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Abstract. The Copse Snail, Arianta arbustorum (Linnaeus, 1758), is a common species in Europe, reaching from the
Pyrenees in the south to the Arctic circle in northern Norway, and from the British Isles in the west to Russia in the
east, with populations further afield in Iceland, Faroe Islands, and Canada. While its populations in Central Europe
and the Alps have been widely studied, little is known about the Baltic coast and Nordic populations in Europe,
including the Icelandic A. a. pseudorudis (Schlesch, 1924). We conducted a phylogeographic study focusing on the
Baltic and Nordic populations of A. arbustorum, covering nearly all the species’ distribution, including individuals
from all recognized subspecies. Our analysis showed the existence of a monophyletic Baltic/Nordic clade that rep-
resents a recent expansion front of the copse snail towards northern latitudes. Moreover, there were likely multiple
introduction events in Iceland, and A. a. pseudorudis is considered a synonym of A. a. arbustorum. The type locality
of A. arbustorum is restricted to Sweden, based on original literature and reassessment of syntypes. Arianta canigon-
ensis (Boubée, 1833) is considered a separate species and has nomenclatural priority over A. xatartii (Farines, 1834),
resulting in new combinations: A. canigonensis doriae (Paulucci, 1878) comb. nov., A. canigonensis gaillardi (Germain,
1912) comb. nov., A. canigonensis repellini (Reeve, 1852) comb. nov., A. canigonensis vareliensis (Ripken & Falkner,
2000) comb. nov,, and A. canigonensis xatartii (Farines, 1834) comb. nov. Only three subspecies remain in A. arbusto-
rum: the nominate A. a. arbustorum, A. a. stenzii (Rossmissler, 1835), and A. a. styriaca (Frauenfeld, 1868); the other
subspecific taxa (alpicola, picea, pseudorudis) cannot be maintained as distinct subspecies and are synonymised with
nominate arbustorum.
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INTRODUCTION

The Copse Snail, Arianta arbustorum (Linnaeus, 1758), is
a common helicid species in many parts of Europe, being
found from natural areas to urban settings in most of its
range. It reaches from the Pyrenees in the south through
the Alps and to the Arctic circle in northern Norway, and
from the British Isles in the west to Russia in the east, with
populations further afield in Iceland, the Faroe Islands,
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and Canada. Such wide distribution, both latitudinally
and altitudinally, is multifaceted. Firstly, the species has
been extending its range both (1) naturally (often indi-
rectly benefiting from human action, such as the tempera-
ture increases in northern latitudes and more continental
areas), and (2) through direct (albeit accidental) transport
by humans (Bondareva et al. 2018; Mukhanov and Lisitsyn
2018; von Proschwitz et al. 2023). One of the potential rea-
sons behind such wide geographical coverage could be its

©The authors. This work is freely available under the Creative Commons Attribution 4.0 International licence (CC BY 4.0).


https://creativecommons.org/licenses/by/4.0/
mailto:salvador.rodrigo.b@gmail.com
https://orcid.org/0000-0002-4238-2276
https://orcid.org/0009-0004-2835-0915
https://orcid.org/0009-0006-5418-891X
https://orcid.org/0000-0002-1042-0725
https://orcid.org/0000-0002-4805-5612
https://orcid.org/0000-0002-8855-4803
https://zoobank.org/urn:lsid:zoobank.org:pub:20E216CD-AC46-4C33-B153-A5B3C2AE335C
https://doi.org/10.61733/jconch/4571

SALVADOR ET AL.: Phylogeography of Nordic Arianta arbustorum 824

active dispersal ability, shown via behavioural tests to be
the highest among common European Helicoidea (Dahirel
etal. 2015).

Arianta arbustorum is reasonably variable in size, shell
shape, shell colour, and soft body (head-foot) colour, lead-
ing to many localized morphs being described as forms,
varieties, subspecies, and even full species throughout the
past two centuries (Taylor 1914; Salvador et al. 2025).
Most of these names have been synonymized through the
years, but several remain commonly accepted in the liter-
ature to this day, mostly as subspecies, depending on the
author and publication (e.g. Welter-Schultes 2012; Cade-
vall & Orozco 2016). Besides nominate A. a. arbustorum,
the most common subspecies seen in the literature, either
widely accepted or more occasionally used (e.g. Gitten-
berger et al. 2004; Groenenberg et al. 2016; Hausdorf &
Walther 2021; MolluscaBase Eds 2026), are: A. a. alpicola
(A. Férussac, 1821), A. a. canigonensis (Boubée, 1833), A.
a. doriae (Paulucci, 1878), A. a. gaillardi (Germain, 1912),
A. a. picea (Rossmissler, 1837), A. a. pseudorudis (Schlesch,
1924), A. a. repellini (Reeve, 1852), A. a. stenzii (Rossmiss-
ler, 1835), A. a. styriaca (Frauenfeld, 1868), A. a. vareliensis
Ripken & Falkner, 2000, and A. a. xatartii (Farines, 1834).
The latter subspecies, from the Pyrenees, is often consid-
ered a separate species, A. xatartii, in publications on the
Spanish fauna (e.g. Verdu et al. 2011; Cadevall & Orozco
2016).

Previous phylogenetic and phylogeographic studies on
the arbustorum complex based on mitochondrial mark-
ers (e.g. Gittenberger et al. 2004; Groenenberg et al. 2016;
Hausdorf & Walther 2021) offered some hints about the
species’ relationships but were restricted to Central Euro-
pean snails, with a heavy focus on the Alpine forms. Thus, a
significant portion of A. arbustorum populations in Europe
remained unstudied, particularly the Baltic and Nordic
ones, from Denmark and northern Germany to Estonia and
Russia in the west, Fennoscandia in the north, and Iceland
in the Atlantic.

Here we conduct a phylogeographic study of A. arbusto-
rum, covering nearly the species’ entire distribution (except
for portions of eastern Europe), and including individuals
from all the above-mentioned subspecies (including A.
xatartii). In particular, we carried out an ample sampling of
Baltic and Nordic populations, including the Icelandic A. a.
pseudorudis, as well as samples from the introduced popula-
tion in Canada. We also take the opportunity to revisit the
fossil taxon A. a. gaillardi and to restrict the type locality of
nominate A. arbustorum. Our analysis also has some impli-
cations for the classification of the involved taxa.

MATERIAL AND METHODS

Studied specimens

Specimens were selected to cover as much of the species’
geographic distribution as possible, also including a large
sampling from areas of interest in northern Europe. Atten-
tion was also paid to include specimens of all potential sub-
species/species. A total of 117 specimens were sequenced
and used in this study; the full list of specimens can be seen
in Table 1 (including collection data and GenBank acces-
sion numbers).

The specimens (preserved in ethanol 70-96%) are
deposited in the following natural history collections:
GAMNH, “Grigore Antipa” National Museum of Natu-
ral History (Bucharest, Romania); KUO, Kuopio Natural
History Museum (Finland); MNHN, Muséum national
d’Histoire naturelle (Paris, France); MZB, Museu de Cién-
cies Naturals de Barcelona (Spain); MZLU, Lund Museum
of Zoology (Sweden); MZH, Finnish Museum of Natural
History, Luomus (Helsinki, Finland); NHMD, Natural
History Museum of Denmark (Copenhagen, Denmark);
NHMW, Naturhistorisches Museum Wien (Vienna, Au-
stria); NMS, National Museums Scotland (Edinburgh,
Scotland); NSII (formerly IINR), Natural Science Institute
of Iceland (Gardaber, Iceland); NTNU, University Mu-
seum, Norwegian University of Science and Technology
(Trondheim, Norway); RMNH, Naturalis Biodiversity
Center (Leiden, The Netherlands); TAMZ, Estonian Mu-
seum of Natural History (Tallinn, Estonia); ZMB, Museum
fiir Naturkunde (Berlin, Germany).

