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Shifting shell morphology in a Late Miocene-Pliocene  
land snail species lineage (Gastropoda: Stylommatophora: 
Spiraxidae), with the description of a new species
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Albesa J. & Neubauer T. A. 2023. — Shifting shell morphology in a Late Miocene-Pliocene land snail species lineage 
(Gastropoda: Stylommatophora: Spiraxidae), with the description of a new species. Geodiversitas 45 (21): 643-657. 
https://doi.org/10.5252/geodiversitas2023v45a21. http://geodiversitas.com/45/21

ABSTRACT
The genus Palaeoglandina Wenz, 1914 (Gastropoda: Stylommatophora: Spiraxidae) is a common 
member of land snail communities in the European Cenozoic. It has been reported from numerous 
stratigraphic horizons in the Iberian Peninsula ranging from the Middle Eocene (Lutetian) to the 
Early Pleistocene (Calabrian). Investigating Late Miocene to Early Pliocene communities in the Ter-
uel Basin in eastern Spain, we found that previous species records proved to be misidentifications of 
a yet undescribed species. Based on a thorough review of contemporaneous European species of the 
genus we introduce a new species, Palaeoglandina turolensis n. sp. It is characterized by a large oval to 
fusiform, comparatively stout shell with moderately convex whorls, short spire and large last whorl, 
large, pyriform aperture, and a characteristic protoconch ornamentation, consisting of a deep spiral 
groove flanked by thick, short, prosocyrt riblets. We applied geometric morphometric analyses to as-
sess the species’ morphological variability. Our results indicate differences in the species’ morphospace 
occupation through time, which we interpret as a morphological shift from the Late Miocene to the 
Early Pliocene, from broad, short-spired shells to slender, long-spired shells.
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INTRODUCTION

The land snail superfamily Oleacinoidea is a diverse group 
today comprised of two families, 37 genera and 426 species 
distributed mainly in the tropical and subtropical regions of 
America (Zilch 1959-1960; Schileyko 2000; MolluscaBase 
2023). Their centre of diversity is in the Caribbean islands, 
accommodating numerous species of the two families Olea-
cinidae and Spiraxidae (Schileyko 2000). Oleacinoids are 
mostly predatory gastropods that preferably prey on other 
snails and slugs, but also on small vertebrates, carrion and 
even members of their own species (Barker & Efford 2004; 
Rosenberg & Muratov 2006; González-Guillén & López-
Silvero 2021).

In the Palaearctic region, the group is today represented by 
the family Spiraxidae (subfamily Euglandininae; e.g. Haus-
dorf & Solvery 2021). There, Oleacinoidea have a long-fossil 
record that dates back to the Late Paleocene (Thanetian) and 
is represented by five genera: three extinct genera, which 
are traditionally placed in Oleacinidae, i.e. Palaeoglandina 
Wenz, 1914, Pseudoleacina Wenz, 1914 and Trachyglandina 
Pfeffer, 1930, as well as the spiraxid genera Spiraxis C. B. 
Adams, 1850 and Poiretia P. Fischer, 1883 (Harzhauser & 
Neubauer 2021). 

Considering only the fossil taxa, Pseudoleacina is with 26 
species the most speciose genus. It is the oldest member 
and ranges from the Late Paleocene to the Early Pleistocene 
(Harzhauser & Neubauer 2021; MolluscaBase 2023). The 
genus has never been recorded from the Iberian Peninsula, 
although Matamales-Andreu et al. (2016) discussed the 
possibility of attributing some incomplete moulds from the 
Eocene (Lutetian) of Spain to the genus. 

The monotypic genus Trachyglandina has only been 
recorded from the Late Eocene (Priabonian) of Germany 
(Pfeffer 1930; Harzhauser & Neubauer 2021). Poiretia has 

a spotty fossil record with three species occurring from the 
Chattian to the Pliocene, and Spiraxis is known from a sin-
gle fossil species in the Chattian/Aquitanian (Harzhauser & 
Neubauer 2021).

The fossil record of the genus Palaeoglandina encompasses 23 
species (Harzhauser & Neubauer 2021; MolluscaBase 2023). 
It starts in the Early Eocene (Ypresian) of France (Wenz 1923; 
Le Renard & Pacaud 1995) and extends to the Early Pleisto-
cene (Calabrian) of Italy (Esu et al. 1993; Gliozzi et al. 1997) 
and Spain (Montenat & Truc 1971; Montoya et al. 1999a, 
b, 2001). In the Iberian Peninsula, the genus Palaeoglandina 
has been reported from several stratigraphic horizons ranging 
from the Middle Eocene (Lutetian) to the Early Pleistocene 
(Calabrian). The first records of species attributable to this 
genus are from the Late Miocene of the Teruel Basin, where 
Vilanova i Piera (1863) cited “Glandina antiqua ? Kraus” [sic] 
from the site of Concud. Later, Dereims (1898) mentioned 
“Glandina inflata Reuss, 1849” from Concud and Santa 
Bárbara, and Schlosser (1907) recorded “Glandina aquensis 
Matheron, 1843” in the site of Cueva Rubia (note that the 
location of this site is uncertain, it is probably situated in 
the area of Concud, according to the indications of Dereims 
(1898) and Royo Gómez (1922) and the current toponymy 
of the area in which the classic Concud site is located). Royo 
Gómez (1922) revised the determinations of Vilanova i Piera 
(1863) and Dereims (1898) and referred material from Los 
Aljezares and Concud to “Glandina aquensis (Matheron)” and 
“G. aquensis var. obtusa Depéret, 1890”. Later, Royo Gómez 
(1928) recorded “Poiretia (Palaeoglandina) gracilis aquensis 
(Matheron)” from the Upper Miocene sites of Pozuelo del Rey 
and Colmenar de Oreja in the Madrid Basin. Truyols (1950) 
listed “Glandina aquensis” from several Miocene sites in the 
Vallés-Penedés Basin, and Bataller & de Larragán (1957) in 
the vicinity of the village of El Buste (Ebro Basin), probably 
from Middle Miocene strata (Azanza 1986). Montenat & 

MOTS CLÉS
Mollusques terrestres,

Néogène,
Bassin de Teruel,

Péninsule Ibérique,
morphométrie 

géométrique,
Palaeoglandina,
espèce nouvelle.

RÉSUMÉ
Changement de la morphologie de la coquille dans une lignée d’espèces de gastéropodes terrestres du Miocène 
supérieur et du Pliocène (Gastropoda: Stylommatophora: Spiraxidae), avec la description d’une nouvelle espèce.
Le genre Palaeoglandina Wenz, 1914 (Gastropoda: Stylommatophora: Spiraxidae) est un membre 
commun des communautés de gastéropodes terrestres du Cénozoïque européen. Il a été signalé dans 
de nombreux horizons stratigraphiques de la péninsule ibérique allant de l’Éocène moyen (Lutétien) 
au Pléistocène précoce (Calabre). En étudiant les communautés du Miocène supérieur au Pliocène 
inférieur dans le bassin de Teruel, dans l’est de l’Espagne, nous avons constaté que les espèces précé-
demment signalées s’étaient révélées comme des erreurs d’identification, étant une espèce non décrite. 
Sur la base d’un examen approfondi des espèces européennes contemporaines du genre, nous présen-
tons une nouvelle espèce, Palaeoglandina turolensis n. sp. Elle se caractérise par une grande coquille 
ovalé à fusiforme, relativement robuste, avec des verticilles modérément convexes, une courte spire et 
un grand dernier verticille, une grande ouverture piriforme et une ornementation caractéristique du 
protoconque, consistant en un profond sillon spiralé flanqué de riblets prosocyrt épais et courts. Nous 
avons appliqué des analyses morphométriques géométriques pour évaluer la variabilité morphologique 
de l’espèce. Nos résultats indiquent des différences dans l’occupation morphospatiale de l’espèce au fil 
du temps, que nous interprétons comme un changement morphologique entre le Miocène supérieur 
et le Pliocène inférieur, de coquilles larges et de spire courte à des coquilles élancées et de spire longues. 
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Truc (1971) recorded in Pliocene strata of the Sierra de Santa 
Pola (Alicante) the new species Palaeoglandina montenati Truc, 
1971, which was subsequently cited from the Lower Pleisto-
cene site of Quibas (Montoya et al. 1999a,b, 2001). Albesa 
et al. (1991, 1997) listed the genus from the Upper Miocene 
deposits of Los Aljezares and Las Casiones and the Lower 
Pliocene site of La Gloria 4. Finally, Matamales-Andreu et al. 
(2016) documented Palaeoglandina naudotii (Michelin, 1832) 
at the Eocene site of Mas del Grau (Vallibona, Castellón).

Here, we present a revised taxonomy of the Late Miocene 
to Pliocene species of Palaeoglandina present in the Teruel 
Basin. Our study is based on specimens deposited in several 
Spanish museums and the assessment of photographs of those 
deposited in other European museums. We describe a new 
species and study its variability over time using geometric 
morphometric analyses. Moreover, the systematic position 
of the genus is discussed in broader context. This contribu-
tion constitutes a starting point to revise the fossil Iberian 
Palaeoglandina species group.

