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The last glaciation was one of the most severe of the Pleistocene epoch. The development of 
the Scandinavian ice sheet forced many species to reduce their ranges to areas with favourable 
climatic conditions. Most European species survived the Last Glacial Maximum in refugia 
in southern parts of Europe. Cold-tolerant species, such as birch trees and shrubs, could also 
inhabit western, eastern or central Europe. After climate warming, Holocene recolonisation 
began. This paper presents a comparative analysis of the genetic variation of four European 
Betula species to reconstruct their glacial and postglacial histories. Two chloroplast DNA 
haplotypes dominate within the ranges of all birch species, one haplotype is the most common 
in western and northwestern Europe, the second haplotype occurs mainly in the eastern and 
southeastern parts of the continent. This finding suggests that birches have recolonised Europe 
from the western and the eastern refugia, respectively. Most of Europe was likely populated 
from higher latitude refugia because there was no evidence of isolation by distance and weak 
genetic structures were detected. Similar patterns of haplotype distributions within Betula 
ranges indicate that postglacial recolonisation may be disturbed by interspecies hybridisation.
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1 Introduction

Although the history of the Earth is rich in events 
that strongly influenced the abundance and distri-
bution of species, it is probable that the Quater-
nary epoch was environmentally distinctive and 
caused extraordinary biotic patterns (Willis and 
Niklas 2004). For the vast majority of the Qua-
ternary, glacial conditions prevailed on Earth and 
the ice ages were interspersed with shorter warm 
periods (Frogley et al. 1999). The Quaternary 
glacial – interglacial cycles, between 2 580 000 
and 11 700 years ago, are called the Pleistocene 
period. Taking into account both the extent of ice 
volume and the reduction in tree populations, it 
is clear that the last glaciation of the Pleistocene 
was also one of the most severe (Magri 2010). 
During the Last Glacial Maximum (LGM), cli-
matic conditions across Europe showed strong 
temperature gradients with temperatures 10–20 
°C lower than presently observed in northern 
Europe, 7–10 °C lower in southern Europe, and 
2–4 °C lower in southwestern Europe (Barron and 
Pollard 2002). Winter and summer precipitations 
were also differentiated throughout the continent 
with the highest precipitation occurring in central 
and southeastern Europe (Barron et al. 2003).

The development of continental ice sheets 
during the Pleistocene forced large-scale shifts 
in species distribution. Research presumed that 
organisms that presently inhabit the area of 
Europe survived the LGM in refugia situated in 
the Apennine, Iberian and Balkan Peninsulas as 
well as near the Caucasus region and the Caspian 
Sea (Hewitt 1999). Temperature and precipita-
tion simulations confirmed that the southern part 
of Europe had the highest glacial isolate poten-
tial during the LGM (Ohlemüller et al. 2011). 
However, when the precipitation conditions were 
relaxed, it became obvious that western France, 
the northwestern parts of the central European 
lowlands and the regions south of the Scandi-
navian ice sheet could also act as glacial refugia 
(Ohlemüller et al. 2011). Indeed, the increas-
ing number of fossil and genetic data reveals 
that some cold-tolerant species could survive the 
LGM in western, eastern or central Europe. Gla-
cial isolates situated at latitudes or longitudes 
that differ from those that would normally be 
expected and presented as favourable climatic 

islands surrounded by areas with severe climate 
conditions are referred to as ‘cryptic refugia’  
(Stewart and Lister 2001, Steward et al. 2010) 
or ‘microrefugia’ (Rull 2009). For example, a 
Carpathian refugium was proposed for Fagus syl-
vatica L. (Magri et al. 2006) and Populus tremula 
L. (Fussi et al. 2010), while Fraxinus excelsior L. 
could survive in the eastern Alps (Heuertz et al. 
2004) and Saxifraga oppositifolia L. in northern 
Russia (Abbott et al. 2000).