Further comparative specimens (shells, including the
type specimens we could trace, covering most but not all
taxa) were studied for our taxonomic discussions, housed
in the collections listed above as well as the following addi-
tional collections: LINN, The Linnean Society of London
(London, UK); MDC, Musée des Confluences (Lyon,
France); NHMUK, Natural History Museum (London,
UK); RBINS, Royal Belgian Institute of Natural Sciences
(Brussels, Belgium); SMF, Naturmuseum Senckenberg
(Frankfurt .M., Germany; UPSZTY, Zoological Museum
of Uppsala (Uppsala, Sweden); ZSM, Zoologische Staats-
sammlung Miinchen (Munich, Germany).

DNA extraction, amplification, and sequencing

A small tissue clip was obtained from each voucher speci-
men for DNA extraction at the Luomus DNA Lab (Univer-
sity of Helsinki). Extraction followed the standard protocol
of the QTAGEN DNeasy® Blood & Tissue Kit but including
a small modification of the final step in order to increase



SALVADOR ET AL.: Phylogeography of Nordic Arianta arbustorum 825

yield (i.e. using only one-quarter of suggested buffer AE
amount, and repeating the step).

For this study, we targeted three molecular markers that
are informative at the population level, two mitochondrial
(the barcoding fragment of the COI gene and the 16S rRNA
gene) and one nuclear (the non-coding ITS2 region). The
COI marker (c. 650 bp) was amplified using invertebrate
primers LCO/HCO (Folmer et al. 1994); for 16S (c. 450
bp), primers 16SarL/16SbrH (Simon et al. 1994) were
used; ITS2 (c. 430-450 bp) was amplified using primers
LSU-1/LSU-3 (Wade & Mordan 2000; Wade et al. 2006),
which also includes the 3" end of the 5.8S rRNA gene and
the 5" end of the 28S rRNA gene.

PCR amplification was conducted according to the fol-
lowing protocols. COI and 16S markers: 3 min initial de-
naturation at 96 °C; 35 cycles of denaturation at 95°C
(30 s), annealing at either 48 °C (COI) or 50 °C (16S) (1
min), and extension at 72 °C (2 min); S min final extension
at 72 °C. ITS2/28S markers: 3 min initial denaturation at
95 °C; 40 cycles of denaturation at 95 °C (30 s), annealing
at 50 °C (ITS2 section) (1 min), and extension at 72 °C (§
min); 4 min final extension at 72 °C. The success of PCR was
assessed visually via agarose gel electrophoresis. The PCR
products were cleaned with ExoSAP-IT™ (Affymetrix Inc.)
following the manufacturer’s protocol. All samples were
sent to Macrogen Europe (Amsterdam, The Netherlands)
for Sanger sequencing.

Phylogenetic analysis

Resulting sequence data were quality-checked visually
(using Phred Quality Score of bases) and de novo assembled
in Geneious Prime (v. 2025.0.2, Biomatters Ltd). The con-
sensus sequences were extracted and uploaded to GenBank
(Table 1).

Further sequences of Arianta spp. from published stud-
ies, as well as of the outgroup (Helicigona lapicida), were
obtained from GenBank (Table 2). Nearly all these addi-
tional terminals had sequences available for the COI and
16S markers only, so we used solely those specimens that
covered gaps in our sampling to avoid including too much
missing ITS2 data in the analysis. The locality of origin of
the sequenced specimens and GenBank data used was
mapped in Figure 1 to better illustrate our coverage (geo-
graphic coordinates can be found in Suppl. File Table S1).
Most data available on GenBank is from the COI marker
only, which were not included in the phylogeny but were
used for the haplotype network (see below).

Sequence alignment was done in Geneious Prime via the
MUSCLE plugin (Edgar 2004), optimized for accuracy (de-

fault settings). The resulting alignments of each marker were
visually proofed for inconsistencies. The alignments of the
three markers were then concatenated for the phylogenetic
analysis.

A Bayesian inference phylogenetic analysis was done
using MrBayes (v. 3.2.7, Ronquist ef al. 2012) via the CIP-
RES Science Gateway (v. 3.3, Miller et al. 2015). Two con-
current analyses with 4 Markov chains each were run for
140 million generations using a generalized time reversible
model, nst = 6, default priors, and rates set to “invgamma”.
The substitution model parameters were unlinked across
the three markers. The first 20% trees were discarded as
‘burn-in’ MCMC convergence was assessed by examining
the standard deviation of split frequencies (~0.005) and
the potential scale reduction factor (PSRF = 1.0), as well as
trace plots (Ronquist et al. 2009).

Haplotype networks

Haplotype networks were built to explore relationships that
might not be immediately observable in the phylogenetic
tree and, thus, provide additional insights into the group’s
evolution. Sequence alignment was done in Geneious
Prime via the MUSCLE plugin (Edgar 2004), as above. A
minimum-spanning (¢ = 0) haplotype network for COI, 16S
and concatenated COI+16S alignments were constructed
in PopART (v. 1.7; Leigh & Bryant 2015), using the median-
joining algorithm (Bandelt et al. 1999).

For the COI-only haplotype analysis, we included
many sequences in addition to the ones used in our phy-
logenetic analysis (Tables 1, 2), making use of the wealth
of COI data of A. arbustorum sensu lato available on Gen-
Bank. Additional COI sequences came from the studies
of Gittenberger et al. (2004), Haase (2003, 2013), Haase
& Misof (2009), Bondareva et al. (2020), and Hausdorf
& Walther (2021). However, not all their sequences were
used. Bondareva et al. (2020) used mini barcodes in their
study, which is a much shorter sequence; in our analysis,
that results in plenty of ‘missing data’ points in the longer
sequences that we and most previous studies used. Thus,
we included only those sequences of Bondareva et al.
(2020) that were relevant to our analysis according to our
geographic coverage (Fig. 1). The datasets of Haase (2003,
2013) and Haase and Misof (2009) include sequences of
multiple individuals collected in the exact same localityina
relatively small area. Including all of them would not bring
much information to our analysis, so we simplified their
datasets by leaving only one sequence per unique locality.
The full list of sequences used here, alongside their locality
data and GenBank accession numbers, can be found in the
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Figure 1. Map showing the origin of sequenced specimens and GenBank data used in the phylogenetic analysis (outgroup not shown).
Base map source: Open Street Map (public domain). A, Arianta arbustorum arbustorum; synonymized Icelandic A. a. pseudorudis is
shown in a different colour. B, inset showing the introduced population of A. arbustorum in Canada. C, A. canigonensis and Alpine sub-

species of A. arbustorum.



SALVADOR ET AL.: Phylogeography of Nordic Arianta arbustorum 831

Supplementary File (Table S2).

The 16S haplotype analysis was done using the same
sequences as the phylogeny, as there was no additional data
available locality-wise (Tables 1, 2). Similarly, the concate-
nated COI+16S analysis was done with the same sequences
as the phylogenetic analysis, though in this case, we removed
from the analysis the four specimens that were missing one
of the markers (Tables 1, 2).

Distribution maps

Maps were created with QGIS v. 3.30 (QGIS 2026) using
Open Street Map (OSM) as the base layer map for plotting
the points.