GEOLOGICAL SETTING

The Teruel Basin is an intramontane post-tectonic NNE-SSW 
trending depression located in the central part of the Iberian 
Chain (Spain). It is more than 100 km long and 15 km width 
(Fig. 1A). The infill of the basin consists of continental deposits 

of Neogene and Quaternary age. Specifically in its northern 
part, a stratigraphic succession ranging from the Upper Miocene 
(c. 11.2 Ma) to the Lower Pleistocene (c. 1.8 Ma) crops out 
(Ezquerro et al. 2020). The sequence is composed of detrital, 
carbonate and evaporitic sediments reflecting deposition from 
alluvial fans fed from the two margins passing into freshwater 
or saline lakes towards the centre (Weerd 1976; Godoy et al. 
1983a,b; Moissenet 1983; Alonso-Zarza et al. 2000; Ezquerro 
2017; Ezquerro et al. 2020). The result is a continuous lacus-
trine-palustrine sequence, encompassing the early Vallesian 
(Neogene mammal zone MN9) to the late Villafranchian 
(MN17), that have yielded a plentiful fossil record across 
several sites (Ezquerro et al. 2022a, b). The studied specimens 
come from lacustrine deposits of three sites: Los Aljezares 
(40°20’30.2”N, 1°05’09.2”W), La Gloria 4 (40°20’48.5”N, 
1°04’01.9”W) and Orrios 1 (40°35’29”N, 0°59’44”W), all 
located in the northern part of the basin (Fig. 1B, C). The 
strata at Los Aljezares are dominated by massive gypsum sepa-
rated by clayey and siltstone levels (Godoy et al. 1983b). The 
studied shells derive from the gypsum layers, which belong to 
lithostratigraphic unit III of Alonso-Zarza & Calvo (2000) 
and were assigned to subchron C4n.2n, reflecting an estimated 
absolute age of c. 7.5 Ma (Ezquerro et al. 2022a; Dam et al. 
2023), which corresponds to Neogene mammal zone MN12 
on Iberian Peninsula (Gómez Cano et al. 2011). La Gloria 
4 displays a succession of levels of clayey loams, carbonates 
and loams rich in organic matter (Albesa et al. 1997), which 

Orrios 1
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Los Aljezares
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fig. 1. — Geographical and geological overview of the studied sites in the Teruel Basin: A, schematic geological map of the Teruel Basin region indicating the 
areas in which the studied sites are located (modified after Ezquerro et al. 2022a); B, C, detailed locations of the Los Aljezares (AL), La Gloria 4 (LG4) and Orrios 1 
(OR1) sites. Underlying images © Google Maps 2023, CNES/Airbus, Maxar Technologies.

https://www.openstreetmap.org/?mlat=40.3416666666667&mlon=-1.08583333333333#map=11/40.3416666666667/-1.08583333333333
https://www.openstreetmap.org/?mlat=40.3466666666667&mlon=-1.06694444444444#map=11/40.3466666666667/-1.06694444444444
https://www.openstreetmap.org/?mlat=40.3466666666667&mlon=-1.06694444444444#map=11/40.3466666666667/-1.06694444444444
https://www.openstreetmap.org/?mlat=40.5913888888889&mlon=-0.99555555555556#map=11/40.5913888888889/-0.99555555555556
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belong to lithostratigraphic unit IV of Alonso-Zarza & Calvo 
(2000) and were assigned to the subcron C3n.2n (c. 4.5 Ma, 
MN14; Ezquerro et al. 2022a). The material studied herein 
was collected from the loams rich in organic matter. The 
sequence at Orrios 1 contains levels of clayey, highly biotur-
bated limestones, with intercalations of shales and greyish or 
black marls (Godoy et al. 1983a) that contain the molluscs. 
The limestones also belong to lithostratigraphic unit IV and 
correlate with subchron C3n.1r (4.4 Ma, MN14; Ezquerro 
et al. 2022a).

MATERIAL AND METHODS

The specimens studied are deposited in several museums, cor-
responding both to historical collections (MHNM: Matheron 
collection; CERESE: Depéret collection; MGM and MNCN: 
Royo Gómez collection; MVHN: Robles collection; MRNS: 
Sacco collection) and to the results of more recent sampling 
carried in the years 1996, 1997 and 2022 out in the Teruel 
Basin (“Diputación General de Aragón”, files 028/96, 110/97 
and 187/16-17-21-2022). All collected specimens have been 
stored in the MAP. Specimens deposited in the MGM, MNCN, 
MVHN and MAP have been directly analysed. Specimens 
of Palaeoglandina aquensis, P. galloprovincialis, P. aquensis var. 
obtusa, P. gracilis and P. taurinensis deposited in MHNM, 
CERESE, NHMW and MRSN have been studied from 
photographs. Photographs of specimens studied directly were 
taken using a Nikon D500 camera attached to a Sigma AF 
105mm f/2.8 EX DG macro lens and using an image stacking 
procedure. The photographs of details were taken with the 
same stacking procedure and with a Hitachi H-4100 scanning 
electron microscope at the University of Valencia. Images were 
edited and assembled using the programmes Ligthroom CC 
v. 2015.0.0, Photoshop CC v. 2015.12 and CorelDRAW X8.

Shell dimensions were measured following the method 
proposed by Solem & Climo (1985) (Fig. 2A). The num-

ber of protoconch whorls was counted from the centre of 
the nucleus following the method used by Verduin (1977) 
(Fig. 2B).

We carried out a geometric morphometric analysis to 
quantify shell morphology and its variability across the 
three assemblages to assist taxonomic conclusions (compare 
Neubauer et al. 2021; Mihlbachler et al. 2023). We selected 
all complete, well-preserved, adult specimens available in 
museums and our own collections that have approximately 
the same number of whorls to avoid a bias from allomet-
ric growth. This amounts to a total of 27 specimens that 
cover the morphological range of the material. We defined 
four landmarks, all in frontal shell view (Fig. 2A): the apex 
(LM1), the left (LM2) and right (LM3) end points of the 
upper suture of the last whorl, the end point of the suture 
of the terminal part of the last whorl right behind the peri-
stome (LM4). Two semi-landmark curves were defined to 
describe shell shape and outline between fixed landmarks: the 
curve connecting LM2 and LM4, including the last whorl 
and aperture (C1), and the curve between LM3 and LM4 
(C2). We deliberately chose not to include the curvature of 
the inner lip, which is hard to delimit in most specimens 
or entirely missing in some. Images were processed using 
tpsDig v. 2.32 (Rohlf 2021; Appendix 1).

A Generalised Procrustes Analysis (Rohlf 1999) was per-
formed on the (semi-) landmark configuration in R v. 4.1.2 
(R Core Team 2021) using the package ‘geomorph’ v. 4.0.4 
(Baken et al. 2021; D. Adams et al. 2022). Bending energy 
was estimated via approximate thin-plate spline mapping 
for the sliding semi-landmarks. Thin-plate spline deforma-
tion grids were generated with a magnification factor of 2 
to visualize extreme axis values.

To test whether specimens deriving from the two biostrati-
graphic zones (MN12, MN14) form statistically different 
clusters, we ran a Procrustes ANOVA with the function 
‘procD.lm’ of the ‘geomorph’ package, including residual 
randomisation with 1000 permutations.

A
1

3

4 S
HLW

H

A
H

AW

SW

2

C1
(70)

C2
(10)

B

fig. 2. — A, Shell measurements, following Solem & Climo (1985), and arrangement of landmarks (large circles) and semi-landmarks (small dots). The numbers 
in parentheses indicate the number of points for each of the two semi-landmark curves. See text for abbreviations. B, Protoconch measurements, following 
Verduin (1977). Abbreviations: N, nucleus; P/T boundary, protoconch/teleoconch boundary. Scale bar: A, 5 mm; B, 6 mm.
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AbbreviAtions

Institutions
MGM  Museo Geominero del Instituto Geológico y Minero 

de España, Madrid, Spain;
MNCN  Museo Nacional de Ciencias Naturales-CSIC, Madrid, 

Spain;
MVHN Museu Valencià d’Història Natural, Alginet, Spain;
MAP Museo Aragonés de Paleontología, Teruel, Spain;
MHNM  Musée d’Histoire naturelle de Marseille, Marseille, 

France;
CERESE  Centre de Ressources pour les Sciences de l’Évolution 

(Université Claude Bernard), Lyon, France;
NHMW Natural History Museum Vienna, Vienna, Austria;
MRSN Museo Regionale di Scienze Naturali, Torino, Italy.

Shell measurements
SH shell height;
SW shell width;
LWH last whorl height;
AH aperture height;
AW aperture width.

RESULTS

The first three axes of the principal components analysis (PCA) 
of the Procrustes shape coordinates explain 88.5% of the total 
morphological variation described by the (semi-)landmark 
configuration (Fig. 3A). PC 1 (62.62%) corresponds to the 
variation of overall shape, specifically with respect to spire 
height and width of the base; negative values indicate bulbous 
morphologies with large last and broad whorl and low spire, 
while positive values signal elongate, high-spired shapes with 
narrow base (Fig. 3A, B). PC 2 (15.62%) parallels variation 
of shell width, without much variation in other features. PC 
3 (10.22%) conforms to differences in aperture shape, with 
negative values corresponding to specimens with angular 
aperture, contrasting those with well-rounded aperture for 
positive values. Note that only a single specimen from Los 
Aljezares matches the angular morphology. Moreover, PC 3 
covers slight variation in spire height.
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fig. 3. — Results of the morphometric analyses: A, principal components analysis of the Procrustes shape coordinates; shown are the first three axes explaining 
88.5% of the total variance; B, thin-plate spline deformation grid illustrating the extreme values for each principal component; deformations were magnified to a 
factor of 2 to highlight variation of distinct traits; C, reconstructed mean shapes for all material as well as across specimens for each locality.
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Morphological variation differs among the assemblages 
of the three sites. Overall, specimens from the Late Mio-
cene Los Aljezares tend to have broader shells with lower 
spires compared to the Early Pliocene shells from La Gloria 
4 and Orrios 1, which are more slender and high-spired 
on average (Fig. 3A-C; see also Figs 4, 5). An exception 
is a specimen from Orrios 1 that falls well in the range of 
the Los Aljezares material (Figs 3A; 5A). Similarly, one of 
the shells from Los Aljezares clusters within the La Gloria 
4-Orrios 1 group (Figs 3A; 5F). The differences between 
the localities of different age is also evident from the 
shell measurements. The average SH/SW ratio of the Los 
Aljezares specimens (MN12) is 1.78 compared to 1.96 of 
the La Gloria 4-Orrios 1 group (MN14). Similarly, the 
relative height of the last whorl (LWH/SH) is on average 
larger for MN12 specimens (91.56%) than for MN14 
specimens (87.39%).

Finally, the differences of the morphospace occupied by 
specimens from the two biostratigraphic zones was also sup-
ported by the Procrustes ANOVA (P = 0.001).

