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Summary

Woodland expansion is a priority in UK environmental policy. It forms a key focus in the 25
Year Environment Plan and targets for tree planting include a government commitment for
11 million trees by 2022 (180 000ha woodland creation by 2042, Urban Tree Challenge
Fund available to plant 130 000 urban trees over the next two years) and the Woodland
Trust’s Northern Forest initiative aiming for 50 million over 25 years. These initiatives aim to
reduce biodiversity loss and improve ecosystem services, for example carbon sequestration,
flood control and regulation of water quality. However, all land-use change results in trade-
offs and afforestation can negatively impact on some species and ecosystem services. Part
of the current demand for tree planting in the UK is likely to be met by increased planting in
the uplands, which are the site of a number of sensitive habitats and species. Therefore,
there is a need to carefully consider the benefits and costs of woodland expansion in specific
contexts.

The ecosystem services provided by trees in the upland are likely to differ depending on the
woodland type, for example conifer monocultures provide a high quantity of fibre whereas
open canopy broadleaves provide greater opportunities for biodiversity. Historically much of
the planting in the uplands has been commercial conifer plantations. However, there has
also been growing demand for broadleaved woodlands for recreational and environmental
purposes. The specific location of planting will also be influential, as planting on sensitive
habitats, such as blanket bog, may have substantial impacts on both ecosystem services
and biodiversity. While the majority of afforestation is currently carried out by planting, there
is also a growing interest in allowing natural regeneration. Natural regeneration allows
woodland to develop without resorting to planting, direct sowing or coppicing, and also
allows development of scrub. Scrub is a diverse habitat which is dominated by native or non-
native shrubs and tree saplings. It can be a stage in the succession to woodland or a climax
community where conditions prevent woodland vegetation developing.

Maximising the benefits of woodland and scrub expansion for biodiversity and ecosystem
services in the uplands requires an approach that puts the “right tree in the right place” and
using the right method. Given the number of considerations for woodland and scrub
expansion in the uplands, this report scopes the available evidence for the effects of upland
trees and scrub on the provision of ecosystem services and biodiversity. This report draws
on an initial systematic search of the academic literature using Scopus, and on a systematic
review by Burton et al. (2018) identified as being highly relevant. We also conducted specific
searches for scrub. From this, we draw out general conclusions on the literature available on
effects on ecosystem services and biodiversity by uplands trees and scrub and identify
knowledge gaps requiring further research.

In this review, we found that the literature on upland trees and ecosystem services is heavily
weighted towards studies of conifer plantations. In particular, a number of studies have
considered the influence of conifer plantations on regulating and maintenance of ecosystem
services, such as carbon sequestration and water quality regulation. There is also a
significant evidence base for the effects of upland conifer plantations on biodiversity,
although these studies cover a limited number of taxa. The literature is very limited on
provisioning or cultural ecosystem services provided by upland trees. This review also found
that while there have been several studies looking at the biodiversity benefits of scrub, it is
an understudied habitat and there has been little consideration of the effect of this habitat
type on other ecosystem services.

To maximise the ecosystem service benefits of tree planting in the uplands, more studies are
required to consider the effects of native woodland, including broadleaved trees and scrub.
Greater consideration of the effects of trees on provisioning and cultural ecosystem services
and studies considering trade-offs between multiple ecosystem services would also be of
benefit to inform policy for upland woodland and scrub expansion.

Vii
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Introduction

Background

11

1.2

1.3

14

In the UK, 13% of the total land area is currently woodland, although this varies by
region with cover of 19% in Scotland, 15% in Wales, 10% in England, and 8% in
Northern Ireland (Forest Research, 2018). UK policy objectives aim to significantly
increase this area through tree planting. Current targets include a government
commitment to plant 11 million trees in England by 2022 (Defra 2018), and the
Northern Forest project which is aiming to plant more than 50 million trees over 25
years. Forestry investment zones are also being trialled to increase investment in
tree planting for commercial forests.

To meet current targets for tree planting, the uplands, which cover all land above
approximately 250m altitude, are likely to see an increase in tree cover. The UK
uplands consist of a diverse range of habitats, such as blanket bog and upland
heath, which support a range of specialised species. Currently, the dominant land
use in the uplands is farming, in particular livestock production, with other significant
uses include field sport management, forestry and recreation.

