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Thivaiou D., Harzhauzer M. & Koskeridou E. 2023. — Cenozoic diversity and distribution of the mangrove- and 
mudflat-associated gastropod genus Terebralia Swainson, 1840 (Potamididae: Caenogastropoda) in Europe. Comptes 
Rendus Palevol 22 (14): 245-264. https://doi.org/10.5852/cr-palevol2023v22a14

ABSTRACT
We analyse the distribution of the potamidid genus Terebralia Swainson, 1840 in the European fossil 
record (middle Eocene to Miocene). Extant Terebralia contains species restricted to mangroves and 
mudflats, rendering it a reliable element for detecting these coastal environments in the fossil record. 
Our contribution summarizes the European fossil record of this taxon and highlights the presence 
of this genus within coastal environments in the European realm. Distribution in the Cenozoic is 
interpreted based on ecological preferences, dispersal modes and climatic restrictions of recent spe-
cies. Maximum geographical distribution is reached during the Early and Middle Miocene with two 
species being present from the southernmost parts of Europe and Anatolia to the North Sea Basin 
and the Paratethys. During the Late Miocene, the distribution of Terebralia lignitarum (Eichwald, 
1830) is patchy and limited to the South of Europe. The Messinian Salinity Crisis coupled with a 
changing climate caused the disappearance of Terebralia in the Mediterranean first, and then marked 
the end of mangrove environments in this province.
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INTRODUCTION

Mangrove ecosystems are important resilient coastal envi-
ronments, considered as “hotspots” because of their con-
tribution to organic carbon sequestration (Alongi 2012; 
Collins et al. 2017). Modern-type mangrove ecosystems 
were established during the early Eocene in the Tethyan 
realm from where they spread quickly to tropical and sub-
tropical latitudes (Plaziat et al. 2001; Reid et al. 2008). 
These particular environments were colonized by a low 
number of molluscan species, possibly due to the demand-
ing ecological conditions (Reid et al. 2008). The family 
Potamididae is considered the most ecologically specialised 
to live in these environments, found almost exclusively in 
mangrove forests and associated tidal habitats (Reid et al. 
2008; Strong et al. 2011). It is composed of 19 recognized 
genera (MolluscaBase 2020), of which Terebralia Swainson, 
1840 is one of the most commonly found in the European 
Cenozoic fossil record (Kadolsky 1995; Harzhauser & Kow-
alke 2001; Lozouet et al. 2001; Kowalke 2005; Dominici & 
Kowalke 2014).

The extant species of the genus Terebralia play an impor-
tant ecological role in the mangrove and mangrove-asso-
ciated environments of the Indo-West Pacific (including 
the Red Sea), consuming considerable amounts of leaves 
and litter, thus contributing to nutrient recycling within 
these ecosystems (Slim et al. 1997; Raw et al. 2017). 
Recent representatives of the genus have been extensively 
investigated from different aspects, including coastal envi-
ronment management (Ratsimbazafy & Kochzius 2018), 
sea-level changes in relation to human settlements (Berger 
et al. 2013; Manne & Veth 2015) or ecological preferences 
(Houbrick 1991; Bandel & Kowalke 1999; Fratini et al. 
2001; Wells 2003; Reid et al. 2008; Wilson 2013; Raw et al. 
2017). In modern environments, Terebralia species live in 
proximity to or in mangroves (Houbrick 1991; Reid et al. 
2008) and for this reason they have been used as indicators 

of habitats favourable for the development of mangrove 
swamps, even when mangrove fossils are lacking (Ellison 
et al. 1999). Tere bralia are typically found associated with 
specific species of the families Potamididae H.Adams & 
A.Adams, 1854, Batillariidae Thiele, 1929 and Ellobiidae 
L.Pfeiffer, 1854 (1822) in variable abundances (Kowalke 
2005). Furthermore, this taxon is believed to have always 
lived in such restricted environments (Reid et al. 2008). 
Recent potamidids are of great ecological interest since they 
are among the most specialized molluscan inhabitants of 
mangrove ecosystems, mainly because of their contribu-
tion to litter removal from the substrate surface (Reid et al. 
2008; Wilson 2013).

The first European representatives of Terebralia emerged 
shortly after mangroves appeared in the area, in the early 
Eocene (Plaziat et al. 2001; Reid et al. 2008). In Europe, 
Terebralia has a stratigraphic distribution limited between 
the middle Eocene and the Late Miocene (Glibert 1952; 
Dermitzakis 1972; Bałuk 1975; Le Renard & Pacaud 1995; 
Harzhauser 2002; Bandel 2006; Belliard et al. 2006; Esu & 
Girotti 2010; Moths et al. 2010; Landau et al. 2013). 
The family Potamididae has existed at least since the Late 
Cretaceous and includes genera that live in restricted 
environments such as mangroves, estuarine mudflats, and 
salt marshes of tropical and subtropical regions (Houbrick 
1991; Healy & Wells 1998; Reid et al. 2008; Dominici & 
Kowalke 2014).

In the fossil record, it is difficult to attribute some speci-
mens to a given genus because the morphological traits 
– including protoconch structure – are often poorly described 
or absent in the existing literature. In contrast to recent 
species, which are well defined and their morphology has 
been analysed in detail (Houbrick 1991), fossil representa-
tives are not as well understood and some confusion persists 
concerning the diagnosis of the genus. The abundance of 
shells and the morphological variation of the members of 
the genus were noted by 19th-century authors, who erected 

RÉSUMÉ
Diversité et distribution au Cénozoïque du genre Terebralia Swainson, 1840 (Potamididae : Caenogas-
tropoda), gastéropode associé aux mangroves et aux vasières, en Europe.
Nous analysons les représentants européens de Terebralia Swainson, 1840 dans le registre fossile (Éocène 
moyen – Miocène). Terebralia comprend des espèces vivant dans des mangroves et des vasières, le ren-
dant ainsi fiable pour détecter de tels environnements dans le registre fossile. Notre contribution résume 
les données fossiles des espèces européennes et souligne leur importance au sein des environnements 
côtiers du domaine européen. L’interprétation de la distribution des taxons est basée sur les préférences 
écologiques et climatiques, mode de dispersion des espèces actuelles. La répartition maximale est atteinte 
pendant la première moitié du Miocène, avec Terebralia lignitarum (Eichwald, 1830) et Terebralia duboisi 
(Hörnes, 1855) présentes depuis le sud de l’Europe jusqu’à la Mer du Nord et la Paratéthys. Pendant 
le Miocène Supérieur, on ne retrouve plus que Terebralia lignitarum dans le sud européen, avec une 
distribution éparse. La Crise de Salinité Messinienne et les changements climatiques ont précipité la 
disparition des mangroves de la côte méditerranéenne, ce qui a marqué la fin de la présence de Terebralia 
au sein de cette province.
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several subspecies and varieties (some of which were origi-
nally placed in Cerithium) (Deshayes 1833; Sacco 1888; 
Cossmann 1889).

This work pieces together the diversity and distribution of 
Terebralia in the European Cenozoic. The aims are to:

– describe the morphological features of the genus;
– assess the history of diversity of the genus through a 

taxonomic and systematic update;
– reconstruct its geographical distribution in the European 

realm;
– review the ecology and environmental restrictions of recent 

taxa to infer palaeoecology and palaeoclimate.
The European fossils being the most thoroughly studied to 

this day, combining the available data will provide a unified 
record, thus facilitating further research on the genus and its 
environments.

MATERIAL AND METHODS

The study is largely based on bibliographical references 
to cover occurrences from the European fossil record, as 
well as extra-European occurrences. These include the 
large monographs of the 19th and early 20th centuries 
(i.e., Sacco [1888, 1895] for Italy, Deshayes [1833], Coss-
mann [1889], Cossmann & Pissaro [1913], Cossmann & 
Peyrot [1922] for France). Additionally, some unpublished 
material is included, collected in the Mesohellenic Basin, 
NW Greece, hosted at the National and Kapodistrian 
University of Athens.

The ecology and distribution data of modern species are 
mainly based on the large monograph of Houbrick (1991), 
with additional information on the ecology and distribution 
of species in Australia by Wells (2003).

Illustrations of French specimens were obtained from 
the stratigraphic and historical collections of the Muséum 
national d’Histoire naturelle, Paris, France. Illustrations of 
Italian specimens were obtained from the historical Bellardi-
Sacco collections housed at the Regional Museum of Natu-
ral Sciences, Torino, Italy. Photographs of Terebralia duboisi 
(Hörnes, 1855) and T. lignitarum (Eichwald, 1830) from the 
Paratethys were obtained from the Natural History Museum 
of Vienna, Vienna, Austria.

AbbreviAtions
IWP Indo-West Pacific;
MCT Miocene Climatic Transition;
MNHN Muséum national d’Histoire naturelle, Paris;
NHMV National History Museum of Vienna;
NKUoA National and Kapodistrian University of Athens;
MRNS Regional Museum of Natural Sciences, Torino.

SYSTEMATIC PALAEONTOLOGY

We provide taxonomic remarks on species of Terebralia based 
on recent taxonomic revisions, and discuss potential synony-
mies as well as taxa that likely do not belong in the genus.

Class GASTOPODA Cuvier, 1795
Subclass CAENOGASTROPODA Cox, 1960

Superfamily CerithioideA Fleming, 1822

PotAmididAe H.Adams & A.Adams, 1854

Potamididae H.Adams & A.Adams, 1854: 286.

remArks

Monophyly of recent Potamididae is commonly accepted and 
supported by molecular data (Reid et al. 2008; Ozawa et al. 
2009; Strong et al. 2011). Potamidid species usually display 
a very high morphological variability (Sälgeback & Savazzi 
2006). There is poor basal resolution, and sister groups to the 
Potamididae are not resolved (Reid et al. 2008). Nevertheless, 
Terebralia seems to be a basal group within the family (Reid 
et al. 2008; Ozawa et al. 2009).

Genus Terebralia Swainson, 1840

Terebralia Swainson, 1840: 315.

remArks

Species of the genus present shells of medium size, ranging 
from c. 20 to c. 100 mm, with high-spired turreted or bulky 
shapes with flat to moderately convex teleoconch whorls. 
The protoconch is rarely preserved even for recent species 
(Houbrick 1991), although a direct development is described 
for the veligers of the type species, T. palustris (Linnaeus, 
1767), and for T. sulcata (Born, 1778) (Houbrick 1991). 
Harzhauser & Kowalke (2001) noted that T. palustris has 
a very bulbous embryonic shell of 0.75 whorls, measuring 
170-180 µm in diameter. This suggests a very short plank-
totrophic stage, which appears to have remained undetected 
by Houbrick (1991). The protoconch of T. lignitarum shows 
a clear demarcation between the embryonic and larval shell 
and a sinusigera notch, which suggests a planktonic veliger 
stage (Harzhauser & Kowalke 2001). Furthermore, the larval 
shell bears two strong spiral keels on the lower part of the 
whorls (Harzhauser & Kowalke 2001). Teleoconch sculpture 
comprises several broad spiral cords separated by narrow 
interspaces and densely spaced axial ribs; prominent beads 
typically form at the intersections of spiral cords and axial 
ribs; in a few species beads may grade into short spines in 
the adapical half of whorls. The last whorl is often somewhat 
inflated with a convex base. The aperture is ovate, the outer 
lip expanding, moderately to strongly thickened, forming a 
continuous peristome in some species, or in others it can be 
interrupted by a moderately deep anterior canal. The inner lip 
is thin to moderately thickened, rarely expanding on the base. 
Columella morphology is straight to slightly concave, with a 
columellar fold. Distinct varices on which axial sculpture is 
usually weak, coincide with axial rows of internal denticles, 
which are not developed on the internal surface of the outer 
lip (for descriptions see Houbrick 1991; Healy & Wells 1998; 
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Vermeij 2007, 2014; Reid et al. 2008; for anatomical data see 
Houbrick 1991). According to Vermeij (2007) the siphonal 
canal is tubular and closed for Terebralia sulcata. This feature 
– associated with olfactory organs that detect chemical signals 
from a distance in recent species – appeared during the Early 
Miocene and has been lost for the recent Terebralia palustris 
(Vermeij 2007).

The genus is not speciose (Houbrick 1991; Reid et al. 2008). 
MolluscaBase (2020) lists only three extant species, all of which 
are restricted to the IWP. Similarly, the fossil record of the genus 
suggests that Terebralia has never been rich in species. However, 
the morphological variability of fossil Terebralia species (Sälge-
back & Savazzi 2006) has led to the description of numerous 
subspecies and varieties (e.g. Sacco 1888), which have hampered 
biogeographical and stratigraphic analyses. The same problem 
arose for recent species, especially during the 19th century, but 
was overcome during the last decades by revisions and improved 
knowledge (Houbrick 1991; Bandel 2006; Reid et al. 2008).

synoPsis of euroPeAn Terebralia sPeCies

This list gives an overview of species-level taxa in alphabeti-
cal order.

