). Despite being a former open, pasture woodland fostering the growth of 

ancient beech trees, this area has become extensively shaded over time 

through tree recruitment aided by the removal of grazing pressure (Alexander, 

2019a). As a result, High Standing Hill is now characterised by a dense tree 

canopy that is more typical for enclosed, unmanaged beech woodland 

(Alexander, 2019a). In contrast, the installation area at Bredon Hill was 

characterised as an open, grassy clearing surrounded by prominent ancient 

veteran Ash (Fraxinus excelsior) trees, grown in largely open conditions.  

The ground at High Standing Hill, Windsor Forest was not notably sloped, 

whereas the area of Bredon Hill in which boxes were installed was a steep 

north-west-facing slope, meaning that it was necessary for the majority of boxes 

at Bredon Hill to be installed in strongly sloped ground. More information on 

both sites can be found in Section 1.6. 
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Experimental design 

Beetle box design 

Two beetle box constructions were trialled for this study: one made from wood, 

and one from plastic. The specifics of these are detailed below. 

Wooden boxes 

The wooden beetle box design used in this study was conceptualised with the 

help of Nicklas Jansson and Sarah Henshall. It was based on trunk-mounted 

beetle boxes used by Jansson, Ranius, et al. (2009) and incorporated several of 

the same features, including entrance holes in the side, drainage holes and 

channels in the top, and an insulated basin at the bottom. Novel adaptations 

were also made to the beetle boxes used in this study to allow them to better 

replicate the conditions found in basal hollows. These included the addition of 

an internal shelf and a hole in the base of the box, as well as the box entrance 

being positioned in the centre of the box rather than near the top. The details 

and functionality of these features are further discussed below. 

The wooden beetle boxes were made from untreated oak wood to the 

dimensions, 100 cm tall x 35 cm wide (Figure 3.5). The base of the boxes 

consisted of a tarpaulin-lined basin covering half of the area, with the other half 

left open to the surrounding soil (Figure 3.5).  This structure was designed to 

retain areas of moisture within the box whilst allowing the passage of soil 

invertebrates into the internal cavity. This entrance for invertebrates was 

intended to increase the decomposition-rate of the contents through resultant 

soil invertebrate activity within the boxes (Griffiths, 2021). Invertebrate groups 

such as earthworms are key ecosystem engineers for intermediate habitats 

between plant matter and soil (Desie et al., 2020). 

The front of the boxes featured two openings – a large square hole in the centre 

of the box (150x150 mm) and a smaller, circular opening in the upper half of the 

box (25 mm diameter) (Figure 3.5). The purpose of these design features was 

to allow crawling and flying invertebrates to easily enter all areas of the box. A 

sloped shelf was installed above the large square entrance hole to maintain an 

open cavity in the box-contents material, whilst slowly allowing new material to 

slide down from the top compartment of the box into the bottom compartment 
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as decomposition progresses (Figure 3.5). This design element was introduced 

to mimic the slow introduction of new woody substrate into a tree hollow as 

heartwood continuously decays and drops down. Each box had a lid 

constructed of the same oak wood, which helped to mimic the enclosed 

conditions of many basal rot holes. The lid design included four 8 mm diameter 

drilled holes with shallow channels bored between them to promote the flow of 

rainwater into the boxes (Figure 3.5).  The drainage holes and channels were 

incorporated into the design to maintain the moist conditions preferred by L. 

violaceus (Cuff, Müller, et al., 2021).  

Wooden beetle boxes were constructed using funding from the ‘Back from the 

Brink’ project in partnership with Buglife – the Invertebrate Conservation Trust. 

 

 

Plastic boxes 

Plastic boxes were created for this study to trial a longer-lasting alternative to 

the more widely used wooden design. These were adapted from 90 litre wheelie 

Figure 3.5. Diagrams of the wooden beetle boxes used in this study, 
with key features and dimensions labelled. 
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bins (92.5 cm tall x 44.5 cm wide) made from polyethylene, which is soil-safe 

and recyclable (Figure 3.6). The plastic box design included the same key 

features used for the wooden boxes, but with minor adaptations that were made 

in response to constraints associated with working with plastic. Adaptations 

included a smaller sloped internal shelf, a lack of a side panel in the basal basin 

and a lack of channels bored between the drainage holes in the lid (Figure 3.6). 

The internal shelf was made smaller as this was an easier design to construct 

and made economical use of the plastic cut from the entrance hole. The side 

panel was not included in the base as it was difficult to access the inside of the 

boxes for the installation of internal components due to the fact that the external 

structure of the bins was already pre-formed. The drainage channels in the lid 

were not included as the plastic was too thin to allow these to be carved.  

 

 

Box content treatments 

A total of 32 beetle boxes were installed for this study, 20 boxes at Windsor 

Forest and 12 boxes at Bredon Hill. Fewer boxes were trialled at Bredon Hill as 

the sloped conditions on site made box installation considerably more 

challenging. As a result, time and workforce limitations dictated that a limited 

Figure 3.6. Diagrams of the plastic beetle boxes used in this study, with 
key features and dimensions labelled. 
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experimental design was the most achievable option at Bredon Hill (this is 

further discussed further below). Table 3.1 provides a summary of the design of 

the study. In total, 30 boxes were included in grouped experimental set ups. 

The groups included box treatments that were made from either oak wood or 

plastic and several treatments included an addition of nitrogenous fertiliser to 

their wood mould contents (Table 3.1). 

 

All boxes were filled with a mixture of dried, untreated sawdust, leaf-litter, and 

soil. The leaf litter and soil were sourced onsite. The bottom compartment of 

each box first filled up to the lower edge of the central opening with a mixture 

containing 12 litres of leaves, 12 litres of sawdust, 24 litres of soil. Then the top 

compartment of each box above the internal shelf was then filled with a mixture 

containing 16 litres of leaves, 16 litres of sawdust, 8 litres of soil. The content 

composition of the upper and lower halves of each box differed from each other 

to reflect the gradated change in the composition of wood mould that naturally 

occurs in tree hollows (Gioux et al., 2015).   

Sawdust of Quercus sp. was used in all boxes at Bredon Hill and all except two 

wooden boxes at Windsor Forest, in which locally sourced Fagus sylvatica 

sawdust was used (Table 3.1). It would have been preferable to use sawdust 

from the tree species that represent the most dominant basal tree-hollow 

presence at each respective site in all boxes installed there (Fraxinus excelsior 

at Bredon Hill and Fagus sylvatica at Windsor Forest). However, sawdust of 

these species proved difficult to source in large quantities. It was decided that 

Table 3.1. A summary of the beetle box treatments at Windsor Forest 
and Bredon Hill. 

Location 
Exterior 

box 
material 

Type of 
sawdust 
in wood 
mould 

Wood 
mould 

enriched 
with 

fertiliser? 

Number 
of 

boxes 
Experimental 

design 
Installation 
completion 

date 

Windsor 
Forest 

Wood Oak Yes 6 Main grouped 
design 

27/04/2019 
Wood Oak No 6 27/04/2019 
Plastic Oak Yes 6 27/04/2019 

Wood Beech Yes 2 

Not included 
in main 
grouped 
design 

12/08/2019 

Bredon 
Hill 

Wood Oak Yes 6 Main 
Grouped 
design 

21/06/2019 

Wood Oak No 6 21/06/2019 
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Quercus sp. sawdust would constitute a suitable alternative to these local 

species, as many saproxylic invertebrate species that inhabit extensively 

decayed wood mould habitats are not specific to a particular tree species and 

can inhabit a range of broadleaved trees (Stokland et al., 2012). Nevertheless, 

the boxes containing beech sawdust were included at Windsor Forest to gather 

preliminary data on the effects of using the sawdust of the locally dominant 

basal hollow habitat tree species in comparison to other species.  

An additional component of fertiliser (pelletised poultry faeces, sourced from 

Elixir Garden Supplies) was included in all beetle boxes except a control group 

of six wooden boxes with wood mould composed of oak sawdust (Table 1). The 

addition fertiliser was intended to increase the nitrogen content of the wood 

mould in the boxes, as wood mould in natural tree hollows contains particularly 

high nitrogen levels (Kelner–Pillault, 1974; Ulyshen, 2015). To investigate the 

effects of the fertiliser addition on the beetle communities colonising the boxes, 

fertiliser was not added to the contents of half of the wooden boxes containing 

oak sawdust so that they could act as a control group.  

Cuff, Müller, et al. (2021) found that a high, stable water content of wood mould 

was positively associated with the suitability for L. violaceus. For this reason, 

ten litres of water were added to each of the beetle boxes in the present study 

after they had been filled with the above dry substrates. This additional moisture 

was also intended to create moist conditions that promote the growth of bacteria 

and fungi, aiding the wood mould decomposition process (Rousk & Bååth, 

2011). 

At Windsor Forest, the beetle boxes of the grouped experimental design were 

arranged in clusters of three, comprising two wooden boxes, one with and one 

without added fertiliser, and one plastic box with added fertiliser. Plastic boxes 

were not included in the trial at Bredon Hill, as sloped ground conditions made 

installation more difficult. Therefore, beetle boxes at Bredon Hill were arranged 

in groups of two, comprising wooden boxes with and without fertiliser. The 

mixed groups of boxes at both sites were arranged with at least 10 m space 

between each box (Figure 3.8). A minimum spacing of 10 m was also used by 

previous beetle box studies to minimise the extent to which the boxes 

influenced each other (Jansson, Ranius, et al., 2009; Carlsson et al., 2016). 
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Boxes were half buried into the forest floor, so that the lower edge of their main 

entrances were flush with the ground (Figure 3.7). All boxes were positioned 

within 5 0m of a habitat tree featuring a basal rot-hole (Figure 3.8). Care was 

taken to bury boxes outside of root protection zones of surrounding trees to 

minimise negative impacts on tree health. The habitat trees were selected 

based on the following criteria: their basal rot holes had been previously found 

to contain populations of L. violaceus; or they were assessed to provide suitable 

habitat for L. violaceus according to known criteria (large DBH and basal 

hollows with extensively decayed, moist wood mould) (Gioux et al., 2015; 

Henshall et al., 2015; Cuff, Müller, et al., 2021).  Various studies have found 

saproxylic beetle dispersal abilities to exceed 100 m, although spacing beetle 

boxes more than 100 m from habitat trees has been linked to a decreased 

likelihood of colonisation by some saproxylic species (Shiegg, 2000; Ranius & 

Hedin, 2001; Jansson, Ranius, et al., 2009). Therefore, for this study, boxes 

were installed at a maximum distance of 50 m from habitat trees as this was 

deemed to be an optimal distance to allow beetle colonisation of beetle boxes 

from habitat trees to occur (Figure 3.8). The beetle boxes were installed with 

their main entrances facing away from any uphill slope to prevent excessive 

flooding of box contents during rainfall. This resulted in their entrances being 

oriented in varying directions.  

The trees that the boxes were positioned around at Bredon Hill were all ash 

(Fraxinus excelsior), whilst at Windsor Forest they were all beech (Fagus 

sylvatica).  As stated earlier, it is expected that saproxylic invertebrates will be 

able to colonise the Quercus sp.- based wood mould in the beetle boxes from 

these trees as the fauna of such extensively decayed habitats are often 

generalists regarding tree species (Stokland et al., 2012).  

Beetle box installation was completed in the spring and summer of 2019. The 

boxes were then left for a year to mature, with occasional checks for damage or 

other potential problems. Sampling took place in 2020, after one year of 

maturation. No previous studies of tree hollow mimicking beetle boxes have 

sampled the diversity of colonising beetles after one year (Elbourn, 1970; 

Jansson, Ranius, et al., 2009; Carlsson et al., 2016). Therefore, this approach 

will provide novel insights into the preliminary phases of saproxylic colonisation 

of a newly formed habitat resource. 
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Figure 3.7. Photographs of two beetle boxes, one of wooden 
construction and one of plastic, that were installed at Windsor 
Forest.   

Figure 3.8. Diagrams of the grouped experimental beetle box set ups at 
Windsor Forest (left) and Bredon Hill (right). The groups of beetle boxes at 

Windsor Forest contained three box treatments, whilst at Bredon Hill the 

groups consisted of two box treatments. +N indicates box treatments that had 

nitrogen-rich manure added to their contents. All box treatments were at least 

10 m distant from other beetle boxes and were stationed within 50 m of a 

habitat tree.  

a) Windsor Forest b) Bredon Hill 

+N +N 

+N 
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Invertebrate sampling from beetle boxes 

On-site invertebrate sampling procedure 

Invertebrate sampling from the beetle boxes took place in 2020, with sampling 

sessions carried out during mid and late summer. Bredon Hill was visited for 

invertebrate sampling on 29/06/2020 and 10/08/2020, while Windsor Forest was 

visited for sampling on 06/07/2020 and 17/08/2020. Initially an additional 

sampling session was planned for earlier in the spring; however, due to Covid-

19 restrictions preventing access to sites at this time, this was not possible. 

Flightless saproxylic and litter dwelling invertebrate faunas are stable 

throughout the year, with most sampled species occurring in all seasons 

(Cateau et al., 2016). Therefore, the chosen sampling period was deemed 

appropriate to encapsulate a meaningful representation of beetles inhabiting the 

wood mould in the beetle boxes.  

The sampling procedure involved removing one litre in volume of wood mould 

from both the top and the bottom sections of the beetle boxes using a soil corer 

(a total of two litres volume removed from each box per sampling session). The 

removed soil was thoroughly sieved, and preliminary sorting was undertaken on 

site in white trays. The sorting was carried out for 10 minutes per sample, which 

was deemed to be an appropriate duration to extract all visible invertebrate life.  

This process was done to extract macroinvertebrates and to check for any 

specimens of sensitive species such as L. violaceus. This was necessary as 

L. violaceus is protected by the Wildlife and Countryside Act (1981) in the UK, 

meaning that the killing or taking of L. violaceus specimens is prohibited.  No 

adult L. violaceus were found in the samples and any potential L. violaceus 

larvae were photographed and returned to the location on site in which they 

were found. Other macroinvertebrates were collected using forceps and a 

pooter and were placed into tubes containing 70% ethanol for later 

identification. This was chosen as it best preserves the morphology of a wide 

range of invertebrate groups and is particularly suitable for worms, myriapods 

and isopods (Krogmann & Holstein, 2010). 

Ancient trees with basal hollows were sampled in addition to the beetle boxes to 

provide a source of comparison of the invertebrate communities in the target 
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habitat. This was done using the same methodology as for the boxes, but with 

both of the one-litre soil samples extracted from the same hollow. The trees 

selected for sampling were the same ones that were positioned within 50 m of 

box groups. They all had features matching the habitat-requirements of L. 

violaceus, including a large diameter and a basal rot-hole containing moist, 

extensively decayed wood mould (Gioux et al., 2015; Cuff, Müller, et al., 2021). 

Samples were taken from three trees at Bredon Hill and six trees at Windsor 

Forest. Fewer trees were sampled at Bredon Hill as some trees had basal 

hollows with too narrow an entrance to allow wood-mould samples to be taken. 

Ancient trees were only sampled during the first invertebrate sampling session 

(29/06/2020 at Bredon Hill and 06/07/2020 at Windsor Forest) to prevent 

excessive disturbance of natural basal tree hollow habitats on site.  

Following preliminary invertebrate extraction, the remaining soil from the two-

litre samples was placed into plastic pots using a plastic funnel. The pots were 

labelled both internally and externally with the site name, box/tree number and 

date of sample collection. Internal labels consisted of printer paper marked with 

pencil and external labelling was done with permanent markers on the base and 

lid of each collection pot. 

Macro-invertebrate extraction using Winkler traps 

After being sealed into plastic containers, the wood mould samples were 

transported off site. They were then left in a cool, dark location overnight to 

ensure that the invertebrates within the wood mould remained alive until the 

samples could be processed. The samples were subsequently transferred into 

mesh bags with 2 mm holes which were then placed into Winkler extraction 

traps. Winkler extraction traps were chosen as they have been found them to be 

the most effective method of extracting macro-invertebrates from leaf litter and 

soil, in comparison to pitfall trapping and Tullgren funnel trapping (Fisher, 1999; 

Kalif & Moutinho, 2000; Krell, Chung, et al., 2005). The traps were therefore 

used to extract macro-invertebrates that were too small to be effectively 

detected and extracted manually.  Winkler traps were also the most practical 

option for use during the Covid-19 pandemic, when access to laboratories with 

large-scale Tullgren funnel trap setups was not possible. 
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Both of the two samples taken per box/ basal tree hollow during each sampling 

session were placed into the same Winkler trap. It would have been interesting 

to extract invertebrates from the wood mould samples taken from the top and 

bottom compartments of the beetle boxes separately to investigate differences 

in the invertebrate communities inhabiting the different areas of the boxes. 

However, the sheltered area available for hanging the Winkler traps during to 

the Covid-19 pandemic had limited space. By extracting invertebrates from both 

samples in the same trap, the space available was used most efficiently, 

allowing all samples to undergo extraction at the same time. Each trap had a 

collection pot connected to its base containing a 50% propylene glycol, 50% 

water mixture with an added drop of unscented washing-up liquid. This fluid is a 

widely recommended entomological killing agent which is low-cost, safe to use 

and preserves the condition of specimens well (Weeks & McIntyre, 1997; 

McCravy & Willand, 2007; Weigand et al., 2021).  

The Winkler traps were left for six days in a wooden out-building for shelter from 

the wind and rain. The door of the building was left open on fair days to promote 

airflow through the traps and encourage optimal drying of the samples within 

the traps. After this, the collection pots were removed from the traps and the soil 

samples were then transferred into white trays for further manual extraction of 

sampled invertebrates. As a final measure to maximise collection of specimens, 

a standardised three-minute-timed search of soil samples was undertaken, and 

any remaining invertebrates were collected using a pooter. After this, the soil 

samples were placed into air-tight buckets and transported back to the sites 

from which they were collected.  

Winkler traps function through the slow drying-out of soil and leaf-litter 

substrates over time causing invertebrates to burrow downwards and drop into 

the attached collection pot (Krell, Chung, et al., 2005). Because of this, Winkler 

traps extract the highest proportion of the invertebrates when they are left for 

long periods of time (Krell, Chung, et al., 2005). Due to time and space 

limitations of the present study caused by the need to sample the boxes at both 

sites at a similar time of year, it was only possible to leave the samples in the 

Winkler traps for a maximum of six days. This was nevertheless deemed 

sufficient to extract a meaningful proportion of the coleoptera fauna in the 

samples, as Krell, Chung et al. (2005) found that approximately 70% of the total 
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beetle specimens extracted from Winkler traps had been collected after 6 days. 

The final hand-sort of material carried out after Winkler trapping was to address 

the timing constraint of this element of the study and further ensure maximum 

invertebrate extraction from samples. 

Specimen identification 

All invertebrate specimens were extracted from the samples and identified to as 

low a classification rank as possible. Identification of specimens was aided by a 

range of taxonomic keys and photograph resources (Hansen & Solodovnikov, 

n.d.; Käfer Europas, n.d; Blower, 1985; Hopkins, 1991; Barber, 2008; Duff, 

2012; Duff, 2016; Legg & Farr-Cox, 2016; Duff, 2020).  

Moisture measurement of wood mould 

Moisture content of the boxes was measured using a moisture meter (SM150 

Soil Moisture Kit). This features a needle probe which is inserted into soil 

substrates to acquire a reading. All readings were taken on the setting “Peat 

mix”, as this was best able to capture the range of moisture levels found in the 

wood-mould. Readings were in the unit of percentage volume of water to soil. 

In the late summer of 2020 (10/08/2020 at Bredon Hill and 17/08/2020 at 

Windsor Forest), moisture measurements were taken in the top layer of wood 

mould (into the layer of mould on top of the internal shelf, accessed through the 

box lid), and in the bottom compartments (in the ‘hollow’ area of the box 

immediately under the internal shelf, accessible through the central box 

opening) of each box. To gain a representative measure and avoid bias caused 

by anomalous pockets of moisture or dry areas, three measurements were 

taken per layer. The locations at which the moisture measurements were taken 

in the wood mould layers are illustrated in Figure 3.9.  

During a second visit in late spring of 2021 (02/06/2021 at Bredon Hill and 

24/05/2021 at Windsor Forest), moisture levels were taken from only the bottom 

level of each box, following the same methodology as in the first moisture 

measuring session. Only the bottom wood mould layer was sampled because, 

by this time, the wood mould in the boxes had extensively decomposed, 

causing the majority of the substrate in the top box compartment to slide down 
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into the bottom compartment. This left little wood-mould in the top box 

compartments to take measurements from.  

Moisture readings were also taken from real tree hollows to provide a point of 

comparison to the box moisture conditions. These readings were taken on 

02/06/21 at Bredon Hill and on 17/08/20 at Windsor Forest. The same 

methodology was used as for the boxes, with three measurements taken with 

the moisture probe inserted into the back left hand area, the centre and the front 

right-hand area of tree hollow wood mould.  

 

 

 

 

 

 

 

 

 

Canopy estimation using image analysis 

The level of canopy cover over each beetle box was quantified to allow any 

influences of levels of openness and exposure to weather conditions 

experienced by each box on the inhabiting invertebrate communities to be 

quantified. 

On 10/08/2020 (Bredon Hill) and 17/08/2020 (Windsor Forest) each box was 

visited and an iPhone was placed on top of each box lid, with the front-facing 

camera positioned over the lid centre. With the phone camera pointing directly 

upwards, a photograph was taken of the tree canopy above each box.  

Figure 3.9. A diagram illustrating sampling protocol used to measure 
moisture levels in the wood mould of beetle boxes. Red dots illustrate 

the positions at which the moisture probe was inserted into wood mould to 

obtain moisture readings.  
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The resulting images were imported into Adobe Photoshop CC 2019 and 

converted to black and white using a threshold value of 80. This value was 

chosen as it was low enough to remove any interference in the black and white 

image from inconsistencies in sky colour caused by clouds and patches of blue 

sky. This level did cause some areas of over-exposed foliage to be cut from the 

image, however the resultant levels of visible canopy still present were deemed 

to be adequately representative to the initial images to provide a suitable 

comparative measure. A percentage of canopy cover over each box was 

obtained from these images using the total pixel count for each image in 

comparison with the number of black pixels that represented the visible canopy 

areas.  

 

Data analysis 

All statistical analyses were done in R-Studio.  

The influence of box treatment on inhabiting beetle communities 

Separate analyses were carried out for the boxes at Bredon Hill and Windsor 

Forest. The sites were analysed separately to account for potential influences of 

the different grouped experimental setups used at the sites (boxes in paired 

groups at Bredon Hill and boxes in groups of three at Windsor Forest). In 

addition, separate analysis allowed an investigation into how the different 

environmental conditions at Windsor Forest and Bredon Hill may have 

influenced how beetle communities interacted with the beetle boxes at these 

sites. Species data from real tree hollows were not included in this analysis as 

these were sampled to a lesser extent than the beetle boxes (tree hollows were 

sampled once, whilst beetle boxes were sampled twice). Instead, these data 

were used to make qualitative comparisons of species presence in tree hollows 

and beetle boxes. 

For the purposes of these analyses, beetle specimens found within the boxes 

were categorised as either saproxylic, woodland associate, or non-deadwood 

associated. These terms were defined as: 
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Saproxylic – Species that require deadwood to complete their lifecycle 

and cannot survive and reproduce without it.  

Woodland Associate – Species with known links to deadwood that are 

frequently found in a woodland setting, but which have less strict ties to 

saproxylic habitats and are also found in other habitats such as non-

wood based decaying material. 

Non-deadwood associated – Species with no known link to deadwood, 

possessing either generalist life-strategies or those specialised on a non-

deadwood habitat resource.  

Beetles were assigned to the above categories using information from various 

sources (Nature Spot, n.d.; UK Beetles, n.d.-c; UK Beetles, n.d.-d; UK Beetles, 

n.d.-e; UK Beetles, n.d.-f; UK Beetles, n.d.-g; UK Beetles, n.d.-h; UK Beetles, 

n.d.-i; Palm, 1970; Arnet & Thomas, 2000; Alexander, 2002; Whitehead, 2002; 

Lott, 2003; Krell, Johnson, et al., 2005; Käfer Europas, 2009; Lott & Anderson, 

2011; Duff, 2012; Lackner, 2015; Duff, 2016; Hackston, 2017; Duff, 2020; Lane 

et al., 2020; Eakring Birds, 2022; Webb et al., 2022) . 

Beetle communities from each of these trait categories were analysed 

individually. In addition, combined measures of saproxylic and woodland 

associate beetles were analysed to investigate the effects of box treatment on 

all species with some behavioural connection to deadwood. The species 

richness and the average abundance of specimens per species from each of 

these categories were used in analyses. 

Versions of statistical tests that consider variables as paired/ repeated 

measures were chosen to analyse the differences in richness and average 

abundance of beetles in the different box treatments. This was done as the 

grouped experimental set-up of the boxes meant that all experimental variants 

in a group experienced similar environmental conditions. Also, as each group of 

beetle boxes was centred around a particular tree, this meant that there was an 

increased likelihood of similarity in colonising beetle faunas between boxes 

within a group, rather than between boxes in separate groups. 
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Species data from the boxes in the grouped experimental designs were first 

assessed for normality using Shapiro-Wilk tests and visual inspection of 

histograms. Boxplots were then used to identify the presence of outliers. All 

species data from boxes at Windsor Forest violated the assumptions of 

parametric tests, so non-parametric tests were used for all Windsor Forest 

analyses. For Bredon Hill, where data was deemed to be normal and without 

outliers, it was analysed with a parametric test (two-sample paired T-test). 

When data was not normally distributed, it was square root transformed in an 

attempt to achieve a normal distribution. Where this was possible, the 

transformed data was used in a two-sample paired T-test.  Where normality 

could not be achieved, nonparametric tests were used to analyse the data. For 

groups of two boxes at Bredon Hill, non-parametric paired Wilcoxon U tests 

were used to compare beetle communities in the box treatments. As the boxes 

at Windsor Forest were in groups of three, the beetle communities within these 

were compared using non-parametric Friedman tests followed up with pairwise 

Wilcoxon signed rank tests to further identify the specific pairs of boxes 

between which any significant differences occurred. 

 

Analysis of moisture conditions within beetle boxes 

Moisture conditions within different box treatments 

The moisture levels in the bottom compartments were tested for differences 

between the different grouped beetle box treatments using a combined average 

of all measurements taken across both sampling sessions. These moisture 

average data were tested for normal distributions and outliers using histograms, 

Shapiro-Wilk tests and boxplots. The average moisture data from the grouped 

box treatments at Windsor Forest did not meet the requirements for a 

parametric test. Because of this, moisture levels were tested for differences 

between box treatments using a Friedman test. The differences between 

individual box treatments at Windsor Forest were then further investigated using 

paired Wilcoxon signed-rank tests.  

Average moisture data for the two box treatments at Bredon Hill were square 

root transformed to achieve normal distributions. This data was then used in a 
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paired t-test to identify differences in average moisture levels between the 

wooden boxes with and without fertiliser added to the contents.  

Moisture conditions within different box treatments compared to tree 
hollows 

The average moisture levels in real tree hollows were compared with those the 

bottom compartments of the different grouped beetle box treatments at Windsor 

Forest using measurements taken on 17/08/2022. This analysis was not carried 

out for Bredon Hill, as the number of trees that could be sampled there were not 

equivalent to the number of boxes of each treatment on site.  

These average moisture data from the tree hollows and beetle boxes at 

Windsor Forest were tested for normal distributions and outliers using 

histograms, Shapiro-Wilk tests and boxplots. The average moisture data did not 

meet the requirements for a parametric test. Because of this, moisture levels 

were tested for differences between tree hollows and box treatments using a 

Friedman test. The average moisture differences between tree hollows and 

individual box treatments at Windsor Forest were then further investigated using 

paired Wilcoxon signed-rank tests.  

Moisture changes in the boxes over time 

The average moisture levels in the bottom compartments of the boxes were 

analysed for significant differences between measurements taken at two 

different times of year (late summer and late spring) for each box type in the 

grouped experiments at both sites. The average moisture levels measured at 

both dates were checked for normal distributions using histograms and Shapiro-

Wilk tests. The data was also checked for outliers using boxplots.  Where data 

lacked outliers and fit a normal distribution, the differences between moisture 

levels recorded during the different sampling sessions was tested using paired 

T-tests.  Where data was deemed not-normal and could not be fitted to a 

normal distribution through transformation, Wilcoxon signed-rank tests were 

used. These tests were chosen as they are both designed for use in situations 

where measurements are repeatedly taken from the same experimental units.  
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Moisture conditions in different compartments of the beetle boxes 

The average moisture conditions recorded in the top compartments (above the 

internal shelf) and bottom compartments (below the internal shelf) of each box 

treatment in the grouped experiment were investigated for significant 

differences. This was done using data collected on 17/08/2020 for Windsor 

Forest and 10/08/2020 for Bredon Hill. The moisture data for the top and bottom 

compartments were tested for normality and outliers using histograms, Shapiro-

Wilk tests and boxplots. Where the data was normally distributed, paired T-tests 

were used. Where data did not fit a normal distribution, it was either log- or 

square root- transformed to fit a normal distribution and then tested using paired 

T-tests. When a normal distribution could not be achieved, data was tested 

using non-parametric Wilcoxon signed-rank tests.  

Checking for differences in canopy cover over the different box 
treatments 

The levels of canopy cover over different grouped box types were tested for any 

significant differences that may have influenced the results. This was done by 

first checking the data for normality and outliers using histograms, Shapiro-Wilk 

tests and boxplots. As all canopy cover data fulfilled the requirements for 

parametric tests, the canopy covers for the three box types at Windsor Forest 

were tested for differences using an ANOVA test, whilst a T-test was used for 

the two treatments at Bredon Hill. 
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3.3.  Results 
 

Overall, 52 species of beetles were recorded within the beetle boxes at Winsor 

Forest and Bredon Hill. Of these, 15 were saproxylic, 13 were woodland-

associated and 24 had no associations to deadwood (Tables 3.3, 3.4 & 3.5). Of 

the saproxylic species, 4 (26.7%), had a conservation status (table 3). None of 

the woodland associated species or non-deadwood associated species were of 

conservation concern.  

The saproxylic beetle species recorded from 

beetle boxes included two with known strong 

associations to ancient tree hollows (Ptenidium 

turgidum, Stenichnus godarti (Figure 3.10)) 

and three species with more generalist links to 

tree hollow habitats (Oligota apicata, 

Cryptophagus distinguendus, Acrotrichis 

montandonii) (Alexander, 2002; Käfer 

Europas, 2009; Duff, 2020).  Two of the 

species found (Plegaderus dissectus and 

Abraeus perpusillus) are associated with 

ancient woodland pasture (Alexander, 2002) (Tables 3.3 & 3.4). 

At Windsor Forest, 32 species of beetle were found inside beetle boxes, 13 of 

which were saproxylic, 9 were woodland-associated and 10 had no association 

to deadwood (Tables 3.3, 3.4 & 3.5). At Windsor Forest, 6 species of beetle 

were also recorded from real hollows in ancient trees. Of the species found in 

trees, all but one were also found inside beetle boxes, with the only species not 

found in both being the non-deadwood-associated, Rugilus rufipes.  

At Bredon Hill, 27 beetle species were recorded from the beetle boxes, 

including 6 saproxylic species, 6 woodland-associated species and 15 species 

that had no association to deadwood (Tables 3.3, 3.4 & 3.5). No beetle species 

were recorded from wood mould samples taken from real ancient tree hollows 

at Bredon Hill.  

Figure 3.10. An image of 
the Stenichnus godarti 
specimen collected from a 
beetle box wood mould 
sample. 
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Table 3.2. A summary of the most recorded beetle species in each box 
treatment at Bredon Hill and Windsor Forest respectively. 

Box treatment 1st most common 
beetle species 

2nd most common 
beetle species 

3rd most 
common beetle 

species 
Bredon Hill 

Wooden boxes with oak 
sawdust and fertiliser 

(n=6) 

Orthoperus 
aequalis (n=67) 

Ptilium horioni 
(n=21) 

Ptinella aptera 
(n=12) 

Wooden boxes with oak 
sawdust, without fertiliser 

(n=6) 

Ptinella aptera 
(n=3) 

Micropeplus 
staphylinoides 

(n=2) 
Orthoperus 

aequalis (n=2) 

All other species 
(n=1) 

Windsor Forest 
Plastic boxes with oak 
sawdust and fertiliser 

(n=6) 

Cryptophagus 
distinguendus 

(n=59) 

Acrotrichis insularis 
(n=39) 

Dienerella 
clathrata (n=27) 

Wooden boxes with oak 
sawdust and fertiliser 

(n=6) 

Clambus 
punctulum (n=32) 

Ptinella aptera 
(n=21) 

Achrotrichis 
insularis (n=6) 

Wooden boxes with oak 
sawdust, without fertiliser 

(n=6 

Geostibia 
circellaris (n=3) 

Cephennium 
gallicum (n=2) 

Dinerella clathrata 
(n=2) 

Tasgius moritisans 
(n=2) 

All other species 
(n=1) 

Wooden boxes with 
beech sawdust and 

fertiliser (n=2): 

Ptinella simsoni 
(n=44) 

Clambus 
punctulum (n=12) 

Othius 
subuliformis (n=6) 
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Table 3.3. Saproxylic beetle species found in samples of wood mould collected from beetle boxes and real tree hollows. 

Species Status Guild 

Presence at 
sites 
(W – 

Windsor 
Forest, 

BH – Bredon 
Hill) 

Total number of specimens found (average per sample) 

Wooden box, oak 
sawdust, without 

fertiliser 
(n=12, sampled 

twice) 

Wooden box, 
oak sawdust, 
with fertiliser 

(n=12, sampled 
twice) 

Wooden box, 
beech 

sawdust, with 
fertiliser 

(n=2, sampled 
twice) 

Plastic box, 
oak sawdust, 
with fertiliser 
(n=6, sampled 

twice) 

Real tree 
hollow 
(n=9, 

sampled 
once) 

Histeridae 
Abraeus perpusillus  Predator W 0 (0) 2 (0.08) 0 (0) 1 (0.08) 0 (0) 

Plegaderus dissectus  Predator BH 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 
Ptiliidae 

Ptenidium turgidum RDB K Fungivore W 0 (0) 0 (0) 0 (0) 2 (0.17) 1 (0.11) 
Pteryx suturalis  Fungivore W 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Ptinella aptera  Fungivore W + BH 3 (0.13) 33 (1.38) 3 (0) 0 (0) 0 (0) 

Ptinella errabunda  Fungivore W + BH 0 (0) 5 (0.21) 0 (0) 4 (0.33) 2 (0.22) 
Staphylinidae 

Atrecus affinis  Predator W 0 (0) 3 (0.13) 0 (0) 0 (0) 1 (0.11) 
Euplectus karstenii  Predator BH 1 (0.04) 3 (0.13) 0 (0) 0 (0) 0 (0) 

Oligota apicata Notable Predator W 0 (0) 0 (0) 0 (0) 2 (0.17) 0 (0) 
Stenichnus godarti RDB 3 Predator W 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Elateridae 
Panspaeus guttatus  Unknown W 1 (0.04) 0 (0) 0 (0) 1 (0.08) 0 (0) 

Ptinidae 
Hemicoelus fulvicornis  Xylophagous W 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Corylophidae 
Orthoperus aequalis RDB K Fungivore W + BH 2 (0.08) 68 (2.83) 1 (0.25) 18 (1.5) 0 (0) 

Curculionidae 
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Acalles misellus  Xylophagous W 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 
Euophryum confine  Xylophagous W + BH 1 (0.04) 4 (0) 1 (0.25) 2 (0.17) 0 (0) 

Table 3.4. Woodland-associated beetle species found in samples of wood mould collected from beetle boxes and real tree 
hollows. 

Species Stat-
us Guild 

Presence at 
sites 

(W – Windsor 
Forest, 

BH – Bredon 
Hill) 

Total number of specimens found (average per sample) 

Wooden box, oak 
sawdust, without 

fertiliser 
(n=12, sampled 

twice) 

Wooden box, 
oak sawdust, 
with fertiliser 

(n=12, sampled 
twice) 

Wooden box, 
beech 

sawdust, with 
fertiliser 

(n=2, sampled 
twice) 

Plastic box, 
oak sawdust, 
with fertiliser 
(n=6, sampled 

twice) 

Real tree 
hollow 
(n=9, 

sampled 
once) 

Ptiliidae 
Acrotrichis insularis  Saprophagous W 0 (0) 6 (0.25) 1 (0.25) 39 (3.25) 0 (0) 

Acrotrichis montandonii  Saprophagous W 0 (0) 0 (0) 0 (0) 1 (0.08) 0 (0) 
Acrotrichis rugulosa  Saprophagous BH 0 (0) 3 (0.13) 0 (0) 0 (0) 0 (0) 

Ptilium horioni  Saprophagous BH 0 (0) 21 (0.88) 0 (0) 0 (0) 0 (0) 
Staphylinidae 

Atheta vaga   BH 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Cephennium gallicum  Predator W 2 (0.08) 0 (0) 0 (0) 0 (0) 2 (0.22) 

Geostiba circellaris  Unknown W 3 (0.13) 0 (0) 0 (0) 0 (0) 0 (0) 
Mycetoporus rufescens  Saprophagous W 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Quedius cruentus  Predator BH 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Clambidae 

Clambus punctulum  Saprophagous W + BH 0 (0) 41 (1.71) 12 (3) 25 (2.08) 0 (0) 



163 
 

 

  
Table 3.5. Non-deadwood-associated beetle species found in samples of wood mould collected from beetle boxes and real 
tree hollows. 