Woodland and scrub expansion in the uplands have the potential to provide
significant ecosystem benefits, for example carbon sequestration, water quality
regulation and soil stabilisation. However, change in land-use to woodland can also
have negative effects including impacts on sensitive species and habitats and may
result in trade-offs with benefits from current land use. The particular impacts of
woodland expansion are context-specific and depend on the location, woodland type,
woodland structure and method of expansion.

In order to inform advice and decision making on tree planting in the uplands, this
review was commissioned to scope the evidence available for the effect of trees and
scrub in the uplands on ecosystem services and biodiversity.

Aims and objectives

15

The aim of this review was to provide an overview of the available evidence on the
effects of trees and scrub in the uplands on the provision of ecosystem services and
biodiversity. This is to highlight some of the considerations to be taken into account
for woodland and scrub expansion in the uplands and to identify the knowledge gaps
requiring further research.



2.1

2.2

2.3

24

Method

To assess the scope of the available literature, we conducted a systematic search of
the literature. This search was initially conducted in Scopus. Table 2.-1 shows the full
list of search terms used. Exclusion criteria were that the paper was in the English
language and UK-focused. The search returned 514 results. From screening of titles
214 papers were found to be relevant.

The original intention was to conduct further scoping of the grey literature. However,
an initial search found a paper, Burton et al. (2018) which conducted a full systematic
review on the effects of woodland expansion on biodiversity and ecosystem services
in the UK. This review was recent and covered a broad range of grey literature and
academic data bases. This review identified 160 relevant papers following full text
screening, of which 79 were upland-specific. Rather than repeat this review, here we
extract conclusions from this review relevant to the uplands. Additional papers
identified from the Scopus search are drawn in to provide additional detail.

Scrub was not covered by the Burton et al. (2018) paper, therefore we conducted an
additional search specific to this habitat type including grey literature. This was done
using google and google scholar. The first 50 most relevant results from each search
were screened for relevance.

The results of the Scopus search were divided into categories based on the
ecosystem service considered and the type of woodland. Papers looking at effects on
biodiversity were divided by taxa considered. We also used the search record from
Burton et al. (2018) to identify papers relevant to the uplands and extracted
conclusions of general relevance from the review.



Table 2-1 Search terms used to identify relevant evidence

Search | Trees Area Ecosystem Services Country Date of
search
Scopus | tree* upland* "ecosystem “United 25/02/
OR forest* OR service*" OR "provisioning Kingdom" | 2019
OR wood* mountain* | service* OR food OR livestoc | OR
OR plantation OR k OR game OR crops OR w | UK
OR broadleaf subalpine | ater OR fuel OR peat OR tim | OR
OR parkland OR ber OR fibre OR "regulating England
OR {natural montane service*" OR "climate OR
regeneration} regulation" OR "climate Wales
OR afforestation control” OR "hazard OR
OR conifer regulation" OR "hazard Scotland
OR scrub* control" OR flood* OR wildfire | OR
OR ffridd OR fire OR "disease Ireland
OR {shrubby regulation" OR "pest
species} regulation” OR "water
OR heather quality" OR "erosion
OR juniper control" OR detoxification OR
OR birch purification OR pollination OR
OR blackthorn "flood management” OR "flood
OR pinus control" OR "cultural
OR willow service*" OR recreation OR to
OR salix urism OR "aesthetic
values"” OR "cultural
heritage" OR "spiritual
values” OR education OR "se
nse of place” OR "health
benefits" OR "wild species
diversity" OR "biodiversity" OR
"environmental
settings" OR "maintenance
service*” OR "soll
formation” OR "nutrient
cycling" OR "water
cycling" OR "oxygen
production"
Google | scrub AND ("ecosystem services" OR biodiversity) AND (upland) AND (UK 25/03/2
and OR England OR Scotland OR Wales OR Ireland) 019
Google
Scholar




3

Effects of upland trees on ecosystem

services

3.1

Ecosystem services can be divided into four broad categories: Regulating,
Maintenance, Provisioning and Cultural. The uplands provide ecosystem services
across all of these categories, which could be enhanced or negatively impacted by
woodland expansion. Here, we consider the evidence base for the effects of upland
trees on each of these categories.