To illustrate the distribution of A. arbustorum, focus-
ing on the Nordic region, distribution data was obtained
from GBIF on 16 March 2025 (download file identi-
fier: doi: 10.15468/d1.fn35fp). The raw GBIF data were
cleaned by downloading only georeferenced data; remov-
ing records with “absent” status; removing records that are
based on fossil specimens; removing machine observation
records; removing records with uncertainty greater than
50 km.

A note of caution is needed when using GBIF data,
which is an automatic aggregator that unselectively draws
data from primary sources such as museum collection
databases, online community science platforms (e.g. iNat-
uralist), and national observation databases (e.g. LAJI,
Artsdatabanken). Variation in shell morphology and col-
oration of A. arbustorum (both adult and juveniles) often
confounds identification and the species can be mistaken
for other helicoids, notably with common species like
Cepaea hortensis, Cepaea nemoralis, Fruticicola fruticum, and
even with snails of different size categories such as Perfo-
ratella incarnata and Cornu aspersum. While these species
are quite different in external morphology, such confusion
is not uncommon, particularly with juvenile specimens;
anecdotally, around 3-5% of cases had wrong identifica-
tions on iNaturalist and also among specimens deposited
in natural history collections. The majority of records from
observation databases other than iNaturalist lack photo-
graphs or voucher specimens and thus, cannot be assessed,
though a similar error rate could be expected. As A. arbus-
torum is a well-known and conspicuous species in Europe,
this is likely not a serious problem. Still, the distribution
map presented here is only meant to illustrate the general
distribution pattern of A. arbustorum and not to be a com-
pletely accurate representation of it; in particular, records
from the edge of the species’ distribution should be taken
with a grain of salt.

RESULTS

Phylogenetic analysis

The multi-marker phylogenetic analysis comprised 133 ter-
minals, and the concatenated sequence was 1587 bp long
(COI =658, 16S =425,ITS2 = 504).

The resulting tree (shown in two parts in Figs 2 and 3),
recovered Arianta schmidtii (Rossmissler, 1836) as the sis-
ter to A. arbustorum “sensu lato” (i.e. including A. xatartii).
Several clades were recovered inside the latter and we will
explore each in order of branching (i.e. from bottom to top
of Fig. 2).

The first clade (Fig. 2) is made of snails from the Pyre-
nees (both French and Spanish) and the Western Alps
(France and Italy) (posterior probability, PP = 1); it is the
sister group of the remainder A. arbustorum (Fig. 1). Within
this clade, the subspecies doriae (from Italy) is sister to the
rest (PP = 0.99), which are divided in two branches: one
French Alpine (PP = 1) including subspecies repellini and
vareliensis (each PP = 1); and another from the Pyrenees
(PP = 1), including French subspecies canigonensis (PP = 1)
and Spanish species A. xatartii (PP = 0.98).

The clades of A. arbustorum sensu stricto are designated
by numbers of 1 to 4 to make discussion easier (Fig. 2). The
A. arbustorum Clade 1 (PP = 1) is made up of eastern Alpine
snails and is sister to nominate A. arbustorum (Clades 2—4,
Fig. 2). It is divided in two branches: one Italian (PP = 1)
representing subspecies stenzii; and another Austrian (PP
= 0.86 on base, but higher support internally) representing
subspecies styriaca but containing one individual identified
as nominate arbustorum from the study by Groenenberg et
al. (2016).

The nominate A. arbustorum clade has borderline strong
support (PP = 0.94) and can be divided in Clades 2 to 4
(Fig. 2). Clade 2 (Fig. 2) has moderate support (PP =
0.93), likely due to the basalmost English representative,
which lacks information for the 16S marker (Table 2). Its
more internal trichotomous clade has strong support (PP =
1) and contains specimens from France, central Germany,
Austria, Romania, and Slovenia; the latter two countries
include forms traditionally considered as subspecies picea.
Clade 2 is sister to a clade with low support (PP = 0.66) con-
taining Clades 3 and 4; the low support means that a differ-
ent arrangement of these clades is not unlikely.

Clade 3 has moderate support (PP = 0.93) and is com-
posed of two main sub-clades with strong (PP = 1) and
moderate (PP = 0.92) support (Fig. 2). The latter contains
specimens from Italy, Czechia, and Romania, as well as spec-
imens from Austria, both Alpine and “lowland”, including


https://doi.org/10.15468/dl.fn35fp
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—————eee  A. arbustorum CLADE 4

1 p MZH HT.47176a [CAN]

MZH HT.47176b [CAN]

ST144 [NLD]

ST603 [NLD]

MZH HT.47616 [NLD]

RMNH.MOL.330408.b [NLD]

MNHN-IM-2013-77899 [FRA]
MNHN-IM-2019-44203 [FRA]
MNHN-IM-2019-44206 [FRA]
1k MNHN-IM-2019-44207 [FRA]

0.66

b ST726 [FRA]
MZH HT.45153 [AUT] A. arbustorum

NHMW 74276 [AUT] CLADE 3
NHMW 109000-ABOL-300 [AUT]

NHMW 109000-AL-732 [AUT]
ST440 [AUT]
NHMW 101212 [AUT]
0.96 k== NHMW 109000-AL-1554 [AUT] styriaca
_|: MZH HT.45155 [ITA]
0.95 NHMW 78273 [AUT]
MZH HT.45993 [CZE]
GAMNH#1 [ROU]
TL[ GAMNH#5 [ROU]
11 GAMNH#6 [ROU]
EG735 [UK-ENG]

0.94 1 E MN2552-Hel-036 [DEU]
— RMNH.5006705 [FRA]
0.93 —— GAMNH#2 [ROU] A. arbustorum
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Figure 2. Bayesian inference phylogenetic tree (50% majority-rule consensus) based on the three concatenated markers (COJ, 168,
ITS2). The species-level clades are shown in different colours and the crown “Baltic/Nordic” A. arbustorum Clade 4 is collapsed (see Fig.
3). Posterior probabilities are shown on nodes. Scale bar represents substitutions per site. See Tables 1 and 2 for more specific information
on each terminal/specimen.
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one specimen typically identified as styriaca based on its
locality of occurrence in the Alps (Grofier Priel; cf. Haase
2003, 2013; Haase & Misof 2009) but genetically (compar-
ing both mDNA and nDNA) akin to nominate arbustorum.
The other sub-clade contains specimens from France and
the Netherlands, as well as individuals from the population
that was established in Canada; the latter are more closely
related to specimens from the Netherlands. Clades 2 and
3 also contain specimens often referred to subspecies alpi-
cola (typically from France) and picea (typically from East-
ern Europe) in the literature (e.g. Gittenberger et al. 2004;
Groenenberg ef al. 2016; Hausdorf & Walther 2021).

Finally, Clade 4 has a strong support (PP = 1) and mostly
represent the Baltic/Nordic populations (Fig. 3). The first
isolate branches of this clade are from France and Austria
and then there is a 12-fold polytomy (PP = 1) contain-
ing six isolated terminals from: Russia (Karelia), Estonia,
southern Norway, Iceland, and northern Germany; three
small sub-clades, one unsupported (PP = 0.5) with speci-
mens from southern Norway, Sweden and Aland, one (PP
= 1) exclusively Finnish, and one exclusively Icelandic; two
medium-sized sub-clades (see below); and one large sub-
clade. The first of the medium-sized clades has low support
(P = 0.69) and high internal distances between terminals,
hinting that its position inside crown Clade 3 might be erro-
neous and an artifact introduced by the ITS2 marker (this
clade is more basally positioned in the mitochondrial DNA
only tree; Suppl. File Fig. S1). It contains specimens from
France, Austria, Scotland, Germany, Sweden, and Finland.
The other medium-sized clade has low support (PP = 0.73)
but is clearly Baltic in scope, containing specimens from
Denmark, northern Germany, Latvia, Estonia, Russia (St.
DPetersburg), and southern Finland.