Higher latitude refugia were previously deduced 
from the migration capabilities of some plants, 
such as oak trees. Reid (1899, Clark et al. 1998) 
supposed that oak trees with heavy seeds had 
needed ca. 1 000 000 years to overcome a distance 
from south European refugia to the northern part 
of Great Britain. The discrepancy between the 
time of recolonisation and putative tree migration 
rates, known as Reid’s paradox, was explained 
recently when a high latitude refugium for oaks 
was proposed (Steward and Lister 2001, Pearson 
2006).

Unquestionable information regarding the 
locations of Pleistocene refugia and Holocene 
recolonisation is inferred from fossil materials. 
However, it is not always possible to study the 
glacial and postglacial histories of certain spe-
cies solely using fossil data. It was stated that a 
palaeoecological investigation was not beneficial 
to discover small glacial populations because 
of the limited spatial range of remnant locali-
ties (Hampe and Petit 2005, Kaltenrieder et al. 
2009). Moreover, fossil remains may offer differ-
ent taxonomic resolution levels, and the preser-
vation of the fossil record may be unsatisfactory 
(Comes and Kadereit 1998, Maggs et al. 2008). 
For example, Praglowski (1966) observed that 
the surrounding conditions influenced the size of 
Betula nana L. pollen; hence, it is not always pos-
sible to distinguish between birch species based 
on pollen grain size. The lack of or scarcities of 
fossil data are additional problems regarding a 
palaeoecological survey, which was revealed for 
Prunus spinosa L. (Mohanty et al. 2002) and 
Populus nigra L. (Cottrell et al. 2005, Fussi et 
al. 2010). Betula pendula Roth. demonstrates an 
additional problem because the fossil pollen maps 
do not show a clear chronological sequence of 
postglacial recolonisation across Europe (Palmé 
et al. 2003).
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The past demographic events often left genetic 
imprints on contemporary populations (Hewitt 
2000), and molecular studies can be used syner-
gistically with palaeoecology to localise potential 
glacial refugia and possible routes of recolonisa-
tion (Hu et al. 2009). It is presumed that ancestral 
populations have the greatest genetic diversity 
and correspond to glacial isolates (Bennett and 
Provan 2008). However, high levels of genetic 
variations could also result from mixing different 
genetic lineages (Taberlet et al. 1998). The detec-
tion of a high frequency of private haplotypes 
or alleles (private haplotypes are present in one 
population only) may be useful in locating puta-
tive refugial populations (Maggs et al. 2008). 
In contrast, newly colonised regions are char-
acterised by low genetic diversity and a lack of 
private haplotypes. The scientific discipline that 
describes the geographical pattern of genetic line-
ages is known as phylogeography (Avise 2000). 
The most popular molecular marker used in the 
plant phylogeographic studies is chloroplast DNA 
(cpDNA). Chloroplast DNA is nonrecombin-
ing, maternally inherited in angiosperms, has a 
smaller effective population size and much higher 
among-population genetic differentiation than do 
nuclear markers; thus, it has many advantages in 
the localisation of glacial refugia and tracking 
postglacial routes of recolonisation (Palmé et al. 
2003). However, biparentally inherited nuclear 
DNA markers are also used in phylogeographic 
survey as they provide information from many 
loci segregating independently (Lascoux et al. 
2008, Hu et al. 2009). The aim of present study 
is to review the recently published molecular data 
on the distributions of genetic diversity within the 
ranges of four European Betula species in order 
to compare glacial and postglacial histories of 
birches.