Regulating and Maintenance Ecosystem Services

3.2

3.3

Regulating and maintenance ecosystem services provided by woodlands include
climate regulation, erosion control, flood regulation, air and water quality regulation
and soil quality regulation (National Ecosystem Assessment, 2011). Of the studies on
upland trees identified, regulating and maintenance ecosystem services were the
ecosystem services most widely considered. The majority of these studies focused
on conifer plantations, in particular non-native Sitka spruce, with very few studies
considering broadleaved or mixed habitats. There was strong evidence available on
the effects of conifer plantations in the uplands on flood control (e.g. Hornung and
Newson, 1986; Heal et al, 2004). A number of studies had also considered carbon
sequestration, looking both at soil organic carbon and above-ground biomass (e.g.
Reynolds, 2007; Zerva and Mencuccini, 2005). While the impacts on carbon
sequestration and floor control were primarily beneficial, negative impacts were also
identified, for example there was a strong evidence base relating conifer plantations
to acidification (e.g. Neal, 1992; Reynolds, 2004).

Studies looking at regulating and maintenance ecosystem services by upland
broadleaf woodland focused on water quality and quantity (Doake et al. 2001;
Gagkas, 2007; Ryan et al, 2012; Zhang and Hiscock, 2010). A few studies also
considered natural regeneration, looking at services such as soil quality (Chapman et
al, 2003), water quantity (Haria and Price, 2000), methane release (Nazaries et al,
2013) and carbon sequestration (Perks et al, 2010). The majority of these studies
compared between other land uses, such as moorland, and afforested land, rather
than between different woodland types.

Provisioning Ecosystem Services

3.4

Provisioning ecosystem services provided by woodlands include timber and
fuelwood. Mountains, moorland and heath habitats also provide food from upland
farming and wild game and fuel from peat (National Ecosystem Assessment, 2011).
Considering the importance of forestry for provision of timber, there was little
consideration in the academic literature for the benefits of trees on provisioning
ecosystem services in the uplands (Burton et al. 2018). The papers identified
primarily focused on opportunities to integrate upland farming and forestry. For
example, considering the effect of agroforestry on sheep yields and timber production
(Doyle, Evans and Rossiter, 1986), comparing profitability of sheep production
relative to forestry (Heaton et al, 1999; Hardarker, 2018) and the benefits of
agroforestry in provision of shelter for livestock (McArthur, 1991). One study looked
at native woodland, and the potential to integrate this with sheep production (Morgan-
Davies, 2008). A further area of focus related to provisioning ecosystem services was
the effect of afforestation on fish stocks through changes in water quality (e.g. Rees
and Ribbens, 1995; Ormerod et al, 2004; Crisp and Beaumont, 1996).



Cultural Ecosystem Services

3.5

Cultural ecosystem services provided by woodland include recreation and tourism,
aesthetic values, cultural heritage, education, employment and sense of place
(National Ecosystem Assessment, 2011). However, very few studies have
considered the potential effects of woodland expansion through planting or natural
regeneration on cultural ecosystem services in the uplands. Two studies identified by
Burton et al. (2018) suggested conifer plantations may reduce cultural value,
although these effects were context specific (Dhubain et al, 2009; Carroll et al, 2011).
Change can have long and short term consequences on sense of place. A further
study identified found that woodland and forestry was one of the attributes seen as
defining a hill system in Scotland by stakeholders (Morgan-Davies and Waterhouse,
2010). However, overall the evidence base for the effects of upland trees on cultural
ecosystem services is very limited.
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Effects of Upland Trees on

Biodiversity

4.1

4.2

4.3

4.4

Biodiversity underlies the provision of ecosystem services. The uplands support a
number of different habitats and species, including a substantial number covered
under the UK Biodiversity Action Plans. Effects on this biodiversity from upland trees
was the focus of a substantial number of papers. However, as with the ecosystem
services considered, these primarily looked at the effects of commercial conifer
plantations. They also only covered the effects on a few groups, notably birds,
carabids, and ground flora.

A number of studies considered the impacts of upland woodland on bird species.
Golden eagles were the focus of several studies (Marquiss, Ratcliffe and Roxburgh,
1985; Watson, 1992; Whitfield et al., 2001). Other specific species considered
include ravens (Marquiss, Newton and Ratcliffe, 1978), curlew (Douglas et al, 2014)
and black grouse (Peare-Higgins et al. 2007; Scridel et al. 2017). Further studies
considered the effects of commercial conifer plantations on multiple bird species
(Avery et al, 1989; Calladine et al, 2013; Moss et al, 1979; Wilson et al. 2014).
Impacts found in these studies varied, although the evidence suggests closed
canopy conifer plantation are likely to have negative impacts on species such as
golden eagle and raven.

