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While changing climatic conditions may directly impact species distribution ranges, indirect effects related to altered biotic interactions may exacerbate range shifts. This situation fully applies to epiphytic lichens that are sensitive to climatic factors and strongly depend on substrate occurrence and features for their dispersal and establishment. In this work, we modelled the climatic suitability across Italy under current and future climate of the forest species Lobaria pulmonaria, the lung lichen. Comparatively, we modelled the suitability of its main tree species in Italy, as well as that of the alien tree Robinia pseudoacacia, black locust, whose spread may cause the decline of many forest lichen species. Our results support the view that climate change may cause range shifts of epiphytes by altering the spatial pattern of their climatic suitability (direct effect) and simultaneously causing range shifts of their host-tree species (indirect effect). This phenomenon seems to be emphasized by the invasion of alien trees, as in the case of black locust, that may replace native host tree species. Results indicate that a reduction of the habitat suitability of the lung lichen across Italy should be expected in the face of climate change and that this is coupled with a loss of suitable substrate. This situation seems to be determined by two main processes that act simultaneously: 1) a partial reduction of the spatial overlap between the climatic niche of the lung lichen and that of its host tree species, and 2) the invasion of native woods by black locust. The case of lung lichen and black locust in Italy highlights that epiphytes are prone to both direct and indirect effects of climate change. The invasion of alien trees may have consequences that are still poorly evaluated for epiphytes.

Introduction

Rapid climate change, driven by anomalous anthropogenic CO 2 emission, is increasingly threatening biodiversity with multiple effects [START_REF] Bellard | Impacts of climate change on the future of biodiversity[END_REF][START_REF] Thomas | Extinction risk from climate change[END_REF], including distributional shifts that reflect the attempt of the species to track their suitable conditions [START_REF] Dyderski | How much does climate change threaten European forest tree species distributions?[END_REF][START_REF] Thurm | Alternative tree species under climate warming in managed European forests[END_REF]. However, while changing climatic conditions may directly impact species distribution ranges [START_REF] Parmesan | A globally coherent fingerprint of climate change impacts across natural systems[END_REF][START_REF] Casazza | Climate change hastens the urgency of conservation for range-restricted plant species in the central-northern Mediterranean region[END_REF]Kun & Gègout, 2019), indirect effects that could be related to altered biotic interactions potentially exacerbate species range shifts [START_REF] Van Der Putten | Predicting species distribution and abundance responses to climate change: why it is essential to include biotic interactions across trophic levels[END_REF][START_REF] Hillerislambers | How will biotic interactions influence climate change-induced range shifts?[END_REF]. This could be the case of those organisms whose dispersal and establishment depend on both climatic conditions and the occurrence of other species that are indispensable for providing their habitat. This situation fully applies to epiphytic lichens that are sensitive to climatic factors and strongly depend on substrate occurrence and features for their dispersal and establishment. A simultaneous loss of climatic suitability and habitat availability may exacerbate species range reduction.

