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Introduction

Recent attempts to assess the impact of observed climate change on forest ecosystems in Europe highlighted changes in growth, in mortality associated with drought and in the distribution range of many species [START_REF] Lindner | Climate change and European forests: What do we know, what are the uncertainties, and what are the implications for forest management?[END_REF]. Predicting climate change impacts on forest ecosystems remains very challenging, given the level of uncertainty linked to the numerous simplifications applied in the modeling of biological and climate processes, and socioeconomic pathways (e.g., [START_REF] Dyderski | How much does climate change threaten European forest tree species distributions?[END_REF][START_REF] Reyer | Are forest disturbances amplifying or canceling out climate changeinduced productivity changes in European forests?[END_REF][START_REF] Reyer | Forest productivity under environmental change-a review of stand-scale modeling studies[END_REF]. Climate change projections for Europe indicate an increase in duration of drought periods in Southern and Central Europe; however, past climate scenario projections have systematically underestimated observed trends in warm extreme events [START_REF] Lorenz | Detection of a climate change signal in extreme heat, heat stress, and cold in Europe from observations[END_REF]). In the Mediterranean region, forest fires and droughts are projected to increase, while the boreal region is expected to experience enhanced Communicated by Oliver Gailing.
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1 3 forests growth and increasing risk of forest pests. Based on projections of the European Environment Agency (EEA 2017), Northern Europe is expected to face an increase in summer and winter precipitations and an increase in occurrence of extreme events, such as, for example, flooding and late frosts. In mountain regions, an upward shift of plant species is foreseen. On average, cold extremes are expected to decrease, but their intensity and duration might remain the same or increase under future climatic conditions [START_REF] Rummukainen | Changes in climate and weather extremes in the 21st century[END_REF].

Disturbances from abiotic and biotic pressures (windstorms, bark beetles and wildfires) increased during the twentieth century in Europe and are projected to become more frequent in the next decades [START_REF] Seidl | Increasing forest disturbances in Europe and their impact on carbon storage[END_REF][START_REF] Seidl | Forest disturbances under climate change[END_REF]. Plant diseases are largely influenced by environmental conditions, so environmental changes are likely to impact on pathogens, on their hosts, and on the interaction between them [START_REF] Sturrock | Climate change and forest diseases[END_REF].

Forest responses to environmental changes and adaptive processes are species-specific. They depend on the phenology and ecology of species and ecotypes, on the stand characteristics, on the competition regime, on forest structure [START_REF] Reyer | Climate change mitigation via afforestation, reforestation and deforestation avoidance: and what about adaptation to environmental change?[END_REF][START_REF] Bolte | Adaptive forest management in central Europe: climate change impacts, strategies and integrative concept[END_REF]) and on the characteristics of the distribution range of a species [START_REF] Kremer | Climate change and forest genetic diversity-implication for sustainable forest management in Europe[END_REF]. Tree species with a wide range in Europe will unlikely face extinction at species level, while some local tree populations could be lost, particularly those in marginal ecological sites and at the rear edge of the distribution [START_REF] Fady | Evolution-based approach needed for the conservation and silviculture of peripheral forest tree populations[END_REF]). Tree species with scattered or limited distributions generally appear to be more vulnerable and may face important threats at the species level [START_REF] Hubert | The role of forest genetic resources in helping British forests respond to climate change[END_REF].

Managing genetic diversity has a key role in fostering tree adaptive responses to environmental changes and in mitigating the effects of pests and diseases [START_REF] Alfaro | The role of forest genetic resources in responding to biotic and abiotic factors in the context of anthropogenic climate change[END_REF]Fady 2015); thus, it could contribute to increasing overall resilience of forest ecosystems. This has been recognized by FAO, which launched a global plan of action for the conservation, sustainable use and development of forest genetic resources (FGR) in 2014 (FAO 2014).

The perception of forest owners and managers vis-à-vis the challenges posed to forests by abiotic and biotic pressures is critical to understand what strategies and approaches are actually being adopted to mitigate their effects and what options could be proposed when no action is being taken [START_REF] Blennow | Adaptation of forest management to climate change among private individual forest owners in Sweden[END_REF][START_REF] Blennow | Climate change: believing and seeing implies adapting[END_REF][START_REF] Sousa-Silva | Adapting forest management to climate change in Europe: linking perceptions to adaptive responses[END_REF].

Projected climate changes appear to be greater in magnitude than the climate variability experienced by forest managers in the past, generating pronounced uncertainties. Evidence-based traditional forest management approaches may not propose effective future management solutions rapidly enough. Future climatic conditions may produce novel system states and dynamics, never experienced before; therefore, past practices would neither be applicable nor provide guidance [START_REF] Stainforth | Confidence, uncertainty and decision-support relevance in climate predictions[END_REF]). Furthermore, climate scenarios can be partly contradictory, and predictions are more robust at global or regional than local level. Forecasts are often presented in a format that is not easy to translate in precise recommendations for management at stand level [START_REF] Lindner | Climate change and European forests: What do we know, what are the uncertainties, and what are the implications for forest management?[END_REF].