Further areas of focus in the literature on biodiversity include vegetation and insect
diversity. Carabid species have also been the subject of several studies, with clear
evidence for change in species composition as a result of conifer establishment,
although not for overall change in biodiversity (Day, 1988; Buse and Good, 1993).

None of the studies identified by Burton et al. (2018) looked at the effect of broadleaf
forest in the uplands on biodiversity. Three studies considered natural regeneration
of conifer or mixed woodland. These considered woodland expansion in relation to
community structure of fungi and microbes and connectivity (Anderson et al. 2003;
Hope et al 2006; Nicol et al. 2007).
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Effects of Scrub on Ecosystem

Services and Biodiversity

5.1

52

5.3

54

Scrub is defined by Mortimer et al. (2000) as ‘all stages from the scattered bushes to
closed canopy vegetation, dominated by locally native or non-native shrubs and tree
saplings, usually less than 5m tall, occasionally with a few scattered trees.’
Alternative names include ffridd and coedcae in Wales, and the upland fringe. In the
uplands, the term scrub covers several distinct communities including wet scrub
forest zones, juniper scrub and dwarf birch scrub (Natural England, 2006).

We found a significant lack of reference to scrub in the literature. The literature that
was available focused primarily on its biodiversity value. Mortimer et al. (2000)
provides a review of the importance of scrub for nature conservation. This found that
while there has been consideration of the importance of scrub for birds, herbivorous
insects and higher plants there has been little consideration of their importance for
reptiles, amphibians, mammals, lower plants or non-herbivorous insects. The
greatest body of evidence was for the importance of upland scrub for bird
communities (Conway and Fuller, 2010; Fuller 2006; Mortimer et al. 2000; Usher and
Thompson, 1993; Woodhouse et al., 2005). These papers emphasised the
importance of mosaics of habitat for communities, in which scrub is an important
component. Calladine et al. (2013) showed a positive relationship between bird
species and shrub cover at the interface between conifer plantations and woodlands.

Of papers focusing on other ecosystem services influenced by scrub, these mainly
focused on heather on mountain heath. Of these, one looked at the establishment of
conifers in relation to scrub (French et al. 1997). Two looked specifically at heather
scrub in relation to carbon sequestration. These found that heather (Calluna vulgaris)
cover on peat bog causes a net increase in CO2 release (Dixon et al. 2015) however
compared to grass-dominated upland, heather results in significant carbon
sequestration, with the amount of carbon sequestered comparable to woodland (Quin
et al. 2015). One paper, McHugh (2007) looked at factors influencing erosion, finding
that vegetation, including scrub, reduced the level of erosion occurring. Reed et al.
(2013) considered increasing scrub cover as part of potential scenarios for future
change in the uplands. They consider that a scrubby landscape may have negative
effects on cultural ecosystem services by blocking views and interrupting the
“uninterrupted purple-tinted vistas”. By contrast, Scottish Natural Heritage (2010)
suggest that scrub on upland farms can play a range of roles including enhancing the
landscape, sheltering livestock and acting as a buffer between grazing and water
courses.

Scrub is a diverse habitat and the term covers a humber of different more specific
habitats. Some of these may be of more importance for biodiversity, for example
juniper scrub, which is a BAP habitat. Further study is required to compare between
different scrub types and identify the effects on ecosystem services and biodiversity
in different contexts.
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Factors Affecting Ecosystem Service

Provision and Biodiversity by Upland
Trees

6.1

6.2

6.3

6.4

6.5

Woodland type, whether conifer or broadleaved, is one factor which may influence
ecosystem service provision by trees and scrub in the uplands. Scoping of the
literature also identified several other factors which may influence ecosystem
provision and biodiversity by trees and scrub in the uplands. These include woodland
structure, land use type prior to afforestation, location of afforestation and natural
regeneration.

The importance of woodland structure in relation to effects on biodiversity was
identified in a number of studies (e.g. Wallace et al., 1992; Calladine et al, 2013;
Buse & Good, 1993). These suggest that biodiversity benefits from a mix of species,
structure and stand age. Mixed woodland containing open areas and trees at
different stages, with areas of scrub may be highly beneficial for biodiversity.

