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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 (Rossmässler, 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, 

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 
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active dispersal ability, shown via behavioural tests to be 
the highest among common European Helicoidea (Dahirel 
et al. 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 (Rossmässler, 1837), A. a. pseudorudis (Schlesch, 
1924), A. a. repellini (Reeve, 1852), A. a. stenzii (Rossmäss-
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. Verdú 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 Cièn-
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 (Garðabær, 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 
für 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 a.M., Germany; UPSZTY, Zoological Museum 
of Uppsala (Uppsala, Sweden); ZSM, Zoologische Staats-
sammlung München (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 QIAGEN DNeasy® Blood & Tissue Kit but including 
a small modification of the final step in order to increase 
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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); 5 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 (5 
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 et 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 (ε = 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 locality in a 
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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A

B

C

arbustorum
pseudorudis

canigonensis

xatartii
vareliensis
repellini
doriae

styriaca
stenzii

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.
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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/dl.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 (Rossmässler, 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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Figure 2. Bayesian inference phylogenetic tree (50% majority-rule consensus) based on the three concatenated markers (COI, 16S, 
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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Figure 3. The crown “Baltic/Nordic” A. arbustorum Clade 4 from Fig. 2. Other clades are shown collapsed. Posterior probabilities are 
shown on nodes. Scale bar represents substitutions per site.
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one specimen typically identified as styriaca based on its 
locality of occurrence in the Alps (Großer 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 et 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 Åland, 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. 
Petersburg), 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 16S 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. S2); (3) and (4) two small eastern European groups 
(Romania/Czechia and Romania/Slovenia); (5) 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 COI, 16S, 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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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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Figure 4. Haplotype network of concatenated mitochondrial markers COI and 16S, with colour scheme representing the specimen’s 
country of origin.
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torum (Clades 2–4), from 88 to 92% and from 89 to 93%, 
respectively.

Discussion
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; 

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 et 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, Åland, 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).

Taxon canigon-
ensis 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. Verdú 
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. 5A), 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 doriae 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. 5B). 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 (Horsák 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 Île-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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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. 
5C). 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 

Figure 5. Arianta canigonensis; scale bar = 5 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.
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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 et 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 (Rossmässler 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 
S2,S3), 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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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).

It has been long argued 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-

Figure 6. Arianta arbustorum; scale bar = 5 mm. A, holotype of Helix picea Rossmässler, 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.
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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: “Europæ 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, 1685), 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 Cepaea hortensis (O. F. Müller, 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, Öland, 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 Seyðisfjörður, 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.Mol.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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that most (73%) interceptions of incoming A. arbustorum in 
Canada were related to imported plants from The Nether-
lands. Nevertheless, considering the distribution of the spe-
cies in isolated “bubbles” in Canada, multiple introductions 
are a likely scenario, be it from the Netherlands or elsewhere 
in Europe (McAlpine et al. 2009).

Nordic populations
Our Clade 4 (Fig. 3) represents the Baltic/Nordic clade of 
A. a. arbustorum, containing a few individuals from Central 
Europe in its base, but with a crown clade containing repre-
sentatives from all along the Baltic and the Nordic countries 
(see Fig. 7 for a summary of its distribution). Importantly, 
Clade 4 includes all specimens from the newly restricted 
type locality (Sweden).

The general structure of Clade 4, with a large polytomy 
and short horizontal branches showing little genetic dis-
tances (see also haplotype networks: Fig. 4, Suppl. File Figs 
S2, S3), is typical of fringe populations (e.g. Suzuki et al. 

2016; Shimizu et al. 2018). This means that this clade is the 
expanding front of the species’ distribution, with little time 
to accumulate genetic differences, signifying the expansion 
into Fennoscandia is quite recent in evolutionary terms, 
likely happening after the end Last Glacial Period, as mod-
elled by Bondareva et al. (2020). For now, we have refrained 
from calculating divergence times based on our genetic data 
and intend to address this matter in greater depth in the 
future using genomic data and reassessing Holocene sub-
fossils from Nordic countries (e.g. Kjellmark 1904; Odhner 
1910; Steenberg 1911; Taylor 1914).

Furthermore, during historical times the populations 
have been expanding northwards as temperatures have in- 
creased, as supported by both historical records (e.g. 
Schrenk 1848; Nordenskiöld & Nylander 1856; Luther 
1901; Økland 1925; Suomalainen 1939) and ecological 
niche modelling (Bondareva et al. 2020).

