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Summary 

 

This thesis presents contribution to elucidation of postglacial history of 

temperate plant taxa in Europe with the focus on especially interesting region of 

Central Europe, for which diverse roles in postglacial plant histories were suggested. 

The first part summarises general phylogeographical views and 

methodological approaches with the respect to species history after the last ice age in 

Europe. Further, the most important aspects of phylogeography of European 

temperate plant taxa are discussed. 

The second part contains a set of papers dealing with selected European 

temperate plant species, for whose phylogeographical patterns throughout their 

present distribution area were inferred including presumptions of the origin of their 

contemporary Central European populations and comparisons with another 

previously studied species. 

Paper 1: Phylogeographic pattern of the European forest grass species 

Hordelymus europaeus: cpDNA evidence. 

This paper presents phylogeographical pattern based on chloroplast 

haplotype variation covering the overall present distribution of H. europaeus. The 

phylogeographical pattern found in H. europaeus is to certain extent similar with 

that in Fagus sylvatica. This might imply a partly common postglacial colonisation 

history of these ecologically narrowly tied species. The data suggest similarly to F. 

sylvatica main glacial refugia on south European peninsulas. Nevertheless, unlike in 

the case of F. sylvatica, it was not found convincing evidence for the existence of 

Central European glacial refugia for H. europaeus. 

Paper 2: Phylogeography of Lonicera nigra (Caprifoliaceae) in Central 

Europe inferred from molecular and pollen evidence. 

For reconstruction of postglacial history of L. nigra molecular data and 

pollen records from the literature were used. Although L. nigra harbors low genetic 

variability throughout its present distribution, non-random geographic pattern was 

revealed suggesting presence of contact zone between two genetically different 
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lineages situated to the upper part of the Danube valley. Palaeoecological data, as 

only as indicative and supplementary, as an unambiguous determination of the 

species is not possible, support molecular data suggestions, that L. nigra might have 

survived in glacial refugia located in Central Europe. 

Paper 3: Phylogeographical structure of temperate shrub Rosa pendulina 

(Rosaceae): AFLP vs. cpDNA variation. 

Phylogeographical pattern of R. pendulina based on AFLP data was 

reconstructed and compared with previous study dealing with geographic 

organization of chloroplast haplotypes. Large congruence between both data sets 

was detected. Nevertheless, the previously revealed contact zone located in the 

Danube valley might be wider reaching southern edge of the Alps, the northern 

Dinaric Alps and the Bulgarian Mountains. Thus, the way of dispersion of each 

genetic marker can lead to differences in final phylogenetic pattern. Although, each 

phylogeographical pattern is unique, the comparison with phylogeographical patters 

of other temperate as tree as non-tree European taxa is supporting the hypothesis of 

existence several common phylogeographical features in Europe. 
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Souhrn 

 

Tato práce přináší příspěvek k objasnění postglaciální historie temperátních 

rostlinných druhů v Evropě se zaměřením na zvláště zajímavou oblast - střední 

Evropu, pro niž byly navrženy různé role v postglaciální historii současné evropské 

flory. 

První část práce shrnuje obecné pohledy a metodologické přístupy současné 

fylogeografie s ohledem na vývoj rozšíření druhů po poslední ledové době v Evropě. 

Diskutovány jsou i nejdůležitější aspekty fylogeografie evropských temperátních 

druhů. 

Druhá část se skládá ze tří souvisejících odborných článků, které se zabývají 

vybranými evropskými temperátními rostlinnými druhy, pro které byly sestaveny 

fylogeografické modely v celém rozsahu jejich součastného geografického areálu. 

Zvláštní zřetel byl věnován určení původu středoevropských populací a porovnání 

fylogeografie těchto druhů s dalšími dříve zveřejněnými studiemi, které byly 

zaměřeny na území Evropy. 

Článek 1: Phylogeographic pattern of the European forest grass species 

Hordelymus europaeus: cpDNA evidence. [Fylogeografická studie evropské 

temperátní trávy Hordelymus europaeus na základě analýzy chloroplastové DNA.] 

Tento článek představuje fylogeografický model vytvořený na základě 

chloroplastových haplotypů získaných z populací, které představují reprezentativní 

vzorek pokrývající celý současný areál druhu. Předpokládaná postglaciální historie 

druhu H. europaeus byla porovnána se závěry studií zabývajících se fylogegrafií 

druhu Fagus sylvatica a zjištěna byla podstatná shoda. Zejména jsou pro oba druhy 

navržena hlavní glaciální refugia na poloostrovech jižní Evropy. Nicméně, na rozdíl 

od druhu F. sylvatica nebyly nalezeny přesvědčivé důkazy pro existenci 

středoevropských glaciálních refugií druhu H. europaeus. 

Článek 2: Phylogeography of Lonicera nigra (Caprifoliaceae) in Central 

Europe inferred from molecular and pollen evidence. [Fylogeografie druhu Lonicera 
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nigra (Caprifoliaceae) ve střední Evropě odvozená na základě molekulárních a 

pyloanalytických dat.] 

Pro rekonstrukci postglaciální historie druhu L. nigra byla využita 

molekulární data a záznamy pylových analýz z dostupné literatury. Ačkoli má L. 

nigra v rámci celého současného areálu přirozeného výskytu nízkou genetickou 

variabilitu, byla odhalena její nenáhodná geografická struktura, která zahrnuje 

kontaktní zónu dvou odlišných genetických linií v horní části údolí Dunaje. Přestože 

pylová data byla použita pouze doplňkově, protože určení až na úroveň druhu 

nebylo možné, paleoekologické údaje podporují závěry učiněné na základě 

molekulárních dat, že L. nigra mohla přežít v glaciálních refugiích ve střední 

Evropě. 

Článek 3: Phylogeographical structure of temperate shrub Rosa pendulina 

(Rosaceae): AFLP vs. cpDNA variation. [ Fylogeografická struktura temperátního 

křovinného druhu Rosa pendulina (Rosaceae): AFLP vs. variabilita chloroplastové 

DNA]. 

Fylogeografická struktura druhu R. pendulina byla rekonstruována na 

základě dat získaných pomocí AFLP. Porovnání s předchozí studií založenou na 

analýze chloroplastových haplotypů ukázalo významnou shodu mezi oběma 

datovými soubory, přestože původně zjištěná kontaktní zóna lokalizovaná do údolí 

Dunaje může být pravděpodobně širší a dosahovat až k jižnímu úpatí Alp, severní 

části Dinárských Alp a bulharským pohořím. Tato nesrovnalost může být výsledkem 

odlišných mechanizmů šíření různých genetických markerů.   

Nicméně, srovnání fylogeografických modelů různých temperátních druhů 

přineslo zjištění, že ačkoli se objevují rozdíly, můžeme vysledovat četné znaky 

podporující existenci glaciálních refugií i mimo jižní Evropu, což bylo navrženo i 

pro druh R. pendulina. Postglaciální expanze z různých směrů umožnila vznik 

kontaktních zón u mnoha studovaných druhů, ale jejich přesná lokalizace vyžaduje 

detailnější sběr dat z příslušných oblastí. Proto, chceme-li učinit obecné závěry 

týkající se především evropských temperátních druhů bylin a keřů, musíme 

shromáždit podrobnější a rozsáhlejsí soubor dat. Avšak, současné srovnání 
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naznačuje, že nebyl nalezen zásadní rozdíl odlišující fylogegrafii stromů a rostlin 

jiných životních forem. 
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Introduction 

 

 Phylogeography of temperate European species 

 

Present-day distribution, variation and mutual relationships of temperate 

organisms were substantially influenced by climatic oscillations during the 

Quaternary period. By studying current species distributions and their genetic 

patterns, the impact of processes acting on those species during their history can be 

estimated. 

As a relatively new discipline (introduced by Avise et al. 1987), 

phylogeography is considered a bridging field within the biodiversity sciences (Fig. 

1, adapted from Avise 2009) that focuses on the determination of phylogenetic 

relationships among genetic lineages, especially within and among closely related 

species. These phylogenies are then compared with their geographical distribution 

(Hewitt 2001, Avise 2009). 

 

 
 

Fig.  .    The position of phylogeography within the biodiversity sciences. Adapted from Avise 2009. 
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Although the impact of climatic changes on diverse taxa varied, certain 

common phylogeographical patterns can be inferred. Initially, for European taxa, 

some general phylogeographical theses were postulated based largely on the fossil 

and molecular data and dealt with the main glacial refugia, postglacial colonisation 

routes and the zones in which different genetic lineages come into contact or 

interfere (Taberlet et al. 1998, Hewitt 1999, 2004). 

It was hypothesised that during climatically unfavourable periods in Europe, 

temperate taxa migrated into the major refugia in the southern regions represented 

by the Balkan, Iberian and Apennine peninsulas (Fig. 2, modified from Taberlet et 

al. 1998). Subsequently, as the climatic condition improved, the postglacial 

colonisation proceeded northwards (Taberlet et al. 1998, Hewitt 1999, 2004, Stewart 

and Lister 2001). Nevertheless, recent evidence suggests the existence of additional 

refugia (microrefugia or cryptic refugia; Rull 2010) in areas located more to the 

north or to the east from the above-mentioned peninsular refugia, particularly in the 

Carpathian foothills and other parts of Central Europe (Fig. 3, adapted from Birks 

and Willis 2008). Based on direct palaeobotanical records, glacial survival in Central 

Europe was postulated for a number of temperate plant species including 

thermophilous ones (Willis et al. 2000, Willis and van Andel 2004, Jankovská and 

Pokorný 2008, Magri 2008), and this was also supported by molecular data (Magri 

et al. 2006, Bylebyl et al. 2008, Shonil and Willis 2008, Huck et al. 2009). 

The limited possibility of interbreeding among populations in different 

refugia, or even their total isolation, has led to the accumulation of distinct mutations 

in refugial populations and thus to their genetic differentiation. When climatic 

conditions became more favourable, these species with unique, diversified genetic 

lineages spread from previously separated refugia and established a patchwork of 

populations throughout the present species distribution area, creating contact zones. 

Sharply delimited contact zones arose when different genetic lineages met but did 

not penetrate in the area in which other populations of the species were already 

settled. Wider transitional belts developed when individuals originating from 

different genetic lineages intermingled or formed mixed populations. Hybridisation 

zones can be detected in regions in which the interference of migrating lineages 



14 

 

generated genetically intermediate individuals. The comparison of 

phylogeographical patterns of European species revealed that such zones tend to 

cluster along the Alps and the Pyrenees in Central Europe and across Scandinavia 

(Taberlet et al. 1998, Hewitt 2004, Fig. 4, modified from Hewitt 1999). Particularly 

in Central Europe, the existence of these contact zones was confirmed for diverse 

temperate plant taxa (e.g., Fjellheim et al. 2006, Fér et al. 2007, Bylebyl et al. 2008, 

Vrancken et al. 2009). 

 

 

 
 

 

Fig. 2.    The localisation of the presumed main glacial refugia (R1, R2 and R3) in Southern Europe. 

Modified from Taberlet et al. 1998. 
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Fig. 3.    The localisation of the main (southern) glacial refugia and the additional refugia out of the 

Southern Europe. Adapted from Birks and Willis 2008. 

 

 

 

 
Fig.  .    The courses of detected contact/hybridization zones for European plant and animal taxa. (The 

indication of the main southern glacial refugia: IB   the Iberian peninsula, IT     the Apennine peninsula 

and BK     the Balkan peninsula). Modified from Hewitt 1999. 
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 Methods used in plant phylogeography 

 

Molecular and/or palaeoecological data can be used to infer the postglacial 

history of plant species, although the evidence for ancient distribution areas of 

particular taxa remains indirect. Pollen or macroremains identified in the fossil 

record can indicate the presence of respective taxa in the past (Steward and Lister 

2001, Birks and Willis 2008); however, the exact identification of material to the 

species level is not always possible (i.e., a single pollen type may be representative 

of more than a single species). Furthermore, palaeoecological data are available only 

for a limited number of present-day taxa, and the locality in which the sample was 

found is not necessarily identical to the original location of that particular plant (i.e., 

wind/water can transport pollen grains, diaspores or remnants of plant material far 

from the site of the plant from which it originated). In contrast, molecular data 

representing the genetic variability of a certain organism can be obtained for any 

present-day plant species, and a number of different methods for achieving this have 

been proposed. Nevertheless, the extent of variability and mutation rate limit the 

choice of a suitable molecular method. In terms of plants, two different molecular 

techniques are widely applied in phylogeographical studies: 

 

 Sequencing of chloroplast (cp) DNA 

 

The use of universal primers for obtaining sequences of non-coding cpDNA 

regions is a relatively unproblematic molecular procedure that allows the sequencing 

of a wide spectrum of plant taxa with resolution often down to the intraspecific level 

(Taberlet et al. 1991, Shaw et al. 2005). However, the variability of cpDNA is 

generally lower than that of nuclear markers. 

CpDNA sequences are a primary data source for inferring plant phylogenies 

(Shaw et al. 2005), especially in angiosperms in which maternal inheritance of the 

haploid chloroplast genome prevails. The chloroplast genome is considered a single 

(homoplastic in an individual), non-recombining unit of inheritance (Schaal et al. 



17 

 

1998). These attributes of cpDNA provided an unambiguous resolution of species 

genealogy in the first phylogeographical studies (Taberlet et al. 1998, Hewitt 1999). 

By detecting the chloroplast haplotype composition of a species, we can 

analyse the degree of haplotype differentiation and possible relationships of the 

haplotypes by constructing haplotype networks (Posada and Crandall 2001). After 

projecting these results onto the geographical distribution, the comparison of 

abundance of haplotypes and their representation in different regions provides 

evidence regarding the localisation of glacial refugia, colonised areas and the course 

of contact zones. Glacial refugia can be expected in regions in which both high 

haplotype richness and unique haplotypes co-occur (Hewitt 1999, 2004). 

Furthermore, populations that have been isolated for a long time are predicted to 

harbour predominantly haplotypes distinct from those present in the remaining part 

of the distribution area of a particular species. More recently colonised areas are 

characterised by common haplotypes and lower haplotype richness. However, 

haplotype richness can be locally increased in a zone in which diverse genetic 

lineages come into contact or intermingle. 

Clearly, the diversity in the chloroplast genome does not represent all 

aspects of the genetic variation in a species. Therefore, in many works (e.g., Dixon 

et al. 2008, Paun et al. 2008, Puşcaş et al. 2008) a combination of cpDNA 

sequencing and other molecular methods involving nuclear DNA analysis is used.  

 

 AFLP (Amplified fragment length polymorphism) 

 

Similar to most DNA fingerprinting methods, AFLP does not require 

previous knowledge of the DNA sequences (Vos et al. 1995), making this method 

suitable for any plant species. However, good reproducibility of AFLP profiles can 

be guaranteed only when high-quality DNA is available (Meudt and Clarke 2007).  

For AFLPs, complete genomic DNA is digested with two restriction 

endonucleases. Subsequently, in two selective PCR reactions, only a part of the 

digested fragments will be amplified. The resulting AFLP profiles contain a specific 

and constant mixture of a number of fragments of different lengths, which randomly 
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cover the entire organismic DNA. Because it is only possible to score the presence 

or absence of AFLP fragments, the dominant nature of AFLP markers is the main 

disadvantage of this method (Meudt and Clarke 2007). 

The main advantage of the method, however, is its high sensitivity to detect 

DNA polymorphisms throughout the whole genome, which is necessary to reveal 

intraspecific variability. Even in phylogeographical studies, where either no 

(Rejzková et al. 2008, Daneck et al. 20  ) or considerably low (Puşcaş et al. 2008) 

variability was revealed on the intraspecific level using other molecular methods, 

AFLP analysis provided sufficient resolution for distinguishing studied populations. 

The analysis of AFLP data in phylogeography involves the following 

approaches:  

 (1) Individual-based methods assessing the relationship among individual samples. 

This approach involves statistical methods such as principal coordinate analysis 

(PCoA), tree-building algorithms (distance based neighbour-joining, unweighted 

pair group method with arithmetic mean (UPGMA) or character based maximum 

parsimony) or Bayesian analysis. 

 (2) Population based applications resulting from comparisons of allele frequencies 

to reveal partitions of genetic diversity. Such analyses include an analysis of 

molecular variance (AMOVA), calculation of population-specific markers as 

occurrence of rare/private fragments or calculating the Frequency-down-weighted 

marker (DW) value; for each population the number of occurrences of each AFLP 

marker in that population was divided by the number of occurrences of that 

particular marker in the total dataset( Schönswetter and Tribsch 2005). 

According to the geographical distribution of groups of genetically related 

populations/individuals, we can localise genetic lineages that experienced 

postglacial expansion or contact zones among genetically different populations. The 

location of glacial refugia and relic areas can be deduced on the basis of differences 

in DW values (Schönswetter and Tribsch 2005) or distribution of rare/private 

fragments. Higher values are expected in long-term isolated populations, where rare 

markers tend to accumulate (Schönswetter and Tribsch 2005). 

 



19 

 

 Aims of the present thesis 

 

Although the number of European taxa, which were the subject of diverse 

phylogeographical studies, continually increases, and recent studies have provided 

finer resolution, the majority of general phylogeographical scenarios on the scale of 

the whole European continent were inferred predominantly from temperate tree 

species studies (Taberlet et al. 1998, Hewitt 1999, 2004, Willis ad van Andel 2004, 

Magri et al. 2006). Additionally, there are fewer studies on non-tree taxa (Despres et 

al. 2002, Rejzková et al. 2008, Vrancken et al. 2009).  

The present thesis addresses three temperate non-tree taxa with present-day 

distribution areas covering a large part of the European continent, including the 

Central European region. Two species (Lonicera nigra and Rosa pendulina) are 

shrubs occurring predominantly in temperate forests, and one species (Hordelymus 

europaeus) represents a temperate forest grass. 

The aim of our studies was to answer the following questions, relying 

mainly on cpDNA and/or AFLP data: 

(1) Is the genetic variability of the studied species spatially structured? Is it 

possible to find congruence among the different molecular and palaeobotanical 

datasets? 

(2) Where are the probable glacial refugia of these particular taxa? 

(3) Are there any indices for the existence of (additional) cryptic glacial 

refugia in Central Europe? 

(4) Is it possible to localise the contact zones between different genetic 

lineages of the studied taxa and determine their extent and type based on the 

detected phylogeographical patterns? 

(5) By comparing previously studied temperate European taxa with those 

investigated in the present work can we infer some generalisations, or are the 

revealed phylogeographical patterns unique to each species? 
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 Materials and methods 

  

 Studied plant species 

 

(1) Hordelymus europaeus (L.) Jessen ex Harz is a forest grass that belongs 

to the family Poaceae. It is found in deeper alkaline soils, particularly in herb-rich 

beech forests (Chytrý and Tichý 2003, Jarolímek and Šibík 2008). Its geographical 

distribution is similar to that of Fagus sylvatica (Meusel et al. 1965, Mizianty et al. 

2007, Magri 2008), centred in Central Europe and reaching the British Isles, 

Denmark and northern Poland in the north; northern Spain in the west; and the 

Apennine and Balkan Peninsulas in the south. The easternmost occurrence includes 

the surroundings of the Caspian Sea and Caucasus (see paper I: Fig. 1a). 

Hordelymus europaeus is a caespitose perennial forming only short 

rhizomes. It is an autotetraploid (2n = 28), wind-pollinated and self-compatible 

species (Humphries  980, Kubát 2002, Ellneskog-Staam et al. 2006, Mizianty et al. 

2007). The genus Hordelymus is monotypic, and no intraspecific subdivision of H. 

europaeus has been detected. (Humphries 1980, Mizianty et al. 2005, 2007). 

An identification of Hordelymus samples in palaeobotanical record is not 

possible because of the extreme similarity of morphological characteristics (pollen, 

macroremains) within the Poaceae family (Beug 200 , P. Kuneš and P. Pokorný, 

pers. comm.). 

(2) Lonicera nigra L. (Caprifoliaceae) is a European shrub species that 

grows mainly in the fresh soils of mountain forests and scrublands, sporadically 

down to their foothills. It does not occur in lowlands. Its distribution range includes 

Central Europe and extending southeasterly to the Carpathians and southwesterly to 

Bulgaria. In the south, its range also includes the Alps and the northern Apennines. 

In the southwest, the range reaches the Massif Central and the Pyrenees. The 

northernmost populations approximately trace the Thuringian Forest and the 

northern boundary of the Czech and Slovak Republics (Browicz 1976, Chrtek 1997, 

2002) (see paper II: Fig. 1). 
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L. nigra is self-incompatible and entomogamous (Willemstein 1987). The 

fruits can be propagated endozoochorically. Vegetative reproduction by root 

suckering or layering is not unusual (Traiser et al. 1998). It is a diploid species (2n = 

18). Among natural populations, no intraspecific categories have been distinguished 

(Browicz 1976). The natural co-occurrence of L. nigra with another Lonicera 

species in mixed populations generates an opportunity for interspecific 

hybridisation, however the detailed occurrence of hybrids is not known (Browicz 

 976, Bertová  985, Chrtek  997). 

There is little palaeontological evidence of the Lonicera species, and L. 

nigra is mostly not distinguished from related species in the fossil records. The data 

on its pollen records are mostly merged with those of one or two other closely 

related Lonicera species (Moore et al. 1991, Beug 2004). Nevertheless, in our study, 

we tried to select palaeopalynological records with a higher probability of containing 

L. nigra. 

(3) Rosa pendulina L. (Rosaceae) is a temperate shrub species inhabiting 

hilly and mountainous regions up to the tree line in Europe. It is a component of 

shrubby vegetation, but it can also be found in forests or on rocky hillsides 

(Klášterský  968, Větvička  995, Větvička 2002). Its distribution extends from the 

Pyrenees to the Balkan Mountains, including the Massif Central, the Alps, the 

Apennines and the Carpathians. The northernmost natural distribution reaches 

central Germany, the Sudety Mountains and the Western Carpathians (Meusel et al. 

1965) (see paper III: Fig. 1). 

R. pendulina is a tetraploid (2n = 28), entomogamous and morphologically 

variable species. The generation of root shoots enables vegetative reproduction. The 

fruits are adapted to propagation via endozoochory (Větvička  995). 

No palaeobotanical record corresponding to R. pendulina is available (Beug 

200 , P. Kuneš and P. Pokorný, pers. comm.). 
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 Sampling design and data gathering 

 

For all studied species, sample sets covering the whole present-day 

distribution area were obtained for the molecular analyses. Young intact leaves were 

collected and immediately dried in silica gel. Individuals separated by approximately 

10 m were randomly chosen to minimise repeated collections of the same 

generatively spreading individuals. For AFLP, mostly 4-6 individuals from each 

population were analysed. Only in the case of low population size, fewer samples 

representing a particular population were collected. For sequencing of cpDNA, 1-3 

individuals per population were analysed (Table 1, for details see papers I-III). 

