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e European continent has a rich and varied natural heritage,
however, Europe s landscape has been shaped by centuries
of land use and land change through diverse farming and
forestry traditions, as well as more recent urbanisation trends.
As a result, a mosaic of natural, semi-natural, managed and
arti cial landscapes has developed and the continent s habitats
and biodiversity has undergone signi cant declines. Many of
Europe s ecosystems are now so heavily degraded that their
ability to deliver valuable ecosystem services has been drastically
reduced. e EU Biodiversity Strategy is part of a 2050 vision
aiming to protect, value and restore biodiversity and the
services it provides its natural capital. is is important not
only to protect nature s non-instrumental value, but also for
its essential contribution to human wellbeing and economic
prosperity, and to avert catastrophic changes caused by the loss
of biodiversity.

freshwater molluscs and by the policy plants (plant taxa
listed in European and international policy instruments). By
comparison, amongst the plants, 2% of medicinal plants, 8%
of aquatic plants, 16% of crop-wild relatives, 20% of ferns and
lycopods, 22% of bryophytes, and 57% of the policy plants
are threatened.
It is clear that Europe therefore has a responsibility to conserve
these unique species that contribute so much to the landscapes,
ecosystems and economies of Europe. One encouraging
nding is that nearly 80% of species are found in at least one
protected area, including the Natura 2000 network. Measures
must be taken in order to improve the status of European trees.
ese assessments complement existing national conservation
assessments to allow targeted conservation planning, and the
outcomes of this initiative should be used to develop policy
to ensure that the species considered threatened are protected
both in and ex situ; and to inform, inspire and catalyse research
and conservation action to prevent the extinction of European
tree diversity.

In recent years, awareness has risen surrounding the crucial
role of plants and especially trees in providing ecosystem
services and on the threats that they face. Trees are one of the
essential foundations of healthy ecosystems that we depend
on, including the European forest landscape, a mosaic largely
shaped by people. However, signi cant gaps in knowledge still
remain. In this context, this European Red List of Trees provides
the rst ever comprehensive assessment of the extinction risk of
all tree species that are native to Europe. With all 454 species
assessed, this assessment highlights that 42% of European tree
species are considered threatened (i.e. assessed as Critically
Endangered, Endangered or Vulnerable) and therefore having
a high risk of extinction. e primary threat to tree species
in Europe has been identi ed as invasive or problematic
species, including disease and tree pests, a ecting 38% of
all tree species. Deforestation, degradation, wood harvesting
and urban development are other signi cant threats. For
threatened species, livestock farming, land abandonment and
other ecosystem modi cations are the major threats, impacting
the survival of trees and their habitats. e assessment indicates
that they are the second most threatened group of plant species
assessed to date for the IUCN European Red List
and the
third most threatened group overall, only exceeded by the

I hope that this new IUCN European Red List will help place trees
high on the conservation agenda, as well as inform the wider
debate and contribute to the discussion on priorities within
the conservation community. is work complements work
already undertaken within the European Union to understand
and conserve forests, such as the European Atlas of Forest Tree
Species and the EU Forest Strategy. Investment in scienti c
research, and increasing awareness and communications will
help towards the delivery of targeted conservation actions and
positive impacts for these species.

Humberto Delgado Rosa
Director for Natural Capital
DG Environment, European Commission
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We would like to express our sincere thanks to all who have
contributed as assessment Assessors, Reviewers and Contributors,
and our apologies if they are omitted here in error. ose experts
and former or current IUCN sta who contributed to this
work through assessing, compiling or reviewing the species
assessments are as follows;

Riverine woodland along the River Wey near Headley Park, southern England. ' John Spooner (CC BY-NC 2.0)
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time and hard work towards these assessments. Many thanks to
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have provided assistance throughout the project, with Jemma
Window providing mapping training and support, coordinating
the production of maps, and leading on the analysis of spatial
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Dan Crowley), the Macaronesian Island Plant Specialist Group,
and the Mediterranean Plant Specialist Group.
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the three assessment review workshops, allowing us to ensure
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We thank the Committee for Mapping the Flora of Europe (Atlas
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Especial thanks are due to Alexander Sennikov, Secretary of
the Committee, who made signi cant contributions to review
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e European Red List of Trees, including this publication,
are outputs of a LIFE project co-funded by the European
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implementation. Any opinions, ndings, and conclusions
or recommendations expressed in this material are those
of the authors and do not necessarily re ect the views of the
European Commission, IUCN, or the IUCN Species Survival
Commission.
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e European Red List of Trees is a review of the conservation
status of all the European tree species according to IUCN s
regional Red List guidelines. It identi es those species that
are threatened with extinction at the European regional level
to inform the conservation actions needed to improve their
conservation status.
e geographical scope extends from
Iceland in the west to the Urals in the east, and from Franz
Josef Land in the north to the Canary Islands in the south. Red
List assessments are made at two regional levels: for continental
Europe, and for the 28 Member States of the European Union.

e main threat to tree species in Europe has been identi ed
as invasive or problematic species, impacting 38% of tree
species, followed by deforestation and wood harvesting, and
urban development (both a ecting 20% of tree species). For
threatened species, livestock farming, land abandonment,
changes in forest and woodland management, and other
ecosystem modi cations such as re are the major threats,
impacting the survival of trees.
Out of all European trees, 359 species (79%) are currently
known to occur in at least one protected area and 393 European
tree species (87%) are found in ex situ collections in botanic
gardens and arboreta.

is European Red List publication summarises the results
for the Red List assessment of all known native European
trees, a total of 454 species, of which over 58% (265 species)
are endemic to continental Europe, with 56% (252 species)
endemic to the 28 EU Member States.

Assessments are available on the EU data portal and on the
IUCN European Red List website ec.europa.eu/environment/
nature/conservation/species/redlist and www.iucnredlist.org/
regions/europe

Overall, 42% of European tree species have been assessed as
threatened (i.e. assessed as Critically Endangered, Endangered
or Vulnerable) and therefore having a high risk of extinction.
is report reveals that trees are one of the most highlythreated groups of species that have yet been assessed for the
European Red List, exceeded only in their risk of extinction
by freshwater molluscs (59%; Cuttelod et al., 2011) and by
the plant species (57%; Bilz et al., 2011) that are listed in
European and international policy instruments, such as the
Bern Convention.

Trees are essential for life on earth and are a key component of
the cultural, economic and natural landscapes of Europe. e
European Red List of Trees not only recognises the importance
of tree species in Europe, but also represents the rst
comprehensive assessment of the threat status of the regions
tree species and details the threats a ecting these species, and
assesses their risk of extinction. ese assessments complement
existing regional or national conservation assessments to allow
targeted conservation planning.
e assessments should be
used to inform and direct policy to ensure that the species
considered threatened are protected both in and ex situ; and to
inform, inspire and catalyse conservation action to prevent the
extinction of European tree diversity.

A further 13 species are assessed as Near reatened, almost
meeting the criteria for a threatened category; and 216 species
are considered Least Concern and therefore not of current
conservation concern. However, for 57 species there was
insu cient information to assign a conservation status, and
are therefore classi ed as Data De cient.

vii
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Outcomes

Research and monitoring

• 454 tree species are native to the European region (431

• Improved monitoring and evaluation processes are needed

to the EU Member States).
• 168 species are considered threatened (Critically
Endangered, Endangered and Vulnerable) in Europe
with 57 species considered Data De cient (161 and 54
respectively for the EU Member States).
• Taking into account the number of Data De cient species,
the proportion of threatened species could lie between
37.1% (if no DD species are considered threatened) and
49.6% (if all DD species are considered threatened) for
Europe. e mid-point value (42.3%) provides the best
estimate of the proportion of threatened tree species in
Europe.
• Almost all the threatened species are endemic to the
European region; only thirteen threatened trees are nonEuropean endemics. is means at least 58% (155 species)
of all endemic European trees are threatened.

to identify potential threats to European trees, as well as
research into control and eradication measures.
• Undertake further research into the impacts of climate
change on both forest landscapes and individual species,
including the scope for range migration and connectivity
(Meier et al., 2011).
• Undertake necessary research to determine the conservation
status of the Data De cient tree species of Europe.
• Promote transboundary collaborations and a robust
network of experts.
Policy recommendations

• Update the European Red List of Trees at least every decade
to ensure that information about taxa and their threat status
is kept up to date, and to allow trends to be elucidated.
• Repeated assessments would allow for the development of
a Red List Index for European tree species (EEA, 2010).
• Implement strategies at national levels to mobilise necessary
actions to protect threatened tree species and their habitats.

Recommendations
Action on the ground

• Assess the impact of changes in habitat management for

Increased awareness

all species of tree to determine whether these processes are
bene cial to certain species.
• Implement e ective protected area management.
• Ensure that that all tree species are adequately represented
in protected areas.

• Promote the ndings and recommendations of the European
Red List of Trees to diverse audiences and stakeholders
within countries to increase knowledge of the threats faced
by European trees.

Ex situ conservation

• Expand ex situ collections to incorporate threatened species
not found in ex situ collections as a priority.

• Diversify collections of threatened species to incorporate
increased genetic diversity to make material available for
restoration purposes.
• Increase the collections of species in their country of origin.

viii
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1.1 European trees

Across Europe, trees are found in a range of habitat types,
including forests, shrubland and grasslands.
ey also
grow in urban environments and in or near man-made
habitats such as arable land, plantations and mining
sites. Trees are most closely associated with forest habitats
where they are the dominant lifeform, providing a habitat
for many other species of plants, fungi and animals.
e European Red List of Habitats (Janssen et al., 2016)
recognises 42 forest habitat types across the European
continent ranging from single species dominant forest
such as Pinus sylvestris taiga woodland to diverse
forests such as Macaronesian Laurisilva . Forests cover
approximately 33% of the total European land area (215
million ha) (San-Miguel-Ayanz et al., 2016), although
all tree species are not evenly distributed across habitats.