2 Characteristics of the Betula 
Species

The Betula genus contains trees and shrubs that 
inhabit diverse habitats in boreal and temper-
ate climate zones of the Northern Hemisphere, 
between 79°N and 20°N (Schenk et al. 2008). The 
exact number of species that belong to this genus 

is not known, but it is estimated to be between 30 
and 60 (Järvinen et al. 2004). The genus is placed 
within the Betulaceae family of the order Fagales. 
In general, four species belonging to the genus 
Betula are described in Europe: B. pendula, B. 
nana, B. pubescens Ehrh. and B. humilis Schrk. 
However, some authors identify additional tree 
species: B. oycoviensis Bess., B. szaferi Jent.-
Szaf. ex Stasz., and B. carpatica Waldst. and Kit 
ex Willd. (Staszkiewicz 2001, Ralska-Jasiewic-
zowa et al. 2004). The present paper compares 
the distribution of the genetic diversity within 
the ranges of B. pendula, B. pubescens, B. nana 
and B. humilis because B. oycoviensis, B. szaferi 
and B. carpatica are locally distributed and have 
no explicitly defined systematic status (Ralska-
Jasiewiczowa et al. 2004).

The relationships among the Betula species are 
difficult to interpret regardless of the marker used 
in within genus taxonomic analysis. Morphologi-
cal classification of de Jong (1993) dived genus 
into five subgenera: Betula, Betulaster, Betulenta, 
Chamaebetula and Neurobetula. Betula pendula 
and B. pubescens belonged to the subgenus 
Betula, whereas B. humilis and B. nana to the 
subgenus Chamaebetula. This classification was 
generally supported by the analysis of secondary 
metabolics (Keinänen et al. 1999). Based on ADH 
(alcohol dehydrogenase) nuclear gene sequence, 
Järvinen et al. (2004) distinguished three groups 
within the genus Betula. Betula humilis and the 
B. pubescens short allele of ADH gene (without 
indels) were included into Group I. However, 
when long allele of the B. pubescens gene (com-
prising indels) was considered, then B. pubescens, 
B. pendula and B. nana were grouped together 
(Group III). Results of AFLP (amplified fragment 
length polymorphism) studies suggested that all 
European birch species should be placed into one 
group (Group IV. Betula) (Schenk et al. 2008). 
Above taxonomic problems are probably caused 
by hybridisation/introgression process which 
has a homogenizing effect on the relationships 
within the genus; however, a homoplasy being a 
consequence of the occurrence of major specia-
tion events in a very short time frame cannot be 
excluded, either (Schenk et al. 2008). 

Betula pendula and B. pubescens are tall trees 
and live up to 90–100 years. B. humilis and 
B. nana are shrubs with a lifespan of approxi-
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mately 20 years. All birches require large amounts 
of sunlight in all stages of development, pos-
sess a broad tolerance of soil and temperature 
requirements, are fast growing, exist in abun-
dant quantities and fruit annually (Środoń 1979, 
Ralska-Jasiewiczowa et al. 2004). These features 
make them effective pioneer species. Birches are 
monoecious, wind-pollinated and wind-dispersed 
species. Betula pendula and B. pubescens are 
nearly sympatric species, with the exception at 
high latitudes and altitudes where B. pubescens 
coexists with shrub birches. Betula humilis and 
B. nana are distributed in the northern and eastern 
Europe. Betula humilis grows in the former Soviet 
Union and in Poland, and B. nana occurs mainly 
on the Scandinavian Peninsula and in the northern 
regions of Russia (Kruszelnicki and Fabiszewski 
2001, Załuski et al. 2001). Birch trees are gener-
ally the ubiquitous species and occupy a variety of 
habitats but B. pubescens prefers a wetter habitat. 
Betula nana occupies raised bogs, while B. humi-
lis populates natural and drained fens, transitional 
mires and wet meadows. Betula humilis and B. 
nana are central European glacial relicts, and the 
decay of their populations provoked European 
governments to enforce strict protection.

Sympatric birch populations show frequent 
hybridisation (Staszkiewicz et al. 1993, Thórs-
son et al. 2001, 2007, Anamthawat-Jónsson and 
Thórsson 2003, Palmé et al. 2004). Betula pen-
dula, B. humilis and B. nana are diploids with 
2n = 28 chromosomes. Betula pubescens is allo-
tetraploid (2n = 56), derived from B. pendula and 
likely from B. humilis (Howland et al. 1995, 
Järvinen et al. 2004). Interspecies birch hybrids 
can be triploids, as was observed between B. 
pubescens and B. nana in Iceland (Anamtha-
wat-Jónsson and Thórsson 2003; Thórsson et 
al. 2007) or aneuploids, as was suggested for 
Polish B. humilis populations (Jadwiszczak et 
al. 2011b).

