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Phylogeography of grass snakes (Natrix natrix) all around the Baltic
Sea: implications for the Holocene colonization of Fennoscandia

Carolin Kindler1, Henrik Bringsøe2, Uwe Fritz1,∗

Abstract. We show that Fennoscandia was invaded in the Holocene by three distinct mitochondrial lineages of Natrix natrix.
Two of these lineages arrived from the south, and one from the east. One of the ‘southern lineages’ is confined to Gotland,
where also the second ‘southern lineage’ is found. The latter is widely distributed in the southwestern Baltic region, western
Fennoscandia and on the Åland Islands, while the other lineage present on Gotland is only known from a few sites in the Baltic
region. In addition, we recorded a third mitochondrial lineage in southern continental Finland, which was previously unknown
from Fennoscandia. This lineage also occurs in the southeastern Baltic region and further east, suggesting that southern
Finland was colonized from the east. Thus, the phylogeography of N. natrix matches a general paradigm for Fennoscandia,
with Holocene invasions from the south and east.
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The grass snake, Natrix natrix (Linnaeus, 1758),
belongs to the snake species with the largest
distribution ranges in the Palaearctic (Kabisch,
1999). Following Kabisch (1999), N. natrix
is one of the few reptiles which colonized
Fennoscandia up to the Arctic Circle. However,
according to Fog, Schmedes and Rosenørn de
Lasson (1997) the distribution range does not
extend so far northwards (fig. 1). Using mito-
chondrial DNA sequences, Kindler et al. (2013)
demonstrated that grass snakes are genetically
much differentiated. However, the current sub-
species classification does not match genetic
differentiation and needs revision. Therefore,
we use in the following genetic lineages instead
of subspecies for characterizing different grass
snakes.

Previous studies discovered three mitochon-
drial lineages in Scandinavia and the Baltic
region (Guicking et al., 2006; Kindler et al.,
2013). One lineage was found in northern Ger-
many, Denmark, Norway and Sweden (includ-
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ing Gotland); another lineage in northern Ger-
many, central Poland and Gotland (Sweden);
and a third lineage in Kaliningrad Oblast (Rus-
sia), Lithuania, and eastern Poland. However,
due to incomplete sampling, it could not be
examined which lineage occurs in Finland. It
is well known for several other species that
Fennoscandia was colonized after the retreat of
the glacial ice shield from two different source
regions. While northeastern Fennoscandia, in
particular Finland, was reached from the east,
the more western parts were invaded from the
south via Denmark. Both colonization waves
may have met in northern Fennoscandia, lead-
ing to a contact or suture zone there (Taberlet et
al., 1998).

The present study aims at clarifying whether
such a double colonization pattern may also re-
fer to Fennoscandian grass snakes. For doing
so, we use phylogenetic analyses of mtDNA se-
quences of 97 N. natrix and discuss the results
in the context of the range-wide phylogeogra-
phy provided by Kindler et al. (2013).

Fifty grass snake samples (shed skins, saliva samples,
tails tips or tissues from roadkills) were processed for
the present study. The samples originated from Denmark,
Norway, Sweden, Finland, Poland, and northern Germany.
For each sample, two mitochondrial genes were sequenced,
the partial ND4 gene plus adjacent DNA coding for tRNAs
and the cytochrome b (cyt b) gene. Laboratory procedures
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Figure 1. Distribution of mitochondrial lineages of Natrix natrix in the Baltic region. Light grey: distribution range of N.
natrix according to Kabisch (1999); dark grey: distribution range according to Fog et al. (1997). Inset: N. natrix from Öland,
Sweden (photo: H. Bringsøe). Arrows show putative immigration routes. This figure is published in colour in the online
version.

were described in detail by Kindler et al. (2013). The
mtDNA sequences containing the partial ND4 gene plus
DNA coding for tRNAs varied in length between 688 and
867 bp, and the cyt b sequences were between 988 and
1099 bp long. For phylogenetic analyses, both mtDNA
fragments were concatenated and merged with sequences
from 81 grass snakes from previous studies (Guicking et
al., 2006; Fritz, Corti and Päckert, 2012; Kindler et al.,
2013), resulting in a 1984-bp-long alignment of 131 N.
natrix sequences. Homologous sequences of N. maura, N.
tessellata and Nerodia sipedon were added as outgroups
(for exact locality data and GenBank accession numbers see
Appendix 1). The sequences from previous studies included
one to three samples of each mitochondrial lineage of Natrix
natrix and all 47 samples from the Baltic region.

