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Project summary

This is a KESS 2 East funded MScRes project which aims to further the understanding of
stakeholder responses to tree pest and disease outbreaks in Wales. It collates both desk-based
and empirical research in order to describe woodland management behaviour and the factors
that influence management decisions. Particular focus is given to the role of conservation
organisations when faced with ash dieback in Welsh woodlands. The project takes a Welsh focus
due to the documented widespread impact of ash dieback across the Welsh landscape. There
is currently no literature regarding the role conservation organisations play when mitigating ash
dieback. It also considers Wales due to the scope of the Social European Funding and project

partners remit: Bangor University and Forest Research.

Literature review purpose:

A systematic literature review in the first instance outlines the current distribution of tree pests
and diseases within Wales. It compares this with current policy and examples of best practice to
mitigate subsequent outbreaks, as well as to what extent management undertaken reflects

these suggested guidelines.

More information on the literature review purpose can be found on page 2

Literature review.

The review proposes that there is scope for improving the understanding of private woodland
managers behaviour and the factors that influence their decisions. Particular focus should be
given to approaches observed when they deviate unexpectedly from attitudes, motivations and
objectives. Deviations in approaches were noted most commonly amongst private conservation
focused, managers. Further research with these stakeholders is recommended particularly

where they represent a dominant stakeholder as in the case of Wales, UK.

More information on the literature review can be found on page 3




Paper justification:

Conclusions drawn from the literature review suggested further research should incorporate
conversations with woodland managers about their experience with tree threats including
factors that influence their opinions and decisions (Morzono, Woodcock and Quine 2019).
Conservation organisations are of particular interest in ash dieback management because ash
has a high cultural and biodiversity value but less economic value than other species
(Marciulyniene et al, 2017). Organisations often prioritise conservation value and are not
restricted entirely by commercial outcomes therefore they could be more likely to take
management approaches that maintain ash dieback in the landscape (Bengtsson and
Stenstrém, 2017). Organisations also have an unusual role within management in Wales including
public engagement, offering advice and facilitating stakeholder networks. Limited research into
their involvement with ash dieback (Morzano, Woodcock and Quine, 2019) and lack of
consideration in policy (Welsh Government, 2021) suggest their involvement could be being

overlooked and potentially underestimated.
More information on the paper justification can be found on page 68

Research paper:

Semi-structured interviews collected information about conservation organisations experience
with ash dieback in Wales. Conservation organisations exhibited high awareness and
understanding of ash dieback and many roles have been established within organisations to
mitigate its impact. Conservation organisations aim to maintain ash trees in the landscape for

biodiversity value and to build woodland resistance to ash dieback. Organisations are playing a

potentially underestimated but influential role in the mitigation of ash dieback (Hymenoscyphus

fraxineus) in Wales. Organisations have a wide role managing woodlands, increasing public
awareness of ash dieback, offering advice and facilitating tree health networking. Conservation
organisations can utilise their influence, working with stakeholders to achieve common

outcomes facilitating a cohesive response to the disease at the landscape scale.

More information on the research paper can be found on page 75




Key findings document.

An accessible two page document was produced to present the findings of the KESS 2 East
funded MScRes project. The document summarises findings from a systematic literature review
that aimed to further the understanding of private stakeholders and their experience with tree
pests and diseases. Empirical research directed from the literature review is also summarised.
The research considers the role conservation organisations play in mitigating the impact of ash
dieback. It provides eight specific recommendations that will provide supportto encourage and/
or enhance the role conservation organisations may play at the landscape scale. These
recommendations are largely targeted around support that can be provided by Natural
Resources Wales towards conservation organisation to continue and/ or enhance the role they
play in mitigating ash dieback at the landscape scale in Wales. However, support should be

obtained from several sources to provide the greatest level of support.
More information on the key findings document can be found on page 108

Conclusions, reflections and further directions:

The overall conclusion considers the findings of the project and its potential impact at different
scales including howit fits into the wider literature and its policy influence. As such the conclusion

discusses the recommendations for further support for conservation organisations to continue

and/ or enhance the role they play in ash dieback mitigation in Wales.

More information on the key findings document can be found on page 112

Additional material:

Further information regarding the project is available in the appendices as additional material.

More information on the additional material can be found here
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Literature review purpose

A literature review was conducted as part of a KESS 2 East funded MScRes project which
aims to further the understanding of stakeholder responses to tree pest and disease
outbreaks across Wales. Initial researchidentifies that several stakeholders can be involved
in the mitigation of tree pest and disease. Therefore, the review in the first instance outlines
the current distribution of tree pests and diseases within Wales, current policy and best
practice outlined to mitigate subsequent outbreaks, as well as to what extent management

undertaken reflects these suggested guidelines.

The project takes a particular interest in the lack of literature about woodland managers
which can be influential in the monitoring, reporting and reacting to tree pest and disease
outbreaks. Therefore, a systematic review of the available literature in the UK was
undertaken to understand their contribution to tree pest and disease management. This
includes understanding management approaches as well as the factors that influence

management decisions.

Moreover, the potential contribution of conservation focused organisations and their
management is considered in this review. It is proposed that these organisations may not
only have a directimpacton the mitigation of tree pests and diseases butindirectly through
advice and support to other land managers. This contribution at present appears to be
largely overlooked when considering stakeholder responses to tree pests and diseases in
Wales. Whilst there is currently no literature available about conservation organisations,
private woodland managers are considered in this review in detail. There is particular focus

given to conservation focused decision making and the factors that affect those decisions.

The review forms the foundation for understanding the role conservation focused
organisations may play in responding to tree pests and diseases in Wales. Analysis will
provide invaluable insight into conservation driven management decisions. Moreover, it will
provide direction for future in-depth conversations with conservation focused
organisations which will provide further information about the role they may play in the

mitigation of tree pests and diseases in Wales.




Tree pests and diseases in the UK:

Management approaches and influencing factors

MScRes Submission: Literature Review



Abstract

The increasing introduction and establishment of tree pests and diseases are impacting forest
health, structure, and services, globally. The trend observed can be exacerbated and
accelerated by interconnecting relationships between threats and climate change, extreme
weather events, and globalisation. In parallel, exploitation, fragmentation, and land use change
within many wooded areas expose trees to stress (increased by climate and extreme weather)
making them more susceptible to the detrimental impacts of tree pests and diseases once
introduced and established. Tree pests and diseases have spread across commercial
plantations as well as natural and semi-natural woodlands, impacting communities through
their biodiversity, economic and social implications. Therefore, there is an expanding interest in
the actions taken by woodland managers, who often act as the primary defence against the
establishment and spread of many of these threats. However, documentation about

management approaches, and the factors that affect management decisions, remains scarce.

As such, a systematic literature search was undertaken to understand the current
understanding of woodland management behaviour and potential knowledge gaps when
faced with tree pests and diseases in a British context. Informative assumptions could be drawn
from critical analysis of the limited literature, whereby managers are managing threats in the
UK to varying degrees. For the most part, managers are actively concerned about the threat of
pests and diseases and demonstrate a willingness to adopt resilient approaches where
resources allow. Approaches and decisions can be attributed to a combination of attitudes,
motivations,and objectives as well as contextual and structural factors such as forest size, policy
or markets. Translating concern for pests and diseases into management is prevented by

several limiting factors, with planning for unknown outcomes the most common concern.

This review proposes that there is scope for improving the understanding of private woodland
managers’ approaches and factors that influence those decisions. Particular focus should be
given to approachesobserved when they deviate unexpectedly from attitudes, motivationsand
objectives. Deviations in approaches were noted most commonly amongst private
conservation-focused, managers. Further research with these stakeholders is recommended

particularly where they represent a dominant stakeholder as in the case of Wales, UK.



Background

1. Defining forests and woodlands

Currently, there are advancements in understanding the biodiversity contributions of forests and
woodlands, as countries begin to prepare their post-2020 global biodiversity framework (FAO, 2020).
Forests and woodlands can be broadly viewed and defined from two standpoints: the land cover
perspective and the land use perspective (Chazdonetal, 2016). The land cover perspective considers
forests and woodlands as a multitude of trees, plants, animals and microorganisms (FAO, 2020).
However, it is important to note that forests and woodlands can also be defined by their legal
designation, regardless of the current vegetation that resides there (Chazdon et al, 2016). There is
also a differentiation that can be made between forests and woodlands themselves, with forests
being extensive areas dominated by trees, whereas woodlands are often smaller with more open
space (Scotland's Environment, 2019). Whilst there are some differences noted by the US National
Classification system, ‘forest’ can often be used interchangeably with ‘woodland’ in both society and
policy with reference to wooded areas (Mitchell, 2009). Henceforth this review will consider the terms
interchangeably but it is noted that ‘forest, is particularly used in a global context or when countries
have large forest areas but ‘woodland’ is often coined when referring to countries like the UK where

small fragmented wooded areas are prevalent.

2. Forest and woodland threats

Forests are under increasing pressure from global change (Bonan, 2008). Emerging threats such as
climate change, invasive species, natural disasters, land use change, and pests and diseases are all
impacting forest ecosystems (Randhir and Erol, 2013). Exploitation, fragmentation, and land use
change within many wooded areas increases the vulnerability of forests to threats (Curtis et al,, 2018;
Davis et al, 2014; Kozak et al,, 2018). Climate change can bring about changes in fire and drought, as
well as insects and diseases affecting the entire structure of the forest (Dale et al, 2000). Forest
species are heavily impacted by predation or in direct competition with non-native and invasive
species (Wilcove et al, 1998). Globalisation has facilitated the movement of non-native invasives to
new environments (FAO, 2020). Once the non-native invasives are introduced into new areas the lack
of natural predators allows invasives to spread (Randhir and Erol, 2013). Destructive pests, such as the
bark beetle, may be able to take advantage of stressed trees (by extreme weather events and
climate) causing detrimental impacts once established in woodlands (Canadell and Raupach, 2008;

Jennings et al,, 2012; Marzano, Fuller and Quine, 2017).



Land use change poses a large threat to the health of forest ecosystems by exposing forests to a
range of anthropogenic nutrient inputs (Randhir and Erol, 2013). Land use change in wooded areas
also has the ability to alter the regional climate, and plant and animal species that are susceptible to
changing conditions will have to adapt, move or their population may decline if they are unable to
keep pace with this changing climate (Johnston et al, 2009). Forests are also under threat from a
range of natural disasters like hurricanes which can cause sudden and widespread tree mortality and
altered patterns of forest regeneration (Lugo, 2000; Lugo and Scatena, 1996). In addition, there is
evidence that natural forests reduce the frequency and severity of floodingin developed countries
but the quality of soil, geology, catchment and river morphology can all influence this ability (Randhir
and Erol,2013). Overall it is clear that a lot of threats facing forests globally often interconnect and one
threat can exacerbate the impact of another threat. It is therefore proposed that resilient strategies
will need to be implemented which allow different management approaches or solutions to be used

in different situations (Weir, 2017; Willoughby and Peace, 2019).

3. Tree pests and diseases

Trees often have a key rolein terrestrial ecosystem functioning butcan be affected by a wide range
of tree pests and diseases (Boyd et al, 2013; Freer-Smith and Webber, 2017). Awareness of the
ecological and economic impacts of tree pests and diseases has increased in the last two decades
(Aukema et al,, 2010; Santini et al, 2013). The introduction and establishment of pests and pathogens
have increased in recent decades, impacting forest health, structure, and services globally (Fisichelli
et al, 2014; Freer-Smith and Webber, 2017; Graziosi et al, 2020). It is widely accepted that tree pests

and diseases have spread by increased international travel and trade introducing novel pests and

diseases to potential tree hosts (Aukema, 2010; Brasier, 2008).

The lack of co-evolution between the pest or disease and the novel hostcan cause the host to have
no effective resistance mechanisms and so the detrimental impact of the alien pests and diseases
can be substantially greater (Brasier, 2008). The increasing trend in the introduction and
establishment of tree pests and diseases can be exacerbated by tree pests and diseases’
interconnecting relationship with climate change, weather events and globalization (Meyerson and
Mooney, 2007; Ramsfield et al, 2016; Teshome, Zharare and Naidoo, 2020). As pests and diseases
spread across forests they can detrimentally impact communities through biodiversity, economic
and social implications (Groziosi et al, 2020; Wingdfield et al, 2015). In parallel, exploitation,
fragmentation and land use change expose trees to stress often exacerbated by changes in climate

(Curtis et al, 2018; Davis et al., 2014). This makes trees more susceptible to tree pests and diseases



once they are introduced and established in forests (Canadell and Raupach, 2008; Marzano, Fuller

and Quine, 2017).

4. Globalforest policy and tree health strategies

Preparations are underway to prepare the Post-2020 Biodiversity Framework which will be discussed
and adopted at the United Nations (UN) Biodiversity Conference in May 2022 (United Nations, 2021). It
is a new global framework for managing nature globally through to 2030 that builds on the Strategic
Plan for Biodiversity 2011-2020. A key target proposes preventing or reducing the rate of introduction
and establishment of invasive alien species by 50% and controlling or eradicating such species to
eliminate or reduce their impacts. The United Nations Strategic Plan for Forests 2030 adopted in 2017
proposes a voluntary and universal plan for the sustainable management of forests and trees (United
Nations, 2017). Tree pests and diseases are not mentioned directly but Goal 1 mentions broadly
adopting a resilience and adaptive capacity to deal with natural disasters and climate change which
encompasses tree pest and disease threats. This direct mention of invasive alien species in the Post-
2020 Biodiversity Framework as a key target may represent the rising concern of invasive pests and

diseases and their impact on nature.

The Food and Agriculture Organization (FAO) of the United Nations is a specialized department that
facilitates global collaboration to defeat hunger and improve nutrition and food security (FAO, 2009).
The FAO work on forest health at a global scale delivering programmes to assist, advise and support
countries to protect the health and vitality of forests concerning tree pests and diseases. The FAO
provides advice on the preventative measures of pests and disease management and offers advice
on how to prevent spread. It offers assistance to countries not only in response to outbreaks and
emergencies but also establishing long-term prevention and forest protection strategies (FAO, 2009).
The International Plant Protection Convention (IPCC) is an international treaty aiming to prevent the
spread and introduction of pests and diseases in plants and to promote appropriate measures for
their control (FAO, 1997). The IPCC is governed by the Commission on Phytosanitary Measures which
adopts standards approved through international consultation processes and is recognised under
the World Trade Organisation (WTO) agreement (WTO, 1994). These standards have direct relevance
to forest tree pests and diseases providing guidelines for pest risk analysis, pest reporting and

monitoring as well as international trade regulation (FAO, 1997).
5. Forest policy and tree health strategies in the UK

The UK Forestry Standard (UKFS) is the reference standard for the sustainable management of forests

in the UK. The UKFS has been agreed upon at international levels as an appropriate targeted method



for sustainably managing forestsin the UK which are unique in characteristics (Forest Research, 2017).
It outlines the context for forestry, setting out the UK's government approach to sustainable
management including standards, and requirements and provides a basis for regulation and
monitoring. The UKFS has been developed by the forestry authorities in England, Scotland Wales and
Northern Ireland through a collaborative consultation process who are the managing authorities for
forests across the UK. Therefore, the UKFS is endorsed by all countries within the UK and applies to all
forests and woodlands. The UKFS alongside individual countries’ policies and strategies provide the

framework for the implementation of international forestry agreements.

The Plant Health Act of 1967 in England and Scotland identifies the Forestry Commission as the
competent authority to prevent the introduction and spread of forestry pests and diseases (UK
Government, 2022). The same Act identifies the Welsh Ministers as the leading authority res ponsible
for tree pests and disease prevention and management. In Northern Ireland under the Plant Health
Act (Northern Ireland) 1967 the Department of Environment and Rural Affairs is given the role of tree
pests and diseases prevention and management. Statutory orders by the Plant Health Act prevent
the introduction and spread of forest pests and diseases and must be complied with. Certain pests
and diseases must be reported and inspectors must be given access to woodlands and their advice
followed. In accordance with UKFS standards managers should be aware of risks and vigilant in

monitoring tree health and suspected outbreaks should be investigated (Forest Research, 2017).

The Plant Biosecurity Strategy for Great Britain 2014 was created for the robust protection of crops,
trees and other plants (DEFRA, 2014). It is a strategy developed in partnership with key stakeholders
that outlinesthe actionsthat will be taken in a flexible and dynamic approach to be able to constantly
evolve to keep pace with changing threats. This key strategy is a combined approach between
England, Scotland and Wales as pests and diseases do not recognize national boundaries and will
therefore require joined-up thinking. This strategy does notinclude Northern Ireland but works closely
to ensure the best possible protection against pests and diseases as a whole can be achieved.
Furthermore, this also involves working with the Republic of Ireland to strengthen the biosecurity of
both islands in their entirety. The Plant Biosecurity Strategy for Great Britain 2014 strategy aims to
ensure that activity is directed towards priority pests and pathways informed by sound evidence, it
ensures all stakeholders understand their biosecurity roles and responsibility. It also suggests that
those who benefit from plant biosecurity where appropriate should bear the cost of it and aims to
ensure that Wales, Scotland and England as a whole is resilient, capable and prepared to respond
effectively to new and emerging threats. Safeguarding plant health features as a key priority in all
government forestry strategy. The Plant Health Services work with all devolved nations and

international bodies to agree on appropriate plant health rules and coordinate their implementation.
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5.1  Forest policy and tree health strategies in Wales

The Welsh Government's Woodland for Wales strategy made a commitment to manage more
woodlands, expand woodland cover and improve the resilience of Welsh woodlands (Welsh
Government, 2018a). This is framed to ensure that Welsh woodlands are in a favourable state to
provide a number of benefits to the communities across Wales. The Welsh ‘Government’s tree health
strategy has key the objective to proactively ‘exclude, detect and respond to exclude, detect, and
respond to, existing and new pests and pathogens of trees, whether of native or exotic origin. Take

proactive measures to reduce the impact of pests and diseases on trees and woodlands in Wales.”

The actions that support this objective include enhanced research and monitoring, ensuring border
controls are effective, and establishing clear governance procedures to provide direction, and
accountability for dealing with existing and future pest outbreaks whilst encouraging the adoption of
sound biosecurity practices and coordination across stakeholders. The Wales Tree Health Steering
Group advises the government on methods of building resilience, coordinating strategic actions,
identifying potential barriers and building skills and capacity in Wales to deal effectively with the risk

of tree pests and disease in Welsh woodlands (Welsh Government, 2017).

Wales has been significantly impacted by the highly destructive fungal-like organism Phytophthora
ramorum (P. ramorum) which has caused widespread death of a wide range of trees and shrubs
(Welsh Government, 2019). . ramorum is regulated under the Plant Health (Forestry) Order 2005 and
Plant Health (Wales) Order 2018 (Welsh Government, 2005; Welsh Government, 2018b). Due to the
large scale, economic, social and environmental impact on larch a specific Welsh strategy has been
adopted. A specific strategy was needed to achieve the objectives laid out by the Plant Biosecurity
Strategy for Great Britain 2014, the Environment (Wales) Act and the Wellbeing and Future Generation

(Wales) Act 2015 (DEFRA, 2014; Welsh Government 2016; Welsh Government, 2015).

Decisions and changes to the strategy are made by the Phytophthora Operational Response Team
(PORT) who advise with scientific understanding, risks and overall management. The Phytophthora
ramorum strategy for Wales aims to monitor the spread of the disease, ensure the management is
effective and encourage the management of larch woodlands in Wales. Measures are achieved by
statutory plant health notices that require the felling/ killing of infected larch by a specified date as

well as restricting the movement of infected material.

6. Tree pests and diseases in British woodlands

Forest and woodland structures are complex and diverse, changing over time with environmental

management able to predict, monitor and where appropriate facilitate these changes (Pautasso,



Schlegel and Holdenrieder, 2015). However, habitat fragmentation, overexploitation and in some
cases lack of management, are exposing trees and making them more susceptible to detrimental
pests and diseases impacting tree health and forest ecosystem functioning (Davis et al, 2014;
Roberge et al, 2011). Concurrently there have been observable increases in the introduction of exotic
pests and diseases in UK forests in recent decades (Boyd et al, 2013; Potter and Urquhart, 2017). This
is attributed to globalization (movement of woodland materials), climatic change and subsequent
frequent extreme weather events (Ramsfield et al.,, 2016; Roux and Ham, 2020; van Lieropetal, 2015).
Over time the same aforementioned factors are also expected to affect the behaviour of established,
relatively well managed, threats so environmental managers will need to be able to adapt (Lawrence
and Marzano, 2014; Linnakoski etal,, 2015; Potter and Urquhart, 2017). Therefore, with more introductions
of tree pests and diseases occurring, and forests becoming increasingly vulnerable when exposed to

these threats, significant detrimental impacts could occur (Evans, 2019).

Furthermore, Anderson et al.,, (2004) argue that pest and disease outbreaks remain one of the most
underestimated causes of anthropogenic environmental change. This concern is acknowledged in
British policy but is often under-represented and action is underfunded and under-resourced
(Marzano, Fuller and Quine, 2017; Tomlinson, Potter and Bayliss, 2015; Welsh Government, 2018a). Pests
and pathogens currently of threat in the UK are from varying origins, with some native insects and
microbes expanding their range due to climatic factors or adapting to detrimentally impact non-
native tree species (Simler-williamson et al.,, 2019; Lehman et al,, 2020). Other issues occur when alien
invasives attack novel hosts or impact native species in new environments (Ramsfield et al., 2016;

Liebhold et al,, 2017).

There are two main overarching approaches to active management of pests and diseases observed
in the UK; preventing or removing pests and diseases that are yet to establish and monitoring,
isolating and slowing the spread of those that cannot be eradicated (Marzano, Fuller and Quine, 2017,
Tomlinson, Potter and Bayliss, 2015). These approaches can be achieved effectively through
biosecurity controls at borders, early detection, eradication or containment alongside coordinating
stakeholder action (Marzano, Fuller and Quine, 2017). Increasing occurrences of tree pest and disease
introductions in recent decades have resulted in some of these threats establishing and spreading
across British woodlands consequently reshaping forest landscapes through detrimental impact or
as a result of management intervention (Potter and Urquhart, 2017; Windfield et al, 2015). Evidence
suggests that pests and diseases are not only affecting single-species plantations but are having a
significant impact on both native forest systems and urban tree landscapes (Marzano, Fuller and

Quine 2017; Roux and Ham, 2020; Tomlinson, Potter and Baylis 20]5).



Therefore, effective strategies against tree threats, adaptable in a variety of contexts by a range of
woodland stakeholders, are an important element for minimising damage to forest health and
subsequently reducing the many services woodlands provide to society (Ayres and Lombardero, 2018;
Chadeés et al, 2017; Jactel, Koricheva and Castagneyrol, 2019; Shea et al, 2002; West, Beilin and
Wagenaar, 2019). Recent outbreaks of Ash dieback, Oak Processionary Moth, and Asian Longhorn
Beetle have demonstrated interdisciplinary collaboration and mobilisation of stakeholders alongside
wider policy to support it are crucial in the fight against pests and diseases in British woodlands

(Heuch, 2014; Tomlinson, Potter and Bayliss, 2015).

6.1  Tree pests and diseases in Welsh woodlands

Climate change and extreme weather events, and their facilitation of the introduction and
establishment of tree pests and diseases, are bringing additional challenges to Welsh woodland
managers (Meyerson and Mooney, 2007; Ramsfield et al,, 2016; Teshome, Zharare and Naidoo, 2020).
There are currently several invasive and non-native tree pests and diseases that are affecting
woodland managers’ ability to manage sustainably and reach the desired outcomes outlined by the
Woodlands for Wales Strategy (Welsh Government, 2018a). Welsh woodlands are under threat from
several tree pests and diseases most notably ash dieback and Phytophthora ramorum (Welsh
Parliament, 2021). More in-depth analysis of these tree pests and diseases can be found in the
following section. Management of tree pests and diseases currently takes a strategic and targeted
manner at the landscape scale but the increase of overall forest resilience is widely encouraged in
the fight against tree pests and diseases (Welsh Government, 2018a). The Welsh Government (2018a)
acknowledges the increased threat from tree pests and diseases and is actively encouraging
collaborative management approaches to mitigating the impact of tree pests and diseases.
Furthermore, the aimis to provide a network of forest stakeholders that are comfortable about sharing
success and lessons learnt from tree pests and disease experiences, which is believed will lead to

higher standards of environmental stewardship throughout Wales (Welsh Government, 2018a).
6.2  Distribution and management of tree pests and diseases

Below is a brief overview of some notable woodland pests and diseases that have impacted
British woodlands exhibiting different characteristics, impact and management requirements
(Porth, Dandy and Marzono 2015). Increased pest and disease introductions have been
accompanied by an observable improvement in pest and disease detection through remote
sensing technology and microscopy analysis (Potter et al, 2011; Yuan et al,, 2017). This has been

matched with progress by forestry stakeholders working collaboratively against detrimental
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threats with investment in research, more prominence in plant health policy and working with
woodland managers to enhance silviculture strategies (Marzono, Fuller and Quine, 2017; Welsh

Government, 2018a).

However, communicating andimplementing resilient strategiesin practice remainschallenging
due to financial constraints and a lack of resources (Marzono, Fuller and Quine 2017; Tomlinson,
Potter and Bayliss, 2015). Furthermore, it is acknowledged that these strategies are often
significantly hampered by the lag times between infection and visible symptoms on trees so
even with the best management strategies substantial damage can already have occurred
undetected for some time (Brasier, 2008). It is important to note that these pests and diseases
are far from a conclusive list and more information can be found through the UK plant health

services (Santini et al, 2013).