In decision-making processes about forest management, factors such as values, knowledge, trust, risk perception, desired outcomes, past hardships and beliefs come into play [START_REF] Aubin | Why we disagree about assisted migration: ethical implications of a key debate regarding the future of Canada's forests[END_REF][START_REF] Hajjar | Exploring public perceptions of forest adaptation strategies in Western Canada: implications for policy-makers[END_REF].

A good number of studies have focused on understanding the views of forest-dependent communities and forest owners about climate change and their readiness to introduce changes in their forest management to foster adaptation of forest ecosystems to future climate conditions, especially in North America [START_REF] Grotta | Family forest owners and climate change: understanding, attitudes, and educational needs[END_REF][START_REF] Hajjar | Opinions on strategies for forest adaptation to future climate conditions in western Canada: surveys of the general public and leaders of forest-dependent communities[END_REF][START_REF] Lenart | Perceptions on climate change correlate with willingness to undertake some forestry adaptation and mitigation practices[END_REF][START_REF] Rodriguez-Franco | Understanding climate change perceptions, attitudes, and needs of forest service resource managers[END_REF] and Europe [START_REF] Williamson | Perceptions of climate change risk to forest ecosystems and forest-based communities[END_REF][START_REF] Blennow | Climate change: motivation for taking measure to adapt[END_REF][START_REF] Blennow | Climate change: believing and seeing implies adapting[END_REF][START_REF] Lawrence | Is the private forest sector adapting to climate change? A study of forest managers in North Wales[END_REF]. Despite a different level of awareness about climate change between the two regions, some general findings emerge from the existing literature. Personal belief in climate change and a personal experience of its effects appear to be critical factors that stimulate adoption of adaptive measures in forest management [START_REF] Blennow | Climate change: believing and seeing implies adapting[END_REF][START_REF] Williamson | Perceptions of climate change risk to forest ecosystems and forest-based communities[END_REF]. Forest owners, managers and forestry professionals seemed not inclined to make significant changes to their management in anticipation of climate change, but looked eager to learn more about ways this could affect their forests [START_REF] Grotta | Family forest owners and climate change: understanding, attitudes, and educational needs[END_REF]) and understand better the benefits to be derived from active management [START_REF] Lenart | Perceptions on climate change correlate with willingness to undertake some forestry adaptation and mitigation practices[END_REF]. In some cases, other threats, such as pests and diseases, were felt as more pressing than climate change [START_REF] Lawrence | Is the private forest sector adapting to climate change? A study of forest managers in North Wales[END_REF]; in other cases, lack of financial support [START_REF] Laakkonen | Forest owners' attitude towards pro-climate and climateresponsive forest management[END_REF] or lack of information and knowledge were presented as main disincentives and constraints [START_REF] Sousa-Silva | Adaptation of forest management to climate change as perceived by forest owners and managers in Belgium[END_REF], 2018). In the case of private owners of small forest properties non-continuously managed by experts, it has been found that the prevailing view is to leave natural dynamics in forest ecosystems guide selfregulatory processes, without additional interventions [START_REF] Mostegl | Targeting climate change adaptation strategies to small-scale private forest owners[END_REF].

In order to promote the uptake of adaptive measures to climatic changes by the forestry sector, policy-makers should consider several aspects in addition to information sharing: in particular the socioeconomic context that determines what is economically relevant in a specific system, the institutional and policy contexts and the development of techniques and tools to support a transition in forest management toward the implementation of adaptive measures [START_REF] Andersson | Adaptation to climate change? Why business-as-usual remains the logical choice in Swedish forestry[END_REF].
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A large part of published research on forests and climate change has focused on the potential shifts in tree species distribution, on the vulnerability of individual species, on the expected impacts of climate change on these and less on the specific adaptive measures recommendable for specific contexts [START_REF] Keenan | Climate change impacts and adaptation in forest management: a review[END_REF]. Evidence collected in the USA showed that the most accepted adaptive practices to climate change were those tested over long time, such as thinning and prescribed burning in highly dense forests [START_REF] Lenart | Perceptions on climate change correlate with willingness to undertake some forestry adaptation and mitigation practices[END_REF].

Tree species selection is widely recognized as the main critical choice through which the capacity of forest ecosystems to withstand climatic changes is directly influenced [START_REF] Blennow | Climate change: believing and seeing implies adapting[END_REF][START_REF] Lawrence | Is the private forest sector adapting to climate change? A study of forest managers in North Wales[END_REF][START_REF] Yousefpour | Forestry professionals' perceptions of climate change, impacts and adaptation strategies for forests in south-west Germany[END_REF][START_REF] Sousa-Silva | Adapting forest management to climate change in Europe: linking perceptions to adaptive responses[END_REF]; in addition, silvicultural treatments that enhance complexity of a stand and modify its age and structure have an influence on how forests respond to climate change [START_REF] Jandl | Forest adaptation to climate change-is non-management an option?[END_REF].

