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Insights into the plant diversity of the Balkan Peninsula

The Balkan flora is not only the richest in Europe but comprises also
many endemics. Preservation of indigenous species and their
habitats is therefore not only of national. but also of international
importance. While species richness is still the most widely used
measure for biodiversity assessments, recent molecular studies have
shown that much of the “hidden”, intraspecific diversity is neither
adequately reflected in taxonomy nor used in nature conservation.
Another source of biodiversity is polyploidy (multiplication of
chromosome sets), which was not only involved in the origin of most
crop plants but is also considered one important mechanism allowing
sympatric speciation. Ploidy level differences are not restricted to the
species level, but also occur frequently within species. Polyploids have
been shown to originate recurrently and to be successfully maintained,
emphasising their evolutionary significance.

Applying a wide array of molecular technigues in combination with
flow-cytometry, we aim to unravel the spatiotemporal evolution of three
polyploid plant groups, which have their centres of diversity on the
Balkan Peninsula, in order to uncover general mechanisms that
contributed to the high levels of biodiversity of the Western Balkan
countries. Several species included are important forage or ornamental
plants, and some are of high nature-conservation priority in Balkan
countries or are among top-listed in EU legislation.
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2012
Some thoughtsU

Athere is still much to be discovered in the Balkans, most probably more than
anywhere else in Europe

Aa good balance of field work and molecular-based work is needed

Acooperative efforts on a larger scale should be preferred over regional/national
approaches

Awhat is needed most urgently is a good representation of Balkan taxa in sound
phylogenies

Awe are 4standing on the shoulders of g
hypotheses on taxonomy, biogeography etc. should not be tested and a if necessary
a rejected and abondoned



A complex geological history
e A geographic heterogeneity
A diverse mosaic habitats

A high environmental stability
over long periods
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Molecular Ecology (1998) 7, 453464

Comparative phylogeography and postglacial colonization
routes in Europe
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Fig. 6 Main postglacial colonization routes and subsequent
suture zones in Europe.




Pleistoceneclimatic fluctuations hglaciation
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Refugia within refugia: patterns of phylogeographic

concordance in the Iberian Peninsula

2007 Africa Goémez and David H. Lunt
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A many species and species
complexes show strong geneti
subdivisions indicative of past
population isolation

A approximate location of
putative inferredterrestrial
refugia — broadly overlap
with recognized areas of high
endemism

A at least seven putative glacial
refugia



Plant Systematics and Evolution (2020} 306:5
https://doi.org/10.1007/500606-020-01647-x

ORIGINAL ARTICLE

A high current diversity. roughly90%of all European

The Balkans: a genetic hotspot but not a universal colonization source

¢ trees can be found in the Balkans,75% in the
or trees

ApenninePeninsula,70%in the Iberian Peninsula
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A glacial refugia of most Europeantrees Iy high

geneticdiversity

A refugiawithin refugiapattern

A but in most tree speciesthe Balkanrefugia have
not effectivelycontributedto currentgenepools



Phylogeographical pattern§hDistribution of geneticlineages

A phylogeographical studies encompass various temporal and spatial scales and their accumulation allows insights into
general drivers of biogeographical pattefiiscentredon the species level (within species or closely related species)

A thermophilic speciem westernBalkandhdifferentiation into two or three genetitineages
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A thermophilic species two main patterns of latitudinagenetic differentiation
a) Southern richnesg Northern purity hypothesis (Hewitt 2000)

Edraianthugenuifolius Euphorbiamyrsinites Onosmaheterophyllas.|.
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b) glacial persistence in both the northestern and southern Balkarsvith equivalent and relatively high genetic diversity

Veronicachamaedrygroup
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northern micro-locationsas ecological sanctuaries

Tanacetuncinerariifolium
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A secondarycontacts- increased genetic diversity and admixed patterns

polyploidisation

Veronicachamaedrys
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Phylogeographical pattern§hDistribution of geneticlineages

Ve

A species with wider elevational tolerance and wider geographical distribditysmmilarpattern
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Phylogeographical pattern§hDistribution of geneticlineages

A alpinespecies'b ofe restricted and disjunct distribution pattern
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Journal of Biogeography (J. Biogeogr.) (2011)

ORIGINAL Quaternary range dynamics of A SurlnaEt al. (2011) proposed the hypOtheSIS that C'akdb.pted SpeCIGS

fg;lg?a‘;?:xsdsi:f;gﬁgzzzj‘;‘:‘Z (Edraianthusserpyllifoliu3 experiencedltitudinal range shifts while the
E. tenuifolius, Campanulaceae) thermophilic speciesH tenuifoliug underwentlatitudinal range shifts
within the Balkan refugium

Bostjan Surina"?, Peter Schoinswetter' and Gerald M. Schneeweiss'*

A cold-adapted specie§hmore continuous distribution during cold stages
[Hretreat into disjunct, higher elevations during periods with a warmer climate
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Phylogeographical patternghlnference of majotbarriers