Trees are essential for life on earth. ey provide important
ecosystem services, amongst them water puri cation,
carbon storage, oxygen production, and soil stabilisation,
and contribute to landscapes and human economies.
Tree species are often foundation species de ning entire
ecosystems, increasing biodiversity and playing a vital
role of many other species of organisms (Ellison et al.,
2005). e resource and economic contribution of trees
and forest within Europe are signi cant; forest products
contributed one-third of the biomass in Europe in 2013
(Camia et al., 2018) and the forestry sector (forestry and
logging, and wood and paper products) had a turnover of
410 billion euros in the European economy and employed
2,589,288 people in 2015 (Ronzon & M Barek, 2018).
is European Red List of Trees report not only recognises
the importance of tree species in Europe, but details the
threats a ecting these species, and assesses the risk of
extinction.

It is clear that anthropogenic interactions with tree
species have already led to a decline in forest habitats
directly through deforestation and land-use change. Trees
are also a ected by environmental factors such as pests
and diseases (Millar & Stephenson, 2015). Tree species
are all indirectly threatened by climate change which

Laurisilva forest on the island of La Gomera (Canary Islands). ' Raico Rosenberg (CC BY-NC-ND 2.0)
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Box 1: Global Tree Assessment (GTA)

Despite the importance of trees, many species are threatened by over-exploitation and habitat destruction, as
well as by pests, diseases, drought and their interaction with global climate change. In order to understand the
impact of such threats to trees there is an urgent need to conduct an assessment of the conservation status of all
the world s trees (approx. 60,000 species) the Global Tree Assessment.
e Global Tree Assessment aims to provide conservation assessments of all the world s tree species by 2020. e
assessment will identify those tree species that are at greatest risk of extinction. e goal of the Global Tree
Assessment is to provide prioritization information to ensure that conservation e orts are directed at the right
species so that no tree species becomes extinct.
e Global Tree Assessment is an initiative led by BGCI and the IUCN/SSC
Global Tree Specialist Group. Work is ongoing to develop an even more extensive
global collaborative partnership, involving the coordinated e ort of many
institutions and individuals. ese steps will enable the Global Tree Assessment
to achieve its 2020 target. Find out more about the Global Tree Assessment at
www.globaltreeassessment.org.

will bring changes in microclimates, re regimes, water
availability and temperature over the coming decades.
Here, for the rst time, the threat assessments to all tree
species of Europe are presented, but the need for further
research is clear, with inadequate data for many species
(those considered Data De cient), and risks and impacts
arising from some threats, climate change for example,
not well understood.

regional Red Lists to prioritise speci c action and to
enhance tree conservation. National Red Lists or Red
Data Books of vascular plant species are available for the
following countries: Albania (Government of Albania,
2013), Austria (Niklfeld & Schratt-Ehrendorfer,
1999), Belarus (Kachanovskiy et al., 2015), Belgium
(for Flanders; Van Landuyt et al., 2006), Bosnia and
Herzegovina ( ug et al., 2013; Anon., 2012), Bulgaria
(Petrova & Vladimirov, 2009; Peev et al., 2015), Croatia
(Nikoli & Topi , 2005), Czech Republic (Grulich,
2012), Cyprus (Tsintides et al., 2007), Denmark (NERI,
2007), Estonia (Lilleleht, 2008), Finland (Rassi et al.,
2010), France (UICN France et al., 2012), Germany
(Ludwig & Schnittler, 1996), Great Britain (Che ngs
& Farrell, 2005), Greece (Phitos et al., 1995), Hungary
(KirÆly, 2007), Iceland (NÆttœrufr istofnun Islands,
1996,; NÆttœrufr istofnun ˝slands, 2008), Ireland
(Wyse Jackson et al., 2016), Italy (Rossi et al., 2013),
Latvia (Andru aitis, 2003), Liechtenstein (Broggi et al.,
2006), Lithuania (Ra omavi ius, 2007), Luxembourg
(Colling, 2005), Malta (Lanfranco, 1989), Moldova
(Duca et al., 2015), the Netherlands (Van der Meijden et
al., 2000), Norway (Henriksen & Hilmo, 2015), Poland
(Mirek et al., 2006), Romania (Dihoru & Negrean, 2009),
Russia (Trutnev et al., 2008), Serbia (Stevanovi , 1999),
Slovakia (EliÆ et al., 2015), Slovenia (Skoberne, 1996),
Spain (Baæares et al., 2010), Sweden (ArtDatabanken,
2015), Switzerland (Moser et al., 2002) and Ukraine
(Didukh, 2009). In addition,
e Carpathian List of
Endangered Species (Witkowski et al., 2003) assessed

is report is a contribution to Target 2 of the Global
Strategy for Plant Conservation (GSPC) which states
that by 2020, there should be an assessment of the
conservation status of all known plant species, as far as
possible, to guide conservation action . is project also
contributes directly to the Global Tree Assessment, an
initiative of Botanic Gardens Conservation International
(BGCI) and the IUCN/SSC Global Tree Specialist
Group (GTSG) to assess the extinction risk all the world s
tree species by 2020 (Box 1, Newton et al., 2015; Rivers,
2017).

1.2 National Red Lists
Europe was one of the rst regions to publish a regional
list of threatened plants the (IUCN,
reatened
Plants Committee, 1977), with later updates (IUCN
Conservation Monitoring Centre, 1983), and IUCN
has developed European Red Lists from the mid-2000 s,
covering a range of species groups. Since the late 1970s,
most European countries have developed national or
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species at the level of the Carpathian region, but also
assigned country-level Red List Categories for Austria,
Czech Republic, Romania, Poland, Slovakia, Ukraine and
Hungary. As with all Red List assessments, assessments
need to be maintained and updated to remain relevant.
e information on tree species from these national red
lists have, when relevant, been incorporated into these
European Red List assessments.

• To contribute to regional conservation planning
through the provision of a baseline dataset.
• To identify the major threats to trees.
• To identify geographical areas and habitats needing to
be conserved to prevent tree extinction.
• To inform, inspire and catalyse conservation action to
prevent the extinction of European tree species.
e European Red List of Trees provides two main outputs:
1) is summary report on the status and distribution
of the tree species that are native to the European
region, their main threats and recommendations for
conservation measures, and 2) the Red List assessments
and distribution maps, which are freely available via two
data portals, the IUCN Red List of reatened SpeciesTM
website (www.iucnredlist.org) and the EU European Red
List portal (http://ec.europa.eu/environment/nature/
conservation/species/redlist).

1.3 Objectives and outputs
e European Red Lists are reviews of the status of
European species according to the IUCN Regional
Red List guidelines (IUCN, 2012a).
ey identify
those species that are threatened with extinction at the
European level (Europe and the European Union) so that
appropriate conservation action can be taken to improve
their status. e objectives of this European Red List of
Trees report are:
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2.1 Geographic scope

therefore not endemic to the European region. All species
were assessed at two regional levels: 1) for geographical
Europe (limits described above), and 2) for the area of
the 28 Member States of the European Union. rough
the duration of this project (2015-2018), the United
Kingdom was an EU Member State.

e scope of these assessments spans the continent of
Europe; from Iceland eastwards to the Ural Mountains in
the Russian Federation, and south to the Mediterranean
Sea. It includes Crimea, European Turkey, Cyprus and
the European Macaronesian islands (Canary Islands,
Madeira and the Azores) (Figure 1). In the southeast,
the Caucasus region is excluded, as are some parts of the
Russian Federation that are sometimes included within
the European region; the Southern Federal District
(e.g. Krasnodar Krai) and the North Caucasian Federal
District.

2.3 Taxonomic scope
is project follows the IUCN/SSC Global Tree Specialist
Group de nition of a tree: a woody plant with usually a
single stem growing to a height of at least two metres,
or if multi-stemmed, then at least one vertical stem
ve centimetres in diameter at breast height. Some
plant species have variable lifeforms, but all species that
have been recorded as naturally growing as a tree were
included.

2.2 Global and regional assessments
Species that are endemic to Europe were assessed on a
global scale, including the full extent of the species.
Regional assessments were carried out for those taxa
with a distribution that extend beyond Europe, and are

e BGCI database of the world s tree species,
GlobalTreeSearch (BGCI, 2017), was used to produce a

Figure 1. Map of European assessment boundaries including Europe and the 28 European Union Member States (EU 28).
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species list of trees for Europe. e taxonomic concepts
used, follow a range of taxonomic and regional sources,
including (but not exclusively) World Checklist of
Selected Plant Families (WCSP, 2016), Flora Europaea
(Tutin et al., 1964) and Euro+Med Plantbase (2006).
Additional checklists and oras as well as taxonomic
experts were also consulted where the taxonomy was
unclear or where recent taxonomic changes had been
suggested. For a full list of species included and assessed
see Annex 1. Only species considered to be native to the
European region were included and assessed. Newlydescribed taxa were included up until early 2017.

species with an IUCN assessment published prior to
2010 were reassessed during this project whilst species
with an existing assessment from 2010 onwards were
not reassessed. Data were collated into the online IUCN
Species Information Service (SIS) database maintained
by IUCN.