The large sub-clade has borderline strong support (PP =
0.94) and contains specimens mostly with virtually no ge-
netic distance, coming from Denmark, Iceland, Norway,
Sweden, Finland and Estonia. The specimens from Norway
and Finland include individuals from the northernmost
populations in Troms and Lapland. Notably, the specimens
from Troms form a strongly supported (PP = 0.97) sub-
clade with some genetic distance from the others.

The mitochondrial markers are discussed in greater de-
tail in the following section. The non-coding ITS2 marker
shows marked genetic differences between species: circa
85.5-88.5% identity between xatartii/ canigonensis and both
stenzii/styriaca and arbustorum; and 92.0-100% between
stenzii/ styriaca and arbustorum. Even so, by itself, it provided
an uninformative tree, with large polytomies, which we con-
sider to be an artefact of having too many terminals from the

Baltic/Nordic populations, which have little to no variation
in the ITS2 marker, biasing the analysis. Still, the inclusion
of the ITS2 marker (in comparison to the mitochondrial
DNA only tree; Suppl. File Fig. S1) seems to have been im-
portant in solving the relationships within the non-Nordic
A. arbustorum clades (especially in Clades 2 and 3); though
it seemingly introduced a small artifact in the crown Clade
4, as mentioned above.

Haplotype analysis

A total of 301 sequences was used in the COI analysis, 127
in the 168 analysis, and 108 in the concatenated COI+16S
analysis. There are a few groupings of nodes/haplotypes
that can be immediately recognized in the haplotype net-
works (Fig. 4, Suppl. File Figs S2, S3). First, two isolated
groups represent the species-level clades formed by (1)
vareliensis + canigonensis + xatartii (doriae and repellini were
excluded in the concatenated analysis as there were no 16S
data available), and (2) stenzii + styriaca. Nominate A. arbus-
torum has multiple groups: (1) Baltic/Nordic; (2) Alpine
(Austria) (observable only in the COI network; Suppl. File
Fig. S$2); (3) and (4) two small eastern European groups
(Romania/Czechia and Romania/Slovenia); (S) and (6)
two Central European clades, one of each is more closely
linked to the Eastern European groups (a large central net-
work), while the other is closer to the Baltic/Nordic group
(more isolated). There were no significant differences
between COIL, 165, and concatenated analyses except for an
Austrian Alpine arbustorum clade that is only identified as a
distinct group in the COI network due to the larger number
of sequences (COI data from the literature).

Similarly to what was observed in the phylogenetic analy-
sis results described above: (1) specimens from England and
Scotland belong to each of the two Central European haplo-
type groups; (2) specimens from Canada are close to those
from the Netherlands; (3) Icelandic pseudorudis is included
in, and thus indistinct, from the larger Baltic/Nordic arbusto-
rum haplotype group. Furthermore, some new information
can be gleaned from the haplotype analyses in comparison to
the phylogenetic one: (1) the COI-only analysis was able to
capture a larger distinction within the Baltic/Nordic group,
more clearly separating the Baltic (e.g. Denmark, northern
Germany, Estonia, Saint Petersburg) from the Nordic (Fen-
noscandia and Iceland); and (2) a Finnish specimen cluster-
ing with the central network of Central European specimens.

Finally, genetic distances of the COI barcoding markers
across specimens are often used to indicate species-level
taxa. While in many animal taxa a 3—4% threshold is often
adopted, in stylommatophoran snails that “rule” cannot be
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country of origin.

applied, because differences might reach over 10% between
populations of a single species (e.g. Davison et al. 2009), as
it is easy for a mitochondrial lineage of slow-dispersing ani-
mals to form geographic clusters (e.g. Nekola et al. 2015).
Such distances are reported here between all analysed sub-
species taxa (Table 3), considering the 522 positions of the
COI marker for which we had data for all specimens used
in the phylogeny (excluding the short sequences of Bond-
areva et al. 2018). Sequence identity of COI goes from 93

to 98.5% between the subspecies of the canigonensis clade
(doriae + repellini + vareliensis + canigonensis + xatartii); from
96.5 to 97% between the subspecies of Clade 1 (stenzii +
styriaca) clade; and from 90.5 to 100% within the individuals
belonging to the nominate arbustorum clade (Clades 2-4),
in which the Baltic/Nordic specimens (Clade 4, including
pseudorudis) show 99-100% identity among themselves.
Sequence identity between the canigonensis clade and Clade
1 goes from 88 to 94%, and between each of them and arbus-
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torum (Clades 2—4), from 88 to 92% and from 89 to 93%,
respectively.

Di1scussIiON

We conducted a phylogeographic analysis of Arianta arbus-
torum with samples covering nearly the species’ entire dis-
tribution (except for some areas of eastern Europe) and
including all currently accepted infraspecific taxa, with a
particular focus on the Baltic and Nordic populations of
the species. Our analysis builds upon the previous works of
Gittenberger et al. (2004) and Hausdorf & Walther (2021),
complementing their dataset with a much broader sampling
from outside the Central European nucleus of the species’
distribution. We have obtained similar results in part, as well
as new insights into the involved taxa, which also allowed us
to address some taxonomic issues.

As suggested by Hausdorf & Walther (2021) (but also
visible in Gittenberger et al. 2004), the first clades to branch
off (“basalmost” clades) represent (1) a western and (2) an
eastern branch of Alpine forms (Fig. 2). The ‘western clade) as
named by Hausdorf & Walther (2021), contains the taxa from
the Pyrenees (canigonensis, xatartii) and from the western
Alps in France and Italy (repellini, doriae, vareliensis). The ‘east-
ern clade’ sensu Hausdorf & Walther (2021) contains the taxa
from the eastern Alps in Italy and Austria (stenzii, styriaca).

The “western clade” is genetically (see also Table 3),
morphologically (see discussion below), and geographically
well defined, and no hybridisation with other forms has
been reported (but see mentions of supposed intermediate
forms by Gittenberger et al. 2004). Thus, we recognize it as a
distinct species, A. canigonensis (the name has priority over
xatartii; see below). The “eastern clade” is more complex;
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despite presenting considerable genetic distance from nom-
inate arbustorum and being geographically isolated, there are
various reports of hybridisation and introgression between
stenzii/styriaca and nominate arbustorum (e.g. Baumgartner
1997; Gittenberger ef al. 2004; Hausdorf & Walther 2021).
Due to that, we maintain stenzii and styriaca as subspecies of
A. arbustorum for now, until more studies are conducted to
clarify this issue.

The nominate arbustorum clade of Gittenberger et al
(2004) and Hausdorf & Walther (2021) contained speci-
mens from Central Europe, as well as (in the case of the latter
study) a few specimens from England, Romania, and Slove-
nia. There were no representatives of the Baltic area or Nor-
dic countries in those studies; thus, their arbustorum clade
corresponds to our Clades 2 and 3 (Fig. 2). These clades
also include forms that are typically assigned to alpicola and
picea (see discussion below), which are spread throughout
the tree and thus, are not genetically distinct from nominate
arbustorum. It also includes one Austrian individual belong-
ing to styriaca, which could signify hybridisation and intro-
gression as previously reported (Gittenberger et al. 2004;
Hausdorf & Walther 2021). Also, Clade 3 includes the
introduced population in Canada.