Epiphytic lichens are a diverse and functionally important component of the forest biota [START_REF] Nascimbene | Could hair-lichens of high-elevation forests help detect the impact of global change in the Alps?[END_REF][START_REF] Van Stan | A review and evaluation of forest canopy epiphyte roles in the partitioning and chemical alteration of precipitation[END_REF][START_REF] Zedda | The diversity of lichenised fungi: ecosystem functions and ecosystem services[END_REF]. They are poikilohidric organisms whose ecophysiological performance strongly depends on external environmental conditions [START_REF] Insarov | Lichen monitoring and climate change[END_REF][START_REF] Gauslaa | Rain, dew, and humid air as drivers of morphology, function and spatiald distribution in epiphytic lichens[END_REF][START_REF] Gauslaa | Growth and ecophysiological acclimation of the foliose lichen Lobaria pulmonaria in forests with contrasting light climates[END_REF]. In particular, water availability and temperature regulate photosynthetic and respiratory activities [START_REF] Schroeter | Seasonal variation in the carbon balance of lichens in the maritime Antarctic: Long-term measurements of photosynthetic activity in Usnea aurantiaco-atra[END_REF], thus influencing lichen growth rates. At the biogeographic scale, this is reflected in climate-driven species distribution patterns [START_REF] Marini | Large-scale patterns of epiphytic lichen species richness: photobiont-dependent response to climate and forest structure[END_REF][START_REF] Nascimbene | Climate change fosters the decline of epiphytic Lobaria species in Italy[END_REF]. However, besides climatic conditions, chemical-physical features of the substrate (e.g. bark pH, bark stability, roughness, water holding capacity) are among the most important drivers of epiphytic lichen distribution at the local scale [START_REF] Fritz | Interacting effects of tree charactersictics on the occurrence of rare epiphytes in a Swedish boreal forest[END_REF][START_REF] Jüriado | Tree and stand level variables influencing diversity of lichens on temperate broad-leaved trees in boreo-nemoral floodplain forests[END_REF]Lewis & Ellis., 2011;[START_REF] Mcdonald | The effects of bark quality on corticolous lichen community composition in urban parks of southern Ontario[END_REF], resulting in local species sorting into communities that are influenced by tree species composition [START_REF] Nascimbene | Influence of tree species on epiphytic macrolichens in temperate mixed forests of northern Italy[END_REF][START_REF] Nascimbene | Patterns and drivers of β-diversity and similarity of Lobaria pulmonaria communities in Italian forests[END_REF][START_REF] Rubio-Salcedo | Tree species and microhabitat influence the population structure of the epiphytic lichen Lobaria pulmonaria[END_REF]. Under these circumstances, climate change is expected to strongly influence the distribution of these organisms due to altered climatic suitability (direct effect) and range shifts of their host-tree species (indirect effect).

To test this general hypothesis, (1) we modelled the current and predicted distribution of the climatic suitability of the mainly temperate species Lobaria pulmonaria (L.) Hoffm., the lung lichen, across Italy. This region is characterized by a large elevation (0-4800 m) and latitudinal (35°-47°) gradient and the lung lichen almost reaches here the southern limits of its distribution range. These are optimal conditions to test the direct and indirect impacts of climate change on an epiphytic, poikilohydric organism. Due to its easy identification and its sensitiveness to both anthropogenic (i.e. air pollution, forest management) and climatic factors [START_REF] Benesperi | Successful conservation of the endangered forest lichen Lobaria pulmonaria requires knowledge of fine-scale population structure[END_REF][START_REF] Nascimbene | Climate change fosters the decline of epiphytic Lobaria species in Italy[END_REF][START_REF] Merinero | Environmental factors that drive the distribution and abundance of a threatened cyanolichen in Southern Europe: A multiscale approach[END_REF][START_REF] Paoli | Impact of forest management on threatened epiphytic macrolichens: evidence from a Mediterranean mixed oak forest (Italy)[END_REF], in the last decades a large amount of information has accumulated on its ecology and biogeography in comparison to other lichen species (e.g. [START_REF] Widmer | European phylogeography of the epiphytic lichen fungus Lobaria pulmonaria and its green algal symbiont[END_REF][START_REF] Nascimbene | Patterns and drivers of β-diversity and similarity of Lobaria pulmonaria communities in Italian forests[END_REF]e.g. Otalora et al., 2015). This provided the basis for considering the lung lichen a candidate model species to explore the response of epiphytic lichens to multiple factors [START_REF] Giordani | Functional traits of epiphytic lichens as potential indicators of environmental conditions in forest ecosystems[END_REF]. Simultaneously (2), we modelled the current and future distribution of the main tree species that host this lichen in Italy (i.e. Quercus ilex L., Q. pubescens Willd., Q. cerris L., Castanea sativa Mill., and Fagus sylvatica L.; [START_REF] Nascimbene | Patterns and drivers of β-diversity and similarity of Lobaria pulmonaria communities in Italian forests[END_REF], as well as that of the alien tree Robinia pseudoacacia L., black locust, that is one of their most competing species in a climate change scenario [START_REF] Kleinbauer | Climate change might drive the invasive tree Robinia pseudoacacia into nature reserves and endangered habitats[END_REF][START_REF] Thurm | Alternative tree species under climate warming in managed European forests[END_REF][START_REF] Nadal-Sala | Global warming likely to enhance black locust (Robinia pseudoacacia L.) growth in a Mediterranean riparian forest[END_REF][START_REF] Vítková | Black locust (Robinia pseudoacacia) beloved and despised: a story of an invasive tree in Central Europe[END_REF][START_REF] Vítková | Robinia pseudoacacia-dominated vegetation types of Southern Europe: Species composition, history, distribution and management[END_REF]. Black locust is among the most invasive species in Europe [START_REF] Richardson | Trees and shrubs as invasive species-a global review[END_REF] and recent studies have shown that the substitution of native trees with black locust may cause diversity loss of epiphytic lichens and the decline of many forest species, as in the case of the lung lichen [START_REF] Nascimbene | Mature non-native black-locust (Robinia pseudoacacia L.) forest does not regain the lichen diversity of the natural forest[END_REF][START_REF] Nascimbene | Patterns of β-diversity and similarity reveal biotic homogenization of epiphytic lichen communities associated with the spread of black locust forests[END_REF].