3 Fossil Material

The fossil material does not reveal unequivocally 
when and where the Betula genus initially appeared 
(Palmé 2003). This is because the initial records of 
the genus, which date to the Paleocene and Early 

Eocene, have been uncertainly assigned (Crane 
1981). Molecular estimates predict that the genus 
Betula originated in the Late Eocene (Forest et al. 
2005). It is probable that Betula was rare in the early 
Tertiary but became abundant and taxonomically 
diverse in the late Tertiary (Němejc 1975, Środoń 
1979, Huntley and Birks 1983). The changes in the 
abundance of birch pollen throughout the Quaternary 
are an excellent indicator of climate transitions. 
In the early and late phases of the Quaternary 
glaciations, the highest values of B. pendula and 
B. pubescens pollen are noted and B. nana pollen 
dominated in the full glacial stages (Tralau 1963). 
During the LGM, birches were not confined only 
to southern European refugia but were also spread 
in central and eastern Europe (Willis et al. 2000, 
Willis and van Andel 2004, Markova et al. 2009). 
From the beginning of the late glacial, birches were 
dominant species in forest assemblages across dif-
ferent parts of Europe (Ralska-Jasiewiczowa et al. 
2004). Birch woodlands were temporarily reduced 
at the end of the Pleistocene, but Betula again 
became the key taxon in the European landscape 
at the beginning of the Holocene (Bos 2001). The 
continuous range of birch forests in 9000 years 
BP (before present), which spread from the Brit-
ish Isles to Russia, was fragmented in central and 
western Europe by thermophilous trees (Ralska-
Jasiewiczowa et al. 2004). An increase of Betula 
in woodlands started ca. 5 000 years BP as a result 
of habitat changes induced by anthropogenic and 
climatic factors (Huntley and Birks 1983).

4 Molecular Studies on 
Phylogeography of European 
Birches

The present comparison of molecular varia-
tion distribution of European Betula is based 
on the studies conducted by: Palmé et al. (2003, 
2004), Maliouchenko et al. (2007), Thórsson et 
al. (2010) and Jadwiszczak et al. (2011a, 2012a, 
b) (Table 1). In general, cpDNA markers were 
used, and PCR-RFLP (polymerase chain reac-
tion – restriction fragment length polymorphism) 
method was applied. Three non-coding regions 
of cpDNA were amplified in PCR reactions with 
TF, CD and AS primer pairs (Taberlet et al. 1991, 
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Demesure et al. 1995). PCR products were then 
digested with the restriction enzymes TaqI and 
HinfI. The cpDNA-enzyme combination pairs 
AS–TaqI, TF–TaqI, TF–HinfI, CD–TaqI and CD–
HinfI were chosen because they showed varia-
tion in the pilot studies (Palmé et al. 2003). In 
addition to the non-coding regions of cpDNA, 
phylogeographic studies of birch trees and shrubs 
were strengthened by the addition of chloroplast 
microsatellites and nuclear microsatellites (Mal-
iouchenko et al. 2007, Jadwiszczak et al. 2011a, 
2012b). Altogether, 901 B. pendula individuals, 
641 B. pubescens, 352 B. nana and 384 B. humilis 
individuals were analysed (Table 1).

5 Patterns of Molecular 
Variation Distribution

5.1 Betula pendula

The range of B. pendula is dominated by two 
haplotypes – haplotype A in western and north-
western Europe and haplotype C in eastern and 
southeastern Europe (Fig. 1A) (Palmé et al. 2003, 
Maliouchenko et al. 2007). This genetic distribu-
tion indicates that the continent was populated by 
migrations from two distinct refugia. The western 
and eastern waves of migration mixed and formed 

Table 1. Characteristics of phylogeographic studies conducted within the ranges of European Betula species.