Voucher specimens were deposited in the herbarium of the Department of Botany, 

Charles University in Prague (PRC). 

For Lonicera sp., palaeopalynological evidence was also analysed. The data 

from the Czech and Slovak Republics were obtained from the Czech Quaternary 

Palynological Database-PALYCZ (Kuneš et al. 2009). Other compiled records 

originated from the European Pollen Database-EPD (Fyfe et al. 2009) or from the 

original papers. The chronologies proposed by both databases were used. For the 

sequences that lacked dates the periods proposed by the authors in the original 

studies were used (for details see Paper II). 
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Table 1. – Summary of studied temperate plant taxa, used sample sets and methods. Resume of main 

features of revealed phylogeographical patterns. N. pop./N.i. – number of studied 

populations/individuals. N – number of studied individuals per population. CE – Central Europe. 
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 Analysis of molecular datasets and data processing 

 

CpDNA sequencing data. For the detection of genetic relationships among 

haplotypes, a statistical parsimony haplotype network (Posada and Crandall 2001) 

was used. This network approach enabled the appropriate representation of 

intraspecific processes leading to the coexistence of the ancestral haplotype and/or 

multiple descendant haplotypes (Naciri and Gaudel 2007 and references therein). 

Based on the minimum number of required mutational steps among haplotypes, the 

network can be constructed using the program TCS 1.21 (Clement et al. 2000). 

 

AFLP data. (1) To reveal a general pattern in the obtained AFLP datasets, a 

Bayesian clustering method was used. This method was used to investigate the 

population structure in the dataset. Using genetic information, it ascertains 
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population membership of the individuals without assuming predefined populations. 

It operates by minimising Hardy-Weinberg and linkage disequilibria, and the 

assignment of each genotype to the appropriate cluster is carried out 

probabilistically, generally by using Markov chain Monte Carlo (MCMC) 

approaches (Chen et al. 2007). For Bayesian clustering, we employed the software 

STRUCTURE and BAPS. STRUCTURE 2.3.1 is a suitable free software package 

using multi-locus genotype data (Pritchard et al. 2000, Falush et al. 2007, Hubisz et 

al. 2009). The program BAPS 5.2 (http://web.abo.fi/fak/mnf/mate/jc/software/ 

baps.html) works similarly, without any predefined groups, but it is possible to 

specify the number of resulting clusters. It was used to compare group compositions 

obtained using STRUCTURE. 

(2) For estimating the population differentiation directly from molecular 

data and for testing hypotheses about such differentiation, we used AMOVA 

(analysis of molecular variance, Excoffier et al. 1992). The allocation of variation in 

the frame of the whole dataset can be inferred here from within/among the 

population (group) variation percentage. In addition, the Fst analogue expressing 

genetic differentiation among populations was calculated. For the computing of 

AMOVA and the Fst analogue, we used the freely available software Arlequin 3.11 

(http://cmpg.unibe.ch/software/arlequin3/). The relationship between pair-wise 

genetic differences among individuals and their spatial distances were tested using 

spatial autocorrelation analyses. For this purpose, Mantel tests (Legendre and 

Legendre 1998) implemented in the program ZT (Bonnet and Van de Peer 2002) 

were applied. 

(3) For the estimation of rarity of particular markers, several approaches 

were used. 

The measure of population divergence DW value (Schönswetter and Tribsch 2005) 

was used as an equivalent to range-down-weighted species values in historical 

biogeographical research (Crisp et al. 2001). The DW value helped us to distinguish 

those populations that harbour rare genetic features. Based on the AFLP data, 

computations were carried out using Scilab (http://www.scilab.org, script Kučera et 

al. 2008). 

http://cmpg.unibe.ch/software/arlequin3/
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We used Shannon’s index (HSh) to express diversity in our dataset, taking 

into account both the number of different genotypes and the number of individuals 

harbouring each genotype. This corresponds with the entropy level present in our 

data. HSh was calculated with the FAMD  . 08 software (Schlüter and Harris 2006). 

Finally, populations with attributed statistical characteristics were projected onto the 

maps according to their geographic location. 

The map outputs shown in present thesis for both molecular and 

palaeopalynological analyses were created with the use of ArcGIS 9.3 (ESRI, 

Redlands, CA, USA). Further graphical outputs were created in the program 

CorelDRAW 9 (Corel Corporation, Ottawa, Canada). 

 

 

 Results and discussion 

 

In total, 43 populations of H. europaeus, 31 populations of L. nigra and 34 

populations of R. pendulina were studied throughout their whole distribution area in 

Europe. The phylogeographical patterns revealed in presented studies and their 

interpretation, including a comparative phylogeographical view, are summarised and 

discussed below. 

 

 (1) Is there any congruence among different data types obtained for a single 

species in the phylogeographical patterns? 

 

The genetic variability in non-coding regions of cpDNA revealed a non-

random geographical structure of the H. europaeus populations. Although the most 

common haplotype represented nearly three quarters of all studied populations, 

several haplotypes characteristic of specific regions were identified. One haplotype 

was detected in the area reaching from Central Europe to the Balkan Peninsula, 

pointing to interconnections between these two regions. Another haplotype was 

found only on the Apennine and Balkan peninsulas, i.e., in the southern populations 

that did not undergo any recent postglacial expansion. The Crimea represents a long 
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time isolated region. However, its tie to the present-day southern European 

population is evident as a very close haplotype was found in central Italy. Because 

there are no accessible palaeoecological data, a comparison with results of another 

molecular method remains for future study. Based on the preliminary AFLP results 

(unpubl. data), a pattern congruent with that for chloroplast haplotypes was detected. 

For R. pendulina, molecular analyses remain the only possible method to 

reconstruct its postglacial history. The pattern of genetic variability of chloroplast 

haplotypes was previously inferred (Fér et al. 2007, Fig. 5, from Fér et al. 2007). 

Two widely distributed haplotypes were detected. One occupies the southwest part 

of the distribution area and the second one the northern and eastern part of it. The 

contact zone among them passes approximately through the Danube valley. In 

addition, one haplotype common only to all of the southern European peninsulas 

was identified (Fér et al. 2007). In our study using AFLPs, a similar pattern was 

revealed. However, the dividing line between two main AFLP clusters was shifted 

more to the south, passing roughly along the border of Austria and Slovenia with 

Italy. Moreover, subsequent separate analyses of each of the two main clusters 

showed that the populations from the Iberian Peninsula represented a unique 

genotype group. The northeast cluster was also more finely subdivided into two 

genotype subgroups. One subgroup is distributed from southern Bulgaria throughout 

the whole Carpathians and as far west as Bohemia. The second subgroup occupies 

the eastern part of the Alps and reaching to mountains in the south of the Czech 

Republic. Nevertheless, the partition of the northeast cluster was rather indistinctive, 

and the occurrence of both subgroups is partially overlapping. The single 

populations or individuals also appear in the area where the other subgroup prevails. 
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Fig. 5.    (a) Distribution area of R. pendulina in Europe (shaded) and location of 41 populations used in 

the study Fér et al. 2007. The colours of the dots represent the five cpDNA haplotypes detected by 

trnL-trnF sequencing. For detailed descriptions see Fér et al. 2007. (b) Statistical parsimony network 

showing the relationships among five cpDNA haplotypes detected in R. pendulina. The box sizes are 

proportional to the number of localities where the haplotype was found. Each line between haplotypes 

corresponds to one mutation event. Small white squares represent missing haplotypes. Adapted from 

Fér et al. 2007. 

 

Because we have not detected any variation throughout the chloroplast 

genome of L. nigra, the total genetic variability using AFLP was studied, and the 

non-random geographic pattern was inferred. Throughout its distribution area, two 

regions representing two different genotype clusters were delimited. One cluster 

covers the southwest region, and the other covers the northern and eastern part of the 

present-day distribution of this species. Mixed populations were identified in the 

contact zone of both groups, which passes approximately through the Danube valley 

continuing further in the northwest direction and on the eastern edge of the Alps. 
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Further subdivision revealed only the separation of the Pyrenean populations as an 

additional distinct group. 

 

 (2) Do the glacial refugia of the investigated species and other previously 

studied taxa agree with the traditional phylogeographical view? 

 

The Iberian, Apennine and Balkan peninsulas are supposed to be the main 

glacial refugia according to traditional phylogeographical views (Taberlet et al. 

1998, Hewitt 2004). In the analysis of the genetic composition of the studied species 

(H. europaeus, R. pendulina, L. nigra), a high genetic diversity (high DW values in 

studies using AFLP) was revealed in the southern European peninsulas, especially in 

the Balkans (H. europaeus, R. pendulina, L. nigra) and in the Pyrenees (R. 

pendulina, L. nigra). In addition, unique and distinct haplotypes or genotypes (apart 

from the common ones) were revealed in southern Europe for all three studied 

species. This supports the hypothesis of the importance of southern refugia for 

species survival that enabled uninterrupted evolution and served as the main genetic 

source for postglacial expansions. 

A number of haplotypes or genotype groups shared exclusively among 

southern peninsulas were detected for several taxa by other authors (King and Ferris 

 998, Palmé and Vendramin 2002, Magri et al. 2006, Fér et al. 2007). For H. 

europaeus and R. pendulina, one haplotype occurring only throughout the southern 

peninsulas was revealed. This supports the suggestion that interconnection between 

the southern regions existed during the glacial maxima (Colantoni et al. 1979, Voges 

1995). It is likely that such exclusively southern haplotypes or genotypes contributed 

only to a limited extent or not at all to the last postglacial recolonisation. In some 

cases (e.g., in the case of H. europaeus), we can speculate about former wider 

distribution of some haplotypes, which presently cover only limited areas (for details 

see paper I).  

Other haplotypes or genotypes occurring in the southern regions are 

restricted to particular peninsulas or even more limited areas. Genetically unique 

populations confined only to the Iberian Peninsula were inferred for several alpine 
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plant taxa e.g., Soldanella sp. (Zhang et al. 2001, Vargas 2003), Saxifraga 

oppositifolia, Androsace vitaliana (Vargas 2003) and Pulsatilla alpina (Ronikier et 

al. 2008), where the long-term survival of ancient genetic lineages seems likely. 

Nevertheless, temperate taxa such as Alnus glutinosa (King and Ferris 1998), 

Rhinanthus angustifolius (Vrancken et al. 2009) and Polygonatum verticillatum 

(Kramp et al. 2009) also show analogous features in their Iberian populations. In the 

case of our studies, a separated genotype group unique for the Iberian Peninsula was 

revealed for the temperate shrubs R. pendulina and L. nigra. However, especially for 

temperate taxa with current broad distribution, it is difficult to elucidate, why (some) 

Iberian populations remained geographically restricted over time while the last 

postglacial expansion proceeded. 

Among the three main southern glacial refugia, the Balkan Peninsula seems 

to have the most important role for all three taxa studied here (H. europaeus, R. 

pendulina and L. nigra) as a source for the postglacial recolonisation of the northern 

reaches of the present-day distribution. According to our molecular data, the 

majority of genetic lineages occurring in Central Europe can also be found in the 

Balkans. Moreover, in all of the studied species, there is a mixture of both unique 

and widespread genetic lineages on the Balkan Peninsula, and no strictly prevailing 

haplotype or genotype group occupies this area. Therefore, the highest (or almost 

highest) genetic diversity occurs here. This pattern was also found for other 

temperate plant taxa, such as Alnus glutinosa (King and Ferris 1998), Fraxinus 

excelsior (Heuertz et al. 2004) or Fagus sylvatica (Magri et al. 2006), which 

suggests the common occurrence of this phylogeographical pattern among temperate 

plant species (Hewitt 2004). 

 

 The availability of non-molecular data and their contribution to the 

identification of areas of glacial survival 

 

Because there is no palaeoecological record that can be unambiguously 

assigned to any of investigated species, there is no direct evidence of their glacial 

survival in particular areas. Despite this, we gathered and tried to interpret pollen 
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data in the study of L. nigra with respect to our molecular data results. Similarly to 

study of Microtus arvalis (Heckel et al. 2005), in the palaeopalynological record it is 

not possible to distinguish between at least two closely related species of the genus 

Lonicera (L. nigra and L. xylosteum), and the palaeoecological evidence is scarce. 

Nevertheless, because of the large overlap in the present-day distribution and 

ecological requirements of both species, we can infer, with high probability, their 

co-occurrence in the past. Moreover, all palaeoecological data that can indicate the 

probable presence of L. nigra (L. xylosteum type of pollen) are localised in the 

present-day distribution area of the species, which may indirectly support the 

continuous appearance of the species in this particular area. Based on the above-

mentioned assumptions, one late glacial record likely referring to L. nigra was 

identified in the western Carpathians, pointing to a possible glacial refugium in 

Central Europe (see paper II: Fig. 4). The molecular data results imply this 

localisation as well. This is also analogous to the conclusions made for M. arvalis 

based on both molecular and non-molecular data (for further details see paper II). 

 

 (3) Are there any similarities between the localisation of contact/hybrid zones 

in the studied species and the previously detected phylogeographical patterns? 

 

According to the distribution of genetic variation and diversity in our studied taxa 

(H. europaeus, R. pendulina and L. nigra), not all populations that survived in 

supposed refugial areas contributed to postglacial migrations, and only some 

southern refugia played an important role in the postglacial expansion. This is in 

agreement with the general view (Taberlet et al. 1998, Hewitt 2004). In addition, in 

some cases, more than one genetic lineage contributed to the postglacial expansion, 

which resulted in the formation of contact zones in areas where different genotypes 

met. 

For L. nigra, the main transitional zone detected passed approximately along 

the Danube valley and continued further on in the NW and SE direction. Although 

the localisation of the contact zone is specific for each taxon, it is possible to trace 

some similarities among the different taxa (Taberlet et al. 1998, Hewitt 1999, 2004). 
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Analogous contact/hybrid zones in Central Europe near the Danube valley was 

previously found in studies of Vitis vinifera subsp. sylvestris (Grassi et al. 2008), 

Festuca pratensis (Fjellheim et al. 2006), Abies alba (Breitenbach-Dorfer et al. 

1997, Liepelt et al. 2009) or Rhinanthus angustifolius (Vrancken et al. 2009). 

Although the contact zone was expected to be similarly localised for R. pendulina 

based on the variability of the chloroplast haplotypes (Fér et al. 2007), the AFLP 

analysis shows a corresponding contact zone shifted more to the south. This 

discrepancy is most likely caused by different migration speeds of the pollen and 

fruits. Moreover, the migration efficiency can also be influenced by a number of 

other exogenous factors including prevailing wind direction and periodical animal 

migrations (for details see paper III). For H. europaeus, a Central European contact 

zone was not identified based on cpDNA variation; nevertheless, additional, more 

variable data are needed to confirm this conclusion. 

 

 (4) Did a Central European glacial refugium exist and play a role in the 

survival of temperate plant species? 

 

In tracing the origin of the Central European populations of the species 

studied, we included a higher number of populations representing this area in our 

molecular analyses. Nevertheless, a lower genetic diversity compared with that 

observed in southern Europe was detected for H. europaeus, which suggests the re-

colonisation of this area after the unfavourable climatic conditions retreated. For H. 

europaeus and R. pendulina, one chloroplast haplotype exclusively present in 

Central Europe was detected. However, because of their considerable similarity to 

widely distributed haplotypes together with terminal positions in constructed 

haplotype networks and scarce occurrences (or even single co-occurrence with their 

closest haplotypes), we can infer their recent origin. This means that there is no clear 

evidence for glacial refugia in Central Europe for the investigated species only on 

the basis of the analysis of cpDNA. 

In contrast, some Central European populations of R. pendulina and L. nigra 

showed high DW values based on AFLP data. They apparently have high genetic 
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variation and harboured private unique alleles. This may indicate possible glacial 

survival of L. nigra and R. pendulina populations in the western Carpathians and/or 

in the peri-alpine region. Indirect support of this scenario is provided by the 

palaeopalynological evidence, namely by the pollen types involving L. nigra (for 

details see paper II). Similarly, molecular data indicating glacial survival in Central 

Europe were found for other plant species including Carex pilosa (refugial area not 

specified; Rejzková et al. 2008), Eryngium campestre (central Germany; Bylebyl et 

al. 2008) and Polygonatum verticillatum (the Western Carpathians or Sudety 

Mountains; Kramp et al. 2009). Moreover, the contact zone between the different 

genetic lineages, which can also locally increase the overall genetic diversity, was 

not localised in our cases in the proximity of populations with high DW values. 

Thus, it is more likely that some genetic lineages survived in the Central European 

region and colonised their surroundings, which, in such areas, limited the 

contribution of postglacial colonisation from remote refugia (e.g., those from 

southern Europe). 

Taking into account the life strategy and ecology of the studied species, we 

can find several important characteristics (e.g., self-compatibility, efficient 

vegetative spread, strong ability to survive in a thin canopy forest or a preference for 

habitats with lower average temperatures in present-day temperate climatic 

conditions) that predetermine these species to successful survival in micro-

environmentally suitable habitats (Willis et al. 2000, Willis and van Andel 2004, 

Magri et al. 2006, Jankovská and Pokorný 2008, Shonil and Willis 2008) during the 

unfavourable glacial periods outside southern glacial refugia in which climatic 

conditions evidently stayed favourable and stable for longer time periods. 

 

 (5) Is it possible to infer some generalisations by comparing phylogeographical 

patterns of temperate European plant taxa? 

 

The first works dealing with comparative phylogeography in Europe 

(Taberlet et al. 1998, Hewitt 2001, 2004) previously referred to Central Europe as 

the area in which different migration lineages used to meet. However, despite the 
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fact that the contact zone passing through Central Europe was not revealed for all 

species and that its localisation can be modified according to studied species 

(Taberlet et al. 1998), it represents one of the common features in phylogeographical 

patterns of temperate European plant taxa. This is supported also by our results 

obtained for L. nigra and R. pendulina. 

The existence of additional (cryptic) Central European glacial refugia for 

temperate species was discussed by numerous authors (e.g., Willis et al. 2000, 

Carcaillet and Vernet 2001, Willis and van Andel 2004, Magri et al. 2006, 

Jankovská and Pokorný 2008, Shonil and Willis 2008). Among the species studied 

in this thesis, Central European glacial refugia can be assumed for L. nigra and R. 

pendulina. No molecular data supported such refugia for H. europaeus. However, 

the existence of a Central European refugium for this species cannot be fully 

rejected in light of its ecological and biological characteristics. 

In conclusion, taking into account phylogeographical patterns of other 

previously studied temperate plant taxa, we can assume certain common traits, 

including the important role of southern glacial refugia in the preservation of species 

genetic variability and in postglacial expansion. Nevertheless, most characteristics of 

the postglacial history of temperate species cannot be fully generalised. 

 

 

 Conclusion 

 

Comparing the investigated taxa (H. europaeus, R. pendulina and L. nigra) 

revealed significant similarities in their phylogeographical patterns. However, each 

scenario is also characterised by unique species-specific characteristics (Table 1). 

The first similar feature in the phylogeographical patterns is the occurrence 

of the contact zone in the Danube valley, which can be relatively narrow (e.g., in the 

case of L. nigra) or wider, reaching the Austrian and Slovenian border with Italy (for 

R. pendulina). In phylogeographical studies of Vitis vinifera subsp. sylvestris (Grassi 

et al. 2008), Festuca pratensis (Fjellheim et al. 2006), Abies alba (Breitenbach-
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Dorfer et al. 1997, Liepelt et al. 2009) and Rhinanthus angustifolius (Vrancken et al. 

2009), an analogous contact zone was also detected. 

In earlier phylogeographical reviews, the high importance of the Balkan 

glacial refugium in postglacial colonisation and its close relation to present-day 

Central European populations was previously assumed (Hewitt 2004). This was also 

confirmed for all three species (H. europaeus, R. pendulina and L. nigra) studied in 

this work. 

The existence of additional cryptic refugia outside the southern ones is 

expected based on the molecular and non-molecular data for the studied species. 

Similar conclusions were drawn for other temperate plant taxa, including Carex 

pilosa (Rejzková et al. 2008), Eryngium campestre (Bylebyl et al. 2008) and 

Polygonatum verticillatum (Kramp et al. 2009). 

In conclusion, the existence of several common patterns in the 

phylogeographical histories of temperate plant taxa was confirmed. Focusing on the 

role of Central Europe revealed similarities among diverse plant taxa, although 

certain differences among particular scenarios involving newly re-colonised areas, 

the contact zones between main migration lineages and glacial refugia were found. 
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Abstract 

 

The phylogeographical structure of the European forest grass Hordelymus 

europaeus (Poaceae) was studied by sequencing three non-coding regions of 

chloroplast DNA. Forty-three populations within the entire natural distribution area 

were analysed. The greatest haplotype variation and divergence were revealed on 

Balkan and Apennine Peninsula, suggesting main glacial refugia in these regions. 

Among southern refugia, probably only the Balkans could have remarkably 

contributed to postglacial re-colonisation of the northern parts of Europe. A 

distinctly different haplotype group found on the Crimean Peninsula and in central 

Italy may represent either relicts of a previously more widespread ancestor or result 

of the long-distance dispersal. The phylogeographical pattern found in H. europaeus 

is to certain extent similar with that found in Fagus sylvatica. This might imply a 

partly common postglacial colonisation history of these ecologically narrowly tied 

species. Nevertheless, unlike in the case of F. sylvatica, we did not found convincing 

evidence for the existence of Central European glacial refugia for H. europaeus.  
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Introduction 

 

Quaternary climatic changes in Europe are considered to be one of the most 

important factors affecting the present geographical distribution and variation of 

organisms (Comes and Kadereit 1998, Taberlet et al. 1998). Repeated fluctuations of 

mean temperature and precipitation have caused species migration processes, which 

can be inferred only indirectly on the basis of palaeontological or phylogeographical 

evidence (Hewitt 1999). Recently, several molecular studies have extended our 

previous knowledge based on pollen and macrofossil data (e.g., Palmé and 

Vendramin 2002, Palmé et al. 2003, Magri et al. 2006). Moreover, in the case of 

insufficient or missing fossil evidence, phylogeographical molecular methods 

remain as the only alternative to formulate hypotheses about glacial/postglacial 

changes in the distribution patterns of species (e.g., Cooper et al. 1995, Tyler 2002, 

Fér et al. 2007). 