In this framework, we specifically hypothesize (a) a reduction of the habitat suitability of the lung lichen across Italy due to climate change that (b) is coupled with a co-reduction of the range of its native host tree species. This phenomenon may imply (c) a partial reduction of the climatic niche overlap between the epiphyte and its host tree species. Finally, (d) the invasion of black locust, fostered by its higher habitat suitability as compared to native tree species, may exacerbate the effect of climate change on the lung lichen.

Materials and methods

Studied species and occurrence data

Lobaria pulmonaria (L.) Hoffm., the lung lichen, is a mainly temperate, holarctic tripartite lichen species with sexual and vegetative dispersal strategies [START_REF] Scheidegger | Early development of transplanted isidioid soredia of Lobaria pulmonaria in an endangered population[END_REF], functional differentiation (reproductive and meristematic) of thallus lobes [START_REF] Scheidegger | Reintroduction and augmentation of populations of the endangered Lobaria pulmonaria: Methods and concepts. Lobarion lichens as indicators of primeval forests of Eastern Carpathians[END_REF][START_REF] Giordani | Anatomical and histochemical differentiation in lobes of the lichen Lobaria pulmonaria[END_REF], large thallus size and thickness that enhances the lichen's water holding capacity [START_REF] Merinero | Environmental factors that drive the distribution and abundance of a threatened cyanolichen in Southern Europe: A multiscale approach[END_REF]. Although it is almost at the southern limits of its distribution range, in Italy lung lichen colonizes several native tree substrates along a considerable altitudinal and latitudinal gradient. It is still abundant in humid montane forests of central and southern Italy, reaching the coast in undisturbed areas of Tyrrhenian Italy.

For the purposes of this study, we have selected the trees most frequently colonized by the lung lichen: Quercus ilex, Q. cerris, Q. pubescens, Castanea sativa, and Fagus sylvatica. Additionally, Robinia pseudoacacia (black locust) has been taken into account for describing the possible effects of the most invasive alien tree species across Europe [START_REF] Vítková | Robinia pseudoacacia-dominated vegetation types of Southern Europe: Species composition, history, distribution and management[END_REF]. Species occurrence data for tree species were obtained at European scale from Global Biodiversity Information Facility (GBIF, www.gbif.org) and integrated with data from Italian National Forest Inventory (INFC, 2005). Species occurrence data for L. pulmonaria in Europe were obtained from GBIF and integrated from a national database including all available records of Lobaria species in Italy [START_REF] Nascimbene | Patterns and drivers of β-diversity and similarity of Lobaria pulmonaria communities in Italian forests[END_REF]. Occurrences of each species were spatially filtered and those closer than 1 km to each other were removed to minimize model overfitting towards environmental biases and overestimation in model performance values. We also performed a temporal filtering of the data in order to align them with the climatic data available. In particular, we used occurrences that referred to a time period consistent with that established to define the "current conditions" of the WorldClim bioclimatic variables used in predictive models . Moreover, when this information was available, we also included occurrences reported in literature for periods prior to 1960, but subsequently confirmed by appropriate field inspections. The final dataset had 27,873 occurrences for the lung lichen, 9,775 occurrences for black locust, 4,618 occurrences for Q. cerris, 2,701 occurrences for Q. ilex, 3,254 occurrences for Q. pubescens, 14,112 occurrences for C. sativa and 24,101 occurrences for F. sylvatica. Taking into account the fact that the distribution range of the tree species considered is greater than that observed in Italy, we also used the data of the presence of the species in Europe to include a wider array of the climatic conditions to which the species are subjected. However, the modelled predictions were projected only in Italy where, due to climate change, a strong decline of Lobaria species is expected [START_REF] Nascimbene | Climate change fosters the decline of epiphytic Lobaria species in Italy[END_REF]. Figures 1 and2 show the points of presence for tree species and lung lichen in Italy.

