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1 Restoration goals

Designated as a forest park in 1953, the 20,000 ha Queen Elizabeth Forest Park (QEFP)
includes lochs, forests, moorlands and mountains and is part of the Loch Lomond and
Trossachs National Park. Its magnificent views, rich biodiversity and remarkable tourism
infrastructure, such as a large cycling network, and impressive visitor centre, offer visitors a
wide range of activities.

Queen Elizabeth Forest Park is a state-owned forest, owned by the Scottish Government, and
managed by Forestry and Land Scotland (FLS). It is managed for a wide range of objectives,
including timber production, recreation, tourism and conservation, as well as protective
services such as enhancing slope stability. Increasing the species and structural diversity of
the forest has been an important adaptation management objective, and even-age Sitka
spruce has been reduced from 65% to 50% of the forest area.

The forest is designated as a Research Forest in partnership between FLS and FR (Forest
5HVHDUFK DQG KDV EHHQ XWHBGDV CHRRQVMWIM M LR Q
ClimateXChange (www.climatexchange.org.uk), where district staff, researchers and policy
leads have worked together to understand the potential impacts of climate change and to
identify and address barriers to adaptation. Increasing the species and structural diversity of
the forest, and sensitively managing riparian areas are important adaptation management
objectives.

Risks and opportunities

Temperatures in the growing season are projected to increase, which may result in more rapid
growth through to the 2060s. This presents an opportunity of increased timber productivity,
where other factors are not limiting. The frequency of storm events is projected to increase
under future climate scenarios, which may lead to an increase in damage from storms, flooding
and landslides. Warmer conditions may lead to a rise in the incidence of pests and/or disease
outbreaks.

Vulnerabilities

X The forest has a medium to high level of wind risk and contains areas of steep slopes
that are vulnerable to landslides, and towns in the catchment area are vulnerable to
flooding.

X The forest has experienced damage from wind, most notably during a storm in 201 2.
The damage was assessed across the entire district using a helicopter survey, and
with airborne LiDAR. More than 1% of approximately 12000 sub-compartments
presentin the District were damaged to some extent, with most damage located within
QEFP.

x Landslides and debris flows are not uncommon in the catchment areas, although the
risk of damage to people and property is typically low to moderate. Risk assessments
recommend monitoring those sites subject to landslides and following best practice for
forest operations.

Identifying and selecting measures

Projected climate change and available adaptation management options are considered by
forest planners in land management and regional strategic plans. Current and future species
suitability has been assessed using ESC, the Ecological Site Classification decision-support
system and wind risk has been calculated using the decision-support tool ForestGALES.

IRUHVW
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Forest Research and Forestry and Land Scotland have hosted workshops to explore climate
change adaptation with public and private sector managers, researchers and policy leads.

Implementing adaptation measures

Species diversity is being increased by strategic planning, diversifying the range of species
planted, restoring ancient woodlands, increasing the area of native woodland and productive
broadleaf woodland. The target is to increase the productive broadleaf area significantly.

x Following the discovery of larch stands infected with Phytopthora ramorum in
surrounding forest areas, the species is no longer planted in the region. Existing larch
stands are currently targeted for felling as per guidance contained within the Forestry
and Land Scotland Larch strategy and as Statutory Plant Health Notices are served by
the regulator (Scottish Forestry).

x Suitable areas have been identified for long-term retention and for conversion to
continuous cover forestry to increase structural diversity.

X Riparian habitats are being sensitively managed and restored for conservation, water
guality and flood-risk management.

X The forest is being managed for high wind risk and for slope stability in vulnerable
areas to reduce the incidence and impacts of landslides.

x To mitigate against regular flooding in nearby towns, Aberfoyle and Callander, work is
ongoing to implement natural flood management technigues. These include installing
timber bunds, large woody debris dams, ponds to provide storage of excess water and
planting native tree species in riparian areas to increase resistance to flow. Natural
flood management has already improved the habitat available for wildlife.

Monitoring and assessment

Forest Research has installed an automatic weather station within the Duchray catchment
area to monitor trends in environmental and climatic variables as part of the climate-ready
forest partnership, and to contribute to the assessment of the suitability of natural flood
management practices for the Strathard Project, a collaborative project with a number of
Scottish organisations.

FR has carried out research to model the projected impacts of climate change and alternative
MDGDSWLYHY PDQ D J HilreHaQod oFb8nafitsrh@t¥orBs@ provide at QEFP. Ongoing
work to understand the impact of the adaptation measures being implemented will be used to
inform future activity within QEFP and to share the insights generated.

Lessons learnt so far

Through a partnership working approach, FR and FLS have identified and addressed barriers
to adaptation at both an operational level and at the forest-planning stage. These barriers
include the need for accurate and accessible climate impact projections, suitable climate tools
and support in understanding climate-related risk and uncertainty.

1.1 General site description

4XHHQ (OL]IDEHWK )RUHVW 3DUN 4() 36 ARW.AD YRAHV AHEQUE Q [0/ @I L
1.1). It comprises of 16 Management Blocks which collectively cover an area of approximately
20,000 ha, of which about 54% is forested. QEFP is owned and managed by FLS. It is
embedded within the Loch Lomond and the Trossachs National Park where very diverse land
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uses are present: large areas are covered by lochs, and by conifer and broadleaves forests,
as well as agricultural land and pastures. Sporting estates for wildlife hunting (deer, grouse)
exist within the National Park.
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Figure 1.1: Location of management blocks in QEFP (in green)

The conifer forests in QEFP have always included a large proportion of Sitka spruce
monoculture stands to provide timber products and to generate income, a legacy of the post-
war forestry policy of the last century. However, management activities planned and delivered
by FLS have substantially reduced the extent of these Sitka stands in efforts to diversify the
forest and increase species and structural complexity of suitable stands, as well as to support
biodiversity and deliver a range of other Ecosystem Services (e.g., flood risk mitigation).
Throughout QEFP, Forest diversification is ongoing, with action to increase both species and
structural diversity. Riparian zones are being cleared of conifers and replaced with appropriate
native species, selected on the basis of the different woodland types. Semi-natural ancient
woodland remnants can be found in QEFP, dating back to at least the 18th century (see Figure
1.2). Some of these older stands remain, particularly at lower elevations around Loch Lomond,
Loch Ard, and Loch Lubnaig, and in Achray Forest. The earliest planting of productive conifers
began in the 1930s and 1940s. Some first rotation stands planted in the 1950s and 1960s also
remain to this day, but many areas are now on their second rotation, with clearfelling and
restocking in the early 1970s. In some areas, prior to the first commercial planting the land
use would have been mainly rough sheep and deer grazing. Neighbouring land uses include
commercial forestry, hill farming & conservation management. Sheep trespass has been an
ongoing problem across some of the forests in QEFP. The most recent land management
plans for QEFP continue a general aspiration to move away from production-based
monoculture spruce forests towards a more diverse multipurpose woodland providing a wide
range of benefits.
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Figure 1.2: Semi-natural, ancient woodland distribution within and around QEFP. Blocks boundaries
marked in green.

