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Abstract. A population of a ramshorn snail species new to the French malacofauna, Gyraulus riparius (Westerlund, 
1865), has been discovered in the fen surrounding Lake Cerin in southern Jura, eastern France. This population is 
located more than 450 km south of the previously known localities in Germany, and the species’ status as indigenous 
to France is therefore discussed. A review of palaeontological data show that the species has been recorded in eastern 
France during cold periods of the Middle and Lower Pleistocene. Furthermore, Lake Cerin is a small lake of glacial 
origin, located at an altitude of 766 m a.s.l., with little impact from human activities and inhabited by numerous threat-
ened and protected boreo-alpine species. We postulate that this population indicates a wider past distribution, espe-
cially in the south, although we cannot exclude the hypothesis of a more recent introduction (natural or anthropic). 
We propose that G. riparius should be treated as a species native to France, as defined by the International Union for 
the Conservation of Nature, and targeted by a conservation and knowledge programme.
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Introduction

Gyraulus riparius (Westerlund, 1865) is a poorly known 
freshwater gastropod belonging to the hyper-diverse fam-
ily Planorbidae, which includes about 312 accepted species 
(Albrecht et al. 2006; MolluscaBase 2024). The species geo-
graphic range extends in northeastern Europe and Siberia, 
from southeastern Germany to the Altai Mountains (Wel-
ter-Schultes 2012; Glöer 2019). More specifically, the spe-
cies has been documented in Germany, (i) in the southwest 
in Baden-Württemberg and Rhineland-Palatinate (Groh & 
Richling 2009), (ii) in the south in the Danube valley at 
Reibersdorf Lake, and (iii) in the large lakes in the north 
(see Glöer 2019 for references), as well as in The Nether-
lands (Kuiper 1947; Van Bruggen 1957; Gittenberger et al. 
1998), Poland (Piechocki et al. 2016; Czyż et al. 2016), Slo-
vakia (Horsák et al. 2013), and Hungary (Fehér et al. 2006). 
It is also present around the Baltic Sea in Latvia (Schlesch 

1943; Stalazs & Dreijers 2016; Rudzite et al. 2018), Lithu-
ania (Zettler 2014; Stalazs & Dreijers 2016), and Estonia 
(Stalazs & Dreijers 2016). Its northern range includes Den-
mark (Mandahl-Barth 1949), Finland (Aho et al. 1981), 
and Sweden (Nilsson et al. 1998; von Proschwitz 2001), 
while its eastern range extends through the European part 
of Russia to western Siberia (Kantor et al. 2010; Filippenko 
2011; Vinarski et al. 2013; Vinarski & Kantor 2018; Pisaryev 
2022). In northern Italy, the species has been recorded in 
Lake Frassino near Verona since 2004, where it is consid-
ered to be introduced (Niero 2022).

Gyraulus riparius inhabits standing waters with a dense 
vegetation, usually in lakes (Glöer 2019), undisturbed 
pools, oxbow lakes, and wetlands in the floodplains of large 
lowland rivers (Horsák et al. 2013). It is most rarely in rivers 
(Czyz et al. 2016). The species is considered rare, probably 
because of the rarity of high-quality habitats, with scarce 
populations throughout most of its range, except in Finland 
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and the Netherlands. However, the putative rarity of the 
species may also be partly due to sampling bias related to 
its small size and similar shell shape to juveniles of Hippeutis 
complanatus (Linnaeus, 1758). Indeed, the shell of G. ripar-
ius is tiny, 2.3–3.5 mm wide and 0.6–0.8 mm high, with 3½ 
rapidly increasing whorls; the last whorl is slightly angular 
at periphery, giving a Hippeutis-like shell when viewed in 
apertural view. However, besides the larger size of the adult 
shells of H. complanatus (4–5 mm wide), G. riparius has 
a last whorl with a less pronounced angular outline and a 
wider umbilicus. In addition, the umbilical edge of the aper-
ture is inserted on the periphery of the penultimate whorl 
in G. riparius, whereas in H. complanatus it is inserted in the 
middle (Kuiper 1947).

Described from Sweden and initially attributed to the 
genus Planorbis O.F. Müller, 1773 by Westerlund (1865), 
the species was successively placed in the genera Anisus S. 
Studer, 1820, Hippeutis Charpentier, 1837, Choanompha-
lus Gerstfeldt, 1859, and Gyraulus Charpentier, 1837 (see 
Vinarski et al. 2013 for an overview). Based on the structure 
of the male reproductive system, Starobogatov (1967) cre-
ated the subgenus Lamorbis within the genus Choanompha-
lus with Planorbis riparius as type species. Subsequently, 
Meier-Brook (1983) recognized the taxonomic validity of 
this subgenus but placed it within the genus Gyraulus as a 
sister group to subgenus Armiger W. Hartmann, 1843. The 
molecular phylogeny approach of planorbids by Albrecht 
et al. (2007) suggests that the genera Choanomphalus and 
Gyraulus form separate clades. However, other molecular 
phylogenetic analyses using mitochondrial and/or nuclear 
sequences attributed to G. riparius (Lorencová et al. 2021; 
Saito et al. 2023) do not allow a clear taxonomic assignment 
within the genus Gyraulus.

Gyraulus riparius has never been recorded in the modern 
French fauna, although paleontological data suggest that the 
species was present in Alsace (northeastern France) at least 
400,000 years ago in alluvial deposits (Wernert & Geissert 
1963). However, during opportunistic malacological sam-
pling, one of us ( JR) discovered a population in Lake Cerin, 
in the southern Jura Mountains in eastern France. The aims 
of this article are (i) to report this discovery, (ii) to review 
the palaeontological literature, and (iii) to discuss both its 
native/non-native nature and its conservation status in 
France.

