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Some thoughtsÜ

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

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

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

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

Åwe are åstanding on the shoulders of giantså, but this should not mean that traditional 
hypotheses on taxonomy, biogeography etc. should not be tested and âif necessary 
ârejected and abondoned



Åcomplex geological history

Ågeographic heterogeneity

Ådiverse mosaic habitats

Åhigh environmental stability 

over long periods

ÅPleistoceneclimatic

fluctuations

Åmajor glacial refugium

Ågreat species diversity 

Åhigh percentage of endemism 

Åmajor sources for the 

postglacial colonisationof 

central and northern Europe

Åcrossroad between Asia Minor 

and the rest of Europe
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Pleistoceneclimatic fluctuationsҦglaciation

Hughes P. D. & Woodward J. C. (2016) Quaternary 
Glaciation in the Mediterranean Mountains

aŞŘŀƛƭF. & DiademaK. (2009)Glacial 
refugia influence plant diversity
patterns in the Mediterranean Basin



Åmany species and species 

complexes show strong genetic 

subdivisions indicative of past 

population isolation

Åapproximate location of 

putative inferredterrestrial 

refugia broadly overlap 

with recognized areas of high 

endemism

Åat least seven putative glacial 

refugia 

2007
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Å high current diversity: roughly90%of all European

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

ApenninePeninsula,70%in the IberianPeninsula,

onlyabout35%in Scandinavia.

Å glacial refugia of most European trees Ҧ high

geneticdiversity

Å refugiawithin refugiapattern

Å but in most tree species,the Balkanrefugia have

not effectivelycontributedto currentgenepools



Phylogeographical patterns

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

ҦDistribution of geneticlineages

Á thermophilic speciesin westernBalkansҦ differentiation into two or three geneticlineages

Surinaet al. 2011

aŜǊŜřŀet al. 2011 DǊŘƛǑŀet al. 2014

wŜǑŜǘƴƛƪ Ŝǘ ŀƭΦ нлмс7ǳǊƻǾƛŏ Ŝǘ ŀƭΦ нлнм

bƛƴőŜǾƛŏet al. 2021



Á thermophilic species - two main patterns of latitudinalgenetic differentiation:

a) Southern richness ςNorthern purity hypothesis (Hewitt 2000)

Surinaet al. 2011 Falchet al. 2019

bŜƛΩǎgene diversity

AFLP data STRUCTURE

AFLP data STRUCTURE

YƻƭŀǊőƛƪet al. 2010

Edraianthustenuifolius Euphorbiamyrsinites Onosmaheterophyllas.l.

AFLP data STRUCTURE



b) glacial persistence in both the north-western and southern Balkans- with equivalent and relatively high genetic diversity

aŜǊŜřŀet al. 2011Bardyet al. 2010 Hardionet al. 2014

Arundo pliniiViola suaviss.l.Veronicachamaedrysgroup
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DǊŘƛǑŀet al. 2014 bƛƴőŜǾƛŏet al. 2021

northernmicro-locationsas ecological sanctuaries

bŜƛΩǎgene diversity

AFLP data STRUCTURE

wŜǑŜǘƴƛƪet al. 2020

AFLP data STRUCTURE

AFLP data 
STRUCTURE

Frequency DWFrequency DW

Tanacetumcinerariifolium Campanulafenestrellata Helichrysumitalicum



Á secondarycontacts- increased genetic diversity and admixed patterns:

Bardyet al. 2010

DǊŘƛǑŀet al. 2014

wŜǑŜǘƴƛƪet al. 2020

wŜǑŜǘƴƛƪet al. 2016

Veronicachamaedrys

Tanacetumcinerariifolium

Campanulafenestrellata

Knautiadrymeia

polyploidisation!

4x 
allo or
introgression?
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Phylogeographical patternsҦDistribution of geneticlineages

Á species with wider elevational tolerance and wider geographical distributionҦ similarpattern

Bardyet al. 2010 7ǳǊƻǾƛŏ Ŝǘ ŀƭΦ нлмт7ǳǊƻǾƛŏ Ŝǘ ŀƭΦ нлнм

Á species with wider elevational tolerance and wider geographical distribution- forest understory species Ҧ п-5 allopatricgroups

{ƭƻǾłƪet al. 2012 wŜǑŜǘƴƛƪ Ŝǘ ŀƭΦ нлмс 



Phylogeographical patternsҦDistribution of geneticlineages

Á alpinespeciesҦ Ƴore restricted and disjunct distribution pattern

KutnjakŜǘ ŀƭΦ нлмпΤ 7ǳǊƻǾƛŏ Ŝǘ ŀƭΦ нлнмSurinaet al. 2014

Á borderline between Dinaric Mountains and Scardo-PindhicrangeҦ spatially close but strongly differentiated genetic lineages

Falchet al. 2019/ŀƪƻǾƛŏet al. 2015 7ǳǊƻǾƛŏ Ŝǘ ŀƭΦ нлмт

Reich et al. 2021



Á cold-adapted speciesҦ more continuous distribution during cold stages
Ҧ retreat into disjunct, higher elevations during periods with a warmer climate

Kutnjaket al. 2014; 
7ǳǊƻǾƛŏ Ŝǘ ŀƭΦ нлнмSurinaet al. 2014Σ DƭŀǎƴƻǾƛŏ et al. 2023 

Edraianthusserpyllifolius Edraianthusgraminifolius

Surinaet al. 2014
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Cerastiumdinaricum

