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Abstract
Among invasive squirrels in Europe, the Siberian chipmunk Eutamias sibiricus, native to North-East Asia, shows the highest
number of free-ranging populations in European countries, due to the intense pet trade it underwent between the 1960s and the
1980s.We describe 628-bp cytochrome b sequences from the Netherlands (N = 3), Belgium (N = 4) and Switzerland (N = 1), and
through phylogenetic analysis show that they belong to the Korean subspecies. This confirms previous findings that the Korean
subspecies (Eutamias sibiricus barberi) has been the most commonly introduced to Europe. Another subspecies (the Northern
subspecies, Eutamias sibiricus sibiricus) has only been reported previously in an Italian free-living population. If the splitting of
the Korean taxon as a proper species (Eutamias barberi) will be confirmed by analysis of nuclear markers, a revision of the
European Regulation 1143/2014 should be conducted to explicitly ban the trade of newly identified taxa.
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Introduction

Origins of introduced species, particularly those listed within
the EU Regulation 1143/2014, need to be assessed (Lawson
Handley et al. 2011; Mazzamuto et al. 2016; Iannucci et al.
2018, 2019; Mori et al. 2019a; Fratini et al. 2020), to prevent
further invasions and to regulate/ban their trade. Among those,
the Siberian chipmunk Eutamias sibiricus is a small-sized

squirrel species, naturally distributed in Northern and
Eastern Asia, with free-ranging populations occurring in
Europe, particularly in France, Belgium, the Netherlands,
Switzerland and Italy (Mori et al . 2018a; www.
waarnemingen.be). Besides isolated observations in several
other European countries (i.e. Sweden, the UK, and Austria),
reproduction in Denmark (Teglgårdsparken) and Greece
(Ymittos mountain) has not been confirmed in recent years
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and local nuclei may have gone extinct. Similarly, in
Germany, the Siberian chipmunk has not been able to
establish reproductive populations, with nearly all
individuals vanished in a few years. Only in North Rhine-
Westphalia, two very small nuclei (i.e. south of Essen and
south of Bonn) were present since the 1970s up to 2 years
ago, with no recent confirmation (Grimmberger 2014;
Vierhaus 2020).

Although nine morphological subspecies have been de-
scribed for Eutamias sibiricus (Thorington et al. 2012), mo-
lecular mitochondrial and skull morphology confirmed the
existence of three major lineages of Palearctic chipmunks:
the Korean subspecies (Eutamias sibiricus barberi), the
Central Chinese subspecies (Eutamias sibiricus senescens)
and the Northern subspecies (Russia, Mongolia, Northern
China, North Korea and Japan: Eutamias sibiricus sibiricus:
Obolenskaya et al. 2009; Lissovsky et al. 2017; Mori et al.
2019a).

Most of the free-ranging populations of Siberian chip-
munks in Italy and France belonged to the Korean subspecies
(Pisanu et al. 2013; Mori et al. 2018b), most likely as a result
of an intense pet trade betweenKorea and Europe in the 1960–
1980s (Bertolino 2009; Pisanu et al. 2013; Mori et al. 2019a).
As to Italy, some chipmunks of the Northern subspecies have
also been released (Mori et al. 2018b).

In the rest of Europe, Siberian chipmunks have been poorly
studied and their origin never assessed (Schmidt 2003;
Verbeylen 2003; Peeters 2012). Thus, in our work, we aimed
at identifying the origin of Siberian chipmunks with
established alien populations in Europe (Mori et al. 2018a).
We predicted that most of them belong to the Korean subspe-
cies, given the intense trade which has occurred between
Korea and Europe when most populations established, and
in line with previous studies including those on French
(Pisanu et al. 2013) and Italian (Mori et al. 2018b)
populations.