The Highland Boundary Fault cuts across QEFP on a North-East to South-West angle, with
most of the Park management areas zor Blocks zlocated to the North of the Fault line. In this
area are hard Dalradian metamorphic rocks, while to the South of the Fault line it is mostly
pebbly conglomerates and softer sandstones of Devonian age. Between the two are various
lavas, conglomerates, limestones, mudstones, and other sandstones. The underlying geology
in QEFP comprises of four main types of bedrock. Metasandstone is the predominant bedrock
(~67% of area), followed by comparable proportions of Sandstone (~16%) and Psammite,
Semipelite, and Pelite (~14%). Pockets of various Conglomerates are found across the Park,
corresponding to approximately 3% of the total area.

Soil patterns across QEFP are particularly complex, and with abrupt changes, as shown in
Figure 1.3. Peaty bogs, Gleys, Brown Earths, and Rankers are present. Due to the acidic
nature of the parent material the mineral soils have a tendency to podzolisation and iron pan
formation. However, soil maps suggest that to the south of the fault line brown earths are likely
to dominate in association with gleyed and peaty soils; to the north podzols replace brown
earths. Podzols are patrticularly likely to occur where superficial deposits are coarse and free
draining. The detailed surveys suggest that surface water and peaty surface water gleys are
at least as extensive as the freely draining soils. Induration occurs at variable depth in all soil
types. Table 1.1 summarises the nutrient and moisture regimes of the main soil types found
in QEFP. The brown earths are likely to be towards the poorer end of the nutrient spectrum
(perhaps marginally better south of the fault), only flushed surface water gleys are likely to be
medium in terms of nutrient status. Apart from areas of true podzols, moisture availability is
unlikely to be a limiting factor in the plan area.



SUPERBDeliverable 7.1 Demo area work plans

P g _ Sy \J
& & =3

P :
A 7 :
Wi
Syl 7 QEFP Soils
= ';q.‘( 1 Author: Tom Locatelii
=N Scale @A4: 1250,000

AR N

) 1)
©Crown copyright and database 08100021242 _
©Blesky International Lid and Getmapping Pic 2022 >

05 Date: 001102022
%

3 % — —
\e -& '
<

Figure 1.3 Soil variability across QEFP. Note the complexity of soil type geographical patterns.
Boundaries of QEFP management blocks marked in green.

Table 1.1 Soil moisture and nutrient categories

Soil type
Brown earth

Soil moisture
Slightly dry to moist

Soil nutrient
Poor to medium

Upland brown

Fresh to moist

Poor

Intergrade Moist Poor to very poor
Iron pan soil Very moist Very poor
Surface water | Very moist to wet Poor to medium
Peaty gley Wet to very wet Very poor to poor
Flushed peat | Very wet Poor to medium
Unflushed peat | Very wet Very poor

The three forest restoration areas chosen for the Scottish SUPERB Demo are representative
of the primary restoration foci in QEFP: restoring montane forests by planting suitable species
above the current treeline; increasing the diversity of riparian woodland and to implement
Natural Flood Management actions to reduce the risk of flooding in neighbouring communities;
and further developing the ongoing transition from conifer monocultures to Continuous Cover
Forestry stands to promote biodiversity and resilience to climate change impacts. Figure 1.4
shows the location of the restoration sites. Detailed information about individual sites can be
found in later sections of this document.
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Figure 1.4 Locations of restoration sites. Note that the Honeymoon Bridge high-elevation planting site
is outside the boundaries of QEFP, but remains within the broader Loch Lomond and the Trossachs
National Park

1.2 Problems and restoration goals

The overarching restoration objectives are to create a resilient, diverse and productive forest
that continues to meet a wide range of forest management objectives, including resilience to
climate change impacts and the delivery of numerous Ecosystem services for stakeholders
and local communities, from carbon storage to flood mitigation risk, all the while maintaining
timber production. The potential for Ecosystem Service delivery in QEFP is very high and
covers a broad spectrum of ES, including: Tourism and recreation, timber from conifer
plantations, flood mitigation for local communities, slope stabilisation, carbon sequestration,
and biodiversity. Because QEFP is an important demonstration and research forest for
Scotland, a further objective is to develop an exemplar forest demonstrating the benefits of
diversification and climate change adaptation with the aim of scaling-up to the wider
landscape.

Challenges for the restoration areas in QEFP are mostly provided by climate change.
Temperatures in the growing season are projected to increase, which may result in more rapid
tree growth through to the 2060's, or beyond, depending on water availability. The frequency
of storm events is projected to increase under future climate scenarios which may lead to more
windthrow. Increased winter rainfall is likely to further increase damage from storms, flooding
and landslides. Warmer conditions may lead to a rise in the incidence of mammalian
herbivores, pests and/or disease outbreaks. Drought is not currently a major issue for this area
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in Scotland, but some climate projections suggest that the risk of drought stress might
increase.

These challenges need to be addressed to remove, at least partially, barriers to adaptation at
both operational level and at the forest planning stage. These barriers include: the need for
accurate and accessible climate impact projections, suitable climate risk assessment tools,
and support in understanding climate related risk and uncertainty. Barriers to scaling-up
diversification to privately owned forest areas are expected to include concerns about
selecting appropriate species, sources for plant material, problems of establishment,
management of risks, maintaining productivity, and finding markets for alternative species.

