Appendix 1. List of papers included in the review.

IMPACT OF CLIMATE CHANGE ON FUNCTIONAL TRAITS

	Biogeographic region
	Location
	System
	Traits
	Environmental drivers of traits variability
	Methods
	Results
	Literature

	A
	Central Alps
	Glacier foreland
	Seed germination
	Climate change; gradient (elevation)
	Laboratory experiments on seed germination of 8 glacier foreland species
	Altitudinal variation of temperature was used as surrogate for future climate scenarios, seeds were exposed to 12 different cycles of seasonal temperatures in the lab, derived from field measurements. Under present climatic conditions, germination occurred in spring, in all but one species, after seeds had experienced autumn and winter seasons. However, autumn warming resulted in a significant increase in germination in all but two species. Seed germination was less sensitive to changes in spring and/or winter temperatures. Climate warming will lead to a shift from spring to autumn emergence but the extent of this change across species will be driven by seed dormancy status.
	Mondoni et al. 2012

	A
	Central Alps
	Glacier foreland
	Seed germination; seedling recruitment
	Climate change; gradient (elevation)
	Field experiment on seed germination and seedling recruitment of 8 glacier foreland species
	At higher altitude, seedling emergence was low and occurred in summer in all species after seeds had experienced autumn and winter seasons. At the lower site there was a shift from summer to autumn emergence in two species and a significant increase of summer emergence in most of the species. Survival and establishment was possible for most of autumn-emerged seedlings and was generally greater under warmer conditions. Early snowmelt in spring enhanced the recruitment success. The results suggest that warming will influence the recruitment of glacier foreland species primarily via the extension of the snow-free period in spring, which increases seedling establishment and results in a greater resistance to summer drought and winter extremes.
	Mondoni et al. 2015

	A
	Northern Apennines
	Primary grasslands and rocky habitats
	Seed germination
	Climate change
	Laboratory experiments on 53 species
	Seeds were exposed to laboratory simulations of 3 seasonal temperature treatments, derived from real data recorded in the field (control, Heat Wave in spring 2003 and Heat Wave in autumn 2011). Moreover, to consider the effect of increasing drought conditions related to HWs, seed germination was also investigated under different water potentials. Results suggest that HWs will affect the germination phenology of alpine plants, especially conditionally dormant species and cold-adapted chorotypes, by shifting the emergence time from spring to autumn and by increasing the proportion of emerged seedlings.
	Orsenigo et al. 2015

	A
	Northern Apennines
	Primary grasslands and rocky habitats
	Flowering
	Climate change
	Field collection; 2 species (Alopecurus alpinus and Vicia cusnae)
	This study investigated the flowering abundance of two species, following the heat wave of 2003 and analysed the effects of summer temperatures during the period 1999–2004 on the species reproductive performance. A decrease in the number of flowering stems and flowers per flowering stem for both species was observed. This suggests changes in reproductive strategies (e.g. changes in the ratio sexual/clonal reproduction).
	Abeli et al. 2012a

	A
	Northern Apennines
	Primary grasslands and rocky habitats
	Flowering; fruiting
	Climate change
	Field collection; 4 species (Carex foetida, Leucanthemopsis alpina, Senecio incanus, Silene suecica)
	Analysis of 11-year data sets of inflorescence production of 4 alpine plants at the southern boundary of their distribution range in N-Apennines, in relation to air temperature and snow cover persistence. Inflorescence production of all species fluctuated greatly and was significantly affected by the variation of the mean temperature of June/July. Significant relationships between species data series and the snow cover persistence were found. Species responded differently to such parameters: 1 species showed a significant decrease of the reproductive effort, whereas the other 3 showed a stable trend of inflorescence production.
	Abeli et al. 2012b

	C, M
	Northern Italy, Southern Italy 
	Secondary grasslands, marginal habitats
	Seed germination
	Climate change
	Laboratory experiments on 3 populations of   Aegilops geniculata compared to Ae. neglecta and cultivated Triticum varieties
	Under full hydration, germination was high in all populations, but increasing drought stress led to reduced and delayed germination. Significant differences in final germination and mean time to germinate were detected among populations. Wheat, durum wheat and the southern population of Ae. geniculata were not significantly affected by drought stress, germinating similarly under all treatments. However, seed germination of the northern populations of Ae. geniculata was significantly reduced under high water stress treatment. Differences between populations of the same species could not be explained by annual rainfall across populations’ distributions, but by rainfall during seed development and maturation.
	Orsenigo et al. 2017

	M
	Sardinia
	Mediterranean shrublands
	C and N allocation
	Climate change (warming)
	Night-time experimental warming, community dominated by Cistus monspeliensis. 11 years of treatment.
	Cistus under warming respired more 13C label and tended to allocate less 13C to leaves, branches and roots. Greater N mobilization in soil and a better nutrient status of the plants as compared to the ambient treatment. Long-term warming will positively affect the performance of this species, mainly by reducing the nutrient constraints. This positive effect will highly depend on the frequency and amount of rain events and their interactions with soil N content.
	Gavrichkova et al. 2017

	A
	Southeastern Alps
	Grasslands
	Number of stems, seed number and seed mass
	Climate change, space-for-time substitution
	Sixty mountain populations of Dactylis glomerata were surveyed along an elevation gradient.
	A clear variation was found in the reproductive performance of D. glomerata along the elevational gradient: resource investment in reproduction improved with increasing temperature.
	Dainese 2012

	A
	Central Alps
	Alpine snowbed
	Seed longevity; seed germination
	Climate change
	Field collection coupled with experimental ageing; standard protocols; 3 to 6 replicate seed lots per species and treatment
	Seed longevity was higher in plants exposed to warmer growing conditions whereas the mean time to germinate (MTG) was not significant influenced by experimental warming; species responses to warming indicated extended resistance of seeds to heat stress, but the species investigated relied on changes in different characteristics to produce longer lived seeds under warmer climate.
	Bernareggi et al. 2015

	A
	Central Alps
	Alpine snowbeds
	Seed dormancy; seed germination
	Climate change
	Field collection coupled with lab trials; standard protocols; 3 samples of 20 seeds for each species, pre-dispersal treatment, stratification period and incubation temperature
	Species-specific responses in germination were found under warmer temperatures, whereas the germination timing was not affected by experimental warming. In addition, the effects of warmer pre-dispersal conditions on germination were related to the species-specific level of seed dormancy, with stronger changes under warmer post-dispersal temperatures in deeper dormant species
	Bernareggi et al. 2016

	A
	Central Alps
	Alpine snowbeds
	Flowering
	Climate change
	Field surveys; ; 20 permanent plots (5 plots per snowmelt location and treatment)
	The antedating in flowering time induced by warming was not consistent among species. In addition, at the annual time scale, the snowmelt time was the main controlling factor for flowering period, despite plants generally rely on air temperature to flower.
	Carbognani et al. 2016

	A
	Central Alps
	Alpine snowbed
	LDMC, SLA, C-N-P content and ratios
	Climate change
	Field collection; standard protocols; random sampling of 20 individuals per species
	Plant functional types produced a larger variation in the early-decomposition compared to that produced by climatic treatments. Litter decay was not affected by warmer summer temperatures and reduced by advanced snowmelt. Structural-related plant traits exerted the major control over litter decomposition. Long-term effects of climate warming, resulting from shifts in litter quality due to changes in the abundance of plant functional types, will likely have a stronger impact on plant litter decomposition than short-term variations in microclimatic features.
	Carbognani et al. 2014

	A
	Central Alps
	Alpine snowbeds
	Flowering
	Climate change
	Field surveys; 10 permanent plots (5 plots per 2 treatments: control and snow removal)
	Flowering time was antedated within plots in which snow was removed  (natural snowmelt about 20 days later). Flowering time was tuned with temperature.
	Petraglia et al. 2014b

	A
	Central Alps
	Alpine snowbeds
	Whole plant traits; flowering
	Climate change (manipulation N, P)
	Field surveys; 25 permanent plots (5 plots per treatment)
	The modular growth and flowering effort of the species appeared to be co-limited by N and P.
	Petraglia et al. 2013

	A
	Central Alps
	Alpine snowbeds
	Flowering; phenology
	Climate change (manipulation N, P)
	Field surveys; 25 permanent plots (5 plots per treatment)
	The clonal growth of Gnaphalium supinum resulted to be co-limited by N and P, while the flowering effort was stimulated by P. Flowering date was advanced by P supply, while N alone did not show any significant effect on phenology.
	Petraglia et al. 2014a

	C
	Northern Apennines
	Sub-Alpine dwarf-shrub heath
	Shoot lenght; CO2 exchange; flower production; tissue chemistry
	Climate change
	Snow addition/removal; thermo-reflecting sheet. 9 plots (1.5 m x 1.5 m), 3 years of snow cover manipulation.
	The structure and species dominance patterns didn't change significantly in response to reduced snowcover. Spring frost caused a reduction in growth and flower production. 
	Gerdol et al. 2013a

	A
	Dolomites
	Alpine bog
	Plant and  ecosystem CO2 exchange; leaf N and P concentration
	Climate change and N, P manipulation
	Natural heat wave (2003) during a fertilization  experiment. 36 plots of 1 m x 1 m.
	CO2 exchange was unaffected by the nutrient treatments but was strongly influenced by temperature and water-table depth. In particular, ecosystem respiration in the hot summer of 2003 increased dramatically, presumably

owing to enhanced heterotrophic respiration in an increased oxic peat layer.
	Gerdol et al. 2008

	C
	Northern Apennines
	Sub-Alpine dwarf-shrub heath
	Shoot size,  rates of net photosynthesis, foliar nutrients
	Fertilization and competition
	20 experimental plots. 3 years of manipulation including nutrient addition or removal of co-dominant species
	Competition is more effective than nutrient limitation in structuring the vegetation of subalpine heathlands. Competition intensity is stronger in the more fertile community
	Gerdol et al. 2002

	A
	Eastern Alps
	Peatlands
	Linear growth, N and P
	Nighttime temperature, nutrient level
	Laboratory experiment; 1 species (Sphagnum capillifolium). Individuals of Sphagnum capillifolium were cultured for two months under six different combinations of night-time temperature and nutrients. 
	Low night-time temperature caused a five-fold reduction of growth. Growth was also reduced when the plants were cultured without any addition of nutrient in the growing medium, but only when nutrient deficiency was coupled with high nighttime temperature. Nitrogen and, especially, phosphorus appeared to limit growth of Sphagnum capillifolium at optimal temperatures. Climate warming is expected to increase the growth rates of Sphagnum, but the consequences on the carbon balance of peatlands cannot be predicted because temperature rise may also enhance breakdown of peat.
	Gerdol et al., 1998

	A
	Alps
	Peatlands
	Plant and litter chemistry (C, N, P), relative growth rate
	Nitrogen deposition
	Eight 1 m x 1 m experimental plots. Seven years of treatment adding N with water five times per year.
	Seven years of N addition to a bog decreased the C : N ratio, increased the bacterial biomass and stimulated the activity of hydrolytic and oxidative enzymes in surface peat. Furthermore, N addition modified nutrient limitation of microbes during litter decomposition so that phosphorus became a primary limiting nutrient. Alteration of N release from decomposing litter affected bog water chemistry and the competitive balance between peat-forming mosses and vascular plants
	Bragazza et al. 2012

	A
	Eastern Alps 
	Peatlands
	Fv/Fm, Chlorophyll a and b, N concentration
	Heat waves
	Field collection and laboratory experiments; 2 species (Sphagnum fuscum and S. magellanicum). Response to heat stress of three populations of the two species collected at different altitudes that were grown at three daytime temperature levels.
	The high temperature treatment decreased concentrations of chlorophyll and nitrogen in the plant tissues, which resulted in lower net CO2 exchange rates and quantum yield of PSII. The plants recovered significantly within six days. The two species showed much the same response patterns to heat stress. Populations of both species originating from the highest site suffered somewhat stronger, although still reversible, damage when grown at higher temperature. The authors conclude that heat waves are unlikely to exert irreversible damage to the Sphagnum layer in bog ecosystems if high temperatures are not coupled with drought.
	Gerdol & Vicentini, 2011



	C
	CentralApennines
	Primary grasslands
	Life forms and plant ecological indicators
	Climate change
	Re-visitation study using historical and 

newly collected vegetation data, stored in the geodatabase VIOLA.
	Over the last 42 years a significant increase in  thermophilous,  nitrophilous and mesophilous plant species and an increment in the frequencies of hemicryptophytes were observed. The thermophilization process and the shift towards a more nutrient-demanding vegetation are likely attributable to the combined effect of higher temperatures and the increase in soil nutrients triggered by climate change. 
	Evangelista et al. 2016

	C
	Central Apennines
	Quercus pubescens forests
	Bud bank
	Climate change (drought and warming)
	Potted individuals have been exposed to precipitation and warming treatments
	In Quercus pubescens saplings: provenance difference in survival and maintainance of the apex under extreme drought. Bud bank characteristics showed no general differences among provenances but responded to warming manipulations. In Italian individuals, warming caused an increase of the apical budbank.
	Wellstein & Cianfaglione 2014

	M
	Lazio region
	Deciduous mixed forests
	Leaf mass per area, relative water content, gas exchange, chlorophyll fluorescence, photosynthetic performance index
	Inter-annual climate variability
	Plot of 400 mq. Traits measured in the field on Quercus cerris and Fraxinus ornus
	The measurement of chlorophyll fluorescence is particularly suitable for phenotyping the drought stress response of adult trees in the field. in particular, among the phenotypic traits investigated, the total photosynthetic performance index has proven to be the most suitable non-invasive marker of plant response to drought, which is able to provide reliable, fast and synthetic information on plant ecophysiological status.
	Salvatori et al. 2016

	C
	Central Apennines
	Secondary grasslands
	SLA
	Climate Change
	Drought experiment (1000-year extreme event) through rain-out shelters. Field collection. Standard procotol (Cornelissen et al. 2003)
	In the sub-Mediterranean system, grasses significantly increased their SLA in the drought treatment. This result points towards a better growth performance of these grasses, which is most likely related to their strategy to allocate resources to belowground parts. The observed SLA reduction of forbs is most likely a direct drought response given that competitive effect of grasses are unlikely due to the scanty vegetation cover. The authors point out that phenotypic adjustment is an important driver of short-term functional plant response to climatic extremes such as drought.
	Wellstein et al. 2017

	M
	Tyrrenian coast,  Tuscany
	Holm-oak forests
	Leaf water potential, Leaf mass per area, leaf relative water content
	Water availability
	2 forest stands in contrasting environmental conditions (mesic vs xeric)
	The annual trend of leaf water potential was strongly influenced by season and site. Leaves reached their definitive shape before the most severe drought, so that sclerophylly was not determined by summer conditions. Sclerophyllic leaves were able to maintain their internal moisture status also in the worst drought conditions.
	Bussotti et al. 2002

	A, M, C
	Italy
	Many
	Photobiont type
	Climate (temperature, rainfall)
	Regional species richness of epiphytic lichens  divided into three main photobiont types (i.e. chlorococcoid green algae, cyanobacteria, and Trentepohlia algae) was retrieved for each of the 20 administrative regions.
	Regional area and precipitation were the only predictors included in all the models, confirming the strong dependence of lichens on atmospheric water supply, irrespective of the photobiont type. Number of species with chlorococcoid green algae were further positively associated with cover of high forest, whilst lichens with Trentepohlia were further enhanced by warm temperatures. Cyanolichen species richness was only related to area and precipitation. The study shed light on the relative importance of climate and forest structure on lichen species richness patterns at the macroscale, showing a differential response of the photobiont types to various environmental determinants. This differential response suggested that the current and future impacts of global change on lichens cannot be generalized and that species richness response will be likely dependent on the photobiont type.
	Marini et al. 2011