2.4 Assessment methods and process
For each species, information was collected on its
geographic distribution, population data and overall
trends, its habitat and ecology, use and trade where
applicable, threats, and conservation measures in place
or required. Information for the assessments was collated
from published and unpublished sources including
oras, scienti c papers, herbarium records, and expert
knowledge and opinion. National red lists were consulted
when available. For a full list of references used for each
species, see the individual species assessment available
online at the IUCN Red List website. A provisional Red
List category was then assigned to each species based on
the collated information using the 2001 IUCN Red List
Categories and Criteria Version 3.1 (IUCN, 2012b),
and for species not endemic to the European region,
the assessment was revised where applicable using the

e conifers were, where required, assessed or reassessed
in collaboration with the IUCN/SSC Conifer Specialist
Group. Most non-coniferous species were assessed
by BGCI and collaborators, with a small number of
Mediterranean island-endemic species assessed by the
IUCN/SSC Mediterranean Plant Specialist Group
through its Top 50 Mediterranean island plants initiative.
A selection of trees had been assessed previously by various
other projects such as Crop Wild Relatives (Bilz et al.,
2011), EU policy plants (Bilz et al., 2011), medicinal
plants (Allen et al., 2014) and speci c taxonomic groups;
i.e. Betulaceae (Shaw et al., 2014). All European tree

Balkan Pine Pinus peuce is a native endemic of the southern Balkan Peninsula It is assessed as Near
restricted to northern Greece and western Bulgaria. ' Aljos Farjon
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reatened for Europe, but as Vulnerable for the EU28 Member States, where it is

regional guidelines (IUCN, 2012a) (Figure 2). Species
were assigned to one of the eleven categories: Extinct
(EX), Extinct in the Wild (EW), Regionally Extinct
(RE), Critically Endangered (CR), Endangered (EN),
Vulnerable (VU), Near reatened (NT), Data De cient
(DD) and Least Concern (LC), Not Applicable (NA),
Not Evaluated (NE). See Annex 2 for a summary of the
qualifying thresholds for each of the three threatened
Red List categories.

compile additional localities from literature or through
workshops. Where point or grid data were available, data
were projected in a Geographical Information System
(GIS) (ESRI ArcMap) and polygons drawn manually,
clustering points where appropriate. Depending on
information availability, metadata coding was used to
distinguish presence, origin, and seasonality across the
spatial extent of a species distribution.
ese codes
di erentiate the species presence (species are recorded
as extant, possibly extant or extinct); seasonal presence
of the species in the location (the default setting of
resident was assigned); and the origin of the species
(native, introduced, reintroduced or uncertain).
e
coding information can be found in the Red List digital
distribution metadata guidance (IUCN, 2014).

2.5 Spatial distribution maps and
analyses
Digital distribution maps were created using distribution
data collated from available literature, internet sources,
the Atlas Florae Europaeae (Kurtto et al., 2013),
European Forest Genetic Resources Programme
(EUFORGEN) species data, and the European Atlas
of Forest Tree Species (San-Miguel-Ayanz et al., 2016;
Caudullo et al., 2017). For some countries (and for
some species), including Spain (Anthos, 2016), France
(SILENE, 2017), UK (BSBI, 2017), Bulgaria, Sweden
and Switzerland, distributions were available as either
point location data (latitude/longitude) or in grid cell
format. In addition, extensive use was made of the webbased GeoCAT Geospatial Conservation Assessment
Tool (Bachman et al., 2011) to view and edit occurrence
records held by the Global Biodiversity Information
Facility (GBIF, 2017) and other sources, and to
Figure 2.

In the analysis of the spatial data, only distributions with
the following Presence, Seasonal and Origin codes were
used:
• Presence: Extant and Possibly Extant
• Origin: Native and Re-introduced
• Seasonality: Resident
Spatial data were analysed using a geodesic discrete global
grid system, de ned on an icosahedron and projected to
the sphere using the inverse Icosahedral Snyder Equal
Area (ISEA) Projection (S39).
is corresponds to a
hexagonal grid composed of individual units (cells) that
retain their shape and area (865 km2) throughout the
globe. ese are more suitable for a range of ecological

e IUCN Red List Categories at the regional scale (version 3.1) (Source: IUCN, 2012a).
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Aesculus hippocastanum
Aesculus hippocastanum or the Horse-Chestnut tree, as it
is more commonly called, is widely found across much of
Europe but is in fact only native to Bulgaria, Albania, the
mainland of Greece, and Republic of North Macedonia.
is gives the species a large native range of 150,000 to
160,000 km2 but, despite this, the species is threatened
(Allen & Khela, 2017). National assessments consider the
species Endangered in Bulgaria and Greece and Critically
Endangered in Albania.

a ected by horse-chestnut leaf blotch caused by the
fungus Phyllosticta sphaeropsoidea.
is pathogen does
not damage the tree but does cause its usually bright
green, palmate leaves to become brown and blotched.
Both these infections also a ect the species in areas of
introduction and cultivation where the species was
originally grown as an attractive garden ornamental or
street tree.
Within the species native Balkan range, remnant
populations preferentially grow within broad-leaf forest
on rocky slopes and valleys, a habitat which itself is in
decline. ere is a growing incidence of landslides and
collapse on these mountainous sites as they are developed
for tourism and ecosystems are left out of balance due to
clear cutting and soil erosion. e species is deservedly
found within Nature 2000 sites and other protected
areas within its native range. However, some of these are
still adversely impacted by anthropogenic pressures; for
example in the Iti National Park, Greece, mining still
occurs.

is iconic tree experiences a multitude of threats
across its native range. In Bulgaria it is threatened by
local tourism, pollution, wood extraction and forests
res which have caused the decline of the restricted
subpopulation in the eastern part of the country. e
species is similarly threatened within Albania; logging
is of particular threat here as it occurs illegally and is
centred on the old growth A. hippocastanum forests of
the Pindus Mountains.

ese threats have left the remaining wild population of
the species small and in continuing decline. Overall, it
is estimated that the population is smaller than 10,000
individuals and no subpopulation is expected to contain
more than 1,000 trees, causing the species to be assessed as
Vulnerable C2a(i). Greece boasts the largest population of
the species in its native range as population size estimates
for Albania and Republic of North Macedonia are below
500 trees. Even so, within Greece the population has
become scattered and only 1,500 mature individuals
were found across 98 subpopulations.
Aesculus hippocastanum is a regionally important species
of conservation concern. e species has been present
within Europe prior to the last ice age.
e species
spiked fruits are archetypal and the polished brown
conker held within is perhaps more famous than the tree
itself. is is due to their use for childrens playground
games. In Albania and Bulgaria conkers are used in folk
medicine and have more recently been introduced into
the pharmaceutical industry as they contain escin, which
can be used to treat vascular problems (EMA, 2009).

e Horse Chestnut Leaf-miner, Cameraria ohridella. ' Patrick Clement (CC BY 2.0)

Across its entire range A. hippocastanum is threatened by
defoliation by the leaf miner moth, Cameraria ohridella,
an alien invasive. Infection by this pest has caused severe
declines in population size as it reduces the survival and
regeneration potential of the tree.
e species is also
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Mixed evergreen and deciduous forest (Carpinus orientalis) in southern Albania. ' Lulezim Shuka

applications than the most commonly used rectangular
grids (S40).
e range of each species was converted
to a hexagonal grid for analysis purposes. Coastal cells
were clipped to the coastline.
e pattern of overall
species richness (Figure 4a) was mapped by counting the
number of species in each cell (or cell section, for species
with a coastal distribution). Patterns of threatened
species richness (Figure 4b) were mapped by counting
the number of threatened species (categories Critically
Endangered, Endangered, Vulnerable at the European
regional level) in each cell or cell section. e pattern of
endemic species richness was mapped by counting the
number of species in each cell (or cell section for coastal
species) that were agged as being endemic to geographic
Europe as de ned in this study (Figure 4d). Finally, the
distribution of species assessed as Data De cient is shown
in Figure 4e.

assessment review workshops. e rst review workshop
(6-10 June 2016, hosted by
e Botanical Garden
of the Faculty of Science of the University of Zagreb,
Croatia) focussed on European Sorbus species; the second
workshop (10-14 October 2016, e Botanic Garden
of the University of Pavia, Italy) on the remaining tree
species of Europe, with a third workshop (23-24 January
2017; Jardin Botanico Canario Viera y Clavijo , Gran
Canaria) held on the Canary Island to review species
endemic or near-endemic to the Canary Islands. A small
number of species assessments were reviewed outside
these workshops by direct consultation with experts with
relevant geographical or taxonomic expertise.
e reviewed assessments then underwent consistency
checks by the IUCN Red List Unit to ensure the global
and regional IUCN Criteria and Guidelines were applied
correctly. e IUCN assessments are the result of peerreviewed scienti c consensus and are found online (www.
iucnredlist.org). Sorbus assessments were published to the
Red List in mid-2017, with the remaining assessments
published in late 2017.