Forest restoration activities in Scotland are regulated by Scottish, UK, and EU laws. As an
agency of the Scottish Government, Forestry and Land Scotland follows law and regulations
very carefully. FLS engages with stakeholders for the production of Land Management Plans
which include felling and replanting proposals for 10-year periods, which are submitted to
Scottish Forestry for approval. FLS have carried out Environmental Impact Assessments
under the Environmental Impact Assessment (Forestry) (Scotland) Regulations 1999. The
level of protection regulated by the habitat regulations for protected species complies with the
EU Habitats Directive. FLS operations abide by the Scottish Outdoor Access Code to preserve
public access. Plant health regulations follow UK Gov guidance (Importing and exporting wood
and timber products - GOV.UK (www.gov.uk)) and their planting material is sourced from
nurseries certified by UK Gov (Newton Nursery - Forestry and Land Scotland)
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2 Current situation

Restoration activities will take place in three sites (see Figure 1.4): one in the Allt Glas site
(restoration of riparian woodland and implementation of Natural Flood Management
practices), one near the Honeymoon bridge (high-elevation planting), and one in Achray
Forest (transition from pure Sitka spruce to CCF).

Allt Glas site: Restoration of riparian woodland and Natural Flood Management

AIM zto design, install, monitor and demonstrate a range of appropriate NFM techniques
within a relatively small catchment of the Duchray Water, and highlight the additional
environment benefits.

The Allt Glas catchment is a tributary of the Duchray Water in Loch Ard Forest and extends
to 90 ha. The sub-catchment lends itself to a demonstration area being accessible, compact,
with conditions which support the introduction of a number of NFM techniques. The area
available for planting is 5ha (within the larger 90ha area).

Honeymoon Bridge high-elevation planting site

The site is located on a section of hillside above the A83 trunk road, approximately 3 kilometres
west of Arrochar, Argyll. The site is located on a steep, north-east to south-west axis slope
which falls towards the southwest. A landslip occurred on 215 February 2022, the source being
approximately 65m above the treeline within an immature gulley system. The source area
(initial failure) was approximately 900m?. The superficial deposits located at the source were
described as brownish grey silty sand and gravel with frequent cobbles and boulders. The
gravel was fine to coarse subround to subangular, predominantly psammite and pelite.
Cobbles and boulders are subrounded to angular, predominantly psammite and pelite.

Although the gross area designated for high elevation planting is 35 ha, initial planting (for
SUPERB) will be limited to a 2 ha section which is regarded as most unstable, and will be
used to assess working methods to inform planting over a wider area.

Planting mixture will be mainly willow and alder (due to the wet nature of the site). Contract
labour will be used to plant the trees. Protection from deer will be provided either by fencing
the planted area or by reducing the background deer population, or a combination of both.

Achray Continuous Cover Forestry site

The exact locations of the restoration plots in the Achray site are still being finalised and hence
detailed descriptions cannot be provided at the moment. The sections of this workplan that
pertain to restoration activities in this site will be updated before the end of 2022, once the
specific stands for interventions are identified. The following principles will be followed in the
planning and implementation of forest restoration activities aimed at conversion of pure Sitka
spruce stands to CCF in the Achray site:

x Initial pure SS stands will have two thinnings to create the access required for selective
thinning to take place in later thinnings.

X These later thinnings will be crown thinnings, selecting frame trees which will be
favoured during the thinning cycle to be final stage CCF trees which will generate the
understorey for the next generation.

x Frame trees will be selected on the basis of stem form, depth and quality of crown,
branching habit, spacing in the stand, buttressing etc.

10
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X A number of silvicultural systems will be applied, chiefly uniform shelterwood, but group
felling will also be carried out with a view to diversifying the age structure and
restocking the felled group area with alternative species to diversify the species
composition of the forest.

These interventions will build on the work already carried out, and incorporate operational
work to deal with Phytophthora ramorum, which has started to infect the larch component of
the forest in this area. This work is likely to comprise small scale felling and replanting, similar
to the proposed CCF work but on a slightly larger scale (but with the same overall objective).

Itis likely that the FLS harvesting machinery will be used for the thinning work, as this allows
a greater degree of flexibility over thinning specification, timing, and quality, and will allow
thinning prescriptions to be modified to take advantage of local conditions as they arise.

11
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3 Restoration activities and initial assessment

3.1 Description of restoration activities

Table 3.1 Overview of information for the Allt Glas site (riparian woodland restoration and Natural Flood
Management)

Category Explanation

Restoratio Promoting natural regeneration by fencing to exclude browsing animals.
URUCESVIECISE Protecting natural regeneration with fencing and culling, and vole guards.
Planting a mixture of native species (predominantly Willow and Alder; Oak,
Birch, Hawthorn, and Blackthorn in smaller proportion) in 10 restoration plots.
An equal number of plots will remain untouched to act as control plots.
Techniques would comprise:

x Large woody debris (LWD) dams zrelatively short (up to 10 metres

wide), small (up to 1 metre in height) dams at a spacing of approx.
15 metres in the channel of the Allt Glas in sections of minimal
slope.

x Timber bunds zlarger dams, up to 40 metres in length, slightly
higher (up to 1.5 metres in height) strategically placed to hold back
a greater volume of flood water.

x Drain blocking *where the original drainage pattern still functions,
drains would be blocked using turves adjacent to the drain.

x Off-line storage *ponds would be dug within the immediate flood
plain of the Allt Glas allowing flood water to flow into the ponds.

x Storage area linkage *channels would be dug to link existing
storage areas with the flood plain, which would accept water during
flood events.

x Tree planting +native species planting to help increase hydraulic
roughness, improve habitat. Because of the predominant wet soils,
the species mixture will feature predominantly willow and alder.

Targeted Increasing the diversity of riparian woodland and the resulting hydraulic
Il e\ClglsBl roughness, and to implement Natural Flood Management actions to reduce
nt the risk of flooding in neighbouring communities

12
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Location

Figure 3.1 Map of the Allt Glas Restoration site (boundary marked in purple). Planting
area outlined in green. Circles denote locations of restoration plots. Blue crosses
indicate the locations of control plots.