6.21 Dutch EIm Disease (DED)

EIm trees are a defining feature of British lowland landscapes with high ecological and cultural
value (Potter et al, 2011). The Dutch EIm disease outbreak during the '60s and '70s destroyed
more than 28 million trees and was identified as one of the most damaging environmental
events in British woodlands in recent times (Tomlinson and Potter, 2010). Despite Dutch elm
disease being known to woodland managers, well-established and relatively stable in the UK up
until this point it was confirmed by later analysis (which was not available at the time) a more
virulent form had been unknowingly introduced from North America (Brasier and Gibbs, 1973).
The impact was devasting and relatively few mature elm trees managed to survive causing
widespread public outcry (Potter et al, 2011). Many researchers have analysed the devastation
caused and concluded the outbreak was met with a sense of complacency following the
relatively low impact of the previous strain and management responses being delayed, under-

resourced and underfunded (Potter et al, 201).

This is of course the benefit of hindsight but the outbreak now forms a useful benchmark for
current and future management strategies of not only Dutch ElIm disease but other pests and
diseases in British woodlands (Tomlinson and Potter, 2010). Dutch elm disease still poses a threat
today, particularly in rural areas where monitoring is increasingly difficult and the promotion of
healthy populations as a preventative measure is a priority (Bowditch and MacDonald, 2016). In
areas where Dutch elm disease can be monitored, programmesimplement prompt sanitation

felling and burning of infected trees before a new generation of beetle can emerge during the
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springtime (Bruin et al, 2013). Dutch elm disease is currently present in all parts of the UK

including Wales (Forest Research, 2022).

6.2.2 Dothistroma Needle Blight (DNB)

Dothistroma needle blight (DNB) is widely distributed across the UK and affects trees in both
plantations and natural woodlands, leading to the death of foliage, reduction of tree growth and
sometimes widespread death of native Pinus species (Brown and Webber, 2008). The
overarching management approach is reducing its impact through silvicultural manipulation,
the use of chemical and biological agents as well as legislative measures as it can no longer be
eradicated (Marzano, Fuller and Quine, 2017). Preserving the ecologicalvalue of Caledonian pine
forests and the potential for the disease to spread to other commercial pine species make
Dothistroma Needle Blight a management priority (Brown and Webber, 2008). The disease has

been found in most parts of the UK and is found in Corsican pine stands (Forest Research,2022).

6.2.3 Asian Longhorn Beetle (ALB)

The Asian Longhorn Beetle (ALB) is an insect of wood-boring nature, native to Eastern Asia, known
to cause widespread tree mortality (MacLeod et al,, 2002). Asian Longhorn Beetle outbreaks are
of particular concern because the pest favours mature broadleaftrees and has been found to
affect dozens of tree species (Haack et al,, 2010). Asian Longhorn Beetles are likely to have been
introduced into the UK through wood packaging and a rapid programme of ‘sanitation felling’
was implemented, similarto the action shown in North America and elsewhere in Europe (Palmer
et al, 2014). Whilst the management was rapid and extensive, with detrimental social and
economic impacts, the management response appears to have achieved eradication of the
pest thus far (Porth, Dandy and Marzano, 2015). Asian longhorn beetles are not known to be
present in the UK but an outbreak in Kent in 2002 was actively managed and the pest was

successfully eradicated (Forestry Commission, 2022).

6.2.4 Oak Processionary Moth (OPM)

Oak Processionary Moth is an insect pest which has long been established in mainland Europe
but was found in the UK for the first time in 2006 (Tomlinson, Potter and Bayliss, 2015). It is known
to cause the defoliation of oaks which significantly weakens affected trees leaving them
vulnerableto other stressors (Battisti et al., 2015; Groenen and Meurisse, 2012). Oak Processionary
Moth also poses a public healthrisk with the caterpillar hair causing skin and respiratory irritation

(Rahlenbeck and Utikal, 2015). By 2010 a policy of containment was adopted to minimise the
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spread of the pest, whilst nest removal and chemicals spraying was suggested as the most
appropriate management (Tomlinson, Potter and Bayliss, 2015). Oak processionary moth is
established in the UK in Greater London and South East England but is not currently found in

forests and woodlands outside of this area or in Wales or Scotland (Forestry Commission, 2022).

6.25 Ash dieback

Ash dieback is a disease caused by a fungal pathogen native to Asia that can cause bark
lesions, leaf loss and crown dieback primarily to European ash, resulting in a high proportion of
infected trees dying or becoming severely weakened and therefore susceptible to other threats
(Skovsgoord et al, 2017). In the UK ash is the third most common broadleaf species and can
grow in a range of habitats, withstanding significant climate changes (Pautasso et al, 2013). Ash
has substantial environmental value and the management approach involves continuing to try
to slow the spread of disease and where possible isolate infected material (Marzono, Woodcock
and Quine, 2019). Current recommended management involves enhancing biosecurity controls,
reforesting with alternative species, and the potential production of resistant ash species
(Vasaitis and Enderle, 2017; Woodcock et al, 2018). Ash dieback is widespread throughout the UK,
but there is significant ash dieback discovered throughout Wales and most recently the disease

has been prevalent in North Wales (Forestry Commission, 2022).

6.2.6 Ash dieback in Wales

As outlined by Welsh Parliament (2021), ash diebackis one of two diseases causing significant
problems for Welsh woodland managers. Ash dieback was first recorded in Wales in November
2012, nine months after being detectedin England. Ash trees make up 6% of forest coverin Wales
and ash diebackis more widespread across Wales than in any other UK nation. Since January
2020 ash trees can be imported from the EU and transported within Great Britain only under
plant health regulations. An ash dieback action plan was established by the Wales Tree Health
Steering Group in 2016. It states no ash should be planted in Wales with alternative broadleaf
species preferred and remaining ash trees should be managed for public safety. The Forestry
Industry Recovery Scheme gives specific support to forest managers undertaking tree safety

work for trees affected by Ash dieback.

6.2.7 Phytophthoraramorum
The invasive pathogen phytophthora ramorum was responsible for the cause of sudden oak

deathin North America (Frankel, 2008). It has spread across Europe and since 2003 it was found
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infecting rhododendron and woodland trees in Britain (Brasier et al,, 2005). Infections remained
relatively low until 2009 when extensive mortality was observed in juvenile plantations of
Japaneselarch where discolouration of needles and bleeding on trunks were observed (Webber
et al, 2010). This pathogen is of great concern because it spreads rapidly and can cause
substantial damage to commercial larch plantations (Lawrence and Marzano, 2014). Currently,
there are no chemical treatment and felling of all infected trees are required including
uninfected trees within an additional buffer zone radius (Harris and Webber,2016). Phytophthora
ramorum has been found throughout the UK but prefers Western wetter regions demonstrating

prevalence throughout Wales and spreading across the country (Forestry Commission, 2022).

6.2.8 Phytophthoraramorum in Wales

The Welsh Parliament (2021) considers Phytophthora ramorum as the second of the two tree
diseases causing substantial problems for Welsh woodland managers. The disease is presentin
all UK nations but is most prevalent in the South of Wales and the South West of England. The
total area of larch in Wales was approximately 23,105 ha and in 2019 more than 20% of Wales's
larch forests had been infected by Phytophthora ramorum.In 2019 a Welsh Government strategy
was implementedidentifying two core disease zones and a disease limitationzone with targeted
strategies to mitigate the spread of the disease. Natural Resources Wales also has the power to
serve Statutory Plant Health Notices requiring forest owners to fell infected larch trees. The Welsh
Government aims to encourage the restocking of areas felled due to larch disease with a

broader and more diverse range of tree species.

6.2.9 Emerald Ash Borer (EAB)

In addition to the aforementioned species, there are several future threats to British woodlands
(Marzano et al, 2020). The most notable is Emerald Ash Borer a recently discovered exotic insect
pest which is notoriously hard to detect until it has caused significant daomage to ash tree
species exhibited across North America (MacFarlane and Meyer, 2005). It is managed through
extensive surveillance, a mixture of preemptive felling, chemical treatment and biological
control which all have significant costs to public bodies and individual landowners (Marzano et
al, 2020). Now it has reached Europe and British borders it is considered an imminent threat to
already vulnerable ash species (Musolin et al, 2017). Emerald Ash borer is not yet present in the
UK but is spreading across mainland Europe and its rapid spread poses a significant threat to

British forests if introduced (Forestry Commission, 2022).
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7. Stakeholders of tree health

Dandy et al, (2017) identify five categories of tree health stakeholders; vectors, governors, managers,
monitors and networkers. These are essentially any individual or organisation that can affect, or be
affected, by a forest pest or disease and involvement changes over time (Dandy et al, 2017).
Currently, there are several human pathways through which pests and diseases can spread across
woodlands and many different people (workers moving between sites, visitors and tourists) can act
as vectors (Potter and Urquhart, 2017). Government bodies suggest and enforce plant health
regulations although substantial woodland cover means in practice these regulations are not always
enforceable (Tomlinson, Potter and Bayliss, 2015). The monitoring and detection of diseases in
woodlands are notoriously difficult and there is often uncertainty about whose responsibility this

should be, with financial resources limited (Marzano et al,, 2020; Tomlinson Potter and Bayliss, 2015).

Networkers are important stakeholders who disseminate information to the forestry sector (Lawrence
and Dandy, 2014). Woodland managers are becoming increasingly important as more threats enter
and establish British woodlands acting on the ground to mitigate the impact. All of these tree health
stakeholders have dynamic and interconnecting relationships combatting and minimising the
impact of tree health concerns. Furthering the understanding of forestry stakeholders and their
relationships can lead to improved interventionsto better prevent or control future outbreaks of pests
and diseases. As such the sector has begun taking stakeholder analysis and engagement far more

seriously (Dandy et al,, 2017).

7.1 Woodland managers

Woodland managers (tree health stakeholders) are individuals that possess the specific skills and
capabilities to deal with a tree pest or disease outbreak (Dandy et al,, 2017). Their attitudes and actions
are increasingly recognised as an essential component of environmental management, particularly
with reference to mitigating threats (Dandy et al,, 2017; Marzano et al.,, 2020). Action taken by woodland
managers on the ground can act as the first line of defence for mitigating the impact of tree pests
and disease. Woodland managers can monitor and report outbreaks and carry out management
activities that minimise impact across wooded areas (Mcrzono et al, 2020; Tomlinson, Potter and
Bayliss, 2015). Therefore it is critical to understand the actions taken by woodland managers and the

factors that influence their decisions.

In a British context, more than two-thirds of British woodland is privately owned, with the majority
owning holdings of less than 10 hectares in size (Forest Research, 2016). Private woodlands are not

always managed by the people who own them, but by agents who act as consultants providing
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advice and services (Lawrence and Dandy, 2014). In cases where agents are managing woodlands,
some management decisions may be seen as a reflection of woodland owners’ wishes within the
remit of British woodland regulations. Moreover, many of these decisions are made from their own
expertise and experience. The use of agents and the complex landscape of private woodlands make
influencing the decision-making of private woodland managers, particularly challenging, so

governmental bodies focus on the provision of grants and advice (Lawrence and Marzano, 2014).

In the UK, there is no requirement to produce woodland management plans, therefore, there is often
limited knowledge about private woodland health despite them having the largest spatial impact on
pest and disease management over time (Marzano and Lawrence, 2014). Research has established
that private woodland managers are not homogeneous and that behaviour and approaches to
management vary (Ambrose-0ji et al., 2020). This is based on individual characteristics of managers
(e.g. attitudes, motivations and management objectives) as well as contextual structural factors such
as size, wider policy support or markets (Andersson, Keskitalo and Lawrence; 2017; Khanal et al., 20]7).
Understanding the characteristics of woodland managers can suggest how private woodland
managers may respond to woodland threats and adoption of resilient practices in the future

(Eriksson, 2018).

There is currently limited literature detailing the role of woodland managers are playing in tree health
in Wales. There is even less consideration for the role private and third-sector woodland managers
may play in tree health management outside of commercial enterprises. This review takes a closer
look at the role woodland managers from these sectors play when faced with tree pest and disease
outbreaks in the UK, with reference to Wales specifically where possible. Woodland managers inthese
sectors are of particularinterest because they are responsiblefor managing large areas of woodland
in Wales but action is rarely documented. Lying outside of both government jurisdiction and
traditional commercial capacity it is largely undocumented what influences the management of

these woodlands and to what extent they deviate from recommended guidelines and policy.

Moreover, organisations such as conservation charities that manage these woodlands are well
respected by the public and are often observed providing advice and support to other landowners.
This suggests that these woodland managers could have a potentially overlooked role in the

management of tree pests and diseases across Wales.

8. Review justification

This review forms an initial response to the request by Forestresearch to further the understanding of

management approaches undertaken to mitigate the impact of tree pests and diseases in Wales.

16



Identifying knowledge gaps in stakeholder responses will also direct further primary research in this
area conducted by Forest Research and Bangor University. The review aims to collate empirical
research currently available, detailing management responses and the factors that influence
decisions. As outlined above (see 7.2) the review aims where possible to consider management
responses that may be potentially undervalued and/or overlookedin the third sector or private sector
that are not entirely managing woodland for commercial purposes. Analysis of the current literature
aims to address the links between different characteristics, contextual and structural factors and
observed management decisions. The review also aims to highlight any barriers that prevent
managers from taking decisions they would want to when faced with an outbreak and how behaviour

changes over time.

The publishing of multiple reviews about pest and diseases have produced informative literature
about ‘benchmark’ management strategies and the policy available to support them that would
mitigate the detrimental impact in British woodlands (Ayres and Lombardero, 2018). However, there
remains relatively little literature about how closely these strategies are followed in practice and in
which circumstances they may be adapted, substituted or even omitted by woodland managers
(Marzano, Fuller and Quine, 2017). In the case of ash dieback understanding the third sector and non-
commercial management is of interest because ash has high cultural and biodiversity value but less
economic value to other species (Marciulynieneet al, 2017). There are several best practice guidance
documents published by The Tree Health Council (2020) and Forest Research (2022a), as well as
overarching policy (Welsh Government, 2016). Alongside this, there is a number of evidence-based
recommendations predominately from experience in Europe as ash dieback has spread rapidly west
from Polandsince 1992 (Bengtsson and Stenstrom, 2017). However, again there remains relatively little

literature about how closely these strategies are followed in practice.

The review will build on current work by Lawrence and Dandy (2014) and more recently Ayres and
Lombardero (2018) which argue management of pests and diseases in the UK remains relatively
understudied particularly in peer-reviewed studies. Thematically this review paper builds directly on
Lawrence and Marzano’s (2014) research which concludes that private woodland managers are a
significant stakeholder in tree health management and are more concerned about tree threats than
any other management challenge. However, it potentially identifies that private woodland
management with regards to tree health couldbe currently simplified and management approaches

may vary substantially based on third-sector and non-commercial woodland motivations.
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Methodology:

This review will focus on management behaviour when faced with tree pests and disease outbreaks
in a British woodland context. It will provide a foundation for the current literature available on the
topic as well as identify gaps to direct a future qualitative study looking at the management action
of Welsh woodland managers. This research is being conducted as a result of a collaborative
partnership between Bangor University and Forest Research funded through the European Social

Funded KESS 2 East programme.

The review itself does not aim to produce an evaluation of which management measures produce
the best outcomes when faced with tree pests and diseases. Moreover, it aims to gain a better
understanding of the actual actions taken (or not taken) by woodland managers during outbreaks.
Furthermore, it aims to gain an understanding of the reasoning behind particular actions (or lack of
oction) with reference to manager characteristics, contextual and structural influences and how

these influences can cause changes in management over time.

The review methodology was developed from Lawrence and Marzano’s (2014) ad-hoc literature
approach screeningrelevant peer-reviewed papers through databases containing scientific journals
books and conferences. The initial search and screening of this review were conducted by selecting
relevant articles from a collection of databases: Web of Science (WOS), Science Direct (SD), Science

Tech Premium Collection and Google Scholar a freely accessible web search engine.

It was identified by initial background research that the interdisciplinary and collaborative approach
to pest and disease outbreaks and the social dimension of management behaviour, the use of the
different databases allow research published within biological, geographical and social disciplines

would be identified to produce the most comprehensive review.

Forest Research outlined their requirement to understand the management behaviour when faced
with tree pests and disease outbreaks, the factors that influence this behaviour as well as factors that
change behaviour over time. Therefore the concept of ‘adaptive strategies for the management of
invertebrate pests and diseases in Wales’ was identified as the key concept for the purpose of this
review. This concept was analysed and expanded to find broader, related, terms (synonyms or closely
related terms e.g. forest, woodlands) that provided studies that provide evidence for management
behaviour, when faced with pest and disease outbreaks. Selection was then narrowed by combining

associated search term combinations to yield more relevant results.
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‘Adaptive’: ‘Management’:

The ability to change to suit different The process of controlling land and often
conditions the people involved

Synonyms: adaptable, changeable Synonyms: running, directing, controlling,
governing, administration, supervision

‘Invertebrate’:
An animal lacking a backbone

] = P
‘Adaptive strategies’: Alternatives: insect, arthropod, mollusc,

A critical skill for strategic thinking is the ability annelid, crustacean

to create adaptive strategies

Planning: Designing flexibility into plans by
creating an ability to review and adjust progress Ada ptiue strategies

¥ Sets direction for management that for the management
results in a sustainable future .
of invertebrate pests
A destructive organism that attack crops,

Implementation: Objectives state the desired H =
P Jec _ and diseases in Wales trees, plants, livestock
result rather than detail the actions

‘Pest’:

. e Alternatives: insects, bugs, infection, virus,
v Focus = results gives flexibility how to &

get there plague, epidemic

Benefits: Ability to see the path you are on, the
place you want to reach, and notice changing/

alternative paths available to reach the desired Wales:
destination. ‘Invertebrate pest’:

. . . The location of the study
Results: Using benchmarks as a guide adaptive Cause damage to leaves and bark and in

strategies revise plans as needed gives the Alternatives: no location, UK, other countries, turn reduce yield and vigour of the crop
ability to be proactive and anticipate change continents

rather than reacting to changes occurred. Alternatives: insect pests, pathogens, virus,

disease, drought, climate change, flooding

Figure 1. Demonstrates the process of expanding the key concept of the review by analysing broader concepts and narrowing

searches by associated search term combinations.

19



The initial search, using terms outlined above (see figure 1), returned many results that demonstrated
the spread of pest and disease outbreaks, ‘benchmark’ strategies of management and detection
techniques (Ayres and Lombardero, 2018; Brown and Webber, 2008; Yuan et al,, 20]7). There were far
fewer search returns about management behaviour, and papers were screened for relevance - with
some cases providing perceived behaviour of woodland managers through key informant
perspectives (Lawrence and Marzano, 2014) as well as direct behaviour detailed (Marzano, Fuller and

Quine 2017). To screen and select the papers involved in this review systematically, an eligibility

Table 1. Demonstrates the inclusion criteria that was used through advanced filters in databases
and the screening process to select papers for review.

criterion was produced. Utilising a similar approach by Lawrence and Dandy (2014) ensures that the

quality and relevance of each study are appropriate.

Inclusion Example of application

criteria

Relevance Relevance-based database searches (figure 1) and screened by a researcher

Data Empirical data, not modelling or literature reviews

Study design Qualitative studies using interviews, focus groups or surveys accepted

Perspective Focus on ‘actual behaviour’ or perceived behaviour observed through key
informants

Peer reviewed All articles chosen were peer-reviewed

Publication Material must be no more than 12 years old (approx. last two decades)

date

Language Alllanguages were accepted

Geography UK papers were selected with the inclusion of papers from abroad focusing on

imminent threats notyet arrived in British woodlands

Due to the large amount of data returned, and the aim to create an in-depth literature review of
management action against pests and diseases, the above inclusion criteria (see table 1) was
implemented. Papers were initially considered through database searches (see figure 1) and
screened by a researcher. The review aimed to analyse empirical qualitative data obtained through
interviews, focus groups, and surveys that detailed actual management responses or perceived

management behaviour through key informants when faced with pest and disease outbreaks.

20| Page



The information quality from the papers selected was assumed through the peer review process of

article publication, as suggested by Lawrence and Dandy, (2014). The papers included in the review

Table 2. The papers included in the literature review based on woodland managers experience with

pests and diseases.

had been published within the last two decades which correlates with an observable increase in pest

and disease outbreaks observed in British woodlands (Boyd et al, 2013; Potter and Urquhart, 20]7).

Papers of all languages were considered for screening and geographically focused on British

woodland managers. However, the inclusion of two papers that demonstrated international

management behaviour of Emerald Ash Borer (EAB) was deemed relevant as it is considered an

imminent threat to British woodlands. Studies were excluded if empirical data were not described and

studies like Tomlinson, Potter and Bayliss (2015), which had a number of associated papers, the main

reportwas analysed. In total 11 papers were picked for core analysis that met the relevant criteria and

Microsoft was used to systematically record the data selected.

Author

Lawrence
and

Marzano

Marzano,
Fuller and
Quine
Tomlinson,
Potter and

Bayliss

Young et

al.

Date

2014

2016

2015

2018

Location

North
Wales,
United

Kingdom

United

Kingdom

London,
United

Kingdom

United

Kingdom

Sample
size
12 (8 face-
to-face, 4

telephone)

26 (6 face-
to-face, 20
telephone)

20

12 (1 face-
to-face, 11

telephone)

Sample

Key informants
(providing
advice to the
private forest
sector)
Woodland

managers

Woodland
managers and
plant health
representatives
Key informants
(senior policy
actors who can
provide

insights on

Methods

Interviews
(semi-

structured)

Interviews
(semi-
structured)
Interviews
(semi-

structured)

Interviews

(semi-

structured)/

Focus groups

Behaviour

Perceived

Actual

Actual

Perceived

Focus

Adapting to
climate

change

Managing

DNB

Managing
the OPM

outbreak
Managing

resilient

forest
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Marzano,
Woodcock
and Quine
Ambrose-

Oji et al.

Urquhart

etal

Porth etal.

Marzano

etal

Marzano

etal

Mackenzie
and

Larson

2019

2020

2017

2015

2016

2020

2010

United

Kingdom

United

Kingdom

United

Kingdom

Kent,
United

Kingdom

Europe

USA

Canada

22

(telephone)

44

37 (ash
dieback 21;

OPM 16)

392

17 (face-to-

face)

resilience) and
tree
professionals
Woodland
managers and
advisors
Woodland

managers

Experts in pest
and disease
outbreaks
(scientists,
policy,
woodland
managers)
Local
stakeholders
(residential
owners, civil
servants)
Tree
professionals
(livelihood —
forests)

Key informants
with EAB
experience
Local
woodland
owners/

managers

Interviews Actual
(semi-

structured)

Interviews Actual
(semi-

structured)

Interviews Actual
Interviews Actual
(semi-

structured)
Questionnaire  Actual
survey

Interviews/ Perceived
consultation

Interviews Actual

Managing

ash dieback/
resistant ash
Influences for

adaption

Risk
assessments

of outbreaks

Eradication

of ALB

Awareness of
pests and

pathogens

Management

of EAB

Rapid
response

programmes

Background research by Marzono, Fuller and Quine, (2017) suggests that literature regarding

woodland management behaviour, when faced with pests and outbreaks, is limited. This is

represented in the selection of only1l articles matching the eligibility criteria for analysis for this review.
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This review does not suggest that every paper that meets the eligibility criteriais included for analysis
due to time constraints. However, when the studies were analysed, it appeared that new themes were
nolonger emerging and that saturation of information had been achieved (Bryman, 2016). The papers
all use qualitative data, with all but 1 paper using some form of interview technique to provide
information about management behaviour. Some studies do mention the use of supplementary
information to help demonstrate the management of an outbreak over time (Mqrzono et al, 2020;

Tomlinson, Potter and Bayliss, 2015).

Of the papers selected, nearly three-quarters contain behaviour data by managers but just under a
quarter of papers are through key informants who are believed to have a good knowledge of
woodland manager behaviour (Younget al., 2018).1t is important to note that the perceived behaviour
of experts doesn’'t always equate to what managers are actually doing, but given the lack of literature
inthis area they are considered a relatively good source of information on woodland manager activity
but this limitation should be taken into considerationin the following analysis (Lawrence and Marzano,
2014). Finally, in the following analysis, these papers are not meant to be directly compared but do
provide invaluable insight into the available information about woodland manager behaviour

regarding pest and disease outbreaks.
Results and discussion

The following analysis of papers eligible for review detail management experience of pests and
disease outbreaks considering action and impact within a British context. This in-depth review
reaffirms Porth et al, (2015) findings that understanding lived experience of managing pest and
disease outbreaks over time is an under-researched component of plant health management within
a forestry context. It also highlights the importance of carrying out further research in this areq, to
consider the role woodland managers have on the ground in managing pests and disease outbreaks
(Lowrence and Marzano, 2014; Marzano, Fuller and Quine, 2017; Marzano, Woodcock and Quine, 2019;
Tomlinson Potter and Bayliss, 2015; Youngetal,, 2018). With observable increases in pests and diseases
in British woodlands, and the detrimental impact they have on the services woodlands provide to
society there is an increasing demand to understand and influence woodland managers’ decisions
(derence and Marzano, 2014; Marzano, Fuller and Quine, 2017; Tomlinson, Potter and Bayliss, 2015;

Young et al,, 2018; Ambrose-0ji et al,, 2020; Urquhart et a,, 2017; Porth et al, 2015; Marzano et al,, 2016).

There are several management options against threats and diseases, and the options taken by
woodland managers can be attributed to their awareness, understanding and value of plant health

issues as well as contextual and structural influences (Ambrose-Oji et al, 2020; Lawrence and
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Marzano, 2014; Marzono, Fuller and Quine, 2017, Tomlinson, Potter and Bayliss, 2015, Marzano et al,
2018). To influence management action it is therefore important to understand what management
action decisions are taking place in practice onthe ground and the factors that affect these decisions
(Lowrence and Marzano, 2014; Marzano, Fuller and Quine, 2017, Marzano, Woodcock and Quine, 2019;
Marzano et al, 2020). Therefore this review identifies and assigns thematic information within four
main topics: woodland manager characteristics, structural and contextual influences, management
approaches and barriers to implementing management strategies to further the understanding of
management action during pest and disease outbreaks over time (Ambrose-Oiji et al., 2020; Marzano,

Fuller and Quine, 2017, Tomlinson, Potter and Bayliss, 2015).

