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ABSTRACT

The status of the six traditionally recognised European Vallonia taxa is considered based on mtDNA and nDNA sequences from

five independently sorting loci in combination with morphometric landmark analyses conducted on genetically confirmed shells.

These analyses document that only two species are valid (V. costata and V. pulchella). Oversplitting was aided because easily

observed and apparently dichotomous traits—in this case the presence or absence of shell ribs—are shown via DNA sequence

analyses to not convey useful taxonomic information: they say no more about species status than does hair, eye or skin colour in

humans. This work is a reminder that taxonomists must empirically document those macro-scale features which are and those

which are not robust indicators of species-scale taxonomic units prior to the initiation of revision. While impossible to accom-

plish throughout most of taxonomic history, the great expansion of molecular methods and access to these tools mandates that

this empirical step underlie all modern revisionary work.

1 | Introduction

There is nothing more deceptive than an obvious fact.
-Arthur Conan Doyle, The Boscombe Valley Mystery, 1891

While it is generally understood that taxonomic acts represent
hypotheses requiring empirical vetting prior to acceptance (e.g.,
Dayrat 2005), a larger issue remains as to what information pro-
vides robust taxonomic signal and should be included in such in-
tegrative revisions. For instance, the globose vs. flat/keeled shells
in Ainohelix editha (A. Adams, 1868) from Hokkaido, Japan—
which appear so different that they had originally been placed in
separate genera—are actually controlled for by a very small num-
ber of genes (Teshima et al. 2003). And, the number/appearance

of apertural lamellae traditionally used to differentiate Pupilla
species (Pilsbry 1948) is actually highly plastic and under strong
ecophenotypic control making it of little use in species demarca-
tion (Nekola et al. 2015). Similar—if not more profound—issues
exist in use of anatomical features (Roth et al. 2013). Use of easily
observed but taxonomically-unvetted traits can thus easily lead
to the drawing of erroneous taxonomic conclusions.

We consider this issue by investigating the utility of shell ribs to
demarcate species within European Vallonia. Extending back to
at least the Palaeocene, this microsnail genus today represents
approximately two dozen species ranging across the Holarctic
from about 30°N to the northern taiga limit. Its modern centre
of diversity—harbouring half of known species—extends across
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central and east Asia (Gerber 1996). Vallonia ranges from xeric
to wetland sites and from forests to grasslands. Some species are
anthropophilic, with at least V. costata, V. excentrica and V. pul-
chella commonly occurring in yards, gardens, urban parks, road
verges and adjacent to calcareous building foundations and walls
(Nekola 2004; Horsak et al. 2013). Although relatively species-
poor, this genus nonetheless represents an important compo-
nent of land snail community biodiversity throughout its range
as it occurs in fully ¥ of sampled European (Horsak et al. 2013),
Y2 of central Asian (ranging up to 93% in the Southern Urals;
Horsak et al. 2010) and %4-%4 of North American assemblages
in the Rocky Mountains, northern plains and northeastern tem-
perate forests (Nekola 2014). Determining the actual taxonomic
status of Vallonia species is thus essential for accurate documen-
tation of ecological patterns and determination of optimum land
snail conservation strategies across the Holarctic (Gerber 1996;
Horsak and Cameron 2016; Nekola and Horsadk 2022; Nekola
et al. 2025).

Considerable taxonomic uncertainty has attended half of the six
modern European species (Gerber 1996; see Table 1 for nomen-
clatural authorship): Vallonia enniensis and V. excentrica have
been treated by various workers as either distinct species, subspe-
cies, or even simple shell forms of V. pulchella, with V. enniensis
being distinguished by its closely ribbed shell and V. excentrica
by its more gradual expansion of the body whorl to the aperture,
in addition to its more transparent and glassier shell (Figure 1;
Gerber 1996). Vallonia suevica has been distinguished from V.
costata by its lack of fringed shell ribs (Figure 2; Gerber 1996).
Little can be concluded regarding V. declivis (Figure 1) because
it has been seen over the last century from perhaps only three
live individuals, which were sympatric with larger V. pulchella
populations (Gerber 1996).