Finally, our Clade 4 is well supported (Figs 2, 3) and rep-
resents a novel result; i.e. it was absent from the phyloge-
nies of Gittenberger et al. (2004) and Hausdorf & Walther
(2021). This newly recognized clade brings in valuable new
information. While its “basalmost” branches consist in a few
individuals from Central Europe, the crown clade contains
representatives from all around the Baltic and Fennoscandia,
namely: northern Germany, Denmark, Latvia, Estonia, Rus-
sia, Finland, Aland, Sweden, and Norway. It also contains all
specimens from Iceland.

Table 3. COI sequence identity between subspecies-level taxa, with values rounded to closest 0.5% to facilitate visualization. Compari-

son is restricted to the 522 positions of the COI marker for which we had data for all specimens used in the phylogeny (also excluding the

short sequences of Bondareva et al. 2018).

canigon-

Taxon encis xatartii repellini  vareliensis doriae styriaca stenzii  arbustorum pseudorudis
canigonensis — 98.5% 94.5-95.0% 94,00% 93.0-93.5% 92.0-92.5% 93.5-94.0% 88.5-91.5%  89.5-90.0%
xatartii 98.5% — 95.5% 94.5% 94.0% 93.0% 94.0% 89.0-92.0% 90.5%
repellini 94.5-95.0% 95.5% — 96.5% 93.0% 91.0-92.0% 92.5% 88.0-92.0%  89.5-90.0%
vareliensis 94.0% 94.5% 96.5% — 92.5% 91.5-92.0% 92.5-93.0% 89.5-91.0%  89.5-90.0%
doriae 93.0-93.5% 94.0% 93.0% 92.5% — 92.5-93.5% 93.0% 88.5-91.5%  89.0-89.5%
styriaca 92.0-92.5% 93.0% 91.0-92.0% 91.5-92.0% 92.5-93.5% — 96.5-97.0% 89.5-91.0%  89.5-90.0%
stenzii 93.5-94.0% 94.0% 92.5% 92.5-93.0% 93.0% 96.5-97.0% — 89.0-93.0% 90.5-91.5%
arbustorum  88.5-91.5% 89.0-92.0% 88.0-92.0% 89.5-91.0% 88.5-91.5% 89.5-91.0% 89.0-93.0% — 90.5-100%

pseudorudis  89.5-90.0% 90.5% 89.5-90.0% 89.5-90.0% 89.0-89.5% 89.5-90.0% 90.5-91.5% 90.5-100% —
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Thus, Clade 4 contains all the Nordic forms, including
the typical arbustorum, as we argue below, and the Ice-
land-endemic pseudorudis. It also evidences that the Central
and Eastern European Clades 2 and 3 are “paraphyletic” in
relation to Clade 4, with much more genetically distant ter-
minals, showing that the populations in those regions are
much older than the Baltic/Nordic ones. The structure of
Clade 4 by itself (polytomy with short horizontal branches)
and in relation to Clades 2 and 3 is typical of fringe popula-
tions, which represent the expanding borders of a species’
distribution that only had a short period of divergence (e.g.
Suzuki et al. 2016; Shimizu et al. 2018).

Our results have some taxonomic implications that we
explore in more detail below, including a few modifications
to the systematic classification of the studied taxa. Finally,
we discuss in greater depth the Nordic populations of A.
arbustorum.

Arianta canigonensis

The “western clade” sensu Hausdorf & Walther (2021) con-
taining populations from the Pyrenees and western Alps
is recognized here as a distinct species, for which the old-
est name available is A. canigonensis, described from the
base of Canigou mountain (Boubée 1833). Three strongly
supported subclades can be recognized in this group (Fig.
2), the Italian doriae, the French repellini + vareliensis, and
the French/Spanish Pyrenean canigonensis + xatartii; each
subclade forms a distributional cluster (Fig. 1). As the sub-
specific taxa named above represent clearly geographically
isolated populations (Fig. 1; see also Hausdorf & Walther
2021) and have significant genetic differences (Table 3),
they can be thus recognized as subspecies.

The members of the pair canigonensis and xatartii have
low genetic difference between them (COI distinction is
only 1.5%; Table 3) and proximate distribution in the Pyr-
enees. Conchological differences between them are rela-
tively small, pertaining to more globular or discoid shells
and a variability in the covering of the umbilicus. On the
other hand, difference in COI between repellini and vare-
liensis amounts to 3.5% (Table 3); morphological differ-
ences are more pronounced between this species pair, and
the populations are more distant and likely isolated from
one another.

Nomenclaturally, canigonensis has priority over xatartii,
resulting in the following four subspecies: A. canigonensis
canigonensis (Boubée, 1833), A. canigonensis doriae (Pauluc-
ci, 1878) comb. nov., A. canigonensis repellini (Reeve, 1852)
comb. nov., A. canigonensis vareliensis (Ripken & Falkner,
2000) comb. nov., A. canigonensis xatartii (Farines, 1834)
comb. nov.

It is interesting to note that A. xatartii has sometimes
been treated as a distinct species from A. arbustorum in the
literature (mostly in works from the Iberian Peninsula) but,
curiously, canigonensis has always been treated as a synonym
or subspecies of A. arbustorum, not of A. xatartii (e.g. Verdu
et al. 2011; Cadevall & Orozco 2016). As expected from a
biogeographic standpoint, here we show that these two taxa
are closely related.

In general, A. canigonensis canigonensis and A. canigonensis
xatartii have a rounder and more elevated shell (Fig. SA), with
an almost entirely covered umbilicus, of light brown to yellow-
ish brown colour, with the spiral band just slightly darker than
the base colour, with very few to no white “flecks”. Boubée
(1833) had already discussed such conchological differences,
as well as the distinct habitat in the Pyrenees, as supporting
evidence for his decision to describe canigonensis as a separate
species from A. arbustorum. There are individuals with a more
discoid shape, with a lower spire, and a larger, more open
umbilicus (e.g. Cadevall & Orozco 2016), which is the same
type of overall variation in shell shape observed in A. arbusto-
rum. While A. arbustorum is typically darker and flecked, we
can find individuals that are lighter in colour and have fewer
to no flecks throughout the species’ entire distribution (e.g.
Grime & Blythe 1969; von Proschwitz et al. 2023).

Arianta canigonensis dorige is similar to nominate cani-
gonensis in most regards (overall shell shape and size, closed
umbilicus, lack of flecks), its shell is typically of a much
darker tone of brown, albeit still with a low contrast dif-
ference between the base colour and the spiral band (see
Hausdorf & Walther 2021). Arianta canigonensis repellini has
typically more discoid shells and a partially open umbilicus,
while A. canigonensis vareliensis has globular shells with a
closed umbilicus (Fig. SB). There is a report of intermedi-
ate forms between arbustorum and repellini occurring in the
narrow contact zone of the two populations (Gittenberger
et al. 2004), although these animals have not been studied
in detail so far.

Finally, it is worthwhile noting that, while the Alps have
long been considered a glacial refugium for snails, the
importance of the Pyrenees as such has only been recently
recognized (Horsék et al. 2025). Arianta canigonensis is
interesting for having relict populations in both the Alps and
the Pyrenees.

The Pleistocene gaillardi

Helix (Arianta) arbustorum var. gaillardi Germain, 1912 is a
fossil described from Pleistocene loess deposits in Ile-Barbe,
Lyon (Germain 1912). It has been later considered a sub-
species of A. arbustorum and is currently noted as a taxon
inquirendum (MolluscaBase Eds 2026).
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Figure S. Arianta canigonensis; scale bar = S mm. A, syntype of Helix xatartii Farines, 1834, RBINS MT.3560. B, syntype of Helix repellini
Reeve, 1852, NHMUK 1953.1.19.355. C, holotype of Helix (Arianta) arbustorum var. gaillardi Germain, 1912, MDC 20402020.