1. Managers’ characteristics, motivations and objectives

There are often difficulties in identifying and understanding the motivations of woodland managers
for managing woodlands and the objectives they hope to achieve. This is because the private
woodland manager landscape is complex and hard to access and there is no requirement for
woodland managers to produce management plans that detail this information (Lawrence and
Marzano, 2014; Tomlinson, Potter and Bayliss, 2015). However, Lawrence and Marzano (2014)
acknowledge that woodland owners and managers are diverse in both objective and motivation.
Understanding their motivations to manage woodlands are important because motivation is a
psychological phenomenon (affected by several internal and external factors) forming the driving
force for translating woodland managers’ thoughts, feeling and ideas into management action.
Better understanding can give a more thorough insight into management action and how to
influence future management action (Ambrose—oji et al, 2020; Lawrence and Marzano, 2014; Marzono
et al, 2016; Marzano, Fuller and Quine, 2017; Porth et al, 2015, Tomlinson, Potter and Bayliss, 2015;

Urquhartet a, 2017; Young et al, 2018).

Lawrence and Marzano (2014) identified six types of woodland owners, exhibiting different motivations
for managing woodlands: forest management companies (motivated by profit), farmers (not
particularly motivated to manage woodlands, predominately on land that can’t be used for
agriculture), private traditional estates (forestry management often secondary to other objectives —
e.g. hunting), weekend woodlanders (a place to enjoy with family, an interest in woodlands but
relatively litle management experience), community groups (focus on local wellbeing) and
individual investors (drawn by tax incentives). Motivation can suggest what objectives different
woodland managers aim to achieve from community groups focusing on the production of native

woodlands rich in diversity, in some cases unmanaged (Lawrence and Marzano, 2014; Tomlinson,
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Potter and Bayliss, 2015) compared with forest management companies producing intensely

managed Sitka spruce plantations (Ambrose-Oji et al, 2020; Marzano, Fuller and Quine, 2016).

Moreover, Ambrose-0ji et al, (2020) suggest that woodland managers’ objectives and subsequent
action can be attributed to an interlinked combination of manager motives (e.g. beliefs, worldviews)
and structural factors (e.g. woodland size) and contextual factors (e.g. market demands). Ambrose-
Oji et al, (2020) found woodlands greater than 50ha were identified as largely managed for timber
objectives (profit-based motives) or enterprise-based objectives (using private and public goods
from woodlands to make a profit) demonstrating a DSP (dominant social paradigm) worldview, with
managers suggesting little is done to plan against threats, and meeting market demands requires
growingmore and larger areas of single species (Ambrose-0ji et al., 2020). This goes against research
by Younget al., (2018) which suggests there is some manager support planningfor pests and disease
outbreaks by managing resilient forestry systems which would allow commercial plantations to

withstand outbreaks and supply the demand sustainably.

Ambrose-0ji et al, (2020) identified small to medium-scale woodland managers (less than 50ha)
were predominately multifunctional (actively managing land for private and social benefits) and
eco-centric managers (managing for ecological benefits) and tend to hold a NEP (new ecological
paradigm) worldview with many managers considering the impact of forestry material but also the
impact on the planet. Interestingly, for the smallest of British woodlands (less than 5ha) whilst
managers exhibited a NEP worldview there were elements of the DSP worldview evident. As many of
the woodlands in the UK are small and diverse this could be a key area to understand the
characteristics, motivations and objectives of these managers and their subsequent behaviour

(Ambrose—Oji et al, 2020; Lawrence and Marzano, 2014; Tomlinson, Potter and Bayliss, 2015).

2. Managers’ awareness and concerns for tree health

Concerns over tree health in the UK have increased dramatically in recent years with the introduction
and spread of several pests and diseases (Marzano, Fuller and Quine, 2017). Young et al, (2018)
suggests that woodland managers feel that proactive management to achieve resilience against
several external threats (e.g. climate change, storms, floods) is important for protecting woodlands
fromthe entry and establishment of pest and diseases. The most cited concern is changes in climate
which cause stress and subsequent vulnerability to trees, stands and forests which have led them to
being more vulnerable to established and new threats (Young et al, 2018). This finding was partly
disputed by Lawrence and Marzano (2014) who found that despite the mixed landscape of woodland
managers, the majority have low levels of concern about climate change; with the exception of

conservation-focused managers, but the concern for pests and diseases is clear.
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However, this disparity in views may be attributed to how some managers consider the impact of
threats identified and how they understand any potential causal links between them (e.g. climate
change leads to enhanced drought which leads to stressed trees leaving them more susceptible to
pest and disease outbreaks). Alas, the key theme remains, respondents are largely focused on tree
health regardless of the cause even if they are not yet reacting to it (Lawrence and Marzano, 2014).
Furthermore, a manager from Young et al,, (2018) study suggests a reason for the focus on pests and
diseases at the management level over other threats is because you can plan for climate change in
50 years but outbreak threats are imminent and managers for the most part deal with the here and

now so there is a forest standing in the future.

Marzano et al, (2016) concluded that the majority of respondents believe that further introductions of
tree pests and diseases are likely. Porth et al,, (2015) suggest woodland managers and owners were
aware of pest and disease outbreaks globally and knowledge of the detrimental impact they could
have. This motivated many woodland owners and managers to follow eradication plans or manage
their land to remove pests and diseases despite the personal loss of losing trees on their land (e.g.
negative impact on their business).Marzano and Lawrence (2014) concluded that woodland owners
and managers are also concerned locally about the threat of pests and disease and consider
outbreaks an imminent threat to the woodlands they manage highlighting the devastating impacts

Phytophthora ramorum has had on Welsh forestry.

Marzano et al, (2016) suggested tree professionals have modest knowledge and awareness of pests
and diseases and in general less than a quarter of tree professionals feel they know a lot about pests
and diseases. This was confirmed by Young et al, (2018), who determined that there was limited
knowledge about how pests and diseases were introduced into woodlands. Some individuals
identified imported wood as the key entry pathway for insect pests and live plants for imported
pathogens. Marzano, Fuller and Quine (2017) concluded that managers were aware that when trees
become stressed they are more likely to be susceptible to pests and diseases and stressors can be
linked to high-density stocking, site conditions, under management and external factors such as
weather. Managers of Dothistroma needle blight had limited knowledge of how the disease spreads

with some citing wind dispersal and infected stock (Marzano, Fuller and Quine 2017).

However, Young et al, (2018) suggested that managers did demonstrate an awareness of how pests
and diseases spread through the unregulated plant material and acknowledged the lack of diversity
of trees planted leading to more damaging impacts of pests and diseases and non-native tree
species were perceived to have invasive potential to act as vectors for disease. Urquhart et al,, (2017)

support both papers in suggesting that there was a disparity in the awareness and understanding of
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the spread of diseases and this can be attributed to manager demographics. Marzano et al,, (2016)
suggest that British tree professionals have the most knowledge about ash dieback and the least
about Emerald ash borer. This could be attributed to the fact emerald ash borer is not yet in the UK
and knowledge can be linked to management experience (Marzano et al, 2020). This can be
supported by Marzono et al, (2016) findings that knowledge and awareness of pests and diseases

rise with age, time in woodlands, and experience.

Young et al, (2018) highlighted that whilst most woodland managers believe a proactive stance
against pests and diseases is necessary, terminology within management often caused confusion.
‘Resilience’ was used the most by woodland managers to describe the concept of preventing the
entry and establishment of pests and diseases into forests but there was contradicting views about
how easily the concept was understood and could be applied in practice with some suggesting that
it was over complicated but others felt that the complex nature allowed the concept to be used and
delivered in multiple contexts (Young et al, 2018). Furthermore, Marzano, Woodcock and Quine (2019)
suggested that woodland managers preferred their own terminology to describe adaptive strategies
when tackling pest and disease outbreaks and suggested techniques to create ‘tolerant’ species
rather than ‘resistant’ species were important to them. This was because woodland managers want
trees that can withstand threats because it is unlikely in practice for example ash trees will remain
unaffected by ash dieback but the aim is for the impact to be minimised. Overall it is clear that
language is important in the communication, education and mobilisation of woodland managers in
tree health management, however, some woodland managers suggest using new or complex

terminology doesn’t automatically translate to management action (Young et al,, 2018).

Marzano et al, (2016) indicated that the majority of tree professionals were considering pests and
diseases within their management; purchasing plant materials from accredited sources with justless
than two-thirds of tree professionals suggesting they would not buy imported plants. Lawrence and
Marzano (2014) suggest a lack of knowledge and uncertainty about future risks and diseases
influences the willingness of managers to take this action. Managers suggest that uncertainty around
the value and futureresilience of alternative species enhance the perceived risks of changingspecies,
therefore, chose to remain with species they already know (Lawrence and Marzano, 2014). Urquhart
et al, (2017) suggest tree experts are considering risk from attitudes and social-political and cultural

views which change over time and are influenced by diverse information sources.

Marzano et al., (2016) suggest several factors, other than risk, play a part in management acting on
concern about pests and diseases including, but not limited to, financial resources, lack of

information, and perceptions of other people’s behaviour. Overall there appears to be a strong
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concern over the impact of pest and disease outbreaks with moderate awareness of the pests and
diseases present in British woodlands (Lawrence and Marzano, 2014; Young et al, 2018). There still
seem to be gaps in knowledge which limit what managers do to tackle pest and disease outbreaks
but it appears there would be a willingness to learn (Marzano, Fuller and Quine, 2017, Urquhart et al,
2017). Even when awareness and concern for pests and diseases are high, there are several notable
barriers that prevent effective management which need to be addressed in management plans and

policy (Marzano et al,, 2016).

3. Managers’ attitudes to managementof tree pests and diseases

Marzano, Fuller and Quine (2017) conclude that managers’ attitudes and beliefs about tree diseases,
and particularly how they perceive threats involved, are key factors in woodland management
decisions. This review has highlighted the diverse attitudes and beliefs woodland managers have
about tree pests and diseases, with several papers concluding management options taken when
faced with outbreaks also varied as a result (Ambrose-oji et al, 2020; Marzano et al,, 2020; Tomlinson,
Potter and Bayliss, 2015; Young et al., 2018). Tomlinson, Potter and Bayliss (2015) highlight that some
managers believe tree health problems pose more of an issuein forestry areas where they can have
an impact on commercial production but less in areas managed for biodiversity or recreation. Whilst
in part this could be attributed to managers believing that tree health resources particularly offered
by the government should be focused on commercial areas to protect market goods due to the
perceived risks of adaptive management on these sites and associated livelihoods (Lawrence and

Marzano, 2014; Tomlinson, Potter and Bayliss, 2015).

Thisview may also be supported by smaller non-commercial forest managers, particularlythose who
manage woodlands for biodiversity and public recreation. Ambrose-0ji et al,, (2020) suggest that
small non-commercial woodland managers believe that diversifying management approachesis an
appropriate response to threats but this shouldoccur as much as possible through natural processes
facilitated by managers but the course of natural procession shouldn't be altered. However,
Tomlinson, Potter and Bayliss (2015) also highlight, that still within an anthropocentric frame
management attitudes shift when public health becomes a factor and management is considered a

higher priority, particularly in urban areas and forests used for recreation.

Moreover, some woodland managers suggest that they already feel helpless against fighting pests
and diseases due to the many ways in which they can spread and the detrimental effect they can
have on a whole range of species (Young et al, 2018). This attitude is perhaps most concerning with
the management preparation for mitigating the impact of new pests and diseases relying on the

mobilisation of a complex landscape of woodland managers and the acceptance of management
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approaches from other countries (Marzano et al, 2020; Tomlinson, Potter and Bayliss, 2015). The
diverse range of attitudes regarding tree health management outlined above suggests that
understanding the factors that influence management attitudes is one essential component for
contextualizing management undertaken by woodland managers when faced with pest and disease

outbreaks in woodlands.

3.1  Previous experience

Previous experience with pest and disease outbreaks affected managers’ attitudes, risk perceptions
and behaviour (Marzano, Fuller and Quine, 2017; Marzano, Woodcock and Quine, 2019; Marzano et al.,,
2020; Urquhart et al, 2017). Recollection of experience with pests and diseases varied from personal
action and impact to media coverage and even childhood memories (Marzano, Fuller and Quine,
2017; Marzano, Woodcock and Quine, 2019; Urquhart et al, 2017). Marzano, Fuller and Quine (20]7)
stated that several woodland managers, after an experience with Dothistroma Needle Blight,
concluded the disease was largely manageable with limited enhancement of silviculture
management where possible. This suggests that managers are using, where possible, management
techniques to bring the disease to suitable levels. Natural progression through the different seasons

was noted as playing the biggest part in management control (Marzano, Fuller and Quine, 2017).

Several papers suggest managers consider the severity of current outbreaks and decide on
management action based on past experience even if the pest or disease is different (Marzano,
Woodcock and Quine, 2019; Marzano et al, 2020; Urquhart et al,, 2017). Experience with Dutch EIm
disease seems to have the biggest impact on current management decisions (Marzano, Fuller and
Quine, 2017; Marzano, Woodcock and Quine, 2019; Urquhart et al, 2017). Marzano, Fuller and Quine
(2017) suggest that woodland managers; with the exception of Phytophthora ramorum, consider that
pests and diseases are spreading slowly across British woodlands.One manager reflected that Dutch
EIm disease has taken hiswhole lifetime to spread from one area of the UK to another (Marzano, Fuller
and Quine, 2017). This observed speed of spread has resulted, in potentially, a low perceived risk of
pests and disease outbreaks and in some cases this riskis accurate (Marzano, Fuller and Quine, 2017).
However, this could also be attributed to the long time frames associated with forestry and as aresult

a key barrier to mobilising managers to action.

On the other hand, Urquhart et al, (2017) suggest personal observations, recent experience of the
Asian Longhorn beetle, and more distant memories of Dutch EIm disease, alongside media coverage,
increased the concern managers had about the impact ash dieback. Moreover, those currently
experiencing ash dieback that have also experienced mass species loss and associated ecosystem

impact, particularly through Dutch elm disease, consider ash dieback a more imminent and serious
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threat to native landscapes than those who have not had experience with Dutch elm disease
(Marzano, Woodcock and Quine, 2019).

Overall this suggests that lived experience of pest and disease outbreaks particularly in recent times
increase the concern for current and future pest and diseases (Marzano, Fuller and Quine, 2017,
Marzano, Woodcock and Quine, 2019; Urquhart et al, 20]7). The lack of concern over the speed of
spread could also be attributed to long time frames associated with forestry and as a result a key
barrier to mobilising managers to action. However, previous experience can be used effectively to
direct the management of new pests and diseases. Marzano et al, (2020) found that managers of
Emerald Ash Borer in an American context used the experience of successful preemptive felling of the
Asian Long-horned beetle in the area which successfully eradicated increased participation in an

eradication programme for Emerald Ash Borer.

3.2 Attitudes and proximity to outbreaks

Younget al, (2018) conclude that woodland managers’ attitudes towards pest and disease outbreaks
are influenced by both spatial and temporal scales. Marzano, Fuller and Quine (2017) suggest that the
proximity of a pest or disease is a crucial component for influencing management attitudes and
actions with forest managers less willing to adapt (often with costly processes) if they are not
experiencing the detrimental impacts on their land. Marzano, Woodcock and Quine (2019) also
conclude that attitudes towards pests and diseases, and proximity to outbreaks, are correlated. The
closer a manager is working to the origins of the outbreak they have more experience with the loss of
species and as a result, consider that particular pest or disease more of a threat than woodland
managers located further away. This suggests that you would expect to see greater management

action closer to the original outbreak site than in woodlands in other locations.

However, in some cases when a pest or disease becomes established and can no longer be
eradicated, it might cause managers to feel helpless towards pest and disease outbreaks on their
land and may undertake less management as a result (Young et al, 2018). In some cases where tree
health resources are limited, and it is perceived that management would no longer ‘be effective’
agents and government bodies may shift their support to managers within a ‘buffer zone’ area
therefore management actions can be location specific and influenced by the support available
(Marzqno, Fuller and Quine, 2017; Tomlinson, Potter and Bayliss, 2015). Some woodland managers
argue that closer proximity to outbreaks demonstrates an increased perceived risk felt by woodland
managers but does not minimise the actual risk of pests and diseases spreading across British

woodlands (Morzono, Fuller and Quine, 2019; Young et al., 2018).
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Managers argued that outbreaks should be tackled at the landscape scale and integrated land use
management and diversification at all levels would make woodlands more resilient (Young et al,,
2018). Furthermore, the influence of spatial scales on attitudes towards pest and disease outbreaks is
important when consideringhow managers may be affected by carrying out obligative management
action. Porth et al, (2015) and Marzano et al, (2020) conclude that global eradication programmes
can be highlysuccessful inthe eradication of pests and diseases, however, this often has a significant
detrimental impact on local people. Rapid eradication programmes are often produced and
implemented quickly without consultation with woodland managers and often the management

action required is obligatory (Mackenzie and Larson, 2010).

Rapid eradication programmes have been seen to affect the attitudes of woodland managers
significantly, as the tradeoff between the removal of vast amounts of trees in local areas to prevent
widespread damage across many woodlands throughoutthe country (Marzano et al,, 2020). This was
demonstrated in the outbreak of the Asian Longhorn beetle in the South of England whereby for the
most part people with trees on their land understood the importance of felling but became
disheartened when trees were removed even if the disease wasn't present (Porth et al., 2015). Despite
the removal of trees being in a small geographic location, in this example, and the impact of
eradication successful at a national scale, it is important to consider the negative social and cultural

impacts of this programme on woodland managers.

3.3 Attitudes and proximity to outbreaks

Young et al, (2018) conclude that woodland managers acknowledge that dealing with threats in
woodlands is challenging because of the long time frames associated. Marzano, Woodcock and
Quine (2019) conclude that woodland managers can find the long time frames useful when planning
against threats, suggesting with ash dieback that there would be 20-30 years to plan before the
species would be at risk. This was also supported by woodland managers who suggest that most
currentpests and diseases spread sufficiently slowly enough that sufficientaction can be taken within

necessary timeframes to prevent large detrimental damage (Marzano, Fuller and Quine, 2017).

However, if the option was offered to manage more resistant species against pest and disease
threats, those who supported these trees would want to access them as soon as possible (Marzano,
Woodcock and Quine, 2019). Therefore despite the acknowledgement of long time frames, it appears,
given an affordable and feasible option woodland managers would rather act now than wait for
threats to arise. There are also notable increases in fast-spreading diseases and the potential for
unknown pests to enter British woodlands that might not give managers such a time frame to act

(Lawrence and Marzano, 2014; Marzano, Fuller and Quine, 2017).
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Concurrently, managing woodlands across long timescales could become increasingly challenging
with projected increased uncertainty, particularly through climate changes, therefore it is advised
woodland managers should be aiming to manage resilient landscapes now but is often limited by
policy, objectives and priorities (Young et al, 2018). Management of tree pest outbreaks often takes
place in stringent time constraints and rapidly changing contexts, which presents substantial
challenges for engaging woodland managers with wider stakeholders in management coordination

which requires long-term interaction and trust building (Porth et al,, 2015).

However when faced with a pest and disease outbreak woodland managers have the highest levels
of concern in the early stages of an outbreak when scientific evidence may be limited and there may
be a lack of clarity on management responsibility or regulatory mechanisms (Mackenzie and Larson,
2010; Urquhart et al,, 2017). There is little evidence in the literature on how this concern translates to
action and how attitudes and subsequent action would change over time as concern potentially
decreases. This could be because whilst it might be expected less action takes place when the
concern of the outbreak decreases this may not be the case. As evidence and clarity of management
and regulations are increased, more management action may be taking place but it is less
concerning to the woodland manager and the direction of necessary management is better
understood.Overall there is still relatively little information abouthow woodland managers adapt over

time when faced with an ongoing pest and disease outbreak in their woodland.

4. Contextual factors influencing management

Alongsidewoodland managers’ understanding, objectives, and values, several contextual factors can
influence management action against pest and disease outbreaks (Ambrose-0Oji et al, 2020;
Lawrence and Marzano, 2014; Marzano, Fuller and Quine, 2016; Tomlinson, Potter and Bayliss, 2015;
Marzano et al,, 20168).The coordination of pest and disease outbreaks (Marzano, Fullerand Quine, 2017,
Porth et al., 20]5), woodland managers engaging with outbreaks (Lowrence and Marzano, 2014;
Mackenzie and Larson, 2010) and sharinginformation aboutthe outbreak (Porth et al, 2015; Tomlinson,
Potter and Bayliss, 2015) can impact management choices taken by woodland managers.
Furthermore the quality of information and where and/ or whom it comes from (Lawrence and
Marzano, 2014; Marzano, Fuller and Quine, 2017) can influence management decisions. Management
of pests and diseases is also impacted by the feasibility of carrying out suitable action through the
support of grants and in some cases obligatory action through policy legislation in plant health
(Lawrence and Marzano, 2014; Tomlinson, Potter and Bayliss, 2015). Overall these factors impact

management action alongside site-specific factors as well as pest and disease characteristics.
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41  Coordination of pest and disease outbreaks

Marzano, Fuller and Quine (2017) suggest that as tree pests and diseases become more prevalent in
forests, mobilising woodland managers and wider stakeholders to work together to counter threats is
an essential component of effective management. In the case of Oak Processionary Moth the London
Tree Officers Association were acknowledged as playing a central role in coordinating the outbreak
response and woodland managers valued this association as a trusted source of knowledge
(Tomlinson, Potter and Bayliss, 2015). The London Tree Officers Association also worked collaboratively
with local authority officers who took a clear role of responsibility for the outbreak above and beyond
their remit (Tomlinson, Potter and Bayliss, 2015). Marzano, Fuller and Quine (2017) suggest that the
knowledge, trust and responsibility demonstrated by the coordinators above influenced woodland
managers and wider stakeholders resulting in a successful coordination approach against the
outbreaks. Despite some appreciation woodland managers acknowledged the coordination
response was hindered by the complex woodland landscape, making engaging with wider
stakeholders, explaining statutory duty, and mobilizing action challenging (Tomlinson, Potter and
Bayliss, 2015). This lead to delays in the response to the threat and impacted the effectiveness of the

eradication programme (Tomlinson, Potter and Bayliss, 2015).

In the case of the Asian Longhorn Beetle, the coordination of the eradication response was heavily
questioned, with managers and residents arguing that an earlier discovery had not been
communicated or dealt with effectively and the eradication coordinators were, in some cases,
causing unnecessary inconvenience despite the removal of trees being obligatory (Porth et al., 2015).
Despite this, Young et al, (2018) argued that many woodland managers hope to work with a wide
range of stakeholders to mitigate threats from pests and diseases including those who are often
missed out on coordination conversations. This suggests that even if the management is considered
necessary by woodland managers and the coordinators are trusted, outbreak-specific factors will;
like social impact, and cost, need to be taken into account for a successful coordination approach
(Marzano et al, 2020; Porth et al, 2015). Tomlinson, Potter and Bayliss (2015) highlight that external
bodies should be used to coordinate pest and disease outbreaks which have sufficientresourcesand

the ability to give unbiased advice.

42 Engaging managers with tree pest and disease outbreaks

Tomlinson, Potter and Bayliss (2015) demonstrate that pest and disease outbreak management relies
on engaging effectively with woodland managers. Engagement relies on trustworthy and credible
sources which are partnered with existing social networks that can increase the scope and

effectiveness of engagement (Lawrence and Marzano, 2014). In the case of Emerald Ash Borer spread

33 |Page



in America, which can be greatly accelerated by accidental movement through people it was
acknowledged that engagement activities about the pest and ways of reducing spread have been
considered an essential component of management (Marzano et al, 2020). These engagement
activities could be widely useful among woodland managers in the UK with Marzano et al., (2016)
indicating that only 20% of tree professionals across Europe take biosecurity considerations when
managing woodlands (e.g. clean footwear and vehicles) but are open to changing behaviour in the
future. This may indicate that woodland managers may not be considering these behaviours
importantto therisk of pest and disease spread, and engagement activities may increase awareness

around the introduction pathway.

In the case of the Asian Longhorn Beetle outbreak in the South of England, there were many attempts
to engage a wide range of local people with the eradication programme (public meetings, leaflets,
websites) but many expressed frustration that these platforms allowed for information access but
didn't allow ‘open dialogue’ to question or change management direction (Porth et al,, 2015). In the
case of eradication programmes, decisions often have to be made quickly and relationships with tree
owners cannot always be built sufficiently and often the national impact is considered over the local
impact (Mackenzie and Larson, 2010; Marzano et al, 2020). It was clear in this case that engaging
local people in management decisions could have had a substantial effect on the resident perception
of the programme but it could be argued by programme enforcers that in this instance engaging

local tree owners in decisions most likely wouldn't have changed the outcome (Porth et al,, 2015).

Mackenzie and Larson (2010) mirrored these findings in the rapid response programme against
Emerald Ash Borer in Canada where residents and local woodland managers felt excluded from the
management conversation and helpless to protect their land. It is important to note that if local
people had felt more included perhaps this experience would have had an impact on their future
responses to pest and disease outbreaks on their land (Marzano, Fuller and Quine, 2017; Marzano,
Woodcock and Quine, 2019; Marzano et al, 2020; Urquhart et al, 2017). Ultimately, sometimes pests
and diseases need to be eradicated quickly but without the consideration, cooperation and
engagement of woodland managers and local residents, the nature of outbreaks mean part action

could be a waste of time (Tomlinson, Potter and Bayliss, 2015).

43 Communication with pest and disease outbreaks

Marzano, Fuller and Quine (2017) suggest that sharing knowledge of pest and disease outbreaks,
which are constantly in a state of change, needs to consider the attitudes of woodland managers
and site-specific factors which would allow certain management measures to be adopted. Marzano,

Fullerand Quine (2017) also highlighted that the scale of information shared with woodland managers
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should be considered, whether it be focusing on individual threats or broader biosecurity measures.
Considering information about biosecurity measures within management is important, but
communicating a concept about the management of all threats may be overwhelming for woodland
managers and may seem unfeasible, which could have the adverse effect and lead to no

management being undertaken (Young et al, 2018).