	A
	Castle of Graines (Aosta Valley
	Castle wall made of stone
	Dispersal
	Climate (rainfall)
	This study analyzes the occurrence of lichen meiospores in the mycoaerosol, quantitatively evaluating in the atmosphere of an alpine environment the occurrence of polar diblastic spores, unequivocally attributable to the lichen family Teloschistaceae.
	All the air-sampled spores were attributable to the species of Teloschistaceae occurring in the site, together with laboratory observations of predominant short range dispersal patterns for polar diblastic and other lichen spores, indicating that sexual reproduction is mostly involved in the local expansion of colonization, dispersal from a long distance appearing a less probable phenomenon. These findings indicated that responses of lichen communities to climate factors, usually related to physiological processes, also depend on their influence on meiospore dispersal dynamics. Spatial limitations in dispersal, however, have to be taken into account in evaluating lichen distributional shifts as indicators of environmental changes.
	Favero-Longo et al. 2014

	A
	South Tyrol
	Spruce forests
	Photobiont type, thallus growth forms
	climate (mainly temperature, rainfall, solar radiation), forest structure 
	Eight sites spanning the elevational range of spruce forests (900–1900 m a.s.l.) and the regional rainfall gradient. At each site, a pair of forest stands (one mature even-aged and one multilayered) was selected at three elevation steps. Epiphytic lichens were surveyed. Explanatory variables indicative of both forest structure and climate were included in the models.
	A positive relationship was found between number of species and elevation. Nonlinear species–temperature and trait–temperature relationships predicted that major changes may be expected in the intermediate part of the gradient. Lichens with a Trentepohlia algal partner were more frequent at lower elevations and proved to be sensitive to environmental factors indicative of forest structure. Lichen growth forms had contrasting patterns related to temperature, crustose species richness being enhanced by increasing values, and alectorioid and foliose lichens by decreasing values. Alectorioid lichens were also negatively influenced by rainfall. In a climate change scenario, lichen diversity in alpine regions will probably not benefit from an increase in air temperature in the same way as flowering plants. Monitoring variations in the proportions of growth form and photobiont type may represent a tool for detecting the effects of climate change on lichen species. 
	Nascimbene & Marini 2015

	A
	South  Tyrol
	Glacier forelands
	Photobiont type, dispersal strategy
	Moraine age, age since deglaciation
	Five glacier forelands subjected to relevant glacier retreat during the last century were investigated. In each glacier foreland, three successional stages were selected (time since deglaciation between 25 and 160 years). In each successional stage, soil-dwelling lichens were surveyed within five 191 m plots.
	A positive relationship was found between species richness and time

since deglaciation. This pattern was associated with compositional shifts, suggesting that different community assemblages can be found along the successional stages. Considering functional groups, the authors found contrasting patterns in relation to time since deglaciation: the incidence of species with a cyanobacterial photobiont and those reproducing by spores

decreased, while that of species reproducing by vegetative propagules increased. This study revealed that community assembly patterns of soil-dwelling lichens in alpine glacier forelands are ruled by mechanisms of directional species accumulation and trait selection that involve a trade-off between different functional strategies. Functional traits that reflect the dispersal and adaptation capability of the species underpin the colonization success of soil-dwelling lichens in glacier forelands.
	Nascimbene et al. 2017

	M
	W-Sardinia
	Many
	Photobiont type, thallus growth forms, dispersal strategy
	Water availability, light
	The presence or absence of species from each guild was recorded in 1025 small quadrats (10 x 10cm). Four environmental variables were measured: solar radiation, microtopography (potential water run-off), substrate roughness and number of cracks.
	The occurrence of all functional guilds varied significantly according to the selected environmental variables. In most cases, solar radiation was the most important variable; TI was included first in the model of two sorediate guilds, whereas four sexually reproducing functional guilds had surface relief as first variable. The growth forms were separated along a gradient of increasing solar radiation, whereas water run-off and surface roughness mainly discriminated reproductive strategies and photobionts. Vegetatively reproducing guilds with other photobionts than Euphyta-like pigments were confined to the border of the ecological space, defined by gradients of environmental factors, which was largely occupied by more competitive, sexually reproducing organisms
	Giordani et al. 2014c

	A, M, C
	Italy
	Forests
	Photobiont type, thallus growth forms, dispersal strategy
	Climate, pollution, forest structure
	14 plots within the Italian ForestBiota network

representing the four main forest types of Italy. Sampling of three easily discernible lichens functional traits (growth form, reproductive strategy,  and photobiont type). 
	Of the three species traits, growth form was the most responsive and was a reliable indicator for evaluating and comparing the responses of epiphytic lichens to climate, human disturbance, and stand structure-related conditions in forest ecosystems across diverse regions. However, further research is needed to better clarify the potential of lichen traits in bioindication.
	Giordani et al. 2012


RESPONSE OF FUNCTIONAL TRAITS TO FOREST MANAGEMENT AND EUTROPHICATION

	Biogeographic region
	Location
	System
	Traits
	Environmental drivers of traits variability
	Methods
	Results
	Literature

	C
	Central Apennine
	Beech forests
	SLA, seed mass, dispersal traits, clonal traits (above- and belowground)
	Gradient (forest regeneration)
	Data from literature + field collection according to standard protocol (Cornelissen et al. 2003). Chronosequence of 60 beech coppice stands (i.e. different age since last coppicing)
	Seven of the studied plant traits showed significant correlations with succession stand age, elevation, inclination, heat index and bedrock. Stand age had the highest independent explanatory power, explaining 40% of variance of SLA, more than 17% of variance of short-distance seed dispersal and more than 15% of variance of both long-term connection and extensive perennial root. These findings support the assumption of the overall strong impact of succession-driven environmental factors in trait–environment relationships.
	Campetella et al. 2011

	C
	Central Apennine
	Beech forests
	13 clonal traits (above- and belowground)
	Gradient (forest regeneration)
	Data from literature (CLOPLA). Chronosequence of 33 beech coppice stands (i.e. different age since last coppicing)
	No significant change in the overall relative importance of clonality (ratio of the number of clonal versus nonclonal species) along the chronosequence. In contrast, most of the traits and about the half of functional clonal groups showed correlation with stand age or showed preference to a certain habitat (stage of regeneration). The authors suggest that the patterns of functional clonal groups are predictable and can be used to characterize habitats or stages of forest succession.
	Canullo et al. 2011

	C
	Central Apennines
	Hop-hornbeam forests
	Life form, storage organs, vegetative propagation, leaf anatomy, leaf persistence, flowering phenology, seed mass
	Gradient (forest regeneration)
	Data from literature. Chronosequence (time since the last coppicing) of 54 plots. 
	Our results revealed statistically signiﬁcant separation between young stands (1-8 years) and intermediate-aged stands (9-16 years) with regard to most traits. Light intensity had the greatest effect on traits states variation from the ﬁrst to the second regeneration stage, while variation from the second to the third age classes was affected by temperature. Young stands were differentiated by short cycle species with acquisitive strategies that only propagated by sexual reproduction, with light seeds, summer green and overwintering green leaves, and a long ﬂowering duration. Intermediate-aged (9-16 years) and mature stands (17-24 years) were characterized by traits associated with early leaf and ﬂower production, high persistence in time, and showing retentive strategies aimed at resource storage (e.g., geophytes, spring green leaves, rhizomes, and mesomorphic/hygromorphic leaves). 
	Catorci et al. 2012a

	C
	Central Apennine
	Beech forests
	Seed mass,  seed releasing height, SLA,  clonal traits
	Gradient (forest regeneration)
	Data from literature + field collection. Resampling (after 5 years) of a chronosequence of 39 beech coppice stands.
	Only in the early stage of forest regeneration after coppicing, species compositional changes are reflected by functional changes with surviving understorey species having clonal regeneration traits (stem as clonal growth organ). The other selected plant functional traits didn't play a role in determining species assemblages after five years
	Canullo et al. 2017

	A
	Prealps
	Beech forests
	Fine root biomass, necromass, length, SRL, diameter classes, annual production and turnover rate. Fine root depth distribution; Fine root C:N ratio. 
	Gradient (forest managementsoil water content, soil temperature,  seasonal variation)
	Soil cores field collection according to Vogt and Persson (1991) 
	Reduction in tree density reduced the total fine-root biomass, which continued to be characterized by a bimodal pattern with two major peaks, one in spring and one in early fall. Both fine-root production and turnover rate were sensitive to management practices, lower in the old Coppice stand than in the converted to high forest stands. Findings clarified the occurrence of a bimodal fine-root growth seasonal pattern for our beech forest. The optimal growth soil T and soil water content ranges were delineated only for very fine roots, giving further evidence on this root category as the more responsiveness to soil environmental changes. Furthermore, F. sylvatica seems to adopt an intensive strategy to cope with decreasing SWC. Finally, fine-root growth, mainly radial type, seems to be driven by soil water content, whereas very fine-root growth, mainly longitudinal type, seems to be driven by soil T. Fine-root C:N ratio was significantly higher in coppiced than in converted stands and showed an inverse relationship with fine-root turnover rate. 
	Montagnoli et al. 2012a; Terzaghi et al. 2013

	M
	Tuscany
	Thermophilous deciduous forests
	Entomophily, seed dispersion, clonality, resprouting capacity
	Species richness, cover of dominant trees
	53 plots 30 m x 30 m. Traits from literature.
	Associated woody species (lower trees and shrubs, AWS) are a key diversity component of thermophilous deciduous forests and have the potential of providing a significant contribution to their multiple ecosystem functions and services as a result of their broadly different

abilities and functional traits. Conservation of these species should therefore be a priority in especially the southern European countries. The strategy of leaving the old coppice forests to their natural development towards uneven, multiple-layered mixed stands with elevated canopy cover appears therefore favorable or at least not detrimental for overall AWS diversity.
	Carrari et al. 2016

	C
	Ticino river
	Floodplain forests
	Canopy height, lateral spread, seed bank, seed mass woodiness, life form, life span, leaf phenology and anatomy, flowering phenology, pollination, dispersal mode 
	Tree invasion; soil, light availability, disturbance, stand structure
	63 stands, 20 m x 20 m plots. Traits from literature.
	The trait composition of the herb-layer was significantly related to the main environmental gradients and the presence of the invaders in the canopy showed significant relationships with several traits. In particular, the presence of Prunus serotina may mitigate or even erase the effect of disturbances, maintaining a stable forest microclimate and thus favouring ‘true’ forest species, while Robinia pseudoacacia may slow down forest succession and regeneration by establishing new stable associations with a graminoid-dominated understorey. The impact of the two invasive trees on herb layer composition appears to differ, indicating that different management and control strategies may be needed.
	Terwei et al. 2016

	C
	Central Apennine
	Beech forests
	Life form, leaf phenology, dispersal, clonality, earliest flowering period, pollination, diaspora, leaf anatomy, flowering duration
	Forest management (old coppice vs high forest)
	Data from literature (Biolflor, CLOPLA, La Flora d'Italia)
	Old coppices and high forest showed differences in trait states abundance, rather than in functional composition. In particular, these latter showed a higher abundance of trait states related to old growth conditions. On the other hand old coppices showed, despite a higher management impact, a good functional resilience as, once abandoned these stands tend to evolve naturally towards mature forest functional conditions. The authors argued that, since high forests and old coppices tend over time to a similar functional composition, the choice to allow old coppices to convert to high forest could enable management of these stands that does not affect their functional composition, because it preserve the mature forest traits.
	Scolastri et al. 2017

	M
	Circeo National Park
	Deciduous oak forests
	Clonality, spinescence, dispersule shape, dispersule size, height, SLA, dispersal mode, life form, growth form
	Rooting intensity (wild boar)
	Data from literature, databases, and field collection (Cornelissen et al. 2003)
	The authors found that different functional traits of understorey vascular plants were significantly associated with contrasting levels of rooting. Sites with lower rooting returned a higher proportion of species characterized by traits related to resistance or response to herbivory. Therefore, the findings suggest that current vegetation patterns partly depend on the legacy effect of past rooting disturbance. Indeed, the areas currently subjected to low rooting intensity were likely to be intensely rooted in the past and they may have developed a marked dominance of clonal thorny species that, in turn, inhibited further feeding activities by wild boar.
	Burrascano et al. 2015

	C
	Abruzzo National Park
	Beech forests
	Life form, dispersal, CSR strategy, plant height, seed size and shape, flowering time
	Old growth vs managed forest
	Data from literature, databases. Two stands, 25ha each. 9 plots 20x20 m sampled for each stand.
	The old-growth forest had a higher species richness; significant differences between the two stands were found in plant species composition, functional traits, Ellenberg indices and taxonomic distances.

In the old-growth forest, the authors found nemoral species with low dispersal ability, due to large seeds with low persistence in the soil, and to

their dispersal mode, for example Adoxa moschatellina, dispersed by snails, some Labiatae characterized by myrmechocorous dispersion, and Actaea spicata with a very limited seedling recruitment.
	Burrascano et al. 2009

	C
	Abruzzo National Park
	Beech forests
	Life form, dispersal, CSR strategy, plant height, seed size and shape, flowering time
	Old growth vs managed forest
	Data from literature, databases. Two stands, 25ha each. 9 plots 20x20 m sampled for each stand.
	Despite differences in terms of functional traits between unmanaged and managed forests, the difference in their functional beta diversity values was only marginally significant, probably due to the characteristic scale at which ecological variations occur in the stands with different management histories.
	Ricotta & Burrascano 2008

	A
	Alps, Cansiglio forest
	Silver fir-beech forests
	Photobiont type
	Forest management (selective cutting vs shelterwood cutting)
	Macrolichens and easily identifiable crustose lichens were surveyed on 150 randomly selected beech trees in 10 management units
	Trees of the two stands significantly differed in lichen composition, but not in species richness. However, most of the rare species were exclusive of the sites managed by selective-cutting. The lichen flora of mixed stands mainly included suboceanic species-sensitive to forest management and habitat modification; that of pure stands was dominated by generalist species common in disturbed habitats. Lobaria pulmonaria is suggested as a signal species for rapidly assessing the conservation importance of forests. Some practical suggestions are given to enhance lichen conservation in intensively managed stands.
	Nascimbene et al. 2007

	A
	Paneveggio forest
	Subalpine coniferous forests
	Thallus growth form
	Wood decay stage
	Evaluation of species richness and composition of lichens in relation to the decay of stumps
	Overall, 69 species were found and wood decay proved to be an important factor influencing lichen communities on stumps in our subalpine forests. Despite the fact that the mean number of species per stump did not differ between the three decay stages and lichen communities broadly overlapped, a main pattern of species turnover was identifed across wood decay process as well as some indicator species for each decay stage. During the decay process, lichen communities change functional and ecological composition as an adaptive response to the continuous change of substrate. Since stumps host several nationally rare species, which are related to different stages of decay, they could have a relevant role in lichen conservation in managed forests where other types of dead wood are normally absent.
	Nascimbene et al. 2008

	A, M, C
	Italy
	Forests
	Photobiont type, thallus growth forms, dispersal strategy
	Climate, pollution, forest structure
	14 plots within the Italian ForestBiota network

representing the four main forest types of Italy. Sampling of three easily discernible lichens functional traits (growth form, reproductive strategy,  and photobiont type). 
	Of the three species traits, growth form was the most responsive and was a reliable indicator for evaluating and comparing the responses of epiphytic lichens to climate, human disturbance, and stand structure-related conditions in forest ecosystems across diverse regions. However, further research is needed to better clarify the potential of lichen traits in bioindication.
	Giordani et al. 2012

	C
	Po plain
	Agricultural areas
	Nitrogen tolerance
	Nitrogen pollution
	Relationships between epiphytic lichen diversity, emissions of main atmospheric pollutants and tree characteristics (circumference and bark pH, light transmitted through the canopy).  
	Lichen functional groups with different nitrogen tolerances responded to several atmospheric pollutants, with both independent and joint effects, whereas they did not show significant differences depending on main tree-related factors. We demonstrated that, under high eutrophication levels, differences in bark pH did not significantly differentiated the composition of epiphytic lichen communities.
	Giordani & Malaspina 2016

	A, C, M
	Europe
	Forests
	Growth form
	Nitrogen pollution
	Dataset of 286 epiphytic lichen species observed on 1155 trees at 83 ForestBIOTA plots, which is a subsample of approx. 500 plots of the European ICP Forests Level II network.
	The percentage of macrolichens in the plots was shown to be the most important indicator, since 56.7% of its variation could be explained by deposition, particularly by nitrogen compounds. It was shown that approx. 75% of the ForestBIOTA plots are affected by an unsustainably high throughfall nitrogen deposition. Based on these outcomes, it was possible to determine a nitrogen critical load of 2.4 kg ha_1 yr_1.
	Giordani et al. 2014

