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Section 1. Extent and diversity of oak

1.1 Distribution of oak in the UK

Mature oak trees growing in the United Kingdom 
today are descendants of trees that recolonised 
the British Isles from southwestern Europe 
after the last ice age about 9,500 years ago.  The 
best evidence suggests that oaks spread up from 
the south of England. 1  DNA from 98% of oak trees 
sampled from ancient woodlands had markers 
that showed these trees are descendants of trees 
that recolonised Britain from the Iberian Peninsula.  
Interestingly, there are a small number of trees in 
East Anglia which have a different ancestral origin.  
It is not known how these trees arrived in Britain, 
whether it was through natural processes or human 
intervention, but these trees can be traced back to 
Italian or Balkan ancestry. 2   

The UK’s native oaks are two distinct, but closely 
related species: Quercus petraea, also known 
as sessile oak and Quercus robur, known 
as pedunculate, English or common oak. 
Q. robur attaches its acorns on long stalks 
(peduncles) whereas the defining feature of 
Q. petraea are the stalkless acorns, although 
short stalks may exist. 3 A monograph 
with a full botanical description of the two 
species is available which fully sets out the 
distinguishing features.3  

Oak’s ability to grow on a wide range of 
soils, its effective dispersal mechanism, 
and valued timber have led it to become 
the dominant broadleaved species in 
England and Wales. In Scotland, oak is 
the second most common broadleaved 
species after birch (Section 1 – figure 1), 
while in Northern Ireland it was previously 
surpassed by ash before the impact of ash 
dieback.  Although oaks are long-lived, they 
have strong pioneer traits, 4 enabling them to quickly 
colonise disturbed ground or open grassland. Their 
large acorns germinate rapidly and, due to their size, 
give seedlings a competitive advantage over grasses 
and other vegetation, helping oak establish itself 
swiftly in open ground.4  

The two native oak species occupy slightly 
different but overlapping ecological niches.  Q. 
robur dominates the south, east and lowlands of 
central England on heavy soils rich in clay particles 
that are more alkaline.  It prefers wetter sites and 
is tolerant of waterlogged conditions. It also shows 
a high capacity for germination on disturbed soils 
and has a greater light tolerance than Q. petraea.  
Q. petraea is generally found in more northern and 

western parts of the UK and is characteristic of 
siliceous soils. It is more drought tolerant than Q. 
robur and can tolerate deeper shade.4  Succession 
is seen between the two species with Q. petraea 
replacing Q. robur.5 Despite, the differing ecological 
niches, their ranges do overlap considerably, and 
surveys find both species throughout the UK.6,7,8 
Both the Botanical Survey of Britain and Ireland 
(BSBI)  and the National Biodiversity Network (NBN) 
produce maps of distribution and although they 
differ slightly, both demonstrate that both oak 
species are distributed widely across the UK except 
in the very north of Scotland and the Grampians.  
Q. petraea is not found as widely as Q. robur and 
is absent from parts of eastern England. The 2007 
Countryside Survey9 mapped the density as well 
as the distribution of all oak (Section 1-figure 2).  

Northern Ireland and the northwest of the Republic 
of Ireland are the northwestern limit of the two 
species natural distribution.

Oak woodland is estimated to account for 7-8% 
of total woodland in the UK. Over a 50 year period 
the Bunce survey11 found that oak was the most 
common canopy species.  Based on analysis of data 
from the 2007 Countryside Survey9 oak woodland 
accounts for about 190,000ha of England, 17,072 

Section 1 - figure 1. Comparisons of stocked areas of 
the principal broadleaved species in Great Britain and 
a breakdown of the top 5 broadleaved species by area 
(000 hectares) in each country in 2012 (most current 
data set).10 Note- figures for Northern Ireland were 
unavailable.
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ha in Scotland and 39,557 ha in Wales. Northern 
Ireland (NI) has been less well surveyed however 
it is estimated that there is 8773 ha12 (Section 1- 
Table 1).  However, the National Forestry Inventory 
suggests that the stocked area of oak (in 2012) is 
167,000 ha in England and 26,000 ha each in Wales 
and Scotland.  While all these figures fall within the 
estimated range, they highlight the fact that existing 
data on the occurrence and distribution of oak 
remains incomplete.

Many of Britain’s oak trees are outside of 
woodland areas.  There are an estimated 2.3 million 
oaks outside of woodland in rural areas in Britain 
out of an estimated 123 million trees.  This includes 
trees in hedges, individual trees and trees in linear 
features, such as alongside streams.9 Oak has been 
found to be the most common individual tree found 
outside of woodlands, with 1.9 million found in 
England, 114,000 in Scotland and 238,000 in Wales. 
These trees are an integral part of the British and 
Northern Irish countryside (section 1- table 1). 

Oak trees are among the most numerous in 
urban environments. Studies suggest that oaks 
make up 7.3% or 613,000 of the 8.4 million trees 
found throughout London.13  In Cardiff 4.6% of trees 
were oak amounting to approximately 64,000.14 In 
Glasgow, 160,000 oak trees can be found which is 
8% of all trees15 and in Belfast 36,000.16 Oak trees 
are rarely planted as street trees as they are not Section 1 -figure 2. Areal extent of oak based on its 

% cover in all broadleaved woodland habitat parcels 
recorded in GB in the 2007 Countryside survey. 
Reproduced with permission from: Distribution of Oak 
trees (Quercus sp.) in GB and Wales (https://nora.nerc.
ac.uk/id/eprint/532355).

England Scotland Wales Northern 
Ireland

Oak woodland area estimates1 190,189 ha 39,557 ha 17,072 ha 8773 ha5

Number oak trees outside woodlands (not urban) 1.9 million 114,000 238,000

Hedgerows and lines of trees (kms) *growing as 
standard trees within a hedge or a line of oak 
trees)1

91,200 1,800 12,700

Section 1 -table 1Estimates of woodland area, oak trees outside of woodlands and amount of oak in hedgerows.
*GB figures only.  Data from Northern Ireland received separately

Low Density

Medium Density

High Density

N

Countryside Survey Database Right/Copyright
NERC − Centre for Ecology & Hydrology. All rights reserved.

Oak Coverage
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Our two native oaks have an ability to hybridise 
with each other, forming intermediates, but 
still maintain distinct species populations. It 
is thought that the hybrids may help facilitate Q. 
petraea moving into a new area, after the better 
pioneer species, Q. robur, has colonised it.5  A study 
of the Northern Irish oak population showed that 
the pure species and hybrids were found in natural 
populations.17 This adds weight to the argument 
that both species have maintained their integrity18 
and that hybridisation plays an important role in 
colonisation and adaptation to new environments. 
A current study at the Royal Botanic Gardens, Kew, 
is sequencing the DNA from 2000 British oak trees 
to get a fuller picture of the effects of hybridisation 
in oak across the UK as well as looking at how oaks 
adapt to different environments.

The genetic diversity within populations of oak 
species in the UK is high.19 This means that each 
individual tree may be quite different genetically 
from a neighbouring tree. There are high rates of 
gene flow (the movement of genetic material from 
one population to another) between oak trees 
in different woodlands. This happens because 
pollen can disperse by wind over long distances.20 
Parentage studies have shown that for both oak 
species, pollen often comes from outside the stand 
or study area.21 In addition, seeds are often moved 
as they are readily spread by mammals and birds, 
particularly jays.22  Both of these factors mean 
that oak woodlands are unlikely to be genetically 
isolated, even when geographically remote.  This 
long-distance gene flow may also help to maintain 
genetic diversity and to help support a woodland’s 
adaptation to environmental changes.19

Oak woods in Britain generally have a long 
history of deliberate management and planting 
which influences the genetic diversity. Research 
has shown that in some woodlands, neighbouring 
oak trees are more closely related than would 
normally be expected23 (compared to the overall 
genetic diversity of oak within Britain), a pattern 
that may be explained by past management 
practices. Over many decades, and likely centuries, 
oak has been repeatedly planted across Britain. 
For example, a study of parklands, including 
ancient deer parks,24 found that trees were often 
more closely related to others in the same area 
than anticipated. This suggests that acorns were 
deliberately collected and grown for planting, 
or that natural regeneration was selectively 
encouraged. A small-scale study using chloroplast 
DNA markers further indicated that seed has at 
times been imported from south-eastern Europe, 
which may account for poor local adaptation and 
the weaker performance of some planted stock.25

Using good seed stock from genetically diverse 
but known provenance seed stands will produce 
better performing trees when planted in the 
right place. Although provenance trials have been 
limited in the UK,19 the planting of provenance trials 
at different locations is essential to understanding 
both the genetic basis for different traits as well 
as how each provenance performs in different 
environments and whether or not there is an 
interaction between the two.  Previous trials have 
focused on yield traits,19 but traits for adaptation for 
both climate change and disease resilience are now 
arguably just as important.  

1.2 Native oak species and their genetic diversity 

Image Assessing tree height in a seventeen year old oak 
progeny trial.  Image credit: Future Trees Trust.
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1.3 Seed supply

There are currently 327 seed stands registered 
with the Forestry Commission’s National 
Register of Approved Basic Materials for oak in 
Britain.  Of these there are 119  Source Identified 
Stands, 33 Selected Stands and 1 Tested Seed 
Orchard for Q. robur and 146 Source Identified 
Stands, 26 Selected Stands, plus 1 Qualified and 1 
Tested Seed Orchard for Q. petraea across public 
and private woodland (correct as of December 
2024).26 Seed availability, particularly from quality 
source material (Selected, Qualified and Tested) can 
be limited.27 Seed stands from superior “plus trees” 
will show better form, growth rate and health.

