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Abstract

Forest Genetic Resources (FGR) are the basis on which the health of future forests are dependent.
It is genetic diversity that enables trees to adapt to conditions and optimise their performance to
succeed. A lack of diversity increases the vulnerability of a population or species to changing
conditions and pathogens, while a greater diversity is a potential buffer against biotic and
abiotic change. This paper undertook a review of international practice in FGR conservation
and proposes a strategy to implement in an Irish context. Dynamic in sifu conservation has been
adopted as the best practice for the conservation of FGR in most cases. The dynamic approach
is often referred to as a “near-nature” approach and the focus is to maintain adaptive potential
in natural or semi-natural populations. A network or group of sites is also considered best
practice in FGR conservation. This has been implemented in the EUFORGEN pan-European
conservation network. Selection of the individual populations or sites to include in the network
is dependent on the availability of data. The selection criteria are addressed in the strategy
proposed. In order to conserve genetic variation, it is important to be able to assess the actual or
potential level of this variation. Where data is lacking, proxies such as climatic conditions can

be used. A table of actions for the implementation for the strategy is presented.
Keywords: Forest Genetic Resources; FGR,; Conservation; Genetic characterisation.

Introduction

Background

Gene conservation involves the maintenance and development of genetic resources.
The FAO 2014 report The State of the World’s Forest Genetic Resources defines
Forest Genetic Resources (FGR) as “the heritable materials maintained within and
among tree and other woody plant species that are of actual or potential economic,
environmental, scientific or societal value. FGR are essential for the adaptation and
evolutionary processes of forests and trees as well as for improving their productivity.”
The key components of this definition are that the material is heritable —i.e. that it can
be transferred through generations and that the resources are of current or potential
value. FGR are the basic ingredients of adaptation. It is genetic diversity that enables
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trees to adapt to conditions and optimise their performance to succeed. A lack of
diversity increases the vulnerability of a population or species to changing conditions
and pathogens, while a greater diversity is a potential buffer against biotic or abiotic
change, such as climate change (Alfaro et al. 2014).

Native or semi-natural forests are a limited resource in Ireland (e.g. see Perrin
et al. 2008) and also throughout most of Europe. This is a result of historical over-
exploitation and lack of adequate conservation. Semi-natural forests in Ireland are
also highly fragmented, with very few large forest areas. This fragmentation can
affect the genetic resources within the forest (Ratnam et al. 2014). A study of Irish
and European alder populations showed evidence of genetic “bottlenecking” in the
populations, which coincides with periods of large-scale deforestation (Cubry et al.
2015). Thus, there is an urgency to characterise and conserve the remaining areas and
to support the expansion of semi-natural forest cover and the conservation of FGR.

The strategy presented here deals with conservation of a broad base of genetic
resources. A conservation strategy should be cognisant of the needs of the commercial
sector, but should not be a breeding programme for elite trees. Elite phenotypes will not
necessarily be useful to future change and so a diversity of genes needs to be conserved.
This strategy focuses on native tree species (Table 1) with the goal of securing forest
genetic resources for future conservation and to create a baseline from which to guide
future tree improvement. The native status of some species is still in question, such as
Populus nigra L., Populus tremula L. and Pinus sylvestris L., although recent work
suggests a restricted population of native P. sylvestris may have survived (Roche 2019).

The first question to ask of a conservation strategy is “What do we want to
conserve?” Ideally we would conserve everything to have a complete set of indigenous
genetic resources. However, this is not possible due to resource constraints and so the
strategy will focus on the adaptive potential of species. Thus, the primary aim of
the conservation strategy presented here is to conserve the adaptive potential within
natural or semi-natural populations. Adaptive potential is the capacity for trees to
survive now and into the future and it is essential to enabling species adapt to climate
change. This type of conservation strategy is a common approach utilised in other
European countries (Graudal et al. 1995, Trivedi et al. 2019) and on a pan-European
scale (Koskela et al. 2013, de Vries et al. 2015). This paper reviews the literature on
FGR conservation approaches and presents a strategy for potential use in Ireland.

Many initiatives have been undertaken to assess forest genetic resources in Ireland
and there are a number of programmes ongoing. Two main reports have provided a
valuable synopsis of the current state and potential directions for FGR conservation.
Cahalane et al. (2007) prepared an outline strategy to develop and sustain Ireland’s
FGR. A later report provided an update on the baseline information on the FGR
resources available in Ireland (COFORD 2012). The 2012 report was incorporated into
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a larger report by the FAO on the State of the World’s Forest Genetic Resources (FAO
2014). The FAO report summarised the global information on FGR and highlighted
that worldwide knowledge on FGR is generally inadequate. While some species such
as oak (e.g. Quercus petraea (Matt.) Liebl. and Q. robur L.) are well characterised
others are not covered at all. Although the FAO report takes a global perspective, it also
mirrors the situation in Ireland. Very few species have been adequately surveyed and
fewer still have been actively conserved. The current paper aims to build on previous
studies and propose a FGR conservation strategy in addition to providing a framework
in which to implement it. In particular, the impacts of climate change have become
increasingly urgent. Irish populations are facing into climate scenarios that may result
in a deficiency of winter chilling necessary for bud burst, thus leading to asynchrony of
growth. Increased prevalence of pest and diseases are also likely with climate change.