	A, M, C
	Italy
	Forests
	Photobiont type, thallus growth forms, dispersal strategy
	Climate, pollution, forest structure
	14 plots within the Italian ForestBiota network

representing the four main forest types of Italy. Sampling of three easily discernible lichens functional traits (growth form, reproductive strategy,  and photobiont type). 
	Of the three species traits, growth form was the most responsive and was a reliable indicator for evaluating and comparing the responses of epiphytic lichens to climate, human disturbance, and stand structure-related conditions in forest ecosystems across diverse regions. However, further research is needed to better clarify the potential of lichen traits in bioindication.
	Giordani et al. 2012


SECONDARY GRASSLANDS, GRAZING AND LAND-USE CHANGE

	Biogeographic region
	Location
	System
	Traits
	Environmental drivers of traits variability
	Methods
	Results
	Literature

	C, A
	Central and southerrn Apennines
	Secondary grasslands
	Life form, specific leaf area, canopy height, and seed mass
	Gradient (topography, soil, grazing); climate shifts; landscape metrics
	Data from literature, databases and field collection (Perez-Harguindeguy et al. 2013).
	Through a revisitation study, the authors found significant changes in species composition and functional traits occurred in Bromus erectus secondary grasslands during recent decades. The largest changes were related to successional changes: colonization by shrubs and trees mainly occurred at low altitude and in flat sites, likely following a decrease in grazing intensity. At the same time, some very accessible sites experienced an increase in disturbance-tolerant species usually associated with frequent grazing disturbance.
	Giarrizzo et al. 2017

	A
	Prealps
	Secondary grasslands dominated by Nardus stricta
	Root biomass, C:N ratio, root depth distribution, root length density, root mass density  and root diameter classes.
	Soil water content, pasture pressure, seasonal variation
	Soil cores field collection according to Vogt and Persson (1991) 
	With regard to total root biomass, the authors found the occurrence of two peaks of biomass accumulation during the growth season, and when biomass accumulation was compared with climatic data, it was impossible to obtain a clear indication of the root turnover rate. In fact, the strong influence of grazing on the above-ground biomass could have affected, in turn, root biomass. C:N ratio remained constant, with a single peak, suggesting a lower root decomposition during the warmest period (August 2006). The concentration of nitrogen in roots decreased with depth as a result of a decrease in roots with smaller diameters. The reverse was found for carbon content, which increased with depth, probably due to an increase in roots with larger diameters. 
	Montagnoli et al. 2010

	A
	South Tyrol, Alps
	Larch grasslands
	Flower color, pollination agent, growth form, life strategy
	Type of management
	Ten focus areas, each one with different successional stages of former larch grasslands. Total of 165 plots
	By applying commonly used traits such as growth form and pollination agent, together with less used traits such as flower color, the authors found highest plant species diversity in traditionally managed larch meadows and larch pastures, while functional diversity was seen to be high also in abandoned larch grasslands. Furthermore the provision of the ecosystem services (scenic beauty and pollination) was best in traditionally managed larch meadows and larch pastures.
	Fontana et al. 2014

	C
	Central Apennines
	Secondary grasslands
	Specific leaf area, Leaf area, Leaf dry mass, Canopy height
	Altitude, aspect, slope angle, landform, pH, nitrogen, soil depth
	221 plots (20 x 20 cm) with Brachypodium genuense. Field collection following Pérez-Harguindeguy et al. (2013).
	The authors found that in more productive conditions populations of B. genuense had higher SLA, plant height and cover values than in low productive conditions. This indicates a fast-growth strategy based on a high rate of resource acquisition and use, as well as high competitive ability for aboveground resources such as light under productive conditions. Under unproductive conditions, traits indicate a slow-growth strategy. A very high amount of nitrogen in the soil might have a detrimental effect on B. genuense individuals, decreasing the SLA values, thus requiring the plant to change its growth strategy. Finally, the authors inferred that the observed variability in SLA might have a paramount role in the invasive/dominant behavior of Brachypodium genuense.
	Tardella et al. 2017

	C
	Northern Apennines
	Secondary grasslands
	Specific leaf area, leaf dry matter content, Leaf N content
	Management
	3 sites with grazing by horses and one abandoned site. Two 100 mq plots per site. Traits measured in the field on the most abundant grass species
	The analysis of leaf traits in the study sites, showed a gradient of management intensity. In detail, LDMC and SLA were found to be suitable variables for grass species ranking according to management. In particular LDMC and SLA clearly separated sites with mowing/grazing from sites with only grazing and abandonment sites.
	Targetti et al. 2013

	C
	Central Apennines
	Secondary grasslands
	Above- and below-ground clonal traits
	Gradient (topography, micro-climate conditions, soil moisture, soil nutrients)
	Data from literature (CLOPLA) and field evaluations. 2 contrasting habitats. 271 species
	Clonality was shown to be of great importance in both mesic and xeric grasslands. The major differences between the two communities were due to the dominant Clonal Growth Modes: turf graminoids (having effective protection of growth meristems in dense tussocks) dominated xeric grasslands, while rhizomatous graminoids (typical of competitive resource-rich environments) dominated mesic grasslands. Below- ground CGOs (clonal growth organs), shorter spacers, higher multiplication potential, permanent ramet connection, large bud bank and increased importance of bud protection were found to be of importance in water stressed xeric grassland. Contrary to the expectations, the mesic (less stressed) grasslands had the higher number of clonal plants possessing storage organs.
	Halassy et al. 2005

	C
	Central Apennines
	Secondary grasslands
	 Leaf, dispersal, clonal, flowering and whole plant traits.
	Gradient (topography, micro-climate conditions, soil moisture, soil nutrients)
	Data from literature + field collection according to standard protocol (Cornelissen et al. 2003). 5 circular transects with micro-plots of 5x5 cm in two contrasting habitats. Calculation of Functional Diversity in plots without the dominant grass species
	The fine-scale trait-based community assembly of subordinate species in absence of dominant grass revealed that assembly rules for traits related to the same life-history process were mostly consistent within habitats. Furthermore within habitats the traits related to different life-history processes can show different assembly rules. For example, while seed mass may show convergence pattern, divergence was inferred for clonal traits. Depending on traits, the assembly rules can be similar or contrasting in different habitats. The authors conclude that their finding of non-random assembly in the majority of investigated traits emphasizes the importance of hierarchical exclusion of strong biotic filters when searching for trait-based assembly rules in abandoned grasslands. Subsequently, a multitude of trait-based mechanisms allow for coexistence of the subordinate species. These mechanisms depend on habitats and traits.
	Wellstein et al. 2014

	C
	Central Apennines
	Secondary grasslands
	Proportion of flowering shoots (quantitative), life span, vegetative propagation, storage organs, leaf persistence, leaf anatomy, horizontal and vertical space occupation, plant height (categorical)
	Topography (north and south-facing slopes, flat lands), soil humidity, soil temperature, canopy height
	The number of flowering shoots in full bloom per species was counted in 1 × 1 m plots, 12 times during the growing season. The relations among mean proportions of flowering shoots for species sharing each trait state, observation time and environmental variables, were assessed using Indicator species analysis, Redundancy analysis and linear mixed-effects modeling.
	Early flowering species have traits allowing for slow resource acquisition and storage but rapid growth rate. Mid- and late-flowering species exhibited sets of strategies devoted to minimizing water loss by evapotranspiration or aimed at maximizing the species’ competitive ability, thanks to slow growth rate and more efficient resource acquisition, conservation and use. The amplitude of the environmental fluctuations influences the type and number of strategies positively filtered by the system. In fact, in the most productive grasslands, we observed the highest number of indicator trait states reflecting strategies devoted to the storage of resources and competition for light. Results seem also indicate that temporal variation of resources plays a role in trait differentiation and richness within a plant community, filtering traits composition of grasslands in the same direction, as formerly proved for spatial heterogeneity of resources.
	Catorci et al. 2017

	A
	Alps
	Secondary grasslands
	Life form, vegetative propagation, type of space occupation
	Management type (mown meadows, meadows grazed by deer)
	Species cover in 50 x 50 cm plots. Data on species' traits taken from literature, checked by field observations.
	With high stocking rates, red deer significantly affects the species and functional composition of alpine productive pastures, mostly by competitive exclusion of subordinate species due to the spread of poorly palatable, competitive, stress-tolerant tall grasses with strong avoidance strategies. Grazing by red deer with high stocking rates is harmful when acts on formerly managed meadows, while it has a positive impact on plant diversity of long-term abandoned grasslands. Grazing by red deer with high stoking rates hindered the spread of successional/ruderal species, but allows the establishment of competitive dominant tall grasses.
	Catorci et al. 2016

	C
	Central Apennines
	Secondary grasslands
	Life span, storage organ, vegetative propagation, leaf persistence, space occupation,  flowering period.
	Brachypodium genuense (canopy cover and litter cover) and environmental variables
	Plots of 1 x 1 m to investigate ﬁne scale interactions.
	Brachypodium genuense cover value inﬂuences plant community composition by competitive exclusion of subordinate species and suppression of functional features of palatable species because of temporal or spatial niche overlap. The trait states of palatable species for Apennine chamois fostered by the increase in litter cover and abundance of B. genuense were late ﬂowering strategy, presence of rhizomes as clonal growth organs, and upright forbs, while the suppressed trait states were early and mid-summer flowering, grasses, and caespitose growth form..
	Corazza et al. 2016

	C
	Central Apennines
	Secondary grasslands
	Life span, vegetative propagation, storage organs, leaf persistence and anatomy,  pollination, plant height, seed weight, space occupation, flowering period, palatability
	Productivity
	0.5 m × 0.5 m plots located in extensively grazed pastures and in grasslands abandoned since the early 1970s.
	Grazing cessation reduced the overall functional diversity (FD). Furthermore the direction of species and trait response after long-term grazing cessation were affected, at fine scale, by the soil depth/productivity gradient. In dryer conditions, species and functional responses were less affected by abandonment, and were devoted to resistance to both stress and disturbance. In abandoned pastures the authors detected a significant decrease in FD with increasing productivity, leading to a shift from functional strategies devoted to grazing avoidance and tolerance to those devoted to competition for light and resource acquisition. This trend was related to the filtering effect of coarse tall grasses, which spread in highly productive conditions. In grazed grasslands, the authors detected an overall increasing trend of FD with increasing productivity, confirming the key role of extensive grazing in maintaining high levels of FD.
	Tardella & Catorci 2015

	C
	Central Apennines
	Secondary grasslands
	Life span, storage organs, vegetative propagation, plant height, leaf anatomy and persistence,  space occupation, seed weight
	Grassland management (grazing vs late mowing)
	15 plots per management type using the 1 m2 point quadrat transect method
	Species and functional diversity (FD) were positively correlated in both disturbance types (grazing and late mowing). FD was generally less correlated with species diversity variations in mown grasslands than in grazed ones, suggesting that late mowing leads to higher levels of functional redundancy (i.e. to a wider overlap of species functional composition). Late mowing promoted higher species and functional diversities and a wider variety of functional traits in the plant community. Grazing, besides negatively affecting the species diversity of grasslands, reduced their FD by favouring the dominance of traits related to avoidance and tolerance strategies.
	Catorci et al. 2014a

	C
	Central Apennines
	Secondary grasslands
	n. of flowering shoots, flowering phenology
	Grassland management (grazing vs abandonment) and time during the growing season
	n. of ﬂowering shoots counted ﬁve times during the growing season, in 80 plots placed in mown and in abandoned grasslands
	Abiotic environmental control was prevalent in determining the phenological pattern both in mown and in abandoned grasslands, in accordance with the phenological “mid-domain hypothesis”. When the dominant species is a tall grass with competitive behaviour, the magnitude of this phenomenon was ampliﬁed due to the abiotic changes yielded by the tall grass invasion. Indeed, in the central and late phases of the growing season (when invasive tall grasses are growing and blooming), abandoned grasslands were marked by a set of traits devoted to stress tolerance or underlying a long reproductive cycle or linked to competition for light.
	Catorci et al. 2014b

	C
	Central Apennines
	Secondary grasslands
	n. of flowering shoots
	Environmental gradients during the growing season 
	Measurement of ﬂowering shoots per species at four times during the growing season in 40 plots (2 x 2 m).
	Dominant species tended to bloom in the central phases of the growing season when no stress acts in the system and a long time is available for plant growth and seed maturation. Non-dominant species had two groups of functional strategies that allow them to share the same ﬂowering period of dominant ones by a different type of space occupation (spatial niche partitioning) or to ﬂower before or after their ﬂowering period (temporal niche partitioning).
	Catorci et al. 2012b

	C
	Central Apennines
	Secondary grasslands
	Flowering time, nutrient requirement, palatability, vegetative reproduction, storage organs, life history, leaf persistence, leaf type
	Different management: grasslands grazed by sheep and by horses.
	In 20 plots of 1 m2 for each management type, canopy height and above-ground phytomass were recorded. In 60 plots  of 1 m2for each management type the cover value of each species was recorded.
	The sward was shorter and supported less ANPP in the horse-grazed area. The sheep- and horse-grazed areas had similar ﬂoristic diversity. Accidental species were the most affected ones. Plants with low nutrient requirement spread in horse-grazed pasture. Functional traits of species were ﬁltered by the system. Horse grazing promoted plants with a robust defence strategy (avoidance and tolerance) that ensured leaves were replaced when horses were not grazing, as well as species with clonal growth. In the sheep-grazed area, a higher level of selective defoliation and a delayed start to the grazing period promoted species with low palatability, a late-ﬂowering strategy and those intolerant to trampling by large herbivores (chamaephytes). The value of forage feed was slightly higher in horse-grazed pasture. Grazing of horses was more effective than that of sheep for controlling dominant unpalatable tall grasses.
	Catorci et al. 2012d

	C
	Central Apennines
	Secondary grasslands
	LDMC, SLA, Leaf area,  leaf nitrogen content
	Different management: grasslands grazed by sheep vs.  ungrazed area.
	Field collection of samples (leaves of Brachypodium rupestre)  in experimental areas (grazed by sheep) and control areas (ungrazed).
	Sheep became less selective throughout the experimental trials and Brachypodium rupestre decreased its aboveground phytomass. Some leaf traits showed significant changes (LDMC and leaf area were higher in ungrazed areas; leaf nitrogen content was higher in the grazed ones).
	Catorci et al. 2014d

	C
	Central Apennines
	Secondary grasslands
	ANPP and litter of Brachypodium genuense. n. of flowering shoots. Runners, storage organs, height, flowering time.
	 The study compares meadows under different management types (mown versus abandoned). 
	Field data collected in 20 cm2 circular plots (ANPP and litter). 6 spatial scales (0.5m, 1m, 2m, 4m , 8m, 16m) were examined, at five dates. For both management types, 20 relevés were taken at each spatial scale and on each date, so that for each management type 600 relevés were taken (a total of 1200).
	The ANPP and litter of Brachypodium genuense were always greater in the abandoned than in the mown plots. Phenological analysis indicated that the abandoned condition was less rich in flowering species and individuals at each analysed date. Functional trait analysis indicated that species with runners, ability to form patches, and late flowering strategies benefited from B. genuense spread, whereas species marked by storage organs, small size, and early flowering strategies benefited in the mown condition. 
	Catorci et al. 2011d

	C
	Central Apennines
	Secondary grasslands
	Plant height; Life form; avoidance and tolerance strategies;  storage organs, stolons, and clonal ability; ﬂowering
	Different disturbance mowing and grazing; mowing; abandonment.
	Concerning high disturbance condition, 19 phytosociological relevés made in 1981 were used. In the other two cases, phytosociological relevés were collected in 2008: 22 in the intermediate disturbance condition  and 24 in abandoned meadow.
	Hemicryptophytes, upright forbs, clonal ability, late ﬂowering period emerged as differential traits of the undisturbed condition. Avoidance strategies were favoured by mowing and grazing, whereas late ﬂowering species and clonal ability were advantaged under intermediate disturbance and absence of disturbance.
	Catorci et al. 2011b