SYSTEMATIC PALAEONTOLOGY

Class GASTROPODA Cuvier, 1795 
Subclass HETEROBRANCHIA Burmeister, 1837 

Superorder EUPULMONATA Haszprunar & Huber, 1990 
Order STYLOMMATOPHORA Schmidt, 1855 

Suborder HELICINA Rafinesque, 1815 
Superfamily oleAcionoideA H. Adams & A. Adams, 1855 

Family spirAxidAe Baker, 1939

Subfamily euglAndininAe Baker, 1941

remArks

The genera Palaeoglandina, Pseudoleacina and Trachyglan-
dina are traditionally included in Oleacinidae (Wenz 1923; 
Nordsieck 2014; Harzhauser & Neubauer 2021). However, 
this systematic placement is based on an outdated concept 
that unites true oleacinids and European species presently 
considered to belong in Spiraxidae (compare e.g. Schileyko 
2000 vs Hausdorf & Solvery 2021). Nordsieck (2014) con-
sidered the genera Palaeoglandina and Pseudoleacina to belong 
in Euglandininae, which is today ranked as a subfamily of 
Spiraxidae (see also Salvador 2013). We follow that concept, 
which is congruent with the similarity of the fossil species and 
modern representatives of the subfamily, such as Euglandina 
and Poiretia (Schileyko 2000). The monotypic genus Trachyg-
landina is here only tentatively referred to the Euglandininae, 
since it is based solely on a fragment; until further material 
of the type species, Trachyglandina dietrichii Pfeffer, 1930, is 
discovered both genus and type species should be considered 
nomina dubia. 

The revised placement of the three genera is also supported 
by the geographic distribution of modern Euglandininae, 
some of which occur in the Mediterranean region and the 
Caucasus (e.g. Schileyko 2000; Welter-Schultes 2012; Hel-

werda 2015), while true Oleacinidae are restricted to the 
Americas (Schileyko 2000; Barker & Efford 2004) (note 
that some of these authors included the relevant genera in 
Oleacinidae).

Genus Palaeoglandina Wenz in K. Fischer & Wenz, 1914

type species. — Limnaea gracilis Zieten, 1832; by original designa-
tion. Miocene, Germany.

Palaeoglandina turolensis n. sp. 
(Figs 4A-O; 5A-O; 6G)

urn:lsid:zoobank.org:act:F8861172-2398-45C4-AEC6-21143593A1AA

Glandina antiqua – Vilanova I Piera 1863: pl. 2, fig. 26 [non Klein, 
1852].

Glandina inflata – Dereims 1898: 175, 179 [non E. von Martens, 1891].

Glandina aquensis var. obtusa – Depéret & Sayn 1900: 108, pl. 1, 
fig. 77 [non Depéret, 1890]. — Royo Gómez 1922: 136-138, pl. 12, 
fig. 17a, b [non Depéret, 1890].

Glandina aquensis – Royo Gómez 1922: 136-138, pl. 12, fig. 16a, 
b [non Klein, 1852]. — Gómez Llueca 1931: 57, pl. 51, figs 14-17 
[non Klein, 1852].

diAgnosis. — Large oval to fusiform shell, with SH/SW ratio 
ranging between 1.63-2.05, and with up to 3.9 smoothly to 
moderately convex whorls separated by shallow sutures. Short 
spire constituting 10-15% of the total shell height. Protoconch 
up to 1.9 whorls, ornamented by deep spiral groove flanked by 
thick, short, prosocyrt riblets towards the beginning of the shell. 
Large last whorl constituting about 85-90% of total shell height. 
Large, pyriform and often flattened aperture on palatal margin, 
corresponding to almost 60% of total shell height; outer lip thin, 
sharp, non-reflexed, mostly subvertical, angular at its adapical 
limit, strongly curved at base.

type mAteriAl. — Holotype. MAP-8405: SH: 38.2 mm; SW: 
19.1 mm. — Paratypes. MAP-8406: SH: 36.2 mm; SW: 18.0 mm. 
MAP-8407: SH: 39.5 mm; SW: 20.9 mm. MAP-8408: SH: 32.9 
mm; SW: 16.7 mm. MAP-8409: SH: 33.9 mm; SW: 18.6 mm. 
MAP-8410: SH: 31.8 mm; SW: 15.5 mm. MAP-8411: SH: 31.0 
mm; SW: 15.4 mm. MAP-8412: SH: 34.5 mm; SW: 17.2 mm. 
MAP-8413: SH: 32.2 mm; SW: 15.9 mm. MAP-8414: SH: 31.9 
mm; SW: 16.0 mm.

AdditionAl mAteriAl. — MAP-8415: SH: 32.9 mm; SW: 16.4 
mm. MAP-8416: SH: 33.0 mm; SW: 17.9 mm. MAP-8417: SH: 
33.8 mm; SW: 17.3 mm. MAP-8418: SH: 31.2 mm; SW: 16.2 mm 
MAP-8419: SH: 34.9 mm; SW: 16.6 mm. MAP-8421: SH: 45.6 
mm; SW: 24.9 mm; MAP-8422: SH: 42.5 mm; SW: 21.3 mm. 
MAP-8423: SH: 40.1 mm; SW: 21.4 mm. MAP-8424: SH: 39.4 
mm; SW: 20.8 mm; MNCNI-28900-A: SH: 40 mm; SW: 21.2 
mm; MNCNI-28900-D: SH: 33.4 mm; SW: 20.5 mm. MNCNI-
28900-E: SH: 44.4 mm; SW: 24.9 mm; MNCNI-11300-E: SH: 
39.8 mm; SW: 23.8 mm; MVHN-040822JA01: SH: 37.4 mm; 
SW: 20.4 mm; MVHN-040822JA02: SH: 40.6 mm; SW: 21.7 
mm; MGM118M: SH: 46.1 mm; SW: 24.8 mm. MGM3732M: 
SH: 33.1 mm; SW: 19.1 mm. MAP-8420: protoconch.

etymology. — In reference to the Teruel Basin, where the species 
is described from.

http://zoobank.org/urn:lsid:zoobank.org:act:F8861172-2398-45C4-AEC6-21143593A1AA
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type horizon. — Marls of Lower Pliocene age (Zanclean, lower 
Ruscinian, Neogene mammal zone MN14) rich in organic matter, 
with variable shades between grey-brown and purple and with fre-
quent whitish carbonate nodulations, as well as local accumulations 
of iron oxides/carbonates (Albesa et al. 1997).

type locAlity. — La Gloria 4 (Teruel, Spain) (40°20’48.5”N, 
1°04’01.9”W).

strAtigrAphic And geogrAphic distribution. — This species 
is recorded from the late Tortonian (Turolian, MN12, 7.87 Ma) 
and Zanclean (Ruscinian, MN14, 4.4-4.54 Ma) of the Teruel Basin 
(Royo Gómez 1922; Gómez Llueca 1931; this study).

description

Large oval to fusiform shell with up to 3.9 smooth to mod-
erately convex whorls separated by shallow, often slightly 
indented sutures. Short spire consisting of up to 2.9 whorls 
and accounting for 10-15% of total shell height; obtuse 

apex. Shell shape, particularly spire height and SH/SW ratio, 
varies considerably among assemblages (Table 1; see also 
Fig. 3). Protoconch up to 1.9 whorls, with nucleus smooth 
and remaining portion ornamented by deep spiral groove 
located at approximately one third below upper suture and 
flanked by thick, short, prosocyrt riblets, creating altogether 
a pattern remotely resembling a fern pinna with pinnules. 
Passage into teleoconch marked by irregularly shaped scar 
and onset of growth lines. Teleoconch formed by 2 whorls. 
Teleoconch ornamentation consists of strong and numerous 
growth lines, weakly prosocline to almost orthocline, crossed 
by fine, almost imperceptible spiral grooves, which give rise 
to weak reticulation. Large last whorl, about 85-90% of total 
shell height. Large aperture constituting almost 60 % of total 
shell height; pyriform, acuminate at suture and rounded at 
base, often flattened at palatal edge and provided with well-
marked notch at boundary between columellar and basal 

A1 A2 A3 B C

D E F G H I

J K L M N O

fig. 4. — A, Palaeoglandina turolensis n. sp. from La Gloria 4 (Ruscinian, Teruel Basin): A1-A3, MAP-8405, holotype; B, MAP-8406, paratype; C, MAP-8407, 
paratype; D, MAP-8408, paratype; E, MAP-8409, paratype; F, MAP-8410, paratype; G, MAP-8411, paratype; H, MAP-8412, paratype; I, MAP-8413, paratype; 
J, MAP-8414, paratype; K, MAP-8415; L, MAP-8416; M, MAP-8417; N, MAP-8418; O, MAP-8419. Scale bar: 10 mm.
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edges; peristome simple with columellar edge arched and 
forming callosity which is obliquely truncated at base; outer 
lip thin, sharp, not reflexed, mostly subvertical, often adapi-
cally thickened and strongly curved at base. Not umbilicate.

remArks

Of the 23 species of Palaeoglandina currently recognized, the 
majority (18) come from Lower Eocene (Ypresian) to Middle 
Miocene (Langhian) deposits (e.g. Wenz 1923; Truc 1971; 
Le Renard & Pacaud 1995; Binder 2004; Harzhauser et al. 
2014a,b; Höltke & Rasser 2017; Höltke et al. 2018; Mollus-
caBase 2023). Only five species have been recorded from the 
Late Miocene (Tortonian) to the Late Pliocene (Piacenzian)/
Early Pleistocene (Calabrian) (e.g. Wenz 1923; Esu et al. 
1993; Gliozzi et al. 1997; Montenat & Truc 1971; Montoya 
et al. 1999a, b, 2001; MolluscaBase 2023) and thus fall in a 
similar stratigraphic range as Palaeoglandina turolensis n. sp.

