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Glossary of key terms

National Vegetation Classification (NVC) communities: The main phytosociological plant
species assembly classification system for the UK. The majority of temperate rainforest in
SW England fits into W11 (Quercus petraea — Betula pubescens — Oxalis acetosella) and W17
(Quercus petraea — Betula pubescens — Dicranum majus).

Index of Hygrothermy (IH): Amann’s ‘Index of Hygrothermy’ (1929) used to calculate and
define ‘oceanicity’ of climate from temperature and precipitation values.

SW England: Greater South West England Area, comprised of 15 unitary authorities.

SW temperate rainforest (lower case): refers to woodland in SW England that is part of the
Temperate Rainforest biome

South West Rainforest Alliance (SWRA): a voluntary group of conservation bodies, local
authorities, landowners and specialists that recognises the importance of the region’s
surviving temperate rainforests, and is working in partnership to protect, enhance and
restore this valuable and internationally distinctive habitat in SW England.

National Forest Inventory (NFI) - ongoing programme to monitor UK woodlands and forests
with surveys conducted every 10-15 years by Forest Research.

Ancient Woodland Inventory (AWI) - A database of the locations of over 52,000 ancient
woodland sites in England. Ancient woodland is woodland that has persisted since 1600 AD
in England. More detail is available at this Natural England link. Of this Ancient Semi-Natural
Woodland (ASNW) has developed naturally and Plantations on Ancient Woodland sites
(PAWS) have been felled and replaced by non-native (mostly conifer) species.

Woodlands in the Temperate Rainforest Landscape - are woodland of amenable character
(‘broadleaved’ or ‘conifer on ancient woodland’) within suitable climatic zones (oceanic and
hyper-oceanic climate). Four categories from the NFI were removed that would not support
temperate rainforest: failed; felled; ground prep; and conifer outside of ancient woodland.
The woodlands in the temperate rainforest landscape therefore represent the widest likely
measure of current temperate rainforest woodland in the region.

‘Ancient woodland’ sites within the temperate rainforest landscape are also designated.
These are sites defined by the old age of the woodland (present since AD1600) defined in the
Ancient Woodland Inventory.

Site of Special Scientific Interest (SSSI) - formal conservation designation in England and
Wales that identifies key locations of national (and sometimes international) importance for
nature.


https://www.forestresearch.gov.uk/tools-and-resources/national-forest-inventory/about-the-nfi/
https://naturalengland-defra.opendata.arcgis.com/datasets/a14064ca50e242c4a92d020764a6d9df_0/about
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Executive Summary

Report aims and objectives

Temperate Rainforest is a biome of global significance which is rare and declining, yet
supports endemic biodiversity and offers a range of co-benefits including carbon
sequestration, natural flood management, climate moderation, and human well-being. The
UK hosts a very large proportion of European bioclimatic space suitable for the development
of Temperate Rainforest, yet very little of this woodland remains. In SW England, Temperate
Rainforest habitat is mostly dominated by oak woodland (NVC communities W11 and W17)
and occupies a broad but fragmented distribution across the region. SW temperate rainforest
is exposed to a range of current and future threats and challenges, yet there are also
significant opportunities for their restoration and expansion. This report compiles national
and local datasets to assess the state of SW temperate rainforest and addresses five
objectives:

1) Map extent of temperate rainforest zone in SW England;

2) Review the status and condition of existing SW temperate rainforest;
3) Identify areas to focus future restoration efforts in SW England;

4) Review the key threats and opportunities for SW temperate rainforest;
5) Highlight gaps in knowledge and identify future research needs.

The report achieves these objectives by combining a geospatial analysis (GIS) approach with
a review of literature and existing site reports. Objective one is achieved by modelling the
Index of Hygrothermy for SW England. Objective two is achieved by combining this climate
zone with datasets of existing woodland extent (National Forest Inventory, Ancient Woodland
Inventory); this overlap gives the area of woodland in the temperate rainforest landscape of
SW England(i.e. in suitable climatic zone). Further understanding of status was made with
information on the type of woodland (ancient, broadleaved etc), the legal status (SSSI
designations), and condition assessment reports from various sources (SSSI, Rapid Rainforest
Assessment, and University of Plymouth assessments). Objective three was achieved by
combining environmental geospatial datasets at 1km scale to construct temperate rainforest
prioritisation model and mapping based on climate and topographic factors (Index of
Hygrothermy, windspeed, slope incline), existing treescape (hedgerow and woodland extent)
and richness of distinctive temperate rainforest lichen and bryophyte indicator species
present. Objective four and five involved a review of literature and supportive case study
sites, consultation with alliance members, and the expert opinion of the report authors.
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Report findings — extent and restoration priority

This report identifies 878 km? of woodland in the Temperate Rainforest landscape of SW
England (59 km? is hyper oceanic, 819km? is oceanic), 26 % of which is mapped as ancient
woodland. Of this ancient temperate rainforest, just 15% is legally protected by statutory
designation (SSSI). Just 3% of plantations on ancient woodland sites (PAWSs) are statutory
designated. Considering all legally protected woodland within the temperate rainforest
landscape, the majority (55%) are classified by Natural England as being in unfavourable
condition. Current threats include spread of invasive non-native and in some cases non-locally
native species, nutrient pollution, pests and diseases (particularly Ash dieback -
Hymenoscyphus fraxinea), and climate change. Challenges to their restoration and expansion
include isolation and fragmentation of habitat patches, availability of local provenance trees
for expansion, over- and under-grazing, managing recreation and access, effective
communication and community engagement, as well as government policy and funding.
Notable opportunities that may support their Temperate Rainforest restoration include use
for natural flood management, carbon offsetting and supporting health and wellbeing, but
also new government schemes to protect and restore habitats including Biodiversity Net Gain
legislation and Landscape Recovery Programmes.

The total oceanic and hyper-oceanic zones that could potentially support a wider temperate
rainforest landscape cover 40% of SW England (9,597km?), with almost 5% of SW England
(1,097 km?) having hyper-oceanic climatic conditions highly suitable to support a core
temperate rainforest zone. Indicative restoration priority mapping highlights that 22% of the
hyper-oceanic climate zone of SW England is considered as having high (scores 5 — 9) priority
for temperate rainforest, this represents 1% of total SW England area. An estimated 8% of
oceanic areas in SW England are considered high priority for temperate rainforest restoration
and/or expansion. In total, across all SW England, areas of high priority for temperate
restoration priority account for less than 4% of the total area.

Decisions on the suitability of individual sites must be made on a case-by-case basis,
considering local factors and constraints such as the presence of other semi-natural habitats
of nature conservation value, extent of deep and shallow peat, presence of high-grade
agricultural land, and other social-cultural impacts (e.g. important archaeological sites).

Knowledge gaps and future directions

This report identifies multiple knowledge gaps needed to support the conservation and
restoration of temperate rainforest in SW England and more widely across NW Europe. There
is uncertainty on trade-offs with adjacent wetland habitats and the relative importance of
above ground (tree growth) and below ground carbon storage potential, for example the
potential loss of below ground soil organic carbon following woodland expansion. Further
research is also required to determine accessible indicators of habitat quality, identify
management priorities given climate change, practical recommendations to increase natural
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regeneration, and social-cultural dynamics needed to restore a wider temperate rainforest
landscape.

Whilst this assessment of SW temperate rainforest is limited by the availability and
comparability of existing datasets and condition assessments, the report clearly highlights the
need for concerted effort amongst a range of partners to facilitate improved conservation
and restoration of Temperate Rainforest in SW England. Opportunities for expansion depend
on financial incentives for tree planting and political drivers of land use change, particularly
in protected upland landscapes. Concerted action will have significant benefit to the wider
protection of this rare, globally significant habitat.
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Headline statistics for SW England

Extent

Status

An estimated 40% of SW England currently supports oceanic and hyper-oceanic climatic
conditions; 5% of this represent hyper-oceanic climate conditions.

Of the total 11.36% (2,575.07 km?) woodland extent in SW England, 42.32% (1,090 km?) of
this falls within the oceanic and hyper-oceanic zones of SW England.

Of the total woodland extent in SW England, just 87.59 km?(8%) occurs within the core
Hyper-oceanic zone of SW England.

An estimated 68% (59 km?) of the total woodland extent in the core hyper-oceanic climate
zones is represented by suitable broadleaved woodlands and conifer plantations on ancient
sites. This represents 5.42% cover of hyper-oceanic land, 2.3% of total woodland extent, and
0.3% of the total land area in SW England.

Within total woodland extent in hyper-oceanic and oceanic climate zones, 878 km? (81%) is
represented by suitable broadleaved woodlands and conifer plantations on ancient sites -
defined as ‘woodlands in the temperate rainforest landscape’. These woodlands represents
9.15% of all land area with potentially suitable climate.

The majority of woodland of the temperate rainforest landscape in SW England are
broadleaved woodland (698 km? - 79%), with smaller amounts of conifer (61 km? - 7%) and
mixed woodland (41 km? - 5%) (either broadleaved or conifer dominant).

Only 9% of woodland in the temperate rainforest landscape of SW England are legally
protected by statutory designation (SSSI).

An estimated 26% (225.7 km?) of woodland in the temperate rainforest landscape are
considered ancient with only 15% (33.9 km?) of these areas legally protected by statutory
designation (SSSI).

Of these ancient woodland sites 53.19% are ancient and semi-natural, 46.81% are plantation
on ancient woodland sites.

Only 30.4 km?(25%) of ancient and semi natural woodland are protected by statutory
designation (SSSI). Just 3.5 km? (3%) of plantation on ancient woodland sites in these areas
are protected by statutory designation (SSSI).

Excluding woodland patches less than 50m?, the average (mean) patch size of woodlands of
the temperate rainforest landscape is just 4.6 hectares [0.05 km?](median = 1.3 hectares
[0.01 km?]) in SW England.

Condition

Consideration and analysis of condition of temperate rainforest sites in SW England are
constrained by the availability of consistent and up to date condition assessment for
temperate rainforest. Differences in condition assessment purpose and focus between
monitoring protocols make it challenging to summarise condition.

Three independent sources of condition assessment suggest the majority of these
temperate rainforest sites are in poor/unfavourable state. Key issues relate to over-grazing,
under-grazing, and non-native (or sometimes native) invasive plants.
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Threats and challenges

Current threats to temperate rainforest in SW England include climate change, air pollution,
invasive non-native species, and pests and disease.

Challenges include fragmentation/isolation, sourcing trees for expansion, over-grazing and
under-grazing, managing recreation and access, effective communication and community
engagement, and utilising the current policy and funding landscape.

Improved and more co-ordinated monitoring approaches are recommended to better
identify and respond to expected threats and challenges

Restoration and expansion

Indicative temperate rainforest priority model is based on climate and topographic, existing
treescape features, and presence of existing lichen and bryophyte indicators.

Using the indicative model, a priority map found an estimated 904 km? of SW England (9% of
climate suitable area, 4% of total SW England) to have high priority for temperate rainforest
restoration, expansion or creation (scores 5 - 9);

This report identified 180 km? of woodland with high temperate rainforest priority and 723
km? of SW England with no existing woodland but high potential. .

An estimated 22% of hyper-oceanic areas are considered as having high priority, with only
8% of oceanic climate areas fulfilling high priority criteria.

An estimated 30% (69.89 km?) of ancient woodland within temperate rainforest landscape
are considered high priority for restoration and expansion initiatives

Around one third of these (24.40 km?2) high priority ancient woodland of the temperate
rainforest landscape are plantation on ancient woodlands.

Of all high priority sites an estimated 9% have highly diminished seed sources for expansion
Within the suitable climate zones (oceanic and hyper-oceanic) climate zone suitable for
temperate rainforest in SW England, 1,163 km? (12%) have peat soils (deep peat, shallow
peat or peaty pockets) and 484 km? (5%) contain high grade agriculture land (grade 1 and 2);
these areas may therefore be unsuitable for temperate rainforest restoration or expansion
initiatives.

Devon has 54%, Cornwall has 38%, Somerset has 6% of all high priority Temperate
Rainforest restoration and expansion areas identified in SW England.

Knowledge Gaps

Search of literature in 2024 found consistent positive recent trend in the number of
specifically focussed temperate rainforest in science publications, with Web of Science
returning 761 science publications from the academic literature relating to temperate
rainforest, Atlantic oak woodland, or oceanic woodland globally.