Terebralia bonelli (Deshayes, 1833)

Cerithium bonelli Deshayes, 1833: 319, pl. 50, figs 21-23.

Terebralia bonelli – Cossmann & Pissarro 1913: pl. 29, fig. 151-1.

Terebralia (s. str.) bonelli – Le Renard & Pacaud 1995: 111.

distribution. — North-eastern Atlantic: Lutetian to Bartonian of 
France (Deshayes 1833; Cossmann & Pissarro 1913; Le Renard & 
Pacaud 1995).

remArks

This species was placed in Terebralia by Cossmann & Pissarro 
(1913) and Le Renard & Pacaud (1995), which is followed 
herein. The illustrations in Deshayes (1833) show a typical 
Terebralia with prominent varices and flaring aperture with 
a distinct siphonal canal.

Terebralia duboisi (Hörnes, 1855)
(Fig. 1A)

Cerithium duboisi Hörnes, 1855: 399, pl. 42, figs 4, 5.

Terebralia duboisi – Landau et al. 2013: 53, pl. 4, fig. 12 (cum syn.).

PotentiAl subjeCtive junior synonyms. — (according to Švagrovský 
1971; Landau et al. 2013; and present work) Cerithium pauli Hoer-
nes, 1875; Potamides monregalensis Sacco, 1888; Potamides Melii 
Sacco, 1888; Terebralia monregalensis Sacco, 1895; Clava dollfusi 
Hoernes, 1901; Clava holleri Hoernes, 1901; Terebralia andrzejowskii 
Friedberg, 1914; Terebralia praebidentata Seneš in Steininger et al. 
1971, non Cerithium (Clava) bidentatum var. abbreviata Schaffer, 
1912 [likely a synonym of Granulolabium plicatum (Bruguière, 
1792) according to D. Kadolsky, pers. comm. 2018].

PAlAeoenvironment. — Terebralia duboisi is believed to have in-
habited mudflats and brackish palaeoenvironments (Landau et al. 
2013; Harzhauser et al. 2014).

distribution. — North-eastern Atlantic. Early Miocene and Mid-
dle Miocene of France (Cossmann & Peyrot 1922; Glibert 1949).
Proto-Mediterranean Sea: Burdigalian of Italy (Sacco 1895) and 
Turkey (İslamoğlu & Taner 2003); Middle Miocene (Serravallian) of 
Turkey (Landau et al. 2013); Tortonian of southern Italy (D’Amico 
et al. 2012). — Paratethys Sea. Early Burdigalian (Eggenburgian) of 
Gauderndorf (Austria) and Vélka Čausa (Slovak Republic) (Steininger 
et al. 1971). An Ottnangian (mid-Burdigalian) record was reported 
by Rupp et al. (2008). Late Burdigalian (Karpatian) of Austria co-
occurring with Terebralia lignitarum (Harzhauser 2002). Middle 
Miocene (Badenian) of the Central Paratethys (Harzhauser & Piller 
2007). Middle Miocene (lower Sarmatian – 12.5 Ma) of Austria 
(Papp 1974); virtually absent from the Sarmatian sea thereafter, it 
reappears during the Bessarabian (late Middle Miocene – middle 
Sarmatian) roughly around 11 Ma in Ukraine, Romania, Moldova 
(Kolesnikov 1935; Simionescu & Barbu 1940). — Early Indian 
Ocean. Early Miocene of Iran (Landau et al. 2013).

remArks

Terebralia menestrieri d’Orbigny, 1844 described from the 
Bessarabian (Sarmatian) of Letytschiw, Oblast Chmelnyzkyj 
(Ukraine) differs from T. duboisi in its smaller size and delicate 
sculpture. Although we regard it as a possible synonym of 
T. duboisi, a re-examination of the Ukrainian material would 
be useful for assessing the possibility that it might represent 
a distinct offshoot of T. duboisi.

BA

fig. 1. — A, Terebralia duboisi (Hörnes, 1855), Paratethys of Austria (NHMV); B, Terebralia gibberosa (Grateloup, 1832), Paris Basin, France (MNHN). Scale bars: 1 cm.
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PAlAeoenvironment. — Plaziat et al. (2001) mention that it is pos-
sible that this species had not yet developed an exclusive association 
with mangrove environments, as its distribution largely exceeded that 
of Avicennia. Stable isotope data from estuary environments of the 
Korneuburg Basin (Austria) in Latal et al. (2006) indicate a prefer-
ence for brackish-water environments. Terebralia lignitarum coexisted 
from the late Oligocene (Chattian) to the earliest Miocene (Aquita-
nian) with T. subcorrugata in the Aquitaine Basin (SW France) and 
in the Mesohellenic Basin (NW Greece). From the Burdigalian on, 
it is frequently found associated with T. duboisi (Landau et al. 2013).

distribution. — North-eastern Atlantic. Early Miocene of France 
(Cossmann & Peyrot 1922; Lozouet et al. 2001); Middle Miocene 
(Langhian and Serravallian) of France (Cossmann & Peyrot 1922; 
Glibert 1949). Tortonian of Portugal (Pereira da Costa 1866). — 
North Sea. Late Early Miocene (early Hemmoorian) (Moths et al. 
2010). — Proto-Mediterranean Sea. Oligocene (late Rupelian to early 
Chattian) and early to Middle Miocene of Turkey (Mandic et al. 2004; 
İslamoǧlu 2008; Landau et al. 2013). Late Oligocene (Chattian) and 
Early Miocene (Aquitanian) of Greece (Harzhauser & Kowalke 2001; 
Harzhauser 2004; Thivaiou et al. 2019) and Italy (Sacco 1895). Late 
Miocene (Tortonian – early Messinian) of Italy (Sacco 1895; D’Amico 
et al. 2012) and Greece (Dermitzakis 1972; E. K. pers. obs.). — Para-
tethys Sea. Egerian (Chattian-Aquitanian) of Máriahalom in Hungary 
(Báldi & Steininger 1975; Janssen 1984). Early Burdigalian (Eggen-
burgian) and late Burdigalian (Karpatian) of Austria (Steininger et al. 
1971; Harzhauser 2002). — Early Indian Ocean. Occurrences described 
by Vredenburg (1928) from the Burdigalian of Pakistan might rather 
represent another species (Harzhauser et al. 2017).

remArks

This species was intensively discussed by Landau et al. (2013). 
The list of subjective synonyms (as presented above) is a result 
of the morphological variability and wide geographical dis-
tribution of the species.

Terebralia paradoxa Kadolsky, 1995
(Fig. 3B, E)

Terebralia paradoxa Kadolsky, 1995: 18, figs 26, 30, 31 (cum. syn.).

PAlAeoenvironment. — Euryhaline, lagoonal with subtropical 
semi-arid climate (Kadolsky 1989).

Terebralia duboisi is among the few taxa that survive the 
Badenian-Sarmatian Extinction Event (Harzhauser & Piller 
2007).

Terebralia gibberosa (Grateloup, 1832)
(Fig. 1B)

Cerithium gibberosum Grateloup, 1832: 272, no. 278.

Terebralia gibberosa – Lozouet & Maestrati 2012: 278, fig. 179, 16, 17.

distribution. — North-eastern Atlantic. Early Oligocene (Ru-
pelian) of France (Grateloup 1832; Lozouet & Maestrati 2012).

remArks

The description given by Grateloup (1832) is very brief; two 
forms are presented, corresponding to a wide morphotype 
(variety A) and a narrow morphotype (variety B). Morphologi-
cally, the species differs from T. lignitarum by its finer, more 
prominent sculpture and slightly thinner shell.

Terebralia lignitarum (Eichwald, 1830)
(Fig. 2)

Cerithium lignitarum Eichwald, 1830: 224.

Terebralia lignitarum – Landau et al. 2013: 51, pl. 4, fig. 11 (cum syn.).

PotentiAl subjeCtive junior synonyms. — (according to Landau 
et al. 2013) Cerithium bidentatum Defrance in Grateloup, 1832; 
Potamides lignitarum var. sulfurea Sacco, 1888; Potamides lignitarum 
var. cingulatior Sacco, 1888; Potamides lignitarum var. planulata Sacco, 
1888; Potamides colligens Sacco, 1888; Potamides colligens var. fascicu-
lata Sacco, 1888; Terebralia bidentata var. cingulatior Sacco, 1895; 
Terebralia bidentata var. margaritifera Sacco, 1895; Terebralia vignali 
Cossmann, 1906; Cerithium (Clava) bidentatum var. fusiformis Schaffer, 
1912. Terebralia dertonensis (Sacco, 1888) and its variations is most 
probably just a morphotype of T. lignitarum with predominant axial 
sculpture. Terebralia palustris lineata Borson, 1821 seems to be another 
morphotype of T. lignitarum with predominant axial sculpture and 
marked spiral grooves (Landau et al. 2013).

fig. 2. — Terebralia lignitarum (Eichwald, 1830) and morphotypes: A, Terebralia lignitarum Paratethys of Austria (NHMV); B, Terebralia ‘dertonensis’, Proto-Mediter-
ranean, Italy (MRNS); C, Terebralia ‘palustris lineata’, Proto-Mediterranean, Italy (MRNS). Scale bars: 1 cm.
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distribution. — An endemic species of the Chattian of the Mainz 
Basin (Oppenheim-Nierstein, Hochheim; Germany), it co-occurs 
with T. rahti according to Kadolsky (1995).

Terebralia prolignitarum (Sacco, 1888)
(Fig. 3C)

Potamides prolignitarum Sacco, 1888: 3, pl. 4, figs 1-3.

Terebralia bidentata var. prolignitarum Sacco, 1895: 54, pl. 3, fig. 33.

PotentiAl subjeCtive junior synonyms. — Potamides proligni-
tarum var. reticulata Sacco, 1888; P. p. var. perrandi Sacco, 1888; P. p. 
var. turrita Sacco, 1888; P. p. var. cingulosa Sacco, 1888; Potamides 
clerichi Sacco, 1888.

PAlAeoenvironment. — Specimens from Greece are found co-
occurring with Terebralia lignitarum in brackish assemblages, domi-
nated by taxa such as Mesohalina margaritacea, Granulolabium 
plicatum and Potamides papaveraceum, accompanied by Nerita 
plutonis (D. T. pers. obs.). A brackish environment is inferred pos-
sibly in a mudflat setting because of the co-occurrence of the species 
(Esu & Girotti 2010).

distribution. — Rupelian of Liguria (northern Italy) (Sacco 1888, 
1895); Rupelian/Chattian of the Mesohellenic Basin (north-western 
Greece, southern Albania) (D. T. pers. obs.).

remArks

This species is poorly known due to its rare occurrence and 
incomplete preservation. The rather small and slender mor-
phology is characterized by weakly convex teleoconch whorls 
and subquadrate interspaces between comparatively small 
nodes. A space between the first and second abapical cords 
is noticeable in larger specimens, sometimes bearing a fine, 
smooth spiral thread. Specimens from the Mesohellenic Basin 
(NW Greece) show a regular spacing of the varices of about 
2/3 of a whorl, resulting in a triangular aspect of the shell 
in apical view. Part of the colour of the shell is preserved in 
some specimens, which seems to be uniformly brown and 
darker on the inner surface of the shell. Morphologically 
it is closer to the Miocene T. duboisi than to T. lignitarum.

Terebralia rahti (Braun in Walchner, 1851)
(Fig. 3A, G)

Cerithium rahti A.Braun, 1851 – Walchner 1851: 1128.

Terebralia rahti – Kadolsky 1995: 16, pl. 2, fig. 19-23; pl. 3, figs. 24, 25, 
28, 29 (cum. syn.).

synonyms. — (according to Kadolsky 1995) Cerithium rahti calvum 
Braun in Walchner, 1851; Cerithium rahti eminens Braun in Walch-
ner, 1851; Cerithium curvicostatum Sandberger, 1858; Cerithium 
arcuatum Sandberger, 1859.

PAlAeoenvironment. — Euryhaline, lagoonal environment with 
subtropical semi-arid climate (Kadolsky 1989).

distribution. — An endemic species from the Chattian of 
the Mainz Basin (Oppenheim-Nierstein, Hochheim; Germany) 
(Kadolsky 1995). The occurrence from the Early Miocene of the 

Aquitaine Basin (SW France) listed by Reid et al. (2008) needs 
confirmation.

Terebralia subcorrugata (d’Orbigny, 1852)
(Fig. 3D)

Cerithium subcorrugatum d’Orbigny, 1852: 80.

Terebralia subcorrugata – Esu & Girotti 2010: 158, pl. 6, figs 4-7 
(cum. syn.).