Despite the large amount of evidence on the critical role of FGR to foster adaptation in forest ecosystems [START_REF] Alfaro | The role of forest genetic resources in responding to biotic and abiotic factors in the context of anthropogenic climate change[END_REF], very few studies have examined the readiness of forest owners and managers in Europe to actively manage FGR, beyond tree species selection, to actively contrast the effects of environmental changes. Genetic adaptation to climate change is influenced directly by decisions on the type of regeneration approach used and the geographic origin and genetic composition of the planted material selected [START_REF] Lefèvre | Human impacts on forest genetic resources in the temperate zone: an updated review[END_REF][START_REF] Finkeldey | Genetic implications of silvicultural regimes[END_REF][START_REF] Hosius | Genetic aspects of forestry in the Central Europe[END_REF][START_REF] Ratnam | Genetic effects of forest management practices: global synthesis and perspectives[END_REF]Fady et al. 2015).

Depending on the local context, different alternatives for regeneration can be considered: a) the promotion of natural regeneration where the pace of climate change is not drastically changing site conditions; b) the planting of best-adapted varieties together with those currently used; c) the use of assisted gene flow and assisted migration (as presented by [START_REF] Aitken | Assisted gene flow to facilitate local adaptation to climate change[END_REF], which implies, respectively, the movement of forest reproductive material (FRM-seeds, plant parts such as cuttings and scions, and plants raised by means of seeds or propagated in vitro) within a species range or outside a species range, introducing planting material selecting from provenances and species adapted to the future climatic conditions of the planting site (Huber and Cottrell 2007).

Different forms of assisted migration can be implemented based on what are the goals [START_REF] Williams | Preparing for climate change: forestry and assisted migration[END_REF] and considering the boundaries of existing regulations. Substantial uncertainties are associated with this approach [START_REF] Mclachlan | A framework for debate of assisted migration in an era of climate change[END_REF], due to lack of clarity about future climate scenarios, especially at the local scale, lack of robust seed transfer guidelines, risks of maladaptation and genetic pollution, potential disturbances to indigenous flora and fauna, risks of introducing new pathogens or exposing newly introduced species to new pathogens. The debate on assisted migration is mainly centered around ecological risks and benefits; however, divergent opinions may be related to fundamentally different views on nature, and more specifically, to the ethical aspects associated with the question of whether a deliberate management of natural systems or their selfadaptation should be encouraged [START_REF] Aubin | Why we disagree about assisted migration: ethical implications of a key debate regarding the future of Canada's forests[END_REF]). Thus, opinions on what type and quality (e.g., origin, degree of improvement) of forest reproductive material should be used can be quite different and dependent on the socioeconomic context.

An assessment of these different views was carried out by [START_REF] Hajjar | Opinions on strategies for forest adaptation to future climate conditions in western Canada: surveys of the general public and leaders of forest-dependent communities[END_REF] who examined the opinions expressed by leaders of forest-dependent communities and the general public in two provinces of Canada, about different reforestation strategies in the face of climatic change; the strategies differed in their degree of reliance on biotechnology. It turned out that the views were aligned around a low acceptance for a passive strategy, which meant no planned action to buffer climate change effects. Replanting with local seeds was considered highly acceptable, while other strategies based on breeding and movement of seed outside of a species natural range were considered less acceptable. Solutions based on genetic engineering obtained the lowest acceptance. Examples of similar investigations are currently missing for Europe.

We tried to fill this gap by exploring the extent to which forest owners and managers are actively managing FGR as a strategy to adapt forests to climate change. We tried to understand what were the main forest threats of concern for forest owners and managers across Europe and then looked at the following aspects: a) What is the general knowledge of forest owners and managers about FGR? b) What is their attitude toward actively managing FGR to contrast the effects of climatic changes and of other threats? c) How do forest owners and managers consider genetic resources in their choices about forest regeneration?

Methods

We developed a survey targeting forest owners and managers across Europe. Respondents had the possibility to identify themselves or to answer anonymously. To maximize the rate of response, the survey was available in multiple European languages (English, Danish, Finnish, French, German, Italian and Spanish). The survey was created online using Surveymonkey (https ://www.surve ymonk ey.com/) and was accessible from October 17, 2016, to January 31, 2017. The initiative was widely advertised through posts on websites, newsletters and social media accounts of institutions, programmes and research initiatives related to conservation and sustainable management of forests and FGR. Associations of 1 3

forest owners and managers were also contacted. Reminders were sent at regular intervals.

Respondents had to provide information about their role, experience, level of activity, from local to international and type of entity represented. The content of the questionnaire is in the Supplementary Material.