The first phylogeographical studies on a European scale focused mostly on 

tree species and mammals (Taberlet et al. 1998, Hewitt 1999). Results of these 

studies enabled the formulation of certain generalisations of postglacial migration 

routes, with common areas of secondary contacts and main glacial refugia situated 

on the Balkan, Apennine and Iberian Peninsulas as the main sources of postglacial 

colonisation (Hewitt 1999). More recently, studies have been carried out on finer 

scales, extending the number of investigated species and using a broader assortment 

of non-molecular and molecular methods. This has revealed more complex 

phylogeographical patterns such as detection of species survival in areas where their 
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occurrence during unfavourable climatic periods in the Quaternary period was not 

expected (Shonil and Willis 2008). 

The possibility that woody plant species survived in more northerly regions 

than originally supposed opened the discussion about the existence of Central 

European refugia (Willis et al. 2000, Carcaillet and Vernet 2001, Stewart and Lister 

2001, Willis and van Andel 2004, Magri et al. 2006, Shonil and Willis 2008). 

Moreover, the results of several studies support the presence of trees during full-

glacial times in Central and eastern Europe, suggesting the occurrence of small 

isolated populations of trees in buffered local microclimates (like valley systems) in 

this area (Willis et al. 2000, Stewart and Lister 2001, Willis and van Andel 2004, 

Jankovská and Pokorný 2008). For Fagus sylvatica L., fossil and genetic data taken 

together, support the existence of glacial refugia in Central Europe as an 

independent source for postglacial recolonisation of surrounding areas. Diffuse 

spread from several small and scattered populations is assumed (Magri et al. 2006, 

Magri 2008). A similar pattern was also detected for Betula pendula Roth (Palmé et 

al. 2003, Maliouchenko et al. 2007). According to molecular analyses, a diversity 

centre indicating a possible refugium was identified in Central Europe north of the 

Alps. The scarce occurrence of Betula sp. in Central Europe during the last glacial 

maximum is apparent from the pollen record as well (Willis et al. 2000). For the 

majority of other studied coniferous and broadleaved trees, only either fossil or 

genetic evidence is available. Nevertheless, according to the available evidence, 

many of these taxa may have survived throughout interstadial/stadial cycles in 

Central and eastern Europe (Willis and van Andel 2004 and references therein, 

Shonil and Willis 2008). 

However, studies of the postglacial history of herb species on the European 

scale remain sporadic. In a phylogeographical study of Carex pilosa Scop., a 

temperate forest sedge was analysed using AFLP data (Rejzková et al. 2008). 

Although strict delimitation of glacial refugia based on these data was not possible, 

the distribution of rare AFLP fragments indicates the possibility of glacial survival 

of this species in Central Europe in micro-environmentally suitable patches; this is 
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in accordance with the fossil evidence of temperate forest tree species. Based on 

differences in allozyme allelic richness, the existence of independent glacial refugia, 

including central European ones, and the postglacial range expansion was also 

suggested in a study of phylogeography of Melica nutans L., a Eurasian woodland 

grass (Tyler 2002). 

The focus of our study, Hordelymus europaeus (L.) Jessen ex Harz, is 

convenient species for a phylogeographical investigation throughout Europe, with an 

emphasis on its central part. Its distribution area extends from Central Europe in all 

directions, reaching the British Isles, Denmark and northern Poland in the north; 

northern Spain in the west; and the Apennine and Balkan Peninsulas in the south. 

The easternmost localities are found near the Caspian Sea and Caucasus (Fig. 1a). It 

is apparent that the distribution area of H. europaeus is largely congruent with that 

of F. sylvatica (Meusel et al. 1965, Mizianty et al. 2007, Magri 2008), which may be 

reflected in the similarities in their phylogeographical patterns. 

Ecologically, H. europaeus is constrained to deeper alkaline soils in humose 

mixed forests or clearings, particularly in beech forests. It is classified as a 

diagnostic species for the Eu-Fagenion suballiance (herb-rich beech forests) and 

Atropion alliance (vegetation of forest clearings on eutrophic soils) (Chytrý and 

Tichý 2003, Jarolímek and Šibík 2008). H. europaeus is a caespitose perennial grass 

forming only short rhizomes and a tetraploid wind-pollinated species with 

considerable self-fertilisation ability (Humphries  980, Kubát 2002, Ellneskog-

Staam et al. 2006, Mizianty et al. 2007). 

Hordelymus is a monotypic genus, and no intraspecific taxa were recognised 

within the only species, H. europaeus (Humphries 1980). Absence of any 

intraspecific patterns in this species was also confirmed in a recent study of its 

genetic and morphological variability (Mizianty et al. 2007). The relationships of the 

genus to other taxa of the family Poaceae remain unclear (Mizianty et al. 2005, 

2007). Molecular studies (based on both nuclear and chloroplast DNA analyses) 

suggest an autotetraploid (or segmental allotetraploid) origin most closely related to 



46 

 

the genus Leymus (tribe Triticae) (Ellneskog-Staam et al. 2006, Bouchenak-Khelladi 

et al. 2008). 

There are no palaeobotanical data, which can be referred to H. europaeus. 

Generally in the family Poaceae, pollen grains are very similar in morphology, and 

it is usually impossible to distinguish pollen belonging to different species (Beug 

200 ), particularly in fossil material (P. Kuneš and P. Pokorný pers. comm.). 

Molecular data obtained from non-coding cpDNA sequences usually 

provide enough variability on intraspecific level and were successfully used in 

numerous phylogenetic or phylogeographical studies due to chloroplast maternal 

inheritance (e.g., Taberlet et al. 1998, Holderegger and Abbott 2003, Naciri and 

Gaudel 2007, Fér et al. 2007, Ronikier et al. 2008). Using analysis of cpDNA 

variation in the entire present distribution area of H. europaeus, the aim of our study 

was to address the following questions: (1) Is the genetic variability of H. europaeus 

spatially structured? (2) Is the phylogeographical pattern of H. europaeus congruent 

with other previously studied European species, especially with Fagus? (3) Is there 

any evidence for existence of Central European refugia in H. europaeus as in 

Fagus? 

 

 

Materials and Methods 

 

 Sampling 

 

We analysed 43 populations from the entire recent distribution area of H. 

europaeus (Meusel et al. 1965). Representatives of all three main putative glacial 

refugia in southern Europe—the Iberian, Apennine and Balkan Peninsulas—were 

included (Taberlet et al. 1998, Hewitt 1999). Our particular focus was on 

populations from Central Europe, where we expected a possible additional refugium 

based on evidence from other species (Willis et al. 2000, Carcaillet and Vernet 2001, 
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Stewart and Lister 2001, Magri et al. 2006). One to three individuals represented 

each population in our sample set (Table 1). Young intact leaves were collected in 

the field and immediately dried in silica gel. Voucher specimens were deposited in 

the herbarium of the Department of Botany, Charles University in Prague (PRC). 

 

Table 1. –  List of Hordelymus europaeus populations studied and details on their localities. No. - 

locality numbers correspond with those indicated on the map (Fig. 1a). Sample size: number of 

individuals sequenced from the population. Collectors’ names: AC - Andraž Čarni (Ljubljana), ER - 

Eva Rejzková (Prague), HD - Hana Dvořáková (Prague), JF - Jan Fér (Kutná Hora), JL - Judita Lihová 

(Bratislava), JV - Jaroslav Vojta (Prague), KC - Květa Černá (Zbečno), LF - Lydie Férová (Prague), 

MK - Martin Kopecký (Prague), MO - Martin Kolník (Bratislava), MS - Magdalena Stolařová 

(Prague), MW - Martin Weiser (Prague), PK - Petr Sklenář (Prague), PP - Petr Petřík (Prague), PS - 

Pepa Stanimirova (Sofia), PV - Petr Vašák (Prague), VO - Vladimir Onipchenko (Moscow). 

 

No. Haplo 

type 

Sample 

size 

Country Locality Altitude 

a.s.l.  

Latitude Longi 

tude 

Collector 

 (s) 

1 F 1 Spain Cordillera Cantábrica Mts, 

Valporquero. 

1390 m  2.90°N 5.56°W TF, LF 

2 F 2 Spain Val d´Echo, Selva de Oza, 

Barranco de Estiviella. 

1190 m  2.83°N 0.72°W TF, LF 

3 F 2 Italy Alpi Maritime, San Giacomo, 

Valdieri. 

1270 m   . 8°N 7.39°E TF, LF, 

 JF, MS 

4 B 1 Italy Monti della Laga, Amatrice, 

SE of the town, Lago di 

Campotosto lake. 

1310 m  2.52°N  3. 0°E TF, LF, 

 JF, MS 

5 E 1 Italy Colle d´Impiso. 1500 m 39.9 °N  6. 6°E TF, LF, 

 JF, MS 

6 C 1 Germany Thüringen, Hessische Rhön 

nature reserve, 

Ehrenberg/Rhön, Mt. 

Schafstein. 

790 m 50.50°N 9.  °E TF 

7 F 1 Germany Baden-Würtenberg, 

Schwäbische Alb, Stuttgart, 

Beuron. 

440 m  8.83°N 9.9 °E JV 

8 F 1 Denmark Aarhus, 5 km S of the city, 

cycling road direction 

Moesgaard Strand. 

50 m 56.07°N  0. 8°E PK 

9 F 1 Poland Warmian-Masurian Province, 

Lencze by Elblag, near the 

village. 

165 m 5 .27°N  9.50°E ER 

10 F 1 Czech 

Republic 

Doupovské hory Mts, 

Kyselka, Pstružný potok 

brook, 1 km E of the village. 

500 m 50. 2°N  3.08°E JV 
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11 F 1 Czech 

Republic 

Plzeňská pahorkatina Hills, 

Švihov, Běleč hill  

660 m  9. 8°N  3.25°E HD 

12 F 1 Czech 

Republic 

Krušné hory Mts, Horní 

Jiřetín, between Jánský and 

Kapucínský vrch hills. 

600 m 50.58°N  3.52°E HD 

14 C 2 Czech 

Republic 

Křivoklátsko protected 

landscape area, Karlov, 1.5 

km S of the village, Kamenný 

stánek hill. 

475 m  9.98°N  3.90°E KC 

13 C,D 3 Czech 

Republic 

Křivoklátsko protected 

landscape area, Velká Pleš 

hill, cca 1 km E of the lodge 

Kouřimecká myslivna. 

490 m  9.99°N  3.80°E KC 

15 F 1 Czech 

Republic 

České středohoří Mts, 

Třebušín, S slopes of the 

Trojhora hill. 

400 m 50.59°N   . 9°E HD 

16 F 1 Czech 

Republic 

Blanský les Mts, Mt. Kleť, 

along the green marked 

tourist track. 

790 m  8.88°N   .30°E HD 

17 F 1 Czech 

Republic 

Ještědský hřbet range, Karlov 

pod Ještědem, 500 m of the 

railway station. 

540 m 50.78°N   .97°E PP 

18 F 1 Czech 

Republic 

Hornosázavská pahorkatina 

Hills, Jihlava, 6 km N of the 

town, Vysoký kámen hill, 

natural monument. 

660 m  9. 6°N  5.57°E TF, JV, 

 ER 

19 F 1 Czech 

Republic 

Mikulovská pahorkatina 

Hills, Pálava protected 

lanscape area, Horní 

Věstonice, Děvín hill. 

420 m  8.87°N  6.65°E TF, JV, 

 ER 

20 F 1 Czech 

Republic 

Jeseníky Mts, Jeseník, NW of 

the town. 

670 m 50.2 °N  7. 8°E TF, JV, 

 ER 

21 F 1 Czech 

Republic 

Bílé Karpaty Mts, Strání, 

nearby the village. 

560 m  8.9 °N  7.66°E TF, JV, 

 ER 

22 F 1 Czech 

Republic 

Moravskoslezské Beskydy 

Mts, Mt. Lysá hora, SW 

slopes. 

900 m  9.5 °N  8. 3°E TF, JV,  

ER 

23 F 1 Slovak 

Republic 

Choč Mts, Velký Choč Mt, 

SE slopes. 

1280 m  9. 5°N  9.35°E TF, ER 

24 F 1 Slovak 

Republic 

Čergov Mts,   km SW of the 

Priehyby saddle. 

800 m  9.05°N 2 .23°E TF 

25 C 1 Austria Upper Austria, Mondsee lake, 

St. Lorenz, neigborhood of 

the place Theklakapelle. 

580 m  7.8 °N  3.36°E HD, JL, 

 MO 

26 F 1 Austria Upper Austria, Gmunden, 

NW slopes of Mt. Grünberg. 

600 m  7.90°N  3.80°E HD 

27 F 1 Austria Upper Austria, Gaflenz, 

slopes of the hill S of the 

village of Pettendorf . 

600 m  7.87°N   .72°E HD 

28 F 1 Austria Lower Austria, Alland, valley 

of the Schwechtat river. 

340 m  8.06°N  6.07°E HD, JL, 

 MO 

29 F 1 Austria Lower Austria, Mistelbach, 3 

km W of the village of 

Schletz. 

300 m  8.57°N  6. 3°E HD 
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30 E 1 Slovenia Kočevje, near the Kočevsko 

jezero lake. 

530 m  5.65°N   .87°E AC 

31 F 1 Croatia Velebit, Krasno, track to Mt. 

Plešivica from the village. 

1020 m   .82°N  5.0 °E JV, PV 

32 E 1 Croatia Velika Kapela Mts, Ogulin, 

track to Mt. Klak, near the 

town. 

800 m 45.25°N  5. 5°E JV, PV 

33 F 1 Bosnia and 

Herzegovi

na 

Bjelašnica Mts, forest along 

the skiing slope, 1.5 km of 

the parking place of the ski 

centre Jahorina. 

1400 m  3.7 °N  8.28°E HD 

34 F 1 Serbia Tara planina Mts, Mitrovac, 

near the town. 

970 m  3.9 °N 19.50°E JV, PV 

35 C 1 Monteneg 

ro 

Belasica national park, near 

the Biogradsko lake. 

1150 m  2.9 °N  9.60°E JV, PV 

36 E 1 Romania Banat, 2 km SW of the Lacul 

Dracului lake, blue marked 

tourist trail. 

800 m   .99°N 2 .80°E ER 

37 F 1 Romania Retezat, 2 km SW of Casa de 

vanatoare Campusel hunters 

house. 

1200 m  5.25°N 22.86°E ER 

38 F 1 Bulgaria Balkan Range (Western), 

Petrokhanpass ghat. 

1340 m  3. 2°N 23. 3°E PS 

39 F 1 Bulgaria Pirin Mts., Bansko, along the 

road to Yavorov resthouse. 

1200 m   .8 °N 23.39°E PS 

40 E 2 Bulgaria Balkan Range (Eastern), 

Rishka planina, Rishki 

prokhod, Orlitsite protected 

area.  

710 m  2.30°N 26.98°E PS 

41 A 2 Ukraine Crimea, Angarski pereval. 800 m  5.20°N 3 .30°E MK, 

MW 

42 F 1 Russia Karachaevo-Cherkessian 

Republic, Teberda State 

Reserve. 

1700 m  3. 3°N   .72°E VO 

43 F 2 Russia Karachaevo-Cherkessian 

Republic, Teberda State 

Reserve. 

1450 m  3. 5°N   .73°E VO 
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 DNA extraction and chloroplast (cp) DNA sequencing 

 

Total DNA was extracted using the CTAB protocol (Doyle and Doyle 

 987). DNA concentration was measured photometrically and adjusted to 5 ng/μl. 

Seven non-coding cpDNA regions (psbA-trnH, trnL-trnF, trnG-trnG2G, trnS-

trnfM, trnT-trnL, trnT-trnS, and rpoB-trnC) were initially screened for possible 

variation. A test sample set included eight representatives, each from a different part 

of the distribution area. Universal cpDNA primers (Shaw et al., 2005 and references 

therein) were used for both PCR amplification and sequencing. Finally, three regions 

with the highest haplotype variability and convenient for amplification (trnL-trnF, 

psbA-trnH and trnG-trnG2G) were used for genotyping of the whole sample set. 

The trnL-trnF region was sequenced with trnF primer, psbA-trnH with psbA, and 

trnG-trnG2G with trnG2G. 

PCR amplifications were carried out in a total volume of 20 μl under the 

following conditions: 5 ng of template DNA, 2 μl of  0 reaction buffer (Sigma-

Aldrich), 0.2 mM of dNTP mix (Fermentas), 0.5 mM of MgCl2 (Fermentas), 0.3 μM 

of each forward and reverse primers and 0.5 U of JumpStart RedTaq DNA 

polymerase (Sigma-Aldrich) on a XP thermal cycler (Bioer Technology) with initial 

denaturation at 9 °C for 60 s, 35 cycles of 9 °C for  5 s, 60°C for 60 s and 72°C for 

 20 s, and a final extension at 72°C for  0 min. Amplification products were 

purified using a JetQuick PCR Product Purification Kit (Genomed). Sequencing 

reactions were performed using a BigDye Terminator 3.1 Cycle Sequencing Kit 

(Applied Biosystems) according to the manufacturer’s instructions. Purification of 

sequencing reactions was carried out using an ethanol/sodium acetate precipitation 

provided with the sequencing kit. Finally, products were run on an ABI 3100 Avant 

automated sequencer (Applied Biosystems). 

 

 



51 

 

 Data analysis 

 

Sequence files were aligned using CLUSTALX 1.83 (Thompson et al. 

1997). Informative insertions/deletions were coded using simple indel coding 

(Simmons and Ochoterena 2000) as implemented in SeqState (Müller 2005). For the 

visualisation of genetic relationships among haplotypes, a parsimony haplotype 

network (Posada and Crandall 2001) based on the minimum required mutational 

steps among haplotypes was created using TCS 1.21 (Clement et al. 2000). This 

visualisation enables appropriate representation of possible intraspecific processes 

also in cases leading to coexistence of the ancestral haplotype and/or multiple 

descendant haplotypes (Naciri and Gaudel 2007 and references therein). All variable 

positions identified in the psbA-trnH, trnL-trnF and trnG-trnG2G regions were used 

for the analysis. The inversion found in the psbA-trnH region was coded as a binary 

character. 

A part of variation in our data represent poly-C variants in the trnL-trnF 

region, which may involve certain difficulties (Kelchner 2000). Nevertheless, in 

other phylogeographical studies variability in mononucleotide repeats was 

successfully used for distinguishing haplotypes (Naciri and Gaudel, 2007, Ronikier 

et al. 2008). As the pattern of variation of poly-C variants was congruent with the 

rest of analysed DNA sequence variation, we decided to include all detected poly-C 

variants in our analyses.  
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Results 

 

The total length of the psbA-trnH-, trnL-trnF- and trnG-trnG2G-aligned 

regions was 1130 bp (409 bp, 211 bp and 510 bp respectively). Altogether, 17 

variable sites were identified (Table 2). In the psbA-trnH region, eight variable 

positions were found: one inversion, five indels and two substitutions. In the trnL-

trnF region, six variable positions were found: five substitutions and one 

mononucleotide (poly-C) repeat with four length variants. To verify the reliability of 

the detected poly-C repeats lengths, the trnL-trnF region was sequenced repeatedly. 

No divergence was detected among sequences belonging to the same sample. In the 

trnG-trnG2G region, three variable positions were revealed: two substitutions and 

one indel. 

Based on the variability found in all three of the selected chloroplast regions, 

six different haplotypes (A-F) were identified (Table 2). The sequences are available 

at GenBank. The haplotype relationship network (Posada and Crandall, 2001) was 

constructed (Fig. 1b), and three haplotype groups could be delimited (AB, CD, EF). 

Haplotypes A and B (group AB) differ from each other in one substitution and they 

are considerably distant from all other haplotypes. The apparent genetic distance 

between group AB and all other populations is supported by further differences 

found in other chloroplast regions (GenBank accession numbers in parentheses): 

trnS-trnfM (FJ793067, FJ793068), trnT-trnL (FJ793069, FJ793070), trnT-trnS 

(FJ793071, FJ793072), and rpoB-trnC (FJ793053, FJ793054), where the overall 

genetic diversity was low, therefore, they were not sequenced for the entire sample 

set. The second haplotype group, EF, involves two haplotypes that differ only in 

poly-C repeat length. In the third group, CD, also only divergence in poly-C 

repetition distinguishes haplotypes C and D. The difference between the CD and EF 

groups delimits four variable positions found in the psbA-trnH region (Table 2). 

In order to ascertain possible intrapopulation variability, random screening of 1-2 

additional accessions from several populations was carried out (Table 1). In one 
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population (Velká Pleš, Czech Republic; no.  3), two haplotypes (C and D) were 

detected. 

The spatial pattern in geographic distribution of haplotypes was analysed. 

Both of the most genetically distant haplotypes were restricted to a single 

population. Haplotype A was found only on Crimea (Angarski pereval; no. 41) and 

haplotype B only in central Italy (Lago di Campotosto; no. 4). Haplotype C was 

revealed in five populations distributed from the Balkans to Central Europe. 

Haplotype D was identified only in co-occurrence with haplotype C in a single 

population (Velká Pleš; no.  3) in the Czech Republic. Haplotype E seems to be 

specific for the Balkan and Apennine Peninsula. The northernmost population of 

haplotype E was found in Slovenia (Kočevsko jezero; no. 30). The most common 

was haplotype F, which spreads across the overall distribution area and represents 

72% of all studied populations. 

Despite markedly denser population sampling in Central Europe, the 

greatest haplotype diversity was detected in more southern regions, namely in the 

Balkan and partly also Apennine Peninsula. 

 

 

 

 

 

 

 

 

 



54 

 

Table 2. – Summary of variable positions in the psbA-trnH, trnL-trnF and trnG-trnG2G cpDNA 

regions determining six haplotypes (A-F) and their GenBank accession numbers. No of pops indicates 

the number of populations containing the respective haplotype. 
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Fig. 1. – (a) Distribution area of Hordelymus europaeus in Europe (taken from Meusel et al. 1965) 

(crosshatched) and location of the 43 populations (Table 1) involved in cpDNA sequencing. The colour 

of the dots refers to the six cpDNA haplotypes detected. (b) Parsimony network showing the 

relationships among the six cpDNA haplotypes detected. Box sizes are proportional to the number of 

samples with a particular haplotype. Small empty circles represent missing haplotypes. 

 

 

 

 
 



56 

 

Discussion 

 

 Haplotype distribution 

  

Chloroplast genetic variability of H. europaeus showed non-random 

structure in spatial distribution. Nevertheless, no clear-cut genetic pattern was 

revealed. 