PotentiAl subjeCtive junior synonyms. — Terebralia subcorru-
gata var.  tuberculosa Grateloup, 1846 (sensu Cossmann & Peyrot, 
1922); Terebralia subcorrugata var. subinterruptum d’Orbigny, 1852 
(sensu Cossmann & Peyrot, 1922).

PAlAeoenvironment. — Oligo- to mesohaline, very shallow tropical 
environments subjected to tide fluctuations, rich in organic matter 
and vegetation such as mangroves (Esu & Girotti 2010).

distribution. — North-eastern Atlantic: Cossmann & Peyrot 
(1922) listed numerous localities in France (Aquitaine Basin). — 
Proto-Mediterranean Sea. Chattian of southern Italy (Esu & Girotti 
2010). Late Oligocene (Chattian) and Early Miocene (Aquitanian) 
of Greece (Thivaiou et al. 2019; D. T. unpublished data).

remArks

Some specimens from the Mesohellenic Basin (Greece) and 
the Esfahan-Sirjan Basin (Iran) illustrated in Harzhauser 
(2004) although incomplete are most likely conspecific. 
A Burdigalian record from the western Taurids (Turkey) 
mentioned by İslamoğlu & Taner (2003) needs verification. 
A specimen from the Early Miocene of Anatolia attributed 
to T. subcorrugata by Gürsoy (2017) is too poorly preserved 
to be placed with certainty in the species. A record from 
the Middle Miocene Badenian of Hungary, reported by 
Kecskemétiné-Körmendy (1962), is almost certainly a 
misidentification, based on an aberrant morphotype of 
Terebralia duboisi or T. lignitarum as presented in the 
mentioned work.

Specimens of Cerithium corrugatum Brongniart, 1823 have 
been placed in this species after re-examinations (e.g. Esu & 
Girotti 2010). Indeed, C. corrugatum Brongniart, 1823 from 
northern Italy has a similar morphology to that of T. subcor-
rugata but lacks a columellar fold and basal sculpture.

Terebralia vielensis Belliard & Gain 
in Belliard, Dugué & Gain, 2006

(Fig. 3F)

Terebralia vielensis – Belliard et al. 2006: 47, 48, pl. 18, figs 1, 2.

distribution. — North-eastern Atlantic: Lutetian of the English 
Channel, Northern France (Belliard et al. 2006).

remArk

This is the oldest known species that bears the distinctive 
characters of Terebralia, i.e., the presence of varices, the dis-
tinct siphonal canal and the wide aperture.
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sPeCies erroneously or doubtfully PlACed 
in Terebralia

Species previously considered as Terebralia s.s. are included 
in this section; members of the fossil subgenus Terebralia 
(Gravesicerithium) Charpiat, 1923 are not treated as their 
systematic position merits a separate specific analysis. Their 

teleoconch morphology includes elements such as crenulated 
spiral threads, one row of prominent, large adapical beads 
and a lack of a columellar tooth; these are not found in Ter-
ebralia s.s. Additionally, the morphological characteristics of 
the adult shells placed in this subgenus do not match those 
of Terebralia as described herein.

fig. 3. — A, Terebralia rahti Kadolsky, 1995, Mainz Basin, Germany; B, Terebralia paradoxa Kadolsky, 1995, Mainz Basin, Germany; C, Terebralia prolignitarum 
(Sacco, 1888), Proto-Mediterranean, Italy (MRNS); D, Terebralia subcorrugata (d’Orbigny, 1852); E, Terebralia paradoxa, bottom view; F, Terebralia vielensis Bel-
liard & Gain, 2006 (Belliard et al. 2006), NW France (MNHN); G, Terebralia rahti, bottom view. Scale bars: 1 cm.
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‘Terebralia’ bourdettensis Doncieux, 1908

Terebralia Bourdettensis Doncieux, 1908: 149, 150, pl. 8, fig. 9a-c.

distribution. — North-eastern Atlantic. Ypresian of SW France 
(Doncieux 1908).

remArks

The incomplete specimens illustrated by Doncieux (1908) 
and the description provided does not allow for an accu-
rate generic attribution. The author is noting similarities 
with ‘Tere bralia’ tritaenia which is also doubtfully placed 
in Terebralia.

‘Terebralia’ bouryi (Cossmann, 1889)
(Fig. 4)

Potamides Bouryi Cossmann, 1889: 73, pl. 2, fig. 5.

Terebralia bouryi Cossmann & Pissarro, 1913: pl. 29, fig. 151 bis 3.

Terebralia (s. str.) bouryi – Le Renard & Pacaud 1995: 111.

distribution. — North-eastern Atlantic. Lutetian of the Paris 
Basin (Cossmann 1889; Le Renard & Pacaud 1995).

remArks

The syntypes of Potamides bouryi, figured in the online 
database of the Muséum national d’Histoire naturelle 
(MNHN.F.A29179), do not fall into Terebralia. They rather 
seem to have more affinities with the subfamily Bittiinae, such 
as the wide apertural canal, a finer spiral sculpture – including 
fine lines between spiral chords, and spiral cords at the base 
of the shell, closely resembling those of Bittium.

‘Terebralia’ curvicostata (Deshayes, 1833)

Cerithium curvicostatum Deshayes, 1833: 311, 312, pl. 50, figs 4, 5.

Terebralia (s. str.) curvicostata – Le Renard & Pacaud 1995: 111.

distribution. — North-eastern Atlantic: Bartonian of the Paris 
Basin (departments Île-de-France and Oise) (Cossmann & Pissarro 
1913; Le Renard & Pacaud 1995).

remArk

The taxonomic position of this species cannot be verified with 
certainty but the original illustration and description suggest 
a placement in another genus.

‘Terebralia’ morleti (Cossmann, 1889)
(Fig. 5)

Potamides morleti Cossmann, 1889: 73, pl. 2, fig. 8.

Terebralia Morleti Cossmann & Pissarro, 1913: pl. 29, fig. 151 quat. 4.

Terebralia (s. str.) morleti – Le Renard & Pacaud 1995: 111.

distribution. — North-eastern Atlantic. Lutetian of the Paris 
Basin (Cossmann 1889; Cossmann & Pissarro 1913; Le Renard & 
Pacaud 1995).

remArks

This species has been described and illustrated by Cossmann 
(1889) and Cossmann & Pissarro (1913), who placed it in Ter-
ebralia. This was followed by Le Renard & Pacaud (1995). The 
syntype figured in the online database of the Museum national 
d’Histoire naturelle (MNHN.F.A29167) is a Potamides-like spe-
cies with weak sculpture, a thinner shell than most representatives 
of Terebralia, rare varices and is most probably not a Terebralia.

‘Terebralia’ pratxensis Doncieux, 1908

Terebralia Pratxensis Doncieux, 1908: 149, pl. 8, fig. 8.

distribution. — North-eastern Atlantic. Lutetian? of SW France 
(Doncieux 1908).

remArks

Although the general aspect of the shell is Terebralia-like, 
the specimen illustrated by Doncieux (1908) is incomplete, 
presenting only a slightly developed inner lip. None of the 
information on shell structure provided is sufficient for a 
certain generic attribution.

‘Terebralia’ robusta Dainelli, 1901

Terebralia robusta Dainelli, 1901: 274, pl. 33, figs 10, 11.

Cerithium robustum – Kühn 1946: 77.

distribution. — Oligocene (Rupelian), Promina Mountain 
(Šibenik-Knin), Croatia.

remArks

The species is based on two poorly preserved specimens, internal 
moulds with few parts of the shell present, mainly on the basal 
part of the shell. The illustrated specimens are reminiscent of 

fig. 4. — ‘Terebralia’ bouryi (Cossmann, 1889), Paris Basin, France (MNHN). 
Scale bar: 2 mm.

https://science.mnhn.fr/institution/mnhn/collection/f/item/a29179?lang=fr_FR
https://science.mnhn.fr/institution/mnhn/collection/f/item/a29167?lang=fr_FR
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Campanile species, which are common in the Oligocene of the 
Western Tethys. Kühn (1946) placed this species in Cerithium 
Bruguière, 1789 but without mentioning characters proper 
to Terebralia. Moreover, this combination would be a junior 
secondary homonym of Cerithium robustum (Sowerby, 1865).

‘Terebralia’ subcorvina (Oppenheim, 1894)

Cerithium subcorvinum Oppenheim, 1894: 395 (nov. nom pro 
Cerithium corvinum Zittel, 1863, non Brongniart, 1823).

Terebralia subcorvina – Bandel 2006: 84, pl. 6, fig. 10. — Reid et al. 
2008: 691, table 4.

distribution. — Western Tethys: Lutetian (middle Eocene) of 
Hungary (Kowalke 2001).

remArks

This is one of the rare species for which the protoconch is pre-
served and described by Bandel (2006). This author placed it 
in Terebralia based on similarities of the protoconch with that 
of the type species Terebralia palustris, but he also mentioned 
similarities with the protoconch of Pyrazus Montfort, 1810. 
This Eocene species was described by Zittel (1863) from the 
middle Eocene of Hungary as Cerithium corvinum (Brongniart, 
1823). Although the early spire whorls bear a Terebralia-like 
sculpture, most of the teleoconch of this large and slender 
species is smooth and the whorls are flat-sided (Szőts 1953). 
Moreover, the characters of the aperture are missing, therefore 
the structure of the canals remains unknown (Vermeij 2007).

‘Terebralia’ tritaenia (Cossmann, 1889)

Potamides tritaenia Cossmann, 1889: 74, 75, pl. 2, fig. 14.

Terebralia tritaenia – Cossmann & Pissarro 1913: pl. 29, fig. 29 
quat. 6.

Terebralia (s. str.) tritaenia – Le Renard & Pacaud 1995: 111.

distribution. — North-eastern Atlantic: Lutetian of the Paris 
Basin (Cossmann 1889; Le Renard & Pacaud 1995).

remArks

Cossmann (1889) described the protoconch of the species 
as a flat button, which suggests a short larval stage and pos-
sibly a direct development. The attribution of the species to 
Terebralia was suggested by Cossmann & Pissarro (1913) and 
followed by Le Renard & Pacaud (1995) in their revision of 
the Paleogene taxa of the Paris Basin. The tetragonal aperture, 
comparatively thin outer lip and the absence of an inner lip 
are features that exclude placement in the genus.

DISCUSSION

The genus Terebralia has been extensively studied in Europe, 
leaving many synonyms for each species but also the highest 
diversity in the fossil record.

The first appearance of a well-preserved representative of 
the genus in Europe is dated back to the middle Eocene with 
Terebralia vielensis Belliard & Gain, 2006 from the Lutetian 
(47.8-41.2 Ma) of Normandy (France). The genus is likely to 
be represented by two species in the early Eocene Kırkkavak 
Formation in the Ankara region of Turkey (İslamoğlu et al. 
2011). However, the fragmentary preservation of the speci-
mens cannot confirm with certainty their systematic position, 
while the teleoconch structure falls in the range of Terebralia.

Representatives of the genus (fossil and extant) often display 
morphological similarities with other cerithiform cerithioid-
eans, something that is reflected by the erroneous attribution 
of several potamidid-like species to Terebralia.

Specimens are usually found in clayey marls, marly sands to 
conglomerating sands of coastal environments (D’Amico et al. 
2012; Landau et al. 2013; Thivaiou et al. 2019). Well preserved 
and diverse mudflat- or mangrove-related cerithioidean assem-
blages of early Eocene age lack Terebralia (e.g. Dominici & 
Kowalke 2014). Terebralia can also be a rare element of subtidal 
associations apparently unrelated to mangrove environments, 
as was the case for Terebralia sp. in the Early Miocene Korneu-
burg Basin in Austria (Zuschin et al. 2014). In general, the 
most widespread species (Terebralia lignitarum, T. duboisi) 
seem to be more independent of mangrove environments 
than those with more restricted distributions.

Herein, we give an overview of geographical and stratigraphic 
occurrences of Terebralia in Europe, Western Asia, Anatolia 
and Arabia to summarize the existing circum-European fossil 
record of this environmentally restricted genus. In addition, 
non-European occurrences are briefly presented so as to provide 
an overview of its global distribution in the geological past.

GeoGrAPhiCAl distribution of reCent sPeCies

The distribution of extant Terebralia is limited to the tropics, 
in tropical and subtropical latitudes (Fig. 6) (Houbrick 1991). 
The mean winter sea surface temperatures range between 20°C 
(south-eastern South Africa and north-eastern, eastern and 
western Australia) and 28°C (central Indian Ocean, Philip-
pines) in the southern hemisphere and lies around 20° in the 

fig. 5. — ‘Terebralia’ morleti (Cossmann, 1889), Paris Basin, France (MNHN). 
Scale bar: 1 cm.
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Persian Gulf, the Red Sea and the south of Japan (Okinawa 
islands) (Fig. 6). In the Indian Ocean Warm Pool in Indonesia 
and Borneo, temperatures are as high as 28°C all year long 
(Roxy et al. 2014; De Dekker 2016; Li et al. 2018).