While Gerber (1996) assessed the taxonomic status of these
forms using multiple lines of conchological evidence, he was not
able to use anatomical data due in large part to limited access to
live material sourced from across focal taxa ranges. And even
if he had, it may not have provided any useful signal due to the
very simple anatomy of most microsnails (Pokryszko 1987; Saito
et al. 2025). Use of biochemical markers was also not possible
due to the limited tools, techniques, and access at that time.
However, considerable advancements have occurred over the
intervening 30years, making it now relatively simple to ob-
tain comparative mtDNA and nDNA sequence data for many
land snail genera such as Euconulus (Horsadkova et al. 2019),
Paralaoma (Nekola et al. 2025), Perpolita (Saito et al. 2025),
Pupilla (Nekola et al. 2015), Pyramidula (Horsakova et al. 2022),
and Vertigo (Nekola et al. 2018).

The ultimate goal of Gerber (1996)—to conduct an empirical,
integrative revision of the European Vallonia—can now be ac-
complished. We do this via two approaches: first we undertake
DNA sequence analyses of these taxa from across their native
Eurasian and adventitious North American (Nekola 2004)
ranges, using five quasi-independently sorting genes that allow
for species-scale resolution: Cytochrome b (CytB) of the mito-
chondrial genome, multicopy Internal Transcribed Spacer 1
of the nuclear rRNA gene cassette (ITS1), and the single-copy
nuclear genes Dopey 1, LOC106068662, and Zinc Finger 507.
Then we expand on Gerber's prior conchometric analyses by

conducting multivariate landmark analyses on genetically con-
firmed populations or representative individuals. From this, a
robust empirical demarcation of robust traits for species-level
taxonomy and actual species diversity can be made.

2 | Methods and Materials
2.1 | Specimen Selection and DNA Extraction

Representative populations for all recognised modern
European Vallonia were chosen for analyses and cover a sub-
stantial portion of each species' geographic and ecological
range. To assist in the accurate relation of nomina to DNA-
defined clades, we attempted to include material from or near
(at a continental scale, ~700 km) the respective Type Locality of
each taxon: V. costata and V. pulchella—Denmark: Fridrichsdal
near Kebenhavn; V. declivis—Germany: Bavaria, Danube
river; V. enniensis—Italy: Trentino - Alto Adige; V. excen-
trica—USA: Staten Island, New York; V. suevica—Germany:
Wiirttemberg, Neckartailfingen. Given that V. tenuilabris was
extant in Europe up to the end of the last ice age (Lozek 1964),
a central Asian population of this species was also included.
Additionally, populations from three North American taxa
were included to allow for outgroup comparisons. In total, 39
populations were selected (Table 1).

Because Vallonia is largely selfing (Kuznik-Kowalska and
Pro¢kéw 2016), analysis of multiple individuals within a
population would generate serious pseudoreplication issues
(Hurlbert 1984). As a result, only a single a representative indi-
vidual from each population was chosen for total DNA extraction
based on its median shell characteristics within its population
and quality of tissue mummification. Genomic DNA was ex-
tracted using the E.Z.N.A. Mollusc DNA Kit (Omega BioTek)
and stored at —80°C. We note that the single live collected V.
declivis (illustrated in figure 4 of Gerber 1996) did not retain any
long-stranded DNA due to its long-term storage in ethanol at
room temperature. In such situations, ethanol serves as a Lewis
Acid and will eventually degrade DNA into fragments too small
for PCR amplification (Brian Coles, personal communication).
All other extractions provided high-quality long-stranded DNA.