	C
	Central Apennines
	Secondary grasslands
	Life form, early flowering, storage organs, clonal ability, basal meristems, chemical defences and hairs.
	Different disturbance: grazing and mowing.
	1m2 point quadrat transect method. For each plant community 30 relevés were carried out. Traits data from literature.
	The functional study allowed to identify the plant traits distinguishing the two disturbance conditions. Hairs, clonal ability, and occurrence of basal meristems characterized the grazing condition. The mowing condition was distinguished by early flowering, prostrate growth form, occurrence of storage organs, and chemical defences.
	Catorci et al. 2011c

	C
	Central Apennines
	Secondary grasslands
	Life form, plant and flower palatability,  flowering time, clonality, storage organs.
	Different disturbance: grazing and abandonment.
	Relevés carried out in different years, namely in 1976–1980 (grazed pasture) and again in 2010 (abandoned pasture) were compared with regard to trait composition. Traits data from literature and field observations.
	Therophyte was indicator of grazed condition; geophytes, flower palatability, early flowering strategy, clonal ability and presence of storage organs were indicators of the abandoned condition. Traits related to low levels of stress (tolerance strategies) are heavily reduced in grazed systems, and thus the functional composition of plant community is mostly characterized by traits promoting avoidance strategies. In abandoned conditions a higher number of species can co-exist thanks to the micro-scale variation of soil features and niche diversification. 
	Catorci et al. 2013b

	M
	Sardinia
	Med. silvo-pastoral system
	Specific Index / grazing value
	Soil (frequency of tillage)

and grazing (sheep and cattle) management practices
	Data from literature/Field analysis - Grazing value  was assessed basing on the specific index (0 for unpalatable species to 5 for excellent forage species) of each species and its contribution to the vegetation cover.
	A list of 151 species with the relative specific index and the grazing value (GV) of grasslands under different manangement practices was provided. GV was significantly and positively correlated to the sum of Trifolium subterraneum and Lolium rigidum CSP (specific percentage contribution) under sheep grazing and to L. rigidum CSP  under cattle grazing.
	Bagella et al. 2013a

	M
	Sardinia
	Med. silvo-pastoral system
	Nectariferous and Polliniferous value of species and communities. Flowering phenology
	No gradient (one site)
	Data from literature/Field analysis. Nect/poll values was attributed to different plant communities classified according to the phytosociological method.
	The paper provided the flowering phenological spectra of eight key species and  the polliniferous and nectariferous value of 264 species and 17 plant communities. Plant communities varied in importance for honeybee foraging mainly due to differences in floristic composition and flowering phenology. Communities characterized by human presence (e.g. semi-natural grasslands and hedges) were the most relevant. Some target species (e.g. Trifolium spp.) favoured by grazing livestock ensured foraging for honeybees throughout the season.
	Bagella et al. 2013b

	A
	Maritime Alps
	Pasturelands
	Nitrogen tolerance of lichens
	Nitrogen pollution
	Patterns of g- and beta diversity components in epilithic lichen communities
	High cattle load reduced the species replacement and significantly increased the similarity in the oligotrophic component of the lichen communities. The oligotrophic component was the most sensitive functional group to nitrogen.
	Giordani et al. 2014a


CSR PLANT STRATEGY THEORY

	Biogeographic region
	Location
	System
	Traits
	Environmental drivers of traits variability
	Methods
	Results
	Literature

	C, A
	Northern Italy (from Po plain to Alps)
	Secondary grasslands
	Canopy height, lateral spread, leaf fresh and dry weight, leaf area, LDMC,  SLA,  flowering phenology
	Gradient (elevation, soil nutrients, land use)
	Field collection in 39 communities. Traits measured from 10 individuals of the most abundant species in each community. Standardised protocol (Cornelissen et al. 2003)
	High species richness is hypothesised to be associated with diversity in plant functional traits and life-history strategies, which are potentially restricted in situations of extremely high and low biomass production. The factor most highly and positively correlated with species richness was strategy richness (the number of CSR strategies), followed by variance in traits involved in leaf resource economics and the timing of flowering. Species richness, trait variance and strategy richness were greatest at intermediate biomass. Thus whilst extremes of biomass production were associated with relatively few taxa exhibiting similar trait values and specialised strategies, greater species richness was apparent in meadows and pastures in which species exhibited divergence in resource economics trait values, reproductive timing and strategy richness. This observed relationship between divergence in CSR strategies and species richness is strongly suggestive of niche differentiation and the underlying adaptation processes shaping communities.
	Cerabolini et al. 2016

	C, A
	Many
	Various alpine to lowland herbaceous communities
	CSR strategy, single seed mass, total mass of seeds per plant, seed number,  seed variance, seed volume
	Gradient (different bioclimatic zones)


	Multivariate analysis (PCA) of traits for 371 species 
	Seed production traits, particularly seed mass and the total mass of seeds per plant, were correlated with the degree of C-selection, and thus form part of the CSR strategy. However, PCA3 demonstrated a separate seed size/seed number trade-off, suggesting that variation in seed traits is only weakly linked to the primary strategy.
	Pierce et al. 2014a

	A
	Southern Alpine foothills
	Secondary grasslands
	Canopy height, lateral spread, leaf fresh and dry weight, leaf area, LDMC,  SLA,  flowering phenology
	Mechanisms regulating plant coexistence in the community (e.g. competition, pollination, ecc.)
	Field collection and lab measurements used for orchids. 10 replicates per species. 1 site only. For non-orchidaceous species, leaf traits and canopy height values obtained from literature (FIFTH, TRY databases) and field collection.  Standard protocol (Cornelissen et al. 2003). CSR classification follows Pierce et al. (2013). 
	The authors showed how differences in primary life history strategy and  reproductive traits regulate the diversity of orchid species in seminatural

calcareous grassland. Seven orchid species were present in the study area and exhibited a spectrum of strategies spanning two extremes, (1) small early flowering ruderals (R/CR-selected), and (2) larger leaved competitors (C/CR) flowering later as dominant graminoids attained maximum height. The reproductive phenology of meadow orchids appeared to promote coexistence by allowing segregation between temporal niches and the exploitation of opportunities between clumps of dominant species.
	Pierce et al. 2014b

	C, A
	Northern Italy
	Acquatic habitats
	Leaf fresh and dry weight, leaf area, LDMC,  SLA, leaf nitrogen and carbon concentration
	Aquatic habitats VS terrestrial habitats. Gradient (different bioclimatic zones) 
	Field collection for aquatic plants. Literature data (FIFTH database) for terrestrial plants. Traits measurements in the lab according to standard protocol (Cornelissen et al. 2003). 47 water bodies. Ten leaves from separate individuals of 61 species
	Hydrophyte adaptive strategies can be directly compared with terrestrial species by combining leaf economics and size traits. Most hydrophytes exhibit the lowest LMA values ever recorded which means that hydrophytes extend the leaf economics spectrum to include the most acquisitive leaves so far measured. Some hydrophytes achieved a position in the PCA also occupied by highly ruderal, R-selected herbaceous terrestrial plants. In contrast, other hydrophytes exhibit a range of traits suggesting a C-selected syndrome. The most S-selected hydrophytes occupied positions on the PCA plot that overlapped with terrestrial SR-selected species. No hydrophyte species in the current study exhibited the extremely conservative leaf economics typical of S-selected species in low productivity terrestrial habitats. In conclusion, hydrophyte adaptive strategy variation reflects fundamental trade-offs in economics and size that govern all plants. 
	Pierce et al. 2012

	C
	Ticino river
	Open areas in a Quercus robur forest
	PFTs for detecting CSR strategies.

Landolt's ecological indices.
	Decomposition
	Experimental trial with swipe carcasses. Vegetation monitoring for one year.
	Plant species composition and cover were significantly different between the disturbed and the undisturbed plots. Disturbed plots showed the increase in ruderal species and the reduction in stress-tolerant ones. Graves and the control grave could not be distinguished from each other. Disturbance was the main factor affecting plant cover, while the presence of a buried body did not affect vegetation dynamics. However, disturbance could be easily detected; the functional approach seems promising for the identification of dynamic patterns to be used in different biogeographic and ecological contexts.
	Caccianiga et al. 2012

	A
	Southern Alps
	Secondary grasslands
	LAI, biomass (above- and belowground), leaf N and C content, canopy height, lateral spread, leaf dry weight, LDMC; SLA, flowering phenology
	Gradient (grazing intensity, manuring intensity)
	Field collection and lab measurements according to standard protocols (Hodgson et al. 1999; Cornelissen et al. 2003). 2 contrasting habitats. Traits determined for six replicate individuals of all species within each habitat
	Greater total biomass was associated with greater adaptive strategy richness and evenness and, to a lesser extent, with species evenness. On the contrary species richness and aboveground biomass were not significantly different between the two communities. Diversity in the adaptive strategies (CSR) of dominant species allowed more effective deployment of canopy biomass (greater LAI), providing superior photosynthetic nutrient use efficiencies and greater total biomass despite lower nutrient status. Adaptive strategy evenness resulted a more direct measure of the extent to which species in the community are potentially able to exploit contrasting niches; this is a step closer towards understanding the links between community properties and ecosystem processes.
	Cerabolini et al. 2010a

	C, A
	Northern Italy
	Many
	Canopy height, lateral spread, leaf fresh and dry weight, leaf area, LDMC,  SLA,  Leaf C and N content, flowering phenology
	Gradient (different bioclimatic zones)


	Field collection and lab measurements. Standard protocol (Hodgson et al. 1999; Cornelissen et al. 2003). 506 vascular plant species. 5 to 15 replicates per species. 3 replicate leaves for LNC and LCC.
	Principal axes of variation in the functional traits of 506 species native to southern European continental, sub-alpine and alpine bioclimatic zones were highly significantly correlated with CSR classification. Despite being calibrated using only 43 British species, CSR classification is consistent with trait variation in a phylogenetically broader sample of species native to a wider range of bioclimatic zones.
	Cerabolini et al. 2010b

	A
	Central Alps
	Glacier foreland
	Canopy height, leaf dry weight, leaf dry matter content and specific leaf area.
	Gradient (soil age)
	Field collection according to standard protocols (Hodgson et al. 1999; Cornelissen et al. 2003). 5 sampling point along a transect from the glacial front. Sampling of carabid beetles.
	Vegetation cover and plant species richness gradually increased throughout early succession. At the early stages of the succession plant traits were typical of ruderal species whilst a shift in traits towards stress-tolerance occurred >150 years. Carabid communities and traits changed alongside changes in plant species richness and cover, with late successional vegetation hosting larger, more diverse, less mobile carabid species with longer larval development. Different plant strategies may affect ground beetle communities via contrasting mechanisms: both quantities (biomass, species richness) and qualities (functional traits, adaptive strategies) should be taken into account during studies of plant-animal interactions within ecosystems.
	Gobbi et al. 2010

	A
	Eastern Alps
	Glacier foreland, Alpine pasture
	Canopy height, leaf dry matter content, flowering phenology, leaf dry weight, leaf area, SLA
	Gradient (disturbance, elevation)
	Field collection according to standard protocols (Hodgson et al. 1999; Cornelissen et al. 2003) and values from databases. 2 communities.
	The extremely stress-tolerant sedge Carex curvula dominated the relatively undisturbed community, with subordinates exhibiting a functional spectrum encompassing stress tolerance to ruderalism, but not competitive strategies. With grazing, the community exhibited weaker co-dominance by five species, greater biodiversity and greater functional diversity, characterized by larger numbers of ruderals and some competitive-ruderals.
	Pierce et al. 2007a

	A, C
	Southern Alps and Po plain
	Alpine and lowland grasslands
	Canopy height, leaf dry matter content, flowering phenology, leaf dry weight, leaf area, SLA
	Gradient (climate, elevation)
	Field collection according to standard protocols (Hodgson et al. 1999; Cornelissen et al. 2003). Selection of 30 Poaceae from the alpine and lowland ecozones.
	CSR classification and histology of 30 Poaceae with ranges restricted to either the southern Alps or Po plain of Italy demonstrated that alpine species were predominantly stress-tolerators but included some competitive ruderals (e.g. Agrostis schraderana). Lowland species were predominantly competitive ruderals but included some stress-tolerators (e.g. Stipa Pennata).
	Pierce et al. 2007b

	A
	Western Alps
	Glacier foreland
	Canopy height, leaf dry matter content, flowering phenology, leaf dry weight, leaf area, SLA
	Gradient   (moraine age, soil nutrients)


	45 species. Field collection according to standard protocols (Hodgson et al. 1999; Cornelissen et al. 2003) and values from databases
	CSR classification demonstrated a functional shift from broadly ruderal pioneers towards stress-tolerance in late succession. Till deposited at the retreating glacier terminus provides a substrate that can support faster growing species (with high foliar N contents), but is only tenable to those that can avoid physical disturbance via rapid phenological development (i.e. ruderals). Stress-tolerance and lower N contents in late succession suggest selection for efficient nutrient use.
	Caccianiga et al. 2006

	C
	Po plain
	Secondary forests
	Life form, seed traits, reproductive traits, CSR strategy.
	Landscape fragmentation
	Data from literature and databases
	Core forest species occupy two different temporal and spatial niches: nearly 50% are CSR strategists, the other 50% is represented by CS strategists. Ruderals (R and CR), linked to the frequent disturbance, are discriminated from the core forests species by dispersal vectors and life strategy. Edge species show the broadest ecological amplitude. Relative to core species, they can be differentiated according to their strategy, being mostly competitive or competitive-ruderal.
	Buffa & Villani 2012

	A
	Central Alps
	Alpine vegetation
	CSR strategy
	Gradient (elevation, geomorphological processes)
	Field collection + data from literature (Cerabolini et al. 2010 for Grime strategies). 5x5 plots surveyed along alpine sloples across different altitudinal (100 m) bands from 1600 to 2600 m
	Ruderal and stress-tolerant species (R, S and SR) strongly increased and became dominant towards higher elevations (over 2,300 m). Regarding dispersal strategies the authors observed a decreasing trend of species with long distance dispersal that matched an increase in the number of species with short distance dispersal. Furthermore, a decrease in the number of species with dispersal appendages have been observed, which could be a higher energetic cost for plants. Such results depend on stress variation along the altitudinal gradient and on the disturbance regime created by active geomorphological factors (debris flow, snow avalanche, rock fall). Resource limitations at higher elevations affect the shift from competition to facilitation among species revealed by the increased frequency of species with short distance dispersal. In turn, the geomorphological disturbance regime along alpine slopes favours the resilience of the high-altitude species within topographic/geomorphological traps at lower elevations. 
	Gentili et al. 2013

	M
	Coast of Tuscany
	Coastal dunes
	Plant height, leaf

area, leaf dry weight, LDMC, SLA, and

succulence index
	Sea-inland gradient
	880 vegetation plots of 1x1 m along 20 sea-inland transects. PFTs measured according to standard methods.
	Along the sea-inland gradient, pioneer plant communities of upper beach were dominated by ruderals (with the lowest values of LDMC and specific leaf area - SLA), well-adapted to the harsh environmental conditions of coastal dunes. More distant from the sea, where ecological conditions were less extreme, late-successional communities of backdunes were characterised by the prevalence of stress-tolerance. CSR classification supported the hypothesis of a functional shift from R-strategists in early successional stages to S-strategists in late-successional communities along a primary succession.
	Ciccarelli et al. 2015

	C
	Central Apennines
	Hilly forests
	CSR strategy
	Gradient (light, soil water, soil nutrients)
	48 plots in forest landscape. Sampling of  understory layer
	Spatial variation in environmental conditions and in the related stress gradients determined predictable variations in the functional composition of the herb layer. All the environmental factors considered affected ecological strategies in the herb layer, but the variation of both species and PFT data sets were best explained by photosynthetically active radiation. Competitors were favoured by low/intermediate stress levels, with regard to soil water and light intensity. Competitive stress-tolerant ruderals peaked in moderate light stress intensity and in well-watered soils. Stress-tolerant competitors peaked in conditions of strong light and moderate dryness.
	Catorci et al. 2011a

	A
	Western Alps
	Glacier foreland
	Canopy height, leaf dry matter content, flowering phenology, leaf dry weight, leaf area, SLA
	Gradient   (moraine age, soil nutrients)