13
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(Also see shapefiles provided)

Pre- Monitoring of water flow to set baseline for the catchment
treatment

Materials Locally sourced timber for woody debris dams and bunds. Possible access
used path to allow stakeholder access to the site

Plants Native species of local origin, 2- to 3-year old cell grown plants, direct manual
planting with addition of vole guards

S UCENI Maintenance of structures, collection of flow data, monitoring of weather
ent station

Table 3.2 Overview of information for the Honeymoon Bridge site (montane woodland restoration)

Category Explanation

Restoratio Promoting natural regeneration by fencing to exclude browsing animals.
UENCEMICRE Protecting natural regeneration with fencing and culling, and vole guards.
Planting a mixture of native species (Oak, Birch, Alder, Hawthorn, Willow,
Blackthorn) in 10 of restoration plots. An equal number of plots will remain
untouched to act as control plots.
Ground preparation and planting will comprise:
x Distribution of young trees using helicopter or ATV
x Cutting bracken in advance of planting
X Manually screefing the planting positions using a spade, to remove
surface vegetation and create a planting spot
X Plant trees in a notch using a planting spade

Targeted Restoring montane forests by planting suitable species above the current
improveme R glE
nt

14
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Location

Figure 3.2 Map of the Honeymoon Bridge Restoration site (boundary marked in
purple). Planting area outlined in red. Circles denote locations of restoration plots.
Blue crosses indicate the locations of control plots.

15
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(Also see shapefiles provided)

Pre-
treatment

Culling (deer), screefing, control of weeds (bracken) using Glyphosate

Materials

used

Wooden posts and netting for deer fence to standard specifications

Plants

Native species of local origin, 2- to 3-year old cell grown plants, direct manual
planting with addition of vole guards

Posttreatm
ent

Replacement of failed plants, weeding, control of herbivores

Table 3.3 Overview of information for the Achray site (CCF transition/restoration)

Category

Restoration

measure s

Targeted

improvement

Location

Pre-treatment

Materials
used
Plants

Posttreatment

3.2

place)

Explanation

Selective crown thinnings to select frame trees on the basis of stem form,

crown depth and quality, branching patterns, degree of buttressing.
Spacing considerations will be made to promote overall stand health.
Finally, (c) silvicultural interventions will be applied including uniform
shelterwood and group felling to diversify species compositions in these
stands.

Selection of frame trees which will remain to the final CCF stage to
generate and provide habitat for the understorey of the next generation of
seedlings. Species diversification by planting fir, pine and Norway spruce,
improved multistorey and age stand structure.

Location not finalised, but restoration plots are being identified in Achray
West and East blocks (see map in Figure 1.4)

Preparation of stands for CCF by means of two consecutive thinnings to
open up pure Sitka spruce stands.

)/61 RZQ PHFKDQLVHG KDUYHVWLQJ

Group felling sites will be replanted with a range of conifer species to
promote diversity, with the objective being to produce a productive timber
crop.

Post-thinning survey to record crop (stocking, stand height, av DBH etc) .
Recording of natural regeneration (if present).

Initial assessment of restoration sites (where actual restorat

ion takes

3.2.1 Objectives

The purpose of the initial forest inventory is to describe the state of the forest trees (if desired
dead wood) and optionally herb layer and to be able to assess future effects (success and
failures) of the measures on the ecosystem biodiversity and functions. The observations are
conducted and recorded at plot scale, in a sample design laid out over the restored areas
involving several aspects of the stand structure.

16
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The initial assessment includes measurements of the adult trees, saplings and seedlings (and
optionally ground vegetation inventory of non-tree species). These aspects are described in
these guidelines.

In case the restoration stand is located within the chronosequence stand, the forest inventory
information is retrieved from the WP6. However, for the restoration stands that are not inside
of the chronosequence stand, assessment of the initial forest state needs to be done.

3.2.2 Sampling design

The measurements are conducted at the sampling point (plot) scale. A regular sample design
of measurement plots is laid out depending on size of restoration site (Table 3.4).

Table 3.4 The criteria table of number of plots established accordingly to the size of the restoration site.

Size of restoration site (ha) Number of plots

<1 ha
1 +5ha

5 +20 ha
20 +100 ha
100 +1000 ha

Overall, the initial assessment is a simplified design of the chronosequence monitoring design.
It only has a central sampling point. In order to avoid biasing the location of the sampling points
(for example, by establishing them in the middle of a clearing, or seeking equidistance to trees
nearby), the location of the centre is randomly determined within the stand.

The random selection of plot positions is secured by walking a fixed number of steps in a fixed
direction from the stand border. This is a way to eliminate perception biases and tendencies
to position plot centres at a best spot, which could yield biased estimations of the total stand
density.

Concentric subplot design

Around each selected sampling point, concentric plots of different sizes are used to measure
the different components of forest structure, to ensure efficiency in the inventory effort (Figure
3.3). Accordingly, characteristics that require larger effort are measured over smaller plots,
whereas larger plots are employed to record rarer events only. To quickly decide in the field
which trees belong to each subplot type, you may simultaneously measure diameter at breast
height (dbh) and distance to plot centre. The different plot sizes (Figure 3.3) are designed to
be integer divisions of a hectare, to facilitate rapid in situ assessment of within-stand variability.
The different subplots involved are:
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Figure 3.3 Plot size to measure different components of forest structure.

In case bare land is afforested (stand after bark beetle calamity, or restoration focuses on
forest area expansion on former cropland), then only assessment of seedlings and sapling
subplots is established and recorded. In the subplots it is possible to make an additional
assessment of herb layer and dead wood. In case of an existing stand in which group or
selective fellings are carried out in combination with introducing new tree species, then the
large tree to seedling plots are established.

3.2.3 Timing

Data can be collected during a short campaign, as well as in third year of the project. Since
the initial assessment is a singular measurements campaign, it is possible to combine it with
other field measurements (e.g. WP6 monitoring).

3.2.4 Measurements

General information

The recorded data are collected in the Excel spreadsheet provided. General information is
UHFRUGHG XQGHU WKH WDE p6WBQIES]I RTUKPH WIDFEQUB W B RXJ W.IQ\F O/X
VLIH DQG QXPEHU RI SORWYV IRU WK MWD B pAQE&EINSNCGBR)Y P HQW
coordinates, specifying in the comments which is the geographical system employed for them

(please, use ESPG codes for national systems). Optionally, we can record approximate terrain

slope and aspect in the site. Relevant observations on the plot environment and location can

also be recorded (e.g., proximity to roads or infrastructure, recent management interventions,
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SUHYLRXV ODQG XVH LQ WKH ILOOG ZBRPFPE @\W S8 Y RFIGRDIWH. BRIV F
coverage for each of the tree, shrub and the herbaceous layers, assessed visually and
expressed separately and not relatively to each other (their sum may therefore be higher than
7TDE W6SHFLHVY LQFOXGHV WKH V&SHPEHRWRGIOW WKIPW DUH
possible we provide suitable allometric models for the species in the demo area which can
make the best biomass predictions according to the local knowledge. There are additional
fields to add any relevant information concerning allometry: height or below ground biomass,
relevant references, etc.