Review of international forest gene conservation strategies

Gene conservation strategies are a relatively new initiative, in particular for tree
species, as domestication is still a relatively recent undertaking for most trees. Selection
of target phenotypes (such as larger fruit) from genepools has been a common theme
since the beginning of agriculture. However, the awareness of genetic resources and
the methodical conservation of genetic resources has only been highlighted following
increased intensification of agriculture and an increased need for higher yields (e.g.
Gepts 2006). In Europe, the increased awareness of the importance of maintaining and
preserving biological diversity brought about the establishment of the Natura 2000
network. This EU-wide network of nature protection areas was established under the
1992 EU Habitats Directive (Council Directive 92/43/EEC). Since then the importance
of genetic diversity as the core of biodiversity has been emphasised, particularly
following increased technological advances in measurement of genetic diversity. The
Convention on Biological Diversity (CBD) came out of the “Earth Summit” in Rio
in 1992. This convention put a focus on biological diversity and genetic resources
and increased the awareness to conserve natural resources. Incorporated within the
CBD, the Global Strategy for Plant Conservation provides a framework in which to
conserve genetic resources of crops and their wild relatives.

An increased awareness of the potential of genetic resources has led to the
development of conservation strategies to maintain and enhance these resources. In
general, the objective of gene conservation strategies for forest trees is to maintain
the adaptive or evolutionary potential of the populations being considered. In short,
the aim is to safeguard future adaptability. When designing a conservation strategy
there are a number of common themes in the literature relating to the selection and
location of the conservation populations. Rotach (2005) provides a summary of steps
to develop a conservation programme and this involves establishing objectives,
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setting priorities, selection of material to conserve and setting up monitoring.
Objectives need to be established regarding the purpose of the conservation network.
An initial consideration is whether the conservation populations should be in situ or
ex situ. Following this, information is gathered in order to enable selection of the
appropriate species and populations. Finally, a management plan should be prepared
and a monitoring programme put in place.

The longevity of trees is a unique feature of their biology that needs to be taken
into account when considering conservation of FGR. Based on a simplistic model of
the current IPCC predictions of a 0.2 °C decadal increase in global temperatures, an
individual tree could be exposed to an increase of 3 °C over a lifespan of 150 years
(Kelleher et al. 2015). This is not as much of a concern for annual plants and crops
as they can adapt and move more quickly, but for long-lived species, it could have
dramatic impacts (Aitken et al. 2008).

In situ versus ex situ conservation

In situ methods of conservation are those that conserve species or populations at their
original site. Ex situ populations are defined as forests established outside the original
habitat of the genetic resource. In general, the most cost-effective and potentially
the most practical approach for forest trees is that of in situ conservation (FAO et
al. 2004). The cost of establishing ex situ populations can be prohibitive, but ex situ
conservation may be particularly useful for conserving relict or rare and threatened
populations (e.g. Vander Mijnsbrugge et al. 2005). /n situ approaches also have an
advantage of potentially using a single site for multiple species. Ex situ approaches
are often static, in that genetic resources do not have the potential to evolve. Examples
include living specimens such as clonal orchards or individual trees in arboreta and
botanic gardens or preserved material such as those in cryogenic storage.

A consensus favouring “dynamic” or “near-nature” gene conservation for forest
trees is evident from the literature (e.g. Eriksson et al. 1993, Kelleher 2018). The
dynamic approach facilitates evolutionary processes and generation turnover,
including regeneration. While the dynamic approach can be undertaken with ex situ
populations, it is amuch more common method for in sifu conservation. An example
of the dynamic approach is the EUFORGEN (European Forest Genetic Resources
Programme) initiative in which information on forest tree populations from many
European partners has been collated into a GIS database — the EUFGIS (European
Information System on Forest Genetic Resources) database (Lefévre et al. 2013). A
minimum set of requirements was established for incorporation of units (populations)
into the EUFGIS system, thus creating a network of high conservation potential
(Koskela et al. 2013). This database includes details of over 3,600 FGR conservation
units in Europe, including a number of Irish populations. The EUFGIS database,
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through the support of EUFORGEN, allows for populations to be mapped and
monitored over time. This is a key tool in conservation and monitoring of FGR in
Europe and is being harnessed to develop action plans for FGR conservation in many
European countries such as in the UK (Trivedi et al. 2019).

Related to the question of in situ versus ex situ are the concepts of assisted migration
and assisted gene flow. These are human mediated activities, assisted migration
being the mass movement of a species or population from a vulnerable site to a more
suitable site (ex situ), while assisted gene flow is the use of pre-adapted genotypes and
genes to adapt in situ populations to future climate change. These have the potential to
mitigate maladaptation to climate change (Aitken and Whitlock 2013). The potential
importance of assisted migration and assisted gene flow in adaptation to the impacts
of climate change is also stressed by the Intergovernmental Panel on Climate Change
report (IPCC 2014). However, the utility of assisted migration and the inherent risks
need to be fully explored before it is adopted as a conservation measure.