The global pattern of species distribution largely overlaps 
with that of mangroves, in longitudes between 30° and 180° 
(Ellison et al. 1999) and ranging through the whole of the 
Indo-West Pacific from the eastern coast of South Africa to 
Vanuatu (Houbrick 1991). Their latitudinal spread ranges 
from the Okinawa islands (Japan) in the North (28°) to eastern 
South Africa in the South (27°). The distribution observed 
today is a consequence of a good dispersal potential inherited 
by the larval development of the Potamididae, which allows 
for the planktotrophic marine larvae to be transported over 
long distances (Houbrick 1991). Berger et al. (2013) hypoth-
esised that the limited distribution of T. semistriata could be 
a consequence of direct larval development that only allows 
short-distance dispersal.

Few potamidids are present in New Zealand (Morrisey et al. 
2007) – possibly because of the climatic restrictions of the 
family; however, there are some occurrences from the warmer 
Early Miocene of New Zealand (Powell & Bartrum 1929).

eColoGy of reCent sPeCies

Three species of Terebralia inhabit the IWP today, i.e., Ter-
ebralia palustris, Terebralia sulcata, and Terebralia semistriata 
(Mörch, 1852). Feeding habits and ecology of these species 
have been studied in detail by Houbrick (1991), while recent 
studies have focused on more specialized aspects of their 
ecology such as population structure, feeding, or olfaction 
(Fratini et al. 2001, 2004; Penha-Lopes et al. 2009; Raw 
et al. 2017).

Ecologically, the three species are restricted to mangrove 
swamps, mangroves, mudflats in front of mangrove tree lines, 
warm-temperate saltmarshes and adjacent tidal flats (Houbrick 
1991; Reid et al. 2008; Wilson 2013). Terebralia palustris and 
T. semistriata are occasionally sympatric, occurring together 
on the mangrove floor (Healy & Wells 1998; Wells 2003). 
Terebralia sulcata and T. semistriata are parapatric in that they 
occupy different microhabitats within an individual mangrove 
forest as it has been observed in Northern Australia (Wells 
2003). More precisely, T. sulcata lives in the seaward margin 
of mangroves, whereas T. semistriata occupies shoreward 
parts of mangroves and co-occurs with T. palustris and other 
potamidids (Wells 2003).

The substrate around these areas has a high organic content, 
micro-algae and microbial activity, serving as food sources for 
these detritus feeders (Wilson 2013).

Terebralia palustris is the largest and most widespread of all 
living Potamididae (Houbrick 1991; Raw et al. 2017). It is 
the only species that consumes mangrove leaves in addition 
to mangrove litter, detritus, diatoms and bacteria; its juve-
niles are detritus-feeders of mangrove-derived detritus on 
mudflats adjacent to mangrove vegetation (Houbrick 1991; 
Fratini et al. 2004; Penha-Lopes et al. 2009; Raw et al. 2017). 
Terebralia palustris is considered to be an ecosystem engineer 
because of its capability of decomposing mangrove leaves and 

interfering with other, infaunal animals of the meiofauna by 
moving on the sediment surface (Carlén & Olafsson 2002); 
this contributes to nutrient dynamics and the recycling of 
carbon (Penha-Lopes et al. 2009; Raw et al. 2017). Popula-
tion structure studies have shown that with increasing age 
T. palustris individuals occupy microhabitats closer to the 
mangrove treeline (Penha-Lopes et al. 2009).

Terebralia sulcata is considered to be a generalist that can 
tolerate variations in salinity, desiccation and can feed on 
various food sources including algae, vascular plants, detritus 
(leaf litter) and sand (Houbrick 1991). It prefers coarser and 
firmer substrates than T. palustris, in mangrove environments 
or salt marshes, but can also live on similar substrates without 
mangrove vegetation (Houbrick 1991; Healy & Wells 1998; 
Wells 2003). It is the only one of the three species that climbs 
on mangrove trees and pneumatophores, up to 60 cm, with 
both adults and juveniles able to attach themselves to the 
plants (Wells 2003).

Terebralia semistriata lives on open mudflats and on mudflats 
in front of the mangrove tree line (Houbrick 1991; Wilson 
2013). Less data on feeding habits are available for this spe-
cies compared to its congeners (Houbrick 1991). It lives on 
muds of the shoreward upper parts (in terms of shore height) 
of the mangroves (Wells 2003).

the story of Terebralia And mAnGroves

Mangroves and potamidid gastropods have had a largely con-
comitant distributions, and are believed to have originated in 
the Tethys at the Paleogene-Eocene transition (Ellison et al. 
1999; Plaziat et al. 2001). However, we have to keep in mind 
that analyses on Terebralia are limited by the gaps of the fos-
sil record that result in unequal representation of facies and 
the fact that the first occurrence and origination of the genus 
do not coincide.

Mangrove vegetation has been well established in Europe 
since the early Eocene (Plaziat et al. 2001), before the first 
occurrence of Terebralia s.s. In the middle and late Eocene, 
the European species of Terebralia occurred in areas with 
well documented and diverse mangrove vegetation (Avicen-
nia, Pelliciera, Aegiceras and Nypa) (Plaziat et al. 2001). 
The European coasts witnessed a gradual impoverishment of 
mangroves from the Early to the Middle Miocene (Plaziat 
et al. 2001; Suc et al. 2018). This impoverishment can be 
paralleled with the presence of Terebralia in the European 
realm, yet not with the taxonomic diversity of vegetation in 
these mangrove environments (Plaziat et al. 2001). The close 
ecological association of mangroves and Potamididae in gen-
eral is supported by recent observations and palaeontological 
phylogenetic reconstructions (Reid et al. 2008). That said, 
Potamididae members can be abundant and widespread also 
in the absence of mangroves, as the extant Terebralia palustris 
(Houbrick 1991).

North-eastern Atlantic
Mangroves were present in the north-eastern Atlantic as far 
north as the London clays, England (Ellison et al. 1999). 
They persisted along the western coast of Europe until the 
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early Middle Miocene with mentions of their existence 
in France (Plaziat et al. 2001). This is consistent with the 
first appearance of Terebralia in Normandy, France, within 
such an ecosystem (Belliard et al. 2006). The retreat of this 
vegetation from the Atlantic coast occurred after the late 
Oligocene warming and during the cooler interval of the 
late Early Miocene; it is thus related to a decrease in tem-
perature (Plaziat et al. 2001).

Two species of Terebralia remain in the Loire and Aquitaine 
basins in France until the Middle Miocene and in Portugal 
until the Tortonian (Fig. 7).

Mediterranean Sea
The disappearance of Avicennia mangroves from the southern 
coasts of France was dated to the beginning of the Serravallian 
around 13.6 Ma, while in the Central Mediterranean they 
persisted until the Messinian at 5.6 Ma (Suc et al. 2018). The 
impoverishment and retreat of the mangrove forest from the 
South of Europe seems to be correlated with temperature. 
The cooling that started with the MCT (Fig. 8) pushed the 
impoverished mangrove vegetation gradually southwards, to 
be found only in lower latitudes in the Late Miocene (Fig. 7) 
(Plaziat et al. 2001). The disappearance of mangroves and that 
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fig. 6. — Geographical distribution of recent species of Terebralia and mean sea surface temperatures of the Indo-West Pacific. A, February corresponds to 
winter in the Northern Hemisphere; B, August corresponds to winter in the Southern Hemisphere. Occurrences after Houbrick (1991) and Wells (2003). Credits: 
maps modified after www.ospo.noaa.gov/Products/ocean/sst/contour/index.html, last consultation on 14 March 2023.
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of Terebralia in the Mediterranean Basin coincided with the 
onset of the Messinian Salinity Crisis (Fig. 7). Modern Avicen-
nia trees can withstand a range of salinities but have a limit 
for hypersaline environments (Dos Santos Garcia et al. 2017).

The massive increase of salinity of the Late Messinian 
seems to have been the main factor for the disappearance 
of Terebralia rather than the decrease in temperature. Mean 
annual temperatures dropped in the Late Miocene, reaching 
about 23.5°C for the pre-evaporitic Messinian (Vasiliev et al. 
2019), which are well within the tolerance range of modern 
Terebralia (Fig. 6). What could have affected the populations 
of T. lignitarum is a stronger seasonality during glacial periods 
of the Messinian (Roveri et al. 2014).

Paratethys
In the Paratethys, mangrove vegetation was well established 
during the late Oligocene and Early Miocene with a maximum 
spread during the late Burdigalian (Karpatian, 16.5 Ma), which 
coincided with the onset of the Miocene Climate Optimum 
(Fig. 8) (Kern et al. 2011; Suc et al. 2018). Terebralia was 

present in the Central Paratethys during the late Oligocene 
(Egerian) and the Early Miocene (Eggenburgian) but was 
seemingly absent during the mid-Burdigalian/Ottnangian. It 
reappeared in large populations during the late Burdigalian/
Karpatian (Harzhauser 2002).

Although mangrove records became rare during the Mid-
dle Miocene in the Paratethys (Suc et al. 2018), Terebralia 
(mainly T. lignitarum) remained extraordinarily common 
during the early Langhian (early Badenian) and declined 
during the late Langhian (middle Badenian) (M. H. unpub-
lished data), coinciding with the presence of an impoverished 
Avicennia mangrove vegetation (Jiménez-Moreno et al. 2008). 
Following the Badenian Salinity Crisis at about 13.8 Ma 
(De Leeuw et al. 2010), during the Miocene Climate Transi-
tion (Shevenell et al. 2004; Lear et al. 2010), Terebralia was 
rare in the Central Paratethys Sea. It became more wide-
spread during the Sarmatian (late Serravallian) – which is 
otherwise characterized by high endemism (Harzhauser & 
Piller 2007) – as a rare element in mudflat environments, 
represented by small specimens and without forming large 

fig. 7. — Palaeogeographical distribution of various species of Terebralia Swainson, 1840 in the fossil record of Europe: A, Middle Eocene; B, Oligocene; C, Early 
Miocene; D, Middle Miocene. Occurrences of Terebralia lignitarum (Eichwald, 1830) in the Late Miocene (Tortonian) are presented separately to emphasize their 
presence in the south of Europe. Credits: palaeogeographical maps modified after Meulenkamp et al. (2000) (Middle Eocene) and Popov et al. (2004).
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populations (Harzhauser 2002). The colonization may 
have been facilitated by a short warming period during the 
Sarmatian (Piller & Harzhauser 2005) and the availability 
of vast tidal flat environments. It finally became extinct 
in the Paratethys at the Sarmatian/Pannonian boundary 
around 11.6 Ma.

The presence of well-established communities of Terebralia in 
the Eastern Paratethys remains uncertain; a possible slenderer 
morphotype of T. duboisi is mentioned in the Sarmatian of 
south-western Ukraine by Kolesnikov (1935). This Sarmatian 
relic occurrence might represent an adaptation to habitats 
untypical for Terebralia.

Black Sea
Mangrove vegetation persisted in the Black Sea through-
out the Miocene and until the earliest Pliocene at 4.8 Ma 
(Suc et al. 2018). North Anatolia is believed to have been a 
refuge for Avicennia mangroves in Europe, with impover-
ished mangroves crossing the Messinian-Pliocene boundary 
(Biltekin et al. 2015; Suc et al. 2018). The last representa-
tive of Terebralia in the Black Sea lived, however, during the 
Sarmatian and thus over one million years before the disap-
pearance of mangroves there (Fig. 7). Terebralia persisted 
in the area until about 5.8 Ma when temperatures became 
too low for survival.

fig. 8. — Climate curve showing the major climatic events with occurrences of Terebralia Swainson, 1840 and mangrove vegetation in Europe. Abbreviations: 
Plio., Pliocene; Plt., Pleistocene. Credits: modified after Zachos et al. (2001).
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ClimAte, distribution And diversity

The minimum temperature that limits the distribution of 
recent species is 20°C (Fig. 6). This is best illustrated in the 
area between China and south Japan where the distribution 
of T. palustris and T. sulcata closely follows the 20°C-isotherm 
(Fig. 6A).