Tomlinson, Potter and Bayliss (2015) suggest framing pest and disease outbreaks through a social
lens, communicating to woodland managers the impacts of human health risks of pests or diseases,
which could be influential in private woodland managers declaring tree health concerns to relevant
bodies. This suggests that how information is communicated to woodland managers can have an
impact on the management taken against pests and diseases, cooperation within eradication
programmes and consideration of outbreaks in the future (Mackenzie and Lawrence, 2010; Marzano
et al, 2020; Porth et al, 2015). Marzano et al, (2020) concluded that in the case of Emerald Ash Borer,
large amounts of time and money were invested in communicating tree removal and replacement
plans to woodland managers and the wider public. This occurred through outreach programmes,
local media, and public meetings with forestry staff informing tree owners about treatments, and

preemptive measures as well as discussing any objections (Marzano et al,, 2020).

Porth et al, (2015) concluded that there were multiple layers of communication in the eradication of
the Asian longhorn beetle involving: managers organising the eradication programme (e.g. Forestry
Commission), contractors hired to do the work, those who had been directly impacted and the
broader public. A series of meetings provided information to affected parties but when the outbreak
buffer zone was extended woodland managers were affected without knowing what was happening
(Poth et al,, 2015). However, woodland managers and tree owners felt the communication about the
eradication programme was inconsistentand contradictory and led to rumours about the work being
undertaken and the managers of the sites being treated unfairly by other local residents (Porth et al,,
2015). This again highlights the importance of including social impact considerations in tree health
management (Marzano et al, 2020). Furthermore, Mackenzie and Lawrence (2010) concluded that
even in eradication programmes of pests and diseases if there is no effort to build stakeholder trust,
woodland managers and tree owners will lack trust in the information shared, how is shared and who

as well as hesitance with cooperating with the eradication programmes.

44 Information sources

Woodland management decisions can be affected by the information available, how itis shared, and
where it comes from (Ambrose—oji et al, 2020; Lawrence and Marzano, 2014; Marzano et al., 2016;

Marzano, Fuller and Quine, 2017; Tomlinson, Potter and Bayliss, 2015; Urquhart et al, 2017; Young et al,
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2018). Marzano et al, (2016) identify that woodland managers are keen to learn more about the
biology of pests and diseases as well as methods to prevent or control outbreaks from trusted
sources. Concurrently, there was a strong feeling among woodland managers that more formal
advice and guidance at the management level were required to respond to threats of pests and
diseases effectively (Young et al, 2018). This suggests that woodland managers are keen to follow
advice from trusted groups and potentially adapt behaviour, but feel suitable information is not

currently available.

Furthermore, how managers access this information and who it is from is crucial to whether the
methods suggested are considered for adoption (Ambrose-Qiji et al., 2020). Marzano et al,, (2016)
indicate that there are several ways that woodland managers and other tree professionals gain
knowledge about pests and diseases with the internet the single most popular choice although
newspapers and government organisations were also used for information. Woodland managers
also rated education and training as an important information source and would prefer to receive
more information in the form of seminars first, and then online resources if that wasn't possible and
would be open to receiving regular updates about threats through e-mail (Marzano et al,, 2016). This
suggests that woodland managers appear to want to improve their knowledge of pests and diseases

and are willing to engage through several platforms.

Urquhartet al, (2017) suggest that media plays a significantrole in influencing woodland managers’
knowledge and perception of the severity of pest and disease outbreaks. However, the amount of
media coverage available has begun resulting in woodland managers questioning whether the
perceived impact and concern were in line with the actual impact and whether this information can
be trusted (Tomlinson, Potter and Bayliss, 2015). Furthermore, the media often triggers a public
reaction which collectively acts as a key driver for government response alongside other
environmental lobbying resulting in more attention and resources which is not representative of what

is really required (Urquhartet al, 2017).

Young et al, (2018) identified woodland managers also take advice from Forest Research and the UK
plant health register and several multidisciplinary advisory forums. However, Ambrose-0ji et al,
(2020) identify small woodland managers were highly distrusting of advice from main government
and research organisations, with many looking to them for technical information but in the
application, this information didn't reflect their values, objectives and site conditions so were not
inclined to act on it. Mackenzie and Larson (2010) also supported these findings that woodland
managers distrustin the government, particularly with regard to eradication programmes where they

felt excluded from the conversation, with information not properly explained or justified. This lack of
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trust could result in less engagement and cooperation with pest and disease management in the
future so the balance between necessary action and social impact is key for future tree health

management.
45 Networking

Marzano, Fuller and Quine (2017) suggest that social networks are highly influential in improving
communicationthat leads to greater uptake of pest and disease management. Additionally,informal
communication networks are useful in developing understanding, mutual trust and collaboration
amongst managers and between people and government officials which is often identified as a
barrier within tree health management (Marzano, Fuller and Quine, 2017). In the case of Oak
Processionary Moth in London, the introduction of interdisciplinary networking groups showed some
elements of success in the coordination response. However, Lawrence and Marzano (2014) identified
that some woodland managers felt especially in the private sector there was a poor flow of
information between woodland managers themselves. In the case of the outbreak of the Asion
longhorn beetle, Porth et al, (2015) recognised that sharing of information across networks wasn’t
occurring, and as a result, managers’ relationships within the community were detrimentally
impacted. Overall, as demonstrated above, not only the information provided to woodland managers

influences management action but also the way in which it is shared and by whom.

46 Government and policy tools

Nearly three-quarters of the British woodlands are s in private ownership so the management action
of private woodland owners is crucial to reach policy goals (Lawrence and Marzano, 2014). Woodland
managers were aware of several policy tools: the Plant Biosecurity Strategy for Great Britain, the UK
Forestry Standard, and at an international level, the International Plant Protection Convention which
develops international standards to prevent the entry of pests and diseases but also facilitate trade
(Younget al, 2018).Marzano, Fuller and Quine (2017) acknowledged that relatively few managers were

undertaking measures advised by policy despite having awareness of them.

Tomlinson, Potter and Bayliss (2015) identified that in the case of Oak Processionary Moth legislation
even compromised the response to the outbreak slowing down the reaction time by debating
whether the pest should be managed as a public health or environmental risk despite it being both.
Urquhartet al, (2017) suggest that the political agenda (short-term goals and upkeeping reputations)
does not necessarily align with the long-term goals required to achieve resilient woodlands across

the UK. Although, Ambrose-0ji et al., (2020) suggest some larger woodland managers felt relatively
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well served by policy but there were acknowledged restrictions for commercial forests with strong

financial objectives.

The main policy tools for encouraging woodland management in the case of tree health is provision
of advice and grants with limited regulation (Lawrence and Marzano, 2014). The use of Statutory Plant
Health Notices is one of the only legally binding processes that require the removal of trees from
woodlands when faced with tree health issues. However, many woodland managers are either slow
to act or are not acting at all about these notices because the Forestry Commission threaten legal
action but it is becoming common knowledge among woodland managers that they do not have the

time or resources to pursue legal action against managers (Tomlinson, Potter and Bayliss, 2015).

Although the use of eradication programmes, which are also mandatory, but the government usually
bears the cost, were seen by some woodland managers as a political stuntrather than a programme
based on scientific evidence (Mackenzie and Larson, 2010; Marzano et al,, 2020). They believed that by
the time the programmes are set up the introduction of the pest or disease could have happened
many years ago leaving it already established and the programme mostly useless (Mackenzie and
Larson, 2010; Marzano et al.,, 2020). However, Porth et al, (2015) acknowledge the success of the
eradication programme of the Asian Longhorn Beetle but the woodland manager’'s memories of the

event suggest that these programmes provide a positive experience for woodland managers.

4.7 Advice and grants

Young et al, (2018) suggested woodland managers were still heavily reliant on government
intervention to reduce the impact of pest and disease threats, with the primary tool at the local scale
being access to grants. Lawrence and Marzano (2014) acknowledge that grant mechanisms have
been particularly useful in supporting woodland management on agricultural land which may have
been completely neglected previously. On the other hand in some cases where there are incentives
to plant species for pest and disease resilience but these species can also be intolerant to other
threats like squirrels (Lawrence and Marzano, 2014). Marzano, Woodcock and Quine (2019) suggest
that woodland managers think existing woodland creation grants would be sufficient to incorporate
adaptive management including producing resistant material however any experimentation should

be accompanied by sufficient funding and technical advice.

However, Lawrence and Marzano (2014) suggest that some woodland managers used concern about
forest threats as a method to meet criteria for applications and were not always representative of
actual concern. Lawrence and Marzano (2014) suggested that it is hard to distinguish between the

effects of grants and advice as they are often supplied together. Lawrence and Marzano (2014)
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concluded that advisory services fall into three main groups: commercial and/ or investment forest
employing consultants,a small woodland using grants, and the accompanying advisory services and
those who have no access. Lawrence and Marzano (2014) suggested that woodland managers were
seen to be heavily reliant on external advice but some suggested this could be disconnected and
confusing. The UK Forestry Standard was perceived largely as a regulatory guide but many small
woodland managers considered the advice and information about grants overwhelming (Young et
al, 2018). As a result, Lawrence and Marzano (2014) acknowledge many woodland managers rely on
the use of agents who often help with specific issues but do not provide long-term management.
There was a lot of scepticism about advice that will be discussed later in this review where woodland
managers detailed many examples of advice that had been given but in practice was later proven
unsuitable (Lawrence and Marzano, 2014). This could leave managers hesitant to take future advice

and subsequently adopt future behaviours.

5. Management approaches

This review identifies that relatively little information is known about the actual action taken by
individual woodland managers when faced with pest and disease outbreaks (Marzano, Fuller and
Quine, 2017; Marzano, Woodcock and Quine, 2019). Decisions taken by woodland managers are most
often based on perceptions of their relative cost and effectiveness and the specific ecological and
economic contexts of different outbreak sites (Tomlinson, Potter and Bayliss, 2015). Younget al,, (2018)
suggest that woodland managers, for the most part, are aiming to create resilient forests through a
broad range of approaches that can also be adapted over time to support their objectives and policy
contexts. Ambrose-Oji et al, (2020) suggest small-scale woodland managers fell into three main
groups when carrying out woodland management against threats: those who make no provision
believing nature will adapt, those who were considering implementing adaption practices but relied
ontheir own belief, and those who made active provision forenvironmental changeusing advice from
organisations that were representative of their objectives and values. Ambrose-0ji et al, (2020)
suggest that conservation managers fall into the active management against threats that would
support the work and aims of many conservation organisations but in some cases goes against
earlier comments that for the benefit of biodiversity some areas should be leftunmanaged (Lawrence
and Marzano, 2014; Tomlinson, Potter and Bayliss, 2015). This highlights that even within conservation
organisations with similar objectives there may be observable differences in the management in

practice against pests and diseases.
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5.1 Management plans and risk analysis

There is a lack of understanding of woodland management behaviour as a whole across British
woodlands. This is attributed in part to a lack of legal obligations to produce and implement
management plans or pest and disease readiness plans (Lawrence and Marzano, 2014).
Management plans are increasingly useful documents to guide current and future management
actions of woodland managers and inform other stakeholders (e.g. scientists, and policymakers)
about the site’s conditions and management direction. Furthermore, the production of objective risk
assessment for both current and future tree health outbreaks is becoming increasinglyimportant but
future uncertainty makes this also increasingly difficult (Urquhart et al, 2017). There was one paper
(Urquhart et al, 2017) that mentioned risk assessments as part of pest and disease management
strategies and one paper that used a risk committee in a rapid eradication programme (Mackenzie

and Larson, 2010).

Despite this seeming lack of risk provision, the concern about the risk posed by pest and disease
outbreaks was highlighted by woodland managers across several studies (Lawrence and Marzano,
2014; Marzano, Fuller and Quine, 2017; Marzano et al,, 2020). Readiness plans are also suggested as
key elements of planning for outbreaks and have been successfully implemented with Emerald Ash
Borer in an American context (Marzano et al,, 2020). There was no evidence found that these plans
are currently being prepared in the UK where eradication programmes have been implemented and
considered costs, responses and management required (Porth et al, 2015). This preparation of
information and stakeholder logistics would be useful as woodland managers often have the highest
concern in the early stages of outbreaks when information may be delayed (Mackenzie and Larson,
2010; Urquhart et al, 2017). Their lack of use could be attributed to the cost of producing such plans
when tree health resources are limited and often fall to the responsibility of woodland owners

(Marzano et al,, 2020).

5.2 Monitoring, detection and reporting

Continuous monitoring is a useful tool for woodland managers and a key element of both resilience
and pest and disease detection (Morzono, Fullerand Quine. 2017; Marzano et al,, 2016; Porth et al., 2015;
Young et al, 2018). Marzano, Fuller and Quine (2017) found managers identified the importance of
monitoring for the early detection of pests and diseases but many were blocked from carrying out
monitoring because of the cost and manpower, and in some cases are also restricted to small time
frames when the pest or disease may be observed. In the case of the Oak Processionary Moth

outbreak in London, the absence of an effective surveillance system meant that local authority
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officers working outside of their remit of duties reported infestations (Tomlinson, Potter and Bayliss,

2015).

In most outbreaks early detection is critical and in the case of Emerald Ash Borer, which is notoriously
difficult to detect and in America, significant investment has gone into monitoring programmes.
Although to achieve rapid detection, this surveillance needs to be ongoing, which was identified by
Marzano, Fuller and Quine (2017) as being financially unfeasible for woodland managers. In most
cases, it wasn't possible for woodland managers to monitor just one pest or disease of particular
concern let alone monitor all potential threats. Porth et al, (2015) concluded that in the case of the
Asian Longhorn Beetle, where annual local monitoring was funded by the government and not that
private woodland managers themselves a successful eradication programme was implemented.
However, complete reliance on monitoring and detection through observable damage by pests and
disease does pose limitations as irreversible damage can be caused long before trees show visible

problems (Younget al, 2018).

Furthermore, in the case of the Asian Longhorn beetle, a beetle was found 3 years prior at a site in
packaging, therefore, suggestingthat potentially the pest couldhave been establishingfor some time
(Porth et al,, 2015). This is where advancement in detection techniques through satellite imagery, and
the sharing of scientific models about future projection and sufficient funding, would significantly
benefit woodland managers’ action against outbreaks (Lawrence and Marzano, 2014; Marzano, Fuller
and Quine 2017). Also once the pest is detected it is important they are actually reported to the
relevant bodies with most woodland managers reporting findings to governmental and local
authorities as well as conservation groupsin the firstinstance although some admitted they still might
not report their findings to anyone (Marzano et al,, 2016). This suggests that engaging with woodland
managers about the importance of reporting pest and disease outbreaks so that outbreaks can also
be dealt with at a landscape scaleis a crucial element of a coordinatedresponse to pest and disease

outbreaks (Tomlinson, Potter and Bayliss, 2015).

5.3 Species choice

Species selection was the most prominentdecision considered by woodland managers against pests
and diseases (Lawrence and Marzano, 2014; Marzano, Fuller and Quine, 2017; Ambrose-Qji et al, 2020).
Lawrence and Marzano (2014) demonstrated that altering species as a management choice against
threats was demonstrated by three main selections: native diversity, Sitka Spruce or planting a wide
new range of species. Marzano, Fuller and Quine (2017) highlight that whichever choice is made

represents a major decision with long-lasting consequences for woodland managers. Marzano,
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Woodcock and Quine (2019) conclude that land managers want to ensure that diversifying species

mixtures and managing common pests be maintained over time.

Therefore, when faced with uncertainty, forest managers with commercial objectives tend to look to
replant new exotics whilst smaller-scale owners with lower commercial objectives rely more onnative
genetic diversity (Lawrence and Marzano, 2014). However several factors (site conditions, availability
of species and markets) contribute further to uncertainty in woodlands and despite woodland
managers acknowledging criticisms of single species plantations, many have reverted to this,
managing this species because currently itis less susceptible to current pests and diseases and more

economically viable (Lowrence and Marzano, 2014; Marzano, Fuller and Quine, 2017).

Woodland managers feel that government policy, including the UK forestry standard, is encouraging
the use of diverse tree species but this in practice isn't feasible due to the species available and the
cost to plant them (Mqrzono et al, 2020; Marzano, Fuller and Quine, 2017, Marzano Woodcock and
Quine, 2019). Marzano et al,, (2020) found that replacing species has a high financial cost but allows
woodland managers to have input into forest design. This resulted in woodland managers
considering native broadleaves that provide multiple benefits as well as their suitability to plant in
native woodland mixtures (Morzono, Woodcock and Quine, 20]9). However, Marzano, Woodcock and
Quine (2019) suggest that some managers felt that there was a decreasing number of broadleaf
species and this governmental drive to diversify will leave increasing gaps in mixed forest stands with

the current and future effects of acute oak decline, phytophthora and ash dieback.

In the case of ash dieback, woodland managers are planting other native broadleaf species or non-
native broadleaves such as sycamore but there is less support for non-native ash alternatives
(Marzano, Woodcock and Quine, 2019). This suggests that woodland managers are more likely to
diversify with alternative species when faced with pest and disease threats than plant non-native
versions of the same species which may not exhibit the same properties. Furthermore, Ambrose-0Oji
et al, (2020) suggest that woodland managers felt pressure from government guidelines to diversify
but from several different perspectives: large-scale woodland managers argued that increasing
diversity would reduce areas of commercial productivity and claimed that variation was being
achieved at a genetic level across stands and small scale managers considered species
diversification an appropriate adaptation response but conservation-focused management stress
the importance of diversification as a natural process. Overall, managers are consideringor changing
species towards diversification as a result of pest and disease threats but not always inthe same way

based on objectives, resources and contextual factors and are hindered by species availability, costs
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and markets (Ambrose-QOiji et al, 2020; Lawrence and Marzano, 2014; Marzano, Woodcock and Quine,

2019).

5.4 Tree removal (thinning and felling)

The removal of trees as a management action is not taken lightly because of its social and biological
impact (Mackenzie and Larson, 2010; Marzano et al., 2020; Porth et al, 2015). However, tree removal
management iscommon practice in silviculture management and is particularly usefulwhen dealing
with pests and disease outbreaks (Ambrose—oji et al,, 2020; Marzano, Fuller and Quine, 2017; Marzano
et al, 2020). Tree removal is used in a number of outbreak situations to slow the spread of pests and
diseases by minimising the density of trees and increasing the distance the pest or disease has to
travel to spread (Ambrose—Oji et al, 2020; Marzano, Fuller and Quine, 2017, Marzano et al.,, 2020).
Ambrose-0Oji et al, (2020) suggest that many woodland managers felt shorter rotations and
improved thinning regimes shouldbe used as a principal response to the threat of pests and diseases.
Marzano, Fuller and Quine (2017) suggest that the selective removal of trees from pine stands is a vital
measure to slow down the spread of Dothistroma Needle Blight with managers generally
acknowledging the positives of thinning to slow the spread but highlighting the economic viability
and feasibility of heavy thinning within challenging sites and conditions. This becomes a trade-off
between the spread of pests and diseases through remote and therefore potentially unmanaged

forests and the resources required to access these forests to thin the trees to slow the spread.

Marzano, Fuller and Quine (2017) suggest some woodland managers identified clear-felling as more
suitable in terms of Dothistroma Needle Blight management but the felling observed was carried out
for different purposes: saving some value of infected trees, halting the disease and preemptively due
to proximity of their forest to the outbreak. This suggests that felling can provide managers with an
option that can slow the spread/ eradicate the pest or disease and support multiple objectives (e.g.
land managed for biodiversity, commercial plantations). Marzano et al., (2020) identify in the case of
Emerald ash borer and Asian Longhorn beetle preemptive felling, provided short-term social impacts
but the eradication of the pests prevent the long-term costs of infestation. Forest managers have
shown some, or targeted, removal of trees has contributed to the slower spread or eradication of
pests and diseases however engaging with individuals must consider the social impacts of removing
trees (especially those not infected) if successful mobilisation of forest managers is to be achieved

to tackle outbreaks in the future (Porth et al,, 2015).
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5.5 Disease and pest removal

There are a number of methods used by woodland managers to remove a pest or disease from trees
within a woodland (Marzano, Fuller and Quine, 2017; Marzano et al,, 2020; Tomlinson, Potter and Bayliss,
2015; Urquhart et al, 2017). The method taken can depend on several characteristics of both the
infected site and the pest or disease itself (Tomlinson, Potter and Bayliss, 2015; Urquhart et al., 2017).
Within two London sites (Royal Botanical Gardens Kew and Richmond Park) infected with Oak
Processionary Moth tree managers initially began removing nests to minimise the spread of the pest

(Tomlinson, Potter and Bayliss, 2015).

However in Royal Botanical Garden Kew, this wasn't sufficientto balance out the public health risk so
was quickly abandoned for spraying (Tomlinson, Potter and Bayliss, 2015). Spraying was an effective
method for removing Oak Processionary Moth in this case but there have long been concerns about
the biodiversity impact of chemicals used particularly on aquatic organisms and bees (Urquhart et
al, 2017). Consequently, this method was not adopted in Richmond Park because the site was heavily
restricted by conservation legislation so a large-scale volunteer nest removal scheme was carried
out by land managers instead (Tomlinson, Potter and Bayliss, 2015). This method was time-
consuming, complex to coordinate and less effective than areas using spraying (Tomlinson, Potter
and Bayliss, 2015; Urquhart et al,, 2017). Therefore, following permission from Natural England, spraying
of a biological control agent which required more applications but was considered less harmful to
the environment was applied but this faced increasing criticism with some managers arguing that
Richmond Park has contributed to the spread of the pest through its refusal to spray more intensely
(Tomlinson, Potter and Bayliss, 2015). Again, this could be attributed to conservation woodland
managers focusing on overall biodiversity objectives or allowing natural processes to occur with
regard to forest structure rather than specifically managing pests and diseases (Ambrose-0ji et al,
2020). Moreover, it could just be that funding is often tied to conservation legislation and both cost of

spraying and the damage of spraying breached the conservation protection on the site.

In the wider environment, there was little consensus around whether the Oak Processionary Moth
presents a significantrisk to tree health with impact going through manageable and expected peaks
and troughs causing damage to areas of trees but not the species as a whole (Tomlinson, Potter and
Bayliss, 2015). This suggests that woodland managers, in some cases consider, the impact of pest and
disease damage at the species level and were less worried about removing groups of trees within
onesite. However, this is not always the case with many detrimental social and biological impacts of
losing trees at one location highlighted across many papers reviewed (Lawrence and Mackenzie,

2010; Marzano et al., 2020; Porth et al,, 2015; Tomlinson, Potter and Bayliss, 2015). Furthermore, Urquhart
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et al, (2017) suggested managers felt that the risk from Oak Processionary Moth was low due to a
range of active management but conservation organisations were more concerned with the impact

of the control methods of Oak Processionary Moth than the pest itself.

Marzano, Fuller and Quine, (2017) suggest that spraying in the wider environment and British forests
for Dothistroma Needle Blight is not a currently available option to woodland managers but many
have already formed an opinion about this method of management on their land. Private sector
managers were largely in favour of spraying to save high-value crops and argued this had been
successful in other countries and such action was allowed to save agricultural crops (Marzano, Fuller
and Quine, 2017). From an anthropocentric perspective, the use of spraying, which in some cases can
pose human health risks as well as biological impacts, can be more dangerous to spray plants that
are used for consumption than those used for timber and other commercial uses (Urquhart et al,
2017). On the other hand, public sector managers acknowledged the potential of infection-sensitive
water courses and public access making the use of spraying for Dothistroma Needle Blight not

feasible (Marzano, Fuller and Quine, 2017).

The interconnection of the wider environment would make it challenging to have different rules in
public access and privately owned forests in this case even when the management method would
be justified. In the case of Emerald ash borer in America, woodland managers found that chemical
insecticides were a cost-effective way of keeping ash trees alive and reducing Emerald Ash Borer
populations through extending the time frame available to complete ash tree removals and replant
trees (Marzano et al,, 2020). There are often concerns about the use of chemicals in natural areas but
perhaps surprisingly many woodland managers and residents were willing to accept an insecticide
injected into the stem of the tree but were unhappy about the cost and effectiveness of the treatment

(Marzano, Fuller and Quine, 2017; Urquhartet al., 2017).

In another site infected with Emerald Ash Borer parasitic wasps were used as a biological control
which may not save ash trees but may keep Emerald Ash Borer resurgence low enough to facilitate
natural ash regeneration in forested areas (Marzano et al, 2020). Overall, it is suggested that
management objectives play a large part in the method used to remove pests or diseases from
woodlands with conservation-focused managers choosing slightly less effective methods such as
biological controls and nest removal that have a lesser impact on the wider environment (Tomlinson,
Potter and Bayliss, 2015; Marzano et al,, 2020) compared with commercial and urban forests preferring
spraying of chemicals when faced with protecting high-value crops of public health (Marzano, Fuller

and Quine, 2017; Tomlinson, Potter and Bayliss, 2015).
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5.6 Adaptive management strategies

There are also several overarching management approaches observed in British woodlands that can
directly or indirectly affect pest and disease impact and spread (Ambrose-0ji et al., 2020; Lawrence
and Marzano, 2014; Marzano, Fuller and Quine, 2017; Marzano Woodcock and Quine, 2019; Tomlinson,
Potter and Bayliss, 2015). Withincreased pest and disease introductions, itis suggested that woodland
managers should be more actively looking to integrate pest and disease considerations into their
overall management (Tomlinson, Potter and Bayliss, 2015). Additionally, with increased uncertainty,
the use of adaptive management which gives the ability for managers to review and adjust progress
over time focusing on desired outcomes rather than individual management action is considered a
significantly useful approach for dealing with ongoing threats and the long time frames associated

in forestry (Young et al,, 2018).