Between the establishment of the Forestry 
Commission in 1919 and the early 1970s, 
Britain’s forestry sector was able to meet 
most of its needs with oak seed collected 
domestically. Imports from Europe were only 
necessary in years of poor seed production. During 
this period, very few oak seed stands or orchards 
had been established in the UK. However, from 
the early 1970s through to the late 1990s, demand 
for good-quality oak seed increased significantly, 
and reliance on imports grew. It is estimated that 
around 75% of the acorns planted in Britain during 
that time were imported, with pedunculate oak 
coming mainly from the Netherlands and sessile 
oak from Germany, France, and parts of eastern 
Europe. Since 2000, the situation has improved 
markedly, with most seed now sourced within the 
UK. Imports are still required occasionally, but in 
most years they remain low.28

Both our native oak species have mast years 
when seed production is much higher than 
average. Masting is a population level phenomenon 
where seed production of individual trees is 
synchronised.  In oaks, this means that in some 
years there is a glut of acorns and in others none or 
very few in comparison.  The pattern of masting is 
not regular and research is ongoing to understand 
the predictors for masting in oak across Europe 
and in the UK. There is a general consensus that 
warm late spring temperatures positively influence 
acorn production in oaks growing in temperate 
regions.29,30 There is also some evidence to 
suggest that if the preceding years late summer 
temperatures are cooler this may also increase the 
likelihood of a mast year.30 It appears that absolute 
temperatures are not as important as relative 
differences in temperatures.  This makes modelling 
predictions about when mast years will occur 
complex.  Additionally, as the climate changes acorn 
production patterns may also alter with evidence 
from Japan suggesting that masting may occur more 
frequently as temperature increases.31 

The masting phenomenon is thought to have 
evolved and be driven by predation on acorns.  
Indeed, some acorn predation, such as that by jays, 
encourages dispersal and genetic mixing.  Other 
native species also forage for acorns, such as wood 
mice and roe deer. However, the mammalian 
population of the UK now consists of established 
but non-natives that also predate on acorns, 
including rabbits, fallow deer and grey squirrels.  
When numbers of these mammals are high and 
especially during non-mast years, large losses can 
be seen locally.  There is very limited research on 
how this affects natural regeneration, because that 
process involves many factors and there are not 
enough long-term studies available.32 It should also 
be noted that acorns may also be lost to weevil 
and fungal infections which cause issues with seed 
collection and storage.

For the tree nursery industry and for those 
restoring and creating new woodlands, masting 
poses a problem because acorns cannot be 
easily stored.  The demand for oak tree seedlings 
does not widely fluctuate year on year, although 
may increase, especially with increases in new 
broadleaf planting.33 Oak seed is collected from 
a limited number of sites across the UK and is 
supplemented with carefully sourced imports from 
selected origins (such as from northwestern France).  
The identification of more source identified seed 
stands would address shortages of locally sourced 
oak seed.
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1.4 Non-native oak species present in UK

There are other Quercus species found in the 
UK that are not native. Worldwide there are 
approximately 600 Quercus species. In Britain, many 
of these can be found in arboreta and gardens, but 
only Q. ilex (holm oak). Q. cerris (Turkey oak) and 
the Q. rubra (red oak) are widely planted outside 
of parks and gardens. These non-native species 
have found a place in the landscape often for a 
specific purpose. For example, holm oak is resistant 
to salt spray so can provide a good wind break in 
coastal areas. Q. cerris and Q. rubra were introduced 
in the late 1700s and are now found in the wild, 
throughout the UK. The non-native oaks rarely 

provide as much of a wildlife benefit as the native 
oaks. The Plant Atlas34 produced using BSBI data 
records the locations of these species throughout 
the British Isles.  BSBI data shows that Q. cerris was 
initially (pre-1930s) found mostly in the southwest, 
East Anglia and dotted around the midlands. It 
is now commonly found in the wild and is found 
across the UK, predominantly in England, and 
appears to be spreading.34 Q. rubra is still grown as 
an alternative timber species, accounting for 2.2% 
of Quercus species nursery sales.33

There is a wide age distribution of oak trees in 
the UK, but a lack of smaller sizes suggests an 
issue with regeneration.  The Countryside Survey 
data shows the size of oak trees in open grown 
areas were mostly 75 cm-1m stem diameter, this 
is closely followed by 21-50 cm.9 The Bunce survey 
recorded that the biggest change in a 50 year survey 
period was a move away from the predominance of 
small stem sizes seen in 1971 to larger stem sizes 
in 2021.11 Although this in part reflects the natural 
growth of trees over the 50 years, it also reflects 
the lack of regeneration in the sites. This echoes the 
findings of the Countryside Survey in 2007 of oak 
trees in open grown areas, suggesting regeneration 
of oak is an issue.9 The low number of younger trees 
coming through suggests that there may be gaps 
in the age structure in the future that need to be 
corrected.   

1.5 Age and structural diversity of native oaks in the UK
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1.6 Ancient oaks

Ancient oaks are older trees that have 
developed beyond maturity into the ancient life 
phase. These are distinct from veteran trees which 
are mature trees that have accumulated significant 
decay features, such as heart rot, through their 
life histories or interaction with the environment. 
Veteran trees may not necessarily be old relative to 
the lifespan of an oak.

The UK has more ancient oaks recorded than 
any other European country.36 Q. robur and Q. 
petraea are also common across Europe, but the 
landscape history and management of trees in the 
UK have enabled many oaks to survive for centuries 
and in some cases more than a thousand years. 
Many ancient trees exist due to the creation of 
Royal forests, deer parks and chases in England.  
These parklands contain a disproportionate number 
of ancient trees, as mapped by Aljos Farjon in his 
remarkable book, “Ancient Oaks in the English 
Landscape”.36 Farjon used existing datasets and 
his own knowledge and criteria to map ancient 
oaks across Britain. Particularly high numbers of 

ancient oaks can be found in western England along 
the border with Wales, with fewer in the north, 
reflecting in part the natural distribution of oak 
(Section 1-figure 3).

An ancient oak at Windsor Great Park with significant decay features being propped up. Image credit: Charles 
Sainsbury-Plaice
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Section 1-figure 3 Ancient oaks distribution and density. Image copyright 
Aljos Farjon 38

Oak trees dominate the list of ancient trees in 
the UK.  Maps of ancient trees have been produced 
by volunteers reporting to Ancient Tree Inventory 
(ATI)37, BSBI and NBN. Estimates of numbers of trees 
vary and are probably underestimated. The Ancient 
Tree Inventory (ATI) records 4,392 oaks in England, 
614 in Scotland, 374 in Wales and 473 in Northern 
Ireland.  Of the largest 10 ancient trees in the UK, 7 
of these are oaks. Overall, oak trees make up nearly 
half (46.7%) of listings on the ATI, demonstrating 
what a long-lived species they are in comparison to 
many other species. However, the ATI is a citizen 
science project and comes with known biases when 
using it for scientific research. Recent research has 

demonstrated that the number of ancient trees in 
the UK is significantly under-estimated,38 potentially 
by a factor of 8-10. Despite the UK having more of 
these trees than anywhere else in Europe,36 these 
ancient trees are still incredibly rare compared to 
overall tree numbers, even if records were more 
complete.
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1.7 The role of ecological connectivity

The UK is one of the most densely populated 
countries in Europe and has one of the least 
wooded landscapes in Europe. Human activities 
have led to a reduction in native woodlands 
through both destruction and fragmentation39 and 
much of the remaining woodland mostly not in 
favourable ecological condition40 (see section 2.1). 
Oak woods and trees, including ancient and veteran 
trees which are often found in wood pasture and 
parklands, form discrete habitat patches within a 
mixed landscape that can be hostile to associated 
biodiversity.  

Ensuring that oak trees and woodlands are well 
connected is particularly important, given the 
large number of obligate and highly associated 
species that depend on them (see section 3.3). 
Such species are especially vulnerable to reductions 
in habitat size and quality because they require 
specialist conditions for survival and are less likely 
to find suitable habitats elsewhere. Increasing 
connectivity between habitat patches is important 
to allow the persistence of the populations, species 
and communities41 that live there. In general terms 
connectivity promotes resilience, allowing species 
populations to recolonise patches, rescue declining 
populations, change or increase their range and 
allows genetic mixing of populations.42

The lack of data on occurrence, distribution 
and number of oak trees and woodlands in 
the UK is being addressed by Defra’s Natural 
Capital and Ecosystem Assessment (NCEA) 
programme.43 A Tree Species Map has been 
produced which predicts the distribution of oak 
woodland locations.44 The Trees Outside Woodland 
survey and The England Ecosystem Survey are in 
progress and will provide valuable data on tree 
species distributions.  However, this information is 
due in 2028 so it is currently difficult to understand 
how connectivity is occurring between oak habitats, 
particularly the extent of oak in wood pasture and 
parklands as well as the occurrence and distribution 
of oak trees outside woodlands (ToWs). Research 
into effective woodland connectivity strategies 
remains limited. Some modelling studies identify 
priority areas for woodland creation based on 
connectivity indices,⁴⁵ but these do not account for 
woodland type or priority habitats. More research is 
needed to understand how to improve connectivity 
between oak habitat and how oak ToWs can aid 
this connectivity. Oak ToWs may play an important 
role in connecting habitat but there is no research 
in this area to understand how these trees could 
aid dispersal of specialist oak dwelling species 
and connect habitat patches. Forest Research has 
projects investigating the ecological role of ToWs, 
aiming to understand the role of ToWs as corridors 
or refugia in the landscape matrix.46 

Evidence gaps: Extent and diversity of oak

•	 There is a general lack of statistics for oak trees and their distribution, although this is starting to be 
addressed by the NCEA programme.  Data on oak in Northern Ireland is lacking, particularly woodlands 
in the private sector and trees outside woodlands.  There has also clearly been an increase in woodland 
cover reflected in the updated forestry statistics, however the data on principal species is still from 
2012; an updated NFI survey is currently in progress. Overall, there is a lack of long-term monitoring 
across the UK providing data on what is a very long-lived species.

