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Foreword by ACE (UK)

As consumers, we're faced with so many environmental messages about the products we buy
that we could be forgiven for not seeing the proverbial “wood for the trees”. One of the roles of
manufacturers and retailers is to help us make the right choices.

For the beverage carton industry, this choice is wood. Our cartons are mainly made from wood
tibre, a renewable material. We believe that using renewable materials is preferable to using

non-renewable ones, where possible, and that ultimately society’s future depends on its ability
to harness renewable resources. Of course, sourcing from nature brings with it a high degree of

responsibility — a responsibility that we take very seriously.

The wood fibre used by our members to make beverage cartons in Europe comes from forests in
the Nordic countries. Increasingly, these commercial woodlands are independently certified
and managed according to sustainable forestry standards, which our suppliers practise with
passion. Additionally, all the mills that produce our paperboard have certified traceability

systems in place.

Our industry takes great care to minimise its footprint, and that of its products, but it

continually strives to improve, and encourages the same throughout the supply chain.

The expertise of RSPB has been hugely helpful in carrying out this study, which seeks to
understand the biodiversity impacts of practices typically undertaken in certified forests. This is
a UK study, but we hope that the findings will be useful to forest practitioners and those who
procure forest products in the UK and beyond.

Last, but not least, by scrutinising our own business practices we want to help our customers
and retailers to be able to assure consumers that paper-based packaging using sustainably-
sourced fibre is a responsible choice which means that forests, and the species that depend on
them, will thrive.

Richard Hands

Chief Executive, The Alliance for Beverage Cartons and the Environment (ACE) UK






Executive Summary

1.

This review used systematic searches to identify literature that provided evidence of the
effects of forest practice on all groups of biodiversity. The review looks at areas of forest
practice most likely to influence biodiversity in forests. Forest practices included were
identified from the UK Woodland Assurance Standard (UKWAS) and a sample of Forest
Stewardship Council certificates. These were separated into three areas of interest;
silvicultural systems, forest enhancement for biodiversity and afforestation of open land.
Searches were made of peer reviewed and grey literature for studies reporting the
effects of forest practice on biodiversity in Britain and Ireland. The selection criteria were
set to compare changes in species richness, community composition, or abundance

either between managed and unmanaged stands, or before and after management.

The most frequently studied silvicultural system was large-scale clearfell and replant
with thinning. Coppicing was also well represented, but there were few studies of
alternative low-impact silvicultural systems. Clearfell and replant as a forest cycle
increased biodiversity in forests through the provision of temporary open space, with in
most situations either an increase in number of species or abundance after clearfelling.
Young replanted stands in particular provide a distinct set of species that were not
found in mature forests or open non-forested habitats. Canopy thinning increased
abundance or diversity of ground flora, but we can only draw tentative conclusions
from other taxa due to the paucity of studies. Coppicing also provided temporary open
spaces within forests. The main differences between coppice and clearfell system is that
coppice is cut on a much shorter cycle and the area cut at one time is smaller. This
results in a greater proportion of young age classes present in the forest and a smaller
scale of variation in forest structure. Thus, coppicing has a generally positive effect on
plants and birds. From the few studies found, alternative silvicultural systems that
retained a proportion of canopy cover after harvest had similar positive effects on

plants, due to increased light levels, as seen in clearfell and coppice systems. The impact
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of tree species selection on biodiversity was complex. Each tree species often had a
particular suite of invertebrates associated with it. The density of canopy foliage, which
affected light levels on the ground, and chemical composition of the litter layer, also had
an impact on biodiversity associated with plantations of individual tree species.
Mixtures of tree species did not add any value to biodiversity other than that associated
with the individual tree species. The choice of tree species can have an effect on

biodiversity but the effect will depend on the taxa of interest.

For enhancement of forests for biodiversity, the provision of permanent open space and
enhancement of this had the most associated research. The presence of small open
spaces within forests had a positive effect on all groups of biodiversity except mosses
and woodland plants. The main factor influencing the size of this effect was the amount
of light reaching the ground within these small open spaces, therefore wider roads and
rides as well as larger glades are recommended to maximise biodiversity gains from
these open spaces. In comparison, orientation of rides or shape of open space had less
effect than its size. Habitat restorations aimed at restoring land to the habitat present
prior to afforestation was also well studied. Removal of tree cover had a positive effect
on ground flora with more species and greater cover of species associated with the
desired restoration habitat than prior to conifer removal. Where comparisons were made
with habitats that had not been afforested, the restored areas were poorer in target
species than unmodified habitats. Few studies were located that recorded the effect of
management aimed at enhancing specialist forest biodiversity. Removal of non-native
trees from semi-natural woodlands that had been converted to plantation succeeded in
increasing abundance of ancient woodland ground flora species. Maintenance of
broadleaves within conifer plantations retained some species associated with broadleaf
forest within large areas of conifer plantation. A single study found that there was
greater diversity of bird species in conifer stands retained beyond age of economic

maturity. There were no studies recording the effect of increasing dead wood volumes.



4. Afforestation of open land was the forest practice that had the largest impact on
biodiversity, as it often resulted in conversion of an open semi-natural habitat to
managed forest. There was a consistent message from studies across a number of plant
and animal groups that many specialist species of open habitats that were afforested are
lost and replaced by generalist or widespread forest species. For most groups this
resulted in fewer species in the forest than the original habitats. Another effect is that the
open habitats had distinct communities dependent on the particular habitat such as bog,
grassland or heathland, the communities of forested habitats are more similar between
sites than those of the original open habitats. Afforestation has had negative effects on
most taxa and based on the habitats most commonly afforested in the twentieth century
there were few positive effects recorded. Most studies of afforestation were carried out
prior to the introduction of forest certification standards and afforestation carried out

under current standards is less likely to occur on habitats of high conservation value.

5. While the requirements and guidance given in UKWAS have the potential to minimise
loss of biodiversity and to enhance biodiversity in managed forests, there is a lack of
studies from certified forests looking at the effectiveness of such guidelines. The
literature shows that the process of afforestation, the clearfell and replant forest cycle
and providing permanent areas of open habitats within forest are well represented.
However, the lack of studies from low impact silvicultural systems means we cannot
predict changes likely to occur from the impetus for using low-impact systems in favour
of clearfell where possible. Guidance for biodiversity enhancement within UKWAS is
directed towards improving habitats for forest specialists. However, research on the
effectiveness of such measures is largely missing. There is also little information on the
ability of managed forests to provide sustainable populations of forest specialists
associated with old growth or unmanaged forests, partly due little unmanaged forest

occurring in Britain and Ireland. There was clear bias in the types of biodiversity studied
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with the majority of studies concentrating on ground beetles, ground flora and birds and
very little on canopy invertebrates and plants or soil organisms. We can improve our
understanding on some of these areas by reviewing literature from temperate and boreal

forests on continental Europe other areas will need new original research.
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1. Overview

This study looks at the main forest planning and management practices used in sustainable
forestry in the Britain and Ireland and it uses a structured literature review to identify impacts
on biodiversity from such practices. This information is then used to identify where further
improvements for biodiversity are likely to be achieved within the UK Woodland Assurance
Standard framework. This study concentrates on looking at changes in species richness and
community composition. However, in biodiversity conservation, scarce or declining species are
considered to have higher value. Effects on these species are outside the scope of this review,
but in some cases, changes in species richness may be the opposite to changes in populations of

rare species.

2. Background

2.1.Sustainable forestry certification

The UK has a mandatory minimum standard for all forest planting, felling and management,
which is set and audited for compliance by government; the UK Forestry Standard and its
associated Forest Guidelines on biodiversity, soil and water conservation, climate change, social
aspects, historic environment and landscape (See: http://www.forestry.gov.uk/ukfs). The UK

Forestry Standard was introduced in 1999, revised editions in 2004 and 2011.

The UK Forestry Standard requirements are designed to meet aspects of the UK Government
and devolved administrations” international commitments on sustainable forestry, for example
the Ministerial Conference for the Protection of Forests in Europe [now ‘Forest Europe’] 1993
Helsinki Principles for sustainable forest management, the 1992 UNCED Rio Earth Summit
Forest Principles and the 2002 World Summit on Sustainable Development UK Forest

Partnership for Action.

Compliance with the UK Forestry Standard (UKFES) is a condition placed on all government

sanctioned and grant aided forest planting, felling and woodland management. For woodland
1
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not being managed, or not in receipt of government-sanctioned grants, felling licenses,
approved forest plans or environmental impact assessments, it is unlikely such sites meet the
UK Forestry Standard, and will not be UKFS compliance checked. This may be the situation for

many high nature conservation value forests in the UK, which are not protected areas.

The UK, unlike other countries, does not codify sustainable forest management in detail
through detailed national forest laws. Instead, the UK uses a framework of a national minimum
standard — the UK Forestry Standard — combined with legislation for the licensing of tree felling
in all woodland, the assessment of environmental impacts of afforestation and removal of
forests and plantations, and outlines legal duties on the government forestry regulatory bodies

to consider wildlife and sustainable forestry.

Beyond the UK’s mandatory minimum requirements, under the UK Forestry Standard and its
associated Forest Guidelines, is voluntary certification of sustainable forest management
approved by two international schemes: the Forest Stewardship Council (FSC) and the
Programme for the Endorsement of Forest Certification (PEFC). The UK is unique in having a
single country standard that is approved by both FSC and PEFC - the UK Woodland Assurance
Standard (UKWAYS) (First edition 1999, second edition 2006 and third edition in 2012; see:

www.ukwas.org.uk).

UKWAS sets out requirements, including associated verification measures and guidance, for
forest design and management, including on the protection and enhancement of biodiversity,
other environmental, as well as social and economic aspects. The entire content of the UKWAS
standard has to meet both FSC and PEFC principles and criteria for sustainable forest
management. FSC and PEFC also have to approve the UKWAS standard setting and complaints
procedures as well as accredit independent third-party audit companies (‘certification bodies’).
The certification bodies carry out site/regional and systems level auditing against the respective
international forest management system rules to be able to award forest management
certificates, as well as to recommend any ‘corrective actions’, refusal or withdrawal of

certificates for non-compliance. A forest management certificate is the first step in the
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demonstration of traceability of materials as part of additional ‘chain of custody certification’

for FSC or PEEFC.

There has been little assessment in the UK, or elsewhere, of how or whether the voluntary forest
management certification process delivers the environmental or biodiversity benefits intended.
A review comparing the effectiveness of voluntary forestry certification schemes found most of
the studies were based on wording of standards or surveys of foresters and only one collected

primary data (Clark and Kozar, 2011).

This study has not reviewed the literature on the effectiveness of national forestry or
biodiversity legislation in protecting and enhancing wildlife species and habitats related to
forest planting, felling and management. This study also has not reviewed the literature on the

effectiveness of the UK’s mandatory minimum forest management standard.

Thus it is perceived that whilst the UK’s national voluntary forest management standard for
FSC and PEFC has the potential to improve biodiversity of forests, there is no empirical
evidence to support this or measure the magnitude of benefits from requirements within the
standard, the international principles or criteria that it conforms to, or the audit and
enforcement protocols. There also seems little incentive for privately owned forests to apply for
certification as only 20% of privately owned forest in the UK is certified compared with 100% of

publicly owned forest (Forestry Commission, Forestry facts & figures 2011).

2.2.Sustainable forest practice
Grants are available to produce management plans to the UKWAS standard to enable a wide
range of forest owners to apply for certification, and many forests which are managed mainly
for amenity, sporting or nature conservation are certified although they produce few timber
products. Production forests managed primarily for timber include large-scale upland conifer
plantations and lowland estates containing mixed broadleaved and conifer plantation. Within
the production forests a variety of silvicultural practices are used. An analysis of a sample of

certificates (Table 4.1.1) reveals that majority of certificate holders practiced thinning to



maintain the value of standing wood. The main harvesting systems mentioned were clearfell,
and small-coupe felling, with smaller numbers carrying out coppice or selective felling.
Restocking was carried out by natural tree regeneration where practical and planting in other
situations. Another frequently cited management practice was restoration to semi-natural tree
cover on ancient woodland sites that had previously been converted to conifer plantations.
UKWAS is used as the UK example of sustainable forestry standard to identify the types of
forestry practices carried out; other similar standards will be applicable in the Republic of

Ireland and continental Europe.

3. Scope of the review

This report aims to assess the impacts of forestry practice on biodiversity by reviewing
published sources for effects on biodiversity from the most common forestry practices carried
out in certified forests. These practices include aspects of forest design, stand management and
enhancement of forests for biodiversity. The report considers the impacts on all taxa of
biodiversity of standard silvicultural practice within forests in Britain and Ireland and the
design or management requirements given in UKWAS for the maintenance and enhancement of
biodiversity. Britain and Ireland was chosen as a suitable biogeographic region, including the
UK and Republic of Ireland, where the results of forestry management and species involved are
likely to be similar. UKWAS was only used to identify the types of management carried out in
sustainable forestry practice and the review does not attempt to assess whether UKWAS

achieves any conservation objectives.