Climatic variables

Nineteen bioclimatic variables representative of current and future (2070) conditions were downloaded from the WorldClim dataset website (version 1.4; http://www.worldclim.org) at 30 arcsec spatial resolution [START_REF] Hijmans | Very high resolution interpolated climate surfaces for global land areas[END_REF] Representative Concentration Pathways, representing minimum and extreme possible future emission trajectories, were selected: RCP2.6 and RCP8.5. For each RCP we used projections from four international recognized circulation models (GCMs), which represent physical processes in the atmosphere, ocean, cryosphere and land surface: CCSM4, HadGEM2-ES, IPSL-CM5A-LR and MPI-ESM-LR.

Species distribution modelling

Species occurrence data and the seven selected variables were used to construct distribution models using the BIOMOD2 package [START_REF] Thuiller | BIOMOD -A Platform for Ensemble Forecasting of Species Distributions[END_REF] implemented in R (R Development Core Team, 2019). We applied five SDM techniques: classification tree analysis, CTA [START_REF] Breiman | Classification and Regression Trees[END_REF], generalized linear models, GLM [START_REF] Mccullagh | Generalized Linear Models[END_REF], multivariate adaptive regression splines, MARS [START_REF] Friedman | Multivariate Adaptive Regression Splines[END_REF], Maxent [START_REF] Phillips | Maximum entropy modeling of species geographic distributions[END_REF] and random forest, RF [START_REF] Breiman | Random Forests[END_REF]. These techniques belong to three different categories of models (i.e. regression methods-MARS and GLM; classification methods-CTA; and machine learning algorithms-RF and Maxent;

( [START_REF] Barbet-Massin | Selecting pseudo-absences for species distribution models: how, where and how many?[END_REF]. For each SDM technique, the number of pseudo-absences was selected according to the recommendation of [START_REF] Barbet-Massin | Selecting pseudo-absences for species distribution models: how, where and how many?[END_REF]. The predictive performance of the models was evaluated for each pseudoabsence run by repeating a split-sample cross-validation ten times, using a random subset (70 %) of the initial data set each time to calibrate the models, while the remaining 30 % were used to evaluate the models. The models predicted suitability values between 0 and 1000 at each site. Two different measures for the evaluation of the models were calculated: the area under the curve (AUC) of a receiver operating characteristic (ROC) plot and the true skill statistic (TSS) [START_REF] Thuiller | BIOMOD -A Platform for Ensemble Forecasting of Species Distributions[END_REF]. For the final ensemble projections, we considered the average among all the models for the same Representative Concentration Pathways.

Taking into consideration the sites that are currently colonized by the lung lichen in Italy, we analyzed the relationships between the climatic suitability of the lichen, that of its native host tree species and that of the black locust, under current conditions and future scenarios.

Spatial analysis

In order to evaluate the overall distribution of suitable substrate for the lung lichen both in the present and in the future, we first calculated for each grid cell the highest suitability values among them of all native trees (hereafter overall substrate). Furthermore, to evaluate areas where a shift between native and invasive species may occur, we calculated the climatic susceptibility to invasion of each grid cell (hereafter invasibility; [START_REF] Vítková | Robinia pseudoacacia-dominated vegetation types of Southern Europe: Species composition, history, distribution and management[END_REF] subtracting the habitat suitability values of invasive species to overall substrate values. As we are only referring to the climatic, thought they are relevant, edaphic and biocoenotic factors involved in the invasibility phenomenon were not taken into account. Positive values suggest that future climate may favour black locust with respect to the native trees while negative ones suggest that future climate may favour the native trees with respect to black locust. Furthermore, we calculated the niche overlap between the lung lichen and both native and invasive trees to test whether climate change may differentially affect the spatial distribution of their climatic niche using the package 'dismo' [START_REF] Hijmans | dismo: Species distribution modelling[END_REF] implemented in R. The climatic niche overlap was measured by Schoener's D index, which ranges from 0 (no overlap) to 1 (full overlap; Schoener, 1970, Rödder and[START_REF] Rödder | Quantitative metrics of overlaps in Grinnellian niches: advances and possible drawbacks[END_REF].