Search of literature using key terms highlight dearth in science publications on European
Temperate Rainforest (2.4% of global science publications on temperate rainforests).
Knowledge gaps identified relate to future climate resilience and micro-habitat, expansion
strategies, above and below ground carbon trade-offs, biodiversity and suitable habitat
indicators, and socio-cultural barriers and co-benefits.
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What is a Temperate Rainforest?

Global context

Temperate Rainforests are globally rare habitats which occur in regions across the temperate
zone (40° — 60° N/S of the equator) with high levels of rainfall and oceanicity. Temperate
Rainforests occur along coastal and upland windward slopes where high humidity and low
temperature fluctuations keep conditions amenable for the growth of specialised plants and
fungi, including bryophytes (mosses and liverworts), ferns and lichens. The climatic conditions
associated with these forests allow plants to grow on substrates with no or minimal amounts
of existing soil such as the bark of trees (e.g. epiphytes), rocks and other surfaces.

Temperate Rainforests are characterised by a verdant layer of epiphytes growing on and
within the canopies of trees. For this reason among others Temperate Rainforests are
charismatic and culturally significant woodlands (DellaSala, et al. 2011; Shrubsole 2022). Like
their tropical counterparts, these woodlands support high numbers of highly specialist species
of globally significance and can provide significant benefits to human populations via
ecosystem service provision (Brandt et al 2014). Temperate rainforests have the potential to
store significant amounts of carbon both above and below ground and can influence regional
water and potentially global climate dynamics (Murphy et al 2020; DellaSala 2011; Jianxiao
et al 2015).

The first global unified definition of ‘Temperate Rainforest’ was made by Paul Alaback in 1991
(Alaback 1991), with modified versions of this proposed by other authors (e.g. DellaSala, et
al. 2011). This definition was supported by work in the Americas and defined the global
‘Temperate Rainforests’ ecosystem through four climate-related criteria:

> 1,400 mm annual precipitation with at least 10% occurring in summer months
Cool frequently overcast summers with a July mean < 16°C

Infrequent fires, so not considered an important evolutionary factor

Dormant season caused by low temperatures (sometimes with transient snow)

PwnNPRE

Using these criteria (with some modifications), it is estimated that bioclimatic conditions
suitable to the formation of Temperate Rainforest occur across < 1% of the global land surface
with 15% of this suitable bioclimatic space occurring in Europe (DellaSala 2011). The type of
trees dominating these forests varies globally, from conifers in Western North America to
deciduous broad-leaved trees in NW Europe and deciduous broad-leaved trees in the
Southern hemisphere. However, there have been attempts to revise these criteria to include
a broader range of temperate rainforest habitat (e.g. Della Sala, 2011).

European and UK context

European temperate rainforests exist mostly near Western coasts (with an Atlantic Ocean
climatic influence) or in Western Upland (montane) areas from Spain to UK and Scandinavia.
Again, the key characteristic feature of these distinct locations are epiphyte rich communities

1
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on the trees and significant rainfall year-round (DellaSala et al. 2011). Across Europe, these
habitats are often fragmented and occupy a fraction of their potential range, making them an
important target for conservation efforts.

Within Europe, the UK is particularly well-suited to supporting temperate rainforests,
containing 40% of the suitable European bioclimatic space (DellaSala et al. 2011). Epiphyte-
rich rainforests in Britain provide extremely valuable examples of an ecosystem that is now
rare in oceanic Europe and is threatened globally. In the UK, there are a range of Temperate
Rainforest woodland types. Atlantic oak woodland, classified under National Vegetation
Classification (NVC) W11 (Quercus petraea — Betula pubescens — Oxalis acetosella woodland)
and W17 (Quercus petraea — Betula pubescens — Dicranum majus woodland) is the most
numerous. However, Tilio-Acerwestern forms of W8 (lowland broad-leaved with dog’s
mercury) in particular western distributed Tilio-Acerion communities (W8d-g), W9 (upland
broad-leaved with dog’s mercury), W10 (lowland broad-leaved with bluebell), W16 (lowland
oak-birch with bilberry) and W18 (upland Scots pine with heather) also occur within the
Atlantic Ocean bioclimatic zone (Hall et al 2004).

Across the UK, temperate rainforests can be dominated by different tree species, including
Scots pine and Hazel off the Western Coast of Scotland, and Oak and Ash in Wales, the lake
district, and SW England. Atlantic oakwoods (Baarda 2009) are a particularly important
vegetation type associated with temperate rainforests and their epiphytic indicators in this
region (Coppins & Coppins 2005; Rothero 2005). It is important to note that Temperate
Rainforests are biologically and functionally distinct from wet woodland and riparian
woodland, which typically inhabits poorly drained or seasonally wet soils and supports
epiphyte flora due to the high humidity. In the UK these woodlands are described by NVC W1
(Salix cinerea - Galium palustre woodland), W2 (Salix cinerea - Betula pubescens - Phragmites
australis woodland), W3 (Salix pentandra - Carex rostrata woodland), W4c (Betula pubescens
- Molinia caerulea woodland: Sphagnum sub-community), W5 (Alnus glutinosa - Carex
paniculata woodland), W6 (Alnus glutinosa - Urtica dioica woodland), and W7 (Alnus
glutinosa - Fraxinus excelsior - Lysimachia nemorum woodland). These woodland types are
priority habitats in their own right, but outside the scope of this review.

Previous reports have used the Index of Hygrothermy to determine the extent of climatic
conditions suitable for supporting temperate rainforest; these indices combine mean
temperature and annual precipitation with annual temperate range into an indicator of
climatic oceanicity. The distribution of temperate rainforests across the UK is associated with
regions of the greatest oceanicity, defined by hygrothermy values greater than > 100 (Ellis,
2016). Using this index across the UK, 27.1% of land surface area occurs within an oceanic
climate zone and 8.1% in hyper-oceanic conditions (Ellis, 2016).
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Temperate rainforest habitat indicators in SW England

Online use of the term ‘Temperate Rainforest’

An Advanced Google Chrome Search showed that the exact phrase “Temperate Rainforest”
in combination with the string of words Woodland Nature Reserve, Devon OR Cornwall OR
Somerset Or South West England had been used online in websites a total 72,000 times.
When this string of search results was narrowed using the site of domain .org the number of
returns was 5,760, compared with 1,170 results for ‘.gov’ sites, 322 results for ‘.ac.uk’ and
32,800 results for ‘.com’ sites. As a comparison a search for the exact use of the term
"Temperate Rainforest” on Google Chrome receives 686,000 results.

This suggests that the term “Temperate Rainforest” is widely used online and that 10% of
sites where the term is used also refer to the South West of England or associated Counties
within the Temperate Rainforest climatic zone. The results also suggest that the term
Temperate Rainforest has been extensively used by non-government conservation
organisation on websites and supporting reports for the last ten years. The use of the term
being used more recently on government and academic web sites.

Climatic characteristics

The SW is dominated by an oceanic climate but lacks the extensive areas of hyper-oceanic
conditions seen in Western Scotland (e.g. Ellis, 2016; Averis 2023), with areas of greatest
oceanicity (hyper-oceanic) found on the upland areas of Dartmoor, Exmoor and Bodmin
(Murphy et al, 2019).

Biological indicators

Epiphytes and plants of the woodland floor

Epiphytes are characteristic of temperate rainforest habitats and can be divided into three
groups: lichens (symbioses between fungi and algae), bryophytes (mosses and oceanic
liverworts) and vascular plants (particularly ferns). Although there are numerous epiphytic
indicators of temperate rainforest habitat, the abundance of key indicator species varies
regionally and nationally, hence community composition is more important than species
abundance. Temperate rainforest lichen indicators in the UK have previously been divided
into three types (British Lichen Society, 2024) - southern oceanic, lowland and upland -
representatives of which can all be found in the SW to varying degrees (BLS, 2024). Distinctive
lichen and bryophyte communities are also associated with different tree species and
landscape niches (Lamacraft et al 2016; Lamacraft & Smith, 2023). It is the unique mix of these
epiphytic indicators that makes SW England rainforests so rich and biologically important,
with some of the communities found in SW England’s Temperate Rainforest found nowhere
else in the UK.

Lichens generally require high light levels, so south facing slopes are generally associated with
greater lichen species richness. In the SW, the most widespread lichen communities are those
of Southern Oceanic temperate rainforest, followed by those of upland temperate rainforest
(BLS, 2024). By contrast, the lowland rainforest lichen community is only represented by a
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small number of species; this is due to the absence of higher elevation topography needed to
support the required high levels of rainfall in these lowland forests. Appendix Table 1
highlights some of the key taxa found in the SW for these different communities; refer to the
BLS report for full species lists (BLS, 2024). A more detailed breakdown of lichen communities
in the SW, based on tree bark types is given in Lamacraft et al. (2016), which highlights the
SW as of global importance for lichens of ancient dry bark communities.

Bryophytes (mosses and oceanic liverworts) generally require humid conditions but can
tolerate lower light levels than lichen species (Lamacraft et al. 2016). Abundant bryophyte
cover alone does not indicate Temperate Rainforest habitat, rather the composition of this
community is important for determining Temperate Rainforest habitat type (Averis, 2023). A
summary of key bryophyte indicators in SW England are provided in Appendix Table 2
(Lamacraft et al 2016), and more detail about general bryophyte indicators of Temperate
Rainforest can be found in Averis (2023).

Of the vascular plants, distinctive species of Temperate Rainforest in the SW include Polypody
Ferns (Polypodium sp.) and filmy ferns (Hymenophyllum sp.). More details on the distinctive
ferns of the Temperate Rainforests (both in canopy and on the ground) can be accessed in
recent reports (Averis 2023).

Invertebrates, birds and mammals

Temperate rainforest habitats provide important refuges for key species in SW England.
Previously believed extinct - the blue ground beetle (Carabus intricatus) is found in restricted
number of woodland locations on and around Dartmoor. The Ash black slug (Limax
cinereoniger), the largest land slug species in the world is also found in a range of ancient
temperate rainforest sites in SW England.

Key birds of the temperate rainforests are the Pied flycatcher (Ficedula hypoleuca), Wood
warbler (Phylloscopus sibilatrix), and Redstart (Phoenicurus phoenicurus) — these long-
distance summer migrants make use of the mature oak woodland temperate rainforest sites
of SW England for summer feeding and breeding. These species face ongoing pressures from
habitat changes and climate pressures and have evidenced recent declines in populations,
particularly the Wood Warbler and Pied Flycatcher which are now respectively UK red-listed
and amber-listed species of conservation concern (Stanbury et al 2021 - see summary report).

Whilst many mammals of SW temperate rainforests have been lost, these habitats still
support a range of mammals. SW Rainforest support roosting, foraging and flight lines for
nationally significant bat species including Western Barbastelle (Barbastella barbastellus).
Additionally, SW temperate rainforests support more common but still important species
such as European Badger (Meles Meles), Red Fox (Vulpes vulpes) and Roe deer (Capreolus
capreolus). These habitats are also home to some rarer and more threatened UK native
mammal species though these are very locally restricted (e.g. Red Squirrel - Sciurus vulgaris —
only found on islands in region). Whilst not the focus of this report, the reintroduction of key
predators to these woodlands (e.g. Pine Marten - Martes martes, and Wild Cat - Felis silvestris)
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is currently being managed by national and local conservation organisations (e.g. Vincent
Wildlife Trust and Devon Wildlife Trust).

Report aims

Temperate rainforests are globally widespread habitats for which the UK is internationally
important. Despite recent media attention and maps of their extent across the UK, we still
lack detail on their status and condition, and how these habitats should be prioritised for
restoration and expansion. In this report, we will build on and refine previous mapping efforts
(e.g. lostrainforestsofbritain.org) but with a focus on SW England to determine the extent of
the temperate rainforest landscape in this region. We will also use existing datasets from
Natural England, the Woodland Trust, and University of Plymouth to review the status and
condition of existing woodlands. To facilitate efforts and target resources to restore and
expand these temperate rainforest habitats, we will combine climatic and topographic
variables, existing treescape factors (e.g. cover of woodland and hedgerows), and epiophyte
bioindicators (lichen and bryophytes) to map areas of high priority . We will review threats to
temperate rainforest habitat with a focus on those threats and opportunities most relevant
to the SW England region. Finally, we will assess the key knowledge gaps needed to better
understand, conserve, and restore temperate rainforest.