Selecting species and populations

Selecting species

Selecting the species to conserve depends on multiple factors and the overall objective
of the FGR conservation strategy. In regions with large tree floras (such as tropical
regions), the species selection is much more relevant due to the large numbers of
species. However, in temperate regions where the number of species in the flora is
limited, then all species tend to be selected. The species selection and conservation
implementation can be prioritised based on, for example, economic importance or on
rarity. Rarity or threatened status can be assessed using criteria similar to those used
by the International Union for Conservation of Nature (IUCN) to estimate threatened
status, such as population demographics and population ranges (IUCN 2012). An
initiative in New Brunswick, Canada prioritised species based on their rarity and then
created a strategy for each species (Loo 2003). Graudal et al. (1995) selected all native
tree and shrub species for inclusion in a Danish conservation programme.

Adaptive traits
It is important to note that current populations are not necessarily optimal or maximally

fit in terms of their survival. Species and populations are fluid and are continuously
changing. While the lifespan of a single tree varies from tens to hundreds of years, that
of a population can be thousands (such as those that have developed since the retreat of
ice-sheets following the last glacial maximum in Europe), and the lifespan of a species
can be millions of years. What is useful for survival now may not be so in future. For
this reason it is important to select multiple populations to conserve. Eriksson et al.
(1993) suggest many small populations are preferable to one big population.
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To conserve FGR, ideally the whole range of adaptive variation of a species should
be selected. For example, variation in growth, form, wood composition, phenology,
drought/waterlogging tolerance, disease and herbivory tolerance etc. Selection based
on phenotypes is the current practice used in selecting elite trees for improvement
programmes. However, while improvement programmes often involve selections
based on form and wood quality, this is not suitable for adaptive potential. Information
on adaptive traits is rarely available unless extensive provenance trials have been
performed on all species. Selecting populations can be a difficult task, in particular as
little is known about the genetic composition of most populations. In the absence of
knowledge on adaptive traits, substitute proxies can be used.

Selection using molecular characterisation
Molecular markers can be used as proxies for adaptive traits, in particular where the

genes governing the expression of a trait are known and targeted. However, often this
is not known and so neutral molecular markers are used. Neutral molecular markers
are developed from regions of the genome that are assumed to be under no selective
pressure. They are prone to random drift and thus accumulation of mutations tends to
be greater than in regions that are under selective pressure (Holderegger et al. 2006).
Thus, while they do not show variation for adaptive traits they are extremely useful for
assessing population history and tracking demographic changes (Kirk and Freeland
2011). Neutral molecular markers are routinely used to assess levels of diversity and
to determine provenance, such as deciphering post-glacial migration histories of trees
- for example, extensive studies have been undertaken for European trees by Petit et al.
(2003). Molecular markers can be used to determine allelic richness and uniqueness of
a population, thus aiding in selecting a suitable range of populations (Petit et al. 1998).
As molecular techniques have developed the use of molecular markers has become a
standard initial step in characterising the genetic composition of populations (Rajora
and Mosseler 2001, Nybom et al. 2014). Further development of molecular markers
targeting adaptive traits such as bud burst (Alberto et al. 2013) is enabling direct
measures of genetic diversity within adaptively significant genes. Molecular markers
are also being investigated as potential indicators of phenotypes as phenotypic
characterisation is often expensive and time consuming. A study on Picea sitchensis
(Bong.) Carr. utilised genetic variation to develop sampling strategies to capture
the genetic diversity in its native range in British Columbia, Canada (Gapare et al.
2008). This study showed very little genetic structure within core populations, while
peripheral populations were much more highly differentiated. These results highlight
the levels of genetic heterogeneity across a range and also stress the importance of
taking account of peripheral and marginal populations when conserving FGR (Fady
etal. 2016).
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Proxies of adaptive variation - climate

When little is known about adaptive variation or genetic variation, other proxies can
be utilised. An approach to create a pan-European network of conservation units using
climate as a proxy was proposed and utilised for a set of target species as part of a
EUFORGEN initiative (de Vries et al. 2015). This took advantage of the data stored in
EUFGIS to analyse the potential for establishing a network of conservation units. The
core network units were selected using climate as a proxy of adaptive potential. The
EUFGIS units were overlaid on a detailed environmental map of Europe (Metzger
et al. 2005, Metzger et al. 2013) to determine coverage of the units and one unit per
climatic zone per country was selected. All EUFGIS units would potentially be suitable
for conservation purposes due to the minimum requirements for inclusion (Koskela
et al. 2013). Graudal et al. (1995) also used climate and ecological conditions as a
proxy in the selection of units to develop a network of conservation stands for forest
tree species in Denmark and a similar approach was proposed in Flanders (Vander
Mijnsbrugge et al. 2005). Climate proxies can also be used to identify species and
populations on the periphery of a biogeographic range or climatic type (Fady et al.
2016, Hampe and Petit 2005).