Results

Under current climate conditions, all SDM techniques had an excellent performance in modelling all species (Table 1), with AUC values ranging from 0.926 to 0.990 and TSS values ranging from 0.854 to 0.979 (values higher than 0.9 for AUC and values higher than 0.8 for TSS indicate an excellent performance in terms of true positive rates; [START_REF] Araújo | Validation of species-climate impact models under climate change[END_REF], reflecting an appropriate selection of climatic variables.

Hypothesis a) Climatic suitability for the lung lichen

According to the models, the climatic suitability for the lung lichen in Italy under present conditions was highly variable, with very high values (> 900) in vast areas of the eastern Alps, the northern Apennines and in the mountains of southern Italy. In contrast, its climatic suitability was extremely low in most of the lowland areas both in northern and southern Italy (Figure 3). We forecasted a substantial reduction of climatic suitability in both future scenarios (a maximum value of 200 in the RCP26 scenario and a maximum value of 85 in RCP85 scenario; Figure 3B and 3C, respectively).

Hypothesis b) Climatic suitability for native host tree species

According to the models, under present conditions, at least one of the five native trees that usually host the lung lichen had a climatic suitability> 900 in almost all the Italian territory (Figure 4A, Figure S1A-O), except for some areas of the eastern Po Plain. However, these native host tree species are predicted to experience a considerable reduction of their climatic suitability. Both according to RCP26 (Figure 4C) and RCP85 (Figure 4E) circulation models, in 2070 the climatic suitability of these tree species is expected to be > 200 only in the Alps, and in some areas of the northern and central Apennines.

Hypothesis c) Climatic niche overlap between the lung lichen and tree species

A high to very high niche overlap was found between the lung lichen and tree species (Table 2). In particular, under current conditions, the highest values of niche overlap were detected between the lung lichen and both black locust and F. sylvatica, while in the future the highest values are predicted between the lung lichen and both Q. cerris and C. sativa (RCP26 scenario) and between the lung lichen and both C. sativa and Q. pubescens (RCP85 scenario).

Hypothesis d) Climatic suitability for black locust and predicted invasibility

The current climatic suitability for black locust was very high in large areas of Italy (Figure 4B), with a maximum in the hilly regions of central Italy and the Po Valley. In contrast, its suitability was lower in the driest areas of Mediterranean Italy. The models predicted a decrease in climatic suitability also for black locust (Figure 4D and4F), but it is expected to be on average high and evenly distributed both along the Italian peninsula and at higher altitudes in northern Italy.

Currently, the lung lichen occurs in areas where its climatic suitability ranged from low to very high and whose invasibility was always quite low (Figure 5A), given that the climatic suitability of its native host tree species in these sites was mostly higher than that of the black locust (i.e. points below grey line in figure 5A). Nevertheless, the highest climatic suitability values of the lung lichen were detected where the invasibility values were relatively high, that is in areas that are roughly equally suitable for its native host tree species and black locust. In contrast, sites with low suitability for the lung lichen occur in areas that are much more suitable for its native host tree species than for black locust (Figure 5A). Under both future scenarios considered in this study, this situation is set to change. In the sites currently colonized, in 2070 the lung lichen is expected to have a very low climatic suitability, and at the same time high invasibility of woods composed of its native host tree species is expected, as indicated by a widespread prevalence of black locust suitability (i.e. points upper the gray line in Figure 5B). However, the few sites that may maintain high suitability for the lung lichen will also be more favorable to its native host tree species.

Discussion

In general, our results support the view that climate change may cause range loss of epiphytes by reducing climatic suitability areas (direct effect) and simultaneously decoupling the spatial distribution of its suitable areas from that of areas suitable for its host-tree species (indirect effect).

This phenomenon seems to be emphasized by the invasion of alien trees, as in the case of black locust, that may replace native host tree species.