Birch species References Molecular marker used No of 
individuals 

studied

Geographic range of study

Betula pendula Palmé et al. 2003, 2004 Restriction fragments of 
cpDNA

439 Whole Europe

Maliouchenko et al. 
2007

Restriction fragments of 
cpDNA, chloroplast micro-
satellites

412 Whole Europe

Thórsson et al. 2010 Restriction fragments of 
cpDNA

14 Scotland 

Jadwiszczak et al. 2012a Restriction fragments of 
cpDNA

36 Poland and Belarus

Betula pubescens Palmé et al. 2004 Restriction fragments of 
cpDNA

162 Western, northern and 
eastern Europe

Maliouchenko et al. 
2007

Restriction fragments of 
cpDNA, chloroplast micro-
satellites

213 Western, eastern, 
northern and southern 
Europe

Thórsson et al. 2010 Restriction fragments of 
cpDNA

235 Iceland, Greenland, 
Scotland and Scandi-
navia

Jadwiszczak et al. 2012a Restriction fragments of 
cpDNA

31 Poland and Belarus

Betula nana Palmé et al. 2004 Restriction fragments of 
cpDNA

60 Russia and Scandi-
navia

Maliouchenko et al. 
2007

Restriction fragments of 
cpDNA, chloroplast micro-
satellites

69 Iceland, Russia and 
Scandinavia

Thórsson et al. 2010 Restriction fragments of 
cpDNA

171 Iceland and Scandi-
navia

Jadwiszczak et al. 2012b Restriction fragments of 
cpDNA, nuclear microsatel-
lites

52 Poland

Betula humilis Jadwiszczak et al. 
2011a, b, 2012a

Restriction fragments of 
cpDNA, nuclear microsatel-
lites

384 Poland and Belarus
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Fig. 1. Geographical distribution of the three most common cpDNA haplotypes and locations of the areas with 
high genetic diversities in B. pendula (A), B. pubescens (B), B. nana (C) and B. humilis (D). Vertical striping 
indicates the extent of haplotype A (= haplotype I in B. humilis). Grey area indicate the extent of haplotype C 
(= haplotype II in B. humilis). Horizontal striping indicates the extent of haplotype T in northern Scandinavia 
and Iceland. Asterisks indicate areas of high genetic diversities. 

a suture zone in the region from northern Sweden 
into Poland, Slovakia, Hungary, Romania and 
Greece. Although genetic data did not pinpoint 
the precise location of the origin of the two most 
common haplotypes, it could be supposed that 
one glacial isolate was situated near the Ural Mts. 
with a second origin north of the Alps. This sug-
gestion was inferred from PCR-RFLP analyses 
of chloroplast DNA, which revealed three areas 
of high genetic variation within the B. pendula 
range: near the Ural Mts., north of the Alps and 
in southern Sweden (Fig. 1A) (Palmé et al. 2003, 
Maliouchenko et al. 2007). These areas may have 
acted as glacial refugia during the LGM. Pres-
ently, there is no doubt that some species could 
have survived the LGM at a location in eastern 

and central Europe because permafrost did not 
expand south of 52–53°N and the soil tempera-
tures were not low during this time (Velichko 
and Zelikson 2005). An eastern refugium was 
suggested for cold-tolerant plant species such as 
Picea abies (L.) H. Karst. (Vendramin et al. 2000) 
and Pinus sylvestris L. (Pyhäjärvi et al. 2008). 