Two species have been located in supposedly Late Miocene 
sites, i.e. Palaeoglandina aquensis (Matheron, 1843), originally 
described from the Burdigalian of Aix-en-Provence (Bouches-
du-Rhône, France; Esu 1999) but also cited from Tortonian 
strata (e.g. Schlosser 1907; Royo Gómez 1922), and P. gallo-
provincialis (Matheron, 1843), described from the Tortonian 
(?) of Peyrolles (Bouches-du-Rhône, France). (Note that the 
age of the deposits at Peyrolles is uncertain; it was indicated 
as “Pontien” by Wenz (1923), while species recorded from 
that site were attributed to both the Early Miocene (mammal 
stage MN4) and the Late Miocene (MN8) by Esu 1999). The 
possible syntype series of both species have been located in the 
MHNM. Since the entire Matheron collection is deposited in 
the MHNM (C. Borrely pers. comm.), both the specimens 
of P. aquensis from Aix and those of P. galloprovincialis from 
Peyrolles could be the ones used by Matheron to describe the 
two species and thus belong to the type series. We examined 
two specimens whose measurements are similar to those given 
by Matheron (P. aquensis: MHNM 6034.9314.1, Fig. 6A; 
P. galloprovincialis: MHNM 6034.9317.1, Fig. 6B). How-
ever, none of the specimens match the figures of Matheron 
(1843: pl. 34, figs 8, 9; pl. 34, fig. 18), so we refrain from 
designating lectotypes until the material can be studied 
in greater detail. Among the above-mentioned records of 
P. aquensis in the Iberian Peninsula, only the specimens from 
the Teruel Basin have been located. Palaeoglandina turolen-
sis n. sp., besides being much younger, clearly differs from 
P. aquensis in its shell morphology. Palaeo glandina aquensis 
has, according to the description, figures and measurements 
provided by Matheron (1843: 279, pl. 34, figs 8, 9), a SH/
SW ratio greater than 2 (Fig. 6A; Table 1), as well as a less 
obtuse spire and a proportionally lower last whorl than the 
new species from Teruel, whose SH/SW ratio is on average 
less than 2 (Table 1) and has a more convex shell. Depéret 
(1890) described P. aquensis var. obtusa for specimens from 
the Pliocene of Roussillon with a slightly more obtuse spire 
and slightly more convex morphology. This author also 
indicated the possibility that the new variety is the same as 
Palaeoglandina porrecta (Gobanz, 1854) from the Miocene of 
the Styrian Basin (Austria). However, although we have not 

been able to locate specimens from Roussillon and the work 
by Depéret (1890) does not contain associated figures, we 
think that P. aquensis var. obtusa is different from P. porrecta, 
a species found only in Middle Miocene sites (Harzhauser 
et al. 2014b; Höltke & Rasser 2017). Besides the age dif-
ference, according to the description and figure of Gobanz 
(1854: 196, fig. 5), P. porrecta is characterised by a sharp 
ovate-elongate aperture that attains 70% of the total shell 
height according to the measurements indicated by Gobanz 
(1854), as well as an elongate, regularly convex last whorl. 
Note, however, that P. porrecta is currently considered a taxon 
inquirendum, since the type series is lost, and the limited 
available material is inconclusive (Harzhauser et al. 2014b). 
Depéret & Sayn (1900) listed the variety from Ratavoux 
(Cucuron, Vaucluse, France), dated, like Los Aljezares, to the 
Middle Turolian (MN12) (Ballesio et al. 1979; Esu 1999; 
Ménouret 2014). Our new species bears a strong resemblance 
to those from Ratavoux figured by Depéret & Sayn (1900: 
pl. 1, fig. 77) and those deposited at CERESE (UCBL-FSL 
148027, Fig. 6D1-D2), all having a characteristic, convex 
shape. However, the degree of preservation of the French 
material makes a precise comparison difficult. Palaeoglandina 
turolensis n. sp. has a characteristic ornamentation on the 
protoconch not observed in any of the other European spe-
cies we investigated, i.e. Palaeoglandina gracilis (Zieten, 1832) 
(Fig. 6H), P. dactylina Binder, 2004 (Binder 2004, Fig. 6b) 
and P. taurinensis (Sacco, 1886) (Fig. 6I). This ornamenta-
tion could be a diagnostic character, but the absence of an 
apex in the specimens of P. aquensis var. obtusa deposited at 
CERESE prevents us from studying it and comparing it with 
that of the new species. The strong resemblance between the 
Ratavoux and Los Aljezares specimens, supported by similar 
age, suggest that they may be conspecific taxa, but the state 
of preservation of the French specimens does not allow a 
final conclusion. If both taxa turn out to be synonymous, 
the name turolensis still has priority, since Glandina aquensis 
var. obtusa Depéret, 1890 is a junior homonym of Glandina 
obtusa Pfeiffer, 1845.

Regarding P. galloprovincialis (Fig. 6B), according to 
Matheron’s description and the measurements he provided 
(Matheron 1843: 279, pl. 34, fig. 10), the species has, with 
a much higher SH/SW ratio than the new species, a more 
slender appearance.

Three species of the genus Palaeoglandina are currently 
recognised in the European Pliocene: P. paladilhei (Michaud, 
1877), from the Early Pliocene (MN14) of Hauterives 
(France); P. lunensis (D’Ancona in Cocchi, 1867), from the 
Italian Late Pliocene to Early Pleistocene (MN16-MN17) 
(Esu 1999; Ciangherotti et al. 2007) and P. montenati Truc, 
1971 from the Late Pliocene (MN16) and Early Pleistocene 
(MN17) of Alicante and Murcia (Montenat & Truc 1971; 
Montoya et al. 1999a,b, 2001). 

Palaeoglandina paladilhei is a problematic species described 
from incomplete fragments of several specimens “three 
fragments, two of which show the last whorl and leave the 
opening fairly complete and the third comprising the apex” 
(Michaud 1877: 7), whose reconstruction was considered 
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“unsatisfactory” by Montenat & Truc (1971: 57). Although 
the reconstruction is indeed problematic and, in our opin-
ion, shows one whorl too many, the fragments of the apical 
part of the shell and of the last whorl with the opening are 
drawn in great detail and are easily distinguishable from 
the inferred intermediate part. According to this informa-
tion and the original description, P. paladilhei is very dif-
ferent from P. turolensis n. sp., easily distinguished by the 
shape of the first whorls, flat in the Hauterives species and 
rounded in the new species, as well as by the shape of the 
last whorl and the aperture, narrower and more elongated 
in the French species.

Palaeoglandina lunensis, which has been figured and described 
in detail by De Stefani (1880), has a regularly fusiform shell 
with low-convex whorls and, with one more whorl, a slower 
growth. Moreover, the Italian species appears to have a very 
marked reticulate ornamentation of teleoconch (De Stefani 
1880: pl. 2, fig. 13), which is not seen in P. turolensis n. sp. 
where the reticulation observed is very faint.

Palaeoglandina montenati, a large species with a total height 
of c. 60-70 mm (holotype, UCBL-FSL 98969: 59.5 mm; 
paratype, UCBL-FSL 98971: 69 mm, Montenat & Truc 
1971: 57), has a more fusiform morphology (Montenat & 
Truc 1971: fig. 4a-c), with a SH/SW ratio of more than 2, 

A B C D E F

G H
I

J
K

L

M N O

fig. 5. — A-D, O, Palaeoglandina turolensis n. sp. from Orrios 1 (Ruscinian, Teruel Basin): A, O, MAP-8421; B, MAP-8422; C, MAP-8423; D, MAP-8424; 
E-L, N, P. turolensis n. sp. from Los Aljezares (Turolian, Teruel Basin): E, 040822JA01; F, N, 040822JA02; G, MGM-3723; H, MNCNI-28900-D; I, MNCNI-28900-A; 
J, MGM-118M; K, MNCNI-28900-E; L, MNCNI-11300-E; M, P. turolensis n. sp. from La Gloria 4, MAP-8405. Scale bars: A-J, 10 mm; M-O, 6 mm.
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a spire that attains about 10% of the total shell height and 
thus is proportionally shorter than that of the new spe-
cies and a AH/SH ratio greater than in P. turolensis n. sp. 
(Table 1). The type specimens are moulds, but the specimens 
from Quibas are well preserved, showing a proportionally 
shorter spire with a flatter whorl profile, as well as a last 
whorl that is also proportionally wider and convex abapi-
cally. All this gives the shell a more fusiform morphology 
than the specimens from the Teruel Basin. On the other 
hand, the ornamentation of the protoconch is similar to 
that of P. turolensis n. sp., a circumstance that may indicate 
the possibility that they belong to the same evolutionary 
lineage. However, confirming this interpretation will require 
a more detailed assessment of well preserved specimens of 
other Palaeoglandina species.

DISCUSSION AND CONCLUSION

Although the genus Palaeoglandina has been reported from 
numerous stratigraphic horizons in the Iberian Peninsula, 
data are still scarce and identifications uncertain. The records 
are limited to a few Miocene sites in the Teruel, Madrid, 
Vallés-Penedés and Ebro basins (Royo Gómez 1922, 1928; 
Truyols 1950; Bataller & de Larragán 1957), as well as 
some isolated Eocene (Matamales-Andreu et al. 2016) and 
Plio-Pleistocene (Montenat & Truc 1971; Montoya et al. 
1999a, b, 2001) outcrops in eastern Spain (provinces of 
Castellón, Alicante and Murcia). Except for the outcrops of 
the Spanish East, where specimens have been determined as 
P. naudotii (Eocene of Castellón; Matamales-Andreu et al. 
2016) and P. montenati (Plio-Pleistocene of Alicante and 

table 1. — Shell measurements of several of the studied specimens. Data for species other than P. turolensis n. sp. derive from Matheron (1843) and Montenat & 
Truc (1971).

Register number SH (cm) SW (cm) SH/SW LWH (cm) LWH/SH (%) AH (cm) AW (cm)

P. turolensis n. sp. from G4
MAP-8405 (Holotype) 3.82 1.91 2.00 3.34 87.43 2.21 1.35
MAP-8406 3.62 1.80 2.01 3.08 85.08 1.94 1.33
MAP-8407 3.95 2.09 1.89 3.47 87.85 2.28 1.49
MAP-8408 3.29 1.67 1.97 2.80 85.11 1.84 1.12
MAP-8409 3.39 1.86 1.82 3.03 89.38 1.85 1.24
MAP-8410 3.18 1.55 2.05 2.78 87.42 1.80 0.97
MAP-8411 3.10 1.54 2.01 2.69 86.77 1.59 1.06
MAP-8412 3.45 1.72 2.01 2.90 84.06 1.77 1.15
MAP-8413 3.22 1.59 2.03 2.81 87.27 1.70 1.03
MAP-8414 3.19 1.60 1.99 2.78 87.15 1.79 1.10
MAP-8415 3.29 1.64 2.01 2.90 88.15 1.83 1.12
MAP-8416 3.30 1.79 1.84 2.87 86.97 1.85 1.18
MAP-8417 3.38 1.73 1.95 2.95 87.28 1.86 1.19
MAP-8418 3.12 1.62 1.93 2.74 87.82 1.74 1.10
MAP-8419 3.49 1.66 2.10 3.08 88.25 1.94 1.07