The holotype (and single known specimen) of gaillardi
has a more discoid shell, with a lower and step-like spire, a
faint angulation on the body whorl immediately below the
coloured spiral band, and a partially covered umbilicus (Fig.
SC). It is thus, much closer in shape to the French Alpine
forms repellini and vareliensis than to A. arbustorum proper,
though it is significantly larger than them. In later studies,
Germain (1929) also considered this proximity to be the
case and synonymized his gaillardi with repellini, though this
has not been widely noted or adopted by later literature.

Thus, considering the new classification scheme pro-
posed above, and following Germain (1929), we reclassify
A. a. gaillardi as A. canigonensis gaillardi (Germain, 1912)
comb. nov. Its significantly larger, more discoid and angu-
lated shell, alongside its Pleistocene age and occurrence out-
side the Alps, favour its treatment as a distinct subspecies

within A. canigonensis. Thus, this fossil represents the oldest
known record of the species, though it is not currently pos-
sible to assign it an age more specific than “Pleistocene” (D.
Berthet pers. comm.).

Further fossils identified as repellini and thus, potentially
similar to A. c. gaillardi, were reported from the Geneva
Basin (Favre 1927; Germain 1929). Their identity needs to
be reassessed, as they could shed new light into the history
of the clade.

The Eastern Alps clade

The “eastern clade” (our A. arbustorum Clade 1) contains
populations from the eastern Alps (Italy and Austria) typ-
ically assigned to stenzii and styriaca (Hausdorf & Walther
2021). The subspecies stenzii, however, has sometimes been
considered a separate species from A. arbustorum, based on
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its distinctive shell morphology and reddish-brown head-
foot (e.g. Welter-Schultes 2012).

Our analysis recovered two subclades within Clade 1
(Fig.2), one strongly supported and corresponding to Italian
stenzii and another with weaker support corresponding to
Austrian styriaca (also containing one individual previously
identified as nominate arbustorum). Still, Gittenberger et al.
(2004) and Hausdorf & Walther (2021) recovered both as
mutually non-monophyletic. The styriaca clade indeed has
low support in our analysis (Fig. 2), which could indicate a
different arrangement. Furthermore, there is only 3.0-3.5%
difference between their COI markers (Table 3). Thus, the
matter of these subspecies’ monophyly must be studied in
greater depth in the future.

In addition, as seen here and in previous studies, speci-
mens identified as styriaca are sometimes recovered within
the nominate arbustorum clade and vice-versa (Fig. 2; see
also Gittenberger ef al. 2004; Hausdorf & Walther 2021).
This complication arises from hybridisation and introgres-
sion between arbustorum populations living in contact with
Alpine stenzii/styriaca (e.g. Thorson, 1931; Venmans 1954;
Baumgartner 1997; Haase et al. 2013; Hausdorf & Walther
2021). In any event, there is ample genetic distance in gen-
eral between the two Alpine subspecies and nominate arbus-
torum (Table 3); this could argue in favour of them being
treated as full species separate from arbustorum, which could
be supported by the recognized morphological differences
and their restricted geographic distribution in Alpine habi-
tats. The existence of hybrids and morphologically interme-
diate forms has likely been the factor responsible for keeping
them as subspecies of A. arbustorum, even though some
hybridisation in contact zones should not by itself preclude
the recognition of separate species if largely distinct gene
pools are maintained in the core populations (e.g. Mallet
2008; Harrison & Larson 2014).

Finally, it has been a somewhat common practice to
assign any specimen with a darker and less-calcified shell to
picea (e.g. Haase et al. 2003). This is incorrect, as discussed
in more detail further below, but it is worthwhile to note
that it could have led to “picea” specimens being recovered
inside the stenzii clade in previous studies (Hausdorf & Wal-
ther 2021).

The subgenus Altarianta

Arianta (Altarianta) Schileyko, 2013 was described based
on tenuous differences of the penis, and it was proposed as
monotypic, containing only A. stenzii. This subgenus has
largely been ignored in the literature since. Still, it is worth-
while to reiterate that stance based on phylogenetic studies

(Fig. 2; Gittenberger et al. 2004; Groenenberg et al. 2016;
Hausdorf & Walther 2021): Altarianta is “lodged” in the
midst of all other Arianta, which would render the nominate
subgenus paraphyletic. Thus, we can consider Altarianta
superfluous and a junior synonym of Arianta.

Arianta arbustorum arbustorum

Nominate arbustorum can be divided into three clades
(Figs 2, 3: Clades 2-4). Clade 2 contains specimens from
England, France, central Germany, Austria, Slovenia, and
Romania. Clade 3 contains two subclades: (3a) specimens
from Italy, Czechia, Romania, and Austria (including Alpine
specimens); (3b) France, The Netherlands, and the intro-
duced population of Canada. Clade 4 mostly represents the
Baltic/Nordic populations.

Clades 2 and 3 also contain some individuals typically
referred to alpicola and picea. These have been shown to be
synonymous with nominate arbustorum in earlier studies
(e.g. Gittenberger et al. 2004), and our results further cor-
roborate that. While most of the current literature already
does not recognize such subspecies (e.g. Kerney et al. 1983;
Turner et al. 1998; Welter-Schultes 2012), names such as
alpicola and picea can still be found in some studies and fau-
nal lists, including MolluscaBase (MolluscaBase Eds 2026).

A further clarification regarding picea is needed. Various
authors have considered picea as meaning different things:
often, any dark pigmented and/or weakly calcified shell is
assigned to picea (e.g. Haase et al. 2003); else, picea is sim-
ply considered an eastern European subspecies (e.g. Grossu
1955). Its type locality is Volhynia (Rossmaissler 1837), a
historic region between southeastern Poland, southwest-
ern Belarus, and northwestern Ukraine. Although we could
not obtain representatives from Volhynia for our analy-
sis, a Slovenian specimen typically referred to picea forms
a small clade with Romanian specimens (Fig. 2) nested
inside Clade 2. Still, there are further Romanian specimens
forming another small clade with a Czech specimen inside
Clade 3 (Fig. 2). Therefore, a geographically defined picea
likely does not represent a monophyletic lineage either and
cannot be ranked as subspecies. It should be considered a
junior synonym of nominate arbustorum and its dark shell
(Fig. 6A) is deemed part of the species’ range of morpho-
logical variation, as seen elsewhere (e.g. Iceland, see below).

The haplotype networks are useful to illustrate the rela-
tionships between Clades 2 and 3 (Fig. 4, Suppl. File Figs
S$2,53), showing large genetic variation consistent with its
wide distribution (e.g. in contrast to the smaller variation
seen in the geographically restricted A. canigonensis and
Alpine stenzii/styriaca, and to the minimal variation seen
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Figure 6. Arianta arbustorum; scale bar = 5 mm. A, holotype of Helix picea Rossmissler, 1837, SMF 5991. B, probable syntype of Helix
arbustorum Linnaeus, 1758, LINN 594 (syntype series contains seven shells). C, paratype of Helicigona arbustorum var. pseudorudis
Schlesch, 1924; ZSM.Mol.20050187.

in the widely distributed Baltic/Nordic Clade 4). One
interesting result, more immediately visible in the COI-
only haplotype analysis (Suppl. File Fig. S2), is an Austrian
Alpine arbustorum group, indicating some degree of isola-
tion. Furthermore, it would be interesting for future studies
to analyse in more detail the pattern of “double origin” of
Romanian populations.