Material and Methods
Lake Cerin (Fig. 1A) is a small residual lake (c. 2,500 m2) 
of glacial origin located at an altitude of 766 m a.s.l.; it is 

immediately surrounded by mires (0.15 km2) resulting of 
overgrowing processes (Magny et al. 2011). The average 
annual rainfall is about 1,500 mm, and the average tempera-
ture ranges from 0.2 °C in the coldest month to 14.5 °C in 
the warmest. The current open-water zone, known as the 
“peat bog eye” (Fig. 1A, B), is 2.5–3.2 m deep, with a con-
stant water level throughout the year (Faussurier 1973). 
Its pH is alkaline, close to neutral (7.0–7.5) (CEN Rhône-
Alpes 2012). Specifically, the natural habitats around the 
lake consist of a mosaic of intermingled wetlands com-
posed of Nymphaeion (EUNIS 2012 code: C1.34), Caricion 
lasiocarpae (EUNIS 2012 code: D2.31), Cladietum marisci 
(EUNIS 2012 code: D5.24), Rhynchosporion (EUNIS 2012 
code: D2.3H), Caricetum davallianae (EUNIS 2012 code: 
D4.13), Orchio palustris–Schoenetum nigricantis (EUNIS 
2012 code: D.411). These habitats are home to several 
threatened and protected boreo-alpine species, such as 
Varnished Hook-moss (Hamatocaulis vernicosus (Mitt.) 
Hedenäs), Bog Sedge (Carex limosa L.), English Sundew 
(Drosera anglica Huds.), or Alpine Bulrush (Trichophorum 
alpinum (L.) Pers.).

This natural site, including the lake and the surrounding 
natural habitats, is covered by a conservation management 
plan drawn up by a French NGO (Conservatoire d’espaces 
naturels Rhône-Alpes or CEN Rhône-Alpes in the follow-
ing text), which owns or has a management contract for the 
entire surface of the marshland (National code: FR1506088; 
International code - Protected Planet: 555739606). It is also 
included in the European Natura 2000 network of protected 
areas (site code: FR8201641).

Sampling was carried out on 25 September 2021 and 23 
April 2024 in the waterlogged alkaline swamps surround-
ing the lake (45.7774°N, 005.5615°E) using the wet-sieving 
method (Horsák 2003). Samples were taken from a small 
area of approximately 4 m2 and a total volume of about 10 L 
of litter was washed (Fig. 1C). The cleaning residue was 
then filtered through a fine mesh sieve (500 µm) to retain 
the smallest shells. All molluscs sampled were transported 
live to the laboratory and then fixed in 70% ethanol. When 
necessary, they were identified based on diagnostic anatom-
ical features of the reproductive system. Specifically for G. 
riparius, the diagnostic characters from Meier-Brook (1983) 
and Glöer (2019) were used.

Palynological and lithostratigraphical studies have been 
carried out at the Cerin lake, using 49 core samples to assess 
changes in the vegetation and palaeohydrological variations 
since the end of the Younger Dryas (Ruffaldi 1993; Magny 
et al. 2011). The mollusc assemblages from one of these 
cores (number TB3; 10 m deep and dated from the Younger 
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Dryas to the present) were briefly described in the thesis 
of Ruffaldi (1993). The corresponding samples have been 
deposited at the Muséum national d’Histoire naturelle, Paris 
(MNHN, Jacques Mouthon leg.) and examined by one of 
us ( JR). In addition, the Quaternary fossil occurrences of G. 
riparius have been compiled based on a critical review of the 
literature and access to the Quaternary Molluscan Database 
(https://malacologie.in2p3.fr/). The records of this taxa 
were reviewed for chronological and palaeoclimatic context 
by checking the type of dating and sedimentary context to 
provide reliable fossil data.

We follow the taxonomic referential TAXREF v. 17 (Gar-
gominy et al. 2024) for all species cited in this paper. The 

phytosociological classification follows the EUNIS nomen-
clature (European Nature Information System, https://
eunis.eea.europa.eu/).

Results
In the years 2021 and 2024, 12 and four live specimens of G. 
riparius were respectively collected (Figs 1D, 2C), in asso-
ciation with the freshwater gastropods Anisus leucostoma 
(Millet, 1813) (n = 6), Galba truncatula (O.F. Müller, 1774) 
(n = 6), and Valvata cristata O.F. Müller, 1774 (n = 3), but 
also with the terrestrial species Carychium minimum O.F. 
Müller, 1774 (n = 5), Euconulus alderi ( J.E. Gray, 1840) (n 

Figure 1. Sampling site and shells of Gyraulus riparius (Westerlund, 1865). A, view of Lake Cerin and surrounding vegetation. B, the open 
water area also known as the “peat bog eye”. C, sampling site in the waterlogged alkaline swamps near the “peat bog eye”. D, shell of G. riparius 
sampled at Cerin Lake, seen from the top, from the aperture and from the bottom side, respectively. E, fossil shell of G. riparius from the 
Gelasian (Lower Pleistocene) deposit of Petit-Reversey, Mervans (Bourgogne-Franche-Comté, France; J.J. Puisségur collection).

https://malacologie.in2p3.fr/
https://eunis.eea.europa.eu/
https://eunis.eea.europa.eu/
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= 2), Nesovitrea hammonis (Strøm, 1765) (n = 1), Vertigo 
antivertigo (Draparnaud, 1801) (n = 2), and Vertigo pygmaea 
(Draparnaud, 1801) (n = 8). Count data for these species 
only refer to the first sampling in 2021.