The main objectives of this report are as follows:

1) Map extent of Temperate rainforest habitat in SW England

2) Review the status, and condition of existing temperate rainforest.

3) Identify areas of SW England to focus future restoration and expansion efforts.

4) Review the key threats and opportunities for Temperate Rainforest in the SW England.
5) Highlight gaps in knowledge and identify future research needs.

Methodology
This section summarises the key methods for the mapping and review components of this
report.

Temperate Rainforest climatic zone in SW England

We use ‘Amann’s index of hygrothermy’ (IH) (Amann, 1929) to characterise an oceanicity-
continentality transition using the following equation:

(average annual rainfall x average annual temp)
average temp. of the warmest month — average temp. of the coldest month

This index has been widely used to explain distribution of lichens and bryophytes in the UK
(Ellis et al 2009). Amann’s IH is shown to provide a reliable measure of status as Rainforest,
with non-rainforests in Britain having a IH below 100, and rainforest sites having IH values
from 100 — 200 (Ellis et al 2016). Anything non-oceanic was excluded from potential rainforest
habitat as it is unlikely that such conditions could support the relevant climatic conditions or
indicator communities. Therefore, in this report we adopted the same classification system:
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e Hyper-oceanic zones (> 150 IH).
¢ Oceanic zone (> 100 IH)
¢ Non-oceanic (<100 IH)

To construct IH for SW England we used the MetOffice HAD-UK Grid data at a 1km resolution
for the 30-year period of 1991 to 2020 (Hollis et al 2019). Thirty-year average annual rainfall,
annual temperature and average temperature for each month were used for generating a GIS
shapefile containing Amann’s IH.

It is important to note that modelling of IH at kilometre resolution (km?) cannot account for
conditions present at sub-kilometre scale; this limits identification of finer scale climatic
conditions (e.g. micro-climate) created by changes in topography, differences in soils, and
with presence of water. Future research to better understand these micro-climatic
mechanisms are required to understand extent and flexibility of temperate rainforest climatic
zone.

Extent of temperate rainforest climate in SW England

For the purpose of this report it was decided that extent of woodland in the temperate
rainforest landscape would be mapped using:

1. Specific woodland categories of the National Forest Inventory (NFI; Forestry Commission,
2023) merged with the;

2. The full extent of the Ancient Woodland Inventory (AWI; Natural England, 2019), within the
1km grid squares where;

3. IH value (Amann 1929) indicates oceanic (IH >100) or hyper-oceanic (IH>150) climatic zone.

Rainforest status

Woodland character and location

‘Ancient woodland are also designated. These are sites where climate zone is amenable (IH
>100), and the age of the woodland (present since AD1600) increases chances of features
suitable for temperate rainforest such as lichen and bryophyte indicators and mature trees.
These sites therefore can be viewed with higher confidence in temperate rainforest status.

Wood pasture and parkland are important habitats that might support temperate rainforest
species due to presence of mature trees. The extent of wood pasture and parkland (Natural
England, 2017) within suitable temperate rainforest zone was assessed.

‘Woodland in the temperate rainforest landscape’ are woodland of amenable character
(‘broadleaved’ or ‘conifer on ancient woodland’) within suitable climatic zones (oceanic and
hyper-oceanic climate). Four categories from the NFl were removed that would not support
temperate rainforest: failed; felled; ground prep; and conifer outside of ancient woodland.
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The woodlands of temperate rainforest potential extent therefore represents the widest likely
measure of current temperate rainforest in the region.

Woodlands in the temperate rainforest landscape include a range of different woodland types
from distinct locations. This extent was differentiated by type and location. Specifically, we
calculated the proportion of temperate rainforest habitat represented by different AWI and
NFI categories. We calculated the proportion of rainforest represented by Ancient & Semi-
Natural Woodland and Ancient Replanted Woodland (AWI categories). We also separately
estimated the proportion of rainforest for each NFI category separately, with a particular
focus on the proportion represented by broadleaved, conifer and mixed (either broadleaved
or conifer dominant).

Woodland in the temperate rainforest landscape was also divided into distinct locations,
which might differ in the key threats and opportunities facing the woodlands. Specifically, we
divided Rainforest into coastal (<250m above sea level, and <500m from coastline), upland
(2250m above sea level) and lowland (< 250m above sea level, > 500m from coastline). We
also divided rainforest extent between the different counties of SW England to highlight
geographic differences in the extent of this important habitat.

Statutory designations for SW temperate rainforests
To examine how much temperate rainforest woodland habitat is legally designated as
‘protected’ in SW England, we used the SSSI (Sites of Special Scientific Interest) distribution
layer available from Natural England. We examined the extent of relevant woodland which
fell within SSSI designation boundary’s in the region.

Temperate Rainforest condition in SW

Assessing rainforest condition requires extensive information from woodland surveys and it
is difficult to find widely available proxies for mapping condition of all temperate rainforest
sites. For example, lichen community richness can highlight important temperate rainforest
sites, but is not a simple predictor of woodland condition (other factors can influence this e.g.
climate), so cannot alone be used to map woodland condition. Furthermore, the absence of
key indicators from national survey efforts does not mean that important indicator species
are absent, it can mean they have simply not been surveyed for in that area. Additionally
woodland condition information may also be held for woodland County Wildlife Sites was not
available for the completion of this project. Therefore, this report draws on three existing
datasets from a range of independent sources and locations in SW to assess current rainforest
condition (Table 1). As these three approaches adopt slightly different methodologies and
focal species, we cannot compare the different sites covered, but nevertheless this still
provides insight into how well the temperate rainforests in SW England are doing. The
absence and co-ordination of condition assessments for many locations is a clear knowledge
gap that will be highlighted later in the report. We use condition assessments and supportive
literature to also provide a qualitative assessment of lowland, upland and coastal temperate
rainforest in SW England.
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Table 1: Three independent sources of information for assessing temperate rainforest
condition across the SW England region.

Measure of temperate rainforest condition in SW England Source

Condition assessment of all SSSI designations in SW England which Natural England
contain woodlands with temperate rainforest potential

Rapid Rainforest Assessments (RRA) from 32 Woodland Trust Plantlife, Woodland
temperate rainforest sites in SW England Trust

Condition assessment of 40 lowland woodland sites with temperate | University of
rainforest potential in SW England Plymouth

Condition of SSSI’s

Woodlands in the temperate rainforest landscape which are located in SSSIs are monitored
by Natural England for condition, following Common Standards Monitoring Guidance (JNCC,
2004). These surveys assess five key attributes: 1. Extent, 2. Structure and Natural Processes,
3. Regeneration Potential, 4. Tree and Shrub Composition, and 5. indicators of local
distinctiveness. These surveys are used to assess and report condition (Natural England,
2019b; 2024). We extracted condition assessments for SSSI’s covering woodlands in the
temperate rainforest landscape of SW England. The condition assessments consist of five
categories from Favourable, Unfavourable — recovering, Unfavourable — no change,
Unfavourable — declining, and Partly destroyed (see Table A3 for detailed descriptions).

Rapid Rainforest Assessment — Plantlife surveys of Woodland Trust Rainforest sites in
SW England

An additional source of evidence derives from Rapid Woodland Assessments (RWAs) of
Temperate Rainforest sites led by a PlantLife, referred to as Rapid Rainforest Assessments
(RRAs). The aim of the RRAs is to determine whether woodlands are suitable for lichen,
mosses and liverworts, and identify issues to inform site management. This approach
particularly focused on finding key indicator species, but also covered important areas such
as woodland composition, woodland structure, habitat features, ash dieback, evidence of
grazing/browsing and evidence of invasive species. The details of this assessment are given in
Plantlife’s 2022 RRA guidance notes and briefly described in Table A4.

This report looked at 105 plots across 32 woodlands across Devon and Cornwall from August
to September 2022. Woodland Trust sites were selected that represent Temperate Rainforest
habitat and/or are close to SW temperate rainforest Important Plant Areas. Within each site,
plots were selected to represent the diversity of habitat types present (rather than the area
of the site). We provide a brief overview of relevant results, but refer to the main report
document for those seeking additional information (Lamacraft & Smith, 2023).

Condition assessment of lowland Temperate Rainforest of SW England.

An assessment of key woodland structure and composition attributes was compiled for
lowland temperate rainforest sites located in SW Devon and SE Cornwall. Data is a
composition of undergraduate student surveys of 40 woodlands: non-designated ancient (20)

and semi-natural planted (20), ranging in size from 5ha to 30ha. Surveys were conducted
8
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under the supervision of Dr Paul Lunt at the University of Plymouth over a 12-year period
(2008 — 2020).

Surveys examined woodland attributes, canopy tree species composition (using a DAFOR
scale), evidence of woodland regeneration, evidence of grazing and invasive plant species,
canopy age structure and deadwood resource. More detail about the specific categories can
be found in the results section.

Restoration opportunity mapping

An indicative temperate rainforest priority layer was created that scored the potential
suitability for temperate rainforest habitat restoration and expansion . This prioritisation layer
was defined by adding scores together for key characteristics of the climate (IH and
windspeed — to capture ‘occult precipitation’ from coast), landscape (topography), availability
of seed sources and presence of key bioindicators (lichen and bryophytes). To generate these
scores different sources of information were combined through GIS using a ‘hexbin’
approach; this overlays hexagonal 1km? grids (hexbin) over the area and summarises key
environmental parameters in each hexbin. An overview of these indicators and the associated
scoring system are given in Table 2A, with thresholds used in allocating scores given in Table
2B.

Due to lack of temperate rainforest relevant thresholds in existing literature for the majority
of variables (apart from Amann’s Index of Hygrothermy — Ellis 2016), these threshold values
were based on identifying the mean values across all 1km hexbins for SW England area. Scores
were then assigned to above or below these regional thresholds after iterative mapping and
consultation with the South West Rainforest Alliance mapping and report working group.

MET HAD-UK Grid data (Hollis et al 2019) was used for the 30 year period of 1991 to 2020 to
construct Amanns Index of Hygrothermy and Wind Speed. Change in elevation was calculated
from the OS terra 50 GRID ASCII geodatabase package. Data for Ancient woodland inventory
(Natural England, 2019a) and National Forest Inventory for England 2021 (Forestry
Commission 2023) were used to construct the woodland layer (using Woodland in the
Temperate Rainforest Landscape.

Table 2 — A) Overview of factors and scoring used to assess and prioritise areas for
temperate rainforest restoration and expansion. Final priority score is a sum of scores for the
seven different factors across the three restoration components. B) - Detail of thresholds of
climate, topographic, land use and seed source, and bioindicators used to assign scores.
Note that certain features had higher potential scores (e.g. Index of hygrothermy and lichen
and bryophyte indicator species).

A)
Restoration component Factor Score
Climate and topographic features | Index of Hygrothermy 1-2
Wind speed 0-1
Change in elevation 0-1
Existing treescape Hedge row extent 0-1
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Existing woodland extent 0-1
Bioindicators Lichen indicator species richness 0-2
Bryophyte indicator species richness 0-2
Final priority score 1-10
B)
Factor Score Thresholds
0 1 2
Index of Oceanic Hyper-oceanic >150
Hygrothermy
Wind speed Average and Above average >5.197 m/s
below
Average Average and Above average >71.99 m
change in below
elevation
Hedgerow Average and Above average >2554.4 m
Length below
Woodland Average and Above average > 89596.8 m?
Area below
(Woodland
inthe
Temperate
Rainforest
Landscape)
Lichen No species Average and below Above average 1 -6 species, > 7
indicator present (excluding 0s) (excluding 0s) species
presence
Bryophyte No species Average and below Above average 1 -2 species, > 2
indicator present (excluding 0s) (excluding 0s) species
presence

The priority layer must be used alongside other constraints layers to inform recommendations
for restoration. These are potentially numerous and site-specific, but for the purpose of the
report, we have highlighted two prominent constraints in the broader SW region:

1) Presence of deep (>40cm) and shallow (10 — 40) peat soils, important for carbon
sequestration and storage. Map layers of peaty soils in England were obtained from the Peaty
Soils Location (England) data set (Natural England 2021).

2) Areas of high quality agricultural land (grades 1 and 2), which although rare in the region,
support high potential for agricultural production.