For finding out the optimal partitioning for phyloge-
netic inference, the alignment was examined using the soft-
ware PARTITIONFINDER 1.1.1 (Lanfear et al., 2012) and
the Bayesian Information Criterion. The following partition
schemes were examined: (a) unpartitioned, (b) partitioned
by gene with DNA coding for tRNAs merged in one parti-
tion, and (c) maximum partitioning, i.e. using each codon
of protein-coding genes and the merged tRNAs as a distinct
partition. Scheme (c) was selected as the best one and phylo-
genetic trees were calculated applying this scheme and two
different approaches. Using MRBAYES 3.2.1 (Ronquist et

al., 2012) and the best-fit models for each partition (see Ap-
pendix 2), two parallel runs were computed, each with four
chains. The chains ran for 10 million generations, with ev-
ery 500th generation sampled. Convergence was verified by
examining the standard deviations of split frequencies. For
generating the final 50% majority rule consensus, a burn-
in of 2.5 million generations was used. In addition, Max-
imum Likelihood analyses were conducted using RAxML
7.2.8 (Stamatakis, 2006) and the default GTR + G model
for each partition. Five independent ML searches were run
with different starting conditions and the fast bootstrap algo-
rithm to explore the robustness of the branching patterns by
comparing the best trees. Then, 1000 nonparametric thor-
ough bootstrap values were calculated and plotted against
the best tree.

Maximum Likelihood and Bayesian analy-
ses yielded identical tree topologies with well-
supported branching patterns, except for some
deeper nodes (fig. 2). The trees reflect the 16
mitochondrial clades or lineages of Kindler et
al. (2013). Our 50 new samples represent lin-
eage 3 (47 samples) and lineage 8 (3 samples) of
Kindler et al. (2013). These two lineages were
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Figure 2. Mitochondrial phylogeny of grass snakes inferred by Maximum Likelihood analyses using 1984-bp mtDNA
(ND4+tRNAs, cyt b) of 131 samples of Natrix natrix. Terminal clades collapsed to cartoons. Outgroups (N. maura, N.
tessellata, Nerodia sipedon) removed for clarity. Numbers along nodes indicate branch support under Maximum Likelihood
(1000 bootstrap replicates) and Bayesian analyses (posterior probabilities). Asterisks indicate maximum support under both
methods. Clade symbols correspond to fig. 1. Countries indicate distribution range of lineages (Kindler et al., 2013). Samples
from the Baltic region in bold (number of studied samples in brackets). Inset: N. natrix from eastern Zealand, Denmark
(photo: H. Bringsøe). This figure is published in colour in the online version.
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already known from the Baltic region. However,
with three records in the southern Finnish main-
land (fig. 1), lineage 8 was discovered for the
first time for Fennoscandia. Previously, this lin-
eage was in the Baltic region only known from
Lithuania, eastern Poland and Russia (Kindler
et al., 2013). Lineage 3 is widely distributed in
Denmark, Norway, Sweden (including Gotland)
and on the Finnish Åland Islands (fig. 1). These
regions are inhabited exclusively by snakes har-
bouring haplotypes of lineage 3, except Got-
land, from where Kindler et al. (2013) reported
also lineage 4. Lineage 3 has also a wide dis-
tribution in northern Germany (and probably
Poland), while lineage 4 seems to be rare in
the Baltic region, with only one record in north-
ern Germany and another one in central Poland.
Thus, there is evidence for a triple Holocene in-
vasion of the Baltic region and Fennoscandia
(fig. 1).