•	  More data is needed on the demographics of oak, particularly ancient oak trees, as well as the 
distribution. This includes understanding life cycles of oak and how trees survive to become veteran 
and ancient trees.

•	 There is insufficient data on the genetic diversity and population structure of UK oak populations.
•	 A better understanding of the distribution of Q. robur and Q. petraea, hybridisation, influence of past 

management, regeneration of each species and how that allows trees to adapt is required. 
•	 The performance of each oak species in relation to different forestry objectives such as growth, timber 

quality, resilience, and ecosystem service provision remain poorly understood, particularly in the face 
of a changing climate. The role of provenance in shaping this performance is also uncertain, and there 
remains limited knowledge about resistance to pests and diseases.

•	 There is a need to understand how best to create, restore and expand oak woodland at the landscape 
level to improve connectivity.  There is a lack of evidence about how obligate and highly associated 
species of oak may disperse across the landscape. There is very little evidence about how oak trees 
outside woodlands contribute to landscape connectivity or how different ages of oaks contribute to 
connectivity.
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Section 2. Condition and threats to oak

Only 7% of the 1.5 million ha of native woodland 
in Britain has been assessed as being in an 
ecologically favourable condition.4 The NFI 
Ecological Condition survey assessed native 
woodland condition on 15 indicators including 
tree pests and disease, ground flora, grazing 
pressure, deadwood volume, and age distribution 
of stems.4  For each woodland, the 15 indicators 
were assessed as favourable, intermediate or 
unfavourable and overall woodland condition 
was assessed based on the cumulative score 
of these factors. Most woodlands have been 
assessed to be in intermediate condition, with 1% 
in an unfavourable condition.4 The survey report 
cites the historic management of woodlands as 
the principal reason for woodland falling into 
intermediate or unfavourable condition. Herbivore 
pressure, invasive species and lack of deadwood 
are more recent factors for woodlands falling into 
intermediate or unfavourable condition. Although 
the survey encompasses all native woodlands, there 
is no evidence to suggest that oak woodlands differ 
from the general findings in their overall condition.

The Forest Condition survey has recorded the 
condition of oak trees between 1987 and 2006 
and again since 2019. 

The Forest Condition survey is distinct from the 
ecological condition survey. From 1987 to 2006 a 
network of monitoring plots assessed five species, 
including oak, for condition, mostly crown density. 
There was a slight decline in the canopy condition 
of oak trees between 1987 and 2006.5 The survey 
was resumed in 2019 and data from the last 3 years 
(2022-24) shows an improvement in overall canopy 
condition.6  However, at the site level, the condition 
of oak trees can change on a yearly basis, with 
some sites showing year on year improvements 
while others decline, and some fluctuate in their 
assessed condition over a period of years. The 
overall historical trend is still towards a slight 
decline although a more detailed analysis is being 
carried out and the annual surveys continue to 
build this important dataset. The assessment of the 
condition of oak trees is currently reliant on ‘on-
the-ground’ surveys. However, the development of 
remote sensing techniques is underway to map the 
treescape in the UK at the highest level.  There are 
several maps currently available in both the public 
and private sectors that can be used to look at tree 
canopy cover. As the technology develops, species 
will be able to be identified, and canopy condition 
may also be able to be assessed.

2.1 Condition of oak in the UK

At present, the UK’s land is approximately 13.5% woodland (about 3.28 million hectares).1 Broadleaved 
species make up 52% of that, with oak woodlands accounting for around 7–8% of the total woodland. 
While this represents a century of progress, up from just 5.3% in 1924,2 the UK still lags significantly behind 
the European average, where roughly 40–44% of land is forested.3

Image credit: Forest Research, Crown Copyright
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The oak condition survey conducted by Forest 
Research from 2019-2024 shows that at a site level 
crown condition can change on a yearly basis. 

The ‘MyForest’ platform which was launched 
by Sylva in 2009, could potentially be used to 
contribute to population monitoring over time.7  
Forest Lab is an application within this platform 
which can be used to collect and share data for 
research purposes on topics such as forest health, 
resilience and growth, and is part of a collaborative 
project between Forest Research, Sylva, and the 
University of Aberystwyth to monitor oak condition.

Volunteer citizen scientists also provide valuable 
monitoring on the health of individual trees 
through Observatree. Monitoring of individual 
trees is needed to understand decline, pests 
and diseases. Observatree is a well-established 
project that trains volunteers to recognise the 
highest priority pests and diseases. The volunteers 

survey trees of which 484 are oak annually.8 In 
2022 volunteers submitted 54 records on oak to 
the Tree Health and Diagnostic Service at Forest 
Research. While Observatree’s primary focus is 
pests and diseases, there is the possibility to also 
report on the condition of oak trees which could be 
increasingly valuable in future monitoring eff orts.

2.2 Mammalian threats
Image credit: Celyn Bassett

Grazing and browsing by deer
Oak woodland is particularly aff ected by 
browsing by deer because of its palatability. 
Browsing is defi ned as the consumption of leaves, 
buds, shoots and twigs of woody plants usually 
at a higher level than grazing which involves non-
woody plants and grasses. Browsing by deer 
can aff ect the age structure of woodland areas 
by browsing younger saplings and seedlings.9 It 
is not possible to precisely rank tree species in 
order of palatability because it appears to vary by 
site.9  Browsing, by deer and also hare, rabbit and 
sheep impacts natural regeneration potential10

which limits the structural diversity of oak trees 
in a woodland and prevents replacement of dying 
trees, thereby reducing ecological condition; a 
diversity of stem sizes has been recognised as a 
feature of good ecological condition of woodlands.4

Data from the Bunce survey have shown a lack of 
small stem sizes in woodlands, including a decline 
in the number of smaller stem sizes of oak, which 
possibly refl ects the amount of herbivory seen 
in woodlands. Browsing damage has more than 
doubled in woodlands since 1971 and browsing 
by deer may be removing the smaller stem sizes.11

The NFI ecological condition surveys have also 
shown that herbivory levels in the UK are high, with 
40 % of woodlands having an ‘unfavourable’ level 
of browsing.11 In addition to suppressing natural 
regeneration, browsing impacts many insects 
that are highly associated with oak woodlands; 
areas protected from browsing support higher 
invertebrate diversity than comparable areas.12

There are six deer species present in the UK:  
red (Cervus elaphus), roe (Capreolus capreolus), 
fallow (Dama dama), sika (Cervus nippon), muntjac 
(Muntiacus reevesii) and Chinese water deer 
(Hydropotes inermis).   Population numbers for 
deer are diffi  cult to obtain and although fi gures 
of between 650,000 and 2 million deer in the UK 
have been given. These are highly contested since 
census data are highly uncertain.13 However, the 
high impact of deer on seedlings and young trees is 
undisputed. 

Bark stripping by grey squirrels
Grey squirrels are listed on the IUCN’s top 100 
invasive non-native species. In Britain, they 
were fi rst released in 1876, followed by another 
30 separate introductions until 1929. They cause 
damage to oak trees by stripping bark causing 
dieback of stems and increasing mortality in 
younger trees. This usually occurs on trees up to 
40 years old once, the saplings are established and 
growing well. According to the NFI squirrel damage 
assessment14 around 10 % of plots with oak have 
squirrel damage, though incidence varies regionally. 
Oak trees up to 20 years old suff er the most 
damage, but older trees may also be aff ected.14 As 
yet, the reasons that grey squirrels strip bark are 
not understood. Damaged trees are more prone 
to pests and diseases, and the deformed shape 
can reduce timber quality lowering the value. As an 
example, grey squirrel damage can reduce the high-
quality oak veneer to fi rewood15 which could see 
an enormous value reduction. Bark stripping is one 
of the most serious concerns for woodland owners 
and a major disincentive to investment in broadleaf 
woodland.
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2.3 Climate change

Oak trees have persisted in the UK for centuries, 
enduring gradual climatic shifts due to their 
longevity. However, the speed at which the climate 
is now changing and the increasing frequency of 
extreme weather events pose significant risks to 
the health, condition and survival of native oak. 
Recent decades have seen a rise in storm intensity, 
characterised by heavier rainfall and stronger 
winds.16 High winds can have serious impacts 
on trees, particularly isolated lone trees such as 
veteran or ancient oaks in parkland.17  Nevertheless, 
Forest Research’s ForestGALES wind risk database 
suggests that oaks and beech are among the most 
stable species across soil types18 suggesting that 
they are less likely to be impacted by high winds 
than other species.