Limitations of approach: There are important limitations of this modelling approach for
identifying areas for temperate rainforest restoration and expansion priority which must be
considered by decision makers and practitioners. Firstly, the restoration scoring system whilst
based on data informed thresholds using distribution curves requires further threshold
refinement and ground truthing to better calibrate the model. The model factors we identify
are important but are not the only factors for consideration and targeting of temperate
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rainforest restoration; more work to identify supportive thresholds is needed at the level of
individual sites. And finally, the resolution of the restoration map is 1km? and indicative only,
temperate rainforest restoration and creation decisions must be informed by site-specific
priorities and consultation.

Reviewing key threats, opportunities and knowledge gaps

We reviewed literature, recent reports and asked relevant stakeholders to identify key threats
specific to SW temperate rainforests and opportunities that may facilitate temperate
rainforest restoration in this region. We also identified a selection of sites that represent a
range of important case studies of some of these threats and opportunities (appendix Table
A8). These were modified and expanded with input from stakeholders within the South West
Rainforest Alliance.

To identify knowledge gaps we provide a general summary of current science literature on
temperate rainforest relevant to NW European temperate rainforest and use a systematic
search of ‘web of science’ data base through use of search terms. We were able to identify
specific gaps in our knowledge about Temperate Rainforests at both national and local scales
(i.e. relevant specifically to SW England). We then identify specific research efforts that are
needed to address these important knowledge gaps.

Results

Extent of the Temperate Rainforest climatic zone in SW England

The mapping analysis reveals that 40% of the total land area of SW England (9,597 km? out of
a total 24,170km?) has oceanic climatic conditions (IH> 100) potentially suitable for
supporting a temperate rainforest landscape (Figure 1; Figure 2). Hyper-oceanic climate
conditions, the most suitable climatic conditions for temperate rainforest, represents just 5%
of SW England area (1,097km?; Figure 1). A breakdown of this climatically suitable area for
each SW county is given in Appendix Table A6.
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= Non-oceanic
= Oceanic
= Hyper-oceanic

Figure 1 — Percentage of SW England region that has non-oceanic (< 100 IH), oceanic (> 100
100-150 IH) and hyper-oceanic (> 150 IH) climate.

The maximum IH value is found in Devon, with both Devon and Cornwall containing significant
oceanic climatic regions suitable for supporting temperate rainforest; specifically, 75.3% of
Devon (4,948 km?) and 98.3% of Cornwall (3,496 km?) represent oceanic climate zones, which
together account for the majority of temperate rainforest suitable climate in SW England. By
contrast, a much smaller proportion of Somerset (19.6%) and Dorset (8.8%) are considered
to have a suitable oceanic climate (Figure 2). A full breakdown of climate areas in each county
is provided in Appendix Table A7.

Only three counties in SW England contain any hyper-oceanic climate, the vast majority are
found in Devon and Cornwall (64.3%, and 29.0% respectively of the area of hyper-oceanic
climate in SW England). Hyper-oceanic zones are mostly located in the upland landscapes of
Dartmoor, Exmoor and Bodmin Moor (Figure 2), with the majority of total hyper-oceanic
climate area in SW England are found in the uplands (65.5%, 718km?). This is unsurprising
given the known relationship between altitude and precipitation amounts in the UK (Burt &
Holden, 2010; Murphy et al. 2019). The remaining hyper-oceanic climate area of SW England
is located in lowland areas (34.1%, 374km?) and to a much lesser extent in coastal areas (0.4%,
4km?).
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Figure 2 — Index of Hygrothermy (Amaan, 1929) (1km?) mapped across SW England. Darker
blues represent highest IH i.e. a hyper oceanic climate (IH >150), whereas lighter blues
represent areas of oceanic climate (IH>100).

Extent of and types of woodland showing temperate rainforest potential

Of all woodland in SW England (representing 2,575.1 km? of total land area), broadleaved-
dominated woodland comprises 1700.0 km? (66.0%) and conifer-dominated woodland
comprises 536.1 km? (20.8%). Of these, 1,090 km? of existing woodland are located in oceanic
climatic conditions in SW England, and 878.3 km? of woodland in the temperate rainforest
landscape. Of this woodland in the temperate rainforest landscape 59 km?(7%) is considered
‘Hyper-oceanic’, representing 0.3% of SW England land area and just 2.3% of SW woodland
area.

Broken down by county, Devon has the highest area of woodland in the temperate rainforest
landscape (485.4 km?2). Cornwall has a smaller area of woodland in the temperate rainforest
landscape (293.9 km?), but this represents a very high proportion of existing total woodland
extent (90.5% of total woodland in Cornwall; Table 3). Appendix Table A7 provides more
detail on the area of woodland in the temperate rainforest landscape of each SW county
relative to its total area and woodland extent.

The majority - 79.4% (697.6km?) of woodland in the temperate rainforest landscape is
classified as broadleaved, with only 7.0% (61.1km?) dominated by conifers and 4.7%

13



State of SW Temperate Rainforests

(41.2km?) dominated by a mixture of broadleaved and conifer trees. The remaining 8.9% of
woodland within the temperate rainforest landscape is composed of other types of woodland
in distinct NFI categories (Table 4).

Table 3: The area of woodland and woodland in the temperate rainforest landscape for five
counties of SW England. The percentage represented by these categories and in relation to
SW land area (24,170km?) is also given. Total woodland area is the NFI and AWI with no
categories removed, whereas woodland in the temperate rainforest landscape is selected

layers of AWI and NFI — see methodology for details.

County Total Woodland in the Percentage (%) of Percentage (%) of
woodland temperate rainforest | total woodland area | SW land area
area (km?) landscape (km?) in the temperate represented by

rainforest landscape | woodland in the
temperate
rainforest
landscape

Devon 749.9 485.4 64.7% 7.4%

Cornwall 324.8 293.9 90.5% 8.3%

Somerset 277.0 66.5 24.0% 1.9%

Dorset 281.1 18.2 6.5% 0.7%

Isles of Scilly 0.5 0.4 76.1% 2.5%

Table 4: Amount of existing woodland (km? and % extent) in the temperate rainforest
landscape in SW England classified under NFI as ‘Broadleaved’, ‘Conifer’, ‘Mixed- conifer and
broadleaved’ woodland and ‘Young trees’.

NFI Category Area (km?) % of extent
Broadleaved 697.6 79.4%
Conifer 61.1 7.0%
Coppice 0.2 0.02%
prosdleaved | 213 24%
c'\ﬁir’:;grmai”'y 19.9 2.3%
VAVS;‘C‘)‘;T:: y 22.4 2.6%
Shrub 7.9 0.9%
Young trees 40.2 4.6%
Low density 2.9 0.3%
Windblow 0.33 0.04%
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None 4.5 0.5%

Total NFI 873.8 99.5%

Ancient woodland and woodland pastures with temperate rainforest potential

‘Ancient’ woodland refers to woodland that have been continuously present since 1600 AD
(Natural England, 2018). An estimated 25.7% (225.7km?) of existing woodland in the
temperate rainforest landscape is classified as ancient, which can be broken down into
Ancient Semi-Natural Woodland (‘ASNW’: 120.04 km?) and Plantations on Ancient Woodland
Sites (‘PAWS’: 105.65 km?2). Together, this highlights that a significant proportion of woodland
in the temperate rainforest landscape of SW England is not ancient (Figure 4). These data also
signpost the large proportion of ancient sites which are now plantation woodland (47% of all
ancient woodland sites).

= Non ancient

= Ancient and semi-
natural

Plantation on ancient
woodland

Figure 4 — Proportion of woodland in the temperate rainforest landscape of SW England
classified as ‘non ancient’, ‘ancient and semi-natural’, and ‘plantation on ancient woodland’.

Wood pasture and parkland habitat are UKBAP priority habitats which are valued for their
veteran and ancient trees and are managed by grazing animals (JNCC, 2011). These sites
which can be described as mosaic habitats (grassland and open grown trees) are dominated
by large and ancient/veteran trees often managed by pollarding and sometimes supporting
dead and decaying timber. The ancient nature of many of these habitats support long-lived
trees hosting a range of micro-habitats and habitat features amenable to supporting
characteristic temperate rainforest flora and fauna. These habitats make important
components of the wider temperate rainforest habitat. An estimated 22.3% of SW wood
pasture sites form part of a wider temperate rainforest landscape, with 80.8 km? of wood
pasture in the oceanic climate zone of SW England and 2.60 km?2 within the hyper-oceanic
zone. Officially named wood pasture sites may play an important role culturally and of these
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wood pastures, there are 161 named parks in the oceanic climate zone and 8 within the hyper-
oceanic climate zone of SW England.

Location and size of SW temperate rainforests

Of the 878.3 km? existing woodland in the temperate rainforest landscape in SW England, the
majority (87.2%; Table 5) are located in lowlands (<250m above sea level and >500m from
the coast), with just 7.6% falling within the coastal zone (<500m of the coast), and 5.2%
occurring in the uplands (>250m). This represents 10% of total land area in climate suitable
(oceanic or hyper-oceanic) lowlands, 12% of climate suitable coastal areas, and just 3% of
climate suitable uplands.

Table 5: Area of existing woodland in the temperate rainforest landscape of SW England
classified as, ‘coastal’, ‘lowland’ and ‘upland’.

Location Woodland in the temperate rainforest landscape (km?)
Coastal 66.5

Lowland 765.9

Upland 459

Total 878.3

Woodland patch size

Excluding parcels of woodland with an area less than 50m?, the average patch size of
woodlands in the temperate rainforest landscape of SW England is just 4.6 hectares (0.05
km?2). Although the maximum woodland patch size was estimated at 457.0 hectares (4.6 km?),
the majority of woodland patches were much smaller than this, as indicated by a median
patch size of 1.3 hectares (0.01 km?). This indicates that most woodland in the temperate
rainforest landscape of SW England are small woodland patches, with few extensive tracts of
this woodland remaining.

Legal protection status

Sites of special scientific interest (SSSI) are a legal designation supported under the Wildlife
and Countryside Act 1981. This legislation gives Natural England powers to ensure better
protection of SSSI and safeguard their existence into the future. There are 978 SSSls in SW
England, with 354 falling within the oceanic temperate rainforest zone and 50 within the core
hyper-oceanic zone. However, only 9% of woodland in the temperate rainforest landscape of
SW England are located within a SSSI. For ancient woodland the situation is similar with a
minority of ancient sites (15%) falling within SSSI designation (Figure 5, Table 6A). Of ancient
woodland in the temperate rainforest landscape, only 25% of ancient and semi natural
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woodland falls within SSSI designation, with just 3% of PAWSs sites legally designated (Table
6A).

When broken down by location in landscape (coastal, lowland, and upland), a higher
proportion of coastal and upland woodlands in the temperate rainforest landscape are found
within SSSI designations than lowland sites (Table 6B). However, the total area of lowland
woodland in temperate rainforest landscape within SSSI’s is greater than that in both coastal
and upland areas.

= Within legal designation
= Not within legal designation

Figure 5 — Percentage (%) of ancient woodland in the temperate rainforest landscape in SW
England which are found within legal designation (SSSI).

Table 6: A) Percentage of woodland in the temperate rainforest landscape in SW England
that fall within SSSI legal designation. B) The area and proportion of protected woodland in
the temperate rainforest landscape broken down by location in the landscape (relative to
total amount of woodland in the temperate rainforest landscape for the location type).

A)
Category of woodland in the temperate rainforest landscape Percentage (%) within SSSI
Total 9.07
Not ancient 6.99
Ancient 15.02
Ancient and semi-natural 25.34
Plantation on Ancient 3.29
B)
Location of woodland in the Area (km?) legally designated Percentage (%) legally
temperate rainforest landscape SSSI designated SSSI
Coastal 11.6 17.4
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Lowland 61.0 8.0
Upland 7.1 15.5

Condition of temperate rainforests

The condition of temperate rainforest sites is particularly challenging to assess. Firstly, only a
relatively small number of woodlands in the temperate rainforest landscape identified in the
report have been surveyed and those which have been surveyed have had intermittent
condition assessments. Additionally, condition survey methodologies vary and often have
contrasting aims. For example, Plantlife Rapid Rainforest Assessments (Lamacraft & Smith,
2023) use citizen science generated data focusing on general management for lichen and
bryophyte epiphytes (Appendix table A4); in contrast, Natural England’s SSSI condition
assessments use standards monitoring procedure to focus on notified features (Appendix
Table A3). Consequently, for the reasons outlined above high caution must be expressed
when interpreting condition presented. Furthermore, an additional limitation is the absence
of condition information in this report for woodland in the temperate rainforest landscape
which are noted as ‘County Wildlife Sites’.