Adaptive management approaches are readily observed by woodland managers in London where
the management of Oak Processionary Moth began with nest removal and then through to a range
of different less harmful chemicals over time depending on site-specific effectiveness as well as a
range of public health, biodiversity and financial factors (Tomlinson, Potter and Bayliss, 2015).
Lawrence and Marzano (2014) found that woodland managers felt they were actively discouraged by
the Forestry Commission from carrying out adaptive management because of the level of
experimentation required although non-commercial forests do carry out a range of experimental
techniques regardless. Several managers felt they were utilising adaptive management through
continuous forest cover but overall, this wasn't particularly evident in practice (Lawrence and

Marzano, 2014).

The lack of adaptive management observed in the field by Ambrose-0ji et al, (2020) was attributed
partly to large woodland owners feeling less inclined to take risks and incur the costs associated with
adaptive management towards more resilient practices. Lawrence and Marzano (2014) also
acknowledged that whilst woodland managers wanted to actively adapt it was often disputed who
should take the burden of trying new management techniques (public or private sector) and bare
those additional risks. This doesn’'t mean adaptive management wasn't taking place with Ambrose-
Oji et al, (2020) identified woodland managers who were introducing shortened rotation and
improved thinning regimes as a response to the increasing incidence of pests and diseases. In cases
of small woodlands with utilitarian worldviews, there was greater evidence of adaptive management
and among those larger woodlands with ecological worldviews, there was evidence of wider adaptive
management in practice (Ambrose-Oji et al, 2020). This again highlights the importance of

understanding woodland managers’ individual attitudes, and contextual and structural influences
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(Ambrose—oji et al, 2020; Lawrence and Marzano, 2014; Marzano, Fuller and Quine, 2016; Tomlinson,
Potter and Bayliss, 2015; Marzano et al,, 2016). Ambrose-Oji et al,, (2020) acknowledged that small and
medium woodland managers were more likely to adaptively manage if the information, advice and

support measures were representative of the woodland managers’ beliefs and operating contexts.

Although more tentative approaches to woodland management can be observed when faced with
pest and disease outbreaks (Mqrzcmo,FuIIercmd Quine, 2017; Marzano, Woodcock and Quine, 2019).
Marzano, Woodcock and Quine (2019) suggest in the case of Ash Dieback that managers are keen to
avoid wholescale removal where outbreaks were not thought to be severe. This could be attributed
to the socialand biological effects of removingwhole areas of tree species and in particular removing
those trees that might not be infected (Porth et al, 2015; Marzano et al., 2020). Additionally, previous
experience with similar diseases and management techniques like reactive felling meant which also
allowed for monitoring for resistance managers were keen to take a wait-and-see management
approach (Marzano, Woodcock and Quine, 2019). Some woodland managers argued for a land
abandonment approach, in some cases concluding that largely inaccessible sited where costs
outweigh the value of trees should be left to nature and not managed now or over time (Marzano,
Fuller and Quine, 2017). Some even highlighted that this approach can be beneficial as if damaged
trees are felled it is an obligation to replant them but there is no obligation if they die themselves
however it was acknowledged that these sites contribute to the spread of pests and diseases
(Mc:rzono, Fuller and Quine, 2017). Overall, woodland managers acknowledge that integrating
management into their overall approach is useful against the impact and spread of pests and
diseases (Ambrose—Oji et al, 2020; Lawrence and Marzano, 2014; Marzano, Fuller and Quine, 2017;
Marzano Woodcock and Quine, 2019; Tomlinson, Potter and Bayliss, 2015). It is a complicated mosaic
of factors that translates this to management action that is able to adapt over time (Ambrose-QOiji et

al, 2020; Lawrence and Marzano, 2014; Tomlinson, Potter and Bayliss, 2015; Marzano et al,, 2020).

6. Barriers to pest and disease management

There are a number of barriers identified from this review that can prevent woodland managers from
adopting practices that mitigate the threat of pests and diseases (Marzano, Fuller and Quine, 2017,
Marzano et al, 2016; Marzano et al., 2020; Marzano, Woodcock and Quine, 2019; Tomlinson, Potter and
Bayliss, 2015; Urquhartet al, 2017, Young et al,, 2018). Marzano et al,, (2016) highlightthat barriersfaced
by woodland managers include lack of financial resources, insufficient knowledge and information,
management is often too labour intensive, perceptions of other people's behaviours, lack of
coordination of agencies at the national and local level, lack of means and cooperation with

agencies. Of the barriers listed above woodland managers conclude that at least one or more are
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affecting the uptake of more resilient practices (Marzano, Fuller and Quine, 2017; Marzano et al., 2016;
Marzano et al, 2020; Marzano, Woodcock and Quine, 2019; Tomlinson, Potter and Bayliss, 2015;
Urquhart et al,, 2017; Young et al, 2018). Providing feasible solutions to these barriers would be an
important element in translating evident concern about pests and diseases to management action
and engaging woodland managers with wider eradication programmes (Lawrence and Marzano,

2014; Mackenzie and Larson, 2010; Marzano et al,, 2020; Young et al,, 2018).

6.1 Cost and access to resources

Marzano, Fuller and Quine (2017) found managers highlighted there are many economic challenges
facing the forestry sector limiting funds and resources available for tree health issues. Tomlinson,
Potter and Bayliss (2015) conclude that even when the cost doesn't fall directly on the woodland itself
but from public money, budgets are limited and affect the level of management taken. Therefore, it
is suggested that regardless of who bares the cost it becomes a balancing act between the cost of
managing the pest and diseases and the economic consequencesif the threat spreads outof control
(Marzqno, Fuller and Quine, 2017). In both public and private woodlands there was concern about the
lack of resources to deal with outbreaks at the necessary scale (Mqrzono, Fuller and Quine, 2017,
Tomlinson, Potter and Bayliss, 20]5). Marzano, Fuller and Quine (2017) suggest that woodland

managers were doing what they could to deal with outbreaks, but if nurseries also became infected

they had very limited management choices.

Tomlinson, Potter and Bayliss (2015) also identified that governmental bodies can be useful in
response to pest and disease outbreaks in a planning or coordinating role but often don't have the
legal powers to enforce management action response. Marzano, Fuller and Quine (2017) suggest that
even if woodland managers are happy to adopt management changes it is unlikely they could fund
ongoing costs as changing species may not be supported by the market and the cost of spraying to
prevent the spread may not be recovered by the crop value. This suggests accessing sufficient
resources and overcoming financial barriers should not only consider immediate outbreaks but how

to deal with threats over time (Marzano, Woodcock and Quine, 2019).

6.2 Skepticism of expert advice

Marzano, Fuller and Quine (2017) suggested that managers were influenced by past
recommendations made by government agencies that didn't work in practice or went against their
observations and as a result affected their management approaches. This was particularly evident
in eradication programmes where decisions were made quickly (Porth et al, 2015; Mackenzie and

Larson, 2010; Marzano et al, 2020). In the case of Emerald Ash Borer, some woodland managers
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questioned the scientific advice of eradication when many believe the pest to be already well
established outside the designated tree removal zone (Mackenzie and Larson, 2010). The approaches
taken to eradicate the Asian Longhorn beetle were also questioned when lessons to help local people
identify the pest used images of the wrong pest and many trees ended up being removed fromlarge
woodland areas which didn't have any signs of the pest at all (Porth et al, 2015). This led to sceptical
opinions aboutthose who carried out the eradication programme and suggests that experience with
bad advice could significantly affect the cooperation of woodland managers within eradication
programmes and willingness to adopt new management practices in the future. Furthermore,
woodland managers have demonstrated that a wait-and-see approach is much more favourable
untilthis advice can be proven to workin practice (Marzano, Woodcock and Quine,2019). Thisis useful
to understand that the adoption of practices willneed to be supplemented with financial support and
advice or have clear communication strategies to engage woodland managers with previous

examples of success (Lawrence and Marzano, 2014).

6.3 Scepticism of expert advice

A key barrier identified in preventing the adoption of effective responses to tree pests and disease
outbreaks s the confusion over who is responsiblefor identifying and managing them (Marzano, Fuller
and Quine, 2017; Tomlinson, Potter and Bayliss, 2015). Woodland managers felt, in the case of
Dothistroma Needle Blight, that the industry had taken too long to react to the threat but it was also
highlighted that it should not always fall to the sole responsibility of the woodland manager due to
substantial non-timber benefits of forests that benefit that are non-market public goods (Marzano,
Fuller and Quine, 2017). Tomlinson, Potter and Bayliss (2015) suggest that in the case of Oak
Processionary Moth, the confusion about who was responsible for managing the disease across a
complex urban landscape delayed effective control. However on the other hand some woodland
managers argued that there shouldn't need to be confusion over who had responsibility for pest and
disease management and that it should be a shared responsibility of both the government
(inspections, regulation, awareness) and forest managers (monitoring, reporting) (Marzano, Fuller
and Quine, 2019). This suggests that there are differing opinions as to who should be responsible for
tree health management which becomes detrimental when the confusion slows down the response

to outbreaks.

6.4 Risks, uncertainty and unknown outcomes

Potentially the largest barrier identified by this review to adopting more resilient management in
British woodlands is risk, uncertainty and preparing to deal with unknown outcomes (Lawrence and

Marzano, 2014; Marzano, Fuller and Quine, 2017; Tomlinson, Potter and Bayliss, 2015; Urquhart et al.,
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2017). Lawrence and Marzano (2014) found that generally there is scepticism when woodland
managers want to take high risks. Marzano, Fuller and Quine (2017) acknowledged, for instance, that
there was awareness of the risks of single species plantations in terms of resilience but managers
perceived there was less risk of spruce pickingup diseases than planting unknown species which they
did notknow how it will perform and whether anyone will buy it. This was also supported by woodland
managers dealing with ash dieback deemed the risk of planting unknown non-native species was
too high as they had the potential to be invasive with those with a conservation focus unlikely to
support this action (Marzano, Woodcock and Quine, 2019). Furthermore, Ambrose-0ji et al, (2020)
suggested that particularlylarge woodland ownersfelt the risk and uncertainty of diversifying species
without economic and ecological resilience was too great to make changes. This could be because
managers of bigger woodland may perceive they have more investment in their woodland and
therefore more to lose. A similar distinction was made by whether private or public forests had a
greater ability to take risks with some woodland managers arguing that private woodland managers
have more freedom to adopt new practices but public managers were more protected from the

impact of risks (Lawrence and Marzano, 2014).

Marzano et al, (2020) found that risk perceptions influenced management actions and considered
the impacts of multiple elements including insecticides on human health, biodiversity, and the wider
environment; costs of management and who pays; and the perceived effectiveness of each
approach. Tomlinson, Potter and Bayliss (2015) suggested that in the case of Oak Processionary Moth
where the public health impact in some cases is considered over the tree health issue can lead to a
disproportionate assessment of the risk which could result in the unnecessary loss of trees and their
benefits. In addition, when considering anthropocentric frames there is the additional issue of
balancing real risk with perceived risk whereby woodland managers perceive the risks of the same
pest or disease differently (Urquhart et al,, 2017). This could influence the perceived severity of certain
outbreaks between different managers within the same area and may carry out different
management actions as a result. In the case of the Oak Processionary Moth woodland managers
constructed risk associated with the pest differently by a wide range of information sources (e.g.
personal experience, other countries, public concern, government action and media). This suggests
that perceived risk in terms of manager behaviour is complex but may be more informative when

considering what managers actually do than the actual risk of an outbreak.

7. Research approach of the studies reviewed

Thisliterature review had strict eligibility criteriafor inclusion returning only 11 suitable results. However,

it is important to analyse the study design, data collection and analysis of the studies included to
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understand the context in which the literature has been generated. Furthermore, it allows for any
analysis of outlying information that may be attributed to study limitations than a reflection on
woodland manager attitudes, behaviours or influences. Mackenzie and Larson (2010), Marzano, Fuller
and Quine (2017) and Tomlinson, Potter and Bayliss (2015) carried out qualitative semi-structured
interviews with individuals directly involved in the management of the Emerald Ash Borer, Dothistroma
Needle Blight and Oak Processionary Moth respectively. These papers consider in-depth interviews
with woodland managers which can provide detailed information about the attitudes, influences and

actual behaviour of woodland managers when faced with a particular disease or pest.

Ambrose-0Oji et al, (2020) also carried out semi-structured interviews considering woodland
managers’ resilience management and any adoption of resilient practices. Marzano, Woodcock and
Quine (2019) collected qualitative data through semi-structured interviews with forest advisors and
managers from public private and non-governmental organisations who have experienced ash
dieback either in their forests or in forests belonging to clients. This paper not only demonstrates the
management of ash dieback but allows for any potential grouping of behaviours between public and
private woodland managers. Two additional papers included, Marzano et al, (2016) and Urquhart et
al, (2017) who consider woodland managers as a wider tree professional group, conducting semi-
structured interviews about outbreaks risk and self-completed questionnaire surveys of tree
professionals across nine European countries with knowledge and concern for tree pests and
diseases. Due to the limited suitable literature available the above papers were supplemented by
interviews with small samples of ‘key informants’ which give an overview of several different
perspectives of woodland management threats through perceived behaviours. Lawrence and
Marzano (2014), Marzano et al, (2020) and Young et al, (2018) recollect the perceived behaviour of

woodland managers when reacting to threats generally.

Overall, it is clear that currentliterature supports semi-structured interviews as a strong study design
for obtaining detailed information about attitudes, influences and the actual behaviour of woodland
managers behaviour which also allows for some comparison between different experiences
(Ambrose—oji et al, 2020; Lawrence and Marzano, 2014; Mackenzie and Larson, 2010; Marzano et al,,
2020; Marzano, Fuller and Quine, 2017, Marzano, Woodcock and Quine, 2019; Porth et al, 2015;
Tomlinson, Potter and Bayliss, 2015; Urquhart et al, 2017; Young et al, 2018). There are also examples
of focus groups (Young et al, 2018) which allow for high respondent involvement which is often
highlighted as a barrier in pest and disease management decisions (Porth et al,, 2015; Mackenzie and
Larson, 2010; Marzano et al, 2020). The only paper (Mqrzono et al, 2016) that has no interview

component uses a survey which gave quite a succinct overview of many aspects of tree health
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among tree professionals. Perhaps alimitation of this review is that perceived and actual recollections

of woodland managers’ attitudes, behaviour and influences are compared with equal weight.

Some studies include wider tree professionals that might not specifically act as woodland managers
but where this information is used in the review this is always detailed and considered necessary.
Additionally, the scale and application of the studies included vary from local (Porth et al, 2015), to
European level (Marzono et al, 2016) and overseas examples (Lorson and Mackenzie, 2010; Marzano
et al, 2020). However, this is considered in the analysis and the two overseas examples were
specifically picked because the pest identified poses an immediate threat to British woodlands.
Overall this review acknowledges having strict eligibility criteria and with additional time more papers
containing different study designs, scales and applications may be found. However, these papers do
demonstrate the lack of peer reviews literature available on this topic and indicate that the elements
of attitudes, influences and behaviour had been reached by the end of the analysis (principle of

saturation).

7.1 Participant recruitment

Lawrence and Marzano (2014) selected participants purposively and then used the ‘snowballing
approach’to furtheridentify individuals with suitable experiences in forest management forinterview.
Thiswas a common method identified in thisreview from papers that detailed participant recruitment
methodology (Ambrose—Oji et al, 2020; Mackenzie and Larson, 2010; Marzano et al.,, 2020; Marzano,
WoodcockandQuine, 2019; Porth et al,, 2015; Tomlinson, Potter, Bayliss, 2015; Urquhartet al,, 2017; Young
et al, 2018). Selecting participants purposively is both a cost-effective and time-effective
methodology that relies on the judgement of the researcher to assess the suitability of the
participants selected for studies. This could have been utilised effectively involving woodland
managers when researchers would purposely want to talk to managers with experience in pest and
disease ormanagers of certain species. The use of ‘snowballing’ approach is used to accompany this
methodology because it allows researchers to find more suitable participants through already
established relationships through organisations and stakeholders involved with the study. The use of
chain referral was completed by Tomlinson, Potter and Bayliss (2015) until the principle of saturation
is reached and no new information was found. The only paper involved in this review that didn't take
this approach was Marzano et al, (2016) who used opportunistic sampling to recruit survey
respondents. The scope of sampling opportunistically is higher than purposive and may well be more
representative of the general population. However, opportunistic sampling is equally convenient and

effective for gaining large amounts of data in a relatively shorttime frame.
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7.2 Data collection

Of the studies conducted, there were several different methods used to collect data. Marzano, Fuller
and Quine, (2019) highlighted the importance of informed consent for both study participation and
the recording of interviews before data collection. Interview length varied from 30 minutes to 2 hours
(Ambrose—Oji et al, 2020; Lawrence and Marzano, 2014; Mackenzie and Larson, 2010; Marzano et al.,
2020; Marzano, Fuller and Quine, 2017, Marzano, Woodcock and Quine, 2019; Porth et al, 2015;
Tomlinson, Potter and Bayliss, 2015; Urquhart et al,, 2017; Young et al,, 2018). Of the papers that detail
how many participants were interviewed the amount ranged between 9 and 37 respondents
(Ambrose—oji et al, 2020; Lawrence and Marzano, 2014; Marzano et al., 2020; Mackenzie and Larson,
2010; Porth et al,, 2015; Tomlinson, Potter and Bayliss, 2015; Urquhart et al,, 2017). The majority of papers
carry out most the of interviews over the phone (Lowrence and Marzano, 2014; Marzano, Fuller and

Quine, 2017; Marzano, Woodcock and Quine, 2019).

There were far fewer studies carrying out interviews face to face (Mockenzie and Larson, 2010; Porth
et al, 2015). Whilst there is disagreement among the studies aforementioned whether the information
given throughinterviews is differentin-situ or over the telephone. Porth et al,, (2015) suggest that more
vivid details are given in face-to-face interviews than over the telephone. However, face-to-face
interviews are labour and time intensive and may be the reason whilst the majority of studies are
carried out over the telephone. Marzano et al,, (2016) distributed surveys by hand, email and through
social networks with 1250 surveys distributed and a 30% response rate and Young et al,, (2018) ran
three focus groups of 7 people lasting 15-20 minutes. Both data collection methods provide utilisable
information alongside interviews in this review and suggest that useful information from woodland

managers can be collected through several platforms and over varying periods of time.

7.3  Data analysis

Marzano, Fuller and Quine (2017) recorded, transcribed and coded data collected through interviews
coding information into associated categories and then into key themes. This data analysis was also
demonstrated by Tomlinson, Potter and Bayliss (2015) and Mackenzie and Larson (2010). Furthermore,
studies used NVivo a qualitative analysis computer software package that allows for thorough
organisation, analysis and identifying insights into interview data collected (Ambrose-Qiji et al., 2020,
Lawrence and Marzano, 2014; Young et al,, 2018; Urquhart et al,, 2017). Most of the studies carried out
the analysis process within their research team but Marzano, Woodcock and Quine, (2019), and Porth
et al, (2015) transcribed interviews through professional services which is a useful way to save time
but are quite a high cost to factor into research which is why it may not have been used in all the

studies reviewed. Marzano et al, (2020) suggested that much of the information analysed didn't
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produce direct comparisons but offered informative observations of inter-related examples of
response to pest and disease outbreaks. Marzano et al,, (2016) analysed the data collected through
survey responses through descriptive statistics using the software SPSS which allowed more direct

comparisons between woodland managers across Europe to be observed.

7.4  Study location

Marzano, Fuller and Quine (2017) highlight that the management of pest and disease outbreaks is
site-specific. It is suggested, however, certain locations can provide useful information and insights
into the behaviour of woodland managers (Porth et al, 2015; Tomlinson, Potter and Bayliss, 2015).
Lawrence and Marzano (2014) suggest that North Wales is a good location for considering woodland
manager behaviour because woodland ownership is representative of what could be found across
the UK. Marzano et al,, (2020) suggest sites can be opportunistic but valid in woodland management
behaviour studies where there have been substantial pest and disease outbreaks. This review
highlights that different locations outside of the UK may have an impact on the woodland
management behaviouridentified with threats being relatively limited in British woodlands compared
to those in Canada or America (Lowrence and Marzano, 2014; Mackenzie and Larson, 2010 and
Marzano et al.,, 2020). Therefore any conclusions drawn from other countries should be done with
some consideration of differences but can also be useful to predict how woodland managers may
deal with threats that are notyet present in the UK but pose a significant threat like Emerald Ash Borer
(Mackenzie and Larson, 2010; Marzano et al, 2020). Furthermore, Marzano et al,, (2016) highlightthat
awareness of pests and diseases does vary across locations and studies tend to focus on countries

which have ready access to networks of woodland management and tree professionals.

75 Further research

This review highlights several areas where further research would allow progression in the
understanding of woodland management behaviour. Lawrence and Marzano (2014) suggest that
studies that were reliant on ‘key informants’ should consider supplementary studies that allow
observations and interviews to detail actual woodland management behaviour which would develop
robust evidence to support more effective adaption in the private and public forestry sectors across
the UK. This is further supported by Marzano, Fuller and Quine (2017) who suggest that there is still little
known about howindividual managers respond to pest and disease threats. Marzano, Woodcock and
Quine (2019) suggest future research should also look into woodland managers more directly about
their preferred management options and what characteristics and external factors influence these

opinions and decisions.
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Marzano et al, (2020) suggest that the movement to document stakeholder response to different
management approaches is an important element of progressing understanding of social aspects
of pest and disease outbreaks. Tomlinson, Potter and Bayliss (2015) suggest the study of funding
models and compensation are important for future tree pest outbreaks and enable a timely and
effective response. Additionally exploring the logic of adopting new management approaches
against threats should consider new science and policy development to create the most effective
pathway forward into uncertain forest circumstances (Ambrose-0ji et al, 2020). Young et al,, (2018)
felt that there should also be a movement to address flaws in government policies and the

relationships between different stakeholders andland use sectors need to be developed.

L]
Conclusion: tis review supports Potter and Urquhart, (2017) and Wingfield et al., (2015)

Findings that British woodlands have faced an observable increase in the introduction and spread of
pests and diseases in recent decades with varying impact (Ambrose-0ji et al., 2020; Lawrence and
Marzano, 2014; Marzono et al., 2016; Marzano, Fuller and Quine, 2016; Porth et al., 2015; Tomlinson, Potter
and Bayliss, 2015; Urquhart et a, 2017; Young et al, 2018). There is limited support that pests and
diseases occur naturally in woodlands and should be left to naturally establish (Lawrence and
Marzano, 2014; Tomlinson, Potter and Bayliss, 2015). Furthermore, there was also limited support
suggesting the majority of pests and diseases introduced to British woodlands spread at a relatively
slow speed and can at present be managed by feasible woodland management (Marzano, Fuller and
Quine, 2017). However, for the most part, the review supports concern for the detrimental impact of
pests and diseases which threaten the health of trees, forestry ecosystems and several subsequent
services they provide to society (Ambrose—oji et al, 2020; Lawrence and Marzano, 2014; Marzono et
al, 2016; Marzano, Fuller and Quine, 2016; Porth et al., 2015; Tomlinson, Potter and Bayliss, 2015; Urquhart
et al, 2017; Young et al, 2018). Therefore implementing effective management strategies against tree
pests and diseases was a common theme across the papers reviewed and was considered an
important element of resilientwoodlands (Lawrence and Marzano, 2014; Marzano et al., 2016; Marzano,

Fuller and Quine, 2017; Porth et al, 2015; Young et al, 2018).

British woodlands are diverse in species composition and management providing varied resources
and are used for a number of purposes (Ambrose-oji et al, 2020; Porth et al, 2020). Therefore this
review identifies that understanding what woodland managers already do to mitigate the impact of
pests and diseases and what prevents them from adopting other resilience approaches is an
important element of tree health management (Mqrzono, Fuller and Quine, 2017, Marzano et al.,, 2016;
Marzano et al, 2020; Marzano, Woodcock and Quine, 2019; Tomlinson, Potter and Bayliss, 2015;

Urquhart et al, 2017, Young et al, 2018). Multiple previous reviews have produced informative
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‘benchmark’ strategies to manage pests and diseases and the policy available to support them
(Ayres and Lombardero, 2018). However, this review identifies that whilst there is relatively little peer-
review literature several informative conclusions can be drawn about woodland managers, their
behaviour and their willingness to adopt resilient management approaches if feasible solutions to

barriers could be provided.

Woodland management behaviour against tree pest and diseases support findings by Andersson,
Keskitalo and Lawrence (2017) and Khanal et al,, (2017) woodland manager behaviour is affected by
attitudes, (Ambrose—Oji et al, 2020; Marzano et al,, 2020; Marzano, Fuller and Quine, 2017; Tomlinson,
Potter and Bayliss, 2015; Young et al, 2018) motivations (Ambrose—oji et al, 2020; Lawrence and
Marzano, 2014; Marzono et al,, 2016; Marzano, Fuller and Quine, 2016; Porth et al,, 2015; Tomlinson, Potter
and Bayliss, 2015; Urquhart et a,, 2017; Young et al, 2018) and management objectives (Ambrose—Oji
et al, 2020; Lawrence and Marzono, 2014; Marzono, Fuller and Quine, 2016; Tomlinson, Potter and
Bayliss, 2015) as well as contextual of structural factors such as forest size, wider policy support or

markets (Ambrose—Oji et al, 2020; Lawrence and Marzono, 2014; Urquhartet al., 2017).

However, this review found that there was relatively little information about the management action
of individual managers, particularly from the private forestry sector which is responsible for nearly
75% of all British woodland (Lowrence and Marzano, 2014). Furthermore, there was even less
information regarding variation among these managers within the private forest sector, in which the
landscape is complex and diverse (Ambrose-0ji et al, 2020). Marzano et al., (2020) suggested that
much of the information analysed doesn't produce direct comparisons but informative observations
of inter-related examples to outbreak responses can still be utilised in several ways to understand
and predict future behaviour. Therefore it has become increasingly important to not only understand
the action of woodland managers and the factors behind those decisions but to attempt to
categorise any associated groups within woodland managers that could provide insight into
behaviour represented at a larger scale or predict the adoption of management practices over time.
Although any assumptions of other management based on collected data should consider the wide
number of factors thatinfluence behaviour and be met with caution, as outbreaks can be largely site-

specific (Marzano, Fuller and Quine, 2017).