2.2 | DNA Sequence Data

PCR amplification and Sanger sequencing were initially per-
formed for one mitochondrial (CytB) and one nuclear (ITS1)
region using standard protocols (e.g., Saito et al. 2025). While
frequently used in land snail molecular phylogenetics, these re-
gions do have some important limitations: For CytB, the main
issue (as for all mtDNA loci) lies in the passing of hereditary
information solely from a mother to her children. Not only does
this exclude all males from contributing to the pattern, but also
all females in a given ancestry falling outside of a single matri-
lineal line. This often generates taxonomically spurious geo-
graphically correlated subclades (e.g., Nekola et al. 2015). For
ITS1, the issue lies in the 400+ tandem copies per cell that are
distributed across all chromosomes. As a result, it is possible for
the copy sequence to differ—sometimes profoundly—within in-
dividuals (Nekola et al. 2018). Not only can this inhibit accurate
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GenBank Accession #
Dopeyl  LOC8662  ZF507
PX408862 PX408912 PX408888

ITS1
PX408813

Extraction # CytB
H450 PX408833

Specimen
Accession #
15747

Collector
Gerber

Collection Date
October 18, 1992

(Continued)
Latitude/
Longitude
48.4758 N.,

* Baden-

Taxon/Location

TABLE 1
Germany

8.9561 E.

Wiirttemberg:
Rottenburg

Vallonia tenuilabris (A. Braun, 1843)

Russian Federation

MC433 H119 PX408839 PX408865  PX408915  PX408890

Horsak

August 3, 2011

49.9928 N.,

Altai Republic: Kosh-
Agach - Chuya

88.5494 E.

Note: An asterisk (*) to the left of the sample indicates that it is from or within 700 km of the Type Locality of that taxon.

phylogeny recovery and taxonomic inference, but Sanger se-
quence traces may be utterly unreadable when more than three
different haplotypes with unique insertion—deletion patterns
are present. We encountered this issue for V. tenuilabris and
some North American species.

We therefore also obtained DNA sequence from three single-
copy nuclear genes, which based on existing Biomphalaria gla-
brata and Achatina immaculata genomic assemblies (Adema
et al. 2017; Liu et al. 2021) likely reside on different chromo-
somes/linkage groups:

Dopey 1A (DOP1A) is known from Chromosome 6 of
Biomphalaria glabrata and Linkage Group 10 of Achatina im-
maculata. The protein for which this area codes is predicted
to occur in the Golgi membrane and be involved in late Golgi
to early endosome protein transport (https://www.alliancege
nome.org/gene/HGNC:21194; accessed May 17, 2025).

LOC106068662 (LOC8662) is known from Biomphalaria gla-
brata Chromosome 1 and Achatina immaculata Linkage Group
5. The protein for which this area codes has yet to be determined,
so its function and location remain unknown.

Zinc Finger 507 (ZNF507) is known from Biomphalaria glabrata
Chromosome 7 and Achatina immaculata Linkage Group 4. The
protein for which this area codes is predicted to be located in the
nucleus where it is involved in binding DNA with metal ions and
in the positive regulation of RNA polymerase II transcription
(https://www.alliancegenome.org/gene/ HGNC:23783; accessed
May 17, 2025).

Primer designs and optimised cycling protocols for these regions
are provided in Table 2. Because of their single-copy nature, ini-
tial concentrations in total DNA extractions are two to three or-
ders of magnitude smaller than for CytB or ITS1. Additionally,
the greater complexity of the nDNA genome makes it more likely
for co-amplifying regions to exist. We thus used a nested PCR
protocol (van Pelt-Verkuil et al. 2008), where a first PCR reac-
tion was initiated from the total DNA extraction using an outer
primer set. The product from this reaction was then used to ini-
tiate a second PCR reaction using a second primer set placed
interior to the first. The first PCR reaction increases the relative
concentration of target DNA, making early chain-reaction initi-
ation more likely in the second reaction. And because the first
reaction only amplifies a small fraction of the total genome, the
second primer set is able to more effectively filter out off-target
products.

