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< Endemic chasmophyte.

QLOOO-ZOOO m a.s.l. on calcareous-dolomitic cliffs.
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Are conservation actions necessary for this species?
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Different letters denote significant differences between means (n =

Analysis on seed mass

10) at P < 0.01 (ANOVA, df =7, F = 74.63, P = <2e-16; followed by
Tukey multiple comparison procedure)
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Results: relationships between reproductive traits, elevation and genetics
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Proportion of viable pollen grains (%)

Results: pollen viability vs elevation

Pollen Viability in target Populations
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Results: seed germination test




Results: seed germination test

Germination rate in target populations

Percentage of germinated seeds in target populations
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Results: genomic analysis of populations
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Results: SDMs

» Current, based on bioclimatic variables 1981-2010

High suitability Presence  Absence
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Results: SDMs

» Longer-term prediction, based on bioclimatic variables 2071-2100, rcp: 8.5

High suitability

Presence Absence
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Results: pollinator assessment
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Conclusions

Flora Mediterranea 31 — 2021 267

» The germination protocol proved to be

effective and resulted in the production of S. Villa, R. M. Ceriani, B. E. L. Cerabolini & S. Pierce
hundreds of plants from each population,
a|be|t Wlth d|ffe rent rates. Germination response across populations of the stenoendemic chasmo-

phyte Campanula raineri (Campanulaceae)

» The positive relationship between seed and pollen quality and elevation suggests a pollen limitation at
the lowest altitude.

» The positive relationships between the percentage of polymorphic loci, the observed heterozygosity and
the number of private alleles with population size reveal that large populations tend to have a higher
genetic variability but associated with specific local genetic adaptation.

» Population genomics show a three-level structuring, with the distinction of two main groups (eastern
and western sites) and further differentiation at the level of single localities, showing a degree of genetic
isolation among populations, but within each variability and private alleles are a sign of local
adaptation. In each population there is evidence of diversifying selection, and the maintenance of
good levels of intra-population variability ensures that all populations have a good chance of survival.

» Preliminary projections of future habitat suitability suggest a clearer distinction between low-altitude
areas, which will become climatically less suitable for the species, and areas around 2000 m above
sea level, where C. raineri can more easily survive. Moreover, new suitable areas could emerge to the
west of the current distribution area.

» Propagation of the species is a real possibility, and the results of modelling and genetic analysis can
show us where interventions will be most urgent and effective, and which populations are the most
appropriate sources.
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Hypotheses

» Climate oscillations are associated with Estimating dangerous tipping points for the reproduction
changes in the distributional range of of alpine rupicolous endemics
Campanula raineri. Species Distribution Visual hypothesis
Models (SDMs) are consistent with the
genetic structure of populations (genomic
analysis) and with migration models
elaborated by bioinformatic tools;

Campanula raineri

» The current distribution area of the
target species will no longer be
ecologically suitable by 2100, but
potentially suitable areas will emerge in
future;

Tipping point values?

Number of flowers per genet
Number of fruits per genet
Number of seeds per fruit

» Genetic variability and altitude affect
the reproductive ecology of C. raineri, in
terms of vegetative and reproductive
traits (ﬂOWGI’S and seeds produced and Hypothesis: reproductive traits and genetic variability exhibit exponential rise-to-maximum

; . relationships with population size, from which minimum viable population size can be estimated
pollen and seeds quality). Altitude also

affects the pollination network;

Seed and pollen viabilty (TTC test)

Number of seeds per population (estimated)
Pollen and seeds in vitro germination (%)

? Population size

» Endemism in recently diverged
angiosperms is associated with
chromosome set duplication




Phylogeography and SDM for the conservation of Campanula raineri.