In the European fossil record, Terebralia species can indicate 
warm climatic conditions, having lived next to megathermic 
vegetation, which persisted in Europe up to the late Middle 
Miocene (Biltekin et al. 2015). The warm conditions that 
prevailed during the Early Miocene and up to the Middle 
Miocene Climate Optimum correlate with the northernmost 
distribution of the genus ever recorded (Fig. 7). The subse-
quent cooling of the Miocene Climate Transition around 
the Langhian/Serravallian boundary forced the retreat of the 
genus from northern latitudes as well as its decline in the 
Paratethys Sea. In the Mediterranean, Terebralia survived until 
the Tortonian (e.g. Crete, Calabria), often in large numbers 
(Dermitzakis 1972; D’Amico et al. 2012) (Fig. 7). In terms 
of species richness, the maximum diversity of five synchro-
nous species was reached during the warmest period of the 
Oligocene (Fig. 8); the relatively high diversity also correlates 
with the wider geographical spread (Fig. 7).

the non-euroPeAn fossil reCord

Fossil mentions of Terebralia outside of the European realm 
are briefly presented here so as to bring forward the diversity 
of the genus in the fossil record.

Twenty-two species are found in the fossil record outside of 
Europe (Table 1). The earliest mention is that of Terebralia? 
juliana Dailey & Popenoe, 1966 in the Late Cretaceous of 
the NE Pacific (California), and the next species mentioned 
in the same area is Terebralia? susana Squires & Kennedy, 
1998. Both species are based on incomplete specimens, which 
bear general features of Cerithioidea (elongated turreted and 
relatively thick shells, axial and spiral sculptures) but lack 
diagnostic characters that would ascertain their placement 
in the genus. Another two species from the eastern Pacific 
(Peru) have been attributed to Terebralia by DeVries (2019); 
the few, incomplete specimens presented by the author lack 
protoconch and apertural characters, a columellar fold and 
varices, making the affiliation to the genus doubtful as well. 
The two species of the early Eocene of Anatolia (Turkey) 
presented by İslamoǧlu et al. (2011), although incomplete, 
present a general morphology that does not exclude them from 
being true members of the genus. However, the lack of proto-
conch structure and aperture in Terebralia sp. 1 and absence 
of protoconch structure and sculpture of Terebralia sp. 2 cast 
doubt on their affiliation to the genus. Their affiliation with 
the genus would confirm accepted origination hypothesis 
(Ellison et al. 1999; Plaziat et al. 2001; Reid et al. 2008).

Two species are known from the Pliocene of the Caribbean 
and the Gulf of Mexico (Hoerle 1972; Landau & Marques 
Da Silva 2010).

Most fossil species occur in the IWP (Table 1), includ-
ing Pakistan, India (Early Indian Ocean), Japan (Indo-NW 
Pacific), Australia and New Zealand (SE Pacific) (Harzhauser 

et al. 2017). The earliest representative of the genus outside 
of Europe is Terebralia sutherlandi (Marwick, 1929), late 
Oligocene, New Zealand (Beu 2004).

bioGeoGrAPhiCAl remArks

The first appearance of Terebralia s.s. in Europe is marked 
by Terebralia vielensis from the middle Eocene of France. 
In this context, species would then have migrated south-
wards into the Tethys and the Paratethys, passing through 
the Tethyan seaway to the Indian Ocean some time during 
the Early Miocene. During the Early Miocene Terebralia 
colonized the Caribbean and Central America (Table 1). 
An alternative scenario would involve a first occurrence of 
the genus in the early Eocene of Anatolia (İslamoǧlu et al. 
2011), implying migration westwards to the Atlantic and 
eastwards to the IWP. The true origination story and early 
dispersal pathways need to be clarified by the analysis of bet-
ter preserved material of the species presented by İslamoğlu 
et al. (2011). This would coincide with the first appearance 
and dispersion of mangrove ecosystems from the Tethyan 
realm to the IWP and the Caribbean (Ellison et al. 1999; 
Plaziat et al. 2001).

Lastly, a gap in time and geography is noted between the 
early Eocene (early Ypresian) occurrences of the Anatolian 
specimens (İslamoğlu et al. 2011) and the middle Eocene 
(Lutetian) occurrence of Terebralia vielensis in France (Bel-
liard et al. 2006).

Pre-Oligocene occurrences of Terebralia in the Pacific coast 
of the Americas (Table 1) remain doubtful, and a point of 
origin in the Pacific coast is unlikely.

CONCLUSION

Terebralia has a long history in the European fossil record 
that traces back at least to the middle Eocene and ended in 
the Tortonian – early Messinian. The tight relationship with 
the mangrove ecosystem and the good preservation potential 
of the rather robust shells make the genus a useful proxy to 
infer the presence of mangrove vegetation in the absence of 
direct floral evidence. We hypothesise that this assumption 
holds true for most of the European Cenozoic especially if 
large populations are preserved. A rare exception could be that 
of a relic occurrence in the Sarmatian Sea, where it seems to 
have managed to survive in conditions of high salinity asso-
ciated with a highly endemic mollusc fauna in this isolated 
area. Terebralia s.s. could have originated earlier than shown 
by the fossil record, and later became adapted to life in man-
grove environments.

The genus’ total diversity amounts to nine fossil European 
species; eight other taxa previously placed in Terebralia in 
the literature are excluded from the genus herein. The fact 
that the majority of systematic works has been carried out 
on European material, makes the study of this material a 
starting point for the revision of the genus. The diversity 
and palaeogeographical distribution of the genus and that 
of mangroves correlate with climatic conditions, low diversi-
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ties marking cooler intervals (late Eocene-early Oligocene). 
The maximum diversity of five species is observed during 
the warmest periods of the late Oligocene (Chattian) and 
Early Miocene. No occurrences have been recorded from 
the terminal Eocene (Priabonian), possibly because of a 
lack of outcrops with mudflat deposits of that age. During 
the early Oligocene, the genus spread into a relatively wide 
geographic area, reaching the Western Tethys with at least 
one species (T. prolignitarum). During the late Oligocene, it 
maintained a wide geographical distribution and also spread 
into the Paratethys Sea. The largest geographical distribu-

tion of the genus in Europe occurred during the Early to 
Middle Miocene ranging from the north-eastern Atlantic 
to the Proto-Mediterranean, the Paratethys and further east 
into Anatolia. The last representatives are found in the Late 
Miocene of the south Atlantic coast and the Mediterranean, 
only to disappear before the major environmental pertur-
bations of the Messinian Salinity Crisis. The extirpation of 
Terebralia in Europe predated the final disappearance of the 
mangrove environments.

No more than three species co-occur in the fossil record, 
which is also observed for extant representatives.

Geochronological distribution
Paleocene Eocene Oligocene Miocene

Species
Palaeogeographical 

distribution Cretaceous E M L E L E L E M L Plio. Plei. References
Terebralia? sp. 1 Anatolia – – – – X – – – – – – – – İslamoğlu et al. 2011
Terebralia? sp. 2 Anatolia – – – – X – – – – – – – – İslamoğlu et al. 2011
Terebralia consorbina  

(Powell & Bartrum, 1929)
South-West Pacific – – – – – – – – X – – – – Beu 2004

Terebralia dentilabris Gabb, 
1873

Caribbean, Gulf of 
Mexico

– – – – – – – – X X – X – Hoerle 1972; Landau & 
Marques da Silva 
2010; Hendy et al. 
2015

Terebralia? dimorpha 
Vredenburg, 1928

Early Indian Ocean – – – – – – – – – X – – – Vredenburg 1928

Terebralia gajensis 
Vredenburg, 1928

Early Indian Ocean – – – – – – – – X – – – – Harzhauser et al. 2017

Terebralia harrisi 
Maury, 1920

Caribbean – – – – – – – – – – – X – Landau & Marques 
da Silva 2010

Terebralia itiogawai 
(Taguchi, Osafune & 
Obayashi, 1981)

Indo-North-West 
Pacific 

– – – – – – – – X X – – – Taguchi 2002

Terebralia? juliana Dailey & 
Popenoe, 1966

North-East Pacific X – – – – – – – – – – – – Squires & Kennedy 
1998

Terebralia kakiensis 
(Taguchi, Osafune & 
Obayashi, 1981)

Indo-North-West 
Pacific

– – – – – – – – X X – – – Taguchi 2002

Terebralia? kannoi 
Nakagawa, 2009

Indo-North-West 
Pacific

– – – – – – – – X X – – – Nakagawa 2009

Terebralia marki 
Devries, 2018

East Pacific (Peru) – X – – – – – – – – – – – DeVries 2019

Terebralia? mekranica 
Vredenburg, 1928

Early Indian Ocean – – – – – – – – – X – – – Vredenburg 1928

Terebralia miosulcata 
Vredenburg, 1928

Early Indian Ocean – – – – – – – – X X X – – Harzhauser et al. 2017

Terebralia palustris 
Linnaeus, 1767

Indo-West Pacific, 
South-West 
Pacific

– – – – – – – – X X X X X Houbrick 1991; Reid 
et al. 2008

Terebralia? pathani 
Iqbal, 1969

Early Indian Ocean – – – – X – – – – – – – – Reid et al. 2008

Terebralia pauli 
Devries, 2018

East Pacific (Peru) – X – – – – – – – – – – – DeVries 2019

Terebralia shibatai Taguchi, 
1992

Indo-North-West 
Pacific

– – – – – – – – X X – – – Taguchi 1992, 2002

Terebralia sulcata  
Born, 1778

Indo-Pacific – – – – – – – – – – X X X Ladd 1972; Houbrick 
1991

Terebralia? susana 
Squires & Kennedy, 
1998

North-East Pacific – – – X – – – – – – – – – Squires & Kennedy 
1998

Terebralia sutherlandi 
(Marwick, 1929)

South-West Pacific – – – – – – – X – – – – – Marwick 1929; Beu 
2004

Terebralia waitemataensis 
(Powell & Bartrum, 1929)

South-West Pacific – – – – – – – – X – – – – Beu 2004; Ozawa et al. 
2009

table 1. — Palaeogeographical and geochronological distributions of Terebralia species. Abbreviations: E, Early; L, Late; M, Middle; Plei., Pleistocene; Plio., Pliocene.



260 COMPTES RENDUS PALEVOL • 2023 • 22 (14) 

Thivaiou D. et al.

Acknowledgements
Part of the research was financed by the Ernst Mach World-
wide scholarship of the Austrian Agency for International 
Cooperation in Education and Research (OeAD, awarded 
to D. T.). Thanks go to Annalaura Pistarino of the Museo 
Regionale di Scienze Naturali of Torino (Italy) for the acqui-
sition of photographs of Italian specimens, to Jean-Michel 
Pacaud, Didier Merle and Elise Porez (project RECOLNAT) 
for photographs of specimens housed at the Muséum national 
d’Histoire naturelle (Paris, France), as well as to Dietrich Kad-
olsky for photographs of specimens from the Mainz Basin. 
Our sincere thanks go to T. Neubauer (Bavarian Natural His-
tory Collections), an anonymous reviewer and the associated 
editor, Annalisa Ferretti, whose comments and suggestions 
helped to significantly improve the manuscript.

REFERENCES

AlonGi d. m. 2012. — Carbon sequestration in mangrove forests. 
Carbon Management 3 (3): 313-322. https://doi.org/10.4155/
cmt.12.20

báldi t. & steininGer f. f. 1975. — Die Molluskenfauna des 
Egerien, in báldi t. & seneš j. (eds), OM Egerien; Die Egerer, 
Pouzřaner, Puchkirchener Schichtengruppe und die Bretkaer 
Formation. Chronostratigraphie und Neostratotypen, Miozän der 
zentralen Paratethys 5: 342-375.

bAłuk W. 1975. — Lower Tortonian Gastropods from Korytnica, 
Poland. Part I. Palaeontologia Polonica 32: 1-186.

bAndel k. 2006. — Families of the Cerithioidea and related super-
families (Palaeo-Caenogastropoda; Mollusca) from the Triassic to 
the Recent characterized by protoconch morphology – including the 
description of new taxa. Freiburger Forschungshefte C511 (14): 59-138.

bAndel k. & koWAlke t. 1999. — Gastropod fauna of the Came-
roonian coasts. Helgoland Marine Research 53: 129-140. https://
doi.org/10.1007/s101520050016

belliArd l., duGué o. & GAin o. 2006. — Les couches éocènes 
à Cerithioidea du Coteau de Vauville à Fresville (Manche, Nor-
mandie). Mémoire de la Société Nationale des Sciences Naturelles 
et Mathématiques de Cherbourg 65: 1-65.

berGer j. f., ChArPentier v., CrAssArd r., mArtin C., 
dAvtiAn G. & lóPez-sáez j. A. 2013. — The dynamics of 
mangrove ecosystems, changes in sea level and the strategies of 
Neolithic settlements along the coast of Oman (6000-3000 cal. 
BC). Journal of Archaeological Science 40 (7): 3087-3104. https://
doi.org/10.1016/j.jas.2013.03.004

beu A. G. 2004. — Marine Mollusca of oxygen isotope stages of 
the last 2 million years in New Zealand. Part 1: Revised generic 
positions and recognition of warm-water and cool-water migrants. 
Journal of the Royal Society of New Zealand 34 (2): 111-265. 
https://doi.org/10.1080/03014223.2004.9517766

biltekin d., PoPesCu s. m., suC j. P., Quézel P., jiménez-
moreno G., yAvuz n. & ÇAğAtAy m. n. 2015. — Anatolia: 
a long-time plant refuge area documented by pollen records over 
the last 23 million years. Review of Palaeobotany and Palynology 
215: 1-22. https://doi.org/10.1016/j.revpalbo.2014.12.004

CArlén A. & olAfsson e. 2002. — The effect of the gastropod 
Terebralia palustris on infaunal communities in a mangrove forest 
in East Africa. Wetlands Ecology and Management 10: 303-311. 
https://doi.org/10.1023/A:1020327724208

Collins d. s., Avdis A., Allison P. A., johnson h. d., hill j., 
PiGGott m. d., hAssAn m. h. A. & dAmit A. r. 2017. — 
Tidal dynamics and mangrove carbon sequestration during the 
Oligo-Miocene in the South China Sea. Nature Communications 
8 (15698): 1-12. https://doi.org/10.1038/ncomms15698

CossmAnn m. 1889. — Catalogue illustré des coquilles fossiles de 
l’Éocène des environs de Paris (4e fascicule). Annales de la Société 
royale Malacologique de Belgique 24: 3-385.