Species Status Guild 

Presence at 
sites (W – 
Windsor 
Forest, 

BH – Bredon 
Hill) 

Total number of specimens found (average per sample) 

Wooden box, 
oak sawdust, 

without fertiliser 
(n=12, sampled 

twice) 

Wooden box, 
oak sawdust, 
with fertiliser 

(n=12, sampled 
twice) 

Wooden box, 
beech 

sawdust, with 
fertiliser 

(n=2, sampled 
twice) 

Plastic box, 
oak sawdust, 
with fertiliser 
(n=6, sampled 

twice) 

Real tree 
hollow 
(n=9, 

sampled 
once) 

Carabidae 
Clivina fossor  Predator BH 1  (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Paradromius linearis  Predator BH 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 
Ptiliidae 

Acrotrichis thoracica  Saprophagous BH 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Ptenidium laevigatum  Saprophagous BH 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Ptenidium pusillum  Saprophagous BH 0 (0) 2 (0.08) 0 (0) 0 (0) 0 (0) 
Ptinella simsoni  Fungivore W 0 (0) 0 (0) 44 (11) 0 (0) 0 (0) 

Staphylinidae 
Aleochara sp.  Predator W + BH 0 (0) 1 (0.04) 0 (0) 0 (0) 1 (0.11) 

Cryptophagidae 
Cryptophagus 
distinguendus 

 Fungivore W + BH 0 (0) 11 (0.46) 0 (0) 59 (4.92) 0 (0) 

Latridiidae 
Dienerella clathrata  Saprophagous W 2 (0.08) 1 (0.04) 0 (0) 18 (1.5) 0 (0) 
Dienerella vincenti  Saprophagous W 0 (0) 0 (0) 0 (0) 8 (0.67) 0 (0) 
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Heterothops praevius  Predator BH 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Micropeplus staphylinoides  Saprophagous BH 2 (0.08) 0 (0) 0 (0) 0 (0) 0 (0) 

Mycetoporus lepidus  Predator W 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 
Ocypus olens  Predator W 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Oligota sp.  Predator BH 0 (0) 2 (0.08) 0 (0) 0 (0) 0 (0) 
Othius punctulatus  Predator W 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 
Othius subuliformis  Predator W + BH 0 (0) 1 (0.04) 6 (1.5) 0 (0) 0 (0) 

Rugilus rufipes  Predator W 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.11) 
Tachyporus dispar  Predator BH 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Tasgius ater  Predator W 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Tasgius morsitans  Predator W 2 (0.08) 0 (0) 0 (0) 0 (0) 0 (0) 

Xantholinus longiventris  Predator BH 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Coccinellidae 

Propylea 
quatuordecimpunctata 

 Predator W 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Corylophidae 
Sericoderus brevicornis  Fungivore W 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Latridiidae 
Adistemia watsoni  Saprophagous BH 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Latridius porcatus  Saprophagous BH 0 (0) 11 (0.46) 0 (0) 0 (0) 0 (0) 

Chrysomelidae 
Aphthona nonstriata  Herbivore BH 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Phyllotreta atra  Herbivore W 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 
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Saproxylic species 

The number of saproxylic species was not found to be significantly different in 

wooden boxes with added fertiliser and wooden boxes without fertiliser at 

Bredon Hill (t(5) = 2.24, p = 0.08) (Figure 3.11). Similarly, no significant 

differences were found in the number of saproxylic species found in any of the 

three box and fertiliser treatment combinations in the main grouped experiment 

at Windsor Forest (X2(2) = 3.52, p = 0.17) (Figure 3.12).  

The average abundance of specimens of saproxylic species found within boxes 

also showed no significant difference between the two box treatments at Bredon 

Hill (t(5) = 2.18, p = 0.08),  or the three box treatments in in the grouped 

experiment at Windsor Forest (X2(2) = 4.45, p = 0.11) (Figures  3.11 & 3.12). 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.11. Boxplots comparing in the richness (top) and the 
average abundance (bottom) of saproxylic beetle species in the 
different box treatments in Bredon Hill (wooden boxes with and 
without fertiliser). 
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Figure 3.12. Boxplots comparing in the richness (top) and the average 
abundance (bottom) of saproxylic beetle species in the different box 
treatments in Windsor Forest (plastic boxes with fertiliser, wooden 
boxes with fertiliser and wooden boxes without fertiliser).  
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Figure 3.13. Bar graphs showing the average abundances of the 
saproxylic beetle species found in the different box treatments 
at Bredon Hill and Windsor Forest.  
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Woodland-associated species 

The number of woodland associated species was not found to differ significantly 

between wooden boxes with and without fertiliser at Bredon Hill (V = 15, p = 

0.06), or between any of the different box treatments at Windsor Forest (X2(2) = 

4.10, p = 0.13) (Figures 3.14 & 3.15). Similarly, a significant difference was not 

achieved between the average abundance of woodland associated species 

found in wooden boxes with and without added fertiliser at Bredon Hill (V = 15, 

p = 0.06) (Figure 3.14).  

In contrast, a significant difference was identified in the average abundance of 

woodland-associated species in the different box treatments at Windsor Forest 

box treatments (X2(2) = 8.09, p = 0.02). Further investigation with Wilcoxon 

signed-rank tests detected that wooden boxes with added fertiliser contained 

significantly higher average abundances of woodland-associated beetle 

specimens than wooden boxes without added fertiliser (V = 8, p = 0.03). 

However, no statistically significant differences were found between the plastic 

boxes with added fertiliser and either wooden boxes with (V = 0, p = 0.56), or 

without (V = 0, p = 0.06) added fertiliser (Figure 3.15).  
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Figure 3.14. Boxplots comparing in the richness (top) and the average 
abundance (bottom) of woodland-associated (those with links to tree-
decay habitats whilst not being strictly saproxylic) beetle species in the 
different box treatments in Bredon Hill (wooden boxes with and without 
fertiliser). 
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Figure 3.15. Boxplots comparing in the richness (top) and the 
average abundance (bottom) of woodland-associated (those with 
links to tree-decay habitats whilst not being strictly saproxylic) 
beetle species in the different box treatments in Windsor Forest 
(plastic boxes with fertiliser, wooden boxes with fertiliser and 
wooden boxes without fertiliser).  
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Figure 3.16. Bar graphs showing the average abundances of the 
woodland-associated beetle species found in the different box 
treatments at Bredon Hill and Windsor Forest.  
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Saproxylic and woodland associated species combined 

The combined number of saproxylic and woodland-associated species was 

significantly higher in wooden boxes with added fertiliser than in those without 

fertiliser at Bredon Hill (t(5) = 3.22, p = 0.02) (Figure 3.17). Despite this, the 

average abundance of saproxylic and woodland associated species combined 

were not found to exhibit significant differences between box types at Bredon 

Hill (t(5) = 2.57,  p = 0.0501) (Figure 3.17). 

No statistically significant differences were observed in the number of combined 

saproxylic and woodland-associated species (X2(2) = 5.73, p = 0.057) between 

any of the three box treatment variations at Windsor Forest (Figure 3.18). 

A significant difference in average abundances of combined saproxylic and 

woodland associated species was identified in the box treatments at Windsor 

Forest (X2(2) = 8.09, p = 0.018). Wilcoxon signed-rank tests showed that the 

average abundances were significantly higher in wooden boxes with added 

fertiliser than in wooden boxes without fertiliser (V = 0, p = 0.036) (Figure 3.18). 

No further significant differences were found in the average abundance of 

combined saproxylic and woodland associated species between the plastic 

boxes and the wooden boxes with fertiliser (V = 14, p = 0.56) or between the 

wooden boxes with and without fertiliser (V = 15, p = 0.06) (Figure 3.18). 
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Figure 3.17. Boxplots comparing in the richness (top) and the average 
abundance (bottom) of a combined measure of saproxylic and 
woodland-associated beetle species in the different box treatments in 
Bredon Hill (wooden boxes with and without fertiliser).  
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Figure 3.18. Boxplots comparing in the richness (top) and the average 
abundance (bottom) of a combined measure of saproxylic and 
woodland-associated beetle species in the different box treatments in 
Windsor Forest (plastic boxes with fertiliser, wooden boxes with 
fertiliser and wooden boxes without fertiliser).  
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Non-deadwood-associated Species 

No significant difference was observed between the number of non-deadwood-

associated species found in beetle boxes with and without fertiliser at Bredon 

Hill (t(5)= 1.42, p = 0.22) (Figure 3.19). In contrast, a significant difference was 

identified in the number of non-deadwood-associated beetle species found in 

the treatments at Windsor Forest (X2(2) = 6.13, p = 0.047). Pairwise Wilcoxon 

signed rank tests between groups revealed that the numbers of non-deadwood-

associated species were significantly higher in wooden boxes without fertiliser 

than in plastic boxes with fertiliser at Windsor Forest (V = 0, p = 0.048) (Figure 

3.20) No significant differences were found between plastic boxes and wooden 

boxes with fertiliser (V = 0, p = 0.37) or wooden boxes with and without fertiliser 

(V = 8, p = 0.35) (Figure 3.20). 

No significant difference was found between the average abundance of non-

deadwood-associated beetles between wooden boxes with and without fertiliser 

at Bredon Hill (t(5) = 1.25, p = 0.27) (Figure 3.19).  A significant difference was 

found between the average abundances of non-deadwood-associated beetle 

species found in the various box treatments at Windsor Forest (X2(2) = 6.13, p = 

0.047). The average abundance of non-deadwood-associated species were 

found to be significantly higher in wooden boxes without fertiliser than in plastic 

boxes with fertiliser at Windsor Forest (V = 0, p = 0.048) (Figure 3.20) No 

significant differences were found between plastic boxes and wooden boxes 

with fertiliser (V = 0, p = 0.37) or between wooden boxes with and without 

fertiliser (V = 8, p = 0.35) (Figure 3.20). 
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Figure 3.19. Boxplots comparing in the richness (top row) and the 
average abundance (bottom row) of beetle species with no 
saproxylic tendencies (non-deadwood-associated) in the different 
box treatments in Bredon Hill (wooden boxes with and without 
fertiliser).  
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Figure 3.20. Boxplots comparing in the richness (top) and the 
average abundance (bottom) of beetle species with no saproxylic 
tendencies (non-deadwood-associated) in the different box 
treatments in Windsor Forest (plastic boxes with fertiliser, wooden 
boxes with fertiliser and wooden boxes without fertiliser).  

 



178 
 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

Av
er

ag
e 

nu
m

be
r o

f s
pe

ci
m

en
s

B) Windsor Forest

plastic boxes with fertiliser
wooden boxes with fertiliser
wooden boxes without fertiliser

0

1

2

3

4

Av
er

ag
e 

nu
m

be
r o

f s
pe

ci
m

en
s

A) Bredon Hill

wooden boxes with
fertiliser
wooden boxes without
fertiliser

Figure 3.21. Bar graphs showing the average abundances of the non-
deadwood-associated beetle species found in the different box 
treatments at Bredon Hill and Windsor Forest.  
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The results of the tests investigating the differences in different beetle assemblages between box types presented above are 

summarised in Table 3.6.  

 
Table 3.6. A summary of the statistical tests investigating the differences in beetle communities between different beetle 
box treatments. *, P<0.05; **, P<0.01. 

Species 
assemblage(s) 

Site Measurement Box types Test Statistics 

Saproxylic 

Bredon Hill 

Species richness 
Wood with fertiliser/ wood 

without fertiliser 
Paired t test 

t(5) = 2.24, 

p = 0.08 

Sqrt (Average 

abundance of 

specimens per 

species) 

Wood with fertiliser/ wood 

without fertiliser 
Paired t test 

t(5) = 2.18, 

p = 0.08 

Windsor 

Forest 

Species richness 
Plastic with fertiliser/ wood with 

fertiliser/ wood without fertiliser 
Friedman test 

X2(2) = 3.52,  

p = 0.17 

Average abundance 

of specimens per 

species 

Plastic with fertiliser/ wood with 

fertiliser/ wood without fertiliser 
Friedman test 

X2(2) = 4.45,  

p = 0.11 

Woodland-

associated 

Bredon Hill Species richness Wood with fertiliser/ wood 

without fertiliser 
Wilcoxon signed-rank test V = 15, 

p = 0.06 
Average abundance 

of specimens per 

species 

Wood with fertiliser/ wood 

without fertiliser 
Wilcoxon signed-rank test V = 15, 

p = 0.06 



180 
 

Windsor 

Forest 

Species richness Plastic with fertiliser/ wood with 

fertiliser/ wood without fertiliser 
Friedman test X2(2) = 4.10, 

p = 0.13 
Average abundance 

of specimens per 

species 

Plastic with fertiliser/ wood with 

fertiliser 
Wilcoxon signed-rank test V = 0, 

p = 0.56 
Plastic with fertiliser/ wood 

without fertiliser 
Wilcoxon signed-rank test V = 0, 

p = 0.06 
Wood with fertiliser > wood 

without fertiliser 
Wilcoxon signed-rank test V = 8, 

p = 0.03* 
Saproxylic & 

woodland 

associated 

combined 

Bredon Hill Species richness Wood with fertiliser > wood 
without fertiliser 

Paired t test t(5) = 3.22, 
p = 0.02* 

Sqrt (Average 

abundance of 

specimens per 

species) 

Wood with fertiliser/ wood 

without fertiliser 

Paired t test t(5) = 2.57, 

p = 0.0501 

Windsor 

Forest 

Species richness Plastic with fertiliser/ wood with 

fertiliser/ wood without fertiliser 

Friedman test X2(2) = 5.73, 

P = 0.057 

Average abundance 

of specimens per 

species 

Plastic with fertiliser/ wood with 

fertiliser 

Wilcoxon signed-rank test V = 14, 

p = 0.56 

Plastic with fertiliser/ wood 

without fertiliser 

Wilcoxon signed-rank test V = 15, 

p = 0.06 

Wood with fertiliser > wood 
without fertiliser 

Wilcoxon signed-rank test V = 0, 
p = 0.036* 
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Non-deadwood-

associated 

Bredon Hill Species richness Wood with fertiliser/  wood 

without fertiliser 

Paired t test t(5)= 1.42, 

 p = 0.22 

Sqrt (Average 

abundance of 

specimens per 

species) 

Wood with fertiliser/ wood 

without fertiliser 

Paired t test t(5) = 1.25,  

p = 0.27 

Windsor 

Forest 

Species richness Plastic with fertiliser/ wood with 

fertiliser 

Wilcoxon signed-rank test V = 0,  

p = 0.37 

Plastic with fertiliser < wood 
without fertiliser 

Wilcoxon signed-rank test V = 0,  
p = 0.048* 

Wood with fertiliser/ wood 

without fertiliser 

Wilcoxon signed-rank test V = 8,  

p = 0.35 

Average abundance 

of specimens per 

species 

Plastic with fertiliser/ wood with 

fertiliser 

Wilcoxon signed-rank test V = 0,  

p = 0.37 

Plastic with fertiliser < wood 
without fertiliser 

Wilcoxon signed-rank test V = 0,  
p = 0.048* 

Wood with fertiliser/ wood 

without fertiliser 

Wilcoxon signed-rank test V = 8,  

p = 0.35 
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Elateridae larvae 

Due to low light conditions on site and a lack of time whilst sampling, some 

Elaterid larvae were not able to be definitively identified. As the larvae of L. 

violaceus are similar to those of the much more common related genus Athous, 

it was often not possible to definitively distinguish them in the field. However, 

one advanced-stage larva collected from a tree hollow was identified by its ninth 

abdominal segment as being a potential L. violaceus individual. (Figure 3.22) 

Several larvae found within beetle boxes and real tree hollows were identified 

using the structure of their ninth abdominal segments to be a species of the 

genus, Melanotus (Etzler, 2013) (Figure 3.23). 

 

 

 

Figure 3.23. The ninth 
abdominal segment of an 
Elateridae larvae showing 
structures characteristic of 
Melanotus. Specimen found 

at Windsor Forest on 

17/08/2020 in a wooden 

beetle box with oak sawdust 

and added fertiliser. 

Figure 3.22. An Elateridae larva 
identified as a potential 
Limoniscus violaceus, found at 
Bredon Hill on 29/06/2020 in a 
basal tree hollow. 
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Table 3.7. A summary of Elateridae larvae observations from tree hollows and 
beetle boxes at Bredon Hill and Windsor Forest. Identified using Etzler, 2013 & 

Whitehead, 2003) 
Date of 

observation 
Site 

found 
Situation found 

Number 
found 

Tentative 
identification 

29/06/2020   Bredon 

Hill 

Wooden box containing oak 

sawdust and added fertiliser 

1 Ampedus sp. 

29/06/2020   Bredon 

Hill 

Wooden box containing oak 

sawdust without added fertiliser 

1 Athous sp. 

29/06/2020   Bredon 

Hill 

Real basal tree hollow 2 Athous sp. 

29/06/2020   Bredon 

Hill 

Real basal tree hollow 1 Potential 

Limoniscus 

violaceus 

06/07/2020 Windsor 

Forest 

Real basal tree hollow 3 Melanotus sp. 

06/07/2020 Windsor 

Forest 

Wooden box containing oak 

sawdust and added fertiliser 

1 Unidentified 

10/08/2020 Bredon 

Hill 

Wooden box containing oak 

sawdust without added fertiliser 

1 Athous sp. 

17/08/2020 Windsor 

Forest 

Wooden box containing oak 

sawdust and added fertiliser 

2 Melanotus sp. 

17/08/2020 Windsor 

Forest 

Wooden box containing oak 

sawdust without added fertiliser 

1 Melanotus sp. 
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Other immature beetle observations from wood mould samples 

Several of the Coleoptera larvae collected from wood mould during this study 

were not identified due time limitations and difficulties in examination resulting 

from their small size. However, those that were identified included individuals 

from the decaying-wood associated genus, Pediacus. The genus, Acrotrichis, 

was also represented which contains several woodland-associated species 

(Table 3.8). 

 

 

 

Table 3.8.  A summary of beetle larvae not belonging to the Elateridae 
that were retrieved from wood mould samples taken from beetle boxes 
and real basal tree hollows. 

Life 

stage 
Identification 

Total number of specimens found (average per sample) 

Wooden 
box, oak 
sawdust, 
without 
fertiliser 
(n=12, 

sampled 

twice) 

Wooden 
box, oak 
sawdust, 

with 
fertiliser 

(n=12, 

sampled 

twice) 

Wooden 
box, 

beech 
sawdust, 

with 
fertiliser 

(n=2, 

sampled 

twice) 

Plastic 
box, oak 
sawdust, 

with 
fertiliser 

(n=6, 

sampled 

twice) 

Real 
tree 

hollow 
(n=9, 

sampled 

once) 

Larvae 

Unidentified 

Coleoptera 5 (0.21) 36 (1.5) 2 (0.5) 20 (1.67) 6 (0.67) 
Carabidae 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Staphylinidae 2 (0.08) 7 (0.29) 0 (0) 0 (0) 1 (0.11) 
Curculionidae 1 (0.04) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Pediacus sp. 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Cryptocephalus 

sp. 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Total 

Coleoptera 

Larvae 8 (0.33) 47 (1.96) 2 (0.5) 20 (1.67) 7 (0.78) 

Pupae 

Acrotrichis sp. 0 (0) 0 (0) 0 (0) 1 (0.08) 0 (0) 
Quedius sp. 0 (0) 0 (0) 0 (0) 1 (0.08) 0 (0) 
Pediacus sp. 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
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Beetle fragments 

A single elytron that was identified as having belonged to a L. violaceus 

individual was retrieved from a real basal tree hollow at Bredon Hill. Wood 

mould extracted from real tree hollows at Windsor Forest contained fragments 

of beetles including Euophryum sp. and Synchita variegata. A pronotum of 

Silvanus bidentatus was found in a wooden beetle box containing oak sawdust 

and added fertiliser at Windsor Forest. 

 

Other invertebrates in beetle boxes and tree hollows 

Table 3.9. A summary of all non-coleopteran invertebrates retrieved 
from wood mould samples from beetle boxes and real tree hollows. 

Identification 

Total number of specimens found (average per sample) 

Wooden box, 
oak sawdust, 

without 
fertiliser 

(n=12, sampled 
twice) 

Wooden 
box, oak 
sawdust, 

with 
fertiliser 
(n=12, 

sampled 
twice) 

Wooden 
box, beech 
sawdust, 

with 
fertiliser 

(n=2, 
sampled 

twice) 

Plastic 
box, oak 
sawdust, 

with 
fertiliser 

(n=6, 
sampled 

twice) 

Real 
tree 

hollow 
(n=9, 

sampled 
once) 

Oligochaeta 
Aporrectodea 

rosea 2 (0.08) 0 (0) 0 (0) 0 (0) 0 (0) 

Bimastos eiseni 1 (0.04) 4 (0.17) 3 (0.75) 0 (0) 0 (0) 
Bimastos rubidus 2 (0.08) 4 (0.17) 1 (0.25) 0 (0) 0 (0) 

Dendrobaena 
attemsi 4 (0.17) 0 (0) 0 (0) 0 (0) 0 (0) 

Lumbricus 
castaneus 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.11) 

Lumbricus 
rubellus 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Immature/ 
unidentified 97 (4.04) 97 (4.04) 29 (7.25) 1 (0.08) 39 

(4.33) 

Total 107 (4.46) 105 (4.38) 33 (8.25) 1 (0.08) 40 
(4.44) 

Gastropoda – Snails 
Carychiinae 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Cochlicopa cf. 
lumbricella 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Vertigo pygmaea 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Discus rotundatus 0 (0) 0 (0) 0 (0) 2 (0.17) 0 (0) 
Euconulus fulvus 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Zonitoides 
excavatus 2 (0.08) 0 (0) 0 (0) 1 (0.08) 2 (0.22) 

Oxychilus sp. 1 (0.04) 1 (0.04) 2 (0.5) 0 (0) 0 (0) 
Oxychilus alliarius 1 (0.04) 1 (0.04) 2 (0.5) 0 (0) 0 (0) 
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Unidentified 1 (0.04) 0 (0) 0 (0) 0 (0) 4 (0.44) 
Total 7 (0.29) 4 (0.17) 4 (1) 3 (0.25) 6 (0.67) 

Gastropoda – Slugs 
Total 2 (0.08) 0 (0) 0 (0) 0 (0) 0 (0) 

Diplopoda 
Glomeris 
marginata 

1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Polydesmus 
angustus 

0 (0) 0 (0) 0 (0) 0 (0) 1 (0.11) 

Polydesmus 
denticulatus 

1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Proteroiulus 
fuscus 

0 (0) 0 (0) 0 (0) 0 (0) 5 (0.56) 

Cylindroiulus 
punctatus 

6 (0.25) 5 (0.21) 5 (1.25) 0 (0) 5 (0.56) 

Immature/ 
unidentified 

Polydesmida 

114 (4.75) 84 (3.5) 0 (0) 0 (0) 16 
(1.78) 

Immature/ 
unidentified 
Blaniulidae 

0 (0) 0 (0) 0 (0) 0 (0) 1 (0.11) 

Immature/ 
unidentified 

Julidae 

11 (0.46) 18 (0.75) 3 (0.75) 1 (0.08) 1 (0.11) 

Total 
133 (5.54) 107 (4.46) 8 (2) 1 (0.08) 29 

(3.22) 
Chilopoda 

Schendyla 
nemorensis 

0 (0) 0 (0) 0 (0) 1 (0.08) 0 (0) 

Strigamia 
crassipes 

0 (0) 2 (0.08) 0 (0) 0 (0) 0 (0) 

Geophilus 
carpophagus/eas

oni 

0 (0) 0 (0) 0 (0) 1 (0.08) 0 (0) 

Geophilus flavus 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
Geophilus 
truncorum 

0 (0) 9 (0.38) 0 (0) 1 (0.08) 0 (0) 

Cryptops 
hortensis 

26 (1.08) 12 (0.5) 19 (4.75) 1 (0.08) 12 
(1.33) 

Lithobius 
crassipes 

3 (0.13) 0 (0) 0 (0) 0 (0) 0 (0) 

Lithobius 
forficatus 

2 (0.08) 4 (0.17) 2 (0.5) 0 (0) 0 (0) 

Lithobius microps 15 7 (0.29) 1 (0.25) 0 (0) 2 (0.22) 
Lithobius 

variegatus 
0 (0) 0 (0) 0 (0) 0 (0) 2 (0.22) 

Immature 
/unidentified 

Geophilomorpha 

0 (0) 2 (0.08) 0 (0) 1 (0.08) 1 (0.11) 

 Immature 
/unidentified 
Cryptops sp. 

3 (0.13) 0 (0) 0 (0) 0 (0) 1 (0.11) 

Immature 
/unidentified 
 Lithobius sp. 

17 (0.71) 9 (0.38) 1 (0.25) 0 (0) 2 (0.22) 

Total 66 (2.75) 66 (2.75) 23 (5.75) 5 (0.42) 20 
(2.22) 

Pauropoda 
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Total 2 (0.08) 0 (0) 0 (0) 0 (0) 0 (0) 
Symphyla 

Total 0 (0) 0 (0) 1 (0.25) 0 (0) 0 (0) 
Oniscoidea 

Haplophthalmus 
danicus 

3 (0.13) 7 (0.29) 1 (0.25) 0 (0) 249 
(27.67) 

Trichoniscus 
pusillus agg. 

3 (0.13) 18 (0.75) 0 (0) 0 (0) 7 (0.78) 

Philoscia 
muscuorum 

2 (0.08) 0 (0) 0 (0) 1 (0.08) 0 (0) 

Oniscus asellus 17 (0.71) 17 (0.71) 2 (0.5) 7 (0.58) 13 
(1.44) 

Porcellio scaber 44 (1.83) 289 (12.04) 7 (1.75) 404 (33.67) 7 (0.78) 
Armadilidium 

vulgare 
2 (0.08) 11 (0.46) 0 (0) 0 (0) 0 (0) 

Immature 
/unidentified 
Porcellio sp./ 
Oniscus sp. 

144 (6) 224 (9.33) 31 (7.75) 228 (19) 19 
(2.11) 

Immature 
/unidentified 

 Armadillidium sp. 

0 (0) 14 (0.58) 0 (0) 0 (0) 0 (0) 

Total 215 (8.96) 580 (24.17) 41 (10.25) 640 (53.33) 295 
(32.78) 

Diplura 
Total 2 (0.08) 0 (0) 1 (0.25) 0 (0) 4 (0.44) 

Collembola 
 Total 259 (10.79) 521 (21.71) 19 (4.75) 474 (39.5) 27 (3) 

Opiliones 
Paroligolophus 

agrestis 
1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Dicranopalpus 
ramosus agg. 

1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Leiobunum 
rotundum 

0 (0) 2 (0.08) 0 (0) 0 (0) 0 (0) 

Juvenile/unidentifi
ed 

0 (0) 0 (0) 0 (0) 1 (0.08) 0 (0) 

Total 2 (0.08) 2 (0.08) 0 (0) 1 (0.08) 0 (0) 
Acari 

Total 890 (37.08) 929 (38.71) 93 (23.25) 408 (34) 193 
(21.44) 

Pseudoscorpiones 
Chthonius 

ischnocheles 
13 (0.54) 4 (0.17) 0 (0) 1 (0.08) 0 (0) 

Chernes 
cimicoides 

0 (0) 6 (0.25) 0 (0) 0 (0) 0 (0) 

Lamprochernes 
chyzeri 

0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Allochernes wideri 0 (0) 0 (0) 0 (0) 1 (0.08) 0 (0) 
Pselaphochernes 

scorpioides 
0 (0) 1 (0.04) 0 (0) 2 (0.17) 0 (0) 

Lamprochernes 
savignyi 

0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Juvenile/unidentifi
ed 

0 (0) 2 (0.08) 0 (0) 0 (0) 0 (0) 

Total 13 (0.54) 15 (0.63) 0 (0) 4 (0.33) 0 (0) 
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Aranae 
Total 8 (0.33) 21 (0.88) 2 (0.5) 21 (0.88) 3 

Psocoptera 
Total 0 (0) 0 (0) 0 (0) 1 (0.08) 1 (0.11) 

Hemiptera 
Aphidoidea 4 (0.17) 8 (0.33) 0 (0) 0 (0) 1 (0.11) 

Coccomorpha 0 (0) 0 (0) 0 (0) 0 (0) 2 (0.22) 
Unidentified 8 (0.33) 10 (0.42) 0 (0) 1 (0.08) 0 (0) 

Total 12 (0.5) 18 (0.75) 0 (0) 1 (0.08) 3 (0.33) 
Thysanoptera 

Total 22 (0.92) 26 (1.08) 0 (0) 0 (0) 9 (1) 
Hymenoptera 

Formicidae 104 (4.33) 12 (0.5) 1 (0.25) 5 (0.42) 0 (0) 
Alloxysta victrix  1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 
Mymaromma 

anomalum 
0 (0) 0 (0) 0 (0) 1 (0.08) 0 (0) 

Vespa germanica 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 
Unidentified 9 (0.38) 17 (0.71) 2 (0.5) 4 (0.33) 1 (0.11) 

Total 115 (4.79) 29 (1.21) 3 (0.75) 10 (0.83) 1 (0.11) 
Diptera 

Chrysopilus laetus 0 (0) 0 (0) 0 (0) 0 (0) 2 (0.22) 
Unidentified 8 (0.33) 24 (1) 2 (0.5) 20 (1.67) 6 (0.67) 

Total 8 (0.33) 24 (1) 2 (0.5) 20 (1.67) 8 (0.89) 
Siphonaptera 

Total 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 
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Immature insect observations (non – beetles) 

 

 

Incidental observations 

Beetles 

On several occasions, beetles were observed in the crevice where the lid rests 

upon the top rim of the box. This crevice, where two pieces of wood are tightly 

adpressed together mimics the conditions found between the bark of trees and 

the sapwood beneath it.  

• On 12/08/2019 several individuals of Silvanus bidentatus were found in 

this crevice on a box rim, which is a species commonly observed under 

tree bark (Alexander, 2002). 

Table 3.10. A summary of immature insects (not including Coleoptera) 
retrieved from wood mould samples taken from beetle boxes and real 
tree hollows.  

Life 
stage Identification 

Total number of specimens found (average per sample) 

Wooden 
box, oak 
sawdust, 
without 
fertiliser 
(n=12, 

sampled 
twice) 

Wooden 
box, oak 
sawdust, 

with 
fertiliser 
(n=12, 

sampled 
twice) 

Wooden 
box, 

beech 
sawdust, 

with 
fertiliser 

(n=2, 
sampled 

twice) 

Plastic 
box, oak 
sawdust, 

with 
fertiliser 

(n=6, 
sampled 

twice) 

Real 
tree 

hollow 
(n=9, 

sample
d once) 

Larvae 

Neuroptera 
Total 1 (0.04) 0 (0) 0 (0) 0 (0) 0 (0) 

Hymenoptera 
Formicidae 10 (0.42) 0 (0) 0 (0) 0 (0) 0 (0) 

Lepidoptera 
Total 5 (0.21) 44 (1.83) 0 (0) 2 (0.17) 0 (0) 

Diptera 
Unidentified 7 (0.29) 19 (0.79) 0 (0) 7 (0.58) 2 (0.22) 
Sciaridae 1 (0.04) 2 (0.08) 0 (0) 0 (0) 0 (0) 

Stratiomyidae 0 (0) 16 (0.67) 1 (0.25) 0 (0) 1 (0.11) 
Chloromyia sp. 0 (0) 1 (0.04) 0 (0) 0 (0) 0 (0) 

Faniidae 1 (0.04) 1 (0.04) 0 (0) 1 (0.08) 0 (0) 
Chrysopilus 

laetus 
0 (0) 0 (0) 0 (0) 0 (0) 1 (0.11) 

Total 9 (0.38) 39 (1.63) 1 (0.25) 8 (0.67) 4 (0.44) 

Pupae Lepidoptera 
Total 0 (0) 1 (0.04) 0 (0) 0 (0) 2 (0.22) 
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• On 13/10/2021, the saproxylic species Ampedus elongatulus was found 

to have formed a pupal cell in compacted sawdust on the box rim. At the 

time of observation, the adult beetle was inside the cell, with the larval 

skin discarded behind it indicating that it had completed its development 

there (Figure 3.24). Next to the A. elongatulus, an adult of the saproxylic 

tenebrionid, Nalassus laevioctostriatus was also found (Figure 3.24). 

Additionally, another Elaterid larva was observed nestled within 

compacted wood-mould on the lid of another box during this visit (Figure 

3.20).  

 

 

 

 

 

 

 

 

Other fauna 

In addition to beetles, other organisms were observed using beetle boxes as 

habitat. Some utilised the previously mentioned space between the box lid and 

the box rim, whilst several were found inside the main structure of the boxes.  

One particularly prominent observation was that individuals of the common 

house spider (Tegenaria domestica) were present in the majority of boxes 

surveyed throughout the study.  

Figure 3.24. A series of photographs showing observations of beetles 
found on the rims of wooden beetle boxes at Windsor Forest. The 

photographs on the left and centre showing an Ampedus elongatulus 

individual that was found in a pupal cell on the rim of a wooden beetle box, 

having completed its larval development. The larval skin can be seen 

discarded behind the adult beelte. An adult Nalassus laevioctostriatus is also 

shown next to the A. elongatulus in the left picture. The right-hand picture 

shows an Elaterid larva that was found among compacted wood mould on 

the rim of a different wooden beetle box.  
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• On 29/06/2020, ants were observed using the space between a box rim 

and a box lid as a nesting site (Figure 3.25). The ants had taken 

advantage of compacted wood mould, that had been compressed under 

the box lid to build their nest structure.  

 

 

 

 

 

 

 

 

 

 

 

• On 29/06/2020 a Peacock butterfly (Aglais io) was observed sheltering 

on the underside of the internal shelf in a wooden beetle box at Bredon 

Hill. 

• On 25/05/2021, the shell of an old wasps’ nest was found inside the lid of 

a wooden beetle box at Windsor Forest (Figure 3.26). 

 

 

 

 

 

 

 

 

Figure 3.25. A photograph showing an ants’ nest that was found on the rim 
of a wooden beetle box at Bredon Hill. 

 

Figure 3.26. A photograph of the remains of an old wasp nest 
found inside a wooden beetle box at Windsor Forest. 
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• On 13/10/2021, several pale tussock moth caterpillars (Calliteara 

pudibunda) were observed inside the lids of beetle boxes at Windsor 

Forest (Figure 3.27). Of these, some had formed pupal cases attached to 

the box lid (Figure 3.27). 

 

 

 

 

 

 

 

 

• On 13/10/2021, a common field mouse (Apodemus sylvaticus) was 

observed inside the top compartment of one of the plastic boxes at 

Windsor Forest (Figure 3.28). On the same visit, a store of nuts was 

found inside the central entrance of one of the wooden boxes (a variant 

containing beech sawdust) (Figure 3.28). The nuts were hollowed in a 

way that indicated that it had been done by a mouse (Wainhouse – pers. 

comm.).  

 

 

 

 

 

 

 

 

Figure 3.27. Photographs depicting a caterpillar and a pupal 
case of C. pudibunda, both of which were found inside 
wooden beetle boxes at Windsor Forest. 

 

Figure 3.28. Photographs depicting an individual of A. sylvaticus 
observed inside a plastic beetle box and a nut store of a mouse found 
inside the entrance of a wooden beetle box at Windsor Forest.  
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Moisture 

The average moisture level recorded from all real tree hollows at Bredon Hill 

(n=3) was 48.68 %vol with average moisture levels per hollow ranging from 

34.07 %vol and 59.10 %vol (recorded on 10/08/20). For the real tree hollows at 

Windsor Forest (n=6), the average moisture level across all hollows was 

35.38%vol with average moisture levels per hollow ranging from 19.47 %vol 

and 55.43 %vol (recorded on 17/08/20). 

Table 3.11. A summary of average moisture measurements taken from 
top and bottom box compartments during two sampling sessions. 

 Average moisture in the bottom compartments 
of boxes (%vol) 

Average 
moisture in the 

top 
compartments 
of boxes (%vol) 

Box treatment 

first sampling 
session 

(Bredon Hill: 
10/08/20, 
Windsor 
Forest: 

17/08/20) 

Second 
sampling 
session 

(Bredon Hill: 
02/06/21, 

Windsor Forest: 
24/05/21) 

Average 
across 
both 

sampling 
sessions 

first sampling 
session (Bredon 

Hill: 10/08/20, 
Windsor Forest: 

17/08/20) 

Bredon Hill 
wooden boxes 

with oak 
sawdust and 
fertiliser (n=6) 

9.37 30.57 15.26 6.42 

wooden boxes 
with oak 
sawdust, 

without fertiliser 
(n=6) 

14.03 21.16 22.30 2.54 

Windsor Forest 
plastic boxes 

with oak 
sawdust and 
fertiliser (n=6) 

8.96 8.97 8.97 2.00 

wooden boxes 
with oak 

sawdust and 
fertiliser (n=6 

28.22 24.47 26.34 30.52 

wooden boxes 
with oak 
sawdust, 

without fertiliser 
(n=6) 

23.57 34.64 29.10 20.78 
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wooden boxes 
with beech 

sawdust and 
fertiliser (n=2) 

17.43 22.30 19.87 22.25 

 

Moisture levels in the main compartment of different box treatments 

No significant differences were found between average moisture levels in the 

main compartment of the wooden boxes with and without added fertiliser at 

Bredon Hill (t(5) = 1.24, p = 0.27) (Figure 3.29). 

Significant differences were identified within the three box treatments in the 

grouped experiment at Windsor Forest (X2(2) = 9.33, p = 0.009). Pairwise 

Wilcoxon signed rank test between groups showed that the average moisture 

content of plastic boxes with fertiliser was significantly lower than in both 

wooden boxes without fertiliser (V = 0, p = 0.03) and wooden boxes with 

fertiliser (V = 0, p = 0.03) (Figure 3.30). The wooden boxes with and without 

fertiliser did not have significantly different average moisture content of the 

wood mould within their main cavities (V = 7, p = 0.56) (Figure 3.30). 