The study of the anatomical features obtained on three 
of the sampled specimens of G. riparius corresponds well to 
those reported in the literature (Meier-Brook 1983; Glöer 
2019). Here we only show and describe the copulatory 
apparatus (Fig. 2), which is rarely illustrated in the litera-
ture. Penis sheath (psh) narrow, only slightly wider than the 
vas deferens (vd). Praeputium (prp) is wider but about the 
same length as the of the penis sheath. Penis retractor mus-
cle (prm) inserts into the terminal part of the penis sheath 
just before the praeputium emerges. Penis sheath termi-
nated by a sarcobellum (sa) (sensu Hubendick 1955; papilla 

sensu Baker 1945), a cone-shaped tissue with a hole through 
which the stylet (st) passes during copulation. Praeputium 
with usually one or two muscular pilasters (pi) correspond-
ing to the invagination of the inner epithelium (Meier-Brook 
1964, 1983). Presence of a muscular ring (v) (or velum sensu 
Hubendick 1955, or diaphragma sensu Meier-Brook 1983) 
in the proximal part of the praeputium. Penis (p) slender 
with a stylet (st) at the tip. Penial pore (pp), i.e. the orifice of 
the ductus deferens (dd), located where the tapering begins 
and before the stylet. Stylet thin, conical, approximately 
25–30 µm in length and 9 µm in diameter at most.

The mollusc assemblages from sediment core TB3 at 
Lake Cerin described in Ruffaldi’s thesis do not contain 
G.  riparius, which we confirm after careful examination of 
all the samples housed in the MNHN. According to Ruf-

Figure 2. Live specimen and male part of the reproductive system of Gyraulus riparius (Westerlund, 1865) from specimens sampled in 
Lake Cerin (south of the Jura Mountains, eastern France). A, view of the male part of the reproductive system. B, view of the transition 
between the penis sheath and preputium. C, living specimen sampled on 23/04/2024 in Cerin Lake. D, stylet. E, schematic view of the 
transition between the penis sheath and preputium (see B). Abbreviations: dd ductus deferens, p penis, pi pilaster, pp penis pore, prm 
penis retractor muscle, prp preputium, psh penis sheath, sa sarcobellum, st stylet, vd vas deferens, v velum, wp penis wall.
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faldi (1993), 18 species of molluscs were recorded in TB3, 
including 13 gastropods, such as Anisus leucostoma, Anisus 
vorticulus (Troschel, 1834), Gyraulus albus (O.F. Müller, 
1774), Gyraulus crista (Linnaeus, 1758), Hippeutis compla-
natus (Linnaeus, 1758), Valvata cristata, and Valvata piscina-
lis (O.F. Müller; 1774).

From our literature review, G. riparius appears to be 
rare in Quaternary non-marine fossil-mollusc assemblages 
in European alluvial and lacustrine deposits. Fossil occur-
rences have been documented in Poland from the Late 
Glacial Period (Kulesza et al. 2011) to the Holocene (Alex-
androwicz 1987; Alexandrowicz & Żurek 2013; Kurzawska 
& Kara 2015; Galka et al. 2017), Belarus (Eemian: Galka 
et al. 2017) and northern European Russia (Quaternary 
deposits: Zhadin 1952; Danilovsky 1955). The species has 
been found in Eemian and Weichselian and Middle Pleis-
tocene deposits in Germany (Mania 1978; Schiermeyer 
2000; Olivier Moine personal communication), in the 
Holocene of Lithuania (Sanko et al. 2010), in the Upper 
Gelasian and Holocene deposits in the Netherlands (Meijer 
1989; Meijer in Gittenberger et al. 2004), in Czech Republic 
(Lozek 1964), from the lower Pleistocene ( Jánossy & Kro-
lopp 1994) to the Upper Pleistocene (Sumegi et al. 2012, 
2013) and Holocene (Fukoh 1992) in Hungary, and from 
the Late Glacial in Ukraine (Hájková et al. 2022). Further-
more, G. riparius has been identified in fossil sites in France 
and the United Kingdom that are outside its current known 
distribution. This species was present during cold periods 
in eastern France during the Middle Pleistocene in Alsace 
at Hangebieten (MIS 12: Wernert & Geissert 1963) and 
the Lower Pleistocene in Bourgogne Franche-Comté at 
Mervans, Sainte-Marie-la-Blanche, and Levernois (Gelas-
ian: Puisségur 1984, Fig. 1E). In Great Britain, G. riparius 
appeared at two sites during an interglacial phase of the 
Middle Pleistocene (MIS7: Preece 2003; Preece & White in 
Wenban-Smith et al. 2020). Although G. riparius is consid-
ered to be a cold-resistant species and is regularly found in 
association with fauna indicative of glacial and late environ-
ments, it also occurred during interglacial phases such as the 
Eemian (Mania 1978; Preece 2003; Sanko et al. 2010). Our 
review of the palaeomalacological literature suggests that 
the Pleistocene distribution of G. riparius was wider and 
beyond the western limit of its current range.