All PCR products were cleaned and sequenced by SEQme
s.r.0., Dobfi§, Czech Republic (see Horsakova et al. 2019).
Forward and reverse strands were assembled in ChromasPro
2.1.8 (Technelysium Pty Ltd) and checked by eye for potential
errors. Sequence alignment was done with Mafft v.7 using the
Q-INS-i algorithm (Katoh and Toh 2008). Our de novo ITS1
sequences were aligned with one Vallonia pulchella and five V.
excentrica sequences reported in Korte & Armbruster (2003);
sample codes PuZZ, EXE, ExRoe, ExTau, ExTaul and ExZZ,
respectively. All alignments were inspected for potential er-
rors and corrected by eye. Amino acid translation of CytB,
DOP1, LOC8662 and ZNF507 products was used to ensure
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https://www.alliancegenome.org/gene/HGNC:21194
https://www.alliancegenome.org/gene/HGNC:21194
https://www.alliancegenome.org/gene/HGNC:23783

FIGURE1 | Shell images of: Vallonia pulchella—(A), H459, Fribourg, Switzerland; V. excentrica—(B), H455, Bolingbrook, Illinois, USA; V. en-
niensis—(C), H450, Vasil Levski, Bulgaria; V. declivis—(D), Weltenburg, Germany; (E), Ceské Stfedohoti Mts., Bohemia, Czech Republic (adopted
from Horsak et al. 2013); (F)—YV. pulchella shell overlain on top of V. declivis shell D; (G)—YV. pulchella shell overlain on top of V. declivis shell E; V.
costata—(H), H89, hrad Dévi¢ky, Moravia, Czech Republic is included to allow for comparison with V. pulchella at the same magnification.

that no erroneous stop codons were present. Sequence from
the three single-copy regions was also compared to aligned se-
quence from across the entire land snail phylogeny produced
through unpublished NGS genomic data to ensure that ampli-
fication was from target areas. GenBank accession numbers
for all novel sequences used in phylogenetic analysis are pro-
vided in Table 1.

2.3 | Sequence Analyses

Initial maximum-likelihood trees were run separately on
each of the three single-copy gene alignments and visually
inspected to ensure that the resulting topologies were con-
cordant. Because they were and because their base-pair vari-
ability was comparable, DOP1A, LOC8662, and ZNF507 were
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FIGURE 2 | Shell images of: Vallonia costata—(A), H452, Brno, Czechia; (B), H453, the same population as for H452; V. suevica—(C), H450,
Rottenburg am Neckar, Germany; (D), Neckarsteinach, Germany (adopted from Horsak and Cameron 2016).

TABLE 2 | Primer designs and cycling parameters. In all cases, an extension time of 60s was used.

Anneal
Region F-primers R primers (°C)
Dopeyl
Outer: CARTCDGYDTCVATGCC GGRCADGARTGMAGCAT 50
Inner: GACACNTGYARGAARGARGG CARCATRTGCATRTGYARCTC 45
LOC106068662
Outer: TAYCCDTCHATCTACGTKTC TCRTCRAADCCRGCYTCCAT 48
Inner: ATYTACGTKTCYAGYTCBGG TCCATYTTBCCRTTRCADA 45
Zinc Finger 507
Outer: GAARCAYTGYAARGTDAGRAC TGCTGVACATAYCTYTGRTC 48
Inner: AARTTYTGYCCHCAAAGCTT YARDGCYTTGAARTCACACA 49

concatenated into a single construct to allow for more statis-
tical power and better deep node resolution. This will be re-
ferred to as ‘DLZ’ throughout the remainder of the paper. We
did not concatenate ITS1 and CytB because of (1) their diver-
gent heredity methods and (2) the 3x greater number of vari-
able sites in CytB, which would have swamped out any unique
ITS1 pattern.

To estimate pattern robustness, the CytB, ITS1, and DLZ align-
ments were subjected to four different tree-reconstruction
algorithms, each representing different assumptions and math-
ematical approaches. A given node was considered to exist when
it was identified across all methods at moderate to high support
(>75). Genetically validated species were considered present
when highly supported reciprocally monophyletic clades were
noted across all three trees.

Maximum Likelihood (ML) analysis was carried out using
RAXML v8.2 (Stamatakis 2014), using 500 search replicates
and the GTR+ G nucleotide substitution model, based on rec-
ommendations from jModelTest 2 (Darriba et al. 2012). Internal
node support was assessed via 1000 non-parametric bootstrap
replicates (Felsenstein 1985).