In conclusion, the present evidence does not support the
recognition of further subspecies within A. arbustorum be-
sides the nominate one and the two eastern Alps taxa men-
tioned above (see also discussion on pseudorudis below). It
is worthwhile to mention that snails in the expanding front
of the species’ distribution (Clade 4) apparently have a small

degree of premating isolation in relation to snails from the
“core” European distribution, as shown by experiments with
captive animals from Sweden and Switzerland (Baur & Baur
1992; Baur 1993). Still, pairs from the same populations
and across populations did not differ in number of clutches
produced, clutch size, or hatching success, indicating a high
degree of reproductive compatibility between geographi-
cally distant populations (Baur & Baur 1992; Baur 1993).
Ithasbeenlongargued that the Alpine areas acted as refu-
gia for A. arbustorum during the Pleistocene glaciations (e.g.
Haase et al. 2003, 2013; Haase & Misof 2009; Hausdorf &
Walther 2021). While A. a. stenzii and A. a. styriaca remain
restricted to their mountain homes, A. a. arbustorum under-
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went a postglacial expansion in distribution (e.g. Bondareva
et al. 2020), recently reaching Fennoscandia.

Type locality

The type locality of A. arbustorum is understood to be sim-
ply “European forests” (Linnaeus 1758: “Europz arbustis”).
In the original description in Systema Naturae (Linnaeus
1758), the first reference given by Linnaeus is from his
Fauna Svecica (Linnaeus 1746), which is a compendium
on the animal species of Sweden. The second entry is Lister
(1678, 168S), from England; the third is a mistaken refer-
ence of d’Argenville (1742) that figures and describes a yel-
low shell with five brown bands and, hence, it is what later
became known as either Cepaea nemoralis (Linnaeus, 1758)
or Cepacea hortensis (O. F. Miiller, 1774).

Like most gastropod entries in Systema Naturae, the
original description is very generic and vague, mentioning
only the rough shape of the shell and its aperture (Linnaeus
1758). The description in Fauna Svecica, albeit brief, is a bit
more complete, including mentions to the shell pale-brown
colour, coloured spiral band, and whitish flecks (Linnaeus
1746). More attenuated pale brown to yellowish tones
is most prevalent in Nordic individuals of A. arbustorum.
Moreover, the series of seven potential syntypes in the col-
lection of the Linnean Society (LINN 549; Fig. 6B), though
lacking locality data, are consistent with Nordic animals in
size and colouration.

Therefore, considering the morphological description of
the species, its syntype series, and its original primary refer-
ence to the Swedish fauna, we propose restricting the type
locality of Arianta arbustorum (Linnaeus, 1758) to Sweden.

Furthermore, under the light of our phylogenetic anal-
ysis (Fig. 3: Clade 4), we reiterate here that old varieties
of arbustorum that represent Nordic phenotypes and were
described from Nordic countries, are all considered syn-
onymous with nominate arbustorum: Helix arbustorum
var. septentrionalis Clessin, 1879 (type locality: Sweden,
Medelpad); Helix (Arionta) arbustorum var. gotlandica
Westerlund, 1894 (type locality: Sweden, Gotland, Rosen-
dal; Helix (Arionta) arbustorum var. oelandica Westerlund,
1894 (type locality: Sweden, Oland, Borgholm); Arianta
arbustorum var. roseolabiata Schlesch, 1908 (type local-
ity: Denmark, Rungsted). The same is true for the Icelan-
dic Helicigona arbustorum var. pseudorudis Schlesch, 1924,
which is discussed in detail below.

The Icelandic pseudorudis

Helicigona arbustorum var. pseudorudis Schlesch, 1924 was
described from Seydisfjérdur, in Iceland (Schlesch 1924).

Morphologically, specimens of pseudorudis have smaller and
more globose shells (Fig. 6C), with adult shells often being
smaller than even the arctic Fennoscandian snails. There
seems to be minimal variation in shell shape (e.g. umbili-
cus entirely closed or only partially so; cf. paratype series
ZSM.Mo1.20050187). The shells can go from the typical
light northern morph to being more uniformly coloured
with darker tones of brown, to an extent that the contrast
between the base colour of the shell and the darker brown
spiral band can become quite faint. This led to the naming
of A. a. pseudorudis as a distinct variety (Schlesch 1924),
which was considered an endemic Icelandic subspecies and
was never revised since its description.

Investigating the status of this subspecies was an import-
ant goal of our study, so we included specimens of both dark
and light morphs, covering virtually all the distribution of
A. a. arbustorum in Iceland (Table 1), including specimen
IINR 114547 from a place close to the type locality. Consid-
ering the results of our analysis (Fig. 3), pseudorudis is virtu-
ally genetically identical to Fennoscandian A. a. arbustorum
regarding the sequenced markers. Thus, we can consider it a
junior synonym of nominate arbustorum.

Introduction to Canada

Arianta arbustorum has been repeatedly imported into
Canada with various garden plants (McAlpine et al. 2009).
The first record is an 1885 observation from Newfound-
land (Whiteaves 1904), though the species was though to
not have managed to establish itself then (Pilsbry 1939).
McAlpine et al. (2009) considered that A. arbustorum only
became established around 65 years ago. Today, the species
is present in eastern Canada in the provinces of Ontario (in
Toronto), Quebec (in Montreal), Newfoundland and Lab-
rador (on the Island of Newfoundland), New Brunswick,
and Prince Edward Island (McAlpine et al. 2009; McAlpine
& Forsyth 2014; Picard et al. 2017). So far, the species has
not been reported from neighbouring areas in the United
States. Considering its habitat requirements and sensitivity
to desiccation, it is considered unlikely to become wide-
spread or a pest in this region (Cowie et al. 2009; McAlpine
& Forsyth 2014), despite their success in urbanized envi-
ronments across Europe.

Our sequenced specimens from Canada come from
the New Brunswick population and are nested well inside
Clade 3, within a sub-clade formed otherwise exclusively by
Dutch snails (Figs 2, 4, Suppl. File Figs S2, S3). Thus, we
can assume that the origin of the specimens that led to this
established Canadian population lies in The Netherlands.
This is in line with McAlpine et al. (2009), who reported
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Figure 7. Distribution map of Arianta arbustorum in northern Europe using data extracted from GBIF. Inset map (not to scale) shows the
distribution in Iceland. Please refer to the Materials and Methods section to read about the caveats of using GBIF data. Base map source:
Open Street Map (public domain).

that most (73%) interceptions of incoming A. arbustorumin ~ 2016; Shimizu et al. 2018). This means that this clade is the
Canada were related to imported plants from The Nether-  expanding front of the species’ distribution, with little time
lands. Nevertheless, considering the distribution of the spe-  to accumulate genetic differences, signifying the expansion
cies in isolated “bubbles” in Canada, multiple introductions ~ into Fennoscandia is quite recent in evolutionary terms,
are a likely scenario, be it from the Netherlands or elsewhere  likely happening after the end Last Glacial Period, as mod-

in Europe (McAlpine et al. 2009). elled by Bondareva et al. (2020). For now, we have refrained
from calculating divergence times based on our genetic data
Nordic populations and intend to address this matter in greater depth in the