Forest owners and managers were asked to indicate their perception about the main threats affecting forests today and in the future. For this, they had to choose among the following pre-defined threat categories: drought, fire, freezing rain/ ice storms, overexploitation of forests, pests and diseases, wind storms. More than one threat could be identified, and a possibility was given to add other, unlisted types of threats. In addition, respondents were asked to define the type of management intensity they were referring to in their answers using pre-defined forest management categories, described in the text of the survey (see Supplementary Material). Various questions referred to the degree of consideration of FGR in management decision, in particular with regard to choices around forest regeneration options, sources and quality of FRM. Follow-up questions regarding the sources of planting material were reserved to those who indicated artificial regeneration as a prevalent management choice.

We used descriptive statistics to examine responses to each question, looking at overall patterns emerging at the regional (European) level. A multiple correspondence analysis (MCA) was performed to reveal the underlying structure of the data. Moreover, a correspondence analysis (CA) was applied on contingency tables of countries to investigate the association between the perception regarding current and future threats to forest and the geographic location of respondents. Subsequently, a hierarchical clustering on principal components (HCPC) was applied on the results of the CA to identify groupings of countries with similar responses for each question in the survey. Conditional inference trees (CITs) were applied to individual questions to reveal patterns in responses. They perform recursive partitioning of the sample, based on statistical significance tests. Missing values were discarded from the analysis (14% of the records in the original dataset had to be removed due to missing information; the sample used for the analysis is presented in Table 1) Statistical analyses were performed using the statistical software R (R Core Team, 2017) and the FactomineR, factoextra and partykit packages [START_REF] Le | FactoMineR: an R package for multivariate analysis[END_REF][START_REF] Kassambara | factoextra: extract and visualize the results of multivariate data analyses[END_REF][START_REF] Hothorn | Partykit: a modular toolkit for recursive partytioning in R[END_REF].

Results

A total of 204 forest owners (98) and managers (106) from 15 European countries responded to our survey (see Table 1). Most respondents presented their personal views, and a minority represented the view of associations or other entities (e.g., national forest services, other public bodies, forest companies). Responses mainly referred to the local and regional (sub-national) levels (72%). Only a few responses (ca. 4%) referred to the international level. The majority of respondents had a long-term experience (> 20 years) (56%) and were from the private sector (80%) (Table 1). The prevalent form of management intensity (see definitions in Supplementary Material, in question 3 of the survey) applied by respondents (indicated by 72% of all respondents) corresponded to a combined economic objective/site-adapted forestry (see definition in Supplementary Material), followed by 'Intensive even-aged forestry' (indicated by 14% of respondents). The following categories were represented in much smaller proportions: 'Close-to-nature forestry' (9.6%), 'Unmanaged forest nature reserve' (1%), 'Short rotation forestry' (1%), other (2.5%; this category refers to cases of mixed approaches). We received most response from Austria (52), France (64) and Norway (31), followed by Germany (12), Italy (8) and Spain (9). From other countries (Belgium, Denmark, Finland, Iceland, Portugal, Romania, Slovenia, Sweden and the UK), we received five or less responses.

A MCA applied to all the survey questions combined did not reveal any clustering of respondents. The first two axes 1 3

only explained 11.3% of the variation, and the cloud of individual respondents clustered at the center. Discarding from the analysis, the facultative questions with very low frequency of responses (that could undermine the analysis) did not improve the results. Consequently, individual questions were analyzed separately, looking for prevalent answers.

Based on the perceptions of survey respondents, the top-ranking threats to forests were considered to be pests and diseases, both today and in future (34.8% and 32.6%, respectively), windstorms (29.1% and 23.7%, respectively) and drought (14.4% and 19%, respectively), followed by fire with much lower percentages (4.9% and 7%, respectively). The category 'Other threats' included threats indicated by respondents in addition to the pre-defined categories; most respondents referred explicitly to climate change as a current and future threat.

The HCPC on the factor map detected three main clusters of countries with a similar profile in terms of perception of threats. They are formed, respectively, by: (1) Spain-Italy-Portugal, (2) the UK-Iceland-Sweden-Finland and (3) all other countries (Fig. 1).

Results from the CA indicated that the two first axes explain 56.4% of the cloud total variability, so they represent a good part of the variability (Fig. 2). The distance between any row points or column points gives a measure of their similarity, so threats that have a similar profile among countries are positioned close to each other. The biplot reveals that there is a clear association between current and future perception of the importance of each threat, so the ranking of importance attributed to each threat is not changing in order of magnitude over time in the view of respondents.

Mediterranean countries such as France, Italy, Spain and Portugal perceive fire and drought as critical current and future threats. Slovenian respondents highlighted freezing events as a major threat (probably relating to the major ice storm that occurred in 2014 and has affected about 500,000 ha of forests). Norway, Germany and Belgium reported windstorms as a threat, while the category 'other threats' appeared associated mainly with northern European countries such as Finland, Iceland, Sweden and the UK. In most cases, people who chose 'other threats' specified 'climate change.' Pests and diseases were perceived as current and future threats across countries, with no particular geographic pattern.