Sites of special scientific interest

Condition assessments from SSSI’s in SW England with woodlands in the temperate rainforest
landscape reveal that 45% are in favourable condition, with the majority, 55%, in
unfavourable condition (see Table 8A for full breakdown of unfavourable categories).
Interestingly, SSSI condition assessments for coastal, lowland and upland temperate
rainforest landscapes of SW England show that 48% of SSSI’s in coastal temperate rainforest
zones are in unfavourable condition, 54% of SSSI’s in lowland temperate rainforest zones are
in unfavourable condition and 71% of SSSls in upland temperate rainforest zones are in
unfavourable condition (Table 8B).

Table 8: A) Summary of the condition status of SSSI’s in the temperate rainforest landscape.
The categories used are based on those given in the standardised monitoring procedure. B)
Condition status categories are given for the rainforest landscape types in SW England —
coastal, lowland and upland.

A)

Condition status SSSl area (km?) | Percentage (%) of
SSSI

Favourable 35.9 45.1

Unfavourable recovering 31.2 39.1

Unfavourable no change 6.0 7.6

Unfavourable declining 6.3 7.9

Partly destroyed 0.001 0.001
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B)
Coastal Lowland Upland

Condition status Area % of Area % of Area % of

(km?) total (km?) total (km?) total
Favourable 5.9 51.2 27.9 45.8 2.1 29.2
Unfavourable - declining 0.38 3.3 5.9 9.6 0.07 0.98
Unfavourable — no change 0.94 8.1 4.7 7.6 0.42 5.9
Unfavourable - recovering 4.2 36.6 22.4 36.7 4.5 63.9

Itis important to note that condition assessments have happened at low frequency with many
surveys not conducted for 10 years or more. This method of monitoring also only recognises
selected features of the SSSI designation. There are likely to be sites where specific temperate
rainforest features are not identified or noted.

Plantlife Rapid woodland assessment

Results of a recent survey of 105 plots across 32 Temperate Rainforest sites from across
Devon and Cornwall were collected as part of the building resilience project (Lamacraft &
Smith, 2023). Survey data was collected by citizen scientists and focused on the condition of
woodlands for lichens and bryophytes. Overall, they concluded that 10.5% of plots were
classified as ‘good’ condition, 38% ranked as ‘fair’ and 51.5% ranked ‘poor’ condition (Table
9); notably, none of the sites were classified as in ‘very good condition’. Although canopy
composition was in the majority good (i.e. a range of tree species present with little beech),
when accounting for the understory canopy, again only 22% plots were classed as good
condition. Over half the woodlands surveyed lacked sufficient open space and/or had dense
cover of dominant native species, including ivy, bracken and bramble, with a smaller
proportion having limited diversity in tree age structure.

Focusing on woodland suitability for lichens and bryophytes, they found just 13% of
woodlands surveyed were scored as ‘good’ (Table 9). Lichen and bryophyte community
richness (number of species) was greater in forests with a mix of tree ages (vs all the same
age), more canopy openings (vs a closed canopy) and more habitat features (e.g. deadwood,
veteran trees and rocky and wet features). They also found that under-grazing (observed in
46% plots) was a more significant issue than overgrazing (only observed in 9% plots). Other
factors negatively impacting the woodlands studied, include invasive species (native and non-
native) and Ash dieback. The relative impacts of these different factors are incorporated into
the relevant ‘threats’ section below.

Table 9: Condition score from 32 Temperate Rainforest sites (105 plots) in SW England
measured through Rapid Rainforest Assessment (Lamacraft & Smith, 2023). Although overall
condition was grouped into four categories, no woodlands were placed in the ‘very good’
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Condition measure Good Fair Poor
Overall condition 10.5% 38% 51.5%
Lichens Bryophytes 13% 39% 46%
Woodland composition 22% 37% 41%
Woodland structure 20% 35% 46%

Qualitative assessment of the condition of temperate rainforest

Temperate rainforest in SW England can be divided into three zones based on location in
landscape: upland (>250m asl), lowland (<250m asl) and coastal (< 500m from the sea).
Differences in climate, exposure and local land management have created conditions leading
to three distinctive temperate rainforest habitats, both in terms of woodland structures and
species assemblages. We have carried out a qualitative assessment of the condition of TR
occurring in these three zones:

[) Qualitative condition assessment of lowland oceanic Temperate Rainforest sites

Assessment of condition of 40 woodland sites from lowland oceanic Temperate Rainforest
zone of SW England between 2008 and 2020 highlighted that 10% of sites supported veteran
trees and 80% mature trees. Grazing and browsing by deer was a significant feature of these
sites with 25% of sites evidencing heavy or moderate browsing (Table 10). Many of the survey
sites were close to urban conurbations in highly modified landscapes with high visitor
numbers.

Assessments found colonisation by non-native and problem plants was a significant issue for
these lowland woodlands in the temperate rainforest landscape of SW England, with 45% of
sites evidencing natural colonisation by non-native conifer saplings (e.g. Norway Spuce —
Picea abies, European Larch - Larix decidua, Noble Fir — Abies nobilis), 35% with Japanese
Knotweed (Reynoutria japonica), and 20% evidencing Rhododendron ponticum. Young native
invasive species such as Beech and Sycamore were found naturally colonising 85% and 70%
of sites respectively, much higher than oak (55% of woodlands). Of the 400 ash trees surveyed
from the 40 lowland sites, 88% had evidence of ash dieback disease (Hymenoscyphus
fraxineus).

Table 10 - Assessment of key woodland structure and composition attributes for lowland
woodlands in the temperate rainforest landscape, located in south west Devon and south
east Cornwall. Data is a composition of undergraduate student surveys of 40 woodlands
(non-designated ancient (20) and semi-natural planted (20), ranging in size from 5 to 30ha.
Surveys were carried at the University of Plymouth under the supervision of Dr Paul Lunt
(2008 — 2020).
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Woodland Attribute Estimated Mean Percentage
(%) Cover

Tree canopy cover (average) 65

Sub-canopy cover (average) 59

Canopy tree species composition Percentage (%) of Survey

Woodlands

Frequent or above (DAFOR) cover of oak 70

Frequent or above (DAFOR) cover of beech 80

Frequent or above (DAFOR) cover of Sycamore 60

Frequent or above (DAFOR) cover of non-native 35

conifer species

Natural woodland regeneration

Oak saplings present (<10 years old) 55
Beech saplings present (<10 years old) 85
Sycamore saplings present (<10 years old) 70
Exotic conifer saplings (spruce, larch, pine or fir) 45

present (<10 years old)

Invasive species

Japanese knotweed 35
Rhododendron 20
Deer browsing damage

Rated as heavy or moderate (limiting seedling 25
regeneration)

Canopy age structure
Veteran trees present 10
Mature trees present 80

Deadwood resource (>25cm dbh trees / hectare)

Average standing dead 2.5

Average fallen dead 9.25

Presence of Hymenoscyphus fraxineus ash *88% of ash trees with
dieback disease evidence of Chalara infection

DAFOR, Dominant, Abundant, Frequency, Occasional & Rare. *400 trees from 40 woodlands
surveyed in 2021
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I1) Qualitative condition assessment of upland Temperate Rainforest sites

In Southwest England the majority of the upland woodland (>250m asl) in the temperate
rainforest landscape occurs in the protected landscapes of Dartmoor National Park, Exmoor
National Park or Bodmin moor. Above 250m the Index of Hygrothermy is typically hyper-
oceanic with higher rainfall, humidity and wind exposure and lower temperatures; these
conditions are ideal for epiphyte growth. Land use in these upland areas is predominantly
pasture and livestock grazing by sheep, ponies and cattle with typically lower levels of deer
browsing than their lowland counterparts. Sites are typically remote from urban conurbations
with lower visitor pressure and modification (with some notable exceptions e.g. Wistman’s
wood). The upland soils are typically agricultural land use Grade 4 or 5 with low nutrient status
agricultural inputs.

On steeper slopes and ravines, woodlands typically consist of a low canopy, low density tree
cover of Quercus robur, Quercus petraea, Sorbus acuparia with occasional Fraxinus excelsior
in valley bottoms and a limited understorey of llex aquifolium and Corylus avellana where
livestock fencing occurs. Problems with cover and spread of exotic tree species are relatively
low away from forestry plantations. Spread of Rhododendron ponticum can be locally
problematic around hunting estates and historic gardens, though many landholdings have
successful control programmes. Agricultural enclosure on Exmoor lead to extensive planting
of Fagus sylvatica hedgerows with beech forming the main canopy tree in many areas, most
notable in the upper river Barle valley around Simonsbath where Quercus is a relative rarity.
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Figure 6 — Upland oak woodland at Black-a-tor Copse, Dartmoor. Supports temperate rainforest
conditions and lichen and bryophyte indicator species, but sheep grazing at fringes prevents
recruitment of trees.

On the open moors of Dartmoor, Exmoor and Bodmin the ancient rights of Commons livestock
grazing has reduced the natural recruitment and spread of remnant woodlands creating
fragmentation and isolation in some areas (e.g. Figure 6). Where livestock grazing has been
prolonged the main problems are absent canopy tree recruitment, understorey and shrub
layers. This tends to be the main condition limitation on and surrounding the Commons areas.
There are also noteworthy locations on or near Commons in SW England where removal of
traditional livestock grazing over a 40-year period has resulted in the regeneration of an oak
dominated canopy (e.g. Lustleigh Cleave).

[1l) Qualitative condition assessment of coastal oceanic zone Temperate Rainforest
Coastal zone temperate rainforest occupies a relatively narrow strip of highly fragmented
coastal cliff running from Minehead in Somerset to Tintagel and beyond in Cornwall. Tree
canopies are low in stature due to the prevailing south and westerly winds, highly sculptured
and often prostrate. High humidity and occult precipitation from prevailing winds and clean
air lead to a profuse growth of fruticose and foliose epiphytic lichens. The presence of non-
native tree species is less problematic in the coastal zone, however on the sheltered north
and south coast of Devon, Quercus ilex (evergreen ‘Holm oak’) is locally abundant with
seedling recruitment and Acer pseudoplatanus is frequent throughout and locally dominant.
The presence of other problematic species is relatively low due to the absence of conifer
plantations.
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Locally, there are opportunities for expansion along the coast where topography and
exposure allows. However, isolation and fragmentation is a major constraint on this
temperate rainforest zone, hemmed in on the seaward side and often by intensive agriculture
on the leeward side where beyond the high moors and Exmoor National Park, adjacent land
is often of a higher-grade agriculture use (Figure 7).

Figure 7 — The windswept coastal oak woodland near Dizzard point, Cornwall. This woodland
supports internationally rare lichen yet is constrained by agriculture and impacted by associated air

pollution on leeward flanks.

Restoration and expansion opportunities

It is important to note that the following map showing restoration and expansion priority is
indicative only, based on limited number of abiotic and biotic factors. Decisions on restoration
plans, approaches and locations should be taken at a site-by-site basis and must consider local
context specific factors and priorities informed by survey and consultation.

The temperate rainforest priority mapping effort can be categorised into discrete factors of
suitability for temperate rainforest. When considered together these highlight the priority
areas for Temperate Rainforest restoration and expansion. Large areas of the SW, particularly
upland and coastal areas, show potentially amenable climatic (oceanic or hyper-oceanic) and
topographic features (steep slopes)(Figure 8A). However, many of these locations are
diminished in existing woodland and/or hedgerows so remain lower priority areas for
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restoration. Many sites also lack a seed source (e.g. hedgerows or existing woodland patches),
so would likely struggle to facilitate natural establishment without additional interventions
such as tree planting and applied nucleation (see Figure 8A vs 8B). Priority areas are further
refined when lichen or bryophyte richness is considered, key characteristics of temperate
rainforest biodiversity and priority areas for expansion to buffer these refugia(Figure 8C).

An estimated 9% (904 km?) of the suitable rainforest climatic zone (oceanic and hyper-oceanic
climate) are considered ‘high’ priority (score 5 - 9) based on climate, topography, available
seed-source and presence of lichen and bryophyte indicators. No areas had the highest
possible score (10).

This report identified 180 km? of existing SW woodland with high temperate rainforest
priority, and 723 km? of SW England with no existing woodland but with high expansion
potential. These represent areas to focus either restoration (existing woodland) or temperate
rainforest expansion/creation efforts (no woodland present).