Oak may tolerate changes to our climate better 
than other tree species.  A shift in climate patterns 
has led the UK to experience milder and often 
wetter winters and drier warmer summers. There 
have been more periods of heavy and prolonged 
rainfall in recent years which means trees can 
be subjected to waterlogged conditions. Lower 
rainfall levels in summer mean that trees are then 
experiencing a moisture deficit in the soil producing 
drought conditions. This is particularly in the south 
and east of England where the largest magnitude of 
change in prevailing climate conditions is occurring. 

Oaks appear to be able to cope relatively well 
under climate change scenarios.19 Recent work 
on European native tree species has found that, at 
the species level, the UK’s two native oak species 
may be more resilient than native other species 

and their natural range across Europe will be less 
affected. The range Of Q. petraea and Q. robur 
natural ranges spread across Europe and into 
Türkiye and Iran, demonstrating an adaptability into 
a wide range of environments.  

Modelling of future climate scenarios suggests 
that drought will play the biggest role in survival 
and growth of oak .20 However, models also 
suggest that Q. petraea and Q.robur  are predicted 
to cope better with drought conditions than other 
broadleaved tree species.19 and there is some 
evidence that the oak genus copes well with water 
stress due to deep roots and its ability to limit water 
loss through its leaves21 although this has not been 
directly studied in the UK’s native oaks. It should be 
noted that although oak may cope comparatively 
well at a species and population level, individual oak 
trees and woodlands may be stressed by drought 
which may reduce condition and leave the trees 
more prone to attack by pests and pathogens.  

Modelling specific to the UK has suggested 
that Q. robur is likely to replace Q. petraea as 
the most productive native oak species by 
2050s.22  The provenance of oak will play a big role 
in productivity of oak under a changing climate, 
particularly drought stress.22 However, productivity 
(amount of growth) in the south and east is likely 
to fall as drought conditions become frequent 
in summers.  Productivity of oak may increase 
in the north and west of the UK under elevated 
carbon dioxide levels with more favourable climate 
conditions.

LIDAR image of oak damaged by wind Wallington wood. Image Credit: Kate Halstead. 
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Climate change is elevating wildfire risk by 
raising temperatures and reducing humidity, 
which dries out vegetation and soils and extends 
the fire season. In the UK, it has been predicted 
that, ‘fire danger’ days could increase three- to four-
fold in southern and eastern regions, driven roughly 
half by higher temperatures and the remainder by 
lower relative humidity. Drier and hotter conditions 
mean grasslands, which dry out quickly, are often 
the most affected, but woodlands can also be at 
risk, especially during prolonged heatwaves or 
droughts when fuels accumulate and moisture 
content falls. Newly planted woodlands may be at 
particular risk if there is a lot of vegetation on the 
ground. 

The effects of climate change are not limited to 
effects of drought and wind speed. Milder winters 
and warmer springs are having consequences 
on oak phenology with oaks trees flushing new 
leaves an average of 10 to16 days earlier than in 

200124 An important factor when considering rising 
temperature is the effect it may have on insect 
pests; many would not survive in the current UK 
climate.25  However, the average winter and annual 
temperatures in the UK are both getting warmer in 
recent decades. This may enable new insect pests to 
survive in the UK and for already introduced species 
to spread to more northerly parts of the UK, such as 
the gypsy moth or oak processionary moth (section 
2.6). 

To improve climate projections and evaluate 
risk to forest ecosystems and their services, 
the Birmingham Institute of Forest Research 
(BIFor) has established a real-world experiment 
to investigate elevated CO2 levels on woodlands, 
including oaks.  The project is ongoing but key 
findings from the first six years show an increase 
in plant carbon, tree nutrient demands, carbon 
allocation below ground, carbon dioxide uptake, 
leaf mass and woody growth.26

2.4 Pests, pathogens and declines in oak

The oak decline spiral
Oak declines are a disorder of oak trees that are 
caused by multiple stress factors, both biotic 
and abiotic.27 Due to their long-lived nature, trees 
may not just suffer from a single pest or disease, 
but a combination of abiotic and biotic factors can 
cause a decline in overall tree health. Two decline 
syndromes, the slow developing Chronic Oak 
Decline (COD) and the more recently described, 
faster developing, Acute Oak Decline (AOD) are 
particularly prevalent in the UK. Oak declines 
are a complex disorder first recorded in the UK 
during the 1920s27 and are found in Q. robur and Q. 
petraea across Europe. The complex of symptoms 
in individual trees can be characterised by a 
deterioration in the crown condition over a short 
temporal scale. There is a higher mortality of trees 
expressing these symptoms.28 

The concept of a spiral of decline in trees was 
developed by Manion over 30 years ago.29 He 
suggested that factors fall into broad groups of 
predisposing, inciting and contributing.  With 
reference to research into AOD in the UK, an 
updated model is now available30 which reflects 
our current understanding. The key to the decline 
spiral is that each factor may lead to another until 
the tree is so stressed its health deteriorates as 
the complex web of interactions leads to decline.26 
Good silviculture should be practiced ensuring that 
trees are not unduly exposed to factors that may 
predispose them to decline.28

Acute Oak Decline 
The biggest concern in recent years in the 
UK has been the newly described decline of 
oaks, Acute Oak Decline.31 Defra is working with 
researchers and stakeholders to develop a full AOD 
evidence review and research plan. Researchers at 
Forest Research first began investigating symptoms, 
now known collectively as AOD, on oak trees in 
2008. As of 2023, there were 394 sites recorded with 
AOD (Section 2-figure 1) with around 20 additional 
sites recorded each year.  Since 2018 the number 
of affected trees within monitoring plots have been 
increasing, highlighting the increasing threat of the 
decline syndrome on our oak trees.32 

AOD is characterised as a decline, not a disease, 
because it appears that oaks with AOD have 
experienced predisposing factors that can lead 
to inciting and contributing factors, rather 
than having one causal pathogen.27 Possible 
predisposing factors include soil compaction or 
acidification, changes in the rhizosphere through 
soil acidification or agricultural influences, and 
climate change resulting in waterlogging or drought 
(or both within a short period of time)27 are all 
influenced by human actions. Oak’s genetics also 
have a role to play, although genetic factors are 
currently poorly understood. 

AOD condition is a subset of symptoms within 
the wider oak decline complex.  External signs of 
the disease are characterised by vertical, weeping 
lesions on the bark and often D-shaped exit holes of 
the native oak jewel beetle (Agrilus biguttatus). Other 
key diagnostic features of AOD are: cracks between 
bark plates from which dark fluid seeps; inner bark 
necrosis and the presence of larval galleries of 
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A.biguttatus on the phloem–sapwood interface.31 The 
combination of these symptoms can lead to rotting 
of the tree, preventing the movement of water and 
nutrients up the stem, leading to the subsequent 
decline in the health of the tree, which can result in 
tree death in 3 to 6 years.

Three bacterial species are associated with the 
bleeding lesions that are symptomatic of AOD. 
Brenneria goodwinii and Gibbsiella quercinecans 
can cause tissue necrosis. Rahnella victoriana is 
associated with lesions.33 The role of a fourth 
bacterial species, Lonsdalea britannica, found in 
symptomatic trees is unclear.  Stem lesions are 
formed only when B. goodwinii is combined with 
either one of the other bacterial species or the 
eggs of A. biguttatus.34 This beetle is a contributing 
factor to AOD; it is found in 90% of symptomatic 
trees, with beetle exit holes appearing in the worst 
affected trees.35 

The relationship between the bacteria and 
the beetle is beginning to be understood. The 
presence of beetle eggs36 and chemicals from the 
larvae37 increase the expression of genes in B. 
goodwinii that are known to help the bacteria cause 
disease symptoms.  The beetle larvae galleries are 
often found on the southern and eastern side of the 
tree which is warmer and often correlates with the 
location of the necrotic lesions. 

Although up to 40% of trees recover, it is not 
currently understood what the predictors for 
recovery will be. The presence of the bacteria 
in the wider environment suggests that future 
management techniques should focus on abiotic 
factors, although selecting acorns which don’t 
harbour or resist the bacteria may also help reduce 
AOD in the future.33 

Management of trees with AOD is difficult and 
there is no evidence to suggest that felling 
and removing infected trees will prevent the 
spread of decline. There is much to investigate 
and understand for AOD and at present the 
best management options are to reduce any 
known stress factors, particularly drought 
and soil compaction, and improve conditions 
where possible27 through mulching, reducing 
soil compaction and supporting a healthy soil 
microbiome.  The practice note on management of 
AOD from FR gives guidance on monitoring, felling 
options and particularly good site biosecurity such 
as disinfecting equipment and burning felled trees 
on site to avoid spreading the bacteria or beetles.38

Insect pests 
Insect pests of oak trees rarely kill trees in the 
UK.  However, some interact with other abiotic or 
biotic factors and may contribute to a decline in an 
oak tree’s health. Oak trees in the UK have several 
native and established insect pests.  These fall into 
three categories; defoliators, wood and bark beetles 
and sucking insects and gall wasps.

Section 2-figure 1.  Confirmed sites with Acute Oak Decline Credit: Forest Research 2024, Crown Copyright.
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The defoliating insects cause visible damage, 
particularly early in the season to newly flushed 
leaves.  The winter moth and tortrix moth’s eggs 
hatch to coincide with leaf emergence in the spring 
and can heavily defoliate trees.  This may be offset 
with a second flush of leaves, but it is thought that 
it may hamper a tree’s ability to defend against 
other biotic and abiotic threats. The introduced 
Gypsy moth (Lymantria dispar) also defoliates oak 
trees, especially if caterpillar numbers reach a high 
density. They are a hairy moth, although not known 
to usually cause extensive defoliation.  They are 
usually also only found around London and the 
southeast of England.