Generally, the southern European peninsulas are considered to be major 

glacial refugia based on the presence of higher genetic variability and unique 

haplotypes (Hewitt 1999). This is true also for the phylogeographical pattern in H. 

europaeus. Two haplotypes were found at the Apennine Peninsula, one of them 

(haplotype B) being unique for this area, while the second one (E) is shared with the 

Balkan Peninsula. None of these haplotypes is found in Central Europe. At the 

Iberian localities and in the Alpi Maritime (SE Alps) we found only one haplotype 

(F), which is in fact most widely distributed one, occurring throughout the most of 

the studied area. Balkan Peninsula, on the other hand, seems to be the area that is 

richest in terms of the number of haplotypes. Apart from the most widespread 

haplotype F, it shares one haplotype (E) with the Apennine Peninsula and other one 

(C) with Central Europe. This is similar to the situation in F. sylvatica where two 

cpDNA PCR-RFLP haplotypes are widespread over most of Europe and are 

common almost in the whole distribution area, while other haplotypes are found in 

the Balkan and Apennine Peninsulas (Magri et al. 2006, Magri 2008). There are no 

special PCR-RFLP Fagus haplotypes in the Iberian Peninsula, which is again similar 

to the case of H. europaeus. Distribution of haplotypes defined by chloroplast 

microsatelites of F. sylvatica show very similar picture (Magri et al. 2006).  

Common occurrence of the haplotypes E and F at the Balkan Peninsula on 

one side and at the Apennine Peninsula and Alpi Maritimi, on the other may reflect 

connection of these areas during the glacial periods via landbridges in the northern 

part of the sea (Colantoni et al. 1979, Voges 1995), enabling trans-Adriatic 
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exchange. Such a pattern was also observed for Rosa pendulina L. (Fér et al. 2007) 

and to a certain extent also for Fagus (Magri et al. 2006). 

 The unique haplotype B revealed in central Italy supports the relic character 

of this region with no or very limited contribution to the postglacial expansion of H. 

europaeus towards Central and northern Europe. Compared with F. sylvatica, the 

Apennine Peninsula also harbours mostly locally expanding chloroplast haplotypes 

for this species that did not contribute to the postglacial colonisation of Central and 

northern Europe (Demesure et al. 1996, Magri et al. 2006).  

Special attention should be paid to Crimea. The uniqueness and exceptional 

nature of this region resulted from its partial isolation and the fact that it is 

surrounded by floristically very diverse areas, which representatives meet and mix 

here (Drescher et al. 2007). For H. europaeus, only a unique haplotype A was 

detected here. The apparent similarity of Crimean haplotype A and haplotype B 

from central Italy, together with their considerable distinction from all other studied 

populations do not have an easy explanation. We can speculate that the 

contemporary populations harbouring these two haplotypes may represent relicts of 

a previously more widespread ancestor occupying originally the area somewhere 

inbetween Apennine Peninsula and Crimea. Processes acting during glacial and 

interglacial periods could have caused changes in the distribution of the ancestral 

haplotype and finally led to fragmentation and contraction of its distribution area 

and genetic diversification. Apparently these two haplotypes (or their ancestor) were 

not as successful in postglacial expansion as other haplotypes. An alternative 

explanation for the present disjunct distribution of the two closely related haplotypes 

might be a long-distance dispersal.   There is, again, certain similarity with the 

pattern found in the genus Fagus. Based on molecular analyses (trnL-trnF cpDNA 

region) Paffetti et al. (2007) found that trees belonging to the F. orientalis complex 

were present during the Tyrrhenian period in what is now the Venice lagoon, Italy. 

While F. sylvatica is the only native Fagus species occurring now in Italy, the 

current natural range of the F. orientalis complex is Asia Minor, the Amanus Mts. 

(Syria), the Elburz Mts. (Iran), Caucasus (F. orientalis), Crimea (F. taurica) and 
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parts of Balkan (F. moesiaca) (Paffetti et al. 2007). They concluded that at the end 

of Tertiary the ancestral F. orientalis complex was present in Italy and that only at 

the beginning of the Pliocene F. sylvatica became differentiated and slowly became 

predominant among the Fagus species in West Europe. The reason of the retreat of 

F. orientalis from Italy is unknown. 

 

 Refugia in Central Europe? 

  

As the current European distribution ranges of H. europaeus and F. sylvatica 

are largely congruent it is worth to explore, whether they shared also glacial refugia 

and patterns of postglacial expansion. For F. sylvatica, fossil and genetic data 

generally support the existence of glacial refugia in Central Europe as sources for 

postglacial recolonisation. However, based on detected phylogeographical pattern of 

H. europaeus, Central Europe cannot be postulated as additional refugium. Although 

unique haplotype D is present in one Central European population, its occurrence 

indicates rather recent origin. Nevertheless, the potential glacial survival in other 

regions outside southern refugia can be hypothesized taking in account ecological 

preferences of this species (Ellenberg et al. 1992) and ecological conditions of 

Central Europe during glacial times. They were most likely represented not only by 

open landscape but also by small l isolated populations of trees in buffered local 

microclimates (Willis et al. 2000, Stewart and Lister 200 , Jankovská and Pokorný 

2008), which might offer convenient living conditions for H. europaeus compared to 

the present-day canopy forests. Biological characteristics of H. europaeus involving 

wind pollination and self-compatibility allied with subsequent relatively good 

germination ability and high viability of new established plants (Ellneskog-Staam et 

al. 2006) could help this species to survive in less favourable climatic conditions. 

To conclude, there are some similarities in phylogeographical pattern of H. 

europaeus and F. sylvatica. Therefore, because of the absence of palaeoecological 

data for H. europaeus, the comparison with F. sylvatica, for which more 

comprehensive data are available, could help specify and also generalise 
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phylogeographical scenario for H. europaeus. To evaluate the extent of shared 

postglacial history of these ecologically tight taxa further data are necessary. 
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Abstract 

 

The phylogeographic pattern of the temperate shrub Lonicera nigra L. 

(Caprifoliaceae) in Europe was inferred from molecular and fossil data. Population 

samples and pollen data from most of the contemporary natural distribution were 

analysed. While chloroplast DNA sequences revealed no intraspecific variation, 

AFLP data show a non-random geographic pattern. Two genetically different 

groups, distinguished by Bayesian clustering, divided the distribution area of L. 

nigra into south-western and north-eastern regions with a contact zone situated 

approximately in the upper part of the Danube Valley. Iberian populations constitute 

an additional distinct genetic group. Pollen evidence supports the genetic data, 

indicating that L. nigra might have survived in glacial refugia located in Central 

Europe. Nevertheless, this evidence should be considered only as indicative and 
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supplementary, as an unambiguous determination of the species is not possible 

based on the information on pollen in the literature. 

 

K e y w o r d s : AFLP, Central Europe, contact zone, cpDNA 

sequencing, pollen evidence, postglacial history 

 

 

Introduction 

 

The present distributions of plant and animal species are a result of historical 

processes. Species distribution patterns are modified by large-scale environmental 

changes and may vary among species depending on their ecology. In Europe, 

Quaternary climatic fluctuations strongly influenced the current composition of biota 

(Taberlet et al. 1998, Hewitt 1999, 2001). Palaeoecological and molecular methods 

can be used to investigate the sequence of events leading to contemporary species 

distributions. Palaeoecological methods (such as palaeopalynology, or analyses of 

charcoal or other macro-remains) can directly document the presence of a given 

species in a particular area in the past. However, such data are generally 

discontinuous in space and largely missing or methodologically unavailable for 

many species due to limited resolution at the species level. Fossil evidence can also 

provide information about the likely composition of ancient vegetation, but it can be 

difficult to establish whether the documented species were widespread in the study 

area or whether they occurred only in isolated patches (Willis and van Andel 2004, 

Jankovská and Pokorný 2008). Thus, when testing hypotheses it might be 

advantageous to combine palaeoecological evidence with other types of data. 

Molecular methods are widely used in studies on the history of the 

distribution of plant and animal species. The following two types of molecular data 

are generally used in plant phylogeography: (1) sequences of chloroplast (cp) DNA, 

which are used to define haplotypes and (since they are non-recombinant and 

maternally inherited in most angiosperms) to infer the origin of populations 
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(Taberlet et al. 1998, Hewitt 1999); (2) amplified fragment length polymorphisms 

(AFLPs), which provide data on genome-wide genetic variation and are frequently 

used to reconstruct changes in the postglacial distribution of particular species 

(Schönswetter and Tribsch 2005, Ehrich et al. 2007). Moreover, population analysis 

of AFLP data can give additional information about population divergence, e.g., by 

calculating Frequency-down-weighted marker values (DW, Schönswetter and 

Tribsch 2005), which use the accumulation of rare markers to reflect long-term 

population isolation. 

The most commonly inferred main southern glacial refugia (the Balkan, 

Iberian and Apennine Peninsulas), common postglacial colonization routes and 

contact zones among different genetic lineages (the Pyrenees, the Alps, Scandinavia 

and Central Europe) are postulated (Taberlet et al. 1998, Hewitt 1999). Glacial 

refugia represent areas of relative ecological stability that provided habitats for 

species survival more or less in situ during periods of climatic instability (Tribsch 

and Schönswetter 2003), which is reflected in the greater genetic diversity and 

unique genotypes recorded in these areas. In contrast, newly colonized regions are 

genetically depauperate. More recently, the possibility of full-glacial survival of 

temperate species at northern latitudes (in so-called northern or cryptic refugia; 

Stewart and Lister 2001) was assumed for some species based on fossil data (Willis 

and van Andel 2004). However, there is little molecular evidence for the existence 

of such northern refugia in Central Europe or the Western Carpathians. 

The postglacial spread of populations from refugia led to the contact of 

previously isolated genetic lineages, which resulted in the formation of contact 

(suture) or hybrid (transitional) zones with secondarily increased genetic diversity 

(Taberlet et al. 1998, Hewitt 1999, 2004). Such contact zones are usually defined as 

areas in which different lineages meet, mix or hybridize (Remington 1968, Taberlet 

et al. 1998). Suture zones of several species tend to cluster in certain geographical 

areas; nevertheless, the exact location and other characteristics of such zones seem 

to be specific to each particular species (Hewitt 1999, Willis and van Andel 2004, 

Magri et al. 2006, Fér et al. 2007, Magri 2008, Dvořáková et al. 20 0). 
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Contact zones in Central Europe for a diverse assortment of organisms, 

including plants, fish, amphibians, birds and mammals have been detected (Taberlet 

et al. 1998, Hewitt 1999, 2004, Gum et al. 2005 and references therein). Among 

plants, there is the Central European contact zone for the widespread grass Festuca 

pratensis (Fjellheim et al. 2006), the annual herb Rhinanthus angustifolius 

(Vrancken et al. 2009) and the temperate shrub Rosa pendulina (Fér et al. 2007). 

Phylogenetic data supported by palaeoecological information is rare for 

many plant species because their pollen is either undetectable in fossil pollen 

profiles or often cannot be identified to the species level solely based on morphology 

(Beug 2004). Hence, only genera for which it is possible to identify the pollen to 

species or a narrow species-group level are suitable for studies combining fossil and 

molecular evidence on species survival during the late glacial maximum, e.g., Picea 

(Tollefsrud et al. 2008), Fagus (Magri et al. 2006), Abies (Liepelt et al. 2009) or 

Cedrus (Cheddadi et al. 2009). 

The temperate shrub Lonicera nigra L. (Caprifoliaceae) is a suitable species 

for such a study because its pollen is detectable in pollen profiles, even though such 

evidence is rare. Although pollen grains of L. nigra can be distinguished from those 

of L. xylosteum and other Lonicera taxa at high magnifications (Punt et al. 1974), the 

data compiled refer either to the L. xylosteum-type [which can include L. nigra and 

L. xylosteum (Punt et al. 1974), sometimes also L. alpigena and L. coerulea (Moore 

et al. 1991), or even also L. caprifolium (Faegri and Iversen 1989)] or Lonicera-type 

(that can include any Lonicera species). Pollen production and dispersal in Lonicera 

is low, due to its mode of pollination [entomogamy (Chrtek 1997)  flowers with 

concealed anthers and large pollen size (Punt et al. 1974)]. Thus, even rare 

occurrences of single pollen grains are considered to be evidence of a local presence 

of the species in the past. However, the presence of Lonicera in a plant community 

does not guarantee its occurrence in the pollen assemblage (Pelánková and Chytrý 

2009). Unfortunately, preservation of macro-remains of the genus Lonicera is 

extremely rare; its wood is too thin to be preserved as charcoal and there are no 

other palaeoecological data for this genus. 



68 

 

Lonicera nigra is diploid (2n=18; Browicz 1976, Chrtek 1997), self-

incompatible, entomogamous and pollinated mainly by bumblebees (Willemstein 

1987). Dark blue berries are dispersed by endozoochory, mainly by birds. In 

addition to sexual reproduction, clonal spread by root suckering or layering is 

recorded (Traiser et al. 1998). The distribution of L. nigra is restricted to Europe and 

extends from Central Europe to the Carpathians and Dinaric Alps in the south-east, 

to the Alps and Apennines in the south and to the Massif Central and Pyrenees to the 

south-west. This species reaches its northern limit of distribution in the Czech 

Republic. Being a submontane species, L. nigra is common in mountain regions and 

at low altitudes. It grows in forests and prefers forest edges and watersides (Browicz 

1976, Chrtek 1997, 2002). Due to similar ecological requirements shared with other 

Lonicera species (L. xylosteum L. and L. alpigena L.), mixed populations may 

appear (Chrtek 1997, 2002). A hybrid between L. nigra and L. xylosteum (L. 

×helvetica Brügger) is described, but there are no reliable data on its distribution 

(Browicz  976, Bertová  985, Chrtek  997). 

For the present study, cpDNA and AFLP genetic variation were analysed in 

populations from the entire range of L. nigra and palaeoecological data was 

compiled. The following questions were addressed by combining both types of data: 

(1) Does the molecular data indicate a phylogeographic pattern in the distribution of 

L. nigra? (2) Is it possible to delimit contact zones between different genetic 

lineages? Where are these contact zones? (3) Is it possible to delineate the probable 

glacial refugia of L. nigra? Is there any indication of full-glacial survival of this 

species in Central Europe? Is there a correlation between molecular and 

palaeoecological data? (4) Is the phylogeographic pattern of L. nigra comparable 

with that of any other temperate, European plant species? 
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Materials and methods 

 

 Sampling 

 

Leaf material of 150 individual plants from 31 populations (26 plants per 

population) of L. nigra was collected (Table 1). Sampling covered almost the entire 

contemporary natural range of this species. Field collections were conducted in 2006 

and 2007. Material was collected from shrubs separated by at least 10 m in order to 

prevent the collection of leaves from the same individual. Young, intact leaves were 

immediately dried in silica gel. Voucher specimens were deposited in the herbarium 

of the Department of Botany, Charles University in Prague (PRC). 

 

Table 1. – List of Lonicera nigra populations studied and details of their localities. No. – locality 

number, which corresponds to those in Figs.  , 2 and 3. Collectors’ names: AB – Anna Bucharová 

(Mariánské Lázně), HD – Hana Daneck (Prague), JK – Jan Košnar (České Budějovice), JV – Jaroslav 

Vojta (Prague), LD – Lucie Drhovská (Prague), LE – Libor Ekrt (České Budějovice), VZ – Vojtěch 

Zeisek (Prague).  

 

No. Country Locality description Altitude 

a.s.l.  

Latitude Longitud Collector 

1 Spain Pyrenees, Catalan Pyrenees, 

Estany de Sant Maurici, 

river valley near Sant 

Maurici lake. 

1900 m 42.35°N    1.02°E HD 

2 Andorra Pyrenees, Ransol, banks of 

the Valira river. 

1600 m 42.34 °N    1.39° °E HD 

3 Switzerland Bern, Kaufdorf, 500 m NW 

of the village Hasli, 

Taanwald forest. 

900 m 46.49 °N     7.28 °E HD 

4 Austria Vorarlberg, Bludenz, near 

the tourist track, 1.5 km S 

of the village Raggal. 

1600 m 47.11 °N    9.50 °E HD 

5 Germany Bavaria, Tegernsee, 1 km 

W of the village Kreuth, 

tourist track to Mt. 

Leonhardstein. 

870 m 47.38 °N     11.44 °E HD 
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6 Austria Lower Austria, Payerbach-

Reichenau an der Rax, 3 km 

N of the town, near the 

tourist track. 

900 m 47.43 °N     15.51 °E HD 

7 Austria Steiermark, Graz, near the 

tourist track, 700 m E of the 

chalet Aiblwirt. 

1100 m 46.57 °N     15.07 °E HD 

8 Croatia Primorje-Gorski Kotar 

county, Delnice, close to 

road in direction of the 

National park Risnjak, 500 

m from the town. 

780 m 45.23 °N     14.47 °E HD 

9 Bosnia and 

Herzegovina 

Bjelašnica Mts,  .5 km W 

of the parking place at the 

ski centre. 

1400 m 43.43 °N     18.16 °E HD 

10 Montenegro Bjelasica Mts, Kolašin, 

banks of the brook near the 

chalet Jezerine.  

1400 m 42.49 °N     19.37 °E HD 

11 Serbia Kopaonik Mts, ski-run in 

direction Duboka, banks of 

the brook. 

1740 m 43.16 °N     20.50 °E HD 

12 Romania Caliman Mts, Rastolita, 

road through the valley of 

the Tihuletul brook. 

1100 m 47.53 °N     25.51 °E JK 

13 Ukraine Ukrainian Carpathian Mts, 

by the path from the village 

of Hoverla to Mt. Hoverla, 

banks of the brook. 

1000 m 48.08 °N     24.45 °E VZ 

14 Slovak 

Republic 

Vihorlat Mts, near the peak 

of the Mt. Vihorlat. 

1060 m 48.53 °N     22.06 °E HD 

15 Slovak 

Republic 

Spiš, Branisko pass, Príkro 

ridge, 3 km E of the village 

of Poľanovce. 

820 m 49.01 °N     20.51 °E HD 

16 Slovak 

Republic 

Velká Fatra, Ľubochňa, near 

the road, W edge of the 

town. 

520 m 49.06 °N     19.09 °E HD 

17 Czech 

Republic 

Moravskoslezské Beskydy 

Mts, Hlavatá, behind the 

village, along the river Bílá 

Ostravice. 

650 m 49.24 °N     18.23 °E HD 

18 Czech 

Republic 

Rychlebské hory Mts, 

Nýznerovské vodopády 

waterfalls, banks of the 

brook. 

460 m 50.16 °N     17.31 °E LD 
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19 Czech 

Republic 

Českomoravské mezihoří 

Hills, Lanškroun, close to 

the town along the road in 

the direction of Jakubovice. 

400 m 49.55 °N     16.34 °E HD 

20 Czech 

Republic 

Železné hory Mts, Seč,  .5 

km S of the village, the 

castle hill of the ruin Oheb. 

500 m 49.50 °N     15.39 °E HD 

21 Czech 

Republic 

Českomoravská vrchovina 

Mts, Jihlava - Kosov, 700 m 

N of the village, Kosovská 

hůrka hill. 

480 m 49.23 °N     15.38 °E HD 

22 Czech 

Republic 

Českomoravská vrchovina 

Mts, Jindřichův Hradec,   

km E of the railway station 

Jindřiš, Jindřišské údolí 

valley. 

500 m 49.08 °N     15.03 °E HD 

23 Czech 

Republic 

Šumava Mts, České Žleby, 

1.1 km E of the town, 

Spáleniště hill. 

955 m 48.52 °N     13.47 °E LE 

24 Czech 

Republic 

Brdy Mts, Slavětín u 

Březnice,  .5 km NW of the 

railway station, Špalková 

hora hill. 

450 m 49.31 °N     13.52 °E HD 

25 Czech 

Republic 

Slavkovský les Mts, 

Mariánské Lázně, Žižkův 

vrch hill, nearby the town. 

720 m 49.58 °N     12.47 °E AB 

26 Germany Thuringia, Thüringer Wald, 

Gehlberg, banks of the 

brook near the railway 

station Gehlberg. 

600 m 50.41 °N     10.45 °E HD 

27 Germany Thuringia, Schleiz, 700 m E 

of the castle Burgk, tourist 

track along the river Saale. 

420 m 50.32 °N     11.43 °E HD 

28 Czech 

Republic 

Doupovské hory Mts, 

Ostrov, 1 km SW of the 

town, Ostrovské rybníky 

nature reserve. 

420 m 50.29 °N     12.92 °E JV 

29 Czech 

Republic 

Lužické hory Mts, Česká 

Kamenice, 3 km E of the 

town, Pustý zámek natural 

monument. 

400 m 50.48 °N     14.27 °E HD 

30 Czech 

Republic 

Jizerské hory Mts, 

Oldřichov v Hájích, Viničná 

cesta road, along the 

watercourse. 

500 m 50.51 °N     15.08 °E HD 
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31 Czech 

Republic 

Krkonoše Mts, Špindlerův 

Mlýn, Labský důl valley, 

along the tourist track near 

to the town. 

850 m 50.44 °N     15.36 °E HD 

 

 

 DNA extraction 

 

Total DNA was extracted from approximately three dried leaves per 

individual plant (about 15 mg of plant material), using the CTAB protocol (Doyle 

and Doyle 1987). DNA concentration was measured photometrically using 

BioPhotometer 6131 (Eppendorf). 

 

 Sequencing of cpDNA 

 

Six non-coding cpDNA regions (psbA-trnH, rpoB-trnC, psbC-trnS, trnG-

trnG2G, trnG2S-trnS and trnL-trnF) were screened for possible variation. A test-

sample set included individuals from six populations covering the whole distribution 

area [Pyrenees (population 1, Estany de Sant Maurici, Spain), Alps (7, Steiermark, 

Austria), Czech Republic (30, Jizerské hory Mts), Western Carpathians (  , Vihorlat 

Mts, Slovakia), Eastern Carpathians (13, Mt. Hoverla, Ukraine) and Balkans (10, 

Bjelasica Mts, Montenegro)]. Universal cpDNA primers (trnL-trnF, Taberlet et al. 

1991; psbC-trnS, Demesure et al. 1995; trnG-trnG2G, Ohsako and Ohnishi 2000; 

psbA-trnH, Tate and Simpson 2003; rpoB-trnC, trnG2S-trnS, Shaw et al. 2005) 

were used for both PCR amplification and sequencing. 