Notably, areas of high priority are located around the fringes and valleys of upland areas of
the region (Dartmoor, Exmoor, Bodmin) and on selected coasts of Devon and Cornwall (Figure
8C). To investigate the restoration priority scores and features of particular sites, please refer
to the online map.
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Figure 8A: The temperate rainforest restoration priority mapping indicating suitability based
solely on climatic (Index of Hygrothermy and windspeed) and topographic (average change
in elevation) factors (maximum restoration score of 4).
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Figure 8B: The temperate rainforest restoration priority mapping, building on Fig 8A with
additional existing treescape (woodland and hedgerows) which prioritise restoration of
existing sites with higher tree cover and greater natural tree expansion suitability (maximum
restoration score of 6).
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Figure 8C: The final temperate rainforest priority mapping of SW England using multiple
environmental factors including climate, existing treescape and bioindicators. This map
builds on Fig 8A and Fig 8B and incorporates lichen and bryophyte species richness, with the
restoration score ranging from 1 to maximum 10 (though no 1km? hexbin scored 10, so
maximum restoration score is 9).
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Constraints on restoring temperate rainforest

When planning temperate rainforest restoration and expansion, it is important to establish
the potential constraints on these activities as well as the opportunities. Two of the most
widely discussed constraints are: 1) Soils where significant peat deposits are present (deep
peat [> 40cm] and shallow peat [10 — 40cm]), and 2) Land of high agricultural value (e.g.
highest grade agricultural land - Grade 1 and 2). These layers can be visualised using the online
map and highlight areas where Temperate Rainforests restoration (even when potential is
estimated to be high) should be carefully evaluated.

Additional constraints on restoring temperate rainforest landscape of SW England is the
opportunity for areas to naturally regenerate and expand (colonise) as compared to needing
extensive planting. Tree planting is typically more labour and cost intensive, so should be
focused only in areas where natural colonisation of trees is prevented (by grazing levels or
seed source) or diminished to a point which severely restricts the speed at which this is
possible . Diverse planting approaches could be used to improve the diversity and resilience
of naturally regenerating areas (Murphy et al 2022; Murphy et al 2024)

Using the different existing treescape layers in our model, we can estimate those areas with
regional below average existing woodland and hedgerow extent. Of the areas with high
restoration priority scores (both within and outside woodland), 15.9% are predicted to have
below average existing treescape extent (woodland and hedgerow; Appendix Table A9). Sites
of interest from this mapping should be surveyed to assess the wider treescape and seed
source availability (including lone trees) and inform any plans for temperate rainforest
restoration, expansion or creation.

What are the threats, challenges and opportunities for the temperate
rainforest landscape of SW England?

Although there is potential for restoring and expanding the temperate rainforest landscape
of SW England, it is important that we acknowledge and act to address existing threats to this
important habitat. To this end, we review some of the current threats facing these areas in
SW England and the wider UK (e.g. Pests/pathogens, Invasive native/non-native species). We
also review challenges facing the restoration and expansion of these habitats.

Current threats to temperate rainforest landscape of SW England

Invasive non-native and native species

The most widely problematic invasive non-native species in temperate rainforest is the
evergreen understory shrub Rhododendron ponticum, which was likely introduced from the
Iberian Peninsula. This shrub favours acidic soils in humid environments similar to that of
temperate rainforest. R. ponticum can outcompete native understory vegetation, reducing
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woodland biodiversity and tree regeneration capacity. The non-native invasive Cherry Laurel
(Prunus laurocerasus) is also problematic in SW woodlands.

In SW England, a survey of selected lowland Temperate Rainforest sites revealed 20% to
contain Rhododendron ponticum, and 35% of woodlands to contain another invasive plant
Japanese knotweed (Reynoutria japonica). A separate study of Woodland Trust Temperate
Rainforest sites found a wider distribution with Rhododendron reported in 20 of 32 surveyed
sites (Lamacraft & Smith, 2023), but present at generally low levels in all but two sites. This
suggests that although an ongoing problem, this is only a significant problem in some
temperate rainforest habitat in SW England. Notable sites undertaking Rhododendron
management include Fingle Wood and Avon Valley woods.

A survey of 32 Woodland trust temperate rainforest sites (Plantlife — Rapid Rainforest
Assessment) and 40 lowland temperate rainforest sites (University of Plymouth) show conifer
colonisation (e.g. Norway Spuce — Picea abies, European Larch - Larix decidua, Noble Fir —
Abies nobilis) to be a significant issue for SW England’s temperate rainforests. Conifer were
observed in 31% (10 of 32) of Woodland Trust temperate rainforest and 45% of all UoP
lowland rainforest surveys. Whilst some conifers may be less impacting and even support
significant lichen assemblage e.g. Scots pine, larch spp. Large scale spread of invasive and non-
natives can disrupt forest community structure, impacting key indicator species and wider
functioning of temperate rainforest in SW England.

It is important that existing PAWS sites are restored carefully, and that conifers on these
ancient temperate rainforest sites are removed gradually to maintain canopy coverage and
support movement of significant lichen assemblages on any existing conifers to existing or
new broadleaf trees.

Pests and diseases

Introduced pests and diseases can have significant impacts on foundational tree species in
woodlands. In the SW, temperate rainforests are predominately oak (Quercus petraea and Q.
robur) dominant, with also some ash (Fraxinus excelsior) communities. Although less
widespread in SW Temperate Rainforest, ash has undergone significant declines in this region,
impacted by the expansion of Ash dieback (Hymenoscyphus fraxineus) across the UK (23% of
surveyed Woodland Trust sites were deemed at higher risk from Ash dieback; Lamacraft &
Smith, 2023). Oak also hosts significant pests and pathogens that are currently being
monitored across SE England, but none are currently causing significant UK-wide problems.
In the SW, the following pests are currently being monitored for their impacts:

e Oak processionary moth (Thaumetopoea processionea) is found in parts of Southern
England, the nearest cases to SW England were recorded in Hampshire in 2023. Any
sightings are encouraged to be reported to the Forestry Commission.
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e Acute oak decline is a disease with multiple causal agents, but significant impacts on
mature oak trees. Generally, trees need to be weakened by environmental factors
before they become susceptible to infection; dry weather and drought, particularly
in Southeast, Central and Eastern England, seems to be associated with increased
incidence of infection. More detail is available from Forest Research.

e Powdery mildew (Erysiphe alphitoides) is a common disease of oak trees, with the
fungus tending to be more problematic in managed oak woods (e.g. coppiced),
young oak stands (e.g. plantings), or those that have faced significant defoliation by
insects (Marcais & Desprez-Loustau, 2014). There have been reports of non-native
powdery mildews potentially causing more significant disease in certain regions of
Europe (e.g. Erysiphe salmonii).

e Xylella fastidiosa is a bacterial disease spread by sap-feeding feeding that is present
in neighbouring parts of Europe but not currently known to be present in the UK. It
has the potential to cause disease and significant impacts in a range of broadleaved
trees, including oaks. However, the threat posed by this species to oak woodlands
lacks key data and is therefore uncertain (DEFRA — UK Plant Health Register, 2020).

e Phytophthora kernoviae is a fungus-like pathogen which affects the aerial parts of
oak and beech but also can cause widespread dieback of bilberry (V. Myrtillus) which
is an important component of the ground layer in many temperate rainforest sites.
This pathogen is particularly widespread in SW England where its presence and
spread is supported by the mild climate (Forestry Research, 2024)

We note that the current status of all the above could rapidly change if woodlands continue
to be negatively impacted by other described threats (e.g. climate change, poor seedling
recruitment or invasive plants). The spread of these pest species should therefore be
monitored closely in SW England and in source populations used for tree planting efforts.

Air pollution

Air pollution is a significant threat to the specialist lichens and bryophytes of Temperate
Rainforests of SW England which require low concentrations of atmospheric nutrients and
other pollutants. Ammonia (NH3) pollution is a particular issue, with, for example, loss of acid
loving lichen species on trees associated with increasing atmospheric ammonia
concentrations (Wolseley et al 2010). Ammonia pollution is a particular threat for temperate
rainforest in the region due to the high levels of pasture-based agriculture. Recent estimates
suggest 50% of UK Ammonia emissions are associated with cattle production with 25%
associated with dairy production alone (Misselbrook et al 2021). These interactions are
particularly keenly felt at coastal temperate rainforest sites (e.g. Dizzard wood) of SW
England, which are home to some internationally significant populations of oceanic lichen
species, yet often border high quality agricultural land where heavy fertiliser use is common.
Mapping of levels of ammonia pollution indicate the high (but variable) levels in SW England
and are available from the Centre for Ecology & Hydrology and the National Atmospheric

Emissions Inventory.
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Climate Change

Explicit modelling of future climate change impacts on the distribution of the temperate
rainforest climate zone in SW England are currently lacking, but existing work does suggest
possible impacts of climate change in the region (Murphy et al 2019). Deviation between
evidenced long-term precipitation increases in upland regions and climate model projections
(Murphy et al 2019) suggests there is a large degree of uncertainty in the future climate of
the region with significant year-to-year variation in patterns of temperature and precipitation
expected (e.g. Kendon et al. 2023). Evidence from SW England however show both increased
air temperatures and increased rainfall intensity in both summer and winter (UKCP18 —-
Climate change projections over land - Met Office; Murphy et al 2018).

Changes in temperature and precipitation and the knock-on impact on humidity (and vapour
pressure deficit in particular) will be highly impactful for temperate rainforest and the species
they support (Borge & Ellis 2024). Furthermore, there will likely be multiple and sometimes
unexpected impacts which may interact with other threats and challenges. For example, in
Scotland the combination of increased temperatures, nitrogen pollution and reduced land
use intensity were found to diminish lichen and bryophyte assemblages (Pakeman et al 2022).

Evidence shows (Ellis et al 2020) that topographic features such as distance to watercourse
(and the microclimates they support) are strong drivers of epiphytic abundance and diversity,
with woodland areas close to rivers likely to support more resilient micro-climate for lichen
and bryophyte species despite wider macro-climate changes (Ellis & Eaton 2021). It is
recommended that the use of woodland at a 500m buffer along water courses would allow
temperate rainforest lichen populations to migrate into suitable micro-climate with wetter or
drier macro-climatic changes (Ellis et al 2020).

Changes in climate are also likely to drive other changes for temperate rainforests of SW
England. For example, strong winds associated with increased intensity of winter storms
might damage forest edges, with greater impacts in small sites (e.g. Wistmans Wood). Greater
extremes in both soil moisture deficit and excess associated with prolonged periods of
summer heat and drought or increased rainfall intensity may pose significant threat to
establishment of seedlings and mature trees (Murphy et al 2024). Increased temperatures
and potential for long periods of lowered humidity are likely to pose risks for sensitive
epiphytic species which demand both high humidity and high light environments. Reductions
in frost associated with elevated temperatures are changing the leaf emergence date of trees
and may reduce light availability at key times for growth of key indicator bryophytes and
lichen (Ellis 2016).
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Ongoing challenges for Temperate Rainforest restoration and expansion in SW
England

Fragmentation and isolation of habitats

Fragmentation and isolation of forest patches can amplify the effects of disturbance from
climatic and biological threats reducing forest diversity (Haddad et al. 2015); for example,
small, isolated woodland patches are vulnerable to overgrazing events by population
expansions of deer or high livestock densities. Our mapping revealed that Temperate
Rainforest habitat in SW England exists in small, fragmented patches across the landscape
(mean patch size = 4.6ha or 0.05km?, median = 1.33ha or 0.01km?). These woodland patches
are often separated by much larger stretches of agricultural land (lowland or upland),
resulting in poor connectivity of associated populations of plants and animals. Some notable
examples of isolated fragments of woodlands include the upland oakwoods of Black-a-tor
Copse, Wistman’s wood and Piles Copse, and the coastal oakwoods such as Dizzard and
Millook valley (Appendix Table A8 for more details).

Core (interior) sections of a forest can maintain distinct internal microclimates (e.g. higher
humidity, reduced light levels, more stable temperatures) compared to edge (exterior facing)
sections. Woodland fragmentation increases the proportion of the forest that is ‘edge’
habitat, as opposed to ‘core’ habitat, exposing more of the woodland to external pressures
(e.g. wind damage from storms and nitrogen pollution from industry or agriculture). Although
some light dependent woodland species can thrive towards the edge of the woodland, other
species are better adapted to the more stable and humid conditions of the woodland core
(e.g. mosses) and an increased proportion of edges makes it more difficult for a woodland to
maintain humidity and ground moisture for bryophytes during periods of drought
(Koelemeijer et al 2023).