P. turolensis n. sp. from OR
MAP-8421 4.56 2.49 1.83 4.21 92.32 2.91 1.67
MAP-8422 4.25 2.13 2.00 3.63 85.41 2.17 1.45
MAP-8423 4.01 2.14 1.87 3.51 87.53 2.35 1.36
MAP-8424 3.94 2.08 1.89 3.51 89.09 2.33 1.34

P. turolensis n. sp. MN14 – – 1.96 ± 0.08 – 87.39 ± 1.76 – –

P. turolensis n. sp. from AL
MVHN-040822JA01 3.74 2.04 1.83 3.37 90.11 2.28 1.46
MVHN-040822JA02 4.06 2.17 1.87 3.62 89.16 2.35 1.45
MGM3732M 3.31 1.91 1.73 3.03 91.54 2.07 1.31
MGM118M 4.61 2.48 1.86 4.28 92.84 2.86 1.81
MNCNI-28900-A 4.00 2.12 1.89 3.61 90.25 2.45 1.49
MNCNI-28900-D 3.34 2.05 1.63 3.10 92.81 2.02 1.39
MNCNI-28900-E 4.44 2.49 1.78 4.12 92.79 2.86 1.45
MNCNI-11300-E 3.98 2.38 1.67 3.70 92.96 2.17 1.51

P. turolensis n. sp. MN12 – – 1.78 ± 0.9 – 91.56 ± 1.43 – –

P. turolensis n. sp. mean  
and standard deviation

3.67 ± 0.45 1.94 ± 0.30 1.91 ± 0.11 3.26 ± 0.46 88.62 ± 2.53 2.10 ± 0.36 1.30 ± 0.2

P. aquensis
MHNM 6034.9314.1 4.80 2.30 2.09 – – – –

P. galloprovincialis
MHNM 6034.9317.1 4.60 1.90 2.42 – – – –

P. montenati
UCBL-FSL-98969 5.95 3.20 1.86 5.22 87.73 3.85 –
UCBL-FSL-98971 6.90 3.56 1.94 – – – –
MVHN-180222GM05 5.79 3.20 1.81 5.31 91.71 3.72 2.35
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Murcia; Montenat & Truc 1971; Montoya et al. 1999a, b, 
2001), the rest of the Spanish specimens are as all lumped 
under the name P. aquensis. 

Our study of specimens from the Teruel Basin revealed 
important differences from P. aquensis, differing for example 
in a stouter morphology. Moreover, Palaeoglandina aquensis 

was originally described from Lower Miocene (Burdigalian) 
deposits (Esu 1999), which contrast the Late Miocene age 
of the Teruel material. Similarly, other Late Miocene (P. gal-
loprovincialis) or Pliocene-Pleistocene (P. paladilhei, P. lunensis 
and P. montenati) species differ clearly from the Teruel spe-
cies, which is consequently introduced here as a new species. 

A B C1 C2

D1 D2 E1 E2
F1 F2

G

H I J

fig. 6. — A, Palaeoglandina aquensis (Matheron, 1843) from Aix (Burdigalian, Aix Basin), MHNM 6034.9314.1; B, P. galloprovincialis (Matheron, 1843) from Peyrolles 
(Tortonian, Durance Basin), MHNM 6034.9317.1; C1, C2, P. montenati Truc, 1971 from Quibas (Calabrian, Quibas site), MVHN-180222GM05; D1, D2, P. aquensis 
var. obtusa (Depéret, 1890), UCBL-FSL 148027; E1, E2, P. gracilis (Zieten, 1832), NHMW 2013/0572/0040; F1, F2, P. taurinensis (Sacco, 1886), BS.093.02.001; 
G, P. turolensis n. sp., MAP-8420, detail of protoconch; H, P. gracilis (Zieten, 1832), NHMW 2013/0572/0040, detail of protoconch; I, P. taurinensis (Sacco, 1886), 
BS.093.02.001, detail of protoconch; J, P. montenati Truc, 1971 from Quibas, MVHN-180222GM05, detail of protoconch. Scale bars: A-F, 10 mm; G, 1 mm; H-J, 2 mm.
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Palaeoglandina turolensis n. sp. is a morphologically highly 
variable species. The results of the geometric morphometric 
analysis indicate a general tendency for clustering between 
material from different time intervals (Fig. 3). Shells from 
the Late Miocene of Los Aljezares are on average broader, 
oval and have lower spires compared to those from the Early 
Pliocene of La Gloria 4 and Orrios 1 (Figs 3-5). However, 
the considerable overlap between the assemblages paired with 
a generally high morphological variability do not warrant a 
taxonomic distinction. Perhaps this is also due to the avail-
able material or the analysed morphological information. 
Rather than corresponding to distinct species, the differences 
in the occupied morphospace among assemblages may reflect 
a morphological shift within a single species through geologi-
cal time. This view may be supported by the consistency of 
the peculiar ornamentation of the protoconch (Figs 5M-O, 
6H), not observed in other species (with the exception of P. 
montenati). More material is required, however, to investigate 
this hypothesis in greater detail. 

Additionally to the material investigated herein, we retrieved 
fragments from several sites with stratigraphic ages ranging 
from the late Vallesian (Tortonian, MN10) to Villanyan 
(Piacenzian, MN16), which show common characters 
with those of the specimens studied herein, including the 
ornamentation of the protoconch and teleoconch. These 
findings may indicate an even longer stratigraphic range 
for Palaeoglandina turolensis n. sp. or, alternatively, a more 
complex species lineage with more members that still await 
description.

The study of specimens attributed to Palaeoglandina and 
stored in museums has shown the need for a revision of the 
genus. Palaeoglandina aquensis and P. galloprovincialis could 
be synonymous, especially if it is confirmed that both are 
based on Burdigalian materials. Palaeoglandina naudotii 
from the Eocene of Spain has a different morphology than 
specimens from the Eocene of France deposited in the 
MNHN. Palaeoglandina taurinensis, with a very elongated 
morphology, could belong to the genus Poiretia, while 
Poiretia senensis, being more convex, could correspond to 
the genus Palaeo glandina. Palaeoglandina paladilhei is a 
problematic species that needs further study and more (and 
complete) material. Finally, the numerous determinations 
of Spanish P. aquensis are uncertain, as are those made by 
Truc (1971) for material from Ratavoux. The large amount 
of material missing, the dispersion of the existing material 
and, above all, the poor state of preservation complicate a 
final conclusion though.

Acknowledgements
We want to thank all the people who have contributed to 
this work. Celia Santos (MNCN-CSIC), Silvia Menéndez 
and Victoria Quiralte (MGM-IGME) provided photographs 
of the Royo Gómez collection. Alberto Martinez-Ortí 
(MVHN) made it possible to study the specimens from the 
Teruel Basin and the Quibas site that are deposited in the 
Robles collection. Emmanuel Robert (UCBL1) provided 

photographs of specimens in the Depéret collection and 
information about the location of Palaeoglandina specimens 
in other museums. Christophe Borrely, Vincent Poncet and 
Nathan Ruel (MHNM) supplied information and photo-
graphs of Matheron collection. Daniela Esu (Università degli 
Studi di Roma La Sapienza) provided information about 
the location of some specimens of Palaeoglandina. Stefano 
Dominici (Università degli Studi di Firenze), Giuseppe 
Manganelli (Università di Siena) and Annalaura Pistarino 
(Museo Regionale di Scienze Naturali di Torino) supplied 
photographs of some Italian species. Mathias Harzhauser 
(Natural History Museum Vienna) provided photographs 
of specimens from the Most Basin and information about 
their protoconch ornamentation and provided constructive 
feedback on higher systematics. Michael Krings (Bavarian 
State Collection for Palaeontology and Geology, Munich) 
shared thoughts on botanical nomenclature. Luis Alcalá 
(Parque de las Ciencias, Granada) provided valuable help 
in locating the sites of La Gloria 4 and Orrios 1. Jose María 
López, a good friend, encouraged this work and accompa-
nied some of the sampling. We also thank to the La Gloria 
4 excavation team, Manuel J. Salesa, María Dolores Pes-
quero, Gema Siliceo, Jesús Gamarra (from Museo Nacional 
de Ciencias Naturales-CSIC), Eduardo Espílez (Fundación 
Conjunto Paleontológico de Teruel-DINOPOLIS), Marcos 
Fernández-Monescillo and María Eugenia Romero (Facultad 
de Ciencias Exactas Físicas y Naturales de la Universidad 
Nacional de Córdoba, Argentina) for providing specimens 
of the new species. Mathias Harzhauser and an anonymous 
reviewer are thanked for constructive comments. The govern-
ment of Aragón provided excavation permissions through 
the references DGA exp. 028/96, 110/97 and 187/16-17-
21-2022. The excavation in 2022 at La Gloria 4 fossil site 
(exp. 187/16-17-21-2022) was funded by Research Group 
E04_20R FOCONTUR, financed by Departamento de 
Ciencia, Universidad y Sociedad del Conocimiento-Gobierno 
de Aragón, the Instituto Aragonés de Fomento, and the 
Unidad de Paleontología de Teruel (Ministerio de Ciencia e 
Innovación, Gobierno de España), and the project EVOFEL 
(reference PID2020-112642GB-I00, funded by MCIN/
AEI/10.13039/501100011033).

REFERENCES

AdAms h. & AdAms A. 1853-1858. — The genera of Recent Mol-
lusca arranged according to their organization. 2 volumes. Van 
Voorst, London, 661 p.

AdAms d., collyer m., kAliontzopoulou A. & bAken e. 
2022. — Geomorph: Software for geometric morphometric 
analyses. R package version 4.0.4. Available from https://cran.r-
project.org/package=geomorph

AlbesA J., gArcíA-Flor J. & robles F. 1991. — Datos prelim-
inares para una revisión de la malacofauna neógena de la región 
de Teruel. Teruel 82 (1): 101-104.