Proxies of adaptive variation - ecology

Life history or biological traits, such as geographic range, pollination and dispersal
dynamics including clonal growth will affect the conservation of genetic resources.
Conserving meta-populations that have no possibility of gene transfer due to restricted
gene flow could increase levels of inbreeding. Use of life history traits was undertaken
for forest trees in Norway in order to classify genetic resources as viable or vulnerable
(Myking 2002). Graudal et al. (1995) also used the biology and distribution of each
species. However, this is dependent on reliable ecological and life history data being
available for each species.

Management and monitoring
Management of conservation units should aim to reduce the risk of poor performance
and mortality and should facilitate and promote natural regeneration. The dynamic
conservation approach discussed in this paper emphasises a system with minimal
intervention. However, where necessary, such as in cases where natural regeneration
is not occurring, active intervention should be undertaken (Koskela et al. 2013).
Examples include cutting out invasive and out-competing species, selective thinning,
and propagation.

Management of a stand can significantly affect the genetic structure of populations
(Ratnam et al. 2014). Ratnam et al. (2014) review evidence from boreal, temperate
and tropical forests and while many studies do not show any significant negative
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impacts, fragmentation and clear-cut felling were shown to reduce the overall
diversity in the populations. The extent of the impacts depend on the demographics
of'a population and the biology of the species. Knowledge of the biology of a species
is key to effective management practices. Thus, management plans need to be
developed to keep populations at favourable conditions for continued regeneration
(see Rotach 2005).

A key element in the management must be periodic monitoring (de Vries et al.
2015, Kelleher et al. 2015). A baseline of demographic information needs to be
established to enable monitoring. Monitoring is of particular importance in light of
climate change to assess, for example, changes in demographics and regeneration
within a target species, threats due to pest and disease, and competition with other
species or the invasion of alien species. Indeed, Aravanopoulos et al. (2015) have
suggested periodic genetic monitoring should be part of the overall monitoring of
the pan-European conservation network. Genetic monitoring can be used to provide
indicators of change over time (Graudal et al. 2014).

Promoting awareness of the importance of FGR

To have support for FGR conservation, an important element in many strategies is
to increase the level of awareness and understanding about the potential of FGR.
Loo (2003) noted that this was especially important for species or populations on
private sites, where the land owner needed encouragement to allow a conservation
programme to be implemented. Geburek and Konrad (2008) list the lack of public
awareness as a major hindrance to the implementation of FGR conservation. They
argue that forests are seen by the public as self-sustaining and so not needing input.
The conservation of a single organism is far easier to portray than the genes within a
forest. The promotion of FGR can be undertaken using demonstration plots to show
the importance of species and provenance selection.

Current status in Ireland

The current status and capabilities for FGR conservation in Ireland have been
previously reviewed in Cahalane et al. (2007) and the COFORD National Consultative
Committee on Forest Genetic Resources report (2012). In short, Ireland is well
positioned in terms of capabilities and knowledge to undertake a comprehensive
FGR conservation programme. A national committee has been established under the
COFORD council to steer and advise on the conservation of FGR in Ireland. A point
emphasised in both the Cahalane et al. (2007) and the COFORD (2012) report is the
need to maintain and increase capacity in the FGR sector, both in terms of funding and
human resources. This is also recognised by the government report on forest research
—FORI (DAFM 2014).
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Review of knowledge and capabilities on forest genetic resources in Ireland

FGR conservation is recognised as a critical issue in maintaining a viable
improvement programme and in safeguarding forests for the future. In order to allow
for a conservation programme the following elements are crucial; human capacity,
infrastructural capacity, knowledge and funding. In terms of human capacity, there
is FGR expertise in government and higher education institutions and in private and
state companies. The infrastructural capacity was reviewed by Cahalane et al. (2007)
and the core set of facilities include; a National Tree Seed Centre (Coillte), seed
testing facilities (DAFM), field trials, a database of provenance and field trial results
in NATFOREX (www.natforex.ie), nurseries, plantations, provenance and species
demonstration plots, research facilities in state laboratories (e.g. Teagasc and the
National Botanic Gardens, including a National Forest Tree DNA Bank), and research
facilities in Universities and Institutes of Technology.

A review has also been made of institutions involved in the use and conservation
of FGR in Ireland (COFORD 2012). These can be summarised under the headings
of regulation, research and collections. The institutions responsible for regulation
are government bodies within the Department of Agriculture, Food and the Marine
(Forest Service) and within the Department of Culture, Heritage and the Gaeltacht (the
National Parks and Wildlife Service). Those involved in research include academic
institutions and government bodies such as Teagasc and the National Botanic Gardens.
Collections of genetic resources are either state owned or under private ownership.
State-owned resources include natural, semi-natural and planted collections, and
research collections. Plantations of native trees and forests are also maintained by
NGOs, such as the Woodlands of Ireland.

