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The postglacial recolonization of Northern Europe
by Rana arvalis as revealed by microsatellite and
mitochondrial DNA analyses

T Knopp and J Merilä
Ecological Genetics Research Unit, Department of Biological and Environmental Sciences, University of Helsinki, Helsinki, Finland

The postglacial history of the moor frog (Rana arvalis) in
Northern Europe was investigated with the aid of eight variable
microsatellite loci and a 661bp sequence of the mitochondrial
cytochrome b gene. A division between eastern and western
mitochondrial lineages was discovered, supporting two reco-
lonization routes to Fennoscandia since the last glacial
maximum. This result was corroborated by the microsatellite

data, which revealed a contact zone between the two lineages
in Northern Sweden. These findings add to the increasing
evidence that an intraspecific genetic biodiversity founded on
the existence of eastern and western clades is a common
element in Fennoscandian fauna and flora.
Heredity (2009) 102, 174–181; doi:10.1038/hdy.2008.91;
published online 1 October 2008

Keywords: amphibia; Fennoscandia; genetic diversity; Rana arvalis; recolonization

Introduction

During the last glacial maximum, the extended Arctic ice
sheet forced the Eurasian biota into Southern refugia.
Fossils data and population genetic studies suggest that
the peninsulas of Iberia, Italy and the Balkans acted as
the main sanctuaries for many temperate species
(Hewitt, 2004). As the climate warmed and the ice sheets
retreated (ca 10 000 years ago), the flora and fauna
expanded back to their previous ranges, leading to the
current phylogeographic structuring of populations
(Taberlet et al., 1995; Hewitt, 1999).

In Europe, Fennoscandia was the last area to be
recolonized (Lundqvist and Mejdahl, 1995). Conse-
quently, because of their young age and the possible
influence of founder events along the recolonization
route, the genetic diversity of various organisms is
commonly much lower in northern than in central
European populations (Hewitt, 1996, 2004; Merilä et al.,
1996; Palo et al., 2004). However, the withdrawal of the
ice enabled two routes of recolonization into Fennoscan-
dia, often leading to the formation of secondary contact
zones (for example Hewitt, 2004) and thus increasing the
overall genetic diversity found. These phylogenetic
patterns have had implications not only for the
patterning of within-species diversity, but also for the
between-species interactions and community composi-
tion (Taberlet et al., 1995; Hewitt, 1996; Comes and
Kadereit, 1998; Svenning and Skov, 2007). Therefore the
identification of divergent intraspecific lineages consti-
tutes an important element in our understanding of the

biogeography, evolutionary history and sometimes even
adaptation of a given species.

The moor frog (Rana arvalis) is a widespread anuran
species native to Eurasia. Together with Rana temporaria,
it is the only frog species inhabiting the northern parts of
Fennoscandia (Fog et al., 1997). Owing to its highly
variable morphology and coloration, R. arvalis has often
been the subject of studies of geographic variation and
phylogeography (Stugren, 1966; Fog et al., 1997; Rafiński
and Babik, 2000; Babik et al., 2004; Knopp et al., 2007). On
the basis of morphological data Stugren (1966) concluded
that the Scandinavian moor frogs most likely originate
from the East, whereas the distribution of color morphs
led Fog et al. (1997) to suggest a bidirectional recoloniza-
tion of Fennoscandia. In a large-scale study of the
mitochondrial phylogeography of R. arvalis, Babik et al.
(2004) found evidence for weak differentiation among
western and eastern Eurasian populations. However, as
samples from northern Fennoscandia were not part of
that study, the recolonization route of moor frogs to
Fennoscandia remains unresolved. Moreover, although
mitochondrial markers are probably more informative
for investigating large-scale phylogeographic patterns,
highly variable nuclear DNA markers (such as micro-
satellites) may actually be more informative with regard
to recent events (Hewitt, 1999; Palo et al., 2004). For
instance, despite one prevalent mtDNA cytochrome b
lineage in all Northern European countries, by using
microsatellites Palo et al. (2004) were able to propose
a bidirectional recolonization of R. temporaria to
Fennoscandia.