PCR amplifications were carried out in a total volume of 20 µl containing 5 

ng of template DNA, 2 µl of  0× reaction buffer (Sigma-Aldrich), 0.2 mM of dNTP 

mix (Fermentas), 0.5 mM of MgCl2 (Fermentas), 0.3 μM of each forward and 

reverse primers and 0.5 U of JumpStart RedTaq DNA polymerase (Sigma-Aldrich). 

Amplification was performed using an XP thermal cycler (Bioer Technology) with 

initial denaturation at 9 °C for 60 s and 35 cycles of 9 °C for  5 s, 60°C for 60 s 

and 72°C for  20 s. A final extension at 72°C for  0 min was performed. 
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Amplification products were purified using the JetQuick PCR Product Purification 

Kit (Genomed).  

Sequencing reactions were carried out using the BigDye Terminator 3.1 

Cycle Sequencing Kit (Applied Biosystems) according to the manufacturer’s 

instructions using the primers cited above. Purification of sequencing reactions was 

performed using an ethanol/sodium acetate precipitation provided with the 

sequencing kit. Purified reactions were run on an ABI 3130 Avant automated 

sequencer (Applied Biosystems). 

 

 AFLP 

 

The double digestion was performed for 2.5 hours at 37°C. The reaction 

took place in a total volume of 5 µl containing 0.5 U of EcoRI/MseI enzyme mixture 

(AFLP Core Reagent Kit, Invitrogen), 250 ng of total DNA and   µl of 5× 

restriction buffer (AFLP Core Reagent Kit, Invitrogen). Restriction was immediately 

followed by ligation for  2 hours at 37°C. With the addition of 0.2 U of T  DNA 

ligase (AFLP Core Reagent Kit, Invitrogen) and  .8 µl of adaptor ligation solution 

(AFLP Core Reagent Kit, Invitrogen) directly to the restricted sample, the reaction 

volume was increased to  0 µl. Preselective amplification was carried out in a total 

volume of 5 µl containing  .0 µl of pre-amplification mix (AFLP Pre-Amp Primer 

Mix I, Invitrogen), 0.5 µl of  0× polymerase buffer with MgCl2 (Sigma-Aldrich), 

0.1 U of JumpStart RedTaq polymerase (Sigma-Aldrich) and 0.  µl of 

restricted/ligated sample. The pre-amplification mix included EcoRI-primer (5´- 

GAC TGC GTA CCA ATT C - 3´) and MseI-primer (5´- GAT GAG TCC TGA 

GTA A - 3´). Pre-amplification proceeded under following conditions: 72°C for  20 

s; 20 cycles: 9 °C for   s, 56°C for 30 s, 72°C for  20 s and 60°C for 30 min.  

Before selective PCR each pre-amplified sample was diluted  0×. The 

selective PCR reaction was conducted in a total volume of  0 µl containing  .0 µl of 

 0× polymerase buffer with MgCl2 (Sigma-Aldrich), 0.2 mM dNTP (Fermentas), 

0.05 μM of fluorescence-labelled EcoRI-primer (Applied Biosystems), 0.25 μM of 

unlabelled MseI primer (Applied Biosystems), 0.2 U of JumpStart RedTaq 
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polymerase (Sigma-Aldrich) and 2.3 µl of diluted pre-amplified sample. The 

selective PCR conditions were as follows: 9 °C for  20 s, 65°C for 30 s and 72°C 

for  20 s. Eight cycles were performed under the following PCR conditions: 9 °C 

for 1 s, 64–57°C for 30 s (in each subsequent cycle, the temperature was decreased 

by  °C), 23 cycles: 9 °C for   s, 56°C for 30 s, 72°C for  20 s and 60°C for 30 min. 

In total 63 selective primer combinations were tested and the following three 

combinations were selected as they gave the clearest and most reproducible signal 

(fluorescent dye in brackets): (FAM)-EcoRI-ACT + MseI-CAT, (NED)-EcoRI-AAC 

+ MseI-CAG and (HEX)-EcoRI-ACG + MseI-CTC. 

Two precipitations produced the final purification. First, PCR products with 

  µl of sodium acetate and 25 µl of 96% ethanol were chilled for 20 min at –20°C. 

Precipitated products were spun at  °C for 30 min at  2,500 rpm and the supernatant 

was discarded. Second,  00 µl of 70% ethanol was added and samples were spun at 

 °C for 5 min at  2,500 rpm. Purified products were desiccated at 65°C for  0 min. 

Just before the products were run on the sequencer,  0 µl of the mixture HiDi 

formamide: GeneScan-500 Rox (20:1, Applied Biosystems) was added to each 

sample. Fragment analysis was preformed on an ABI 3100 Avant automated 

sequencer (Applied Biosystems). 

 

 AFLP data analysis 

 

Profile scoring was performed manually using the software GeneScan 3.7.1 

(Applied Biosystems) and Genographer 1.6.0 (Benham 1999, Montana State 

University 1999  http://hordeum.oscs.montana.edu/genographer). A 

presence/absence matrix of unambiguously scored AFLP bands was generated. In 

order to check reproducibility of the AFLP profiles, the whole AFLP procedure was 

repeated with 11 already analysed individuals and the error rate calculated as the 

ratio between the number of differences and the total number of compared 

fragments. This was done after suspicious and unreliable markers were deleted 

(Bonin et al. 2004).  
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The isolation-by-distance pattern was investigated using Mantel tests 

(Legendre and Legendre 1998) implemented in ZT (Bonnet and Van de Peer 2002). 

The matrix of population pair wise Fst-analogues (computed in Arlequin 3.01; 

Excoffier et al. 2005) was correlated with the matrix of inter-population geographic 

distances (computed using ArcGIS 9.0, ESRI, Redlands, CA, USA). Significance 

was tested using 10,000 permutations. 

The total number of AFLP fragments per population (FT, fragments total), 

the average number of fragments per individual (FA, fragments average), the 

number of unique fragments per population (EF, exclusive fragments) and the 

percentage of polymorphic fragments per population (%PF, polymorphic fragments) 

were computed. Since these values depend on the number of individuals analysed 

per population, the values were calculated by re-sampling the whole dataset (special 

case of bootstrapping, see Kučera et al. 2008 for details) in order to achieve the same 

sample size for each population and prevent any loss of information. In this analysis, 

four individuals per population were selected at each step and a mean value from 

1,000 replicates was calculated. The re-sampling procedure was executed using a 

script in Scilab (http://www.scilab.org). Similarly, using the re-sampling procedure 

and the Scilab script mentioned in Kučera et al. (2008), the rarity of AFLP markers 

was determined using the DW values. The DW value was calculated for each 

population as the number of occurrences of each AFLP marker in a particular 

population divided by the number of occurrences of this marker in the total dataset. 

Finally, these values were summed (Schönswetter and Tribsch 2005). Higher DW 

values are expected in populations where infrequent markers have accumulated due 

to mutations during long-term isolation (Paun et al. 2008). Shannon’s diversity 

index for each population was calculated in FAMD  . 08 (Schlüter and Harris 

2006). 

Population genetic structure was inferred using STRUCTURE 2.2.3 (Falush 

et al. 2007). This program applies a Bayesian model-based clustering method, which 

uses a Markov chain Monte Carlo (MCMC) algorithm to organize genetically 

similar individuals into clusters using multi-locus genotype data. The admixture 

model was used and independent allele frequencies were assumed. As AFLP are 
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dominant markers, a recessive allele model was used. The number of clusters (K) 

was limited to 1 to 10. For each K, ten runs were performed to test the stability of 

the results. The length of burn-in period was set to 100,000, and the MCMC chains 

after burn-in were run through an additional 1,000,000 replicates (Falush et al. 

2007). All computations were done on the freely available Bioportal 

(http://www.bioportal.uio.no). The R-script Structure-sum-2009 (part of AFLPdat; 

Ehrich 2006) was used to summarize the output files and to calculate similarity 

coefficients between the replicate runs (Nordborg et al. 2005). The optimum number 

of populations/groups (K) was the one with consistent results over ten repeats and 

high similarity coefficient. The software CLUMPP 1.1.1 (Jakobsson and Rosenberg 

2007) and Distruct (Rosenberg 2004) was used to create graphical outputs. Because 

an analysis of the entire dataset indicated that only those runs in which K = 2 

converged to a consistent solution in ten repeats, a subsequent, separate analysis of 

each of these two partitions was conducted using the same parameters. Clustering 

results were plotted using ArcGIS 9.0 (ESRI, Redlands, CA, USA). 

Analyses of molecular variance (AMOVA; Excoffier et al. 1992) were 

computed to compare variability within and among populations. In addition to 

testing the STRUCTURE clustering results, AMOVA analyses were used to 

compare within- and among-cluster variation. All analyses were computed in 

Arlequin 3.01 (Excoffier et al. 2005) and the significance of the results was obtained 

from 1,000 permutations. 

  

 Palaeopalynological data 

 

To search for pollen evidence describing the past distribution of L. nigra, 

pollen data was obtained from the Czech Quaternary Palynological Database 

covering the Czech Republic and Slovakia (PALYCZ; Kuneš et al. 2009) and the 

European Pollen Database (EPD; Fyfe et al. 2009) covering the area 39–52°N to 

2°30'W–30°E, which includes Austria, Bulgaria, Germany, Spain, France, Greece, 

Hungary, Switzerland, Italy, Poland, Romania and Ukraine (see Appendix 1). 

Additionally, data from the same area, which are not included in the PALYCZ or 
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EPD databases, was also used (see Appendix 2). The area includes not only the 

entire contemporary range of L. nigra but also neighbouring areas. Chronologies 

proposed by both databases were used. For the sequences that lacked dates the 

periods proposed by their original authors were used. For many of the pollen profiles 

containing Lonicera, age was evaluated using a new depth-age model (linear 

interpolation between calibrated midpoints) constructed using Claim 1.0 (Blaauw 

2010). 

A map based on data from all the profiles examined was constructed, 

depicting the presence or absence of Lonicera or Lonicera xylosteum-type pollen 

grains. The records of Lonicera pollen were searched for the following periods: (1) 

Pleniglacial, 24–13 ky un-calibrated BP (-24 to -12.4 ky BC), (2) Late-Glacial, 13–

10 ky uncal. BP (-12.4 to -9.5 ky BC) and (3) Early Holocene 10–7.5 ky uncal. BP (-

9.5 to -6.4 ky BC) (Walker 1995, Brauer et al. 1999, Birks and Ammann 2000 and 

Tinner and Lotter 2001). The periods of time on the map show the oldest pollen 

record for each site and if there was only one pollen grain recorded in an assemblage 

it is marked as a "presence". Any site with no Lonicera pollen grain for all periods 

of time is marked as an "absence". 

 

 

Results 

 

 Molecular data 

 

No variation was found among the 3,223 bp of six non-coding cpDNA 

regions (379 bp in psbA-trnH, 426 bp in rpoB-trnC, 451 bp in psbC-trnS, 596 bp in 

trnG-trnG2G, 725 bp in trnG2S-trnS and 646 bp in trnL-trnF) in the sample of six 

populations covering the entire distribution range. A sequence of each region was 

submitted to the GenBank only once and the sequences are recorded there under the 

following accession numbers: GU076455 (psbA-trnH), GU076460 (rpoB-trnC), 

GU076465 (psbC-trnS), GU076470 (trnG-trnG2G), GU076475 (trnG2S-trnS) 
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GU076480 (trnL-trnF). Thus, it is assumed that a single chloroplast haplotype 

occurs throughout the entire distribution area of L. nigra. 

For the AFLP the three selective primer pairs that provided clearly readable 

profiles were selected (see Methods). In total, 205 unambiguously scored loci were 

selected from a range between 66 to 495 bp, of which 120 (59%) were polymorphic. 

The overall estimate of the error rate calculated from 11 repeated samples was 

2.65%. The number of fragments per individual varied from 129 (population no. 28, 

Doupovské hory Mts, Czech Republic) to  5  (no.  9, Českomoravské mezihoří 

Hills, Czech Republic). After re-sampling, the average number of bands per 

individual was 142.14. The lowest values (134.94) were recorded in population no. 8 

(Primorie-Gorski Kotar, Croatia) and the highest (150.78) for individuals from 

population no.  9 (Českomoravské mezihoří Hills, Czech Republic). The percentage 

of polymorphic loci per population ranged from 5.60% (no. 14, Mt. Vihorlat, 

Slovakia) to 11.44% (no. 1, Catalan Pyrenees, Spain). These values correspond well 

with those of the Shannon’s index (Table 2). 

 

Table 2. – List of Lonicera nigra populations studied and details of distribution of AFLP fragments and 

genetic diversity measures. No. – locality number, which corresponds to those in Figs. 1, 2 and 3. N – 

number of analysed individuals; FT – total number of AFLP fragments per population; FA – average 

number of fragments per individual; EF – number of unique fragments per population; DW – 

frequency-down-weighted marker value of a population; %PF – percentage of polymorphic fragments 

per population; HSh – Shannon’s diversity index. Repeated resamplings were made to achieve the same 

sample size in each population (for details, see “Materials and methods” and Kučera et al. 2008) and 

resulting mean values are presented for FT, FA, EF, %PF and DW. 

 

No.  N FT FA EF %PF DW HSh 

1  5 143.66 135.14 0.83 

 

11.44 

 

7.19 

 

5.25 

 

2  4 147.24 142.78 0.35 6.40 7.63 

 

4.35 

 

3  5 142.45 137.18 0.01 7.35 5.33 

 

4.62 

4  6 148.17 140.47 0.01 10.59 

 

5.73 5.16 

 

5  5 141.69 136.77 0.00 

 

6.90 5.07 

 

4.50 

6  5 148.04 139.99 0.05 10.10 5.85 5.08 
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7  5 149.41 143.64 0.06 7.65 6.41 4.70 

8  6 142.36 134.94 0.04 10.44 

 

5.82 5.11 

 

9  6 143.79 136.18 0.05 10.45 

 

5.68 5.14 

 

10  5 147.15 141.54 0.03 7.46 5.77 4.67 

11  4 149.80 144.76 0.81 

 

6.19 6.74 4.44 

12  5 148.85 142.12 0.02 8.63 6.27 4.95 

13  5 149.20 141.38 0.02 10.07 5.98 5.11 

14  2 150.92 146.49 0.05 5.60 

 

6.28 4.09 

 

15  6 150.77 143.03 0.00 

 

9.89 5.71 5.19 

 

16  5 147.77 140.33 0.22 9.91 5.61 5.05 

17  3 146.20 139.88 0.07 8.04 5.61 4.71 

18  5 153.41 148.98 0.97 

 

5.92 

 

7.47 

 

4.48 

19  5 158.31 150.78 1.42 

 

9.44 8.83 

 

5.07 

20  5 154.19 147.61 0.01 

 

8.35 6.50 4.91 

21  5 154.21 148.39 0.07 7.35 6.68 4.69 

22  5 152.92 146.52 0.24 8.55 7.22 

 

4.92 

23  5 150.26 143.73 0.01 

 

8.95 6.25 5.01 

24  5 149.33 142.12 0.35 9.86 6.16 5.04 

25  5 146.99 140.30 0.01 9.05 5.76 4.91 

26  5 147.21 141.79 0.07 7.21 6.40 4.60 

27  4 142.08 137.01 0.22 7.39 5.45 

 

4.49 

28  5 149.72 141.19 1.07 

 

11.01 

 

7.16 

 

5.25 

 

29  5 146.22 142.02 0.24 5.65 

 

6.17 4.28 

 

30  5 147.34 141.43 0.34 7.76 5.95 4.68 

31  4 152.64 147.77 0.19 6.12 6.25 4.43 

 

 

There were no individuals with identical AFLP genotypes. Five populations 

contained one unique fragment: no. 11 (Kopaonik Mts, Serbia), no.  8 (Rychlebské 

hory Mts, Czech Republic), no.  9 (Českomoravské mezihoří Hills, Czech 

Republic), no. 24 (Brdy Mts, Czech Republic) and no. 28 (Doupovské hory Mts, 
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Czech Republic). In these populations, each individual harboured a specific 

fragment, which was not found in any of the other populations studied. 

The re-sampled DW values ranged from 5.07 (no. 5, Bavaria, Germany) to 

8.83 (no. 9, Českomoravské mezihoří Hills, Czech Republic), with an average of 

6.29. The highest DW values were recorded in the Pyrenees (no. 1, Catalan 

Pyrenees; no. 2, Andorra) and the Czech Republic (no. 28, Doupovské hory Mts; no. 

22, Českomoravská vrchovina Mts;  8, Rychlebské hory Mts). Populations with the 

lowest DW values occurred primarily in the Alps (no. 5, Bavaria, Germany; no. 3, 

Bern, Switzerland; no. 4, Vorarlberg, Austria), but also in the Carpathians (no. 17, 

Moravskoslezské Beskydy Mts, Czech Republic; no.  6, Veľká Fatra Mts, Slovakia; 

no.  5, Spiš, Slovakia) and, surprisingly, on the Balkan Peninsula (no. 9, Bjelašnica 

Mts, Bosnia and Herzegovina; no. 10, Bjelasica Mts, Montenegro). Two other 

populations with low DW values were recorded on the western edge of the 

distribution range (no. 27, Thuringia, Schleiz, Germany; no. 25, Slavkovský les Mts, 

Czech Republic) (Table 2, Fig. 3). 

The Bayesian analysis of the complete dataset using STRUCTURE 

produced consistent results for only those runs in which K = 2 (similarity coefficient 

= 0.99, among 10 repeats; Fig. 2a). Individuals from the same population clustered 

together in the same group; only six populations [three populations from the 

Austrian Alps (population 4, Vorarlberg; 6, Lower Austria; 7, Steiermark), two from 

Germany (no. 26, Gehlberg; no. 27, Schleiz) and one from the Eastern Carpathians 

(no. 13, Hoverla Mt., Ukraine)] comprised a mixture of individuals that appeared in 

both groups (Fig. 2a). The first group (A; ‘Pyrenean-Alpine group’) includes the 

populations from the Pyrenees, the Alps, the western Balkan Peninsula and 

Thuringia (Germany). The easternmost individual of the group A was identified in 

the only mixed population in the Carpathians (no. 13, Mt. Hoverla, Ukraine). The 

second group (B; ‘Balkan-Carpathian group’) includes all the populations located in 

the Czech Republic, the Carpathians (except one individual from Mt. Hoverla, see 

above) and the central part of the Balkan Peninsula. Some individuals were assigned 

by STRUCTURE to both groups A and B, but with different probabilities, 

suggesting they are of hybrid origin. These suspected hybrids were detected in 
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mixed populations from Thuringia (no. 26, Gehlberg; no. 27, Schleiz, Germany), the 

Alps (no. 4, Vorarlberg, Austria) and the Eastern Carpathians (no. 13, Mt. Hoverla, 

Ukraine). Each of these populations (except the population from Mt. Hoverla, 

Ukraine) is situated close to the border between the two clusters in Central Europe. 

Bayesian analysis was repeated for each group separately. Analysis of group 

A produced consistent results for K = 2 (Fig. 2b) and separated populations from the 

Pyrenees (subgroup A ; ‘Pyrenean group’) from the rest of the group (subgroup A2; 

‘Alpine group’). All models with higher K values produced inconsistent results with 

low similarity coefficients for the 10 runs. Analysis of group B revealed no structure 

(models for K ≥ 2 produced results with very low similarity coefficients among 

runs). 

The Mantel test resulted in a highly significant positive correlation between 

genetic and geographic distance (r = 0.276, p = 0.019), indicating an isolation-by-

distance pattern. The AMOVA analysis revealed 36.78% variation among 

populations, whereas 63.22% was due to within-population variation (Table 3). The 

AMOVA analysis of groups based on the first STRUCTURE clustering results 

(Pyrenean-Alpine group vs. Balkan-Carpathian group) detected 13.43% variation 

between the two groups. Variation between the Pyrenean and Alpine groups was 

24.27%, indicating a clear separation between these two regions. 
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Fig. 1. – Distribution (crosshatched) of Lonicera nigra in Europe (taken from Meusel and Jäger  992) 

and location of the 31 populations (Table 1 and 2) used for the molecular analyses. The colours of the 

dots refer to the three AFLP genotype groups (A1, A2, B) resolved using Bayesian analyses (Fig. 2). 
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Fig. 2a. – Graphical output of the Bayesian analyses showing the probabilities of classifying all 

individuals in groups A and B. Group colours are the same as in Fig. 1. 

 

 

 

 

Fig. 2b. – Graphical output of the Bayesian analyses showing the probabilities of classifying group A 

individuals in subgroups A1 and A2. Group colours are the same as in Fig. 1. 
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Table 3. – Results of AMOVA (1,000 permutations) for (A) 150 individuals from 31 populations, (B) 

150 individuals forming two clusters based on the first analysis using the program STRUCTURE 

(Pyrenean-Alpine vs. Balkan-Carpathian group), and (C) 38 individuals forming two clusters, based on 

the second analysis using STRUCTURE (Pyrenean vs. Alpine group). All values are highly significant 

(P < 0.001). 

 

 Source of 

variation 

d.f. Sum of 

squares 

Variance 

components 

Percentage of 

variation 

Fixation 

index FST 

A Among 

 populations 

30 925.20 4.71 Va 36.78  

 Within 

 populations 

119 962.72 8.09 Vb 63.22  

 Total 149 1887.92 12.80 100.00 0.37 

B Among 

 groups 

1 117.08 1.86 Va 13.43  

 Within 

 groups 

148 1759.47 11.97 Vb 86.57  

 Total 149 1876.55 13.83 100.00 0.13 

C Among 

 groups 

1 54.39 3.23 Va 24.27  

 Within 

 groups 

36 362.38 10.07 Vb 75.73  

 Total 37 416.77 13.30 100.00 0.24 

 

 

 

Fig. 3. – Frequency-down-weighted marker values for the 31 populations of Lonicera nigra studied. 

Dot sizes are proportional to the values (see Table 2 for exact values). The distribution of L. nigra in 

Europe (taken from Meusel and Jäger  992) is crosshatched. 
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 Palaeopalynological data 

 

The palaeopalynological data (Fig. 4) confirmed the Pleniglacial presence of 

Lonicera in the north-western Pyrenees (Mardones and Jalut 1983), north-western 

France and Greece. Only the site in the Pyrenees is within the contemporary range of 

L. nigra. The presence of Lonicera pollen is documented at this site until the end of 

the Late-Glacial period. The other two Pleniglacial Lonicera pollen records are 

doubtfully for L. nigra. 