Bayesian inference (BI) was conducted using a Metropolis-
coupled Markov chain Monte Carlo algorithm, with four par-
allel runs, each with four concurrent chains (one cold and
three hot) over 5,000,000 generations. Trees were sampled
every 100 generations, and the first 25% of trees were dis-
carded as ‘burn-in’ after confirming the standard deviation
split frequency dropped below 0.01. The convergence of evo-
lutionary model parameters was verified with Tracer v. 1.7.1
(Rambaut et al. 2018).
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Unweighted Pair Group Method with Arithmetic mean
(UPGMA) was performed in Mega 12.0.9 (Kumar et al. 2025)
using Maximum Composite Likelihood, considering both
transitions and transversions with 4 threads and pairwise de-
letion of gaps. Support values were based on 10,000 bootstrap
replicates.

Nearest Neighbour Joining (NJ) was performed in Mega
12.0.9 using Maximum Composite Likelihood and considered
both transitions and transversions, and used pairwise dele-
tion of gaps. Support values were based on 10,000 bootstrap
replicates.

Because all four methods returned essentially identical topolo-
gies, any output could be equally used to illustrate phylogeny.
We chose ML, flipping/swapping resultant CytB, ITS1 and DLZ
subtrees to generate maximum visual correspondence.

2.4 | Conchometrics

167 shells from 42 populations were selected for analysis across
all six European nomina, including 42 V. costata from eight
populations, six V. declivis from six populations, 36 V. ennien-
sis from six populations, 18 V. excentrica from six populations,
59 V. pulchella from ten populations, and six V. suevica from six
populations. Except for V. declivis, population identification was
verified using DNA barcodes.

All shells were imaged in top, bottom, and front views with an
Olympus SZX10 microscope, Olympus C-7070 Wide Zoom cam-
era, and QuickPHOTO MICRO software at ca. 20X. Between
5 and 10 images were taken of each shell with focus shifting
from shell bottom to top. These were composited into a single,
in-focus image using Combine ZM (https://combinezm.en.lo4d.
com/windows).

The composite image was used to conduct geometric morpho-
metrics (Rohlf and Marcus 1993) using the same 17 apertural-
view landmarks detailed in Nekola et al. (2025). Images were
digitised using tpsDig v.2.16 (Rohlf 2010) with tps files being
generated in tpsUtil v.1.53 (Rohlf 2012). Generalised Procrustes
Analysis in MorphoJ 1.07a (Klingenberg 2011) was used to
normalise rotation, translation and size effects (Rohlf and
Slice 1990). Extracted Procrustes coordinates were then used
to perform both Principal Components Analysis (PCA) and
Canonical Variance Analysis (CVA). Results were visualised
using ggplot2 in R (Wickham 2016), with the characteristic poly-
gon for each taxon being drawn using the most extreme individ-
uals in PCA space. This was done separately for all six initially
recognised European taxa, as well as the two species validated
from molecular data. CVA was used to document classification
accuracy.

In addition, a few additional critical qualitative features were
noted, the most important being the presence/absence of shell
ribs with or without periostracal fringes, whether the body
whorl descends just before the aperture, the nature of apertural
calcification, relative suture depth, the nature of flaring of the
final section of the body whorl, protochonch shape and general
umbilical architecture.

3 | Results
3.1 | DNA Sequence Phylogenetics

135 sequences were obtained in five taxa across the one mtDNA
and four nDNA loci (Table 1); amplicons could not be generated
for Vallonia declivis due to DNA degradation from long-term
room-temperature storage in ethanol. ITS1 sequence was ob-
tained from 35 individuals. Combined with the six additional
sequences from Korte and Armbruster (2003), amplicons varied
from 594 to 620 bp, with 44 variable sites. ITS1 sequence from V.
tenuilabris could not be determined because of the presence of
3+ haplotypes with different insertion—deletion patterns. CytB,
DOP1, LOC8662, ZNF507 sequences were obtained from 25 in-
dividuals. The CytB amplicon was 493bp and had 140 variable
sites; DOP1 was 536bp long with 33 variable bases; LOC8662
was 632bp with 31 variable sites; ZNF507 ranged from 441 to
450bp from the presence of a single deletion in 3 individuals,
with 20 variable sites being noted. DLZ construct length thus
ranged from 1611 to 1620bp and possessed 84 variable sites.