Discussion
The discovery of Gyraulus riparius in the south of the Jura 
massif, outside its known current range, raises questions 
about its French biogeographical and conservation status, 

but also challenges the true extent of its current global range. 
Indeed, the new population is at least 435 km distant from 
the nearest populations in Germersheim, Germany, apart 
from the introduced Italian population in Lake Fressano, 
and may therefore represent the westernmost and south-
ernmost edge of its range. Relict or new immigrant, or in 
other words, native or non-native? That is the key question! 
The definition of an “introduced” or “native” species is rela-
tively straightforward and based on a dichotomous classifi-
cation (Essl et al. 2018, 2019; Lemoine & Svenning 2022); 
an introduced species is one that has been introduced by 
human activity outside its natural range and has the poten-
tial to survive and reproduce, and a native species is one 
within its natural range (see for example definitions by the 
International Union for Conservation (IUCN) or the Con-
vention on Biological Diversity). However, the criteria for 
applying these definitions in practice are less clear, due to 
the variety of considerations, especially where the current 
and/or historical natural range is poorly known (Essl et al. 
2018). Crees & Turvey (2015) addressed this issue and 
proposed a framework that outlines possible subcategories 
that exist between the current “native/non-native” dichot-
omy and specifically incorporated Upper Pleistocene and 
Holocene data. This classification considers a taxon to 
be native sensu lato (see subcategories of Crees & Turvey 
2015: table 1 and fig. 1) if it has been continuously pres-
ent since the Upper Pleistocene or (re)colonised during 
the Holocene, with or without human influence. In France, 
palaeontological data indicate that G. riparius was present 
at least during the Lower and the Middle Pleistocene (Wer-
nert & Geissert 1963; Puisségur 1984). At Lake Cerin, 
Anisus vorticulus occurred during the Late Glacial (Ruffaldi 
1993) and indicates that environmental conditions were 
favourable for G. riparius during the Lower Dryas (Groh & 
Richling 2009). Furthermore, in contrast to the situation 
observed in Lake Fressano, Italy (Nerio 2015), the current 
high degree of naturalness of Lake Cerin, with minimal 
anthropogenic influence, limits the potential for acciden-
tal introduction by human activities, although this cannot 
be entirely ruled out (the same applies to a potential (re-)
introduction via another non-anthropogenic source, such 
as birds).

By examining paleontological data over a broader chrono-
logical scale than that proposed by Crees & Turvey (2015), 
we suggest that G. riparius is a species native to France. This 
hypothesis is supported by its occurrence during the Middle 
Pleistocene in Great Britain (Preece 2003; Preece & White 
in Wenban-Smith et al. 2020) and during the Upper Pleisto-
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cene in Germany (Mania 1978; Schiermeyer 2000; Olivier 
Moine personal communication).

Assuming G. riparius is native to France, possibly as 
a glacial relict, it could be classified as Vulnerable under 
criterion D2 or Near Threatened under criteria B1a+B2a 
(IUCN 2012), although the Data Deficient category is 
probably more appropriate, given the poor state of knowl-
edge. Even if this is a recent accidental introduction, we 
argue that the species does not constitute a threat to the 
aquatic ecosystem of Lake Cerin, as evidenced by the slow 
population expansion in Italy since its introduction (Nerio 
2015).

A comparison of fossil data and current distributional 
data suggests that the geographic distribution of G. riparius 
shifted during the Quaternary. Consequently, it is import-
ant to consider a broader time scale to gain a more com-
prehensive understanding of the biogeographic history of 
this taxon. However, while palaeodata provide a fantastic 
retrospective palaeobiological view, it is worth bearing in 
mind that the fossil record contains gaps. Due to their small 
size and fragility, shells of G. riparius may be found in the 
fossil record in a poor state of preservation. Small, fragile 
shells have been recovered from sites where the sediment 
has been meticulously sieved using a fine mesh (500 µm or 
1 mm). Consequently, this species’ occurrence in the fos-
sil record is contingent upon the application of a specific 
methodology to find it and suitable sedimentary parame-
ters (e.g. carbonate content and fineness of deposits) that 
will enhance the likelihood of shell preservation.

The discovery of this population in a lake of glacial origin, 
far from what is currently thought to be its southern range 
limit, raises the question of its indigenous status. We argue 
that this population should not be considered as introduced 
in the IUCN sense, which would imply its status of “Not 
Applicable” in the French Red List. Gyraulus riparius should 
be considered a native species in France along with the 
691 other species (726 terminal taxa) of French non-ma-
rine molluscs, of which 35 are recent introductions (post-
1500 AD) (UICN comité français, OFB & MNHN 2021). 
Finally, we propose here the French vernacular name “la Pla-
norbine des rives” (meaning “Shoreline Ramshorn Snail”) 
to help naturalists and conservationists take better account 
of this species (Fontaine et al. 2011), and we plead that this 
population should be monitored and its native status inves-
tigated using molecular tools. It would be unfortunate if, as 
in the ironic story in the United Kingdom of the Pool Frog, 
Pelophylax lessonae (Camerano, 1882), its putative native 
status was only established after its extinction (Beebee et al. 
2005; Snell et al. 2005).

Acknowledgements
We thank Dimitri Laurent for his help in the field, but also 
Michal Horsák and the two anonymous reviewers for their 
corrections and comments on the manuscript. QW thanks 
O. Moine, R. Preece, and L. Juřičková for the information 
they have provided and P. Lozouet for imaging the fossil 
shell. This study is part of the “Programme d’Amélioration 
de la Connaissance des Mollusques des Alpes et du Jura 
PACMAJ” [Programme for the Improvement of the Knowl-
edge of Molluscs of the Alps and the Jura], partly financed 
by the UMS PatriNat.