Some of Ireland’s native species have designated seed stands, which are used for
propagating putatively native material. Depending on the source and history of the seed
stand, these may be suitable as FGR conservation units. Approximately seven of the
native tree species have significant seed stands (Cahalane et al. 2007, COFORD 2012).

Assessment of ecological and climatic envelopes for native species

Species Distribution Models (SDMs) correlate extant species distributions with climatic
and environmental variables to determine a bioclimatic envelope (a range of conditions
inwhich a species grows). This can be used to assess future changes in distribution ranges
when models of climate change are simulated. A study assessing the impact of climate
change on biodiversity in Ireland utilised SDMs to assess the changes in distribution
of protected species and habitats (Coll et al. 2012). The study used species occurrence
data along with climatic and topographical data at each location to develop a model
of the species distribution or the bioclimatic envelope. This type of approach should
be undertaken for all native tree species to provide assessments of current conditions
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and future impacts due to climate change. Another modelling approach involving the
use of SDMs and data from common garden experiments could help refine potential
performance by incorporating phenotypic plasticity into the assessment (Benito Garzon
etal. 2019). Additional data, for example, soil type or ecological traits such as Ellenberg
values could also be used to increase the accuracy of the bioclimatic envelope models.
A combination of both climatic and ecological suitability has been utilised in the
CLIMADAPT tool, which is a decision support tool for foresters in selecting suitable
species for particular areas (Ray et al. 2009). The CLIMADAPT tool assesses current
and future predicted site suitability for native species including; alder, ash, aspen, downy
birch, pedunculate oak, Scots pine, sessile oak and silver birch.

The EUFORGEN pan-European conservation network utilised a climate approach
to select populations which encompassed all geographical and climatic areas in Europe
(de Vries et al. 2015). Some Irish conservation units were included in this network
(Figure 1). Based on the climate models used, Ireland contains one major climatic
zone (cool and moist), with other zones being more restricted to higher altitude areas.
This agrees with the current seed zone treatment for Ireland, as it is considered just
one seed zone or region of provenance.

In addition to ecological and climatic preferences, biological traits are important to
take into account when conserving a population. Myking (2002) and Graudal (1995)
utilise life history traits to assess vulnerability of a species or population. For example,
dispersal ability and pollination biology are important in the context of population
fragmentation. Irish forests, like many other European forests, are highly fragmented.
Fragmentation can significantly impact the dispersal and genepool of insect pollinated
trees, and also has been shown to increase inbreeding even in wind pollinated trees
(Jump and Penuelas 2006). While the majority of pollen flow tends to be localised,
it is dependent on the size of populations and can disperse kilometres away from the
source (Bacles and Ennos 2008, Gallagher et al. 2013). Habitat preferences are also
important for selecting suitable sites and facilitating forest expansion or regeneration.
Another issue to take into account is whether the species is dioecious. If so, then sex
ratios need to be considered and monitored. A list of some relevant biological traits
for native trees is presented in Table 1. These traits can aid in decisions around the
establishment of FGR populations and conservation networks.

Gaps needing further attention
Funding and human resources
In order to implement a FGR strategy, it is vital to have staff allocated to the tasks.
The implementation of conservation strategies is often hampered by the availability
of the necessary resources (e.g. Schmeller et al. 2014). Ample expertise is available to
undertake the tasks laid out in Table 2 below but specific effort needs to be allocated
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Figure 1: A map of Ireland showing simplified climatic zones based on Metzger (2005, 2013).
EUFGIS genetic conservation units for Quercus petraea are illustrated. Ireland only consists of
two zones, cool and moist and cold and moist. The selected site is in the pan-European network.
Map courtesy of Michele Bozzano, Bioversity, EUFORGEN secretariat.

to the tasks. In addition to devoting staff time, it will also be important to allocate
funding for further research and completion of assessments, e.g. for GIS analyses and
for molecular characterization of populations. Sustaining and developing our FGR
capacity needs investment now to secure these resources for the future. Support for
updating and creating inventories of genetic resources is one of the actions in the
National Biodiversity Plan (Government of Ireland, 2011).

Molecular characterization of FGR

There is increasing emphasis on the use of molecular markers for genetic characterization,
breeding, and monitoring. Where available, molecular markers can be used in the selection
of which populations of wild species to conserve (Petit et al. 1998). This approach is
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Table 2: Table of actions for implementation of an FGR strategy. The order of the tasks might
vary depending on the information available.

Task Details

Establish an advisory committee to  An advisory committee already exists in the form

guide the strategy of the COFORD Council and a specialist working
group on FGR.

Involve stakeholders and increase In particular, NPWS and Forest Service, who are the

awareness main holders of FGR.

Set objectives and targets Set objectives if they are other than to maintain a
broad base of FGR.

Select species Select species based on objectives.

Biological assessment Assess bioclimatic envelopes and level of threat.

Genetic assessment Where available utilise genetic data to categorise
populations.

Genetic characterisation Genetically characterise populations, where data is
needed.

Select populations Utilise criteria presented in this strategy to select
suitable populations.