AlbesA J., cAlvo J. p., AlcAlá l. & Alonso zArzA A. m. 
1997. — Interpretación paleoambiental del yacimiento de la 
Gloria 4 (Plioceno, Fosa de Teruel) a partir del análisis de facies 
y de asociaciones de gasterópodos y de mamíferos. Cuadernos 
de Geología Ibérica 22: 239-264.

https://cran.r-project.org/package=geomorph
https://cran.r-project.org/package=geomorph


655 

Shifting shell morphology in a Late Miocene-Pliocene land snail species lineage

GEODIVERSITAS • 2023 • 45 (21)

Alonso-zArzA A. m. & cAlvo J. p. 2000. — Palustrine sedi-
mentation in an episodically subsiding basin: the Miocene of 
the northern Teruel Graben (Spain). Palaeogeography, Palaeo-
climatology, Palaeoecology 160: 1-21. https://doi.org/10.1016/
S0031-0182(00)00041-9

Alonso-zArzA A. m., cAlvo J. p., vAn dAm J. & AlcAlá l. 
2000. — Northern teruel graben neogene, Ne Spain, in gierlowski-
kordesch F. h. & kelts k. r. (eds), Lake Basins Through Space 
and Time. American Association of Petroleum Geologists Studies 
in Geology 46: 491-496. https://doi.org/10.1306/St46706C45

AzAnzA b. 1986. — Estudio geológico y paleontológico del Mio-
ceno del sector oeste de la comarca de Borja. Cuadernos Estúdios 
Borjanos 17-18: 63-126.

bAken e. k., collyer m. l., kAliontzopoulou A. & AdAms d. 
c. 2021. — Geomorph v4.0 and gmShiny: Enhanced analytics 
and a new graphical interface for a comprehensive morphometric 
experience. Methods in Ecology and Evolution 12 (12): 2355-2363. 
https://doi.org/10.1111/2041-210X.13723

bAker h. b. 1939. — A revision of Spiraxis C. B. Adams. The Nautilus 
53 (1): 8-16. https://www.biodiversitylibrary.org/page/8516284

bAker h. b. 1941. — Outline of American Oleacininae and new 
species from Mexico. The Nautilus 55: 51-61. https://www.bio-
diversitylibrary.org/page/8519954

bAllesio r., cArbonnel g., mein p. & truc g. 1979. — Sur un 
nouveau gisement fossilifère du Miocène supérieur (Tortonien-
Turolien moyen) de Cucuron (Vaucluse). Geobios 12 (3): 467-471. 
https://doi.org/10.1016/s0016-6995(79)80126-6

bArker g. m. & eFFord m. g. 2004. — Predatory gastro-
pods as natural enemies of terrestrial gastropods and other 
invertebrates, in bArker G. M. (ed.), Natural Enemies of Ter-
restrial Molluscs. Cabi, Wallingford: 279-404. https://doi.
org/10.1079/9780851993195.0279

bAtAller J. r. & lArrAgán A. 1957. — Mapa geológico de España 
1:50.000. Hoja 320 Tarazona (Zaragoza). IGME, Madrid, 45 p.

binder h. 2004. — Terrestrial, freshwater and brachyhaline 
Gastropoda from Lower Miocene deposits of Oberdorf (Styria, 
Austria). Annalen des Naturhistorischen Museum in Wien 105A: 
189-229. https://www.jstor.org/stable/41702058

burmeister h. 1837. — Handbuch der Naturgeschichte. Zum 
Gebrauch bei Vorlesungen. Zweite Abtheilung: Zoologie. [book]. 
T.C.F. Enslin, Berlin, XII + 858 p. [Zoology 369-858]. https://
doi.org/10.5962/bhl.title.100177

ciAngherotti A., esu d., mArtinetto e. & giuntelli p. 
2007. — The remarkable Middle Pliocene non-marine mollusc 
record from Ceresole d’Alba, Piedmont, north-west Italy: Bio-
chronology, palaeobiogeography and palaeoecology supported 
by fossil plants. Geobios 40: 573-587. https://doi.org/10.1016/j.
geobios.2006.10.005

cocchi i. 1867. — L’uomo fossile nell’Italia centrale, studi paleon-
tologici. Memorie della Società Italiana di Scienze Naturali 2: 1-80.

cuvier g. 1795. — Second mémoire sur l’organisation et les 
rapports des animaux à sang blanc, dans lequel on traite de la 
structure des Mollusques et de leur division en ordre, lu à la 
Société d’Histoire naturelle de Paris, le 11 prairial an troisième.
Magasin encyclopédique, ou Journal des Sciences, des Lettres et des 
Arts 2: 433-449. https://gallica.bnf.fr/ark:/12148/bpt6k424102f

dAm J. A. vAn, mein p., gArcés m., bAlen r. t. vAn, Furió 
m. & AlcAlá l. 2023. — A new rodent chronology for the late 
Neogene of Spain. Geobios 76: 53-74. https://doi.org/10.1016/j.
geobios.2023.01.001

depéret c. 1890. — Les animaux pliocènes du Roussillon. Société 
géologique de France, Paléontologie, Mémoire no. 3, 194 p. 

depéret c. & sAyn g. 1900. — Monographie de la faune fluvio-
terrestre du Miocéne du Cucuron (Vaucluse). Annales de la Société 
linnéenne de Lyon 47: 107-126. https://www.biodiversitylibrary.
org/page/43976795

dereims m. A. 1898. — Recherches géologiques dans le Sud de l’Aragon. 
Le Bigot Frères, Lille, 199 p.

domingo m. s., Alberdi m. t. & AzAnzA b. 2007. — A new 
quantitative biochronological ordination for the Upper Neogene 
mammalian localities of Spain. Palaeogeography, Palaeoclimatol-
ogy, Palaeoecology 255 (3-4): 361-376. https://doi.org/10.1016/j.
palaeo.2007.08.004

esu d., girotti o. & kotsAkis t. 1993. — Palaeobiogeographical 
observations on Villafranchian molluscs of Italy. Scripta Geologica, 
special issue 2: 101-119. 

esu d. 1999. — Contribution to the knowledge of Neogene climatic 
changes in western and central Europa by means of non-marine 
molluscs, in Agustí J. , rook l. & Andrews P. (eds), The Evolu-
tion of Neogene Terrestrial Ecosystems in Europa. Hominoid Evolu-
tion and Climatic Change in Europa. Vol. I. Cambridge University 
Press: 328-354. https://doi.org/10.1017/cbo9780511542329.016

ezquerro l. 2017. — El sector norte de la cuenca neógena de Ter-
uel: tectónica, clima y sedimentación. PhD Thesis. Universidad de 
Zaragoza, Zaragoza, 496 p. http://zaguan.unizar.es/record/77098

ezquerro l., simón J. J., luzón A. & liesA c. l. 2020. — Segmen-
tation and increasing activity in the Neogene-Quaternary Teruel 
Basin rift (Spain) revealed by morphotectonic approach. Journal 
of Structural Geology 135: 104043. https://doi.org/10.1016/j.
jsg.2020.104043

ezquerro l., luzón A., simón J. J. & liesA c. l. 2022a. — 
A review of the European Neogene mammal zones from integra-
tion of litho-, bio- and magnetostratigraphy in the Teruel Basin. 
Earth-Science Reviews 234: 104223. https://doi.org/10.1016/j.
earscirev.2022.104223

ezquerro l., muñoz A., liesA c. l., simón J. l. & luzón A. 
2022b. — Late Neogene to early Quaternary climate evolution 
in southwestern Europe from a continental perspective. Global 
and Planetary Change 211: 103788. https://doi.org/10.1016/j.
gloplacha.2022.103788

Fischer p. 1883. — Manuel de conchyliologie et de paléontologie con-
chyliologique, ou histoire naturelle des mollusques vivants et fossiles. 
Part 5: Librairie F. Savy, Paris: 417-512. https://doi.org/10.5962/
bhl.title.13213

gliozzi e., AbbAzzi l., Argenti p., AzzAroli A., cAloi l., cApAsso 
bArbAto l., di steFAno g., esu d., FiccArelli g., girotti o., 
kotsAki t., mAsini F., mAzzA p., mezzAbottA c., pAombo m. 
r., petronio c., rook l., sAlA b., sArdellA r., zAnAldA e. & 
torre d. 1997. — Biochronology of selected mammals, molluscs 
and ostracods from the Middle Pliocene to the Late Pleistocene in 
Italy. The state of the art. Rivista Italiana di Paleontologia e Stratigra-
fia 103: 369-388. https://doi.org/10.13130/2039-4942/5299

gobAnz J. 1854. — Die fossilen Land- und Süsswasser-Mollusken 
des Beckens von Rein in Steiermark. Sitzungsberichte der mathe-
matisch-naturwissenschaftlichen Classe der Kaiserlichen Akademie 
der Wissenschaften 13: 180-201. https://www.biodiversitylibrary.
org/page/6360108

godoy A., moissenet e., rAmírez J. i., olivé A., AznAr J. m., 
Jérez mir l., ArAgonés e., AguilAr m. J., rAmírez del pozo 
J., leAl, m. c., Adrover r., Alberdi m. t., giner J., gutiérrez 
elorzA m., portero J. m. & gAbAldón v. 1983a. — Mapa 
Geológico de España 1:50.000, hoja nº 542 (Alfambra). IGME, 
Madrid.

godoy A., rAmírez J. i., olivé, A., moissenet e., AznAr J. m., 
ArAgonés e., AguilAr m. J., rAmírez del pozo J., leAl m. 
c., Jerez mir l., Adrover r., goy A., comAs m. J., Alberdi 
m. t., giner J., gutiérrez elorzA m., portero J. m. & 
gAbAldón v. 1983b. — Mapa Geológico de España 1: 50.000, 
hoja nº 567 (Teruel). IGME, Madrid.