However, was it probable that a glacial isolate 
of B. pendula existed in Scandinavia within the 
area covered by the ice sheet? There are two pos-
sible explanations for the high genetic diversity of 
B. pendula in southern Sweden. First, a popula-
tion of limited size may have survived on a nuna-
tak (an ice free mountain) and then spread over 
the Scandinavian Peninsula after the Holocene 
climate warming. Palmé et al. (2003) presumed 
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that this explanation was unlikely because the 
contribution of a small glacial isolate to the pre-
sent-day species’ gene pool would be insignificant 
and overwhelmed by the fast recolonisation from 
a southern or eastern refugium. Second, the high 
genetic variation in the southern part of Scan-
dinavia could be the result of recent mutations, 
which were subsequently spread locally (Palmé 
et al. 2003). Although chloroplast microsatellite 
investigation supported haplotypic diversity of B. 
pendula in southern Scandinavia (Maliouchenko 
et al. 2007), the issue of a northern glacial refu-
gium could be resolved by determining the in 
situ existence of B. pendula in this area during 
the LGM.

It is probable that B. pendula could exist during 
the LGM within an area located north of the Alps. 
Climatic simulations conducted by Ohlemüller 
et al. (2011) suggest that some species could 
survive the LGM in the northwestern parts of the 
central European lowlands. Moreover, macrofos-
sil remains that date to 27 000–18 000 years BP 
strongly demonstrate that birches existed in the 
Carpathians and their northern foreland (Ralska-
Jasiewiczowa et al. 2004), an area closer to the 
Scandinavian ice sheet than the foreland of the 
Alps.

Excluding the refugia situated at higher lati-
tudes, B. pendula was also present in southern 
Europe during the LGM. This was deduced based 
on private haplotypes noted in populations from 
Italy, Spain, Corsica and Croatia (Palmé et al. 
2003). However, migration waves from these 
areas were probably hindered by the Alps and 
Pyrenees and by the presence of other birch popu-
lations (Hewitt 2000, Palmé et al. 2003).

5.2 Betula pubescens

The highest genetic diversity of B. pubescens 
was observed in the Scandinavian Peninsula and 
near the Ural Mts. (Fig. 1B) (Palmé et al. 2004, 
Maliouchenko et al. 2007). It is, however, difficult 
to say whether those locations could be referred to 
B. pubescens glacial refugia. Macrofossil evidence 
revealed that B. pubescens occurred in western 
Siberia ca. 33 000 years BP, but no evidence of 
any Betula species was obtained in this region 
for the late glaciation stage (Binney et al. 2009).

Similar to B. pendula, two haplotypes – A and 
C – are the most common throughout the range 
of B. pubescens (Fig. 1B) (Palmé et al. 2004, 
Maliouchenko et al. 2007). Relative to B. pen-
dula, B. pubescens showed much stronger genetic 
structuring. Seven genetic clusters of populations 
were distinguished within the range of B. pube-
scens (Maliouchenko et al. 2007). Three major 
clusters were formed by populations spread from 
France to Siberia, within Scandinavia and north-
ern Russia, and three other locations in Siberia. 
Four clusters corresponded to peripheral popula-
tions in Iceland, Great Britain, Spain and Siberia. 
Maliouchenko et al. (2007) explained this phe-
nomenon in two manners. Betula pubescens pre-
fers wetter and more acidic soils than B. pendula, 
and it is possible that these two congeneric species 
had different postglacial dynamics. Moreover, B. 
pubescens is more resistant to low temperatures 
than B. pendula (Ralska-Jasiewiczowa et al. 2004) 
and could therefore survive the LGM at higher 
latitudes and could begin recolonisation earlier 
(Maliouchenko et al. 2007). This hypothesis was 
supported by macrofossil data that showed that B. 
pubescens had existed on different nunatak sites 
in the Scandinavian Mts. during the late glacial 
period (Kullman 2008). The second explanation 
is hybridisation with B. nana (Maliouchenko et 
al. 2007). Betula pubescens and B. nana are 
sympatric in the northern Fennoscandia and in the 
Arctic where B. pendula does not occur (Ralska-
Jasiewiczowa et al. 2004). Additionally, B. nana 
is confined to wet habitats in the southern part 
of the range. Wet habitats are also tolerated by 
B. pubescens but not by B. pendula. Favour-
able conditions for the hybridisation of B. pube-
scens and B. nana could cause the formation 
of genetic structuring within the former species 
(Maliouchenko et al. 2007).