The particular management and design aspects considered are grouped as 1. Silvicultural
system used, 2. Biodiversity enhancement and 3. Initial afforestation of open land (given below

with relevant sections of UKWAS standard).

1. Silvicultural systems

1.1. Clearfell and replanting (UKWAS 2.2.2 & 3.4.1)



1.2. Coppice (UKWAS 2.2.2 & 3.4.3)
1.3. Other harvest systems including shelter wood, group felling, continuous cover
(UKWAS2.2.2,34.1 & 3.4.3)
1.4. Crop thinning (UKWAS2.2.2 & 3.4.1)
1.5. Effects of tree species selection (UKWAS 3.3.1 & 3.3.2)
2. Enhancement of Biodiversity
2.1. Restoration of high conservation value habitats under plantation forest, including bogs,
heathland, sand dunes and native woodland (UKWAS 3.5.1)
2.2. Open habitats within forests including, glades, roads and rides (UKWAS 3.3.2).
2.3. Conifer and broadleaf retentions and dead wood creation (UKWAS 6.2.1 & 6.2.2)
3. Afforestation on open land (UKWAS 3.2.1)

Areas of forestry practice included in this report were mainly those commonly quoted within a
sample of FSC certificates examined (Table 3.1.1), with addition areas of concern in conservation
policy added (Appendix 1). All topics covered by the review are included within the UKWAS

standard.

As the report is restricted to the impacts of forestry practice on species richness and community
composition it does not consider management carried out solely for individual conservation
priority species, e.g. black grouse, capercaillie, which are covered by specific action plans in the

UK Biodiversity Action Plan process (http://jncc.defra.gov.uk/page-5155). Whilst forestry

operations affect these species, they are not widespread and where present management is often
adapted to accommodate these species requirements. It also doesn’t cover woodland
management aimed at producing biomass for energy production, specifically short rotation

coppice of willow and poplars.
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Table 3.1.1. Silvicultural practice and forest types mentioned in 78 FSC certificates from

different regions of the UK.

Management & Scotland Wales North Southern & Midlands & south
type of forest England eastern England  west England
Total 17 6 14 15 17
Clearfell 13 3 4 5 11
Coppice 0 0 1 7 6
Continuous 3 3 6 9 13
cover

Thinning 10 2 6 8 15
Selective felling 1 1 1 1 3
PAWS 0 2 3 3 4
restoration

Long term 6 1 0 0 0
retention

Conifer 14 6 6 10 15
plantation

Broadleaf 7 2 6 11 14
plantation

Semi-natural 8 2 9 11 14
broadleaf

4. Review methodology

The literature review was carried out using systematic review methodology. This method has
been developed for assessing evidence for effectiveness of medical interventions from a number
of research trials with possibly conflicting results. In recent years, these methods have been
adapted to synthesise evidence on particular topics in conservation and environmental sciences

(e.g. Stewart et al., 2009; Smith et al., 2010). Systematic reviews are used to assess the evidence
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for predetermined research questions based on published studies. A systematic review needs
clear research questions, predetermined criteria for the quality of studies to include, transparent
and systematic search methods for published studies and statistical analysis of resulting studies.
The research questions, search methods and criteria for weighting scientific evidence from
studies must be determined prior to conducting the review to provide an objective assessment
of the evidence. As a result, the material included in final review should be unbiased by the
authors prior knowledge and be as complete as possible. The protocols used for the systematic
review are based on guidelines provided by Collaboration for Environmental Evidence (CEE)

(http://www .environmentalevidence.org/Authors.htm)

4.1.ODbjectives
The objectives and research questions for the review were developed following detailed reading

of the UKWAS certification standard, consultation with woodland policy and advisory
colleagues at RSPB (Appendix 1), and identifying forest management methods from the first 78

FSC Forest Management certificates listed on their UK website (Table 4.1.1) (http://info.fsc.org/).

Primary objective
The overall objective of the review was to summarise the effects on biodiversity of forest
management techniques used in sustainable forestry within the Britain and Ireland. The specific

research question was:

What are the effects of types of forest design and management typically carried out in certified

forests, on species richness, community composition or species abundance?

Secondary objectives

A secondary objective was to identify gaps in knowledge.
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4.2.Search methods
Suitable published studies were located primarily using web-based document search engines. A
total of five search engines were used, Web of knowledge, Agris, Open Access Journal search
Engine, World Wide Science and Google Scholar (details in Appendix 2). The search engines
chosen were designed to cover peer reviewed scientific material from the conservation/ecology
and forestry sources as well as grey literature such as technical and advisory material. Complex
search terms were constructed based on the feature of interest (including all known synonyms
and variants), the type of outcomes of interest (e.g. increase, change, community), the habitat
context (forest and commonly forested habitats), and a subject context (eg. biodiversity, species
richness, population). Details of search terms used are in Appendix 2. The searches were not
restricted in taxa. A separate search was done for each management of interest on each search
engine. Searches using online search engines have a bias towards more recent publications, in
particular those published since the advent of digital publishing have more detailed indexing.
To attempt to counter this bias, further articles cited in relevant publications were also located
during the results collation stage. The websites of the following organisations were inspected
for further relevant material including useful grey literature or unpublished datasets: Natural
England, Scottish Natural Heritage, Countryside Council for Wales, Department of Agriculture

and Development Northern Ireland, Forest Research and Forestry Commission.

4.3. Criteria for study inclusion
The study was restricted to studies from Britain and Ireland. Selecting articles from the searches
to include in the review library was carried out in a three-stage process. Initially selection or
rejection was based on screening titles to exclude all that were clearly not relevant, e.g. from
other disciplines that use similar terms to mean something very different. The second level
screened abstracts with more stringent inclusion criteria. At this stage, only studies using
primary data looking at the effects of forest management interventions and including valid
comparisons or controls were selected and sorted into subject categories. The numbers of

studies found in each subject determined what could be included at the more detailed analysis.



The third stage was the reassessment of the full text based on the same criteria as the
assessment of abstracts. The final selection of articles was sorted into groups based on type of

forest intervention and methods employed in the study.

5. Results

5.1.Overview of search results
The search engines varied in the number of references found and there was considerable
overlap in the references located between search engines (Appendix 2). When all duplicates
were removed a total of 653 relevant references were located: 132 from the Britain and Ireland,
152 from boreal & temperate Europe, the nearest comparable forest systems, and the remaining

369 were from Mediterranean Europe and North America.

After the final selection process was complete, a total of 83 relevant published sources located
from the Britain and Ireland were used for the results of the review (Table 5.1.1). Key features of
the published studies located were as follows:

e The majority of studies looked at the normal forestry cycle prevalent in the Britain and
Ireland, i.e. initial afforestation of open habitats, development stages of forest growth,
clearfell of mature trees and restocking with a new crop.

e A number of studies compared trends through growth stages in the forest cycle.

e Few studies were of alternative harvesting systems such as coppicing or various systems
of only harvesting part of the crop at one time while retaining variable amounts of
mature trees (e.g. shelterwood, continuous cover, group felling, and selective felling
systems).

e Even scarcer were studies of the effectiveness of management designed to improve
populations of conservation interest. The exception being the restoration by tree removal
on habitats of conservation value which have been damaged by plantation forests.

The biodiversity groups represented in studies was strongly biased towards vascular plants,

particularly ground vegetation, and invertebrates, predominately beetles. This bias is towards

9



groups that are relatively easy to identify and study within the timeframe and spatial scale of
normal research projects (1-5 years). On the other hand, due to the difficulty of identifying such
species and the tractability of research on such groups, studies of groups which are functionally
important and comprise a large part of the biomass in forest systems are absent or very rare

including fungi, soil micro and macro organisms.

10



Table 5.1.1 Numbers of published sources used in the review fulfilling criteria for inclusion,

categorised by biodiversity group studied and type of management studied. Note: the totals

given are the total number of published sources in each category and not the sums of the figures

in each row or column as some studies cover more than one biodiversity group or type of forest

management.

Management

Invertebrates

Total

Clearfell &
second
rotation

Thinning
Coppice

Continuous
cover systems

Tree species
& mixtures

Open habitats
within forest

Open space
management

Habitat
restoration

Long-term
retentions

Dead wood

Afforestation

Dead Total
wood

4 83
0 24
0 8
0 10
0 3
1 13
0 13
0 2
0 9
0 1
3 3
0 17

11



5.2.Effects of Silvicultural Systems

5.2.1.  Clearfell and replanting

Most studies found looked at the effects of clearfelling and replanting through comparison of
young replanted sites with mature first rotation sites (Hill and Jones, 1978; Fahy and Gormally,
1998; Mullen et al., 2003; Eycott et al., 2006; Sweeney et al., 2010d; Harmer et al., 2011;
O’Halloran et al., 2011), some studies looked at changes over several years after harvest and
replanting but not prior to harvest (Kirby, 1990; Cooper et al., 2008) but few compared the
changes from pre to post harvesting on the same site (Harmer and Kiewitt, 2007). A few studies
have extended the comparisons to comparing first and second rotation forests at all stages of

forest development (Oxbrough et al. 2010; Sweeney et al., 2010d; O'Halloran et al., 2011).

The immediate effects of clearfelling operations were rarely studied. One study recorded low
cover of vegetation immediately after clearfell due to ground disturbance from the felling
(Kirby, 1990). The effect of clearfelling operations on streams showed a slight negative impact
on stream invertebrates and trout breeding, largely as a result of silt and brash reaching the

streams (Nisbet et al., 2002).

However, most studies of clearfell sites were carried out after at least one growing season and
reported much higher number of species and cover of ground flora in clearfells of 1-5 years
since harvesting compared with mature forests (Hill and Jones, 1978; Kirby, 1990; Fahy and
Gormally, 1998; Mullen et al., 2003; Harmer et al., 2011). Much of the increase in species richness
was a result of plants of disturbed ground or from previous habitats either germinating from
seed in the soil or blowing in from adjacent habitats (Kirby, 1990; Eycott et al., 2006). Other sites,
while recording an increase in cover of ground vegetation, did not find any differences in
species richness (Harmer and Kiewitt, 2007, O’Halloran et al., 2011). It is not clear why some
studies found increases in species and others do not, both large multi-site and single-site studies

were represented in both groups as well as studies from both uplands and lowlands. With
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closure of canopy species richness of both vascular plants and bryophytes declined compared
with the early establishment growth stages and subsequently increased again to reach a similar
level of species richness in commercially mature plantations as young open stands (O"Halloran

etal., 2011).

Species richness of bryophytes and typical woodland plants was higher and cover of shrubs
higher in the young stands of established plantation than newly afforested sites (O’Halloran et
al., 2011). The ground vegetation under later stages of forest growth from second rotation
forests showed lower species richness and lower cover of plants than similar ages of first
rotation forests (Sweeney et al., 2010d; O'Halloran et al., 2011). The ground vegetation of second
rotation forests was more uniform across forests than first rotation forests which still had
influences from the previous diverse habitats. Mature second rotation forests did have greater
diversity of epiphytic mosses, lichens and liverworts than similar first rotation forests and the

largest increase in species richness was for lichens (O’Halloran et al., 2011).

There was a less clear effect of clearfelling in comparison to mature forest for both invertebrates
and birds. Beetles, the most commonly studied group of invertebrates, showed more species on
clearfell sites than mature forest in most studies (mostly from upland conifer plantations) (Buse
and Good, 1993; Butterfield et al., 1995; Butterfield, 1997; Fahy and Gormally, 1998; Lin et al.,
2007; Mullen et al., 2008). However, the size of the response varied from no discernible effect
(Day and Carthy, 1988) to a doubling in number of species (Butterfield et al., 1995). This is likely
to be due to differences in vegetation development as the use of pitfall traps to record ground
beetles relies on movement activity. Such activity can be affected by vegetation structure or the
amount of forest harvesting residue left. One study found little difference in numbers of ground
beetles between clearfell and mature forest immediately after clearfell, but the difference
between the two increased to a maximum after six years (Butterfield, 1997). The two studies
which didn’t show greater species richness in clearfell than mature forest were the only two

studies from lowland conifer plantations; one showed no difference (Day and Carthy, 1988) and
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the other found fewer species in clearfells (Fuller et al., 2008). Clearfells often had a combination
of species associated with forests and those associated with the original open habitats and thus
contributed to maintaining some of the species of open habitats within forests (Fahy and
Gormally, 1998; Lin et al., 2007; Fuller et al., 2008; Oxbrough et al., 2010). Young plantations
after clearfell had higher species richness of spiders compared with mature stands. The
communities of the young plantations had more species of open habitat and few associated
with forest, this changed after canopy closure where open species were very scarce and

abundance and diversity of forest species increased (Oxbrough et al., 2010).