During the Late-Glacial period, Lonicera xylosteum-type pollen (in the sense 

of Faegri and Iversen 1989) is documented only in the Eastern Carpathians (Poland, 

Tarnawa Wyżna; Ralska-Jasiewiczowa 1989), while Lonicera-type pollen grains are 

recorded for sites in the northern foothills of the Southern Carpathians (Romania, 

Avrig; Tantau et al. 2006) and at four sites along the entire length of the ridge of the 

Alps (Italy, Selle di Carnino and south-east France, Lac Saint Léger, Beaulieu, 

unpubl. data; Switzerland, Lobingensee, Ammann  985; Austria, Dürrenecksee-

Moor, Krisai et al. 1989). With the exception of the site at Avrig (where 14 Late-

Glacial samples containing Lonicera pollen grains document the continuous 

presence of the genus at this locality), Lonicera pollen was confirmed just once at 

each site during the Late-Glacial period and just once during the Holocene. 

Records of Lonicera-type pollen from the Early Holocene document its 

presence in the Bulgarian Rhodopes (Huttunen et al. 1992), the Carpathians 

(Rybníček and Rybníčková 2002, Tantau et al. 2003, 2009), the Bohemian Massif 

(Rybníčková  97 , Rybníčková and Rybníček  988, Svobodová et al. 2002), the 

Alps (Rybníček and Rybníčková  977, Oeggl  988, Zoller et al.  998, Clerc, 

unpubl. data) and the Massif Central (Guenet 1993). The Lonicera xylosteum-type 

from the Early Holocene in the sense of Moore et al. (1991) is recorded for the 

sandstone landscape of Broumovsko (Czech Republic; Pokorný and Kuneš 2005) 

and in the sense of Punt et al. (1974) in the Central Alps (Italy; Pini 2002). 
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Fig. 4. – Locations in Europe from which the pollen data records studied came (absence of any 

Lonicera pollen – black dots, presence of Lonicera sp. pollen – squares, presence of L. xylosteum-type 

pollen – stars, Periodization: Pleniglacial – blue, Late-Glacial – green, Early Holocene – brown). 

Present distribution of L. nigra in Europe (taken from Meusel and Jäger 1992) is crosshatched. 

 

 

 

 

 

 

 

 

 

 



87 

 

Discussion 

 

 No plastid DNA variation detected in L. nigra 

 

Based on the molecular data there is little genetic variation in L. nigra. No 

variability was recorded in cpDNA, although in many other species these regions are 

very variable (e.g., Shaw et al. 2005). Nevertheless, complete uniformity or very low 

variation of chloroplast non-coding regions at the continental scale is probably not 

exceptional as it has been recorded for Carex pilosa (Rejzková et al. 2008), Corylus 

avellana (Palmé and Vendramin 2002), Fraxinus excelsior (Heuertz et al. 2004), 

Carex atrofusca (Schönswetter et al. 2006) and Carex curvula (Puşcaş et al. 2008). 

The absence of genetic variation in L. nigra at northern latitudes (e.g., the Bohemian 

Massive) might be due to a rapid postglacial colonization resulting in homogeneity 

of cpDNA (c.f., Hewitt 200 , Maliouchenko et al. 2007, Rejzková et al. 2008). 

However, in the case of this species no variation in cpDNA has been recorded even 

in southern populations. Moreover, the extensive dispersal of the fleshy fruits of L. 

nigra could support the case of a rapid range expansion and lack of variation among 

populations, as is reported for several other taxa with fleshy fruits dispersed by birds 

or mammals (Mohanty et al. 2001, 2002, Hampe et al. 2003).  

 

 AFLP based phylogeographical pattern, delimitation of a contact zone 

 

Although no variation in cpDNA was detected, AFLP analysis revealed a 

clear geographic structure in the variation, because three clusters of AFLP genotypes 

were identified using Bayesian clustering. The separation of the populations from 

the Pyrenees (confirmed by AMOVA analysis) is in accordance with their 

geographic isolation and presence of pollen of a Lonicera species in this area during 

the Pleniglacial and Late-Glacial periods. It is likely that plants from this refugium 

did not contribute to postglacial expansion into other parts of Europe. Similarly, a 

distinct genetic group of Polygonatum verticillatum is present in the Cantabrian 
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Mountains (Kramp et al. 2009) and of  Alnus glutinosa, Fraxinus excelsior, Meum 

athamanticum and Rhinanthus angustifolius in the Pyrenees (King and Ferris 1998, 

Hewitt 1999, Heuertz et al. 2004, Huck et al. 2009, Vrancken et al. 2009). While 

there is only a slightly different unique chloroplast haplotype of Rhinanthus 

angustifolius in the Pyrenean population; an analysis of AFLP data separates this 

population as a clearly differentiated group (Vrancken et al. 2009). On the Iberian 

Peninsula, there are also genetically different populations of several alpine plants, 

such as Pritzelago alpina (Kropf et al. 2003), Cardamine alpina (Lihová et al. 2009) 

and Androsace vitaliana (Dixon et al. 2009). 

The remaining area of distribution of L. nigra is occupied by two genetically 

and geographically defined groups (Alpine and Balkan-Carpathian) separated by a 

contact zone in which there are mixed populations and individuals with intermediate 

genotypes (Fig. 1). This contact zone is located approximately in the upper part of 

the Danube Valley and reaches the north-western boundary of the distribution range 

of L. nigra. Towards the eastern part of Central Europe, the two above-mentioned 

genetic groups are divided by the Pannonian basin, which forms a natural barrier 

uninhabited by L. nigra due to inhospitable environmental conditions. This contact 

zone of L. nigra is present in a similar area to that of other plant species such as 

Festuca pratensis (Fjellheim et al. 2006) and Rhinanthus angustifolius (Vrancken et 

al. 2009). The contact zone between two main haplotype lineages of Rosa pendulina 

is also suggested to lie in the Danube Valley (Fér et al. 2007); however, subsequent 

analyses of the AFLP pattern in this species showed that the contact zone is wider, 

reaching the southern boundary of Austria (Daneck et al., in prep.).  

Because admixed populations of L. nigra occur only south of the Danube 

and at the north-western edge of its range, it is hypothesized that the postglacial 

expansion from the contemporary northern or north-western part to the southern area 

of the range (Balkan-Carpathian lineage) reached the Danube Valley more quickly 

than the Alpine genetic lineage, which migrated from the south or southwest. Thus, 

it seems that only individuals from the Balkan-Carpathian genetic lineage crossed 

the Danube Valley, which probably constitutes a barrier to range expansion. In 

addition, it is also likely that the contemporary contact zone was established by the 
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leading-edge colonization phenomenon (Hewitt 1993, 2004), suggesting that the 

northward migration of the Alpine lineage was prevented by the colonization of 

suitable habitat by the Balkan-Carpathian lineage.  

 

 Location of glacial refugia 

 

DW values, which indicate longstanding isolation and consequent 

accumulation of rare markers, were used to detect divergent populations 

(Schönswetter and Tribsch 2005, Paun et al. 2008). This isolation may also indicate 

in situ glacial survival rather than a postglacial population origin. High DW values 

for some Central European populations (19, Českomoravské mezihoří Hills; 22, 

Českomoravská vrchovina Mts;  8, Rychlebské hory Mts) may thus indicate glacial 

survival of L. nigra in this area. Indeed, the presence of glacial refugia in Central 

Europe is suggested (based on molecular data) for several plant and animal species, 

e.g., Saxifraga paniculata (Reisch et al. 2003), Cochlearia bavarica (Koch 2002), 

Carex pilosa (Rejzková et al. 2008), Clethrionomys glareolus (Deffontaine et al. 

2005) and Ursus arctos (Sommer and Benecke 2005). 

Fossil pollen indicates that species of Lonicera occurred in Central Europe 

during the Late-Glacial period and Early Holocene. Nevertheless, this evidence 

should be considered only as indicative and supplementary, as this pollen data does 

not allow unambiguous determination of the species. The majority of the evidence 

refers only to the genus (Lonicera-type), but in three cases [the sandstone landscape 

of Broumovsko, Czech Republic (Pokorný and Kuneš 2005), the Eastern 

Carpathians (Ralska-Jaszewiczowa 1989), and Italian Central Alps (Pini 2002)] it is 

specific to L. xylosteum-type. The data for the Lonicera xylosteum-type from the 

Late-Glacial (Fig. 4) indicate possible glacial refugia for species of Lonicera in the 

Eastern Carpathians. On the other hand, the Early Holocene occurrences suggest 

either a very rapid postglacial spread or the glacial survival of Lonicera in the 

Bohemian Massive, and in the Alps and Carpathians, with subsequent population 

growth at the start of the warm period.  
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In addition, the genus level pollen evidence supports the hypothesis that 

some species of Lonicera survived in glacial refugia situated along the edge of the 

Alps. This accords with the existence of Central European glacial refugia for 

montane forest species and even some temperate broadleaf species (Willis et al. 

2000, Jankovská and Pokorný 2008). In landscapes, where the topography is rugged, 

it is likely that most glacial refugia were located in mountain valleys or deep gorges, 

which offer protection against cold winds and where there is high mesoclimatic 

humidity (Jankovská and Pokorný 2008). 

 In conclusion, molecular and palaeopalynological data indicate that 

Lonicera nigra may have survived in Central European glacial refugia located in the 

Carpathians and/or in the eastern perialpine region. Additional refugia north or south 

of the Alps or on the Balkan Peninsula cannot be excluded, but it was not possible to 

address this hypothesis using the data set presented. This data also indicates that 

despite low overall differentiation, the postglacial spread occurred along at least two 

migratory routes, which resulted in the contact zone in Central Europe. 
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Appendix 1 

 

Sites used for the map (Fig. 4) from PALYCZ database: 

http://botany.natur.cuni.cz/palycz/ 

 
Anenské údolí  (50.5887/ 6.  75), Barbora ( 8.9558/  .8333), Bláto ( 9.0  7/ 5. 9 ), Borkovická 

blata (49.2328/14.6327), Brentenlohe (49.7872/12.4625), Červené blato ( 8.8608/  .8 02), Dvůr 

Anšov ( 8.7773/ 6. 225), Fláje - Kiefern (50.6829/ 3.5799), Horní Pole ( 9.2 32/ 5.3  8), Hozelec 

( 9.0 6 /20.332), Hrabanovská černava (50.2 6 /  .83 6), Hůrecká slať ( 9. 522/ 3.3276), Chrást 

(50.2603/  .5   ), Jablůnka ( 9.3833/ 7.95), Jedlová ( 9.397/ 9.6605), Jestřebské blato 

(50.5989/  .60 7), Kameničky ( 9.7387/ 5.9636), Klíčava (50.  62/ 3.833), Knížecí pláně 

( 8.96 6/ 3.635), Komořanské jezero (50.535 / 3.5 8 ), Kožlí ( 9.360 /  .0209), Liptovský Jan 

(49.0417/19.6778), Loučky ( 9.32 2/ 5.5336), Mělnický úval (50.2993/  .578 ), Mokré louky 

(South) ( 9.0022/  .778), Nad Dolským mlýnem (50.8523/  .3387), Palašiny ( 9.68 3/ 5. 78), 

Plešné jezero ( 8.7767/ 3.8657), Podhořany ( 9.2 92/20. 708), Praha-Podbaba (50.1125/14.3917), 

Rokytecká slať ( 9.0 53/ 3.  22), Rybárenská slať ( 9.03 3/ 3. 6 9), Řásná ( 9.2306/ 5.3708), 

Řežabinec ( 9.2502/  .0897), Spišská Belá ( 9. 8 7/20. 5), Šafárka ( 8.882/20.575), Švarcenberk 

( 9.  56/  .70 8), Velanská cesta ( 8.77 8/  .9283), Vernéřovice (50.62 7/ 6. 958), Vlčí rokle 

(50.60 5/ 6. 28 ), Vracov ( 8.9778/ 7.2052), Weiherlohe ( 9.7297/ 2.3875), Zbudovská blata 

( 9.07 8/  .3 9), Zlatnická dolina ( 9.5 67/ 9.2833) 

 

 

Sites used for the map (Fig. 4) from EPD database: 

http://www.europeanpollendatabase.net/ 

 

Aegelsee (46.6458/7.5433), Algendar (39.9406/3.9586), Altenweiher (48.0133/6.9944), Ampoix 

(45.6333/2.9333), Amsoldingersee (46.725/7.575), Amsoldingersee (46.725/7.575), Arkutino Lake 

(42.3667/27.7333), Aronde (49.4625/2.6911), Auneau (48.4561/1.7936), Avrig (45.7167/24.3833), 

Balladrum (46.0167/8.75), Banyoles (42.1333/2.75), Basse-Ville (47.1861/-1.8581), Bedlno 

(51.2042/20.2833), Bellefontaine (46.5753/6.0931), Besbog (41.75/23.6667), Biot (43.8/7.1), Black 

Sea (South) (42.0675/28.485), Black Sea (Southwest) (42.0675/28.8889), Black Sea (Southwest) 

(42.1842/28.9167), Black Sea (West) (42.8333/29.9167), Boehnigsee Goldmoos (46.2592/7.8431), 

Bois de la Masse (45.5/2.7333), Bois des Gardes (45.4167/2.7), Brugiroux (45.1472/2.8489), 

Burgmoos (47.1722/7.6744), Cala Galdana (39.9369/3.965), Cala'n Porter (39.8706/4.1314), Clapeyret 

(  .  72/7.2389), Col des Lauzes ( 5.7692/6.5333), Col du Pré ( 5.6892/6.6 06), Colfiorito 

(43.025/12.925), Correo (44.5083/5.9831), Cristol Lake (44.9975/6.6333), Czajkow (50.7833/21.2833), 

Dry Lake II ( 2.05/23.5333), Dürrenecksee moor  ( 7. 667/ 3.8667), Edessa ( 0.8 8 /2 .9525), 

Embouchac (43.5664/3.9167), Etang d'Ouveillan (43.2667/3), Etang du Lautrey (46.5872/5.8639), 

http://botany.natur.cuni.cz/palycz/
http://www.europeanpollendatabase.net/
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Fuchsschwanzmoos (47.1167/13.9), Giannitsa B (40.6667/22.3167), Gorno (50.85/20.8333), Grand 

Ratz de Pellet (45.3417/5.6083), Grande Briere (47.3667/-2.25) Grosses Überling Schattseit-Moor 

(47.1667/13.9), Halos I (39.1667/22.8333), Hieres sur Amby (45.7908/5.2833), Hirschen Moor 

(47.8333/8.0917), Holzmaar (50.1167/6.8833), Hort Timoner (39.875/4.1264), Hoya del Castillo 

(41.25/-0.5), Iezerul Calimani (47.3278/25.2736), Ioannina (39.65/20.9167), Ioannina 

(39.7625/20.7306), Ioannina II (39.6919/20.8397), Ivano-Frankovskoye (49.9167/23.7667), Jasiel 

(49.3728/21.8869), Jaslo (49.7833/21.4667), Khimaditis Ib (40.6167/21.5833), Khimaditis III 

(40.6125/21.5861), Kletnia Stara (51.635/21.6792), Krumpa (51.3/11.85), Kupena (41.9833/24.3333), 

La Taphanel (45.2744/2.6792), La Vie (48.5483/-0.2583), Lac Couve (45.6964/6.5347), Lac de 

Chambedaze (45.4506/2.8778), Lac de Perle (44.1417/7.6), Lac de Siguret (44.7917/6.55), Lac Long 

Inférieur (  .0578/7. 5), Lac Mouton (  .0578/7.   7), Lac Noir ( 5. 536/2.6272), Lac Saint 

(44.42/6.3364), Lacs Noels (44.9731/2.8589), Lago dell'Accesa (42.9864/10.8833), Lago di 

Martignano (42.1167/12.3333), Lago Grande di Mont (40.9444/15.6), Lago Grande di Mont 

(40.9444/15.6), Lago Padule (44.2986/10.2147), Laguna Guallar (41.4/-0.2167), Lake Bala 

(46.8183/17.735), Lake Balaton (Centr (46.7444/17.4008), Lake Balaton (North (47.0017/18.1042), 

Lake Duranunlak (43.6667/28.55), Lake Racou (42.5542/2.0083), Lake Shabla-Ezeretz 

(43.5833/28.55), Lake Varna (Belosla (43.2/27.8333), Lake Xinias (39.05/22.2667), Le Fourne 

(48.4444/-0.1917), Le Grand (45.4733/5.4167), Le Grand Etang de S (44.35/5.2333), Le Marais St 

Boetie (49.6167/3.8167), Le Monal (45.5569/6.9286), Le Mont (45.5514/6.5489), Les Echets 

(45.8333/5), Les Saisi (45.7372/6.4769), Lignin Lake (44.1042/6.7086), Lignin Lake (44.1042/6.7086), 

Lobsigens (47.0319/7.2992), Loras (45.6639/5.2444), Lutiniere (46.4444/-0.8622), Madic (45.35/2.45), 

Mareuge (45.6219/2.8997), Meerfelder Maar (50.1/6.75),  Mohos (46.0833/25.9167), Moulin de 

(45.8 97/ .6 58), Navarrés (39. /-0.6833), Peuil Peat Bog (45.125/5.6436), Peyreleva 

(45.7083/2.3833), Pla de Llacs (42.1742/-2.4769), Place du Commerce (47.2139/-1.5561), Plan du 

Clou (45.6997/6.5392), Plan du Jeu (45.6072/6.5322), Plan du Lac (45.3153/6.8167), Plan du Laus 

(  .2  7/6.7022), Plateau de Prarion ( 5.88 7/6.7 9 ), Pré Rond (  .9 89/6.59 2), Puerto de 

(43.0333/-2.05), Puscizna Rekowianska (49.4833/19.8167), Puy de Pailleret (45.5167/2.8167), Rotsee 

(47.0756/8.3256), Roztoki (49.7167/21.5833), Sabbion (44.13/7.4733), Saint Julien de Rat 

(45.35/5.6233), Saint Sauveur (43.5664/3.9167), Saint-Urs (48.5194/-0.2533), Selle di (44.15/7.6944), 

Serrent (47.8094/-2.4681), Schwemm (47.65/12.3), Slopiec (50.7833/20.7833), Solokiya 

(50.4167/24.1667), Son Bou (39.9247/4.0272), Starniki (50.2667/26.0167), Stoyanov 2 

(50.3833/2 .6333), Suchedniow (5 .05/20.85), Szymbark ( 9.6333/2 . ), Tarnawa Wyżna 

(49.1/22.8333), Tarnowiec (49.7/21.6167), Tourbiere de Bresle (49.4/2.25), Tourves (43.5/5.9), Trumer 

Moos (47.9333/ 3.0667), Tschokljovo Marsh ( 2.3667/22.8333), Vallée de la Voise ( 8.  67/ .75), 

Vallon de Provence (44.3911/6.4042), Venice (45.5/12.25), Vitosha Mountains P (42.8333/23.8333), 

Voros-mocsar (46.4772/19.1908), Wasenmoos beim Zell (47.9833/13.1), Wolbrom (50.3833/19.7667), 

Zalozhtsy (49.75/25.45), Zirbenwal (46.8583/11.025), Zsombo Swamp (46.3614/19.9942) 
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Appendix 2 

Table 1. – Additional sites which were not included in the PALYCZ and EPD datasets and which were 

used for pollen analyses. Per. (Periodisation) abbreviations: PG – Pleniglacial, LG – Late-Glacial, EH – 

Early Holocene). 

 

Country Site Altitude  Latitude Longitude Citation Per. 

Bulgaria Lake Kremensko-5 2124 m   .72° N 23.53° E (Atanassova & 

Stefanova 2003) 

LG 

Bulgaria Sedmo Rilsko lake 2095 m  2.22° N 23.3 ° E (Bozilova & 

Tonkov 2000) 

LG 

Bulgaria Ribno Banderishko 2190 m   .73° N 23. 7° E (Tonkov et al. 

2002) 

LG 

Bulgaria Mozgovitsa 1800 m   . 2° N 23. 2° E (Tonkov 2003) EH 

Bulgaria Lake Trilistnika 2216 m  2.2° N 23.32° E (Tonkov et al. 

2006) 

LG 

Croatia Malo Jezero 23 m  2.78° N  7.36° E (Jahns & van den 

Bogaard 1998) 

EH 

Croatia Veliko Jezero 23 m  2.78° N  7.36° E (Jahns & van den 

Bogaard 1998) 

EH 

Croatia Lake Vrana (core 

VRA96) 

40 m   .85° N   .38° E (Schmidt et al. 

2000) 

LG 

France La Borde 1660 m  2.5° N 2.06° E (Jalut 1971) EH 

France Estarres 356 m  3.09° N -0.38° W (Jalut et al. 1988) PG 

France Castet 850 m  3.03° N 0.37° E (Jalut et al. 1988) PG 

France Bious 1550 m  2.83° N 0. 5° E (Jalut et al. 1988) LG 

France Biscaye 409 m 43.1 ° N 0.07° E (Mardones & 

Jalut 1983) 

PG 

Germany Zöchsen 100 m 5 .38° N  2.05° E (Litt 1992) LG 

Italy Lago del Segrino 374 m  5.83° N 9.26° E (Gobet, Tinner et 

al. 2000) 

LG 

Italy Pian di Gembro 1350 m  6. 7° N  0. 7° E (Pini 2002) LG 
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Romania Steregoiu 790 m  7.8 ° N 23.5 ° E (Björkman et al. 

2003) 

LG 

Romania Ponor 1020 m  6.6 ° N 22.83° E (Bodnariuc et al. 

2002) 

EH 

Romania Iezerul Calimani 1650 m  7.33° N 25.27° E (Farcas et al. 

1999) 

LG 

Romania Taul Zanogutii 1840 m  5.33° N 22.8° E (Farcas et al. 

1999) 

LG 

Romania Preluca Tiganului  730 m  7.82° N 23.5 ° E (Feurdean & 

Bennike 2004) 

LG 

Romania Turbuta 275 m  7.37° N 23.5° E (Feurdean & 

Bennike 2004) 

LG 

Romania Bisoca 875 m  5.53° N 26.82° E (Tantau et al. 

2009) 

EH 

Slovenia Griblje 160 m  5.57° N 15.28° E (Andrič 2007) LG 

Slovenia Mlaka 150 m  5.5° N  5.2 ° E (Andrič 2007) EH 

Slovenia Na mahu 1 -  5.98° N   .5 ° E (Andrič et al. 

2008) 

LG 

Spain Pla de Llacs 430 m  2. 7° N -2. 8° W (Pérez Obiol 

1988) 

LG 

Spain Sidera 440 m  2. 6° N -2. 6° W (Pérez Obiol 

1988) 

EH 

Switzerland Alpe Palü 1940 m  6.37° N  0.0 ° E (Zoller et al. 