References
Aho J, Ranta E, Vuorinen J. 1981. Species composition of 

freshwater snail communities in lakes of southern and western 
Finland. Annales Zoologici Fennici 18 (4): 233–241.

Albrecht C, Kuhn K, Streit B. 2007. A molecular phylogeny 
of Planorboidea (Gastropoda, Pulmonata): insights from en-
hanced taxon sampling. Zoologica Scripta 36 (1): 27–39. doi: 
10.1111/j.1463-6409.2006.00258.x

Alexandrowicz SW. 1987. Malacofauna of the Late Vistu-
lian and Early Holocene lacustrine chalk from Roztoki near 
Jasło ( Jasło-Sanok Depression). Acta Palaeontologica 27 (1): 
67–74.

Alexandrowicz WP, Żurek S. 2018. Holoceńska ewolucja tor-
fowiska w Zatoce Słupiańskiej (jezioro Wigry, NE Polska) w 
świetle analizy malakologicznej. [Holocene evolution of the 
peat-bog in Słupiańska Bay (Wigry Lake, NE Poland) in the 
light of malacological analysis.] Biuletyn – Państwowego Instytu-
tu Geologicznego 473: 1–12.

Baker FC. 1945. The Molluscan Family Planorbidae. The Univer-
sity of Illinois Press, Urbana, xxxvi + 530 pp. doi: 10.5962/bhl.
title.7026

Beebee TJC, Buckley J, Evans I, Foster JP, Gent AH, Gleed-
Owen CP, Kelly G, Rowe G, Snell C, Wycherley JT, Zeis-
set I. 2005. Neglected native or undesirable alien? Resolution 
of a conservation dilemma concerning the pool frog Rana 
lessonae. Biodiversity and Conservation 14 (7): 1607–1626. doi: 
10.1007/s10531-004-0532-3

CEN Rhône-Alpes 2012. Tourbière de Cerin – Révision du plan de 
gestion. Période 2013–2022. 79 pp.

Crees JJ, Turvey ST. 2015. What constitutes a ‘native’ species? 
Insights from the Quaternary faunal record. Biological Conser-
vation 186: 143–148.  doi: 10.1016/j.biocon.2015.03.007

Czyż MJ, Woliński P, Talarska P, Gołdyn B. 2016. Ma-
terials to the knowledge of molluscs of Wielkopolska 
(West-Central Poland), V. Family: Planorbidae (Gastro-
poda: Pulmonata). Folia Malacologica 24 (4): 251–264. doi: 
10.12657/folmal.024.021

Danilovsky I.V. 1955. Opornyi razrez otlozheniy Skandinav sko  go 

doi:%2010.1111/j.1463-6409.2006.00258.x
doi:%2010.1111/j.1463-6409.2006.00258.x
https://doi.org/10.5962/bhl.title.7026
https://doi.org/10.5962/bhl.title.7026
https://doi.org/10.1007/s10531-004-0532-3
https://doi.org/10.1007/s10531-004-0532-3
https://doi.org/10.1016/j.biocon.2015.03.007
https://doi.org/10.12657/folmal.024.021
https://doi.org/10.12657/folmal.024.021


Ryelandt et al.: Gyraulus riparius in France  192

oledeneniya Russkoy ravniny i chetvertichnyye mollyuski. Gos ge-
ol tekhizdat, Moscow, 202 pp.

Essl F, Bacher S, Genovesi P, Hulme PE, Jeschke JM, Ka-
tsanevakis S, Kowarik I, Kühn I, Pyšek P, Rabitsch W, 
Schindler S, Van Kleunen M, Vilà M, Wilson JRU, Ri-
chardson DM. 2018. Which taxa are alien? Criteria, appli-
cations, and uncertainties. BioScience 68 (7): 496–509. doi: 
10.1093/biosci/biy057

Essl F, Dullinger S, Genovesi P, Hulme PE, Jeschke JM, 
Katsanevakis S, Kühn I, Lenzner B, Pauchard A, 
Pyšek P, Rabitsch W, Richardson DM, Seebens H, Van 
Kleunen M, Van Der Putten WH, Vilà M, Bacher S. 
2019. A conceptual framework for range-expanding species 
that track human-induced environmental change. BioScience 
69 (11): 908–919. doi: 10.1093/biosci/biz101

Faussurier M. 1973. Parc Naturel Régional du Bugey: Quelques 
données concernant trois lacs du bas Bugey. Bulletin de la So-
ciété d’Ecologie 4 (2): 63-67.

Fehér Z, Majoros G, Varga A. 2006. A scoring method for the 
assessment of rarity and conservation value of the Hungarian 
freshwater molluscs. Heldia 6: 101–114.

Filippenko D. 2011. Fauna of gastropod molluscs in the Curo-
nian Lagoon littoral biotopes (Baltic Sea, Kaliningrad region, 
Russia). Malacologica Bohemoslovaca 10: 79–83. doi: 10.5817/
mab2011-10-79

Fontaine B, Bichain J-M, Cucherat X, Gargominy O, Prié 
V. 2010. Les noms scientifiques français des mollusques conti-
nentaux de France : processus d’établissement d’une liste de 
référence. Revue d’Ecologie (La Terre et la Vie) 65: 293–317.

Fűköh L. 1992. Malacostratigraphy investigation of the Late 
Quaternary Subsided Zones of Hungary. Folia Historico-Natu-
ralia Musei Matraensis 17: 97–106.