Oak processionary moth (OPM) was introduced 
20 years ago and is currently found in and 
around London and southeast England. Not only 
do these caterpillars (Thaumetopoea processionea) 
defoliate oak trees, but they pose a risk to human 
health because the hairs cause rashes and possibly 
breathing difficulties.39 OPM is a notifiable pest 
and one of the most reported pests of oak trees by 
Observatree volunteers and also the most reported 
pest of oak on TreeAlert.40 In 2024 there were 367 
reports of OPM to TreeAlert out of 813 reports 
where oak was the host species.  Management 
of the pest is difficult as the hairs and the nests 
are often located high in the tree and difficult to 
remove.  The guidance on managing OPM from 
Forest Research39 aims to limit the spread of the 
pest, minimise the OPM population, and to reduce 
the impact of the pest on human and animal health. 

Defra has invested nearly £1.6 million into 
research on OPM since 2016. The overall aim is 
to slow the natural spread of the pest and ensure 
there are support mechanisms and guidance in 
place to help stakeholders effectively manage 

the risk. These research projects have included 
investigations into alternative, nature-based 
management strategies for OPM, including 
development of a mating disruption system 
using pheromones, and the development of 
biopesticides to support the movement of high-
risk trees. Nature based solutions, the use of 
natural enemies for the management of OPM 
have also been investigated. These projects have 
recorded the current presence and numbers of the 
parasitoid fly species Carcelia illiaca and scoped the 
feasibility of reintroducing the Forest Caterpillar 
Hunter beetle (Calasoma sycophanta) which is a 
predator of hairy caterpillars including OPM.  This 
beetle is considered a native UK species, however it 
is very rare with few sightings.41 Work has also been 
undertaken to improve the diagnostics related to 
OPM outbreaks, through improved diagnostics of 
its natural enemies such as C. illiaca, as well as Pales 
processionae, a parasitoid fly of OPM. Additionally, 
Forest Research has conducted studies to increase 
our understanding of the genetics of OPM to 
attempt to improve tracking of outbreaks from host 
populations as well as how larvae attack oak trees 
at the molecular level. 

The wood and bark boring insects tend to exist 
on dead or dying trees or come in when the 
host tree is already under stress caused by 
other factors. Although they tend to be treated 
as minor pests, they can be implicated in more 
complex declines and diseases as exemplified by A. 
biguttatus and AOD. Introduced insects which prefer 
stressed and dying hosts but also feed on fresh logs 
include Xylosandrus germanus, currently restricted 
to southern England, but expected to spread widely 
and Platypus cylindrus which has become more 
prevalent in UK with numbers increasing after the 
storm of 1987.43 

Section 2- figure 2. Current distribution of OPM infested oaks (2024).42 (Forestry Commission, Arcgis 
map Crown copyright.)
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Knowledge on the impact of other sucking 
insects, gall wasps, root pests and acorn pests 
in the UK is limited.  The non-native oak bark 
phylloxera insect, Moritziella corticalis,44 is reported 
to cause severe dieback on second year oak shoots, 
damaging young trees. The oak scale, Kermes 
quercus, is reported in high abundance when 
associated with oaks suffering from dieback in 
the UK but appears to be limited to compromised 
trees.43 Of consequence for acorns are the gall 
wasps, with about 40 species present in the UK.  
The parasitic knopper gall wasp, arrived in Britain in 
the 1960’s, requires Q.robur, Q. petraea or Q. cerris 
to complete its life cycle, producing galls on the 
acorns of native oaks, consequently causing acorn 
losses which will be problematic particularly if found 
in seed stands.

Fungal and Oomycete Pathogens
Oak powdery mildew (Erysiphe spp.) is a fungal 
pathogen that can contribute to decline in the 
health of oak trees.  It first emerged in UK as an 
invasive pathogen in the early 1900’s with a likely 
origin in Asia, possibly as a pathogen of mango.45 

The white, felt like coating reduces photosynthetic 
capacity of the leaf.  It can lead to defoliation and 
death if it occurs on seedlings. It is likely a factor 
in the first oak decline episode seen in the UK in 
the 1920s.45 Hot dry summers can be especially 
damaging to powdery mildew infected oak, as 
the pathogen exacerbates water loss from the 
tree, probably to aid its own survival.45 In veteran 
trees that may have been pruned to prolong life 
by helping with the structural integrity of the tree, 
the powdery mildew can infect the new epicormic 
growth by weakening or killing them.

Other fungal pathogens of oaks are generally 
not seen as a serious problem for oaks yet, 
although may cause problems at local scales 
or under certain environmental conditions.  
Armillaria species are probably the best known of 
these, although their pathogenic status can vary 
depending on the local conditions with their status 
often shifting along a saprophytic- pathogenic 
gradient. They are not generally considered 
pathogenic on healthy trees. 
     
The oomycetes, Phytophthora spp. pathogens 
are generally soilborne.  Phytophthoras cause 
problems for many tree species worldwide.  In the 
UK, P. cambivora, P. cinnamomi and P. plurivora can 
cause bleeding cankers and feeder root necrosis. 
Their role of in oak decline is not understood.  
Recent research is setting out to produce maps of 
the distribution of Phytophthora species in the UK.46

Pest and pathogen threats not currently known 
in the UK
There are several pests and pathogens that are 
not yet in the UK but we know are a threat to 
our oak trees.  A priority species that is regularly 
monitored for in the UK including by Observatree 
volunteers is the oak lace bug (Corythucha arcuate) 
which is a ‘sucking’ insect. This insect is already 
in Europe and is known to weaken trees.  The 
impact in the UK could devastating on trees that 
are already facing decline from many other factors. 
The bacterial pathogen, Xylella fastidiosa, is of 
medium risk (according to the UK Plant Health 
Risk register47) to Quercus species but has a very 
broad host range. It may be imported on many 
species, olive plants being the highest risk, but 
also rosemary, lavender and citrus among many 
others. The BRIGIT project demonstrated that the 
meadow spittlebug, Philaenus spumarius, which is 
abundant in the UK can vector the bacteria.  Drippy 
blight disease caused by the bacteria Lonsdalea 
quercina infects through the wounding sites of 
scale insects on developing acorns.  It is present in 
Europe but has not yet been found in the UK.  The 
related L. britannica which is already present in the 
UK appears to be associated with AOD, although its 
role is unclear.

Two fungal threats to oak are vectored by 
insects. The fungal pathogen of highest concern for 
oak (according to the Plant Health Risk Register47) 
is Bretziella fagacearum (previously known as 
Ceratosystis fagacearum) which causes Oak Wilt 
disease This is an insect vectored vascular wilt 
and its introduction to the UK could have serious 
consequences for oak health. It could be vectored 
by the beetle, Scolytus intricatus (European oak bark 
beetle), which is already present in the UK. Another 
insect vectored fungal pathogen of concern is 
Raffealea quercivora which causes a lethal disease of 
oak (known as Japanese Oak Wilt- distinct from Oak 
Wilt disease) and is vectored by Platypus quercivorus, 
the oak ambrosia beetle.  Both the beetle and the 
pathogen originate from east and southeast Asia, 
and they are believed to be absent in Europe. 
However, ambrosia beetles are not generally 
removed through debarking timber imports and 
are at risk of being imported into the UK.  A recent 
survey found 3 new species of ambrosia beetle 
in the UK (not including oak ambrosia beetle) 
suggesting that current import measures are not 
effective against these beetles.48

Biosecurity 
International trade and travel are the main 
drivers of biosecurity threats to trees in the 
UK. Pathways for entry include sawlogs, firewood 
and packaging and accidental introduction on 
shoes or clothing, or may inadvertently bring in 
insects attached, to clothing or bags.  However, 
international trade in live plant material is the most 
likely route of entry for a new pest or pathogen. 
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New pests and pathogens can be introduced 
on live plants as well as plant products and can 
infect native host plants which have not coevolved 
defences against them.  

Despite a comprehensive plant risk register47 
there will always be pests and pathogens that 
we don’t know about. There may be fungi, insects 
or bacteria associated with Quercus species that 
are not present in the UK and are either unknown 
or not considered harmful in their native regions 
because they don’t cause disease there. However, if 

these potential pests or pathogens were introduced 
to the UK and encountered our native oak species, 
they could become harmful, as UK oaks may not 
have evolved the necessary defences to resist 
them. Although we cannot prevent wind-borne 
spore dispersal, we can reduce the movement 
of plant material, untreated wood products 
(such as firewood) and acorns by supporting UK 
grown and produced products. By doing so we 
are safeguarding our iconic oak trees for future 
generations by reducing the risk of importing highly 
damaging pathogens.