Assess populations Assess the status of the populations being selected
to provide a baseline for monitoring and assess
threats.

Create management plans Create these for each species and population.

Set monitoring protocols Decide on parameters and the frequency of

monitoring and the level of monitoring needed.

promoted in the EUFORGEN pan-European strategy for genetic conservation of forest
trees (de Vries et al. 2015). Molecular markers can be used to determine and delimit
provenance and assess genetic diversity in populations (Garcia et al. 2018, Nybom et
al. 2014). Molecular markers have been used extensively to study population dynamics
of trees in Europe (Petit et al. 2002, Petit et al. 2003) and have been used to place Irish
populations of oak (Kelleher et al. 2005, Kelleher et al. 2004a, Kelleher et al. 2010,
Lowe et al. 2005) and Alder (Cubry et al. 2015) in a European context.

To date there has been a limited number of molecular genetic studies undertaken
on native Irish trees. Studies characterizing Irish populations include those on Alnus
glutinosa (L.) Gaertn. (Cubry et al. 2015), Fraxinus excelsior L. (Heuertz et al. 2004),
Populus nigra L. (Keary et al. 2005), Quercus petraea and Q. robur (Kelleher et
al. 2005, Kelleher et al. 2004a), Salix caprea L. (Perdereau et al. 2014) and Sorbus
hibernica E.F.Warb. (Cowan et al. 2008). Other, as yet unpublished, studies have been
undertaken on Pinus sylvestris and Betula spp. The results from these studies can
help in selecting populations to include in a gene conservation network. To take the
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example of the alder study (Cubry et al. 2015), the molecular characterisation from
this study revealed two distinct alder lineages in Ireland, one originating from the
south — either from the Iberian Peninsula or the Bay of Biscay, and another from
the east — possibly from the Carpathian Mountains. These distinct lineages were not
previously known about before the molecular analysis, but this information can now
be used to guide selection of representative populations to conserve based on their
distinct post-glacial colonisation histories.

Threat assessments - climate change and invasive species
Climate change will impact our forests and subsequently their genetic resources.

In some areas climate change may result in increased growth and more suitable
climates for growing trees. For example, Quercus ilex L. is benefiting by increasing
its range northwards (Delzon et al. 2013). However, this may result in reduced
timber quality in species due to more rapid growth. There are a lot of uncertainties
regarding the impacts of and adaptation to climate change in trees, in particular
for extreme weather events. From an Irish perspective more knowledge is needed
regarding the potential impacts and the use of empirical data should help guide future
provenance and species selection (Black et al. 2010). For example, a reduction in the
number of frost days can affect bud burst (Chuine et al. 2010). This is an important
consideration for the mild temperate climate in Ireland. Reactions to lack of chilling
temperatures can be species specific and two native species (Betula pubescens Ehrh.
and Populus tremula) were shown experimentally to delay bud burst due to lack
of chilling (Pletsers et al. 2015). However, these responses need to be assessed in
other species. Provenance trials and species tests need to be continually updated to
respond to climate change. The source material for provenance trials needs to have
a large genetic base in order to enable future fitness.

Forestresilience and the capacity of trees to withstand biotic and abiotic pressures
is dependent on biodiversity, so it is vital to maintain biodiversity including genetic
diversity to increase the possibility of survival into the future (Thompson et al.
2009).

The threat of invasive species is made more urgent with climate change. The
most notable example of an invasive species in Ireland is that of Rhododendron
ponticum L. in oak woods. The removal and treatment of invasive species such as
R. ponticum is costly and more invasive species are predicted with climatic changes.
Monitoring of invasive species in woodlands needs to be improved and maintained.

Gaps in capacity for FGR conservation

One notable gap in capacity in an Irish context is cryopreservation. Cryopreservation
is particularly useful for rare and threatened populations or species in which in situ
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preservation of individuals is impossible. There is no urgency for this type of a facility
for FGR in Ireland as no tree species are listed in the current Flora Protection Order
(Flora (Protection) Order, S.I. No. 356/2015). However, it is something to develop in
time to keep in line with best international practice (Theilade et al. 2004).

A strategy for Ireland

The suggestions in this paper need to be agreed through consensus of multiple
stakeholders. A suitable instrument to undertake this is the Department of Agriculture,
Food and the Marine COFORD Council or a dedicated FGR advisory committee as
suggested by Cahalane et al. (2007) and COFORD (2012). To create a solid basis for
the proposed strategy and to secure its implementation, relevant stakeholders should
include forestry professionals from the commercial sector (public and private), the
research sector, and interested government and non-government organisations at
all levels of forestry. The proposal below focuses on the development of a national
network of sites for FGR conservation. This is analogous to the pan-European
network, which has been partially implemented across EUFORGEN partners (de
Vries et al. 2015).