The number of forest spider species in young clearfells was greater than similar aged newly
afforested plantations. There were no such difference in older stands between established and
recently afforested plantations suggesting some forest spiders can readily colonise any new
habitat (Oxbrough et al., 2010). For all growth stages of forest, there were more species of spider
found only in the first rotation than found only in the second rotation, suggesting a greater rate

of species loss than colonisation (Oxbrough et al., 2010; O'Halloran et al., 2011).

Young plantations after clearfell had similar bird species richness to mature forest stands but
lower densities (O’Halloran et al.,2010; Sweeney et al., 2010). Communities differed strongly,
with young stands having greater abundance of migrant bird species and shrub nesting species
and closed canopy having more species associated with canopy feeding and nesting
(O’Halloran et al.,2010; Sweeney et al., 2010). Some studies found more bird species on early
growth stages of second rotation forests than similar stages of first rotation (Currie and
Bamford, 1981; Patterson et al., 1995), while a third study found no difference in number of
species but lower densities of birds (Sweeney et al., 2010d). Only one study looked at birds in
other age classes of second rotation forest and they found no difference in number of species
but higher densities of birds in older stages of second rotation forests compared with first

rotation stands (Sweeney et al., 2010d)
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The studies of clearfell and replant suggest that there is an initial disturbance due to felling
operations, which produces a short period of biodiversity loss after which there is a rapid
colonisation of plants and birds. The early stages of replanted forest provide important habitats
for many taxa, which are not found in the older forest stands. These replanted areas are also
distinct from similar aged plantations in newly afforested plantations. The replant areas retain
some of the forest species accumulated during the first forest growth cycle and also allow
colonisation by some open habitat species, either from seed bank or adjacent open areas. The
communities of plants and birds in all growth stages of second rotation forests have a greater
number of forest associated species and fewer species associated with the original open habitats
compared with the same age first rotation forests. This suggests that over time these new

plantations will gain a more specialised forest flora and fauna.

In general, clearfell and replant as a forest cycle had a positive effect on biodiversity, in most
situations resulting either in an increase in species or abundance after clearfelling. Young
replanted stands in particular provide a distinct set of species, which are not found in mature

forests or open non-forested habitats.
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Table 5.2.1 Summary of effects of clearfelling of mature forests and subsequent replanting from all published sources located.

Forest Biodiversity = Abundance or number of Type of species Direction Years since Reference
type group species of effect felling
Conifer and Vegetation No difference in number of Most plant species were ones ~ Neutral 1-15 (Cooper et al., 2008)
broadleaf species between sites that had of open habitats rather than
plantations different tree species harvested. = woodland.
No change in number of
species with years since
replanting up to 11 years.
Pine Vegetation No difference in abundance or No difference in species Neutral 2 (Eycott et al., 2006)
plantations number of species present as composition between mature
seeds in soil between mature and clearfelled stands.
forest and clearfelled forest.
Spruce Vegetation Twice as many plant species Some species of forest mosses ~ Positive 2 (Fahy and Gormally,
plantation were found in clear fell thanin  only occurred in mature 1998)
mature stands. forest. On clearfell sites
moorland species occurred
that weren’t present in the
forest.
Pine Vegetation No change in number of species  Big increase in abundance of Neutral & 5 (Harmer and
plantation over 5 years since clearfell. bramble and honeysuckle positive Kiewitt, 2007)
declines in abundance of all
other species.
Western Vegetation Greater cover of all vegetation - Positive 1-5 (Harmer et al., 2011)
hemlock categories on clearfelled sites
plantations compared with mature forest.

Largest differences for grasses
rushes and shrubs.




Oak semi- Vegetation Decline in number of species Increase in species was due to  Positive 4 (Kirby, 1990)
natural high immediately after clear fell then invasion of species associated
forest an increase to higher number of ~ with disturbed ground. The
species than prior to cutting. vegetation also became
dominated by grasses.
Spruce Vegetation More species of ground flora on  The roads through clearfell Positive 4 (Mullen et al., 2003)
plantations road verges in clear fells than had more rushes, sedges and
through mature conifers. grasses than those through
mature forest.
Spruce Vegetation For most stages of tree growth The type of vegetation was Negative 4-6 (O’'Halloran et al.,
plantations second rotation forests had more varied in the first 2011)
slightly fewer flowering plants  rotation, affected by previous
and mosses than first rotation. habitats. The early stages of
Only in the earliest stage of the second rotation after
growth did second rotation clearfell retained the
have more mosses and more vegetation gained under the
woodland species. mature forest. The plant
communities of second
rotation forests were more
uniform.
Spruce Vegetation Lower cover of ground - Negative & 5 (Sweeney et al.,
plantations vegetation in all ages of second positive 2010d)

rotation forest compared with
first rotation. Higher cover of
shrubs in early growth stage of
second rotation than first, but
no difference after canopy
closure.
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Conifer Vegetation Much higher cover and number  Clearfelled areas were less Positive 6 (Hill and Jones,
plantations of species of flowering plantsin ~ dominated by mosses and had 1978)
clearfell/restock than in mature ~ more flowering plants, trees &
stands. A similar, but less shrubs.
marked difference for mosses.
Spruce Epiphytes No difference in number of The largest difference between Positive & 4-6 (O’'Halloran et al.,
plantations lichen species on tree trunksin ~ mature first and second negative 2011)
mature and replanted sites, but  rotation forest was that first
more moss species in mature rotation were species poor for
forests. Mature second rotation  lichens, but species rich in
forests had more species of second rotation.
epiphytic lichens, mosses and
liverworts than mature first
rotation.
Conifer Soil Greater organic decay rates in Springtail abundance was Positive 1-5 (Butterfield, 1999)
plantations  invertebrates soils from clearfells compared related to warmth and
with mature forests. Springtails =~ humidity. In spring they were
were more abundant in more abundant in warm soils
clearfells than mature forest in of clearfells but these open
spring but the reverse was true  areas dried out in summer.
in summer.
Conifer Rove beetles There were marginally more The species found under Positive Not stated (Buse and Good,
plantations species on clearfell than mature  mature crops were very 1993)
forest. similar but the species found
on clearfells varied between
sites but were all distinct than
mature.
Conifer Ground More than twice the number of  Distinct communities in Positive 1-4 (Butterfield et al.,
plantations  beetles species in clearfell areas than clearfell and mature forest. 1995)

mature forest.




Conifer Ground Marginally more species in More mobile species in Positive 1-5 (Butterfield, 1997)
plantations  beetles clearfell than mature forest. clearfells than mature.
Little difference in first two
years after felling, larger
difference in older clearfells as
vegetation develops.
Spruce Ground Little difference in number of Similar species occurred. Neutral Not stated (Day and Carthy,
plantations  beetles species between clearfell and 1988)
mature forest.
Spruce Ground More species found on clearfell ~ Clearfell had species of open Positive 2 (Fahy and Gormally,
plantations  beetles than mature forest. habitats as well as the same 1998)
species found in mature
plantation.
Pine Ground Fewer species found on clearfell ~Change from community Negative 2 (Fuller et al., 2008)
plantations  beetles than mature forest. dominated by forest
generalists in mature forest to
dominated by open habitat
species in clearfells.
Spruce Ground Marginally more species in More forest species in mature  Positive & Not stated (Mullen et al., 2008)
plantations  beetles clearfell than mature forest. forest and more generalist negative
species in clearfells.
Pine Ground More open habitat species and Community of clearfells a Positive & 0-5 (Lin et al., 2007)
plantations  beetles fewer forest and generalist mixture of forest and negative
species in clearfell and restock heathland communities.
than closed canopy forest.
Spruce Ground More spider species and fewer =~ More species of open habitats ~ Positive & 5 (Oxbrough et al.,
plantations  invertebrates ground beetle species in and fewer forest species in negative 2010; O’Halloran et

clearfells than mature forest.

clearfell for both spiders and
ground beetles.

al,, 2011)
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Spruce Ground Fewer specialist spider species Fewer species of open habitats ~ Negative 5 (Oxbrough et al.,
plantations  invertebrates in all growth stages of growth and more forest species in 2010; O’'Halloran et

for second rotation compared second rotation. al., 2011)

with first rotation.
Spruce Stream No consistent effect of - Neutral & 0-4 (Nisbet et al., 2002)
plantations  invertebrates harvesting operations on stream negative

and trout invertebrates. Fewer young

trout found downstream of

harvest site than upstream.
Spruce Birds More species in replanted Early stages of growth in Positive 4-10 (Currie and
plantations clearfell than young plantations  second rotation had more Bamford, 1981)

of first rotation. forest species and fewer open

habitat species.

Conifer Birds Slightly more species in first - neutral 0-8 (Patterson et al.,
plantations rotation than second rotation 1995)

early growth stages, but data

inconclusive.
Spruce Birds No difference in species Higher densities in second Neutral & 5 (Sweeney et al.,
plantations richness between first and rotation were due to higher positive 2010d; O’Halloran et

second rotation forests for any densities of the two most al., 2011)

growth stage. Higher densities =~ common species in older age

of birds in all growth stages of classes and higher densities of

second rotation compared with ~ migrant species in second

first rotation. Slightly lower rotation early age forest.

densities in clearfell compared

with mature.
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5.2.2.  Coppicing

Most studies found compared only changes over time since cutting (Fuller and Moreton, 1987;
Hill et al., 1990; Fuller and Henderson, 1992; Millar and Waite, 1999; Mason and MacDonald,
2002; Broome et al., 2011), and few compared coppicing with either standing high forest or other
harvesting systems (Warren, 1987; Kirby, 1990; Fuller and Green, 1998; Hinsley et al., 2009).

There was a clear temporal progression in species richness for ground flora, birds and some
invertebrate groups through the cutting and growth cycle. In most cases, there was an increase
after cutting then peaking in young coppice before declining in older coppice. Species richness
of ground flora increased in the first few years after cutting, peaking at 3-5 years after cutting,
whilst bird species richness peaked at 5-9 years after cutting. There were fewer studies of
invertebrates in coppice and the pattern of change was not common between groups. Numbers
of snail species did not vary with age of coppice but abundance peaked 7-9 years after cutting
(Millar and Waite, 1999). Moth species richness was highest in older coppice, as was fly
densities (Hill et al., 1990; Broome et al., 2011).

Many of the groups studied showed a progression in species composition as individual species
showed preferences for particular stages of coppice regrowth. For plants, the initial increase in
species abundance was due to colonisations of newly cut coppice by plants of disturbed
ground, which were then outcompeted as shade increased (Kirby, 1990; Mason and MacDonald,
2002). Shade tolerant species can persist throughout the coppice cycle but vary in abundance or
flowering in response to changing light levels (Mason and MacDonald, 2002; Broome et al.,
2011). For moth species the changes in abundance of larval food plants was the main cause of
changes in species composition (Broome et al., 2011). Young coppice predominately had species
that used herbs as larval food plants, the remainder relying on shrubs and trees, whilst in mid-
rotation coppice the ratio reverses with predominately tree and shrub species occurring. In
mature coppice there were few species with herbs as larval food plants but species using fungi

and lichens colonised. The bird communities of early stages of coppice growth are dominated
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by migrant species, particularly warblers. These species become less numerous as the canopy
closes and the community is dominated by resident thrushes and tits in older coppice (Fuller
and Moreton, 1987; Fuller et al., 1989; Fuller and Henderson, 1992; Fuller and Green, 1998;
Hinsley et al., 2009).

The changes in abundance and species composition with age since cutting that were seen for
many groups were similar to that found in high forest after clearfell (Kirby, 1990; Hinsley et al.,
2009). The main differences between coppice and clearfell system is that coppice is cut on a
much shorter cycle and the area cut at one time is smaller which affects the proportion of young
ages present in the forest and the scale of variation in forest structure. This means coppicing has

a generally positive effect on plants and birds.
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Table 5.2.2 Summary of effects of coppicing from all published sources located.

Coppice Biodiversity Abundance or number of Type of species Direction Years since Reference
species group species of effect coppice
Sweet Vegetation Decreasing number of Bramble was more abundant in Positive & 1-18 (Broome et al.,
chestnut ground flora species with older coppice, birch only appeared nevative 2011)
coppice age. in young coppice. &
- Vegetation Large increase in number of ~ Most of the increase in species Positive & 0-4 (Kirby, 1990)
ground flora species after number was due to increase in negative
coppicing with decline with ~ species of disturbed ground.
age thereafter. Similar
pattern found for clearfell
but stable number of species
under non-harvested
canopy.
Sweet Vegetation Increase in number of Increase in cover of grasses and Positive 1-12 (Mason and
chestnut ground flora species in first ~ rushes after coppicing. MacDonald, 2002)
Hazel three years and decline
thereafter.
Lime
Hazel Invertebrates Peak in snail abundance 7-9 - Positive 1-40 (Millar and Waite,
years after cutting, number 1999)

of species did not vary with
coppice age.
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different canopy heights
related to coppice age.
Similar individual
preferences were found in a
high forest with clearfell.