2.5 Other threats 

Evidence gaps: Condition and threats

Nitrogen, soil and ectomycorrhizal fungi
Human activities have vastly altered the global 
nitrogen cycle. Food and energy production have 
led to huge increases in nitrogen enrichment of 
our biosphere.49 The consequences of increased 
nitrogen are poorly understood and depend on 
other local abiotic and biotic conditions. It has been 
linked to changes in insect activity by increasing 
growth of leaves which can increase defoliating 
insect pressure.44 Nitrogen deposition leads to 
changes in the soil; this particularly affects the soil 
microbiome by reducing the number of fungal 
species present as well as some bacteria.50  

Oak trees form a symbiosis with 
ectomycorrhizal (ECM) fungal around the fine 
root system.  The mutually beneficial relationship 
supplies carbon in the form of carbohydrates 
(sugars and starch), to the fungi and provides 
nutrient resources to the tree, particularly nitrogen 
and phosphates and they also aid water uptake.  
However, these fungi are sensitive to changes in 
nitrogen levels in the soil, not all behaving in the 
same way.  For example, the oak specialist oak 
milkcap (Lactarius quietus) increases in abundance 
with increasing nitrogen deposition, but the related 
oak specialist, yellowdrop milkcap (L. camphoratus) 
is an indicator of relatively low nitrogen deposition 
sites.51

A complex picture is emerging through studies 
of trees with AOD and ECM communities 
associated with these trees.  Research has shown 
that trees suffering from AOD have less fine root 
tips, which suggests a reduction in foraging ability 
for nutrients and water.  Different ECM fungi have 
different abilities to forage through the soil and it 
has been shown that long distance ECM exploration 
types are more abundant on AOD asymptomatic 
trees.52 However, it is unknown if these correlations 
are causal or symptomatic of AOD.

Development
Despite efforts to create new woodlands and 
restore existing woodlands, some woodlands 
are still under threat from development. New 
infrastructure, housing and business developments 
can threaten woodland areas. The threat to 
ancient woodlands, which are designated as such 
if they have been in continuing existence since 
1600, has recently been in the spotlight during 
the development of the HS2 rail route.  Although 
revisions have reduced the amount of ancient 
woodland that will be removed, 20.6 ha, some 
of which is predominantly Q. robur with bramble 
and bracken (W10 type) will be destroyed.53 These 
continuing threats fragment woodland and reduce 
connectivity across the landscape, particularly when 
linear infrastructure features, such as railways or 
roads, cut across it.

•	 Long term monitoring of condition and health status of oak trees should be a priority. Gaps in data set 
mean that long term trends, or changes in trends, are hard to understand.

•	 Understanding AOD is critical as it spreads to more parts of the UK.  Understanding how it spreads, and 
possible management interventions are crucial, including the contribution of soil and the microbiome 
to tree health.

•	 Little is understood about how oak trees respond to changes in soil nitrogen levels and how the 
interaction between nitrogen, soil microbiome and oak trees.
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Section 3.  Value of oak
3.1 History of oak and social/cultural value to the UK

Woods and trees have been central to human 
life since the Neolithic period, with oak taking a 
particularly prominent role.1 Around 6,000 years 
ago, people migrated from mainland Europe into 
Britain, bringing new farming practices that quickly 
replaced the hunter-gatherer way of life. This shift 
transformed the landscape: oak trees were felled 
for building homes, fuelling fires, and clearing 
land for crops. From that moment on, oak became 
woven into Britain’s history and culture.

Oak continued to be important, playing a 
significant role in the development of industry 
during the Bronze Age and on into the Iron 
Age. The charcoal obtained from oak is of high 
quality, retaining 20% of its weight, allowing it 
to burn at high temperatures.  Woodland would 
have been managed as coppice to provide oak 
to produce charcoal.  Specific charcoal usage 
can be traced back as far as the Bronze age;  as 
industrial techniques developed, oak woodlands 
were managed for charcoal production to feed the 
growing iron industry of the Iron Age. The Forest of 
Dean, for example, boasts remnants of over 2000 
charcoal hearths1 which were used by the Romans 
for iron smelting and glass making.  Oak’s high 
tannin content was also highly valued for tanning 
leather.  The tannin was found on the inside of the 
peeled bark- the outside was known as the ‘krap’ 
– perhaps giving rise to its use as ‘rubbish’ in the 
vernacular language of today.  

Oak was used for shipbuilding in the United 
Kingdom for at least 4000 years and was 
essential in the creation of the ‘wooden wall’ 
of the Royal Navy to protect our shores. Oak is 
particularly suited for use on the ocean, particularly 
in construction of ship hulls due to its durability, 
strength, and natural grain curve. During the 16th 
Century the number of ships being built was so 
great that there was a risk that oak supplies would 
be limited as a single large ship could need as many 
as 6000 trees to be used in its making.  It is thought 
Queen Elizabeth I tried to place restrictions on use 
of oak for charcoal, by banning felling of smaller 
oak trees within 14 miles of the coast. It was the 
escalating tensions in Europe at this time leading 
to the need to build more warships that led her, in 
1580, to order the first plantation of oak recorded 
in the UK, at Cranbourne Chase in Windsor Great 
Park.2 Some of the trees from this planting are 
still in existence today.  Shipbuilding using oak 
continued into the late 19th Century, with the New 
Forest playing an important role in the supply of 
timber and ship building at Bucklers Hard.

From Neolithic times oak has been used for 
buildings. Today, the oldest wooden structures 
made of oak still in use today are from Anglo-Saxon 
times: the door of Westminster Abbey and the nave 
walls of Greensted Church, Essex.  It is testament 
to the crafts people of those eras, as well as oak’s 
strength, that these still exist. Lavenham, Suffolk 
is Britain’s best preserved medieval town and has 
some of the finest examples of predominantly oak 
timber framed buildings in the UK.

Drone view of Cranbourne Chase, Windsor Great Park. Image 
credit: Charles Sainsbury-Plaice.
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Ancient deer parks and Royal chases have 
provided protection for oak trees to flourish 
and grow old so that we now have more ancient 
oak trees recorded than any other European 
country. Oak is so embedded in the UK’s cultural 
and social history that in arts it is often used to 
symbolise strength or the beauty of nature, or as 

a sign of patriotism. In Scotland oak leaves were 
used as a symbol to depict a leaning towards the 
restoration of Charles Stuart (Bonnie Prince Charlie), 
claimant to the throne in 1745. In language it is 
perhaps the most recognisable of tree species, 
ingrained in everyday sayings such as ‘mighty oaks 
from little acorns grow’.

3.2 Economic benefits of oak and role as a timber species

Section 3-figure 1 a) Total broadleaved area in the 4 
countries of the United Kingdom, b) Stocked area of 
oak in Great Britain, c) Area of stocked oak in public 
and private ownership in GB, d) Volume of stocked oak 
in public and private ownership in GB.3

The UK’s native oak can be a valuable timber 
and good quality oak is in high demand for 
building and furniture making.   The Forestry 
Commission has estimated hardwood consumption 
in the UK at 526,000 cubic metres per year with 57% 
of this in any given year as oak. 219,000 hectares 
of oak are stocked in Britain3 (Northern Ireland 
figures are unavailable), with 198,000 ha in the 
private sector.  This equates to 69.4 million m3 of 
overbark standing volume of oak timber (Section 3, 
figure 1b-c).  It has been estimated that less than 
15% of our oak timber is home grown4, with the rest 
coming from Europe; France and Germany have a 
long history of growing high quality saw logs.  Oak 
timber from Europe is in high demand globally, with 
countries such as China increasing their demand 
putting pressure on supply. As a result, sourcing oak 
for use in the UK will become more difficult but also 
provides an excellent opportunity to reduce imports 
if we can produce home grown oak of a high quality. 
Most of the oak is under private ownership and the 
comparative volume of each tree is less, reflecting 
the younger age of trees in the private sector 
demonstrating more recent planting of oak.4

Future predictions for the next 50 years 
suggest that oak timber availability will 
increase.5 However, with fewer young trees 
coming through and many stands not under 
appropriate management producing trees with 
poorer form, quality and quantity may decline; the 
availability does not take into account these factors. 
Additionally, pests and diseases and other negative 
factors may decrease the amount of oak available.  

Value can be added by selecting timber quality 
trees that are superior to neighbouring trees, 
known as “plus trees”. These trees have been 
selected for good growth rates, form (straight boles 
and lack of branching) and desirable phenology 
traits, such as later budburst, for quality timber 
production with reduced shake. Efforts are being 
put into selection of traits for high timber quality 
in UK oak. The Future Trees Trust (FTT) has 
recently set up the first tested seed orchards to 
produce seed in the ‘Tested’ category of forest 
reproductive material of both Q. robur and Q. 
petraea.⁶ They continue to look to add material to 
these seed orchards. Additionally, with funding 
from the Forestry Commission, FTT has produced 

a monograph for Q. robur⁷ covering best 
practice prescriptions for seed selection, 
plant stock propagation and selection and 
tree establishment to integrate with good 
management practice.

Delivery of environmental, social, and 
economic benefit, of oak woodlands 
in the UK has been estimated at £0.7 
billion/per year.⁸ Timber production 
is not the only economic benefit of 
our woodland and trees. They provide 
economic value through the provision 
of ecosystem services, even though 
this value is not wholly derived from 
monetary financial returns. The longevity 
of oak trees and the habitat they provide 
means they contribute greater scale, 
diversity and longevity of ecosystem 
services and deserve to be highly valued. 
Work on valuing the ecosystem services 

provided by urban trees, including oak, is still 
ongoing but will help town planners and landscape 
architects in using trees for the biggest benefits.⁹
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Bringing woodlands back into management 
would create jobs, produce timber and improve 
woodland biodiversity. Forestry Commission 
figures suggest that it is feasible to double 
hardwood (which includes oak) production over the 
next 50 years.¹⁰ However, the industry suggests that 
those figures may be high as a recent Royal Forestry 
Society (RFS) report showed that many broadleaved 
or mixed woodlands are not under management 
(currently 41% England and 43% Wales).¹¹ These 
are often less than 20 hectares and often in private 
ownership. The majority of stocked oak woodland 
is in private ownership (Section 3- figure 1c&d).³ 

However, bringing these woodlands into production 
would have many benefits, including the potential 
to create jobs across the supply chain, particularly 
in rural areas, as well as improving biodiversity 
and ecosystem services within the woodlands. 
Woodland Heritage works to establish links 
throughout the supply chain, particularly for oak 
and other hardwood species, and have created the 
“Woodland to Workshop” course¹² to establish the 
links between growers, processors, end users and 
stakeholders to secure our wood culture for the 
future.