A total of 86% of the respondents expressed the view that management of FGR could mitigate some of the future threats affecting forests, in particular pests and diseases and droughts. Other future concerns that could be addressed by proper use of FGR, according to the respondents, were climate change and issues related to low potential resilience of forest stands with limited genetic diversity (including breeding populations). The responses also indicated some awareness among respondents about the linkages between different quality of wood and non-wood products and their genetic origin. A total of 75% of the respondents stated explicitly that they took into consideration genetic aspects in their forest management.

Respondents applied artificial regeneration (43% of respondents) and natural regeneration (41% of respondents) to a similar extent. Coppicing was indicated by 6% of the respondents, while 10% of the respondents indicated using a combination of artificial regeneration, self-seeding and coppice, according to characteristics of the species considered, of the planting site and climatic conditions. The responses revealed a geographical pattern, with a group of countries, mainly although not exclusively from Northern Europe (Denmark, Finland, Iceland, Norway, Sweden) where artificial regeneration is largely prevalent, and a second group characterized by a more widespread use of natural regeneration and coppice (Figure S1 in Supplementary Material).

When opting for artificial regeneration, respondents indicated that aspects of genetic quality of FRM (attention to best origin) were usually taken into account for both conifers and broadleaves across all countries. After excluding missing values, 97% respondents said yes or often for conifers and 74% said yes or often for broadleaves.

We then examined the attitude of forest owners and managers toward moving FRM in order to optimize the matching between future site conditions and the selected FRM. The survey questions on this subject were addressed to all respondents, regardless of what forest regeneration approach they were adopting, in order to understand their general inclination. The proportion of answers falling in the different categories of responses is not randomly distributed. Responses are concentrated around a middle position ('partially positive') for both the movement of tree species and the movement of tree provenances within the same species (Fig. 3), with a significantly higher value assigned to moving a tree species than moving provenances. Respondents rated the option of 'using a tree species not present before in the planting site' as partially positive in ca. 45% of the cases, versus 'using a provenance not present before in the planting site' as 'partially positive' in 32% of the cases. However, by adding up the categories 'rather positive' and 'very positive,' the option of 'using a provenance not present before in the planting site' scored slightly higher than 'using a tree species not present before in the planting site' (40% vs. 35%). By combining all three categories, 'partially positive,' 'rather positive' and 'very positive,' the option of 'using a provenance not present before in the planting site' received more support than the alternative option, with about 10% more votes.

Fig. 2 Results from the correspondence analysis (CA) on current and future forest threats (red color) in the different countries (blue color) to which the survey responses refer. The distance between any row points or column points gives a measure of their similarity (or dissimilarity). Threats that have a similar profile among countries are close to each other. In the same way, those countries positioned close to each other have a similar threat profile. Both current and future threats are projected on the plane. Other threats = respondents expressed independently additional concerns; these mainly referred to climate change as an element of current and future threat. (Color figure online) 1 3

We repeated the analysis above comparing responses of those currently favoring natural regeneration versus those using artificial regeneration. We found that those already making use of artificial regeneration as a prevalent approach had a higher positive attitude toward moving both species and provenances (for respondents operating at the local level, 'very positive' and 'positive' responses were four times more numerous than those of respondents making use of natural regeneration) and also a significantly lower negative attitude toward these two options, compared to forest owners and managers who privileged natural regeneration.

Most forest owners and managers (75%) indicated that they were informed about the characteristics and benefits that can be derived from the use of improved FRM. 1 The majority of the forest owners and managers (73%) indicated that they were aware of the existence of some good local provenances of species of interest for them, from native seed stands. Furthermore, aspects of quality of provenances Fig. 3 Perception of forest owners and managers (expressed as % of respondents; 204 in total), about a using forest reproductive material of a tree species not present before in the planting site; b using forest reproductive material of a tree provenance not present before in the planting site 1 3 turned out to be commonly considered in the choice of FRM (Fig. 4), both for conifers and broadleaves.

Regarding access to FRM, a total of 65% of the respondents indicated they had access to improved FRM; 24% of the respondents did not have access to improved FRM, while the remaining fraction was not informed.

With regard to choices of different types of FRM, local material was generally preferred over 'non-local material.' A 2-sample t test did not reveal any preference on whether 'improved material' was preferred over material not improved.

The majority of forest owners and managers (83%) who opted for artificial regeneration had preferences for some provenances they wished to plant. However, in half of the cases, it was the regulatory framework that defined what could be planted; personal choices came into play in 37% of cases, while other factors played a role in 13% of cases. These included cases of a selection of provenances guided by professional experts, by scientific guidelines or based on a combination of different actors or/and conditions.