 

 

 

 

 

 

 

 

 

 

 Figure 3.29. A box plot showing the average moisture content (% vol) in 
the bottom compartments of the two different beetle box treatments 
(wooden boxes with fertiliser added to the contents, wooden boxes 
without fertiliser added to the contents) at Bredon Hill averaged over 
data gathered on 10/08/2021 and 02/06/2021. 
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Moisture change over time in the lower ‘basal hollow’ area of the boxes 

 

Comparison of moisture levels in beetle boxes to those in real basal tree 
hollows 

A pairwise Wilcoxon signed rank test including average moisture data taken 

from real tree hollows and the bottom compartments of beetle boxes at Windsor 

Forest on 17/08/2020 showed a significant difference between groups (X2(3) = 

12.6, p = 0.006) (Figure 3.31). When the differences between moisture levels in 

specific beetle box treatments and real tree hollows were investigated, they 

were not found to be significant for wooden boxes without fertiliser (V = 1, p = 

0.06) and wooden boxes with fertiliser (V = 6, p = 0.44) (Figure 3.31). However, 

moisture levels were found to be significantly lower in plastic boxes than in real 

tree hollows (V = 0, p = 0.03) (Figure 3.31). 

 

 

Figure 3.30. A box plot showing the average moisture content (% vol) in 
the bottom compartments of beetle boxes of three different treatments 
(plastic boxes with fertiliser added to the contents, wooden boxes with 
fertiliser added to the contents, wooden boxes without fertiliser added 
to the contents) at Windsor Forest averaged over data gathered on 
17/08/2020 and 24/05/2021. 
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Differences in moisture levels in bottom box compartments of beetle 
boxes at different times of year 

At Bredon hill, moisture levels significantly increased between the sampling 

session in late summer (10/08/2020) and in late spring (02/06/2021) in wooden 

boxes with added fertiliser (t(5)= -5.56, p = 0.003), and in wooden boxes without 

added fertiliser(t (5) = -3.63, p = 0.02) (Figure 3.32). 

At Windsor Forest, A significant increase was found in moisture levels in the 

bottom compartments of wooden boxes without added fertiliser between 

sampling sessions in late spring (24/05/2021) and late summer (17/08/2020) (V 

= 21, p = 0.03) (Figure 3.33). In contrast, no significant differences were found 

between the average bottom compartment moisture levels recorded in late 

summer and late spring for plastic boxes with added fertiliser (V = 10, p = 1) 

Figure 3.31. A box plot showing the average moisture content (% vol) in 
real tree hollows and in the bottom compartments of beetle boxes of 
three different treatments (plastic boxes with fertiliser added to the 
contents, wooden boxes with fertiliser added to the contents, wooden 
boxes without fertiliser added to the contents) at Windsor Forest from 
data gathered on 17/08/2020. 
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and for wooden boxes with added fertiliser (V = 4, p = 0.22) at Windsor Forest 

(Figure 3.33).  

 

 

 

 

 

 

 

Figure 3.32. A dot plot showing the change in average moisture content 
(% vol) in the central cavity of different beetle box treatments at Bredon 
Hill between sampling sessions made on 10/08/2021 and 02/06/2021. 

 

Figure 3.33. A dot plot showing the change in average moisture content 
(% vol) in the central cavity of different beetle box treatments at 
Windsor Forest between sampling sessions made on 17/08/2021 and 
24/05/2021. 
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Differences in the average moisture content of the wood mould in the top 
and bottom compartments of different beetle box treatments 

At Bredon Hill, moisture levels in the bottom compartment of wooden boxes 

without added fertiliser were significantly higher than moisture levels in the top 

compartment (t(5) = -3.18, p-value = 0.02) (Figure 3.34). No significant 

differences were found between the moisture levels in the top and bottom 

compartments of the wooden boxes with added fertiliser at Bredon Hill (t(5) = -

2.43, p-value = 0.06) (Figure 3.34). 

The average moisture levels in the bottom compartment (below the internal 

shelf) of plastic beetle boxes at Windsor Forest were found to be significantly 

higher than the moisture levels in the top compartment (above the internal shelf) 

(t(5) = 8.36, p-value = 0.0004) (Figure 3.35). In contrast, moisture levels were 

not found to be significantly different between the top and bottom compartments 

of the wooden boxes with added fertiliser (V = 8, p = 0.69), or the wooden 

boxes without added fertiliser (V = 13, p = 0.69) at Windsor Forest (Figure 

3.35). 
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Figure 3.34. Boxplots showing the moisture levels in the top and 
bottom compartments of different beetle box treatments at Bredon Hill. 
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Figure 3.35. Boxplots showing the moisture levels in the top and 
bottom compartments of different beetle box treatments at Windsor 
Forest. 
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Canopy cover 

No significant differences were found between the percentage canopy cover 

over the different box treatments at Windsor Forest (F(2)=0.58, p=0.57) or 

Bredon Hill (t(6.04)= -0.80, p-value = 0.46) 

 

3.4.  Discussion 
 
Overall observations 

A key aim of this research was to investigate the potential of ground level beetle 

boxes as a conservation tool to support saproxylic beetle species through 

periods of resource scarcity. The results from this study have shown that beetle 

boxes can provide habitat for saproxylic beetles, including rare and tree-hollow 

specialist species. Two of the species recorded from beetle boxes in this study, 

Ptenidium turgidum and Stenichnus godarti, are rarities that are known to live in 

the moist, crumbly wood mould inside broadleaved tree cavities (Alexander, 

2002). As this was the intended habitat that the beetle boxes were designed to 

replicate, the presence of these beetles indicates that the beetle boxes were 

able to successfully recreate the conditions in tree hollows. This is consistent 

with evidence from previous studies investigating trunk-mounted beetle boxes, 

which also demonstrated the attractiveness of beetle boxes as a habitat for 

several tree-hollow specialist beetles (Jansson, Ranius, et al., 2009; 

Hilszczańsk et al., 2014; Carlsson et al., 2016). 

Breeding of beetles inside beetle boxes 

Incidences of large numbers of individuals of the same species occurring in the 

same box, as well as the presence of teneral individuals and beetle larvae 

provide evidence that saproxylic beetles were able to breed within the beetle 

boxes during the present study. This supports the findings of Hilszczański et al. 

(2014), who found that saproxylic beetle larvae were able to complete their 

lifecycle within beetle boxes. Many of the beetle larvae observed within the 

beetle boxes were small and difficult to identify. As a result, the investigation of 

beetle larvae present in beetle boxes in the present study was limited. However, 

some families and genera containing saproxylic species were identified among 
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the immature beetles found. Future analysis of beetle box contents would 

benefit from a greater focus on the breeding activities of beetle species within 

them. If the boxes are found to be used by L. violaceus in the future, a study of 

the larval development of this species within boxes would be especially 

valuable.  

Beetle boxes as habitat corridors 

The weevil, Acalles misellus was found in a beetle 

box at Windsor Forest during the present study 

(Figure 3.36). Weevils in the Acalles genus are 

flightless and therefore limited in their ability to 

disperse over large areas (Buse, 2012). They are 

considered relict species of ancient woodland and 

are highly threatened by the loss and fragmentation 

of habitat patches (Buse, 2012). The presence of 

dispersal-limited beetles such as A. misellus within 

beetle boxes supports the idea that they may be 

used as habitat steppingstones to promote 

movement of restricted species into new habitat 

patches. 

New rot-hole species interaction observations 

The investigation of wood mould fauna in the present study found several 

species interacting with wood mould in a way that has not previously been 

highlighted in their habitat descriptions. Descriptions of the habitat of Ptinella 

species indicate that they reside largely under the close-fitting bark of dead 

trees (Alexander, 2002). Only Ptinella aptera is mentioned to inhabit general 

decaying wood in addition to bark habitats (Duff, 2012). The extent to which 

Ptinella species were found within the beetle box wood-mould substrates may 

demonstrate that tree hollows are of greater importance to this genus than 

previously considered.  

Similarly, Orthoperus aequalis is listed as preferring the microhabitats of fungoid 

bark and bracket fungi (Duff, 2020). However, the fact that O. aequalis was the 

dominant species found within the beetle boxes shows that this species can 

thrive in a tree-hollow equivalent situation. The large numbers of specimens 

Figure 3.36. An 
image of the Acalles 
misellus specimen 
found in a Windsor 
Forest beetle box. 
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collected included several teneral individuals, indicating that O. aequalis was 

using the wood mould for breeding, thus reinforcing that rot-hole habitats 

promote the reproduction and persistence of O. aequalis. Examples such as 

these demonstrate that beetle boxes provide opportunities to gather valuable 

data on invertebrate habitat requirements. 

Use of beetle boxes by the wider woodland fauna 

Outside of the decaying wood mould niche, the beetle boxes were also 

observed to provide habitat for a range of non-target organisms. All types of 

beetle boxes were heavily used by T. domestica, which built webs inside both 

the upper and lower compartments of the boxes. Beetle boxes were used by C. 

pudibunda caterpillars as sheltered pupation sites, and one box was used by 

wasps for nesting. Such opportunistic use of boxes was not limited to 

invertebrates, with observations of a field mouse and a mouse food-store inside 

beetle boxes. These findings demonstrate that sheltered spaces are in high 

demand by various members of the woodland fauna, reinforcing the value of 

tree-hollow habitat in woodland ecosystems. It also shows that artificial hollow 

habitat provided by structures such as beetle boxes can benefit the wider 

woodland ecology in addition to specialist saproxylic and decay-associated 

invertebrates. 

 

Limoniscus violaceus 

A motivation for the present research was to investigate the ability of a new, 

partially buried beetle box design to mimic the basal tree hollow habitat of the 

endangered L. violaceus and thus provide this species with conservation 

support.  No L. violaceus individuals were observed in the beetle boxes during 

the present study, meaning that the conclusions that can be drawn on the 

applicability of beetle boxes for L. violaceus are limited at this time. The larvae 

of L. violaceus require at least two years to develop (Whitehead, 2003). As a 

result, it is unsurprising that no adult L. violaceus were found within the box 

wood mould during the sampling of the present study, which took place after 

one year of box deployment. In addition to this, wood mould developed from 

sawdust in beetle boxes is increasingly inhabited by tree-hollow specialist 

species when it has been left to mature for longer lengths of time (Carlsson et 
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al., 2016). To illustrate this, the observation of L. violaceus larvae in a metal bin 

and plastic bag filled with wood mould were made by Ted Green after the 

containers had been left in the field for approximately six years (Whitehead, 

1998, 2003). Consequently, it is possible that the wood mould in the boxes of 

the present study has not yet reached a state of maturity at which it is suitable 

for L. violaceus inhabitation. For this reason, continued monitoring of beetle 

boxes for L. violaceus is advised, as discussed in the ‘Recommendations for 

future research’ section at the end of this chapter. 

Overall average moisture levels recorded from tree hollows during late summer 

in 2020 were higher than the average moisture levels recorded for any of the 

beetle box treatments during the same recording sessions. This difference was 

found to be statistically significant for the plastic box treatment. High moisture 

content of wood mould is a characterising feature of optimal habitat for L. 

violaceus (Cuff, Müller, et al., 2021). Therefore, the moisture content of wood 

mould in beetle boxes (particularly plastic ones) may have limited the potential 

for them to be used as habitat by L. violaceus. The ‘Recommendations for 

future research’ section highlights how beetle boxes could be adapted to 

increase the amounts of moisture entering the wood mould to address this 

discrepancy for future trials.    

It is possible that adult L. violaceus present in tree hollows or beetle boxes 

could have been missed due to the choice of sampling techniques used in the 

present study. Hand sorting and sieving of wood mould has previously proven 

to be a suitable method of finding L. violaceus (Henshall et al., 2015). However, 

previous studies using this method extracted a greater volume of wood mould 

(5-10 litres) than that taken in the present study (2 litres) (Henshall et al., 2015). 

Smaller volumes were taken during the present study to minimise disturbance 

to the tree hollow habitat, to avoid excessive emptying of the beetle boxes, and 

to ensure that sample sorting would be possible within limited study timescales. 

It is possible that the lower volumes of wood mould taken were not sufficient to 

encapsulate L. violaceus populations present. Future research targeted 

specifically towards L. violaceus could adapt surveying methods to maximise 

chances of finding any individuals of this species present in beetle boxes, as 

discussed in the ‘Recommendations for future research’ section. 
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The ability of beetle boxes to replicate basal tree hollows  

Other than L. violaceus, little is known about the invertebrate fauna that 

preferentially inhabits tree hollows at the base of trees as opposed to hollows 

higher up in tree trunks and branches.  On surveying basal hollows for L. 

violaceus, Gouix & Brustel (2012) identified a range of notable beetle species 

from these habitats. However more research is needed to understand how the 

basal nature of hollows impacts their attractiveness to different beetle species. 

Some tree hollow-specialist beetle species, such as Ampedus cardinalis, Elater 

ferrugineus, Prionychus ater and Liocola marmorata, have been found at higher 

abundances in tree hollows that are situated higher up in the tree (Ranius, 

2002). However, tree hollow height above ground has been found to negatively 

correlate with the richness of saproxylic species found within them (Schauer et 

al., 2018; Henneberg et al., 2021). From these findings, it is possible that boxes 

placed close to the ground such as those investigated in the present study may 

have overall benefits for saproxylic diversity, whilst carrying the trade-off of 

being less suitable for certain species. This is an area that would benefit from 

further study, as mentioned in the ‘Recommendations for future research’ 

section. 

The present study sought to broaden understanding of basal hollow beetle 

communities by investigating samples of species present in them. Through this, 

this study aimed to construct comparisons of the beetle communities inhabiting 

ground level beetle boxes to those in the target basal tree hollow habitat. Of the 

beetles found in wood mould samples collected from real tree hollows, all the 

saproxylic and woodland-associated species were also found in the beetle 

boxes. The only species that was found in tree hollows and not in beetle boxes 

was the non-deadwood-associated Staphylinid, Rugilus rufipes. The high level 

to which the identified tree hollow fauna was represented in beetle boxes further 

supported the finding that beetle boxes can develop similar habitats to those 

found in hollows.   

A single elytron of the nationally scarce, saproxylic Zopherid beetle, Synchita 

variegata was found in a tree hollow but was not represented in the boxes. This 

is unsurprising, as S. variegata is associated with fungal growth on recently 

dead Fagus wood (Alexander, 2002). As the target habitat of the beetle boxes 
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was extensively decayed wood mould, they are not suitable for S. variegata. In 

addition, species that colonise recently dead trees tend to be more specialised, 

so it is unlikely that S. variegata would be attracted to the oak-based wood 

mould in the majority of the beetle boxes, even if it were at an appropriate state 

of decay.  

Several beetle species occurred at greater average abundances in beetle boxes 

than in tree hollows. This may be a result of the differing stages of decay in 

beetle boxes in comparison to tree hollows. The first year of leaf litter decay is 

characterised by a rapid breakdown of cellulose (Voříšková & Baldrian, 2013).  

Fungal biomass also increases during the first 21 months of leaf litter decay 

(Osono & Takeda 2001). As the material in the beetle boxes was still in an early 

stage of decay at the time of invertebrate sampling, it is likely that greater decay 

rates in the beetle box wood provided more available resources to inhabiting 

beetles than that found in tree hollows. A longer-term study incorporating 

annual sampling to assess the beetle and fungal abundance changes and the 

proportions of beetles in different guilds could allow greater insight into to the 

reasons behind these trends. 

The present study found a limited assemblage of beetle species in the tree 

hollows compared to other studies of similar habitats (Gouix et al., 2009; Gouix 

& Brustel, 2012). Species found within beetle boxes that were also found 

through emergence trapping of tree hollows by Gouix et al (2009) included 

Euplectus karstenii, Clambus punctulum, Quedius cruentus, and Othius 

punctulatus. Most notable from these are E. karstenii, which lives in old, 

decaying wood, and Clambus punctulum, which feeds upon slime moulds in 

decaying material (Alexander, 2002; Schmidl & Bußler, 2004). Overall, these 

species constitute a very small proportion of the beetle fauna collected by Gouix 

et al (2009). The short time given by the present study for wood mould to 

mature and for beetles to colonise the boxes is likely partially responsible for 

this. Additionally, differences in sampling methods used by Gouix et al (2009) 

and the present study may have contributed to this finding.  

Chrysopilus laetus 

Although the majority of beetle species found in real tree hollows were also 

represented in beetle boxes in the present study, one notable difference was 
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found in the Diptera inhabitants. Sampling of wood mould from real tree basal 

hollows yielded several adult and larval specimens of Chrysopilus laetus. This is 

a specialist species of ancient tree hollows containing rotten heart wood, having 

been recorded from both Beech (Fagus sp.) and Poplar (Populus sp.) trees 

(Stubbs & Drake, 2014; Drake, 2017). Windsor Forest was historically the only 

site in England in which this fly species was found, although it has experienced 

recent range expansions into various counties across the country (Drake, 

2017).  Prior to 2007, C. laetus was consistently categorised as endangered 

(RDB1) in Great Britain; however, due to its expansion, it currently holds 

conservation status of Nationally Scarce in Great Britain, with an IUCN status of 

Near Threatened (Drake, 2017).  

Despite beetle boxes being located near both trees in which C. laetus was 

found, no observations of C. laetus were made from them. This may indicate 

that the wood mould in the boxes does not yet possess qualities required for the 

breeding of C. laetus, or that not enough time has passed to allow C. laetus 

populations to become established within the boxes. Additionally, Diptera 

generally require wetter substrates for their larval development than many 

beetles (Ulyshen, 2018). Therefore, it is also possible that lower average 

moisture levels of the wood mould in the plastic beetle boxes than in real tree 

hollows contributed to the lack of observations of this species within this box 

treatment. Should beetle boxes at Windsor Forest be subject to future 

monitoring surveys, C. laetus is a key species that could be monitored for as a 

measure of success in replicating basal tree hollow habitat.  

Haplophthalmus danicus 

Another notable difference between beetle boxes and tree hollows, was that the 

woodlouse, Haplophthalmus danicus, was found in considerably higher 

abundances in tree hollows than in beetle boxes. The typical habitat of H. 

danicus is damp deadwood in woodlands, but it is also found in a range of other 

habitats that are characterised by particularly high moisture levels, such as fens 

and river flood plains (Gregory, 2009). As average moisture levels recorded 

from real tree hollows was higher than that recorded in the beetle box 

treatments, with a statistically significant difference found for the plastic boxes, it 

is likely that the preference of H. danicus for particularly moist habitats is the 

reason that it was more abundant in real tree hollows than in beetle boxes. This 
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further highlights the importance of considering wood mould moisture content in 

accurately replicating tree hollow habitats.  

 

Comparison to other beetle box studies 

Species found in the present beetle box study that were also found in beetle 

boxes investigated by Carlsson, et al. (2016) included, Euplectus karstenii, 

Quedius cruentus and Stenichnus godarti. Similar to the comparison made with 

tree hollow emergence trapping, this represents only a small proportion of the 

species found by Carlsson, et al. (2016). This is presumed to also result from 

differing amounts of time that the boxes were left to mature and differing 

sampling techniques used by Carlsson, et al. (2016) and the present study.  

A study of tree-mounted beetle boxes in Wytham Woods, sampled after 6 

months of exposure using a temperature/humidity gradient extraction trap found 

78 adult beetle specimens of 13 species, although differences in the volume of 

wood mould sampled mean that these numbers are not comparable with the 

present study (Elbourne, 1970). The only beetle species that the beetle boxes in 

the present study and those investigated by Elbourne (1970) had in common is 

Ptinella aptera. 

The body-size of beetles inhabiting beetle boxes 

The beetle fauna retrieved from beetle boxes during this study consisted largely 

of species with small body-sizes (under 5mm). This is consistent with the 

findings of Elbourn (1970) who sampled the wood mould inside their box 

structures after they had been left in the field (Wytham woods, UK) for six 

months using extraction trapping. In contrast, Jansson, Ranius, et al. (2009) 

and Carlsson, et al. (2016) found a higher proportion of saproxylic species with 

larger body sizes in beetle boxes in Sweden. Jansson, Ranius, et al. (2009) 

sampled the boxes after four years, whilst Carlsson, et al. (2016) sampled after 

a minimum of nine years, with both studies using pitfall trapping and emergence 

trapping for invertebrate extraction. This suggests that the lack of larger beetle 

species within beetle boxes in the present study could have been a result of the 

chosen sampling method or the shorter amount of time that boxes had been left 

in the field. The presence of larvae of beetle genera containing beetles with 
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larger body sizes such as Melanotus in the beetle boxes supports the 

hypothesis that larger beetle species will be represented in beetle boxes to a 

greater extent over time.   

The rot types occurring in beetle boxes 

Previous beetle box studies have noted an absence of red rot associated beetle 

species among the colonisers (Jansson, Ranius, et al., 2009). The likely 

explanation for this in the context of the decay processes of natural tree hollows 

was discussed in the introduction to this chapter. Due to the anticipated lack of 

red rot in beetle boxes, the finding of three Melanotus larvae in wooden beetle 

boxes at Windsor Forest was unexpected, as saproxylic members of this genus 

preferentially develop in red-rotten wood (Alexander, 2002). Similarly, the 

presence of an Ampedus sp. larva in a beetle box at Bredon Hill and an 

individual of Ampedus elongatulus pupating on the rim of a beetle box at 

Windsor Forest were surprising, as red-rotten wood is presumed to be required 

for the larvae of several Ampedus species, including A. elongatulus to develop 

(Alexander, 2002). These findings suggest that red-rotting fungi are not a strict 

requirement for the completion of the lifecycles of Melanotus and Ampedus. 

Previously observed links of these species to red rot may be incidental, as 

result of their preferences for the conditions in tree hollows that foster red rot, 

rather than the red rotten wood itself. Alternatively, the Melanotus and Ampedus 

specimens observed in the boxes during this study may have made use of 

nearby sources of red rot in surrounding decaying trees before moving to the 

beetle boxes in which they were found. Further investigation into the impact of 

particular rot processes on saproxylic beetle development is needed to fully 

understand the relationship of tree hollow fauna to red rotting fungi. 

 

Effects of experimental manipulation of boxes on beetle 
communities 

Effects of different box construction materials 

A key aim of the present study was to investigate whether invertebrates interact 

with beetle boxes made of plastic in different ways to those made of wood. This 

is the first study of its kind to form a direct comparison of different beetle box 
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construction materials. A driver for this aspect of the research is optimising the 

longevity of beetle boxes, so that they can provide a more consistent habitat. 

This is important as real tree hollows can persist in the landscape for hundreds 

of years (Woodland Trust, 2021a). As a result, the invertebrate fauna that 

inhabit hollows are adapted to rely on this consistency through strategic 

breeding strategies and low dispersal tendencies (Ranius & Hedin, 2001). 

The influence of construction material on the moisture content of beetle 
boxes 

The average moisture levels in the bottom compartments were lower in plastic 

boxes than in wooden boxes. This is unsurprising considering the 

impermeability of plastic to water and the fact that plastic boxes do not develop 

the same gaps and fissures in their walls through environment-induced warping. 

The plastic boxes did have holes in their lids to encourage the maintenance of a 

moist internal environment, however the thin nature of the plastic meant that 

channels to encourage water to enter these holes were could not be crated in 

the same way as for the wooden boxes, further limiting the tendency for water 

to enter the plastic boxes. Low moisture levels are linked to slower wood decay 

(Crockatt & Bebber, 2014). Therefore, it is likely that the lower moisture levels in 

plastic boxes caused the wood mould inside them to decay at a lower rate than 

for that in wooden boxes. 

The average moisture levels in the wood mould of plastic boxes were found to 

be significantly lower than the average moisture levels recorded from tree 

hollows. Higher moisture levels have been linked to L. violaceus inhabitants of 

tree hollows (Cuff, Müller, et al., 2021). Therefore, plastic boxes currently have 

lower likelihood of providing suitable L. violaceus habitat than the wooden 

boxes. This may be addressed by enhancing drainage features future designs 

of plastic boxes trialled for L. violaceus conservation, as highlighted in the 

‘Recommendations for future research’ section of this chapter. 

The influence of plastic construction material on beetle communities 
inhabiting beetle boxes 

No significant differences were found in any of the beetle categories between 

beetle diversity or abundance in plastic boxes with added fertiliser compared to 

wooden beetle boxes with added fertiliser. This suggests that construction 
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material was not as important as the composition of the wood mould contents in 

the overall biodiversity of beetle inhabitants. It also suggests that the lower 

moisture levels observed in plastic boxes in comparison to wooden boxes does 

not have a detrimental effect on the attractiveness of the internal wood mould to 

a range of colonising beetles.  

Despite the lack of general trends in the different groups of beetles, there were 

some beetle species that seemed to exhibit preferences for plastic boxes. 

These included Achrotrichis insularis, Cryptophagus distinuendus, Dienerella 

clathrata which were on average more abundant in plastic boxes than in 

wooden boxes.  In addition to this, Ptenidium turgidum, Ptinella errabunda, 

Oligota apicata and Dienerella vincenti were only recorded from plastic boxes. 

As previously mentioned, P. turgidum is a species with particular association to 

tree-hollow wood mould (Alexander, 

2002). Reflecting this, P. turgidum was 

one of the species that the present study 

also retrieved from the real tree hollows 

at Windsor Forest. Therefore, its 

presence in plastic boxes suggests that 

the use of a less natural construction 

material does not prevent the formation 

of the target tree-hollow habitat for less 

high-moisture-dependant species. 

Several of the differences in beetle 

communities between plastic and 

wooden boxes are likely to be a result of 

the moisture differences between the 

box types. Cateau et al., (2016) found 

that Dienerella clathrata was more 

abundant in samples collected after 

extensive periods of fine weather, 

inferring that this species is more readily 

collected from drier substrates. As a 

result, it is unsurprising that Dienerella 

species preferred the plastic boxes, as 

Figure 3.37. Images of 
Dienerella clathrata and 
vincenti specimens found in 
wood mould of beetle boxes. 
The lower images illustrate the 

characteristic differences in 

elytral apices between these 

two species. 
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these were found to contain significantly dryer wood mould than other box types 

trialled in the present study (Figure 3.37). In contrast, Acalles misellus was 

found to prefer more humid conditions, being encountered specifically when 

sampling was preceded by extensive rainfall (Cateau et al., 2016). In agreement 

with this, A. misellus was only encountered in a wooden box during the present 

study, which had significantly higher moisture levels than the plastic boxes. The 

differences in species composition between plastic and wooden boxes suggests 

that variation in wood-mould moisture inside beetle boxes might allow them to 

cater to a wider range of species needs and thus promote increased beetle 

diversity inhabiting boxes. This presents a trade-off between catering to high 

diversity, or tailoring boxes to moisture-associated species such as L. violaceus.  

Beetles inhabiting crevices in the boxes 

One difference between beetle boxes made of plastic and wood was that the 

external structure of wooden boxes seemed to provide additional niches that 

were not present in plastic boxes. The finding of several species of beetle and 

other insects in the crevice between the box rim and the lid of the wooden 

boxes indicates that these incidental areas of adpressed wood provided an 

additional habitat resource. This niche was used as a protected pupal 

development site for an individual of Ampedus elongatulus.  

This finding may have implications for the further improvement of the box 

design for the breeding of other rare elaterids including L. violaceus. Gioux et al. 

(2012) notes that L. violaceous females lay their eggs into fissures in the tree 

cavity wall. After hatching, the larvae then seek out moist, compacted clumps of 

wood mould for pupation (Gioux et al.,2012). Both of these conditions are 

replicated in the compacted sawdust on the box rim where the Ampedus was 

found. With this in mind, a potential new feature for the beetle boxes could be to 

screw small planks of wood into the interior surface of beetle boxes with some 

compacted sawdust trapped beneath, artificially providing potential new 

pupation niches. 

It had previously been assumed that the aforementioned breeding niche would 

naturally be formed through general compaction of the wood mould and, in the 

wooden boxes through the incidental inconsistencies in the wood grain. Since 

Ted Green MBE (a founder of the Ancient Tree Forum) has previously found the 
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larvae of L. violaceus inside a plastic bin filled with wood mould, it was 

presumed that cavity wall texture may not be essential for this breeding. 

However, with the above evidence of the use of sawdust compacted between 

two pieces of wood by saproxylic beetle species indicates that a wooden 

construction material may provide additional benefits that are not present in 

plastic boxes.  

Observations of other invertebrate groups in plastic and wooden beetle 
boxes 

There was a notable absence of Oligochaeta and Diplopoda in the samples 

collected from plastic boxes. This is likely due to the significantly drier 

conditions found in the plastic boxes in comparison to wooden boxes. Worms 

are key ecosystem engineers of decaying soil-like substrates (Desie et al., 

2020). Additionally, the removal of key macrofauna including millipedes has 

been shown to significantly decrease the decomposition rate of wood-mould 

within beetle boxes (Wetherbee et al., 2021). Therefore, the low occurrence of 

these groups in plastic boxes is likely to have impeded the decomposition 

processes of the wood mould within them. The lack of worms in the plastic box 

wood mould may have resulted in the conditions in plastic boxes being more 

like that of an aerial tree hollow, which are not directly connected to the soil and 

are therefore likely to exhibit lower representation of soil fauna. This supports 

the idea that, in order for plastic boxes to more effectively replicate the specific 

conditions in basal tree hollows, it would be beneficial to add additional features 

to promote increased moisture in the boxes and encourage and increased 

presence of soil macrofauna.  

 

Effects of the addition of fertiliser to box contents 

The influence of fertiliser addition on the moisture content of beetle boxes 

At Windsor Forest, only boxes without added fertiliser showed a significant 

change in moisture level in the wood mould of the main box compartment over 

time. This lack of moisture stability in wood mould without fertiliser may be a 

result to lower levels of mycorrhizal fungi in the wood mould in these boxes. 

Mycorrhizal fungal growth changes the structure and improves water retention 
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of soils (Augé et al., 2001; Wu et al., 2008). Fungal activity has been found to 

be promoted by increased nitrogen levels (Bebber et al., 2011). Therefore, 

lower levels of fungal growth in boxes without added nitrogen-rich fertiliser 

component may have caused the wood mould in these boxes to be less able to 

retain moisture.  

The influence of fertiliser addition on beetle communities in beetle boxes 

The results of this study showed that the addition of poultry manure fertiliser to 

beetle box contents is positively linked to the abundances of woodland-

associated species found in the resultant wood mould after one year of box 

deployment. For the boxes at Windsor Forest, this trend was statistically 

significant, with greater abundances of beetle specimens from the woodland-

associated category being found in wooden boxes with oak sawdust and added 

fertiliser than in those without the fertiliser component in their wood mould. This 

trend was also evident at Bredon Hill, as all the woodland-associated beetles 

collected from beetle box samples at this site were found in boxes with fertiliser 

added to their contents. Despite this clear difference, the results from this group 

did not achieve statistical significance. This is likely a result of the low 

replication of the experiment causing a single box with added fertiliser in which 

no woodland associated species were found to have a strong influence upon 

the paired analysis of Bredon Hill data. Despite the lack of statistical 

significance, evidence from the data convincingly supports the positive link 

between woodland associated beetle abundance and the addition of fertiliser to 

wood mould.  

The present study did not quantify the effects of adding poultry manure to wood 

mould on the chemical composition of the resultant wood mould as chemical 

analysis was outside the scope of the study. However, the addition of fertiliser 

was expected to increase the nitrogen content of the wood mould (Hara, 2001). 

This reflects conditions found in natural tree hollows (Kelner–Pillault, 1974; 

Jönsson et al., 2004). Nitrogen is thought to be a limiting factor of wood-decay, 

as the enzymes responsible for this process are composed of a high proportion 

of nitrogen (Sterner & Elser, 2002; Cornwell et al., 2009). To support this, higher 

nitrogen concentrations in angiosperm wood is linked to faster wood 

decomposition in forests across the world (Weedon et al., 2009). Further, the 

experimental addition of nitrogen increases the rate of beech wood decay by 



215 
 

fungi (Bebber et al., 2011). In a similar way, the fungal decomposition of leaf 

litter is also thought to be aided through increased levels of nitrogen (Purahong, 

et al., 2016). As a result of this, it is likely that the addition of nitrogen to wood 

mould in beetle boxes increased the decomposition rate of the sawdust and leaf 

litter components through the activity of fungi. 

In addition to this, manure application to soils has been found to significantly 

increase the phospholipid-derived fatty acid (PLFA) content of soils, indicating 

that it positively influences overall microbial biomass (Lazcano et al., 2013). 

This was found to be a result of increases in bacterial communities (Lazcano et 

al., 2013). Bacteria play a role in wood decomposition, for example through 

acting to increase the permeability of wood (Greaves, 1971; Clausen, 1996). 

Complex communities of bacteria also contribute to the decomposition of leaf 

litter (Purahong et al, 2016).  As a result, it is possible that higher nitrogen levels 

in the wood mould of beetle boxes achieved through the addition of poultry 

fertiliser may have influenced the rate of bacterial decomposition in addition to 

that of fungi. 

Increased rates of wood and leaf litter decomposition resulting from the addition 

of poultry fertiliser to beetle box wood mould is a probable factor in the higher 

abundances of woodland associated beetles observed in these boxes during 

the present study. The majority of woodland-associated species identified in the 

present study were classified as saprophagous, meaning that they feed upon 

decaying organic matter and would therefore benefit from its increased rate of 

progression. Benefits of high nitrogen levels in tree cavities for saprophagous 

invertebrates has previously been observed in tree cavities, as the larval growth 

of Myathropa floraea is positively influenced by the presence of nutrient rich 

frass of Cetoniine beetles (Sánchez-Galván  et al., 2014) 

When saproxylic and woodland-associated species were combined in analysis 

to test the responses of all species with any behavioural link to decaying wood 

to added fertiliser in wood mould, average species abundances continued to 

show significant differences between wooden boxes with fertiliser and wooden 

boxes without at Windsor Forest. An additional significant trend emerged for the 

data at Bredon Hill, showing that the species diversity of saproxylic and 

woodland-associated beetles was significantly higher in wooden boxes with 

fertiliser than wooden boxes without fertiliser. Saproxylic beetles found in the 
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beetle boxes included several fungivorous and xylophagous species that are 

likely to also benefit from the aforementioned presumed increases in fungal 

presence and decay rates associated with higher nitrogen levels. 

Despite overall trends, it is interesting to note that the rare saproxylic beetle 

species, Stenichnus godarti, which has a particular association to tree-hollow 

habitats, was only recorded in a wooden box that did not have fertiliser added to 

its contents. This suggests that an added fertiliser component is not a 

requirement for the boxes to provide suitable conditions for rare specialist 

beetles. However, as this observation is based on a single observation, further 

investigation is required to understand how rare, tree hollow-associated species 

respond to nitrogen levels.  

In contrast to the trends found in the present study, Jansson, Ranius, et al. 

(2009) did not find poultry manure to produce any significant effect on the 

saproxylic beetle communities inhabiting beetle boxes. This may have been a 

result of differing volumes of manure used, with Jansson, Ranius, et al. (2009) 

adding one litre of poultry manure to beetle boxes, whilst the present study 

added a total of four litres of poultry manure. Also, the present study used 

poultry manure in pelletised form, whereas that used by Jansson, Ranius, et al. 

(2009) was in a raw form (Jansson 2018, pers. comm.). Pelletised manure 

contains nutrients in a more concentrated form and releases these nutrients into 

soil at a slower rate than unprocessed manure (Hara, 2001). This is likely to 

have resulted in a more consistent addition of nitrogen to the wood mould 

substrate over a longer period of time in the beetle boxes of the present study in 

comparison to those studied by Jansson, Ranius, et al. (2009).  

Although Jansson, Ranius, et al. (2009) found no effects of manure on wood 

mould beetle communities, they did find that the addition of poultry carrion was 

beneficial for overall saproxylic species, whilst boxes containing high protein 

lucerne flour and oat flakes contained higher numbers of red listed species 

(Jansson, Ranius, et al., 2009). However, whilst these differences were evident 

after four years, content-associated trends were no longer significant in 

subsequent sampling after ten years of box deployment (Carlsson et al., 2016). 

This suggests that, without continuous additions of the nutrient-rich ingredients 

the wood mould, the benefits deplete over time. Despite this lack of long-term 

benefit from added nutrients, beetle box wood mould was found to contain 
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higher numbers of hollow-specialist beetle species after longer periods of time 

in the field (Carlsson et al., 2016). This may mean that, whilst added nutrient 

components can initiate an initial boost in decay-related beetle communities, 

this becomes less important over time as natural tree-hollow dynamics 

(including animal defecation and death) progress within the boxes. 

The influence of fertiliser addition on other invertebrate groups 

Similar average numbers of Oligochaeta and Diplopoda specimens were found 

in the wooden boxes with wood mould containing oak sawdust with and without 

additional fertiliser in their contents. Both groups play important roles in the 

decomposition of woody substrates (Hendrix, 1996; Wetherbee et al., 2022). 

Therefore, it is considered unlikely that the addition of fertiliser greatly 

influences the aspects of decay driven by microorganism activity.  

 

Combined effects of beetle box construction materials and 
fertiliser addition  

An unexpected trend found in the data was that non-deadwood associated 

beetles had significantly higher species richness and average abundance in 

wooden beetle boxes without added fertiliser than in plastic boxes with fertiliser 

at Windsor Forest. As this group did not contain many saprophagous or 

fungivorous species it is likely that the trends within this group were driven by 

factors other than fungal growth.  It is likely that, without the influence of box 

content, the moisture level in the boxes was a driving factor for the presence of 

these species. Wooden boxes without fertiliser were also found to contain 

significantly more moisture than plastic boxes (Figure 3.26). Staphylinidae were 

the most diverse beetle family among non-deadwood associated group. The 

abundance and diversity of Staphylinidae is positively associated with higher 

substrate moisture levels (Nasir et al., 2012; Irmler & Lipkow, 2018).  It has 

been suggested that this is a result of their smaller elytra providing a lower 

resilience to desiccation than in other beetle groups with full elytra where a 

large sub-elytral space buffers moisture loss (Chown et al., 2011; Dolson et al., 

2021). It is also thought that higher substrate moisture levels provide greater 

protection against the desiccation of Staphylinid eggs (Nasir et al., 2012). 
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Because of this, it is likely that Staphylinidae avoided the dryer conditions in the 

wood mould of plastic boxes. 