Materials and methods

We contacted local Natural History Museums as well as local
rodent experts throughout Europe to ask for chipmunk sam-
ples from European populations, but we obtained little feed-
back. Therefore, we analysed hair and tissue samples from
individuals directly sampled by the authors. We were not able
to collect any samples from Germany, as the local population
density of Siberian chipmunks is very low (Table 1).

DNA was extracted from samples (i.e. ears/tongues from
dead specimens; hairs from living and museum-preserved in-
dividuals) of nine Siberian chipmunk specimens collected in
1983–2018 from the Netherlands (N = 3), Belgium (N = 4)
and Switzerland (N = 1: Figure S1 in Supplementary Material
1), and from one more specimen from Siberia (Russia). We

used the PureLinkTM DNA Mini Kit (Invitrogen, by Thermo
Fisher Scientific ®) and we followed the manufacturer’s in-
structions. The reliability of DNA extraction was controlled
through a negative control (i.e. no tissue added) and the DNA
content determined through an Eppendorf Ultraviolet
Spectrophotometer (AG Eppendorf ®). Sequences of the
mtDNA gene cytochrome-b show significant divergence
among the three subspecies of the Siberian chipmunk
(Pisanu et al. 2013; Mori et al. 2018b), thus allowing re-
searchers to infer the geographical origin of populations of
this species. We used species-specific primers (Pisanu et al.
2013) to sequence a 628 bp fragment of the mtDNA cyto-
chrome-b, so to compare our results with previous studies
(Lee et al. 2008; Pisanu et al. 2013; Mori et al. 2018b).
Obtained sequences were aligned using MUSCLE (Edgar
2004). Conserved regions at both ends were used to design
custom primers (Bio-Fab Research, Rome, Italy) with high
melting temperature (i.e. > 60°C) following Nerva et al.
(2016). PCR reactions were run through a 2720 Thermal
Cycler (Applied Biosystems), using about 35 ng/μl of each
DNA template and following this profile: 3 min 94°C, 30
cycles of 35 s at 94°C, 45 s at 62°C and 3 min at 72°C,
followed by 7 min at 72°C.

We downloaded 153 sequences of cytochrome-b from
GenBank from throughout the range (Piaggio and Spicer
2001; Lee et al. 2008; Obolenskaya et al. 2009; Pisanu et al.
2013; Lissovsky et al. 2017; Mori et al. 2018b: Table S1 in
Appendix 1); three more sequences from France were provid-
ed to us by Pisanu et al. (2013). We excluded from our anal-
yses sequences of Siberian chipmunks from pet shops (Chang
2008; Lee et al. 2011) and voucher samples whose native
origin cannot be assessed in detail (Reid et al. 2012), as well
as cytochrome-b fragments smaller than 400 bp (Kim et al.
2018). Sequences of North American chipmunks (Piaggio and
Spicer 2001) and of Tamiops maclellandii (Li et al. 2008)
were used as outgroups. We used ClustalW to perform
pairwise alignments (Higgins and Sharp 1988). The best
fitting evolutionary model was selected using the algorithm
implemented in MEGA7 (Kumar et al. 2016).

Phylogenetic relationships were inferred through the max-
imum likelihood method based on the Tamura-Nei model, as
well as through the neighbour-joiningmethod (1000 bootstrap
replicates: Figure S2 in Supplementary Material 1). A haplo-
type network of E. sibiricus was built with the program TCS
1.21 (Clement et al. 2000) and then edited with tcsBU (dos
Santos et al. 2016) and Adobe Illustrator CC 2019.

Results

We obtained a total of eight new sequences of Siberian chip-
munk in Europe, from two Belgian (and two additional sam-
ples from Flanders without exact locations), the largest Dutch
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and the only Swiss populations (Accession numbers in
Table S1 and Figure S2, Supplementary Material 1: Fig. 1).
A new sequence was also obtained from a Russian specimen.
Furthermore, we added sequences of French specimens previ-
ously analysed by Pisanu et al. (2013) to online databanks
(Table S1 in Supplementary Material 1).