Considering the typical fringe population status of Clade 
4 (Fig. 3), not much can be said from its inner structure.: 

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).
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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 this is (1) an issue 
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 (Nordenskiöld & 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 Åland 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 2–4, 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 (Mörch 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 (Mörch 1869a), with further reports from the eastern 
coast from 1884 (Seyðisfjörður; the type locality of pseu-
dorudis) and 1912 (Norðfjörður, formerly Norðisfjörður) 
(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 
single clade as predicted if they all belonged to an endemic sub-
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, S3), 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 Tórshavn (Mörch 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-

http://www.inaturalist.org/observations?place_id=7161&subview=map&taxon_id=55617
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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 Rossmässler, 1837; Helicigona arbu
storum var. pseudorudis Schlesch, 1924]

Arianta arbustorum stenzii (Rossmässler, 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.

Acknowledgements
We are deeply grateful to all colleagues who shared specimens 
and tissue samples for our study, without whom this study 
would be extremely impoverished: Arike Gill, Hannco P. 
A. J. Bakker, and Wendy van Bohemen (Naturalis); Barbara 

Buge, Nicolas Puillandre, and Olivier Gargominy (MNHN); 
Anita Eschner and Katharina Mason (NHMW); Thomas 
von Rintelen (ZMB); Martin V. Sørensen and Tom Schiøtte 
(NHMD); Maria Mostadius (MZLU); Juho P. T. Paukku-
nen, Hanna Laakkonen, Outi S. Ovaskainen, Risto Väinölä 
(Luomus); Kristīne Greķe (Latvian National Museum 
of Natural History); Eulàlia G. Franquesa and Miguel P. 
Manzanares (MZB); Anette Rosenbauer and Olaf Höltke 
(Naturkundemuseum Stuttgart); Fiona Ware (NMS); Anne 
Freitag (Naturéum); Karstein Hårsaker (NTNU); Oana 
P. Popa and Ana-Maria Krapal (GAMNH); Marko Kelo 
(KUO); Ted von Proschwitz (Gothenburg Natural History 
Museum); Kjell Magne Olsen (Biofokus); Michal Horsák 
(Masaryk University); Áki Vang, Jan Sørensen, and Jón 
Aldará (Faroe Islands National Museum); Maxim Vinarski 
(Zoological Museum St. Petersburg); Amanda Bremner, 
Donald F. McAlpine, and Robert Forsyth (New Brunswick 
Museum). We are also grateful to the colleagues who shared 
information and photographs of the type specimens (or 
loaned the actual types) of the multiple infraspecific taxa of 
A. arbustorum sensu lato: Andrea Deneau (LINN); Didier 
Berthet, François Vigouroux, and Olivier Garcin (MDC); 
Jon Ablett (NHMUK, London); Enrico Schwabe (ZSM); 
Sigrid Hof (SMF); Cedric D’Udekem D’Acoz, Yves Samyn, 
Alexandra Merland, Aurore Cordier, and Sonia Crabbe 
(RBINS); Paco Cardenas (UPSZTY). Many thanks to the 
team at the University of Helsinki Library, especially Mikko 
A. Saxbeck, for their help in tracking down the most difficult 
19th century literature. Finally, our thanks to Martin Haase 
(Universität Greifswald) for the help in tracking down the 
COI sequences of his old publications and sharing the infor-
mation with us; to Ben Rowson and an anonymous reviewer 
for their comments and suggestions.

This project was funded by the Velux Stiftung, Switzer-
land (Proj. 1974). RBS, EF, and TGAB were supported by 
the Velux Stiftung. BMT was supported by a TFS starting 
grant from the Trond Mohn Research Foundation, Norway. 
The funders had no role in study design, data collection and 
analysis, decision to publish, or preparation of the manu-
script.

Author Contributions
Conceptualization: BMT, RBS. Data curation: RBS, MSA, 
JS. Formal analysis: RBS, EF. Funding acquisition: BMT, 
RBS. Investigation: RBS, MSA, JS. Project administration: 
BMT, RBS. Resources: all authors. Visualization: RBS, EF, 
BMT. Writing (original draft): RBS. Writing (review and 
editing): all authors.



Salvador et al.: Phylogeography of Nordic Arianta arbustorum   845

References
d’Argenville D. 1742. L’histoire naturelle éclaircie dans deux de 

ses parties principales, la lithologie et la conchyliologie: dont l’une 
traite des pierres et l’autre des coquillages: ouvrage dans lequel on 
trouve une nouvelle méthode & une notice critique des principaux 
auteurs qui ont écrit sur ces matiéres: enrichi de figures dessinées 
d’après nature. De Bure, Paris. 394 pp. doi: 10.5962/bhl.
title.39632

Bandelt H, Forster P, Röhl A. 1999. Median-joining net-
works for inferring intraspecific phylogenies. Molecular Biology 
and Evolution 16: 37–48. doi: 10.1093/oxfordjournals.molb 
ev.a026036

Baumgartner G. 1997. Zur Analyse des Paarungssystems von 
Arianta arbustorum (L.) (Helicidae, Gastropoda): isolation-
stendenzen zwischen A. a. arbustorum (Linneaus, 1758) und 
A. a. styriaca (Frauenfeld, 1868). Master thesis, University of 
Vienna, 56 pp.