In the current study, we used a 661 bp fragment of the
mitochondrial cytochrome b gene and eight variable
microsatellite loci to investigate the phylogeography of
R. arvalis populations in Fennoscandia. In particular, we
were interested in (i) testing the hypothesis (Fog et al.,
1997) of a bidirectional recolonization route to
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Fennoscandia using molecular genetic evidence and (ii)
comparing the results gained from mtDNA and nuclear
genomes to see if they show congruent phylogeographic
patterns.

Materials and methods

Sampling and molecular methods
A total of 404 samples of R. arvalis from Fennoscandia
(n¼ 292), Russia, Ukraine and Poland (n¼ 112) were
collected 1998–2005 for analysis (Figure 1; Table 1). Most
samples were collected as eggs (one egg per clutch), but
toe tissue collected from adults during the breeding
season was also used. Samples were stored in ethanol at
þ 4 1C until the DNA was extracted. DNA extractions
were carried out by using sodium dodecyl sulfate-
proteinase K digestion treatment followed by NaCl
purification and isopropanol precipitation (for example
Bruford et al., 1992) or by using the extraction protocol
described in Elphinstone et al. (2003).

Mitochondrial DNA: An approximately 900 bp long
fragment of the mitochondrial cytochrome b from 36
individuals representing 19 populations was amplified
using the same primers and polymerase chain reaction
(PCR) conditions as in Babik et al. (2004). The primers
were ralu1 (50-AACCTTATGACCCCAACAATACG-30;
Bos and Sites, 2001) and a modified H15502 (50-GGG
TTAGCTGGTGTAAAATTGTCTGGG-30; Tanaka-Ueno
et al., 1998). The PCRs were performed in a total
volume of 20 ml including ca 20 ng of genomic DNA,
100 nM of each primer, 250mM of each deoxyribo-
nucleotide triphosphate, 0.5 U AmpliTaq DNA
polymerase (Applied Biosystems, Foster City, CA, USA)
and 1�PCR buffer (10 mM Tris–HCl, pH 8.3; 10 mM KCl;
1.5 mM MgCl2; PE Biosystems). The cycling scheme
consisted of 94 1C for 2 min, followed by 35 cycles of
94 1C for 30 s, 56 1C for 45 s and 72 1C for 1 min, and a
final extension step at 72 1C for 10 min. The quality of the
PCR products was checked on a 1.5% agarose gel

electrophoresis before purification. The PCR was
purified from primers and unincorporated nucleotides
using ExoSAP (Amersham Biosciences, Little Chalfont,
UK), sequenced in both directions using the PCR primers
and BigDye Terminator sequencing kit (Applied
Biosystems) and run on an ABI Prism 377 sequencer
(Applied Biosystems). The sequences were manually
aligned using the program Sequencher 4.1 (Gene Codes
Corporation), giving a 661 bp fragment to be analyzed in
the program MEGA v.3.1 (Kumar et al., 2004). In addition
to the cytochrome b, the ADP/ATP translocase gene was
sequenced (501 bp) (see methods in Matsuba et al., 2007)
for 25 individuals within the study area. However, as no
additional information was gained, these results are not
presented.

Microsatellites: A total of eight microsatellite loci were
used to analyze 20 moor frog populations (404
individuals) across Eurasia. The primers used and the
corresponding PCR conditions were as follows: WRA1-
22 and WRA6-8 (Knopp et al., 2007): initial denaturation
for 3 min at 94 1C, followed by 35 cycles of 30 s at 94 1C,
30 s at 50 1C and 60 s at 72 1C, and a final extension step of
10 min at 72 1C; WRA1-160 (Knopp et al., 2007) 3 min at
94 1C; 5 s at 94 1C, 45 s at 60 1C, 1 min at 72 1C (35 cycles)
and 10 min at 72 1C; for RCIDII (Vos et al., 2001) and
Recalq (Vos et al., 2001): 3 min at 95 1C; 45 s at 55 1C
correspondingly 50 1C, 45 s at 72 1C, 45 s at 95 1C (35
cycles); 45 s at 50 1C and 3 min 72 1C; Ca41 (Garner and
Tomio, 2002) and Rt2Ca25 (Knopp et al., 2007): 3 min at
94 1C; 30 s at 94, 30 s at 60 1C in first cycle, then lowering
0.5 per cycle, 30 s at 72 1C (20 cycles); 30 s at 94 1C, 30 s at
50 1C, 30 s at 72 1C (15 cycles); and 5 min at 72 1C. PCR
was performed in a total volume of 10ml containing:
10 ng genomic DNA, 0.5mM of each primer, 0.25 mM

