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Deadwood provides important habitat within 
woodland ecosystems, supporting a diversity 

of organisms including invertebrates, fungi and 
bryophytes, as well as mammals, birds and herptiles. 
However, the provision of a sustainable resource of the 
full variety of deadwood habitats requires a woodland 
with varied species and age structure. As much of the 
woodland in the UK is heavily managed for human use 
and lacks a dynamic species and/or age structure, 
this resource is not available naturally, and may even 
be actively removed (‘tidied up’) to ensure that the 
woodland conforms to public expectations. therefore, 
areas of semi-natural, commercial or amenity 
woodland require particular management targeted 
at creating a sustainable supply of deadwood habitat 
resources. 

While ‘deadwood’ is increasingly recognised as an important habitat 
component in natural and commercial woodland management, it 
is important to understand the different deadwood micro-habitats, 
and ensure that a sustainable supply of these is provided throughout 
its dynamic life. It is essential that, rather than focusing on meeting 
average deadwood density targets, management must consider 
regular input of new deadwood material over time.

This article provides an overview of different deadwood micro-
habitats found within woodlands and their biodiversity conservation 
importance (with a focus on invertebrates). The article then outlines 
habitat management techniques that may be employed to create and 
maintain this resource, using the Royal Society for the Protection 
of Birds (RSPB) management of Abernethy Forest National Nature 
Reserve as a case study demonstrating these techniques in 
practice.

Introduction
Deadwood plays a key role in ecosystem functioning and 
productivity in terrestrial and riparian habitats. It provides habitat 
for many species of bryophytes, lichens, fungi, invertebrates, fish, 
amphibians, reptiles, birds and mammals. It also provides nursery 
sites for germination of plants, protection from grazing, shelter 
and mobility for herptiles, birds and mammals, a store of carbon 
and a nutrient resource that can be cycled through the ecosystem. 
Despite this essential role, deadwood has been removed from 
woodland ecosystems by humans for thousands of years. Initially 
the deadwood was used by people as raw material for constructing 
tools and shelter as well as for fuel. Now it is sometimes removed 
in the belief that it will prevent the spread of fungal or insect-borne 
disease in commercial woodlands, in response to a perceived threat 
to public safety or to meet public expectations of ‘tidiness’. However, 
the removal of this important habitat component is having a serious 
effect on biodiversity and sustainability of our woodlands.

The woodlands in the UK have been managed to meet human 
needs for thousands of years, and so it is difficult to estimate what 
the appropriate level of deadwood should be within our woodland 
habitats. Woodlands in Scandinavia, Poland and western Russia can 
provide an indication of the levels we should expect within our semi-
natural woodlands at any given time, suggesting average densities of 
c.60-100 m3ha-1 may be considered appropriate for boreal forests, 
while broadleaf forests may support densities in excess of  
200 m3ha-1 and as high as 500 m3ha-1 (Dudley and Vallauri 2004, 
Humphrey et al. 2002). Although some woodlands meet or exceed 
this value in the UK, these are rare, with most falling far short. For 
example, areas of semi-natural boreal forest in Scotland considered 
to be amongst the least disturbed in the country are estimated 
to have an average deadwood density of 30-50 m3ha-1, while 
more managed woodlands may have almost no deadwood at all 
(Humphrey et al. 2002). The importance of deadwood to woodland 
ecosystems and biodiversity has been increasingly acknowledged 
in recent years, and a number of papers, articles and guidance Image 1. Male lesser stag beetle Dorcus parallelipipeds

Photo: Chris Cathrine

Image 2. Callicera rufa (a hoverfly)
Photo: Ellen Rotheray
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documents have been published on the topic of deadwood 
management, measured in terms of average density.

However, measuring deadwood in terms of average density 
provides only a spatial snapshot of what is a dynamic habitat, and 
management that is designed merely to meet these targets may fall 
short of achieving meaningful and sustainable conservation goals. 
It is equally important to measure average volume input of new 
deadwood into the woodland ecosystem on a temporal scale. This is 
because deadwood provides temporary micro-habitats, and the taxa 
that rely on deadwood habitats require a continual supply of new 
material to ensure that their requirements are met in the future –  
i.e. to ensure a sustainable woodland ecosystem.

The Importance of Deadwood habitats
Deadwood is often viewed simplistically as standing snags or 
fallen dead tree material and logs. In fact, there is a huge range of 
deadwood habitats that may be found within these categories, as 
well as on living trees – in particular, veteran trees provide many 
important deadwood habitats. Table 1 provides some examples 
of deadwood micro-habitats and of species that rely on them. 
In addition to these terrestrial habitats, deadwood that is fully or 
partially submerged in water provides essential micro-habitats for a 
variety of fish and freshwater invertebrates (Mott 2010).