Discussion

We asked forest owners and managers about their perception about main threats to forests and their responses reflected well the distinctive predominant threats at regional level. The most highly ranked threats in our survey were pests and diseases and windstorms, followed by drought and fire. Available data on the relative areas of forest affected by different types of disturbance show that pests and insects have an influence on the largest proportion of the forest cover (ca. 1.1%), followed by storms, wind and snow (0.6%) (data from FOREST EUROPE 2015 presented in the European Environmental Agency report of 2016). Fires affect ca. 0.1% of the forest cover in Europe; however, 85% of fires are in southern Europe, so their occurrence has a strong regional pattern. The fact that the option 'climate change' was not available among the closed answers (to avoid the complexity otherwise associated with the concept of climate change) has likely limited the choice of this response. Nevertheless, some respondents explicitly referred to climate change (reporting this under the option 'Other') and the types of threats most cited (e.g., increases in pests and diseases and to increased frequency of fires and droughts) are largely associated with climate change.

The large majority of respondents (more than two thirds) indicated that they are aware of the potential role of FGR management in addressing climate change and mitigate other future threats for forests, in particular the influence of pests and diseases and of drought. This level of awareness may be the result of a close interaction, in some European countries targeted by our survey, between scientists involved in research on FGR and regional and national platforms of forest owners and managers. However, even excluding some countries where the dialogue between scientist and managers is most active (e.g., France, Austria, Norway), results do not change. This may therefore be a reflection of the work of initiatives such as the European Programme on Forest Genetic Resources (EUFORGEN), which has been running for more than 25 years and has focused significantly on knowledge sharing and awareness raising across European countries. For what regards motivations to adopt adaptive measures, a recent study carried out targeting small-scale private forest owners in Austria revealed the motivations of forest owners to adopt adaptive management measures, their perception of climate change and their adaptability to it; the objective was to develop appropriate information campaigns, advisory services and monetary incentives [START_REF] Mostegl | Targeting climate change adaptation strategies to small-scale private forest owners[END_REF]. Results showed that climate change was a fairly well-known issue, and slightly more than half of the respondents were convinced that adaptation measures had to be promptly set in place. However, small-scale private forest owners turned out to be a very inhomogeneous group, with three distinct clusters identified, who reacted differently to the management options and incentives proposed: 'utility oriented,' 'recreation oriented' and 'tradition conscious' forest owners. Our data did not reveal any underlying structure that could lead to identify distinct typologies of forest owners and managers; however, this was probably due to the broad diversification of responses associated with the multicountry nature of our survey. Anyhow, most findings point to the need to design locally adapted solutions, including tailor-made advisory services. The biological and socioeconomic context (including the industrial sector) defines what management solutions are locally preferable to enhance the resilience of forest stands in light of climate change. For instance, planting a better-adapted tree provenance may be a more efficient solution than changing the tree species to be planted; in other cases, specific forest management practices applied after the stand establishment are equally critical in ensuring long-term resilience as the modifications in species and provenances composition. Examples of adaptive management practices are a reduced planting density to mitigate moisture stress, an increased thinning and use of prescribed fire to reduce the risks of insect and diseases outbreaks in overstocked stands, an increased thinning in areas closer to urban settlements to avoid risk of fire. Mixed-species forestry is an important option to adapt forests to climate change [START_REF] Bauhus | Ecological stability of mixed-species forests[END_REF]. Even if mixtures do not provide an effective insurance in all situations, they contribute to reduce the impact of disturbance agents and help in preventing complete losses. However, distributing risks across several tree species may not be necessarily a successful strategy in areas with high tree species diversity as a starting condition or where climate and soils may be suitable only for a very limited range of tree species. What matter are the specific traits of the individual species mixed and the nature of the disturbance. How a mix of provenances would perform versus a mix of tree species depends largely on the local environmental conditions and choices are bounded by management objectives. The identification of most viable solutions requires a careful assessment of projected climate changes and vulnerabilities, and a discussion with stakeholders about most promising options [START_REF] Seidl | Adaptation options to reduce climate change vulnerability of sustainable forest management in the Austrian Alps[END_REF][START_REF] Halofsky | Adapting forest management to climate change: the state of science and applications in Canada and the United States[END_REF].

We examined the characteristics of the pool of respondents from 15 countries in Europe, to assess whether the sample was balanced. The respondents over-represent private versus public ownership, but this is in line with the characteristics of forest ownership across Europe: 13 out of the 15 countries sampled in this study are from Northern Europe, Central-West Europe and South-West Europe (based on the FOREST EUROPE clustering of countries), where private ownership of forests ranges from 60 to over 70% of the total forest area (FOREST EUROPE 2015). A constraining element in the analysis is the unbalanced number of respondents per country, which limited the possibility to look at individual countries, so most results are aggregated. The overall analyses revealed some grouping of responses by countries with regard to perception of threats to forests, but the analysis of all individual responses to all questions failed to show a structure in the data. This means that the grouping of similar responses varied among different questions.