gómez cAno A. r., hernández Fernández m. & álvArez-sierrA 
m. á. 2011. — Biogeographic provincialism in rodent faunas 
from the Iberoccitanian Region (southwestern Europe) generates 
severe diachrony within the Mammalian Neogene (Mn) biochro-
nologic scale during the Late Miocene. Palaeogeography, Palaeocli-
matology, Palaeoecology 307: 193-204. https://doi.org/10.1016/j.
palaeo.2011.05.014

https://doi.org/10.1016/S0031-0182(00)00041-9
https://doi.org/10.1016/S0031-0182(00)00041-9
https://doi.org/10.1306/St46706C45
https://doi.org/10.1111/2041-210X.13723
https://www.biodiversitylibrary.org/page/8516284
https://www.biodiversitylibrary.org/page/8519954
https://www.biodiversitylibrary.org/page/8519954
https://doi.org/10.1016/s0016-6995(79)80126-6
https://doi.org/10.1079/9780851993195.0279
https://doi.org/10.1079/9780851993195.0279
https://www.jstor.org/stable/41702058
https://doi.org/10.5962/bhl.title.100177
https://doi.org/10.5962/bhl.title.100177
https://doi.org/10.1016/j.geobios.2006.10.005
https://doi.org/10.1016/j.geobios.2006.10.005
https://gallica.bnf.fr/ark:/12148/bpt6k424102f
https://doi.org/10.1016/j.geobios.2023.01.001
https://doi.org/10.1016/j.geobios.2023.01.001
https://www.biodiversitylibrary.org/page/43976795
https://www.biodiversitylibrary.org/page/43976795
https://doi.org/10.1016/j.palaeo.2007.08.004
https://doi.org/10.1016/j.palaeo.2007.08.004
https://doi.org/10.1017/cbo9780511542329.016
http://zaguan.unizar.es/record/77098
https://doi.org/10.1016/j.jsg.2020.104043
https://doi.org/10.1016/j.jsg.2020.104043
https://doi.org/10.1016/j.earscirev.2022.104223
https://doi.org/10.1016/j.earscirev.2022.104223
https://doi.org/10.1016/j.gloplacha.2022.103788
https://doi.org/10.1016/j.gloplacha.2022.103788
https://doi.org/10.5962/bhl.title.13213
https://doi.org/10.5962/bhl.title.13213
https://doi.org/10.13130/2039-4942/5299
https://www.biodiversitylibrary.org/page/6360108
https://www.biodiversitylibrary.org/page/6360108
https://doi.org/10.1016/j.palaeo.2011.05.014
https://doi.org/10.1016/j.palaeo.2011.05.014


656 GEODIVERSITAS • 2023 • 45 (21) 

Albesa J. & Neubauer T. A.

gómez lluecA F. 1931. — Mapa geológico de España a escala 1: 
50.000. Explicación de la Hoja nº 567, Teruel. IGME, Madrid, 94 p.

gonzález-guillén A. & lópez-silvero r. 2021. — First record 
of Oleacina cyanozoaria (Gundlach in Pfeiffer, 1857) feeding 
on a Eleutherodactylus frog in Pico San Juan, Cumanayagua, 
Cienfuegos Province, Cuba. The Festivus 53: 293-297. https://
doi.org/10.54173/f534293

hArzhAuser m. & neubAuer t. A. 2021. — A review of the land 
snail faunas of the European Cenozoic – composition, diversity 
and turnovers. Earth-Science Reviews 217: 103610. https://doi.
org/10.1016/j.earscirev.2021.103610

hArzhAuser m., neubAuer t. A., georgopoulou e. & hArl 
J. 2014a. — The Early Miocene (Burdigalian) mollusc fauna of 
the North Bohemian Lake (Most Basin). Bulletin of Geosciences 
89 (4): 819-908. https://doi.org/10.3140/bull.geosci.1503

hArzhAuser m., neubAuer t. A., gross m. & binder h. 
2014b. — The early Middle Miocene mollusc fauna of Lake Rein 
(Eastern Alps, Austria). Palaeontographica, Abteilung A: Palaeo-
zoology – Stratigraphy 302 (1-6): 1-71. https://doi.org/10.1127/
pala/302/2013/1

hAszprunAr g. & huber g. 1990. — On the central nervous system 
of Smeagolidae and Rhodopidae, two families questionably allied 
with the Gymnomorpha (Gastropoda, Euthyneura). Journal of 
Zoology 220: 185-199. https://doi.org/10.1111/j.1469-7998.1990.
tb04302.x

hAusdorF b. & solvery s. 2021. — Introduction of the Predatory 
Land Snail Species Poiretia delesserti (Spiraxidae) in France. Mala-
cologia 63 (2): 307-310. https://doi.org/ 10.4002/040.063.0209

helwerdA r. A. 2015. — Predatory Poiretia (Stylommatophora, 
Oleacinidae) snails: histology and observations. Vita Malacologica 
13: 35-48. https://repository.naturalis.nl/pub/588032

höltke o. & rAsser m. w. 2017. — Land snails from the Miocene 
Steinheim impact crater lake sediments (Baden-Württemberg, 
South Germany). Neues Jahrbuch für Geologie und Paläontolo-
gie, Abhandlungen 285 (3): 267-302. https://doi.org/ 10.1127/
njgpa/2017/0681

höltke o., sAlvAdor r. b. & rAsser m. w. 2018. — Miocene 
continental gastropods from the southern margin of the Swa-
bian Alb (Baden-Württemberg, SW Germany). Neues Jahrbuch 
für Geologie und Paläontologie, Abhandlungen 287 (1): 17-44. 
https://doi.org/10.1127/njgpa/2018/0704

klein A. 1852. — Conchylien der Süsswasserkalkformation Würt-
tembergs. Jahreshefte des Vereins für vaterländische Naturkunde 
in Württemberg 8: 157-164. https://www.biodiversitylibrary.
org/page/7984477

le renArd J. & pAcAud J. 1995. — Révision des mollusques 
Paléogènes du Bassin de Paris. II. Liste des références primaires 
des espèces. Cossmanniana 3: 65-132.

mAtAmAles-Andreu r., Juárez-ruiz J. & Forner i vAlls e. 
2016. — Revisió de dues espècies de macrogasteròpodes de l’Eocè 
de Vallibona (els Ports, Castelló) i consideracions estratigràfiques 
i paleoambientals. Nemus. Revista de l’Ateneu de Natura 6: 123-
128. http://hdl.handle.net/10234/168259

mAtheron p. 1843. — Catalogue méthodique et descriptif des 
corps organisés fossiles du départment des Bouches-du-Rhône 
et lieux circonvoisins. Répertoire des Travaux de la Société de 
Statistique de Marseille 6: 81-341.

ménouret b. 2014. — Gisements paléontologiques à mammifères 
ou empreintes de pas de mammifères du Parc naturel régional du 
Luberon. Courrier scientifique du Parc naturel régional du Luberon 
et de la Réserve de biosphère Luberon-Lure 12: 56-74.

michAud g. 1877. — Description des coquilles fossiles découvertes 
dans les environs de Hauterives (Drôme). Savy édit., Paris, 28 p.

michelin h. 1832. — Sur une Lymnée et un Clausilie fossiles 
trouvées à Provins (Seine et Marne). Mémoires de la Société 
d’Agriculture, Sciences, Arts et Belles-Lettres du Département 
de l’Aube 6 (44): 201-203. https://gallica.bnf.fr/ark:/12148/
bpt6k5652951v/f161.item

mihlbAchler m. c., bArrón-ortiz c. i., rAnkin b. d. & 
theodor J. m. 2023. — Sharpening the mesowear tool: 
geometric morphometric analysis of cusp shape and diet in 
ruminants. Frontiers in Ecology and Evolution 11: 950463. 
https://doi.org/10.3389/fevo.2023.950463

moissenet e. 1983. — Aspectos de la neotectónica en la fosa de 
Teruel, in combA J. A. (ed.), Libro Jubilar, J. M. Ríos. Geología 
de España. Vol. 2. IGME, Madrid: 427-446.

molluscAbAse (eds) 2023. — MolluscaBase. Accessed at 
https://www.molluscabase.org on 2023-07-25. https://doi.
org/10.14284/448

montenAt c. & truc g. 1971. — Pliocène supérieur et Vil-
lafranchien dans le Levant espagnol (Provinces de Murcia et 
d’Alicante). Boletín Geológico y Minero 82 (1): 52-58.

montoyA p., Alberdi m. t., blázquez A. m., bArbAdillo l. 
J., FumAnAl p., vAn der mAde J., mArín J. m., molinA A., 
morAles J., murelAgA x., peñAlver e., robles F., ruiz 
bustos A., sánchez A., sAnchiz b., soriA d. & szyndlAr 
z. 1999a. — La fauna del Pleistoceno inferior de la Sierra de 
Quibas (Abanilla, Murcia). Estudios Geológicos 55 (3-4): 127-
161. https://doi.org/10.3989/egeol.99553-4171

montoyA p., morAles J., robles F. & ruiz bustos A. 1999b. — 
El yacimiento paleontológico de origen kárstico del Pleistoceno 
inferior de Quibas (Abanilla, Murcia). Cuadernos de Geografía 
65-66: 359-367.

montoyA p., Alberdi m. t., bArbAdillo l. J., vAn der mAde 
J., morAles J., murelAgA x., peñAlver e., robles F., ruiz 
bustos A., sánchez A., sAnchiz b., soriA d. & szyndlAr 
z. 2001. — Une faune très diversifiée du Pleistocène inférieur 
de la Sierra de Quibas (province de Murcia, Espagne). Comptes 
Rendus de l’Académie des Sciences de Paris, Sciences de la Terre 
et des Planètes 332: 387-393. https://doi.org/10.1016/S1251-
8050(01)01544-0

neubAuer t. A., AnistrAtenko o., AnistrAtenko v. v., 
kiJAshko p., stoicA m., vAn de velde s., vinArski m. & 
wesselingh F. p. 2021. — A revision of the poorly known 
Pontocaspian gastropod genus Abeskunus, and its Central Para-
tethyan origin. Historical Biology 33 (9): 1580-1597. https://
doi.org/10.1080/08912963.2020.1720015

nordsieck h. 2014. — Annotated check-list of the genera of 
fossil land snails (Gastropoda: Stylommatophora) of western 
and central Europe (Cretaceous – Pliocene), with description of 
new taxa. Archiv für Molluskenkunde 143 (2): 153-185. https://
doi.org/10.1127/arch.moll/143/2014/153-185

pFeFFer g. 1930. — Zur Kenntnis tertiärer Landschnecken. 
Geologisch-Paläontologische Abhandlungen, neue Folge 17 (3): 
153-380.