deoxyribonucleotides, 1.5mM MgCl2, 1� NH4 reaction
buffer and 0.1 U BioTaq DNA polymerase (Bioline,
Luckenwalde, Germany). One of each primer pair was
end labeled with a fluorescent dye. Gel separation of the
pooled PCR products for each individual was conducted

Figure 1 Map showing the location of the 20 Rana arvalis populations included in this study. The locality numbers correspond to those given
in Table 1.
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with a MegaBACE 1000 (Amersham Biosciences)
automated capillary DNA-sequencer. Data collection
and individual allele scoring were carried out with
Fragment Profiler software (version 1.2; Amersham
Biosciences).

Data analysis of microsatellite loci
Linkage disequilibrium between loci and possible devia-
tions from Hardy–Weinberg (H–W) equilibrium were
tested by the Markov chain method as implemented in
the program GENEPOP 3.4 (Raymond and Rousset,
1995). Applying the same program, the observed (HO)
and expected (HE) heterozygosity and the corresponding
inbreeding coefficient (FIS) per population were calcu-
lated (Weir and Cockerham, 1984).

Population structure was assessed using three differ-
ent approaches. Firstly, the pairwise differentiation
among populations was estimated by FST (that is y; Weir
and Cockerham, 1984) using the program FSTAT
(Goudet, 1995) and visualized in a multidimensional
scaling plot. Secondly, a neighbor-joining tree was
constructed based on Neis Da distances (Nei et al.,
1983). This method has proven to perform well in
phylogenetic analyses, especially when a large number
of loci are used (Takezaki and Nei, 1996). Construction of
the tree was performed with POPULATIONS 1.2.28

(Langella, 2002) where the reliability of the tree was
evaluated by bootstrapping over loci (10 000 replicates).
Lastly, for the purpose of examining the origin of the
northernmost populations (Vuollerim, Kalix, Trekärring-
myren, Röttjärn, Fågelharen, Liminka and Jyväskylä) an
assignment test based on genotype frequencies was
conducted using the program GENECLASS 2.0 (Cornuet
and Luikart, 1996). Here individuals with ‘unknown
origin’ may be assigned to a reference population
according to the log (likelihood) value (Paetkau et al.,
1995) estimated for it. In our tests, the northernmost
populations were excluded from the reference popula-
tions. Thus, the northern individuals must be assigned to
any other population. Given the results obtained from
analyses of mtDNA data, the genetic contribution of each
haplotype lineage to the northern populations was then
estimated from the proportion of individuals assigned to
each of the mtDNA lineages (that is a population
harboring a specific mtDNA lineage).

Results

Mitochondrial DNA
The 661 bp fragment of cytochrome b examined from
R. arvalis included nine polymorphic sites defining nine
haplotypes (Table 2). Four of the haplotypes have been

Table 1 Geographical locations and basic descriptive statistics of genetic variability in the Rana arvalis samples included in this study