Define objectives and set targets

Objectives and targets need to be set for each species. These will vary depending
on the current utility of a species. For species that are currently in improvement
programmes (e.g. alder and birch) or are currently commercially used, the objectives
will be more than maintaining genetic diversity. For these species, the improvement
programmes will form a part of the objectives and targets, in particular they can
supplement in situ conservation with ex situ collections. For most species the
objective should be to maintain the adaptive potential of the species within Ireland.
This can be done by selecting populations that represent the range of genetic
diversity within the country. Ideally, this should also be done on an island-wide
basis, to include both Northern Ireland and the Republic of Ireland. As Ireland is
considered a single seed zone, and our tree species tend to grow in a limited set
of climatic zones (e.g. Figure 1), the level of climatic coverage will be reduced.
Replication of one site per species per province (where available) should be a
minimum target. Some species will have more limited distributions and will not be
present in each province, e.g. Salix phylicifolia L. is restricted to a small number of
sites in Sligo and Leitrim.

An optimistic aim would be to have the programme outlined below implemented
by 2021 so as to coincide with the end of the current National Biodiversity Plan. This
strategy also aligns with Target 9 of the Global Strategy for Plant Conservation, which
aims to conserve genetic diversity of crops and wild relatives (GSPC 2012).
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Species selection

From a forestry perspective, the commercial species should be prioritised for action.
Some species have already been prioritised as commercially important by Cahalane
et al. (2007). Based on commercial utility, the availability of molecular data and
the existence of seed stands, a conservation programme for the following species
should be undertaken first; alder (A/nus glutinosa), ash (Fraxinus excelsior), birch
(Betula pendula and B. pubescens), oak (Quercus petraea and Q. robur), Scots
pine (Pinus sylvestris) and yew (Taxus baccata L.). In the case of ash, there is also
scope to screen for genotypes tolerant to ash dieback (Harper et al. 2016). Much
of the work has already been undertaken for oak and this can be used as a model
case to guide the other species initiatives. For example, sites have been selected
and entered into the EUFGIS database for oak. There is also a significant amount of
genetic data available for oak populations in Ireland (Kelleher et al. 2005, Kelleher
et al. 2004a, Kelleher et al. 2004b, Lowe et al. 2005). If the EUFGIS database is
adopted as a step in the process, then the focus needs to be placed on selecting the
sites for inclusion.

Selecting populations for a network

To select populations or units a set of criteria similar to those of other reports can
be used (De Vries et al. 2015, Koskela et al. 2013). Selection should be based on
prioritizing in situ sites and selecting sites based on size of the unit, including
the number of reproducing trees (more trees being better), public ownership in
preference to private ownership and a preference for sites with information from
genetic studies or provenance tests. In addition, intervention in the form of thinning,
removal of invasive species and collection of seed should be allowed provided it
aligns with the conservation objectives of the overall site.

One option is to create units within current natural reserves or Natura 2000 sites.
This will need cooperation and consultation with the National Parks and Wildlife
Service (NPWS), in particular to agree management plans as the objectives of
conservation and FGR conservation may differ.

In order to select units it will be necessary to undertake a GIS exercise to cross
reference multiple data sources, such as species distribution data, National Forest
Inventory data, climatic and soils data. Species distribution data are available from
multiple sources, including the National Biodiversity Data Centre', the Botanical
Society of Britain and Ireland? and the National Parks and Wildlife Service®. A
large-scale project by Perrin et al. (2008) has gathered data specific to native

! Available at http://maps.biodiversityireland.ie/#.
2 Available at http://bsbidb.org.uk/maps/.
3 Available at http://www.npws.ie/maps-and-data.
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woodland. This project provides excellent baseline data on species composition
and soil for each location surveyed and has incorporated this into an MS Access
and ArcGIS database.

In addition to selecting populations on a climatic and geographical basis, there
may be populations in Ireland that are particularly unique in a broader biogeographic
context. This is seen as a national responsibility in FGR conservation (Schmeller
et al. 2014). For example, Ireland contains populations of Arbutus unedo L. at
the northern edge of the species range in the south west of Ireland. These may be
particularly useful in selecting future trees for more northerly climates and will be of
interest to other European countries, such as Spain and Portugal, who both contain
large populations of Arbutus unedo. The tea-leaved willow (Salix phylicifolia) is
found at the southern end of its distribution in Ireland. This species is also likely to
have unique genotypes compared to populations in the core of its range.

Management plans

Management plans need to focus on maintaining the FGR of the targeted species,
but sites can and often will contain multiple target species. For many populations a
baseline of information will already be available, in particular for those designated
seed stands or for populations already input into the EUFGIS database (Lefévre et
al. 2013). The baseline information should include the following: details of the site,
such as location coordinates, area, ownership; the target species; demographics of
the population; additional information such as genetic characterisation; interventions
allowed; responsible authorities; budget and human resources (see Rotach (2005) for
further details).

Monitoring

The monitoring protocol can be built into the management plan. Monitoring is
undertaken to assess the conservation status of the unit over time and to insure
that favourable conditions are maintained for FGR conservation, for example, the
maintenance of natural regeneration (Koskela etal. 2013). The frequency of monitoring
will depend on the species, but a guideline of 5- to 10-year cycles of monitoring has
been indicated by EUFORGEN for the pan-European network. Monitoring needs to
take account of indicators or evidence of natural regeneration, changes in species
composition, influx or spread of invasive species, diseases and pests.