2.6 Review of assessments
Following production of the draft assessment and
compilation of distribution data, the majority of the
assessments underwent a process of peer review through
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3.1 Species selection and threat status
In total, there are 454 species of native trees in Europe,
found in 45 families.
e most speciose family is
Rosaceae, which has 216 tree species, the majority of
which are from the genus Sorbus (see Case Study 1). In
accordance with IUCN Red List guidelines, we have
applied the species concept for both sexual and apomictic
species. For a list of all the tree species in Europe with
their conservation rating, see Annex 1.
Of the 454 European native tree species, 168 of the
species are considered threatened in Europe (i.e. assessed
as Vulnerable, Endangered or Critically Endangered, and
therefore having an elevated risk of extinction). ere are
thirteen species (3%) assessed as Near reatened, almost
meeting the criteria for a threatened category. A further
216 species (47%) are considered Least Concern and
therefore not of current conservation concern.
None of the trees were considered Extinct (or Extinct
in the Wild, or Regionally Extinct). However, 57
species (13%) were considered to be Data De cient
(DD), as insu cient information is available to assign
a conservation status (Table 1). Due to the high number
of Data De cient species, the proportion of threatened
species could be between 37.1% (if no DD species are
considered threatened) and 49.6% (if all DD species are
considered threatened) for Europe (Table 2). e mid-

Sorbus cordigastensis (EN) is endemic to Bavaria in southern Germany. ere are only
100 known mature individuals, and the species is threatened by forest management
changes which encourage natural succession reducing the amount of available light. '
Norbert Meyer

Table 1. Summary of tree species in each Red List category in Europe and the EU 28.

Tree species Europe
(endemic species)

Tree species in EU 28
(endemic species)

Extinct (EX)

0

0

Extinct in the Wild (EW)

0

0

Regionally Extinct (RE)

0

0

Critically Endangered (CR)

68 (66)

66 (64)

Endangered (EN)

62 (58)

57 (53)

Vulnerable (VU)

38 (31)

37(30)

Near

13 (7)

10 (5)

Least Concern (LC)

216 (67)

207 (66)

Data De cient (DD)

57 (36)

54 (34)

454 (265)

431 (252)

IUCN Red List Category

reatened (NT)

Total number of species assessed
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Figure 3. Percentage of trees in each Red List category in a) Europe b) the EU 28.

a)

12%

b)

13%

15%

15%
CR

14%

13%

EN
VU
NT

8%
48%

9%
48%

3%

LC
DD

2%

point value (42.3%) provides the best estimation of the
proportion of threatened species (IUCN, 2011). Of the
57 species rated as DD, 41 (72%) belong to ve genera
of Rosaceae family: Crataegus, Malus, Prunus, Pyrus and
Sorbus (Annex 1).

calculating population reductions for many tree species.
is is in part due to their longevity, but also the result
of the lack of monitoring data across the range over long
enough time periods, and the di culty in estimating
generation time for many tree species.

Almost all threatened species are endemic European
trees; only thirteen threatened trees are non-European
endemics. is means at least 58% (155 species) of all
endemic European trees are threatened (Table 1).

e majority of threatened species (135 species, 80%)
were listed under a single criterion; 33 species (19%)
of the species were listed as threatened using multiple
criteria.

ere is very little di erence in the gures between
Europe and the EU 28 assessments, the patterns are very
similar (Figure 3, Table 2).

Table 3. e IUCN Red List Criteria used for assessing the
threatened trees at the European level and the percentage
of threatened species assessed under each criterion.

Criterion

3.2 Criteria used
e majority of threatened species (72%) were assessed
under criterion D (Table 3), indicating a restricted
population size. Forty percent of threatened species were
listed under criterion B, threatened due to a restricted
geographic range. It was only possible to assess 14 species
using criterion A and C, highlighting the di culties in

Number of species (%)

A

4 (2)

B

68 (40)

C

10 (6)

D

121 (72)

E

0 (0)

Total

168

Table 2. Percentage of threatened trees in Europe and EU 28.

Europe % threatened trees

EU 28% threatened trees

37.1%

37.1%

42.3%

42.4%

49.6%

49.7%

Lower bound
(CR+EN+VU)/(assessed-EX)
Mid-point
(CR+EN+VU)/(assessed-EX-DD)
Upper bound
(CR+EN+VU+DD)/(assessed-EX)
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Tim Rich
Sorbus sensu lato is a genus of trees and shrubs that is
widespread in the northern hemisphere. Jankun (1993)
regarded Southeast Asia as the primary centre of origin,
with three secondary centres of diversity in 1) the east
Himalayas and China, 2) the Caucasus and Armenia,
and 3) in Europe. Except a few widespread species, the
European Sorbus species are found in single countries,
with hotspots in the UK, Hungary, Germany, Czech
Republic and the Balkans.
e genus Sorbus contains 170 tree species in Europe. Over
three-quarters of these species are considered threatened:
57 species being Critically Endangered, 48 species being
Endangered and 24 species being Vulnerable. Only 19
species of the more widespread species are Least Concern
or Near
reatened. Information about status is very
patchy in Europe mainly re ecting where work has been
done recently, and too little is known about 22 species to
assess them (Data De cient).

Sorbus milensis (CR) is restricted to MilÆ Hill in the eskØ st edoho (central Bohemian
Uplands) in northwestern Bohemia, Czechia. With only 38 mature individuals known,
the species is threatened by low recruitment as well as grazing and competition from
Fraxinus excelsior, reducing the habitat quality for this species. e entire known
population occurs within the MilÆ Nature Reserve. ' Martin Lep

aria, S. aucuparia, S. domestica, S. chamaemespilus and S.
torminalis), and numerous species with three (triploid)
or four (tetraploid) or rarely with ve (pentaploid)
sets of chromosomes. Apomixis is a form of asexual
reproduction in which seed formation occurs directly
from the tissue of the mother tree without any genetic
input from the father and the seeds are direct clones of
the mother, and apomixis is passed on genetically to the
progeny. A further complication is pseudogamy, where
pollination is required for development of the seed
endosperm even if the pollen does not contribute to the
genetic makeup of the seed. Recent studies (Ludwig et
al., 2013) have shown that whilst some species are purely
(obligate) apomictic others have occasional sexual events
(facultative apomicts) which drives further speciation.
is reproductive complexity has resulted in the origin
of many new species where di erent parents have met
during recolonization of Europe after the last glaciation
and the process is ongoing today.

e European Sorbus diversity arises from the unusual
mode of reproduction which involves a combination
of hybridisation, polyploidy and apomixis.
e main
lineages are genetically distinct but weak barriers to
hybridisation between the species, combined with the
isolating mechanisms of polyploidy and apomixis, has
resulted in complex arrays of hybrids arising where species
meet. Polyploidy is the occurrence of additional sets of
chromosomes to the normal two (diploid) sets found in
sexual species. In Sorbus there are ve diploid species (S.

e main threats are from succession to tall woodland
or deforestation, selective forestry, quarrying and grazing,
and the small populations are often vulnerable. e small
populations result from their recent origin and variable
fertility, and they often have restricted habitats such as
ungrazed, rocky cli s as many are short, light-demanding
trees which are palatable to animals. Lack of knowledge
may also cause unnecessary losses. ere is still much to
do to conserve these beautiful little trees.

Sorbus hazslinszkyana (VU) from the SzÆdel i-v lgy (SzÆdel i Gorge) in Slovakia.
' Alexander Sennikov
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3.3 Spatial distribution of species
3.3.1 Overall species richness
Figure 4a highlights areas of particularly high
concentrations of species. Not surprisingly, the highest
numbers of species are found in the Mediterranean region
and mountain areas such as the Balkan Peninsula, with
further areas of high richness in the Crimean Peninsula.
Such a distribution pattern of the tree species richness
coincides with general distribution of plant diversity
hotspots and refugia in Europe (MØdail & Diadema,
2009; Svenning & Skov, 2007; Svenning et al., 2010;
Taberlet & Cheddadi, 2002; ompson, 2005).

e Crimean Rowan Sorbus tauricola (EN) is endemic to the coastal mountains of
southern Crimea, where it is threatened by regular and extensive damage to seeds
by the wasp, Megastigmus brevicaudis, which prevents regeneration. ' Alexander
Sennikov

3.3.2 Distribution of threatened species
e distribution of the 168 threatened taxa (those assessed
as Critically Endangered, Endangered or Vulnerable) are
shown in Figure 4b.

3.3.3 Distribution of endemic species
Two hundred and sixty- ve species were found to have
distributions restricted to Europe, (see Appendix 1).
is information is presented visually in Figure 4d. In
common with the results of several other European Red
Lists (e.g. vascular plants (Allen et al., 2014; Bilz et al.,
2011; Garc a Criado et al., 2017), some of the highest
levels of endemism are found in the main mountain

Of the threatened taxa, 130 are of the Sorbus genus
(Figure 4c), showing a high concentration within
Cheddar Gorge, southern Wales and north Cornwall in
the United Kingdom, in parts of the Carpathians, and in
Hungary.
Figure 4a.

e overall species richness of trees within Europe.
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Figure 4b.

e distribution of threatened (CR, EN and VU) tree species in Europe.

Figure 4c.

e distribution of threatened Sorbus species in Europe.
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Figure 4d.

e distribution of endemic tree species in Europe.

Figure 4e.

e distribution of Data De cient tree species in Europe.
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6SHFLHVSUR:OHHeberdenia excelsa
Heberdenia excelsa is a shrub or tree to 20 metres tall.
It is native to all islands of the Canary Islands (except
Lanzarote), where it most commonly grows as a shrub.
e species is also present on Madeira and the islands of
Desertas and Porto Santo. is gives the species a wide
native range but an area of occupancy of only 304 km2.