Location Population Coordinates NCytb Haplotype Nms HO HE FIS MNA MNAC

Poland
1 Poland 501N, 201E 2 A1

a 27 0.65 0.70 0.08 8.00 3.75
2 Dwikotzy 501440N, 211470E 2 A1

a 19 0.56 0.66 0.16b 6.88 3.13

Denmark
3 Roskilde 551400N, 121200E 2 A1

a 27 0.43 0.47 0.08 4.38 3.00
4 Ringk�bing 551400N, 091180E 2 A1

a 34 0.54 0.54 0.00 7.13 3.25

Sweden
5 Tottatjärn 571360N, 121340E 2 A1

a 40 0.63 0.60 �0.06 3.13 3.13
6 Andersboån 601180N, 171090E 2 A1

a, A24
a 39 0.59 0.58 �0.02 7.13 2.50

7 Fågelharen 621060N, 171280E 2 A1
a 27 0.27 0.27 0.03 3.25 1.88

8 Röttjärn 631420N, 161470E 2 RA1 29 0.30 0.32 0.05 2.88 2.00
9 Trekärringmyren 631430N, 201100E 2 A1

a 28 0.42 0.41 �0.02 3.50 2.50
10 Kalix 651N, 2310E 2 A2

a 12 0.39 0.38 �0.02 3.13 2.00
11 Vuollerim 661260N, 201360E 2 A7

a 6 0.43 0.41 �0.06 3.00 2.75

Finland
12 Perniö 6010N, 2310E 2 A2

a, RA2 29 0.44 0.43 �0.01 3.75 2.38
13 Jyväskylä 621130N, 251410E 2 A2

a, RA3 14 0.31 0.36 0.14 2.75 2.00
14 Liminka 641530N, 251330E 2 A2

a, RA4 7 0.40 0.40 0.01 2.88 2.63

Russia
15 Moskovskaya 551240N, 371470E — 24 0.45 0.49 0.08 4.88 2.63
16 Tomskaya 561300N, 841530E 1 A2

a 10 0.43 0.48 0.12 3.63 2.63
17 Nizhegorodskaya 571520N, 471070E 1 A2

a 10 0.44 0.50 0.12 3.38 2.63
18 Kironovskaya 581400N, 491050E 2 A7

a 12 0.45 0.50 0.09 3.63 2.75

The Ukraine
19 Krasno village 511280N, 301070E 2 A7

a, RA5 6 0.43 0.56 0.24 3.25 2.75
20 Lake Gluboky 511260N, 301030E 2 A7

a 4 0.34 0.56 0.39 2.63 2.63

Totally 36 9 404

Abbreviations: Haplotypes, the haplotypes detected in each population; HE, expected heterozygosity; HO, observed heterozygosity; MNA,
mean number of microsatellite alleles; MNAC, MNA corrected for unequal sample sizes; Ncytb, the number of individuals sequenced for
cytochrome b; Nms, the number of individuals genotyped for microsatellites.
aHaplotypes described in Babik et al. (2004).
bSignificant deviation from Hardy–Weinberg equilibrium.
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described earlier (Babik et al., 2004), whereas five new
ones were discovered (RA1–RA5, GenBank accession
numbers EU523748–EU523752). All haplotypes differed
from each other by one or two codon substitutions
(Table 2). In Fennoscandia mtDNA haplotype diversity
was high, with a total of seven haplotypes found (Tables 1
and 2; Figure 3b). Phylogenetic analyses of all popula-
tions revealed weak structuring, but three major haplo-
type lineages were still apparent (Figures 2 and 3a). Most
notably, all the Finnish populations and the two north-
ernmost Swedish populations (Kalix and Vuollerim)
were part of the more eastern haplotype lineages (A2

and A7), whereas the rest of Fennoscandia belonged to a
western lineage (A1; Figure 3b).

Microsatellites
All eight microsatellite loci amplified well in all the
populations, the amplification success varying between
82% (RtCa25) and 97% (Recalq) for the different loci. A
total of 119 alleles were found, with an average of 35
alleles per population. There were no signs of linkage
disequilibrium between the loci (P40.29) and after
applying sequential Bonferroni correction (Rice, 1989),
no deviations from H–W equilibrium were discovered
except for one population (Table 1).