Baur A. 1993. Experiments to test whether different forms of the 
land snail Arianta arbustorum (Linnaeus, 1758) (Pulmonata: 
Helicidae) are reproductively isolated. Annalen des Naturhis-
torischen Museums in Wien B 94/95: 323–333. https://www.
jstor.org/stable/41766895

Baur B, Baur A. 1992. Effect of courtship and repeated copulation 
on egg production in the simultaneously hermaphroditic land 
snail Arianta arbustorum. Invertebrate Reproduction and Devel-
opment 21: 201–206. doi: 10.1080/07924259.1992.9672239

Bengtson SA, Nilsson A, Nordström S, Rundgren S. 1976. 
Polymorphism in relation to habitat in the snail Cepaea horten-
sis in Iceland. Journal of Zoology 178: 173–188. doi: 10.1111/
j.1469-7998.1976.tb06006.x

Bengtson SA, Nilsson A, Nordström S, Rundgren S. 1979. 
Distribution patterns of morph frequencies in the snail Cepaea 
hortensis in Iceland. Ecography 2: 144–149. doi: 10.1111/j.160 
0-0587.1979.tb00694.x

Bondareva O, Genelt–Yanovskiy E, Abramson N. 2019. 
Copse snail Arianta arbustorum (Linnaeus, 1758) (Gastro
poda: Helicidae) in the Baltic Sea region: invasion or range 
extension? Insights from phylogeographic analysis and climate 
niche modeling. Journal of Zoological Systematics and Evolution-
ary Research 58: 221–229. doi: 10.1111/jzs.12350

Boubée N. 1833. Troisième section. Nouveaux gisements, en 
France, de Mollusques et Zoophytes. Bulletin d’histoire naturelle 
de France 1833: 3–32. https://www.biodiversitylibrary.org/
page/41237052

Cadahía L, Harl J, Duda M, Sattmann H, Kruckenhauser 
L, Fehér Z, Zopp L, Haring E. 2014. New data on the phylog-
eny of Ariantinae (Pulmonata, Helicidae) and the systematic 
position of Cylindrus obtusus based on nuclear and mitochon-
drial DNA marker sequences. Journal of Zoological Systemat-
ics and Evolutionary Research 52: 163–169. doi: 10.1111/jzs. 
12044

Cadevall J, Orozco A. 2016. Caracoles y Babosas de la Península 
Ibérica y Baleares. Omega, Barcelona, 817 pp.

Clessin S. 1879. Aus meiner Novitäten-Mappe. Malakozoolo-
gische Blätter 1: 3–16. https://www.biodiversitylibrary.org/
page/35675002

Cowie RH, Dillon RT Jr, Robinson DG, Smith JW. 2009. 
Alien non-marine snails and slugs of priority quarantine 
importance in the United States: a preliminary risk assess-
ment. American Malacological Bulletin 27: 113–132. doi: 10. 
4003/006.027.0210

Dahirel M, Olivier E, Guiller A, Martin M-C, Madec L, 
Ansart A. 2015. Movement propensity and ability correlate 
with ecological specialization in European land snails: compar-
ative analysis of a dispersal syndrome. Journal of Animal Ecol-
ogy 84: 228–238. doi: 10.1111/1365-2656.12276

Davison, A, Blackie, RLE, Scothern, GP. 2009. DNA bar-
coding of stylommatophoran land snails: a test of existing se-
quences. Molecular Ecology Resources 9: 1092–1101. doi: 10.11 
11/j.1755-0998.2009.02559.x

Edgar RC. 2004. MUSCLE: multiple sequence alignment with 
high accuracy and high throughput. Nucleic Acids Research 32: 
1792–1797. doi: 10.1093/nar/gkh340

Ehrmann P (1993) Mollusken (Weichtiere). Pp. 1–264 in: 
Brohmer P, Ehrmann P, Ulmer G (Eds) Die Tierwelt Mitteleuro-
pas, II. Quelle & Meyer, Leipzig.

Einarsson Á. 1977. Íslenskir landkuðungar. Náttúrufræðingurinn 
47: 65–87. https://timarit.is/gegnir/991003603009706886

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. 1994. 
DNA primers for amplification of mitochondrial cytochrome c 
oxidase subunit I from diverse metazoan invertebrates. Molecu-
lar Marine Biology and Biotechnology 3: 294–299.

Favre J. 1927. Les mollusques post-glaciaires et actuels du Bassin 
de Genève. Mémoires de la Société de physique et d’histoire na-
turelle de Genève 40: 171–434.