A number of studies identified in Burton et al. (2018) also noted the importance of the
land use prior to afforestation. There is strong evidence that woodland expansion is
more beneficial for biodiversity on some land use types that are less likely to host
sensitive species (Wilson et al, 2012). Location of planting will also affect biodiversity
through impacts on connectivity and structure. This was considered by Hope et al.
(2006) who modelled how different woodland expansion scenarios would affect focal
species and by Douglas et al (2014) who found that planting on open areas may
negatively impact open ground moor species due to edge effects.

Land type is also important for ecosystem provision, for example Brown and
Castellazzi (2014) found that planting on agriculturally low quality upland land may be
less beneficial for climate mitigation than on high quality lowland areas. A number of
studies also looked specifically at the benefits of riparian tree planting. Riparian
planting can have greater benefits through factors such as lowering water
temperature variability in streams, although effects on the stream ecosystem may
also depend on woodland type (Malcolm et al, 2004; Thomas et al, 2016).

Natural regeneration is the process by which woodlands are restocked by trees that
develop from seeds that fall and germinate in situ. Naturally regenerated woodland
may differ from planted forest in structure and species composition (Forestry
Commission, 1988). From Burton et al. (2018) only six papers were identified which
looked at natural regeneration in the uplands. These primarily focused on naturally
regenerating conifer woodlands and biodiversity.
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Knowledge gaps

Broadleaved tree species

7.1

The evidence base on upland trees was heavily biased towards conifer plantations.
This is likely a result of the majority of historical planting consisting primarily of
commercial conifer plantations. While some evidence suggests that conifer
plantations are beneficial for timber provisioning and carbon sequestration, there is
other evidence to suggest that they can negatively impact some aspects of
biodiversity, cause acidification and may have negative cultural impact. Broadleaved
trees may have greater benefits to ecosystem services in some aspects, however the
lack of literature makes comparison between the two woodland types difficult.
Particular knowledge gaps include the potential effects of broadleaf trees in the
uplands on water quality regulation, biodiversity and cultural ecosystem services.

Provisioning ecosystem services

7.2

We identified a limited number of studies considering provisioning ecosystem
services. Given that much of the planting is for commercial forestry plantations,
greater consideration of the economic and employment benefits of this to upland
communities is required. Trade-offs with other economic land-uses, such as sheep
farming or tourism should also be considered.

Cultural Ecosystem Services

7.3

Very few studies considered the potential cultural values of woodlands in the
uplands. Woodlands may increase recreational activities but could also be seen as
changing the local landscape in a negative way. Burton et al (2018) considered that
the lack of studies was due to most recreation activities occurring in mature
woodland, making it difficult to study these benefits in newly established woodlands.
Knowledge gaps include whether afforestation in the uplands is perceived as
enhancing or reducing the cultural value, and the potential effects of upland trees on
uses such as tourism.

Species groups

7.4

A number of studies have looked at the effects of upland conifers on biodiversity.
However, these have been limited to a small number of taxa, in particular birds,
vegetation and carabids. This leaves gaps around the effects of upland trees on
groups such as mammals, amphibians and insects outside of carabids.

Trade-offs between ecosystem services

7.5

Burton et al. (2018) identified the need for studies covering more than one ecosystem
service. Habitats provide multiple ecosystem services and trade-offs will occur
between them. This results in conflicts, for example conifer plantations may provide
greater benefits in provisioning services from timber but potentially lower recreational
value. Maximising the benefits provided by a particular habitat will depend on
resolving these conflicts. More studies are required to consider these trade-offs in
specific contexts, in order to inform policy decisions on when and where afforestation
is appropriate.



8 Recommendations for areas of future
study

8.1 A range of evidence gaps have been identified in relation to trees and scrub in

uplands. The following are recommended as a focus for future research:

o Effects of broadleaf forest in the uplands on a range of ecosystem services, including
comparison to conifer plantations

o Effects of woodland expansion through tree planting or natural regeneration on
provisioning ecosystem services, including trade-offs between forestry and other land
uses such as sheep farming and tourism, aesthetics and power generation (e.g.
Hydroelectric, wind etc.)

¢ Influence of woodland expansion on cultural ecosystem services such as tourism and
recreation

o Impacts of forest expansion on a wider range of taxa, including mammals, reptiles,
amphibians and a wider range of insects

e Comparison between naturally regenerated and planted woodland for biodiversity

e Studies looking at trade-offs between multiple ecosystem services, such as
recreation and forestry

e The effects of scrub on regulating and maintenance ecosystem services, such as
carbon sequestration, flood control and soil quality regulation

10
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