	As Caccianiga et al. (2006)
	Changes in Grime’s CSR functional classification of plant assemblages as competitors (C), stress-tolerators (S) and ruderals (R) along the successional gradient are also reflected in phylogenetic changes, indicating that species sorting by environmental filtering tends to favor the co-occurrence of phylogenetically related species.
	Ricotta et al. 2015

	A
	Western Alps
	Glacier foreland
	Canopy height, leaf dry matter content, flowering phenology, leaf dry weight, leaf area, SLA
	Gradient   (moraine age, soil nutrients)


	As Caccianiga et al. (2006)
	The progressive substitution of ruderal species by stress tolerators is accompanied by a constant and significant decrease in community-level functional diversity and uniqueness, meaning that the increased uniformity of vegetation structure over time goes together with an increase in functional redundancy.
	Ricotta et al. 2016


PLANT FUNCTIONAL TRAITS AND ECOLOGICAL PROCESSES IN COASTAL ECOSYSTEMS

	Biogeographic region
	Location
	System
	Traits
	Environmental drivers of traits variability
	Methods
	Results
	Literature

	M
	Central Italy, Adriatic coast
	Coastal dunes
	 Specific root length (SRL), specific leaf area (SLA), leaf area,  leaf dry matter content (LDMC), plant height, total fine-root length/total root length ratio (% fine roots, growth form.
	Alien/native
	Field collection. Standard protocol (Cornelissen et al. 2003; Kleyer et al. 2008). 4 alien and 7 native species collected. 10 individuals per species.
	The studied alien plants occurred in spatial niches generated by eutrophication and human pressure, such as waste deposits on the beach and inter-dune gaps, flattened and altered by human trampling. We suggest that exotic species in the study area are currently occupying temporal and spatial niches that are not being exploited by native species and, therefore, they are not competing directly for the same resources. Large leaf area, biennial/annual life cycle and thick and  long roots are significant traits for a successful  colonization of the  invasive species.
	Stanisci et al. 2010

	M
	Lazio and Molise region
	Coastal dunes
	Growth form, life form, plant height, vegetative propagation (clonality), pollination system, leaf phenology, size, lifespan and texture
	Alien/native
	Selection of 130 abundant species. Traits from literature
	Alien plants were found in all functional groups and no trait or set of traits was specifically related to them. This indicates that aliens show similar traits to those natives growing in different communities of the coastal dune zonation, from the small beach annuals to the evergreen taller shrubs of the Mediterranean macchia.
	Acosta et al. 2006

	M
	Central Italy
	Coastal dunes
	Plant height, Seed mass, SLA, LDMC, Leaf size, Leaf thickness, Seed shape, flowering phenology, Clonality, Leaf persistence, Life span, Pollination, Life form, Growth form, Dispersal, Leaf texture
	Funcional diversity/ phylogenetic  relatedness
	Traits were collected or measured on a subset of 46 dominant species
	At the species pool level there was evidence for a phylogenetic signal in trait variation. Furthermore, the authors found that differences in species functional diversity among plots were closely related to their phylogenetic variability, but this was not true for functional composition. Even when there is evidence of phylogenetic trait conservatism at the species pool level, phylogeny may be unable to capture all aspects of functional community structure.
	Carboni et al. 2013

	M
	Lazio region
	Coastal dunes
	Life form, plant

height, root depth,  reproduction mechanism, seeds dispersal
	Land-use
	Traits from literature. 81 sites. Collection of data about past and present land-use.
	Alien species significantly affected the functional and phylogenetic characteristics of the native plant communities. Habitat filtering seemed to be predominant in not-invaded plots, whereas limiting

similarity/niche differentiation was predominant in driving community assembly of invaded communities.
	Marcantonio et al. 2014

	M
	Lazio region
	Coastal dunes
	16 traits including plant height, seed mass, specific leaf area, flowering phenology, clonality, dispersal mode.
	Sea-inland gradient
	272 plots, 2 m x 2 m. Field collection of traits on 46 dominant species.
	An index is suggested for comparing the functional diversity of different plant communities with varying levels of environmental constraints (and hence varying levels of available functional space), like the plant assemblages along a sea-inland gradient.
	Ricotta et al. 2014

	M
	Lazio region
	Coastal dunes
	Plant height, specific laef area, leaf dry matter content, leaf size and tickness, seed mass
	Sea-inland gradient
	225 randomly sampled plots of 2 m x 2 m. Field collection of traits on 46 dominant species.
	The functional association of the indicator species with a given habitat type is represented by less species than the association highlighted solely through species occurrences and/or abundances. This subset of species appears to better characterize the functional ecology of coastal dune plant assemblages and shows a higher diagnostic value in comparison with those obtained through the traditional indicator analysis.
	Ricotta et al. 2015

	M,C
	Whole Italian coastal areas
	Coastal dunes
	Plant height, Seed mass, SLA, LDMC, Leaf size, Leaf thickness, Seed shape, Flowering phenology, Clonality, Leaf persistence, Life span, Pollination, Life form, Growth form, Dispersal, Leaf texture
	Temporal changes iof the major psammophilous habitats and species has changed since the 1960s
	2583 geo-located vegetation relevees spanning over half a century and covering the entire length of Italy’s sandy coastline. 
	Where protected, plant communities have generally increased in vegetation cover in recent years. The strongest increase in cover occurred in the wooded dune habitats, where late-successional, tall-growing and large-seeded species show the clearest signs of recovery. However, this has come in part at the expense of dune grasslands, which thrive under natural disturbance and have declined since the 1960s. The Natura 2000 network seems to have played a central role in this recovery process, as the cumulative coastal land area under protection has tripled since the network was first established.
	Prisco et al. 2016

	M
	Central Italy
	Coastal dunes
	Plant height, SLA,

LDMC, leaf size , life form, dispersal mode and pollination system.
	Ecological specialization
	Traits were collected or measured on a subset of 46 dominant species
	The authors found significant variation in the degree of specialization along the gradient, across several indices. Habitats closer to the sea and under greater stress held higher proportions of specialized species and had higher average specialization levels. Sheltered backdune habitats harboured both generalist and specialist species, but were dominated by generalists.

Trait niche depends on trait community-weighted means (CWMs) and therefore on the traits of co-occurring species, providing insights also into mechanisms shaping species co-existence.
	Carboni et al. 2016

	M
	Central Italy, Thyrrenian coast
	Coastal dunes
	Plant height, SLA, seed mass
	Gradient and fine scale heterogeneity (soil humidity, salinity and pH)
	Field collection according to standard protocol (Perez-Harguindeguy et al. 2013). 23 species sampled in three habitats (intraspecific variation considered for those that happened in more than one habitat). 20 individuals per species per habitat.
	Spatial and functional patterns conveyed complementary information. Within community spatial segregation was more common farther from the sea, which suggests the dominance of competitive processes in the least stressed communities. Fine scale convergence or divergence depended for all functional traits on the average environmental conditions of the community along the gradient, suggesting an effect of environmental stress on the prevailing assembly processes. However, it also depended on the environmental heterogeneity within the community, suggesting that micro-abiotic filtering might play a more important role than previously anticipated in determining fine scale community assembly.
	Conti et al. 2017

	M
	Sardinia
	Coastal cliffs
	Life stages
	Different pressure of alien ungulates which are considered a major threat
	We describe the population structure and the long-term dynamics of the main populations of the Sardinian narrow endemic Centaurea horrida, by means of permanent plots where individual plants were tagged and monitored through 6 years (2004–2009). 
	Herbivores had a negative effect on the survival of seedlings and adult plants, and reduced the stochastic population growth rate.
	Pisanu et al. 2012

	M
	Sardinia
	Coastal cliffs
	Reproductive traits
	The model of homoploid hybrid speciation is that of recombinational speciation, with ecological and spatial isolation required to achieve reproductive isolation of incipient species
	The 25 intermediate individuals collected at the Tavolara Islet were assigned to one of three different growth/developmental  seedlings, saplings, adults. For each adult the authors counted the number of capitula and branches. Seed production was estimated in July 2007 on three capitula from 11 adults.
	The studied intermediate population is of hybrid origin, and discuss possible mechanisms of its reproductive isolation from the parental species, potential re-introgression, and evolutionary implications of this hybridization.
	Pisanu et al. 2011

	M
	Central Italy, Thyrrenian coast
	Coastal dunes
	Plant height, SLA, LDMC, leaf size, life form, dispersal mode, pollination system
	Gradient of taxonomic diversity.
	414 plots. Traits measured in the field on 46 dominant species. Calculatation of taxonomic (TD), functional (FD), and phylogenetic diversity (PD)
	The authors found that the negative association between the level of invasion and native community TD is mirrored by quantitatively similar declines in FD, as well as a shift in community phylogenetic structure. These changes appeared to result from the selective exclusion of specific functional groups/clades, likely via a combination of niche- and fitness-related processes. Iceplant posed a greater threat to biodiversity than previously understood and may also hamper ecosystem functioning and reduce evolutionary potential. Accounting for FD and PD holds promise for gaining a better understanding of how invasive species alter the structure of native communities.
	Jucker et al. 2013

	M
	Central Italy, Thyrrenian coast
	Coastal dunes
	Plant height, SLA, LDMC, leaf size, leaf thickness, seed mass, seed shape
	Landscape fragmentation, land-use, patch context
	For each landscape patch, the authors computed a set of patch-based metrics relying on multi-temporal land-cover maps. 311 plots. Traits measured in the field. Calculatation of taxonomic (TD), functional (FD), and phylogenetic diversity (PD) within each patch at α, β, and γ level.
	Landscape pattern and transformations affected TD only moderately in coastal dune ecosystems. We found much stronger and contrasted effects on FD and PD. FD increased in patches surrounded by human-dominated habitats; PD was higher in fragmented patches, particularly in the Mediterranean macchia. Moreover, landscape pattern affected differently the single communities, the turnover among communities and the pool of species within the patch (α, β, and γ components). Our results call for the combined inclusion of FDand PDand their partitions into ecological analyses, being TD too crude to capture the comprehensive and contrasted response of plant diversity to landscape spatial pattern.
	Malavasi et al. 2016

	M
	Elba island
	Coastal cliffs
	Plant height, leaf area, SLA, LDMC, leaf water potential, photosynthetic efficiency
	Changes across the seasons
	6 species selected. 1 study plot.
	Crithmum maritimum showed high resistance to the recurrent dry periods. Semideciduous taxa utilize primarily an avoidance strategy, which aims at reducing the overall leaf surface, while sclerophylls mostly show a tolerance strategy. Furthermore, variability of physiological parameters was higher in the sclerophylls than in the semideciduous taxa.
	Ciccarelli et al. 2016

	M
	Coast of Tuscany
	Coastal dunes
	Leaf roll, morphology of epidermis, vesicular cells, salt crystals,

stomatal apparatus, stomatal density, hydathodes, mesophyll, idioblasts, SLA,

LDMC
	2 morphological types of Cakile maritima
	2 sites, one under erosion and one prograding. 5 parcels in each site; 5 plots (2x2 m) in each parcel.
	The most interesting anatomical adaptations to sand dune habitats are thick epidermal cuticle, high stomatal density, epidermal vesicular cells involved in water storage, sunlight reflexion and together with hydathodes in salt elimination, high development of palisade and water storage parenchyma, bundle sheath typical of C4 leaf anatomy. Differences in several leaf characters between the two morphotypes seem to suggest that pinnatifid morphotype is more resistant to stress and environmental disturbance than the entire type.
	Ciccarelli et al. 2010

	M
	Coast of Tuscany
	Coastal dunes
	Several morpho-anatomical traits
	Foredune gradient
	Three species selected: Calystegia soldanella, Euphorbia paralias, Otanthus maritimus. 
	The most interesting morpho-anatomical adaptations of the three psammophytes to the ecological conditions of coastal sand dune systems seem to be leaf orientation, leaf roll, non-glandular and glandular trichomes, general morphology of epidermis, morphology and localization of stomata, hydathodes, aerenchyma and water-storage parenchyma.
	Ciccarelli et al. 2009

	M
	Central Italy, Tyrrenian coast
	Coastal dunes
	Reproductive and dispersal traits of lichens
	Stand structure of Juniperus vegetation
	Strip adaptive cluster sampling (SACS) We randomly selected 15 primary units (strips) all along the dune system. Each strip was divided into secondary units, which were represented by 5 x 5 m square plots  extending from the sea front to the back edge of the Juniperus shrubland across the dune.
	The authors demonstrated that Seirophora villosa was only occupying a small part of its colonizable niche at Feniglia. Despite its relatively high reproductive rate (ca. 7.5 juvenile thalli/mature thallus), the species possesses a very low dispersal ability within the dune system, as evidenced by the fine-scale independence of juvenile thallus occurrence from pure spatial and environmental factors, apart from the co-occurrence of mature thalli. 

The low propagation ability of S. villosa and its clumped distribution, as highlighted in our study, suggests that sporadic habitat disturbance events causing vegetation loss, e.g. due to local maintenance work for tourist facilities or opening in the shrubland for excessive trampling, can also trigger the decline in communities of this red-listed species, even in well-preserved habitats set aside for its conservation.
	Giordani et al. 2015a


PFTs AND INTRASPECIFIC VARIABILITY

	Biogeographic region
	Location
	System
	Traits
	Environmental drivers of traits variability
	Methods
	Results
	Literature

	C
	Central Apennines
	Secondary grasslands
	SLA, LDMC, plant height, stem lenght, clonal traits, seed mass, 

seed germination 
	Gradient (topography, micro-climate conditions, soil moisture, soil nutrients)
	Field collection. Standard protocol (Cornelissen et al. 2003; Kleyer et al. 2008). 4 species collected (Sesleria nitida, Lotus corniculatus, Thymus longicaulis, Astragalus sempervirens). 2 contrasting habitats. 30 individuals measured per species and habitat.
	Significant intraspecific differences in trait attributes between the contrasting habitats indicate phenotypic adaptation to in situ environmental conditions. Leaf traits and height growth show lower variability than environment being probably more regulated by plants than clonal traits which show much higher variability. The authors argue that protecting habitats with considerable medium-and small-scale environmental heterogeneity is important to maintain large intraspecific variability within local populations that finally can buffer against uncertainty of future climate and land use scenarios.
	Wellstein et al. 2013

	C
	Central Apennines
	Forests
	Leaf N
	Biogeographic gradient
	Two species (Fagus sylvatica, Picea excelsa) along an European gradient.
	Despite the low variation in foliar N concentrations on the large geographic scale, local and regional variations in N concentrations equalled or exceeded the variation along the entire continental transect.
	Bauer et al. 1997

	M
	Experimental garden
	Common garden
	Plant height, leaf area, gas exchange, leaf N, leaf mass per area
	Water manipulation
	Potted plants of the endemic Centaurea gymnocarpa. Water manipulation to simulate drought stress
	The species resulted particularly adapted to the dry environment where it naturally grows. The dense C. gymnocarpa leaf pubescence, leaf rolling, the relatively high leaf mass area and leaf tissue density contribute to limit leaf transpiration, also postponing leaf death under dry conditions
	Catoni and Gratani 2013

	M
	Central Italy
	Mediterranean maquis
	LMA, leaf tissue density, leaf thickness
	Temperature
	Inter-annual traits variation of 8 species: Arbutus unedo, Cistus incanus, Erica arborea, Erica multiflora, Phillyrea latifolia, Pistacia lentiscus, Quercus ilex and Rosmarinus officinalis
	Only evergreen sclerophyllous with a longer leaf life-span rely on the inter-annual changes in leaf tissue density and leaf thickness to modulate their response to temperature. Overall, the results showed that the inter-annual LTD and LT variability affected the responsiveness of

net photosynthetic rate of the selected species according to their leaf habitus.
	Gratani et al. 2018

	C, M
	Experimental garden
	Common garden
	Leaf area, shape, structure and leaf C
	Biogeographic gradient
	Experimental plantation of Populus nigra collected in 14 metapopulations
	P. nigra metapopulations presented substantial genetic variation and phenotypic plasticity for leaf traits, which both represented potentially significant determinants of populations’ capacities to respond, on a short-term basis and over generations, to environmental variations.
	Guet et al. 2015