Monitoring of the overall progress of FGR and changes in international practices
needs to be reviewed regularly to keep pace with best practice. There has been an
increased focus on the potential for genetic monitoring and indicators have been
developed to track changes in genetic diversity over time (Fussi et al. 2016, Graudal
etal. 2014).
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Climate change preparedness and threats due to invasive species

While climate change predictions and impacts remain uncertain, current predictions for
Ireland suggest a warmer and wetter climate in the future (e.g. Christensen et al. 2011).
Results from phenological gardens running more than 30 years have shown changes in
phenology in the form of bud burst in trees in Ireland (Donnelly et al. 2006). This change
results in a longer growing season, which in turn can lead to increased growth. However,
if our climate becomes milder the lack of sufficiently cold winters can also affect bud
burst. Although the interaction of temperature and photoperiod is complex and variable
depending on the species, a lack of sufficient chilling can inhibit phenological responses
such as bud burst (Korner and Basler 2010). It has already been noted that inadequate
chilling has been shown experimentally to slow the progress of bud burst for birch and
aspen (Pletsers et al. 2015). This can have subsequent implications on the length of a
growing season. On the contrary, disruption of bud burst could also lead to late frost
damage where it occurs asynchronously with weather patterns.

An increase in rare extreme events such as storms is also expected with climate
change. Thus wind throw will likely become a greater issue and particularly for
Ireland as it is so exposed to the Atlantic.

Most of the reporting and commentary on climate change and forestry is
negative. However, an important positive point is that forestry is a mitigating factor
for climate change, due to carbon sequestration (e.g. Bonan 2008). This has been
noted for afforestation schemes in the case of Irish forestry (Hendrick and Black
2009).

Although not completely dependent on climate change, increases in the spread
of invasive species, pests and diseases are likely in future. Monitoring of invasive
species, both native and alien, including an assessment of their potential or actual
impact on FGR, needs to be ongoing. Similarly for pests and diseases, international
links will be crucial to monitor the movement of biotic threats.

Promoting the importance of FGR for the public and forestry practitioners

The importance of FGR needs to be clear to policy makers, forestry practitioners
and the general public. For policy makers it is important that they understand the
commitment needed to maintain our genetic resources in terms of funding and human
capacity. Forestry practitioners should understand the role of FGR conservation within
breeding programmes. The general public need be made aware so as to continue
supporting initiatives to maintain and conserve FGR.

There are no national initiatives focused on promoting the importance of FGR
(COFORD 2012). While the importance and the utility of FGR is taught in some
universities, it has not infiltrated into mainstream dialogue. Potential opportunities
to increase the awareness of FGR are through NGOs such as Crann, Woodlands of
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Ireland, the Native Woodland Trust and the Forest Genetic Resources Trust (FGRT).

Geburek and Konrad (2008) suggested that demonstration plots are a very useful
way of illustrating the importance of FGR to forestry practitioners. The research
plots in the JFK Arboretum, New Ross, Co. Wexford were established for such
demonstration (Kelly 2013). They are an excellent resource that show the importance
of selecting the correct species and also illustrate the importance of provenance
selection. However, they need investment to extract existing data, to maintain their
condition and to continue establishing new trials.

Other measures

As suggested by Cahalane et al. (2007), the use of home-sourced Forest Reproductive
Material (FRM) should be encouraged, for example, through increased premiums in
forestry grants for use of native certified material. An emphasis on home sourced
material will also help to develop the economic viability of the forestry sector. Use of
native material could particularly apply to roadside planting and to rural development
and would link with the protection of genetic resources as listed in Target 3 of The EU
Biodiversity Strategy to 2020. Increasing the demand for native material will increase
the incentive for nurseries to utilise and conserve native FRM.

Ireland needs to be prepared for dialogue with other European countries in relation
to assisted migration. While many of our native trees will not be dramatically impacted
by climate change in the short to medium term, populations of similar species in
southern Europe will become extinct. Thus the movement of these populations is
going to become an increasingly pressing issue. This may involve countries combining
efforts to safeguard and share genetic resources and assisted migration may be part of
the solution (IPCC 2014).

A list of actions

In order to facilitate implementation of this strategy, a set of steps have been summarised
into a table of actions (Table 2). The order of these steps may not necessarily follow the
order laid out in the table. This will depend on the availability of information. These
actions are dependent on suitable funding and allocation of staff to undertake the work
necessary.

Conclusion

Forest Genetic Resources (FGR) are the basis on which the health of our future forests
are dependent. Taking a simplistic view, the greater the genetic diversity the greater
the potential for adaptation and utilisation in future. A review of international best
practice was undertaken in order to develop a strategy to conserve FGR in Ireland.
The best practice is to set up a network of forest sites in situ to maintain adaptive
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potential in natural or semi-natural populations. The set of actions for implementation
of a national FGR conservation programme presented would protect this resource..
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