Sweet Invertebrates ~ Highest number of moth In young coppice most moth Negative & 1-18 (Broome et al.,

chestnut species recorded from old species had herbs as larval food positive 2011)
coppice and lowest from plants, in mid stage most were of
mid stage of growth. trees & shrubs, in older coppice

larval food plants were trees &
shrubs or fungi & lichens.

Sweet Invertebrates ~ In sweet chestnut the highest  Flies were the most common Positive & 3-12 (Hill et al., 1990)

chestnut densities of invertebrates invertebrates in sweet chestnut negative

Birch were found in the oldest age  and showed strongest differences
class of coppice, lowest in between ages of coppice. In birch,

mid aged coppice. Birch had  bugs were the most abundant.
higher densities than sweet

chestnut but clear trends

with coppice age.

Sweet Birds Number of species was Change in species composition Positive 0-18 (Fuller and

chestnut highest in younger coppice with coppice age. Young coppice Moreton, 1987)
gradually declining with age  dominated by warblers, finches
of coppice. and buntings, older by thrushes

and tits.

Hazel & ash  Birds Densities and number of Migrant species are mostly found Positive 0-14 (Fuller and
species peaked at 5-7 years in younger coppice <10 years, Henderson, 1992)
of regrowth. resident species are scarce in the

first 3 years of growth.

Hazel & ash  Birds Individual species of birds - Neutral 0-20 (Hinsley et al.,

had clear preference for 2009)
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Hornbeam Birds Migrants have highest Positive 0-30 (Fuller et al., 1989)
Sweet densities in }{oung coppice
(<10 yrs), residents have less
chestnut . -
marked peaks in density in
Hazel particular age classes.
Lime Birds Most species were more Warblers showed largest Positive 4-13 (Fuller, 1990;

abundant in cut coppice difference, thrushes showed
than neglected coppice. smallest.

Fuller and Green,
1998)
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5.2.3.  Other silvicultural systems including shelter wood, group felling and
continuous cover forestry

Few studies were found that recorded the effect of alternative harvesting systems on forms of
biodiversity other than tree regeneration. Each of the three studies found looked at different
harvest systems. These were group fell - small coupes of less than 0.25 ha clearfelled and left to
regenerate naturally (Kirby, 1990), shelterwood - the removal of under storey trees from derelict
coppice and oak standards left to regenerate naturally (Harmer et al., 2005), and selective felling
- removal of trees around areas already showing sapling regeneration to allow them to develop

into new canopy trees (Harmer and Kiewitt, 2007).

Effects of these harvest systems on ground flora were similar to larger areas of clearfell (Kirby,
1990; Harmer and Kiewitt, 2007). An increase in grasses, bramble or species of disturbed ground
was recorded after felling (Kirby, 1990; Harmer et al., 2005; Harmer and Kiewitt, 2007). From
the few studies found these harvesting systems have similar positive effects on plants as

clearfell and coppice harvest systems.
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Table 5.2.3 Summary of effects of alternative silvicultural systems from all published sources located.

Harvest Forest Biodiversity = Abundance or Type of species Direction  Years since  Reference
system type group number of species of effect harvest
Group fell Oak high Vegetation Increase in cover and Increase in species due Positive 0-2 (Kirby, 1990)
forest number of species in to grasses and species of
first few years after disturbed ground.
cutting.
Shelterwood  Oak high Vegetation Removal of 30-40% of Abundance of bracken, Positive 1-5 (Harmer et al.,
forest canopy resulted in ivy, tall herbs and 2005)
increasing cover of shrubs increased over 5
ground vegetation. years since cutting with
a decrease in small
herbs.
Selective Pine Vegetation Increase in bramble and Positive &  0-5 (Harmer and
felling plantations honeysuckle, decrease in negative Kiewitt, 2007)

all other ground flora.
Similar results to
clearfell.
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5.2.4. Canopy thinning

Most of the studies of silvicultural thinning were on the impact on ground vegetation with

only three other suitable studies found (Table 5.2.2).

Of the studies on the effect of thinning on vegetation many were from lowland conifer
plantations on ancient woodland sites and consisted of studies recording vegetation before
thinning and several years after in the same plots (Ferris and Simmons, 2000; Harmer and
Kiewitt, 2006; Harmer and Kiewitt, 2007). In these lowland studies thinning resulted in no
or little increase in the number of plant species present, but the increase in light levels led to
an increase in abundance of bramble, shrubs and creepers which shaded out the smaller
herbs (Ferris and Simmons, 2000; Harmer et al., 2005; Harmer and Kiewitt, 2006; Harmer
and Kiewitt, 2007). The only upland study compared thinned stands with an unthinned
stand rather than a time series on the same plot. In this study, there were more species in the
ground flora under thinned stands than unthinned; this was due to a greater number of
grass and moss species, existing grass and moss species also increased in abundance (Sakura
et al., 1985). There were few studies of the impacts of thinning on other groups of
biodiversity, one each on soil microbial activity, ground beetles and birds (Table 5.2.2).
These confirmed the pattern found in studies of vegetation that there is no difference in the
number of species or the types of species between thinned and unthinned stands and,
except for birds, there was greater abundance of the species present in thinned stands (Day

and Carthy, 1988; Howson, 1988; Calladine et al., 2009).

Where different levels of thinning were compared, the effect of the proportion of trees
removed was small compared to the difference between thinned and unthinned stands
(Sakura et al., 1985; Howson, 1988; Harmer and Kiewitt, 2006). We therefore conclude that
thinning has a positive or neutral effect. This applies mainly to plants and we can only draw

tentative conclusions from other taxa due to the paucity of studies.



Table 5.2.4 Summary of effects of thinning in mature forests from all published sources located.

Forest type Biodiversity Abundance or number  Type of species Direction of  Years since Reference
group of species effect thinning
Mixed Vegetation More species of flowering The species which showed the Positive not stated (Ferris and
Broadleaf plant and mosses in strongest response to thinning Simmons, 2000)
and conifer thinned plantations were bramble and honeysuckle.
plantation compared with unthinned
plantation.
Neglected Vegetation Increase in vegetation Grasses and small herbs Positive & 5 (Harmer et al.,
oak & hazel cover in five years after declined in abundance. Shrubs,  negative 2005)
coppice thinning. bracken, bramble and ivy
increased in abundance.
Pine Vegetation No change in number of Change in species composition: ~ Neutral & 4 (Harmer and
plantations species 4 years after only 80% of the species were negative Kiewitt, 2006)
thinning. the same before and after
thinning. Dominated by
bramble after thinning, all other
species occurred in low
numbers.
Pine Vegetation Slight increase in number Species of disturbed ground Positive 5 (Harmer and
plantation of species. colonised after thinning and the Kiewitt, 2007)
vegetation became dominated
by bramble.
Larch Vegetation More species and greater Main difference was a greater Positive 18 (Sakura et al.,
plantation cover under thinned stands number of species and greater 1985)
compared with unthinned.  cover of mosses and grasses
under thinned stands.
Spruce Soil microbes Decomposition of organic - Positive 7 (Howson, 1988)
plantation matter was greater under

thinned stands than
unthinned stands.
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Spruce Ground No difference in number of No change in species Positive & Not stated (Day and Carthy,
plantation beetles species between thinned composition, but six species neutral 1988)

and unthinned stands, but were more abundant and two

much higher abundance species less abundant under

under thinned stands. thinned stands.
Abandoned  Birds More species in thinned - Positive 10-15 (Fuller 1990; Fuller
coppice than unthinned stands. and Green, 1998)
Conifer Birds No difference between There was little difference in Neutral not stated (Calladine et al.,
plantations thinned and unthinned the species occurring in thinned 2009)

stands in the number of
species, or in the
abundance of the most
common species.

and unthinned stands.
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5.2.,5.  Effects of tree species selection

Most studies on biodiversity associated with different tree species compared similarly managed
plantations of different species or types of species (Ferris and Simmons, 2000; Oxbrough et al.,
2005; Smith et al.,, 2005, Sweeney et al., 2010a; O’Halloran et al.,, 2011). One compared
plantations with semi-natural woods where management as well as tree species could

contribute to any differences found (Fahy and Gormally, 1998).

The largest differences in ground flora were found between tree species that had dense canopies
that cast deep shade and species with more open canopies. This difference was much greater
than differences between conifer and broadleaf plantations. For conifers, spruce species created
deep shade on the ground and had a poor ground flora , whereas plantations of pine and larch
species had a rich ground flora (Hill and Jones, 1978; Ferris and Simmons, 2000). Although,
Quine and Humphreys (2010) found a greater species richness of ground flora in Sitka Spruce
stands compared with Scots pine. For broadleaves, Beech cast the strongest shade and had a
poor ground flora (Ferris and Simmons, 2000). The community of ground vegetation under
plantations was related to previous habitats and type of soil more than the tree species (Hill and
Jones, 1978). One exception was Spruce plantations that create a deep acidic litter layer that has
a rich and distinctive moss community (Hill and Jones, 1978; Smith et al., 2005). The
composition of the ground flora can also reflect the history of the woodland stand (Fahy and

Gormally, 1998).

Studies comparing invertebrates between plantations of different trees species showed less
consistent results. One study found higher species richness of ground beetles in
conifer/broadleaf mix compared with pure conifer (Fuller et al., 2008). A study of stream
invertebrates found greater species richness in conifers than broadleaf (Riipinen et al., 2009;
Riipinen et al., 2010). Whereas, a comparison of ash and Sitka spruce plantations as well as
mixed plantations found little or no difference in species richness of spiders and hoverflies, but

differences in the communities of the different plantation types (Oxbrough et al., 2005; Smith et
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al.,, 2005). A similar study, comparing pure Norway spruce plantations with mixed spruce/pine
and spruce/oak plantations, found no difference in species richness of beetles, spiders or moths
on the ground, or beetles and spiders in the canopy. There was also no difference in community
for the invertebrates on the ground but some differentiation between plantation types for
beetles in the canopy (O’Halloran et al., 2011). Most of the effects of invertebrates can be
ascribed to selection by different invertebrate groups for different tree species and little
additional effect of mixed stands above the individual species included in the mixture

(Vehvilainen et al., 2008; O’Halloran et al., 2011).

For birds, there was no difference in species richness or abundance between plantations of
different tree species, but there were distinct communities for different tree species (Donald et

al., 1998; Quine and Humphrey, 2009; Sweeney et al., 2010a).

Mixtures of tree species didn’t add any value to biodiversity other than that associated with the
individual tree species. The choice of tree species can have an effect on biodiversity but the

effect will depend on the taxa of biodiversity of interest.
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Table 5.2.5 Summary of effects of tree species selection from all published sources located.

Trees species Biodiversity Abundance or number of species Type of species Reference
group
Sitka spruce Vegetation Much higher species richness in oak Oak had many woodland herbs and  (Fahy and Gormally, 1998)
. than spruce. trees/shrubs not found in Spruce,
Sessile oak . .
two species of moss were in spruce
but not oak.

Norway spruce Vegetation More moss species and fewer Mixtures with spruce had more (Ferris and Simmons, 2000)

flowering plant species in pure spruce  mosses.
Oak . .

compared with mixed oak/spruce.
Beech Shade casting species beech and
Pine spruce had strong negative effect on

ground flora.
Norway spruce Epiphytes Highest number of epiphytic mosses (O’Halloran et al., 2011)

. and lichens were found in canopy

Scots pine . .

and trunks of spruce/pine mixtures,
Oak lowest numbers were in pure spruce

stands.
Norway spruce Vegetation Oak/spruce mix had marginally fewer Pine spruce mix had most (O’Halloran et al., 2011)
Scots pine species of flowering plants and woodland species.

mosses than pure spruce and
Oak spruce/pine mix.
Sitka spruce Vegetation No difference in total species richness =~ More bryophyte species in spruce, (Smith et al., 2005)

Ash

between ash and spruce stands.
Mixed stands were similar in total
number of species to pure stands.

more flowering plants in ash. Mixed
stands retained differentiation of
communities under different
canopies similar to pure stands.
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Sitka spruce Vegetation Highest species richness under pine Ground vegetation under spruce (Hill and Jones, 1978)

and larch, lowest under Sitka spruce. =~ was dominated by mosses, under

Norway spruce . .
pine and larch by flowering plants.

European Larch

Scots pine
Sitka spruce Ground flora Higher species richness in Sitka - (Quine and Humphrey,
Scots Pine Bryphytes spruce for fung}, bryophy'tes & 2010)
ground flora. Lichen species richness
Lichens in Scots pine.
Fungi
Oak Ground flora Higher species richness for all groups - (Quine and Humphrey,
. . 201
Norway spruce Bryphytes in oak 010)
Lichens
Fungi
Alder Invertebrates Harvestmen and ground beetle No evidence for mixed species (Vehvilainen et al., 2008)
abundance was greater in birch than stands having an effect other than
Spruce . o o
other species, rove beetle abundance  the individual tree species included
Pine was higher in alder and pine. in the mixture.
Birch
Sitka spruce Invertebrates Little difference in species richness - (Quine and Humphrey,
. between Scots pine and Sitka spruce 2010)
Scots Pine

stands for canopy beetles, ground
beetles, hoverflies, bugs and dead
wood invertebrates.