More in details, results support our hypotheses indicating that a reduction of the habitat suitability of the lung lichen across Italy should be expected in the face of climate change and that this is coupled with a co-reduction of the range of its native host tree species (Figure 6). The lung lichen is a sub-oceanic species that in Italy meets its optimal climatic suitability in very humid areas where precipitations or fogs are abundant [START_REF] Nimis | The lichens of Italy. A second annotated catalogue[END_REF]. In this perspective, temperature warming and increasing aridity that are predicted to occur in the next decades in Mediterranean regions are likely the main climatic factors underpinning its range reduction across Italy [START_REF] Nascimbene | Climate change fosters the decline of epiphytic Lobaria species in Italy[END_REF]. However, besides direct climate effects, the climate-driven co-reduction of the range of its current host tree species is likely to exacerbate the impact of climate change on this lichen across all its Italian range. This situation seems to be determined by two main processes that act simultaneously: 1) a partial reduction of the spatial overlap between the climatic niche of the lung lichen and that of its host tree species, and 2) the invasion of native woods by black locust (Figure 6).

A potential range decoupling between the lichen and some of its main host tree species is expected, albeit it may be related to contrasting dynamics. According to future scenarios, in the lowland areas, a loss of suitability of both lung lichen and holm oak is expected. On the other hand, holm oak could face an altitude shift, finding higher suitability in the hilly belt, where lung lichen will have low suitability values. The concomitance of these processes will, therefore, be the basis of a considerable climatic niche decoupling between lung lichen and holm oak. As for the overlap between lung lichen and beech, both species will undergo a substantial reduction of suitability at lower altitudes, while both will resist in the eastern Alps. However, unlike the beech, lung lichen will lose suitability in all non-alpine beech forests (except for some areas of the central Apennines).

In summary, most of the predicted decoupling niche processes will occur because lung lichen will undergo a more significant reduction in its suitability compared to its tree substrates. The maintenance of climatic niche overlap between the lung lichen and its preferred substrates in the central part of the gradient is probably due to the fact that this is a more buffered situation in which the lichen can track at least one of its preferred substrates.

Black locust was mainly introduced in Italy as ornamental or for landscaping and erosion control (Benesperi et al., 2012;[START_REF] Nascimbene | Patterns of β-diversity and similarity reveal biotic homogenization of epiphytic lichen communities associated with the spread of black locust forests[END_REF] and recently it was recognized as invasive alien species of major importance. Currently, in Italy its spread is enhanced by urbanization in hilly areas, intensive forest management in native forests and abandonment of agricultural areas [START_REF] Campagnaro | Exploring patterns, drivers and structure of plant community composition in alien Robinia pseudoacacia secondary woodlands[END_REF][START_REF] Sitzia | The invasion of abandoned fields by a major alien tree filters understory plant traits in novel forest ecosystems[END_REF] and its eradication is almost impossible, while only mitigation of its impact could be handled. The invasion of black locust at the expenses of native trees could deplete the most suitable substrates in areas that are expected to be climatically suitable for the lung lichen.

Thus, the spread of black locust that is interactively enhanced by climate change and human disturbance [START_REF] Kleinbauer | Climate change might drive the invasive tree Robinia pseudoacacia into nature reserves and endangered habitats[END_REF][START_REF] Thurm | Alternative tree species under climate warming in managed European forests[END_REF] would further reduce the range of the lung lichen across Italy. This mechanism is expected to mainly act at the intermediate part of the environmental gradient of the lung lichen, i.e. in Quercus pubescens, Q. cerris, and Castanea sativa forests that are the forest types more prone to black locust invasion [START_REF] Vítková | Robinia pseudoacacia-dominated vegetation types of Southern Europe: Species composition, history, distribution and management[END_REF]. However, the few sites that will maintain high suitability for the lung lichen are also expected to be more favorable to its native host tree species, thus providing refugia that can mitigate the impact of black locust invasion. Moreover, the lung lichen may adapt to a range of supplementary substrates as most probably happened in the past in the Apennines, when semi-natural oak and beech forests were much more exploited and extensively managed chestnut orchards strongly expanded their range due to increasing economic value [START_REF] Conedera | The cultivation of Castanea sativa (Mill.) in Europe. From its origin to its diffusion on a continental scale[END_REF], providing a suitable secondary habitat for the lung lichen [START_REF] Matteucci | Epiphytic lichen communities in chestnut stands in central-North Italy[END_REF]. However, besides the potential of black locust bark to provide a suitable substrate to the lung lichen, black locust formations are unlikely suitable for this species due to their intensive management based on very short rotation cycles (Radke et al., 2013;[START_REF] Straker | Black locust as a bioenergy feedstock: a review[END_REF]. This view is supported by results of previous studies indicating strong compositional differences between lichen communities of native tree forests and secondary black locust formations that mainly host ruderal species [START_REF] Nascimbene | Oak forest exploitation and black locust invasion caused severe shifts in epiphytic lichen communities in northern Italy[END_REF]. Regardless of the physico-chemical characteristics of its bark, the potential of black locust to host the lung lichen is hampered by the fact that black locust formations are intensively managed according with short rotation coppice cycles. It should be tested if adaptive management could be applied to black locust formations in order to mitigate the effects of climate change on forest epiphytes. This information would help to refine predictive models, also accounting for potential adaptation dynamics and microrefugia [START_REF] Ellis | Microclimatic refugia in riparian woodland: A climate change adaptation strategy[END_REF] that allow the persistence of the species under unsuitable climatic conditions. In contrast to vascular plant modelling, adaptation dynamics are still poorly accounted for lichens [START_REF] Ellis | Climate change, bioclimatic models and the risk to lichen diversity[END_REF], thus requiring further research.