Gałka M, Aunina L, Feurdean A, Hutchinson S, Kołaczek 
P, Apolinarska K. 2017. Rich fen development in CE Eu-
rope, resilience to climate change and human impact over the 
last ca. 3500 years. Palaeogeography, Palaeoclimatology, Palaeo-
ecology 473: 57–72. doi: 10.1016/j.palaeo.2017.02.030

Gargominy O, Tercerie S, Régnier C, Ramage T, Dupont 
P, Daszkiewicz P, Poncet L. 2024. TAXREF v17.0, référen-
tiel taxonomique pour la France. PatriNat (OFB-CNRS-MN-
HN-IRD), Muséum national d’Histoire naturelle, Paris.

Gittenberger E, Janssen AW, Kuijper WJ, Kuiper JGJ, Mei-
jer T, Van der Velde G, De Vries JN. 1998. De Nederlandse 
Zoetwatermollusken, Recente en fossiele weekdieren uit zoet en 
brak water. (Nederlandse Fauna 2). Nationaal Natuurhistorisch 
Museum Naturalis, Leiden. 288 pp.

Glöer P. 2019. The Freshwater Gastropods of the West Palaearctis. 
Vol. 1. Hetlingen, Germany, Biodiversity Research Lab, Het-
lingen, 399 pp.

Groh K, Richling I. 2009. Erstnachweise des Flachen Post-
hörnchens Gyraulus (Lamorbis) riparius (Westerlund 1865) 
in Südwestdeutschland und Niedersachsen (Gastropoda: Bas-
ommatophora: Planorbidae). Mitteilungen der Deutschen Mala-
kozoologischen Gesellschaft 82: 31–39.

IUCN 2012. Guidelines for Application of IUCN Red List Criteria 
at Regional and National Levels: Version 4.0. Gland, Switzerland 
and Cambridge, UK: IUCN. iii + 41pp. https://portals.iucn.
org/library/sites/library/files/documents/R L-2012-002.
pdf.

Hájková P, Petr L, Horsák M, Jamrichová E, Roleček J. 
2022. Holocene history of the landscape at the biogeograph-
ical and cultural crossroads between Central and Eastern Eu-
rope (Western Podillia, Ukraine). Quaternary Science Reviews 
288: 107610. doi: 10.1016/j.quascirev.2022.107610

Horsák M. 2003. How to sample mollusc communities in mires 
easily. Malacologica Bohemoslovaca 2: 11–14. doi: 10.5817/mab 
2003-2-11

Horsák M, Juříčková L, Picka J. 2013. Molluscs of the Czech 
and Slovak Republics. Nakladatelstvi Kabourek, Zlín, 264 pp.

Hubendick B. 1955. Phylogeny in the Planorbidae. Transactions 
of the Zoological Society of London 28: 453–542.

Janossy D, Krolopp E. 1994. Alsó-pleisztocén Mollusca- és ge-
rinces fauna a gyorúj falui kavicsbányából. Földtani Közlöny 
124 (4): 403–440.

Kantor YuI, Vinarski MV, Schileyko A, Sysoev A. 2009. 
Catalogue of the Continental Mollusks of Russia and Adjacent 
Territories. Version 2.3.1. http://konstantinz.byethost32.com/ 
books/.kantor_2010.pdf?i=1. Accessed 20 June 24.

Kuiper JGJ. 1947. Bijdrage tot de kennis der zoetwaterweekdie-
ren van het natuurmonument Naardermeer. Basteria 11 (1/3): 
2–53.

Kulesza P, Suchora M, Pidek IA & Alexandrowicz WP. 
2011. Chronology and directions of Late Glacial paleoenvi-
ronmental changes: a multi-proxy study on sediments of Lake 
Słone (SE Poland). Quaternary International 238 (1–2): 89–
106. doi: 10.1016/j.quaint.2010.12.024

Kurzawska A, Kara M. 2015. The contribution of mollusc 
shells to the reconstruction of environment at the Early Medi-
eval stronghold of Pszczew (Poland). Quaternary International 
390: 126–132. doi: 10.1016/j.quaint.2015.04.002

Lemoine RT, Svenning J. 2022. Nativeness is not binary—a 
graduated terminology for native and non-native species in 
the Anthropocene. Restoration Ecology 30 (8): e13636. doi: 
10.1111/rec.13636

Lorencová E, Beran L, Nováková M, Horsáková V, Row-
son B, Hlaváč JČ, Nekola JC, Horsák M. 2021. Invasion 
at the population level: a story of the freshwater snails Gyraulus 
parvus and G. laevis. Hydrobiologia 848 (19): 4661–4671. doi: 
10.1007/s10750-021-04668-w

Lozek V. 1964. Quartärmollusken der Tschechoslowakei. Roz-
pravy Ústředního ústavu geologického 31: 1–374.

Magny M, Bossuet G, Ruffaldi P, Leroux A, Mouthon J. 
2011. Orbital imprint on Holocene palaeohydrological varia-
tions in west-central Europe as reflected by lake-level changes 
at Cerin ( Jura Mountains, eastern France). Journal of Quater-
nary Science 26 (2): 171–177. doi: 10.1002/jqs.1436

Mandahl-Barth G. 1949. Bløddyr III. Ferskvandsbløddyr. Dan-
marks Fauna 54: 1–249.