Oak

Norway spruce

Invertebrates

Higher species richness of ground
beetles, canopy beetles, bugs,
hoverflies and deadwood
invertebrates in Norway spruce.

(Quine and Humphrey,
2010)

Sitka spruce

Sessile oak

Ground beetles

Many more species in oak than
spruce.

Community in spruce was
dominated by one species, more
diverse in oak.

(Fahy and Gormally, 1998)

Norway spruce Ground beetles ~ Mixture of conifers and birch had Mixed conifer/birch had higher (Fuller et al., 2008)
Scots pine h%gher species richness than pure propprtlon of forest specialist
Pine. species.
Birch
Ash spiders Marginally more species in spruce More forest specialists in spruce, (Oxbrough et al., 2005;
. than ash plantations. more open habitat species in ash. Smith et al., 2005)
Sitka spruce
Ash Hoverflies No difference in species richness More species associated with dead (Smith et al., 2005)
. between ash and spruce. wood were in ash than spruce.
Sitka spruce
Conifers Stream Number of species of leaf shredders No difference in rate of leaf litter (Riipinen et al., 2009;
invertebrates greater in streams through conifers decay between conifer and Riipinen et al., 2010)
Broadleaf
than broadleaf. broadleaf streams.
Norway spruce Invertebrates No difference in number of species of ~ Species composition and relative (O’Halloran et al., 2011)

Oak

Pine

spider, beetle or moth between pure

spruce stands and mixed with pine or

oak.

abundance similar between
different stands.

35



Norway spruce Canopy No difference between species No difference in spider (O’Halloran et al., 2011)
Oak invertebrates richness of spiders and beetles in communities between different
spruce plantations and mixed forest types. More plant eating
spruce/oak plantations. Slightly beetle species in native oak than
higher species richness in native oak either plantation type. There were
woods. distinct broadleaf and conifer
associated species of beetle.
Oak Birds Greater species richness in native oak  Bird species composition differed (Sweeney et al., 2010a;
Ash and ash woods than Sitka spruce between broadleaf and conifer. O’Halloran et al., 2011)
plantations.
Sitka spruce
Sitka spruce Song birds No difference in species richness - (Quine and Humphrey,
. between stands of Sitka spruce and 2010)
Scots Pine .
Scots pine.
Broadleaf Birds No difference in species richness or Difference in species compositions (Donald et al., 1998)
. abundance between conifer, broadleaf between conifer and broadleaf.
Conifer . .
and mixed conifer broadleaf
Mixed plantations.

Norway spruce Birds No difference in species richness 16 species had highest densities in (Sweeney et al., 2010a;
Scots pine between pure spruce, spruce pine mix spruce pine mix, four in spruce/oak  O’Halloran et al., 2011)
or spruce oak mix plantations. and 5 in pure spruce.

Oak

Oak Deadwood Log volume in native ash greater than = Most logs and snags were small in (O’Halloran et al., 2011)
that in native oak and spruce all types of forest.

Ash . . . .
plantation. No difference in density of

Sitka spruce snags.
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5.3.Effects of Measures of Forest Enhancement for Biodiversity

5.3.1.  Open habitats within forests including, glades, roads and rides
Provision of permanent open space in the form of areas of remnant open habitats, small glades
or enhancements to road or ride sides are often advocated to enhance forest biodiversity by
providing additional habitats. Open space within forest is often seen as a way of maintaining
specialist species on remnants of open habitat enclosed by forest. However, ground beetle
communities of open space in forest were found to be more similar to forest communities than

to those of the open habitat in unforested areas (Butterfield et al., 1995).

More species of herbs, other ground flora, rove beetles, and spiders occurred in open spaces
than under forest (Buse and Good, 1993; Greatorex-Davies et al., 1994; Buckley et al., 1997a;
Buckley et al., 1997b; Oxbrough et al., 2006a). Some animals including butterflies and deer were
found to make more use of areas of open space than forest (Sutcliffe and Thomas, 1996; Latham,
2000), only mosses and lichens had higher species richness in forests than open space (Smith et
al., 2007). Within open spaces, species of plants and invertebrates were often typical of non-
forest habitats, e.g. grassland and bog (Buse and Good, 1993; Sparks et al., 1996; Buckley et al.,
1997b; Mullen et al., 2003; Gittings et al., 2006; Oxbrough et al., 2006a; Smith et al., 2007).

A number of studies compared different types of open space such as glades, roads and rides
(Sutcliffe and Thomas, 1996; Mullen et al., 2003; Gittings et al., 2006; Oxbrough et al., 2006a) or
effects of the size of open space (Gittings et al., 2006; Iremonger et al., 2006). More species of
hoverflies and spiders occurred in glades compared with linear open space such as roads and
rides (Gittings et al., 2006; Oxbrough et al., 2006a) and ringlet butterflies were more likely to use
glades than rides (Sutcliffe and Thomas, 1996).

For plants and invertebrates, the most common factor affecting the number of species found
was the extent of shade from adjacent forest affecting the open space. Light levels were mostly

recorded directly in the centre of rides, and all studies found a positive relationship between
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plant or invertebrate species richness and light intensity with most species being found on the
least shady sites (Greatorex-Davies et al., 1993; Greatorex-Davies et al., 1994; Sparks et al., 1996;
Mullen et al., 2003; Smith et al., 2007). Plant communities were also related to amount of
sunlight with woodland plants more abundant on shady rides (Greatorex-Davies et al., 1994).
As well as the number of species relating directly to light levels, some insect groups were also
related to the diversity of the plants present (Mullen et al., 2003). Similarly, bird activity was
greater along roads through conifer plantations where there were broadleaf shrubs along the

road verge (Iremonger et al., 2006).

Guidance on creating and managing open space within forests has been developed from light
and shelter requirements of insects and plants (Warren and Fuller, 1990; Ferris and Carter,
2000). Despite the availability of this guidance to conservation managers and foresters for more
than 20 years, only two studies were located that adequately measured changes due to
management. Grazing of grassland maintained plant diversity and widening of rides increased
diversity (Buckley et al., 1997a; Humphrey and Patterson, 2000). Despite open space
management often being aimed at improving insect diversity no studies were found on any
invertebrate groups. One recent study has set up experimental ride widening in newly
replanted conifer plantations to assess the difference between standard road widths and
enhanced road widths on plants and invertebrates (Iremonger et al., 2006). However, results of
this will not be available unless further monitoring is continued through the forest growth
cycle. There is also a lack of comparisons between different ride management techniques in

their effectiveness in providing improved insect and plant biodiversity.

The presence of roads and glades within forest had a positive effect on all groups of biodiversity
except mosses and woodland plants. The main factor influencing the size of this effect was the
amount of light reaching the ground within these small open spaces, therefore wider roads and

rides as well as larger glades are recommended to maximise biodiversity gains from these open
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spaces (Iremonger et al., 2006). In comparison, orientation of rides or shape of open space had

less effect than its size (Buckley et al., 1997b).
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Table 5.3.1 Summary of effects of open habitats within mature forests and management of open habitats from all published

sources located.

Forest type Biodiversity = Abundance or number of Type of species Direction Reference
group species of effect
Conifer Vegetation Roadside vegetation through More open roadsides have grassland Positive (Mullen et al., 2003)
plantations conifers less species rich than and disturbed ground species as well
glades or clearfells. as woodland species. Species richness
related to light levels at road verge.
Conifer Vegetation Flowering plant species richness Greater numbers of open habitat Positive (Smith et al., 2007)
plantations greater on roadsides than on rides species along roadsides. No difference
or glades. No difference between in species richness between open
types of open space for moss space type for species of open
species richness. habitats.
Conifer Vegetation More species of flowering plantsin  Species richness related to light levels ~ Positive &  (Smith et al., 2007)
plantations wide rides and in centre of glades. in open spaces. More mosses and negative
Opposite effect for lichens and lichens are found at lower light levels,
mosses. more flowering plants at high light
levels.
Conifer Vegetation Plant species richness strongly 53 species (mainly grassland species) Positive (Sparks et al., 1996)
plantations related to light levels in the centre preferred less shade and 26 species

of the ride.

(mainly woodland species) preferred
more shade.




Broadleaf Vegetation Cleared areas along ride edgeshad  Clear zonation of species across the Positive (Buckley et al., 1997a;
and conifer higher species richness and gradient from canopy across cut area Buckley et al., 1997b)
plantations distinctive community from the to ride edge. Many species in the cut

ride edge and under canopy. area colonised from buried seed. Ride

edge species mainly grasses and
herbs.

Conifer Vegetation Greater species richness of herbsin - Positive (Greatorex-Davies et al.,
plantations rides than under canopy. 1994)
Conifer Vegetation Cattle grazing of remnant No difference in types of species Positive (Humphrey and
plantations grasslands maintained species benefiting from grazing. Patterson, 2000)

richness while this decreased on

ungrazed plots.
Conifer Beetles Marginally higher number of Species found on rides reflected the Positive (Buse and Good, 1993)
plantations species of rove beetles on rides than habitats present before afforestation.

under forest.
Conifer Invertebrates No clear patterns in differences of Flies and bugs species richness related ~ Neutral (Mullen et al., 2003)
plantations invertebrate species richness on to numbers of plant species.

road verges through different forest

habitats.
Conifer Invertebrates Abundance and species richness of ~ Most individual species showed a Positive (Greatorex-Davies et al.,
plantations bugs, weevils and flower beetles similar response of more abundant in 1994)

were greater in rides with less less shady rides.

shade.
Conifer Butterflies Abundance and number of species A similar pattern was found for most ~ Positive (Greatorex-Davies et al.,
plantations using a ride was greater in rides individual species. 1993)

with less shade.
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Spruce Hoverflies Slightly higher number of species Greater numbers of species associated ~ Positive (Gittings et al., 2006)
plantations in glade than roads. with open space than forest species.
Number of open space species was
greater on roads with wide verges.
Spruce Spiders Higher number of species more More species of open habitats were Positive (Oxbrough et al., 2006a)
plantations than 2m from forest edges than in found in glades than roads or rides
forest or at forest edges. Higher and most occurred away from forest
number of species in glades than edges. More species of forest species
roads or rides. occurred on roads than rides or glades
and more occurred within forest or at
forest edges.
Spruce Birds No effect of road width on species - Positive (Iremonger et al., 2006)
plantations richness of birds. Number of
species greater where there was
broadleaf shrub growth along road
verges.
Conifer Deer Greater evidence of deer activity in ~ Same pattern found for roe and red Positive (Latham, 2000)
plantations gaps than under forest. Greater deer.

deer activity when more open
space within forest.




5.3.2.  Restoration of high conservation value habitats under plantation forest

Most studies of habitat restoration from non-native plantations have compared the initial stages
of tree removal up to 5 years after felling and infer success for relatively small changes towards
the desired vegetation community (Radford, 1998; Harmer and Kiewitt, 2007; Anderson, 2010;
Harmer et al., 2011). Many restorations involve both ground preparation and tree removal
carried out at the same time and thus success is a result of a complex of management activities
designed to maximise regeneration of the desired vegetation. For peat bogs this involves
blocking drainage channels (Murphy, 2008; Anderson, 2010) and for heathland the removal of
litter or humic layers of soil (Allison and Ausden, 2006; Gardiner and Vaughan, 2008). Soil
treatments can affect initial rates of regeneration but differences between treatments were small

after 5 years (Allison and Ausden, 2006; Anderson, 2010).

Peat Bog

Both studies showed an increase in bog plants and reduction of forest mosses after tree removal
(Murphy, 2008; Anderson, 2010). The key factors that ensured long-term success were the
successful raising of the water table and controlling tree regeneration. Success was greater for
young forests that had not reached canopy closure and retained some bog vegetation.

Restoration from older forest takes longer to develop bog vegetation.

Heathland
Both studies showed that heathland restoration from pine forests is relatively quick with plant
communities very similar to unforested heath developing within 10 years (Walker et al., 2004;

Allison and Ausden, 2006).

Native broadleaved woodland
Native woodland ground vegetation is adapted to persisting in low light levels which means
some remnants of the desired vegetation remain under conifer plantations. However, the

removal of the conifer crops results in an increase in plants of disturbed habitats and rapid
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expansion of bramble cover which excludes many herbs (Harmer and Kiewitt, 2007; Harmer
and Morgan, 2009; Harmer et al., 2011). Regeneration of native trees following conifer removal
suggests that native broadleaf woodland will develop. However, no long-term studies were
found to suggest how the ground flora would develop through time under the broadleaf

canopy.

Other habitats

Two other habitats that were frequently converted to conifer plantations were sand dunes and
native pine forest. No studies were found that compared habitat restoration over time after tree
removal or that compared plantations with desired end habitats. However, descriptive studies
or studies of basic ecology of these habitats suggest that restoration from plantations can be
successfully achieved (Peterken and Stace, 1987; Sturgess and Atkinson, 1993; Jardine et al.,
2010).