	A
	Europe
	Forests
	Leaf N and P
	Biogeographic gradient
	2583 observations at 441 European sites with Picea excelsa
	Across Europe, the patterns of leaf N and N:P ratio were mainly driven by climate-related geochemistry and plant physiology, but also greatly impacted by anthropogenic N deposition
	Kang et al. 2011

	M,C
	Experimental garden
	Common garden
	SLA, LTD, and other morphological, anatomical and physiological leaf traits
	Plants grown from acorns collected along an aridity gradient
	Potted plants. Standard protocols (Cornelissen et al. 2003). Studied species Quercus ilex. Plants grown from acorns collected along an aridity gradient.
	The plasticity index sensu Valladares et al. (2000) for physiological traits of the seedlings was higher than morphological and anatomical traits, but the largest differences in plasticity among ecotypes were found for morphological and anatomical traits. The ecotypes of Q. ilex studied here seemed to integrate, at leaf level, functions of growth activity, morphology and physiology related to the climate of the original provenance.
	Gratani et al. 2003

	C
	Central Apennines
	Primary grasslands
	Plant height, LMA, LTD, Total leaf area (TLA), LT, and other anatomical and physiological leaf traits
	Gradient elevation
	Field collection. Standard protocol (Cornelissen et al. 2003). 2 species collected (Crepis pygmaea, Isatis

Apennina)
	Significant intraspecific differences in trait values for both the species in response to the different altitudes. At the species level, our results underline that C. pygmaea has a significantly higher phenotypic plasticity index (PI) of both physiological and morphological leaf traits than I. apennina. Moreover, the main variation trend was due to the combination of physiological and morphological traits mainly related to carbon acquisition that underlines how the populations of C. pygmaea and I. apennina growing at the highest altitude have a large carbon acquisition capacity.
	Gratani et al. 2012

	C
	Central Apennines
	Secondary and primary grasslands
	Leaf mass per area, leaf tissue density, leaf thickness, and other anatomical and physiological leaf traits 
	Gradient (elevation)
	Field collection. Standard protocol (Cornelissen et al. 2003). 1 species collected (Sesleria nitida). n = at least 10
	The results showed that leaf mass per unit leaf area (LMA), leaf tissue density (LTD) and total leaf thickness (LT) were 19%, 3% and 31% higher in leaves from the population growing at 1,895 m a.s.l. than in leaves from the population growing at 1,100 m a.s.l. , respectively. The mean plasticity index (PI = 0.24, mean of morphological, anatomical and physiological leaf traits) reflected S. nitida response to different environmental conditions.
	Gratani et al. 2014

	C
	Central Apennines
	Secondary grasslands and beech forests
	Leaf mass per area, leaf tissue density, leaf thickness, and others anatomical and physiological leaf traits
	Sun vs shade
	Field collection. Standard protocol (Cornelissen et al. 2003). 1 species collected (Sesleria nitida). n = at least 20
	LT was 252.0±4.6 μm and 237.2±9.9 μm in sun vs shade leaves, respectively. SLA was 35% higher in shade than in sun leaves while LTD was 14% lower in shade than in sun leaves. The mean plasticity index (PI = 0.32, mean of morphological, anatomical and physiological leaf traits) reflected S. nitida response to different light environments.
	Puglielli et al. 2015a

	M
	Central Apennines
	Common garden
	Leaf mass per area, leaf tissue density, leaf thickness, and others anatomical and physiological leaf traits
	Species comparison
	Potted plants. Standard protocol (Cornelissen et al. 2003). 2 species collected (Sesleria nitida and Sesleria juncifolia). n = at least 20
	The different ecological contexts in which the species develop under field conditions determine a different control of LMA variations by its structural components (LTD and LT). These differences are related to the photosynthetic capacity scaling linearly with the leaf biomass investment per unit leaf area. 
	Puglielli et al. 2015b

	M
	Castelfusano
	Med. shrublands and Pinus forests
	Leaf mass per area, leaf tissue density, leaf thickness, and others anatomical, biochemical and physiological leaf traits
	Sun vs shade
	Field collection. Standard protocol (Cornelissen et al. 2003). 1 species collected (Cistus salvifolius). n = at least 10
	SLA was 55% higher  in shade than in sun leaves while LTD was 5% lower in shade than in sun leaves.  The obtained results suggested long-term acclimation of the selected shrubs to contrasting light environments. In high light conditions leaf nitrogen and chlorophyll contents per unit leaf area, leaf thickness and chlorophyll a to b ratio increased, thus maximizing net photosynthesis. The increased in the abundance of pigment-protein complexes and the decreased Chla/b in shade drive to an increased light harvesting capacity. Overall, our results demonstrated the morphological, anatomical and physiological acclimation of C. salvifolius to a reduced light environment.
	Puglielli et al. 2017a

	M
	Experimental garden
	Common garden
	Leaf mass per area, leaf tissue density, leaf thickness, and  physiological leaf traits
	Climate (intra-annual variations)
	Potted plants. Standard protocol (Cornelissen et al. 2003). 3 species collected (Cistus salvifolius, C. monspeliensis and C. creticus subsp. eriocephalus each from two different provenances). n = 6
	LMA increased by 10% under chilliing. LMA decreased in C. salvifolius and in C. creticus subsp. eriocephalus (17%) while increased in C. monspeliensis (5%) in spring compared to winter. Changes in LMA across species were due to changes in both LT and LDMC. All the relationships were also significant at the intraspecific level.  LMA and its components were mostly significantly related to photosynthesis per unit of leaf mass both across and within species. Moreover, our analysis highlighted that the functional relationships investigated can follow seasonal changes and the revealed patterns were originated from species-specific differences in LMA arising during the favorable period., the seasonal changes of the functional relationships investigated can have predictable consequences on species leaf turnover strategies.   
	Puglielli et al. 2017b

	C, M
	Experimental garden
	Common garden
	Net photosynthesis rate, stomatal and mesophyll conductance, leaf mass per area
	Different origins of ecotypes
	Seeds from different provenances cultivated  in greenhouse. Measurements of traits after 9 years of growth.
	Mesophyll conductance to CO2 was the most limiting factor for photosynthesis per unit leaf area in all the studied Quercus ilex provenances from Spain and Italy. The within-species differences in mesophyll conductance can be partly attributed to the variation in several leaf anatomical traits.
	Peguero-Pina et al. 2017

	C
	Central Apennines
	Secondary grasslands
	Plant height, n. of stems, leaf cover, leaf number, leaf weight, bract number and weight
	Soil pH, available water capacity, water deficit, land use. Altitude, aspect, slope angle, landform, land use
	Randomly selection of a number of 500 × 500 m cells including one or more populations of Gentiana lutea. Two different grain sizes: 10 × 10 m plots and individual level. Field sampling of traits
	Gentiana lutea was found on northerly slopes with moderate slope angle, mostly at altitudes ranging from 1450 to 1750 m a.s.l., shifting on southerly aspects at the highest altitudes. Available Water Capacity was the main variable leading the vegetative performances of individuals (optimal values were greater than 50). The relatively low values of soil water deficit (mostly lower than 30 mm yr-1) indicated a very low tolerance of the species to summer water stress. Grassland abandonment was the most suitable land use for the spread of G. lutea populations. 
	Catorci et al. 2014c

	M,C
	Castelporziano Estate, Nago (north of the Garda Lake)
	Mediterranean maquis and scattered shrubs of the coppiced woodland dominated

by Quercus ilex
	Whole-plant, leaf and phenological traits
	Geographic gradient
	Field measurements on  Quercus ilex ecotypes
	The potential productivity of Quercus ilex lied in its tendency to be slow growing with maximum vegetative activity from the end of April to the end of June at Castelporziano, and from the middle of May to the middle of July at Nago, when air temperatures favoured the highest photosynthetic rates (90–100%). The lower shoot biomass production at site Nago was due to the lower relative growth rates in shoot length (RGRl < 20%) and in shoot dry mass (RGRm<11%). The lower shoot length growth efficiency (LE < 62%) at the northern limit was related to the low temperatures in winter and beginning of spring which reduced favourable periods (<20% than Castelporziano) for photosynthetic carbon gain and growth dynamics. It resulted in a lower total leaf surface area per shoot (<60% than Castelporziano) and a reduced shoot leaf mass (< 31%).
	Crescente et al. 2002

	A
	Eastern Alps
	Springs
	Cell length,

pluristratose lamina, paraphyllia,

stem thickness, 

costa width, leaf  length, leaf width, teeth
	Climatic, hydrologic and hydrochemical features
	Field surveys and sampling; 1 species (Palustriella falcata). The authors measured a set of morphological characters that identify variability among specimens within the same spring and among multiple springs.
	In many cases, morphological characters differed even among shoots within a spring. The authors found positive and significant partial correlation between pluristratose lamina and width of costa, but negative correlation between pluristratose lamina and length of cells. 40.3% of this morphological variation was explained by a set of environmental variables, but most importantly, extensive pluristratose laminae were found in constantly submerged habitats.
	Spitale & Petraglia 2010

	A
	Eastern Alps
	Forests
	K, Na, Ca, Mg, Fe, Al, Cu, Zn, Mo, V, Pb, Cr, Co, Ni, Cd, net primary production
	Precipitation, altitude, soil N, P, K


	Field collection; 1 species (Hylocomium splendens).


	Net primary production (NPP) of the forest moss Hylocomium splendens increased significantly along an elevational gradient in the southern Alps of Italy. Extracellularly bound metals (Al, Ca, Co, Cr, Fe, Ni, Mo, Ni, Pb) showed declining concentrations in moss tissue with increasing altitude, presumably because the amount of exchange sites on the cell wall increases less than total biomass. Concentrations of intracellular elements did not vary (Cd, Cu, Mg, Na, Zn), or even increased (K) with altitude. The observed patterns were always independent of precipitation amount and soil concentrations of exchangeable elements. A higher soil nutrient status only enhanced K uptake by the moss. We concluded that variations in moss NPP, associated with elevational gradients, may significantly affect estimates of atmospheric deposition based on moss analysis in mountainous regions.
	Gerdol et al. 2002

	A
	Eastern Alps
	Alpine gradient (1000-2200 m a.s.l.)
	Al, Ca, Cd, Fe

K, Mg, N, Pb, Zn
	Altitude
	Field collection: 1 species (Hylocomium splendens).
	Element concentrations vary with altitude even in the absence of any precipitation pattern related to elevation. In particular, concentrations of anthropogenic pollutants (especially Cd and Pb) peaked at mid altitude (1400–1800 m) where frequency of cloud cover was the highest. The trace metal concentrations in alpine mosses can be regarded as a reliable estimate of total atmospheric deposition, i.e., including occult deposition by cloudwater.
	Gerdol & Bragazza 2006

	A
	Eastern Alps
	Peatlands
	Relative growth rate
	Climatic features,

Water table depth and photoperiod
	Field and laboratory measures; 3 species (Sphagnum capillifolium, S. magellanicum and S. fallax).
	Long-day photoperiod promoted growth of all species. Induction of dormancy required both short-day photoperiod and low night temperature. Mean temperature had a positive effect on growth of both S. capillifolium and S. magellanicum. Growth of S. fallax, a species which is more prone to desiccation in dry periods, was more affected by water-table depth. The periodic pattern of dry-matter accumulation in Sphagnum is controlled partly by an as yet unknown internal rhythm based on photoperiod, and partly by external factors related to climate. However, the response of Sphagnum to environment differs between species and is reflected in the competitive equilibria between species that are adapted to different microhabitats. Hollow species are usually more productive than hummock species in wet periods but this ratio often reverses in dry periods.
	Gerdol 1995

	M
	Southern Apennine
	Turkey Oak forest


	Fine root biomass, necromass, SRL, diameter, annual production and turnover rate, depth distribution
	Soil water content, seasonal variation
	Soil cores field collection .
	All fine-root traits displayed a complex pattern that was significantly related to season. In the four diameter classes, both fine-root biomass and length peaked in summer when soil water content was the lowest and air temperature the highest of the season. Moreover, both fine-root biomass and length were inversely related with soil moisture. The finest roots (<0.5 mm in diameter) constituted an important fraction of total fine-root length (79 %), but only 21 % of biomass. Only in this root class, consequent to change in mean diameter, specific root length peaked when soil water content was lowest showing an inverse relationship. Furthermore, fine-root production and turnover decreased with increasing root diameter. 
	Montagnoli et al. 2012b

	A
	Prealps
	Beech forests
	Very fine and fine root biomass and lenght 
	Gradient (soil water content, soil temperature,  seasonal variation)
	Soil cores field collection according to Vogt and Persson (1991) 
	Very fine roots of Fagus sylvatica were the more responsiveness to soil environmental changes. Fine-root growth seemed to be driven by soil water content, whereas very fine-root growth by soil temperature.
	Montagnoli et al. 2014


AQUATIC ENVIRONMENTS AND PLANT GROWTH: EVIDENCES FROM RIVER AND SHALLOW INLAND ECOSYSTEMS

	Biogeographic region
	Location
	System
	Traits
	Environmental drivers of traits variability
	Methods
	Results
	Literature

	C
	Parma Province
	Wetland
	Growth rate. Number of fronds.
	Sediment trophic (N, P) level
	150 shoots of Marsilea quadrifolia. Manipulation of sediments to obtain six trophic levels. Incubation of 42 days.
	The results confirmed the pivotal role of sediment in driving the growth of Marsilea quadrifolia, which responded rapidly to the increase in nutrient availability up to a moderate excess. M. quadrifolia seemed to be a slightly eutrophic-rooted aquatic species.
	Bolpagni & Pino 2017

	C, M
	Trasimeno, Varese and Mantua lakes
	Shallow lakes
	Growth forms
	Biogeographical Regions, phenological phases
	Sampling of macrophyte beds and classification in growth forms. In situ collection of spectroradiometric response of different macrophytes. Satellite data.
	Best performing input features were derived from multi-temporal WAVI, a specific aquatic vegetation index. The findings demonstrated that mapping macrophyte community types of over different systems is feasible using medium-resolution, operational satellite data in a simple way. This constitute a step forward for macrophyte mapping going beyond the local

scale, and can be used for supporting regional to continental monitoring

of spatial and temporal dynamics of primary producers in freshwater ecosystems. A broad scale assessment of macrophyte cover and dynamics

can extend and improve the knowledge of aquatic regime shifts mechanisms.
	Villa et al. 2015

	C
	Mantova and Balaton lakes
	Eutrophic shallow lakes
	Canopy morphological traits
	Biogeographical Regions, phenological phases
	26 plots, minimum 10 x 10 m each. Two lakes (in Italy and Hungary)
	The authors calibrated simple procedures using morphological trait measures and applied them to airborne hyperspectral imaging data. Maps of morphological traits were produced covering a broad range of aquatic plant types (submerged, floating, and emergent). Based on these maps, the authors discuss how remote sensing could support monitoring strategies and shallow lake management.
	Villa et al. 2017

	C
	Oglio River
	Riverine wetlands
	Growth forms
	Wetland origin and hydrology
	60 wetlands. Identification of functional zones (habitat heterogeneity). Sampling units of 4 to 64 mq according to vegetation types.
	The natural lotic wetlands displayed the lowest overall vegetation diversity, being almost completely devoid of aquatic and herbaceous plant communities, with the exception of annual vegetation. By contrast, natural lentic wetlands had the highest vegetation diversity, which was mainly represented by shrub and rhizophyte plant communities. For artificial sites, the lotic wetlands yielded the highest diversity values for the pleustophyte vegetation, while the lentic sites yielded the highest values of amphibious plant community diversity.
	Bolpagni & Piotti 2016

	C
	Mincio River
	Semi-natural shallow lakes
	Growth performance
	Physico-chemical

water features
	10 sampling sites. Transplantation of Vallisneria spiralis in 3 experimental water bodies
	Vallisneria spiralis proved to be able to grow under oligotrophic conditions, even if at rates lower than those recorded under eutrophic  conditions. Accordingly, V. spiralis represents a potential threat for oligotrophic aquatic habitats at moderate elevations. However, the high variability observed in the growth responses highlights the need of further

investigation to evaluate the key factors involved in the establishment and survival of the species.
	Bolpagni et al. 2015