Germain L. 1912. Études sur les mollusques terrestres et flu-
viatiles de quelques formations quaternaires des bassins du 
Rhône et du Rhin. Archives du Muséum d’histoire naturelle de 
Lyon 11: 1–194. https://www.biodiversitylibrary.org/page/ 
38708004

Germain L. 1929. Les Helicidae de la faune française. Archives du 
Muséum d’histoire naturelle de Lyon 13: 1–484. https://www.
persee.fr/issue/mhnly _0374-5465_1929_num_13_1

Gittenberger E, Piel WH, Groenenberg DSJ. 2004. The 
Pleistocene glaciations and the evolutionary history of the 
polytypic snail species Arianta arbustorum (Gastropoda, Pul-
monata, Helicidae). Molecular Phylogenetics and Evolution 30: 
64–73. doi: 10.1016/S1055-7903(03)00182-9

Grime JP, Blythe GM. 1969. An investigation of the relation-
ships between snails and vegetation at the Winnats Pass. Jour-
nal of Ecology 57: 45–66. doi: 10.2307/2258207

Groenenberg DSJ, Subai P, Gittenberger E. 2016. Syste
matics of Ariantinae (Gastropoda, Pulmonata, Helicidae), a 
new approach to an old problem. Contributions to Zoology 85: 
37–65.

Grossu AV. 1955. Fauna Republicii Populare Romîne. Mollusca. 

https://doi.org/10.5962/bhl.title.39632
https://doi.org/10.5962/bhl.title.39632
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://www.jstor.org/stable/41766895
https://www.jstor.org/stable/41766895
https://doi.org/10.1080/07924259.1992.9672239
https://doi.org/10.1111/j.1469-7998.1976.tb06006.x
https://doi.org/10.1111/j.1469-7998.1976.tb06006.x
https://doi.org/10.1111/j.1600-0587.1979.tb00694.x
https://doi.org/10.1111/j.1600-0587.1979.tb00694.x
https://doi.org/10.1111/jzs.12350
https://www.biodiversitylibrary.org/page/41237052
https://www.biodiversitylibrary.org/page/41237052
https://doi.org/10.1111/jzs.12044
https://doi.org/10.1111/jzs.12044
https://www.biodiversitylibrary.org/page/35675002
https://www.biodiversitylibrary.org/page/35675002
https://doi.org/10.4003/006.027.0210
https://doi.org/10.4003/006.027.0210
https://doi.org/10.1111/1365-2656.12276
https://doi.org/10.1111/j.1755-0998.2009.02559.x
https://doi.org/10.1111/j.1755-0998.2009.02559.x
https://doi.org/10.1093/nar/gkh340
https://timarit.is/gegnir/991003603009706886
https://www.biodiversitylibrary.org/page/38708004
https://www.biodiversitylibrary.org/page/38708004
https://www.persee.fr/issue/mhnly_0374-5465_1929_num_13_1
https://www.persee.fr/issue/mhnly_0374-5465_1929_num_13_1
https://doi.org/10.1016/S1055-7903(03)00182-9
https://doi.org/10.2307/2258207


Salvador et al.: Phylogeography of Nordic Arianta arbustorum   846

Vol. 3, Fasc. 1. Gastropoda Pulmonata. Academia Republicii 
Populare Romîne, Bucharest, 518 pp.

Haase M, Misof B. 2009. Dynamic gastropods: stable shell poly-
morphism despite gene flow in the land snail Arianta arbusto-
rum. Journal of Zoological Systematics and Evolutionary Research 
47: 105–114. doi: 10.1111/j.1439-0469.2008.00488.x

Haase M, Esch S, Misof B. 2013. Local adaptation, refugial 
isolation and secondary contact of alpine populations of the 
land snail Arianta arbustorum. Journal of Molluscan Studies 79: 
241–248. doi: 10.1093/mollus/eyt017

Haase M, Misof B, Wirth T, Baminger H, Baur B. 2003. 
Mitochondrial differentiation in a polymorphic land snail: 
evidence for Pleistocene survival within the boundaries of 
permafrost. Journal of Evolutionary Biology 16: 415–428. doi: 
10.1046/j.1420-9101.2003.00542.x

Hausdorf B, Walther F. 2021. A forgotten subspecies of the 
land snail species Arianta arbustorum from a Pleistocene refuge 
in the Western Alps. Journal of Molluscan Studies 87: eyab017. 
doi: 10.1093/mollus/eyab017

Harrison RG, Larson EL. 2014. Hybridization, introgression, 
and the nature of species boundaries. Journal of Heredity 105: 
795–809. doi: 10.1093/jhered/esu033

Horsák M, Jiménez-Alfaro B, Pladevall-Izard E, Pérez-
Haase A, Kafimola S, Horsáková V. 2025. Pyrenees as 
the southernmost European refugium of glacial relict land 
snails. Scientific Reports 15: 23076. doi: 10.1038/s41598-025-
07531-3

Jensen JK, Hansen JF, Nolsø Á. 2014. Seven species of 
landsnails (Gastropoda) new to the Faroe Islands. Fróðskapar-
rit-Faroese Scientific Journal 61: 191–209. doi: 10.18602/fsj.v0 
i61.20

Kerney MP, Cameron RAD, Jungbluth J-H. 1983. Die Land-
schnecken Nord- und Mitteleuropas. Ein Bestimmungsbuch für Bi-
ologen und Naturfreunde. Paul Parey, Singhofen, 384 pp.