Heberdenia excelsa is assessed as Vulnerable. Although the
total population is thought to exceed 3,000 individuals
it is fragmented and scattered across many islands. Also,
many of these subpopulations consist of only a single
individual or low number of individuals.
e smallest subpopulations are found on Fuerteventura
and El Hierro where the species is threatened by browsing
from rats and goats. Elsewhere on the Canary Islands
the population is in decline due to wild res, landslides
and both natural and anthropogenic-induced drought.
e Madeira archipelago is home to an estimated 1,000
individuals of H. excelsa and these are broadly considered to
be less threatened than the Canary island subpopulations.

is Macaronesian endemic can be found at high
elevations in cloud forest where the environment is made
more favourable by the trade winds and also on rocks
and cli s, while on the north-eastern coast of Tenerife
the species occurs at lower elevations (200-400 m) in the
remaining patches of thermophilous forest. e species
also infrequently grows in the regions famous Laurisilva
forests. Here individuals take a di erent morphological
form to those in the thermophilous forest to the extent
that some botanists would like them to be recognised
as di erent species, but this will require further
morphological and genetic analysis.

Luckily the species is protected under law and found
within many protected National Parks, as well as
occurring within ex situ collections. Further conservation
action will involve the monitoring of the Fuerteventura
subpopulation and raising awareness of the species plight
in this locality.

Heberdenia excelsa (VU) is endemic to the Canary and Madeiran archipelagos. Although the species is relatively widespread, the subpopulations are a ected by browsing by rats and
goats, wild res, and landslides. 'DamiÆn Esquivel D az (CC BY-SA 4.0)
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e Olive Olea europaea, shown here in the Tabernas Desert in Spain, is an example of a Data De cient species. e Olive has been cultivated for thousands of years and as a result it
di cult to know where the species is truly native and which individuals are truly wild, and nor do we know the impact that hybridization, between cultivated and wild trees, has had
on genetic diversity. In recent years, the species has been impacted by Xylella fastidiousa, an introduced pathogen of American origin that has been associated with olive quick decline
syndrome (OQDS) that was rst recorded olive plantations in southern Italy but has now spread west to the Iberian Peninsula and to several of the larger Mediterranean islands. '
Colin C. Wheeler (CC BY-SA 3.0 ES)

3.4 Major threats to European trees

chains (Alps, Pyrenees, Carpathians, Apennines and
through the Balkan Peninsula etc.) and Macaronesia.
ese areas represent centres of European plant species
diversity and endemism that are oristically the richest
areas in Europe (Horvat et al., 1974; MØdail & Quezel,
1997; ompson, 2005).
#HRSQHATSHNMNE#@S@#DkBHDMSRODBHDR
Patterns of Data De cient (DD) species ( gure 4e)
follow those for the overall species richness, i.e. through
mountain areas, the Balkan Peninsula, southern Italy
and the northern and southern Iberian Peninsula. e
distribution of Data De cient species highlights those
areas where more research is needed in order to con rm
the extinction risk of the species. In most cases, species
were considered Data De cient because of a lack of data
on their distribution, or because of taxonomic uncertainty
and confusion with similar taxa, again resulting in
an uncertain distribution, whilst some species were
considered DD because they have been described only
very recently and little is known of them. As not all DD
species can be mapped, gure 4e only provides a partial
picture of the distribution of DD species.

As part of the assessment process the major threats to
European trees were identi ed and recorded (Figure 5).
e main threat to tree species in Europe is identi ed as
invasive or problematic species, impacting 38% of tree
species, followed by deforestation and wood harvesting
and urban development (both a ecting 20% of tree
species). For threatened species, livestock farming and
land abandonment and other ecosystem modi cations is
a major threat, impacting the survival of trees.
For 61 of all tree species (13%) the major threats remain
unknown and for 58 species there are no current major
threats.
Alien invasive and problematic species
Alien invasive or problematic native organisms are the
most severe threat to trees in Europe (RejmÆnek &
Richardson, 2013; Seebens et al., 2017). is category
of threat includes:
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Box 2: Alien invasive tree species in Europe

e introduction of non-native tree species is widespread in Europe. Since the rst introductions of alien (nonnative, exotic) tree and shrub species to Europe over 200 years ago, more than 130 species, mostly from three
families (Rosaceae, Fabaceae and Pinaceae) have become established (Rejmanek & Richardson, 2013). Most
of these species have been intentionally introduced for ornamental or forestry purposes, but also for erosion
control, agro-forestry and fuelwood (Rejmanek & Richardson, 2013; Brundu & Richardson, 2016). Examples
include the Douglas Fir (Pseudotsuga menziesii), the Sitka Spruce (Picea sitchensis) and Eucalyptus species.
While most alien tree species have not spread outside of plantation sites and are therefore currently not considered
invasive, a signi cant number of alien tree species are widely considered to be invasive, such as the Black Locust
(Robinia pseudoacacia) or the Tree of Heaven (Ailanthus altissima) (Medina-Villar et al., 2015; V tkovÆ et al.,
2017).
As with invasive alien species of other taxonomic groups, invasive alien tree species can have strong negative
impacts on ecosystem services, native communities and native species richness. e Boxelder (Acer negundo)
from the Americas, for example, is highly invasive in riparian forest habitats in southern and Eastern Europe. Its
high phenotypic plasticity (e.g. growth rate) supports its ability to outperform native tree species (PortØ et al.,
2011).
In 2014, the Regulation (EU) No. 1143/2014 on the prevention and management of the introduction and
spread of invasive alien species was enacted to mitigate the increasing threat of biological invasion. In order to
implement general principles of prevention and risk, the Council of Europe has supported the establishment of
a Code of Conduct on Planted Forest and Invasive Alien Trees (Brundu & Richardson, 2015).
i. Pests and diseases that cause major declines to some of
our more widespread tree species across Europe with
devastating e ects (see further discussion in Case
Study 2);
ii. Grazing of seedlings, clones and regeneration by
non-native animal species, such as goats and deer,
which signi cantly reduce the capacity for natural
regeneration;
iii. Alien invasive plants (Box 2) pose the problem of
competition as they are often fast-growing species
that outcompete native tree seedlings by restricting
light availability and other resources (especially on
islands, see Case Study 3);
iv. Hybridisation is also identi ed as a threat for some
species (such as Populus nigra, Ulmus minor), which
has led to di culties in identi cation of natural
populations and loss of local genotypes.

range-restricted species such as Rhamnus persicifolia and
Zelkova sicula (both CR) from Sardinia, and Gesnouinia
arborea (EN) from the Canaries.
Livestock farming is a primary driver of the conversion
of forests and woodland to agriculture. ese habitats are
sometimes clear-felled to make land available for farming,
whilst extensive livestock farming can also impact tree
populations as grazing can decrease the number of
seedlings surviving to maturity.
Climate change
Severe impacts on biodiversity arise from climate change
but are often uncertain and may be underestimated
(Lindner et al., 2014) and these impacts require research
and speci c actions of conservation in relation to
conventional approaches (Shoo et al., 2013). We consider
climate change to be a potential threat to all species of
tree within Europe, however we have included impacts
of climate change in the Red List assessments only for
species where the potential impact on an individual
species has been clearly documented, but for the vast
majority of species the e ects of climate change have yet
to be quanti ed, although the potential impacts have
been modelled by a number of authors (e.g. Barredo et
al., 2017; Spinoni et al., 2017; de Rigo et al., 2018).

Deforestation, degradation and wood
harvesting
Some European tree species are directly harvested, both
for their timber and for other non-wood products, and
some of this harvest comes from plantations. However,
logging not only impacts the targeted species, but also
indirectly a ect the species relying on the forest habitat.
ese non-target impacts can be signi cant, especially for
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&DVHVWXG\3HVWVDQGGLVHDVHV
Ellie Barham and Katherine O Donnell,
International Plant Sentinel Network

e threat from these organisms is ever-growing, largely
as a result of the increase in the globalisation of trade
(particularly that of live plants) which creates new
pathways for the introduction of such harmful organisms
(Liebhold et al., 2012). However, climate change
also plays its part (Seidl et al., 2017), expanding the
amount and range of suitable habitat available allowing
the spread of such organisms to new regions. Where
previously an introduced pest or disease would die out
due to unfavourable conditions, changes to the climate
create a suitable environment which is able to sustain
the organism. In addition, changes in climate will also
exact stress upon trees (such as changes in temperature
and precipitation, extreme weather events etc.), which
increases their susceptibility to harmful organisms. is
weakening of a tree can also impair the ability to ght

Plant pests and diseases pose a signi cant threat to tree
species in Europe and the rest of the world. e majority
of harmful organisms are invasive, non-native species
whose introduction causes harm to the ecosystem. ese
organisms often have a large impact due to a lack of natural
enemies in their introduced regions and a lack of evolved
resistance from native host trees. In 2014 alone, 200
outbreaks were recorded across Europe of organisms that
were known to be harmful to plants and were not (yet)
considered widespread throughout the region (European
Commission, 2015).

Common Ash Dieback. ' Jonas Barandun (CC BY-SA 3.0)
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Marmulano Sideroxylon mirmulans (EN) is a small evergreen tree that is endemic to the Madeiran Archipelago, Portugal. Fewer than one thousand mature individuals are known and
the species is impacted by a range of threats that include urban development and competition with invasive species. ' Carlos Viveiros

against infections and damaging symptoms, which they
may have been capable of historically. is can result in
a shift in status of native organisms from a negligible to
a major pest (Tubby & Webber, 2010).

network of both national and international partnerships
between government bodies such as National Plant
Protection Organisations (NPPOs), plant protection
scientists and botanic gardens and arboreta. Botanic
gardens help to provide scienti c evidence regarding
known quarantine organisms and potential new
risks to native and horticulturally important plants.
is information is used by NPPOs to support plant
health activities such as Pest Risk Analysis (PRAs)
and management. e IPSN provides an opportunity
for botanic gardens to build on their research and
conservation e orts by helping to safeguard plants from
damaging organisms.