3.3 Environmental benefits of oak  

One of the many ancient oaks at Windsor Great Park, a rare asset of ecological importance in the UK 
landscape. Image credit: Charles Sainsbury-Plaice.

The UK’s veteran and ancient oak trees are 
keystone ecological structures, playing a critical 
role in maintaining biodiversity and ecosystem 
function. These trees are not just old—they are 
ecological cornerstones, supporting a vast array of 
rare and threatened species that depend on the 
unique habitats they provide. Rich in microhabitats 
and complex decay features like heart rot, which 
can take centuries to form, ancient oaks offer 
irreplaceable niches that younger trees cannot 
replicate. Their ecological importance far exceeds 

that of typical oaks, making them vital to the health 
of the landscapes they inhabit. Although ancient 
oaks can grow to enormous sizes, England alone 
has 115 with a girth over 9 metres,13 even smaller 
specimens, particularly those in upland or low-
nutrient areas, serve essential ecological roles. 
Whether standing in rural countryside or urban 
settings, these trees are striking features of the 
landscape and invaluable living monuments to 
biodiversity.
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Decay microhabitats develop within veteran and 
ancient oak trees as fungi decompose dead and 
dying wood. The species depended on dead wood 
to complete part, or all, of their lifecycle are termed 
saproxylic (about 25% of forest species). As decay 
progresses, along with the accumulation of debris, 
and frass etc, the physical and chemical qualities of 
the habitat change, including increases in nitrogen, 
leading to shifts in the community within the dead 
wood.¹⁴ Many saproxylic species, such as saproxylic 
beetles, require very specific decay conditions, 
and 18% of saproxylic beetles in Europe are now 
threatened with extinction due to the scarcity of 
suitable decay habitats.¹⁵ Many saproxylic species 
are dispersal-limited; therefore, not only are the 
amount, variety, and complexity of decay habitats 
important, but also the proximity of decay habitats 
is also important for saproxylic species.

The native Moccas beetle (Hypebaeus flavipes) 
is so rare it is only known from 16 oak trees in 
one location.¹⁶ It utilises the decayed red-rotten 
hollow interiors which specifically form ancient 
oaks. The beetle appears to utilise the burrows 
of other invertebrate larvae that have previously 
used the decaying wood, demonstrating the 
complex ecological interactions within dead wood 
communities which can occur even within a small 
part of a tree.

The high prevalence of ancient oak trees in 
the UK is so special that they are deemed to 
be internationally significant because of their 
rarity. Sites with ancient trees can be designated 
as a Site of Special Scientific Interest (SSSI) based on 
the assemblages of saprotrophic fungi, saproxylic 
insects, lichens and bryophytes present.¹⁷ The 
microhabitats created within a tree will often form 
over centuries, providing complex, long-lasting 
niches. Although the UK has a high proportion of 
these ancient oak trees compared to Europe, they 
are still uncommon and in decline. For example, 
Sherwood Forest, the site of one of the UK’s oldest 
oak trees, the Major Oak, loses at least 1–2 ancient 
oaks per year, and this value has recently been 
increasing. This loss is compounded by the lack 
of oak trees between 200–300 years old which 
could provide continuity of habitat. This problem 
is termed the generation gap. In Sherwood, 
microhabitats are being created artificially as a 
conservation tool through controlled damage, to 
provide habitat continuity for saproxylic species as 
part of a long-term project. Under strict supervision, 
arboriculturists replicate damage to trees less than 
100 years old in the hope that it will provide new 
habitat. This work is never carried out on older and 
ancient trees as it could threaten their survival. It 
aims to connect trees both spatially and temporally, 
developing deadwood species communities.

Oak woodlands are communities, rarely growing 
as the sole tree species and are therefore 

classified into broad types in the National 
Vegetation Classification (NVC) system.  The 
classifications are:  W10 (Q. robur, bracken and 
bramble); W11 (Q. petraea, birch and wood sorrel); 
W16 (Q. species, birch and wavy hair grass); and 
W17 (Q. petraea, birch and greater fork moss).  The 
biodiversity present in each individual woodland 
depends on many factors, including soil types, 
local climatic conditions, structural complexity, 
deadwood availability and adjacent land use.

The UK’s temperate rainforests are also of 
international importance because they are 
so rare.  Globally, temperate rainforests are 
found to occur in only a few countries other than 
the UK including Canada, Chile, Japan and New 
Zealand. In the UK, our Atlantic or Celtic temperate 
rainforests are predominantly classed as W11 and 
W17 woods, with oak as a dominant species. The 
geographic location of these uncommon woodlands 
has made them ecologically important as they 
host the greatest number of bryophytes (mosses 
and liverworts) and lichens17 in Europe creating 
extremely rare ecosystems. In fact, for bryophytes 
the UK’s rainforests are one of the richest areas for 
number of species in the world.19 

Oak woodlands are known to be extremely 
biodiverse and in the UK we have good records 
of the species that are known to use oak. 
In an attempt to centrally collate this data, the 
OakEcol database²⁰ has been recently developed 
as an outcome of the Protecting Oak Ecosystems 
(PuRpOsE) project. The database lists 2300 species 
(not including microbes) recorded as being 
associated with oak, consisting of: 229 Bryophytes, 
108 fungi, 1178 invertebrates, 716 lichens and 38 
birds and 31 mammals. Of these, 326 are obligate 
with a further 229 being highly associated with 
oak,²⁰ demonstrating that native oak is a keystone 
species in the UK. However, the database likely 
underestimates the number of fungi, with the 
Fungus Conservation Trust’s online database²¹ 
listing 141 oak-associated Russula species, a type 
of mycorrhizal fungus, alone. Oaks are particularly 
rich in these mycorrhizal species.¹³ It is more 
realistic that there are many thousands of oak-
associated species. Examples of species that could 
be at risk if oak stocks declined are invertebrates 
such as the purple hairstreak butterflies (Favonius 
quercus) which use oak as a food source; and 
the oak bush cricket (Meconema thalassinum), 
Britain’s only tree-dwelling cricket which lays its 
eggs in the bark of mature trees. The oak polypore 
fungus (Buglossoporus quercinus) is a priority 
species signifying its threatened status because 
of its reliance on exposed advanced heart rot on 
open-grown ancient and veteran oaks in wood 
pasture and parkland which are now exceedingly 
rare habitat, of which Windsor Great Park is a fine 
example.²²
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Decline in oak health could pose risks to 
biodiversity. Acute Oak Decline, as well as other 
pests and diseases, negatively affect the health 
of oak trees (see section 2.6) which could pose a 
threat to oak stocks. Recent research as part of the 
PuRpOsE project²³ has modelled oak loss under 
different scenarios: 1) decline of Q. petraea/robur, 
2) Fraxinus excelsior (ash) lost in addition to decline 
in oak, 3) Acer pseudoplatanus (sycamore) fills gaps 
left by loss of oak trees, 4) replacement of native 
oaks by Q. rubra, 5) replacement of oak by Fagus 
sylvatica (beech). Oak and ash are often found 
growing in the same areas, with ash able to support 
28% of oak associated species. However, the loss of 
ash trees due to ash dieback (ADB), caused by the 
fungal pathogen Hymenoscyphus fraxineus, means 
that a much greater impact on biodiversity is likely 
to occur if oak numbers also decline. The greatest 
modelled loss of ecosystem functioning occurred 
when sycamore filled the gaps—a change which 
often does occur in areas where ash has been lost 
to ADB. The modelled scenarios of oak loss showed 
that the more resilient woods were those that 
supported the greatest diversity of tree species 
(W10) woodlands.

With an increased focus on carbon and moves 
towards decarbonisation, oak trees play an 
important role. Oak trees in woodlands currently 
hold up to 14.5% of the total woodland carbon stock 
in Britain, amounting to approximately 31 million 
tonnes of carbon.²⁴ Trees store the most carbon 
when they reach 10–15 years and are still growing 
rapidly, taking in large amounts of CO₂ from the 
atmosphere as they grow rapidly. Oak is a long-lived 
species and grows to large dimensions storing large 
amounts of carbon over its lifetime. Oak also has 
a dense wood which may contribute to it storing 
a lot of carbon. Oak in the urban landscape is also 
a large carbon store, although in recent i-Tree Eco 
projects it was noted that older oak trees emitted 
more carbon dioxide than they sequestered.²⁵ In 
London the population of oak trees store more 
carbon than any other tree species.²⁶ Carbon figures 
do not include the carbon found in the litter layer, 
soil or dead wood. Research shows that soil is a big 
store for carbon²⁷ and oak woodlands may prove 
to be a very important carbon sink although the 
carbon storage capacity of forest soils is still being 
researched.