Fragmentation and isolation together can limit the spread of problematic non-native invasive
species, but prevents the movement of species dependent on these woodlands and keystone
species on which these woodlands depend. Many important species in these woodlands (e.g.
rare lichens) have relatively short dispersal distances (Scheidegger & Werth, 2009), and even
stronger dispersers, such as birds, are sometimes absent from the smallest and most isolated
woodlands (e.g. Dolman et al. 2007). This diminished woodland connectivity reduces genetic
mixing of associated populations, making species vulnerable to inbreeding and less resilient
in adapting to future environmental change. Although the trees themselves are often able to
maintain genetic connectivity over broader distances, isolation and fragmentation can limit
the spread of variation useful for adapting to rapidly changing environmental conditions.
More data is needed to understand the genetic impacts of existing fragmentation and
isolation patterns on SW temperate rainforest habitat.
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Sourcing trees for expanding Temperate Rainforest

The temperate rainforest restoration priority opportunity map highlights that there are large
areas that have high environmental suitability for restoration but where no existing woodland
is present. Although decisions on the suitability of individual sites needs to be taken at a local
level, a significant challenge in expanding temperate rainforests is sourcing sufficient and
appropriate young trees. For areas in near proximity to existing seed sources, such as
temperate rainforest fragments or areas with hedgerows/sparse tree cover, natural
colonisation could effectively be used to expand woodland cover. For areas further from such
seed sources, collection of seeds for tree planting is essential for increasing woodland cover

and in facilitating wider seed source availability. These approaches both have distinct
challenges, but together could be effectively employed to rapidly expand Temperate
Rainforest cover in the SW in ways which might also facilitate community involvement and
social benefit.

Natural tree colonisation can be low in temperate rainforest sites exposed to high levels of
grazing pressure, either from livestock in uplands or deer in the lowlands (e.g. Wistman’s
wood and Black-a-Tor copse; Appendix Table A8). Recent masting events at Wistman’s wood
have resulted in extensive growth of saplings (Figure 10), but without protection from fencing,
tree guards or natural protection barriers (e.g. Gorse or dense Bracken) many of these will
struggle to establish (Murphy et al 2022). Once above a certain age/height (when beyond
vulnerability from livestock herbivores), these protections could then be removed to allow
grazing to return. Fencing off areas is challenging on common land and is frequently difficult
and expensive to implement on a large scale.

Collection of seeds for germination and early-stage growth in nurseries, before planting
saplings in field sites, is another important strategy for expanding Temperate Rainforest
habitat. This is being widely employed by several non-governmental organisations, including
Moor Trees and the Wildlife Trusts, where nurseries are set up to host large numbers of

developing saplings. As land is acquired, these saplings are planted at sites and allowed to
naturally develop. With key tree species such as oak, a significant challenge is generating a
regular supply of local trees when masting events are infrequent. The use of non-local trees
could have benefits in the future (e.g. planting species or populations more suited to the
warmer and more extreme climate predicted in the future), but currently planting from local
seed source is seen as best practice to avoid spreading pest herbivores and diseases. As with
natural regeneration, saplings planted need protecting until they reach a height beyond the
reach of grazers.

Over-Grazing

The areas surrounding existing Temperate Rainforest sites are particularly important for

regeneration and natural colonisation of trees to support expansion efforts of this woodland

type (Murphy et al 2022). However, evidence suggests that historic expansion of livestock

farming in upland areas, particularly sheep, has limited natural regeneration and expansion
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of upland Temperate Rainforest areas. The expansive pastures supporting free roaming
livestock in upland areas (e.g. Dartmoor) has made it difficult to control where these large
numbers of animals graze. Consequently, the important hyper-oceanic Temperate Rainforest
sites in upland areas, such as Dartmoor, Exmoor and Bodmin are exposed to high numbers of
livestock grazers and the associated pressures of over-grazing at woodland fringes. Although
recent surveys show a high density of the youngest oak saplings (1 — 3 years old) at the edges
of a selection of sites on Dartmoor (Figure 7), almost none of these trees survive beyond the
early sapling stage (Murphy et al 2022). Where saplings do survive many trees are held in
permanent stasis by continual browsing and unable to gain height or develop a canopy (e.g.
Black-a-Tor Copse; Figure 10). Livestock exclusion has been shown to increase the density
and height of oak recruits at the edges of Atlantic Oak woodland sites and is likely needed in
these areas to facilitate temperate rainforest restoration and expansion efforts (Murphy et al
2022). Woodland edge livestock exclusion has been effectively employed at the upland
oakwood Piles Copse (Appendix Table A8). In these upland landscapes, reductions in stocking
densities and targeted use of tree guards and fencing have been used to protect naturally
colonising seedlings.
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Figure 10: Regeneration density of oak seedlings and saplings (1 — 3 years old) at the
immediate edge (10m from canopy fringe) of five Temperate Rainforest sites on Dartmoor -
collected by University of Plymouth student in 2023 — supervised by Dr Thomas Murphy.
England Woodland Creation Offer (EWCO) threshold for payment for natural tree
colonisation.

In lowland Temperate Rainforest sites in SW England high deer population rather than

livestock typically represent the greatest agent of over-browsing. Roe deer (Capreolus
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capreolus) and fallow deer (Dama dama) are particularly problematic in SW England lower
elevation woodlands. For example, of selected lowland temperate rainforest 25% of these
evidenced heavy or moderate deer browsing (Table 10). With no natural predators and no
clear human-led control strategy, populations of these species can become very high —
reducing seedling recruitment and facilitating spread of problematic species.

Under-grazing

Although overgrazing is a significant issue in some areas of the SW, particularly the edges of
existing temperate rainforest, there are also concerns about an absence of grazing within
woodlands, when all large herbivores are removed or excluded. Temperate rainforest habitat
benefits from grazing to maintain an open understory that lets in sufficient light to support
lichens. Recent Rapid Rainforest Assessment in the region (Lamacraft & Smith, 2023) for
example, identified under-grazing as negatively impacting a greater proportion of woodlands
surveyed than over-grazing (46% vs 9%). Examples of the impacts of under-grazing can be
seen at a range of woods, with details provided of notable case studies: Millook valley woods
and Fingle Woods (Appendix Table A8).

It is not clear how livestock populations will change in the medium-long term in upland
regions in SW England, as this depends on changes to current incentives and policy (e.g. ELMS
and landscape recovery bids). Nevertheless, efforts to support tree colonisation in upland
areas is in some cases leading to livestock being removed or fences being erected around
woodland sites. The impacts of such management interventions are showing some clear
positive effects for woodland regeneration (e.g. high levels of seedling establishment and
sapling growth), indicating the opportunities afforded by land use changes. However, this may
need to be balanced with periods of grazing to prevent certain understory species becoming
dominant at the fringes of woodlands (e.g. bracken and bramble) which represent target
areas for temperate rainforest expansion (Murphy et al 2022).

When grazing levels are too low, woodlands can become closed and dense, limiting light
availability for key lichen indicator species. More broadly, there is concern that absence or
diminished status of grazers within woodlands helps facilitate the spread of invasive non-
native species and dominant native/near-native species in SW England. For example, together
with invasive non-native species, invasive natives were present in over 60% of surveyed
woodland sites (Lamacraft & Smith 2023). Beech (Fagus sylvatica) and Sycamore (Acer
pseudoplatanus) colonisation (e.g. Boconnoc park and woods), as well as dominance of Holly
(llex aquafolium) and Ivy (Hedera helix/ Hedera hibernica) in the understory, have been
observed at a number of Atlantic oakwood sites (e.g. Clovelly to Peppercombe Woods —
Milook valley woods; Appendix Table A8). The shade associated with dominance of beech in
particular can potentially be problematic for distinctive epiphyte communities, particularly
impactful where diverse and rare communities are present. Essentially, in the absence of

natural grazing dynamics, temperate rainforest habitats will need active monitoring and
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management (e.g. conservation grazing or manual clearance) to balance the needs of young
tree establishment, epiphyte flora, and understory vegetation.

Managing recreation and access

With the restoration of Temperate Rainforest comes the opportunity to facilitate enhanced
engagement with nature and provide important well-being services. Extensive research
supports the benefits of engaging with nature on human mental and physical health (Lamont
& Hinson, 2024), and human-nature connectedness can increase support for wider
conservation (pro-nature and sustainability) action (Barragan-Jason et al. 2021) For example,
Temperate Rainforest sites in the region are being used to support educational, as well as
heath and recovery initiatives. For example, Cabilla Cornwall run retreats at their Cabilla

woodland site near Cardinham, Bodmin Moor. This site is also the home of the Thousand Year
Trust who are expanding research and educational activities around this habitat, as well as
actively planting saplings to expand this woodland. Greenwood Music CIC based at Caradon

wood, an example of a lowland temperate rainforest in southeast Cornwall, brings young
people from the local area to engage in woodcraft and music making in a lowland temperate
rainforest setting. Together, these examples, amongst others, show the value of these
beautiful woodlands for enhancing human wellbeing through providing nature experiences.

However, recreation also presents a challenge to these habitats; with the increasing attention
given to temperate rainforest sites in the media, comes increasing visitor numbers to key
sites. Small Temperate Rainforest sites struggle to support sustainable numbers of visitors,
often resulting in these areas restricting visitors to the woodland edge, potentially preventing
people connecting to these habitats. This has also been a longer-term problem at several
famous accessible sites (e.g. Wistman’s wood). Although access is useful for promoting these
woodlands, the often small size of these sites makes them vulnerable to trampling,
particularly the sensitive mosses on floor, boulders and lower branches. Limiting access to the
most fragile sites and/or providing clear paths in woodlands may be the best solutions to
preventing further degradation. Alternatively, encouraging people to visit larger and more
accessible Temperate Rainforest sites (e.g. East Dartmoor NNR) could alleviate pressure on
smaller fragments of woodland. Expansion of Temperate Rainforest habitat in the SW would
in the long-term help to alleviate pressure on key woodlands and facilitate broader access to
this habitat.

Effective communication and community engagement

Temperate Rainforests have gained recent prominence through efforts of individual authors
(e.g. Guy Shrubsole [2022] - Lost Rainforests of Britain) and associated mapping efforts of this
habitat (https://lostrainforestsofbritain.org/). However, there are still challenges in

communicating the value of these habitats to the wider public. In upland areas, where
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communities have managed the land for long periods of time, there is significant resistance
to tree planting efforts in upland areas. Stakeholders are nervous for open vistas to be lost to
woodland. A key challenge is therefore ensuring that local people, as well as the wider public
(and thereby government and business), are invested in protecting and expanding these
habitats. Any restoration or expansion projects therefore need to actively engage with a wide
range of stakeholders to support long-term success. To this end, the potential benefits of
temperate rainforest for local communities and the wider landscape need clearly
communicating, both in terms of cultural value, ecosystem service provision and monetary
value (e.g. tourism and or policy incentives). Good examples of community engagement
programmes exist in Temperate Rainforest sites and are described in the previous
‘Recreation, access and wellbeing’ section.

Utilising the policy and funding landscape

Changes to government policy and funding can play an important role in shaping the wider
success of Temperate Rainforest restoration and expansion schemes. Without significant
support, it is likely that many larger-scale schemes will struggle to take hold. To this end, there
are a number of relevant Government Funding Initiatives schemes that are potentially
important for facilitating Temperate Rainforest restoration and expansion. We do not intend
to review these initiatives here, but details of these schemes can be found at this link:
Woodland grants and incentives overview (UK government). A notable example is the

Woodland Carbon code, which allows for natural woodland colonisation and planting, and
provides long-term 50-100yrs funding.

In addition to government funding initiatives, funding for Temperate Rainforest restoration
can also come from Private Finance Initiatives. These use private investment to deliver public
goods or services, which can include habitat or ecosystem restoration (e.g. to offset carbon
emissions). The UK government can offer support for these initiatives through legislation as

seen through the recent Biodiversity Net Gain policy, where payment for habitat (e.g.
Temperate Rainforest) creation can be used as an offset for a development project. Semi-
natural woodland scores highly in terms of the biodiversity credits per hectare of woodland
creation; this scheme offers good financial incentives for woodland expansion and long-term
management (minimum 30-year signup).