In our survey, forest owners and managers were asked to indicate their prevalent approach for forest regeneration and responses showed a balance between natural and artificial regeneration. Considerable differences between individual countries and regions emerged, as reflected in forest statistics. Nowadays, regeneration by planting dominates in Northern and Central-East Europe, while natural regeneration is prevalent in the other European regions; about 68% of the total European forest area is regenerated naturally or expands spontaneously (FOREST EUROPE 2015). Coppicing is common only in Southern European countries. According to the Forest Resource Assessment released by FAO (FRA 2015), in the countries represented in our survey, artificial regeneration is used for 40-50% of the forest area in Northern and Central-West Europe, and for less than 15% in South-West European countries. Indeed, choices around forest regeneration methods and, in case of artificial regeneration, around sources of FRM, are highly influenced by the characteristics of the forest ecosystem considered and the role of forestry in the economy of a particular country.

In case of use of artificial regeneration, it is interesting to see in our respondents a prevalent positive inclination toward moving FRM (both species and provenances) to match expected future climate conditions, with a slightly higher overall preference for moving tree species rather than provenances. This positive attitude toward moving FRM was more pronounced in those forest users and managers already making use of artificial regeneration. However, this finding is partly contradicted by the responses to a question on a related topic provided by those respondents relying on artificial regeneration; when asked to indicate what FRM they favored, the largely preferred choice of FRM was for local material over non-local material (both improved and 1 3 not improved). The most selected choice in absolute terms was for improved, local FRM, which indicates a lower appreciation for foreign material. The only results that could be compared to these findings derive from the study by [START_REF] Hajjar | Opinions on strategies for forest adaptation to future climate conditions in western Canada: surveys of the general public and leaders of forest-dependent communities[END_REF] in western Canada, focused on assessing perception of threats posed by climate change, targeting leaders of forest-dependent communities and the general public. The findings from [START_REF] Hajjar | Opinions on strategies for forest adaptation to future climate conditions in western Canada: surveys of the general public and leaders of forest-dependent communities[END_REF] revealed a low acceptance for a passive approach (i.e., no intervention) and a high acceptance of replanting with local seeds. Acceptance of strategies that involve more manipulation, such as breeding, use of non-local seeds, moving of seeds outside of a species' natural range was lower.

Scientists are increasingly testing and proposing new management solutions to increase the adaptability of forests to climate change. Among these, the option to plant tree species or provenances in areas where they are not occurring today, but that are expected to become suitable in future, is increasingly considered. This strategy is called assisted migration or assisted gene flow, depending on whether a species is planted within its current distribution range or outside [START_REF] Aitken | Assisted gene flow to facilitate local adaptation to climate change[END_REF], and it is based on evidence generated by genomic studies that show adaptation to particular environmental conditions (e.g., drought or heat) at local to regional scales [START_REF] Aubin | Traits to stay, traits to move: a review of functional traits to assess sensitivity and adaptive capacity of temperate and boreal trees to climate change[END_REF]. Our results show that despite an increasing awareness on the role of FGR management and a stated positive inclination for FRM movement as a measure to foster adaptation in forest ecosystems, there is a certain resistance to introduce foreign planting material and a preference for FRM of local origin (Table 2).

Indeed, forest managers may need to see more research evidence of potential benefits to be obtained from moving FRM, before taking a more proactive attitude in this regard. As observed by other authors [START_REF] Lenart | Perceptions on climate change correlate with willingness to undertake some forestry adaptation and mitigation practices[END_REF], widespread support tends to the be reserved to those adaptive management practices tested over decades, while those that most directly affect the expansion of plant species outside their current range are less supported. Nevertheless, FRM has been moved in trade considerably in the past [START_REF] Koskela | Utilization and transfer of forest genetic resources: a global review[END_REF][START_REF] Jansen | Crossing borders-European forest reproductive material moving in trade[END_REF]). However, tracking and recording of performance were missing in many cases, so evidence on outcomes is not available.

With regard to practice, the large majority of respondents to our survey indicated that, in case of artificial regeneration, they pay attention to the selection of tree species provenances with optimal characteristics, for both conifers and broadleaves across all geographies, so this is another indication that awareness on the importance of FGR is growing. Access to improved material did not seem to be a major constraint, especially for conifers. According to a recent modeling study, the economic benefits of using improved FRM from seed orchards greatly outweigh the additional cost of the planting material due to a significant increase in productivity across diverse site conditions. However, in contexts where forests mainly provide services other than production, the cost of high-quality FRM may be excessive compared to the profits that can be obtained from forest products, and this may be an obstacle for the active implementation of practices to foster adaptation to environmental changes.