	M
	Vico lake
	Oligo-mesotrphic lake
	Leaf litter decomposition
	Riparian features and water chemistry
	6 sampling sites with Phragmites australis. Remote sensing data and water chemistry analysis
	Decomposition was fastest in the northern area of the lake that drained most of the watershed, including a larger portion in wetland area. Rates

correlated exponentially with soluble reactive phosphorus concentration, and were positively associated with total-P concentration and organic matter percentage in sediments,which, in turn, were influenced by the riparian-related factors and wave exposure.
	Costantini et al. 2007

	C
	Oglio River
	Riverine wetlands
	Growth forms
	Wetland origin and hydrology
	60 wetlands. Identification of functional zones (habitat heterogeneity). Sampling units of 4 to 64 mq according to vegetation types.
	Herbaceous plant communities were the dominant vegetation, whereas aquatic ones were poorly represented. Almost all vegetation communities detected were dominated by extremely competitive and opportunistic hydro-hygrophilous plant species or alien taxa; especially in riparian areas. This is probably due to the ability of these species to rapidly colonize either nutrient-rich waters and muds, or hydrological altered habitats and fringe ecotones.
	Bolpagni & Piotti 2015

	C, M
	5 wetlands in Central Italy
	Wetlands
	N. of culms per clump, density of culms, flowering heads and dead apical buds.
	Flooding period
	80 plots, 1 x 1 mq. Traits measured in the field.
	There were clear trends, modulated by site-specific effects, for most of the considered traits in function of the duration of submersion. The clumping rate was close to zero in NF-stands, reached high values in PF-stands and was positively correlated with water depth. Permanent submersion with deep water levels plays a crucial role in the occurrence of Phragmites australis dieback.
	Lastrucci et al. 2017

	M
	Montepulciano Lake
	Wetlands
	Culm height, diameter and

density,  n.

and rate of inflorescences, n. and rate of dead apical buds,  clumping habit.
	Flooding period, sediment chemistry
	10 randomply distributed transects to assess the Reed-water front. 10 plots 1x1 mq for traits sampling.
	Macromorphological traits differed according to the ecological status, with

flooded stands showing patterns related to poor health status of Phragmites australis, such as high rates of clumping habit and dead apical bud rate, high culm density and, to a lesser extent, low culm diameter and

flowering head rate. Sulfates were relatively abundant in the sediment of flooded stands and, together with some heavy metals, resulted in some of the mentioned traits.
	Lastrucci et al. 2016

	C
	Mantova lakes
	Eutrophic shallow lakes
	Growth forms
	Lakes with different features
	10 transect for each lake. 3 random sampling for each transect. Use of APEX images.
	High concentrations of chlorophyll-a, were determined in the open water between well developed stands of floating-leaved, submerged, and emergent macrophytes. Data suggest a general inhibition of phytoplankton by macrophytes, evidenced by decreasing chlorophyll-a concentrations in proximity of macrophyte stands.
	Bolpagni et al. 2014

	C
	Oglio River
	Riverine wetlands
	Growth forms
	Wetland origin and hydrology
	60 wetlands. Identification of functional zones (habitat heterogeneity). Sampling units of 4 mq.
	Data revealed the predominance of terrestrial species within shallow aquatic habitats of the Oglio riverscape and the deterioration of the obligate aquatic plant contingent and the helophyte representativeness in riparian zones. Overall, plant diversity appears to be driven more by the sites origin (natural vs. artificial) and their structural complexity rather than by their hydrological features (lentic vs. lotic). On the other hand, data confirmed the important role of the artificial drainage system as temporary valuable habitat for lowland macrophytes.
	Bolpagni et al. 2013

	C
	Po River
	Shallow lakes
	Biomass, gas exchange (CO2, CH4)
	Seasons
	Trapa natans biomass collection in 0.25 mq plots. Closed chamber technique for gas exchange.
	The Trapa natans mat was a net sink for atmospheric CO2 from mid June to mid August, with an uptake peak measured at the beginning of July.  Contextually, during the vegetative period of T. natans, the oxbow lake was a net source of methane. The large methane release was probably due to the persistent hypoxia and anoxia induced by the T. natans meadow, which uncoupled methane production from methane oxidation.
	Pierobon et al. 2010

	A
	Veneto
	Freshwater
	Dispersal strategy, thallus growth rate
	Time since restoration
	13 sites with different ages since restoration
	The age of newly constructed habitats influenced both species richness and thallus size of the two most frequent Verrucaria species. Verrucaria aquatilis was a rapid colonizer invading the substrate by several small-sized and thin thalli, which soon supported a large number of small perithecia whose development began in the earlier phase of thallus formation. V. elaeomelaena, on the contrary, developed according to a different strategy, establishing a thick thallus on which relatively large perithecia were formed much later than in V. aquatilis.
	Nascimbene et al. 2009

	C
	Po River
	Shallow lakes
	Gas exchange (CO2, CH4)
	Day-night cycle
	2 contiguous areas of 3mq with and without Trapa natans. Quantification of gas exchange mediated by T. natans.
	Trapa natans stands were a net sink of CO2 during the day-light period

but they were a net source at night, when the greatest CO2 efflux rate was measured across the water surface. The highest CH4 effluxes were determined in T. natans stands during day-time, whilst CH4 emissions across the plant-free water surface were greatest at night. Therefore, T. natans enhanced methane delivery to the atmosphere. On a daily basis, the oxbow lake was a net source to the atmosphere of both CO2 and CH4
	Bolpagni et al. 2007


OTHER SUBJECTS

	Biogeographic region
	Location
	System
	Traits
	Environmental drivers of traits variability
	Methods
	Results
	Literature

	A
	Alps, Province of Trento
	Alpine pastures
	Specific leaf area, canopy height, seed mass
	Climate, soil and grazing pressure
	105 pasture plots 5 m x 5 m. Traits from literature
	Variables of climate and soil properties had a major role in explaining the species composition and variations in plant traits, while grazing pressure showed a lower independent effect. Species composition and plant traits depended mainly on temperature, soil fertility, and variables of bedrock type - soil pH.
	Dainese et al. 2012

	C, M
	Northern Italy, Southern Italy, Cipro
	Secondary grasslands, marginal habitats


	Seed germination
	Climate (temperature)
	Laboratory experiments on 8 Aegilops species
	Alternating temperatures promoted higher germination rates in all the species and significantly enhanced seed germination in three species (Aegilops biuncialis, Aegilops geniculata and Aegilops neglecta), in comparison with constant temperatures. One of the rarest and least productive species in the genus (Aegilops uniaristata) displayed the highest germination. The study suggests that different (seed) regeneration strategies/ niches occur across Aegilops species.
	Guzzon et al. 2015

	C
	Europe
	Common garden
	Leaf area
	Climate and seasons
	12 sites in Europe (Pordenone for Italy), common garden experiment with Trifolium repens
	Temperature was the primary climatic determinant of clover response in all periods, having a direct effect on clover content and leaf area index or mediating the effect of the associate species. Radiation strongly influenced clover dynamics during winter and spring. Precipitation was positively related to clover growth during spring and autumn and was related to tiller density in a complex manner during autumn and winter.
	Wachendorf et al. 2001

	M
	Campania region
	Urban areas
	Leaf area, specific leaf area, leaf dry matter content, relative water content
	Metal contamination
	6 sites in urban areas, close to roads and urban parks
	The motorways were the most contaminated sites, and Pb was the

main responsible source of contamination. The metal contamination did not significantly alter functionality of the photosynthetic apparatus of Quercus ilex.
	Maisto et al. 2013

	C
	Karst plateau
	Abandoned calcareous quarries
	Life span
	Time after reclamation
	Four areas with different reclamation time. Seven sampling points for each area. Traits from literature.
	Plant traits were affected by the age of reclaimed areas, evidencing

the main changes in plant succession. Annual and exotic species decreased toward the mature stages of reclamation. Both vegetation layer changes and plant traits can be used to assess the degree to which reclamation efforts produce results that approach the restoration of a natural vegetation reference.
	Boscutti et al. 2017

	M
	Thyrrenian coast of Central Italy
	Sand dunes
	Life form, growth form, vegetative propagation, leaf persistence, pollination system, SLA, dispersal mode, seed mass, canopy height, flowering phenology
	Functional dissimilarity with different sensitivity to the presence of rare and abundant species
	12 plots. New parametric measure of plot-to-plot

functional dissimilarity that incorporates information about the degree of functional dissimilarity between species. 
	The proposed measure has a different sensitivity to the presence of rare and abundant species within plots as a function of the selected parameter value.
	Ricotta & Bacaro 2010

	M, C
	Central Apennines
	Secondary grasslands
	Life span, growth form, vegetative propagation, belowground organs, leaf span and anatomy, plant height, seed mass,  palatability
	Air temperature and soil moisture along a climatic gradient
	129 plots (10 x 10 m). Ellenberg's indicators values as proxy to assess air temperature and soil moisture gradients.
	From productive to harsh conditions, the authors observed a shift from tolerance to avoidance strategies, and a change in resource allocation strategies to face competition and stress or that maximize exploitation of patchily distributed soil resource niches. In addition, the increase of temperature and water scarcity leads to the establishment of regeneration strategies that enable plants to cope with the unpredictability of changes in stress intensity and duration. At higher elevations, drought-adaptive traits might become more abundant on south-facing slopes that are less stressed by winter low temperatures; traits related to productive conditions and cold stress would be replaced on north-facing slopes by those adapted to overcome both the drought and the cold stresses.
	Tardella et al. 2016

	C
	Central Apennines
	Hilly and mountain forests
	Flowering period, pollen vector, seed weight, type of reproduction, storage organs, leaf persistence.
	Topographic variables (altitude, aspect, slope angle), dominant tree species cover
	Stratified sampling. 226 plots, 20x20 m. Traits from literature.
	In the herb layer of hilly and mountain belts, reproductive traits, related to resource acquisition and conservation strategies, showed a pattern mainly linked to the joint effect of altitude and overstory type and, second, to slope aspect. Species with both sexual and vegetative propagation, more abundant than those reproducing only sexually, did not show any trend. Below 1,000 m a.s.l. the long-lasting growing season favored traits aimed at efﬁcient light and soil resource acquisition and space exploitation (e.g., persistent green leaves, runners, tap roots, medium sized seeds) that support a long reproductive cycle. Over 1,000 m a.s.l. the intense and long-lasting winter cold stress and the shorter growing period fostered traits aimed at fast growth and reproduction (e.g., self-pollination, low seed weight, spring and overwintering green leaves), and at stress tolerance (rhizomes, bulbils).
	Catorci et al. 2013a

	C
	Central Apennines
	Secondary grasslands
	Mortality rate of Fagus sylvatica seedlings
	Photosynthetically active radiation, soil temperature and humidity
	Monitoring of beech seedlings occurring in Brachypodium genuense-dominated stands above the timberline.
	Timberline is not a natural boundary and that there is no evidence of its extension upwards. The greatest number of beech seedlings was recorded in late spring. The one-year mortality rate ranged from 71 to 100%. None of the seedlings still alive in the early autumn of the first year were recorded in the following spring. The competitive exclusion by Brachypodium genuense individuals, were identified as the main factors that account for the high mortality of seedlings and affect beech regeneration above timberline.
	Catorci et al. 2012c

	C
	Central Apennines
	Secondary grasslands
	Leaf distribution, spines, hairs, texture, chemical defences , palatability,  ﬂowering, and regrowth capacity.
	Comparison between two plant communities growing on north-facing and on south-facing slopes.
	20 relevés, (100 m2 each).
	Avoidance strategies predominate within the grazed system.  Species with spiny cushion  were observed in semimesic grassland, where a brief period of overgrazing occurs in late summer.
	Catorci et al. 2012f

	C
	Central Apennines
	Secondary grasslands
	 Life forms, species average height , runners, underground storage organs, leaf persistence, pollination strategy, flowering phenology
	Comparison between two sites along an elevation gradient.
	Two sites at different elevations. Four fenced plots of 50 m2 each were established in both sites. Phenological relevés were carried out in each plot every fifteen days.
	Each phenological phase tends to be linked to a group of functional traits. Dominant species reach their maximum phenological forwardness in the middle of the vegetative season, while nondominant species ‘exploit’ the beginning and end of the vegetative season. Two main sets of strategies allowing non-dominant species to co-exist with the dominant ones were highlighted. The first characterizes the tall graminoids-dominated patches, where a pattern of traits allows subordinate species to differentiate the flowering temporal niche compared to the dominant ones. The second set of strategies is related to some small-sized species, which can co-exist with dominant species by exploiting gaps due to livestock disturbance, or by forming patches given their clonal ability.
	Catorci et al. 2012g

	A
	Rhaetian Alps, Stelvio National Park 
	Alpine snowbed
	ANPP of vascular plants and Polytrichastrum sexangulare (moss)
	Snowmelt gradient
	Field collection; dry weight; random sampling of vegetation in 21 stands (9 with later snowmelt and 12 with earlier snowmelt)
	A significant difference was found only for Poa alpina, with higher ANPP in earlier snowmelt stands.
	Carbognani et al. 2012

	M,C
	Tuscany
	Forests
	Leaf nutrients (N, P, Mg, Ca, etc.), leaf area, leaf thickness, leaf mass per area
	Interannual climatic variation
	Six monitoring plots of 2500 mq. Three years of sampling
	Considerable interannual variation of all the traits. Differences between sampling sites indicated that, of all parameters measured, leaf mass per area could explain best the differences in field performance under conditions of stress. In fact, leaf mass per area was greater in the drier sites or when sea salt deposition occurred. Higher leaf mass per area was accompanied by lower concentrations of phosphorus and nitrogen.
	Bussotti et al. 2000

	M
	Sicily, Etna
	Forests
	Leaf litter decomposition
	Soil development
	Eight sites at different stages of (volcanic) soil development
	For Genista aetnensis and Pinus nigra litter, the readily mineralized fraction of added plant C was greater when the plant material decomposes in well developed soils compared to less developed soils. For Castanea sativa and Pinus nigra litter, the microbial communities in less developed soils were less efficient at mineralizing C from low quality plant residues.
	Hopkins et al. 2007

	C, M
	Northern and southern Apennines
	Forests
	Leaf litter decomposition
	Climate
	Two beech forests sites, in northern and southern Italy. Litterbags method and microcosm to follow stages of decomposition
	Faster field decomposition for the southern (warmer) site compared to the northern (colder) site, whereas under stable conditions in microcosms this trend reversed, implying different microbial adaptations to climate
	Innangi et al. 2015

	C
	Po valley
	Forests
	Leaf gas exchange, leaf N, Leaf area, leaf mass per area
	Seasonal and interannual climate variability
	One site of 38 ha of mixed forest plantation
	Marked seasonal and interannual variability in photosynthetic capacity was observed, primarily caused by changes in leaf ontogeny and water stress. Relatively small differences were apparent between species. In years with a moderateor a severe water stress, photosynthetic capacity decreased during the summer in proportion to drought intensity, without a parallel decline in leaf nitrogen content. Irrespective of the mechanisms by which photosynthetic capacity is affected by water stress, its large seasonal and interannual variability is of great relevance for modeling the forest carbon cycle.
	Grassi et al. 2005

	A
	Dolomites
	Sub-Alpine dwarf-shrub heath
	Above- and below-ground biomass, leaf and litter chemistry (N, P, C), leaf water potential
	Soil moisture and nutrient content
	Three sites with different substrates. Eight 1 m x 1 m plots for each site.
	V. myrtillus biomass was highest at the silicate site, V. vitis-idaea biomass was highest at the carbonate site. Both shrubs had low biomass at the peat site. Water use efficiency (WUE) did not differ among sites for any species. Whole-plant nutrient concentrations showed that, with increasing biomass, N was diluted in V. myrtillus tissues while P was diluted in V. vitisidaea tissues. Foliar N-concentration was higher overall for V. myrtillus. Foliar P-concentration in V. myrtillus peaked at the silicate site. Foliar N : P ratios suggested that V. myrtillus was primarily P-limited and V. vitis-idaea primarily N-limited. Water content affected the distribution of the two shrubs in a similar way, higher P-availability in the soil enhanced V. myrtillus rather than V. vitis-idaea.
	Gerdol et al. 2004