When using microsatellite data to examine the phylo-
genetic relationships among populations, all the different
tests gave qualitatively similar results. In concordance
with the mitochondrial data, the populations clustered into
a western and an eastern group. This was seen both in the
multidimensional scaling plot based on FST values
(Figure 4) and in the Neighbor-joining tree based on Neis
Da distance (Figure 2). In this tree, the western group
included the Danish and most of the Swedish populations.
The samples from Finland, Russia and Ukraine clustered
together as an eastern group. The Polish samples clustered
separately in between the western and eastern lineages.
Most notably, the Northern Swedish population Kalix
clustered together with the Finnish populations whereas
the Vuollerim sample was placed on a branch of its own
(Figure 2). Albeit the statistical support was poor, these
observations are consistent with the bidirectional recolo-
nization hypothesis with a hybrid zone situated in
northernmost Sweden. Support for a hybrid zone in
Northern Sweden was further obtained from the assign-
ment test. When assigning (Paetkau et al., 1995) individuals
from the northernmost populations (Vuollerim, Kalix,
Trekärringmyren, Röttjärn, Fågelharen, Liminka and

Figure 2 Neighbor-joining trees based on 661 bp of Cyt-b sequence (left) and eight microsatellite loci (right, Nei et al., 1983) for Rana arvalis
populations across Eurasia. Both trees are rooted with corresponding data from four Rana temporaria individuals. Bootstrap support 450% is
shown.

Table 2 Moor frog mtDNA haplotypes, their variable positions and
frequencies (N)

Haplotype Site position N

81, 143, 176, 254, 279, 407, 443, 487, 612

A1 G T A T A A A C T 15
A24 . . . . . G . . . 1
RA1 A . . . G . . . 2
A2 . . . C . . . . . 7
RA2 . . . C . . G . . 1
RA3 . . G C . . . . . 1
RA4 . C . C . . . . . 1
A7 . . . . . . . T 7
RA5 . . . . . . . T C 1

The total nucleotide diversity (p)¼ 0.0019.

Recolonization of Northern Europe by Rana arvalis
T Knopp and J Merilä
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Jyväskylä) to reference populations representing either
eastern or western mtDNA haplotypes, individuals from
Vuollerim failed to be allocated to any specific group
(Figure 5). Individuals from Jyväskylä, Liminka and
Kalix were assigned to populations with an eastern
mtDNA haplotype whereas all the rest were assigned to
a western lineage (Figure 5).

Discussion

The postglacial recolonization patterns of animal and
plant species inhabiting the Northern hemisphere—as

reflected in molecular markers—have been in the focus
of active research ever since the early 1990s (reviews in
Jaarola et al., 1999; Avise, 2000; Hewitt, 2004). It has
become clear that the recolonization events have some-
times been complex, having major effects on the phylo-
genetic structuring of European biota (reviewed in
Hewitt, 1996; Comes and Kadereit, 1998). In Scandinavia,
the prevalent determinant of the timing and patterning
of phylogeographic case histories appears to have been
the retreat of the ice sheet situated in Northern Sweden
(Lundqvist and Mejdahl, 1995). It prevented movement
between the western and eastern parts of Fennoscandia,
and hence, when the ice melted, divergent genetic
lineages were able to come into secondary contact. For
several terrestrial and aquatic organisms, suture zones in
Central (for example Taberlet et al., 1995) or Northern
Sweden (for example Kontula and Väinölä, 2001) have

Figure 3 (a) A haplotype network (Clement et al., 2000) for Rana arvalis cytochrome b (661 bp) observed outside the Carpathian Basin. A line
indicates 1 bp difference. AN refer to haplotypes described in Babik et al. (2004) (21 haplotypes in total), RA1–RA5 are new haplotypes
discovered in the current study, numbers in bold refer to the amount of individuals found of a specific haplotype (36 individuals in total), (b)
The geographic distribution of the three haplotype lineages within Fennoscandia and the approximate position of the discovered contact zone
between the western and eastern R. arvalis mitochondrial lineages are indicated with a thin dotted line. The thick lines represent the two most
common hybrid zones for other species in Fennoscandia (after Hewitt, 1999).