Adult tree inventory (Large tree and overstory subplot)

The tree inventory includes all the standing, living or optionally dead adult trees (dbh > 7 cm).
Intermediate-sized trees (dbh between 7 and 27 cm) are measured on a 9.77-m radius plot,
whereas large trees (dbh > 27 cm) are measured on a 12.62 m-radius plot (Figure 3.3). In
each case, the species and dbh of all the corresponding trees are recorded. If decided to do
the optional assessment of dead trees, when the species of dead trees cannot be determined,
it should be recorded whether these are hardwood or softwood species.

Tree heights is determined for few living trees (only 3 measurements for each of the dominant
species present) trying to approximately cover the full range of tree heights and giving
measurement of one small, median and one tall tree. Height measurements are conducted
either on the intermediate sized trees from the 9.77 m-radius plots, or on the large trees from
the 12.62 m-radius plots. It is however important that each height measurement is linked to a
dbh measurement, and thus recorded at the row corresponding to the same tree (the rest of
rows can be left empty for height measurement). If dead top broken trees are found within the
plot their decay class is recorded according.

Saplings inventory (Saplings subplot)

Trees with dbh <7 cm are also measured individually and recorded, as long as they are higher

than 1.30 m (saplings). These trees are measured only when they are at a distance within

5.64 m from the plot centre, to limit the surveying effort needed for these smaller trees.
,QGLYLGXDO WUHH FRGHV IRU VDBPIEEQJV WRHDV®W DNVUIHAMK & LFRAXIQL
the bigger trees and facilitate the combination of overstory and sapling layers. If the height

measurement of the smaller tree was taken from one of these saplings, add its corresponding

height here alongside its dbh.

Seedlings inventory (Seedlings subplots)

For trees with height below 1.30 m measurement is based on counting each individual. The
counting is done over 4 different subplots of 2.82 m radius, which should be distributed
according to Figure 3.3. Using a telescopic pole, rapid counts of seedlings can be carried out
around each subplot centre. Record seedling counts per subplot grouped by species and
height class. The height classes only need to be determined approximately: below 20 cm
(class 1), 20 +80 cm (class 2), or above 80 cm (class 3).

Optional additions to the initial assessment in the restoration sta nds
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Richness of ground vegetation using iNaturalist (Central guadrats a t seedling subplots)
Each species of non-tree vascular plants (herbs, ferns, shrubs) present in each if the 1-m
quadrats within each seedlings subplots are identified using the iNaturalist application. To be
included in this list, plants can originate either within the quadrat, or outside it, as long as some
part of them is present either directly on the quadrat floor, or on its vertical projection, up to a
height of 5 m.

Before going in the field requires:
Download the iNaturalist app for iPhone or Android.
Create an account using the app or the website (https://www.inaturalist.org/home )
Transmit your user information to SUPERB Wageningen team by email (gert-
jan.nabuurs@wur.nl, sara.filipek@wur.nl, silke.jacobs@wur.nl, bas.lerink@wur.nl).

Once in the field, you should follow the steps depicted in Figure 3.3 for any species you
observe in each quadrat and repeat the process for every seeding subplot (i.e., 4 quadrats
per plot). Use the Subplot codes to identify them as in Tables in Initial_forest assessment
protocol. More information can be found on the web
(https://www.inaturalist.org/pages/getting%252Bstarted) or checking the tutorials of the
iNaturalist App (https://www.inaturalist.org/pages/video%252Btutorials ) where explanations
are given on how to add an observations using different devices or the website.

Lying deadwood (Saplings subplot)

For all lying deadwood pieces (diameter > 7 cm) found within the 5.64 m-radius saplings
subplot (Figure 3.3), the diameter at mid-length, total length, and decay class is recorded. For
pieces of deadwood intersecting the borderline, the criterion for inclusion is whether any part
of it within the 5.64 m distance of the plot centre as a diameter > 7 cm. It is recommended to
use a tree calliper for measuring lying deadwood diameter. The decay class is determined
according to the following categories: 1 iSound (recently dead); 2 d#ntermediate (partially
rotten); or 3 otten.

3.3 Costs assessment

The costs of restoration consist of direct cost of various restoration activities that are taken
place in restored sites. The direct costs are divided into several categories such as site
preparation (e.g., soil preparation - ploughing, topsoil removal), materials (e.g., wooden posts
for fences, fence net), plants (e.g., cost of seeds, seedlings, saplings) and labor costs (e.qg.
person costs for soil preparation, planting, installing fences, maintenance like weeding).

Following cost assessment excludes overhead, opportunity costs, buying land.

Table 3.5 Overview of the direct restoration costs for Allt Glas Riparian planting and NFM site.

Cost category 2022 2023

Site preparation
Materials
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Plants Yha - 740 740 -
Labor Yha - 444.40 444.40 95.60

Table 3.6 Overview of the direct restoration costs for Honeymoon Bridge montane planting site.

Cost category 2023 2024 2025

Site preparation

Materials

Plants

Labor

Table 3.7 Overview of the direct restoration costs for Achray CCF site.

Cost category unit 2022 2023 2024 2025

Site preparation

Materials

Plants

Labor

The information for Table 3.7 is not available yet. This will be added in the next version.
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4 Monitoring

4.1 Site and stand selection for Monitoring, Reporting and Verification of

Biodiversity and Ecosystem Services

Monitoring activities in QEFP will take place in three sites, each in a different management

EORFN $FKUD\ :HVW S$FKUD\ (DVW DQG @W UPLD/QK\UHHP HQMNF BXOX V MV F
and the strong emphasis on Scottish forest policy to promote the transition from pure

productive conifers stands to multifunctional and diverse stands (structurally and in terms of

species), the chronosequences in QEFP focus on the transition from pure Sitka spruce stands

to CCF. In each site, 6 stands have been selected: one of pure Sitka spruce, one of the target

CCF state, and two further stands for each of the two following intermediate phases: initial

thinning to prepare the Sitka stand for CCF transformation, and initial underplanting with a

mixture of shade-tolerant species.