Our Clade 4 (Fig. 3) represents the Baltic/Nordic clade of ~ future using genomic data and reassessing Holocene sub-
A. a. arbustorum, containing a few individuals from Central ~ fossils from Nordic countries (e.g. Kjellmark 1904; Odhner
Europe in its base, but with a crown clade containing repre- 1910; Steenberg 1911; Taylor 1914).
sentatives from all along the Baltic and the Nordic countries Furthermore, during historical times the populations
(see Fig. 7 for a summary of its distribution). Importantly, ~ have been expanding northwards as temperatures have in-
Clade 4 includes all specimens from the newly restricted  creased, as supported by both historical records (e.g.
type locality (Sweden). Schrenk 1848; Nordenskild & Nylander 1856; Luther
The general structure of Clade 4, with a large polytomy ~ 1901; @kland 1925; Suomalainen 1939) and ecological
and short horizontal branches showing little genetic dis-  niche modelling (Bondareva et al. 2020).
tances (see also haplotype networks: Fig. 4, Suppl. File Figs Considering the typical fringe population status of Clade
$2, S3), is typical of fringe populations (e.g. Suzuki et al. 4 (Fig. 3), not much can be said from its inner structure.:
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We could not identify any clusters expected based on his-
tory and geography, such as a Norwegian/Swedish clade,
for instance (except for a small Arctic clade from Troms in
northern Norway). Still, the COI-only haplotype analysis
(Suppl. File Fig. S2) showed a larger distinction within the
Baltic/Nordic group, more clearly separating the Baltic (e.g.
Denmark, northern Germany, Estonia, St. Petersburg) from
the Nordic (Fennoscandia and Iceland) populations.

As of now, we cannot ascertain whether thisis (1) anissue
with the markers used, that although generally suitable for
population genetics, might not have captured enough vari-
ation; or and/or (2) a more complex pattern with multiple
introduction/colonization events and introgression across
populations. Further studies should address this topic in
more detail, and one particularly interesting case is Finland.
In the late 19th and early 20th centuries, A. a. arbustorum
was only present along the coast in the south and in the
northern part of the country and absent from most central
areas and from Lapland (Nordenskiéld & Nylander 1856;
Luther 1901; Suomalainen 1939). It has been hypothesized
that the northern population arrived from Sweden or Nor-
way, while the southern population arrived from southern
Sweden or other places in Europe, perhaps via Aland or
even Estonia. Today, A. a. arbustorum is widely distributed
in Finland (except for Lapland, where it is mostly restricted
to the Baltic coast and areas closer to Sweden and Norway)
(Koivunen et al. 2014; LAJI 2026) and it is expected that
these two populations of different origins will meet up as
they expand their range.

Finally, a curious result observed in Clade 4 are the two
Scottish specimens, which are very far removed from the
English specimen of Clade 2 (Figs 24, Suppl. File Figs
S1-3). We can postulate that these populations have dif-
ferent origins, arriving from different parts of mainland
Europe, either naturally or aided by humans.

Iceland

Arianta arbustorum was already present in Iceland when
malacological studies started on the island (Morch 1869a).
Still, it was likely inadvertently introduced there centu-
ries ago by human action, similarly to what is postulated
for Cepaea hortensis, a species with similar body size, shell
shape and habits (Bengston et al. 1976, 1979; Jensen et al.
2014). The initial records of A. arbustorum are from Reyk-
javik (Morch 1869a), with further reports from the eastern
coast from 1884 (Seydisfjordur; the type locality of pseu-
dorudis) and 1912 (Nordfjordur, formerly Nordisfjérdur)
(Taylor 1914). Later in the 20th century, there were only
reports from the eastern part of the country, with seemingly

no surviving populations in the west according to Einarsson
(1977). Presently, the species is more widespread through-
out the country.

In our analysis, Icelandic specimens, instead of forming a
singlecladeaspredictediftheyallbelongedtoanendemicsub-
species (pseudorudis), are “scattered” throughout the Baltic/
Nordic Clade 4 (Fig. 3), belonging to various sub-clades,
either by themselves (e.g. specimen IINR 114547 from a
place close to the species’ type locality) or together with
specimens from Fennoscandia. Besides verifying the little
differentiation between Nordic populations (see also the
haplotype networks: Fig. 4, Suppl. File Figs S2, $3), this re-
sult also allows us to postulate more than one introduction
event of A. a. arbustorum to Iceland.

Faroe Islands

There has been more than one “attempt” by A. a. arbustorum
to live in the Faroe Islands. The earliest record is from a sin-
gle specimen found in a garden in Térshavn (Morch 1869b),
though the species failed to establish itself until after 2003
(Jensen et al. 2014). This is likely due to recent changes in
climate and increase in anthropically altered habitats in the
past decades. These snails are thought to have been imported
along building and gardening materials (Jensen et al. 2014),
though their exact place of origin remains unknow, as we
could not include Faroese specimens in our analysis.

Russia

It is also worthwhile to highlight that distinct processes
can be identified in Russian populations of A. a. arbusto-
rum (Mukhanov & Lisitsyn 2018). The population of
Kaliningrad is likely native (Ehrmann 1933), while that
around St. Petersburg likely established itself during the
20th century. Notably, the species was already present on
the island Ostrov Malyy in the Gulf of Finland back in the
1930s (the island was then part of Finland and called Pen-
insaari) (Suomalainen 1939). It was also already present on
the Finnish island of Suursaari, c. 50 km to the west, in mid-
19th century (Schrenk 1848; Luther 1901). Its expansion
to Moscow and beyond started in the mid-20th century
with the transportation of plants (Mukhanov & Lisitsyn
2018). While we could not procure specimens from Kalin-
ingrad, other Russian specimens all belong to the Baltic/
Arctic clade (Clade 4).

More recently, the species has been introduced to places
far inland in Russia, close to the border with Kazakhstan
and Mongolia, as visible through records in the community
science platform iNaturalist (http://www.inaturalist.org).
Introduction to such remote places in relation to the spe-
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cies’ regular range is likely due to human action. The mod-
elling of future distributions of Bondareva et al. (2020) did
not take such introduced populations into account and thus,
could not provide predictions for the Asian part of Russia.
Investigating a potential spread of A. a. arbustorum into Asia
would be an interesting avenue for future studies.

CONCLUSION

Our phylogenetic analysis of Arianta arbustorum and related
forms is the most complete to date. While offering support
to previous assessments, it also brought new insights, partic-
ularly regarding the so far ignored Nordic populations. We
restricted the type locality of A. arbustorum to Sweden, and
consider the subgenus Arianta (Altarianta) Schileyko, 2013
a synonym of Arianta Turton, 1831. Finally, we propose the
following revised classification for the studied taxa:

Arianta arbustorum (Linnaeus, 1758)

Arianta arbustorum arbustorum (Linnaeus, 1758)
[synonyms: Helix sylvatica var. alpicola A. Férussac,
1821; Helix picea Rossmissler, 1837; Helicigona arbu-
storum var. pseudorudis Schlesch, 1924]

Arianta arbustorum stenzii (Rossmissler, 1835)

Arianta arbustorum styriaca (Frauenfeld, 1868)

Arianta canigonensis (Boubée, 1833)
Arianta canigonensis canigonensis (Boubée, 1833)
Arianta canigonensis doriae (Paulucci, 1878) comb. nov.
Arianta canigonensis gaillardi (Germain, 1912) comb. nov.
Arianta canigonensis repellini (Reeve, 1852) comb. nov.
Arianta canigonensis vareliensis (Ripken & Falkner, 2000)

comb. nov.

Arianta canigonensis xatartii (Farines, 1834) comb. nov.

Note that only the subspecific taxon names in current
use are listed above as synonyms. The multiple older syn-
onyms (including the Nordic varieties mentioned in the
Discussion) are not listed here for brevity; for those, please
refer to Tryon (1888), Pilsbry (1894), Taylor (1914), Wenz
(1923), and Germain (1929). See also Salvador et al. (2025)
for three recently rediscovered names from Switzerland that
are junior synonyms of A. a. arbustorum.
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