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ra of higher elevations. These trends led together to 
a significant greening of the European Alps above 
the tree line. Yet, the vast majority of species is lag-
ging behind recent trends, implying that even if cli-
mate change was halted now, its effects were likely 
to continue. Climate warming is, however, not slow-
ing down but is rather accelerating. Potentially in-
creasing lags might therefore become too large to 
overcome in the future, resulting in species extirpa-
tions. These local to regional extirpations might be 
reinforced by more competitive and faster shifting 
neophytes that start to arrive and spread in moun-
tain ecosystems. Predicting these future responses 
of alpine plant species to global change is crucial to 
conserve global biodiversity. For accurately predict-
ing the future it is, however, inevitable to first under-
stand the past and its legacy effects.
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Facilitation among plants occurs when the fitness of 
one species increases in the presence of neighboring 
plants. It has been suggested that the importance of 
facilitative interactions among plants increase with 
the environmental harshness. In high-elevation (al-
pine) habitats the abiotic harshness increases with 
elevation, and several studies have addressed how 
the intensity of facilitation among plants change 
along elevational gradients. However very few have 
addressed the frequency and importance of these 
interactions for the diversity of alpine environments. 
Using a dataset spanning 78 sites and 5 continents, 
we assessed the relative importance of facilitative 
interactions in determining plant diversity in alpine 
ecosystems. We focused on alpine plant commu-
nities dominated by cushion plants, a particular 
growth form that act as nurse plant for other spe-
cies. Samples from cushions and open areas were 
combined in a single matrix accounting for the dif-
ference in cover between both microhabitats, and 
through rarefaction curves we assessed how many 
more species are added to the community due to 
the presence of cushions. In general, the presence of 

cushions consistently increased species richness at 
the entire community level. The magnitude of these 
increases in species richness varied with habitat 
severity where cushion species enhanced species 
richness more in systems with harsher environments 
and hence inherently impoverished in local diver-
sity. Facilitative interactions with the nurse species 
appear to act as a “safety net” sustaining diversity 
under harsh conditions, demonstrating the impor-
tance of positive interactions among species in de-
termining the diversity of alpine habitats in general.
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Pollen as a proxy for plant diversity helps to in-
terpret vegetation and/or to model vegetation 
shifts under climate change scenarios. Within the 
BIOALPEC project “Biodiversity in Alpine Ecosys-
tems,” we investigate the qualitative-quantitative 
input of pollen and spores on the bioaerosol of 
high altitudes exploring implications for ecosys-
tem functioning and biodiversity. Here we present 
how the local flora and surrounding vegetation 
are sources of the bioaerosol at alpine receptor 
sites in Trentino, Italy. The methodology applied 
involves floristic studies and bioaerosol sampling 
with passive gravitational traps. We surveyed the 
flora at different local scales starting from the 
aerobiological sampler: i) within a circle of 10 m 
radius; ii) in 5 randomized 2 x 2 m plots within 
a circle of 100 m radius; iii) along a transect of 
1000 m x 2 m. The bioaerosol was analyzed by mi-
croscopy and eDNA metabarcoding. Microscopic 
analysis permits the identification and quantifi-
cation of pollen, while molecular analysis goes 
beyond morphological identification allowing 
for deeper taxonomic resolution and, thus, bio-
diversity assessment. Results of floristic studies 
indicate the presence of Italian endemic species, 
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including Anthyllis vulneraria subsp. alpestris, 
Galium baldense, Knautia baldensis; and alpine 
endemits such as Primula daonensis; Eritrichium 
nanum, Arabis caerulea, Alchemilla pentaphyl-
lea, Achillea erba-rotta subsp moschata, Ade-
nostyles leucophylla, and Bupleurum stellatum. 
The bioaerosol analysis will verify the presence 
of pollen from endemic species in alpine ecosys-
tems. Complementing floristic data with the re-
sults from optical microscopy and eDNA will be 
a step forward in exploring the potential of air to 
monitor terrestrial plant biodiversity.

Acknowledgments: This study is conducted within 
the National Biodiversity Future Centre, NBFC, funded 
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Climate change is causing remarkable impacts 
on plant species distribution and communities 
in cold biomes, with particular concern to arc-
tic and alpine tundra. One prominent effect is 
the progressive increase of vegetation cover 
that is leading arctic and alpine greening, with 
far reaching consequences for the species per-
sistence and the overall plant diversity. Nonethe-
less, the greening magnitude is expected to be 
significantly shaped by the increasing frequency 
of summer heat waves and drought, in the alpine 
domain as well. Climate change induces plants 
to acclimate by both morphological and phys-
iological traits due to their phenotypic plastici-
ty. A functional trait approach is hence crucial 
to foresee the responses of dominant species, 

whose changes could also affect the entire com-
munity and ecosystem functioning. To get new 
insight into the ecological mechanisms involved 
in these changes, it is important to promote in-
novative upscaling approaches, for linking field 
monitoring evidence to remote sensing data. We 
here present the results of a rain exclusion exper-
iment conducted in alpine tundra (i.e., grasslands 
and dwarf shrub communities) in two localities of 
the eastern Alps. We measured individual growth 
and physiological traits, as well as community 
and ecosystem response to experimental treat-
ments. Concurrently we carried out close-range 
and UAV (Unnamed Aerial Vehicle) multispec-
tral surveys, obtaining remote sensing-derived 
vegetation indices for the upscaling of plant re-
sponses. We found that precipitation induced a 
trait-mediated plant community response af-
fecting the ecosystem functional response. We 
also found remote sensing-derived indices to 
be related to the analyzed plant traits, showing 
promising perspectives for the upscaling of plant 
responses to drought. Our findings shed new light 
on the potential use of remote sensing tools for 
understanding of the response of alpine vegeta-
tion to the future climate scenarios, proving to be 
a promising method for long-term monitoring of 
such plant communities.
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Unravelling assembly processes that explain the 
composition and abundance of coexisting spe-