Deadwood habitats directly support a great many specialist 
species – known as ‘saproxylic’ organisms. The majority of 
saproxylic invertebrates are micro-habitat specific, and not tree 
species specific, although many of these are threatened through 
loss of habitat. Those species specialising both in micro-habitat 
and tree species are at particular risk, such as the aspen hoverfly 
Hammerschmidtia ferruginea and the pine hoverfly Blera fallax, both 
of which are included in the Scottish Natural Heritage Species Action 
Framework. Overall, it has been estimated that 13% of all species 
of plants and animals known in the UK are directly dependent on 
deadwood habitats, while many more are dependent upon the 
saproxylic organisms themselves, making deadwood an important 
focus for conservation management (Antrobus et al. 2005).

The list of deadwood micro-habitats provided in Table 1 is by no 
means exhaustive, but is intended to demonstrate the variety of 
these provided during the ‘life’ of deadwood. Depending on its 
nature, deadwood may last in situ for 80 years, or sometimes 
considerably more, depending on size and location. However, it 
offers different micro-habitats at different stages of its decay. 

For example, decaying sap under bark is an extremely important 
deadwood habitat for saproxylic Diptera (true flies). A study which 
sampled saproxylic Diptera from 300 woodlands in Scotland found 
that 65.1% of the 258 species recorded relied on decaying sap 
under bark during their larval stage (Rotheray et al. 2001). Yet, this 
micro-habitat is extremely short-lived, lasting no more than four 

years after the creation of the deadwood. Furthermore, many of the 
invertebrate species which occupy deadwood micro-habitats have 
limited dispersal ranges, and so are not easily able to colonise new 
deadwood unless it is nearby.

It is therefore essential that there is a continual supply of new 
deadwood material within a woodland so as to ensure that different 
stages of decay, and so a great variety of these niche-habitats, are 
present throughout at all times. 

Deadwood habitats created from different tree species do support 
different numbers of invertebrate species. While oak is undoubtedly 
an important tree species, in Scotland Scots pine and downy birch 
all support a great variety of invertebrate species, while aspen is 
also critical when considering invertebrates of conservation concern 
(using Diptera as an indicator group) (Rotheray et al. 2001).

Image 3. Female timberman beetle Acanthocinus aedilis
Photo: Chris Cathrine

Image 4. Mating timberman beetles Acanthocinus aedilis
Photo: Chris Cathrine

Table 1. Terrestrial deadwood micro-habitat examples
Deadwood 
Micro-
Habitat

Dead or 
Living tree

Associated Species Example

Wet rotting 
heartwood 
(above ground)

Dead or 
Living

Lesser stag beetle larvae Dorcus 
parallelipipeds.

Wet, detritus 
filled rot holes 
and crevices 
in standing 
trees

Dead or 
Living

Callicera rufa larvae (a hoverfly). 
RDB 3.

Wet, detritus 
filled rot holes 
in tree stumps

Dead Pine hoverfly larvae Blera fallax. 
RDB 1. UK BAP Priority Species.

Rotting wood 
below ground

Dead Stag beetle larvae Lacunus cervus. 
Annex II Habitats Directive.

Dry rot holes Dead or 
Living

A great variety of invertebrates, 
birds, bats and mammals depend 
on these rot holes for roosting 
and nesting. Examples include 
goldeneye Bucephala clangula, barn 
owl Tyto alba, noctule bat Nyctalus 
noctula, etc.

Under bark Dead Timberman beetle larvae 
Acanthocinus aedilis. Nationally 
Notable B.

Decaying 
sap under 
bark or sap 
exudations

Dead or 
Living

Aspen hoverfly larvae 
Hammerschmidtia ferruginea – 
Aspen specific. RDB 1. UK BAP 
Priority Species.

Deadwood 
piles

Dead Adder Vipera berus hibernacula. UK 
BAP Priority Species.
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As well as providing direct ecosystem services through nutrient 
cycling, soil creation and food for other animals (e.g. birds, 
mammals, centipedes, spiders, mites, pseudoscorpions, etc.), 
saproxylic species create new habitats within deadwood. For 
example, old woodpecker holes support wrynecks, while the 
bores left by stag beetle larvae are used as hibernacula by great 
crested newts Tritutus cristatus, smooth newts Lissotriton vulgaris 
and common lizards Zootoca vivipara (J Cranfield pers. comm.). 
The bodies of saproxylic invertebrates themselves also provide 
habitats for other invertebrates, such as parasitoid wasps, including 
the sabre wasp Rhyssa persuasoria which lays its eggs within the 
larvae of wood wasps and longhorn beetles that live within fallen 
deadwood.

