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Abstract

The minute terrestrial snail Vallonia costata (O.F. Miiller, 1774) is reported for the first time from the province of
British Columbia, Canada. The identification was based on shell morphology and confirmed by COI gene data. This

species is presumed to be introduced to the province.
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Introduction

The genus Vallonia Risso, 1826 (Gastropoda, Eupul-
monata, Valloniidae) is a group of small, whitish ter-
restrial snails distributed in the Northern Hemisphere.
The monograph by Gerber (1996) included 35 species
and more have been described since (e.g. Meng and Ger-
ber 2008, Gerber and Bossneck 2009). Shell morphology
is traditionally used to distinguish species (e.g. Pilsbry
1948, Gerber 1996). However, Korte and Armbruster
(2003) concluded after using molecular sequence data
(ITS-1 rDNA) that at least 1 nominal species, V. excen-
trica, is paraphyletic, consisting of a group of genetically
different forms with a similar conchological phenotype.
Among these and other genera of small snails, such as
Carychium O.F. Miiller, 1773 (Ellobiidae) (Weigand
et al. 2010), Cochlicopa A. Férussac, 1821 (Cochlicop-
idae) (Armbruster 1997), and Pyramidula Fitzinger,

1833 (Pyramidulidae) (Razkin et al. 2017), shell char-
acters cannot always be relied on for accurate determi-
nations of species. Although taxonomy of microsnails
has until recently been largely conchologically driven,
molecular methods and integrative taxonomy employing
multiple lines of data have become standard in malaco-
logical works (Jochum et al. 2015, Dayrat et al. 2016). In
the genus Vallonia, conchologically based species deter-
minations still prevail. The latest work encompassing
all Vallonia taxa, except for those named subsequently,
is the detailed monograph by Gerber (1996). However,
except for descriptions of shell morphology, some basic
ecology, little is known about Vallonia species in North
America (see Pilsbry 1948), and no molecular work on
the genus on this continent has been published.

The distribution of Vallonia costata (O.F. Miiller,
1774) includes much of Western Europe and a portion
of eastern Canada and the United States (Pilsbry 1948,
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Figure 1. Canadian distribution of Vallonia costata based on Gerber’s (1996) list of materials examined (black dots) and the Forsyth collec-
tion (red dots). The new records from British Columbia, Canada are represented by the red star).

Hubricht 1985, Gerber 1996). If we follow the gen-
eral consensus (e.g. Pilsbry 1948, Hubricht 1985, Ger-
ber 1996), the ecastern North American occurrences of
V. costata are native, not introductions. However, it is
clear that V. costata is strongly synanthropic in these
areas, which suggests that it may be an old introduc-
tion, as Nekola et al. (2015) proposed for Pupilla musco-
rum (Linnaeus, 1758) in North America. Gerber (1996)
cited records from the provinces of Ontario, Quebec, and
Manitoba, but his map is quite imprecise and seems to
show the range extending westwards at least into Sas-
katchewan, probably based on literature records.

Eight species of Vallonia are known from Canada
(Grimm et al. 2010). In British Columbia (BC), 4 species
of Vallonia have been recognized using shell morphol-
ogy: 2 unribbed species, V. pulchella (O.F. Miiller, 1774)
and V. excentrica (Sterki in Pilsbry, 1893), and 2 ribbed
species, V. cyclophorella (Sterki, 1892) and V. gracilico-
sta Reinhardt, 1883 (Forsyth 2004). Individually, these 2
groups (ribbed and unribbed) both present difficulties for
identification.

Here, we record V. costata from Kamloops, British
Columbia, Canada, using molecular data and shell mor-
phology to identify this species. This represents a first
record of V. costata from the province of British Colum-
bia (Fig. 1), where we expect it is introduced.