Mean variation within taxa (Table 3) was highest in CytB (0-6bp)
and lowest in DLZ (0-0.6 bp). Pairwise mean differences between
taxa could be broken into three general groups, being lowest for
V. enniensis vs. V. excentrica vs. V. pulchella (0.8-2.0bp in CytB;
0.4-2.3inITS1;0.3-1.5in DLZ) and V. costata vs. V. suevica (5.3bp
in CytB; 0.1 in ITS1; 0 in DLZ). Pairwise differences were higher
for V. parvula and V. perspectiva (47bp in CytB; 2bp in ITS1; 10bp
in DLZ), with differences between these groups being higher yet
(51.5-74bp in CytB; 10-22.3 in ITS1; 21-47 in DLZ).

These data illustrate the presence in modern Europe of two
highly supported (92-100) reciprocally monophyletic clades

TABLE 3 | Mean number of variable bases within and between
Vallonia taxa.

Taxon CytB ITS1 DLZ
A. Within
V. costata 5.5 0.3 0.0
V. enniensis 0.0 0.3 0.0
V. excentrica 1.5 14 0.5
V. pulchella 2.5 0.4 0.6
V. suevica 6.0 0.0 0.0
B. Between
V. enniensis vs. V. 0.8-2.0 0.4-2.3 0.0-0.6
excentrica vs. V.
pulchella
V. costata vs. V. 5.3 0.1 0.0
suevica
V. parvula vs. V. 47.0 2.0 10.0
perspectiva
All remaining 51.5-74.0 10.0-22.3 21.0-47

combinations
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FIGURE 3 | Phylogenetic relationships of European Vallonia. (A) ITS1, a multicopy nDNA locus, and (B) DLZ (concatenated single-copy nDNA
loci)—left, and CytB (single copy mtDNA locus)—right. Support values for important nodes are based on ML (upper left, normal font), BI (upper left,
italic), UPGMA (lower left, bold) and NJ (lower right, bold italic). Scale bars represent maximum composite likelihood distances.
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FIGURE4 | Position of 167 analysed shells along the first two axes of Principal component analysis based on shell geometric morphometrics using
seventeen landmarks. Numbers of analysed shells/populations for each species: V. costata: 42/8; V. declivis: 6/6; V. enniensis: 36/6; V. excentrica: 18/6;
V. pulchella: 59/10; V. suevica: 6/6. Convex polygons were added to the diagram to highlight the distinction between: (a), six species defined based on
traditional conchological characters and (b), two species that survived validation based on molecular data.

separated by long branches across CytB, ITS1, and DLZ
(Figure 3). Vallonia enniensis and V. excentrica are members of
the same species-level clade as V. pulchella, with V. suevica being
a member of the same species-level clade as V. costata. Across all
three alignments, within-group variation was roughly an order
of magnitude less than seen between. While greater within-
species variation was noted in ITS1 for V. pulchella, its subclades
were primarily distinguished by unique insertion-deletion pat-
terns and were not highly supported (60-73). % of these sub-
clades contained shells representative of multiple nomina. Only
in DLZ was there evidence for a stable subclade within V. pul-
chella, with all four V. excentrica possessing the same unique T
vs. C substitution in LOC8662 at bp381.

3.2 | Conchometrics

PCA of shell landmarks accounted for 30.5% of observed varia-
tion along the first axis, and 15.7% along the second axis. All six
putative European species in PCA space (Figure 4a) document
extensive overlap, especially between V. costata/V. suevica and
V. pulchella/V. enniensis. While part of the V. excentrica polygon
extends beyond the V. pulchella polygon, overlap between the
two was approximately 50%. Likewise, while some V. declivis
shells fell outside of the V. pulchella polygon, roughly 30% over-
lap was present.

Conchometrics were much less confusing, however, when spe-
cies concepts were guided by DNA sequence. When individ-
uals were sorted into only V. costata or V. pulchella, overlap
decreased to ~3.5% of individuals in 2-dimensional PCA space

(Figure 4b). When variation was constrained in CVA by ge-
netically validated species identifications, only one individual
was misclassified (a V. costata being placed in V. pulchella) out
of 167 individuals. This equates to a classification accuracy
0f 99.4%.