It has been suggested that lineages 3 and
4 survived the last glacial in refuges on the
Balkan Peninsula (Kindler et al., 2013), from
whence they spread northwards. For terrestrial
species, it was easy in the early Holocene to
reach Fennoscandia from the south, because
Sweden and Central Europe were connected via
Denmark (Björck, 1995). However, in contrast
to mammals (e.g. Sommer et al., 2008, 2009a,
2011) or the European pond turtle (Sommer
et al., 2009b), the fossil record is not helpful
for determining the arrival date of grass snakes
in Fennoscandia. There are only few Holocene
records in Denmark and Sweden. One find from
6310 ± 105 to 5180 ± 95 years before present
was discovered in northern Zealand, Denmark
(Aaris-Sørensen, 1980). Further records from
Denmark and Sweden date to the Atlantic pe-
riod (approximately 9200 to 5800 years before
present; Wieseke, 2007). Yet, the absence of lin-
eage 4 in Denmark, Norway and Sweden (ex-
cept Gotland) and its rareness in northern Ger-
many and Poland suggests that lineage 3 had
reached the Baltic region first and that lineage 4
arrived later. Obviously, lineage 4 was either not
able to invade southern Scandinavia or to estab-

lish there because the habitats were already oc-
cupied by grass snakes harbouring haplotypes
of lineage 3.

Lineage 4 was more successful on Gotland.
This island started to emerge out of the Baltic
Ice Lake 10 300 years ago. It was never con-
nected by land bridges to the Scandinavian
Peninsula or the southern Baltic coast (Björck,
1995). Thus, N. natrix must have reached Got-
land either by natural or human-mediated over-
seas dispersal. For natural overseas dispersal
speaks that a similar case is known from the
closely related dice snake (N. tessellata). It
lives in the Black Sea on the famous ‘snake
island’ (Ukraine), 40 km off the Danube estu-
ary (Mertens, 1957). However, it is also possi-
ble that grass snakes were introduced to Got-
land, either by chance or deliberately, and both
options are not mutually exclusive. That human
activity could play a role is underlined by the re-
cently reported accidental introductions of grass
snakes to the German island of Sylt (Böhme and
Grell, 2013).

In any case, grass snakes harbouring haplo-
types of lineage 4 must have arrived on Gotland
from the south, because this lineage is lacking
in Denmark and mainland Sweden. The geo-
graphic origin of the Gotland snakes harbouring
lineage 3, widely distributed in Scandinavia and
along the south coast of the Baltic Sea, cannot
be inferred.

The discovery of lineage 8 in Finland pro-
vides evidence that another colonization wave
reached Fennoscandia from the east, repeating
a phylogeographic pattern known from other
species which invaded Fennoscandia from the
south and east (Vipera berus: Ursenbacher et
al., 2006; Sorex araneus: Fredga and Nawrin,
1977; Castor fiber: Horn et al., 2014; Micro-
tus agrestis: Jaarola and Tegelström, 1995; Mi-
crotus oeconomus: Brunhoff et al., 2003; Myo-
des glareolus: Tegelström, 1987; Meles meles:
Marmi et al., 2006; Ursus arctos: Taberlet et al.,
1995). Lineage 8 is thought to have spread from
a glacial refuge in the Caucasus region (Kindler
et al., 2013).
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In some of the other species, distinct ge-
netic lineages established contact zones in
Fennoscandia (Taberlet et al., 1998), and this
could be also true for N. natrix. For Vipera
berus, such a contact zone has been inferred for
northeastern Fennoscandia (Ursenbacher et al.,
2006). For beavers (Horn et al., 2014), brown
bears (Taberlet et al., 1995), root and field voles
(Jaarola and Tegelström, 1995; Brunhoff et al.,
2003) and common shrews (Fredga and Nawrin,
1977), the contact zones are located further
southwestwards, in central Norway and cen-
tral Sweden. However, with respect to the grass
snake, it is unclear whether such a contact zone
exists at all. Many old grass snake records from
central Norway are most probably wrong or re-
fer to confusions with V. berus (D. Dolmen,
pers. comm. 2014), and many northern records
in Sweden and Finland are doubtful as well (cf.
Fog et al., 1997 and Kabisch, 1999). Thus, the
Fennoscandian ranges of grass snakes harbour-
ing haplotypes of lineages 3 and 8 could be fully
allopatric (fig. 1).
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Appendix 2. Evolutionary models for MRBAYES calculated
with PARTITIONFINDER.

Gene Partition Evolutionary model

ND4 1-696:
Codon position 1 GTR + G
Codon position 2 F81 + I
Codon position 3 GTR

tRNAs 697-867 K80 + I
cyt b 868-1984:

Codon position 1 HKY + G
Codon position 2 HKY + I
Codon position 3 GTR + G