Methods

Specimens of Vallonia were collected from under stones
and dead wood in Kamloops, British Columbia (BC),
Canada, and nearby areas in south-central BC. Geo-
graphic positions were obtained with a Garmin €Trex
Vista HC GPS receiver using the WGS84 geodetic datum.
All specimens were placed directly in 95% ethanol and
either kept in alcohol for barcoding or dried for storage
as dry shells. Specimens of Vallonia gracilicosta (N =3,
all BC), Vallonia parvula (N = 5, all Ontario), Vallonia
pulchella (N = 2, both Alberta), and Vallonia costata (N
= 19; Ontario and BC) were deposited at the Biodiversity
Institute of Ontario (BIOUG), Guelph, Ontario, Canada.
Specimens preserved as dry shells are vouchered in the
Invertebrate Collection of the New Brunswick Museum
(NBM), Saint John, New Brunswick, Canada.
Anguispira alternata (Say, 1817) (Discidae) (N = 2)
and Striatura milium (Morse, 1859) (Gastrodontidae) (N
= 2) were selected as outgroups for phylogenetic anal-
ysis and also deposited at the Biodiversity Institute of
Ontario. All deposited specimens were assigned to the
FTMWO or FTMCA project on the Barcode of Life Data
Systems (BOLD, http:/www.boldsystems.org, Ratnas-
ingham and Hebert 2007). Following protocols in Layton
et al. (2018), we used samples of foot tissue for molecular
analysis including these steps: (1) amplifying the barcode
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region of cytochrome ¢ oxidase subunit I (COI) with the
universal “Folmer” primers (LCO1490/HCO2198) (Fol-
mer et al. 1994); (2) sequencing; (3) sequence editing and
aligning; and (4) sequence quality check. The sequence
dataset for the genus Vallonia was completed by addi-
tional sequence data from GenBank and from various
projects on BOLD. The Barcode Index Number (BIN)
algorithm was applied to delineate clusters correspond-
ing to operational taxonomic units at the species level
(Ratnasingham and Hebert 2013). Specimen collection
and sequence information are shown in the Appendix
(Table Al).

Molecular phylogenetic analysis was implemented
by the Maximum Likelihood method using the Kimura
2-parameter model (Kimura 1980). Initial tree(s) for the
heuristic search were obtained automatically by applying
Neighbor-Joining and BioNJ algorithms to a matrix of
pairwise distances estimated using the Maximum Com-
posite Likelihood approach, and then selecting the topol-
ogy with the superior log-likelihood value. The analysis
involved 36 nucleotide sequences. All positions contain-
ing gaps and missing data were eliminated. There were
a total of 344 positions in the final dataset. Evolution-
ary analyses were conducted in MEGAG6 (Tamura et al.
2013).

Results

New record (barcoded). Canada: BC: Thompson-Nic-
ola Regional District: Kamloops: 1890 McKinley Court,
50.6943° N, 120.3707° W, leg. Forsyth RG, 2015-xi-3;
BIOUG27664-G01 and BIOUG27664-F12, 2 spec. (in
ethanol), NBM 010448, 21 spec. (dried shells).

Additional new records (not barcoded; identity based
on shell morphology). Canada: BC: Thompson-Nicola
Regional District. Kamloops: McArthur Island Park,
50.6943° N, 120.3707° W, leg. Forsyth RG, Hutchin-
son JMC, Reise H, 2013-vii-23; NBM 010449, 5 spec.
(dried shells). Kamloops: Peterson Creek ravine com-
plex, below Sa-Hali Secondary School, 50.6628° N,
120.3402° W, leg. Forsyth RG, 2016-xi-7; NBM 010450,
2 spec. (dried shells).

Identification. Among the species of Vallonia, the main
characters among others used by Pilsbry (1948) for
identification included the presence/absence of ribbed
sculpture and the number of ribs when present, the
development of a thickened lip-rib, the outline of the
shell, and whether the suture descends to the adult lip
or not. Gerber (1996) provided detailed descriptions of
all taxa known to him, which presented the picture that
some of these and other characters are much more var-
ied than Pilsbry’s (1948) rather simplistic key to species
would imply.

We were alerted to some BC material that seemed to
have fewer ribs than other material that we have called
V. gracilicosta and V. cyclophorella and somewhat stron-
ger spiral striae on the protoconch. These are characters
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that Pilsbry (1948) and Gerber (1996) emphasised for
V. costata. Concerning the shell differences between V.
costata and V. gracilicosta, Gerber (1996: 113) wrote:

V. costata ist weniger eng gerippt, i. d. R. mit weni-
ger kriftigen Kalkrippen, aber mit viel hdheren,
lamellenformigen Conchinsdumen; ihre Miindung
ist kreisrund, die meist etwas diinnere Lippe tritt
nicht {iber die Miindungsebene vor; ihr letzter
Umgang steigt am Ende ab, ohne vorher angestiegen
zu sein; der Mundsaum ist weniger stark und plotz-
lich erweitert; ihr Protoconch zeigt meiste deutliche
Spirallinien.

[Vallonia costata is less closely ribbed [than V. gra-
cilicosta), as a rule with less strong calcareous ribs,
but with much higher, lamellar conchiolin edges;
its aperture is circular, the usually slightly thinner
lip does not occur above the level of the mouth; its
last whorl descends at the end, without having risen
before; the aperture rim is less strong and expands
suddenly; its protoconch shows many clear spiral
lines.]