5.3 Betula nana

Sampling conducted by Palmé et al. (2004), 
Maliouchenko et al. (2007) and Jadwiszczak et 
al. (2012b) distinguished only one population 
with high genetic diversity. This population was 
Salfjellet in northern Norway (Fig. 1C). Could 
B. nana have survived the last glaciation at high 
latitude? Macrofossils discovered in northern 
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Russia dated to ca. 22 000 cal. years (radiocar-
bon calibrated years) BP showed that B. nana was 
located near the Scandinavian ice sheet (Binney 
et al. 2009). Could it have existed in the Arctic? 
Only a palaeoecological survey demonstrating 
a continuous in situ existence of the B. nana 
species in northern Norway during the LGM 
could answer this question. Glacial in situ sur-
vival within the area of Norway was previously 
suggested for other plants: Sagina caespitosa (J. 
Vahl) Lange and Arenaria humifusa Wahlenb. 
(Westergaard et al. 2011). Molecular markers 
revealed that conifer trees could also exist in 
northwestern Norway as early as 22 000–17 000 
years ago (Parducci et al. 2012). Betula nana 
is a micro-thermal plant; therefore, it is pos-
sible that this species could occupy the ice-free 
areas of the Scandinavian Peninsula. However, if 
B. nana survived the last glaciation in northern 
Norway, that shrub population did not spread 
to the south. The distribution of cpDNA haplo-
types throughout Scandinavia showed that the 
peninsula was recolonised by haplotype A and 
C from the southwestern and southeastern direc-
tions (Fig. 1C) (Palmé et al. 2004, Maliouchenko 
et al. 2007). The same waves of migrations could 
have populated central Europe as the two most 
common cpDNA haplotypes were also found in 
Poland (Jadwiszczak et al. 2012b).  

A detailed analysis of chloroplast DNA of Ice-
landic B. nana populations revealed high hap-
lotypic diversity in the eastern part of Iceland 
(Thórsson et al. 2010). According to Thórsson et 
al. (2010), this result may strongly suggest that 
the populations from the eastern part of Iceland 
are the oldest. Iceland was probably colonised 
from northern Scandinavia in the early Holocene. 
Genetic evidence supporting this scenario is hap-
lotype T, which occurred with high frequency 
in Iceland and with much lower frequency in 
the northern part of the Scandinavian Peninsula 
(Palmé et al. 2004, Maliouchenko et al. 2007, 
Thórsson et al. 2010).

5.4 Betula humilis

Only 19 populations located in the southwestern 
and subcentral regions of the species range have 
been studied. Similar to other birch species, two 

haplotypes dominate the B. humilis study region, 
which may suggest a recolonisation from two dis-
tinct refugia (Fig. 1D) (Jadwiszczak et al. 2012a). 
However, based on genetic data, it is not possible 
to indicate the exact location of these refugia. 
Taking into account the high genetic diversity and 
relatively high frequency of one private haplotype 
in the central Belarusian populations, Jadwisz-
czak et al. (2012a) proposed that one glacial 
isolate could be located in eastern Europe. This 
agrees with genetic data presented for other birch 
species (Palmé et al. 2003, 2004, Maliouchenko 
et al. 2007). The second B. humilis glacial isolate 
may be situated either in the Carpathians or in the 
western Europe. The hypothesis of the Carpathian 
refuge can be supported by macrofossils identified 
in the Weichselian sediments in the Ukrainian 
part of the Carpathians (Stachowicz-Rybka et al. 
2009). In turn, B. humilis fossil fruits that were 
discovered in northern Germany and dated to the 
LGM (Freund et al. 2001) could suggest that a 
refugium had existed in western Europe. The pre-
sent existence of remnant B. humilis populations 
in Germany, Austria and Romania may indicate 
that this species populated the western and central 
parts of Europe during the Weichselian (Załuski 
et al. 2001).