 

Influence of sawdust species on beetle box colonisation 

This is the first study to investigate the impacts of using sawdust from different 

tree species in wood mould on inhabiting invertebrate communities. Specifically, 

it investigated whether using sawdust from the tree species with the most 

dominant tree-hollow presence on site enhanced the value of beetle boxes 

installed there for the local deadwood fauna.  

The influence of sawdust species on the moisture content of beetle boxes 

Due to the lower replication of the box treatment containing beech sawdust, 

statistical analysis was deemed not to be appropriate in comparing the moisture 

levels within them to those of the other box treatments. The average percentage 

volume of moisture in the bottom compartments of the boxes containing beech 

were slightly lower than in the wooden box treatments at Windsor Forest in 

which wood mould contained oak sawdust. The overall average moisture 

recorded from the top compartment of beech-containing beetle boxes was 

higher than that found in wooden boxes with oak sawdust and without fertiliser, 

but it was lower than that in wooden boxes containing oak sawdust and fertiliser 

at Windsor Forest. The moisture in wood mould containing beech sawdust may 

have been influenced by the decay process and fungal content of this wood 

type. The wood of Fagus trees has a higher rate of decay than that of Quercus 

(Kahl et al., 2017; Bari et al., 2020). The lower resistance of Fagus wood to 

fungal activity is a contributing factor to this (Bari et al., 2020). Higher resultant 

fungal growth in Fagus-based wood mould may contribute to higher moisture 

retention (Augé et al., 2001). However, as the average moisture levels for this 

box treatment were calculated from only two boxes, it is likely that the levels of 

rainfall experienced at the locations of the boxes had a strong influence on the 

resultant values. Further investigations into fungal colonisation of wood mould 

incorporating different species of wood could further elucidate their role in the 

moisture dynamics occurring within.  
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The influence of fertiliser addition on the beetle communities inhabiting 
beetle boxes 

The majority of beetle species that were found in the beetle boxes containing 

Fagus sawdust were also found in other box types that contained Quercus 

sawdust during the study. These included Ptinella aptera, Orthoperus aequalis, 

Euophryum confine, Acrotrichis insularis, Clambus punctulum and Othius 

subuliformis. This supports the hypothesis that beetle communities that use 

extensively decayed wood as their habitat tend to be generalists between 

different tree species (Stokland et al., 2012). 

Despite the general similarity of beetle species occurring in Fagus- and 

Quercus-based sawdust, one notable difference was observed. The fourth most 

common beetle species found during this study was Ptinella simsoni, of which 

44 specimens were found. All these specimens were collected from a single 

wooden box containing beech sawdust and added fertiliser.  As P. simsoni is 

believed to be fungivorous, its presence only in a box containing Fagus sawdust 

may be explained by differences in fungal species present in Fagus- and 

Quercus- based wood mould. Saprotrophic fungal communities have been 

found to differ between deadwood of these two tree species, supporting this 

theory (Purahong et al., 2018). Alternatively, it is possible that the box within 

which P. simsoni was found was located in an area of forest with particularly 

strong source populations of this species, causing the high level of colonisation 

observed. Further investigation of the distributions of P. simsoni in Windsor 

Forest and its attraction to different fungal species would be required to better 

understand this finding.  

Little is known about the ecology of P. simsoni and this is reflected in 

inconsistencies in the literature. Duff (2012) lists decaying grass heaps as the 

preferred habitat of P. simsoni and it is not listed as saproxylic by Alexander 

(2002). However, the Pantheon system produced a habitat description of heart-

rot in hollow tree cavities for this species (Webb et al., 2018). These 

inconsistencies demonstrate that there is still much to learn about the habitat 

requirements of saproxylic species, particularly those that are infrequently found 

or belong to lesser studied families such as the Ptiliidae. 
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Comparison of species found in beetle boxes at different sites 

The composition of beetle species inhabiting the same box types appeared to 

vary between the two experimental sites. At Bredon Hill, the clearly dominant 

species found in wooden boxes with fertiliser was Orthoperus aequalis. Despite 

this species also being present a Windsor Forest, it did not inhabit the wooden 

boxes with fertiliser to the same extent. This may have been because O. 

aequalis preferentially colonised the plastic boxes in the grouped experiment at 

Windsor Forest, being the fifth most abundant species found in this box type. It 

may also have performed well at Bredon Hill due to a preference for the more 

open, pasture landscape in which the beetle boxes at this site were positioned. 

Similarly, the most abundant beetle species in wooden boxes with fertiliser at 

Windsor Forest was Clambus punctulum, which occurred in the same box type 

at Bredon Hill to a lesser extent. This species is known to feed upon slime 

moulds (Alexander, 2002). Slime moulds exhibit photophobic behaviours to 

avoid UV radiation, heat and aridity that may result in their dehydration (Latty & 

Beekman, 2010; Smith-Ferguson & Beekman, 2020). The cooler, more shaded 

conditions found in the enclosed beech woodland at Windsor Forest may have 

provided a more hospitable matrix to allow the colonisation of the boxes by 

slime moulds in comparison to the open, exposed Bredon Hill.   

 

Study limitations 

It is possible that some trends in beetle diversity and average species 

abundance were not identified as significant due to the low level of replication of 

the present study. For example, the present study did not find any significant 

influence of box treatment on the diversity and average abundance of saproxylic 

species when analysed in isolation from woodland associated species. 

However, visual inspection of graphs for saproxylic species indicate potential 

positive links of diversity average abundance to plastic construction and 

fertiliser addition to wood mould, which may have proven significant under a 

higher level of replication. The funding, time, and workforce available for this 

work were the key limiting factors that prevented the incorporation of a greater 

number of box replicates.  
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Another limiting factor of the current research was that field conditions in the 

woodlands cannot be controlled. This meant that there was a possibility that the 

invertebrate inhabitancy of the boxes was influenced by factors outside of the 

independent variables controlled by researchers. For example, the control 

group of wooden boxes without fertiliser added to their contents may have 

accumulated additional nitrogen during the study through other means, such as 

the defecation of small mammals inside the boxes. However, any affects on box 

nitrogen through processes such as this are deemed unlikely to have 

considerably influenced the results of this study, as the initial addition of 

fertiliser to the wood mould in the respective beetle box treatments was large 

enough that it would take considerable time for such a level of nitrogen to 

accumulate through natural means. It is also important that beetle boxes are 

trialled under such uncontrolled natural conditions, as these are the 

environments in which they are intended to be employed as conservation 

measures. The observations made under these conditions are therefore most 

informative for real-world applications of the beetle boxes.  

It is possible that the grouped nature of the experimental design influenced the 

extent to which different box treatments were inhabited by invertebrates.  A 

potential example of this can be seen in Orthoperus aequalis, which exclusively 

inhabited beetle boxes with added fertiliser, apart from a single exception in 

which two O. aequalis specimens were found in a wooden box without added 

fertiliser. This box was paired with the box within which the second-highest 

abundance of O. aequalis at was recorded in the present study. This could be a 

sign that the grouped arrangement of the boxes resulted in a source-sink 

interaction, in which the O. aequlis in the fertilised box reproduced to an extent 

that competition drove dispersal to surrounding habitat patches, even if the 

immediately surrounding habitat (the unfertilised box) was sub-optimal (Kristan, 

2003). The grouped experimental design was considered the most appropriate 

design for the present experiment, as it provided minimised the extent to which 

the results were influenced by the variable abiotic conditions in different areas 

of a heterogenous woodland landscape.  Despite the potential that the 

experimental design influenced the results, the trends observed between box 

types remained strong enough to infer meaningful conclusions on the variables 

studied during this work. 
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The present study was limited in the investigation techniques that could be used 

to identify the presence of L. violaceus in the beetle boxes. Previous studies 

have found success in surveying L. violaceus populations using emergence 

trapping (Gioux et al., 2009; Gouix & Brustel, 2012). Pitfall trapping is also a 

potentially successful method for L. violaceus detection in wood mould (Gouix & 

Brustel, 2012; Cuff, Müller, et al., 2021). These methods were not used as part 

of the present study as L. violaceus is protected by the Wildlife and Countryside 

Act (1981) in the UK. Because of this, lethal trapping methods were not an 

option for the recent study. Emergence and pitfall trapping could have been 

carried out without killing-fluid in the collection vessels to avoid killing for L. 

violaceus specimens. However, non-lethal trapping would have required 

frequent emptying of the traps to minimise the potential of L. violaceus being 

trapped for too long. This would have been very labour intensive and likely 

impossible due to Covid-19 restrictions at the time of sampling. In addition, live 

trapping would still have presented a high risk of mortality to any caught L. 

violaceus specimens through predation or drowning. The sieving and extraction 

sampling techniques used by the present study was deemed to be the most 

effective alternative to the above methods, whilst also safeguarding local L. 

violaceus populations.  

The analysis of the beetle fauna inhabiting beetle boxes was limited by the fact 

that ecological associations of beetle species are often not fully understood, an 

example of which has been discussed in the section on P. simsoni. As a result 

of such uncertainties, the species categorisations of ‘saproxylic’, ‘woodland-

associated’ and ‘non-deadwood associated’ used in the present study should be 

considered as somewhat flexible and open to future change as new information 

is uncovered. Nevertheless, it was considered that enough information is 

presently available on the majority of species found in this study, that 

meaningful distinctions could be made between these categories for the 

analysis of the results of this study. 
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Summary of aims 

Nitrogen content 

This study aimed to gather data on the influence of added nitrogen in artificially 

created wood mould on the invertebrates that use it as a habitat. It is clear that 

the addition of fertiliser gives an initial boost to the attractiveness of the wood-

mould habitat to saproxylic and woodland associated beetles, as significant, 

positive links were found for these groups. It is likely that these links are due to 

increased decay rates linked to the nitrogen limitation of wood-decaying 

enzymes (Sterner & Elser, 2002; Cornwell et al., 2009). However, despite the 

positive links found, the observation of the RDB 3 tree hollow specialist, S. 

godarti, in a beetle box that did not contain added nitrogen indicates that, 

although nitrogen benefits saproxylic occupancy of beetle boxes as a whole, it 

is not necessarily a requirement for beetle boxes to be able to mimic tree hollow 

habitats effectively. 

It is possible that the trends found to be associated with the addition of fertiliser 

would decrease over time. For example, the effects of the addition of various 

components of wood-mould on the beetle communities inhabiting beetle boxes 

by Jansson, Ranius, et al. (2009) were no longer evident after an additional five 

to six years of deployment when they were later re-visited by Carlsson et al. 

(2016). This may be a result of nutrients building up in the boxes over time 

through natural processes. Continued monitoring of the boxes in the present 

study would therefore be worthwhile, as outlined in the ‘recommendations for 

future research’ section.  

Longevity of beetle boxes 

Boxes made of plastic were trialled during the present study as a more durable 

alternative to the commonly used wooden boxes. Plastic showed potential as a 

resilient construction material for beetle boxes, containing saproxylic and 

woodland associated beetle communities that did not differ significantly in 

diversity or abundance from those in wooden boxes with added fertiliser. A 

plastic box was also found to contain the tree-hollow specialist beetle, 

P.turgidum, indicating that the box design had been successful in providing 

conditions that were analogous to those in tree-hollows. Despite this, plastic 
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boxes lacked the additional incidental niche that was provided by areas of 

adpressed wood between the rim and the lid of wooden boxes. 

The wood mould in the plastic boxes was significantly dryer than that in wooden 

boxes. As a result, the wood mould in the plastic boxes was more suitable to a 

slightly different assemblage of beetles than those found in wooden boxes. This 

shows that incorporating areas of dryer wood mould such as that found in 

plastic boxes alongside areas of more moist mould can increase the diversity of 

species inhabiting beetle boxes. However, the dryness of the mould in the 

plastic boxes in their current form will likely limit their suitability for providing 

habitat for species that prefer particularly moist wood mould such as L. 

violaceus. Ways in which this might be addressed are highlighted in the 

‘Recommendations for future research’ section. 

Basal design of beetle boxes 

All saproxylic and woodland associated beetle species recorded from real basal 

tree hollows during this study were also represented within beetle box fauna.  

This suggests that beetle boxes replicated the conditions within their target 

habitat successfully enough to cater to several key tree hollow beetle species. 

Observations of the specialist species, Ptenidium turgidum and Stenichnus 

godarti also support this conclusion. No L. violaceus adults were found within 

the ground level beetle boxes, while a potential larva and elytron were observed 

within real tree hollows during this study, indicating that beetle boxes are not yet 

providing habitat for this species. However, this may have been due to the early 

stage at which sampling was carried out in the present research. Proposals for 

the future monitoring of the interactions of L. violaceus with beetle boxes are 

outlined in the ‘Recommendations for future research’ section. 

Sampling time 

The present study has identified a suite of species that can be expected in the 

early stages of box deployment, contributing to the understanding of community 

succession in decaying wood. The beetle fauna recorded in the beetle boxes 

during the present study was limited in comparison to that found in previous 

studies (Jansson, Ranius, et al., 2009; Carlsson et al., 2016). This is likely due 

in part to the early sampling time of the present work. As some beetle genera 

were identified in their immature stages that were not present as adults in the 
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wood mould (e.g. Pediacus sp.) it is likely that the fauna in the boxes will 

continue to expand and change over time.  

 

Recommendations for future research 

Fungi 

It is evident that fungal communities within the boxes play an important role in 

shaping the beetle communities inhabiting the internal wood mould. It would be 

beneficial to further explore this through characterising fungal communities 

present in the wood mould of both real tree hollows and beetle boxes. This 

could be done through next-generation sequencing (NGS) (Soliman et al., 

2017). This methodology would allow comparisons to be drawn between beetle 

boxes and their target habitat and enabling the identification of missing fungal 

components in beetle box wood mould.  

Compressed wood mould microhabitats 

Based on incidental observations of beetles making use of the space between 

the box lid and the box rim as a habitat and a pupation site, it may be beneficial 

to explore this concept further in future beetle box designs. Additional areas of 

wood adpressed together with compressed sawdust between them could be 

attached to the box walls to increase bark-mimicking resources on the boxes. 

The idea of replicating an under-bark space was partially explored by Elbourn 

(1970) who investigated the use of a beetle box design with a doubled wall on 

two sides. However, these gaps were left hollow to approximate loose, peeling 

areas of bark (Elbourn, 1970). Should these spaces be filled with compacted 

sawdust such as that found under the lids of some beetle boxes in the present 

study, this may more effectively provide additional pupation habitat for beetles 

such as Ampedus sp. or even L. violaceus during future trials.  

Beetle box wood mould moisture content 

The present study identified the moisture content of wood mould to be a key 

influencing factor in shaping the communities of beetles and other invertebrates 

that inhabit beetle boxes. A greater range of moisture levels in beetle boxes can 

allow them to cater to a greater diversity of beetle species. However, the wood 

mould in beetle boxes was found to be generally dryer than that found in real 
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tree hollows. Therefore, for beetle boxes to provide habitat to tree-hollow 

specialist invertebrate species that prefer particularly moist conditions such as 

L. violaceus and C. laetus, the addition of more effective drainage features 

would be beneficial. This is especially true for the plastic beetle boxes which 

contained significantly dryer wood mould than tree hollows and wooden boxes. 

It is therefore recommended that future beetle box designs tailored towards L. 

violaceus should feature larger drainage holes in the lid and a larger entrance 

hole to allow the infiltration of more water into the wood mould.  

Continued monitoring of beetle boxes for L. violaceus 

Although no L. violaceus individuals were found within beetle boxes during the 

present study, it would be worthwhile to carry out continued monitoring activities 

to observe whether the boxes become colonised over time. The need for 

continued monitoring is reinforced by the finding that beetle box habitats 

become increasingly inhabited by tree-hollow specialist beetle species over time 

(Carlsson et al., 2016).  

Monitoring the volatile organic chemicals (VOCs) emitted from beetle boxes 

would be a useful tool in tracking the potential attractiveness of beetle box 

habitats to L. violaceus over time. Basal tree hollow habitats inhabited by L. 

violaceus have been found to emit certain VOCs that are likely associated with 

particular decay fungi (Cuff, Müller, et al., 2021). If the appropriate VOCs are 

detected from beetle boxes, this would indicate that the boxes have reached a 

level of maturity at which a targeted investigation of beetle box colonisation by 

L. violaceus would be worthwhile. Such future investigation of the presence of 

L. violaceous in beetle boxes could be conducted by a more extensive 

extraction and sieving/sorting of the internal wood mould. Following the 

methodology of Henshall et al. (2015), the extraction of five or more litres of 

wood mould would give greater chance of finding specimens of finding any L. 

violaceous specimens present. If this search was specifically targeted towards 

the larger, more readily found L. violaceous, processing of samples through 

extraction traps would not be necessary. Therefore, any mould extracted from 

boxes could be replaced after sorting, minimising the impact of the survey on 

the ongoing ability of the boxes to act as supplemental habitat. 
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Further investigation of variation in wood mould contents 

The present study demonstrated the benefits of adding nitrogen-rich fertiliser to 

wood-mould for some groups of beetles. However, there is potential that 

addition of other components to wood mould may make it more attractive to L. 

violaceus. Although L. violaceus larvae are considered to be predatory on other 

invertebrates, there is also evidence that they feed on carrion (Gouix, 2012). 

This has been further supported by observations of L. violaceus being attracted 

to meat-based pet food lures (Heaver, 2021, pers. comm.). As a result, it may 

be beneficial to include carrion components in the box contents during future 

trials. This has previously explored in in a preliminary trial, during which wood 

mould ingredients including small animal corpses were packed into the hollow 

of a re-erected beech tree (Whitehill, 2003). When this hollow was inspected 5 

and 6 years after the initial set-up, adult and larval L. violaceus individuals were 

found (Whitehill, 2003). Although this isolated incidence is not enough to 

provide definitive proof that the presence of carrion supports L. violaceus, it 

indicates the value of exploring this more in future research. In addition, 

Jansson, Ranius, et al. (2009) found that the addition of poultry carrion to beetle 

box contents increased the number of beetle specimens found within. This 

further supports the potential of further beetle box trials incorporating the 

addition of carrion into their wood mould to increase their conservation potential. 

Comparison of basal and trunk-mounted beetle boxes 

The present study identified a community of beetle species that can inhabit 

ground-level beetle boxes. In future research, it would be interesting to provide 

a direct comparison of beetle boxes at ground level and those mounted upon 

trunks such those used in previous beetle box research (Elbourn, 1970; 

Jansson, Ranius, et al., 2009; Hilszczański et al., 2014; Carlsson et al., 2016). 

By incorporating both ground-level and trunk-mounted boxes in the same 

woodland in future studies, data could be gathered that would allow researchers 

to better understand how the height of beetle boxes influences how 

invertebrates interact with them. 

Investigation of beetle boxes in new contexts 

The present study has presented new findings of beetle box inhabitancy in areas of 

continuous, high-quality woodland. It would be valuable to expand upon this by 
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investigating the application of beetle boxes in other conservation contexts. For 

example, beetle boxes may provide beneficial functions to the ‘island of senescence’ 

concept discussed in section 1.4 of this thesis. Beetle boxes could bring additional 

deadwood value to plantations, potentially enhancing wood mould habitat within islands 

designated for decaying wood retention. They may also provide additional connectivity 

when stationed between existing islands. 

 

Overall summary 

The results of this study further demonstrate the potential of beetle boxes as a 

conservation tool for supporting tree hollow invertebrates. The findings have 

indicated that moisture and nutrient levels within beetle boxes play key roles in 

determining the beetle fauna that use them as habitat. This knowledge will 

prove useful in informing the future applications of beetle boxes for conservation 

management schemes.  
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How can we introduce new sources of decaying wood habitat 
into a landscape? 

 

Investigating Artificial Habitats 

‘Beetle Boxes’ 

 

Ground-level 
design 

mimicking 
basal tree 
hollows 

Construction 
material – 
plastic vs 

wood 

All saproxylic and woodland-associated beetle species found 
in basal tree hollows were also found in beetle boxes during 

this study. 

Fertiliser 
addition to 

wood mould 

Sawdust 
species used in 

wood mould 

Sampling after 
one year 

A limited beetle fauna was recorded after one year, in 
comparison to previous studies with longer maturation periods 

for beetle boxes. 

Similar beetle faunas were represented in wood mould formed 
using the sawdust of different tree species. 

Plastic boxes contained similar beetle richness and abundance 
levels to wooden boxes with the same wood mould content 

variation. 

Differences in species composition between box constructions 
were likely a result of significantly dryer wood mould in plastic 

boxes. 

Fertiliser addition promoted abundance and diversity of 
woodland-associated and saproxylic beetle fauna in beetle 

boxes. 

Figure 3.38. A conceptual framework outlining the key findings on 
the main research areas that this chapter addressed concerning 
beetle boxes as artificial habitats. 
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Chapter 4 - A concrete beetle box as an urban 
deadwood resource 

4.1 - Introduction 

Rationale and basis for study 

The use of artificially created habitats to support insect populations in urban 

landscapes has become increasingly popular in the form of bee hotels, since 

their development in the 1950s (Krombein, 1967; MacIvor & Packer, 2015). In 

addition to their conservation value, bee hotels facilitate the observation of 

insect behaviour and can be used as valuable educational tools (Manolis & 

Manoli, 2021). Such observations have occasionally resulted in new scientific 

discoveries on behavioural interactions such as parasitism being made 

(Prendergast & Yeates, 2018). Similarly, bee hotels have been involved in 

monitoring expanding invertebrate ranges, with new country records 

occasionally being made through bee hotel surveillance (Ivanov & Fateryga, 

2019). The conservation and educational benefits of artificial habitats have the 

potential to be expanded into other invertebrate groups, such as saproxylic 

communities.  

Despite their extensive diversity, invertebrate faunas of deadwood are 

underappreciated by the public (Thorn et al., 2020) This may be a result of their 

inaccessibility, as the niches occupied by saproxylic invertebrates (e.g. tree 

hollows, tunnels in sapwood and the spaces underneath bark) are often less 

readily observable than those of other invertebrate guilds. It is important that 

education around saproxylic invertebrates is improved, so that deadwood 

resources in landscapes can receive more appropriate levels of appreciation 

and protection. There is potential for beetle boxes, such as those trialled in 

Chapter 3 of this thesis, to play a role in this. Beetle boxes could be used in 

urban areas the same way as bee hotels to make saproxylic invertebrates more 

accessible to the public. In this way they could function as a tool improve 

education around the importance of saproxylic faunas for natural processes 

such as decomposition and pollination (Mestre et al., 2018; Falk, 2021) 
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As described in Chapter 3 of this thesis, ground-level beetle boxes were initially 

designed to provide additional habitat for the specialised invertebrate fauna of 

basal rot holes in trees, particularly the endangered violet click beetle. This 

design also has the added benefit of being easier to install than previously 

trialled trunk-mounted beetle boxes, without the need for specialised tree-

climbing equipment. Boxes at ground level are also more accessible for regular 

monitoring, making them preferable as an educational resource.  

Should beetle boxes be employed in urban contexts for educational purposes, it 

is possible that they could help provide residual conservation benefits by acting 

as habitat stepping-stones for specialised invertebrate species of tree hollows 

and creating corridors of dispersal (Jansson, Ranius, et al., 2009). This could 

facilitate the movement saproxylic species across otherwise hostile landscapes 

to reach new woodland habitat patches containing suitable hollow trees.  

 

Current state of research and knowledge gaps 

Beetle boxes as a garden feature 

All previous beetle box studies have taken place in woodland contexts (Elbourn, 

1970; Jansson, Ranius, et al., 2009; Hilszczański et al., 2014; Carlsson et al., 

2016; Mestre et al., 2018; Weatherbee et al., 2022)., As a result, it is difficult to 

predict how beetle boxes would perform in other landscape types such as 

managed gardens. Other decay-rich microhabitats such as compost heaps are 

known to contribute to garden biodiversity (Smith et al., 2006). As a result, it is 

likely that specialised decaying wood resources such as those in beetle boxes 

could further improve the diversity of species able to inhabit gardens. Compost 

heaps have also played a role in the movement and establishment of beetle 

species in new areas (Ødegaard & Tømmerås, 2000). This supports the idea 

that beetle boxes in gardens may provide similar benefits for the movement of 

saproxylic species through urbanised landscapes. However, it is possible that 

the low dispersal tendencies of some saproxylic species may impede the 

stepping-stone function of beetle boxes. The diversity of saproxylic species 

inhabiting beetle boxes has been shown to be negatively affected by increased 

distances of boxes from a tree-hollow source population (Jansson, Ranius, et 

al., 2009; Mestre et al., 2018). This may mean that the usability of beetle boxes 
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in gardens is limited to those with existing deadwood patches in the surrounding 

area. The present study will further investigate this hypothesis by installing a 

beetle box into a wildlife garden with some existing deadwood resources, 

providing an initial insight into a  high-potential scenario for garden beetle 

boxes.  

Concrete as a construction material for beetle boxes 

Deterioration of wooden beetle boxes over time has been a problem in several 

previous studies (Hilszczański et al., 2014; Carlsson et al., 2016). Longevity of 

beetle boxes is important as their target fauna are adapted to long-lived tree 

hollow habitats (Ranius & Hedin, 2001; Ranius et al., 2009).  This is supported 

by Carlsson et al. (2016) who found that beetle boxes become more attractive 

habitats for hollow specialist species over time. The preference for older wood 

mould was suggested to be a result of natural successional changes that 

commonly occur in the saproxylic fauna occupying deadwood resources 

(Speight, 1989; Carlsson et al. 2016). Chapter 3 of this thesis aimed to address 

the problem of beetle box longevity through trialling beetle boxes made from 

plastic. The present study seeks to develop this further by investigating the 

properties of a beetle box constructed from concrete, as discussed in the ‘Study 

aims’ section. 

Investigation of beetle box sampling methods 

Two common methods of sampling the invertebrates in wood mould are hand 

sorting and extraction trapping using apparatus such as Tullgren or Winkler 

extraction traps (Krell, Chung, et al., 2005; Cuff, Windsor, et al., 2021). The live 

examination of invertebrates through hand sorting of wood mould on site may 

be preferable from an educational perspective. Because of this, it would be 

useful to better understand the proportion of the fauna inhabiting beetle boxes 

that may be effectively examined through this method.  Previous studies have 

evaluated the efficacy of Winkler extraction trapping by hand sorting samples 

after trapping to extract any remaining invertebrates (Krell, Chung, et al., 2005; 

Ivanov et al., 2010). However, there is little research that has reversed this 

process to better understand the effectiveness of hand sorting wood mould 

samples. 
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Study aims 

Beetle boxes as a garden feature 

This study aims to expand knowledge on the potential applications of beetle 

boxes by gathering preliminary data on the invertebrate fauna that may be 

expected to colonise a beetle box in an urban garden setting. Through this, this 

study aims to evaluate the potential for garden-based beetle boxes to be used 

as tools for education on deadwood ecology, in addition to the conservation of 

saproxylic species. 

Concrete as a construction material for beetle boxes 

This study will address the problem of beetle box deterioration over time by 

trialling beetle boxes made from concrete, which is expected to be a more 

durable alternative to the wooden designs used in previous studies. To do this, 

data on the moisture and invertebrate community dynamics occurring within a 

concrete beetle box will be gathered. These data will be used to develop a 

preliminary understanding of how well a concrete box can mimic the stable 

conditions found in tree hollows.  Through this, this study aims to assess the 

potential for concrete as a viable construction material for future beetle box 

trials.  

Investigation of beetle box sampling methods 

An aim of this study is to investigate the effectiveness of hand sorting and 

Winkler trapping when used in conjunction with one another to extract 

invertebrates form a wood mould substrate. Data will be gathered on the 

abundances of specimens from different invertebrate groups that are extracted 

through these two methods. The patterns identified in this data will further 

understanding of the biases of sampling methods and inform the methodologies 

of future beetle box studies.   
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4.2 - Methods 

Study site 

This investigation was carried out in a wildlife garden in North London, 

approximately four miles from the Thames Estuary. The garden had deadwood 

representation in the form of several mature log-piles and veteran hawthorn 

trees with some signs of hollowing. There were no larger veteran trees with 

basal tree hollows on-site. The wildlife garden also featured three ponds. More 

information about this site can be found in Section 1.5. 

 

Concrete beetle box construction 

A concrete beetle box was built by a team of MSc students in the architecture 

school of the University of East London. It was made in a cylindrical shape (as 

opposed to the cuboid shape used in previous studies) as an adaptation to the 

nature of concrete construction. The box was constructed by initially creating a 

form out of chicken wire which was subsequently coated with concrete. Due to 

the amount of time and resources required to construct the concrete beetle box, 

a single box was made. This therefore provides initial observations of the 

suitability of concrete as an artificial-habitat construction material. Dependant on 

the performance of the concrete box, these observations can be used as the 

basis for more extensive trials using concrete for beetle box construction in the 

future. 

Like the beetle boxes trialled in Chapter 3, the base of the concrete beetle box 

was half open to the soil to allow invertebrate colonisation from the surrounding 

environment (Figure 4.1). The concrete beetle box also had an entrance hole in 

the centre to allow crawling and flying invertebrates to enter the bottom box 

compartment (Figure 4.1). An internal shelf covering half of the box’s 

circumference was present above the entrance hole to maintain a hollow area 

and increase the similarity of the internal box conditions to real tree hollows 

(Figure 4.1). The box lid was concave with four drainage holes to encourage 

moisture to enter the box, thus promoting consistently moist conditions (Figure 

4.1). The drainage holes were 3cm in diameter which is larger than those used 

in the beetle box designs in chapter three of this thesis (Figure 4.1). The 
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previously used size (0.8cm diameter) produced dryer conditions in plastic 

beetle boxes than those found in natural tree hollows; therefore, the inclusion of 

3cm diameter drainage holes is expected to better encourage increased levels 

of moisture within the concrete beetle box. A roughened texture was created on 

the surface of the beetle box by pressing creased plastic onto the walls and 

subsequently removing it, leaving an irregular impression on the concrete as it 

dried (Figure 4.1). This was intended to mimic the texture of tree bark to 

encourage the growth of epiphytes on the beetle box walls. It was hoped that 

over time, this would give the box a more natural appearance and potentially 

offer additional niches for invertebrates. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Diagrams of the concrete beetle box used in this study, 
with key features and dimensions labelled. 
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Beetle box installation 

The concrete beetle box was installed on 

19/11/2019. Installation involved the box 

being half-buried in the soil up to the lower 

edge of the central box opening (Figure 4.2). 

The box was buried into a plant bed within 

approximately 20 meters of mature hawthorn 

trees and a wood pile. 

 

Beetle box contents 

The concrete box was filled with a mixture of 

untreated, dried sawdust, leaf-litter, soil and 

poultry manure (pelletised poultry faeces, 

sourced from Elixir Garden Supplies). The 

bottom compartment of the box below the internal shelf was filled with a mixture 

of 12 litres of leaves, 12 litres of oak sawdust, 24 litres of soil, and 2 litres of 

poultry fertiliser. The top compartment of the box, above the shelf was filled with 

a mixture of 16 litres of leaves, 16 litres of oak sawdust, 8 litres of soil and 2 

litres poultry fertiliser. The differences in the mixtures used in the top and 

bottom compartment were designed to reflect the transition of wood mould into 

soil that naturally occurs in tree hollows (Gioux et al., 2015). The poultry 

fertiliser was added to increase the nitrogen content of the wood-mould 

substrate, reflecting the naturally high nitrogen levels recorded from real tree 

hollows (Kelner–Pillault, 1974; Ulyshen, 2015). After filling the box, ten litres of 

water were added to the box to create damp conditions and promote the decay 

of the wood mould (Rousk & Bååth, 2011). 

 

Invertebrate sampling from the concrete beetle box 

Sampling took place on 07/05/2021, 19/07/2021 and 17/09/2021. One litre in 

volume of wood mould was removed from both the top and the bottom sections 

of the concrete beetle box using a soil corer (a total of two litres volume 

removed from the box per sampling session). Preliminary sorting of the samples 

Figure 4.2. A photograph 
of the concrete beetle box 
installed in the ground at 
the wildlife garden. 
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was undertaken on site, with the removed wood mould being thoroughly sieved 

in a white tray for 10 minutes with all visible invertebrates being collected using 

forceps and a pooter. The collected invertebrates were placed into tubes 

containing a 70% ethanol solution to be identified at a later date. This fluid was 

chosen as it is known to effectively preserve the morphology of many soil 

invertebrate groups (Krogmann & Holstein, 2010). The tubes were labelled with 

the box location, sampling date and the box compartment (top or bottom) from 

which the specimens were extracted. This labelling was done both internally 

using pencil on strips of printer paper, and externally using permanent marker 

on the body of the tube. The preliminary sorting was done to investigate the 

efficacy of hand sorting and to remove larger invertebrates that may not be able 

to pass through the mesh bag used in the Winkler traps.  

Following preliminary invertebrate extraction, the remaining soil from the 

samples was placed into plastic pots using a plastic funnel. The samples from 

the top and bottom compartments of the box were kept separate and placed 

into their own individual pots. The plastic pots were labelled both internally and 

externally with the site name, the date of sample collection and the 

compartment (top or bottom) from which the sample was taken. Internal labels 

consisted of printer paper marked with pencil and external labelling was done 

with permanent markers on the base and lid of each collection pot. 

 

Winkler trapping  

After being sealed into plastic containers, the wood mould samples were and 

taken off site. The samples were then transferred into mesh bags with 2mm 

holes and placed into Winkler extraction traps. The traps were used to extract 

macro-invertebrates that had not been detected and extracted during hand 

sorting.  Each trap had a collection pot connected to its base containing a 50% 

propylene glycol, 50% water mixture with an added drop of unscented washing-

up liquid. This fluid is a widely recommended entomological killing agent which 

is low-cost, safe to use and preserves the condition of specimens well (Weeks 

& McIntyre, 1997; McCravy & Willand, 2007; Weigand et al., 2021). Samples 

from the top and bottom compartments of the concrete box were placed into 
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separate Winkler traps to observe any differences in the invertebrate fauna 

inhabiting the different areas of the box.  

Samples were left in Winkler traps for eight weeks. This time period was 

deemed sufficient for extensive extraction as it was a week longer than the 

seven weeks at which Krell, Chung, et al. (2005) observed the abundances of 

most invertebrate groups caught in Winkler Traps to reach a plateau. To further 

ensure that the invertebrates in the samples had been extracted to as great an 

extent as possible, the samples were further visually inspected on removal from 

the traps after the eight-week period. No invertebrate life was observed in any 

of the samples during these inspections. 

 

Specimen identification 

All invertebrate specimens were extracted from the hand sorting and Winkler 

trapping samples using a stereo microscope. These were identified at least to 

order level, with some specimens being identified to family, genus and species 

level. Identification of specimens was aided by a range of taxonomic keys and 

photograph resources (Hansen & Solodovnikov, n.d.; UK Beetles, n.d.-j; Blower, 

1985; Hopkins, 1991; Barber, 2008; Käfer Europas, 2013; Legg & Farr-Cox, 

2016; Duff, 2020).  

 

 
4.3 - Results 
 

Coleoptera found in the concrete beetle box 
Three species of beetle were found from samples taken from the concrete 

beetle box. Of these, two were fully identified and one (Carpelimus sp.) was 

identified to genus level due to difficulties in species determination. As 

Carpelimus species found in the UK have similar ecological habits, this was not 

expected to negatively impact the interpretation of the results of this study.  One 

of the beetle species found (Euplectus karstenii) was classified as saproxylic 

and neither of the fully identified species had a conservation status. Several 

species of Carpelimus sp. have been assigned conservation statuses, so it 
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cannot be ruled out that the species found may be of conservation concern.  

Over the three sampling sessions in May, July and September, Annomatus 

diecki and Euplectus karstenii both only appeared singularly in the months that 

they were found (Table 4.1). In contrast, Carpelimus sp. consistently increased 

in numbers over the four-month sampling period (Table 4.1).  
 

 

 
  

Table 4.1. A summary of the beetle diversity found within the concrete 
beetle box over the four-month sampling period. 

Family 
Genus/ 
species 

  Number of specimens found 

Guild Saproxylic 
07/ 
05/ 

2021 

19/ 
07/ 

2021 

17/ 
09/ 

2021 

Tot
al 

Bothrideridae 
Anommatus 

diecki 

Sapropha

gous 
No 1 0 0 1 

Staphylinidae 
Carpelimus 

sp. 

Sapropha

gous 
No 0 4 20 24 

Curculionidae 
Euplectus 

karstenii 
Predator Yes 0 1 1 2 

Total   1 5 21 27 

Table 4.2.  A summary of the beetle larvae found within the concrete 
beetle box over the four-month sampling period. 

 Number of specimens found 
Identification 07/05/2021 19/07/2021 17/09/2021 Total 

Unidentified Coleoptera larvae 1 0 0 1 

Cryptocephalus larvae 0 1 0 1 

Athous larva 0 0 1 1 

Total 1 1 1 3 
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 Other invertebrates found in the concrete beetle box 
 

 Of the invertebrate groups found in the concrete beetle box, the most abundant 

were Collembola (n=866), Acari (n=288) and Oniscoidea (n=263) (Table 4.4). 

 

The abundances of Collembola and Acari both peaked on the second sampling 

session, on 19/07/2021 (Table 4.4). The high abundance of Oniscoidea was 

largely due to large numbers of the species Haplophthalmus danicus (n=222), 

which increased in numbers over the sampling period, reaching its peak 

abundance on 17/09/2021(Table 4.4).  
 

Table 4.3. A summary of insects (excluding Coleoptera) found in the 
concrete beetle box over three sampling sessions. 

Identification 
Number of specimens found  

07/05/2021 19/07/2021 17/09/2021 Total 
Psocoptera     

Total 1 1 1 3 
Thysanoptera     

Total 0 2 0 2 
Hymenoptera 
(Formicidae) 

    

Total 31 0 0 31 
Diptera (adult)     

Total 0 7 9 16 
Diptera (larva)     

Total 23 0 0 23 
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Table 4.4. A summary of invertebrates found in the concrete beetle box 
over three sampling sessions. 