r core teAm 2021. — R: A language and environment for sta-
tistical computing. Version 4.1.2. R Foundation for Statistical 
Computing, Vienna. Available from https://www.r-project.org/

rAFinesque c. s. 1815. — Analyse de la nature ou tableau de 
l’univers et des corps organisés. Privately published, Palermo, 
223 p. https://doi.org/10.5962/bhl.title.106607

reuss A. e. 1849. — Beschreibung der fossilen Ostracoden und 
Mollusken der tertiären Süsswasserschichten des nördlichen 
Böhmens. Palaeontographica 2: 16-42. https://www.biodiver-
sitylibrary.org/page/12204240

rohlF F. J. 1999. — Shape statistics: Procrustes superimpositions 
and tangent spaces. Journal of Classification 16 (2): 197-223. 
https://doi.org/10.1007/s003579900054

rohlF F. J. 2021. — tpsDig, digitize landmarks and outlines, 
version 2.32. Department of Ecology and Evolution, State 
University of New York at Stony Brook. Available from https://
www.sbmorphometrics.org/soft-dataacq.html

rosenberg g. & murAtov i. v. 2006. — Status report on the 
terrestrial Mollusca of Jamaica. Proceedings of the Academy of 
Natural Sciences of Philadelphia 155: 117-161. https://doi.
org/10.1635/i0097-3157-155-1-117.1

https://doi.org/10.54173/f534293
https://doi.org/10.54173/f534293
https://doi.org/10.1016/j.earscirev.2021.103610
https://doi.org/10.1016/j.earscirev.2021.103610
https://doi.org/10.3140/bull.geosci.1503
https://doi.org/10.1127/pala/302/2013/1
https://doi.org/10.1127/pala/302/2013/1
https://doi.org/10.1111/j.1469-7998.1990.tb04302.x
https://doi.org/10.1111/j.1469-7998.1990.tb04302.x
https://doi.org/ 10.4002/040.063.0209
https://repository.naturalis.nl/pub/588032
https://doi.org/ 10.1127/njgpa/2017/0681
https://doi.org/ 10.1127/njgpa/2017/0681
https://doi.org/10.1127/njgpa/2018/0704
https://www.biodiversitylibrary.org/page/7984477
https://www.biodiversitylibrary.org/page/7984477
http://hdl.handle.net/10234/168259
https://www.parcduluberon.fr/wp-content/uploads/2020/08/cs_N_12_paleontologie_Menouret.pdf
https://www.parcduluberon.fr/wp-content/uploads/2020/08/cs_N_12_paleontologie_Menouret.pdf
https://gallica.bnf.fr/ark:/12148/bpt6k5652951v/f161.item
https://gallica.bnf.fr/ark:/12148/bpt6k5652951v/f161.item
https://doi.org/10.3389/fevo.2023.950463
https://www.molluscabase.org
https://doi.org/10.14284/448
https://doi.org/10.14284/448
https://doi.org/10.3989/egeol.99553-4171
https://doi.org/10.1016/S1251-8050(01)01544-0
https://doi.org/10.1016/S1251-8050(01)01544-0
https://doi.org/10.1080/08912963.2020.1720015
https://doi.org/10.1080/08912963.2020.1720015
https://doi.org/10.1127/arch.moll/143/2014/153-185
https://doi.org/10.1127/arch.moll/143/2014/153-185
https://www.r-project.org/
https://doi.org/10.5962/bhl.title.106607
https://www.biodiversitylibrary.org/page/12204240
https://www.biodiversitylibrary.org/page/12204240
https://doi.org/10.1007/s003579900054
https://www.sbmorphometrics.org/soft-dataacq.html
https://www.sbmorphometrics.org/soft-dataacq.html
https://doi.org/10.1635/i0097-3157-155-1-117.1
https://doi.org/10.1635/i0097-3157-155-1-117.1


657 

Shifting shell morphology in a Late Miocene-Pliocene land snail species lineage

GEODIVERSITAS • 2023 • 45 (21)

royo gómez J. 1922. — El Mioceno continental ibérico y su fauna 
malacológica. Comisión de Investigaciones Paleontológicas y 
Prehistóricas. Junta Ampliación Estudios Investigaciones Científicas, 
Memorias 30: 1-230.

royo gómez J. 1928. — El Terciario continental de Cuenca Alta del 
Tajo. Memorias del Instituto Geológico y Minero de España, 1-89.

sAcco F. 1886. — Nuove species terziarie di molluschi terrestri e 
d’aqua dolce e salmastra del Piemonte. Atti della Società Italiana 
di Scienze Naturali 29: 427-476. https://www.biodiversitylibrary.
org/page/16237730

sAlvAdor r. b. 2013. — The fossil pulmonate snails of Sand-
elzhausen (Early/Middle Miocene, Germany): Succineidae, 
Testacelloidea and Helicoidea. Zootaxa 3721: 157-171. https://
doi.org/10.11646/zootaxa.3721.2.3

schileyko A. A. 2000. — Treatise on Recent terrestrial pulmonate 
molluscs. Part 6. Rhytididae, Chlamydephoridae, Systrophiidae, 
Haplotrematidae, Streptaxidae, Spiraxidae, Oleacinidae, Testacel-
lidae. Ruthenica, Supplement 2: 731-880.

schlickum w. r. 1975. — Die oberpliozäne Molluskenfauna 
von Cessey-sur-Tille (Département Côte d’Or). Archiv für Mol-
luskenkunde 106 (1/3): 47-79.

schlosser m. 1907. — Ueber Säugetiere und Süsswassergastro-
poden aus Pliocänablagerungen Spaniens und über die natürliche 
Grenze von Miocän und Pliocän. Neues Jahrbuch für Mineralogie, 
Geologie und Paläontologie 2: 1-42. https://www.biodiversityli-
brary.org/page/44553775

schmidt A. 1855. — Der Geschlechtsapparat des Stylommato-
phoren in taxonomischer Hinsicht gewürdigt. Abhandlungen des 
naturwissenschaftlichen Vereins für Sachsen und Thüringen in Halle 
1: 1-52. https://www.biodiversitylibrary.org/page/11947423

solem A. & climo F. m. 1985. — Structure and habitat correla-
tions of sympatric New Zealand land snail species. Malacologia 
26 (1-2): 1-30.

de steFAni c. 1880. — Molluschi continentali fino ad ora notati 
in ltalia nei terreni pliocenici, ed ordinamento di questi ultimi 

(continuazione). Atti della Societa Toscana di Scienze Naturali 
Residente in Pisa 5: 9-108. https://www.biodiversitylibrary.org/
page/36825211

truc g. 1971. — Gastéropodes continentaux néogènes du Bassin 
rhodanien. Document du Laboratoire géologique de l’Université de 
Lyon, hors série 11: 79-129.

truyols J. 1950 — Datos para la biogeografía del Mioceno del 
Vallés-Penedés. II. Los Moluscos continentales. Arrahona 1: 
1-4. Sabadell.

verduin A. 1977. — On a remarkable dimorphism of the apices 
of sympatric closely-related marine gastropod species. Basteria 
41 (5-6): 91-95.

vilAnovA i pierA J. 1863. — Ensayo de descripción geognóstica de 
la Provincia de Teruel, en sus relaciones con la agricultura de la 
misma. Junta General de Estadística, Imprenta Nacional, 342 p.

weerd A. vAn de 1976. — Rodent faunas of the Mio-Pliocene 
continental sediments of the Teruel-Alfambra region, Spain. 
Utrecht Micropaleontology Bulletin, Special Publication 2: 1-217.

welter-schultes F. 2012. — European Non‐Marine Molluscs, a Guide 
for Species Identification. Planet Poster Editions, Göttingen, 760 p.

wenz w. 1914. — Paläontologischer Teil, in Fischer K. & Wenz 
W. (eds), Die Landschneckenkalke des Mainzer Beckens und 
ihre Fauna. Jahrbücher des Nassauischen Vereins für Naturkunde 
in Wiesbaden 67: 30-154. https://www.biodiversitylibrary.org/
page/7131585 

wenz w. 1923. — Fossilium Catalogus I: Animalia. Gastropoda 
extramarina tertiaria. Pars 20. W. Junk, Berlin: 737-1068. https://
www.biodiversitylibrary.org/page/40596679

zieten c.-h. von 1830-1832. — Die Versteinerungen Württem-
bergs. I-VIII, 1-16 (1830); 17-32 (1831), 33-64 (1832), 65-102 
(1833). Verlag and Lithographie der Expedition des Werkes 
unserer Zeit, Stuttgart.

zilch A. 1959-1960. — Gastropoda. Teil 2: Euthyneura, in schin-
dewolF O. H. (ed.), Handbuch der Paläozoologie Band 6. Verlag 
Gebrüder Borntraeger, Berlin, XII + 834 p.

Submitted on 27 April 2023; 
accepted on 10 July 2023; 

published on 16 November 2023.

appenDix 1. — Landmark-semilandmark configurations for all 27 specimens analysed in this paper, generated with tpsDig v. 2.32: 
https://doi.org/10.5852/geodiversitas2023v45a21_s1

https://www.biodiversitylibrary.org/page/16237730
https://www.biodiversitylibrary.org/page/16237730
https://doi.org/10.11646/zootaxa.3721.2.3
https://doi.org/10.11646/zootaxa.3721.2.3
https://www.biodiversitylibrary.org/page/44553775
https://www.biodiversitylibrary.org/page/44553775
https://www.biodiversitylibrary.org/page/11947423
https://www.biodiversitylibrary.org/page/36825211
https://www.biodiversitylibrary.org/page/36825211
https://www.biodiversitylibrary.org/page/7131585 
https://www.biodiversitylibrary.org/page/7131585 
https://www.biodiversitylibrary.org/page/40596679
https://www.biodiversitylibrary.org/page/40596679
https://doi.org/10.5852/geodiversitas2023v45a21_s1

	Cover
	Title page
	ABSTRACT
	RÉSUMÉ
	INTRODUCTION
	GEOLOGICAL SETTING
	MATERIAL AND METHODS
	Abbreviations
	Institutions


	RESULTS
	SYSTEMATIC PALAEONTOLOGY
	Class GASTROPODA Cuvier, 1795
	Subclass HETEROBRANCHIA Burmeister, 1837
	Superorder EUPULMONATA Haszprunar & Huber, 1990
	Order STYLOMMATOPHORA Schmidt, 1855
	Suborder HELICINA Rafinesque, 1815
	Superfamily Oleacionoidea H. Adams & A. Adams, 1855
	Family Spiraxidae Baker, 1939
	Subfamily Euglandininae Baker, 1941
	Remarks
	Genus Palaeoglandina Wenz in K. Fischer & Wenz, 1914
	Type species
	Palaeoglandina turolensis n. sp.
	Synonymy
	Diagnosis
	Type material
	Additional material
	Etymology
	Type horizon
	Type locality
	Stratigraphic and geographic distribution
	Description
	Remarks











	DISCUSSION AND CONCLUSION
	Acknowledgements
	REFERENCES