In Europe some of the more widespread species of trees
are also impacted so severely by plant pests and disease
that they can cause widespread and common species to
qualify for a category of threat (Vulnerable, Endangered
and Critically Endangered). Several examples exist
where previously widespread species are now su ering
due to new pests and diseases. e Dutch Elm disease in
the 1970s has led to a severe decline in species of Ulmus
(Caudullo & de Rigo, 2016). A more recent outbreak of
Common Ash Dieback has also led to a concern to the
rapid declines of Fraxinus excelsior (Pautasso et al., 2013;
Stocks et al., 2017), increasing its risk of extinction.
In an attempt to better monitor and detect risks, the
International Plant Sentinel Network (IPSN) has been
set up to provide an early warning system to identify
new and emerging pest and pathogen risks. It works via a
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In Europe, the Syrian Juniper Juniperus drupaceae is restricted to the Peloponnese Peninsula in Greece, where both the extent of occurrence and the area of occupancy are restricted.
species is assessed as Endangered because there are ongoing threats from re and over-grazing. ' Magda Bou Dagher / www.lebanon- ora.orgar

It is important to note that land use change, changes
in re frequency and intensity, and climate change are
often interrelated threats, with potential for signi cant
feedback between them (Pausas & FernÆndez-Muæoz,
2012; Gallardo et al., 2016; Doblas-Miranda et al., 2017;
de Rigo et al., 2017).

e

of habitat or if destruction is limited, disturbance in the
form of increased pollution.
Fire
Severe re events and changes in re regime and water
availability are seen to in uence a large number of
European tree species.
is can be the result of both
anthropological intervention such as deliberate forest res
or extraction of ground water or natural modi cation
such as drought or ooding. 2017 saw unusually high
re levels across the world, including in the European
region (Anon., 2017). e natural uctuation of water
availability and resulting res can be linked to climate
change, with increased drought periods and intensity
likely to promote larger re activity in the European
region (Veira et al., 2016; Turco et al., 2017).

Land abandonment and other ecosystem
LNCHkB@SHNMR
Changes in land management practices have led to negative
impacts on tree species, especially when traditional
management practices in semi-natural woodlands,
meadows and heathlands are abandoned. For many lightdemanding species that have evolved to survive in these
environments, abandonment of traditional practises
is decreasing the availability of habitat and impact
recruitment. is is a key threat identi ed for many of
the threatened Sorbus species (see Case Study 1).

3.5 Population trends

Urban development

e population trend (as declining, stable, increasing
or unknown) of species is also recorded for all Red List
assessments. Overall, the populations of 67 tree species are
in decline, including 44 threatened species. 194 species
(43%) in Europe have stable or increasing populations;
however for 193 species the population trend is unknown
(Figure 6).

Urban, tourism and industrial areas are expanding into
previously natural or semi-natural habitats reducing the
area available for many species. Trampling, increased
erosion and increased access in certain sensitive habitats
may impact survival. Also, infrastructure, such as the
building of transport links, can also lead to the destruction
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&DVHVWXG\,VODQGV
Emily Beech and Malin Rivers,
Botanic Gardens Conservation International

e threats to island tree species are similar across islands,
with re a serious threat to many of their trees. For
example, forest res have increased with intensity and
frequency on the island of Madeira, with signi cant res
in 2010 (Fontinha et al., 2014) and 2016 (Navarro et
al., 2017), posing a threat to their native tree species as
regeneration often struggles to adapt to new re regimes.

Islands are hotspots of biodiversity and for trees it is no
di erent. GlobalTreeSearch (BGCI, 2017) identi es at
least 20% of tree species as endemic to single island states
worldwide. European islands are no exception (MØdail et
al., 2019); 64 tree species are found on European islands,
with 61 (13%) endemic to European islands.

Invasive species also pose a serious problem to island
forests. Invasions from outside the island often have
adapted in ways that the native plants cannot compete
with. As island plants evolve in isolation from external
in uences they are adapted only to the natural conditions.
When human disturbances and introductions take place,
the consequences are often severe with native trees being
shaded out by fast growing exotic weeds.

When talking about European islands for this Red List we
include islands associated with Portugal (Azores, Madeira),
Spain (Canary Islands, Balearics), France (Corsica), Italy
(Sicily, Sardinia), Greece (Crete, Greek Islands), Malta
and Cyprus. ere are also other small islets, some of them
hosting rare or endemic species or subspecies.
European islands cover a range of habitats.
e
Macaronesian islands are home to Laurisilva forests,
ancient forests with a plethora of di erent tree species and
associated other vegetation. Islands such as the Canary
Islands are volcanic, with active volcanos contributing
rich nutrients in their lava ows, whilst also potentially
threatening populations of trees, such as Genista aetnensis
(Rivers & Beech, 2017), which on Sicily is only found
around Mt. Etna.

e beauty of the European islands has also contributed
to the decline in many island tree species, as these islands
become the centres of booming tourist industries. e
creation of resorts along the coasts as well as the necessary
infrastructure further inland are contributing to land-use
change and the destruction of tree habitats.
Care is needed to protect unique island tree ora and
the plethora of associated animal and plant life from
extinction. Conservation planning must take into
account the threat status of these trees and ensure they
are protected for years to come.

Laurissilva is a forest type that was once widespread in the European region across the Mediterranean, but is now restricted to the European Macaronesian islands, where it too
underwent declines as a result of a range of threats including invasive species, forestry and clearance for agriculture. ' Elena Osipova / IUCNa
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Forest re in Greece. ' Lotus R (CC BY-SA 2.0)

Figure 5.

e major threats identi ed to the European tree species.
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3.6 Uses

e uses are very diverse (Figure 7), ranging from food,
medicines, construction, fuel, handicrafts etc. Some
of these uses may, if overexploited and not monitored,
have had a direct e ect on the conservation status of the
species. e largest single use is horticulture; indeed the
ornamental value of European trees is high with 30% of
species used in the horticultural trade. For information
on how this is important use is re ected in botanic garden
collections see Chapter 4.

e majority of European trees (245 tree species) have at
least one recorded use (Figure 7). 209 tree species have
no recorded use, and of these 106 are considered to not
be utilised for the remainder there is no information
available.

Figure 7.

e number of European tree species with a recorded use.
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4. In situDQGex situFRQVHUYDWLRQ
RI(XURSHDQWUHHV
collections (Figure 8). Of the species not found in ex situ
collections, most are assessed as Critically Endangered or
Data De cient (Figure 8).

Out of all European trees species, 359 (79%) are
currently found in at least one protected area. However,
more studies are needed to establish the scope and
e ectiveness of these protected areas for tree species. is
was unfortunately outside the remit of this project.

Of the 168 threatened tree species, 136 species are found
in ex situ collections in botanic gardens, arboreta or seed
banks. Species that are not found in ex situ collections
are not safeguarded against extinction if wild populations
are lost. irty-two threatened species are currently not
found in any ex situ collections, all except Rhamnus
lojaconoi are species of Sorbus (Table 4). Further e orts
should be made to ensure the remaining threatened
species are brought into collections.

For assessing which European trees are conserved ex
situ in botanic gardens, arboreta and seed banks around
the world, we conducted an ex situ conservation survey.
Tree species were matched to records held in the BGCI
database PlantSearch (Box 3) (as of 11/07/2017).
All collections of European tree species were included,
regardless of their geographic origin. It is possible that
some of the non-endemic tree collections are of nonEuropean origin.

4.2 Number of ex situ collections
Although a single ex situ collection in a botanic garden or
seed bank prevents the extinction of a species, multiple
collections are needed for protection from stochastic
events or loss from natural causes, and to contain
su cient genetic diversity to enable the collections to be
used in restoration or reintroduction programmes. 24%
of threatened European tree species are found in a single
collection, and 53% are found in ve or fewer collections.
erefore despite a large proportion of European trees
being found in ex situ collections, more can still be done
in terms of diversifying these collections, and ensuring
they are safe.

e ex situ conservation survey identi ed 19,257 records
of European trees found in 643 di erent institutions.
is number represents the presence of a single taxon in
a collection within an institution and does not take into
account the number of accessions or individuals. Only
species records were included in the analysis, records of
cultivars or infraspeci c taxa were excluded.

4.1 Species in ex situ collections
In total, 393 European tree species (87%) are found in
ex situ collections with 61 species (13%) not found in

Figure 8. e number of tree species found (blue) and not found (light blue) in ex situ conservation collections, including
the conservation category of those not found in ex situ collections.
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6SHFLHVSUR:OHSorbus albensis
Martin Lep
South Bohemian Museum, eskØ Bud jovice, Czechia

by trees and closing tree canopy in former open forests.
Succession is a continuing threat to the species, as is also
the case for many other European Sorbus species.