CossmAnn m. & Peyrot A. 1922. — Conchologie néogénique de 
l’Aquitaine. Actes de la Société Linnéenne de Bordeaux 73: 5-321.

CossmAnn m. & PissArro G. 1913. — Iconographie complète des 
coquilles fossiles de l’éocène des environs de Paris. [s.n.], Paris, 65 pl. 
https://doi.org/10.5962/bhl.title.52315

dAinelli G. 1901. — Il Miocene inferiore del Monte Promina in 
Dalmazia. Palaeontographica Italica 7: 235-285. https://www.
biodiversitylibrary.org/page/33945391, last consultation on 
30 March 2023.

d’AmiCo C., esu d. & Girotti o. 2012. — Tortonian gastropods 
and bivalves from a transgressive succession near Cessaniti (Italy: 
Calabria). Archiv Für Molluskenkunde 141 (2): 155-195. https://
doi.org/10.1127/arch.moll/1869-0963/141/155-195

de dekker P. 2016. — The Indo-Pacific Warm Pool: critical to 
world oceanography and world climate. Geoscience Letters 3 (20): 
12 p. https://doi.org/10.1186/s40562-016-0054-3

de leeuW A., bukoWski k., krijGsmAn W. & kuiPer k. f. 
2010. — Age of the Badenian salinity crisis; Impact of Miocene 
climate variability on the circum-Mediterranean region. Geology 
38 (8): 715-718. https://doi.org/10.1130/G30982.1

dermitzAkis m. 1972. — Bio-statistical observations on the Tere-
bralia lignitarum lignitarum (Eichwald) from the Miocene of 
East Crete. Annales Géologiques des pays Hélléniques 24: 481-514.

deshAyes G. P. 1833. — Description des coquilles fossiles des envi-
rons de Paris. Tome 2. Livraisons 30-36. Imprimerie de J. Tastu, 
Paris: 291-429 p.

devries t. j. 2019. — Early Paleogene brackish-water molluscs 
from the Caballas Formation of the East Pisco Basin (Southern 
Peru), in The Western Society of Malacologists, Los Angeles 2017 
Meeting. Journal of Natural History 53 (25-26): 1533-1584. 
https://doi.org/10.1080/00222933.2018.1524032

dominiCi s. & koWAlke t. 2014. — Early Eocene Cerithioidean 
gastropods of mangrove-fringed coasts (south-central Pyrenees, 
Spain). Bollettino della Società Paleontologica Italiana 53 (3): 
137-162. https://doi.org/10.4435/BSPI.2014.13

donCieux l. 1908. — Catalogue descriptif des fossiles nummulitiques 
de l’Aude et de l’Hérault. Deuxième partie, Fasc. I, Corbières Sep-
tentrionales. Rey A., Lyon ; Baillère J.-B., Paris, 288 p.

d’orbiGny A. d. 1852. — Prodrome de paléontologie stratigraphique 
universelle des animaux mollusques & rayonnés faisant suite au 
cours élémentaire de paléontologie et de géologie stratigraphiques. 
Masson, Paris, 191 p.

dos sAntos GArCiA j., dAlmolin Â. C., CostA frAnÇA m. G. & 
oliveirA mAnGAbeirA P. A. 2017. — Different salt concentra-
tions induce alterations both in photosynthetic parameters and 
salt gland activity in leaves of the mangrove Avicennia schaueriana. 
Ecotoxicology and Environmental Safety 141: 70-74. https://doi.
org/10.1016/j.ecoenv.2017.03.016

eiChWAld e. 1830. — Naturhistorische Skizze von Lithauen, Vol-
hynien und Podolien in geognostisch-mineralogischer, botanischer 
und zoologischer Hinsicht. Zawadzki, Wilna Wilna [Vilnius], 
256 p., 3 pl.

ellison A. m., fArnsWorth e. j. & merkt r. e. 1999. — Ori-
gins of mangrove ecosystems and the mangrove biodiversity 
anomaly. Global Ecology and Biogeography 8 (2): 95-115. https://
doi.org/10.1046/j.1466-822X.1999.00126.x

esu d. & Girotti o. 2010. — The late Oligocene molluscan fauna 
from Otranto (Apulia, Southern Italy): an example of alternating 
freshwater, lagoonal and emerged environments. Palaeontology 53 
(1): 137-174. https://doi.org/10.1111/j.1475-4983.2009.00923.x

fleminG j. 1822. — The Philosophy of Zoology, a General View of the 
Structure, Functions, and Classification of Animals.Constable & 
Co., Edinburgh; Hurst, Robinson & Co., London, 618 p.

frAtini s., CAnniCCi s. & vAnnini m. 2001. — Feeding clusters 
and olfaction in the mangrove snail Terebralia palustris (Linnaeus) 

https://doi.org/10.4155/cmt.12.20
https://doi.org/10.4155/cmt.12.20
https://doi.org/10.1007/s101520050016
https://doi.org/10.1007/s101520050016
https://doi.org/10.1016/j.jas.2013.03.004
https://doi.org/10.1016/j.jas.2013.03.004
https://doi.org/10.1080/03014223.2004.9517766
https://doi.org/10.1016/j.revpalbo.2014.12.004
https://doi.org/10.1023/A:1020327724208
https://doi.org/10.1038/ncomms15698
https://doi.org/10.5962/bhl.title.52315
https://www.biodiversitylibrary.org/page/33945391
https://www.biodiversitylibrary.org/page/33945391
https://doi.org/10.1127/arch.moll/1869-0963/141/155-195
https://doi.org/10.1127/arch.moll/1869-0963/141/155-195
https://doi.org/10.1186/s40562-016-0054-3
https://doi.org/10.1130/G30982.1
https://doi.org/10.1080/00222933.2018.1524032
https://doi.org/10.4435/BSPI.2014.13
https://doi.org/10.1016/j.ecoenv.2017.03.016
https://doi.org/10.1016/j.ecoenv.2017.03.016
https://doi.org/10.1046/j.1466-822X.1999.00126.x
https://doi.org/10.1046/j.1466-822X.1999.00126.x
https://doi.org/10.1111/j.1475-4983.2009.00923.x


261 

Cenozoic Terebralia of Europe

COMPTES RENDUS PALEVOL • 2023 • 22 (14)

(Potamididae: Gastropoda). Journal of Experimental Marine 
Biology and Ecology 261 (2): 173-183 https://doi.org/10.1016/
S0022-0981(01)00273-8

frAtini s., viGiAni v., vAnnini m. & CAnniCCi s. 2004. — Ter-
ebralia palustris (Gastropoda; Potamididae) in a Kenyan mangal: 
size structure, distribution and impact on the consumption 
of leaf litter. Marine Biology 144 (6): 1173-1182. https://doi.
org/10.1007/s00227-003-1282-6

Glibert m. 1949. — Gastropodes du miocène moyen. Mémoires de 
l’Institut royal des Sciences naturelles de Belgique 30: 238.

Glibert m. 1952. — Faune malacologique du Miocène de la Bel-
gique. II. Gastropodes. Mémoires de l’Institut royal des Sciences 
naturelles de Belgique 121: 229.

GrAtelouP j. P. s. de 1832. — Tableau (suite du) des coquilles 
fossiles qu’on rencontre dans les terrains calcaires tertiaires (faluns) 
des environs de Dax, dans le département des Landes. 5ème arti-
cle. Actes de la Société linnéenne de Bordeaux 5 (29): 263-282.

Gürsoy m. 2017. — Molluscan assemblage and paleoecol-
ogy of Lower Miocene sequences of the Munzur mountains 
(Eastern Anatolia, Turkey). Bulletin of the Mineral Research 
and Exploration 155 (155): 1-2. https://doi.org/10.19111/
bulletinofmre.334249

hArzhAuser m. 2002. — Marine und brachyhaline Gastro-
poden aus dem Karpatium des Korneuburger Beckens und der 
Kreuzstettener Bucht (Österreich, Untermiozän). Beiträge zur 
Paläontologie Österreich-Ungarns und des Orients 27: 61-159.

hArzhAuser m. 2004. — Oligocene gastropod faunas of the eastern 
Mediterranean (Mesohellenic Trough/Greece and Esfahan-Sirjan 
Basin/Central Iran). CFS Courier Forschungsinstitut Senckenberg 
(248): 93-181.

hArzhAuser m. & koWAlke t. 2001. — Early Miocene brack-
ish-water Mollusca from the Eastern Mediterranean and from 
the central Paratethys – a faunistic and ecological comparison 
by selected faunas. Journal of the Czech Geological Society 46: 
353-374.

hArzhAuser m. & Piller W. e. 2007. — Benchmark data of a 
changing sea – Palaeogeography, palaeobiogeography and events 
in the Central Paratethys during the Miocene. Palaeogeography, 
Palaeoclimatology, Palaeoecology 253 (1-2): 8-31. https://doi.
org/10.1016/j.palaeo.2007.03.031

hArzhAuser m., PeCkmAnn j., birGel d., drAGAnits e., mAn-
diC o., theobAlt d. & huemer j. 2014. — Stromatolites in 
the Paratethys Sea during the Middle Miocene climate transition 
as witness of the Badenian salinity crisis. Facies 60 (2): 429-444. 
https://doi.org/10.1007/s10347-013-0391-z

hArzhAuser m., reuter m., mohtAt t. & Piller W. e. 2017. — 
Early Miocene reef- and mudflat-associated gastropods from 
Makran (SE-Iran). PalZ 91 (4): 519-539. https://doi.org/10.1007/
s12542-017-0354-8

heAly j. m. & Wells f. e. 1998. — Superfamily Cerithioidea, 
in beesley P. l., ross G. j. b. & Wells A. (eds), Mollusca: 
The Southern Synthesis. Fauna of Australia. CSIRO Publishing, 
Melbourne: 707-733.

hendy A. j. W., jones d. s., moreno f., zAPAtA v. & jArA-
millo C. 2015. — Neogene molluscs, shallow marine paleoen-
vironments, and chronostratigraphy of the Guajira Peninsula, 
Colombia. Swiss Journal of Palaeontology 134: 45-75. https://doi.
org/10.1007/s13358-015-0074-1

hoerle s. e. 1972. — Cerithiidae and Potamididae (Mollusca: 
Gastropoda) from the Chipola formation of north-western 
Florida. Tulane Studies in Geology and Paleontology 10 (1): 1-22.

hörnes m. 1855. — Die fossilen Mollusken des Tertiär-Beckens von 
Wien. I, Univalven. K. K. Hof- und Staatsdruckerei (coll. Abhan-
dlungen der Kaiserlich-Königlichen Geologischen Reichsanstalt), 
Wien: 385-460, pl. 41-45.

houbriCk r. s. 1991. — Systematic review and functional mor-
phology of the mangrove snails Terebralia and Telescopium 
(Potamididae; Prosobranchia). Malacologia 33 (1-2): 289-338.

İslAmoğlu y. 2008. — Molluscan biostratigraphy and paleoenvi-
ronmental reconstruction of Oligocene deposits in the Denizli 
and Kale-Tavas subbasins (SW Turkey). Geodiversitas 30 (2): 
261-285.

İslAmoğlu y. & tAner G. 2003. — The paleogeographic and 
paleoecologic characteristics of the Miocene aged molluscan 
fauna in Antalya and Kasaba Basins (west-central Taurus, SW 
Turkey). Bulletin of the Mineral Research and Exploration Institute 
of Turkey 126: 11-42.