Achray west and east

Achray CCF area is a diverse forest area containing a mix of conifer and broadleaved species
with an age range of 5 - 150 years old. Conifer species comprise mostly Sitka spruce and
larch, with Scots pine, Douglas fir, Noble fir, Grand fir, Western Hemlock and Norway spruce
also present. The earliest planting was carried out in the late 1930s, continuing on until the
1980s. Much of the original planted forest was badly affected by the gale of 1968, resulting in
a significant restocking component from the 1970s.

Thinning has been carried out regularly, focussed on the production of sawlogs for the local
wood processing industries.

Soils are predominantly brown earths on a south westerly aspect, with the site well roaded for
timber haulage.

Harvesting is now largely mechanised, with harvester / forwarders being used, although there
are areas of steeper ground requiring winch extraction.

The sites are heavily used for recreation access, with a network of popular trails starting from
the adjacent visitor centre and linking to a number of car parks on the edge of the CCF area.
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Figure 4.1 Location of chronosequence stands in the Achray West and the Achray East site.

Strathyre

Past management activity has created a diverse forest with a significant area managed as
Continuous Cover Forestry (CCF). This diversity relates to species, age class and stand
structure within the CCF areas. Large areas of the site fall into low wind categories indicating
that wind poses a low threat to the long-term stability of the crop. Continentality is low.
Temperature and humidity are favorable for tree growth at lower altitudes, less so at higher
altitudes. Climate change predicts drier summers and rainier winters, but there will be more
warmth and windier conditions.

The soils across the site are variable, with the lower and mid slopes comprising soils ideally
suited to timber production and a wide range of species. These include brown earths & podzols
with areas of gleyed soils & ironpans. Areas of peat & bog are limited.

Much of the site is ideally suited to CCF being sheltered and having good soil characteristics
in terms of facilitating production and good rooting depth. The soil characteristics and
associated drainage creates soils with a good bearing capacity which is important in CCF due
to limited brash mat availability for some CCF stages.

Slope is a constraint to CCF in places, but the good road network facilitates harvesting and
reduces the economic burden with winch working. Winch working also reduces soil damage
and the potential for slope instability. In economic & practical terms slopes are a significant
constraint to harvesting, however slopes are also areas where stability and landscape
considerations are paramount. Slopes are often also highly productive and have good
drainage.
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Figure 4.2 location of chronosequence stands in the Strathyre monitoring site.
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4.1.1 Sampling design

Figure 4.3 Schematic representation of the sampling design for the chronosequence sites/stands/plots.

Table 4.1 Summary of the chronosequence stands

Stand
number
1.1 Site 1 - Pure Sitka spruce (Achray West)

Explanation

1. Site 1 - Thinned Sitka spruce (Achray West)

2
1.3 Site 1 - Thinned Sitka spruce (Achray West)
1.4 Site 1 - Thinned Sitka spruce (Achray West)

15 Site 1 - Thinned Sitka spruce (Achray West)

1.6 Site 1 - Semi-mature CCF (Achray West)

2.1 Site 2 - Pure Sitka spruce (Achray East)

2. Site 2 - Thinned Sitka spruce (Achray East)

2
2.3 Site 2 - Thinned Sitka spruce (Achray East)

2.4 \ Site 2 - Thinned Sitka spruce (Achray East)

2.5 Site 2 - Thinned Sitka spruce (Achray East)

2.6 \ Site 2 - Semi-mature CCF (Achray East)

3.1 Site 3 - Pure Sitka spruce (Strathyre)

3.2 \ Site 3 - Thinned Sitka spruce (Strathyre)

Site 3 - Thinned Sitka spruce (Strathyre)

3.3
3.4 Site 3 - Thinned Sitka spruce (Strathyre)

3.5 Site 3 - Thinned Sitka spruce (Strathyre)

3.6 Site 3 - Semi-mature CCF (Strathyre)
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4.1.2 Description of the chronosequence sites

Table 4.2 Description chronosequence site Achray West.

Category Explanation

Site area 1 +Achray West

Stand area Stand 1.1: 2.4 ha

Stand 1.2: 0.4 ha

Stand 1.3: 0.5 ha

Stand 1.4: 0.7 ha

Stand 1.5: 0.7 ha

Stand 1.6: 0.8 ha

Location 56.186614, -4.371297 (Lat, Lon)
Description Stand 1.1: Pure Sitka spruce
Elevation: 220m

Soil type: Typical Surface-Water Gley, Indurated; Typical Peaty
Surface-Water Gley, Loamy

Stand 1.2: Thinned Sitka spruce
Elevation: 110m
Soil type: Upland Brown Earth, Stony

Stand 1.3: Thinned Sitka spruce

Elevation: 240m

Soil type: Typical Peaty Surface-Water Gley, Loamy; Intergrade
Ironpan Soil; Calluna, Eriophorum vaginatum Blanket Bog

Stand 1.4: Thinned Sitka spruce

Elevation: 220m

Soil type: Typical Surface-Water Gley, Loamy, Shallow; Typical
Peaty Surface-Water Gley, Loamy

Stand 1.5: Thinned Sitka spruce

Elevation: 100m

Soil type: Upland Brown Earth, Stony; Upland Brown Earth, Gleyed,
Stony; Typical Surface-Water Gley, Loamy, Stony

Stand 1.6: Semi-mature CCF

Elevation: 165m

Soil type: Typical Surface-Water Gley, Loamy; Typical Peaty
Surface-Water Gley, Loamy

Table 4.3 Description chronosequence site Achray East

Category Explanation

Site area 2 +Achray East
Stand area Stand 2.1: 0.8 ha
Stand 2.2: 0.5 ha
Stand 2.3: 0.4 ha
Stand 2.4: 0.5 ha
Stand 2.5: 0.4 ha
Stand 2.6: 0.6 ha
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Location 56.180363, -4.338026 (Lat, Lon)

Description Stand 2.1: Pure Sitka spruce

Elevation: 85m

Soil type: Typical Surface-Water Gley, Indurated, Flushed; Typical
Surface-Water Gley, Loamy, Stony; Typical Peaty Surface-Water
Gley, Loamy, Stony