All restorations by conifer plantation removal had a positive effect on ground flora with more
species and a greater cover of species associated with the desired restoration habitat than prior
to conifer removal. Where comparisons were made with habitats that hadn’t been forested, the
restored areas were poorer in target species than unmodified habitats (Radford, 1998;
Anderson, 2003; Walker et al., 2004; Allison and Ausden, 2006; Murphy, 2008). It is uncertain
what length of time is needed for vegetation communities of restored habitats to resemble those

of the unaltered target habitats.
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Table 5.3.2 Summary of effects of restoration of former habitats by plantation removal from all published sources located.

Forest Restoration Biodiversity Abundance or Success of Direction  Years since  Reference
type habitat group number of species restoration of effect removal
Conifer Peat bog Vegetation Cover of forest mosses Restoring water levels Positive 0-5 (Anderson, 2010)
plantations lower and bog plants crucial to success.
higher after tree removal
and other restoration
treatments.
Conifer Peat bog Vegetation Some increase in bog More successful for Positive 3 (Murphy, 2008)
plantations plants three years after younger plantations
tree removal. than old plantations.
Pine Heathland Vegetation Following removal of Removal of litter Positive 2-12 (Allison and
plantation trees heather cover allowed more rapid Ausden, 2006)
increased after 6 years. establishment.
Conifer Heathland Vegetation Cleared plantations had ~ Species composition Positive 3-17 (Walker et al.,
plantations lower species richness and cover of heathland 2004)
than heathland. species was very similar
between heathland and
former plantations.
Corsican Native Vegetation No difference in number  80% of species were the  Neutral 0-4 (Harmer and
Pine woodland of species after thinning. ~ same. Largest change Kiewitt, 2006)
plantation was the increase in
cover of bramble, the
cover of which was
related to the amount of
canopy removed.
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Pine Native Vegetation More species present 5 Biggest difference was Positive & 5 (Harmer and
plantations ~ woodland years after tree removal,  increase from 5% to 95% negative Kiewitt, 2007)
no difference between cover of bramble. There

different arrangements was a decline in
of removal. abundance of woodland
herbs due to increase in
bramble.
Conifer Native Vegetation 19 years after natural Type of vegetation Positive 19 (Harmer and
plantations ~ woodland storm damage 50-75% developed was related Morgan, 2009)
cover of native trees in to soil type and tree
canopy. Ground flora cover.
had more mosses than
flowering plants.
Western Native Vegetation After removal of conifers  Greater cover of grasses  Positive 1-5 (Harmer et al.,
hemlock woodland canopy consisted of and bramble without 2011)
plantations existing planted conifers. No difference
broadleaf or colonising in cover of herbs.
birch. Greater cover of
ground flora where
conifers removed.
Conifer Native Vegetation Areas cleared of conifers ~ Most of the greater Positive 1-4 (Radford, 1998)
plantations ~ woodland had greater cover and number of species was
species richness than due to species of
either conifer stands or disturbed ground. Some
native woodland. native woodland species
were in greater
abundance in cleared
stands.
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5.3.3.  Enhancement of features for biodiversity including conifer and broadleaf
retention, and deadwood creation

Broadleaves in conifer plantations

Birds, insects and bryophytes not normally associated with conifer plantations have been
recorded from remnant broadleaved trees retained within plantation or developing broadleaf
fringes along roads and streams (Bibby et al., 1989; Thompson and Hope, 2005; Iremonger et al.,
2006). However, no assessment has been made of the total amount or size of patches need for

these broadleaf patches to be useful to different groups of biodiversity.

Long-term retentions

Forestry standards require long-term retention of 1% of forest beyond commercial harvesting
age. Only one study was found which had much higher number of bird species in retentions
compared with stands of commercially mature conifers (Currie and Bamford, 1982). Retentions
of both conifer and broadleaf stands are likely to be beneficial to a wide variety of biodiversity

groups but no studies were found for most types of plantation or biodiversity groups.

Deadwood creation/retention

Deadwood is recognised as an important biodiversity resource for insects, fungi and birds, and
forestry standards suggest providing additional deadwood if assessments suggest there is
insufficient. Two studies compared various types of deadwood between forest under different
management and found similar results (Green and Peterken, 1997; Kirby et al., 1998). Conifer
plantations had much lower amounts of deadwood than unmanaged old growth, coppice and
managed broadleaf. Old growth had much higher amounts than any managed forests. This was
true for both standing deadwood (snags) and fallen wood. A study involving forests across
Britain compared deadwood amounts in a range of forest types (Humphrey et al., 2003). The
volumes of deadwood, snags in particular, increased with age of forest and upland forests had
most deadwood due to windthrow. No studies were found that compared the amount of

deadwood available with the types of biodiversity associated with deadwood.
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Table 5.3.3 Summary of effects of management aimed at biodiversity enhancement from all published sources located.

Management Forest Biodiversity Abundance or number of Type of species Positive or Reference
type group species negative effect

Long term conifer ~ Conifer Birds 100 year old conifer stands Species normally Positive (Currie and

retention plantations had more than twice the associated with native Bamford, 1982)

number of species than 30-50  broadleaf woodland and

year old stands. hole nesting species
occurred in the old
stands.

Deadwood Conifer and Deadwood Volume of deadwood Strongest effects found Neutral (Humphrey et
broadleaf volume increased with age of stand, for snags. al., 2003)
plantations upland forests had more

deadwood than lowland.

Deadwood Range  of Deadwood Highest volumes in Different types of Negative (Kirby et al.,,

forest types  volume unmanaged forest. Both deadwood not assessed. 1998)
managed and semi-natural
conifers had less deadwood
than broadleaf forest.

Deadwood Range  of Deadwood Highest deadwood volumes Similar patterns were Negative (Green and
different volume in unmanaged old growth found for all classes of Peterken, 1997)
types forest, lowest in conifer deadwood including

plantations.

logs and snags. Large
snags only occurred in
unmanaged forest.




5.4.Effects of afforestation of open habitats

Most effects of afforestation are inferred by comparing what is found within plantation forest
with adjacent or nearby unforested habitats. Only two studies recorded data, either pre-
planting or immediately post planting, with established closed canopy forest on the same
location (Hill and Jones, 1978; Sykes et al., 1989). One further study looked at the immediate

effects of the planting process comparing it with pre-planting values (Nisbet et al., 2002).

Afforestation of open habitats had a large and consistent effect on vegetation of all habitats that
have been studied (Table 5.2.1.). This is attributed to reduction in light as trees mature (Sakura
et al., 1985), drainage of wet habitats (Sykes et al., 1989; Buscardo et al., 2008) and reduction of
grazing pressure through removal of livestock and fencing of forest perimeters (Sykes et al.,
1989; Buscardo et al., 2008). On grassland sites there was a loss of small herbs and fine grasses
soon after afforestation due to the removal of grazing resulting in tall, dense growth of rank
grasses. On moorland sites with peaty soils, as well as on wet grasslands, the drainage of the
ground prior to planting is a major cause of species loss from newly afforested areas. Early
stages of afforestation have less effect on dry heaths. After canopy closure most of the original
vegetation is lost under spruce plantations where little light reaches the forest floor. Some
components of the original vegetation can persist under larch, pine and broadleaves which do
not have such dense tree canopies (Sakura et al., 1985). A distinct woodland flora does not
normally develop under the first rotation of forest cover, the main plants to benefit from

afforestation are some mosses, lichens and ferns (Hill and Jones, 1978; Sakura et al., 1985).

The changes in invertebrate groups resulting from afforestation occur more rapidly than for
plants as a result of their greater mobility. For most invertebrate groups more species were
found in the open unforested habitats than under the forest that replaced them (Day and
Carthy, 1988; Buse and Good, 1993; Butterfield et al., 1995). A number of specialist species of

open or wet habitats are lost and replaced by an increase in generalist or widespread forest
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species (Butterfield et al., 1995; Mullen et al., 2008). The exceptions to this pattern were for
hoverflies where no consistent differences were found between forested and unforested sites,
for spiders in improved grassland where there were fewer species than forested sites and for
mites, which were more abundant in soils under forest (Little and Bolger, 1995; Smith et al.,

2006).

Most studies of the effects of afforestation on birds have been from moorland sites, which have
shown greater numbers of bird species in forests than unforested areas. This has resulted from
the replacement of a community of waders and gamebirds, which occur at low densities on
moorland, by a greater number of forest song birds which occur at higher densities (Moss et al.,
1979; Sykes et al., 1989). The only study of mammals found did not find any specialist species of
open habitats and no species were lost on afforestation but were supplemented by new species

making use of new habitats (Sykes et al., 1989).

In conclusion, there is a consistent message from studies across a number of plant and animal
groups that many specialist species from the open habitats which are afforested are lost and
replaced by generalist or widespread forest species. For most groups studied this results in
fewer species in the forest than the original habitats. Another effect is that open habitats had
distinct communities dependent on particular habitats such as bog, grassland or heathland, but
the communities of forested areas are more similar between sites than those of the original open
habitats (Coll and Bolger, 2007; Buscardo et al., 2008). Thus afforestation had a homogenising
effect on the species occurring. Most of the studies were looking at the effects of afforestation on
semi-natural habitats. These studies were from afforestation carried out prior to the
introduction of forest certification. Under UKWAS and Forest Standard guidelines, an
Environmental Impact Assessment is needed to prevent afforestation of habitats of high
conservation interest. Only one study looked at afforestation on improved agricultural land and
none on ex-industrial sites. Improved agricultural lands have an impoverished biodiversity and

may be more likely to have positive effects (as found by Oxbrough et al., 2006b).
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As well as direct impact of change in land use on the afforested ground, there can also be an
impact on remaining open habitats adjacent to the forest. This has mostly been studied in the
effects of upland conifer plantation on birds of adjacent moorland. Dunlin numbers were lower
on peatlands close to forestry and red grouse numbers declined most on peatland close to

forestry (Hancock et al., 2009)
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Table 5.4.1 Summary of effects from all published sources located dealing with the difference between forested sites and

the habitats present before planting.

Habitat Type of Biodiversity Number of species Type of species Direction  Years since = Reference

afforested  forest group of effect afforestation

Grassland & Conifers Vegetation Declined under Fewer species of herb Negative &  35-43 (Hill and Jones,

moorland spruce but the same and more species of ferns  positive 1978)
under larch & pine. & mosses.

Moorland Larch Vegetation Fewer species under Dwarf shrubs dominated = Negative 46 (Sakura et al.,
forest than unplanted ~ moorland but absent 1985)
moorland. under forest. Ferns

present under forest but
absent in moorland.

Grassland & Conifers Vegetation Number of plant Decline in grassland Negative 12 (Sykes et al.,

moorland species declined herbs and moorland 1989)
under spruce & species, increase in rough
western hemlock, no grasses.
change or small
increase under larch.

Grassland & Spruce Vegetation Fewer flowering Fewer species of open Negative 5 (Smith et al.,

moorland plants under forests and wet habitats under 2006; Buscardo
than unplanted areas, forest. et al., 2008)
small increase in
number of mosses &
lichens.

Dry heath Pine Vegetation Numbers of - Negative 25-96 (Pywell et al.,
Heathland seeds in 2002)

soil were lower under
plantations.




Sand dunes  Pine Vegetation More species of seed Species found under Negative 32-62 (Sturgess and
found in soil of plantations included Atkinson, 1993)
unplanted dunes than  several dune species.
under plantations.

Grassland Spruce & Soil Number of - Negative &  43-44 (Little and

Ash macrofauna earthworms was positive Bolger, 1995)
lower under spruce
than ash or pasture.
Fewer mites were
found under pasture
than either type of
forest the opposite
was found for
springtails.

Grassland & Conifers Rove beetles More species on - Negative not stated (Buse and

moorland moorland and Good, 1993)
grassland than forest.

Grassland Spruce Ground beetles More species in Highest numbers of open  Negative &  8-30 (Mullen et al.,
grassland than forest.  habitat species in positive 2008)

grassland and declining

numbers with forest

maturation, opposite

pattern observed for

forest species.
Grassland & Conifers Ground beetles More species in open - Negative 20-60 (Butterfield et
moorland habitats than under al., 1995)

forests.
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Grassland & Conifers Ground beetles More species on Species found on bog, Negative & Closed (Coll and

moorland grassland than grassland and forest were neutral canopy Bolger, 2007)
forests, number were  distinct. Forested bog
variable on bog sites and grassland sites were
and not significantly ~ similar to each other.
more than adjacent
forest.

Moorland Spruce Ground beetles More species from The community of bog Negative Mature (Day and
unforested bog than and forested sites were Carthy, 1988)
in forests. distinct.

Moorland Conifers Stream No change during the - Neutral 6 (Nisbet et al.,

invertebrates period of ground 2002)
preparation and
planting.