1998) 

EH 

Switzerland Lago di Muzzano 337 m  6° N 8.93° E (Gobet, Tinner et 

al. 2000) 

LG 

Switzerland Hinterburgsee 1515 m  6.72° N 8.07° E (Heiri et al. 2003) LG 

Switzerland Balladrum 483 m  6.02° N 8.75° E (Hofstetter, 

Tinner et al. 2006) 

LG 

Switzerland Bay of Geneve 357 m  6.23° N 6. 7° E (Moscariello et al. 

1998) 

LG 



103 

 

Switzerland Lago di Origlio 416 m  6.06° N 8.95° E (Tinner et al. 

1999) 

PG 
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Abstract 

 

A comparison of the total and chloroplast genetic variations in the European 

temperate shrub species Rosa pendulina provides a deeper insight into its postglacial 

history. Similarly to previous studies of the chloroplast haplotypes of this species, 

we detected two primary widely distributed groups of AFLP genotypes that 

contributed to the postglacial colonisation of Central Europe. However, the exact 

geographic delimitation of the contact zone between these two primary genetic 

lineages is dependent on which molecular marker is studied, most likely reflecting 

the diverse dispersal abilities of different diaspore types. Indices for glacial survival 

were identified in southern Europe as in the previous study. Populations from the 

Iberian Peninsula represent a separate genetic group that did not contribute to the 

most recent postglacial expansion of the species. The highest genetic richness is 

harboured in the Balkan Peninsula, which is also the most important southern 

European resource for the postglacial expansion to more northern regions of Europe. 

However, on the northern edge of the Alps and/or in the Western Carpathians in 

central Europe, it is possible that additional glacial refugia contributing to the 

postglacial colonisation of neighbouring areas might have occurred. In addition, a 
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comparison of the phylogeographical patterns among diverse temperate plant taxa 

revealed several common features but also differences in their postglacial histories, 

including the role of Central Europe. 

 

K e y w o r d s :  Central Europe, alpine rose, genetic diversity, postglacial history, 

contact zone, glacial refugia. 

 

 

Introduction 

 

Currently, Quaternary phylogeography based on palaeoecological data, and 

the distribution of genetic variability among contemporary populations is used to 

postulate postglacial history scenarios for a number of taxa with different ecological 

and biological features. Resemblances inferred from these phylogeographical 

patterns are extrapolated to general conclusions about glacial refugia, colonisation 

routes and the localisation of contact zones among different genetic lineages. 

For temperate European taxa, several general postglacial colonisation 

patterns have been proposed (Hewitt 1999, 2004, Taberlet et al. 1998) based on the 

presumption of three primary southern European glacial refugia (the Iberian, 

Apennine and Balkan peninsulas), from which northern areas were supposed to be 

colonised. At the same time, suture zones were hypothesised to exist in the areas 

where different genetic lineages were presumed to come into contact, namely, in the 

Pyrenees, the Alps, across Scandinavia and in central Europe north of the Alps 

(Hewitt 1999, 2004, Taberlet et al. 1998). More recently, additional refugia in more 

northerly regions, particularly in central Europe, have been suggested and discussed 

(e.g., Carcaillet and Vernet 2001, Magri et al. 2006, Willis et al. 2000, Willis and 

van Andel 2004). From this point of view, central Europe is apparently an important 

region, for which more data on phylogeographic patterns should be accumulated. 
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For central Europe, particularly for the area of the Czech Republic, several 

different postglacial migration patterns have been inferred based on the present 

distributions of species, suggesting possible migrations from the direction of the 

Carpathians, the Alps or both directions (Hendrych 1985). However, the 

phylogeographical background of the distribution patterns of temperate plant taxa in 

this area is still largely unexplored, and detailed studies comprising material from 

both southern and central Europe are needed to elucidate the role of the central 

European region and events that have influenced the current genetic composition of 

the plant taxa distributed here. Moreover, phylogeographical patterns are commonly 

established on the basis of studies dealing with tree species, generally omitting other 

plant life forms. 

In the case of limited or absent palaeoecological data, molecular methods 

allow us to reconstruct the postglacial migration history of a given species. Using 

total DNA analyses as AFLPs (Vos et al. 1995), genetic variability can be assessed 

in detail, but this approach might be complicated when inferring diverse genetic 

lineages. In contrast, from the spatial distributions of different chloroplast 

haplotypes, which are characterised by uniparental inheritance in the majority of 

angiosperms, we may be able to identify the primary genetic lineages involved in 

postglacial expansion as well as populations that were not involved. However, the 

overall diversification of chloroplast sequences is generally lower compared to 

nuclear DNA. Thus, more precise results can be obtained by combining several 

methods of DNA analysis. Additional useful information can be inferred from a 

comparison of the phylogeographical patterns inferred for taxa occurring in similar 

ecological conditions. 

Based on its ecological characteristics and present distribution pattern, Rosa 

pendulina L. (Rosaceae) (Klášterský  968), an entomogamous temperate shrub, 

appears to be a convenient model species for a phylogeographical study with a focus 

on the Central European region. Its distribution includes European mountains and 

hilly regions from the northern Iberian Peninsula to the Balkan mountains, 

comprising the Massif Central, Alps, Apennines and Carpathians. The northernmost 
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localities for this species are in central Germany, and the northern limit of its 

distribution more or less follows the northern boundary of the Czech and Slovak 

Republics (Meusel et al. 1965). Hendrych (1985) suggested both Carpathian and 

Alpine origins for R. pendulina populations in the Czech Republic, although he was 

not able to locate the presumed contact zone between them. 

No palaeoecological data are available for R. pendulina. Nevertheless, our 

previous study (Fér et al. 2007) based on sequences of chloroplast (cp) DNA 

suggested two distinct glacial refugia where the current Central European 

populations originated. One of those refugia was likely located at the edge of the 

Alps, northern Apennines or Dinaric Alps and the second was located in the Balkan 

Peninsula or in the Southern Carpathians. The contact zone in central Europe 

between these two migration pathways was identified as being located in the upper 

part of the Danube valley. The question of the possible full-glacial survival of R. 

pendulina in central Europe cannot be definitively answered based on the variation 

in cpDNA (Fér et al. 2007). A single haplotype found in all three hypothetical 

southern refugia (the Iberian Peninsula, Italy and the Balkans) but absent in Central 

Europe most likely did not contribute to the present-day genetic pool of more 

northerly established populations. Nevertheless, the distribution of this haplotype 

supports previous contacts between southern refugia, especially at times when the 

sea level was lower than it is today (Voges 1995). The most distinct haplotype of R. 

pendulina was revealed in a single population in Bulgaria, indicating that studies on 

a detailed scale are necessary for this region. 

In this study, we explore the total genetic variation in R. pendulina using 

AFLP data. Taking into account our previous study of this species dealing with 

cpDNA variation (Fér et al. 2007) and available results from phylogeographic 

studies of other European taxa, we aim to answer the following questions: 

1. Is there any non-random geographically structured genetic variability in R. 

pendulina based on our AFLP data? 
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2. Is there any congruence in the phylogeographical patterns of R. pendulina in 

central Europe based on cpDNA haplotypes and on AFLP data? Is there any 

explanation for potential differences in the respective patterns revealed by 

these markers? 

3. Can we identify some indices for the existence of glacial refugia of R. 

pendulina outside of the south European refugia based on analyses of AFLP 

data? 

4. Is there any congruence among the phylogeographical pattern detected for 

R. pendulina and those found for temperate non-tree taxa? Can we 

hypothesise whether there is some obvious difference between common 

phylogeographical patterns based on European temperate tree taxa and the 

phylogeographies of temperate non-tree species? 

 

 

Materials and methods 

 

 Sampling 

 

Our sample set covers almost the entire present natural distribution of R. 

pendulina, including the localities of all previously identified chloroplast haplotypes 

(Fér et al. 2007, Table 1). In total, we analysed 113 individuals originating from 34 

populations (Table 2). Each population sample represented 1-5 individuals. Young 

intact leaves from each individual were collected in the field and immediately dried 

in silica gel. At each locality, shrubs within an approximately 10 m distance were 

randomly selected to prevent the repeated collection of the same individual. Voucher 

specimens were deposited in the herbarium of the Department of Botany, Charles 

University in Prague (PRC). 
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Table 1. – List of studied Rosa pendulina populations and details on their localities. No. – locality 

number. Locality numbers correspond with those used on maps (Fig.  , 2) and in Fér et al. 2007. 

Collectors’ names – AK – A. Kagalo (Lviv), AT – A. Tribsch (Salzburg), BF – B. Frajmann 

(Ljubljana), DR – D. Reich (Wien), ED – E. Dušková (Praha), HD – H. Daneck (Praha), JF – J. Fér 

(Kutná Hora), JK – J. Kučera (Rychnov n. Kněžnou), JL – J. Lihová (Bratislava), JV – J. Vojta (Praha), 

KB – K. Boublík (Praha), LF – L. Férová (Praha), MaS – M. Stolařová (Praha), MK – M. Kolník 

(Bratislava), MS – M. Slovák (Bratislava), PS – P. Schönswetter (Wien), PSt – P. Stanimirova (Sofia), 

PV – P. Vašák (Praha), TF – T. Fér (Praha), TW – T. Wohlgemuth (Birmensdorf), ZV – V. Zabloudil 

(Žďár nad Sázavou). 

 

No. Country Locality description 
Altitude 

a.s.l. 
Latitude Longitude Collector(s) 

1 Spain Cordillera Cantábrica Mts., 

La Vecilla de Curueño,  7 

km N of the town, Puerto de 

Vegarada saddle. 

1620 m 43.03 °N 5.49 °W TF, LF 

2 Andorra Soldeu, 4 km NNE of the 

town, Val d´Inclés. 

2100 m 42.60 °N 0 .70 °E TF, LF 

4 Switzerland Zürich, 7 km S of the town, 

Girstel bei Zürich (Albis). 

750 m  7.29 °N 08.51 °E TW 

5 Germany Schwäbische Alb Mts., 

Beuron, 2.5 km SSE of the 

town, Knopfmacherfels. 

750 m 48.03 °N 08.95 °E JV 

6 Italy Lombardy, Varese, 6.5 km 

NNW of the town, Campo 

dei Fiori. 

1100 m 45.87 °N 08.78 °E TF, LF, JF, 

MaS 

9 Italy Toscana, Pievepélago,  0 km 

W of the town, Passo delle 

Radici. 

1530 m 44.21 °N  0. 9 °E TF, LF, JF, 

MaS 

10 Italy Alto Adige, Bolzano, 23 km 

SEE of the town, Passo di 

Costalunga. 

1740 m  6. 0 °N   .62 °E TF, LF, JF, 

MaS 

12 Italy Campania, Sala Consilina, 

15 km NE of the town, 

Monte Cervati. 

1860 m  0.29 °N  5. 8 °E TF, LF, JF, 

MaS 

13 Czech 

Republic 

Doupovské hory Mts., 

Karlovy Vary, 10 km E of 

the town, at the Pstružný 

potok brook. 

510 m 50.2  °N 13.06 °E JV 

14 Czech 

Republic 

Šumava Mts., Kašperské 

hory, 9 km SW of the town, 

in the valley of the Sekerský 

potok brook. 

800 m  9.09 °N 13.46 °E KB 

16 Czech 

Republic 

Novohradské hory Mts., 

Kaplice, 15 km SE of the 

town, valley of the Pohořský 

potok brook.  

780 m  8.65 °N   .65 °E KB 
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18 Czech 

Republic 

Žďárské vrchy Mts., 

Přibyslav,  3 km NE of the 

town, the Štíří důl nature 

reserve. 

565 m  9.67 °N  5.87 °E ZV 

19 Czech 

Republic 

Orlické hory Mts., Deštné 

v Orl. horách,   km N of the 

town, Bukačka nature 

reserve. 

1020 m 50.3  °N 16.38 °E JK 

21 Czech 

Republic 

Podorlická pahorkatina Mts., 

Moravská Třebová, 5.5 km 

SE of the town, Radkov hill. 

370 m  9.75 °N  6.73 °E ED, TF, JV 

22 Czech 

Republic 

Jeseníky Mts., Karlov pod 

Pradědem, western border of 

the town, by the Kotelný 

potok brook. 

760 m 50.03 °N  7.26 °E ED, TF, JV 

23 Czech 

Republic 

Západní Beskydy Mts. 

(Rožnovská brána), Rožnov 

pod Radhoštěm, bank of the 

Bečva river in the town. 

360 m  9. 6 °N 18. 6 °E ED, TF, JV 

25 Slovak 

Republic 

Malá Fatra Mts., Martin,  9 

km NNE of the town, above 

the Horné diery valley. 

1060 m  9.2  °N  9.09 °E TF 

27 Slovak 

Republic 

Slovenský raj Mts., 

Hrabušice,   km S of the 

town, the Suchá Belá valley, 

Glacká cesta. 

850 m 48.94 °N 20.39 °E MS, JL 

28 Ukraine Chornohora Mts., Jasinja, 14 

km SE of the town, Mt. 

Petrosul. 

1850 m  8. 7 °N 2 . 7 °E AK 

29 Ukraine Horhany Mts., Yaremcha, 10 

km S of the town, nearby the 

village Mikulichin. 

644 m  8.   °N 2 .60 °E MK 

30 Romania Retezat Mts., Margina, 4.5 

km N of the town, Cheile 

Scorota gorge. 

1150 m 45.90 °N 22.28 °E ED 

31 Romania Cernei Mts., Mehadia, 5 km 

E of the town, Domogled. 

537 m   .88 °N 22. 3 °E ED 

32 Romania Bucegi Mts., Braşov, 20 km 

S of the town, the Cheile 

Zaganului gorge. 

1323 m 45.4  °N 25.50 °E MK 

34 Austria Tirol, Karawanken Mts., 

Loibtal, 18 SEE of the town, 

Kleiner Grintoutz. 

1600 m  6.   °N   . 8 °E PS, BF, DR 

35 Austria Styria, Hochschwab Mts., 

Seewiesen, W of the town, 

Gamssteig path. 

1320 m  7.63 °N 15.26 °E PS, AT 

36 Austria Lower Austria, between 

Kirchberg/Pielach and 

Lilienfeld. 

690 m  8.00 °N  5.32 °E HD 

38 Slovenia Primorska, Trnovski gozd 

Mts., Čaven. 

1100 m  5.93 °N  3.9  °E PS, BF 

39 Croatia Velebit Mts., Krasno Polje, 5 

km SW of the town, Mali 

Rajinac hill. 

1484 m   .80 °N  5.0  °E JV, PV 

40 Croatia Velika Kapela Mts., 

Zindovac, 2.5 km NE of the 

795 m  5.25 °N 15.15 °E JV, PV 
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town, Klak hill. 

41 Croatia Biokovo Mts., Makarska, 3.5 

km NE of the town, by the 

road to Mt. sv. Jure. 

1392 m 43.32 °N  7.05 °E JV, PV 

42 Montenegro National Park Durmitor, 

Žabljak,   km W of the 

town, Crno jezero lake. 

1614 m  3. 3 °N  9. 0 °E JV, PV 

43 Serbia Tara planina Mts., Mitrovac, 

nearby the town. 

743 m  3.86 °N  9.   °E JV, PV 

44 Bulgaria Vitosha Mts., Sofia, 6 km 

S of the town, between the 

peaks of Reznyovete and 

Chernivrukh. 

1906 m  2.57 °N 23.30 °E PSt 

45 Bulgaria Rila Mts., Dupnica, 26 km 

SEE of the town, between 

Kirilova Polyana and 

Sukhoto ezero lake. 

1850 m  2. 6 °N 23.   °E PSt 

 

 

 DNA extraction and AFLP analysis 

 

 
Total DNA was extracted from completely dried leaves using the CTAB 

protocol (Doyle and Doyle 1987). The concentration of the isolated DNA was 

measured photometrically and adjusted to the concentration 50 ng/μl. 

The AFLP analysis was carried out under the following conditions. The 

double digestion was performed for 2.5 hours at 37°C. The reaction mix in the total 

volume of 5 μl comprised 0.5 U of EcoRI/MseI enzyme mixture (AFLP Core 

Reagent Kit, Invitrogen),  25 ng of total DNA and   μl of 5× restriction buffer 

(AFLP Core Reagent Kit, Invitrogen). Restriction was immediately followed by 

ligation for  5 hours at 37°C. The reaction volume was then increased to  0 μl by 

adding 0.2 U of T4 DNA ligase (AFLP Core Reagent Kit, Invitrogen) and  .8 μl of 

adaptor ligation solution (AFLP Core Reagent Kit, Invitrogen) directly to the 

restricted sample. Preselective amplification was carried out in the total volume of 5 

μl containing  .0 μl of preamplification mix (AFLP Pre-Amp Primer Mix I, 

Invitrogen), 0.5 μl of  0× polymerase buffer with MgCl2 (Sigma-Aldrich), 0.1 U of 

JumpStart RedTaq polymerase (Sigma-Aldrich), and 0.  μl of restricted/ligated 

sample. The preamplification mix included EcoRI-primer (5´- 
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GACTGCGTACCAATT C - 3´) and MseI-primer (5´- GATGAGTCCTGAGTAA - 

3´). Preamplification proceeded under the following conditions: 72°C for  20 s; 20 

cycles of 9 °C for   s, 56°C for 30 s, and 72°C for  20 s; followed by 60°C for 30 

min. Preamplified samples were diluted  × with ddH2O. 

The selective PCR reaction mix was conducted in a total volume of  0 μl 

comprising the following:  .0 μl of  0× polymerase buffer with MgCl2 (Sigma-

Aldrich), 0.2 mM dNTP (Fermentas), 0.05 μM of fluorescence-labelled primer 

(Applied Biosystems), 0.25 μM of unlabelled primer (Applied Biosystems), 0.2 U of 

JumpStart RedTaq polymerase (Sigma-Aldrich) and 2.3 μl of diluted preamplified 

sample. The selective PCR conditions were 9 °C for  20 s; 65°C for 30 s; 72°C for 

 20 s; 8 cycles of 9 °C for   s and 6  - 57°C for 30 s (in each cycle, the temperature 

was decreased by  °C); 23 cycles of 9 °C for   s, 56°C for 30 s and 72°C for  20 s; 

and finally 60°C for 30 min. For selective PCR, the following combinations of 

primers were used: EcoRI-ACT + MseI-CAT, EcoRI-AAC + MseI-CAG and EcoRI-

ACG + MseI-CTC. 

The final purification was achieved by two subsequent precipitations. First, 

the PCR products with   μl of sodium acetate and 25 μl of 96% ethanol were chilled 

for 20 min at -20°C. Precipitated products were spun at  °C for 30 min at  3,000 

rpm and the supernatant was discarded. Second,  00 μl of 70% ethanol was added 

and the samples were spun at  °C for 5 min at  3,000 rpm. The purified products 

were then desiccated at 65°C for  0 min. Directly before sequencing,  0 μl of the 

mixture HiDi formamide : GeneScan-500 Rox (20:1, Applied Biosystems) was 

added to each sample. Fragment analysis was performed on an ABI 3100 Avant 

automated sequencer (Applied Biosystems). 
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 Data analysis 

 

Scoring of AFLP profiles was performed manually using GeneScan 3.7.1 

(Applied Biosystems) and Genographer 1.6.0 (Montana State University 1999; 

http://hordeum.oscs.montana.edu/genographer/). The presence/absence matrix of 

unambiguously scorable bands was generated for later analyses. To assess the 

reproducibility of the obtained AFLP profiles, we repeated the amplification of 20 

individuals and calculated the error rate as the ratio between the number of 

differences and the number of fragments in comparison (Bonin et al. 2004). 

The Shannon’s diversity index (HSh) was calculated using FAMD 1.21 

(Schlüter and Harris 2006) for each population containing 2 or more individuals. 

The total number of AFLP fragments per population (FT, fragments total), 

the average number of fragments per individual (FA, fragments average), the 

number of unique fragments per population (EF, exclusive fragments) and the 

percentage of polymorphic fragments per population (%PF, polymorphic fragments) 

were computed. As these values depend on the number of individuals analysed per 

population, the above-mentioned values were calculated by re-sampling the whole 

dataset (special case of bootstrapping, see Daneck et al. 20  , Kučera et al. 2008 for 

details) to achieve the same sample size for each population and, at the same time, to 

prevent any loss of information. In this analysis, 2 individuals per population were 

selected at each step, and a mean value from 1,000 replicates was calculated. The re-

sampling procedure was executed using a script in Scilab (http://www.scilab.org). 

Populations represented by a single individual were not included in these analyses. 

The rarity of AFLP markers was determined using the frequency-down-

weighted marker (DW) values, which were also calculated using a resampling 

procedure (see Kučera et al. 2008 for details). These values were computed for each 

population as the number of occurrences of each AFLP marker in a particular 

population divided by the number of occurrences of this marker in the total dataset. 

Finally, these values were summed (following Schönswetter and Tribsch 2005). 

Generally, higher DW values are expected in long-term isolated populations, where 

http://hordeum.oscs.montana.edu/genographer/
http://www.scilab.org/
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infrequent markers should accumulate (Schönswetter and Tribsch 2005, Paun et al. 

2008).  

The pattern of genetic variation among the populations based on AFLP data 

was estimated using STRUCTURE 2.2.3 (Falush et al. 2007), which applies a 

Bayesian model-based clustering method with a Markov chain Monte Carlo 

(MCMC) algorithm. Analysed individuals are clustered together according to their 

genetic similarities. The admixture model was used and independence of allele 

frequencies was assumed. For the AFLP (dominant) data, a recessive allele model 

was set. The number of clusters (K) was limited to a range of 1 to 10. For each K, 

ten runs were performed to test the stability of the results. The length of the burn-in 

period was set to 100,000 and the MCMC chains after burn-in were run for an 

additional 1,000,000 replicates. All computations were performed on the freely 

available Bioportal (http://www.bioportal.uio.no/). The R-script Structure-sum-2009 

(part of AFLPdat; Ehrich 2006) was used to summarise the output files and to 

calculate the similarity coefficient between the replicate runs. The CLUMPP 1.1.1 

(Jakobsson and Rosenberg 2007) and Distruct (Rosenberg 2004) were used to create 

graphical outputs. The presented map outputs were created in ArcGIS 9.3 (ESRI, 

Redlands, CA, USA). 

To compare variability within and among populations analysis of molecular 

variance (AMOVA; Excoffier et al. 1992) was computed. Further, to test the 

STRUCTURE clustering results, 3 different AMOVAs were used to compare 

within- and among-cluster variation. The significances of the results were obtained 

from 1,000 permutations. All analyses were computed in Arlequin 3.01 (Excoffier et 

al. 2005). 