Currently, other major invasive tree species potentially competing with the common hosts of the lung lichen occur only in coastal and lowland ranges, as in the case of Acacia spp. and Ailanthus altissima (Mill.) Swingle, whose negative effects on native vascular plant communities are already well documented (e.g. [START_REF] Lazzaro | Soil and plant changing after invasion: The case of Acacia dealbata in a Mediterranean ecosystem[END_REF]. Information about their role as potential hosts for epiphytic lichens are still scanty in Italy, but our preliminary field investigations indicate that also these tree species would negatively affect different facets of biodiversity, as in the case of black locust [START_REF] Lazzaro | How ecosystems change following invasion by Robinia pseudoacacia: Insights from soil chemical properties and soil microbial, nematode, microarthropod and plant communities[END_REF].

Conclusions

The case of lung lichen and black locust in Italy highlights that epiphytes are prone to both direct and indirect effects of climate change and that the invasion of alien trees may have consequences that are still poorly evaluated for epiphytes. However, we are aware that our results, based on the comparison of climatic suitability patterns between the lung lichen, its main host tree species and black locust, may fail to exhaustively analyze this complex system. For example, direct experimental testing (i.e. with lichen transplants) would be required to elucidate the potential of black locust to provide secondary habitat to the lung lichen under different climatic and management conditions. Also, more accurate historical reconstructions may help to elucidate past dynamics that inform on future trajectories [START_REF] Fritz | Does forest continuity matter in conservation? -A study of epiphytic lichens and bryophytes in beech forests of southern Sweden[END_REF][START_REF] Marmor | Effects of forest continuity and tree age on epiphytic lichen biota in coniferous forests in Estonia[END_REF] and a broad scale (e.g. at the European level) evaluation of the substrate preference of epiphytic lichens would strongly help to better model their distribution under climate change scenarios. Finally, these dynamics could be better embedded in a complex context in which also the effects of air pollution [START_REF] Cristofolini | The response of epiphytic lichens to air pollution and subsets of ecological predictors: A case study from the Italian Prealps[END_REF][START_REF] Giordani | Detecting the nitrogen critical loads on European forests by means of epiphytic lichens. A signal-to-noise evaluation[END_REF] and forest management [START_REF] Giordani | Assessing the effects of forest management on epiphytic lichens in coppiced forests using different indicators[END_REF] are evaluated. This would likely provide e more exhaustive and even more dramatic picture of the risks that are threatening epiphytic lichens across Europe. Table 1. Evaluation of individual modelling techniques for studied species. Statistics given are the mean values and the associated standard deviations (in brackets) for area under the curve (AUC), the true skill statistic (TSS) and Kappa statistic (KAPPA). Accuracy classification for AUC (1>excellent>0.9>good>0.8>fair>0.7>poor>0.6>fail) and for TSS/KAPPA (1> excellent>0.8>good>0.6>fair>0.4>poor>0.2>fail) following Swets' scale modified by [START_REF] Araújo | Validation of species-climate impact models under climate change[END_REF] 
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 56 Figure 5. Relationship between the habitat suitability of the lung lichen and that of the tree species

  . CTA, Classification Tree Analysis; GLM, Generalized Linear Models; MARS Multiple Additive Regression Spline; MAX, Maximum Entropy; RF, Random Forest.