Kjellmark K. 1904. Om några jämtländska kalktuff- och bleke-
förekomster. Geologiska Föreningen i Stockholm Förhandlingar 
26: 187–200. doi: 10.1080/11035890409448002

Koivunen A, Malinen P, Ormio H, Terhivuo J, Valovirta 
I. 2014. Suomen Kotilot ja Etanat. Opas maanilviäsiten maail-
maan. Hyönteistarvike Tibiale, Helsinki. 375 pp.

LAJI. 2026. Arianta arbustorum. https://laji.fi/en/taxon/MX.5 
2830. Accessed on 20206-01-16.

Leigh JW, Bryant D. 2015. PopART: full-feature software for 
haplotype network construction. Methods in Ecology and Evo-
lution 6: 1110–1116. doi: 10.1111/2041-210X.12410

Linnaeus C. 1746. Fauna Svecica. Sistens animalia svecicæ regni: 
qvadrupedia, aves, amphibia, pisces, insecta, vermes, distributa per 
classes & ordines, genera & species, cum differentiis specierum, sy
nonymis autorum, nominibus incolarum, locis habitationum, de
scriptionibus insectorum. Laurentii Salvii, Holmiae, 578 pp. doi: 
10.5962/bhl.title.46380

Linnaeus C. 1758. Systema Naturae per regna tria naturae, secun-
dum classes, ordines, genera, species, cum characteribus, differentiis, 
synonymis, locis. Editio decima, reformata, Tomus I. Laurentius 

Salvius, Holmiae, 1328 pp. doi: 10.5962/bhl.title.559
Lister M. 1678. Historiæ animalium Angliæ, tres tractatus. Unus de 

araneis. Alter de cochleis tum terrestribus, tum fluviatilibus. Ter-
tius de cochleis marinis. Quibus adjectus est quartus de lapidibus 
ejusdem insulæ ad cochlearum quandam imaginem figuratis. Joh. 
Martin, Londini. 175 pp. doi: 10.5962/bhl.title.65746

Lister M. 1685. Historiae Conchyliorum. Liber primus. Lister, 
London, unpaginated.

Luther A. 1901. Land- och sötvattengastropodernas utbredning 
i Finland. Acta Societatis pro Fauna et Flora Fennica 20: 1–125. 
https://www.biodiversitylibrary.org/page/11485745

Mallet J. 2008. Hybridization, ecological races and the nature 
of species: empirical evidence for the ease of speciation. Philo
sophical Transactions of the Royal Society B 363: 2971–2986. 
doi: 10.1098/rstb.2008.0081

McAlpine DF, Forsyth RG. 2014. Occurrence of the Copse 
Snail, Arianta arbustorum (Helicidae) on Prince Edward Is-
land: an addition to the North American range of a purported 
potential pest. Northeastern Naturalist 21: N5–N7. doi: 10. 
1656/045.021.0123

McAlpine DF, Schueler F, Maunder JE, Noseworthy RG, 
Sollows MC. 2009. Establishment and persistence of the 
Copse Snail, Arianta arbustorum (Linnaeus, 1758) (Gastro
poda: Helicidae) in Canada. The Nautilus 123: 14–18. https://
www.biodiversitylibrary.org/page/50438168

Miller MA, Schwartz T, Pickett BE, He S, Klem EB, 
Scheuermann RH, Passarotti M, Kaufman S, O’Leary 
MA. 2015. A RESTful API for access to phylogenetic tools via 
the CIPRES Science Gateway. Evolutionary Bioinformatics 11: 
43–48. doi: 10.4137/ebo.s21501

MolluscaBase Eds 2026. MolluscaBase. Arianta arbustorum 
(Linnaeus, 1758). Accessed at: https://molluscabase.org/ap 
hia.php?p=taxdetails&id=1003358. Accessed on 2026-02-16.