 

 

 

 

http://www.bioportal.uio.no/
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Results 

 

From 64 tested primer pairs, three differently labelled ones (see above for 

particular sequences) that provided both sufficiently readable and variable profiles 

were selected for the amplification of the whole data set. The scored bands were in 

the range of 55 to 500 bp. 

Of the 424 scored AFLP fragments (loci), 52 (12%) were monomorphic. 

The error rate computed from the replicated samples was 2.44%, indicating a high 

reproducibility of the AFLP data. All analysed individuals harboured a unique AFLP 

genotype. 

The average number of fragments per individual was 159 [varying from 139 

(population no.  , Girstel, Switzerland) to  77 (no. 27, Slovenský raj Mts., Slovak 

Republic)]. The average number of fragments per population was 178 [ranging from 

151 (no. 2, Soldeu, Andorra) to 204 (no. 39, Velebit Mts., Croatia)]. The average 

number of unique fragments per population was 2.1 [ranging from 0.2 (no.13, 

Doupovské hory Mts., Czech Republic) to 8.5 (no. 45, Rila Mts., Bulgaria)]. The 

percentage of polymorphic fragments per population averaged 20.1 and ranged from 

3.7 (no.27, Slovenský raj Mts., Slovak Republic) to 33.8 (no. 42, Durmitor, 

Montenegro). The Shannon’s diversity index ranged from 3.8 (no. 27, Slovenský raj 

Mts., Slovak Republic) to 7.3 (no. 42, Durmitor, Montenegro; 45, Rila Mts., 

Bulgaria). The DW values ranged from 10.8 (no.34, Karawanken Mts., Austria) to 

23.7 (no.45, Rila Mts., Bulgaria). The populations with the highest DW values were 

predominantly located in the Balkan Peninsula (no. 42, Durmitor, Montenegro; no. 

39, Velebit Mts., Croatia; no. 44 Vitosha Mts., Bulgaria; no. 43, Tara Planina Mts., 

Serbia), in Spain (no. , Cordillera Cantábrica Mts.) and in two populations in central 

Europe (in the Western Carpathians: no. 27, Slovenský raj Mts., Slovak Republic; 

and on the northern edge of the Alps: no. 36, Lower Austria). At the other end of the 

spectrum, the populations with the lowest DW values were found in central Europe, 

including Germany (no. 5, Schwäbische Alb), the Czech Republic (no. 13, 
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Doupovské hory Mts.; no.   , Šumava Mts.) and Switzerland (no. 4, Girstel) (Fig. 1, 

Table 2). 

 

Table 2. – List of studied Rosa pendulina populations, their haplotype variation (from Fér et al. 2007), 

details of distribution of AFLP fragments and genetic diversity measures. 

No. – locality number. Locality numbers correspond with those used on maps (Fig.  , 2) and in Fér et 

al. 2007; Haplotype – chloroplast haplotype identified for given population by Fér et al. 2007; Ni. – 

number of analysed individuals originating from respective population; FT (fragments total) – total 

number of AFLP fragments per population; FA (fragments average) – average number of fragments per 

individual; EF (exclusive fragments) – average number of unique fragments per population; DW 

(frequency-down-weighted marker value) ratio of means; %PF (polymorphic fragments) average 

percentage per population, HSh – Shannon’s diversity index. Repeated resamplings were made to 

achieve the same sample size in each population (for details, see “Material and methods”) and resulting 

mean values are presented for FT, FA, EF, %PF and DW. 

 

No.  Haplotype Ni. FT FA EF DW %PF HSh 

1  C 5 183.4 166.4 4.4 18.2 17.9 6.4 

2  C 4 151.0 144.6 1.6 12.4 7.7 4.8 

4  D 4 151.6 138.8 1.6 11.7 16.6 5.9 

5  D 5 168.2 149.7 0.8 11.0 21.1 6.3 

6  D 5 171.0 161.0 2.2 15.3 10.4 5.6 

9  D 4 165.7 147.6 2.2 13.8 20.6 6.3 

10  D 5 185.4 158.3 1.0 14.1 27.9 6.9 

12  C 4 172.8 157.0 3.1 15.2 16.8 6.2 

13  A 4 173.2 150.1 0.2 11.0 25.4 6.7 

14  A 4 159.0 141.2 1.6 11.6 20.6 6.2 

16  A 1    - - - - - - 

18  A 2 169.5 153.4 0.6 12.4 17.1 6.1 

19  A 1   - - - - - - 

21  A 1   - - - - - - 

22  B 3 183.8 159.7 0.7 12.4 24.7 6.7 

23  A 1   - - - - - - 

25  A 3 177.1 158.6 0.3 12.5 19.6 6.3 

27  A 2 180.4 177.0 2.5 17.8 3.7 3.8 

28  A 1   - - - - - - 
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29  A 2 174.5 163.9 1.2 13.7 11.4 5.4 

30  A 5 190.7 169.5 1.9 15.6 21.1 6.6 

31  A 4 177.4 163.4 0.3 13.2 14.1 6.0 

32  A 5 181.1 155.6 2.2 14.9 26.7 6.8 

34  D 3 160.2 141.7 0.5 10.8 22.1 6.3 

35  A 1   - - - - - - 

36  D 5 182.8 168.0 2.9 16.8 15.3 6.0 

38  D 4 190.8 172.3 3.4 18.0 18.9 6.4 

39  D 5 203.6 172.4 2.3 17.9 29.6 7.2 

40  D 2 173.8 159.0 0.8 12.9 15.7 5.9 

41  C 1   - - - - - - 

42  A 4 198.0 163.0 4.3 19.2 33.8 7.3 

43  C 4 177.8 155.7 2.9 16.7 23.5 6.6 

44  A 5 196.1 169.8 1.4 16.9 26.0 6.9 

45  E 4 201.7 166.2 8.5 23.7 33.3 7.3 

 

 

Fig. 1. – Frequency-down-weighted marker values for the 34 populations of Rosa pendulina studied. 

Dot sizes are proportional to the DW values (see Table 2 for exact values). Populations without an 

estimated DW are marked as black dots. The distribution of R. pendulina in Europe (taken from Meusel 

et al. 1965) is crosshatched. 
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Using an admixture analysis implemented in STRUCTURE, the clustering 

of all studied samples produced consistent results only for runs with K = 2 

(similarity coefficient = 0.98 among 10 repeats; Fig. 3a). The first group (A) 

contained populations from the southern and south-western parts of the distribution 

of R. pendulina. The second group (B) comprised populations from the northern and 

north-eastern parts of its present distribution. 

In the following step, admixture analyses were run separately for the two 

recognised groups of samples. Group A revealed an additional consistent 

subdivision into two clusters (K = 2, similarity coefficient = 0.99, 10 repeats; Fig. 

3b). Populations from the Pyrenees and Cordillera Cantábrica Mts. (group A1) were 

separated from all other populations (group A2). Group B was also divided 

consistently into two clusters (K = 2, similarity coefficient 0.97, 10 repeats, Fig. 3c). 

The populations of group B1 comprised those from throughout the Alps as far as the 

Šumava Mts. (South Bohemia, Czech Republic) and those from the central 

Carpathians (Romania). The distribution of the populations of group B2 spreads 

throughout the Carpathians and the Czech Republic as well as being scattered across 

the Balkan Peninsula (Fig. 2). Further partitions in higher numbers of clusters were 

only weakly supported, and/or the classification of individuals into discrete groups 

was very ambiguous. 
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Fig. 2. – Distribution of Rosa pendulina in Europe (Meusel et al. 1965) (crosshatched) and the locations 

of the 34 populations (Table 1) studied using molecular analyses. The colours of the dots refer to the 

four AFLP genotype groups (A1, A2, B1, B2) resolved using STRUCTURE (Figs. 3a, 3b and 3c). The 

size of the dots corresponds with number of samples studied using AFLP. 

 

 

 

 

Fig. 3a. – Graphical output for all studied populations of Rosa pendulina showing their separation into 

two distinct AFLP genotype groups (A and B) resolved in the first analysis using Bayesian clustering 

implemented in the program STRUCTURE. 
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Fig. 3b. – Graphical output for the group A of Rosa pendulina showing the separation into two 

subgroups (A1, A2) resolved in the second analysis using Bayesian clustering implemented in the 

program STRUCTURE.  

 

 

 

Fig. 3c. – Graphical output for the group B of Rosa pendulina showing the separation into two 

subgroups (B1, B2) resolved in the second analysis using Bayesian clustering implemented in the 

program STRUCTURE. 
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The AMOVA analysis detected that 38.99 % of the total variation is among 

populations (Table 3). The AMOVA analysis of groups based on the first 

STRUCTURE clustering results (A vs. B group) detected 6.26% of the variation 

between the two groups. Variation between the A1 and A2 groups was 16.82%, 

indicating a distinct separation of these two clusters, whereas the variation between 

the B1 and B2 groups was only 8.31%. 

Table 3. –  Results of the AMOVA (1000 permutations) a) for 113 individuals from 34 geographically 

defined populations. b) for 113 individuals resolved in 2 clusters from the analysis of the program 

STRUCTURE. c) for 58 individuals (group A) resolved in 2 clusters from STRUCTURE. d) for 55 

individuals (group B) resolved in 2 clusters from STRUCTURE. 

 

 Source of 

variation 

d.f. Sum of 

squares 

Variance 

components 

Percentage of 

variation 

Fixation 

index Fst 

a) Among 

 populations 

33 2733.54 17.02 Va 38.99  

 Within 

 populations 

79 2103.47 26.63 Vb 61.01  

 Total 112 4837.01 43.65 100 0.39 

b) Among 

 groups 

1 199.30 2.79 Va 6.26  

 Within 

 groups 

111 4637.71 41.78 Vb 93.74  

 Total 112 4837.01 44.57 100 0.06 

c) Among 

 groups 

1 162.52 8.06 Va 16.82  

 Within 

 groups 

56 2233.55 39.88 Vb 83.18  

 Total 57 2396.07 47.94 100 0.17 
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d) Among 

 groups 

1 133.42 3.61 Va 8.31  

 Within 

 groups 

53 2108.22 39.78 Vb 91.69  

 Total 54 2241.64 43.39 100 0.08 

 

 

Discussion 

 
 Comparison of the phylogeographic patterns of R. pendulina derived from 

AFLP vs. chloroplast data 

 
Based on both AFLP and cpDNA data, the phylogeographical pattern of R. 

pendulina exhibits non-random organisation of genetic variability, suggesting a 

division of the populations that occur throughout the present distribution of the 

species into two primary groups of apparently different glacial/postglacial histories. 

Nevertheless, the estimated location of the contact zone between these two groups 

differs between AFLP and cpDNA data.  

Our previous study based on chloroplast haplotypes (Fér et al. 2007) 

localised the contact zone between the two haplotype groups of R. pendulina 

approximately into the upper part of the Danube valley, whereas the AFLP-based 

pattern located this zone further to the south and east, on the southern edge of the 

Alps, in the northern Dinaric Alps and in the Bulgarian Mountains. This implies that 

the Danube River was not a strict barrier for the postglacial expansion of this 

species. In that case, we can hypothesise that the two most important types of long-

distance dispersal, via pollen and via seeds, advanced at different speeds. 

Furthermore, some exogenous factors such as prevailing wind direction or periodic 

animal migrations could influence how the present distribution pattern was 

established. 
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 Using AFLPs, a finer resolution phylogeographical pattern was detected in 

comparison with the results of the cpDNA data. Based on the AFLP analyses, we 

can distinguish a clear division of group B into two subgroups, B1 and B2. This 

diversification could be caused either by differentiation during the migration from 

the Carpathians to the present distribution area of subgroup B1 or by the existence of 

a separate glacial refugium located somewhere in the region now occupied by 

subgroup B1. The refugial population could then have colonised surrounding areas. 

The first hypothesis is in accordance with the AMOVA results that detected only 

low differentiation between the B1 and B2 subgroups. The second hypothesis is 

supported by the high DW values found for some populations within this group 

(e.g., population no. 36 from Lower Austria). However, the second hypothesis seems 

to be in conflict with the results from the cpDNA data, which clearly indicate a 

“Carpathian” origin of all group B populations. This discordance could be caused by 

a difference in the migration pathways of the nuclear and chloroplast gene pools. In 

other words, the B1 populations could have a “Carpathian” group genotype but an 

“Alpine” group haplotype. Moreover, we can speculate about a hybrid origin of 

subgroup B1, which may be the cause of its separation from the rest of Group B in 

our analysis.  Nevertheless, our sampling was not dense enough to record the exact 

structure of the contact zone of the different AFLP groups in detail. Additional data 

are necessary to answer this question more precisely. 

 

 Full-glacial survival of R. pendulina in central Europe? 

 
Based on the AFLP data, in particular the DW values, we can hypothesise 

two primary glacial refugia for this species, namely, the Balkan Peninsula/southern 

Carpathians (high DW values in populations no. 45, Rila Mts., Bulgaria, no. 42, 

Durmitor, Montenegro, no. 39, Velebit Mts., Croatia, no. 44 Vitosha Mts., Bulgaria, 

and no. 43, Tara Planina Mts., Serbia) and northern Spain (no. 1, Cordillera 

Cantábrica Mts., Spain). Apart from these two refugia, the existence of additional 

central European glacial refugia in the Western Carpathians (no. 27, Slovenský raj 
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Mts., Slovak Republic) or on the northern edge of the Alps (no. 36, Lower Austria) 

cannot be excluded. Nevertheless, as there are no palaeoecological data available, 

such a hypothesis cannot be fully confirmed or rejected. The results suggested by the 

DW values are in accordance with the major glacial refugia detected for R. 

pendulina by Fér et al. (2007) based on the distribution of cpDNA haplotypes. 

The most unique and distant haplotype of R. pendulina was revealed in the 

Balkan Peninsula (Fér et al. 2007) in population no. 45 from the Rila Mts. 

(Bulgaria), where the highest DW value was detected. However, all individuals from 

this population, as studied using AFLPs, showed clear relationships with both the A 

and B groups. Therefore, we can speculate about a probable hybridisation event that 

caused the appearance of this chloroplast type in R. pendulina. Nevertheless, further 

detailed study in this region is needed to clarify this finding more precisely. 

 We were also particularly interested in the origin of the populations of R. 

pendulina in the Czech Republic. Hendrych (1985) hypothesised their immigration 

in this area from both the Alpine and Carpathian directions based purely on 

distribution data. However, both the cpDNA and total DNA analyses suggest a 

single Carpathian origin for the present populations in this area.  

 

 Comparison of the glacial/postglacial history of R. pendulina with other 

species 

 
Recent studies carried out by our research group have focused on the 

phylogeography of several non-tree temperate plant species (Rejzková et al. 2008, 

Dvořáková et al. 20 0, Daneck et al. 20  ) with the aim of contributing to the 

understanding of the postglacial history of the Central European flora. In Lonicera 

nigra L. (Caprifoliaceae), a temperate entomogamous shrub species with a 

distribution area, biological characteristics and ecological requirements comparable 

to R. pendulina, we found two clusters of similar genotypes based on AFLP data 

(Daneck et al. 2011). One cluster covered the south-western region of the species 
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distribution area, approximately reaching the upper part of the Danube valley, 

whereas the second one comprised populations from the whole north-eastern region 

of the distribution of the species. In the Alps, in Thuringian Forest (eastern 

Germany) and on Mt. Hoverla (Ukraine), mixed populations were found. Hendrych 

(1985) hypothesised that the populations of L. nigra in the Czech Republic are of 

both Carpathian and Alpine origin; nevertheless, the results by Daneck et al. (2011) 

indicate a contact zone between two migration routes in the upper part of the 

Danube valley. In contrast, for the temperate forest grass species Hordelymus 

europaeus (L.) Jessen ex Harz (Poaceae), the greatest haplotype variation and 

divergence were revealed in the Balkan and Apennine Peninsulas, suggesting 

primary glacial refugia in these regions. Among those refugia, it is likely that only 

the Balkans could have contributed meaningfully to the postglacial re-colonisation 

of central Europe (Dvořáková et al. 20 0). Only a weak phylogeographic pattern 

with a marginal separation of central and north-eastern European populations was 

detected in the temperate forest sedge Carex pilosa Scop. (Cyperaceae) (Rejzková et 

al. 2008). 

There are also some other studies of temperate non-tree taxa that may be 

compared with R. pendulina, e.g., those of Festuca pratensis (Fjellheim et al. 2006), 

Rhinanthus angustifolius (Vrancken et al. 2009) and Meum athamanticum (Huck et 

al. 2009). Fjellheim et al. (2006) revealed limited but geographically structured 

diversity in the chloroplast haplotypes of the widespread temperate grass Festuca 

pratensis. Three glacial refugia were postulated, including the Iberian Peninsula, a 

(south)eastern refugium that could not be more precisely located, and the Caucasus. 

Two of the three detected haplotypes are widely distributed, forming several contact 

zones. One of those zones passes through Central Europe. 

Another study that focused on the widespread European annual herb 

Rhinanthus angustifolius (Vrancken et al. 2009) postulated at least two glacial 

refugia: the first in south-western Europe and the second in the Balkan/Caucasus 

area. Due to probable introgression, it was not possible to reconstruct the cpDNA 

phylogeography of this species. However, based on the distribution of AFLP groups 
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for this species, we can suppose that the contact zone between expanding postglacial 

lineages includes a wide area in Central Europe.  

A phylogeographical study of the temperate-montane herb Meum 

athamanticum (Huck et al. 2009) using AFLPs revealed two primary genetic groups. 

The two lineages from a southern European refugium and a more northern localised 

refugium meet and mix in the area of the south-western Alps. Thus, the southern 

European refugium did not contribute to postglacial expansion north of the Alps. 

The Balkan Peninsula was suggested as the primary source for postglacial 

expansion into Europe for R. pendulina. A similar importance of Balkan glacial 

refugia was detected for Alnus glutinosa (King and Ferris 1998), Fraxinus excelsior 

(Heuertz et al. 2004), Festuca pratensis (Fjellheim et al. 2006), Rhinanthus 

angustifolius (Vrancken et al. 2009), Lonicera nigra (Daneck et al. 2011) and other 

plant species (e.g., reviewed in Taberlet et al. 1998, Hewitt 1999, 2001). Moreover, 

for Hordelymus europaeus (Dvořáková et al. 20 0), the Balkan Peninsula was 

located as the only southern glacial refugium from which more northern areas were 

primarily colonised. For Carex pilosa (Rejzková et al. 2008) and Meum 

athamanticum (Huck et al. 2009), no clear indication of glacial refugia was possible 

based on the obtained molecular data. 

Identically to a previous study dealing with R. pendulina (Fér et al. 2007), 

the Pyrenees and Cordillera Cantábrica Mts. represent regions that did not contribute 

to the postglacial expansion of this species. Based on cpDNA data, the genetic 

affinity of northern Spanish populations to the southern genetic group was 

confirmed. However, in contrast with the cpDNA data, the Pyrenees and Cordillera 

Cantábrica Mts. were separated as an isolated AFLP genotype group (confirmed also 

by the results of AMOVA). This corresponds with the common view that chloroplast 

sequences evolve (and diverge) more slowly than nuclear DNA. Looking for other 

examples, the separation of Iberian populations was revealed for temperate taxa such 

as Lonicera nigra (Daneck et al. 2011), Alnus glutinosa (King and Ferris 1998, 

Hewitt 1999), Fraxinus excelsior (Heuertz et al. 2004) and Rhinanthus angustifolius 

(Vrancken et al. 2009). However, no differentiation of Iberian populations was 
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detected for Meum athamanticum (Huck et al. 2009), Hordelymus europaeus 

(Dvořáková et al. 20 0) or Carex pilosa (Rejzková et al. 2008). 

As already noted above, the localisation of the contact zone between the two 

primary genetic lineages of R. pendulina in central Europe was partly incongruent 

between the patterns derived from cpDNA (Fér et al. 2007) and AFLP data. 

However, evidence for a contact or hybridisation zone in central Europe has also 

been found for Festuca pratensis (Fjellheim et al. 2006), Rhinanthus angustifolius 

(Vrancken et al. 2009) and Fraxinus excelsior (Heuertz et al. 2004). In addition, a 

phylogeographical pattern very similar to the pattern of cpDNA variation found for 

R. pendulina was detected in Lonicera nigra (Daneck et al. 2011). In contrast, in 

other studied temperate species with similar present-day distribution patterns in 

Central Europe (Hordelymus europaeus and Carex pilosa), no evidence of a contact 

zone between lineages in their European distributions was revealed. This indicates 

that no distinctive isolation, even during glacial periods, arose and/or that rapid 

postglacial expansion from only one direction was successful in colonising more 

northern areas. No central European contact zone was detected in Meum 

athamanticum (Huck et al. 2009) either. 

To conclude, we can find similarities among the phylogeographies of R. 

pendulina and other temperate tree as well as non-tree species. There are no obvious 

differences separating the phylogeographical patterns revealed for European 

temperate tree taxa and those for species of other life forms. 
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Concluding remarks 

 

The development and refinement of methods applied in phylogeographical 

studies together with the increasing number of investigated taxa are leading to more 

detailed insight on the postglacial histories of species. 

One interesting region, for which contradictory phylogeographical concepts 

were formulated, is Central Europe. Because of its central position on the continent, 

it was influenced by diverse factors during the Quaternary period. Moreover, the 

knowledge of phylogeography of plant species composing the present-day 

heterogeneous Central European flora is still uneven. 

To gain a better understanding of the complex postglacial history of the 

Central European region in the context of the whole of Europe, several plant species 

representing relatively neglected temperate forest herbs and shrubs were 

investigated, and the results were compared with previous studies. 

Although the postglacial history of each species is unique and different data 

types are available for each taxon, it was possible to detect similarities and deduce 

some general conclusions. 

In most cases, the Balkan Peninsula seems to be the most important 

refugium and consequently the strongest source for the postglacial recolonisation of 

Central Europe. However, the contributions from other regions are in most cases 

relevant as well. 

Furthermore, although it is only indirectly possible to detect the distribution 

of the species in the past when there is no palaeoecogical record, the indices from 

the molecular data suggest that some populations of temperate plant taxa were able 

to survive in Central Europe during glacial periods. 

In contrast, in many plant species some of the southern populations did not 

undergo postglacial expansion and stayed approximately in the same area in which 

they survived the glacial periods. 

In summary, similarities in postglacial histories among different plant taxa 

were detected, including the origin of their Central European populations. 
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Furthermore, this work confirmed the agreement between the molecular data results 

and the previous conclusions drawn from palaeoecogical records. 
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