An interesting result of the cpDNA studies was 
the high genetic variation in northeastern Poland 
because the area was in close proximity to the ice 
sheet during the LGM (Fig. 1D) (Jadwiszczak et 
al. 2012a). According to the authors, the most 
probable explanation is a contact zone between 
two phylogenetic lineages. An unknown cryptic 
refugium located in northeastern Poland could be 
a second explanation. However, it is less likely 
due to the low frequency of private cpDNA hap-
lotypes and private nuclear microsatellite alleles 
(Jadwiszczak et al. 2011a, 2012a).

6 Concluding Remarks

Although the response of every species to the 
Pleistocene climatic changes was varied in direc-
tion and scale, which consequently resulted in the 
origin of new biomes with no modern equivalents 
(Markova et al. 2009), European birches show 
some similarities in phylogeographical patterns. 
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The range of every birch species is predominated 
by two of the same haplotypes. These haplotypes 
have a central position in the birch phyloge-
netic trees and differ from one another by three 
mutations. It was proposed that these haplotypes 
appeared before the LGM and could reflect an 
ancestral polymorphism (Palmé et al. 2004, 
Thórsson et al. 2010, Jadwiszczak et al. 2012a). 
The clear dominance of haplotype A (= haplo-
type I in B. humilis; Jadwiszczak et al. 2012a) 
in western and northwestern Europe and haplo-
type C (= haplotype II in B. humilis) in eastern 
and northeastern Europe could be explained by 
recolonisation from two distinct refugia. Second, 
it is likely that most of Europe was recolonised 
by waves of migrations from glacial refugia at 
higher latitudes because no isolation by distance 
(adjacent populations are more genetically similar 
than distant ones) was observed in B. pendula, 
B. pubescens and B. humilis (Maliouchenko et 
al. 2007, Jadwiszczak et al. 2012a). The genetic 
evidence supporting high latitude glacial refugia 
of the Betula species is a weak genetic structure 
compared to other broadleaved trees (Palmé et 
al. 2003, Maliouchenko et al. 2007, Thórsson 
et al. 2010, Jadwiszczak et al. 2012a). Finally, 
similar patterns of haplotype distribution within 
the ranges of the studied birches clearly suggest 
considerable interspecies hybridisation. Unfor-
tunately, this hybridisation makes the picture of 
postglacial recolonisation difficult to interpret 
(Palmé et al. 2004, Maliouchenko et al. 2007, 
Jadwiszczak et al. 2012a).

Data on the level and distribution of genetic 
diversity are very useful for various aspects of 
the conservation of endangered birch species and 
forest management. Based on results of molecular 
studies, it is possible to indicate appropriate popu-
lations for conservation, and then the most proper 
protection activities can be applied. For example, 
northeastern Polish populations of the endangered 
B. humilis are most valuable units for conserva-
tion as they represent the highest level of genetic 
variation, thus they constitute the bulk of genetic 
resources of the species in central Europe (Jad-
wiszczak et al. 2011a, 2012a). To protect B. humi-
lis populations in declining southwestern margin 
of the species range, it is necessary to conduct 
regular coppicing because the overgrowing of 
fens by brushwood and forest competitors is one 

of the greatest threat for the existence of this birch 
shrub (Załuski et al. 2001). However, there are 
also situations when populations with low genetic 
diversity should be protected. These are popula-
tions with private cpDNA haplotypes or other 
private markers because the unique markers give 
a special feature for populations. For example, 
three isolated and genetically depauperated locali-
ties of B. nana in Poland should be protected as 
they comprise many private microsatellite alleles 
and belong to the two distinct phylogeographic 
lineages (Jadwiszczak et al. 2012b).

Another practical application of genetic studies 
is an avoidance of germplasm transfer between 
different phylogenetic lineages as well as between 
populations adapted to different climatic condi-
tions. Analysis of the distribution of genetic varia-
tion within birch species allows also to track their 
population histories and to predict future range 
shifts induced by the climate change.
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