			0.949	0.966	0.964	0.824	0.970
		KAPPA					
			(0.012)	(0.008)	(0.007)	(0.038)	(0.007)
			0.949	0.96	0.958	0.883	0.969
		TSS					
			(0.009)	(0.009)	(0.01)	(0.020)	(0.007)
			0.977	0.994	0.994	0.951	0.994
		AUC					
			(0.008)	(0.003)	(0.003)	(0.014)	(0.003)
			0.853	0.949	0.945	0.516	0.969
	C. sativa	KAPPA					
			(0.04)	(0.012)	(0.013)	(0.116)	(0.005)
			0.95	0.962	0.961	0.894	0.973
		TSS					
			(0.011)	(0.01)	(0.011)	(0.024)	(0.007)
			0.983	0.995	0.995	0.965	0.996
	Species	Evaluation model AUC	(0.006)	(0.003)	Algorithm (0.003)	(0.008)	(0.002)
			CTA 0.939	GLM 0.969	MARS 0.966	MAX 0.871	RF 0.975
	Q. cerris	AUC KAPPA	0.969 (0.014)	0.979 (0.009)	0.988 (0.008)	0.949 (0.026)	0.992 (0.007)
			(0.008) 0.959	(0.006) 0.970	(0.004) 0.965	(0.018) 0.926	(0.003) 0.975
	L. pulmonaria	KAPPA TSS	0.703 (0.008)	0.825 (0.011)	0.818 (0.01)	0.404 (0.015)	0.926 (0.010)
			(0.055) 0.977	(0.019) 0.990	(0.026) 0.989	(0.115) 0.945	(0.011) 0.991
		TSS AUC	0.933 (0.008)	0.929 (0.004)	0.940 (0.005)	0.886 (0.017)	0.965 (0.004)
			(0.012) 0.809	(0.012) 0.952	(0.01) 0.957	(0.033) 0.366	(0.007) 0.967
	F. sylvatica	AUC KAPPA	0.967 (0.047)	0.989 (0.009)	0.991 (0.01)	0.927 (0.126)	0.995 (0.008)
			(0.011) 0.951	(0.003) 0.961	(0.002) 0.958	(0.015) 0.883	(0.002) 0.973
	R. pseudoacacia	KAPPA TSS	0.760 (0.012)	0.824 (0.009)	0.829 (0.010)	0.445 (0.033)	0.929 (0.008)
			(0.038)	(0.016)	(0.016)	(0.071)	(0.014)
			0.919	0.922	0.924	0.854	0.951
		TSS					
			(0.012)	(0.011)	(0.011)	(0.026)	(0.010)
			0.983	0.996	0.997	0.973	0.997
		AUC					
			(0.006)	(0.002)	(0.001)	(0.007)	(0.002)
			0.958	0.979	0.974	0.919	0.982
	Q. ilex	KAPPA					
			(0.013)	(0.008)	(0.009)	(0.026)	(0.007)
			0.96	0.974	0.972	0.935	0.979
		TSS					
			(0.012)	(0.009)	(0.009)	(0.019)	(0.008)
			0.979	0.994	0.994	0.944	0.996
	Q. pubescens	AUC					
			(0.006)	(0.003)	(0.003)	(0.010)	(0.002)

Table 2 .

 2 Results of niche overlap among the lung lichen (Lobaria pulmonaria), its potential substrates and the invasive species black locust (Robinia pseudoacacia). Distribution of the lung lichen (Lobaria pulmonaria) on five main native tree substrates in Italy. Location when the lichen occurs on other tree substrates are also reported (e.g., Acer spp.,

			Lung lichen	
		Present RCP26 RCP85
	Quercus ilex	0.718	0.687	0.616
	Quercus pubescens	0.771	0.756	0.723
	Castanea sativa	0.791	0.793	0.751
	Quercus cerris	0.767	0.803	0.720
	Fagus sylvatica	0.804	0.721	0.682
	Overall native trees	0.784	0.833	0.783
	Black locust	0.807	0.711	0.711
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Climate change may directly and indirectly impact species distribution ranges

We tested direct and indirect effects of climate change on the epiphytic lung lichen We used species distribution modeling for the lung lichen and host tree species Range reduction of the lung lichen is coupled with a co-reduction of its host trees Lung lichen range reduction is exacerbated by the spread of the alien black locust