Furthermore, utilising influential tools (e.g. media, forestry networks, internet, grcnts) that influence
woodland behaviour by encouraging and incentivising resilient behaviours and engage effectively to
mobilise action when pest and disease outbreaks occur (Ambrose—oji et al, 2020; Lawrence and
Marzano, 2014; Marzono et al,, 2016; Marzano, Fuller and Quine, 2017; Porth et al,, 2015; Tomlinson, Potter

and Bayliss, 2015; Urquhart et a, 2017; Young et al, 2018). For these tools to be effective, woodland
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managers need to be willing to adapt and feasible solutions need to be provided at multiple scales
to remove barriersthat prevent resilient behaviours from being adopted. This review identified several
woodland managers who demonstrated concern for pests and disease (Lowrence and Marzano,
2014) and a willingness to adapt proactively to more resilient behaviours (Young et al, 2018). However
several barriers are preventing this management from taking place: cost and resources (Marzano,
Fullerand Quine 2017; Tomlinson, Potter and Bayliss, 20]5), scepticism of expert advice (Mockenzie and
Larson, 2010; Marzono et al, 2020; Porth et al., 2015) and planning for unknown outcomes (Lawrence
and Marzano, 2014; Marzono, Fuller and Quine, 2017; Tomlinson, Potter and Bayliss, 2015; Urquhartet al.,

2017).

This literature review itself is not without limitation, supplementing information from actual woodland
managers with perceived information, through key informants and comparing those responses with
equal weight. The limited literature could be attributed to the fact pest and diseases are not an issue
in woodland management, resilient management isn’t being demonstrated or it has not been widely
studied. This review suggests that for the most part, woodland managers do consider pests and
diseases a threat (Lawrence and Marzano, 2014; Tomlinson, Potter and Bayliss, 2015) and want to take
a proactive stance in mitigating their impact (Marzono, Fuller and Quine, 2016). Therefore, it supports
Marzano, Fuller and Quine’s (2017) conclusion that the lack of research in this area could be limiting
the understanding of management behaviour when faced with pest and disease outbreaks over time.
This call for further research was widely demonstrated throughout this review (Lawrence and
Marzano, 2014; Marzano, Fuller and Quine, 2017; Marzano, Woodcock and Quine, 2019; Tomlinson, Potter

and Bayliss, 2015; Young et al,, 2018).
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Pq pel‘ j UStIfICdtlonZ The literature review provides a detailed account of the

currentunderstanding of stakeholder responses to tree pest and disease outbreaks within the
UK. Conclusions drawn from the review could direct several future research projects within a
Welsh context as requested by Forest Research. Ambrose-0Oji et al, (2020) suggest that
woodland managers’ objectives and subsequent action can be attributed to an interlinked
combination of manager motives (e.g. beliefs, worldviews) and structural factors (e.g.
woodlandsize) and contextual factors (e.g. market demands). Marzano, Fuller and Quine (2017)
identify that there is still limited information in the UK about how woodland managers respond
to tree pest and disease threats in practice as well as the factors that influence decisions.
Therefore, Marzano, Woodcock and Quine (2019) suggest one potential direction for further
research should incorporate conversations with woodland managers about their experience
with tree threats including influences their opinions and decisions. The review identified there
is limited information available about the actions of private woodland managers in a British
context despite these managers being responsible for over two thirds of woodlands (Lawrence
and Marzano, 2014). Therefore, manager behaviour within the private sector seemed an

obvious direction for further focus.

The literature review identified that private managers are tasked with managing woodlands
that are diverse in species composition and used for several different purposes (Ambrose-0ji
et al, 2020; Porth et al., 2020). Lawrence and Marzano (2014) identified that non-commercial
private woodlands (those with a conservation and/ or recreation focus) hereby referred to as
conservation focused managers were considered to have more versatility to employ adaptive
management and this was evident when faced with tree pests and diseases. Ambrose-0ji et
al, (2020) suggest that conservation focused managers believe that diversifying is an
appropriate response to threats but that it should occur as much as possible through natural
processes facilitated by managers. However, management attitudes shift when public health
in these woodlands become a greater factor and considered a higher priority particularly in
urban areas. This led to the observation that perspectives of conservation focused managers

were considered in less than 30% of the reviewed literature.




Overall, it is suggested that management objectives play a large part in the management
choices used to remove pests or diseases from woodlands. Conservation focused managers
are known to choose slightly less effective methods to mitigate threat impacts such as
biological controls and nest removal that have a lesser impact on the wider environment
(Tomlinson, Potter and Bayliss, 2015; Marzano et al, 2020). This is in contrast to their
counterparts managing commercial and urban woodlands in the private sector where
managers prefer the spraying of chemicals when faced with protecting high value crops and
public health (Marzano, Fuller and Quine, 2017; Tomlinson, Potter and Bayliss, 2015).
Management approaches were observed varying when conservation is a key consideration

particularly guided by environmental legislation. This was observed by Tomlinson, Potter and

Bayliss (2015) whereby mitigation methods were adapted to be less harmful to the surrounding

environment when managing Oak Processionary Moth. In fact, Urquhartet al., (2017) suggested
managers felt that risk from Oak Processionary Moth was low due to a range of active
management but conservation focused managers were more concerned with the impact of

the control methods than the pest itself.

However, the review highlights several cases where conservation focused managers may take
different approaches when faced with similar tree threats. It is suggested that conservation
focused managers views vary based on location and context. Whilst some provide active
management against threats, in some cases for the benefit of biodiversity, other managers
believe that areas should be left unmanaged (Ambrose—oji et al,, 2020; Lawrence and Marzano,
2014; Tomlinson, Potter and Bayliss, 2015). The literature review also identified that woodland
managers with a conservation focus had contradictory views both about management
approaches and practice despite having similar objectives (Ambrose-0ji et al, 2020; Lawrence
and Marzano, 2014; Tomlinson, Potter and Bayliss, 2015). This reinforces the findings by
Ambrose-0ji et al, (2020) that managers’ objectives and subsequent action can be attributed
to motives as well as structural and contextual factors. Therefore, further research considering
conservation focused managers should consider differences in behaviour between managers
in different contexts as well as when behaviour varies despite managers exhibiting similar

attitudes, motivations and objectives.




The review supports future research considering private woodland managers particularly

those managing woodlands for conservation and/or recreational purposes. In order to

strategically direct focus towards these woodland managers additional research about Welsh
woodland management structures was conducted. This identified that Marzano et al, (2015)
categorises private woodland management into two further branches: woodland managed by
private managers and those by non-governmental organisations (NGOs). The categorisation
of woodland management into private woodland and NGOs identified a substantial gap in the
literature considering the behaviour of NGOs particularly with a conservation focus when faced
with tree threats (Marzono, Woodcock and Quine, 20]9). To date, there is currently no known

studies considering the role conservation organisation play in mitigating tree pest and

diseases in Wales.

Conservation organisations (NGOs) own and manage large areas of woodland in Wales and
predominately manage woodland from a conservation and/ or recreation perspective (North
Wales Wildlife Trust, 2022). Conservation organisations (non—governmentol orgclniscltions) are
of particular interest in the role of mitigating the impact of ash dieback because ash has high
cultural and biodiversity value but less economic value compared to other species
(Marciulyniene et al, 2017). Organisations often prioritise conservation value and are not
restricted entirely by commercial outcomes, therefore they could be more likely to take
management approaches that maintain ash dieback in the landscape for longer (Bengtsson
and Stenstrém, 2017). Maintaining ash in the landscape is beneficial for both biodiversity and
aesthetics in the landscape (Morciulyniene et al, 2017; Pautasso et al,, 2013). Organisations are
also known to keep deadwood in the landscape which is highly beneficial to a number of
deadwood invertebrates and other dependent organisms (Bage, Svoboda and Vitkové, 2019).
Therefore further research will consider conservation organisations in Wales and their

experience with ash dieback and the influences that affect their management decisions.

However, it is not just the conservation objectives and subsequent management action of
conservation organisations within their woodlands that makes understanding their
management behaviour of interest. Conservation organisations have an unusual role in

woodland management in Wales and as a result potentially also in mitigating the impact of




ash dieback. In addition to owning and managing large areas of woodland the sites of these
organisations are regularly visited for wildlife spotting, walks and activities (Welsh Government
2018a). This gives organisations the opportunity to interact with many residents and tourists on
site, through activities and to raise awareness about ash dieback. Moreover, conservation

organisations are widely supported in Wales with high membership numbers (Cracknell, Miller

and Williams, 2013). Throughthe literature review, Tomlinson, Potter and Bayliss (2015) identified

that tree pest and disease management relies on engaging effectively with stakeholders with
information shared through trustworthy and credible sources. It is proposed that support for
conservation organisations in Wales and the engagement opportunities that arise through
their woodlands could translate to greater awareness of ash dieback. With the added
educational benefit of disseminating information about ash dieback that could be trusted and

well received.

Conservation organisations are also known to offer advice through publicly or privately funded
schemes directly to private landowners (North Wales Wildlife Trust, 2022). The literature
identified that there is demand for external bodies to be used to coordinate pest and disease
outbreaks which have sufficient resources and the ability to give unbiased advice (Tomlinson,
Potter and Bayliss, 2015). Lawrence and Marzano (2014) suggested that woodland managers
were seen to be heavily reliant on external advice but some suggested this could be
disconnected and confusing. It is proposed that conservation organisations despite their
conservation focus could be a vehicle for providing clear, engaging and unbiased advice. The
review further supports this potential role of conservation organisations as woodland
managers were keen to follow advice from trusted groups and potentially adapt their
behaviour, but often feel suitable information is not currently available (Ambrose-0ji et al,
2020; Lawrence and Marzano, 2014; Marzano et al., 2016; Marzano, Fuller and Quine, 2017;
Tomlinson, Potter and Bayliss, 2015; Urquhart et al, 2017; Young et al, 2018). Conservation
organisations also offers a shift away from government advice which was associated with
distrust, skepticism and reluctance to adopt suggested behaviours (Lawrence and Marzano,

2014; Mackenzie and Larson, 2010).




The review identified gaps in knowledge regarding tree pests and diseases which limit what

managers do to tackle pest and disease outbreaks but it appears there would be willingness

to learn (Marzono, Fuller and Quine, 2017; Urquhartet al, 2017). This suggests that conservation

organisations could provide training that would be well received by woodland managers. The
review identified that woodland managers are likely to report tree pest and disease outbreaks
to conservation organisations (Marzano et al, 2016). This suggests that conservation
organisations could engage with woodland managers and create a bridge to facilitate a 2-
way dialogue about mitigating the impact of ash dieback in Wales. Moreover, Lawrence and
Marzano (2014) identified that woodland managers felt that there was poor flow of information
between woodland managers themselves. It is also suggested that woodland managers
distrust in the government make them feel excluded in the conversation about tree pests and
diseases (Mockenzie and Larson, 20]0). Therefore, conservation organisations could be best
placed for running training for woodland managers, collecting and transferring information
between woodland managers and policy makers. while at the same time facilitating
relationships between woodland managers themselves. Consideringthe need to deal with tree
threats at the landscape scale, a coordinated response is required and conservation
organisations could be a crucial element of this coordinated response (Tomlinson, Potter and

Bayliss, 2015).

Overall, further research will consider the role of conservation organisations in mitigating the

impact of ash dieback in Wales. The following potential impacts will be considered:

Conservation organisations manage ash dieback within woodlands they own and

manage for others through a predominantly conservation and/ or recreation purpose

Woodlands managed by Conservation organisations tend to be open access and
widely visited making opportunities to engage widely with the public about ash

dieback

Conservation organisations are highly supported and respected in Wales and this
could be translated to trust proving beneficial when giving advice about managing

ash dieback in Wales

Conservation organisations can be used as a vehicle to transfer unbiased information

about ash dieback between managers, policymakers and others stakeholders




Conservation organisations can provide bring together stakeholders to facilitate

networks for ash dieback mitigation

Conservation organisations couldfacilitate participatory management processes that
would make woodland managers feel more involved in tree pest and disease

management in Wales

The research project that will follow will consider the experience of managers working for
conservation organisations when faced with tree pests and diseases. The format of the
research will also draw advice from the literature review conducted. It is clear that current
literature supports semi-structured interviews as a strong study design for obtaining detailed
information about attitudes, influences and actual behaviour of woodland managers. The
results of which allows for some comparison between different experiences (Ambrose-0Oji et
al, 2020; Lawrence and Marzano, 2014; Mackenzie and Larson, 2010; Marzano et al, 2020;
Marzano, Fuller and Quine, 2017, Marzano, Woodcock and Quine, 2019; Porth et al, 2015;
Tomlinson, Potter and Bayliss, 2015; Urquhart et al., 2017; Young et al, 2018). Therefore, semi-
structured interviews will be carried out with managers working with conservation

organisations across Wales to understand their experience with ash dieback.

The participants will be selected in the same way as Lawrence and Marzano (2014) who
selected participants purposively and then used the ‘snowballing approach’to further identify
individuals with suitable experiences in forest management for interview. This was a commmon
method identified in this review from papers that detailed participant recruitment
methodology (Ambrose—oji et al, 2020; Mackenzie and Larson, 2010; Marzano et al., 2020;

Marzano, Woodcock and Quine, 2019; Porth et al,, 2015; Tomlinson, Potter, Bayliss, 2015; Urquhart

et al, 2017, Young et al, 2018). Selecting participants purposively cost-effective and time-

effective methodology that relies on the judgement of the researcher to assess the suitability
of the participants selected for studies. This methodology will be utilisedto approach woodland
managers with experience of ash dieback. This is an appropriate methodology for the project

proposed given the purpose, time and funding constraints.




The project will also utilise thematic analysis similarly implemented by Marzano, Fuller and
Quine (2017) where data from the semi-structured interviews will be recorded, transcribed and
coded into associated categories and then into key themes. This data analysis was also
demonstrated within the literature review by Tomlinson, Potter and Bayliss (2015) and
Mackenzie and Larson (2010). Furthermore studies used NVivo a qualitative analysis computer
software package that allows for thorough organisation, analysis and identifying insights into

interview data collected (Ambrose-Oji et al, 2020, Lawrence and Marzano, 2014; Young et al,,

2018; Urquhart et al, 2017). The project will consider the use of similar software to complete the

analysis of the data during thematic analysis.

The project will collate the information from the desk-based research and semi-structured
interviews. The data collected will be collated into an academic research paper that considers
the experience of woodland managers who work within conservation organisations when
faced with ash dieback. It will consider conservation organisations across the entirety of Wales
as ash dieback has spread nationwide and mitigation strategies need to considered at the
landscape scale. Exploring the experience of managers working within conservation
organisations and the wider role they may play in the Welsh landscape in the mitigation of ash
dieback will provide research that is topical, relevant and novel and contribute to the wider

literature considering tree pest and disease management.
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Highlights

« Conservation organisations exhibited high awareness and understanding of ash dieback and

many roles have been established within organisations to mitigate its impact

« Conservation organisations aim to maintain ash trees in the Welsh landscape for biodiversity

value and to build woodland resistance to ash dieback

« Conservation organisations are playing a potentially underestimated but influential role in

the mitigation of ash dieback (Hymenoscyphus fraxineus) in Wales

« Conservation organisations have a wide role managing woodlands, increasing public

awareness of ash dieback, offering advice and facilitating tree health networking

« Conservation organisations can utilise their influence, working with stakeholders to achieve

common outcomes facilitating a cohesive response to the disease at the landscape scale
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Abstract

Outbreaks of tree pests and diseases are continuing to increase globally, causing detrimental
impacts to woodland habitats. Ash dieback (Hymenoscyphus fraxineus) is a disease which is causing
significant damage to the common ash (Fraxinus excelsior). Ash is a native tree of significant cultural
and biodiversity value and the Welsh landscape has been substantially impacted. Management of
affected wooded areas where possible must aim to slow the spread of the disease whilst mitigating
its impact through preventative and reactionary measures. Conservation organisations are proposed
as a stakeholder that may be playing an overlooked but influential role in coordinating the
management response to ash dieback within Wales. Organisations are directly responsible for
managing ash dieback on their own land and the land they manage on behalf of others. However,
this may be an underestimation of the influence organisations have on ash dieback mitigation.
Conservations organisations are highly supported among the public in Wales with many woodlands
managers providing the public and other managers about tree health. To date, there is no current
studies that consider the role conservation organisations appear to play in the mitigation of ash
dieback in Wales. Therefore, semi-structured interviews were carried out with 18 managers working
on behalf of conservation organisations to understand their experiences. Thematic analysis identified
conservation organisations were found to be readily experiencing ash dieback, adapting
management over time and advising other stakeholders about management options. Their
management approaches were found to largely follow recommendations by the Tree Health Council
and Forest Research which are both derived from overarching Welsh governmental policy and widely
considered ‘best practice’. Findings revealed that conservation are mitigating the impact of ash
dieback on both their own sites as those in the ownership of others. Management decisions were
found to be predominantly influenced by health and safety, but their conservation focus and time
frame of the disease was found to influence the management approach taken. Overall, conservation
organisations are having a far reaching influence on ash dieback mitigation and further support

should be provided to enhance this influence therefore recommmendations are provided.
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Introduction

The introduction and establishment of tree pests and diseases continue to increase impacting forest
structure and services globally (Fisichelli et al, 2014; Graziosi et al, 2020). The trends observed can be
facilitated and accelerated by climate change, extreme weather and globalisation (Romsfield et al,
2016). Increased spreading of pests and diseases across commercial plantations as well as natural
and semi-natural woodlands have widely impacted communities through biodiversity, economic
and social implications (Graziosi et al,, 2020; Wingfield et al, 2015). In parallel, forests themselves are
dynamic, changing over time and often rely on management to predict, monitor,and manage these
changes (Pautasso et al, 2015). However, exploitation, fragmentation and land use change within
many wooded dreas remain prevalent (Curtis et al, 2018; Kozak et al, 2018). This exposes trees to
stress, making them more susceptible to the detrimental impacts of tree pests and diseases once

introduced and established (Conodell and Raupach, 2008; Marzano, Fuller and Quine,2017).

Those that advise or carry out woodland management must adapt their approaches to protect their
trees from threats minimising environmental, economic, and logistical impacts (Lawrence and
Marzano, 2014; Young et al, 2018). Concurrently their approaches directly influence mitigation
strategies of tree threats at the landscape scale (Dondy et al,, 2017, Marzano et al., 2020). Woodland
managers are influential in pest and disease management as they often possess the skills and
capabilities required to manage an outbreak (Dandy et al, 2017). The action they take on the ground
act as the first line of defence against introduced and establish threats, monitoring, reporting, and
carrying out activities that can minimise their impact (Mdrzqno et al, 2020; Tomlinson, Potter and
Bayliss, 2015). It is critical to understand the actions taken by managers and the factors that influence
their decisions. Marzano et al, (2016) identify that information about woodland management

decisions in response to tree health remains limited.

Ash dieback for instance caused by the invasive pathogenic fungus Hymenoscyphus pseudoalbidus
(anarmorph Chalara fraxinea) causes a significant impact to common ash, Fraxinus excelsior
(McKinney et al, 2014). It has spread widely across Welsh landscapes, but the complex and
fragmented ownership of Welsh woodlands makes mitigating its impact challenging (Welsh
Government, 2021). There are a number of best practice guidance documents published by The Tree
Health Council (2020) andForest Research (2022a), as well as overarching policy (Welsh Government,
2016). Alongside this, there is a number of evidence-based recommendations predominately from
experience in Europe as ash dieback has spread rapidly west from Poland since 1992 (Bengtsson and

Stenstrém, 2017). However, there remains relatively little literature about how closely these strategies
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are followed in practice and in which circumstances they may be adapted, substituted, or even

omitted by woodland managers (Marzono, Fuller and Quine, 2017).

Marzano et al, (2015) categorize woodland management into public sector, private sector and non-
governmental organisations (NGOs). There is limited evidence of stakeholders’ attitudes and
management approach to ash dieback in Wales particularly of NGOs (Marzano, Woodcock and
Quine, 2019). Conservation organisations (non-governmental organisations) are of particular interest
in the role of mitigating the impact of ash dieback because ash has high cultural and biodiversity
value but less economic value compared to other species (Marciulyniene et al,, 2017). Organisations
often prioritize conservation value and are not restricted entirely by commercial outcomes therefore
they could be more likely to take management approaches that maintain ash in the landscape for
longer (Bengtsson and Stenstrém, 2017). Maintaining ash in the landscape is beneficial for both
biodiversity and aesthetics in the landscape (Marciulyniene et al, 2017, Pautasso et al, 2013).
Organisations are also known to keep deadwood in the landscape which is highly beneficial to a
number of deadwood invertebrates and other dependent organisms (Boée, Svoboda and Vitkovd,

2019).

Furthermore, conservation organisations have an unusualrole in woodland management in Wales
and, as a result, potentially also in mitigating the impact of ash dieback. Conservation organisations
own and manage large areas of woodland but are also known to offer advice through publicly or
privately funded schemes to private landowners (North Wales Wildlife Trust, 2022). The sites of
organisations are readily visited for wildlife spotting, walks and activities (Welsh Government 2018a).
This gives organisations the opportunity to interact with local residents and tourists on their sites,
through activities and to raise awareness about ash dieback. Moreover, conservation organisations
are widely supported in Wales with high membership numbers (Cracknell, Miller and Williams, 2013).
This potentially means that their advice and approach regarding ash dieback could be more trusted
than other advice sources. Overall as an entity organisations own large areas of woodland in Wales,
offer advice to land owners over the whole landscape as well as having access to the public who
support them. This suggests that these organisations could be having a large impact on the

management of ash dieback in Wales.

This paper will address the call by Tinsley-Marshall et al, (2022) to enhance the knowledge of how
successfully best practise is implemented by management on the ground. This is because decisions
on the ground are affected by a myriad of influencing factors including management objectives,
outcomes and forest size (Ambrose—Oji et al, 2020). Furthermoreto successfullymanage ash dieback

across Wales a coordinated response with similar desired outcomes will need to be ascertained
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particularly among stakeholders with common purposes. However, management approaches are
still largely motivated by individual site objectives and outcomes (Forest Research, 2022b). Therefore,
discussing and understanding management approaches, the factors that influence those
approaches and desired outcomes with individuals in roles within conservation organisations
involved with mitigating ash dieback could be critical to coordinating the national response to the

disease in Wales.
Methodology

The arrival, establishment and impact of ash dieback has been widely studied in the UK (Hill et al,
2019; Orton et al, 2018). Mitchell et al, (2014) demonstrated that the loss of ash trees could have a
substantial ecological impact and proposed a number of potential management options. Natural
England (2014) identified that UK woodlands managed for biodiversity conservation but infected with
ash dieback should be a key issue and best management should be adopted. As a result there is
guidance readily available about best practice for mitigating the impact of ash dieback (Forest
Research, 2022b; Tree Health Council, 2020). There is less known about how successfully woodland
managers with a conservation focus are able to follow this guidance in practice (Tinsley-Marshall et
al, 2022). Consequently, this research focuses on woodland managers in Wales who are of particular
interest as they are managing ash dieback across almost the entirety of woodland habitats. Currently,
Wales has the second most expansive distribution of ash dieback within the wider environment in the
UK (Forest Research, 2020). However, there remains limited knowledge about what management

approaches woodland managers are taking and what they consider successful outcomes.

Moreover, this research considers the contribution of conservation organisations in mitigating the
impact of ash dieback in the Welsh landscape. Conservation-focused organisations are of interest
because they have an interest in protecting native species with a high cultural value when
considering management approaches to mitigate the impact of ash dieback (Marciulyniene et al,
2017). Charitable organisations are widespread throughout Wales but the latest data shows they only
own 2.9% of woodland cover in Wales in comparison to 40% of woodlands publicly owned (Welsh
Parliament, 2021). However, it is contested that organisations influence much larger areas of
woodland than this through undertaking management on behalf of others, providing advice to
woodland owners and engaging with the public with their advice largely supported (Cracknell, Miller

and Williams, 2013; North Wales Wildlife Trust, 2022; Welsh Government, 2018a).

This research aims to build on the work carried out by Marzano, Woodcock and Quine (2019) looking

at management attitudes to ash dieback solutions in the UK. This paper aims to enhance the
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understanding of specifically conservation organisationsin Wales that have experienced ash dieback
in the woodlands they own, manage or offer advice on. The role of woodland managers influencing
or carrying out the practical management of ash dieback particularly within the NGO sector is not
well understood and research is limited (Tinsley-Marshall et a, 2022). This paper collects qualitative
data from semi-structured interviews with individuals within conservation organisations that play a
role in mitigating the impact of ash dieback. The methodology used is well established to understand
woodland management approaches and factors that influencethose decisions when faced with tree

health issues (Marzano, Fuller and Quine, 2017; Tomlinson, Potter and Bayliss, 2015).

Interviews were carried out with 18 respondents across 8 regional and national conservation
organisations in Wales. Respondents included a number of roles who are all tasked with carrying out
practical woodland management (see Table 1). As well as advisors and ecologists who are tasked
with advising and overseeing mitigation work against ash dieback. Further detailed information on

respondents can be found in Appendix A.

Table 1. Summary of respondents

Area Number of sites Access
Anglesey (and Gwynedd) |1 Public
Carmarthenshire 1 Public
Conwy 2 Public
Denbighshire 1 Public
Flintshire 1 Public
Gwent 1 Public
Gwynedd B Public
Monmouthshire 1 Public
Pembrokeshire 1 Public
Powys 3 Public + private farms
Wrexham county 1 Public

Conservation organisations across Wales, and roles within them that may be involved in the
mitigation of ash dieback, were identified through detailed internet searches utilising websites of
conservation organisations and available management plans. Furthermore, a snowballing approach
(Bryman, 2016) was implemented to ensure that further management approaches and perspectives

could be considered..
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The result, 18 interviews at various woodland sites geographically dispersed across Wales, managed
by 8 organisations and represented by 9 different job roles of varying tree composition and
conservation designations that would provide, detailed information about management approaches

and their influencing factors.