Gerber (1996) also considered a number of other qualitative
traits in the diagnosis of Vallonia species, including the pres-
ence and density of ribs, the presence of periostracal fringes
on those ribs, suture depth, shell lustre, callus development,
and the general shape and outline of the aperture in relation to
the preceding body whorl. While a suite of subtle traits allows
for the segregation of V. excentrica from V. pulchella, and more
obvious traits in the separation of V. costata from V. pulchella,
shell ribbing was found to be highly variable in its expression,
being sometimes present in normally smooth species (V. en-
niensis vs. V. pulchella) or absent in otherwise ribbed ones (V.
suevica vs. V. costata).

4 | Discussion

While we cannot provide genetic confirmation of the status of V.
declivis, we note that in both German and Bohemian populations
shells are identical to sympatric V. pulchella in terms of coiling
ratio and diameter over the first ~4 whorls. Where V. declivis dif-
fers is by continuing to grow beyond the typical terminal size of
V. pulchella and by only poorly developing a flared, calcified ap-
ertural margin (Figure 1). It seems likely that this can be traced
to parasite infection, which prevents individuals from achiev-
ing sexual maturity, making them become gigantic juveniles.
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Parasites are known to infect various microsnails, including
Vallonia pulchella (Samson and Holmes 1985), with parasitic
castration commonly leading to the type of gigantism seen here
(Wilson and Denison 1980; Sousa 1983). Other likely examples in
land snails include Vertigo heldi (Clessin, 1877) and ‘Columella’
hasta (Hanna, 1911). This syndrome is well known in aquatic
species (Choubisa and Sheikh 2013). The presence of a malignant
agent is also suggested by the fact that V. declivis is almost never
seen alive, which stands in stark contrast to other Vallonia taxa.

DNA sequence and/or conchometric landmark analyses doc-
ument that all prior traditional taxonomic concepts were in-
valid, with too little conchological variability being accounted
for in the two extant taxa and the remaining representing
oversplit entities. European Vallonia species diversity is lim-
ited to V. costata and V. pulchella, with the other four currently
recognised nomina representing junior synonyms that are
best considered either simple shell forms (enniensis form of V.
pulchella, suevica form of V. costata), a very weakly genetically
defined race (excentrica race of V. pulchella), or are individuals
exhibiting aberrant shell development due to parasite-induced
castration (declivis form of V. pulchella). Because the ICZN
Code does not recognise levels below the subspecies level, our
use of these prior names in the above ways above should not
be seen as an official nomenclatural act. Rather, they repre-
sent an unofficial way to assist communication about individ-
uals sharing certain traits within a species—much like breed
names are used for dogs.

While it is theoretically possible that some local endemic race
may exist and equate to one of the 20-odd other V. costata and V.
pulchella synonyms (Gerber 1996), we think that the likelihood
of this is extraordinarily remote: First, very little intraspecific
variability was noted range-wide in either species in DLZ and
CytB, making for much more uniform species gene pools than
seen in Pyramidula (Horsakova et al. 2022) or Perpolita (Saito
et al. 2025). The greater amount of intraspecific variation noted
within ITS1 is almost certainly related to intercopy variation
that carries little or no taxonomic signal (Nekola et al. 2018).
Second, this limited gene pool variation was observed despite
the fact that our samples cover the entire ecological extent and
native geographic range of both taxa. Third, formal synonymi-
sation of each nomen would require collection and analysis of
DNA and shell features from populations at or near each Type
Locality. This is likely impossible given cursory (or lacking) in-
formation provided in old descriptions. While our working hy-
pothesis is thus that none of these additional names represent a
valid species-scale entity, we leave their formal empirical con-
frontation for others to accomplish.