İslAmoğlu y., dominiCi s. & koWAlke t. 2011. — Early Eocene 
Caenogastropods (Mollusca, Gastropoda) from Haymana-Polatlı 
Basin, Central Anatolia (Turkey): taxonomy and palaeoecol-
ogy. Geodiversitas 33 (2): 303-330. https://doi.org/10.5252/
g2011n2a7

jAnssen A. W. 1984. — Late Oligocene molluscs from a sand-pit 
near Máriahalom (Hungary): a preliminary study. Annales Uni-
versitates Scientarium Budapestiensis de Rolando Eötvös Nominate 
(Sect. Geol.) 24: 109-150.

jiménez-moreno G., fAuQuette s. & suC j. P. 2008. — Vegeta-
tion, climate and palaeoaltitude reconstructions of the Eastern 
Alps during the Miocene based on pollen records from Austria, 
Central Europe. Journal of Biogeography 35 (9): 1638-1649. 
https://doi.org/10.1111/j.1365-2699.2008.01911.x

kAdolsky d. 1989. — Stratigraphie und Molluskenfaunen von 
“Landschneckenkalk” und “Cerithienschichten” im Mainzer 
Becken (Oberoligozän bis Untermiozän?). Geologisches Jahrbuch 
A 110: 69-133.

kAdolsky d. 1995. — Stratigraphie und Molluskenfaunen von 
“Landschneckenkalk” und “Cerithienschichten” im Mainzer Becken 
(Oberoligozän bis Untermiozän?), 2: Revision der aquatischen 
Mollusken des Land- schneckenkalkes. Archiv Für Mollusken-
kunde 124: 1-55. https://doi.org/10.1127/arch.moll/124/1995/1

keCskemétiné-körmendy A. 1962. — Neue Molluskenarten 
aus dem Mittelmiozän von Várpalota, 1: Gastropoden. Földtani 
Közlöny 92: 81-99. 

kern A., hArzhAuser m., mAndiC o., roetzel r., Ćorić s., 
bruCh A. A. & zusChin m. 2011. — Millennial-scale vegeta-
tion dynamics in an estuary at the onset of the Miocene Climate 
Optimum. Palaeogeography, Palaeoclimatology, Palaeoecology 304 
(3-4): 247-261. https://doi.org/10.1016/j.palaeo.2010.07.014

kolesnikov v. 1935. — Samartische Mollusken. Paläontologie 
der USSR 10: 1-416.

koWAlke t. 2001. — Protoconch morphology, ontogenetical 
development and ecology of three species of the genus Potamides 
Brongniart, 1810, and a discussion of the evolutionary history 
of the Potamididae (Caenogastropoda: Cerithiimorpha: Cerithi-
odea). Freiberger Frorschungshefte C492: 27-42.

koWAlke t. 2005. — Mollusca in marginal marine and inland 
saline aquatic ecosystems – examples of Cretaceous to exant 
evolutionary dynamics. Zitteliana A45: 35-63.

kühn o. 1946. — Das Alter der Prominaschichten und der innere-
ozänen Gebirgsbildung. Jahrbuch der Geologischen Bundesanstalt 
(Wien) 91: 49-94.

lAdd h. s. 1972. — Cenozoic fossil mollusks from western Pacific 
Islands; Gastropods (Eratoidae through Harpidae). US Geological 
Survey Professional Paper 532: 1-79. https://doi.org/10.3133/pp533

lAndAu b. m. & mArQues dA silvA C. 2010. — Early Pliocene 
gastropods of Cubagua, Venezuela: taxonomy, palaeobiogeogra-
phy and ecostratigraphy. Palaeontos 19: 1-221.

lAndAu b. m., hArzhAuser m., İslAmoğlu y. & dA silvA C. m. 
2013. — Systematics and palaeobiogeography of the gastropods 
of the Middle Miocene (Serravallian) Karaman Basin, Turkey. 
Cainozoic Research 11-13 (November 2015): 3-584.

lAtAl C., Piller W. e. & hArzhAuser m. 2006. — Small-scaled 
environmental changes: indications from stable isotopes of gastro-
pods (Early Miocene, Korneuburg Basin, Austria). International 
Journal of Earth Sciences 95 (1): 95-106. https://doi.org/10.1007/
s00531-005-0510-3

https://doi.org/10.1016/S0022-0981(01)00273-8
https://doi.org/10.1016/S0022-0981(01)00273-8
https://doi.org/10.1007/s00227-003-1282-6
https://doi.org/10.1007/s00227-003-1282-6
https://doi.org/10.19111/bulletinofmre.334249
https://doi.org/10.19111/bulletinofmre.334249
https://doi.org/10.1016/j.palaeo.2007.03.031
https://doi.org/10.1016/j.palaeo.2007.03.031
https://doi.org/10.1007/s10347-013-0391-z
https://doi.org/10.1007/s12542-017-0354-8
https://doi.org/10.1007/s12542-017-0354-8
https://doi.org/10.1007/s13358-015-0074-1
https://doi.org/10.1007/s13358-015-0074-1
https://sciencepress.mnhn.fr/en/periodiques/geodiversitas/30/2/biostratigraphie-des-mollusques-et-paleoenvironnements-des-formations-oligocenes-dans-les-sous-bassins-de-denizli-et-de-kale-tavas-sw-turquie
https://sciencepress.mnhn.fr/en/periodiques/geodiversitas/33/2/caenogastropoda-de-l-eocene-inferieur-du-bassin-de-haymana-polatli-anatolie-centrale-turquie-taxonomie-et-palaeoecologie
https://doi.org/10.5252/g2011n2a7
https://doi.org/10.5252/g2011n2a7
https://doi.org/10.1111/j.1365-2699.2008.01911.x
https://doi.org/10.1127/arch.moll/124/1995/1
https://doi.org/10.1016/j.palaeo.2010.07.014
https://doi.org/10.3133/pp533
https://doi.org/10.1007/s00531-005-0510-3
https://doi.org/10.1007/s00531-005-0510-3


262 COMPTES RENDUS PALEVOL • 2023 • 22 (14) 

Thivaiou D. et al.

leAr C. h., mAWbey e. m. & rosenthAl y. 2010. — Cenozoic 
benthic foraminiferal Mg/Ca and Li/Ca records: toward unlock-
ing temperatures and saturation states. Paleoceanography 25 (4). 
https://doi.org/10.1029/2009PA001880

le renArd j. & PACAud j. m. 1995. — Révision des Mollusques 
paléogènes du Bassin de Paris. II : Liste des références primaires 
des espèces. Cossmanniana 3 (3): 65-132.

li z., Chen m. t., lin d. C., WAnG h., shi x., liu s., yokoyAmA y., 
yAmAmoto m., shen C. C., mii h. s., troA r. A., zurAidA r., 
triArso  e. & hendrizAn m. 2018. — Holocene surface hydro-
climate changes in the Indo-Pacific warm pool. Quaternary Inter-
national 482: 1-12. https://doi.org/10.1016/j.quaint.2018.04.027

lozouet P. & mAestrAti P. 2012. — Le contenu paléontologique. 
Mollusques., in lozouet P. (ed.), Stratotype Stampien. Muséum 
national d’Histoire naturelle, Paris; Biotope, Mèze: 239-297. 
https://doi.org/10.13140/RG.2.1.3418.5682

lozouet P., lesPort j. f. & renArd P. 2001. — Révision des 
Gastropoda (Mollusca) du Stratotype de l’Aquitanien (Miocène 
Inf.): site de Saucats “Lariey”, Gironde, France. Cossmanniana 
Hors Série 3: 1-189.

mAndiC o., hArzhAuser m., sChlAf j., Piller W. e., sChuster f., 
WielAndt-sChuster u., nebelsiCk j. h., kroh A., röGl 
f. & bAssAnt P. 2004. — Palaeoenvironmental reconstruction 
of an epicontinental flooding – Burdigalian (Early Miocene) of 
the Mut Basin (Southern Turkey). CFS Courier Forschungsinstitut 
Senckenberg (248): 57-92.

mAnne t. & veth P. m. 2015. — Late Pleistocene and early 
Holocene exploitation of estuarine communities in northwestern 
Australia. Quaternary International 385: 112-123. https://doi.
org/10.1016/j.quaint.2014.12.049

mArWiCk j. 1929. — Tertiary molluscan fauna of Chatton, Southland. 
Transactions of the New Zealand Institute 59: 903-934. https://
urlz.fr/lbEm, last consultation on 30 March 2023.

meulenkAmP j. e., sissinGh W., CAlvo j. P., dAAms r., stu-
denCkA b., londeix l., CAhuzAC b., kovAC m., nAGymArosy A., 
rusu A., bAdesCu d., beniAmovskii v. n., sCherbA i. G., 
roGer j., PlAtel j. P., hirsCh f., sAdek A., Abdel-GAWAd G. i., 
ben ismAil-lAttrAChe k., zAGhbib-turki d., bouAziz s., 
kAroui-yAAkoub n. & yAiCh C. 2000. — Late Lutetian 
(44-41 Ma), in derCourt t., GAetAni m., vrielynCk b., 
bArrier e., biju-duvAl m. f., CAdet j. P., CrAsQuin s. & 
sAndulesCu m. (eds), Atlas Peri-Tethys, Palaeogeographical Maps. 
CCGM/CGMW, Paris: 163-170.

mollusCAbAse 2020. — https://www.molluscabase.org/, last con-
sultation on 22 February 2023.

morrisey d. j., morrison m. A., beArd C. m., CrAGGs r. & 
loWe m. 2007. — The New Zealand mangrove: review of the 
current state of knowledge. Auckland Regional Council Technical 
Publication (325): 11-130.

moths h., AlbreCht f. & stein G. 2010. — Die Molluskenfauna 
(Hemmoorium, Untermiozän) aus des Kiesgrube Krinke bei 
Werder (Nordwest-Niedersachsen). Palaeofocus 3: 155.

nAkAGAWA t. 2009. — Miocene tropical sandy and rocky bottom 
molluscan assemblages of the Shimo Formation, Uchiura Group, 
Fukui Prefecture, Central Japan. Bulletin of the Mizunami Fossil 
Museum 35: 127-151. https://urlz.fr/lbEr, last consultation on 
22 February 2023.

oPPenheim P. 1894. — Die eocäne Fauna des Mt. Pulli bei Valdagno 
im Vicentino. Zeitschrift der Deutschen Geologischen Gesellschaft 
46: 309-445.

ozAWA t., köhler f., reid d. G. & GlAubreCht m. 2009. — 
Tethyan relicts on continental coastlines of the northwestern 
Pacific Ocean and Australasia: molecular phylogeny and fossil 
record of batillariid gastropods (Caenogastropoda, Cerithioidea). 
Zoologica Scripta 38 (5): 503-525. https://doi.org/10.1111/j.1463-
6409.2009.00390.x

PAPP A. 1974. — Die Molluskenfauna der sarmatischen Schichten-
gruppe, in mArinesCu f. & seneš j. (eds), Chronostratigraphie 

und Neostratotypen. Miozän der Zentralen Paratethys, 4. M5 Sar-
matien (sensu E. Suess, 1866). Die Sarmatische Schichtengruppe 
und ihr Stratotypus. Slowakischen Akademie der Wissenschaften, 
Bratislava: 318-433.

PenhA-loPes G., bouillon s., mAnGion P., mACiA A. & PAulA j. 
2009. — Population structure, density and food sources of Ter-
ebralia palustris (Potamididae: Gastropoda) in a low intertidal 
Avicennia marina mangrove stand (Inhaca Island, Mozambique). 
Estuarine, Coastal and Shelf Science 84 (3): 318-325. https://doi.
org/10.1016/j.ecss.2009.04.022

PereirA dA CostA f. A. 1866. — Gasteropodes dos Depositos Ter-
ciarios de Portugal. Typografia da Academia Real das Siencias, 
Lisbon, 252 p.

Piller W. e. & hArzhAuser m. 2005. — The myth of the brack-
ish Sarmatian Sea. Terra Nova 17 (5): 450-455. https://doi.
org/10.1111/j.1365-3121.2005.00632.x

PlAziAt j.-C., CAvAGnetto C., koeniGuer j. C. & bAltzer f. 
2001. — History and biogeography of the mangrove ecosystem, 
based on a critical reassessment of the paleontological record. 
Wetlands Ecology and Management 9 (3): 161-179. https://doi.
org/10.1023/A:1011118204434

PoPov s. v., roGl f., rozAnov A. y., steininGer f. f., 
shCherbA i. G. & kovAC m. 2004. — Lithological-Paleogeographic 
maps of Paratethys. Courier Foschungsinstitut Senckenberg 250: 1-46.