Sorbus albensis is a tree up to 13 m high, endemic to the
northern Bohemia region of the Czech Republic.
Sorbus albensis bears a unique morphology within this
group. With its irregularly serrated to shallowly lobed
leaves it is morphologically close to S. danubialis (S. aria
group). e presence of the other parent, S. torminalis is
evident in the orange-red colour of the fruits. Both of its
supposed parents, i.e. S. danubialis and S. torminalis, and
another endemic Sorbus bohemica occur commonly at its
localities.
Sorbus albensis is assessed as Endangered. It was recorded
at 15 localities in the eskØ St edoho Mountains, with
a restricted range of 20 km2 and its population consists of
just 600 individuals.
Sorbus albensis occurs in open habitat such as wood
margins, grasslands, shrublands, screes and rocks,
and open forests on both acidic and base-rich soils. A
majority of individuals occur in human-a ected seminatural forests or man-made grasslands or shrublands.
Only twice has it been found in relic habitats such as
rocks and screes.
is species is threatened by changes in forest
management, encouraging the growth of high forests
which reduce the reproductive success of Sorbus albensis.
In the undergrowth of high forests, it is very often sterile
and only produces fruits when there are gaps in the canopy
or it reaches the tree layer. Seedling growth is limited by
grazing by deer and mou on at some localities. Rarely,
it is able to spread in grasslands on calcareous marls. In
good conditions it produces plenty of fruit and seedlings
and forms monospeci c closed stands.
e population of the species may have been reduced
considerably by intensive farming in the past. Conversely,
management have maintained open habitats at some
localities, allowing the species to establish and survive
until now. e species habitat range is restricted, which is
caused by the cessation of grazing within the area, leading
to natural succession, causing colonisation of open sites

' Martin Lep
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Table 4. reatened European tree species not found in ex
situ collections.
Rhamnus lojaconoi
Sorbus acutiserrata
Sorbus amici-petri
Sorbus barabitsii
Sorbus bodajkensis
Sorbus bosniaca
Sorbus busambarensis
Sorbus dracofolia
Sorbus gerecseensis
Sorbus harziana
Sorbus keszthelyensis
Sorbus klasterskyana
Sorbus kmetiana
Sorbus lonetalensis
Sorbus magocsyana
Sorbus meyeri

Box 3. PlantSearch

BGCI s PlantSearch database is a global database
of plants in cultivation. It is available online, and
it is free to contribute to and access. PlantSearch
connects around 2,000 researchers and
horticulturists to collections every year. Locations
and gardens are not publicly
revealed and requests can
be made via blind email
messages. PlantSearch is an
easy way for ex situ collection
holders to contribute to
broader ex situ assessments,
such as this survey.

Sorbus moravica
Sorbus polgariana
Sorbus pontis-satanae
Sorbus pyricarpa
Sorbus scannelliana
Sorbus scepusiensis
Sorbus seyboldiana
Sorbus slovenica
Sorbus subdanubialis
Sorbus thayensis
Sorbus tobani
Sorbus udvardyana
Sorbus ujhelyii
Sorbus vallerubusensis
Sorbus veszpremensis
Sorbus zertovae

https://tools.bgci.org/plant_search.php

Acer campestre (LC) is widespread across the European region. As well as being a common ornamental tree and frequent in botanical gardens, the wood is widely used. ' Dean Morley
(CC BY-ND 2.0)

In contrast, some species are found in a very large
number of ex situ collections, these are often linked with
Table 5.

high ornamental value. e top ten species in the largest
number of collections are shown in Table 5.

e top-10 European tree species found in the largest number of ex situ collections.

Taxon
Cornus mas
Picea abies
Buxus sempervirens
Quercus robur
Taxus baccata
Laurus nobilis
Acer campestre
Fagus sylvatica
Pinus sylvestris
Picea omorika

English common name
Cornelian Cherry
Norway Spruce
Box
European Oak
Common or European Yew
Bay Laurel
Field Maple
European Beech
Scots Pine
Serbian Spruce
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Rating
LC
LC
LC
LC
LC
LC
LC
LC
LC
EN

Number of collections
233
228
225
223
212
210
208
208
208
203

6SHFLHVSUR:OH6HUELDQ6SUXFH
Picea omorika
Martin Gardner,
IUCN SSC Conifer Specialist Group & International
Conifer Conservation Programme

that are derived from ultrama c rocks. It occurs with
other coniferous species such as Abies alba, Picea abies,
Pinus nigra and Pinus sylvestris. Until the middle of the
19th century the natural range of Serbian Spruce was
less fragmented than it is today, which has mainly been
caused by forest clearing and wild res. Serbian Spruce is
dependent on catastrophic events for good recruitment
and healthy subsequent growth to take place. Dieback
related to drought has been observed in recent years, which
is thought to be a response to extreme weather events
suggesting that this species is likely to face di culties in
adapting to climate change within its natural range.

Serbian Spruce (Picea omorika) is a very distinctive
European endemic conifer with its narrow pencil-like
shape and distinctive attened needles which have
two broad silvery-white bands beneath. Soon after its
discovery in 1875 by the Serbian botanist Josif Pan i , it
was introduced to cultivation in 1889, since when it has
been widely cultivated for commercial forestry and as an
ornamental tree.
It has a relatively restricted natural distribution adjacent
to the Drina River of Bosnia and Herzegovina and Serbia
where it has an altitudinal range of 800-1,500 meters
above sea-level. Within its four main locations it occurs
in 25 sites with nearly half of these occurring in Serbias
Tara National Park. In Bosnia and Herzegovina, it is
con ned to the eastern part of the country in Republika
Srpska with the largest cluster of sites between Vi egrade
and Srebrenica and is contiguous with the main location
in Serbia.

Serbian Spruce, considered Endangered, is a orded
protection throughout its natural range. Researchers
recommend the removal of competitive trees such as Fagus
sylvatica and planting in areas of its natural range which
are not currently occupied by this species. e 2014 BGCI
survey of ex situ conifer collections reports that the Serbian
Spruce is grown in 209 sites but only 42 of these contain
plants from known wild origin. e International Conifer
Conservation Programme (ICCP) based at Royal Botanic
Garden Edinburgh and in collaboration with Bedgebury
National Pinetum, has made two visits to sample seed
from across its natural range. e ICCP has planted 722
plants in 65 sites. Seed from the native forests were also
deposited in the Millennium Seed Bank, at Wakehurst.

Typically it grows on steep north to northwest-facing
slopes which overlay igneous rocks. In Serbia there is one
unusual site on peatland and another on serpentine soils

Picea omorika seed cones, shown here in cultivation in Estonia, outside its natural range. ' Iifar / Wikimedia
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&RPSDULVRQZLWKRWKHU(XURSHDQ
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In comparison with other groups that have been assessed
on a European scale, trees are among the most threatened
species in Europe. Other plant groups that have been
assessed are: policy plants , crop wild relatives, aquatic
plants (Bilz et al., 2011), medicinal plants (Allen et al.,
2014) and lycopods and ferns (Garc a Criado et al.,
2017). ere is some overlap of the species included in
these reports, but the result still shows that with 42%

threatened species, trees have the highest proportion of
threatened species, apart from policy plants . It is not
surprising that policy plants contain more threatened
species, as the species were selected due to their
conservation concern. In comparison beyond plants,
only European freshwater molluscs are more threatened
than trees (Table 6).

Table 6. Summary of European Red List assessments with the proportion of threatened species (mid-point value).

Taxonomic group

reatened species (%)

Reference

Freshwater molluscs

59%

Cuttelod et al., 2011

Policy plants*

57%

Bilz et al., 2011

Trees

42%

is report

Freshwater shes

40%

Freyhof & Brooks, 2011

Grasshoppers, crickets and bush-crickets

29%

Hochkirch et al., 2016

Amphibians

23%

Temple & Cox, 2009

Terrestrial molluscs

22%

Cuttelod et al., 2011; Neubert et al., 2019

Mosses, liverworts and hornworts

22%

Hodgetts et al., 2019

Reptiles

20%

Cox & Temple, 2009

Lycopods and ferns

20%

Garc a Criado et al., 2017

Dragon ies

16%

Kalkman et al., 2010

Crop wild relatives*

16%

Bilz et al., 2011

Saproxylic beetles*

15%

Nieto & Alexander, 2010

Mammals

15%

Temple & Terry, 2007

Birds

13%

BirdLife International, 2015

Bees

9%

Nieto et al., 2014

Butter ies

9%

van Swaay et al., 2010

Aquatic plants*

8%

Bilz et al., 2011

Marine shes

8%

Nieto et al., 2015

Medicinal plants

2%

Allen et al., 2014

* European Red Lists assessing a selection, rather than complete set, of species.
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Plant conservation in Europe is covered to varying degrees
by a series of international, European, European Union
and national strategies and legal frameworks relating
both speci cally to plant conservation and to plant
conservation within the broader biodiversity framework.

(calling for assessment of the conservation status of all
plant species), but many of the other targets are also
relevant for the conservation of trees.
Since its adoption, the GSPC has motivated action to save
plant diversity from extinction at national, regional and
international levels and in Europe, several countries (e.g.
Spain, Ireland and the UK) have used the GSPC as a basis
for developing national plant conservation strategies.

6.1 Global policy context
All European countries (as well as the EU itself ) are
Parties to the UN Convention on Biological Diversity
(CBD). e CBD Strategic Plan 2011 2020 includes 20
targets (Aichi Targets) that guide the implementation of
the CBD and link to other international environmental
agreements. Of relevance, Aichi Target 12 focuses on
preventing the extinction of known threatened species
and improving their status (Convention on Biological
Diversity, 2011). e information provided in this Red
List of European trees contributes to measuring progress
made towards meeting this target, especially because
some species have been re-assessed, allowing changes in
conservation status over time to be measured.

ere are currently no European trees listed on annexes
of the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES). For more
information on CITES is available from the CITES
section on the BGCI website: www.bgci.org/our-work/
policy-and-advocacy/cites/.

6.2 European policy context
To coordinate the implementation of the GSPC at
the regional level, the European Strategy for Plant
Conservation (ESPC) was developed in 2001 by the
Planta Europa network and the Council of Europe,
in partnership with other related conservation
organisations.