Given that shell ribbing—which was one of the principal diag-
nostic characters historically used to identify V. costata and V.
pulchella—is not taxonomically useful, their demarcation must
be based on other traits. Following Gerber (1996), we suggest:

Vallonia costata: (1) Sutures deeply incised; (2) In side view, last
whorl descending toward aperture; (3) Upper and lower inser-
tions of aperture margin close to each other; (4) Ring-shaped
callus inside aperture strong, separated from thin margin by a
wide, shallow furrow; callus and margin forming a broad, flat
peristome; (5) Ribs, if present, topped by periostracal fringes;

(6) Shell surface with microscopic, roughly commarginally ori-
ented, anastomosing periostracal ridges.

Vallonia pulchella: (1) Sutures shallow; (2) In side view, last
whorl horizontal, not descending toward aperture; (3) Upper
and lower insertions of aperture margin distant from each other;
(4) Callus inside aperture separated from margin by a narrow,
incised furrow; callus protruding beyond aperture margin; (5)
Ribs, if present, not topped by periostracal fringes; (6) Shell sur-
face without microscopic periostracal ridges.

The identification features for the excentrica race of V. pulchella
remain unchanged from Gerber (1996), with its shells having
less pronounced growth striae and hence a shinier lustre; its
last quarter-whorl increases faster in width than the previous
whorls, giving the shell a more oval outline, but it is not sud-
denly expanded just behind the aperture margin, as is typical
in V. pulchella.

Determination of the actual taxonomic status of Vallonia ex-
centrica is made challenging given that not only are its shells
distinguished by a suite of subtle traits, but also because all
analysed individuals from two continents share the same sin-
gle base-pair substitution in the DLZ construct. Even though
>99.5% genetically similar to V. pulchella, the idea that V.
excentrica has achieved evolutionary independence from V.
pulchella cannot be summarily dismissed. For instance, the
European land snail Euconulus alderi appears to be a biolog-
ically valid species even though it exists as a subclade within
E. fulvus fulvus: not only is the clade present within multiple
nDNA and mtDNA signals, but no evidence of hybridization
with E. fulvus fulvus has been noted. It also possesses a dif-
ferent ecological niche and unique shell and soft-body fea-
tures (Kafimola et al. 2025). The V. excentrica situation differs
from this, however: first, individuals exist as a clade only in
the DLZ construct, being polyphyletic across multiple sub-
clades in both ITS1 and CytB. If it represents a just-evolved
species, incomplete lineage sorting and/or introgression must
be rampant. While only ITS1 shows any substantial subclade
structure within V. pulchella, not only are these unsupported
at >75 level in at least some reconstruction methods, but
additionally all but one contain shells representing multiple
nomina. Also auguring against recognising excentrica as any-
thing other than a V. pulchella race is that intermediates are
frequently present, making clear assignments difficult if not
impossible for at least a few individuals. Additionally, sym-
patric populations representing both shell types often occur at
sub-metre scales. Because of these issues we conclude that ex-
centrica likely represents a V. pulchella race that is more toler-
ant of less productive, low base-status grasslands (Pakiet 1994;
Nekola 2004; Horsak et al. 2013). Additional genomic-level
analyses considering far more loci would be useful in helping
determine how far excentrica has gone along the path of evo-
lutionary independence.

The problems with traditional taxonomic approaches in
European Vallonia stem in large part from the reasonable (but
faulty) assumption that easily recognised and discrete features—
such as shell ribbing—will inform about deeper genetic differ-
ences. They do not and rather are likely coded for by a very small
group of regulatory genes maintained through self-fertilisation
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(Whitney 1941; Kuznik-Kowalska and Pro¢kéw 2016) that are
under at least partial environmental control (Pakiet 1994). As a
result, the use of this trait lead to oversplitting and biodiversity
overestimation within the genus. However, in other Pupilloidea
(Bouchet et al. 2017), the nature of shell ribbing allows for accu-
rate demarcation of Pupilla (Nekola et al. 2015) and Pyramidula
(Horsakova et al. 2022) species. It is thus likely that general a
priori rules regarding which traits are taxonomically robust do
not exist. Rather, they can only be identified following consulta-
tion with genetic data. It is thus crucial for workers to conduct
pilot analyses prior to undertaking integrative revision and/or
description to document which traits do and do not provide ro-
bust taxonomic signal.
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