In addition, Natural Flood Management interventions such as woodland creation and altered
woodland management are increasingly supported to facilitate reductions in soil compaction
(Murphy et al 2020) and river flooding. Atlantic oak woodland (dominant type of Temperate
Rainforest in the region) is principally found on naturally freely draining podzolic soils typical
of upland pasture (Murphy et al 2022). Many of these areas are therefore important areas to
focus woodland expansion efforts to reduce flood risk downstream and there are attempts to
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investigate the wider benefits of woodland creation for freshwater environments, such as a
Woodland Water Code. Finally, nature-based carbon offsetting markets might be utilised to

support SW temperate rainforest restoration and expansion — this and related partnership
approaches offer a rapidly developing opportunity for enhanced funding of habitat
restoration (e.g. partnership between Aviva and the Wildlife Trusts).

Knowledge gaps and recommendations

Whilst there are an increasing number of annual science publications focused on Temperate
Rainforest (Figure 11), the number remains quite low relative to other habitats (e.g. tropical
rainforest) and there are key knowledge gaps in existing literature that need addressing to
better understand temperate rainforests and support their restoration and conservation.
Below we summarise some of the key gaps in our knowledge and priorities for future efforts.

"Temperate Rainforest" science publications
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Figure 11: Number of publications per year (1979 — 2024) which include the term
“Temperate Rainforest”. The search was made using Web of Science’s core collection.

A systematic search of the scientific literature database Web of Science was used to identify
the number of publications relating to ‘temperate rainforest’ (search terms: “temperate
rainforest” or “Atlantic Oak Woodland” or “oceanic woodland”), ‘temperate rainforest in
Europe’ (added search terms: “Europe” or "Ireland” or “United Kingdom" or “Scotland” or
“England” or “Wales”). Of the 761 publications found for ‘temperate rainforest’ globally, just
111 initial publications were highlighted as focused on European countries - however further
examination of content showed just 18 (2.4% of all temperate rainforest publications) were
focused on European temperate rainforest (Table 12).
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Table 12: Number of publications found on Web of Science’s collection using Boolean logic
search criteria and different combinations of search terms.

Subject Search topics Number of
publications

Temperate "Temperate Rainforest" OR "Atlantic Oak 761

Rainforest Woodland" OR "oceanic woodland"

(AND) Temperate Europe OR “United Kingdom” OR “Scotland” OR 18
Rainforest in Europe | “England” OR “Ireland” OR “Wales”
Research topics (AND)
Climate resilience “Climate change” OR “Climate resilience” OR 10
“Climate suitablility” OR “Future resilience” OR
“Micro climate”

Carbon “Carbon” OR “Carbon storage” OR “Carbon 4
sequestration”

Expansion “Expansion” OR “Natural colonisation” OR 3
“Natural regeneration”

Biodiversity “biodiversity” OR “species” OR “nature” OR 18

“nature conservation” OR “Bio indicators” OR
“Bioindicators” OR “Indicators” OR “Wildlife”
Soils “Soil” OR “soil science” OR “pedology” OR 4
“Edaphology” OR “soil biology” OR “Soil
chemistry” OR “Soil physics”
Socio-cultural Socio-economic OR Stakeholders OR "Cultural 0
Barriers" OR "social science" OR "Socio-cultural"
OR “Community perspective” OR “Local
perspectives”

Of these 18 publications, a third level of search terms assessed the type of research topics
explored in those publications. Over half these publications (10) are focused around climate
resilience (or climate change), just four (4) publications mention carbon (and
storage/sequestration) or soils. Only three focus towards expansion of these woodlands.
Notably none of the publications appeared to address socio-cultural research topics, including
stakeholders and local/community perspectives (Table 12).

Climate resilience and micro-climate modification

The Web of Science search revealed 10 of 18 publications had a topic of climate resilience.
Given the importance of climate and micro-climate in determining the extent and richness of
temperate rainforests and their key (globally rare) indicators — there is considerable need to
better understand the capacity of these woodlands to adapt to future changes in air
temperature, precipitation, humidity (and vapour pressure deficit). Average temperate
rainforest and non-rainforest Index of Hygrothermy have been used to support methodology
of this report (Ellis et al 2016). Whilst recent work has suggested woodland expansion should
focus within 500m from water courses to support climate vulnerable lichen and bryophytes
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(Ellis et al 2020), and has highlighted the importance of microclimate refugia (Ellis & Eaton
2021); there is still limited understanding of the most appropriate methods and locations for
supporting resilient temperate rainforest. Understanding the role of microclimate, both
existing microclimate variation across the landscape and microclimatic conditions supported
by woodland cover, is particularly important in SW England where many areas are on the edge
of the suitable climate envelope for Temperate Rainforest. Specifically, there is a need to
better quantify the likely consequences of existing and potential management approaches on
the future climate resilience of woodlands, and how this also impacts their ability to maintain
suitable microclimates for target species across a range of landscapes.

Fragmentation and isolation has important consequences for climate resilience, not just of
the key ‘mega flora’ of these forests (e.g. oaks), but also species that depend on these
woodlands. Low connectivity among Temperate Rainforest sites creates genetically isolated
populations that can become inbred, reducing genetic diversity and making them vulnerable
to future environmental change. Research is needed to identify those species most at risk
from this fragmentation and isolation, and target those areas in urgent need of restoration
and planting to offset these negative impacts and increase resilience of key species in these
habitats.

Absence of condition information for most SW Temperate rainforest sites

Considering the important lichen communities of Temperate Rainforest, it was notable that
only 30% of the SW temperate rainforest region contains one or more lichen indicators. The
existing data is therefore patchy and inadequate for monitoring woodland condition at a
regional level. The majority (90%) of the SW England Atlantic Woodland lichens and
bryophytes (Lamacraft & Smith, 2023) are classified as rare or very rare. Many of the indicator
species listed are woodland ravine or riparian habitat specialist rather than tree branch, trunk
or bole specific species. Lichen identification requires highly specialist skills and knowledge
which is outside of the scope of most woodland and reserve managers. To facilitate and
expand monitoring efforts, it may be useful to focus on a limited list or assemblage of more
frequent and easily identified TR epiphyte species different for those listed on Section 41 of
the NERC ACT 2006.

Non-biological indicators of status may also provide an opportunity for improved
management and condition monitoring. Indeed, whilst the wider status of soils and their
character have been mapped for NW Pacific rainforests (Carpenter et al 2014) there are to
our knowledge no comparative approach for NW European temperate rainforests. The role
of soil quality (physical, chemical and biological) in supporting the functional mechanisms of
climate moderation and microclimate have received no attention to date in this region
representing a significant hole in our toolbox for holistic and resilient management of SW
Englands temperate rainforests.
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Expansion strategies — natural colonisation.

Analysis found just 3 of 18 academic publications referenced expansion of these woodlands.
Given the highly diminished and fragmented nature of hyper-oceanic upland temperate
rainforest in SW England and more widely in NW Europe there is growing demand to support
opportunities for natural colonisation of trees to support expansion, and connectivity
(Murphy et al 2020; 2022). However, we still have a poor understanding of the conditions
required to maximise natural tree establishment in the hyper-oceanic upland valleys where
they are most needed, and the key barriers (biotic and abiotic) to short- and long-term tree
establishment (Murphy et al 2022; 2024).

Whilst supporting natural regeneration is preferrable — targeted tree planting initiatives will
be needed to re-enforce expansion of temperate rainforests in the highly anthropogenically
modified upland valley corridors and landscapes where expansion is most needed and might
have largest impact (Murphy et al 2020; 2022). Consequently research should target the role
of tree establishment (and abiotic and biotic barriers), species selection (and genotype), and
planting location for supporting resilient future rainforests. Whilst decisions on the type of
restoration for conservation of Temperate Rainforest will depend on site specific factors, we
currently have insufficient understanding of the relative merits and constraints associated
with natural colonisation vs tree planting for creating new woodland and connecting existing
woodland within the wider Temperate Rainforest landscape.

Patterns of biodiversity across taxonomic groups

Of the 18 publications of European temperate rainforest — all made reference to biodiversity
or bioindicators (Table 12). Whilst there are data sets focused on the globally rare epiphytes
of temperate rainforest in NW Europe, there remain significant gaps in coverage in our
understanding. We recommend more comprehensive survey efforts to establish clearer
relationships between abundance of rarest lichen and bryophytes and key environmental
parameters (e.g. humidity, temperature, topography) and threats such as fragmentation,
pollution and climate change. Furthermore, despite the focus on expansion we have limited
data on how quickly key lichen and bryophyte indicators take to colonise newly established
woodlands and understanding of what the key factors are for establishment at these sites. It
is suggested that priority mapping introduced in this report should act as a basis for further
research.

Given the general paucity of scientific attention on these woodlands there is also a need to
better understand existing biodiversity and how other taxa might offer supplementary
measures of quality and provide insight into the wider functioning of this ecosystem type. For
example, fungal diversity is known to have significant role in supporting resilience of
woodland ecosystems yet we have limited understanding of the fungal communities specific
to temperate rainforest. Furthermore, publications which examine the role of invertebrates
(both terrestrial and arboreal) in supporting ecosystem functioning are almost non-existent
for the temperate rainforest of NW Europe.
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In some cases, reintroduction of keystone species should be considered for Temperate
Rainforest habitats, particularly meso-predators such as pine marten and wild cats and meso-
herbivores such as beavers. Such reintroduction programmes need monitoring to ensure their
expected positive impact on the habitat and minimal negative impacts on surrounding
communities and landowners/users. Effective re-introduction programmes incorporating
research and community engagement has been effective in beaver reintroductions on the
River Otter, Devon.

Carbon storage — below and above ground carbon trade-offs

Analysis found four of 18 publications specifically mentioned carbon of temperate rainforest.
Baird et al (2023) highlighted how projections for precipitation-evaporation index by 2040 in
Scotland may result in reductions of ecosystem services which temperate rainforest can
provide including carbon capture, due to elevated climate driven drought risk. No work on
European temperate rainforest carbon specifically has occurred outside of Scotland in the UK.
Future research should consider below ground carbon dynamics in upland temperate
rainforests and in areas transitioning to wet woodland habitat where carbon dynamics are
also uncertain (Milner et al 2024). These assessments might also consider the role of ‘on
branch’ epiphytes and their soils in supporting carbon drawdown and storage.

Socio-cultural barriers

The socio-cultural barriers and opportunities represent perhaps the largest hurdle to ensure
that temperate rainforests fulfil their potential. Despite this, using search of key terms no
publications were found which explicitly assessed the role of socio-cultural or community
factors in temperate rainforests of Europe. This is surprising, as whilst temperate rainforests
are culturally significant and compelling woodlands which have captured the public
imagination (Dultan 2022; Shrubsole 2022; Hanbury-Tenison 2025), the pastoral areas and
communities that they might best be restored in and with, have cultural and social norms
which currently limit the capacity for restoration and expansion initiatives. This knowledge
gap represents a major barrier in supporting restoration of temperate rainforests in SW
England and more widely.

Conclusions

Temperate Rainforest is a biome of global significance which is rare, supporting endemic
biodiversity and offers a range of co-benefits including carbon sequestration, natural flood
management, climate moderation, and human well-being. SW temperate rainforest is
exposed to a range of current and future threats and challenges, yet there are also significant
opportunities for their restoration and expansion.

Whilst this assessment of SW temperate rainforest is limited by the availability and
comparability of existing datasets and condition assessments, the report clearly highlights the
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need for concerted effort amongst a range of partners to facilitate improved conservation
and restoration of Temperate Rainforest in SW England. Current threats to temperate
rainforest in SW England include climate change, air pollution, invasive non-native species,
and pests and disease. Challenges include fragmentation/isolation, sourcing trees for
expansion, over-grazing and under-grazing, managing recreation and access, effective
communication and community engagement, and utilising the current policy and funding
landscape.

Opportunities for expansion depend on financial incentives for tree planting and political
drivers of land use change, particularly in protected upland landscapes. This report identifies
multiple knowledge gaps needed to support the conservation and restoration of temperate
rainforest in SW England and more widely across NW Europe. Concerted action to address
the threats, challenges and opportunities identified for SW temperate rainforest will have
significant benefit to the wider protection of this rare, globally significant habitat.
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