Mörch OAL. 1869a. Faunula Molluscorum Islandiæ. Oversigt 
over Islands Blöddyr. Videnskabelige meddelelser fra den Natur-
historiske forening i Kjöbenhavn 1868: 185–227. https://www.
biodiversitylibrary.org/page/35852688

Mörch OAL. 1869b. Tillæg til “Faunula Molluscorum Insularum 
Færöensium”. Videnskabelige meddelelser fra den Naturhistori-
ske forening i Kjöbenhavn 1868: 228–229. https://www.bio 
diversitylibrary.org/page/35852732

Mukhanov AV, Lisitsy PA. 2018. New data on distribution of 
two alien species of land snails of the family Helicidae in Eu-
ropean Russia. Russian Journal of Biological Invasions 9: 57–62. 
doi: 10.1134/s2075111718010125

Neiber MT, Hausdorf B. 2015. Molecular phylogeny reveals 
the polyphyly of the snail genus Cepaea (Gastropoda: Helici-
dae). Molecular Phylogenetics and Evolution 93: 143–149. doi: 
10.1016/j.ympev.2015.07.022

Nekola JC, Coles BF, Horsák M. 2015. Species assignment 
in Pupilla (Gastropoda: Pulmonata: Pupillidae): integration 
of DNA-sequence data and conchology. Journal of Molluscan 
Studies 81: 196–216. doi: 10.1093/mollus/eyu083

https://doi.org/10.1111/j.1439-0469.2008.00488.x
https://doi.org/10.1093/mollus/eyt017
https://doi.org/10.1046/j.1420-9101.2003.00542.x
https://doi.org/10.1046/j.1420-9101.2003.00542.x
https://doi.org/10.1093/mollus/eyab017
https://doi.org/10.1093/jhered/esu033
https://doi.org/10.1038/s41598-025-07531-3
https://doi.org/10.1038/s41598-025-07531-3
https://doi.org/10.18602/fsj.v0i61.20
https://doi.org/10.18602/fsj.v0i61.20
https://doi.org/10.1080/11035890409448002
https://laji.fi/en/taxon/MX.52830
https://laji.fi/en/taxon/MX.52830
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.5962/bhl.title.46380
https://doi.org/10.5962/bhl.title.46380
https://doi.org/10.5962/bhl.title.559
https://doi.org/10.5962/bhl.title.65746
https://www.biodiversitylibrary.org/page/11485745
https://doi.org/10.1098/rstb.2008.0081
https://doi.org/10.1656/045.021.0123
https://doi.org/10.1656/045.021.0123
https://www.biodiversitylibrary.org/page/50438168
https://www.biodiversitylibrary.org/page/50438168
https://doi.org/10.4137/ebo.s21501
https://molluscabase.org/aphia.php?p=taxdetails&id=1003358
https://molluscabase.org/aphia.php?p=taxdetails&id=1003358
https://www.biodiversitylibrary.org/page/35852688
https://www.biodiversitylibrary.org/page/35852688
https://www.biodiversitylibrary.org/page/35852732
https://www.biodiversitylibrary.org/page/35852732
https://doi.org/10.1134/S2075111718010125
https://doi.org/10.1016/j.ympev.2015.07.022
https://doi.org/10.1016/j.ympev.2015.07.022
https://doi.org/10.1093/mollus/eyu083


Salvador et al.: Phylogeography of Nordic Arianta arbustorum   847

Nordenskiöld AE, Nylander AE. 1910. Finlands Mollusker. J. 
Simelii, Helsingfors, 113 pp. doi: 10.5962/bhl.title.13094

Odhner N. 1910. Beiträge zur Kentniss der fossilen Mollusken-
fauna Schwedens. Arkiv för Kemi, Mineralogi och Geologi 3: 
1–18.

Picard I, Desroches J-F, Ethier G. 2017. Première mention de 
l’hélice des bois (Arianta arbustorum) au Québec et mention 
anecdotique du petit-gris (Cornu aspersum). Le Naturaliste Ca-
nadien 41: 27–30. doi: 10.7202/1037935ar

Pilsbry HA. 1894. Manual of Conchology; Structural and System-
atic. With Illustrations of the Species. Vol. IX. Helicidæ: Vol. 7. Guide 
to the Study of the Helices. Academy of Natural Sciences, Phila
delphia. 488 pp. https://www.biodiversitylibrary.org/page/ 
11026889

Pilsbry HA. 1939. Land Mollusca of North America (north of 
Mexico), 1(1). Monographs of the Academy of Natural Sciences 
of Philadelphia 3: 1–573.

QGIS. 2026. QGIS Geographic Information System. QGIS Asso-
ciation, Grüt. https://qgis.org/

Ronquist F, Teslenko M, van der Mark P, Ayres DL, 
Darling A, Höhna S, Larget B, Liu L, Suchard MA, 
Huelsenbeck JP. 2012. MrBayes 3.2: efficient Bayesian phylo-
genetic inference and model choice across a large model space. 
Systematic Biology 61: 539–542. doi: 10.1093/sysbio/sys029

Ronquist F, van der Mark P, Huelsenbeck JP. 2009. Bayes-
ian phylogenetic analysis using MrBayes. Pp. 210–266 in: 
Lemey P, Salemi M, Vandamme A-M (Eds) The Phylogenetic 
Handbook: a Practical Approach to Phylogenetic Analysis and 
Hypothesis Testing. Cambridge University Press, Cambridge.