	C
	Northern Apennines
	Sub-Alpine dwarf-shrub heath
	Leaf area , above-ground biomass, leaf and litter N and P concentration
	Soil nutrient availability
	Field collection of traits. Five 10 m x 10 m plots in 3 communites. 
	Total community net primary productivity (NPP) was closely related to soil nutrient availability. NPP of Vaccinium uliginosum did not vary among communities, while that of V. myrtillus peaked in the most fertile habitat. The N:P ratio in the whole plant as well as in the leaves of the two shrubs exactly mirrored the among-community pattern in soil phosphate concentration.
	Gerdol 2005

	A
	South-Eastern Alps
	Peatlands
	Above-ground biomass, plant (leaf and litter) chemistry (N, P)
	Hydrology
	Two mires with different hydrologic conditions. 21 plots.
	N content in plants was very similar in the two mire sites, while P content was lower in the fen-dominated site. Biomass did not differ significantly between the two mire sites while litter decomposition rates were significantly lower in the fen-dominated mire, presumably because of P limitation of decomposers. This suggests that the development of ombrogenous mires in this region need not be due to increased accumulation of peat during succession from mineral water-fed to rainwater-fed conditions.
	Gerdol et al. 2011

	A
	Alps
	Sub-Alpine dwarf-shrub heath
	Leaf area, specific leaf mass, leaf and litter chemistry (N, P, C)
	Seasons
	One site. Measurement of gas-exchange from 1995 to 1997
	Vaccinium vitis-idaea did not differ from V. myrtillus in term of water-use efficiency, in the absence of water limitations during the growing season. The evergreen species showed a superior ability of synthesizing more plant mass per unit of N and P acquired, due to a longer mean residence time of both nutrients rather than to a greater instantaneous nutrient-use efficiency. The evergreen species also showed a higher efficacy in reducing phosphorus concentrations in senescing leaves. We presume that, in virtue of those features, the evergreen species is competitively advantaged with respect to the

deciduous species only in extremely nutrient-poor habitats, especially when the latter are phosphorus-limited.
	Gerdol et al. 2013b

	A
	Dolomites
	Many
	Leaf growth, leaf chemistry (N and P)
	Bedrock, altitude.
	Two areas with different bedrocks. Six sampling plots per area, along an altitudinal gradient. Five species, traits collected in the field.
	Leaf N concentrations were unrelated to bedrock geology, while leaf P concentrations were strongly affected by bedrock geology and their altitudinal patterns depended on the concentrations of organic and inorganic P forms in the soil. Leaf growth rates increased with higher altitude on silicate bedrock and decreased with higher altitude on carbonate bedrock and presented a significant positive correlation with foliar N:P.
	Gerdol et al. 2017

	A
	Alps and pre-Alps
	Peatlands
	Leaf chemistry (N, P, K, Mg)
	Water table depth and water chemistry
	131 plots of 1 m x 1 m in five mires
	Nutrient concentrations were overall lowest in Sphagnum mosses and highest in forbs. Nutrient content patterns in the other three functional types varied greatly in relation to individual nutrients. Habitat accounted for a modest fraction of variation in tissue concentration of all nutrients except P. The nutrient status of mire vegetation is primarily controlled by community composition and structure although habitat does exert a direct control on P concentration in the vegetation, presumably through P availability for plant uptake.
	Bombonato et al. 2010

	A
	Alps and pre-Alps
	Peatlands
	Above-ground biomass, leaf chemistry (N, P, K, Mg)
	Habitat types, nutrient and water status
	40 plots of 2 m x 2 m in five mires
	Vegetation composition varied considerably both among mire sites and among habitat types in terms of individual species and plant functional types (PFTs). Nonetheless, mean above-ground biomass was similar in the five mires, showing a positive correlation with

total P concentration and negative correlations with the N:P ratio and with the K:P ratio of the vegetation. Plant biomass production is limited by P, rather than by other nutrients, across a broad range of mire types in this region.
	Gerdol et al. 2010

	A
	pre-Alps
	Peatlands
	Plant (litter) chemistry (C, N, 15N)
	Seasons
	3 years of field decomposition. Selection of dominant species. Litter bags method.
	The results showed a seasonality of 15N abundance in the residual litter of Sphagnum species, but not in that of vascular plant species,

thus highlighting the role of differences in litter chemistry.
	Bragazza et al. 2010

	A
	Alps
	Peatlands
	Plant (litter) chemistry (C, N, P, K), polyphenols and lignin content
	Minerotrophic-ombrotrophic gradient
	1 bog. 1-year experiment. Selection of dominant species. Litter bag method.
	In Sphagnum litter, a higher C/P quotient was associated with a slower P mineralisation, whereas a faster P release from vascular plant litter seems primarily associated with lower C/P and polyphenols/P quotients.
	Bragazza et al. 2007

	A
	Eastern Alps
	Springs
	Linear growth
	Campetition and facilitation among species colonies along a water gradient
	Field experiment; 1 species (Warnstorfia exannulata).

The author studied the effect of colonies of 2 species on the linear growth of the target species. 
	Results indicated that the different hydrological properties of the colonies, thought to be the necessary condition for the appearance of species interactions, were not sufficient to explain the outcome of the species interactions. The switch from competition to facilitation under more stressful conditions was not confirmed along a water stress gradient. In addition, natural climatic fluctuations, by affecting the length of the water gradient, changed the competitive hierarchies of the species on a seasonal scale.
	Spitale 2009a

	A
	Eastern Alps
	Springs
	Photosynthetic pigments
	Height above water table, total water content
	Field experiment; 5 species (Scapania undulate, Philonotis fontana, Warnstorfia exannulata, Sphagnum warnstorfii, Pleurozium schreberi). Semi-natural hydrological gradient to test if photosynthetic pigments can be used as indicators of stress.
	The species were able to move water in quantities that were statistically significantly different from each other, which was in agreement with the species characteristics and the colony architectures. Photosynthetic pigments responded in a complex

way to the water gradient and, for each species, one or more stress indicators were reliable. The method proposed to evaluate the theoretical height above water table is coherent with the broad spatial pattern observed. This approach may be particularly useful for understanding both the coexistence of similar species and the spatial distributions of bryophytes in spring habitats in relation to water stress tolerance.
	Spitale 2009b



	C
	Bosco Fontana, Lombardy region
	Floodplain forests
	Shade tolerance, drought tolerance
	Soil conditions and water availability
	Six permanent monitoring plots. Fifty 2 m x 2 m sub-plots along a linear transect for each plot. Traits from literature.
	Xeric sites showed high functional dispersion in both drought and shade tolerant traits, while it was significantly lower in both overstory and understory in the moist site. Functional dispersion of drought tolerance in the overstory and understory layers was positively correlated, while species richness was negatively correlated between the two layers.
	Chianucci et al. 2016

	A, C
	Hilly region of Prealps
	Abandoned calcareous quarries
	25 plant traits (morphological, species requirements, reproduction and dispersal)
	Landform units in quarry areas 
	Field collection + data from literature (Cerabolini et al. 2010 and various sources). 5X5 m plots across different georphological surfaces in a quarry area
	The results showed that across the abandoned quarries rockiness, stoniness, slope, elevation, and time of surfaces are the main filters that varied and affected plant assemblages at the macro-scale level. Across the three main geomorphological surfaces of quarries (artificial cliffs, embankments, and platforms) more specific abiotic filters selecting species were found. In turn, traits differentiation according to the three main geomorphological surfaces of quarry emphasized that further filters acting at the micro-scale imply differences in dispersal mechanisms and resource availability.
	Gilardelli et al. 2015

	A, C
	Hilly region of Prealps
	Abandoned calcareous quarries
	Plant height, lateral spread, leaf length, inflorescence size, n. of inflorescense
	Different competition levels in differently restored communities
	Field collection; 3x3 m plots surveyed across areas restored with different methos: a) spontaneous succession; b) hayseed; c) commercial seed
	After the first growing season, compared with spontaneous succession, both commercial seed and hayseed resulted in a strong reduction of A. artemisiifolia growth rate, in terms of both vegetative and reproductive traits. After the second growing season, A. artemisiifolia was completely suppressed in the commercial seed treatment, and after the third growing season it was also suppressed in the spontaneous succession and hayseed treatments.
	Gentili et al. 2017

	C
	Lombardy Region
	Abandoned quarries, dump deposits
	Life forms
	Succession
	87 plots of 5 x 5 m
	The results demonstrated that time is the primary factor that significantly affects life form turnover during succession. Vegetation establishment and development in the “pioneer phase” (0–6 years) were affected by abiotic filters, which determined the dominance of a few ruderal and annual/alien species, mostly therophytes. The successive phases were characterised by an increasing presence of perennial species (mostly phanerophytes) with a consequent influence of biotic filters.
	Gilardelli et al. 2016

	A, C
	Hilly region of Prealps
	Abandoned calcareous quarries
	Plant height, leaf size, inflorescence size, seed weight.
	Different competition levels in differently restored communities
	Field collection; 3x3 m plots surveyed across areas restored with different methos: a) spontaneous succession; b) hayseed; c) commercial seed
	Results showed that the commercial seed resulted in the strongest reduction of A. artemisiifolia growth rate in terms of plant height, lateral spread and leaf size. This was ascribed to higher density of plants that play a key role in reducing biomass and fitness of A. artemisiifolia. However, hayseed should be preferred, as it preserves local biodiversity. Seeding mixtures of grassland species can successfully suppress A. artemisiifolia in the first year of establishment on a vegetation-free soil derived from quarry activities; these effects are durable also during the following years, if no disturbance occurs.
	Gentili et al. 2015

	A
	Gran Paradiso National Park
	Alpine grasslands
	Life forms, SLA, canopy height, seed mass
	Elevation gradient
	Vascular plant species composition recorded in 13 100-m² plots, each with two series of nested subplots from 0.0001 to 10 m².
	Functional composition showed strong and mostly significant rela-tionships with elevation: hemicryptophytes and geophytes became rarer and chamaephytes more frequent, while community-weighted means of SLA, canopy height and seed mass decreased.
	Baumann et al. 2016

	M
	Lazio Region
	Peri-urban plantation
	Canopy height, growth rate, above- and below-ground C storage
	Age since plantation
	40 permanent plots, monitored five times since 1997 to 2013.
	The species groups exhibited differential growth patterns over the observed period, that are mainly due to differences in the ecological traits of the planted trees. The field experiment demonstrates, the capability of the continuous forest inventory to take the pulse over several decades of tree species performance and carbon uptake levels in urban and peri-urban reforestations.
	Ferrari et al. 2017

	C, M
	Veneto, Tuscany
	Hilly deciduous forests
	N tolerance
	Forest tree composition
	Comparison of epiphytic lichen communities of native broadleaved and secondary black

locust (Robinia pseudoacacia) forests. Two areas of Italy with different bioclimatic conditions using a balanced stratified random sampling.
	Results reveal a different pattern of community structure between native and black locust forests across the two regions that may reflect a process of biological homogenization. In particular, lichen communities of black locust forests share several species between the two study regions. This pattern of floristic homogenization parallels with a functional homogenization related to the spread of highly competitive species. This research provides early evidence that the decrease of native forests associated with the spread of black locust is a mechanism triggering biological homogenization of the epiphytic lichen biota.
	Nascimbene et al. 2015

	A
	Adamello-Brenta Park
	calcareous rocks above treeline
	Dispersal strategy
	Rock type, spatial habitat configuration
	Epilithic moss and lichen assemblages colonizing boulders of different types of calcareous rocks co-occurring in the same area in the Italian Alps.
	Different calcareous rocks host different moss and lichen assemblages with some typical species, indicating that each rock type contributes to the

total diversity of both mosses and lichens. Local environmental conditions influenced mosses and not lichens whose distribution is mainly associated to rock type. The patterns of both organism groups were also significantly related to habitat spatial structure, species assemblages tending to have a patchy distribution, which may reflect dispersal dynamics. Our results have implications for conservation: (1) each rock type may play a relevant role in maintaining the overall diversity contributing with unique assemblages and typical species; (2) the patchy distribution of both moss and lichen assemblages should warn from considering rock patches as a monotonous repetition of the same habitat across space
	Spitale & Nascimbene 2012

	M
	Tuscany
	Forests and laboratory
	Secondary compounds
	Grazing
	Field observations and laboratory experiments. Three transects of 2x50 m each were selected in three wooded areas disposed along an altitudinal gradient. In the laboratory the same species of Peltigera observed in the transects, as well as P. degenii, were alternatively offered as food to the snail, Cantareus aspersa and to an undescribed species of slug, Limax (s.str.) sp.
	Cantareus aspersa and the Limax sp. preferred the two Peltigera species lacking lichen compounds, in good accordance with the avoidance hypothesis of Lawrey. Damage was heavier in the first group of species, both in the field and in the laboratory, whereas in the second group they were generally limited to the upper cortical layer.
	Benesperi & Tretiach 2004

	M
	Liguria
	Calcareous rocks in dry grassland
	Photobiont type, thallus growth forms, dispersal strategy
	Fire
	Several categories of fire frequency and age
	A drastic reduction of biodiversity was caused by frequent fires in the same area; lichen communities in burned sites were merely an impoverishment of unburned areas; n the case of infrequent fires, lichen communities can recover functional diversity even if a reduction of taxonomic diversity occurs.
	Giordani et al. 2016

	C
	Euganean hills
	Secondary grasslands
	Flowering time and pollination system
	Climate
	Field data collection according to standard protocol (Dante et al. 2013; Corbet et al. 2006)
	A positive correlation was found between the synchronic flowering and the number of rare species in dry grasslands. Furthermore, rare species showed shorter flowering length than the common species and a mostly specialized pollination system.
	Fantinato et al. 2016a

	C
	Euganean hills
	Secondary grasslands
	Floral morphology
	Gradient (altitude)
	Data from literature + BIOLFLOR database. 85 plots
	Different blossom morphologies were patterned along the altitudinal gradient. Wind blossom type was dominant at low altitude while disk shaped flowers prevailed at high altitude. Altitude might affect species assemblage in dry grassland communities not only by selecting plant species according to their tolerance to different environmental conditions, but also according to their floral morphology, evoking the possibility of an indirect pollination filtering to occur.
	Fantinato et al. 2016b

	C
	Euganean hills
	Secondary grasslands
	Number of flowers; number of fruits; ramet height 
	Abovegroud vegetation height and coverage 
	Field data collection according to standard protocol (Cornelissen et al. 2003)
	Model revealed that plant community attributes such as cover and height of the herb layer exert a negative effect on the abundance of orchid populations. Furthermore, O. sphegodes and H. adriaticum reproductive fitness determined as fruit/flower ratio, was positively affected by relative ramet height.
	Slaviero et al. 2016

	A, C, M
	Lombardy and Elba island
	Alpine pastures, prairies and meadows, forests of Po Plain, Mediterranean

maquis and garigues.
	Seed mass, shape and persistence
	Gradient (different bioclimatic zones)
	Seed collection of 259 species. For each species, a set of 50-2000 seeds was considered.
	Seed size was related to persistence in soil in the same way as in most other floras examined. Furthermore, seed shape was highly related to persistence in soil among the species analysed, when considered both altogether and divided among the different habitats. The results suggest that not only seed size, but also seed shape, are key factors in determining seed fate and seed persistence in soil.
	Cerabolini et al. 2003

	C
	Lombardy
	Forests
	SLA, leaf area index
	Gradient (concentration of selected chemical, like polycyclic aromatic hydrocarbon (PAH))
	Collection of leaves for three species: Cornus mas, Acer pseudoplatanus, Corylus avellana.
	Both meteorological and ecological parameters jointly influence PAH air concentrations. SLA, LAI, as well as leaf density were showed to change over time and among species and to be directly proportional to leaf/canopy uptake rate. While hazelnut had the higher leaf uptake rate, maple became the most important species when considering the canopy uptake rate due to its higher LAI.
	Terzaghi et al. 2015

	M
	Lazio Region
	Forests
	Whole-plant and leaf traits
	Climate
	Selection of quadrants of 35kmq with predominance of forests. Sampling of phanerophyte flora.
	Flora, climatic parameters, vegetation types and plant traits indicated that there is a complex transitional mosaic that ranges from the coast to the higher mountains, and it is not easy to recognize any sharp boundary between the Mediterranean and the Temperate region.
	Blasi et al. 1999
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