Interviews were carried out between September and November 2021 with 9 interviews carried out in
person, 7 through Microsoft Teams, 1 through Zoom and 1 over the telephone. The interviews lasted an
average of 42 minutes and topics included: the management approach when faced with ash dieback
in their woodland, factors that influence the management approach and defining success when
mitigating ash dieback (see appendix B for the interview guide). Informed consentwas obtained from
all 18 respondents, who agreed to have the interviews digitally recorded. The audio files were
transcribed by a professional transcription service before being checked for accuracy. The Responses
were coded to categorise different management approaches and to identify the prominent themes
for factors influencing those management approaches (see table 2). Quotes in the results are

anonymised but further information about respondents can be found in appendix A.

Table 2. Qualitative coding structure for key themes

Research aims Themes Subthemes

Management approach Management Adaptive strategies Biosecurity

to ash dieback approach Evidence Experience
Experiment Felling
Identification Machinery

Factors that affect

management

Management factors

Management action
Monitoring
Preventative measures
Replanting
Resistance
Management notices
Time frame
Conservation
Funding
Management team
Risk

Site location

Species composition

Management plan
Policy
Recuperating cost
Rerouting

Season

Threats

Wait and see
Coordination
Information
Responsibility

Site accessibility
Site size

Time frame
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Impact of ash dieback Impact of ash dieback = Conservation Dynamic systems

Financial Forest structure
Planning

Defining success Successful outcomes Absent Health and safety
Liability Lost cause
Retaining ash Robust woodlands

Results

1. Role of conservation organisations in tree health

Conservation organisations are acquiring more land to manage from a conservation focus but are
being more selective on which land they chose based on tree health, woodland structure and
accessibility. They own and manage large areas of woodland themselves but are also tasked with
managing some public woodlands through contracts and offering advice to private managers
through grants and schemes. This means that they are influencing management beyond their
woodland ownership and among multiple stakeholders. They have different priorities to other private
woodland managers in Wales who manage trees commercially to sustain their livelihoods. For
example, felling trees is [“the cheapest, it's the easiest, the quickest way. If you're lookingto recoup
some of those losses,” — respondent 13]. However, conservation organisations are [“leaving the
valuable bits as standing deadwood because it's valuable for wildlife. I'm not too worried about
recuperating a little bit of money to cover the losses. I'm worried about public safety and doing
something for wildlife.” — respondent 13]. However, one respondent highlighted that there are
limitations to their role in tree health as some decisions about management should be for specialists
[”professionol foresters, we're nature conservationists, it's a bit of a stretch.” — respondent 12] for
organisations to their make those decisions. Some organisations were relying on specialists to

conduct management as there wasn't the skills available in house.
2. Experience with tree pests and diseases

The most prominent issue experienced by conservation organisations is ash dieback
(Hymenoscyphus fraxineus), with all respondents dealing with the disease in some capacity.
Respondents thought that managing the disease was obvious [“obviously, ash dieback” - respondent
2] because its widespread impact is well known. Ramorum diseases (Phytopthora ramorum) we're
experienced to a lesser extent and predominately among conservation organisations responsible for

plantations, commercial or private woodland. There were fewer but some notable experiences with

84 |Page



Dutch elm disease (Ophiostoma novo-ulmi) among respondents although management focused on
specific mature trees within woodlands. However, experience with red needle blight (Dothistroma
septosporum), acute oak decline, honey fungus (Armillaria) and Ganoderma was limited and were
identified rarely on their sites. This was reflected in several roles identified within conservation
organisations that are tasked with mitigating the impact of the disease. These include reserve
managers and equivalent positions that are responsible for carrying out practical management,
ecologists providing specialist advice and senior positions overseeing organisational ash dieback
strategies. Moreover more roles within organisations are being introduced to cope with the increasing

demand to mitigate the impact of ash dieback.
3. Concern for ash dieback

Conservation organisations were concerned about ash dieback to varying degrees but largely
acknowledged it was requiring immediate management attention, particularly where it has become
a health and safety concern. However, even where concern was low and the disease was associated
with natural woodland, adaption management was still occurring and therefore ash dieback was
consuming large amounts of their time. One respondent acknowledges that despite their
organisation being aware of ash dieback four or five years ago it was only last year (2020) that they
realised managing ash dieback would be an ongoing management priority and started to make
action plans to mitigate its impact. Ash dieback was considered detrimental suggesting that trees
were [“suffering” — respondent 1], [sick — respondent10], and the disease was a cause for [“concern”
- respondent 14]. It was considered that experience with ash dieback was obvious [“obviously, ash
dieback” - respondent 2] because the widespread impact of the disease is well known. One
respondent suggests the current concern around the disease is that [“it's not really stopped any
activities or anything like that. It's obviously affected the budget because it costs a lot of money, and
takes a lot of time. And, unfortunately, we're losing trees.” — respondent 13]. This suggests that
conservation organisations are coping with managing ash dieback but it is costly and time-

consuming to manage.
4. Ash dieback impact

Conservation organisations are being impacted by ash dieback in several ways. Management
approaches to mitigate the impact of ash dieback has resulted in organisations having less capacity
to carry out other woodland management. Furthermore, one respondent suggests that ash dieback
[“is an astronomical cost nationally which is not recuperable” — respondent 10]. Other respondents

agreed, identifyingtree removal, shutting roads and needing specialistequipment as key contributors
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to this increase in cost. Another respondent also identified that the disease is unlike other tree pests
and diseases because the processing costs are too high to sell the ash. [“But it's the processing costs.
By the time you actually process it, bag it up, sell it on and faff around, you're thinking, well, we're
barely covering staff costs, and do | want my wardens doing conservation work, or do | want them
selling firewood?” — respondent12]. This is in contrast to felling other tree species where the wood can
still be sold commercially to recuperate the losses and cover the felling costs. Where removing trees
was to be avoided, closing footpaths had resulted in some conflict with local people but respondents
were actively educating people about ash dieback and communities were receptive and

understanding towards management approaches.
4. Ash dieback planning

Despite awareness of ash dieback and its detrimental impact, it wasn't always evident in site
management plans. Most management plans identified that managers [“should be vigilant” -
respondent 2], [oware of external threats - respondent 14] and [“mentions dangerous trees -
respondent15]. It is suggested that if anything ash dieback has been [“extremely disruptive to the site
management plan” - respondent 1]. Therefore the response to ash dieback has been mostly
reactionary. In contrast, some respondents had ash dieback at the forefront of their management
plan. This included aiming to [“know a little bit more about how ash is going to behave or how the
ecology of ash is going to alter” — respondent 12]. As well as plans [“changing the structure of
woodlands and what can be replanted — respondent 7). Overall there is a shift to alter management
plans to include ash dieback, although organizational-led policies are being implemented as an

addition to site management plans.
4.2  Ash dieback monitoring

Monitoringfor ash dieback is carried out annually or biannually predominately consideringthe health
of trees and where they are located. Walk-through surveys look at leaf loss, black lesions and brittle
limbs. There are a number of similar approaches to monitoring looking atthe % leaf loss as a result of
ash dieback, followed by splitting sites into zones based on footfall and risk. [“We definitely react on
the ones that have lost, you know, 50% plus their leaf. So they're our highest priority. And, you know, we
have to prioritize the--you know, the location as well — respondent 5]. Other respondents use a traffic
light system [“the red zones are located next to heavily visited areas or heavily accessed areas. And
then the amber, of course, is not so heavily accessed.” - respondent14]. During surveys, trees can be

tagged based on decay and location. Photographs are identified as a usual tool for monitoring crown
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changes. However, one respondent suggests whilst monitoringis good practice, managers knowtheir

sites intimately and if [“it's dangerous, it's dealt with pretty much straight away.” — respondent 13].
4.3  Ash dieback identification

Ash dieback in wooded areas was expected and it was thought there was little that could be done to
preventit. [”Ash dieback, yes, we saw it coming, but again, sort of, we discussed it that it was here, but
what could we do to stop it — respondent1]. Most identification of ash dieback was carried out by site
managers although some organisations are training volunteers to assist with identification. Local
people were aware of ash dieback on trees but were perhaps unaware of the extent that ash dieback
was a problem across Wales. ['We do get emails and phonecalls saying, "There's an ash tree with ash
dieback.” But they're usually people coming from quite a.. Sorry, | don't want to sound patronizing, but
they say things like, "I didn't realise it had arrived in Gwent now already, " you know, when, actually,
we've got dead trees absolutely everywhere [laughs].” — respondent 8]. Respondents also reported
that external stakeholders also regularly contact conservation organisations to ask about ash

dieback, including the highway agency.
5. Management approaches

Conservation organisations are aiming to maintain ash trees in the Welsh landscape for biodiversity
value and to build woodland resistance to ash dieback (see appendix C). However, management
action considers individual trees within woodlands and takes a predominate site-specific approach.
The management decision taken is influenced by a range of often conflicting factors including tree
location, public access and conservation focus. Mitigating the impact of ash dieback for the purpose
of protecting tree health and ensuring public safety is considered the highest priority.One respondent
explains [“I feel like | am doing enough to keep people safe. Getting the balance between keeping
people safe and doingas much as | can for wildlife” - respondent13]. Similarities within management
approaches taken were evident where organisational-led policies or best practice are cited.
Respondents acknowledged that the factors that affected the management approach were often
conflicting. One respondent shared their experience felling a tree with ash dieback, [“It did really pain
me to do that cause | love to see trees to age and mature naturally and the benefit of wildlife of
decaying trees. That's really vital and should be of paramount importance on a nature reserve. But
this...and, again, it's the same sort of issue comes up with the ash dieback as well is felling in terms of

public safety and potential liability versus leaving a tree to decay and die naturally.” - respondent 3].
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5.1 Location

The common consensus among respondents is that management of ash dieback is location
dependent due to public safety and potential liability. Conservation organisations acknowledge that
itis a balance when dealing with ash dieback, [“felling in terms of public safety and potential liability
versus leaving a tree to decay and die naturally.” — respondent 3]. Therefore most organisations are
following policies that detail best practice for retaining as many ash trees as possible whilst
minimisingthe risk to people and property. Particularlyin sites that have conservation designation ["a
high-risk site, to take out some--and it's a SSSI, SAC, to take outsome ash that was really, really bad,
and then some other trees were retained as best practice.” — respondent 1]. Itis not known whether
the best practice referred to here was from organisational policy or derived from another set of
guidelines.Most management of ash dieback is voluntary, proactively removing dangerous trees. This
involves focusing management action on monitoring and removing ash trees from high-risk areas
(e.g. trees immediately adjacent to footpaths, and roads). However, commonly conservation
organisations are identifying ash dieback in the main woodland block and leaving it where it poses
no health risk. [“With ash dieback, we try to leave it as longas possiblefor regeneration and resistance
capacity and leave it as long as possible within the stand where it doesn’t pose a risk” — respondent

16].
52 Time frame

The management of ash dieback is time-critical as tree limbs become increasingly brittle and can
rapidly decay. Therefore, it is more challenging to fell the tree requiring more experienced tree
surgeons and equipment. It is suggested for [“each six months, year that you leave it, it is dying from
the top down. So you're reducing your options in terms of how to manage it in the end” - respondent
7]. The speed at which an ash tree can decline was often underestimated by higher management
within organisations. [“ was pushing and pushing, trying to start the work. And, as | say, to be honest,
it took a tree falling over and blocking a road before the managers kicked in and realised, oh, yeah,
you- know, he's not being overdramatic — respondent 5]. Removing dangerous ash early with a
straight fell or winch assist fell was one approach to achieve safe removal. However, a number of
respondents across multiple organisations suggest that there is a need to [“wait and see” —
respondent 2] and let [“nature do its thing” - respondent 3] before taking the hasty decision to fell a
diseased ash especially if it is not posing a safety concern. One respondent suggests that the best

practice is [“being aware of those tolerant trees and not being so hasty to fell it” — respondent 4].

88 |Page



5.3 Conservation focus

Organisations utilise management approaches that consider the conservation value of ash. They are
keen to avoid felling ash trees and are [“leaving them, only cutting back if unsafe” — respondent 9].
Cutting back limbs, reducing the crown or pollardingto manage trees that are considered dangerous
provide organisations with more favourable options. While there is concern that infection can spread
even with mature coppice or pollarded trees there is also a concern about disturbing protected
species such as dormice and bats therefore moving footpaths is also a preferred approach. The size
and conservation features of a tree can alter the management approach taken [“I go for felling if
they're below a certain size because Ifind that the younger trees don't tend to have much in the way
of features, potential bat roost type features or anything of interest on them. And then we get the
larger trees, which, you know, are big. Then we'l go for pruning where we can.” — respondent 15]. Then
if it needs further work [“take the height out of it, take the danger out of itand the risk out of it and then

leave the tree to give it a chance.” - respondent13].

Organisations manage aesthetic and cultural dimensionsfor visitors, [“ash trees in this area are quite
distinctive in the landscape” — respondent 4]. Where there is limited risk organisations are aiming to
leave as many dead ash trees as possible for wildlife. [“Depending on safety, visitor safety, and we'll
have a quick--as | say, we'l have a quick look after, but you'll see where we will leave whole dead
trees just lying in the field because from a conservation point of view, that then ends up benefitting
the SSSI status for the deadwood invertebrates”. — respondent11]. It is still important to manage those
dead trees to prevent spread of ash dieback across woodlands. This management approach has led
to work with the public to change their perception surrounding deadwood [“we did get a lot of
comments fromthe public, going, "Oh, you're not managing this. It's untidy,” et cetera. But as soon as
you explain why, they get it, you know.” — respondent 11]. Organisations are considering the impact of
losing ash trees from two ecological perspectives, the loss of habitat for species such as the Brown
Hairstreak Butterfly and the opportunity for flora such as the Grass of Parnassus to recover. One

respondent suggests [“it's very subjective as to how good or bad it all is.” - respondent 3].

A long-term approach towards managing ash dieback is promoting species variety within
woodlands. One respondent suggests that [“the conservation world is hung up on maintaining just a
handful of species when theyre being affected by so many diseases, and | think that we should--
there should be more exploration of the potential of other species.” — respondent 10]. Many
organisations are currently relying on natural regeneration to improve the woodland structure and
resilience. Considerations of soil quality, weather and climate are also important when dealing with

the spread of ash dieback. Moreover, conservation legislation can provide additional work for
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organisations when mitigating ash dieback in terms of the approval required and conflicting policies
in terms of protected species and dangerous trees. This includes when protected species are
identified in dangerous trees that needed to be felled and getting permission to move the species

was and is challenging.
6. Adaptive strategies

Organisations are aware that tree diseases have been around for centuries but their impact is falling
increasingly within their management remit. [“Certainly, you know, tree safety management hasgone
from being quite a small job to being a major undertaking.” — respondent 12]. Organisations are
becoming more organised and structured in their approach to ash dieback. One respondent
suggests [“I think when we first started dealing with the ash trees, we weren't—you know, you don't
really know the risks involved” — respondent 17]. Monitoring has become more methodical and
managers are reacting quicker to source funding and machinery to remove trees. Management has
also changed as the disease has spread with more hesitance to fell ash. One respondent explains
[“with ash that they're not just going, 'Right, take it out.” If it had been right at the beginning of the
disease, then that would be the thing to have done: get rid of the affected trees, burn them, stop all
imports of ash. You might have caught it, but it's too late. It's everywhere. You're never going to stop it
from spreading. So we justnow have to manage it as best we can. — respondent11]. Management has
also changed with organisation direction [“but it's also changed with the views of the site manager
or the wardens, which is always the case. But | think what we've got at the moment seems to make a
lot more sense than some of the things that we were doing a few years ago, which, quite frankly, you
look back on and think, well, it was barking mad. — respondent 12]. Additionally, conservation
organisations are learning from their successes [“if we've done something well and move it forward
such as pollarding of the trees — respondent 13]. Conservation managers are largely following the
policies of the organisation although it was clear that some managers preferred within budget

constraintsto work harder to save ash trees, particularlythose that were significantin their woodland.
7. Defining success

Success when dealing with ash dieback appears to differ between and among organisations
suggesting that variation occurs at the organisational and manager level. It appears success has
largely not been discussed before, [“I don't think that question's been asked. It's a really interesting
guestion.— respondent 8]. Another respondent suggested success was interesting because [“people
see things in different ways” — respondent 3]. This was demonstrated by a respondent who felt [“like

there’s very little we can do to control tree pests and diseases. You know, if they're not carried on the
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wind, they're carried in droplets in the air or boots and machinery, and there's--it doesn't work. Any
mitigation doesn't seem to work” — respondent 10]. Whereas another respondent suggested that
success would be the absence of a disease but admitted that [“it's still quite early days, in terms of
ash dieback especially. Once we fell a tree, then you think, right, okay, we've dealt with it, but it might
still be in the ground, or it might still be in the roots as well.”. - respondent 14]. Respondents suggest
that success is mitigating the risk of ash dieback whilst maintaining healthy ash trees for the purpose
of [“developing resistance over time” — respondent 18] and for [“biodiversity and--mainly,
predominantly and, hopefully, for the longevity of our ash within our landscape.” — respondent 17].
Anotherrespondent suggests that [“success is that we've reduced the risk and stopped anybody from
getting hurt, and wherever possible, we've left standing deadwood.” - respondent 13]. Furthermore, a
respondent highlights success in terms of public liability [“I think reducing the risk to a level that our
insurers is happy with whilst at the same time conserving what you can. Not felling healthy trees if at

all possible” - respondent15].

Onedirection of success is a shift to robust woodlands that can withstand and adapt to change. One
respondent suggests that [“So | think that what we have to do--success is about accepting the
change in woodland structure and composition and making sure that there is room for the woodland
to change and that the woodland is robust enough to adapt.” — respondent 10]. This thought was
supported by another respondent [“best situation you've got is that you find the tree pest early
enough.Yougo inand remove a tree, and that's it, jobdone, and you don't have the problem anymore.
Reality is not like that. The reality is that you can see it appearing in the wider landscape, and then,
you know, it's only a matter of time until it finds its way onto the reserve, and at that point, it's at the
door. And a lot of these landscapes’ initiatives to remove vast amounts of trees don’t seem to be
working. And I'm not sure it's possible. And | think probably it would be good to get the woodland

management in place where the woods themselves are robust enough to cope” — respondent 12].
8. Achieving success

Most conservation organisations felt like they have adequate knowledge and understood how to
manage ash dieback, although some organisations were keen to pursue more on-site training,
particularly to be more confident in identifying the disease. More time, resources, and people on the
ground would also aid their management approaches. Additional funding would allow more
management of ash trees to take place that would prevent path and site closures allowing
woodlands to remain accessible to the public. With more resources, one respondent suggests they
would be able to alter management to restart [“coppicing” — respondent 15] to gain additional

benefits. With more capacity, several respondents suggested that more monitoring could be carried
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out earlier in the year enhancing safety and increasing management options. One respondent
suggests that more support to find contractors to do the work would be useful as [“I think probably
sometimes we get ripped off” — interview 12]. Furthermore, if trees do have to be removed
organisations were keen to gain more evidence and support for replantingincluding potential species
adaptations better suited to climate change. One respondent suggested that [l think the thing that
would be very useful is making the markets for small-scale timber production easier” — respondent
12] which would allow woodland managers to recuperate some costs from ash dieback but also
support the local industry. It was believed that if trees needed to be felled and woodland managers
had to bear the costs then investment in the local industry should occur to support woodland

managers to recuperate costs.

Conservation organisations were keen for Natural Resources Wales to focus on a long-term national
coordination approach. Particularly providing guidance about how to keep people safe when dealing
with ash dieback. One respondent felt like a direct contact at Natural Resources Wales would be
beneficial to access help rather than havingto hunt for the information themselves. [“It would be good
for me to have that direct communication channel with somebody at the NRW or Forestry
Commission — respondent 4]. Another respondent also felt that if ash dieback was a big issue there
should be someone at Natural Resources Wales providing support to private landowners. [“Well, |
mean, it's such a widespread, big issue. Why aren't NRW employing somebody to come out and help
us do it, you know, deal with it, and then deal with it right? It's.. | feel its a national problem” -
respondent 2]. There is also a keenness for a general quarterly newsletter that disseminates current
threats, research and recommendations and a greater understanding of what other organisations
and authorities are doing. Moreover, because conservation organisations rely on support, a move
towards educating the public about tree disease and the need to fell trees was considered important.

Research into the practical implications of ash dieback management was widely supported.

Discussion

1. Relevance of ash dieback

Ash dieback has been substantially impacting the Welsh landscape causing detrimental ecological
impact in the wider environment since 2013 (Hill et al, 2019; Mitchell et al,, 2014). Therefore it is perhaps
notsurprisingthat all respondents were dealing with ash dieback in some capacity. However, it would
appear that conservation organisations are predominantly managing ash dieback reactively when

trees have been found to be infected. Respondents identify that ash dieback is a prominent and
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current problem within conservation organisations. Moreover, some organisations have been only
actively been managing ash dieback since 2020 and that management has largely been hindered
by the Covid-19 pandemic. Therefore whilst conservation organisations were largely aware of ash
dieback approaching (Woodward and Bog, 2013) understanding what approaches have been taken

and how successful they have been in mitigating ash dieback remains recent and highly relevant.
2. Awareness and understanding of ash dieback

Conservation organisations exhibited high awareness and understanding of the disease and many
roles have been established to mitigate its impact. Marzano et al, (2015) suggests this level of
awareness should be expected given the impact the disease could have on trees for which they are
responsible. Whilst most management was reactionary, organisations did attempt varied levels of
ongoing monitoring. Dandy et al., (2013) suggest, that organisations are likely to possess the skills to
engage in preventative measures, monitoring and dealing with an outbreak once it occurs.
Organisations for the most part did possess the skills to be proactive but reactionary management
took priority due to limited time, funding and resources. However, in cases where the disease had
become too advanced and the trees had become too brittle outsourcing help was required leading
to further costs and additional resources. Although, this is largely to be expected as organisations are
largely constrained by funding streams that are dynamic and often unpredictable and preventative

measures need to be in place over long periods of time (Meir, Andelman and Possingham, 2004).
3. Ash dieback management

Conservation organisations consider conservation and/ or recreation their primary management
focus. Ash dieback affects trees of all ages where the chances of mortality are high placing the
species as well as many organisms who depend on the species under threat (Marzano, Woodcock
and Quine, 2019; Pautasso et al,, 2013). However, unlike commercial woodlands, organisations do not
necessarily have to recuperate all the cost and so can prioritise additional management, particularly
of veteran trees. As a result, most managers are engaging in low-level management that ensures
ash remains part of the Welsh landscape. Appendix C outlines the decisions taken by conservation
managers in Wales when faced with ash dieback utilising monitoring, pruning, pollarding and felling

which leads to resistant trees in the landscape, deadwood in the forest or wood removed to be sold.

Pollarding,onemethod used by organisations,is more expensive than fellingbut can preserve an ash
tree safely for a time until it succumbs to the disease (Bengtsson and Stenstrém, 2017). Mitchell et al,
(2014) consider pollarding the best option from a conservation perspective providing habitat for

highly associated species like the Brown Hairstreak Butterfly (Thecla betulae) a species which
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conservation organisations are concerned about. On the other hand, Ahlberg (2014) suggests
selective thinning of infected ash trees can also allow other species to recover. Conservation
organisations suggest this method has allows light to enter stands and other species to recover such
as Grass of Parnassus (Parnassia palustris). WhilstMarzano, Fuller and Quine (2017) identify woodland
managers are concerned about funding challenges that management brings, it is clear that

woodland managers within conservation organisations are still prioritising conservation outcomes.

The longer the ash species stay in the woodland there is a higher chance of identifying resistant
species which McKinney et al, (2014) suggest could be the long term solution to ash dieback. This
suggests that the actions of woodland managers in conservation could be directly contributingto the
resilience of ash species within the Welsh landscape. However, despite this evidence organisations
were uncertain about whether ash trees could recover from infection so this doesn’t appear to be the
main motivation for their management approaches. Even if the tree dies many organisations are
leaving deadwood within the woodland which is important for invertebrates (Bace, Svoboda and
vitkov@, 2019). This is supported by Pautasso et al, (2013) who detail that dead and dying ash trees

should be left for biodiversity conservation.

Some organisations are aiming to create diverse woodlands which was identified by Forest Research
(2022b) as the best approach to mitigate the impact of ash dieback with mixed-species stands
making woodlands less vulnerable to disease. Although Guo et al, (2019) suggest that whilst tree
diversity can minimise the hosts available for threats encouraging high species diversity might
provide more niches for the threat to take hold. This was described as a particular concern for
organisations that feared their oak trees getting a similar disease and more research should look into

this as increasing tree diversity is highly recommended for ash dieback.

4. Best practice for managing ash dieback

Many of the roles established within organisations for the mitigation of ash dieback have a direct
management impact on Welsh woodlands. Tinsley-Marshall et al, (2022) explain that there is often
an expectation, particularly in policy, that management is based on sound evidence and best
practice. Stanley, Clouston and Binney (2005) identify however that there is a myriad of factors that
influence land management decisions that could cause organisations to divert from best practice.
The management approaches adopted by conservation organisations were strongly influenced by
the location of trees on sites, the stage of the disease on a tree and conservation management
objectives. Limited informationis currently available about whether conservation organisations follow

what is nationally considered best practice to mitigate ash dieback therefore the research findings
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have been considered against some suggested best practice in Wales. There are a number of
documents that advise on best practice management approaches to mitigate ash dieback. The Ash
dieback response for Wales (Welsh Government, 2016), the Tree Councils’ guide to ash dieback (The
tree council, 2020) and Forest Research’s ash dieback manual (Forest Research, 2022b). This
guidance is also supported by wider literature from Pautasso et al, (2013) and Mitchell et al., (2014)

which provides evidence-based management recommendations for managers.