Creation and Management of 
Deadwood habitats
Focusing on conservation, all other factors ignored, the ultimate aim 
of a woodland management project would be to restore the habitat 
to a natural self-sustaining state. In reality, this is rarely likely to be 
realistic as other factors (commercial timber production, amenity 
use, other human landuse pressures, the small size of most of our 
woodlands, etc.) will place constraints on conservation.

In almost all cases, active management will be required to provide 
a deadwood resource. The appropriate level of deadwood resource 
for a woodland will need to be decided considering all other factors, 
and addressed in a management plan. The management plan itself 
should provide a framework to meet the following key areas:

As close to a semi-natural volume of deadwood for the woodland 1. 
– e.g. 60-100 m3ha-1 would be ideal for boreal forests, while 
levels in excess of 200 m3ha-1 should be aimed for in broadleaf 
forest (although any deadwood is better than none).

A regular input of new deadwood material each year, at as close 2. 
to a natural rate of input as possible. For example, one study of 
near natural boreal forests, dominated by Scots pine, estimated 
the annual input rate of new dead wood as 1.4 m3ha-1yr-1 
(Rouvinen et al. 2002).

A range of deadwood types (3. e.g. standing dead at different 
heights and girths, fallen dead of different girths, stumps with 
and without rot holes, living veteran trees, etc.).

A regular supply of deadwood created from a range of tree 4. 
species, as some of the most threatened saproxylic species 
rely on particular species of tree.

In order to develop an appropriate management plan it will be 
necessary to estimate the baseline deadwood density in the target 
woodland. The recommended method of estimating deadwood 
density is detailed in Kirby et al. (1998). A system that provides an 
estimate of the proportion of deadwood in a woodland, as provided 
by Forestry Commission England (2008), may be adequate for some 
sites, such as community woodlands, where comparable and robust 
data are not required.

There are a number of techniques that can be used to create 
and maintain a supply of fresh deadwood, and some of these are 
illustrated in Images 9-11 and outlined in Table 2, although this is 

by no means exhaustive. These will not all be appropriate for every 
woodland management project, and health and safety, practicality, 
economics and logistics must be considered before selecting the 
methods best suited to your project.

The methods described in the table above create general deadwood 
habitat features, and a range of shaded and unshaded aspects 
should be encouraged for each. Within each of these, different 
micro-habitats will develop (examples provided in Table 1). A range of 
different deadwood habitat should be created to allow opportunities 
for a variety of deadwood micro-habitats to develop, while annual 
input of new material will allow sustainable populations of saproxylic 

Image 5. Long-horn beetle larvae
Photo: Chris Cathrine

Image 6. Female sabre wasp Rhyssa persuasoria laying 
eggs
Photo: Daisy Shepperd

Table 2. Deadwood management and creation examples
Deadwood 
Habitat Feature

Creation and Maintenance Methods

Veteran tree Identify and retain existing veteran trees, if 
present in a woodland.

Encourage establishment of veteran trees. Soil 
surrounding selected trees should be protected 
from compaction and erosion (e.g. through 
livestock trampling or car parking) and ground 
water level changes. Fertilisers, pesticides and 
ploughing must be avoided. A range of veteran 
tree species is important. Birch can provide 
veteran trees faster than other species, and can 
therefore provide a ‘quick fix’ for the interim, 
while other species slowly mature.

Pollarding may increase the life of a tree, and 
also encourage the creation of deadwood 
habitats within the living tree.

Tree Protection Orders can be a useful tool for 
protecting veteran trees.

Standing dead Cut branches and top tree (e.g. using pole saw 
or harvester)

Use explosives to top tree (important to use 
specialist trained contractors and to fully 
consider public affairs, and the serious health 
and safety implications).

Fallen dead Cut trees (near ground level or leaving higher 
stumps to provide standing dead).

Pull trees over (e.g. using tirfor winch or vehicle 
mounted winch).

Rot holes and 
crevices.

Intentionally damage living trees to encourage 
formation of rot holes and crevices.

Pollarding may encourage the creation of rot 
holes and crevices within living trees.

Log piles Stack brash or thinned material to create log 
piles.