Other constraints may derive from a lack of specificity in the recommendations guiding use of FRM in light of climate change and their potentially limited predictive capacity about performance of the FRM transferred, due to different reasons. FRM transfer guidelines have been mostly based on present or past climatic conditions and, in addition, a great amount of uncertainty characterizes future climate projections; habitat similarity for the transferred FRM is assessed mainly in relation to climatic factors, neglecting other important parameters, such as soil characteristics and interactions with other species and provenances; phenological responses may be very different across tree species in reaction to the same climatic change and research has not investigated sufficiently if large differences in response exist also among genotypes within the same species; heritable variation in adaptive traits is partly related to epigenetics [START_REF] Konnert | Use and transfer of forest reproductive material in Europe in the context of climate change[END_REF]. Furthermore, FRM is increasingly traded across countries, but national laws focus only on its production and commercialization and do not regulate its use, so they do not assist in defining where the imported FRM should be planted. There are exceptions in some countries where national laws provide recommendations to forest owners on the use of FRM. These recommendations are all compliant with the Council Directive 1999/105/EC, and in some countries, they include more restrictive rules for FRM transfer into and between ecoregions (e.g., in Bulgaria, Cyprus, Croatia, Estonia, France, Lithuania, Norway, Slovakia, Slovenia, Sweden, the UK, Serbia, Poland); in others, recommendations define what FRM can be used based on species adaptation to site conditions (Belgium, Bulgaria, Finland, France, Greece, Lithuania, Slovenia) [START_REF] Konnert | Use and transfer of forest reproductive material in Europe in the context of climate change[END_REF]. However, in all these cases, recommendations tend to be based on provenance regions whose boundaries were defined through research in provenance trials established Expanding the view to adaptive management measures in a broader sense, a recent systematic review of the scientific literature by [START_REF] Hagerman | Responding to climate change in forest management: two decades of recommendations[END_REF] supports the view that the majority of recommendations on how to respond to climate change with forest management are too generic and vague, therefore difficult to put into practice in contexts with specific socio-ecological characteristics. The authors thus flagged the need to develop recommendations tailored to local needs, taking into account the specificities of the contents for which they are proposed, focusing on management solutions that enable to deal with uncertainty and incorporate different perspectives.

Conclusions

The European forest owners and managers targeted in this study perceived pests and diseases, windstorms and drought as the main threats of concern for forest ecosystems, with significant regional differences. Choices about FRM are very critical, and aspects of quality (best provenances) are considered by forest owners and managers in their selection of planting material, for both conifers and broadleaves. We found a generally positive attitude in moving FRM that is new to the planting site, in order to match the predicted future climate conditions, for both tree species and tree provenances. However, despite the stated positive inclination to moving FRM, the preferred choice of FRM was for local material over non-local material (both improved and not improved). This indicates a trust that local FRM will perform well under future climate conditions. This expectation may be over-optimistic, if global temperatures pass the 2 °C threshold of the 2015 Paris Agreement. Forest managers may need to be exposed to more research evidence of potential benefits deriving from the management of genetic diversity in planting material, both from local and foreign sources, before undertaking active adaptation and mitigation measures.

Fig. 1

 1 Fig.1Hierarchical clustering on factor map (HCPC). Country profiles are visualized in a space defined by different forests threats. Countries closely positioned on the factor map and belonging to the same cluster share a similar profile in terms of perception of threats expressed by individual respondents
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 4 Fig. 4 Extent to which aspects of quality (best provenances) are considered in the choice of forest reproductive material for conifers and broadleaves. Not applicable: the context does not enable to carry out a selection

  

  

Table 1

 1 Description of the sample of respondents to the survey *Other entities = representative of forest service, legal representation of regional association of forest owners/land owners, representative of interest group of forest/land owners, forest service, operations manager for a forestry company **Other = representative of stakeholder organization (e.g., forest owners), researcher in forest management, consultant, advisor, extension agent for private landowners. NB. All respondents without a specified association with a country location were removed

	Professional profile	Forest owner	98 48.0%
		Forest manager	106 52.0%
		Total	204
	Representation	Individuals	180 88.2%
		Associations	15 7.4%
		Other entities*	9	4.4%
	Scale of activity	Local level	75 36.8%
		Regional (within-country)	71 34.8%
		level	
		Country level	52 25.5%
		International level	6	2.9%
		Countries represented	15
	Years of experience	< 5 years	10 4.9%
		5-10 years	29 14.2%
		10-20 years	45 22.1%
		> 20 years	120 58.8%
	Ownership of forest land Privately owned/managed	164 80.4%
		Public land	20 9.8%
		Other**	20 9.8%

Table 2

 2 Preferred options in the selection of forest reproductive material (FRM) (more than one option could be chosen). The highest values (corresponding to FRM of local origin) are marked in bold

	Type of FRM	N. respondents	% respondents
	Local	87	39.91
	Non-local	10	4.59
	Local improved	96	44.04
	Non-local improved	25	11.47

Improved forest reproductive material has been tested and selected in order to obtain benefits, such as increased productivity, improved timber quality, better resilience to climatic conditions, pests and diseases. In particular, genetic improvement can vary from provenance selection, seed stand establishment, establishment of seedling or clonal seed orchards with controlled pollination, up to advanced breeding techniques and genetic engineering.
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