Knautia drymeia
Silene saxifraga

Tanacetum cinerarifolium
Cerastlum grandlflorum

Edralanthus tenu:follus
Edraianthus graminifolius
Euphorbia verrucosa -
E. montenegrina/E. serpentini
Gentianella crispata
Veronica orbiculata - V. dalmatica
Cerastium dinaricum
Cardamine maritima s.l.
Alyssum austrodalmaticum
Euphorbia myrsinites
Campanula pyramidalis - C. austroadriatica
Cerastium decalvans
Amphoricarpos neumayerianus
Heliosperma pusillum
Euphorbia spmosa

Carlina acanthlfolla subsp utzka
Sideritis scardica

Aurinia saxatilis

Campanula versicolor

Alyssum spruneri 'graecum'’
Centaurea chrysocephala
Nigella arvensis

Sesleria rigida s.l.




Phylogeographical patternghlnference of majotbarriers

ST R R
3

Nr

EA

L

Astragalus onobrychis

Knautia drymeia

Silene saxifraga
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Euphorbia spinosa
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Carlina acanthifolia subsp. utzka
Sideritis scardica

Aurinia saxatilis

Campanula versicolor

Alyssum spruneri 'graecum'’
Centaurea chrysocephala
Nigella arvensis

Sesleria rigida s.l.




Phylogeographical patternghlnference of majotbarriers
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Sesleria rigida s.l.




Phylogeographical patternghlnference of majotbarriers
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Phylogeographical patternghlnference of majotbarriers
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Phylogeographical patterng§hGlacial refugia and their genetic imprint

A differentiation within species and closely related species groups most likely occurred in resp&isistmcenaglacial
oscillations

A only partially affected with glaciatiogin[ Da G KS YSFy (GSYLISNI G§dzZNBE Ay Wdz & p

A warmer interglacial periods were shorter and characterized with higher temperatures than at present

A a NB FvdiNB F d¥32AR &t 6DsYST YR [dzyld wHnnt0 APSd GKS SEAAIL

A Surinaet al. (2011) proposed the hypothesis that caltbpted speciesEdraianthusserpyllifoliuy experiencediltitudinal
range shifts while the thermophilic specie& (tenuifoliug underwentlatitudinal range shifts

A cold-adapted species had more continuous distribution during cold stages sufficient for gene flow to take place betwee
different mountain rangesretreat into disjunct, higher elevations during periods of warmer climgtiraianthus
serpyllifoliug Cerastiundinaricum Sideritisscardica

A thermophilic speciestwo main patterns of latitudinafjenetic differentiation

a) Southern richnesg Northern purity hypothesis (Hewitt 200draianthugenuifolius Euphorbiamyrsinites Onosma
heterophyllas.l.

b) glacial persistence in both the nortkestern and southern Balkangeronicachamaedrygroup, Violasuaviss.l.,Arundo
plinii; northernmicro-locationsas ecological sanctuarieBanacetuncinerariifolium Campanuldenestrellatga Helichrysum
italicum

A secondarycontacts- increased genetic diversity and admixed patteiisronicachamaedrysTanacetuncinerariifolium
Campanuldenestrellatg Knautiadrymeia



Molecular Ecology (2005) 14, 3547 -3555 doi: 10.1111 /§.1365-294X.2005.02683.x

Molecular evidence for glacial refugia of mountain plants in

the European Alps _ _ _
V1. northernAlpine peripheral refugiung.nivaiiy

P.SCHONSWETTER,*I. STEHLIK,t R. HOLDEREGGERtand A. TRIBSCH*
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Alpine Botany (2022) 132:21-28
https://doi.org/10.1007/s00035-021-00259-6
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Plant speciation in the face of recurrent climate changes in the Alps
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Refugia within refugia: patterns of phylogeographic

concordance in the Iberian Peninsula

2007 Africa Goémez and David H. Lunt
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TAXON 60 (2) « April 2011: 373-389 Ronikier » Carpathian phylogeography: An emerging perspective

Biogeography of high-mountain plants in the Carpathians:
An emerging phylogeographical perspective

Michal Ronikier
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BIOLOGICAL

Journal £ sy

Biological Journal of the Linnean Society, 2016, 119, 528-559. With 5 figures.

REVIEW ARTICLE

Biogeography of the Carpathians: evolutionary and
spatial facets of biodiversity

PATRIK MRAZ!" and MICHAL RONIKIERZ '

Phylogeographical (intraspecific) boundaries
observed in selected case studies based on
dense populatiorsampling
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genetic groups in _ _ Sea straits whose biogeographic r

Arabis alpina taxonomicgenetic as barriers or corridorsas been
groups in theCardamine addressed in phylogeographic stuc
maritima complex around the Mediterranean Basin

hypotheticlocation of
refugia during the LGM
for Quercusspp.

Examples of the refugiaithin-refugia model