Image credit: Jontyclark.com
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3.4 Social benefits of oak

Whilst there are undoubtedly social benefits to 
oak trees, quantifying these benefits specifically 
is hard. Most research to date has focused 
generally on the benefits of all trees and woodlands. 
However, this research clarifies our connection 
with trees, which includes oak.²⁷ All the benefits 
of woodlands and trees (including trees outside 
woodlands) apply to oak, however, there is limited 
research on the benefits relating to oak specifically.

Research into the social benefits of oak 
specifically has mainly been conducted because 
of threats to oak health. The threat to oak trees 
from Oak Processionary Moth (OPM)(see section 2) 
has meant that oak specific research was conducted 
with stakeholders. It demonstrated that people 
value oak trees highly, recognising their historic 
importance as well as appreciating them as a 
long-lived, large species.²⁸ This value meant that 
stakeholders were keen to find solutions to OPM 
that did not involve killing the oak tree. Research 
has highlighted the disconnect between the value 
people place on oak and knowing how to manage 
ongoing and emerging threats to the health of these 
trees which often doesn’t have simple solutions. 

Access to trees and woodland is not equal. 
Recent evidence suggests that green spaces and 
parks in heavily built-up urban areas carry even 
more value because of their relative scarcity.²⁹ 
The i-Tree Eco project,³⁰ has surveyed the tree 
species and distribution present in urban areas 
for ecological benefit. In terms of social benefit, 
research has shown that urban areas of social 
deprivation have less tree canopy cover than more 
affluent areas.³¹ It is unknown what role oak plays 
in equitable access to tree canopy cover. Oaks are 
rarely street trees, but are often present in parks or 
other larger green spaces.

Evidence Gaps: Importance of oak

•	 Our ancient oaks are keystone species, yet there is a large age gaps between ancient trees and the next 
oldest trees- there is limited research on how to manage this generation gap, including monitoring 
where microhabitat creation has taken place.

•	 Protecting our ancient oak trees is vital and understanding the specific threats they are under, 
including from development, but also pest and diseases and climate is crucial to develop specific 
protections for them.

•	 We do not have a good understanding of how different woodlands contribute to carbon sinks.  Current 
comparisons of carbon storage are based on volume of standing timber.  There is no evidence on 
how litter, soil and deadwood contribute to carbon fluxes within the different types of oak woodlands, 
including temperate oak rainforests.

•	 There is limited understanding on the current economic value of oak in the UK, for both timber and 
ecosystem services.  Understanding of the drivers for lack of management and how to increase timber 
value would be of great value.

•	 Ecology records for obligate and highly associated species of oak are incomplete. 
•	 There is very little understanding of the social benefits of oak specifically, except in the context of pests 

and diseases.  This is necessary to understand how we can connect people with our wood culture and 
heritage to understand its importance today.
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Section 4. Oak case studies
These case studies highlight the vital role oak plays in our landscapes and 
explore diff erent ways it can be managed to support both biodiversity and 
timber production. Case study 1 shows how certain species depend directly 
on oak for their survival. Case studies 2 and 3 focus on approaches to restoring 
oak to the landscape, each taking a diff erent path to success. Case study 4 
demonstrates how Seed Sourcing Grants have enabled more oak to be registered 
for seed collection.  Finally, Case study 5 introduces an innovative method of 
growing oak for timber in the UK, delivering exceptional results.

Case Study 1. Understanding the role of oak in the landscape for Purple 
Emperor Butterfl y survival

An example of understanding how a species uses specifi c oak habitat is the 
Purple Emperor butterfl y.  Oak is favoured by Purple Emperor butterfl y (Apatura 
iris) territorial males because the dense foliage provides shelter, although they will 
use other species such as hornbeam, poplar or sycamore1. Although populations 
remain small, they are widespread in eastern England, but they are reliant on fi nding 
the specifi c site conditions, preferably with older and veteran oak trees.  Ensuring 
that these site conditions are numerous across the landscape along with conditions 
for egg laying is essential to ensure the populations of Purple Emperor butterfl ies 
thrive. The male butterfl ies appear to be able to locate tall oak trees around which 
they patrol for a suitable mate. Tireless work by Liz Goodyear and Andrew Middleton1

has revealed many more sites of this butterfl y through analysing historical records, 
maps and identifying 
woodland-high points 
and woodland edges 
where there are 
canopy gaps which 
are able to host 
male territories.  A 
project by Butterfl y 
Conservation in 
Derbyshire is creating 
specifi c habitat with 
goat willow on which 
the female butterfl ies 
lay eggs.  These are 
being planted around 
mature oak trees 
located at high points 
in the landscape in 
the hope of enticing 
the butterfl ies into the 
county.2



33State of the UK’s Oaks, 2026, Full Report

Case Study 2. Recreating oak habitat to connect fragmented woodlands

The Landscapes for Water project3 is planting native woodland in the South 
Pennines where one important habitat is the old sessile oak woodlands which 
occur on the edges of upland heath and areas of bog. 
The project seeks to recreate this habitat where it has been historically lost and provide better 
connectivity with existing fragments.  Therefore, oak accounts for 22% of the trees planted across 
the project, with a combination of Q. robur and Q. petraea oaks. The sites would have historically 
been Q. petraea, which is suited to the more acidic sites at elevation which are present in the 
South Pennines.  However, it is less tolerant to flooding than Q. robur. With the changing climate 
and increase in storm/flood events and droughts, it was judged necessary to include pedunculate 
oak to help future proof the woodlands as this species is more tolerant to climate extremes. Trees 
have largely been sourced from local provenances (Native Seed Zones 302 and 401as defined by 
the Forestry Commission), with some more southerly provenances also chosen from sites with 
comparable habitat or altitude.4 

New planting of trees connecting existing fragments of woodlands around water courses 
in the South Pennines as part of the Landscapes for Water Project.  Image credit: National 
Trust.

“oak accounts for 22% of the 
trees planted across the project”
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Case Study 3. Planting oak as part of a mixture to provide a multifunctional 
forest that is resilient to climate change

Since the early 1990s the National Forest Company (NFC) have been working to 
increase woodland cover in what was previously an industrial landscape with a 
forest cover of only 6%. Across woodland creation sites funded by the National Forest 
Company (NFC) between 1995 and 2024, 95% have included oak in the planting mix, 
92% of the oaks being planted are Q. robur. Other oak species planted include sessile 
oak at 4%, Q. rubra at 4%, Q. ilex at <1% and Q. cerris at <0.5%. An objective of the 
woodland creation is to create a multi-functional forest that is diverse and resilient to 
mitigate the challenges of a changing climate and threats from pests and diseases. For 
this reason, the provenance of planting stock varies and includes both local sources 
and sources from regions that match the predicted future climate. To date they have 
planted more than 9.5 million trees achieving a forest cover of 22% with ambitions to 
plant a total of 16 million trees to achieve a forest cover of 33% over 200 square miles 
of the Midlands.5

Case Study 4. How Seed Sourcing Grants are helping increase availability 
of superior oak seed in the future

The fi rst Seed Sourcing Grant (SSG)6, 
funded via the Nature for Climate Change 
Fund, was launched in September 2022.
It provides funding to create or identify new 
seed stands and seed orchards and to make 
existing stands as productive as possible 
for seed collectors in the long term to help 
meet seed demand. The Duchy of Cornwall 
project brings an existing selected Q. petraea
seed stand (region of provenance 40) into 
management, through thinning, mulching, 
and installing deer fencing.  Another project 
is creating new seed orchards for both oak 
species via the collaboration of landowners 
and research organisations. The SSG project 
and growing awareness of the need for 
seed is encouraging more UK oak stands 
to be managed and/or registered, and new 
orchards created.

“create a forest that is 
diverse and resilient”
“create a forest that is 
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Case Study 5. An example of ‘active silviculture’ to grow high quality oak 
timber in Suff olk

A fi ne example of growing oak 
for timber can be found on the 
Sotterley Estate in Suff olk. The 
Estate has grown oak for centuries.
The current owner, Miles Barnes, 
initiated restructuring the woodland 
from 1993 by felling areas of over-
mature oak and restocking with oak 
at a stocking of 10,000 stems per 
hectare using good British and Dutch 
timber provenances. In 2012, Miles 
was inspired by the book Le chêne 
autrement (translated into English 
as Oak: fi ne timber in 100 years.7
Miles started to plant at a stocking 
rate of 6,250 stems per hectare 
(ha), with a spacing of 1m x 1.6 m. 
Once the trees reach 4-6 m they 
are respaced to between 1,100 and 
1,600 per hectare. At this point every 
sixth row is removed for access 
and inspection. The stand is then 
assessed for ‘winning trees’ at a rate 
of 70 per ha, these are chosen for 
their health, vigour, stem quality and 
distance from each other (6-18 m). 
The selected trees are then released 

from competitors through thinning and pruned from year 12, continuing regularly until 
6m of clean stem has been achieved, making sure not to prune more than 60% of the 
tree height. Once a top height of 16 m has been achieved the focus shifts to thinning 
the whole stand, keeping the basal area to 14-18 m³ per ha. Thinning cycles shift from 6 
years to every 15 years once a top height of 26 m has been achieved. To date Miles has 
planted oak from 30 diff erent Dutch, British and Danish provenances. Miles also carries 
out traditional oak woodland management on other parts of the estate, through 
thinning and coupe felling.8

Image; a fi ne oak tree selected as a ‘winner’ at Sotterley Estate. Credit: Dr Gary Kerr.
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