Figure 5 Assignment test results showing the number of indivi-
duals from the northernmost populations assigned to any reference
population (see text) of a western (A1) or eastern (A2, A7)
cytochrome b haplotype.

Figure 4 A multidimensional scaling plot of pairwise microsatellite
FST distances between study populations (D-hat: raw stress¼ 3.15,
stress¼ 0.09). J and ’ indicate populations harboring the western
or eastern Cyt-b haplotype lineages, respectively.
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been identified. This repeated pattern signifies a com-
mon bidirectional colonization history of Scandinavia,
where individuals originate from a single (Erinaceus
europaeus: Santucci et al., 1998; Microtus oeconomus:
Brunhoff et al., 2006; Fucus serratus: Hoarau et al., 2007)
or several refugial areas (Ursus arctos: Taberlet et al., 1995;
Cottus gobio: Kontula and Väinölä, 2001; Microtus agrestis:
Jaarola and Searle, 2002; Betula pendula: Palmé et al., 2003;
Vipera berus: Carlsson et al., 2004; Gasterosteus aculeatus:
Mäkinen et al., 2006).

Recolonization of Fennoscandia by Rana arvalis
Earlier moor frog studies (Rafiński and Babik, 2000;
Babik et al., 2004) have identified three major mtDNA
clades within the species range. Two of the clades are
restricted within the Carpathian Basin (B and AII in
Babik et al., 2004), whereas the third clade (AI) is found
across the rest of Eurasia. The Eurasian clade (AI) can
moreover be separated into three major haplotype
lineages; A1 A2 and A7 (Figure 3a; Babik et al., 2004),
and even though the haplotype lineages in many parts
overlap each other, a slight east–west separation can be
identified. Thus, given a phylogenetic structuring like
this, it has been suggested that the moor frog survived
the last glacial period in multiple refugial areas (Rafiński
and Babik, 2000; Babik et al., 2004). Haplotype lineage A1

(from clade AI) is believed to have survived in the
Carpathian Basin together with the two other clades (B
and AII). But as opposed to clade B and AII, haplotype
A1 spread to the north and colonized western parts of
Europe. The other two haplotype lineages (A2 and A7)
from clade AI can also be found in the west, but they are
more widespread in the eastern parts. Therefore, a
refugium situated in south-eastern Russia—or even
further east in Siberia or Kazakhstan—has been sug-
gested (Rafiński and Babik, 2000; Babik et al., 2004).

In the present study, we found representatives of all
the three haplotype lineages from the AI clade in
Scandinavia. Moreover, the phylogeographic patterns
observed in the mitochondrial data were, to large
extents, supported by the data from nuclear microsatel-
lites. In both of the constructed trees, the basal nodes
obtained low bootstrap support, however, a rather clear
east (Finland, Russia, Ukraine)–west (Sweden, Denmark)
separation was observed within Fennoscandia. All
Finnish haplotypes together with the northern Swedish
Kalix population were part of the eastern A2 lineage,
whereas the more southerly Swedish populations, along
with Denmark, belonged to the western A1 lineage. The
largest difference between the two trees constructed was
seen for the Polish and Vuollerim samples. Whereas
mitochondrial data grouped Poland with Sweden, it was
set between the western and eastern lineages in the
microsatellite tree (Figure 2). However, in assignment
and structure tests the Polish samples clustered with
Sweden rather than with Finland, indicating a closer
common ancestral association between the two former
areas. Vuollerim, on the other hand, was the only Nordic
population having the A7 haplotype (otherwise found in
the Ukraine and in one Russian location), but based on
genotype frequencies, individuals from Vuollerim failed
to be assigned to the correct mtDNA lineage. In fact,
Vuollerim seemed to be a mixture of individuals from all
the three mtDNA lineages, indicating that this area could
represent a hybrid zone where the western and eastern

R. arvalis lineages have met after the last ice age.
Moreover, if we accept the expectations of a rapid
colonization, then the last populations to be colonized
should have the lowest genetic diversity (Hewitt, 2004)
and in a possible contact zone, the genetic diversity
should rise because of hybridization of different haplo-
types. Indeed, the assignment results are supported by
the low genetic diversity found on both sides of
Vuollerim, verifying this area to be the hybrid zone of
the differentiated recolonization lineages of R. arvalis.