https://doi.org/10.1093/biosci/biy057
https://doi.org/10.1093/biosci/biy057
https://doi.org/10.1093/biosci/biz101
https://doi.org/10.5817/MaB2011-10-79
https://doi.org/10.5817/MaB2011-10-79
https://doi.org/10.1016/j.palaeo.2017.02.030
https://portals.iucn.org/library/sites/library/files/documents/RL-2012-002.pdf
https://portals.iucn.org/library/sites/library/files/documents/RL-2012-002.pdf
https://portals.iucn.org/library/sites/library/files/documents/RL-2012-002.pdf
https://doi.org/10.1016/j.quascirev.2022.107610
https://doi.org/10.5817/mab2003-2-11
https://doi.org/10.5817/mab2003-2-11
http://konstantinz.byethost32.com/books/.kantor_2010.pdf?i=1
http://konstantinz.byethost32.com/books/.kantor_2010.pdf?i=1
https://doi.org/10.1016/j.quaint.2010.12.024
https://doi.org/10.1016/j.quaint.2015.04.002
https://doi.org/10.1111/rec.13636
https://doi.org/10.1111/rec.13636
https://doi.org/10.1007/s10750-021-04668-w
https://doi.org/10.1007/s10750-021-04668-w
https://doi.org/10.1002/jqs.1436


Ryelandt et al.: Gyraulus riparius in France  193

Mania D. 1978. Die Molluskenfauna aus den Travertinen von 
Burgtonna in Thüringen. Quartärpaläontologie 3: 69–86. doi: 
10.1515/9783112613245-007

Meier-Brook C. 1983. Taxonomic studies on Gyraulus (Gas-
tropoda: Planorbidae). Malacologia 24: 1–113.

Meijer T. 1989. Notes on Quaternary freshwater Mollusca of the 
Netherlands, with descriptions of some new species. Medede-
lingen—Werkgroep voor Tertiaire en Kwartaire Geologie 26 (4): 
145–181.

MolluscaBase Eds. 2021. Gyraulus Charpentier, 1837. http://
www.molluscabase.org/aphia.php?p=taxdetails&id=1539 
36. Accessed 5 February 2024.

Niero I. 2015. Prima segnalazione per l’Italia di Gyraulus (Lam-
orbis) riparius (Westerlund, 1865) (Gastropoda: Basomma-
tophora: Planorbidae). Società Veneziana di Scienze Naturali 
40: 35–45.

Nilsson C, Ericsson U, Medin M, Sundberg I. 1998. Sötvat-
tenssnäckor i södra Sverige—en jämförelse med 1940-talet. Na-
turvårdsverket, Rapport 4903. Swedish Environmental Agency, 
Stockholm, 77 pp.

Piechocki A, Pokryszko BM, Wawrzyniak-Wydrowska B. 
2016. Guide to Freshwater and Marine Mollusca of Poland. Bo-
gucki Wydawnictwo Naukowe, Poznań, 279 pp.

Pisaryev SM. 2022. Hydromalacological researches in the Siver-
skyi Donets River Basin (south of the Eastern European Plain): 
a review. Studia Biologica 16 (1): 67–86. doi: 10.30970/sbi.16 
01.676

Preece RC. 2003. Two species of Gyraulus (Pulmonata: Planor-
bidae) new to the British Pleistocene. Journal of Conchology 38 
(1): 47–51.

Puisségur JJ. 1984. Les faunes malacologiques plio-pleistocene 
de la Bresse. Signification écologique, climatique et chronolo-
gique. Géologie de la France 3 : 281–302.

Rudzīte M, Boikova E, Dreijers E, Jakubāne I, Jermakovs 
V, Parele E, Pilāte D, Rudzītis M. 2018. Distribution and 
protection of the Molluscs of Latvia. Schriften zur Malakozool-
ogie aus dem Haus der Natur—Cismar 30: 19-28.

Ruffaldi P. 1993. Histoire de la végétation du Jura Méridional de-
puis le retrait du glacier Würmien a partir des analyses palynolo-
giques du lac de Cerin (Ain, France). Doctoral thesis, Université 
de Franche-Comté, Sciences et Techniques, Lab. de Chro-
no-Ecologie, Besançon, 254 pp.

Saito T, Šlachtová E, Nováková M, Horsáková V, Ye B, Be-
ran L, Horsák M. 2023. Invasion history of Gyraulus chi nensis 
(Gastropoda: Planorbidae) in Europe: a molecular and liter-
ature-based approach. Hydrobiologia. doi: 10.1007/s10750- 
023-05157-y

Sanko A, Vainorius J, Melešytė M. 2010. Malacofauna of Ho-
locene freshwater calcareous deposits of Lithuania. Geologija 
52 (1): 16–24.

Sanko A, Gaigalas A, Yelovicheva Y. 2011. Paleoclimatic and 
stratigraphic significance of Belgrandia marginata (Michaud) in 
Late Quaternary malacofauna of Belarus and Lithuania. Qua-

ternary International 241 (1–2): 68–78. doi: 10.1016/j.quaint. 
2011.02.001

Schiermeyer J. 2000. Würmzeitliche Lößmollusken aus der Eifel.  
Doctoral thesis, Universität Düsseldorf, Mathematisch-Natur-
wissenschftlich Fakultät, WE Geographie. 125 pp. https://
docserv.uni-duesseldorf.de/servlets/DocumentServlet? 
id=2010

Schlesch H. 1943. Die Land- und Süsswassermollusken Lett-
lands mit Berücksichtigung der in den Nachbargebieten vor-
kommenden Arten. Sonder-Abdruck aus dem Korrespondenzblatt 
des Naturforscher-Vereins zu Riga 64 (1942): 245–360.