Identification 
Number of specimens found  

07/05/2021 19/07/2021 17/09/2021 Total 
Oligochaeta     

Total 1 2 9 12 
Gastropoda (slug)     

Total 0 0 1 1 
Diplopoda     

Proteroiulus fuscus 1 0 0 1 
Immature/ unidentified 

Polydesmida 
1 1 7 9 

Total 2 1 7 10 
Chilopoda     

Lithobius microps 0 4 0 4 
Cryptops hortensis 5 10 5 20 

Immature /unidentified 

 Lithobius sp. 
1 1 0 2 

Total 6 15 5 26 
Oniscoidea     

Haplophthalmus 

danicus 3 33 186 222 

Oniscus asellus 1 0 0 1 

Porcellio pruinosus 0 1 0 1 

Porcellio scaber 8 0 0 8 

Armadillidium 

nasatum 13 8 0 21 

Armadillidium vulgare 0 1 0 1 

Immature /unidentified 

Porcellio sp./ Oniscus 

sp. 0 3 1 4 

Immature /unidentified 

Armadillidium sp. 0 0 5 5 

Total 25 45 192 263 

Diplura     

Total 1 2 0 3 

Collembola     

Total 89 700 77 866 
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The influence of different specimen extraction methods 

The majority of specimens of the most abundant invertebrate groups 

(Collembola, Acari and Onicoidea) were collected through Winkler extraction 

trapping (Figure 4.3). In addition, several groups were only collected through 

Winkler extraction trapping and were not found through hand sorting, including 

Gastropoda, Pseudoscorpiones, Aranae, Psocoptera and Thysanoptera) 

(Figure 4.4). In contrast, hand sorting extracted the majority of specimens of 

Oligochaeta, Diplopoda, Chilopoda, Diplura and Formicidae (Figure 4.4). 

Diptera larvae were exclusively collected through hand sorting of wood mould 

(Figure 4.4). 

 

  

Acari     

Total 43 172 73 288 

Pseudoscorpiones     
Lamprochernes 

savignyi 0 1 
0 1 

Pselaphochernes 

scorpioides 0 1 
0 

1 

Total 0 2 0 2 

Aranae     
Linyphiidae 0 0 1 1 
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Figure 4.4. A bar graph showing the percentages of the total number of 
specimens of the various invertebrate groups found in the concrete 
beetle box that were extracted using hand sorting and Winkler extraction 
trapping. The bars are separated by shading to indicate percentage of 

specimens that was extracted using either hand sorting (grey) or Winkler 

extraction trapping (crosshatched).  
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Figure 4.3. A bar graph showing the total number of specimens of the 
various invertebrate groups found in the concrete beetle box. The bars 

are separated by shading to indicate the proportion of the total number of 

specimens that was extracted using either hand sorting (grey) or Winkler 

extraction trapping (crosshatched).  
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Invertebrate group representation in the different box 
compartments 

Two of the most common invertebrate groups, Collembola and Acari were 

represented to similar extents in the bottom and top compartments of the 

concrete beetle box (Figure 4.5). Groups including Gastropoda, Diplopoda, 

Diplura, Thysanoptera and Coleoptera larvae were only found in the bottom 

compartment of the box (Figure 4.6). Similarly, adult Coleoptera, Oniscoidea, 

Chilopoda and Formicidae demonstrated a strong bias towards the bottom box 

compartment (Figure 4.6). The only group found exclusively in the top 

compartment was Aranae, of which only one specimen was found during this 

study (Figure 4.6). 
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Figure 4.5. A bar graph showing the total number of specimens of 
the various invertebrate groups that were found in either the top 
or the bottom compartment of the concrete beetle box. The bars 

are separated by shading to indicate the proportion of the total number 

of specimens that was found in either the top (crosshatched) or bottom 

(grey) compartment of the box. 
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Moisture Content of wood mould in the concrete beetle box 

Average moisture levels in both compartments of the concrete beetle box 

increased over the four-month sampling period (Table 4.5). For the first two 

sampling sessions, average moisture levels in the bottom compartment of the 

box were higher than those in the top compartment (Table 4.5). During the final 

sampling session, a higher moisture reading was recorded in the top 

compartment than in the bottom; however, as this was a single reading and not 

the result of an average, these measures are not fully comparable (Table 4.5). 

The average moisture levels in the bottom compartment of the concrete box 

varied over a smaller range than in the top compartment, in which the moisture 

levels changed to a greater degree (Table 4.5). 
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Figure 4.6. A bar graph showing the percentages of the total number 
of specimens of the various invertebrate groups found in the top and 
bottom compartments of the concrete beetle box. The bars are 

separated by shading to indicate percentage of specimens that was found 

in either the top (crosshatched) or bottom (grey) compartment of the box. 
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4.4 - Discussion 

Coleoptera found in the concrete beetle box 

The diversity of Coleoptera recorded from the concrete beetle box during the 

present study was low, with three species being represented, of which one was 

saproxylic. This low diversity is likely partially due to the short time that the 

beetle box was in the field before sampling (Jansson, Ranius, et al., 2009; 

Carlsson et al., 2016). Carlsson et al (2016) noted that beetle box conditions 

became more suitable for specialist saproxylic species after four years in the 

field. This suggests that the number of saproxylic species in the concrete beetle 

box could be expected to increase with additional time in the field. The hard-

wearing nature of the concrete construction material is likely to be well suited to 

long-term deployment, which would facilitate this.  

Table 4.5. The moisture content of wood mould, averaged across three 
measurements taken at the front left, the centre, and the back right 
areas of the box in both the top (above the internal shelf) and bottom 
(below the internal shelf) compartments of the concrete beetle box. *As 

the wood-mould in the top compartment had extensively decayed away by 

the visit on 17/09/2021, this measurement is the result of a single probe 

measurement rather than an average of three.  
 

Date of measurement 
Average* moisture content of wood mould (%vol) 

Top compartment Bottom compartment 

07/05/2021 5.47 27.8 

19/07/2021 20.97 28.47 

17/09/2021 38.4* 31.73 

Average across all 

measurements 

21.61 29.33 
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In addition to insufficient development and colonisation time, the abundance 

and diversity of some groups of beetles found in beetle boxes can be negatively 

affected by distance from dispersal sources (Jansson, Ranius, et al., 2009). 

Although there were other deadwood features including small tree hollows on 

the site in which the concrete beetle box was installed, it is possible that these 

were not sufficient to supply the beetle boxes with a diverse saproxylic fauna. If 

this was the case, it is unlikely that beetles could colonise the boxes from more 

distant deadwood sources, as beetle species that specialise on stable tree 

hollow habitats have limited dispersal tendencies, with long-distance dispersal 

events occurring at particularly low frequencies (Nilsson & Baranowski, 1997; 

Ranius & Hedin, 2001). As the present study constituted observations from a 

single beetle box, it is difficult to identify with certainty how the colonising 

saproxylic beetle fauna was influenced by the surrounding landscape and the 

abundance of local deadwood sources. As a result, this is an area that would 

benefit from further research in the future. 

Carpelimus sp 

The most abundant beetle species recorded from the concrete box was from 

the genus Carpelimus. All species of Carpelimus found in the UK are 

saprophagous and the majority specialise upon wetland habitats (Webb et al., 

2018). This habitat preference indicates that the specimens found in this study 

were potential migrants from the Essex Wildlife Trust Thameside Nature 

Discovery Park, which is a wetland nature reserve approximately 4 miles away 

from the concrete beetle box location. Alternatively, they may have colonised 

the box from a local population in the ponds on site. It is surprising that this 

species was found at relatively high abundances in the concrete beetle box, 

which was not intended to produce wetland-equivalent conditions. 

Nevertheless, the presence of Carpelimus sp. in the beetle box suggests that 

the internal conditions provided a consistently high level of moisture across the 

time period in which sampling occurred. Consistently high moisture levels in 

deadwood provide more suitable habitats for some species of saproxylic 

Coleoptera and Diptera (Hövemeyer & Schauermann, 2003; Ulyschen, 2018; 

Cuff, Müller, et al., 2021; Lindman et al., 2022). This link is potentially a result of 

more stable temperature conditions conferred by the buffering effect of water 

due to its high heat capacity (Abu-Hamdeh, 2003; Davis et al., 2018). Because 
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of this, the finding of Carpelimus sp. in this study provides evidence that beetle 

boxes constructed from concrete are a promising candidate for further 

investigation as structures mimicking tree hollow conditions for the purpose of 

invertebrate conservation.  

Anommatus diecki 

The Bothriderid species, Anommatus diecki, in the concrete beetle box was a 

notable finding, as this species has only previously been found in the UK from 

Cheshire and Derbyshire (Maynard, 2011; Duff, 2020). This means that the 

present finding from North London constitutes a considerable range expansion 

for A. diecki. It is not a strictly saproxylic species and occurs in a range of 

decay-related situations (UK Beetles, n.d.-j). However, the previous records of 

A. diecki from the UK have been from damp, decaying wood, which correlates 

well the conditions of the present observation (Maynard, 2011; Duff, 2020). As 

they occur in subterranean environments, Anommatus species have previously 

colonised new areas through transportation in nursery stocks (UK Beetles, n.d.-

j). This is likely the reason for the presently noted range expansion, considering 

that the site of the present study is an actively managed wildlife garden in which 

regular planting activities take place.  

Euplectus karstenii 

The Staphylinid, Euplectus karstenii, was the only truly saproxylic species of 

Coleoptera recorded from the concrete beetle box (Schmidl & Bußler, 2004). 

This species has previously been recorded from real tree hollows as well as in 

other, previously trialled beetle boxes (Gouix et al. 2009; Carlsson, et al. 2016). 

Chapter 3 of the present thesis also recorded E. karstenii from the ground-level 

beetle boxes trialled in Bredon Hill. The distribution of E. karstenii extends from 

southeast to central England and into the east of Wales with 151 records of it on 

the NBN Atlas (n.d. -b). Like other Pselaphinae species, E. karstenii is 

predatory on mites (Alexander, 2002). This may explain why it was observed 

only during the second and third sampling sessions, as these were the times at 

which the greatest abundances of mites were recorded from the beetle box. 

 

 



249 
 

Other invertebrates found in the concrete beetle box 

A wide range of different invertebrate groups were represented in the concrete 

beetle box. Previous beetle box studies have shown that higher levels of 

invertebrate community complexity, particularly including Diplopoda, Coleoptera 

larvae and Diptera larvae, promote greater rates of decomposition in wood 

mould substrates (Weatherbee et al., 2022). Invertebrate community complexity 

in beetle boxes is also linked to increased levels of nitrogen in wood mould 

(Weatherbee et al., 2022). As a result, the diverse invertebrate community 

found in the concrete beetle box during this study is likely conducive to the 

effective recreation of the extensively decayed nitrogen-rich wood mould in tree 

hollows.  

The invertebrate diversity found in the concrete beetle box is similar to that 

which could be expected in a compost heap (Gujarathi & Pejaver, 2011), with 

the exception of tree-associates such as Proteroiulus fuscus (Blower, 1985; 

Webb et al., 2018). Compost heaps contribute to garden invertebrate 

biodiversity by providing specialist decay-related microhabitats (Ødegaard & 

Tømmerås, 2000; Smith et al., 2006). The results of this study show that the 

beetle box concept works in a similar way, with the consistent presence of 

decaying wood providing an additional saproxylic aspect to this microhabitat.  

The most abundant woodlouse species found in the concrete box was 

Haplophthalmus danicus. The habitat preferences of H. danicus are largely for 

moist areas, similar to Carpelimus (Gregory, 2009). This was also the most 

common woodlouse species recorded from real tree hollows in Chapter 3, and it 

was noted that greater abundances of H. danicus were found in tree hollows 

than in beetle boxes made from either wood or plastic. It was thought that the 

discrepancy in H. danicus between tree hollows and beetle boxes may have 

been due to differences in moisture content. However, the moisture levels 

recorded from the concrete beetle box in the present study were similar to those 

recorded from wooden beetle boxes in Chapter 3.  As a result, the reason for 

this difference in unclear. A possible explanation could be that the concrete box 

offered more consistent moisture conditions than the box types trialled in 

Chapter 3. Nevertheless, the invertebrates found in the concrete beetle box 

cannot be directly compared to those found in the study detailed in Chapter 3, 
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as differences in box location and surrounding landscape types are likely to 

considerably alter the colonisation potential of the boxes by different 

invertebrate species. Future research that directly compares concrete beetle 

boxes to those made of wood and plastic would help to increase understanding 

of the differences and similarities between the construction materials and how 

these influence inhabiting invertebrate communities.  

 

Differences in the invertebrate faunas found in the top and 
bottom box compartments  

Preferences for the bottom box compartment were observed in invertebrate 

groups including Gastropoda, Diplopoda, Chilopoda, Diplura, Thysanoptera, 

Coleoptera adults, Coleoptera larvae, Oniscoidea and Formicidae. This may be 

due to preferences of these groups for the more consistent moisture levels in 

the bottom area of the concrete beetle box, which are further discussed in the 

‘Moisture content of wood mould in the concrete beetle box’ section of this 

chapter. For example, Formicidae have been shown to become more active in 

substrates with higher moisture levels, likely because of lower desiccation risk 

under these conditions (Kaspari & Weiser, 2000).  

 

The influence of beetle box sampling methods 

The results of this study show that the use of Winkler traps in addition to hand 

sorting allows a considerably greater proportion of the invertebrate specimens 

in wood mould to be extracted, especially for the most abundant groups. 

Invertebrates that typically have small body sizes such as Collembola and Acari 

are not effectively extracted visually through hand sorting, as they can be 

difficult to see amongst large volumes of substrate. Hand sorting was most 

effective for invertebrate groups that contain larger, more conspicuous species, 

such as Oligochaeta, Diplopoda and Chilopoda. Hand sorting also extracted a 

high proportion of the Formicidae specimens found in the samples. This may be 

a result of the tendency of Formicidae to move quickly, making them more 

noticeable amongst the wood mould in the field.  
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Diptera larvae was the only invertebrate group that was exclusively retrieved 

through hand sorting, with none being found in Winkler trap samples. This may 

have been a result of the pale colour of the Diptera larvae found during this 

study making them easily discoverable amongst the dark-coloured wood mould. 

It is also possible that Diptera larvae were unable to pass through the mesh of 

the bags used in the Winkler traps, meaning that some specimens remained 

unextracted. This hypothesis is supported by the fact that Krell, Chung, et al. 

(2005) also did not retrieve Diptera larvae in their Winkler extraction samples, 

despite collecting both Coleoptera and Lepidoptera larvae using the traps. In 

the present study, no remaining signs of life were identified in any of the 

samples after the trapping period; however, it is possible that some specimens 

may have desiccated and died in the samples making them difficult to observe 

in the dry post-trapping wood mould substrate.  

The results of this study contrast to previous studies into a different type of 

extraction trap (Tullgren funnel traps) which were found to collect lower 

abundances of invertebrate specimens than hand sorting (Nsengimana et al., 

2017). It is suggested that this may be a result of the heat applied to this type of 

trap, as many soil invertebrates are vulnerable to desiccation and may die 

before they are able to leave the soil sample (Nsengimana et al., 2017). This is 

consistent with previous research that has found that Winkler extraction 

trapping is a preferential technique for extensive specimen extraction, in 

comparison to alternatives (Fisher, 1999; Kalif & Moutinho, 2000; Krell, Chung, 

et al., 2005). 

 

Moisture content of wood mould in the concrete beetle box 

The bottom compartment of the concrete beetle box (below the internal shelf) 

had a more stable moisture environment than the top compartment, remaining 

within 4% moisture volume over all sampling sessions, whilst the top 

compartment varied by up to 33% volume (including the final singular 

measurement). The more stable conditions in the lower compartment may be a 

result of temperature-buffering by moisture in the surrounding soil, keeping the 

lower box compartment cooler and minimising moisture loss through 
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evaporation. Moisture may have also seeped through the external walls of the 

box, keeping the box at a more consistent moisture level to surrounding ground.  

In addition, the lower compartment contained more wood-mould than the top 

compartment, in which wood mould volume continuously decreased during the 

study time-period through decay and by dropping down into the bottom 

compartment. The smaller volumes of wood mould in the top box compartment 

would have made it more susceptible to influence from surrounding temperature 

fluctuations. The holes in the lid may have also meant that the top compartment 

moisture levels were more dramatically influenced by recent rainfall, causing 

regular moisture fluctuations with the weather. However, the bottom 

compartment may also have been influenced in this way by water entering the 

box through the central opening, depending on the extent and direction of rain. 

 

Study limitations 

The concrete beetle box monitored in the present study constituted only a single 

experimental unit. While this provided an initial insight into the functioning of 

beetle boxes in a garden situation, urban gardens are not homogenous and can 

differ extensively in character and surrounding landscape. Because of this, the 

findings of the present study may not be widely applicable to other examples of 

beetle box use in gardens. Therefore, garden beetle boxes would benefit from 

wider replication, as discussed in the ‘Recommendations for future research’ 

section of this chapter.  

The results of this study also constitute only preliminary investigation into the 

functioning of ground-level concrete beetle boxes. The invertebrate fauna is 

expected to develop and change over time; therefore, the present observations 

are a snapshot of the beginning phase of saproxylic succession within the box 

wood mould. The results of this study are unlikely to represent the fauna that 

would inhabit a beetle box that had been in situ for several years.  

 

 

 



253 
 

Summary of aims 

Beetle boxes as a garden feature 

Many different invertebrate groups were represented within the concrete beetle 

box, offering promising opportunity for them to be used as part of educational 

schemes such as those in schools, to teach about the invertebrates of decay-

related habitats. Despite this, at the time of sampling in this study, the 

saproxylic component of the invertebrate fauna was small, meaning that beetle 

box application for education of the specific saproxylic fauna may be limited. 

More monitoring is needed to understand whether beetle boxes in urban areas 

become more representative of tree-hollow systems over time. The limited 

saproxylic fauna found in the beetle box during the present study also suggests 

that use of beetle boxes in areas that are not well connected to ancient 

woodland has limited conservation value for beetles. However, it is possible that 

the saproxylic representation will increase as the wood mould in the beetle box 

continues to mature. Despite the potentially limited conservation potential, the 

present study demonstrated the application of beetle boxes in monitoring 

species ranges, as the investigation of the beetle box fauna resulted in a range 

expansion observation for A. diecki.  

Concrete as a construction material for beetle boxes 

Concrete has shown potential as an effective material for beetle box 

construction. It was shown to cultivate a stable enough moisture environment to 

support several invertebrate species with high moisture requirements. This 

supports the suitability of concrete for beetle boxes, as high moisture levels are 

known to be beneficial for several species of saproxylic invertebrate 

(Hövemeyer & Schauermann, 2003; Ulyschen, 2018; Cuff, Müller, et al., 2021; 

Lindman et al., 2022). Due to the short timescale of the present study, the 

structural resilience and durability of the concrete beetle box over periods of 

several years could not be determined. This is an area that would benefit from 

monitoring in the future to further asses the applicability of concrete for more 

widespread use in beetle boxes. 
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Investigation of beetle box sampling methods 

Hand sorting was able to extract a range of the larger specimens from the 

concrete beetle box. Therefore, hand sorting would be sufficient to show a 

considerable proportion of the diversity of invertebrate groups present when 

carried out in an educational context, for example, as a demonstration of the 

diversity of life found inside decay-rich habitats such as a tree hollows. 

However, it should be noted that hand sorting alone is likely to miss or 

underrepresent some invertebrate groups present in wood mould. Winkler 

trapping was shown to be more effective than hand sorting for the extraction of 

the most abundant invertebrate groups with smaller body sizes.  

 

Recommendations for future research 

To address the fluctuating nature of the invertebrate fauna in decaying wood 

resources, it is recommended that the invertebrates in the concrete beetle box 

are monitored over longer periods of time. This would allow newly colonising 

species to be tracked, increasing understanding of the successional processes 

that take place in wood mould. It is also recommended that future studies into 

garden beetle boxes should incorporate a greater number of experimental units 

in gardens of different types and in different geographical locations. Such 

replication would strengthen the validity of the results of the study and would 

allow a greater understanding of the influence of local conditions on the 

invertebrate fauna inhabiting beetle boxes. 
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  How can we increase visibility 
and education of saproxylic 

biodiversity? 

How can we introduce new 
sources of decaying wood 
habitat into a landscape? 

Investigating the potential of 
concrete beetle boxes in urban 

areas for public engagement and 
habitat connectivity 

Beetle boxes as an 
educational resource 

The potential of 
concrete as a 

construction material 
for beetle boxes 

The potential of urban 
beetle boxes for 

landscape connectivity 

Beetle boxes have the potential to expose 
members of the public to a wide range of 

different invertebrate taxa that use 
decaying material as their habitat. 

The concrete beetle box maintained moist 
internal wood mould conditions, indicating 

that it has high potential for replicating 
basal tree hollow habitats in future 

conservation and research applications. 

The current study found one saproxylic 
beetle species in the beetle box. This 

indicates that its use as a habitat stepping-
stone was limited. However, future 

research in different locations and over 
different timescales is needed to better 
understand the roles of beetle boxes in 

habitat connectivity. 

Figure 4.7. A conceptual framework outlining the key findings on the 
main research areas that this chapter addressed concerning the 
application of beetle boxes in urban areas for education and habitat 
connectivity. 
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Chapter 5 - Concluding summary 

5.1 - Research findings and their implications for conservation 
management 
 

Saproxylic invertebrate populations have been historically depleted through 

landscape development (Rackham; 1986; Buckland & Dinnin,1993). These 

depletions have persisted into the present due to continual reduction of habitat 

through intensive land management and ill-informed removal of deadwood 

sources for sanitisation purposes (Winter, 1993; Goodburn & Lorimer, 1998; 

Grove, 2002). In addition, tree age gaps indicate that deadwood habitats are 

likely to continue to become scarcer in landscapes of the future (Gibbons et al., 

2008). In attempts to mitigate the effects of reduced habitat on saproxylic 

species, it is important that the limited resources available for their conservation 

are used efficiently for maximal benefit. The research of this thesis contributed 

valuable knowledge to aid this by investigating several interrelated areas of key 

importance to the conservation of saproxylic invertebrates. The results of these 

studies add to the emerging body of scientific evidence being used to inform 

conservation practices for saproxylic species. They may be used to challenge 

ineffective management practices, supporting progress towards a more 

informed, wholistic approach to woodland health maintenance. Through this, 

saproxylic invertebrate communities can be given the most appropriate support 

to maintain their biodiversity and prevent local extinctions. 

Due to the threat of habitat fragmentation and population isolation, dispersal is a 

key area of concern in the conservation of saproxylic beetle communities 

(Harding & Rose, 1986; Svensson et al., 2011). To address this, Chapter 2 of 

this thesis contributed new data on the scales that are important for saproxylic 

species movement. This built upon previous research, such as that of Bergman 

et al. (2012), whilst providing increased relevance to UK open grown oak 

wooded landscapes. A key finding of Chapter 2 was that the number of habitat 

trees within a 250 m scale was strongly associated with the overall species 

richness and rare species richness of saproxylic beetles in veteran oak trees. 

This finding could inform the management of deadwood habitat resources in 

open oak woodlands. For example, it indicates that trees within a 250 m radius 

of high-potential veteran trees should be retained and prioritised for the 
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application of veteranisation practices to promote future deadwood connectivity. 

Where existing trees are particularly sparse within a 250 m radius of a veteran 

tree, there is also potential for tree planting to occur to supplement deadwood 

stocks in the future. it is important that such planting is planned in a way that 

minimises the shading of existing trees and maintains the character of an open 

woodland (Miklín et al., 2018). These planting initiatives could be accompanied 

by the implementation of beetle boxes, as a supplementary resource to support 

species movement in the years before new trees show signs of deadwood 

habitat formation.  

Furthermore, Chapter 2 provided additional evidence for the effectiveness of 

veteranisation practices. For example, it showed that young, small-diameter 

trees with saproxylic habitat features can host levels of saproxylic beetle 

diversity that are comparable to those of larger trees. It also found that lightning 

strikes are associated with several key deadwood microhabitats, such as tree 

hollows and areas of peeling bark, further highlighting the role that tree damage 

plays in shaping the formation of veteran tree characteristics. These insights 

could give land managers further confidence in applying veteranisation 

techniques to trees in wooded landscapes, demonstrating their high potential in 

supporting aspects of deadwood biodiversity. These findings also suggest that 

younger trees with fresh lightning-damage would be appropriate candidates to 

be prioritised for retention, as they have an increased likelihood of developing 

valuable saproxylic habitats as they age.   

The finding of several strong associations of the richness of rare saproxylic 

beetle communities with habitat tree number within short distance radii in 

Chapter 2 supported the conclusions of previous research (e.g. Brunet & 

Isacsson (2009)) that rare species can have a tendency for limited dispersal. 

This was further supported by the observation of several rare species that were 

only recorded in one high-quality ancient tree, being potentially limited by a high 

level of isolation from other habitat trees. This highlights the need for land 

managers to be aware of rare species populations and to ensure that 

appropriate habitat resources are available, ideally within distances of 25-250 m 

of known hot spots, to aid movement of these species across the landscape. 

This would improve the resilience of rare species (Schiegg, 2000a), lowering 
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the threat of their local extinction associated with the potential loss of a single, 

isolated habitat tree. 

Chapter 2 also identified several links between different deadwood-associated 

microhabitats and particular saproxylic species. This provides evidence that the 

retention of a variety of different deadwood types in wooded landscapes benefit 

various subsets of saproxylic diversity. The fact that the wooded landscapes 

studied provided a sufficient range of decaying wood features to support the 

high numbers of saproxylic beetle species found in the traps further highlights 

the national importance of the chosen sites to biodiversity. This finding supports 

the recent changes in government legislation to confer increased protection to 

pasture woodlands. 

These findings contribute to a body of knowledge helping to revolutionise 

woodland conservation, moving away from the outdated practices used in the 

past. They indicate that the removal of deadwood for sanitary or aesthetic 

reasons is likely to cause direct harm to saproxylic biodiversity at a site, with 

further repercussions to ecosystem services that the impacted communities 

contribute to. In addition, the results of Chapter 2 could play a role in the 

improvement of woodland planning and effective resource use. By ensuring that 

tree planting and deadwood creation regimes are carried out with appropriate 

tree spacing, funding can be used economically to allowing it to stretch further 

for increased conservation benefit.  

This thesis further addressed habitat connectivity for saproxylic species by 

investigating beetle boxes, which are thought to have the potential to act as 

deadwood habitat stepping-stones (Jansson, Ranius, et al., 2009). In addition, 

they present an opportunity to overcome periods of depleted deadwood 

resource availability resulting from gaps in tree age structures (Harding & Rose, 

1986). Previous research into the beetle box concept is limited, meaning that 

the data generated by this thesis on their benefits and limitations constitute a 

valuable addition to the developing knowledge around their appropriate usage.  

A novel ground level design was tested in Chapter 3 in the hope that it may play 

a role in supporting the endangered umbrella species, Limoniscus violaceus, 

which is threatened by tree age gaps within the limited sites in which it occurs. 

The results of this study build upon past research (Jansson, Ranius, et al., 
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2009; Carlsson et al., 2016) in finding that beetle boxes can provide suitable 

habitat resources for tree-cavity specialist beetles. At this stage it remains 

unclear whether beetle boxes will play an active role in supporting populations 

of L. violaceus. However, as beetle boxes are known to be increasingly used by 

tree-hollow specialist beetles after longer periods of maturation time (Carlsson 

et al., 2016), future monitoring of their colonisation over time would be beneficial 

in fully understanding the value of beetle boxes for this species. The 

experimental infrastructure established during this study enables this, allowing 

the research of Chapter 3 to continue into the future.  

Analysis of the performance of different beetle box variations allowed findings to 

be drawn that could inform beetle box methodologies in conservation 

management schemes. For example, the results of Chapter 3 showed that the 

addition of poultry manure to beetle box contents increased the diversity and 

abundance of saproxylic and deadwood-associated beetles found in the boxes 

over the timescale studied. As a result, the addition of manure could be 

recommended for future beetle box applications as a method of increasing their 

suitability for these groups. 

Similarly, the observation of Elaterid larvae forming pupal cells in compacted 

sawdust around the lids of beetle boxes supports the findings of Gouix et al. 

(2012) that heterogenous consistencies of decaying wood can be beneficial for 

saproxylic beetle development. Therefore, the maintenance of variable textures 

of decaying wood should be prioritised in future beetle box trials, for example, 

by intentionally including compartments of compacted wood for beetle pupation. 

This thesis also constitutes the first research into the impacts of using 

alternative construction materials for beetle boxes. Chapter 3 showed that 

plastic boxes supported similar levels of diversity and abundance of saproxylic 

and woodland associated beetles to those in wooden boxes. This suggests that 

plastic beetle boxes have high potential for providing tree hollow- mimicking 

habitats in future initiatives, offering a longer-term habitat solution than wooden 

boxes. It was also noted that the wood mould in the plastic beetle boxes 

contained significantly less moisture than the wooden design. This observation 

can be used to inform design alterations of plastic beetle boxes, tailoring them 

to future conservation applications. For example, interest was expressed into 

the use of beetle boxes in a recent IUCN meeting on the conservation of 
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saproxylic hoverflies. As flies often require particularly moist tree hollow 

substrates (Ulyshen, 2018), it may be advised that plastic box designs are 

equipped with enhanced drainage features to achieve an appropriate level of 

water content in the wood mould for this group.  

Additionally, initial steps were made into the investigation of concrete as a 

beetle box construction material in Chapter 3. Through this, concrete was found 

to have the potential to provide appropriately moist conditions for the imitation of 

tree hollow environments. In combination with its resilience and longevity, this 

finding indicated that concrete is a promising construction material for future 

beetle box studies.  

Finally, this research investigated a potential future method of raising the public 

profile of saproxylic communities through the use of beetle boxes as an 

educational tool (Chapter 4). The examination of wood mould from a beetle box 

in a wildlife garden setting can allow members of the public to be exposed to a 

wide variety of different invertebrate groups. Such experiences can help people 

realise the extent of the hidden life inside decaying wood, demonstrating the 

need to consider these habitats in the conservation of biodiversity in their local 

landscapes. They may even be encouraged to add decaying wood structures 

like beetle boxes to their own gardens and community spaces, making a 

practical difference to saproxylic conservation. This potential is supported by 

real-world experiences, as discussion of the beetle box project at public events 

throughout this project raised considerable attention from conservation 

organisations, educational facilities, and members of the public who expressed 

an interest for installing beetle boxes on their land. It is therefore clear that 

beetle boxes have a high potential as a means to engage people and bring 

positive attention to saproxylic communities from a biodiversity conservation 

perspective.  

 

5.2 - Recommendations for future research 

Although the present research has resulted in various findings of importance to 

future saproxylic conservation, it is important to note that the short timescale of 

this work was not sufficient to study these processes to the fullest extent. This is 

due to the time scales associated with decaying wood maturation and the 
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progression through ecological stages of succession in saproxylic systems 

(Carlsson et al., 2016). As a result, the most important consideration for future 

extensions of this research and other strands of saproxylic study, is that long-

term monitoring is prioritised.  

Key examples of these include: 

• The long-term monitoring of the beetle boxes set up during the present 

study for future signs of L. violaceus colonisation 

• Long-term studies into the application of deadwood connectivity 

enhancing techniques such as veteranisation and beetle boxes in open 

oak woodlands and their influence on species movement between 

isolated trees 

The first suggestion would form a more rigorous investigation of the use of 

beetle boxes in conservation schemes for this endangered species, without the 

likely interference of insufficient maturation time that limit the present results. A 

long-term study would also offer the opportunity to thoroughly trial the longevity 

of the different beetle box construction materials trialled in Chapter 3, making it 

possible to observe the timescale of their degradation when deployed in the 

field for several years. 

The second suggestion would provide new insights into the practical 

applications of novel conservation methods such as beetle boxes in supporting 

valuable habitats through challenges facing them, such as tree community age 

gaps. Investigation into combined applications of various conservation methods 

(such as species monitoring alongside tree veteranisation and beetle box 

implementation) should be prioritised in the future, as this has the potential to 

improve deadwood resources for saproxylic species in various contexts. 

In addition to longer timescales, studies over greater spatial areas would also 

generate beneficial insights into the practical applications of the key concepts of 

this research. For example, studies into the application of beetle boxes and 

veteranisation processes over wider fragmented landscapes would prove 

valuable. The subsequent monitoring of species movement from such studies 

could generate a better understand of the extent to which processes need to be 

deployed to bring significant positive change to UK saproxylic biodiversity.  
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It would also be interesting to carry out wider public engagement schemes, 

using beetle boxes to expose non-specialists to deadwood biodiversity. This 

could be accompanied with a social study into the resultant impacts on public 

attitudes towards the value and roles of saproxylic species in woodland 

ecosystems. 

 

5.3 - Concluding remarks 

This research has shown that the application of novel techniques has the 

potential to enhance saproxylic conservation. It is hoped that the findings will be 

used to support evidence-based approaches to the management of wooded 

landscapes with a focus on deadwood habitat maintenance over space and 

time. This could contribute to the conservation of a threatened species group, 

aiding the prevention of extinctions in a time of deadwood resource scarcity.  

 

References  

 

Abu-Hamdeh, N. H. (2003). Thermal properties of soils as affected by density 

and water content. Biosystems engineering, 86(1), 97-102. 

 

Alexander, K. N. A. (1988). The development of an index of ecological 

continuity for deadwood associated beetles. Antenna, 12, 69-71. 

 

Alexander, K. N. A. (1991). Aderus populneus (Creutzer) (Coleoptera: 

Aderidae) and other deadwood beetles from Stowe Park, Buckinghamshire. 

British Journal of Entomology & Natural History 4: 83-84. 

 

Alexander, K. N. A. (1999). The invertebrates of Britain's wood pastures. British 

Wildlife, 11(2), 108-117 

 

Alexander, K. N. A. (2002). The Invertebrates of Living & Decaying Timber in 

Britain and Ireland: a Provisional Annotated Checklist. English Nature. 

 



263 
 

Alexander, K. N. A. (2004). Revision of the Index of Ecological Continuity as 

used for saproxylic beetle. English Nature. 

 

Alexander, K. N. A. (2008). Tree biology and saproxylic Coleoptera: issues of 

definitions and conservation language. Revue d'Ecologie, Terre et Vie, (suppl. 

10), 9-13. 

 

Alexander, K. N. A. (2009). The violet click beetle Limoniscus violaceus (Müller, 

PWJ)(Coleoptera, Elateridae) in England: historic landscapes, ecology and the 

implications for conservation action. In: Saproxlic beetles: their role and 

diversity in European woodland and tree habitats. Proceedings of the 5th 

Symposium and Workshop on the Conservation of Saproxylic Beetles, (pp. 119-

131). Pensoft Publishers. 

 

Alexander, K. N. (2012). What do saproxylic (wood-decay) beetles really want? 

Conservation should be based on practical observation rather than unstable 

theory. Trees beyond the wood. Wildtrack Publ, Sheffield, 33-46. 

 

Alexander, K.N.A. (2014a) A review of the beetles of Great Britain: The Soldier 

Beetles and their allies, Species Status No.16, Natural England (NECR134) 

 

Alexander, K.N.A. (2014b) A review of the beetles of Great Britain: The wood-

boring beetles, spider beetles, woodworm, false powder-post beetles, hide 

beetles and their allies – Derodontidoidea (Derodontidae) and Bostrichoidea 

(Dermestidae, Bostrichidae and Ptinidae), Species Status No.33, Natural 

England (NECR236) 

 

Alexander, K. N. A. (2015). Favourable condition monitoring of UK sites for 

saproxylic beetles. Mitteilungen der Schweizerischen Entomologischen 

Gesellschaft, 88(1/2), 1-9. 

 

Alexander, K. N. A. (2016a). Europe’s wood pastures-rich in saproxylics but 

threatened by ill-conceived EU instruments. Bulletin de la Société belge 

d'Entomologie, 152, 168-173. 

 



264 
 

Alexander, K. N. A. (2016b) The role of trees outside woodlands in providing 

habitat and ecological networks for saproxylic invertebrates; part 2 

Supplementary literature review and other notes, (NECR225c) Natural England, 

Available at: 

http://publications.naturalengland.org.uk/publication/4828234842112000 

[Accessed: April 2019] 

 

Alexander, K. N. A. (2018) An Assessment of the Current Condition of the 

Saproxylic Invertebrate Assemblage at Castell y Waun a’i Barcdir/Chirk Castle 

and Parkland SSSI in 2018, Natural Resources Wales, NRW Evidence Report 

No. 317 

 

Alexander, K. N. A. (2019a). A Provisional Outline Management Plan for High 

Standing Hill Forest Nature Reserve (Compartments 14 & 15) Windsor Forest & 

Great Park SSSI. The Crown Estate. 

 

Alexander, K. N. A. (2019) A review of the beetles of Great Britain: Longhorn 

Beetles (Cerambycidae), Species Status No.39, Natural England (NECR272) 

 

Alexander, K. N. A., Dodd S. &  Denton J.S. (2015) A review of the beetles of 

Great Britain: The Darkling Beetles and their allies, Species Status No.18, 

Natural England (NECR148) 

 

Alexander, K. N. A., Bengtsson, V. J., Jansson, N., & Smith, J. P. (2016). The 

role of trees outside woodlands in providing habitat and ecological networks for 

saproxylic invertebrates part 1; Designing a field study to test initial hypotheses, 

(NECR225a), Natural England, Available at: 

http://publications.naturalengland.org.uk/publication/4828234842112000 

[Accessed: April 2019] 

 

Ancient Tree Forum [@AncientTreesATF]. (2016, February 4.). Examples of 

habitat creation work on the Veteranisation course at Hatfield Forest #NT 

#Pronatura #UrbanforestryUK [Tweet]. Twitter. Available from: 

https://twitter.com/ancienttreesatf/status/695313509542920192 [Accessed: 

January 2023] 

http://publications.naturalengland.org.uk/publication/4828234842112000
http://publications.naturalengland.org.uk/publication/4828234842112000


265 
 

 

Anderbrant, O., & Schlyter, F. (1987). Ecology of the Dutch elm disease vectors 

Scolytus laevis and S. scolytus (Coleoptera: Scolytidae) in southern 

Sweden. Journal of applied ecology, 539-550. 