14 In Practice September 2011

DEADWOOD: IMPORTANCE AND MANAGEMENT

species to establish. Of course, by encouraging a natural mix of 
species and age structure within a woodland, it is possible that a 
naturally sustaining deadwood resource may be established.

While management intervention to increase deadwood volumes and 
input rates may often be required, natural processes (e.g. snow and 
wind-break, and wind-throw) are of vital importance too.

In addition to the practical management of deadwood habitats, 
survey and monitoring of biodiversity present should also be 
encouraged. Saproxylic invertebrates are generally most easily 
sampled during their larval stages, which are restricted to the 
deadwood habitats and may be long-lived (for example, stag beetle 
larvae may take up to five years to mature). While we are more 
familiar with the adult stages, these may be highly mobile (in some 
cases occupying the canopy, and providing pollinator services), 
seasonal, short-lived and more difficult to sample. A number of 
techniques can be employed, including active searching, bark 
traps, bark window traps, pitfall traps and flight interception traps, 
depending on the target species group and life stages. Lichens, 
fungi and bryophytes may also be surveyed. Indices have also 
been developed to provide a measure of deadwood quality, such 
as the Saproxylic Quality Index (Fowles et al. 1999). These surveys 
all require specialist skills and lab analysis, and should therefore 
be undertaken by ecologists with the relevant experience. There 
is a great opportunity to make exciting discoveries through such 
monitoring – for example, of 258 species recorded during a 
saproxylic Diptera study, 53 were Red Listed, nine were new to the 
UK and 10 were new to science.

The following case study demonstrates different approaches to 
deadwood management where the aim is to create a semi-natural 
self-sustaining boreal forest at a site that consisted of a mix of 
semi-natural woodland and commercial plantation at the time of 
acquisition by the RSPB.

Case Study: Abernethy Forest National 
Nature Reserve
The RSPB owns and manages Abernethy Nature Reserve. Situated 
in northeast Scotland (57o15'N, 3o40'W), within the Cairngorms 
National Park, it extends to 13,715 ha. The reserve covers a wide 
altitudinal range, from 200-1309 m AOD. Mature woodland (with 
greater than 10 trees ha-1) currently covers c.4,100 ha, with an 
additional c.1,400 ha of other trees, scrub and established natural 
regeneration. Caledonian forest and bog woodland are the major 
woodland types present, and are both listed under Annex I of the 
Habitats Directive.

The reserve is protected under international and national nature 
conservation legislation. It includes all, or parts of: three Special 
Protection Areas (SPA), two Special Areas of Conservation (SAC), 
a Ramsar site, two Sites of Special Scientific Interest (SSSI) and 
is a National Nature Reserve (NNR). In addition, it lies within the 

Cairngorms National Park, a National Scenic Area and a proposed 
World Heritage Site.

At the time of acquisition by RSPB, there were within Abernethy 
Forest: 1,882 ha of Scots pine plantations, a similar area of semi-
natural woodland, and 304 ha of planted non-native conifers. Timber 
had been extracted, over the lifespan of the present trees, from 
c.97% of the semi-natural woodland.

RSPB began active management of the plantations in 1981. Here 
the aim was to develop the forest structures seen in the mature 
semi-natural woodland elsewhere in Abernethy. Within Scots pine 
plantations a programme of phased thinning began, aiming to create 
variable tree densities (300-1,000 ha-1), over the course of three 
rounds of thinning. This management sought to diversify woodland 
and field layer structure, increase blaeberry Vaccinium myrtillus and 
maintain minority tree and shrub species. 

Plantation management drew on standard sylvicultural methods 
operating at the time; phased thinning, avoidance of wind-throw, 
and extraction of timber. Existing deadwood was highly valued as 
a wildlife habitat (e.g. as nesting sites for crested tits Lophophanes 
cristatus) and was retained in areas of management. In addition, 
only limited amounts of standing deadwood were created, as the 
deadwood volume was anticipated to rise as the forest matured.

Over the period 1981-2003, RSPB re-structured 611 ha of Scots 
pine plantations and clear-felled 238 ha of non-native conifers. 
Approximately 40,000 tonnes of timber was extracted and sold, 
covering costs of management (in most years) and providing an 
income to RSPB (in some years), depending on the fluctuating timber 
prices.

In the late 1990s managers began to consider a wider range of 
approaches to restoration of the Caledonian pinewood ecosystem. 
Investigations also began to explore what features and attributes 
woodland of natural character might have. As part of this process 
a major review of the importance of dead and decaying wood 
was undertaken, which also looked at how amounts in Abernethy 
compared to more natural pine forests. 