It is useful to consider how conservation organisation’s management of ash dieback compares to
national and evidence-led examples of best practice. The Ash dieback response for Wales identifies
five key priorities for mitigating the impact of ash dieback: research, monitoring, prophylactic
measures, reactive measures and communication (Welsh Government, 2016). Most relevant to
conservation organisations it highly encouraged the voluntary felling of younger ash trees and the
planting of alternative species. Conservation organisations showed some signs of removing younger
trees but predominately alongside roads where safety was a concern. However, they were reluctant
to replant with alternative species relying mostly on natural regeneration. This was because either
there wasn't significant tree cover lost or organisations were restricted to what to plant because of
site designation. Additionally, the Welsh Government discouraged the automatic felling of
symptomatic trees (Welsh Government, 2016). This was also supported by Mitchell et al,, (2014) that
not removing infected ash is better for biodiversity and is the most cost effective in terms of
management. Being more hesitant to fell ash was an approach that conservation organisations had
said they had adopted over time but were still concerned first and foremost with the public danger
posed by infected trees. However, Pautasso et al., (2013) recommend that if the ash does deteriorate
the deadwood should be left in the forest for conservation purposes and organisations shared many

examples of where they were doing this.

Forest Research provides a more practical tool, developing management guidance for ash dieback
for all stakeholders with ash trees (Forest Research, 2022b). This provides an opportunity to look at
how closely conservation organisations follow best practices. The overarching approach is to slow
the spread of the disease whilst preserving as many tolerant ash trees as possible. This approach was
evident throughout the organisations where public safety would allow. The guidance suggests
monitoring should be enhanced around highly accessed areas looking at the trunk and felling or
pruningthetrees if posinga hazard. Organisations monitored high footfall areas as a priority but were
more focused on leaf loss. Forestresearch recommends that management should consider the age
and features of ash trees. Organisations, as recommended, are removing younger trees with less
features prone to rapid decline but are reducing the crown or pollarding veteran trees despite it being

more expensive and management intensive. Conservation organisations are also following best
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practice from a conservation perspective carrying out low-level management retaining ash for
habitat and resistance as well as increasing woodland diversity. This suggests that not only are
organisations having a wider impact on ash dieback mitigation than first thought, they are also

predominately following best practice and that should be recognised and acknowledged.
5. Measuring success

It is clear that conservation organisations are adapting to deal with ash dieback from a more
methodical and structural approach as the disease progresses. This can be attributed to experience
and increased knowledge facilitating a more successful approach. Organisations are using similar
management approaches but don't consider the same management outcomes successful. Tucker
(2010) highlights thatin order for woodland governance to be successful goals and outcomes should
be agreed upon by all stakeholders. There was no correlation between success, either across
organisations or within the same organisation. It was also apparent that successful outcomes had
not been widely discussed within organisations. Padney (2010) suggests this could be attributed to
successful management outcomes being context-specific and perhaps current management
utilising their own experience and judgement to which outcomes their site can achieve. For instance,
one respondent suggested that successful management of the disease was eradication but another
suggested that nothing could be done about ash dieback but best practice suggests something in
the middle with a low management approach (Forest Research, 2022b). Therefore, it could be
suggested that working with stakeholders to achieve common outcomes from ash dieback

management would produce a more cohesive response to the disease at the landscape scale.

6. Influence of conservation organisations

Conservation organisations have a wider role in mitigating the impact of ash dieback appears to
have been largely underestimated and overlooked. Marzano et al,, (2015) categorise environmental
NGOs (including conservation organisations) as a distinct woodland stakeholder. The Welsh
Government (2018b) does not distinguish conservation organisations from the private sector, even
though their role in the management of ash dieback is substantially different. The latest available
data of NGO's ownership in Wales dates back to 1967 demonstrating a 2.9% share of woodland cover
included most recently in a report by the Forestry Commission, (2002). The results from this research
support the wider literature that their influence over the management of woodlands in Wales is far
greater. They manage land on behalf of others, give advice to other landowners and readily engage
with the public about ash dieback as previously outlined by North Wales Wildlife Trust, (2022). The

approaches taken collectively by these organisations and those that follow their advice are directly
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influencing ash dieback mitigation strategies at a landscape scale, findings consistent with those of

several other studies (Dondy et al, 2017, Marzano et al,, 2020; Marzano, Fuller and Quine, 20]7).
6.1 Public Engagement

Conservation organisations differ from large parts of the private sector encouraging visitors to their
sites. In 2018 nature reserves were identified as the 2nd most visited destination for tourism in Wales
(Welsh Government, 2018a). The sites of organisations are readily visited for wildlife spotting, walks
and activities (Welsh Government 2018a). This gives organisations the opportunity to interact with
many local residents and tourists on their sites, through activities and to raise awareness about ash
dieback. Conservation organisations confirmed they readily engage with the public about tree health

and were working to change the perception of management approaches needed.

McFarlane et al, (2006) found that local residents had a basic knowledge of tree health issues and
supported management to mitigate their impact. Tourists on the other hand had little awareness of
invasive species generally (Garcia-Llorente et al, 2008). Organisations acknowledge that local
people did identify ash dieback but ultimately were not aware to the extent that ash dieback had
already spread across Wales, leaving much of the identification up to the managers. Organisations
felt that their biggest challengeis tree planting projects, as described by Brancalion and Holl, (2020),
which have caused the public to see tree removal negatively. Organisations highlight their role allows
them to educate the benefits of tree management. This suggests that organisations are engaging

and educating the wider community about ash dieback management.

This research suggests that conservation organisations are engaging readily with the public and
successfully communicating information about ash dieback. Furthermore, it demonstrates that
explaining the purpose of management approaches to mitigate ash dieback has caused changes in
public behaviour with support maintained even when locals or visitors might have to have their
accessibility restricted. The understanding relating to ash dieback and the desire to support
mitigation management is potentially not surprising as the media, public and political response to
ash dieback was unprecedented (Tomlinson, 2016). However, this research highlights the potential for
conservation organisations to engage with the public and explain appropriate management

approaches even when trees need to be removed which may be negatively perceived.
6.2  Public support
Moreover, conservation organisations are widely supported in Wales with high membership numbers

(Cracknell, Miller and Williams, 2013). This was evident through the interviews as managers recollected
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that whilst removing trees and closing footpaths had caused some conflict with local people
managers were actively educating people about ash dieback and communities were receptive and
understanding of the management approaches used. One in ten UK residents are members of an
environmental organisation with 34.8% of their income coming from individual donations,
membership fees and sales of associated products (Cracknell, Miller and Williams, 2013). Therefore,
organisations are positively supported and can be influential on the public perception of woodland
management. Concurrently, organisations need to maintain that support from the public which in
turn influences their management approaches. Veteran ash trees have high cultural value within the
landscape and Marciulyniene et al,, (2017) recommends pruning ash trees to maintain their aesthetic
value. The Tree Council (2020) highlights that ash dieback can cause dying branches to become
brittle and under both criminal and civil law conservation organisations are potentially liable if trees
fall. Conservation organisations where possible try to avoid this conflict and move permissive paths
but ultimately dangerous ash trees are removed. Therefore, conservation organisations can provide
a vehicle for information exchange between local people, woodland managers and policymakers

regarding tree health, management approaches and associated legislation.
6.3  Advice

Conservation organisations are known to offer advice through publicly or privately funded schemes
directly to private landowners. The literature identified that there is a demand for external bodies to
be used to coordinate pest and disease outbreaks which have sufficient resources and the ability to
give unbiased advice (Tomlinson, Potter and Bayliss, 2015). Respondents recollected that they had
experienced this demand for advice with stakeholders regularly contacting them to ask about ash
dieback, including bigger organisations such as the highway agency. Lawrence and Marzano (2014)
suggested that woodland managers were seen to be heavily reliant on external advice but some
suggested this could be disconnected and confusing. It was evident that conservation organisations
despite their conservation focus were providing clear, engaging and unbiased advice. Furthermore,
this role is particularly well suited to conservation organisations as woodland managers are keen to
follow advice from trusted groups and potentially adapt behaviour (Ambrose-Oji et al., 2020;
Lawrence and Marzano, 2014; Marzano et al., 2016; Marzano, Fuller and Quine, 2017, Tomlinson, Potter
and Bayliss, 2015; Urquhart et al, 2017; Young et al., 2018). Conservation organisations also offer a shift
away from government advice which was associated with distrust, scepticism and a reluctance to

adopt suggested behaviours (Lawrence and Marzano, 2014; Mackenzie and Larson, 2010).

6.4 Facilitate networks
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It has been identified that there is a willingness by woodland managers to learn about tree pests and
diseases (Marzano, Fuller and Quine, 2017; Urquhart et al, 2017). However, Lawrence and Marzano
(2014) identified that woodland managers felt that there was a poor flow of information between
woodland managers. Itis also suggested that woodland manager’s distrust of the government make
them feel excluded in the conversation about tree pests and diseases (Mackenzie and Larson, 2010).
Conservation organisations were keen to collaborate working with organisations, the authorities and
the public to tackle ash dieback. Therefore, conservation organisations considering their supportand
engagement capabilities could be best placed to deliver training for woodland managers, collecting
and transferring information between woodland managers and policymakers, as well as facilitating
relationships between woodland managers themselves. Considering the need to deal with tree
threats at the landscape scale, a coordinated response is required and conservation organisations
could be a crucial element of this coordinated response (Tomlinson, Potter and Bayliss, 2015).
Therefore the influence of conservation organisations across the woodland landscape in Wales
suggests that the government should look to collaborate, support and utilise conservation

organisations for achieving desired national outcomes with ash dieback.
Recommendations

The influence of conservation organisations is varied and hard to quantify but their current and
potential widespread impact on the mitigation of ash dieback in Wales should be an area of interest.
Therefore, this research recommends eight specific recommendations that could support and/ or

enhance the role of conservation organisations play in mitigating the impact of ash dieback.

1. Facilitate the development of a network of professional foresters who can be readily available
for woodland managers when felling particularly dangerous trees need to be outsourced

2. Improve the coordination and process for shutting roads for the purpose of specialist
equipment and tree removal which is a key cost for woodland managers

3. Investing in local industry to make small-scale time production more accessible to
conservation organisations felling trees because of ash dieback

4. Ensuringthat conservation legislation and tree health policy are complimentary and do not
provide conflicting instruction when conservation organisations are faced with ash dieback

5. The provision of on-site training to allow conservation organisations to increase the

confidence of woodland managers identifying ash dieback
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6. Additional funding would allow more management of ash trees to take place that would
prevent path and site closures allowing woodlands to remain accessible to the public

7. Conductresearch to gain more evidence regarding replanting potential alternative species
when woodland managers are faced with ash dieback

8. The provision of a national contact at Natural Resources Wales that can provide advice and

supportwould be highly beneficial to implementing their management approaches.

The support through these recommendations is best placed to come from varied sources but would

benefit from being overseen by Natural Resources Wales to provide a central coordination point.
Conclusions

Overall, as tree pests and diseases continue to be introduced and establish globally woodland
managers will have to adapt regardless of sector to mitigate theirimpacts (Fisichelliet al, 2014; Young
et al, 2018). It is suggested that a successful response to ash dieback should be coordinated at the
national scale across multiple landscapes involving varied stakeholders. However, the complex
ownership and fragmented nature of woodland areas found in Wales make this challenging (Welsh
Government, 2021). Conservation organisations are identified in this paper as a stakeholder with
influence across multiple sectors widely impacting the mitigation of ash dieback. Particularly through
their conservation focus which alters management approaches to maintain ash in the landscape for
longer than their commercial counterparts. This increases the habitat for biodiversity and the
opportunity to identify resistance. Furthermore, conservation organisations exhibit a high awareness
of the disease and possess the capabilities to mitigate its impact exhibiting strong association with
best practice where funding allows. Conservation organisations can have a wide-ranging role in
mitigating the impact of ash dieback beyond their own chosen management strategies by engaging
with the public and other private woodland owners about tree health issues. Through their established
standing in the community, generate supportso advice about mitigating the impact of ash dieback
is well-received and trusted. Working alongside a network of established woodland stakeholders the
organisations can help influence and facilitate a common management approach to ash dieback
with agreed success criteria with aim of establishing a more cohesive response to the disease at the
landscape scale. It istherefore the reports feeling that support should be provided centrally by Natural
Resources Wales and also from varied sources to support and/ or enhance the role that conservation
organisations play in mitigating the impact of ash dieback. Limited research of their involvement with

ash dieback (Marzano, Woodcock and Quine, 2019) and lack of consideration in policy (Welsh
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Government, 2021) suggest this involvement could be being overlooked and potentially

underestimated.
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Key findings document:

An accessible two page document was produced to present the findings of the KESS 2 East
funded MScRes project which aims to further the understanding of stakeholder responses to

tree pest and disease outbreaks across Wales. The document summarises:

Findings from a systematic literature review that aimed to further the understanding

of private stakeholders and their experience with tree pests and diseases

Empiricalresearch directed from the literature review is also summarised. The research

considersrole conservation organisations play in mitigating the impact of ash dieback

It provides eight specific recommendations that will provide support to encourage

and/ or enhance the role conservation organisations may play at the landscape scale

These recommendations are largely targeted around support that can be provided by Natural
Resources Wales towards conservation organisation to continue and/ or enhance the role they
play in mitigating ash dieback at the landscape scale in Wales. However, support should be

obtained from several sources to provide the greatest level of support.
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Ash dieback (Hymenoscyphus fraxineus) is widely distributed throughout the Welsh

landscape but complex and fragmented ownership of woodlands makes mitigating its impact challenging
(Welsh Government, 2021). Management must aim to slow the spread of the disease whilst minimising its
impact through preventative and reactionary measures (Forest Research, 2022). Guidance is readily
available about best practice at national, regional and organisational level supported by overarching
policy (Forest research, 2022a; Tree Health Council,2020; Welsh Government, 2016). However, thereiis limited
information abouthow closely these recommended approaches are followed (Tinsley-Marshall et al, 2022).
As a result, semi-structured interviews were carried out with woodland managers tasked with mitigating
the impact of ash dieback in Wales. The research focused on individuals managing woodland on behalf of
conservation organisations which are of interest not only because of their behaviour is understudied but it

is also proposed that their influence across the Welsh landscape is widely underestimated.

Conservation organisations have high knowledge and
awareness of ash dieback and exhibit the skills to manage
the disease where safety allows. Predominately
organisations follow best practice guidance utilising
management approaches to maintain ash species within
woodlands where finance isn’t a constraint. Conservation
organisations are identified as having a far reaching
influence on ash dieback management in Wales not only
managing their own land or land on behalf of other but also
providing advice to private landowners and playing an
active part in educating the public about ash dieback

management (Crocknell, Miller and Williams, 2013; North

Wales Wildlife Trust, 2022; Welsh Government, 2018).



Ash dieback is causing significantimpact to common ash (Fraxinus excelsior)

a native species of high biodiversity and cultural value (McKinney et al., 2014). The action managers
take act as the firstline of defense, monitoring and carrying out activities that can minimise impact
of threats (Marzano et al, 2020). Management approaches taken by conservation organisations are
of interest as they manage large areas of woodland in Wales, offer advice to private landowners
and educate the public about tree health (North Wales Wildlife Trust, 2022). They also have strong
conservation objectives. Combined these attributes suggests that they could be influential in the

national response to ash dieback in Wales.

In  September and

November 2021, 18 interviews were carried out
across Wales with individuals from 8 conservation
organisations, carrying out 9 different roles
involving sites which had varying tree composition
and  conservation  designation.  Individuals
provided detailed information about

management approaches and their influencing

Conservation organisations exhibited high awareness and understanding of ash

dieback and many roles have been established within organisations to mitigate its impact.
Conservation organisations aim to maintain ash trees in the Welsh landscape for biodiversity value
and to build woodland resistance to ash dieback (appendix C.). Conservation organisations are
playing a potentially underestimated but influential role in the mitigation of ash dieback in Wales.
Conservation organisations have a wide role managing woodlands, increasing public awareness
of ash dieback, offering advice and facilitating tree health networking. Conservation organisations
can utilise their influence, working with stakeholders to achieve common outcomes facilitating a

cohesive response to the disease at the landscape scale.




The influence of conservation organisationsis hard to quantify but their

current and potential widespread impact on the mitigation of ash dieback in Wales should be an area

of interest. Therefore, this research recommends eight specific recommendations that could support

and/ or enhance the role of conservation organisations play in mitigating the impact of ash dieback.

1.

Facilitate the development of a network of professional foresters who can be readily available
for woodland managers when felling particularly dangerous trees need to be outsourced
Improve the coordination and process for shutting roads for the purpose of specialist
equipment and tree removal which is a key cost for woodland managers

Investing in local industry to make small-scale time production more accessible to
conservation organisations felling trees because of ash dieback

Ensuring that conservation legislation and tree health policy are complimentary and do not
provide conflicting instruction when conservation organisations are faced with ash dieback
The provision of on-site training to allow conservation organisations to increase the confidence
of woodland managers identifying ash dieback

Additional fundingwould allow more management of ash trees to take place that would prevent
path and site closures allowing woodlands to remain accessible to the public

Conduct research to gain more evidence regarding replanting potential alternative species
when woodland managers are faced with ash dieback

The provision of a national contact at Natural Resources Wales that can provide advice and

support would be highly beneficial to implementing their management approaches.

Conservation organisations have a wide role in mitigating the impact of ash

dieback. They are engaging with the public and other woodland owners about tree health issues. Their

advice is well received and trusted often facilitating information sharing within networks of woodland

stakeholders.Conservation organisations can utilise their influence, working with stakeholders to achieve

common outcomes from ash dieback management which would produce a more cohesive response to

the disease atthe landscape scale. Therefore, supportshould be provided centrally by NaturalResources

Wales but also from varied sources to support and/ or enhance the role conservation organisations play

in mitigating the impact of ash dieback. Limited research about their involvement with ash dieback

(Marzano, Woodcock and Quine, 2019) and lack of consideration in policy (Welsh Government, 2021)

suggest their involvement could be being overlooked and potentially underestimated.
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o
COI‘\C'USIO“SI The following document evaluates the overall findings from the

project conducted as part of the KESS 2 East funded MScRes project which aims to further the
understanding of stakeholder responses to tree pest and disease outbreaks across Wales. It
also considers the research process in order to provide future direction for this timely and

relevant research topic.

113 | Page




Overall conclusions, reflections and future
direction

MScRes Submission: Overall conclusion



Conclusions

The introduction and establishment tree pests and disease continue to increase globally (Fisichelli et
al, 2014). The action taken by woodland managers act as the first line of defence against introduced
and established threats through monitoring, reporting and carrying out activities that minimise their
impact (Marzano et al, 2020; Tomlinson, Potter and Bayliss, 2015). Therefore this project took an
interest in the role private woodland managers play in mitigating the impact of tree pests and
diseases. Initially a detailed review of current literature about private woodland management
approaches was undertaken. The review identified that there was a number of ‘lbenchmark strategies’
for dealing with tree pests and diseases (Ayres and Lombardero, 2018). However, there remains limited
information about how closely these strategies are followed in practice and in which circumstances
they may be adapted, substituted, or even omitted by woodland managers (Marzano, Fuller and
Quine, 2016). The review concluded that for the most part managers consider tree pests and diseases
a threat and want to take a proactive stance in mitigating theirimpact (Lawrence and Marzano, 2014;
Marzano, Fuller and Quine, 2016). The review identified understanding the role conservation focused
managers play in mitigating tree pest and disease impact was understudied. Whilst not the majority,
a substantial number of British woodlands are managed by conservation focused managers but were
only mentioned in 3 reviewed papers but often detailed different management approaches
(Ambrose—oji et al, 2020, Lawrence and Marzano, 2014; Tomlinson, Potter and Bayliss, 2015). The review
supports Marzano, Fuller and Quine (2017) conclusion that the lack of research of private managers
could be limiting the understanding of management behaviour when faced with pest and disease

outbreaks overtime.

Research looked into the role conservation focused woodlands managers play in Wales where a
substantial gap in the literature was identified. Conservation organisations are responsible for 2.9% of
woodland, a relatively small area of woodland but this information may be outdated in policy
documentation and their overall management impact underestimated (Welsh Government, 2021).
Therefore, a 12 month project was undertaken in Wales to identify the role conservation organisations
play in mitigating the impact of ash dieback. Ash dieback has spread widely throughout Wales and
its mitigating its impact will need to be achieved at the national scale coordinated across multiple
landscapes involving varied landscapes. However, the complex ownership and fragmented
woodland areas found in Wales make this challenging (Welsh Government, 2021). Woodland
managers will have to readily adapt to mitigate the impact of ash dieback (Fisichelliet al, 2014; Young
et al, 2018). The research paper identified that conservation organisations have influence across

multiple sectors with the potential to widely impact the management of ash dieback. Conservation
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organisations were also observed altering management approaches to maintain ash in the
landscape for longer than their coommercial counterparts increasing habitat for biodiversity creating

the opportunity to build resistance.

Conservation organisations exhibit a high awareness of the disease and possess the capabilities to
mitigate its impact exhibiting strong association with best practice where funding allows.
Conservation organisations have a wide role in mitigating the impact of ash dieback through
engaging with the public and other private woodland owners about tree health issues, generating
support so advice is well received and trusted, providing advice about mitigating the impact of ash
dieback, and through facilitating networks of woodland stakeholders. Conservation organisations can
utilise their influence, working with stakeholders to achieve common outcomes from ash dieback
management would produce a more cohesive response to the disease at the landscape scale.
Limited research in their involvement with ash dieback (Marzono, Woodcock and Quine, 2019) and
lack of consideration in policy (Welsh Government, 2021) suggest this involvement could be being

overlooked and potentially underestimated.
1. Future direction

The influence of conservation organisations is hard to quantify but their current and potential
widespread impact on the mitigation of ash dieback in Wales shouldbe an area of interest. Therefore,
support should be provided centrally by Natural Resources Wales but also from varied sources
suggest research and local regulators to support and/ or enhance the role of conservation

organisations play in mitigating the impact of ash dieback.
1.1 Policy makers:

This research recommends policy makers should acknowledge the standard to which conservation
organisations appear to manage ash dieback and the information they pass onto others in the wider
landscape closely following national guidance. Organisations being largely trusted by the public and
involved in various management advice schemes suggests that organisations have a larger
influence on wooded areas in Wales than just the land they own. Therefore, providing targeted
funding, support and training for conservation organisations will in turn support the role of
conservation organisations play in the Welsh landscape and contribute to the national mitigation
approach to mitigating to ash dieback. Conservation organisations believed that this support was
essential as currently there isn't sufficient support available to take more expensive conservation

friendly management approaches and others to do the same. Therefore this research was able to
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make a number of recommendations to maximize the potential of conservation organisations

positively influencing the national response to ash dieback in Wales.

1.

Facilitate the development of a network of professional foresters who can be readily available

for woodland managers when felling particularly dangerous trees need to be outsourced

Improve the coordination and process for shutting roads for the purpose of specialist

equipment and tree removal which is a key cost for woodland managers

Investing in local industry to make small-scale time production more accessible to

conservation organisations felling trees because of ash dieback

Ensuring that conservation legislation and tree health policy are complimentary and do not

provide conflicting instruction when conservation organisations are faced with ash dieback

The provision of on-site training to allow conservation organisations to increase the

confidence of woodland managers identifying ash dieback

Additional funding would allow more management of ash trees to take place that would

prevent path and site closures allowing woodlands to remain accessible to the public

Conduct research to gain more evidence regarding replanting potential alternative species

when woodland managers are faced with ash dieback

The provision of a national contact at Natural Resources Wales that can provide advice and

support would be highly beneficial to implementing their management approaches.

1.2 Research

This research identifies that the understanding of woodland management behaviour and the factors

that influence that behaviour remains limited. Managers that were interviewed for this research were

keen for more research into practical management outcomes of ash dieback and analysing their

success. This would allow them to learn from others experiences as well as there own leading to more

informed choices.This in turn would be shared through their various stakeholder channelsinfluencing

management across the Welsh landscape. Research considering other woodland managers within

the private sector where motivations might deviate from a commercial and conservation focus would

also be of interest including the increasing emergence of community woodlands.
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1.3 Collaboration

Furthermore, this research reinforces the importance of a collaborative approach to ash dieback and
tree health more broadly within Wales. It should be a priority for cross sector communication about
management approaches to tree threats which should involve common goals that support
woodland management objectives. Conservation organisations appear best placed to facilitate and
support a network of woodland stakeholders promoting a multidirectional dialogue about best
practices, support and solutions to management issues. Moreover, organisations can be pivotal in
the coordination of responses across the complex and fragmented Welsh woodland landscape for

both ash dieback and other arising tree health threats.

2. Reflections

This project provides a detailed review of the current literature available about management
approaches to tree pests and diseases in the UK. It also identifies a myriad of factors that can
influence those decisions. It provided both the justification for a research paper and empirical data
from woodland managers in Wales which will be submitted for publication. Recommendations for
further supports alongside key findings will be disseminated back to ForestResearch. This projecthad
several strength that will make it suitable for having impact at these multiple scales. Woodland
managers were interviewed from all regions of Wales making the findingsrepresentative of the Welsh
woodland landscape. Interviews were carried out in a number of formats making the project highly
accessible to respondents therefore encouraging participation. Although there were some limitations
including covid-19 regulations which prevented some interviews being taking place in person but was
overcome by moving interviews to Teams. As with all projects if there had been more time and
resources more interviews could have been undertaken but the information collected showed
saturation aofter 18 interviews. Overall the research undertaken information of management
undertaken by conservation organisations when faced with ash dieback was recorded highlighting a
policy, research and management interest. It will be useful for bodies to understand the impact of
conservation organisation when managing ash dieback and provide further support where

appropriate.
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