Snell C, Tetteh J, Evans IH. 2005. Phylogeography of the pool 
frog (Rana lessonae Camerano) in Europe: evidence for native 
status in Great Britain and for an unusual postglacial coloni-
zation route. Biological Journal of the Linnean Society 85 (1): 
41–51. doi: 10.1111/j.1095-8312.2005.00471.x

Sümegi P, Molnár M, Jakab G, Persaits G, Majkut P, Páll 
DG, Gulyás S, Jull Timothy AJ, Törcsik T. 2011. Radio-
carbon-dated paleoenvironmental changes on a lake and peat 
sediment sequence from the central Great Hungarian Plain 
(Central Europe) during the last 25,000 years. Radiocarbon 53 
(1): 85–97. doi: 10.1017/s0033822200034378

Sümegi P, Magyari E, Dániel P, Molnár M, Törocsik T. 
2013. Responses of terrestrial ecosystems to Dansgaard-Oesh-
ger cycles and Heinrich-events: a 28,000-year record of envi-
ronmental changes from SE Hungary. Quaternary International 
293: 34–50. doi: 10.1016/j.quaint.2012.07.032

Stalažs A, Dreijers E. 2016. Annotated checklist of the mol-
luscs of the Baltic countries. Raksti par Dabu 2 (1): 9–20.

Starobogatov Ya.I. 1967. On the systematization of freshwater 
pulmonate mollusks. Trudy Zoologicheskogo Instituta AN SSSR 
42: 280–304.

UICN comité français, OFB & MNHN 2021. La liste rouge des 
espèces menacées en France—Chapitre mollusques continen taux 
de France métropolitaine. Office Français de la Biodiversité, 16 
pp. https://uicn.fr/liste-rouge-mollusques-continentaux/

Van Bruggen AC. 1957. New data on recent Dutch Mollusca, a 
critical compilation. Basteria 21 (3): 46–52.

Vinarski MV, Kantor JI. 2016. Analitičeskij katalog presno-
vodnych i solonovatovodnych molljuskov Rossii i sopredel’nych 
stran [Analytical Catalogue of Fresh and Brackish Water Molluscs 
of Russia and Adjacent Countries]. Institut problem ėkologii i 
ėvoljucii A.N. Severcova Rossijskoj Akademii Nauk, Moscow, 
543 pp. [In Russian.]

Vinarski MV, Nekhaev IO, Glöer P. 2013. Type materials of 
freshwater gastropod species described by C.A. Westerlund 
and accepted in current malacological taxonomy: a taxonomic 
and nomenclatorial study. Ruthenica 23 (2): 79–108.

von Proschwitz T. 2021. Svenska sötvattensmollusker (snäckor 
och musslor). En uppdaterad checklista med vetenskapliga och 
svenska namn. Swedish National Museum of Natural History, 
Stockholm, 7 pp.

https://doi.org/10.1515/9783112613245-007
https://doi.org/10.1515/9783112613245-007
http://www.molluscabase.org/aphia.php?p=taxdetails&id=153936
http://www.molluscabase.org/aphia.php?p=taxdetails&id=153936
http://www.molluscabase.org/aphia.php?p=taxdetails&id=153936
https://doi.org/10.30970/sbi.1601.676
https://doi.org/10.30970/sbi.1601.676
https://doi.org/10.1007/s10750-023-05157-y
https://doi.org/10.1007/s10750-023-05157-y
https://doi.org/10.1016/j.quaint.2011.02.001
https://doi.org/10.1016/j.quaint.2011.02.001
https://docserv.uni-duesseldorf.de/servlets/DocumentServlet?id=2010
https://docserv.uni-duesseldorf.de/servlets/DocumentServlet?id=2010
https://docserv.uni-duesseldorf.de/servlets/DocumentServlet?id=2010
https://doi.org/10.1111/j.1095-8312.2005.00471.x
https://doi.org/10.1017/s0033822200034378
https://doi.org/10.1016/j.quaint.2012.07.032
https://uicn.fr/liste-rouge-mollusques-continentaux/


Ryelandt et al.: Gyraulus riparius in France  194

Welter-Schultes F.W. 2012. European Non-marine Molluscs, a 
Guide for Species Identification. Planet Poster Editions, Göttingen, 
679 pp.

Wenban-Smith F, Stafford E, Bates M, Parfitt S. 2020. 
Prehistoric Ebbsfleet. Excavations and Research in Advance of the 
High Speed 1 and South Thameside Development Route 4, 1989–
2003. Wessex Archaeology, Oxford, 480 pp.

Wernert P, Geissert F. 1963. Mollusques glanés à Achenheim 
dans les alluvions rhénanes et vosgiennes comparés à la faune 
malacologique récoltée par Andreae à Hangenbieten. Bulletin 
du Service de la carte géologique d’Alsace et de Lorraine 16 (3): 

137–146. doi: 10.3406/sgeol.1963.1257
Westerlund C.Agardh. 1865. Sveriges land- och sötvatten-mol-

lusker, beskrifna af Carl Agardh Westerlund, Filosofie Doktor, Lä-
roverskkollega. I kommission hos C.W.K. Gleerups sortiment, 
Lund, 142 pp. doi: 10.5962/bhl.title.13137

Zettler ML. 2014. Süßwassermollusken Litauens, eine Ergän-
zung. Mitteilungen der Deutschen Malakozoologischen Gesellschaft 
91: 33–42.

Zhadin VI. 1952. Mollyuski presnykh i solonovatykh vod SSSR. 
Opredeliteli po Faune SSSR 46: 1–376.

https://doi.org/10.3406/sgeol.1963.1257
https://doi.org/10.5962/bhl.title.13137