 

Anon. (2003). Saproxylic Organism. in: F. Mason, G. Nardi & M. Tisato (eds). 

Proceedings of the International Symposium “Deadwood: a key to biodiversity”, 

Mantova, May 29th-31st 2003. Sherwood, 95, (suppl. 2), 5. 

 

Arnett, R. H. & Thomas, M. C. (2000). American Beetles, Volume I: 

Archostemata, Myxophaga, Adephaga, Polyphaga: Staphyliniformia. CRC 

Press. 

 

Asaw, D. D., & Barclay, M. V. L. (2018). Dermestoides sanguinicollis (Fabricius, 

1787)(Cleridae: Korynetinae), a rare saproxylic beetle new to Britain. The 

Coleopterist, 27(2), 49-53. 

 

Augé, R. M., Stodola, A. J., Tims, J. E., & Saxton, A. M. (2001). Moisture 

retention properties of a mycorrhizal soil. Plant and Soil, 230(1), 87-97. 

 

Baldrian, P. (2009). Ectomycorrhizal fungi and their enzymes in soils: is there 

enough evidence for their role as facultative soil saprotrophs?. Oecologia, 

161(4), 657-660. 

 

Bailey, S. (2007). Increasing connectivity in fragmented landscapes: an 

investigation of evidence for biodiversity gain in woodlands. Forest Ecology and 

Management, 238(1-3), 7-23. 

 

Baral, H. O., Queloz, V., & Hosoya, T. (2014). Hymenoscyphus fraxineus, the 

correct scientific name for the fungus causing ash dieback in Europe. IMA 

fungus, 5(1), 79-80. 

 

Barber, A. D. (2008). Key to the identification of British centipedes. FSC 

Publications, Telford 

 



266 
 

Bari, E., Daniel, G., Yilgor, N., Kim, J. S., Tajick-Ghanbary, M. A., Singh, A. P., 

& Ribera, J. (2020). Comparison of the decay behavior of two white-rot fungi in 

relation to wood type and exposure conditions. Microorganisms, 8(12), 1931. 

 

Bartlow, A. W., & Agosta, S. J. (2021). Phoresy in animals: review and 

synthesis of a common but understudied mode of dispersal. Biological 

Reviews, 96(1), 223-246. 

 

Batra, L. R. (1963). Ecology of ambrosia fungi and their dissemination by 

beetles. Transactions of the Kansas Academy of Science, 66(2), 213-236. 

 

Baur, B. (2014). Dispersal-limited species–a challenge for ecological 

restoration. Basic and Applied Ecology, 15(7), 559-564. 

 

Bebber, D. P., Watkinson, S. C., Boddy, L., & Darrah, P. R. (2011). Simulated 

nitrogen deposition affects wood decomposition by cord-forming 

fungi. Oecologia, 167(4), 1177-1184. 

 

Beier, P., & Noss, R. F. (1998). Do habitat corridors provide 

connectivity?. Conservation biology, 12(6), 1241-1252. 

 

Bengtsson, V., Hedin, J., & Niklasson, M. (2012). Veteranisation of oak—

managing trees to speed up habitat production. In Trees beyond the wood: an 

exploration of concepts of woods, forests and trees. Conference proceedings. 

Wildtrack Publishing, Sheffield (pp. 61-68). 

 

Bergman, K. O., Jansson, N., Claesson, K., Palmer, M. W., & Milberg, P. 

(2012). How much and at what scale? Multiscale analyses as decision support 

for conservation of saproxylic oak beetles. Forest Ecology and 

Management, 265, 133-141. 

 

Berisford, C. W. (2011). Parasitoids of the southern pine beetle. In: Coulson, 

RN; Klepzig, KD 2011. Southern Pine Beetle II. Gen. Tech. Rep. SRS-140. 

Asheville, NC: US Department of Agriculture Forest Service, Southern 

Research Station. 129-139., 140, 129-139. 



267 
 

 

Bickford, D., Posa, M. R. C., Qie, L., Campos-Arceiz, A., & Kudavidanage, E. P. 

(2012). Science communication for biodiversity conservation. Biological 

Conservation, 151(1), 74-76. 

 

Blackshaw, J. K. and Blackshaw, A. W. (1994). Heat stress in cattle and the 

effect of shade on production and behaviour: A review. Australian Journal of 

Experimental Agriculture 34 (2) 285-295. 

 

Blanchette, R. A., Held, B. W., Jurgens, J. A., McNew, D. L., Harrington, T. C., 

Duncan, S. M., & Farrell, R. L. (2004). Wood-destroying soft rot fungi in the 

historic expedition huts of Antarctica. Applied and Environmental Microbiology, 

70(3), 1328-1335. 

 

Blincow, J. & Newton T., (2019, February 9). If it doesn’t work, we won’t tell 

anyone we’ve started – a Saproxylic beetle project at Yardley Chase Training 

Area [Conference presentation] 16th Coleopterists Day, Oxford, UK. 

 

Blower, J. G. (1985). Millipedes: Keys and Notes for the Identification of the 

species (Vol. 35). E. J. Brill/ Dr. W. Backhuys. 

 

Boddy, L. (2001). Fungal community ecology and wood decomposition 

processes in angiosperms: from standing tree to complete decay of coarse 

woody debris. Ecological Bulletins, 43-56. 

 

Bohonak, A. J. (1999). Dispersal, gene flow, and population structure. The 

Quarterly review of biology, 74(1), 21-45. 

 

Bouget, C., Brustel, H., Brin, A., & Noblecourt, T. (2008). Sampling saproxylic 

beetles with window flight traps: methodological insights. Revue d'Ecologie, 

Terre et Vie, (suppl. n° 10), p-21. 

 

Bouget, C., Brustel, H., & Zagatti, P. (2008). The French information system on 

saproxylic beetle ecology (FRISBEE): an ecological and taxonomical database 



268 
 

to help with the assessment of forest conservation status. Revue d'Ecologie, 

Terre et Vie, (suppl. 10), 33. 

 

Bouget, C., Larrieu, L., & Brin, A. (2014). Key features for saproxylic beetle 

diversity derived from rapid habitat assessment in temperate forests. Ecological 

Indicators, 36, 656-664. 

 

Bouget, C., Lassauce, A., & Jonsell, M. (2012). Effects of fuelwood harvesting 

on biodiversity - a review focused on the situation in Europe. Canadian Journal 

of Forest Research, 42(8), 1421-1432. 

 

Brang, P., Breznikar, A., Hanewinkel, M., Jandl, R., & Maier, B. (2013). 

Managing alpine forests in a changing climate. Cerbu, G.(Ed.), Management 

Strategies to Adapt Alpine Space Forests to Climate Change Risks. InTech, 

369-383. 

 

Branquart, E., Verheyen, K., & Latham, J. (2008). Selection criteria of protected 

forest areas in Europe: The theory and the real world. Biological 

conservation, 141(11), 2795-2806. 

 

BRIG. (2011). UK Biodiversity Action Plan: Priority Habitat Descriptions. JNCC, 

Peterborough. 

 

British Standards Institution. (2005)., Trees in relation to construction – 

recommendations, (Report no. BS 5837:2005). Available from: 

https://www.merthyr.gov.uk/media/1242/trees-in-relation-to-construction-

recommendations.pdf [Accessed: August 2022] 

 

Brockerhoff, E. G., Barbaro, L., Castagneyrol, B., Forrester, D. I., Gardiner, B., 

González-Olabarria, J. R., Lyver, P. O’B., Meurisse, N., Oxbrough, A., Taki, H., 

Thompson, I. D., van der Plas, F. & Jactel, H. (2017). Forest biodiversity, 

ecosystem functioning and the provision of ecosystem services. Biodiversity 

and Conservation, 26(13), 3005-3035. 

 

https://www.merthyr.gov.uk/media/1242/trees-in-relation-to-construction-recommendations.pdf
https://www.merthyr.gov.uk/media/1242/trees-in-relation-to-construction-recommendations.pdf


269 
 

Brown, N., & Fisher, R. (2009). Trees outside woodlands: A report to the 

Woodland Trust. 

 

Brunet, J., & Isacsson, G. (2009). Restoration of beech forest for saproxylic 

beetles—effects of habitat fragmentation and substrate density on species 

diversity and distribution. Biodiversity and Conservation, 18(9), 2387-2404. 

 

Buckland, P. C., & Dinnin, M. H. (1993). Holocene woodlands, the fossil insect 

evidence. In: Kirby, K. J. & Drake, C. M. (Eds.) Deadwood matters: the ecology 

and conservation of saproxylic invertebrates in Britain (pp. 6-20.) English 

Nature, Peterborough 

 

Bütler, R., Lachat, T., & Schlaepfer, R. (2006). Saproxylische Arten in der 

Schweiz: ökologisches Potenzial und Hotspots. Schweizerische Zeitschrift fur 

Forstwesen, 157(6), 208-216. 

 

Burgar, J. M., Craig, M. D., & Stokes, V. L. (2015). The importance of mature 

forest as bat roosting habitat within a production landscape. Forest Ecology and 

Management, 356, 112-123. 

 

Burton, V., Moseley, D., Brown, C., Metzger, M. J., & Bellamy, P. (2018). 

Reviewing the evidence base for the effects of woodland expansion on 

biodiversity and ecosystem services in the United Kingdom. Forest Ecology and 

Management, 430, 366-379. 

 

Buse, J., Ranius, T., & Assmann, T. (2008). An endangered longhorn beetle 

associated with old oaks and its possible role as an ecosystem 

engineer. Conservation Biology, 22(2), 329-337. 

 

Butler, J., Alexander, K. N. A. & Green, T. (2002) Decaying Wood: An Overview 

of Its Status and ecology in the United Kingdom and continental Europe, in: 

Laudenslayer, W. F., Shea, P. J., Valentine, B. E., Weatherspoon, P. 

Weatherspoon & Lisle, T. E., Proceedings of the symposium on the ecology and 

management of deadwood in western forests, 11-19: Nevada, USDA Forest 

Service. 



270 
 

 

Butt, N., Chauvenet, A. L., Adams, V. M., Beger, M., Gallagher, R. V., 

Shanahan, D. F., Ward, M., Watson, J. E. M., & Possingham, H. P. (2021). 

Importance of species translocations under rapid climate change. Conservation 

Biology, 35(3), 775-783. 

 

Buzz Club (2018) Hoverfly Lagoons. Available from: 

https://www.thebuzzclub.uk/hoverfly-lagoons [Accessed: December 2022] 

 

Carlsson, S., Bergman, K. O., Jansson, N., Ranius, T., & Milberg, P. (2016). 

Boxing for biodiversity: evaluation of an artificially created decaying wood 

habitat. Biodiversity and conservation, 25(2), 393-405. 

 

Carpaneto, G. M., Baviera, C., Biscaccianti, A. B., Brandmayr, P., Mazzei, A., 

Mason, F., Battistoni, A., Teofili, C., Rondinini, C., Fattorini, S., & Audisio, P. 

(2015). A Red List of Italian Saproxylic Beetles: taxonomic overview, ecological 

features and conservation issues (Coleoptera). Fragmenta entomologica, 47(2), 

53-126. 

 

Cateau, E., Courtin, O., & Brustel, H. (2016). How and when should flightless, 

saproxylic, litter‐dwelling coleoptera be surveyed?. Insect conservation and 

diversity, 9(4), 282-289. 

 

Chown, S. L., Sørensen, J. G., & Terblanche, J. S. (2011). Water loss in 

insects: an environmental change perspective. Journal of insect 

physiology, 57(8), 1070-1084. 

 

Clark, S. L., & Schweitzer, C. J. (2016). Stand dynamics of an oak woodland 

forest and effects of a restoration treatment on forest health. Forest Ecology 

and Management, 381, 258-267. 

 

Clausen, C. A. (1996). Bacterial associations with decaying wood: a 

review. International Biodeterioration & Biodegradation, 37(1-2), 101-107. 

 

https://www.thebuzzclub.uk/hoverfly-lagoons


271 
 

Coombs, A. B., Bowman, J., & Garroway, C. J. (2010). Thermal properties of 

tree cavities during winter in a northern hardwood forest. The Journal of Wildlife 

Management, 74(8), 1875-1881. 

 

Cornwell, W. K., Cornelissen, J. H., Allison, S. D., Bauhus, J., Eggleton, P., 

Preston, C. M., Scarff, F., Weedon, J. T., Wirth, C. & Zanne, A. E. (2009). Plant 

traits and wood fates across the globe: rotted, burned, or consumed?. Global 

Change Biology, 15(10), 2431-2449. 

 

Coulon, A., Cosson, J. F., Angibault, J. M., Cargnelutti, B., Galan, M., Morellet, 

N., Petit, E., Aulaginier S., & Hewison, A. J. M. (2004). Landscape connectivity 

influences gene flow in a roe deer population inhabiting a fragmented 

landscape: an individual–based approach. Molecular ecology, 13(9), 2841-

2850. 

 

Council of the European Community. (1992). Council Directive 92/43/EEC of 21 

May 1992 on the conservation of natural habitats and of wild fauna and 

flora. Official Journal of the European Union, 206, 7-50. Available from: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/att

achment_data/file/200285/Annex-A-Habitats-Directive.pdf [Accessed: August 

2022] 

 

Cuff, J. P., Müller, C. T., Gilmartin, E. C., Boddy, L., & Jones, T. H. (2021). 

Home is where the heart rot is: violet click beetle, Limoniscus violaceus (Müller, 

1821), habitat attributes and volatiles. Insect Conservation and Diversity, 14(1), 

155-162. 

 

Cuff, J. P., Windsor, F. M., Gilmartin, E. C., Boddy, L., & Jones, T. H. (2021). 

Influence of European Beech (Fagales: Fagaceae) Rot Hole Habitat 

Characteristics on Invertebrate Community Structure and Diversity. Journal of 

Insect Science, 21(5), 7. 

 

Dalin, P., Kindvall, O., & Björkman, C. (2009). Reduced population control of an 

insect pest in managed willow monocultures. PloS one, 4(5), e5487. 

 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/200285/Annex-A-Habitats-Directive.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/200285/Annex-A-Habitats-Directive.pdf


272 
 

Damant S. & Kirby, P (2005) Oasis in an arable desert: the rich saproxylic 

Coleoptera fauna of Wimpole Park, Cambridgeshire, Coleopterist, 14(2), 51. 

 

Damant, S., & Warrington, S. (2006). A flower in the desert: Wildlife of the 

Wimpole Estate, Cambridgeshire. British Wildlife, 17(5), 324-330. 

 

Darby, M. (2017). Taxonomic review of the genera Micridium Motschulsky, 1869 

and Micridina Johnson, 1969 (Coleoptera: Ptiliidae) with eleven new species 

including the first records from South America and 

Madagascar. Zootaxa, 4242(2), 233-254. 

 

Davies, Z. G., & Pullin, A. S. (2007). Are hedgerows effective corridors between 

fragments of woodland habitat? An evidence-based approach. Landscape 

ecology, 22(3), 333-351. 

 

Davies, Z. G., Tyler, C., Stewart, G. B., & Pullin, A. S. (2008). Are current 

management recommendations for saproxylic invertebrates effective? A 

systematic review. Biodiversity and conservation, 17(1), 209-234. 

 

Davis, K. T., Dobrowski, S. Z., Holden, Z. A., Higuera, P. E., & Abatzoglou, J. T. 

(2019). Microclimatic buffering in forests of the future: the role of local water 

balance. Ecography, 42(1), 1-11. 

 

Defra (2011). Biodiversity 2020: a strategy for England’s wildlife and ecosystem 

services. Available from: 

https://www.gov.uk/government/publications/biodiversity-2020-a-strategy-for-

england-s-wildlife-and-ecosystem-services [Accessed: February 2022] 

 

Defra (2021) Changes to the Habitats Regulations 2017. Available from: 

https://www.gov.uk/government/publications/changes-to-the-habitats-

regulations-2017/changes-to-the-habitats-regulations-2017 [Accessed: 

December 2022] 

 

https://www.gov.uk/government/publications/biodiversity-2020-a-strategy-for-england-s-wildlife-and-ecosystem-services
https://www.gov.uk/government/publications/biodiversity-2020-a-strategy-for-england-s-wildlife-and-ecosystem-services
https://www.gov.uk/government/publications/changes-to-the-habitats-regulations-2017/changes-to-the-habitats-regulations-2017
https://www.gov.uk/government/publications/changes-to-the-habitats-regulations-2017/changes-to-the-habitats-regulations-2017


273 
 

Defra. (2022) National Statistics, Chapter 2: Structure of Industry. Available 

from: https://www.gov.uk/government/statistics/agriculture-in-the-united-

kingdom-2021/chapter-2-structure-of-industry [Accessed: December 2022] 

 

Desie, E., Van Meerbeek, K., De Wandeler, H., Bruelheide, H., Domisch, T., 

Jaroszewicz, B., Joly, F. X., Vancampenhout, K., Vesterdal, L., (2020). Positive 

feedback loop between earthworms, humus form and soil pH reinforces 

earthworm abundance in European forests. Functional Ecology, 34(12), 2598-

2610. 

 

Dodelin, B., Gaudet, S., & Fantino, G. (2017). Spatial analysis of the habitat and 

distribution of Osmoderma eremita (Scop.) in trees outside of 

woodlands. Nature Conservation, 19, 149-170. 

 

Doerfler, I., Gossner, M. M., Müller, J., Seibold, S., & Weisser, W. W. (2018). 

Deadwood enrichment combining integrative and segregative conservation 

elements enhances biodiversity of multiple taxa in managed forests. Biological 

Conservation, 228, 70-78. 

 

Dolson, S. J., Loewen, E., Jones, K., Jacobs, S. R., Solis, A., Hallwachs, W., 

Brunke A. J., Janzen D. H.  & Smith, M. A. (2021). Diversity and phylogenetic 

community structure across elevation during climate change in a family of 

hyperdiverse neotropical beetles (Staphylinidae). Ecography, 44(5), 740-752. 

 

Donisthorpe, H. S. J. K. (1935). The British fungicolous 

coleoptera. Entomologists Monthly Magazine, 71, 21-31. 

 

Drake, C. M. (2017). A review of the status of Larger Brachycera flies of Great 

Britain - Species Status No.29. Natural England Commissioned Reports, 

Number 192. 

 

Druschke, C. G., & Hychka, K. C. (2015). Manager perspectives on 

communication and public engagement in ecological restoration project 

success. Ecology and Society, 20(1), 58. 

https://www.gov.uk/government/statistics/agriculture-in-the-united-kingdom-2021/chapter-2-structure-of-industry
https://www.gov.uk/government/statistics/agriculture-in-the-united-kingdom-2021/chapter-2-structure-of-industry


274 
 

 

Duff, A. G. (2012). Beetles of Britain and Ireland. Vol 1, Sphaeriusidae to 

Silphidae. A.G. Duff Publishing, Norfolk. 

 

Duff, A. G. (2016). Beetles of Britain and Ireland. Vol 4, Cerambycidae to 

Curculionidae. A.G. Duff Publishing, Norfolk. 

 

Duff, A. G. (2020). Beetles of Britain and Ireland. Vol 3, Geotrupidae to 

Scraptiidae. A.G. Duff Publishing, Norfolk. 

 

Eakring Birds, (2022) Othius subuliformis. Available from:  

http://www.eakringbirds.com/eakringbirds3/insectinfocusothiussubuliformis.htm 

[Accessed: December 2022] 

 

Eckelt, A., Müller, J., Bense, U., Brustel, H., Bußler, H., Chittaro, Y., Cizek, L., 

Frei, A., Holzer, E., Kadej, M., Kahlen, M., Köhler, F., Möller, G., Mühle H., 

Sanchez A., Schaffrath, U., Schmidl, J., Smolis, A., Szallies, A., Németh, T., 

Wurst, C., Thorn, S., Christensen, R. H. B. & Seibold, S. (2018). “Primeval 

forest relict beetles” of Central Europe: a set of 168 umbrella species for the 

protection of primeval forest remnants. Journal of Insect Conservation, 22(1), 

15-28. 

 

Elbourn, C. A. (1970). Influence of substrate and structure on the colonization of 

an artifact simulating decaying oak wood on oak trunks. Oikos, 21(1), 32-41. 

 

Environment Act (2021) Part 6 Nature and Biodiversity. Available from: 

https://www.legislation.gov.uk/ukpga/2021/30/contents/enacted [Accessed: 

June 2023] 

 

Etzler, F. E. (2013). Identification of economic wireworms using traditional and 

molecular methods (Doctoral dissertation, Montana State University-Bozeman, 

College of Agriculture). 

 

http://www.eakringbirds.com/eakringbirds3/insectinfocusothiussubuliformis.htm
https://www.legislation.gov.uk/ukpga/2021/30/contents/enacted


275 
 

Etzler, F. E. (2019). Generic reclassification of Limonius Eschscholtz, 1829 

(Elateridae: Dendrometrinae) sensu Candèze 1860 of the 

world. Zootaxa, 4683(3), 301-335. 

 

European Commission (n.d.) The Habitats Directive. Available from: 

https://ec.europa.eu/environment/nature/legislation/habitatsdirective/index_en.ht

m [Accessed: December 2022] 

 

Faccoli, M., & Gatto, P. (2016). Analysis of costs and benefits of Asian 

longhorned beetle eradication in Italy. Forestry, 89(3), 301-309. 

 

Falk, S. (2021). A review of the pollinators associated with decaying wood, old 

trees and tree wounds in Great Britain. Woodland Trust 

 

FAO. 2020. Global Forest Resources Assessment 2020 – Key findings. 

Available from: https://doi.org/10.4060/ca8753en [Accessed: July 2022] 

 

Farisenkov, S. E., Lapina, N. A., Petrov, P. N., & Polilov, A. A. (2020). 

Extraordinary flight performance of the smallest beetles. Proceedings of the 

National Academy of Sciences, 117(40), 24643-24645. 

 

Fay, N., & De Berker, N. (2003). Evaluation of the specialist survey method for 

veteran tree recording. English Nature. 

 

Feber, R. (2017) The role of trees outside woods in contributing to the 

ecological connectivity and functioning of landscapes. Woodland Trust. 

 

Ferris-Kaan, R. (ed.) (1995) The Ecology of Woodland Creation. John Wiley 

and Sons, Chichester. 

 

Fischer, J., Stott, J., & Law, B. S. (2010). The disproportionate value of 

scattered trees. Biological Conservation, 143(6), 1564-1567. 

 

Fisher, B. L. (1999). Improving inventory efficiency: a case study of leaf‐litter ant 

diversity in Madagascar. Ecological Applications, 9(2), 714-731. 

https://ec.europa.eu/environment/nature/legislation/habitatsdirective/index_en.htm
https://ec.europa.eu/environment/nature/legislation/habitatsdirective/index_en.htm
https://doi.org/10.4060/ca8753en


276 
 

 

Flint, C. G., McFarlane, B., & Müller, M. (2009). Human dimensions of forest 

disturbance by insects: an international synthesis. Environmental 

management, 43(6), 1174-1186. 

 

Floren, A. & Schmidl, J. (2008). Introduction: canopy arthropod research in 

Europe. In: Floren A, Schmidl J (eds) Canopy arthropod research in Europe. 

Bioform Entomology, Nuremberg (pp. 13–20). 

 

Forest Europe, UNECE & FAO (2011). State of Europe’s Forests 2011. Status 

and Trends in Sustainable Forest Management in Europe. Available from: 

https://unece.org/fileadmin/DAM/publications/timber/Forest_Europe_report_201

1_web.pdf [Accessed: July 2022] 

 

Forest Research. (2017). Tree cover outside woodland in Great Britain: National 

Forest Inventory Report. Available from: 

https://www.forestresearch.gov.uk/tools-and-resources/national-forest-

inventory/what-our-woodlands-and-tree-cover-outside-woodlands-are-like-

today-nfi-inventory-reports-and-woodland-map-reports/ [Accessed: June 2022] 

 

Forest Research. (2019). About the NFI. Available from: 

https://www.forestresearch.gov.uk/tools-and-resources/national-forest-

inventory/about-the-nfi/ [Accessed: June 2022] 

 

Forestry Commission. (2003). The Management of Semi-natural Woodlands 3. 

Lowland Mixed Broadleaved Woods. Available from: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/att

achment_data/file/1037796/Managing_semi-natural_woodland_in_England.pdf 

[Accessed: December 2022] 

 

Forestry Commission. (2020). Tree Felling: Getting Permission. Available from: 

https://www.gov.uk/government/publications/tree-felling-getting-permission 

[Accessed: March 2022] 

 

https://unece.org/fileadmin/DAM/publications/timber/Forest_Europe_report_2011_web.pdf
https://unece.org/fileadmin/DAM/publications/timber/Forest_Europe_report_2011_web.pdf
https://www.forestresearch.gov.uk/tools-and-resources/national-forest-inventory/what-our-woodlands-and-tree-cover-outside-woodlands-are-like-today-nfi-inventory-reports-and-woodland-map-reports/
https://www.forestresearch.gov.uk/tools-and-resources/national-forest-inventory/what-our-woodlands-and-tree-cover-outside-woodlands-are-like-today-nfi-inventory-reports-and-woodland-map-reports/
https://www.forestresearch.gov.uk/tools-and-resources/national-forest-inventory/what-our-woodlands-and-tree-cover-outside-woodlands-are-like-today-nfi-inventory-reports-and-woodland-map-reports/
https://www.forestresearch.gov.uk/tools-and-resources/national-forest-inventory/about-the-nfi/
https://www.forestresearch.gov.uk/tools-and-resources/national-forest-inventory/about-the-nfi/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1037796/Managing_semi-natural_woodland_in_England.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1037796/Managing_semi-natural_woodland_in_England.pdf
https://www.gov.uk/government/publications/tree-felling-getting-permission


277 
 

Forestry Commission. (2021). Using natural colonisation for the creation of new 

woodland. Available from: https://www.gov.uk/government/publications/using-

natural-colonisation-for-the-creation-of-new-woodland [Accessed: March 2022] 

 

Foster, G.N. (2010) A review of the scarce and threatened Coleoptera of Great 

Britain Part (3): Water beetles of Great Britain. No. 1, Joint Nature Conservation 

Committee, Peterborough. 

 

Fowles, A. P. (1997). The Saproxylic Quality Index: an evaluation of deadwood 

habitats based on rarity scores, with examples from Wales. The Coleopterist, 6, 

61-66. 

 

Fowles A. (2022) Saproxylic Quality Index. Available at: https://khepri.uk/main 

(Accessed: January 2022) 

 

Fowles, A. P., Alexander, K. N. A., & Key, R. S. (1999). The Saproxylic Quality 

Index: evaluating wooded habitats for the conservation of dead-wood 

Coleoptera. Coleopterist, 8, 121-141. 

 

Frith, R., Kirby, J., Lush, M. (2009). Collating and disseminating England’s 

wood-pasture and parkland inventory – data capture contract for the West 

Midlands Government Region Report to: Natural England. Just Ecology. 

 

Fuentes-Montemayor, E., Park, K. J., Cordts, K., & Watts, K. (2022). The long-

term development of temperate woodland creation sites: from tree saplings to 

mature woodlands. Forestry, 95(1), 28-37. 

 

Gedge, D. (2017). Designing a Landscape for Brownfield Invertebrates 

Workshop. Accessible from: https://greenrooftraining.com/landscapes-

brownfield-invertebrates/ [Accessed: January 2023] 

 

Geib, S. M., Filley, T. R., Hatcher, P. G., Hoover, K., Carlson, J. E., Jimenez-

Gasco, M. D. M., Nakagawa-izumi, A., Sleighter, R. L., & Tien, M. (2008). Lignin 

degradation in wood-feeding insects. Proceedings of the National Academy of 

Sciences, 105(35), 12932-12937. 

https://www.gov.uk/government/publications/using-natural-colonisation-for-the-creation-of-new-woodland
https://www.gov.uk/government/publications/using-natural-colonisation-for-the-creation-of-new-woodland
https://khepri.uk/main
https://greenrooftraining.com/landscapes-brownfield-invertebrates/
https://greenrooftraining.com/landscapes-brownfield-invertebrates/


278 
 

 

Geiser, R. (1998). Rote Liste der Käfer (Coleoptera). In: Rote Liste gefährdeter 

Tiere Deutschlands. Schriftenreihe für Landschaftspflege und Naturschutz, 55, 

168- 230. 

 

Gibb, H., Hilszczański, J., Hjältén, J., Danell, K., Ball, J. P., Pettersson, R. B., & 

Alinvi, O. (2008). Responses of parasitoids to saproxylic hosts and habitat: a 

multi-scale study using experimental logs. Oecologia, 155(1), 63-74. 

 

Gibb, H., Hjältén, J., Ball, J. P., Pettersson, R. B., Landin, J., Alvini, O., & 

Danell, K. (2006). Wing loading and habitat selection in forest beetles: Are red-

listed species poorer dispersers or more habitat-specific than common 

congenerics?. Biological Conservation, 132(2), 250-260. 

 

Gibbons, P., Lindenmayer, D. B., Fischer, J., Manning, A. D., Weinberg, A., 

Seddon, J., Ryan, P. & Barrett, G. (2008). The future of scattered trees in 

agricultural landscapes. Conservation Biology, 22(5), 1309-1319. 

 

Goodburn, J. M., & Lorimer, C. G. (1998). Cavity trees and coarse woody debris 

in old-growth and managed northern hardwood forests in Wisconsin and 

Michigan. Canadian Journal of Forest Research, 28(3), 427-438. 

 

Gottfried, I., Gottfried, T., & Zając, K. (2019). Bats use larval galleries of the 

endangered beetle Cerambyx cerdo as hibernation sites. Mammalian 

Biology, 95(1), 31-34. 

 

Gouix, N., & Brustel, H. (2012). Emergence trap, a new method to survey 

Limoniscus violaceus (Coleoptera: Elateridae) from hollow trees. Biodiversity 

and conservation, 21(2), 421-436. 

 

Gouix, N., Mertlik, J., Jarzabek-Müller, A., Németh, T., & Brustel, H. (2012). 

Known status of the endangered western Palaearctic violet click beetle 

(Limoniscus violaceus)(Coleoptera). Journal of Natural History, 46(13-14), 769-

802. 

 



279 
 

Gouix, N., Sebek, P., Valladares, L., Brustel, H., & Brin, A. (2015). Habitat 

requirements of the violet click beetle (Limoniscus violaceus), an endangered 

umbrella species of basal hollow trees. Insect conservation and diversity, 8(5), 

418-427. 

 

Gouix, N., Zagatti, P., & Brustel, H. (2009). Emergence of beetles from hollow 

trees-habitat requirements for Limoniscus violaceus (PWJ Muller, 

1821)(Elateridae). In Buse J, Alexander KNA, Ranius T, Assmann T, Saproxylic 

Beetles: Their Role and Diversity in European Woodland and Tree Habitats-

Proceedings of the 5th Symposium and Workshop. Pensoft Publisher, 

Sofia (pp. 133-148). 

 

Greaves, H. (1971). The bacterial factor in wood decay. Wood Science and 

Technology, 5(1), 6-16. 

 

Gregory, S. (2009) Woodlice and Waterlice (Isopoda: Oniscidea & Asellota) in 

Britain and Ireland. FSC Publications, Shrewsbury. 

 

Griffiths, H. M., Ashton, L. A., Parr, C. L., & Eggleton, P. (2021). The impact of 

invertebrate decomposers on plants and soil. New Phytologist, 231(6), 2142-

2149. 

 

Grove, S. J. (2002). Saproxylic insect ecology and the sustainable management 

of forests. Annual review of ecology and systematics, 33, 1-23. 

 

Gujarathi, G. R., & Pejaver, M. K. (2011). Efficiency of Different Extraction 

Methods for The Macro-Fauna of Household Biocompost. Journal of 

ecobiology, 28(4), 371-374. 

 

Haack, R. A., Hérard, F., Sun, J., & Turgeon, J. J. (2010). Managing invasive 

populations of Asian longhorned beetle and citrus longhorned beetle: a 

worldwide perspective. Annual review of entomology, 55, 521-546. 

 

Hackston M. (2017) Key to the British species of tribe Hypocyphtini 

(Aleocharinae, Staphylinidae, Coleoptera). Available from: 



280 
 

https://sites.google.com/site/mikesinsectkeys/Home/keys-to-

coleoptera/staphylinidae [Accessed: September 2021] 

 

Hall, M. (2018), Loss of old trees threatens survival of wood-dependant beetles 

– IUCN Red List. Available from: 

https://www.iucn.org/news/europe/201803/loss-old-trees-threatens-survival-

wood-dependent-beetles-%E2%80%93-iucn-red-list [Accessed:14/08/2022] 

 

Hansen, A.K. & Solodovnikov A. (n.d.) The Danish Beetle Bank. Available from: 

https://danbiller.dk/  [Accessed: September 2022] 

 

Hanski, I. (1998). Metapopulation dynamics. Nature, 396(6706), 41-49. 

 

Hara, M. (2001). Fertilizer pellets made from composted livestock manure. 

Taiwan: Food & Fertilizer Technology Center. 506, 1-12. 

 

Hardersen, S., & Zapponi, L. (2018). Wood degradation and the role of 

saproxylic insects for lignoforms. Applied Soil Ecology, 123, 334-338. 

 

Harding, P. T., & Alexander, K. N. A. (1992). The saproxylic invertebrates of 

historic parklands: progress and problems. Deadwood matters: the ecology and 

conservation of saproxylic invertebrates in Britain. English Nature Science, 7, 

58-73.  

 

Harding, P. T., & Rose, F. (1986). Pasture-woodlands in lowland Britain: a 

review of their importance for wildlife conservation. Institute of Terrestrial 

Ecology. Huntingdon. 

 

Harrington, T. C. (2005). Ecology and evolution of mycophagous bark beetles 

and their fungal partners. Pages 257-291 In: Ecological and Evolutionary 

Advances in Insect-Fungal Associations, F. E. Vega and M. Blackwell, eds. 

Oxford University Press. 

 

https://sites.google.com/site/mikesinsectkeys/Home/keys-to-coleoptera/staphylinidae
https://sites.google.com/site/mikesinsectkeys/Home/keys-to-coleoptera/staphylinidae
https://www.iucn.org/news/europe/201803/loss-old-trees-threatens-survival-wood-dependent-beetles-%E2%80%93-iucn-red-list
https://www.iucn.org/news/europe/201803/loss-old-trees-threatens-survival-wood-dependent-beetles-%E2%80%93-iucn-red-list
https://danbiller.dk/


281 
 

Hedin, J., Ranius, T., Nilsson, S. G., & Smith, H. G. (2008). Restricted dispersal 

in a flying beetle assessed by telemetry. Biodiversity and Conservation, 17(3), 

675-684. 

 

Heikkala, O., Seibold, S., Koivula, M., Martikainen, P., Müller, J., Thorn, S., & 

Kouki, J. (2016). Retention forestry and prescribed burning result in functionally 

different saproxylic beetle assemblages than clear-cutting. Forest Ecology and 

Management, 359, 51-58. 

 

Heller, N. E., & Zavaleta, E. S. (2009). Biodiversity management in the face of 

climate change: a review of 22 years of recommendations. Biological 

conservation, 142(1), 14-32. 

 

Hendrix, P. F. (1996, March). Earthworms, biodiversity, and coarse woody 

debris in forest ecosystems of the southeastern USA. In Biodiversity and coarse 

woody debris in southern nforests. Proceedings of the workshop on coarse 

woody debris in forests: effects on biodiversity. Gen. Tech. Rep. SE-94. Athens: 

US Department of Agriculture, Forest Service (pp. 43-48). 

 

Henle, K., Davies, K. F., Kleyer, M., Margules, C., & Settele, J. (2004). 

Predictors of species sensitivity to fragmentation. Biodiversity & 

Conservation, 13(1), 207-251. 

 

Henneberg, B., Bauer, S., Birkenbach, M., Mertl, V., Steinbauer, M. J., Feldhaar, 

H., & Obermaier, E. (2021). Influence of tree hollow characteristics and forest 

structure on saproxylic beetle diversity in tree hollows in managed forests in a 

regional comparison. Ecology and Evolution, 11(24), 17973-17999. 

 

Henshall, S., Mendel, H., & Harvey, D. (2015) Violet click beetle Limoniscus 

violaceus study; The Windsor Beetles Project ‘specialities’ of the veteran trees 

living within the Crown Estate, Buglife. 

 

Hilszczański, J. (2018). Ecology, diversity and conservation of saproxylic 

hymenopteran parasitoids. In Saproxylic insects (pp. 193-216). Springer Cham. 

 



282 
 

Hilszczański, J., Jaworski, T., Plewa, R., & Jansson, N. (2014). Surrogate tree 

cavities: boxes with artificial substrate can serve as temporary habitat for 

Osmoderma barnabita (Motsch.)(Coleoptera, Cetoniinae). Journal of insect 

conservation, 18(5), 855-861. 

 

Hirzel, A. H., Hausser, J., Chessel, D., & Perrin, N. (2002). Ecological‐niche 

factor analysis: how to compute habitat‐suitability maps without absence 

data?. Ecology, 83(7), 2027-2036. 

 

Hövemeyer, K., & Schauermann, J. (2003). Succession of Diptera on dead 

beech wood: a 10-year study. Pedobiologia, 47(1), 61-75. 

 

Holland, J. D., Bert, D. G., & Fahrig, L. (2004). Determining the spatial scale of 

species' response to habitat. Bioscience, 54(3), 227-233. 

 

Holland, J. D., Fahrig, L., & Cappuccino, N. (2005). Body size affects the spatial 

scale of habitat–beetle interactions. Oikos, 110(1), 101-108. 

 

Holmes, T. P., Aukema, J. E., Von Holle, B., Liebhold, A., & Sills, E. (2009). 