» DNA extraction (110 samples) and preparation of 2b-RAD
libraries for genome-wide genotyping (University of Trieste)

» Samples sequencing and sequences quality check

» Removal of sequence contamination (DeconSeq)

» Loci building, SNPs identification and calculation of
population genomic summary statistics (Stacks)

» Calculation of the coancestry matrix (fineRADstructure)

> In progress: Integration to SDMs for phylogeographic
analysis
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Methods: Pollen viability test (Triphenyl tetrazolium chloride)
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Methods: Pollen germination
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Methods: Reproductive/vegetative traits across populations

Pollen germination in target Populations
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Ratio between flowers and leaves
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Fitness analysis: effort in investments
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Fitness analyses: vegetative traits

Adaptive specialization: CSR strategy (Competitive,
Stress-tolerant or Ruderal)

Leaf Fresh Weight

+

Leaf Dry Weight

Leaf Dry Matter Content,

Leaf Mass per Area,

Leaf Water Content

CSR classification

Laserpitiur latifolium

c Nelumbo nucifera
Paulownia tomentosa

Angelica archangelica  Petasites spurius

Cecropia spp. Pteridium aquilinum
Cirsium alsophitum Rumex aquaticus
CSR Ficus insipida choenoplectus lacustris
Guarea grandifolia Typha latifolia
+ rassica clongaa Fioracleum sphoncytm Zanihosytam ekmani
Campanula collina =
Geranium sylvaticum 4 CS
Melampyrum pratense
Melilotus albus 10 Acer platanoides
Poa trivialis Brosimum alicastrum
eal Area Somisefnats o s

Coccoloba cereifera
Pouteria bangii

Prioria copaifera
Quararibea amazonica
Shorea lepidota

Anacamptis pyramidalis
Alliurn ursioum

Apium nodifiorum

Cardamine pratensis
Cephalanthera damasonium
Chenopodium bonus-henricus
Hordeurn vulgare
Primula elatior
Salvia pratensis
Stachys sylvatica

S

o Aristida purpurea

S (%) Bouteloua simplex
Calluna vulgaris
Cuphea ericoides
Diapensia lapponica
Dryas octopetala
Empetrum nigrum
Erica scoparia
Euphorbia corollata
Festuca arizonica
Festuca vivipara
Fumana procumbens
Gentiana acaulis
Kalmia procumbens
Marcetia acerosa
Minuartia recurva
Muhlenbergia ramulosa
Nardus stricta
Penstemon linaricides
Picea spp.

Pierce et al., 2017

Anagallis minima
Arabidopsis thaliana
Arabis hirsuta
Cardamine bellidifolia
Callitriche stagnalis
Cerastium pumilum
Comigiola litoralis
Hiecebrum verticillatum
Legousia hybrida
Lemnas

Lycopodiella inundata Platycladus orientalis
Lycopodsend loun SR Lycopus emericans CSR classes: Pokdine

Medicago minima - Saxifraga caesia
Myriophyllum s s
etk Agrostis gigantea phyteuma globularifolium ©® Rod = C-solected Spigelia aceifolia
orgla Apera interrupta  Saponaria acymoides @ Green =S-selected Thymus pulegioides
Wolffia arrhiza Carex digitata  Trisetaria flavescens Townsendia exscapa

@ Blue =R-selected

Juncus bulbosus  Viola dubyana

Zannichellia palustris Vaccinium uliginosum



Fitness analyses: vegetative traits
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Methods: Assessment of pollination network

DNA extraction
from samples

Metabarcoding on

eDNA from flowers Comparison

2.

UNIVERSITA DEGLI STUDI DI MILANO

DIPARTIMENTO DI SCIENZE AGRARIE
E AMBIENTALI - PRODUZIONE,
TERRITORIO, AGROENERGIA

Nh

: Sarhples i\dentifiqati_gn 4

Identification of

> arthropods visiting

flowers and assessment
of potential pollinators.










2019-2020 sampling

2019 sampli 2020 sampli recorded
sampling sampiing . occurrences
records from Osservatorio Regionale della Biodiversita — Regione Lombardia
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