Rossmässler EA. 1835–1844. Iconographie der Land- & Süß-
wasser- Mollusken, mit vorzüglicher Berücksichtigung der europäi
schen noch nicht abgebildeten Arten. Vol. 1(1). Arnoldische Buch
handlung, Dresden, 184 pp. https://www.biodiversitylibrary.
org/page/24986222

Salvador RB, d’Udekem d’Acoz C, Vinarski MV, Samyn Y, 
Tomotani BM. 2025. François Roffiaen’s terrestrial and fresh-
water gastropod types in the collection of the Royal Belgian 
Institute of Natural Sciences. ZooKeys 1239: 103–121. doi: 
10.3897/zookeys.1239.150840

Schlesch H. 1908. A small addition to the knowledge of the 
Danish molluscan fauna. The Nautilus 22: 54–55. https://
www.biodiversitylibrary.org/page/27049141

Schlesch H. 1924. Helicigona arbustorum (L.) var. pseudorudis 
n. var. Archiv für Molluskenkunde 56: 212–213.

Schileyko AA. 2013. Family Helicidae excluding Helicinae 
(Gastropoda Pulmonata): morphology, taxonomy, and a cat-
alogue of taxa. Ruthenica 23: 127–162.

Schrenk LI. 1848. Übersicht der Land- und Süsswasser-Mol-
lusken Livlands. Bulletin de la Société impériale des naturalistes de 
Moscou 21: 135–185. https://www.biodiversitylibrary.org/ 
page/34377691

Shimizu K, Kimoto K, Noshita K, Wakita M, Fujiki T, Sa-
saki T. 2018. Phylogeography of the pelagic snail Limacina 
helicina (Gastropoda: Thecosomata) in the subarctic western 

North Pacific. Journal of Molluscan Studies 84: 30–37. doi: 10. 
1093/mollus/eyx040

Simon C, Frati F, Beckenbach A, Crespi B, Liu H, Flook P. 
1994. Evolution, weighting, and phylogenetic utility of mito-
chondrial gene sequences and compilation of conserved Poly-
merase Chain Reaction primers. Annals of the Entomological 
Society of America 87: 651–701. doi: 10.1093/aesa/87.6.651

Steenberg CM. 1911. Danmarks Fauna. Bløddyr I. Landsnegle. 
GEC Gads Forlag, København., 221 pp. https://www.biodi 
versitylibrary.org/page/901425

Suomalainen H. 1939. Arianta arbustorum (L.) auf der Insel 
Peninsaari, Mitten im Finnischen Meerhusen. Annales Botanici 
Societatis Zoologicae-Botanicae Fennicae Vanamo 6: 13–15. 
http://hdl.handle.net/10138/26666

Suzuki G, Keshavmurthy S, Hayashibara T, Wallace CC, 
Shirayama Y, Chen CA, Fukami H. 2016. Genetic evidence 
of peripheral isolation and low diversity in marginal popu-
lations of the Acropora hyacinthus complex. Coral Reefs 35: 
1419–1432. doi: 10.1007/s00338-016-1484-2

Taylor JW. 1914. Monograph of the Land & Freshwater Mollusca 
of the British Isles. Zonitidæ, Endodontidæ, Helicidaæ. Taylor 
Brothers, Leeds, 522 pp. https://www.biodiversitylibrary.org 
/page/13263066

Thorson G. 1931. Zoogeographische und ökologische Studien 
über die Landschnecken in den Dolomiten. Zoologische Jahr-
bücher 60: 85–238.

Tryon GW. 1888. Manual of Conchology; Structural and Sys-
tematic. With Illustrations of the Species. Vol. IV. Helicidæ: Vol. 
II. George W. Tryon, Philadelphia, 296 pp. https://www.bio 
diversitylibrary.org/page/1103301

Turner H, Kuiper JGJ, Thew N, Bernasconi R, Rüetschi  
J, Würthrich M, Gosteli M. 1998. Fauna Helvetica. Mol-
lusca Atlas. CSCF/SEG, Neuchâtel, 527 pp.

Venmans LAWC. 1954. Land and freshwater mollusks from the 
Dolomites. Atti dell’Istituto Veneto di Scienze, Lettere ed Arti, 
Classe di Scienze Matematiche e Naturali 112: 59–96.

Verdú JR, Numa C, Galante E. 2011. Atlas y Libro Rojo de los 
Invertebrados Amenazados de España. Vol. II: Moluscos. Ministe-
rio de Medio Ambiente, Madrid, 1314 pp.

von Proschwitz T, Lundin K, Roth J. 2023. Blödtjur. Snylt
snäckor–skivsnäckor. Mollusca: Pyramidellidae–Planorbidae. SLU  
Artdatabanken, Uppsala, 528 pp.