Economic impacts of invasive species in forests: past, present, and 

future. Annals of the New York Academy of Sciences, 1162(1), 18-38. 

 

Hopkins, S. (1991) A Key to the Woodlice of Britain and Ireland. Henry King 

Ltd., Dorset. 

 

Horak, J., Vodka, S., Kout, J., Halda, J. P., Bogusch, P., & Pech, P. (2014). 

Biodiversity of most deadwood-dependent organisms in thermophilic temperate 

oak woodlands thrives on diversity of open landscape structures. Forest 

Ecology and Management, 315, 80-85. 

 

Hultberg, T., Sandström, J., Felton, A., Öhman, K., Rönnberg, J., Witzell, J., & 

Cleary, M. (2020). Ash dieback risks an extinction cascade. Biological 

Conservation, 244(5), 108516. 

 



283 
 

Irmler, U., Arp, H., & Nötzold, R. (2010). Species richness of saproxylic beetles 

in woodlands is affected by dispersion ability of species, age and stand 

size. Journal of Insect Conservation, 14(3), 227-235. 

 

Irmler, U., & Lipkow, E. (2018). Effect of environmental conditions on distribution 

patterns of rove beetles. In Biology of rove beetles (Staphylinidae) (pp. 117-144). 

Springer, Cham. 

 

IUCN (2018) European Red List of Saproxylic Beetles. Available from:  

https://ec.europa.eu/environment/nature/conservation/species/redlist/downloads

/european_red_list_of_saproxylic_beetles_2018.pdf 

 

Ivanov, S. P., & Fateryga, A. V. (2019). First record of the invasive giant resin 

bee Megachile (Callomegachile) sculpturalis Smith, 1853 (Hymenoptera: 

Megachilidae) in the Crimea. Far Eastern Entomologist, 395, 7-13. 

 

Ivanov, K., Milligan, J., & Keiper, J. (2010). Efficiency of the Winkler method for 

extracting ants (Hymenoptera: Formicidae) from temperate-forest 

litter. Myrmecological News, 13, 73-79. 

 

Jactel, H., Brockerhoff, E., & Duelli, P. (2005). A test of the biodiversity-stability 

theory: meta-analysis of tree species diversity effects on insect pest 

infestations, and re-examination of responsible factors. In Forest diversity and 

function (pp. 235-262). Springer, Berlin, Heidelberg. 

 

Jakoby, O., Rademacher, C., & Grimm, V. (2010). Modelling deadwood islands 

in European beech forests: how much and how reliably would they provide 

deadwood?. European Journal of Forest Research, 129(4), 659-668. 

 

Janssen, P., Fuhr, M., Cateau, E., Nusillard, B., & Bouget, C. (2017). Forest 

continuity acts congruently with stand maturity in structuring the functional 

composition of saproxylic beetles. Biological Conservation, 205, 1-10. 

 



284 
 

Jansson, N. (2009). Habitat requirements and preservation of the beetle 

assemblages associated with hollow oaks (Doctoral dissertation, Linköping 

University Electronic Press). 

 

Jansson, N., Bergman, K. O., Jonsell, M., & Milberg, P. (2009). An indicator 

system for identification of sites of high conservation value for saproxylic oak 

(Quercus spp.) beetles in southern Sweden. Journal of Insect 

Conservation, 13(4), 399-412. 

 

Jansson, N., Ranius, T., Larsson, A., & Milberg, P. (2009). Boxes mimicking 

tree hollows can help conservation of saproxylic beetles. Biodiversity and 

Conservation, 18(14), 3891-3908. 

 

JNCC (n.d.) Bredon Hill: Designated Special Area for Conservation (SAC). 

Available from: https://sac.jncc.gov.uk/site/UK0012587 [Accessed: August 

2022] 

 

JNCC (2007). UK Biodiversity Action Plan - List of UK BAP Priority Terrestrial 

Invertebrate Species. Available from: https://data.jncc.gov.uk/data/98fb6dab-

13ae-470d-884b-7816afce42d4/UKBAP-priority-terrestrial-invertebrates.pdf 

[Accessed: June 2022] 

 

JNCC. (2019). European Community Directive on the Conservation of Natural 

Habitats and of Wild Fauna and Flora (92/43/EEC), Fourth Report by the United 

Kingdom under Article 17 on the implementation of the Directive from January 

2013 to December 2018, Supporting documentation for the conservation status 

assessment for the species: S1079 ‐ Violet click beetle (Limoniscus violaceus). 

Available from: https://jncc.gov.uk/our-work/article-17-habitats-directive-report-

2019-species/ [Accessed: June 2022] 

 

JNCC (2022a). Special Protection Areas (SPAs). Available from: 

https://jncc.gov.uk/our-work/special-protection-areas/ [Accessed: December 

2022] 

 

https://data.jncc.gov.uk/data/98fb6dab-13ae-470d-884b-7816afce42d4/UKBAP-priority-terrestrial-invertebrates.pdf
https://data.jncc.gov.uk/data/98fb6dab-13ae-470d-884b-7816afce42d4/UKBAP-priority-terrestrial-invertebrates.pdf
https://jncc.gov.uk/our-work/article-17-habitats-directive-report-2019-species/
https://jncc.gov.uk/our-work/article-17-habitats-directive-report-2019-species/
https://jncc.gov.uk/our-work/special-protection-areas/


285 
 

JNCC (2022b). Special Protection Areas – List of sites. Available from: 

https://jncc.gov.uk/our-work/list-of-spas/ [Accessed: December 2022] 

 

Jönsson, N., Méndez, M., & Ranius, T. (2004). Nutrient richness of wood mould 

in tree hollows with the Scarabaeid beetle Osmoderma eremita. Animal 

Biodiversity and Conservation, 27(2), 79-82. 

 

Johnston, J. M., & Crossley, J. D. A. (1996, March). The significance of coarse 

woody debris for the diversity of soil mites. In Workshop on Coarse woody 

debris in southern forests: effects on biodiversity. Asheville: USDA Forest 

Service, Southeastern Forest Experiment Station (pp. 82-87). 

 

Jonsell, M., & Nordlander, G. (1995). Field attraction of Coleoptera to odours of 

the wood-decaying polypores Fomitopsis pinicola and Fomes fomentarius. 

In Annales Zoologici Fennici (pp. 391-402). Finnish Zoological and Botanical 

Publishing Board. 

 

Jonsson, M., & Nordlander, G. (2006). Insect colonisation of fruiting bodies of 

the wood-decaying fungus Fomitopsis pinicola at different distances from an 

old-growth forest. Biodiversity & Conservation, 15(1), 295-309. 

 

Jørgensen, D., & Quelch, P. (2014). The origins and history of medieval wood-

pastures. In European Wood-pastures in Transition (pp. 73-87). Routledge. 

 

Joye, T. (2019). Tree architecture: A valuable new tool to inform (veteran) tree 

management. ARB Magazine, 185, 44-49. 

 

Käfer Europas (n.d.) Start. Available from: 

http://coleonet.de/coleo/html/start.htm [Accessed: April 2019] 

 

Käfer Europas (2009) Gattung Cryptophagus. Available from: 

http://coleonet.de/coleo/texte/cryptophagus.htm [Accessed: October 2021] 

 

Käfer Europas (2013) Gattung Euplectus. Available from:  

http://coleonet.de/coleo/texte/euplectus.htm [Accessed: October 2021] 

https://jncc.gov.uk/our-work/list-of-spas/
http://coleonet.de/coleo/html/start.htm
http://coleonet.de/coleo/texte/cryptophagus.htm
http://coleonet.de/coleo/texte/euplectus.htm


286 
 

 

Kahl, T., Arnstadt, T., Baber, K., Bässler, C., Bauhus, J., Borken, W., Buscot, 

F., Floren, A., Heibl, C., Hessenmöller, D., Hofrichter, M., Hoppe, B., Kellner, 

H., Krüger, D., Linsenmair, K. E., Matzner, E., Otto, P., Purahong, W., 

Seilwinder, C., Schulze, E. D., Wende, B., Weisser, W.,W. & Gossner, M. M. 

(2017). Wood decay rates of 13 temperate tree species in relation to wood 

properties, enzyme activities and organismic diversities. Forest Ecology and 

Management, 391, 86-95. 

 

Kaila, L., Martikainen, P., & Punttila, P. (1997). Dead trees left in clear-cuts 

benefit saproxylic Coleoptera adapted to natural disturbances in boreal 

forest. Biodiversity & Conservation, 6(1), 1-18. 

 

Kalif, K. A. B., & Moutinho, P. (2000). Comparison of three ant-sampling 

methods in a tropical forest in Eastern Amazonia. Boletim do Museu Paraense 

Emílio Goeldi, Série Zoologia, 16(1), 75-81. 

 

Kaspari, M., & Weiser, M. D. (2000). Ant activity along moisture gradients in a 

neotropical forest 1. Biotropica, 32(4a), 703-711. 

 

Kelner–Pillault, S., 1974. Étude écologique de peuplement entomologique des 

terraux d’arbres creux (chataigners and saules). Bull. Ecol., 5: 123–156. 

 

Kilburn Junior School (n.d.). Bug Hotels. Available from: 

https://www.kilburnjunior.school/website/2020/06/bug-hotels.html [Accessed: 

December 2022] 

 

Kirby, K. J. (2022). Islands of trees in Long-fragmented landscapes in Great 

Britain. In Biodiversity Islands: Strategies for Conservation in Human-

Dominated Environments (pp. 337-352). Springer, Cham. 

 

Kirby, K. J., Thomas, R. C., Key, R. S., McLean, I. F., & Hodgetts, N. (1995). 

Pasture-woodland and its conservation in Britain. Biological Journal of the 

Linnean Society, 56(suppl.1), 135-153. 

 

https://www.kilburnjunior.school/website/2020/06/bug-hotels.html


287 
 

Kirby, P. (2002). Wimpole Park - Saproxylic Beetle Survey 2001. The National 

Trust. Unpublished. 

 

Kitching, R. L. (1971). An ecological study of water-filled tree-holes and their 

position in the woodland ecosystem. The Journal of Animal Ecology, 281-302. 

 

Krell, F. T., Chung, A. Y., DeBoise, E., Eggleton, P., Giusti, A., Inward, K., & 

Krell-Westerwalbesloh, S. (2005). Quantitative extraction of macro-invertebrates 

from temperate and tropical leaf litter and soil: efficiency and time-dependent 

taxonomic biases of the Winkler extraction. Pedobiologia, 49(2), 175-186. 

 

Krell, F. T., Johnson, C., Booth, R., & Mendel, H. (2005). The British Dienerella 

separanda (Reitter) is D. clathrata (Mannerheim): with a compilation of British 

records of D. clathrata and D. elongata (Latridiidae). The Coleopterist, 14(3), 

117-123 

 

Kristan, III, W. B. (2003). The role of habitat selection behavior in population 

dynamics: source–sink systems and ecological traps. Oikos, 103(3), 457-468. 

 

Krogmann, L., Holstein, J. (2010). Preserving and specimen handling: insects 

and other invertebrates. In Eymann, J., Degreef, J., Häuser, C., Monje, J. C., 

Samyn, Y., & VandenSpiegel, D. (2010) Manual on field recording techniques 

and protocols for all taxa biodiversity inventories, 2, 463-481. 

 

Krombein K.V.,(1967). Trap-nesting wasps and bees: Life histories, nests, and 

associates. Smithsonian Press, Washington. 

 

Kurz, W. A., Dymond, C. C., Stinson, G., Rampley, G. J., Neilson, E. T., Carroll, 

A. L., Ebata, T. & Safranyik, L. (2008). Mountain pine beetle and forest carbon 

feedback to climate change. Nature, 452(7190), 987-990. 

 

Lachat, T., & Bütler Sauvain, R. (2008). Îlots de sénescence et arbres-habitats 

pour augmenter la biodiversité en forêt. La forêt, 6, 20-21. 

 



288 
 

Lackner, T. (2015). Coleoptera: Sphaeritidae, Histeridae. Folia Heyrovskyana, 

23(B), 1-33. 

 

Lane, S.A. (2017) A review of the beetles of Great Britain: The clown beetles 

and false clown beetles - Histeridae and Sphaeritidae, Species Status No.32, 

Natural England  (NECR235) 

 

Lane, S. A. (2021) A review of the status of the beetles of Great Britain: The 

Byrrhidae (Pill Beetles), Clambidae (Fringe-winged Beetles), Dascillidae (Soft-

bodied Plant Beetles), Eucinetidae (Plate-thigh Beetles), Monotomidae (Root-

eating Beetles), Phalacridae (Shining Flower Beetles) and Ptilodactylidae, 

Species Status No.17, JNCC 

 

Lane, S. A., Lucas, C. B. H., & Whiffin, A. L. (2020). Histeridae, Sphaeritidae 

and Silphidae of Britain and Ireland. FSC Publications, Telford 

 

Latham, J, Hall, J, Holl, K, Perry, S, Goldberg, E. (2018) Guidelines for the 

Selection of Biological SSSIs. Part 2: Detailed Guidelines for Habitats and 

Species Groups. Chapter 2a Woodlands, Wood Pasture and Parkland, and 

Veteran Trees. Joint Nature Conservation Committee, Peterborough. 

 

Latty, T., & Beekman, M. (2010). Food quality and the risk of light exposure 

affect patch‐choice decisions in the slime mold Physarum 

polycephalum. Ecology, 91(1), 22-27. 

 

Legg, G. & Farr-Cox F. (2016). Illustrated Key to the British False Scorpions 

(Pseudoscorpions). FSC Publications, Telford. 

 

Ligot, G., Balandier, P., Courbaud, B., Jonard, M., Kneeshaw, D., & Claessens, 

H. (2014). Managing understory light to maintain a mixture of species with 

different shade tolerance. Forest Ecology and Management, 327, 189-200. 

 

Lindenmayer, D. B., Laurance, W. F., & Franklin, J. F. (2012). Global decline in 

large old trees. Science, 338(6112), 1305-1306. 

 



289 
 

Lindhe, A., Lindelöw, Å., & Åsenblad, N. (2005). Saproxylic beetles in standing 

deadwood density in relation to substrate sun-exposure and 

diameter. Biodiversity & Conservation, 14(12), 3033-3053. 

 

Lindman, L., Öckinger, E., & Ranius, T. (2022). Microclimatic conditions 

mediate the effect of deadwood and forest characteristics on a threatened 

beetle species, Tragosoma depsarium. Oecologia, 199(3), 737-752. 

 

Little, J. (n.d.). Hilldrop, Available from: 

https://static1.squarespace.com/static/595659a978d1713c0fb2443c/t/5d29bac1

af72b8000190a1b6/1563016085638/HillDrop+Map+V3.2print.pdf [Accessed: 

January, 2023] 

 

Littlewood, N. A., Nau, B. S., Pozsgai, G., Stockan, J. A., Stubbs, A., & Young, 

M. R. (2015). Invertebrate species at risk from Ash Dieback in the UK. Journal 

of insect conservation, 19(1), 75-85. 

 

Lott, D. A. (2003). An annotated list of wetland ground beetles (Carabidae) and 

rove beetles (Staphylinidae) found in the British Isles including a literature 

review of their ecology. English Nature. 

 

Lott, D. A., & Anderson, R. (2011). The Staphylinidae (rove Beetles) of Britain 

and Ireland. Part 7 and 8 Oxyporinae, Steninae, Euaesthetinae, Pseudopsinae, 

Paederinae, Staphylininae. Royal Entomological Society. Shrewsbury. 

 

Luce, J. M. (1997). Cerambyx cerdo Linneaus, 1758. In Background Information 

on Invertebrates of the Habitats Directive and the Bern Convention. Part I–

Crustacea, Coleoptera and Lepidoptera, Nature and Environment (Vol. 79, pp. 

22-26). 

 

MacIvor, J. S., & Packer, L. (2015). ‘Bee hotels’ as tools for native pollinator 

conservation: a premature verdict?. PloS one, 10(3), e0122126. 

 

https://static1.squarespace.com/static/595659a978d1713c0fb2443c/t/5d29bac1af72b8000190a1b6/1563016085638/HillDrop+Map+V3.2print.pdf
https://static1.squarespace.com/static/595659a978d1713c0fb2443c/t/5d29bac1af72b8000190a1b6/1563016085638/HillDrop+Map+V3.2print.pdf


290 
 

Manolis, E. N., & Manoli, E. N. (2021). Raising awareness of the sustainable 

development goals through ecological projects in higher education. Journal of 

Cleaner Production, 279, 123614. 

 

Marchal, L., Paillet, Y., & Guilbert, E. (2013). Habitat characteristics of Aradidae 

(Insecta: Heteroptera) in two french deciduous forests. Journal of insect 

conservation, 17(2), 269-278. 

 

Mason, F., Di Salvatore, U., Zapponi, L., Cantiani, P., De Cinti, B., & Ferretti, F. 

(2016). Îlots de senescence in the ManFor C. BD sites. Italian Journal of 

Agronomy, 11(s1), 1-175. 

 

Maynard, G.J. (2011) Three notable beetles recorded in Derbyshire (VC 57), 

The Coleopterist 20(3), 138. 

 

McCravy, K. W., & Willand, J. E. (2007). Effects of pitfall trap preservative on 

collections of carabid beetles (Coleoptera: Carabidae). The Great Lakes 

Entomologist, 40(3 & 4), 6. 

 

McWaters, P. (2022). Hardcore Horticulture, Country Living, August, pp.116-

121. 

 

Mercader, R. J., Siegert, A. M., Liebhold, A. M., & McCullough, D. G. (2009). 

Dispersal of the emerald ash borer, Agrilus planipennis, in newly-colonized 

sites. Agricultural and Forest Entomology. 11, 421-424. 

 

Merckx, T., Marini, L., Feber, R. E., & Macdonald, D. W. (2012). Hedgerow 

trees and extended‐width field margins enhance macro‐moth diversity: 

implications for management. Journal of applied ecology, 49(6), 1396-1404. 

 

Mestre, L., Jansson, N., & Ranius, T. (2018). Saproxylic biodiversity and 

decomposition rate decrease with small-scale isolation of tree 

hollows. Biological Conservation, 227, 226-232. 

 



291 
 

Mezei, P., Fleischer, P., Rozkošný, J., Kurjak, D., Dzurenko, M., Rell, S., Lalík, 

M. & Galko, J. (2022). Weather conditions and host characteristics drive 

infestations of sessile oak (Quercus petraea) trap trees by oak bark beetles 

(Scolytus intricatus). Forest Ecology and Management, 503, 119775. 

 

Micó, E., García-López, A., Sánchez, A., Juárez, M., & Galante, E. (2015). 

What can physical, biotic and chemical features of a tree hollow tell us about 

their associated diversity?. Journal of Insect Conservation, 19(1), 141-153. 

 

Micó, E., Juárez, M., Sánchez, A., & Galante, E. (2011). Action of the saproxylic 

scarab larva Cetonia aurataeformis (Coleoptera: Scarabaeoidea: Cetoniidae) on 

woody substrates. Journal of Natural History, 45(41-42), 2527-2542. 

 

Micó, E., Ramilo, P., Thorn, S., Müller, J., Galante, E., & Carmona, C. P. 

(2020). Contrasting functional structure of saproxylic beetle assemblages 

associated to different microhabitats. Scientific reports, 10(1), 1-11. 

 

Miklín, J., & Čížek, L. (2014). Erasing a European biodiversity hot-spot: open 

woodlands, veteran trees and mature forests succumb to forestry intensification, 

succession, and logging in a UNESCO Biosphere Reserve. Journal for Nature 

Conservation, 22(1), 35-41. 

 

Miklín, J., Sebek, P., Hauck, D., Konvicka, O., & Cizek, L. (2018). Past levels of 

canopy closure affect the occurrence of veteran trees and flagship saproxylic 

beetles. Diversity and Distributions, 24(2), 208-218. 

 

Mitani, Y., & Lindhjem, H. (2015). Forest owners’ participation in voluntary 

biodiversity conservation: what does it take to forgo forestry for eternity?. Land 

Economics, 91(2), 235-251. 

 

Mori, A. S., Lertzman, K. P., & Gustafsson, L. (2017). Biodiversity and 

ecosystem services in forest ecosystems: a research agenda for applied forest 

ecology. Journal of Applied Ecology, 54(1), 12-27. 

 



292 
 

Mosconi, F., Campanaro, A., Carpaneto, G. M., Chiari, S., Hardersen, S., 

Mancini, E., Maurizi, E., Sabatelli, S., Zauli, A., Mason, F. & Audisio, P. (2017). 

Training of a dog for the monitoring of Osmoderma eremita. Nature 

Conservation, 20, 237. 

 

Müller, J., Bußler, H., Bense, U., Brustel, H., Flechtner, G., Fowles, A., Kahlen, 

M., Möller, G., Mühle, H., Schmidl, J. & Zabransky, P. (2005). Urwald relict 

species–Saproxylic beetles indicating structural qualities and habitat 

tradition. Waldökologie online, 2, 106-113. 

 

Müller, M., Lachat, T., & Bütler, R. (2012). How large should old-growth islands 

be?. Schweizerische Zeitschrift für Forstwesen, 163(2), 49-56. 

 

Murray, D., Murray, C., Barclay, M. V., Thompson, R.T. & Morris, M.G. (2014) 

Achopera alternata Lea, 1910 (Curculionidae, Cryptorhynchinae), an Australian 

weevil new to the Northern Hemisphere, breeding out of doors. The 

Coleopterist, 23(2), 45-48. 

 

Musa, N., Andersson, K., Burman, J., Andersson, F., Hedenström, E., Jansson, 

N., Paltto, H., Westerberg, L., Winde, I., Larsson, M. C. & Milberg, P. (2013). 

Using sex pheromone and a multi-scale approach to predict the distribution of a 

rare saproxylic beetle. PLoS One, 8(6), e66149. 

 

Nageleisen, L. M., & Bouget, C. (2009). Forest insect studies: methods and 

techniques, key considerations for standardisation. An overview of the 

reflections of the Entomological Forest Inventories working group (Inv. Ent. 

For.) (pp. 144-p). ONF. 

 

Nasir, S., Akram, W., & Ahmed, F. (2012). The population dynamics, ecological 

and seasonal activity of Paederus fuscipes Curtis (Staphylinidae; Coleoptera) in 

the Punjab, Pakistan. Apcbee Procedia, 4, 36-41. 

 

Natural England (2019) European Site Conservation Objectives : 

Supplementary Advice on Conserving and Restoring Site Features: Windsor 

Forest and Great Park Special Area of Conservation (SAC). Available from:  



293 
 

http://publications.naturalengland.org.uk/publication/5175000009015296 

[Accessed: March 2022] 

 

Natural England. (2000). Veteran Trees: A guide to good management. (Report 

no. IN13). Available from: 

http://publications.naturalengland.org.uk/publication/7503 [Accessed: October 

2022] 

 

Natural England & DEFRA. (2014a). Bats: Protection and Licences. Available 

from: https://www.gov.uk/guidance/bats-protection-surveys-and-licences 

[Accessed: June 2022] 

 

Natural England & DEFRA. (2014b). Countryside hedgerows: protection and 

management. Available from: https://www.gov.uk/guidance/countryside-

hedgerows-regulation-and-management [Accessed: June 2022] 

 

Natural England (2022) Worcestershire’s National Nature Reserves. Available 

from: https://www.gov.uk/government/publications/worcestershires-national-

nature-reserves/worcestershires-national-nature-reserves [Accessed: 

December 2022] 

 

Natural England & Forestry Commission. (2022) Ancient Woodland, ancient 

trees and veteran trees: advice for making planning decisions. Available from: 

https://www.gov.uk/guidance/ancient-woodland-ancient-trees-and-veteran-

trees-advice-for-making-planning-decisions [Accessed: December 2022] 

 

Nature Spot, (n.d.) Quedius cruentus. Available from: 

https://www.naturespot.org.uk/species/quedius-cruentus [Accessed: September 

2022] 

 

NatureScot (n.d.) National Nature Reserve Selection Criteria and Standards. 

Available from: https://www.nature.scot/sites/default/files/2017-

07/A1576100%20-

%20NNR%20Selection%20Criteria%20and%20Standards%20-

%20approved%20version.pdf [Accessed: December 2022] 

http://publications.naturalengland.org.uk/publication/5175000009015296
http://publications.naturalengland.org.uk/publication/7503
https://www.gov.uk/guidance/bats-protection-surveys-and-licences
https://www.gov.uk/guidance/countryside-hedgerows-regulation-and-management
https://www.gov.uk/guidance/countryside-hedgerows-regulation-and-management
https://www.gov.uk/government/publications/worcestershires-national-nature-reserves/worcestershires-national-nature-reserves
https://www.gov.uk/government/publications/worcestershires-national-nature-reserves/worcestershires-national-nature-reserves
https://www.gov.uk/guidance/ancient-woodland-ancient-trees-and-veteran-trees-advice-for-making-planning-decisions
https://www.gov.uk/guidance/ancient-woodland-ancient-trees-and-veteran-trees-advice-for-making-planning-decisions
https://www.naturespot.org.uk/species/quedius-cruentus
https://www.nature.scot/sites/default/files/2017-07/A1576100%20-%20NNR%20Selection%20Criteria%20and%20Standards%20-%20approved%20version.pdf
https://www.nature.scot/sites/default/files/2017-07/A1576100%20-%20NNR%20Selection%20Criteria%20and%20Standards%20-%20approved%20version.pdf
https://www.nature.scot/sites/default/files/2017-07/A1576100%20-%20NNR%20Selection%20Criteria%20and%20Standards%20-%20approved%20version.pdf
https://www.nature.scot/sites/default/files/2017-07/A1576100%20-%20NNR%20Selection%20Criteria%20and%20Standards%20-%20approved%20version.pdf


294 
 

 

NBN atlas (n.d. -a) National Biodiversity Atlas (NBN) Atlas. Available from: 

https://nbnatlas.org/ [Accessed: December 2021] 

 

NBN Atlas (n.d. -b) Euplectus karstenii (Reichenbach, 1816). Available from: 

https://species.nbnatlas.org/species/NBNSYS0000147144 [Accessed: 

November 2022] 

 

NBN Atlas (n.d.-c) Species List: Nationally Notable a. Available from: 

https://lists.nbnatlas.org/speciesListItem/list/dr579 [Accessed: May 2022] 

 

 

NBN Atlas (n.d.-d) Species List: Nationally Notable b. Available from: 

https://lists.nbnatlas.org/speciesListItem/list/dr580 [Accessed: May 2022] 

 

NBN Atlas (n.d.-e) Species List: Nationally Notable. Available from: 

https://lists.nbnatlas.org/speciesListItem/list/dr578 [Accessed: May 2022] 

 

Nieto, A. & Alexander, K.N.A. (2010). European Red List of Saproxylic Beetles. 

Publications Office of the European Union. 

 

Nilssen A. C., (1984) Long-range aerial dispersal of bark beetles and bark 

weevils (Coleoptera, Scolytidae and Curculionidae) in northern Finland. Annales 

Entomologici Fennici, 50(2), 37-42. 

 

Nilsson, S. G., & Baranowski, R. (1997). Habitat predictability and the 

occurrence of wood beetles in old‐growth beech forests. Ecography, 20(5), 491-

498. 

 

Nolan, V., Reader, T., Gilbert, F., & Atkinson, N. (2020). The Ancient Tree 

Inventory: a summary of the results of a 15 year citizen science project 

recording ancient, veteran and notable trees across the UK. Biodiversity and 

Conservation, 29(11), 3103-3129. 

 

https://nbnatlas.org/
https://species.nbnatlas.org/species/NBNSYS0000147144


295 
 

Nsengimana, V., Kaplin, A. B., Frederic, F., & Nsabimana, D. (2017). A 

comparative study between sampling methods for soil litter arthropods in 

conserved tree plots and banana crop plantations in Rwanda. International 

Journal of Development and Sustainability, 6(8). 

 

Ødegaard, F., & Tømmerås, B. Å. (2000). Compost heaps—refuges and 

stepping‐stones for alien arthropod species in northern Europe. Diversity and 

distributions, 6(1), 45-59. 

 

Økland, B., Bakke, A., Hågvar, S., & Kvamme, T. (1996). What factors influence 

the diversity of saproxylic beetles? A multiscaled study from a spruce forest in 

southern Norway. Biodiversity & Conservation, 5(1), 75-100. 

 

Oksanen, L. (2001). Logic of experiments in ecology: is pseudoreplication a 

pseudoissue?. Oikos, 94(1), 27-38. 

 

Orledge, G. M., Smith, P. A., & Reynolds, S. E. (2010). The non-pest 

Australasian fungivore Cis bilamellatus Wood (Coleoptera: Ciidae) in northern 

Europe: spread dynamics, invasion success and ecological impact. Biological 

Invasions, 12(3), 515-530. 

 

Osono, T., & Takeda, H. (2001). Organic chemical and nutrient dynamics in 

decomposing beech leaf litter in relation to fungal ingrowth and succession 

during 3-year decomposition processes in a cool temperate deciduous forest in 

Japan. Ecological Research, 16(4), 649-670. 

 

Osono, T., & Takeda, H. (2004). Accumulation and release of nitrogen and 

phosphorus in relation to lignin decomposition in leaf litter of 14 tree 

species. Ecological Research, 19(6), 593-602. 

 

Palm, T. (1970) Svensk Insektfauna. 9. Skalbaggar. Coleoptera. Kortvingar: 

Fam. Staphylinidae. Underfam. Aleocharinae (Atheta). Häfte 6. Entomologiska 

Föreningen i Stockholm, Stockholm. 

 



296 
 

Parmain, G., & Bouget, C. (2018). Large solitary oaks as keystone structures for 

saproxylic beetles in European agricultural landscapes. Insect Conservation 

and Diversity, 11(1), 100-115. 

 

Parmain, G., Bouget, C., Müller, J., Horak, J., Gossner, M. M., Lachat, T., & 

Isacsson, G. (2015). Can rove beetles (Staphylinidae) be excluded in studies 

focusing on saproxylic beetles in central European beech forests?. Bulletin of 

Entomological Research, 105(1), 101-109. 

 

Pasek, J. E. (1988). 30. Influence of wind and windbreaks on local dispersal of 

insects. Agriculture, Ecosystems & Environment, 22, 539-554. 

 

Peng, R. (1991). The influence of microclimate on the spatial distribution of 

flying insects (Doctoral dissertation, University of Leeds). 

 

Percel, G., Laroche, F., & Bouget, C. (2019). The scale of saproxylic beetles 

response to landscape structure depends on their habitat stability. Landscape 

Ecology, 34(8), 1905-1918. 

 

Perez-Alvarez, R., Nault, B. A., & Poveda, K. (2019). Effectiveness of 

augmentative biological control depends on landscape context. Scientific 

reports, 9(1), 1-15. 

 

Petit, S., & Usher, M. B. (1998). Biodiversity in agricultural landscapes: the 

ground beetle communities of woody uncultivated habitats. Biodiversity & 

Conservation, 7(12), 1549-1561. 

 

Pevsner, N. & Williamson. E. (1994). The Buildings of England: 

Buckinghamshire. Penguin Books: London: 660-672. 

 

Pilskog, H. E., Birkemoe, T., Framstad, E., & Sverdrup-Thygeson, A. (2016). 

Effect of habitat size, quality, and isolation on functional groups of beetles in 

hollow oaks. Journal of Insect Science, 16(1), 26. 

 



297 
 

Prendergast, K. S. (2018). New records of bee fly (Diptera: Bombyliidae) and 

mite (Acari: Pyemotidae) parasites of Australian'Megachile'bees (Hymenoptera: 

Megachilidae) in Western Australia. TheAustralian Entomologist, 45(1), 51-56. 

 

Proesmans, W., Bonte, D., Smagghe, G., Meeus, I., & Verheyen, K. (2019). 

Importance of forest fragments as pollinator habitat varies with season and 

guild. Basic and applied ecology, 34, 95-107. 

 

Pryor, S., & Peterken, G. F. (2001). Protected Forest Areas in the UK. Oxford 

Forestry Institute. 

 

PTES. (2022), Threats to wood Pasture and Parkland. 

[https://ptes.org/wppn/threats-wood-pasture/] 

 

Puletti, N., Giannetti, F., Chirici, G., & Canullo, R. (2017). Deadwood distribution 

in European forests. Journal of Maps, 13(2), 733-736. 

 

Purahong, W., Wubet, T., Krüger, D., & Buscot, F. (2018). Molecular evidence 

strongly supports deadwood-inhabiting fungi exhibiting unexpected tree species 

preferences in temperate forests. The ISME journal, 12(1), 289-295. 

 

Purahong, W., Wubet, T., Lentendu, G., Schloter, M., Pecyna, M. J., Kapturska, 

D., Hofrichter, M., Krüger, D. & Buscot, F. (2016). Life in leaf litter: novel 

insights into community dynamics of bacteria and fungi during litter 

decomposition. Molecular ecology, 25(16), 4059-4074. 

 

Quelch, P. R. (2000). Ancient wood pasture in Scotland. Scottish Forestry. 

Available from: https://forestry.gov.scot/publications/565-ancient-wood-pasture-

in-scotland [Accessed: July 2022] 

 

Rackham, O. (1986). The History of the Countryside. J.M. Dent, London 

 

Rackham, O. (2008). Ancient woodlands: modern threats. New Phytologist, 

571-586. 

 

https://forestry.gov.scot/publications/565-ancient-wood-pasture-in-scotland
https://forestry.gov.scot/publications/565-ancient-wood-pasture-in-scotland


298 
 

Rajala, T., Tuomivirta, T., Pennanen, T., & Mäkipää, R. (2015). Habitat models 

of wood-inhabiting fungi along a decay gradient of Norway spruce logs. Fungal 

Ecology, 18, 48-55. 

 

Ranius, T. (2001). Constancy and asynchrony of Osmoderma eremita 

populations in tree hollows. Oecologia, 126(2), 208-215. 

 

Ranius, T. (2002). Osmoderma eremita as an indicator of species richness of 

beetles in tree hollows. Biodiversity & Conservation, 11(5), 931-941. 

 

Ranius, T. (2006). Measuring the dispersal of saproxylic insects: a key 

characteristic for their conservation. Population ecology, 48(3), 177-188. 

 

Ranius, T., & Hedin, J. (2001). The dispersal rate of a beetle, Osmoderma 

eremita, living in tree hollows. Oecologia, 126(3), 363-370. 

 

Ranius, T., & Jansson, N. (2000). The influence of forest regrowth, original 

canopy cover and tree size on saproxylic beetles associated with old 

oaks. Biological Conservation, 95(1), 85-94. 

 

Ranius, T., Johansson, V., & Fahrig, L. (2010). A comparison of patch 

connectivity measures using data on invertebrates in hollow 

oaks. Ecography, 33(5), 971-978. 

 

Ranius, T., Johansson, V., & Fahrig, L. (2011). Predicting spatial occurrence of 

beetles and pseudoscorpions in hollow oaks in southeastern 

Sweden. Biodiversity and Conservation, 20(9), 2027-2040. 

 

Ranius, T., & Kindvall, O. (2006). Extinction risk of wood-living model species in 

forest landscapes as related to forest history and conservation 

strategy. Landscape Ecology, 21(5), 687-698. 

 

Ranius, T., Niklasson, M., & Berg, N. (2009). Development of tree hollows in 

pedunculate oak (Quercus robur). Forest Ecology and management, 257(1), 

303-310. 



299 
 

 

Ranius, T., & Nilsson, S. G. (1997). Habitat of Osmoderma eremita 

Scop.(Coleoptera: Scarabaeidae), a beetle living in hollow trees. Journal of 

Insect Conservation, 1(4), 193-204. 

 

Rayner, A. D. M., & Boddy, L. (1988a). Fungal communities in the decay of 

wood. In Advances in microbial ecology (pp. 115-166). Springer, Boston, MA. 

 

Rayner, A. D. M., & Boddy, L. (1988b). Fungal decomposition of wood. Its 

biology and ecology. John Wiley & Sons Ltd.. 

 

Rees, H. C., Maddison, B. C., Middleditch, D. J., Patmore, J. R., & Gough, K. C. 

(2014). The detection of aquatic animal species using environmental DNA–a 

review of eDNA as a survey tool in ecology. Journal of applied ecology, 51(5), 

1450-1459. 

 

Robinson, W. H. (2005). Urban insects and arachnids: a handbook of urban 

entomology. Cambridge University Press 

 

Rose, F., 1974. The Epiphytes of Oak. In: M.G. Morris, & F.H. Perring, eds. The 

British Oak. (pp. 250-273). E.W. Classey,  

 

Rotheray, G. E. (2004), Autoecology and conservation of Callicera spinolae the 

golden hoverfly (Diptera: Syrphidae), English Nature 

 

Rotheray, E. L. (2012). The ecology and conservation of endangered saproxylic 

hoverflies (Diptera, Syrphidae) in Scotland. 

 

Rotheray, E. L., Goulson, D., & Bussiere, L. F. (2016). Growth, development, 

and life‐history strategies in an unpredictable environment: case study of a rare 

hoverfly Blera fallax (Diptera, Syrphidae). Ecological Entomology, 41(1), 85-95. 

 

Rotheray, G. E., & Rotheray, E. L. (2012). Translocating the Pine Hoverfly, 

Blera fallax. Antenna, 36(1), 36-41. 

 



300 
 

Rousk, J., & Bååth, E. (2011). Growth of saprotrophic fungi and bacteria in 

soil. FEMS Microbiology Ecology, 78(1), 17-30. 

 

Saint-Germain, M., & Drapeau, P. (2011). Response of saprophagous wood-

boring beetles (Coleoptera: Cerambycidae) to severe habitat loss due to logging 

in an aspen-dominated boreal landscape. Landscape ecology, 26(4), 573-586. 

 

Sánchez-Galván, I. R., Quinto, J., Micó, E., Galante, E., & Marcos-García, M. A. 

(2014). Facilitation among saproxylic insects inhabiting tree hollows in a 

Mediterranean forest: the case of cetonids (Coleoptera: Cetoniidae) and 

syrphids (Diptera: Syrphidae). Environmental entomology, 43(2), 336-343. 