European sequences belonged to 14 haplotypes
(Belgium, N = 1; Italy, N = 7; France, N = 3; the
Netherlands, N = 2; Switzerland, N = 1). All individuals
from Europe, except for one from Italy (Rome), were
clustered with the samples from South Korea (Fig. 1;
phylogenetic trees: Figure S2 in Supplementary Material
1). Only one individual from Rome (Villa Ada) clus-
tered within the Northern clade (Fig. 1). Our phyloge-
netic reconstruction confirmed that Japan hosts both na-
tive populations of the Northern subspecies and intro-
duced populations of the Korean subspecies (Fig. 1).

Discussion

Our new results for the Netherlands, Belgium and Switzerland
confirm that Siberian chipmunks introduced into Europe are
typically of the Korean subspecies. Similarly, in Japan, the
Northern subspecies is considered to be native at least in
Hokkaido, but several Korean individuals have been released,
therefore threatening the genetic purity of the native popula-
tion of Siberian chipmunks (Mori et al. 2019a; Morishima
et al. 2020). The Korean chipmunk has the smallest native
range within the Eutamias sibiricus complex, thus providing
a strong confirmation that size of native range is not a good
predictor of invasion success (Pisanu et al. 2013; Mori et al.
2019a). Pisanu et al. (2013) reported evidence of an intense
pet trade between Korea and other countries, including
European ones (cf. Chang 2008; Lee et al. 2011), peaking
between the 1960s and 1980s. The great trade effort may have

Table 1 Estimated population
sizes of chipmunks Eutamias
sibiricus in Europe (Verbeylen
2003; Peeters 2012; Andreoni
2020)

Country Population counts N individuals

Belgium 7,500 in 1998 (Sonian Forest), 2 other populations: possibly extinct 7,500

the Netherlands About 100 (1 large population, Tilburg) 100

Switzerland About 100 (1 population) 100

Italy 4–6 (Valbelluna), less than 10 (Rome), 45 (Sigurtà Garden Park) 60

France About 10,000 (22 populations) 10,000

Germany No more than 20 individuals (max. 2 populations) 20

Total 17,780

Populations of Tamias striatus in Wuppertal (North Rhine-Westphalia) and of Tamiops swinhoei at Neuss (North
Rhine-Westphalia) seem to be extinct

Fig. 1 Haplotype network based
on all available sequences of
Siberian chipmunks. Different
colours refer to different countries
of origin. Size of each circle is
proportional to the frequency of
each haplotype in our sample.
Median vectors, which represent
either extant unsampled or extinct
ancestral sequences, are indicated
by white circles
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resulted in a high propagule pressure for European popula-
tions, also supported by the observation of several isolated in-
dividuals and by several unestablished nuclei (Mori et al. 2018b).
Our pan-European analysis supports the importance of the pet
trade as a factor positively influencing the establishment of alien
squirrels (Bertolino 2009). Accordingly, the recent EU
Regulation 1143/2014 on Invasive Alien Species has listed sev-
eral species of squirrels, including Eutamias sibiricus, banning
their trade and promoting (i) prevention of further introductions,
(ii) early detection and rapid removal of new nuclei and (iii)
management (e.g. numerical control) of established populations.
The Siberian chipmunk was a very common pet before this law
(Chang 2008; Bertolino 2009; Lee et al. 2011).

Nuclear markers are required to assess whether the
Northern and Korean taxa may in fact be distinct species
and nuclear markers should be deployed rapidly to determine
whether this is the case (Mori et al. 2019b; Ottenburghs 2020).
If the Korean chipmunk were confirmed as a proper species
(Eutamias barberi) and accepted by the global community
(e.g. the IUCN), given its impacts in a highly environmentally
suitable Europe (Mori et al. 2019a), a rapid risk assessment
should be carried out to avoid the newly designated species
would be sold again in European pet markets.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s13364-021-00569-4.
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