Stand 2.2: Thinned Sitka spruce

Elevation: 85m

Soil type: Upland Brown Earth; Upland Brown Earth, Moderately
Indurated

Stand 2.3: Thinned Sitka spruce

Elevation: 115m

Soil type: Upland Brown Earth, Gleyed, Stony; Upland Brown Earth,
Moderately Indurated, Gleyed, Stony; Upland Brown Earth,
Moderately Indurated, Stony

Stand 2.4: Thinned Sitka spruce
Elevation: 170m
Soil type: Upland Brown Earth, Stony

Stand 2.5: Thinned Sitka spruce
Elevation: 95m
Soil type: Upland Brown Earth, Stony

Stand 2.6: Semi-mature CCF
Elevation: 55m
Soil type: Typical Brown Earth, Cultivated

Table 4.4 Description chronosequence site Strathyre

Category Explanation

Site area 3 *Strathyre

Stand area Stand 3.1: 1.6 ha
Stand 3.2: 1.0 ha
Stand 3.3: 1.3 ha
Stand 3.4: 1.1 ha
Stand 3.5: 1.3 ha
Stand 3.6: 1.5 ha

Location 56.324122, -4.311638 (Lat, Lon)

Description Stand 3.1: Pure Sitka spruce
Elevation: 230m
Soil type: Upland Brown Earth, Gleyed

Stand 3.2: Thinned Sitka spruce

Elevation: 245m

Soil type: Typical Surface-Water Gley, Loamy; Brown Surface-
Water Gley, Loamy

Stand 3.3: Thinned Sitka spruce
Elevation: 210m
Soil type: Upland Brown Earth, Gleyed
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Stand 3.4: Thinned Sitka spruce
Elevation: 250m
Soil type: Typical Peaty Surface-Water Gley, Loamy

Stand 3.5: Thinned Sitka spruce
Elevation: m
Soil type: Typical Peaty Surface-Water Gley, Loamy

Stand 3.6: Semi-mature CCF

Elevation: 285m

Soil type: Podzolic Brown Earth, Gleyed; Typical Peaty Surface-
Water Gley, Loamy

4.1.3 Monitoring measures

Plot based forest inventory:

Over the three forthcoming years, regular, plot-based inventory of trees will take place once
on every demo (regular and extended) in several inventory plot for evaluation of the success
of natural regeneration, identify causes of tree mortality, and assessment of biodiversity: For
ground vegetation, we will be mainly following the ICP Forest guidelines (Canullo et al. 2011),
which in short means that herb layer species richness and abundance will be assessed Site 3
with quadrats and cover of shrubs etc. as percentages. Temporal replicates are not needed
for regular forest inventory work, so the data will be acquired during a short campaign. It would
be desirable to also survey tree-related microhabitats as indicators for the potential presence
of certain taxa of forest-dwelling species. This survey, which follows a catalogue developed
by Kraus et al. (2016), is an optional component. Whether individual DEMOS can or would
like to do it, shall be discussed individually. Depending on the characteristics and goals of
each DEMO, some will be surveyed at the beginning of the project and others later. In addition,
data on non-tree species will be collected using iNaturalist app, to compare the benefit from
citizen science approaches in ecosystem regeneration projects. See protocol below for more
info.

Soil carbon and soil biological activity

In all inventory plots of all demo areas, a single assessment of soil carbon and soil biological
activity/diversity will take place in the first two years of the project (see table 1 and 2 below).
For this purpose, the KU Leuven team will come to your DEMO area and take soil samples.
Your task and responsibility will include the following:

1. Provide the necessary permits (especially needed in protected areas or on private
land) for access and for sampling of soil and soil organisms and sending to Belgium.

2. Accompany the team in the field with 1 person, mainly to facilitate the localization of
the plots, and the localization of the samples within the plots (we count on maximum 1
working week in regular demo areas and 2 weeks in extended demo areas)

3. Provide logistic support to store and ship samples. A store and a fridge might be useful.
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4.1.4 Planning of monitoring

The Gantt chart (Table 4.5) gives an overview of the sampling and timing for the field work in
the forthcoming three years for every demo (extended and regular).

Table 4.5 Overview of monitoring activities in the chronosequence sites

Il year 2023 Il year 2024

Regular forest
inventory

Tree related
microhabitats

Soil sampling for
carbon and
biological activity
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5 Stakeholders

Throughout the course of the SUPERB project the demo leaders are guided and supported
by Prospex Institute (PI, leader of WP2) in their work on stakeholder engagement.
The following activities are at the centre of this guidance and support:

Stakeholder mapping at the demo level
Serie of at least 3 co-creative Stakeholder Workshops
Co-development and implementation of a stakeholder engagement strategy

The coordination of requests for stakeholder input from the demos:

1. Stakeholder mapping at the demo level

In March and early April 2022, the demo carried out an initial mapping of their stakeholders,

with stakeholders defined as all those actors (groups and individuals) who affect or are

affected by the restoration work in the demo. The demo leaders applied the Prospex-CQI

methodology and collected the stakchoOGHUVY LQIRUPDWLRQ DQG FRQWDFW C
database set up by PI (allowing for GDPR-related exceptions). The demo leaders aimed to

map at least 50 individuals at this stage and to fill in at least 2-3 entries for all the stakeholder

(sub-) categories identified by PI together with the demo. Throughout the project, they will

continue adding individual stakeholders to the database across the different categories.

2. A series of at least 3 co-creative stakeholder workshops in each demo

Throughout the project time (2022-2025) demo leaders will organise and facilitate at least the
following 3 co-creative workshops for the full range of their diverse stakeholders:

The vision and design workshop in 3™ of November, in which the demo leaders with
representatives set of stakeholders informand co-GHFLGH RQ GHPRfV UHVWRUD
vision, goals and workplans.

The implementation workshop in January 2024, in which the demo leaders consult

representative set of stakeholders on the current project implementation and will

engage them to inform and co-decide on the further implementation.

The review and upscaling workshop in May 2025, in which the demo leaders will

engage representatives set of stakeholders on evaluating the demo restoration

results achieved and on devising an approach to upscaling.