 

Schauer, B., Steinbauer, M. J., Vailshery, L. S., Müller, J., Feldhaar, H., & 

Obermaier, E. (2018). Influence of tree hollow characteristics on saproxylic 

beetle diversity in a managed forest. Biodiversity and Conservation, 27(4), 853-

869. 

 

Schiegg, K. (2000a). Are there saproxylic beetle species characteristic of high 

deadwood connectivity?. Ecography, 23(5), 579-587. 

 

Schiegg, K. (2000b). Effects of deadwood volume and connectivity on 

saproxylic insect species diversity. Ecoscience, 7(3), 290-298. 

 

Schmidl, J. V., & Bußler, H. (2004). Ökologische Gilden xylobionter Käfer 

Deutschlands. Naturschutz und Landschaftsplanung, 36(7), 202-218. 

 

Schmuki, C., Vorburger, C., Runciman, D., Maceachern, S., & Sunnucks, P. 

(2006). When log‐dwellers meet loggers: impacts of forest fragmentation on two 

endemic log‐dwelling beetles in southeastern Australia. Molecular 

Ecology, 15(6), 1481-1492. 

 

Seidl, R., Thom, D., Kautz, M., Martin-Benito, D., Peltoniemi, M., Vacchiano, G., 

Wild, J., Ascoli, D., Petr, M., Honkaniemi, J., Lexer, M. J., Trotsiuk, V., Mairota, 

P., Svoboda, M., Fabrika, M., Nagel T. A. & Reyer, C. P. (2017). Forest 

disturbances under climate change. Nature climate change, 7(6), 395-402. 



301 
 

 

Sherwood Forest [@RSPBSherwood]. (2022, February 4.). #HappyFriday. 

Visitors may have noticed our beetle boxes out on the reserve, funded by 

@NatureBftB. Placed in areas with fewer veteran trees, they are designed to 

mimic the decaying wood of older trees that saproxylic invertebrates love, acting 

as stepping stones to the ancients [Tweet]. Twitter. Available from: 

https://twitter.com/RSPBSherwood/status/1489535257414148097 [Accessed: 

July 2022] 

 

Shirt, D. B. (1987). British Red Data Books, vol. 2. Insects. Nature Conservancy 

Council, Peterborough. 

 

Siitonen, J., Martikainen, P., Punttila, P., & Rauh, J. (2000). Coarse woody 

debris and stand characteristics in mature managed and old-growth boreal 

mesic forests in southern Finland. Forest ecology and management, 128(3), 

211-225. 

 

Simberloff, D. (1998). Flagships, umbrellas, and keystones: is single-species 

management passé in the landscape era?. Biological conservation, 83(3), 247-

257. 

 

Sippola, A. L., Siitonen, J., & Kallio, R. (1998). Amount and quality of coarse 

woody debris in natural and managed coniferous forests near the timberline in 

Finnish Lapland. Scandinavian Journal of Forest Research, 13(1-4), 204-214. 

 

Smith, D. B., & Sears, M. K. (1982). Mandibular structure and feeding habits of 

three morphologically similar coleopterous larvae: Cucujus clavipes (Cucujidae), 

Dendroides canadensis (Pyrochroidae), and Pytho depressus 

(Salpingidae). The Canadian Entomologist, 114(2), 173-175. 

 

Smith, R. M., Warren, P. H., Thompson, K., & Gaston, K. J. (2006). Urban 

domestic gardens (VI): environmental correlates of invertebrate species 

richness. Biodiversity & Conservation, 15(8), 2415-2438. 

 

https://twitter.com/RSPBSherwood/status/1489535257414148097


302 
 

Smith-Ferguson, J., & Beekman, M. (2020). Who needs a brain? Slime moulds, 

behavioural ecology and minimal cognition. Adaptive Behavior, 28(6), 465-478. 

 

Soliman, T., Yang, S. Y., Yamazaki, T., & Jenke-Kodama, H. (2017). Profiling 

soil microbial communities with next-generation sequencing: the influence of 

DNA kit selection and technician technical expertise. PeerJ, 5, e4178. 

 

Solaiman, Z. M., Shafi, M. I., Beamont, E., & Anawar, H. M. (2020). Poultry litter 

biochar increases mycorrhizal colonisation, soil fertility and cucumber yield in a 

fertigation system on sandy soil. Agriculture, 10(10), 480. 

 

Speight, M. C. (1989). Saproxylic invertebrates and their conservation. Council 

of Europe. 

 

Spencer, J. W., & Kirby, K. J. (1992). An inventory of ancient woodland for 

England and Wales. Biological conservation, 62(2), 77-93. 

 

Stagoll, K., Lindenmayer, D. B., Knight, E., Fischer, J., & Manning, A. D. (2012). 

Large trees are keystone structures in urban parks. Conservation Letters, 5(2), 

115-122. 

 

Sterner, R. W. & Elser J. J., (2002) Ecological Stoichiometry: the Biology of 

Elements from Molecules to the Biosphere. Princeton University Press, 

Princeton. 

 

Stokland, J. N., & Meyke, E. (2008). The saproxylic database: an emerging 

overview of the biological diversity in deadwood. Revue d'écologie. 

  

Stokland, J.N., Siitonen, J. & Jonsson B. G. (2012) Biodiversity in Deadwood, 

Cambridge University Press, New York 

 

Strid, Y., Schroeder, M., Lindahl, B., Ihrmark, K., & Stenlid, J. (2014). Bark 

beetles have a decisive impact on fungal communities in Norway spruce stem 

sections. Fungal Ecology, 7, 47-58. 

 



303 
 

Stubbs, A. E., & Drake, M. (2014). British Soldierflies and Their Allies. British 

Entomological and Natural History Society. 

 

Suh, S. O., Marshall, C. J., Mchugh, J. V., & Blackwell, M. (2003). Wood 

ingestion by passalid beetles in the presence of xylose‐fermenting gut 

yeasts. Molecular ecology, 12(11), 3137-3145. 

 

Svensson, G. P., Liedtke, C., Hedenström, E., Breistein, P., Bång, J., & 

Larsson, M. C. (2012). Chemical ecology and insect conservation: optimising 

pheromone-based monitoring of the threatened saproxylic click beetle Elater 

ferrugineus. Journal of Insect Conservation, 16(4), 549-555. 

 

Svensson, G. P., Sahlin, U., Brage, B., & Larsson, M. C. (2011). Should I stay 

or should I go? Modelling dispersal strategies in saproxylic insects based on 

pheromone capture and radio telemetry: a case study on the threatened hermit 

beetle Osmoderma eremita. Biodiversity and conservation, 20(13), 2883-2902. 

 

Sverdrup-Thygeson, A. (2009). Oaks in Norway: hotspots for red-listed beetles 

(Coleoptera). In Saproxlic beetles: their role and diversity in European woodland 

and tree habitats. Proceedings of the 5th Symposium and Workshop on the 

Conservation of Saproxylic Beetles, Lüneberg, Germany, 14-16 June 2008 (pp. 

13-26). Pensoft Publishers. 

 

Sverdrup-Thygeson, A., & Birkemoe, T. (2009). What window traps can tell us: 

effect of placement, forest openness and beetle reproduction in retention 

trees. Journal of Insect Conservation, 13(2), 183-191. 

 

Sverdrup-Thygeson, A., Gustafsson, L., & Kouki, J. (2014). Spatial and 

temporal scales relevant for conservation of dead-wood associated species: 

current status and perspectives. Biodiversity and conservation, 23(3), 513-535. 

 

Sverdrup-Thygeson, A., & Midtgaard, F. (1998). Fungus-infected trees as 

islands in boreal forest: spatial distribution of the fungivorous beetle 

Bolitophagus reticulatus (Coleoptera, Tenebrionidae). Ecoscience, 5(4), 486-

493. 



304 
 

 

Sverdrup-Thygeson, A., Skarpaas, O., Blumentrath, S., Birkemoe, T., & Evju, 

M. (2017). Habitat connectivity affects specialist species richness more than 

generalists in veteran trees. Forest Ecology and Management, 403, 96-102. 

 

Tanahashi, M., Kubota, K., Matsushita, N., & Togashi, K. (2010). Discovery of 

mycangia and the associated xylose-fermenting yeasts in stag beetles 

(Coleoptera: Lucanidae). Naturwissenschaften, 97(3), 311-317. 

 

Telfer, M.G. (2016) A review of the beetles of Great Britain: Ground Beetles 

(Carabidae), Species Status No.25, Natural England (NECR189) 

 

Thatcher, R. C., Searcy, J. L., Coster, J. E. & Hertel G. D. (Eds.). (1981). The 

Southern Pine Beetle. Forest Service, Science and Education Administration. 

 

Thorn, S., Seibold, S., Leverkus, A. B., Michler, T., Müller, J., Noss, R. F., Stork, 

N., Vogel, S., & Lindenmayer, D. B. (2020). The living dead: acknowledging life 

after tree death to stop forest degradation. Frontiers in Ecology and the 

Environment, 18(9), 505-512. 

 

Tolasch, T., von Fragstein, M., & Steidle, J. L. (2007). Sex pheromone of Elater 

ferrugineus L.(Coleoptera: Elateridae). Journal of chemical ecology, 33(11), 

2156-2166. 

 

Townsend, J. B., & Barton, S. (2018). The impact of ancient tree form on 

modern landscape preferences. Urban Forestry & Urban Greening, 34, 205-

216. 

 

Trakhtenbrot, A., Nathan, R., Perry, G., & Richardson, D. M. (2005). The 

importance of long‐distance dispersal in biodiversity conservation. Diversity and 

Distributions, 11(2), 173-181. 

 

UK Beetles (n.d.-a). Achopera alternata Lea, 1910. Available from: 

https://www.ukbeetles.co.uk/achopera-alternata [Accessed: December 2022] 

 

https://www.ukbeetles.co.uk/achopera-alternata


305 
 

 

UK Beetles (n.d.-b). Euglenes oculatus (Paykull, 1798). Available from: 

https://www.ukbeetles.co.uk/euglenes-oculata [Accessed: December 2022] 

 

 

UK Beetles (n.d.-c). Cephennium gallicum Ganglbauer, 1899. Available from: 

https://www.ukbeetles.co.uk/cephennium-gallicum [Accessed: December 2022] 

 

UK Beetles (n.d.-d). Geostiba circellaris (Gravenhorst, 1806). Available from:  

https://www.ukbeetles.co.uk/geostiba-circellaris [Accessed: December 2022] 

 

UK Beetles (n.d.-e). Micropeplus staphylinoides (Marsham, 1802). Available 

from: https://www.ukbeetles.co.uk/micropeplus-staphylinoides [Accessed: 

December 2022] 

 

UK Beetles (n.d.-f). Ocypus olens (Müller, O.F., 1764) Devil's Coach-Horse 

Beetle. Available from:  https://www.ukbeetles.co.uk/ocypus-olens [Accessed: 

December 2022] 

 

UK Beetles (n.d.-g). Othius punctulatus (Goeze, 1777). Available from: 

https://www.ukbeetles.co.uk/othius-punctulatus [Accessed: December 2022] 

 

UK Beetles (n.d.-h). PSELAPHINAE Latreille, 1802 Ant-loving Beetles. 

Available from: https://www.ukbeetles.co.uk/pselaphinae [Accessed: December 

2022] 

 

UK Beetles (n.d.-i). Tasgius morsitans (Rossi, 1790). Available from: 

https://www.ukbeetles.co.uk/tasgius-morsitans [Accessed: December 2022] 

 

UK Beetles (n.d. -j). Anommatus Wesmael, 1835. Available from: 

https://www.ukbeetles.co.uk/anommatus-spp [Accessed: December 2022] 

 

UK Beetles (n.d. -k) Grammoptera ruficornis (Fabricius, 1781). 

https://www.ukbeetles.co.uk/grammoptera-ruficornis [Accessed: May 2023] 

 

https://www.ukbeetles.co.uk/euglenes-oculata
https://www.ukbeetles.co.uk/cephennium-gallicum
https://www.ukbeetles.co.uk/geostiba-circellaris
https://www.ukbeetles.co.uk/micropeplus-staphylinoides
https://www.ukbeetles.co.uk/ocypus-olens
https://www.ukbeetles.co.uk/othius-punctulatus
https://www.ukbeetles.co.uk/pselaphinae
https://www.ukbeetles.co.uk/tasgius-morsitans
https://www.ukbeetles.co.uk/anommatus-spp
https://www.ukbeetles.co.uk/grammoptera-ruficornis


306 
 

Ulyshen, M. D. (2015). Insect‐mediated nitrogen dynamics in decomposing 

wood. Ecological Entomology, 40, 97-112. 

 

Ulyshen, M. D. (2016). Wood decomposition as influenced by 

invertebrates. Biological Reviews, 91(1), 70-85. 

 

Ulyshen, M. D. (2018). Saproxylic Diptera. In: Saproxylic insects: Diversity, 

Ecology and Conservation (pp. 167-192). Springer, Cham. 

 

Vandekerkhove, K., Thomaes, A., Crèvecoeur, L., De Keersmaeker, L., 

Leyman, A., & Köhler, F. (2016). Saproxylic beetles in non-intervention and 

coppice-with-standards restoration management in Meerdaal forest (Belgium): 

an exploratory analysis. iForest-Biogeosciences and Forestry, 9(4), 536. 

 

Voříšková, J., & Baldrian, P. (2013). Fungal community on decomposing leaf litter 

undergoes rapid successional changes. The ISME journal, 7(3), 477-486. 

 

Wagner, D. L., Grames, E. M., Forister, M. L., Berenbaum, M. R., & Stopak, D. 

(2021). Insect decline in the Anthropocene: Death by a thousand 

cuts. Proceedings of the National Academy of Sciences, 118(2), e2023989118. 

 

Wainhouse, M., & Boddy, L. (2022). Making hollow trees: Inoculating living trees 

with wood-decay fungi for the conservation of threatened taxa-A guide for 

conservationists. Global Ecology and Conservation, 33. 

 

Watson, J. E., Evans, T., Venter, O., Williams, B., Tulloch, A., Stewart, C., 

Thompson, I., Ray, J. C., Murray, K., Salazar, A., McAlpine, C., Potapov, P., 

Walston, J., Robinson, J. G., Painter, M., Wilkie, D., Filardi, C., Laurance, W. F., 

Houghton, R. A., Maxwell, S., Grantham, H., Samper, C., Wang, S., Laestadius, 

L., Runting, R. K., Silva-Chávez, G. A., Ervin, J.,& Lindenmayer, D. (2018). The 

exceptional value of intact forest ecosystems. Nature ecology & evolution, 2(4), 

599-610. 

 



307 
 

Webb, J., Heaver, D., Lott, D., Dean, H.J., van Breda, J., Curson, J., Harvey, 

M.C., Gurney, M., Roy, D.B., van Breda, A., Drake, M., Alexander, K.N.A. and 

Foster, G. (2018). Pantheon - database version 3.7.6. 

 

Weedon, J. T., Cornwell, W. K., Cornelissen, J. H., Zanne, A. E., Wirth, C., & 

Coomes, D. A. (2009). Global meta‐analysis of wood decomposition rates: a 

role for trait variation among tree species?. Ecology Letters, 12(1), 45-56. 

 

Weeks Jr, R. D., & McIntyre, N. E. (1997). A comparison of live versus kill pitfall 

trapping techniques using various killing agents. Entomologia Experimentalis et 

Applicata, 82(3), 267-273. 

 

Weigand, A. M., Desquiotz, N., Weigand, H., & Szucsich, N. (2021). Application 

of propylene glycol in DNA-based studies of invertebrates. Metabarcoding and 

Metagenomics, 5, e57278. 

 

Wetherbee, R., Birkemoe, T., & Sverdrup-Thygeson, A. (2020). Veteran trees 

are a source of natural enemies. Scientific Reports, 10(1), 1-9. 

 

Wetherbee, R., Birkemoe, T., Asplund, J., Renčo, M., & Sverdrup‐Thygeson, A. 

(2022). It takes a community to maintain a tree hollow: Food web complexity 

enhances decomposition and wood mould production. Functional 

Ecology, 36(9), 2215-2226. 

 

Whitehead, P. F. (1996). The notable arboreal Coleoptera of Bredon Hill, 

Worcestershire, England. The Coleopterist, 5, 45-53. 

 

Whitehead, P. F. (1998). Compost bins and other artificially created biotopes as 

biological conservation agents for xylophilous Coleoptera. Entomologist’s 

Gazette, 49, 257-260. 

 

Whitehead, P. F. (2003). Current knowledge of the violet click beetle 

Limoniscus violaceus (PWJ Müller, 1821)(Col., Elateridae) in Britain. 

In Proceedings of the second pan–European conference on saproxylic beetles. 



308 
 

People's Trust for Endangered Species, Royal Holloway, University of 

London (pp. 57-65). 

 

Whittet, R., Hope, J., & Ellis, C. J. (2015). Open structured woodland and the 

ecological interpretation of Scotland's Ancient Woodland Inventory. Scottish 

Geographical Journal, 131(2), 67-77. 

 

Widerberg, M. K., Ranius, T., Drobyshev, I., Nilsson, U., & Lindbladh, M. (2012). 

Increased openness around retained oaks increases species richness of 

saproxylic beetles. Biodiversity and Conservation, 21(12), 3035-3059. 

 

Winter, T. (1992) Deadwood – Is it a threat to commercial forestry?. In: Kirby, K. 

J. & Drake, C. M. (Eds.) Deadwood matters: the ecology and conservation of 

saproxylic invertebrates in Britain (pp. 74-80.) English Nature, Peterborough 

 

Wildlife and Countryside Act (1981) schedule. 5. Available from: 

https://www.legislation.gov.uk/ukpga/1981/69/contents [Accessed: February 

2022] 

 

Wood, T. (1884). A new species of Cis. Entomologist’s monthly magazine, 21, 

130-131. 

 

Woodland Trust (2021a). Ancient and veteran trees: Caring for special trees on 

farms. Available from: 

https://www.woodlandtrust.org.uk/publications/2021/07/ancient-and-veteran-

trees-caring-for-special-trees-on-

farms/#:~:text=Ancient%20and%20veteran%20trees%3A%20Caring%20for%2

0special%20trees%20on%20farms&text=It%20provides%20information%20on

%20how,and%20rich%20in%20wildlife%20habitats. [Accessed: July 2022] 

 

Woodland Trust (2021b) State of the UK’s Woods and Trees 2021. Available 

from: https://www.woodlandtrust.org.uk/state-of-uk-woods-and-trees/ 

[Accessed: March 2022] 

 

https://www.legislation.gov.uk/ukpga/1981/69/contents
https://www.woodlandtrust.org.uk/publications/2021/07/ancient-and-veteran-trees-caring-for-special-trees-on-farms/#:~:text=Ancient%20and%20veteran%20trees%3A%20Caring%20for%20special%20trees%20on%20farms&text=It%20provides%20information%20on%20how,and%20rich%20in%20wildlife%20habitats
https://www.woodlandtrust.org.uk/publications/2021/07/ancient-and-veteran-trees-caring-for-special-trees-on-farms/#:~:text=Ancient%20and%20veteran%20trees%3A%20Caring%20for%20special%20trees%20on%20farms&text=It%20provides%20information%20on%20how,and%20rich%20in%20wildlife%20habitats
https://www.woodlandtrust.org.uk/publications/2021/07/ancient-and-veteran-trees-caring-for-special-trees-on-farms/#:~:text=Ancient%20and%20veteran%20trees%3A%20Caring%20for%20special%20trees%20on%20farms&text=It%20provides%20information%20on%20how,and%20rich%20in%20wildlife%20habitats
https://www.woodlandtrust.org.uk/publications/2021/07/ancient-and-veteran-trees-caring-for-special-trees-on-farms/#:~:text=Ancient%20and%20veteran%20trees%3A%20Caring%20for%20special%20trees%20on%20farms&text=It%20provides%20information%20on%20how,and%20rich%20in%20wildlife%20habitats
https://www.woodlandtrust.org.uk/publications/2021/07/ancient-and-veteran-trees-caring-for-special-trees-on-farms/#:~:text=Ancient%20and%20veteran%20trees%3A%20Caring%20for%20special%20trees%20on%20farms&text=It%20provides%20information%20on%20how,and%20rich%20in%20wildlife%20habitats
https://www.woodlandtrust.org.uk/state-of-uk-woods-and-trees/


309 
 

Wu, Q. S., Xia, R. X., & Zou, Y. N. (2008). Improved soil structure and citrus 

growth after inoculation with three arbuscular mycorrhizal fungi under drought 

stress. European journal of soil biology, 44(1), 122-128. 

 

Yates (1984) Dispersal of the Oak Bark Beetle in: Natural Environment 

Research Council (1984) Institute of terrestrial ecology annual report 1983, 12-

13, Henry ling limited, Dorset 

 

Zuckerberg, B., Cohen, J. M., Nunes, L. A., Bernath-Plaisted, J., Clare, J. D., 

Gilbert, N. A., Kozidis. S. S., Maresh Nelson. S. B., Shipley, A. A., Thompson K. 

L. & Desrochers, A. (2020). A review of overlapping landscapes: 

pseudoreplication or a red herring in landscape ecology?. Current Landscape 

Ecology Reports, 5(4), 140-148. 

 

Zumr, V., Remeš, J., & Pulkrab, K. (2021). How to increase biodiversity of 

saproxylic beetles in commercial stands through integrated forest management 

in central Europe. Forests, 12(6), 814. 

 

 

 

 

 

 

 

 

  



310 
 

 

 

Appendix A. Maps showing the labelling codes used to identify the 
trapping trees in the study of Stowe and Wimpole (Chapter 2).  
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Appendix B. Beetle species collected from individual traps at Stowe National Trust Landscape and the surrounding arable 
land (Chapter 2). Codes used in the column titles correspond to the tree labels shown in Appendix 1. Columns coloured grey 

represent traps that were discounted from statistical analysis due to faults influencing their ability to continuously collect specimens 

during their periods of deployment. 
 
Species S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 
Abdera 
biflexuosa 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 
Abdera 
quadrifasciata 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 
Acalles misellus 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Achopera 
alternata 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Aeletes 
atomarius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Agrilus laticornis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
Ampedus 
cardinalis 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ampedus 
quercicola 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Anaspis fasciata 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Anaspis frontalis 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
Anaspis 
maculata 0 0 0 1 0 1 0 0 0 0 0 1 0 0 1 1 0 
Anaspis 
regimbarti 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anisotoma 
humeralis 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 



312 
 

Anobium 
inexpectatum 0 9 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 
Anobium 
punctatum 0 1 0 0 1 7 0 0 0 0 0 0 0 0 1 0 0 
Axinotarsus 
marginalis 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Cerylon 
ferrugineum 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 2 
Cis bilamellatus 0 0 0 0 0 3 0 1 4 0 2 0 0 0 2 2 0 
Cis boleti 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
Cis fagi 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
Cis micans 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Cis pygmaeus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Cis vestitus 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 
Cis villosulus 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 
Cryptolestes 
duplicatus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Cryptophagus 
dentatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
Cryptophagus 
scanicus 0 1 0 0 0 0 0 0 3 0 0 0 0 2 0 0 0 
Ctesias serra 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dacne 
bipustulata 3 6 0 0 1 5 1 9 5 1 6 4 0 10 2 7 1 
Dacne rufifrons 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 
Dienerella 
vincenti 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Dorcatoma 
chrysomelina 0 0 0 0 2 0 0 0 1 2 0 0 0 0 0 0 0 
Dorcatoma 
dresdensis 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
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Dorcatoma 
flavicornis 0 0 0 0 0 0 2 0 1 0 2 0 0 0 0 1 0 
Dorcatoma 
substriata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 
Dromius 
meridionalis 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Dromius 
quadrimaculatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Dryocoetes 
villosus 0 0 1 0 0 0 0 1 0 5 1 3 0 4 1 0 0 
Eledona 
agricola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Enicmus 
brevicornis 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 
Enicmus 
rugosus 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
Enicmus 
testaceus 0 0 0 0 0 0 0 7 0 0 0 1 2 0 2 0 1 
Ennearthron 
cornutum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Epuraea aestiva 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Ernoporicus fagi 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Euglenes 
oculatus 0 0 1 0 2 3 1 1 0 11 1 8 0 1 10 0 0 
Eulagius 
filicornis 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 
Euophryum 
confine 1 1 0 0 0 3 0 10 0 0 0 1 0 0 0 0 0 
Euplectus 
karstenii 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 1 
Gnathoncus 
buyssoni 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
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Gnathoncus 
rotundatus 
(nanus) 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Grammoptera 
ruficornis 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 
Hedobia 
imperialis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Hemicoelus 
fulvicorne 0 1 4 3 0 0 4 0 0 8 0 3 10 0 2 0 0 
Hylesinus 
crenatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
Hylis olexai 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Kissophagus 
vicinus 
(hederae) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Lymexylon 
navale 0 0 0 0 0 1 0 0 0 0 0 0 0 0 3 1 0 
Malthinus 
balteatus 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Malthodes 
minimus 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Melanotus 
castanipes 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
Melanotus 
villosus 1 1 0 0 0 1 0 1 0 0 0 1 1 0 0 2 0 
Melasis 
buprestoides 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Mycetochara 
humeralis 0 0 1 0 0 0 0 0 0 0 0 0 0 2 6 0 0 
Mycetophagus 
multipunctatus 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Mycetophagus 
piceus 0 3 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Mycetophagus 
quadripustulatus 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 
Ochina 
ptinoides 0 8 0 0 0 0 0 0 0 2 0 0 0 1 0 0 1 
Oligella 
intermedia 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Orthoperus 
nigrescens 0 0 0 0 0 2 1 7 0 0 0 4 0 2 0 0 1 
Paromalus 
flavicornis 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
Platypus 
cylindrus 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Plegaderus 
dissectus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Prionychus ater 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Ptilinus 
pectinicornis 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Ptinella aptera 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
Ptinella 
errabunda 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Salpingus 
planirostris 1 0 2 1 0 0 0 0 0 0 0 1 1 0 0 0 1 
Salpingus 
ruficollis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Scolytus 
intricatus 0 0 0 0 13 0 0 0 0 2 0 12 0 0 0 0 0 
Scydmaenus 
rufus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Sinodendron 
cylindricum 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
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Symbiotes latus 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 
Taphrorychus 
bicolor 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Trichonyx 
sulcicollis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Triplax russica 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Trox scaber 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Xyleborus 
dryographus 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 
Xyleborus 
monographus 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 
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Appendix C. Beetle species collected from individual traps at Wimpole National Trust Landscape and the surrounding arable 
land (Chapter 2). Codes used in the column titles correspond to the tree labels shown in Appendix 1. Columns coloured grey 

represent traps that were discounted from statistical analysis due to faults influencing their ability to continuously collect specimens 

during their periods of deployment. 
 
Species W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 W15 W16 W17 W18 W19 
Aderus 
populneus 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agrilus laticornis 0 0 0 0 0 1 2 2 0 0 4 0 0 0 0 0 0 0 0 
Anaspis fasciata 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 
Anaspis frontalis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Anaspis 
maculata 0 0 0 0 0 0 1 0 0 0 0 0 2 2 0 0 0 1 0 
Anaspis 
regimbarti 0 0 0 5 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
Anobium 
inexpectatum 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anobium 
punctatum 0 0 0 1 2 0 0 0 0 0 1 0 0 1 0 1 0 0 0 
Aulonothroscus 
brevicollis 35 0 0 0 3 1 0 0 0 4 1 2 0 0 0 0 0 2 1 
Axinotarsus 
marginalis 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 
Baeocrara 
variolosa 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 
Cerylon 
ferrugineum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
Cis bilamellatus 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
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Cis micans 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cis pygmaeus 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Cis vestitus 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clytus arietis 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Cryptarcha 
undata 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Cryptophagus 
dentatus 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
Cryptophagus 
labilis 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Cryptophagus 
ruficornis 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Cryptophagus 
scanicus 4 3 0 4 0 4 2 0 0 0 1 1 0 1 0 3 1 0 0 
Ctesias serra 1 1 0 0 0 2 0 4 1 0 0 0 0 0 0 0 0 0 3 
Dacne 
bipustulata 1 22 0 11 5 9 2 27 8 15 13 0 2 3 2 5 1 5 0 
Dacne rufifrons 0 1 0 0 0 0 1 0 2 0 0 1 1 0 0 0 1 0 2 
Diaperis boleti 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diplocoelus fagi 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Dorcatoma 
chrysomelina 0 1 0 6 52 4 0 0 4 26 4 13 11 0 0 0 0 0 0 
Dorcatoma 
flavicornis 0 0 0 0 4 2 0 0 0 13 0 0 0 0 0 0 0 0 0 
Dorcatoma 
substriata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Dromius 
meridionalis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
Dromius 
quadrimaculatus 2 0 0 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 
Elater 
ferrugineus 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
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Eledona 
agricola 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Enicmus 
brevicornis 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 
Enicmus 
rugosus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 1 
Enicmus 
testaceus 2 0 0 0 0 0 0 1 0 0 1 0 1 0 5 0 10 0 0 
Ennearthron 
cornutum 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Euglenes 
oculatus 2 0 0 0 4 8 0 1 64 10 8 52 1 1 0 1 2 0 0 
Euophryum 
confine 2 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 4 0 0 
Euplectus 
karstenii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Grammoptera 
ruficornis 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hedobia 
imperialis 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemicoelus 
canaliculatus 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hemicoelus 
fulvicorne 1 2 0 0 1 10 1 1 2 0 0 0 1 2 0 0 1 0 1 
Hylesinus varius 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Kissophagus 
vicinus 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lissodema 
denticolle 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Litargus 
connexus 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
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Malthinus 
balteatus 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Malthinus 
frontalis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Malthinus 
seriepunctatus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Malthodes 
marginatus 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Melanotus 
castanipes 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 
Melanotus 
villosus 0 2 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 1 0 
Melasis 
buprestoides 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mordellochroa 
abdominalis 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Mycetochara 
humeralis 0 2 0 0 0 1 1 0 0 0 1 6 0 0 0 1 4 0 0 
Mycetophagus 
multipunctatus 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mycetophagus 
piceus 0 1 0 2 5 2 0 0 0 1 2 2 0 0 0 3 0 0 0 
Mycetophagus 
populi 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mycetophagus 
quadripustulatus 0 0 0 2 0 0 0 1 2 0 0 0 1 0 0 0 0 0 0 
Ochina 
ptinoides 0 10 1 2 0 0 0 0 0 0 0 1 2 0 0 0 1 0 0 
Opilo mollis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Orthoperus 
nigrescens 5 3 0 0 0 0 0 0 0 1 1 1 2 2 8 4 1 0 6 
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Paromalus 
flavicornis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Pediacus 
dermestoides 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phymatodes 
testaceus 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Plegaderus 
dissectus 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Prionocyphon 
serricornis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Procraerus 
tibialis 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Pseudocistela 
ceramboides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 
Ptilinus 
pectinicornis 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Ptinus 
sexpunctatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Rhizophagus 
bipustulatus 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
Salpingus 
planirostris 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 
Scolytus 
intricatus 0 0 0 0 0 0 0 0 0 0 2 1 29 0 1 0 0 1 0 
Scraptia 
testacea 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Sinodendron 
cylindricum 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Soronia grisea 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stenagostus 
rhombeus 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
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Stereocorynes 
truncorum 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Symbiotes latus 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Taphrorychus 
bicolor 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Tillus elongatus 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Tomoxia 
bucephala 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Triplax russica 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 
Trox scaber 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Xyleborus 
monographus 0 0 1 0 0 0 0 11 1 0 0 0 0 0 0 0 0 0 0 
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Appendix D. Tree feature data collected for trapping trees at Stowe used in statistical analysis (Chapter 2). Codes used in the 

column titles correspond to the tree labels shown in Appendix 1. More information on the units and categorisation methods used for 

each of the feature measurements can be found in Table 2.2. 
 
Feature S1 S3 S5 S6 S7 S8 S9 S10 S11 S12 S13 S15 S16 S17 

Height (m) 
8.549
615 25.88889 

14.30
411 

17.14
078 

15.821
71 

15.69
208 12.17778 

24.463
28 

25.39
007 

29.812
36 

30.52
566 

21.900
96 

24.1616
2 

17.094
18 

Diameter 
Breast 
Height 
(DBH)(cm) 

190.3
5 175.07 

117.4
6 

130.5
1 178.89 

178.2
5 134.01 135.92 

167.4
3 141.65 

116.5
0 120.96 106.63 154.06 

Epicormic 
growth 
base A P A A A A A A A A A A A P 
Epicormic 
growth 
trunk P A A P P A A P A A A A P P 
Epicormic 
growth 
crown P A P P P P P P A A P A P P 
Bark 
depletion 
(%) 35 8 0.5 15 0 60 60 2.5 15 15 1 60 13 0 
Sap runs 0 0 5 0 0 0 0 2 1 1 0 1 0 1 
Split limbs 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Tears 1 6 2 2 2 1 3 1 2 6 7 3 1 1 
Scars 2 1 4 1 4 2 1 3 1 0 4 0 6 3 
Lightning 
strikes A A A P A P P A P A A A A A 
Hollowing 1 1 1 3 1 4 3 1 1 1 1 1 1 1 
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Holes 
base 7 0 2 2 0 5 0 2 0 0 0 0 3 0 
Holes 
trunk 4 1 3 3 1 2 10 2 2 0 0 3 1 2 
Holes 
branches 0 3 0 0 1 1 0 0 1 3 0 0 0 0 
Water 
pockets 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Red rot P P P P P P A P P P A P P A 
White rot A P P P A P P A P P P P P P 
Attached 
deadwood 8 56 43 40 40 25 10 18 21 18 13 70 50 18 
Fallen 
deadwood 0 0 15 0 75 40 0 3 9 22 2 9 0 0 
Fungi P A P A A A P P A P P P A P 
Lichen (%) 7 2 1 1 2 1 1 3 4 1 1 2 2 5 
Moss (%) 0 1 0 0 0 1 0 0 0 1 1 2 0 8 
Ivy (%) 0 0 0 0 0 0 0 0 0 0 0 0 3 40 
Mammal 
signs P P P P A A A P A A A P P P 
Bird signs A A A A A A A A P P A P A A 
Habitat 
context PX PX PX PX PX PX PL PL PL AV AV PL PL GO 
Damage A P P A A A A A P P A A A A 
Shade 0 20 0 0 0 10 5 0 0 35 40 30 20 60 
Feature 
nearest 
trap 

HOLL
OW 

BRANC
H TEAR TEAR TEAR TEAR 

DENUD
ED 

BRANC
H TEAR TEAR TEAR 

DENU
DED 

DENUD
ED TEAR 

Exposure 2 1 3 2 3 1 2 2 2 0 0 2 2 0 
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Appendix E. Tree feature data collected for trapping trees at Wimpole used in statistical analysis (Chapter 2). Codes used in 

the column titles correspond to the tree labels shown in Appendix 1. More information on the units and categorisation methods used for 

each of the feature measurements can be found in Table 2.2. 
 
Feature W1 W2 W4 W5 W6 W7 W8 W10 W11 W12 W13 W14 W15 W16 

Height (m) 
16.566
11 19.58082 

18.379
1 

20.054
03 

24.8678
8 

20.301
08 17.6874 31.555 

17.506
28 

24.1616
2 

14.365
42 

14.6327
7 15.82171 

12.772
85 

Diameter 
Breast 
Height 
(DBH)(cm) 161.70 143.24 124.78 167.43 180.80 140.69 123.19 121.59 172.21 142.92 106.32 139.10 95.49 98.36 
Epicormic 
growth 
base A A A A A A A A A P A A A A 
Epicormic 
growth 
trunk P P P A P A A P A P A P P A 
Epicormic 
growth 
crown P P A P P P P P P P P P P P 
Bark 
depletion 
(%) 1 1.5 0 1 0.5 0 45 0.5 8 2 0.5 0 0 15 
Sap runs 0 1 0 1 2 0 1 0 0 0 2 0 1 1 
Split limbs 0 0 0 1 1 1 0 0 0 0 0 0 0 1 
Tears 5 8 4 4 10 0 4 1 3 8 4 3 2 2 
Scars 5 6 3 2 3 3 2 7 3 2 6 9 3 2 
Lightning 
strikes A A A A A A A A A A A A A A 
Hollowing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Holes 
base 6 0 0 4 4 2 1 2 0 0 0 0 0 0 
Holes 
trunk 4 3 4 0 0 0 11 2 0 1 4 1 2 3 
Holes 
branches 2 0 4 4 2 0 0 0 4 4 1 0 0 0 
Water 
pockets 1 1 0 0 0 2 0 0 1 0 0 0 0 0 
Red rot P A P P A A P P P A P A P A 
White rot P P P P P P P A P P P P A A 
Attached 
deadwood 62 41 80 53 32 54 30 24 12 68 32 22 18 18 
Fallen 
deadwood 3 0 0 2 74 2 0 24 14 18 0 0 0 2 
Fungi P A A P P A A A A A A P A A 
Lichen (%) 2 1 5 2 2 4 2 1 0 1 10 5 2 5 
Moss (%) 0.5 0 0 0 4 2 0.5 1 8 0 5 15 0 0 
Ivy (%) 0 15 60 35 0 0 0 0 0 0 0 0 3 0 
Mammal 
signs P A A P P A A P A P A A P A 
Bird signs P A P A P A P P P P P A A P 
Habitat 
context AR UT AR AR PL PL PL PO PL WL AR AR AR AR 
Damage P P P A A A A A A A A A A A 
Shade 0 5 0 10 5 15 15 35 10 60 5 15 35 15 
Feature 
nearest 
trap 

HOLLO
W HOLLOW 

HOLLO
W 

HOLLO
W TEAR 

BRANC
H DENUDED 

HOLLO
W TEAR TEAR 

BRANC
H 

BRANC
H TEAR 

HOLLO
W 

Exposure 1 2 3 3 2 2 3 1 2 1 2 2 1 1 
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