These results, based on genetic data, are not supported
by the distribution of different color morphs in Fennos-
candia. According to Fog et al. (1997) the maculata form
dominates in Southern and Central Sweden, as well as in
Southern Finland, whereas striata predominates in the
northernmost regions. However, our results suggest that
individuals from Southern Sweden and Finland are
clearly differentiated in terms of allele frequencies, and
also, belong to divergent mitochondrial lineages. There-
fore, the lack of concurrence between genetic and
phenotypic data suggests that either direct environmen-
tal influences (phenotypic plasticity) or natural selection
acting on coloration may be responsible for the observed
phenotypic patterning. This type of mismatch between
genetic and phenotypic data is not unexpected, and in
fact, perhaps a rule rather than an exception (Leinonen
et al., 2008).

In terms of mitochondrial haplotype diversity,
R. arvalis appears to be more variable than the only
other anuran amphibian (R. temporaria) found in North-
ern Fennoscandia (Palo et al., 2004). It should be noted
however, that the analyses of R. temporaria were carried
out on a shorter fragment of cytochrome b (440 bp, Palo
et al., 2004), and the failure to find more than one
haplotype in Fennoscandian common frogs might be
affected by this limitation. However, in a geographical
distance of more than 2000 km, our discovery of seven
polymorphic sites in a set of 661 bp sequence is still quite
low. This might be because of the small sample sizes
used in our dataset, but in the light of results by Babik
et al. (2004), it seems unlikely that our conclusions on a
bidirectional colonization of Scandinavia would have
changed using larger sample sizes.

Hybrid zones in Fennoscandia
The position of the final ice sheet to melt constitutes a
natural location for divergent colonization lineages to
meet. Consequently, the hybrid zones for several species
in Fennoscandia are located close to the proposed contact
zone of R. arvalis in Northern Sweden (Figure 3b, Hewitt,
1999). Moreover, for many of the smaller terrestrial
animals examined in Scandinavia, along with the moor
frog (Babik et al., 2004), one or several refugia in the
eastern parts of Eurasia has been suggested (Cooper
et al., 1995; Fedorov et al., 1996; Jaarola and Searle, 2002;
Palo et al., 2004; Ursenbacher et al., 2006). A more western
refugium seems less common (for example Seddon et al.,
2001). Nevertheless, a divergent colonization inevitably
leads to increased allelic diversity within a species. As
populations deriving from altered refugia will possess
different alleles with potentially dissimilar abilities for
adaptation, this might affect the species survival in
varying environments (Liukkonen-Anttila et al., 2002).
Also, with differing alleles, the genetic distance between

Recolonization of Northern Europe by Rana arvalis
T Knopp and J Merilä
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neighboring populations in the suture zone might be
higher than expected by geographic distance alone. This
was clearly seen in our results. The moor frogs from
Finland were genetically much closer to the geographi-
cally distant Russian populations than to the Central
Swedish ones. This particular phylogenetic finding
becomes important in a conservation context (Ryder,
1986), as the identification of multiple genetic lineages is
of great importance, especially when dealing with a
protected species such as the moor frog (cf Appendix II
of Bern Convention, 1979).

Conclusions

Based on the data from both mtDNA and nuclear
markers, our results suggest a bidirectional recoloniza-
tion route of R. arvalis to Fennoscandia since the last
glacial period. One lineage is thought to have derived
from a refugium in the Carpathians, coming by Denmark
to Southern Sweden. Another lineage probably arrived
from an eastern refugium via Finland to northernmost
Sweden. The contact zone between the two lineages is
situated in Northern Sweden, close to the location of the
hybrid zones observed in several other species.
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