Prospex Institute guides and supports the demo leaders in the design and organisation of
the workshops. The participants to the workshops are invited based on the stakeholder
mapping conducted in the demo. Employing the Prospex-CQIl methodology, the demo
leaders aim to fulfil the quota recommended by PI for each of the stakeholder (sub-)
categories.

The demo leaders report on each of the stakeholder workshops to SUPERB and to the
participating stakeholders, also on how the stakeholder input is used in the restoration
process. The demo make sure that the input at each stage is effectively incorporated into the
decision-making on the latter. Pl supports and monitors the demo leaders on this point.

The demo leaders are strongly encouraged to organise further stakeholder events besides
the three workshops listed above. PI, the demos and leaders of WP7 collaborate on
conceptualising additional stakeholder workshops and events as part of developing the
demo-specific stakeholder engagement strategies.
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3. The co-development and implementation of a stakeholder engagement strategy for each
demo

In August-September 2022 the demo leaders, Pl and WP7 collaborated on drafting the first
version of the demo-specific stakeholder engagement strategies. These strategies explain the
ways in which the demo engaged full range of diverse stakeholders and especially beyond the
three stakeholder workshops over the course of the project. The strategies are based on inter
alia the following input:

An analysis of the pool of stakeholders emerging from the stakeholder mapping
Initial insights from the online mapping through direct stakeholder interaction online
(Task 2.2, led by WP2 partner Kings College London and WP2 co-lead EFI).

Any relevant insights from the SUPERB Hackathon (a co-creative laboratory for all
SUPERSB partners that took place on 9-11 March 2022 with the aim of identifying
common challenges to success in the demos and devising approaches for solutions).
The outcomes of the 1% stakeholder workshop (on vision and design) to be inserted
in this workplan, and how it has affected the design or implementation

Close dialogue between the demo leaders and Pl on demo-specific stakeholder
engagement needs

The demo-specific stakeholder engagement strategies will be finalised by Pl in May 2023.
Throughout the course of the project Pl guides, supports, and monitors the demo leaders in
the implementation of the strategies, and will collaborate on their revision whenever such is
considered desirable and/or necessary.

5.1 Reflection of 1 ' stakeholder workshop

FLS have extensive experience with the organisation and delivery of stakeholder workshops
DQG FRQVXOWDWLRQ DURXQG 4()3 L& WNDNRRRGBWU Gl @ UDDFPIH
adopted in the design of the agenda and plan for the first SUPERB workshop. After repeated
consultations with Pl and Wageningen, it was decided that a large part of workshop activities
should take place outdoors, during an extended visit to four sites representative of the planned
restoration activities. Careful planning has gone into the design of the workshop in QEFP to
ensure that the shared objectives of the broader SUPERB project can be delivered, including
the requirements of the other WPs. The Facilitation Plan template prepared by Pl was
instrumental in the design of the first QEFP workshop. The four sites selected for the workshop
are not those where restoration activities will take place zinstead, they were chosen also on
the basis of their accessibility. The proposed agenda for the upcoming workshop is as follows.

Proposed Agenda:

09:45 Tea, Coffee & refreshments

10:00 1. Welcome, workshop purpose & introductions (30 mins)

10:30 2. Forest Restoration & the SUPERB project (20 mins)

10:50 Travel to QEFP Site 1 (transport with two minibuses 15 mins)
During the visits to the four sites, we will hold the Interactive session on restoration
visions and priorities towards forest ecosystem services and re storation
options at QEFP

11:05 3. Site Visit #1. Overview of QEFP (30 mins)

11:35 Travel to QEFP Site 2 (transport with two minibuses 15 mins)

11:50 4. Site Visit #2. Continuous cover forestry site (30 mins)

12:20 Travel to QEFP Site 3 (transport with two minibuses 15 mins)

12:35 5. Site Visit #3. Natural Flood Management site (30 mins)
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13:05 Travel to QEFP Site 4 (transport with two minibuses 15 mins)

13:20 Packed lunch (provided by the Hotel, 30 mins)

13:50 6. Site Visit #4. Riparian forestry site and High elevation fores try site (30 mins)
14:20 Return to Meeting room (transport with two minibuses 30 mins)

Summarising morning Interactive session +Coffee and light refreshments
15:15 7. Interactive session: Insights into constraints and management cons iderations
(45 mins)

16:00 8. Nextsteps at QEFP and in SUPERB. Workshop wrap-up & evalua  tion (30 mins)
16:30 Reception with refreshments, and Depart

Figure 5.1: Planned itinerary for the first stakeholder workshop at QEFP. Departure will be with two
minibuses from the MacDonald Forest Hills Hotel in Kinlochard.
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6 Planning

Table 6.1 Planning by year.

Faming amd

preparing
restoration

Restoration

Monitoring t=0

Monitoringt=1

Sakeholders

2022

Selection of Demo
NZ «8S}YE S]}v_
and planning
establishment
activities (including
ground preparation,
fencing, planting,
natural regeneration)

2023

Analysis and
description of
baseline data
for sites and the
wider forest

2024

2025

Start of Continue establishment Continue
monitoring and monitoring of establishment and
activities Demo Restoration sites| monitoring of Demo
of demo Evaluation of Restoration sites
NZ +3}E.S]| monitoring data Evaluation of
Establishment monitoring data
work in Demo
Restoration
sites

Selection of Start of

AD}v]8}E]vP_ | monitoring

with gradient from activities

even aged conifer
through to restored
native broadleaf
woodland

}( "D}v]s}d
sites (including
tariff plots and
soil sampling)

Continue establishment
and monitoring of
Monitoring sites
Evaluation of
monitoring data

Continue
establishment and
monitoring of
Monitoring sites
Evaluation of
monitoring data

Workshop with
stakeholders to select
specific Demo

NZ «S}YE S]}v_
and identify

constraints

Followup
workshop with
landowners and
stakeholders

Demonstration to forest]
managers and
stakeholders

Demonstration of
findings to forest
managers and
stakeholders for
upscaling
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7 Photos of initial situation

Figure 7.1 Group planting at the Achray Block, showing an example of ongoing CCF

Figure 7.2 Riparian planting at Loch Dubh site

34



SUPERBDeliverable 7.1 Demo area work plans

Figure 7.3 Drone imagery of the Honeymoon Bridge site, showing the impact of a recent landslide
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