Wade CM, Mordan PB. 2000. Evolution within the gastropod 
molluscs: using the ribosomal RNA gene cluster as an indica-
tor of phylogenetic relationships. Journal of Molluscan Studies 
66: 565–570. doi: 10.1093/mollus/66.4.565

Wade CM, Mordan PB, Clarke B. 2001. A phylogeny of the 
land snails (Gastropoda: Pulmonata). Proceedings of the Royal 
Society B 268: 413–422. doi: 10.1098/rspb.2000.1372

Wade CM, Mordan PB, Naggs F. 2006. Evolutionary relation-
ships among the pulmonate land snails and slugs (Pulmonata, 
Stylommatophora). Biological Journal of the Linnean Society 87: 
593–610. doi: 10.1111/j.1095-8312.2006.00596.x

Welter-Schultes FW. 2012. European Non-marine Molluscs. A 

https://doi.org/10.5962/bhl.title.13094
https://doi.org/10.7202/1037935ar
https://www.biodiversitylibrary.org/page/11026889
https://www.biodiversitylibrary.org/page/11026889
https://qgis.org/
https://doi.org/10.1093/sysbio/sys029
https://www.biodiversitylibrary.org/page/24986222
https://www.biodiversitylibrary.org/page/24986222
https://doi.org/10.3897/zookeys.1239.150840
https://doi.org/10.3897/zookeys.1239.150840
https://www.biodiversitylibrary.org/page/27049141
https://www.biodiversitylibrary.org/page/27049141
https://www.biodiversitylibrary.org/page/34377691
https://www.biodiversitylibrary.org/page/34377691
https://doi.org/10.1093/mollus/eyx040
https://doi.org/10.1093/mollus/eyx040
https://doi.org/10.1093/aesa/87.6.651
https://www.biodiversitylibrary.org/page/901425
https://www.biodiversitylibrary.org/page/901425
http://hdl.handle.net/10138/26666
https://doi.org/10.1007/s00338-016-1484-2
https://www.biodiversitylibrary.org/page/13263066
https://www.biodiversitylibrary.org/page/13263066
https://www.biodiversitylibrary.org/page/1103301
https://www.biodiversitylibrary.org/page/1103301
https://doi.org/10.1093/mollus/66.4.565
https://doi.org/10.1098/rspb.2000.1372
https://doi.org/10.1111/j.1095-8312.2006.00596.x


Salvador et al.: Phylogeography of Nordic Arianta arbustorum   848

Guide for Species Identification. Planet Poster Editions, Göttin-
gen, 674 pp.

Wenz W. 1923. Fossilium Catalogus I: Animalia. Pars 18: Gastro
poda Extramarina Tertiaria. II. W. Junk, Berlin, 736 pp. https://
www.biodiversitylibrary.org/page/40595671

Westerlund CA. 1894. Specilegium Malacologicum. Neue 
Binnen-Conchylien aus der paläarktischen Region. V. Nach
richtsblatt der Deutschen Malakozoologischen Gesellschaft 26:  
163–177. https://www.biodiversitylibrary.org/page/15601574

Whiteaves JF. 1904. Helicigona arbustorum in Newfoundland. 
Ottawa Naturalist 17: 192.

Økland F. 1925. Die Verbreitung der Landgastropoden Norwe-
gens. Skrifter utgitt av Det Norske Videnskaps-Akademi i Oslo 8: 
1–168.

Supplemental Materials
Supplementary file (doi: 10.61733/jconch/4571s) containing 
additional figures and tables:
Figure S1. Phylogenetic tree with mitochondrial markers only
Figure S2. COI haplotype network
Figure S3. 16S haplotype network
Table S1. Coordinates used in Fig. 1.
Table S2. Additional sequences used in COI haplotype net-

work.

Manuscript submitted: 23 January 2026
Revised manuscript accepted: 18 March 2026
Editor: Robert Forsyth

https://www.biodiversitylibrary.org/page/40595671
https://www.biodiversitylibrary.org/page/40595671
https://www.biodiversitylibrary.org/page/15601574
https://doi.org/10.61733/jconch/4571s

	Phylogeographic relationships of Baltic and Nordic populations  of the Copse Snail Arianta arbustoru
	Introduction
	Material and Methods
	Studied specimens
	DNA extraction, amplification, and sequencing
	Phylogenetic analysis
	Haplotype networks
	Distribution maps

	Results
	Phylogenetic analysis
	Haplotype analysis

	Discussion
	Arianta canigonensis
	The Pleistocene gaillardi
	The Eastern Alps clade
	The subgenus Altarianta
	Arianta arbustorum arbustorum
	Type locality
	The Icelandic pseudorudis
	Introduction to Canada
	Nordic populations
	Iceland
	Faroe Islands
	Russia

	Conclusion
	Author Contributions
	References