Grassland & Spruce Spiders Spiders were more There was a decrease in Negative & 5 (Oxbrough et

moorland abundant and there species associated with positive al., 2006b; Smith
were marginally more open and wet habitats et al., 2006)
species on unplanted  and an increase in those
sites with the associated with forests.
exception of
improved grassland
which had more
species on the planted
sites.

Grassland & Spruce Hoverflies No differences were The difference on Neutral & 5 (Smith et al.,

moorland found between grassland sites was a positive 2006)

unplanted and
planted bog sites. On
grassland sites the
planted sites had
more species.

result of more species
associated with trees &
shrubs occurring on
planted sites.




Moorland Spruce Birds Number of species In unplanted and early 2-8 (Moss et al.,
greater in forest, stages of afforestation 1979)
particularly in more mostly grouse, waders
mature trees. and open country

songbirds. After canopy
closure only forest
species occurred.

Grassland & Spruce Birds More species in the Lower skylark densities Positive 5 (Smith et al.,

moorland planted than in planted sites, higher 2006)
unplanted sites. numbers of all other

species.

Bog and Conifers Birds Twice as many Change from grouse and  Positive & 12 (Sykes et al.,

grassland species were recorded ~wader dominated negative 1989)
after afforestation. avifauna to forest bird

dominated.

Bog Conifers Birds Fewer dunlin and - Negative 15 (Hancock et al.,
larger decline in red 2009)
grouse on bog near to
forest plantation.

Bog and Conifers Mammals Twice as many Addition of forest Positive 12 (Sykes et al.,

grassland mammals occurred associated species and 1989)

after the forest was
established.

water associated species
due to pond creation
within the forest.
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6. Discussion

6.1. Forest practices shown to have positive effects
The main factor that has been shown to improve forest biodiversity is the provision of
temporary open space through harvesting timber or permanent open space associated with the
road and ride network or retained for biodiversity. The impact of different harvesting systems
on biodiversity within the time scale of a full forest rotation had a beneficial effect on
biodiversity within the forests. All forest harvesting systems including clearfell and coppicing
remove canopy trees and expose the ground to increased light levels and more variable
temperature and moisture levels. This has a strong effect on the ground flora and many
invertebrate groups, creating a distinct habitat that contrasts strongly in species composition
with the mature forest present prior to harvest, often with a rise in species richness. The
communities of plants, invertebrates and birds in these early stages of growth after harvest are
distinct from both the closed canopy forest and permanent open habitats within and outside the
forest. The effects of the different harvesting systems, although broadly similar have subtle
difference in their flora and fauna as a consequence of different systems being carried out in
forest of differing soils and tree species as well as differences between systems in the length of
rotation and size of harvesting coupes. There are insufficient studies to quantify the effects of

these differences on biodiversity.

The retention or provision of open space within forests results from forestry operational needs
via roads and rides or leaving fragments of open habitats unplanted for nature conservation.
These open spaces provide additional habitat within the forest, which is used by a range of
plants, and insects associated with open habitats and enhance the biodiversity of the forest. The
main factor affecting how important these open spaces are for biodiversity is their size; they
need to be large enough to allow sufficient light to reach the ground. A comprehensive study of
the provision of open space in conifer plantations suggested minimum size requirement for
rides and glades for them to be included in the open space provision required by forest

standards (Iremonger et al., 2006). Although many remnants of open habitats are retained
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within forests for conservation these do not retain all species associated with the original
unenclosed habitat. One study of ground beetles in an upland conifer forest found that the
community found in glades within the forest was more similar to forest than open habitats
outside the forest (Butterfield et al., 1995). There were too few studies of other practices likely to
improve biodiversity, such as deadwood provision or retention of over-mature stands, to

quantify any effect.

6.2. Forest practices shown to have negative effects
Afforestation of semi-natural habitats has shown the most consistent negative effects across a
range of biodiversity groups studied (section 5.2.1). The main causes for these detrimental
changes are ground preparation prior to planting (e.g. ploughing and drainage), and from
exclusion of light by the growing crop of trees. The loss of specialised flora and fauna from
these semi-natural habitats are not balanced by a development of a specialised forest flora and
fauna within the period of the first two forest rotations. A global review of the effects of
plantation forestry on biodiversity found similar results with establishment of plantation forest
on native habitats resulting in negative effects on biodiversity and plantations were most likely
to have positive effects when established on degraded or modified habitats (Bremer and Farley,
2010). The studies of afforestation were mostly from a time before current Forest Standards.
Current guidelines and regulations are designed to prevent the afforestation of the most
valuable semi-natural habitats (e.g. a presumption against afforestation of deep blanket bog and
active raised bog (Patterson and Anderson, 2000)). The most damaging effects of afforestation
can be avoided by effective implementation of guidelines within these standards to reduce the
likelihood of afforesting habitats that have a high conservation value. However, new
plantations on semi-natural open habitats are still likely to have negative effects on biodiversity;

it is unknown what the effects would be of establishing plantations on more modified habitats.

There was very little published evidence of the immediate effects of harvesting method on

biodiversity, but the two articles found suggested that the immediate effect was damaging to
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vegetation (Kirby, 1990; Nisbet et al., 2002). This is a result of mechanical damage to vegetation
and soils, and a rapid change from deep shade to open and exposed habitat. The damage seems
to be short lived with vegetation recovering within 2-3 growing seasons. However, this regular

traumatic event, which occurs during every rotation, may contribute to a lack of development

in plantations of species and communities associated with old growth forest.

Despite clearfell harvesting having a positive effect on most plants and invertebrates, it was
detrimental for ferns, mosses and lichens which provided much of the ground flora in spruce

plantations.

6.3.Interventions that could ameliorate negative effects or improve biodiversity
The most damaging impact of plantation forestry was afforestation of habitats of high nature
conservation value, prior to the introduction of certified forest standards, which incorporate
nature conservation objectives as well as wood production. Within UKWAS, there is provision
for restoring inappropriately sited plantations to previous habitats. There were studies of the
success of habitat restoration from peat bogs, heathland and native broadleaf woodland. All of
these showed some recovery towards the desired vegetation. However, the time scale of
recording after restoration was short and it is not clear what length of time is needed for
different habitats to achieve vegetation similar to the habitat prior to afforestation. Two other
habitats that were commonly converted to plantations were sand dunes and native pine forest.
No studies with adequate comparisons were found for these habitats, however descriptive and
discussion articles suggest that these habitats can also be successfully restored from plantations

(Peterken and Stace, 1987; Sturgess and Atkinson, 1993; Jardine et al., 2010).

Improvement of open habitats can also be achieved by widening sections of ride or road verge
within the forest. Detailed prescriptions dealing with shape, size, orientation and management
of these clearings have been published (Warren and Fuller, 1990; Ferris and Carter, 2000). The

one study that made a detailed assessment of a range of these enhancements found that the
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width of the clearing had the main impact on biodiversity gains and orientation of rides and
shape of clearings had relatively little effect (Buckley et al., 1997b). There is clearly a need for
further research into the effectiveness of these ride enhancements and which aspects of design

or management provide the largest benefits.

Most of the studies of biodiversity enhancement of plantation forests have concentrated on
improving habitats for species of the non-forest habitat. Very few studies have looked at the
effectiveness of measures designed to provide habitat for specialist forest species. UKWAS
specifies a minimum area of forest to be retained beyond commercial maturity to provide
conditions suitable for old growth forest species. Only one study of birds compared the value of
such stands compared with commercially mature forest (Currie and Bamford, 1982). A number
of studies compared plantation forests with native semi-natural woodland but these were often
of different tree species (Humphrey et al., 2002; Woodcock et al., 2003; Erenler et al., 2010;
Sweeney et al., 2010c). These mostly found higher species richness in semi-natural woods but
the results are unlikely to be the same as those for retentions of crop trees. There is clearly a
need for more information on the value of crop retentions for a range of biodiversity groups.
Another provision for old growth forest species is the creation of dead wood where this is
deemed insufficient. Several studies have recorded deadwood volumes within a range of
different forests (Green and Peterken, 1997; Kirby et al., 1998; Humphrey et al., 2003; Summers,
2004; Sweeney et al., 2010b). The patterns that have emerged are more deadwood in
unmanaged forest compared with managed, and more in broadleaf forest than conifer.
However, there have been no assessments of the implications for fungi, insects and birds that
are most likely to be influenced by deadwood volumes. There has also been no assessment of

the effects of artificially creating increased deadwood volumes.

6.4. Forest practices where there is lack of published evidence
There is clearly a lack of studies of the effectiveness of most management aimed at improving

biodiversity in forest. This is particularly true for management aimed at producing habitat for
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forest specialist species. While for many species habitat requirements are known, there is often a
lack of valid studies aimed at recording the effects of forest management on these species. For
example, a review of information on the effects of habitat management designed to manage
black grouse populations failed to find any clear evidence of population response due to a lack
of controls or other valid comparisons (Grant et al., 2009). Even for management for open
habitat species where there are detailed ecological studies of what features of the open space
provide the needs for different species or species groups, there is a lack of studies testing the
effectiveness of management prescriptions derived from these ecological studies. The only
intervention that had a good number of studies was for the effectiveness of habitat restoration.
However, these were mostly short-term studies of vegetation only and there were no studies
found on the effectiveness of management on restoring suitable animal communities to the

habitat.

Another area of interest where little research was located by the searches was afforestation of
highly-modified habitats such as improved agriculture of abandoned industrial land. The only
study found was for afforestation of improved grassland where there was a positive effect for
biodiversity in contrast to negative effects for afforestation of habitats with low management

intensity (Buscardo et al., 2008).

6.5.Biodiversity groups which are understudied
There was a clear bias towards ground vegetation, ground invertebrates and birds across all
studies. These are most easily studied groups for which there are well-developed standard
methods. Whilst it is important to assess the effects of forest management on these groups, there
are a number of other important forest groups that have been little studied. Much of the
biodiversity within forests reside in the tree canopy or below the ground and there have been
few studies from these areas of the forest due to the difficulty and expense of sampling. Only

one study looked at invertebrates and epiphytic plants in the canopy (O’Halloran et al., 2011),
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and two looked at soil invertebrates and decomposition rates (Howson, 1988; Butterfield, 1999).

No studies were found of effects of management on fungi and few on mammals.

6.6.Large-scale landscape effects
This review has concentrated on the immediate effects of forest practices. There will also be
larger scale effects particularly of different harvesting regimes. The differences in felling coupe
size and rotation length will lead to different spatial arrangements of patches at different ages
as well as the amounts of plantation at each age class within the forest. These landscape-scale
effects are likely to influence some forms of biodiversity. The proportion of open space within
the forest has been shown to have an effect on occurrence of spiders associated with open space
in addition to the characteristics of the patch of open space (Oxbrough et al., 2006a). There is a
need for more empirical studies to provide a clearer idea of how the proportions and

arrangement of different types of habitat affect biodiversity.

6.7. Areas where further information may be available from European literature
Evidence for the effects on biodiversity for some areas of management understudied in the
Britain and Ireland may be found from literature from continental Europe. The process of
deadwood creation is widely practiced in boreal forests and the effects on beetles have been
studied (Eriksson et al., 2006; Johansson et al., 2007; Vanha-Majamaa et al., 2007; Jonsson et al.,
2010). Studies of the effects of forestry management on fungi are also more prominent in
continental Europe (Lindhe et al., 2004; Miiller et al., 2007; Olsson and Jonsson, 2010). It would
be possible to extend the current review using the literature from continental northern Europe.
Much of this has a different focus on taxa and management studied and could extend our

knowledge from that gained from the Britain and Ireland literature.
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6.8. Application of review results to certified forest guidance
The two sections of UKWAS that have the largest potential for improving the biodiversity
impacts of managed forests are Section 3. Woodland design: creation felling and replanting and

Section 6. Conservation and enhancement of biodiversity.

Woodland design guidance specifies that new woodlands should contribute to the conservation
of neighbouring semi-natural habitats and avoid UK BAP priority habitats and sites for priority
species. Therefore, within certified forest there are measures in place to prevent the most
damaging cases of afforestation resulting in losses of biodiversity from some open habitats that
were highlighted in the results of the review. However, there will still be negative effects from
afforestation and the scale of these effects will depend on how the guidelines are implemented.
There is also clear guidance that tree species selection and silvicultural system employed must
consider native tree species and low impact systems where appropriate. The impacts of tree
species selection on biodiversity was complex and different tree species can benefit different
groups of biodiversity. Guidance also states that only 65-75% of the sites will be planted to one
species, with minimum areas of other crop species, native broadleaves and open space.
Therefore, new plantings will have a diversity of habitats, improving diversity for a range of
groups in the forest as a whole. All examples of silvicultural systems found for the review
highlighted the value of temporary open space from felling improving the biodiversity in the
forest. As there were few results found for low impact systems, it is unclear what effect a
presumption in favour of low impact systems over clearfell will have on forest biodiversity.
There was very little evidence to suggest what the possible effects would be on forest
biodiversity, either whether this would be detrimental to species of open habitats or benefit

forest species.