Our Kamloops shells (Fig. 2) conform to specimens
of V. costata from Ontario and elsewhere that we have
seen. That is, these shells are less densely ribbed than the
other 2 species and the spiral lines on the protoconch are
somewhat more evident.

Barcoding (COI gene sequence) confirmed that these
specimens are V. costata as they were assigned to the
same BIN as all other V. costata specimens from Ontario
(Fig. 3). Moreover, European specimens of V. costata
were also found in the same cluster. All nodes at spe-
cies level in the Maximum Likelihood analysis have
support values above 50%, and all morphologically iden-
tified species were assigned to corresponding BINs. COI
sequence divergence among Vallonia species ranged
between 2% and 5%.

Discussion

We report the first records of Vallonia costata from Brit-
ish Columbia. This is the fifth species of Vallonia recorded
from the province of BC, although future molecular stud-
ies to investigate V. excentricalpulchella and V. gracili-
costalcyclophorella (as understood by Forsyth 2004)
might show additional cryptic species.

Barcoding allowed us to confirm our initial species
identification because V. costata from British Colum-
bia was assigned to the same BIN as V. costata from
Ontario. Genetic divergence among our analyzed Vallo-
nia species was generally higher than 2% and the spe-
cies-level divisions suggested by the BIN on the basis of
COI variation also matched the morphological species
boundaries. Moreover, specimens from France and Aus-
tria clustered together with Canadian V. costata speci-
mens in a monophyletic clade, which implies low genetic
divergence between the two continents. For all Canadian
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Figure 2. Vallonia costata, Kamloops, BC (NBM 010448).

Vallonia species, identifications by shell morphology and
by barcoding were consistent. At within-species level the
2 individuals of V. costata from Kamloops slightly differ
in their COI sequences, so they are not clones. Indeed,
each individual clusters together with several individu-
als from Ontario.

If not for the confirmation using COI gene sequence
data, we would not feel confident in our initial identifi-
cation. Due to similarities of shell morphology among
species and small size that may hinder study, there may
be some uncertainty about identifications in the mostly
older literature and collections. It is likely that other
species were mistaken for V. costata and vice versa in
the past. Gerber (1996) developed a key to species in
which V. costata appears multiple times, which sug-
gests a species with variable shell morphology and/or
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weak taxonomic characters. However, there is also the
possibility, which would require additional study, that V.
costata is polyphyletic in that it represents an assortment
of taxa similar to that what Korte and Armbruster (2003)
found for V. excentrica.

Gerber (1996: 167, fig. 66) recorded V. costata in Can-
ada as far west as Winnipeg, Manitoba, but he admitted
that his map likely did not show the true distribution of
this species in North America. The range, shown as a
hatched area in Gerber’s map, appears to extend some-
what further west into at least Saskatchewan. Mozley
(1934) reported V. costata from several places in Sas-
katchewan and Alberta, but the whereabouts of Moz-
ley’s collections are unknown to us and were not seen by
Gerber, so we cannot verify the identifications. As speci-
mens of V. gracilicosta in museums may sometimes be
misidentified as V. costata, it seems possible that Mozley
mistook V. gracilicosta as V. costata as well. Disregard-
ing these old, unconfirmed records, the new BC record is
roughly 730 km west of the nearest Canadian record in
the Cypress Hills, Alberta (Forsyth and D. A. W. Lepitzki
unpublished data), or approximately 1600 km west of the
westernmost record known to Gerber (1996), but not the
westernmost hatched area in Gerber’s (1996: fig. 66) map.
In the United States, V. costata is recorded as far west as
Wyoming (NatureServe 2009), Utah (Gerber 1996), and
southern California (Roth and Sadeghian 2006).

The western North American occurrences of V.
costata are believed to represent introductions (Ger-
ber 1996, Roth and Sadeghian 2003). Gerber (1996)
remarked that there is uncertainty whether occurrences
around the periphery of its range in both the Nearctic
and Palaearctic are autochthonous, but he seems to have
been referring to the main areas of distribution, not the
scattered records beyond these areas. Based on the scant
available evidence, we expect that the new records of V.
costata in BC represent introductions. Vallonia pulchella
and/or V. excentrica morphospecies were present at all
sites; at the McArthur Island site Cochlicopa lubrica
(O.F. Miiller, 1774) and Zonitoides nitidus (O.F. Miil-
ler, 1774) were present. In Canada, all of these species,
including V. costata, are often synanthropic.
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Vallonia costata in British Columbia

“(NI9) JoquinN uonesynuap| buipodieg Huipnjpuljuequan pue (q70g) SWa3sAS eled 9417 JO 9pOdIRg WO UOIIRWIOUI 3Uanbas YN pue uswidads *Ly ajqeL

xrpuaddy