Å Surinaet al. (2011) proposed the hypothesis that cold-adapted species 
(Edraianthusserpyllifolius) experiencedaltitudinal range shifts, while the 
thermophilic species (E. tenuifolius) underwent latitudinal range shifts



Phylogeographical patternsҦ Inference of major barriers

Northern Dinaric Mountains



Phylogeographical patternsҦ Inference of major barriers

Central Dinaric 
MountainsςNeretva



Phylogeographical patternsҦ Inference of major barriers

Southern Dinaric Mountains 
- Sutjeskaand Drina



Phylogeographical patternsҦ Inference of major barriers

Scardo-Pindhicrange



Phylogeographical patternsҦ Inference of major barriers

Eastern Balkan Peninsula



Phylogeographical patternsҦGlacial refugia and their genetic imprint

Å differentiation within species and closely related species groups most likely occurred in response to Pleistoceneglacial 
oscillations

Å only partially affected with glaciationςin [Da ǘƘŜ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ Wǳƭȅ р ȏ/ ƭƻǿŜǊ ǘƘŀƴ ǘƻŘŀȅΣ ǎƴƻǿ ƭƛƴŜ мллл Ƴ ƭƻǿŜǊ

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

ÅάǊŜŦǳƎƛŀ-within-ǊŜŦǳƎƛŀέ ƳƻŘŜƭ όDƽƳŜȊ ŀƴŘ [ǳƴǘ нллтύ ƛΦŜΦ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ƳǳƭǘƛǇƭŜ ǊŜŦǳƎƛŀ ƛƴ ǘƘŜ .ŀƭƪŀƴ tŜƴƛƴǎǳƭŀ

Å Surinaet al. (2011) proposed the hypothesis that cold-adapted species (Edraianthusserpyllifolius) experiencedaltitudinal 
range shifts, while the thermophilic species (E. tenuifolius) underwent latitudinal range shifts

Å cold-adapted species had more continuous distribution during cold stages sufficient for gene flow to take place between the 
different mountain ranges- retreat into disjunct, higher elevations during periods of warmer climate: Edraianthus
serpyllifolius, Cerastiumdinaricum, Sideritisscardica

Å thermophilic species - two main patterns of latitudinalgenetic differentiation:

a) Southern richness ςNorthern purity hypothesis (Hewitt 2000): Edraianthustenuifolius, Euphorbiamyrsinites, Onosma
heterophyllas.l.

b) glacial persistence in both the north-western and southern Balkans: Veronicachamaedrysgroup, Viola suaviss.l., Arundo 
plinii; northern micro-locationsas ecological sanctuaries: Tanacetumcinerariifolium, Campanulafenestrellata, Helichrysum
italicum

Å secondarycontacts- increased genetic diversity and admixed patterns: Veronicachamaedrys, Tanacetumcinerariifolium, 
Campanulafenestrellata, Knautiadrymeia



I: southwestern-Alpine
peripheral refugia(Androsace

alpina, Comastomatenellum, partly
Phyteumaglobulariifolium, Ranunculus
glacialis)

II: southern-Alpine 
peripheral 
refugium (Androsace

alpina, partly A. brevis, 
partlyPhyteuma
globulariifolium, Ranunculus 
glacialis)

III: southern-Alpine
peripheral refugium 
(Androsace
alpina, partlyAndrosacebrevis, 
Androsacewulfeniana, Eritrichium
nanum, Phyteumaglobulariifolium, 
Ranunculus glacialis, Saponaria pumila)

IV:eastern-Alpine peripheral refugium 
(A. alpina, A. wulfeniana, E. nanum, P. globulariifolium, R. 
glacialis, S. pumila)

V: northern-Alpine peripheral
refugium (Erinusalpinus, Rumexnivalis)

VI: northern-Alpine peripheral refugium (R.nivalis)

VII: northern-
Alpine peripheral 
refugium (R. nivalis)

VIII: central-Alpine 
refugium (E. nanum)

IX: central-
Alpine refugium 
(E. nanum)



Å similar break zonesin the distribution of allelesand
supported secondarycontact in suture zonesaway
from the location of glacial refugia for both
calcareousandsiliceousspecies

Å similarity of endemic taxa between the South-
westernvsEasternis increasingwith elevation

Å a substantialfractionof the lower-elevationendemics
are restricted to the vicinity of refugia and likely
originatedthere



approximate location of putative inferredterrestrial refugia broadly 
overlappwith recognized areas of high endemism

2007



present LGM



Carexfirma Carex curvula

Soldanellapusilla Silene(Lychnis) nivalis (dotted 

line) and Silenezawadzkii

(dashed line).

Campanula alpina

Hypochaerisuniflora



Phylogeographical (intraspecific) boundaries 
observed in selected case studies based on 
dense populationsampling



Examples of the refugia-within-refugia model 

hypotheticlocation of 
refugia during the LGM 
for Quercusspp. 

genetic groups in 
Arabis alpina taxonomicςgenetic 

groups in the Cardamine
maritima complex

Sea straits whose biogeographic role 
as barriers or corridorshas been
addressed in phylogeographic studies 
around the Mediterranean Basin 

2014