The provisions for conservation and enhancement of biodiversity include guidance on dealing
with statutory protected habitats, species and areas and enhancement of various features of

likely to be of benefit for increasing biodiversity. These are primarily targeted towards
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woodland biodiversity but if remnants of other open semi-natural habitats are present, there is a
requirement to protect and enhance these by removing surrounding trees or recreating areas by

premature tree removal. Evidence from the review suggests this can be effective in maintaining

some biodiversity associated with these habitats, but the extent of the habitat and diversity of

species present in these remnant or restored areas will be less than prior to afforestation.

For woodland biodiversity, at least 15% of the area is to be managed for biodiversity. This can
be in the form of semi-natural woodland remnants, long-term stand retentions, statutory
protected areas or areas being restored to semi-natural woodland. There is also a requirement to
provide a minimum quantity of deadwood and maximise diversity of types of deadwood.
Although these measures are likely to be beneficial for forest biodiversity the review
highlighted the paucity of studies that quantify the effects of these measures, particularly long-
term retentions and deadwood enhancement. Where ancient woodlands have been converted to
plantation the standard requires the protection and enhancement of any remaining features of
ancient woodland and a restoration by removal of non-native species. The review highlighted
the benefits of removing conifers from these sites for ground flora but there was little

information found on benefits of restoring ancient woodlands for other groups of biodiversity.

The consultation with advisory and policy colleagues highlighted a number of concerns in
addition to those of management and forest structure covered by the review. These include
policy and effectiveness of implementation of forest standards, the scale and speed of forest
operations, and introduction of new species or silvicultural techniques which were not

answerable by this review but are worthy of future investigation.

7. Conclusion
Many of the forestry practices examined had either positive or neutral effects for different
groups of biodiversity. Provision of open space and early succession forest stages after

harvesting adds to forest biodiversity, providing habitats for species not found within closed
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canopy forest. The provision of habitat for forest specialists through deadwood management
and long-term retention of stands beyond economic maturity is prescribed in forest standards,
but the effect of these is largely unknown. It is not known which species benefit from these, or
whether the scale of provision makes a difference to communities in the forest. There is a lack of
studies looking at the effect of forest management on a number of functionally important
groups of biodiversity within forests. These are mainly groups associated with soils and forest
canopies. Fungi in particular are important decomposers of litter and deadwood and
mycorrhizal fungi influence tree growth, but the influence of forest management on them is

largely unstudied in Britain and Ireland.

The most potentially damaging of the forest planning and management guidelines covered by
this review, based on evidence from past practice, was afforestation of open land. Afforestation
of open habitats also has a homogenising effect, as the changes from afforestation are similar for
a wide range of habitats. Thus, each habitat that had a unique suite of specialist species
converged towards a community of general forest species and species associated with
disturbance. Guidelines for certified forests provide for an assessment of the impact of new
forests on other habitats and may reduce the most damaging impacts seen in the past if

implemented effectively at a wide enough scale.

While the requirements and guidance given in forest standards for sustainable forestry have the
potential to minimise loss of biodiversity and to enhance biodiversity in managed forests, there
is a lack of studies looking at the effectiveness of such guidelines from certified forests. There is
also a surprising lack of studies quantifying the effectiveness of implementing many of the
individual measures. There is clear bias in the types of biodiversity studied with the majority of
studies concentrating on ground beetles, ground flora and birds and very little on canopy
invertebrates and plants or soil organisms. The majority of studies concentrated on initial
afforestation of open habitats and restoration of these habitats by forest removal as well as the

effects of the growth and harvest cycle of conifer plantations. This was a response to concerns
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for the effects of large-scale afforestation during the twentieth century. The diversification of
existing forests and move towards implementing forest standards and alternative silvicultural

systems does not seemed to have stimulated as much research.

The main omission that needs addressing is a need for research into the effectiveness of
management for biodiversity enhancement in maintaining or improving the diversity or
abundance of target groups. There is also little information on the ability of managed forests to
provide sustainable populations of forest specialists associated with old growth or unmanaged
forests. We can improve our understanding on some of these areas by reviewing literature from
temperate and boreal forests on continental Europe, whilst other areas will need new original

research.
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Appendices

Appendix 1 - Current conservation concerns related to forests managed for sustainable wood
production

The following list was drawn up in consultation with relevant personnel from the Policy and

Adpvisory sections of RSPB.
Policy concerns

There is a perception that climate change is of greater concern than biodiversity and this may

lead to an increase in planting in inappropriate locations as part of mitigation.
Standards and their implementation

Standards need the flexibility and structure to allow species or habitat specific management to

be carried out where appropriate rather than general management prescriptions.
There is a need for auditing of any standard to be rigorous.

Monitoring needed on how standards have been implemented.

New Afforestation

Need to take landscape assessment into account when deciding on location of new plantings,

e.g. reduction in amount of open hunting grounds for eagles.

Appraisal of effects of planting of new tree species e.g. Eucalyptus.
Appraisal of new silvicultural techniques

Ensure new plantings are not on open habitats of high biodiversity value.
Forest structure and planning

Effects of successive rotations on nutrient accumulation and habitat change different age

classes. Particular concern with post felling open habitats for woodlark and nightjar.
Effects of rotation length on habitat structure and forest layout.

Introduction of new tree species in forest rotations
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Effect of location and size of clearfells in relation to surrounding age classes and non forest

habitats. May have impact on raptors or open habitat species.

Forest management

Effect of continuous cover forestry on bird communities.

Effect of coupe size, post felling treatment and time before replanting on open habitat species.
Effect of birch weeding and thinning in young age classes.

Effect of age class on changes in passerine communities.

Forest conservation measures

Current bird species of concern, black grouse, capercaillie, woodlark, nightjar.

Removal of forest from bogs and Heathland.

Paws restoration, speed and scale of conifer removal.
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Appendix 2 - Details of research question formulation and search terms used.

Question formulation

The following research questions were developed following detailed reading of the UKWAS

certification standard, consultation with woodland policy and advisory colleagues, and

identifying forest management methods from a sample of FSC Forest Management certificates.

The primary aim was determined as: “Does forest management have a positive or negative

effect on biodiversity?” Question elements were agreed as follows:

Subject: all taxa

Feature: Forest management or planning methods (including for example: clearfell
coupe size, planting/natural regeneration, forest rotation length, number of forest
rotations, thinning)

Comparator: absence of, quantitative differences in

Outcome: a recorded difference in abundance of study species, or community

composition

Particular forest management options thought to be of interest are grouped as follows:

Any evidence for positive or negative impacts from silvicultural procedures;
Coupe size — clearfell or small coupe felling

Post-harvest brash/ground treatment

Planting/natural regeneration restocking

Continuous cover (selective felling)

Thinning

Coppice

Evidence for effectiveness of biodiversity enhancement

Restoration of PAWS

Snag/dead wood creation

Ride widening

Any evidence for positive or negative impacts of rotation length

Any evidence of changes in species composition or conservation value with number of

forest rotations

A range of options were considered for narrowing or expanding the scope of the review

depending on the number of studies found in the searches (Table 4.1.2.). Studies ranked higher
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in the groupings were included first and expanded down the list if insufficient studies were

found.

Table A2.1. Options for scope of question: subject, outcome, study format and design

Subject

Intervention

Outcome

Study format

Study design

1. UK species

e Afforestation

1. Change in
abundance or

Empirical
evidence of

Measured before
& after

* Thinning species richness | change in management
e Clearfell numbers or
« Coppice change in species
e Other harvest
systems
e Crop tree
species
e Open habitats
e Habitat
restoration
e Enhancement
of features for
biodiversity
2. Temperate 2.Change in Anecdotal or Habitat change
European species community qualitative measured by
evidence comparing

different sites

Search strategy

The development of an appropriate set of key words used in the searching phase of the review

was made in consultation with woodland and forestry specialists within RSPB. Keyword

selection will be further guided by “scoping” searches to allow the identification of the most
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useful sets of words. The initial selection is grouped into sub-sets, based on the “feature” and
“outcome” elements of the question. The formulation of additional subsets of subject context
words helped to ensure that only the most relevant studies were identified. Thus the search
terms were as follows:

EY/ 7] EY/A7] 17

¢ Feature: clearfell* OR clearcut®, “coupe size*”, “continuous cover*”, “natural regeneration*”,

Py

replanting*, thinn*, “rotation length*”, “selective felling*”, “second rotation*”, *third rotation*”,

harvesting®, “snag creat*”, “ride wid*”, “deadwood creat*”’, “PAWS restor*”, planting*, “forest

removal*”, restor*, coppic*, afforestation

* Outcome: increase, change, decline, community, neutral, “no effect*”

¢ Habitat context: habitat, bog, heath, “open habitat*”, forest*, woodland

* Subject context: biodiversity, conservation, species, population®.

An asterisk (*) indicates a o6wildcarddé, which
multiple words that have different endings, elgarfell captures §learfell OR clearfellsOR

clearfeling . Speech mar ks (fio) searchtowkerethat@hraseor ds r e s
occur s ( f oaturaleegenengiidneé , p i odusal regenerétidn b ut no't
Gegeneration in natural systetns The search strategy was desi gt
references as possible, both published andludpy s hed (6grey | iteraturebo
were identified through searches of electronic datal{asesbelow).

For these searches, the individual key words were combined using ‘Boolean’operators

(restricting or expanding the searches using “AND’, “OR” and ‘NOT’indicators) to maximise the

efficiency of searching. All terms from the ‘outcome’, ‘habitat’ and ‘subject’ context word lists

were combined with a single ‘intervention” word per search, for example: “((increase OR

change OR decline OR community OR neutral OR “no effect”) AND (habitat OR bog OR heath

OR forest* OR woodland OR “open habitat*”) AND (biodiversity OR conservation OR species

OR population* OR) AND clearfell*)”

In addition to the online databases, general internet searches were conducted to identify further

studies and unpublished literature. The search engine used in the web searching phase was

www.google.com. The first 50 hits (restricted to .doc .txt .xls and .pdf documents,) for each

search will examined for studies meeting the inclusion criteria. To allow for the variation in
77



search engine capability, a standardised search was used for each engine, utilising their
advanced search options, as follows:

¢ Using the “find any of the words” feature (or “at least one of the words”), the following terms
were entered: “species, habitat, forest, management”.

AND

¢ Using the “find all the words” feature, the following terms were used individually: “clearfell”,
“coupe”, “continuous cover”, “natural regeneration”, “replanting”, “thinning”, “selective
felling”, “rotation”, “harvesting”, “snag creation”, “ride widening”, “deadwood creation”,

“PAWS restoration”, “planting”, “forest removal”.

The total number of search term combinations (or ‘search strings’) searched in each engine was
fifteen. The number of words per search string was necessarily different from that used in the
electronic database to reflect the increased ambiguity of particular words in a search of the
World Wide Web compared to scientific publication databases. The websites of the following
organisations were inspected for further relevant material including useful grey literature or
unpublished datasets: Natural England, Scottish Natural Heritage, Countryside Council for
Wales, Department of Agriculture and Development Northern Ireland, Forest Research,

Forestry Commission.

Search engines used

Search for relevant published material will mainly be through several online data bases and
search engines, the choice of which is designed to cover peer reviewed scientific material from
the conservation/ecology and forestry sources as well as grey material such as technical and

advisory material.

Online data bases and search engines used were;
1. Web of Knowledge - scientific journals and conference proceeding, Thomson Reuters

http://wokinfo.com
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http://wokinfo.com/

Agris — agriculture, forestry & fisheries - unpublished scientific and technical reports,

theses, conference papers, government publications, UNFAO, http://agris.fac.org

Open Access Journal Search Engine — open access journals, http://oajse.com/index.html

Google Scholar —books & journals, http://scholar.google.co.uk

World wide science — umbrella organisation for many national institutions around the

world http://worldwidescience.org
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http://agris.fao.org/
http://oajse.com/index.html
http://scholar.google.co.uk/
http://worldwidescience.org/

Table A2.2 A comparison of the efficiency of different search engines in locating relevant
literature. For each search engine the number of relevant hits is given, from each search after
first stage selection of title. For Google Scholar where searching was not as structured only the

first 150 hits were scanned for new relevant references from Britain and Ireland.

Search term Web of Agris World Wide OAJSE Google
Science Science Scholar

Afforestation 37 3 13 0 0

Thinning 56 5 17 0 2

Natural 13 0 8 2 0

regeneration

Clearfell or 186 11 63 1 8

clearcut

Coupe/clearcut 3 3 39 7 3

size

Harvesting 11 0 19 0 1

methods

Replanting 5 0 9 3 0

Rotation length 0 0 11 0 1

Second rotation 6 0 8 0 4

Successive 0 0 1 0 3

rotations

Coppicing 24 3 9 0 4

Continuous 6 0 10 1 2

cover

Rides 21 0 8 0 4

Snag & 7 1 57 3 3

deadwood

Forest 25 0 18 0 0

restorations

Forest removal 18 0 10 1 2
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