Within the framework of the CBD, the Global Strategy
for Plant Conservation (GSPC) (CBD, 2002) was
developed in response to a recognised need for a greater
focus on plants within the broader biodiversity agenda.
e GSPC was adopted by the Parties to the CBD in
2002 and all signatory governments were committed to
delivering the Strategy s 16 ambitious targets by 2010,
which were subsequently updated to run until 2020
(CBD, 2012). is project directly addresses Target 2

European countries and EU Member States are
signatories to several conventions aimed at conserving
biodiversity, including the Conservation of European
Wildlife and Natural Habitats (Bern Convention). e
Bern Convention was the rst convention developed

Box 4: Important Plant Areas (IPA)
Plant habitat conservation e orts have in part been focused through the identi cation of Important Plant
Areas (IPAs). IPAs are natural or semi-natural sites exhibiting exceptional botanical richness, or supporting
rare, threatened or endemic plant species or vegetation of high botanical value. e European IPA programme,
coordinated by PlantLife International and IUCN, has three objectives: to identify within each biogeographic
zone the most important sites for the conservation of plants; to promote awareness of the importance and need
to conserve these areas; to promote direct conservation action and funding towards these sites. To date, more
than 16 European countries have been actively engaged in IPA identi cation projects and more than 1,770 IPAs
have been identi ed (Plantlife, 2010). Online data on the sites, their qualifying features and threats are available
at www.plantlifeipa.org.
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Box 5: Plant Micro-Reserves (PMRs)

Another form of protection for plants are Plant Micro-Reserves (PMRs), which are present in several European
countries. ese are based on the use of vegetation fragments as small-scale reserves to conserve and monitor
populations of rare, endemic and threatened species (Kadis et al., 2013; Laguna et al., 2016). e concept is
built on the basis of a voluntary but non-reversible contribution of land property, both public and private,
with the goal of creating a network of micro-areas. PMRs have been the focus of targeted EU LIFE funds in
a number of European countries, for example, in Cyprus (LIFE08 NAT/CY/000453), Greece (Crete LIFE04
NAT/GR/000104), and Bulgaria (LIFE08 NAT/BG/000279).

speci cally for the conservation of wild European ora
and fauna and their natural habitats. It also focuses on
promoting European co-operation in this eld. It requires
Member States of the Council of Europe to ensure
conservation of all wild plant and animal species; to
increase cooperation between states; and to a ord special
protection to the most vulnerable species.
e Bern
Convention is a binding international legal instrument
in the eld of nature conservation, which covers the
whole of the natural heritage of the European continent
and extends to some states of Africa. In Appendix I of
the Bern Convention (Strictly Protected Flora Species), a
total of seven tree species are listed (Zelkova abelicea, Pyrus
anatolica, Tetraclinis articulata, Euphorbia margalidiana,
Abies nebrodensis, Ribes sardoum, Phoenix theophrasti).

biodiversity policy and the legal basis for the nature
protection network. At the centre of these Directives is
the creation of a coherent ecological network of protected
areas throughout Europe known as Natura 2000. Some
27,000 sites have so far been included in the Natura
2000 network and collectively they cover nearly one fth
of the EU land and marine area (European Commission,
2016). 53 of the 233 Annex 1 habitats are forest habitats.
Even though many of the threatened trees were recorded
in at least one protected area (including national parks,
Natura 2000 sites or nature reserves), the management of
protected areas rarely focuses directly on the threatened
trees. One example is the Natura 2000 habitat,
Macaronesian laurel forests. Conservation management
actions include selective cutting to encourage regrowth,
converting plantations into laurel forest, removing
invasive species and restoring populations of threatened
species such as Morella rivas-martinezii (Guimarªes &
Olmeda, 2008).

In line with international commitments, the EU itself
has committed to a long-term (2050) vision and midterm headline target for biodiversity, which is To halt
the loss of biodiversity and the degradation of ecosystem
services in the EU by 2020 and restore them in so far as
possible, while stepping up the EU contribution to averting
global biodiversity loss.
is target underpins the EU
Biodiversity Strategy 2011-2020 which aims to halt the
loss of biodiversity and ecosystem services. e strategy
sets out six targets and 20 actions to achieve these
objectives by 2020.

6.3 Red List versus priority for
conservation action
Assessing the extinction risk and setting conservation
priorities are related but distinct processes. e purpose
of the IUCN Red List assessment is to produce a relative
estimate of the likelihood of extinction of a taxon that
can be used, with other data, to identify and prioritise
species for conservation action. On the other hand,
setting conservation priorities also considers other factors

EU nature legislation, most notably the Birds Directive
and the Habitats Directive, form the backbone of
Box 6: Species Action Plans

In addition, several countries have developed management or action plans for several species, and have legislation
in place to protect certain species legally. Some examples of successful action plans include UK Biodiversity
Action Plans such as for Juniperus communis (JNCC, 2010) and the Zelkova Global Action Plan (Kozlowski &
Gratzfeld, 2013).
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Box 7: High Conservation Value
e High Conservation Value (HCV) approach was rst developed by the Forest Stewardship Council (FSC), but
recently it has proven useful for identifying and managing environmental and social values in other production
landscapes (Brown et al., 2013). HCV is now widely used in certi cation standards (forestry, agriculture and
aquatic systems) and more generally for resource use and conservation planning. e HCV system recognizes
and includes all above mentioned global and European policies and practice. e FSC developed the HCV
concept as part of its standard (Principle 9) to ensure maintenance of signi cant or critical environmental and
social values in the context of forest certi cation. is is a very e ective way for the forestry sector to ensure that
the appropriate management for tree species conservation is in place in many EU and non-EU countries (Ioras
et al., 2009; Maesano et al., 2016).
such as ecological, phylogenetical, historical, economical,
or cultural preferences for some taxa over others. Also,
the probability of success of conservation actions,
availability of funds or personnel, cost-e ectiveness and
legal frameworks for the conservation of threatened taxa
is considered. In the context of regional risk assessments,
several additional pieces of information are valuable
for setting conservation priorities. For example, it is

important to consider not only conditions within the
region, but also the status of the taxon from a global
perspective and the proportion of the global population
that occurs within the region.
e decision on how
these three variables, and the other factors, are used
for establishing conservation priorities is a matter for
the regional authorities to determine, considering the
assessment status of the species of concerned.

e Sicilian Fir Abies nebrodensis does not grow in the Nebrodi Mountains, it is actually found in the Madonie Mountains in the north-central part of Sicily. It is Critically Endangered
as a result of past decline, and because of the current small population size, with just 25 fertile trees out of the 32 known adult trees. It was considered to be extinct at once point, but a
small population was discovered in 1957, and has bene ted from a number of LIFE-funded conservation initiatives. ' Angelo Tro a/IUCN SSC Mediterranean Plant Specialist Group.
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Action on the ground

Policy recommendations

• Assess the impact of changes in habitat management
for all species of tree to determine whether these
processes are bene cial to certain species.
• Implement e ective protected area management.
• Ensure that that all tree species are adequately
represented in protected areas.

• Update the European Red List at least every decade to
ensure that information about taxa and their threat
status is kept up to date, and to allow trends to be
elucidated.
• Repeated assessments would allow for the development
of a Red List Index for European tree species (EEA,
2010).
• Implement strategies at national levels to mobilise
necessary actions to protect threatened tree species
and their habitats.

Ex situ conservation
• Expand ex situ collections to incorporate threatened
species not found in ex situ collections as a priority.
• Diversify collections of threatened species to
incorporate increased genetic diversity to make
material available for restoration purposes.
• Increase the collections of species in their country of
origin.

Increased awareness
• Promote the ndings and recommendations of the
European Red List of Trees to diverse audiences and
stakeholders within countries to increase knowledge
of the threats faced by European trees.

Research and monitoring
•

e arrival and spread of invasive species, pests and
diseases within Europe and globally continues to be
poorly controlled (Seebens et al., 2017). Monitoring
and evaluation are needed to identify risks to
European trees.
• Undertake further research into the impacts of climate
change on both forest landscapes and individual
species, including the scope for range migration and
connectivity (Meier et al., 2011).
• Undertake necessary research to determine the
conservation status of the Data De cient tree species
of Europe.
• Promote transboundary collaborations and a robust
network of experts.
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e European Red List of Trees represents the rst
comprehensive assessment of the threat status of the
regions tree species. Of the 454 tree species considered
native to the European region, 168 of the species are
threatened (i.e. assessed as Vulnerable, Endangered or
Critically Endangered, and therefore having an elevated
risk of extinction). No tree species are yet extinct, however,
57 species (13%) were found to be Data De cient. As
a consequence, the proportion of threatened species
could be between 37% (if no DD species are considered
threatened) and nearly 50% (if all DD species are
considered threatened) for Europe.

e mid-point value (42%) provides the best estimation
of the proportion of threatened tree species, placing
European trees as the third most-threatened group
of species yet assessed for the European Red List, after
freshwater molluscs and the policy plants (plant taxa
listed in European and international policy instruments,
a group selected for their conservation concern).
To address this very high level of threatened species, it
is essential that the recommendations made above are
implemented across the European region.
ese assessments complement existing regional or
national conservation assessments to allow targeted
conservation planning.
ese assessments should be
used to direct policy in order to ensure that the species
considered threatened are protected both in and ex situ.

Balo (Plocama pendula), shown here with its fruits, is a small tree that is endemic to the Canary Islands. Widespread across most of the islands, it is Least Concern. It was used in the
past to produce a dye, as fodder and as bedding for livestock, and for fuelwood, and to make tools. ' Stephan Scholz
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