At Abernethy, in some taxonomic groups a very high proportion 
of rare and scarce species are associated with deadwood. For 
example, of 69 Nationally Rare and Nationally Scarce lichens in 
woodland at Abernethy, >90% are restricted to deadwood (exposed 
lignum), and of 122 Red Listed or Nationally Scarce beetles recorded 
from woodland at Abernethy Forest, 48% are saproxylic species.

Geographically, the closest examples of near natural Scots pine 
dominated boreal forests are in parts of Scandinavia and western 
Russia. Here, the remaining areas of pristine forest, with little or no 
history of sylvicultural management, provide models for deadwood 
abundance and dynamics to be aimed for in Abernethy Forest.

When management began, deadwood density was estimated to 
be 6-10 m3ha-1, which is about 10% of that found in analogous near 

Image 7. Leisler's bat Nyctalus leisleri a species that relies 
on deadwood for roost habitat
Photo: John Haddow

Image 8. Male Leisler's bat Nyctalus leisleri tree roost in 
rot hole
Photo: Stuart Spray
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natural boreal Scots pine dominated forests in Scandinavia and 
western Russia, and the mean annual input rate of fresh deadwood 
was less than 1% of the rate in these other forests. RSPB therefore 
began a management programme of deadwood creation within 
plantations, starting in winter 2006/07.

The primary aim of deadwood management was to create an 
additional minimum of 1 m3ha-1 of standing and fallen deadwood 
over a 5-10 year cycle over all plantation areas. Continuity of supply 
of fresh deadwood, both standing and downed, was seen as a key 
prerequisite for conservation of deadwood dependent species. A 
range of techniques were adopted (see Images 9-11) to create a 
variety of types of deadwood. Standing deadwood was created by 
cutting branches and the tops off trees using a pole saw, and latterly 
by a timber harvester. Downed deadwood was created by felling 
trees, sometimes cutting near ground level and sometimes leaving a 
high stump, and by pulling trees over. This was done by hand, using 
a tirfor winch, and using a tractor mounted winch. Smaller numbers 
of live trees were ‘damaged’ to encourage formation of rot holes. In 
this way, it is hoped that a continuity of supply of deadwood in space 
and time can be provided. In the long-term, aspirations are to reach 
near natural deadwood volumes, with less active management as 
natural processes of disturbance begin to create the majority of the 
deadwood input.

Over the five year period 2006/07 to 2010/11, deadwood was 
created in over 997 ha of plantations, at a mean rate of 17.3 trees 
killed per ha. This represents an increase in mean deadwood volume 
of approximately 2-3 m3ha-1, exceeding the original minimum target. 
One third of the trees have been killed standing and two thirds left 
as downed deadwood. RSPB staff and volunteers have devoted 
about 400 man days to this project over the last five years, with 
considerable additional work by contractors. This management 
is currently supported through the Scotland Rural Development 
Programme (SRDP). 

Through exploring different deadwood creation and management 
techniques, the Abernethey Forest may be used as a case study 
example to inform similar management at other woodland sites.

Conclusions
Deadwood provides important micro-habitats for a huge diversity 
of saproxylic species directly. These organisms provide important 

ecosystem services and support other species through provision of 
food and creation of new habitats.

It is important that those involved in designing and implementing 
woodland management realise that although a fallen tree or large 
branch may last for decades, the micro-habitats themselves are 
transient and so continual input of fresh deadwood material is 
essential throughout the spatial extent and lifetime of the woodland.

As this article demonstrates, there are many management 
techniques that may be employed to create different deadwood 
habitats that will then go on to provide myriad micro-habitats 
throughout the decay process. While these will not all be practical or 
affordable for every project or site, those that are most appropriate 
may be employed to the benefit of biodiversity, and will help 
contribute towards ultimately creating a more sustainable woodland.

Further Reading

The various habitat management methods described in this article 
are further outlined in the Deadwood Habitat Management Guidance 
Document published by Buglife – the Invertebrate Conservation Trust 
(available from  
www.scottishinvertebrates.org.uk). Other deadwood habitat 
management advice documents are also available from other 
organisations. As this is an evolving management field, new 
documents are likely to provide more up-to-date advice.
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Image 9. High topped 
trees
Photo: Ross Watson 
(RSPB)

Image 10. Harvester creating 
standing deadwood 
Photo: Ross Watson (RSPB)

Image 11. Pulled over trees      Photo: Ross Watson (RSPB)