PoWell A. W. b. & bArtrum j. A. 1929. — The Tertiary (Wait-
ematan) Molluscan Fauna of Oneroa, Waiheke Island. Transac-
tions of the New Zealand Institute 60: 305-447.

rAtsimbAzAfy h. A. & koChzius m. 2018. — Restricted gene 
flow among western Indian Ocean populations of the mangrove 
whelk Terebralia palustris (Linnaeus, 1767) (Caenogastropoda: 
Potamididae). Journal of Molluscan Studies 84 (2): 163-169. 
https://doi.org/10.1093/mollus/eyy001

rAW j. l., Perissinotto r., mirAndA n. A. f., Peer n., rAW j. l., 
Perissinotto r., mirAndA n. A. f. & Peer n. 2017. — Feed-
ing dynamics of Terebralia palustris (Gastropoda: Potamididae) 
from a subtropical mangrove ecosystem. Molluscan Research 37 
(4): 258-267. https://doi.org/10.1080/13235818.2017.1323370

reid d. G., dyAl P., lozouet P., GlAubreCht m. & Wil-
liAms s. t. 2008. — Mudwhelks and mangroves: the evolutionary 
history of an ecological association (Gastropoda: Potamididae). 
Molecular Phylogenetics and Evolution 47 (2): 680-699. https://
doi.org/10.1016/j.ympev.2008.01.003

roveri m., fleCker r., krijGsmAn W., lofi j., luGli s., mAnzi v., 
sierro f. j., bertini A., CAmerlenGhi A., de lAnGe G., 
Govers r., hilGen f. j., hübsCher C., meijer P. t. & sto-
iCA m. 2014. — The Messinian Salinity Crisis: past and future 
of a great challenge for marine sciences. Marine Geology 352: 
25-58. https://doi.org/10.1016/j.margeo.2014.02.002

roxy k. m., ritikA k., terrAy P. & mAsson s. 2014. — The 
curious case of Indian Ocean warming. Journal of Climate 27 
(22): 8501-8509. https://doi.org/10.1175/JCLI-D-14-00471.1

ruPP C., hofmAnn t., joChum b., Pfleiderer s., sChedl A., 
sChindlbAuer G., sChubert G., slAPAnsky P., tilCh n., vAn 
husen d., WAGner l. & Wimmer-frey i. 2008. — Geologische 
Karte der Republik Österreich 1:50.000, Blatt 47 Ried im Innkreis. 
Erläuterungen zu Blatt 47 Ried im Innkreis. Geological Survey 
of Austria, Vienna.

sACCo f. 1888. — Sopra alcuni Potamides del bacino terziario del 
Piemonte. Bollettino della Società Malacologica Italiana 13: 87-122.

sACCo f. 1895. — I molluschi dei terreni terziarii del Piemonte e 
della Liguria, 17. (Cerithiidae, Triforidae, Cerithiopsidae e Dias-
tomidae). Bollettino dei Musei di Zoologia ed Anatomia comparata 
della Reale Universita di Torino 10 (197): 71-74.

sälGebACk j. & sAvAzzi e. 2006. — Constructional morpho logy 
of cerithiform gastropods. Paleontological Research 10 (3): 233-
259. https://doi.org/10.2517/prpsj.10.233

shevenell A. e., kennett j. P. & leA d. W. 2004. — Middle 
Miocene Southern Ocean cooling and antarctic cryosphere expan-

https://doi.org/10.1029/2009PA001880
https://doi.org/10.1016/j.quaint.2018.04.027
https://doi.org/10.13140/RG.2.1.3418.5682
https://doi.org/10.1016/j.quaint.2014.12.049
https://doi.org/10.1016/j.quaint.2014.12.049
https://urlz.fr/lbEm
https://urlz.fr/lbEm
https://www.molluscabase.org/
https://urlz.fr/lbEr
https://doi.org/10.1111/j.1463-6409.2009.00390.x
https://doi.org/10.1111/j.1463-6409.2009.00390.x
https://doi.org/10.1016/j.ecss.2009.04.022
https://doi.org/10.1016/j.ecss.2009.04.022
https://doi.org/10.1111/j.1365-3121.2005.00632.x
https://doi.org/10.1111/j.1365-3121.2005.00632.x
https://doi.org/10.1023/A:1011118204434
https://doi.org/10.1023/A:1011118204434
https://doi.org/10.1093/mollus/eyy001
https://doi.org/10.1080/13235818.2017.1323370
https://doi.org/10.1016/j.ympev.2008.01.003
https://doi.org/10.1016/j.ympev.2008.01.003
https://doi.org/10.1016/j.margeo.2014.02.002
https://doi.org/10.1175/JCLI-D-14-00471.1
https://doi.org/10.2517/prpsj.10.233


263 

Cenozoic Terebralia of Europe

COMPTES RENDUS PALEVOL • 2023 • 22 (14)

sion. Science 305 (5691): 1766-1770. https://doi.org/10.1126/
science.1100061

simionesCu i. & bArbu i. z. 1940. — La faune sarmatienne de 
Roumanie. Memoriile Institutului Geologic al României 3: 1-194.

slim f. j., hemminGA m. A., oChienG C., jAnnink n. t., CoCheret 
de lA morinière e. & vAn der velde G. 1997. — Leaf litter 
removal by the snail Terebralia palustris (Linnaeus) and sesarmid 
crabs in an East African mangrove forest (Gazi Bay, Kenya). Jour-
nal of Experimental Marine Biology and Ecology 215 (1): 35-8. 
https://doi.org/10.1016/S0022-0981(97)00029-4

sQuires r. l. & kennedy G. l. 1998. — Additions to the Late 
Paleocene molluscan fauna from the Santa Monica Mountains, Los 
Angeles County, Southern California. The Veliger 41 (2): 157-171.

steininGer f., Čtyroký P., ondrejýčková A. & seneš j. 1971. — 
Die Mollusken der Eggenburger Schichtengruppe, in stein-
inGer f. & seneš j. (eds), Chronostratigraphie und Neostratotypen: 
Miozän der zentralen Paratethys. Bd. 2, M1 Eggenburgien. Die 
Eggenburger Schichtengruppe und ihr Stratotypus. Slowakischen 
Akademie der Wissenschaften, Bratislava: 356-591.

stronG e. e., ColGAn d. j., heAly j. m., lydeArd C., Pon-
der W. f. & GlAubreCht m. 2011. — Phylogeny of the gastro-
pod superfamily Cerithioidea using morphology and molecules. 
Zoological Journal of the Linnean Society 162 (1): 43-89. https://
doi.org/10.1111/j.1096-3642.2010.00670.x

suC j.-P., PoPesCu s.-m., fAuQuette s., bessedik m., jiménez-
moreno G., tAoufiQ n. b., zhenG z., medAil  f. & klotz s. 
2018. — Reconstruction of Mediterranean flora, vegetation 
and climate for the last 23 million years based on an extensive 
pollen dataset. Ecologia mediterranea 44 (2): 53-85. https://doi.
org/10.3406/ecmed.2018.2044

švAGrovský j. 1971. — Das Sarmat der Tschechoslowakei und 
seine Molluskenfauna. Acta Geologica et Geographica Universitatis 
Comenianae 20: 1-439, 41 pl.

szőts e. 1953. — Margyarország eocén puhatestüi. I. Gántkörnyéki 
eocén puhatestüek. Geologica Hungarica Series Palaeontologica 
22: 1-270.

tAGuChi e. 1992. — Five new species of fossil Mollusca from the 
Miocene Katsuta group in Okayama Prefecture, southwest Japan. 
Venus 51, 163-174.

tAGuChi e. 2002. — Stratigraphy, molluscan fauna and paleoenvi-
ronment of the Miocene Katsuta group in Okayama Prefecture, 
southwest Japan. Bulletin of Mizunami Fossil Museum 29: 95-133.

thivAiou d., hArzhAuser m. & koskeridou e. 2019. — Early 
Miocene Gastropods from the Felli Section (Proto-Mediterranean 

Sea, NW Greece). Geodiversitas 41 (8): 323-366. https://doi.
org/10.5252/geodiversitas2019v41a8

vAsiliev i., kArAkitsios v., bouloubAssi i., AGiAdi k., kontAki-
otis G., AntonArAkou A., triAntAPhyllou m., GoGou A., 
kAfousiA n., rAfélis m., zArkoGiAnnis s., kACzmAr f., PAri-
nos C. & PAsAdAkis n. 2019. — Large sea surface temperature, 
salinity, and productivity – Preservation changes preceding the 
onset of the Messinian salinity crisis in the Eastern Mediterra-
nean Sea. Paleoceanography and Paleoclimatology 34 (2): 182-202. 
https://doi.org/10.1029/2018PA003438

vermeij G. j. 2007. — The ecology of invasion: acquisition and 
loss of the siphonal canal in gastropods. Palaeobiology 33 (3): 
469-493. https://doi.org/10.1017/S0094837300026403

vermeij G. j. 2014. — Molluscan marginalia: serration at the lip 
edge in gastropods. Journal of Molluscan Studies 80 (3): 326-336. 
https://doi.org/10.1093/mollus/eyu020

vredenburG e. 1928. — Description of Mollusca from the post-
Eocene Tertiary formation of north-western India: Gastropoda 
(in part) and Lamellibranchiata. Memoirs of the Geological Survey 
of India 50(2): 351-506.

WAlChner f. A. 1851. — Handbuch der Geognosie zum Gebrauche 
bei seinen Vorlesungen und zum Selbststudium mit besonderer 
Berücksichtigung der geognostischen Verhältnisse des Großherzogthums 
Baden. Christian Theodor Groos, Karlsruhe: 1121 p.

Wells f. e. 2003. — Ecological separation of the mudwhelks Ter-
ebralia sulcata (Born, 1778) and T. semistriata (Mörch, 1852) 
(Gastropoda: Potamididae) from northern Australia. The Nau-
tilus 117 (1): 1-5.

Wilson b. 2013. — Chapter 5 – Mangrove habitat and associated 
fauna, in Wilson b., The Biogeography of the Australian North 
West Shelf: Environmental Change and Life’s Response. Elsevier, 
Amsterdam: 203-232. https://doi.org/10.1016/B978-0-12-
409516-8.00005-9

zAChos j. C., PAGAni m., sloAn l., thomAs e. & billuPs k. 
2001. — Trends, rhythms, and aberrations in global climate 
65 Ma to present. Science 292 (5517): 686-693. https://doi.
org/10.1126/science.1059412

zittel k. A. 1863. — Die obere Nummulitenformation in Ungarn. 
Sitzungsberichte der mathematisch-naturwissenschaftlichen Classe 
der Kaiserlichen Akademie der Wissenschaften 46 (1): 353-395.

zusChin m., hArzhAuser m., henGst b., mAndiC o. & 
roetzel r. 2014. — Long-term ecosystem stability in an 
Early Miocene estuary. Geology 42 (1): 7-10. https://doi.
org/10.1130/G34761.1

Submitted on 18 February 2020; 
accepted on 19 March 2022; 
published on 28 April 2023.

https://doi.org/10.1126/science.1100061
https://doi.org/10.1126/science.1100061
https://doi.org/10.1016/S0022-0981(97)00029-4
https://doi.org/10.1111/j.1096-3642.2010.00670.x
https://doi.org/10.1111/j.1096-3642.2010.00670.x
https://doi.org/10.3406/ecmed.2018.2044
https://doi.org/10.3406/ecmed.2018.2044
https://sciencepress.mnhn.fr/en/periodiques/geodiversitas/41/8
https://doi.org/10.5252/geodiversitas2019v41a8
https://doi.org/10.5252/geodiversitas2019v41a8
https://doi.org/10.1029/2018PA003438
https://doi.org/10.1017/S0094837300026403
https://doi.org/10.1093/mollus/eyu020
https://doi.org/10.1016/B978-0-12-409516-8.00005-9
https://doi.org/10.1016/B978-0-12-409516-8.00005-9
https://doi.org/10.1126/science.1059412
https://doi.org/10.1126/science.1059412
https://doi.org/10.1130/G34761.1
https://doi.org/10.1130/G34761.1


264 COMPTES RENDUS PALEVOL • 2023 • 22 (14) 

Thivaiou D. et al.

Occurrence
Species Country Province Formation/Localities
Terebralia bonelli (Deshayes, 1833) France Paris Basin –
Terebralia duboisi (Hörnes, 1855) France Aquitaine Basin, Loire Basin –

Italy Piedmont Basin, Calabria province –
Turkey Antalya Basin Altınkaya formation

Karaman Basin Tırtar Formation
Austria Korneuburg Basin, Styrian Basin, Vienna Basin –
Romania Dacian Basin –
Moldova Dacian Basin –
Ukraine Dacian Basin –
Iran Qom Basin –

Terebralia gibberosa Grateloup, 1832 France Paris Basin, Aquitaine Basin –
Terebralia lignitarum (Harzhauser, 2002) France Aquitaine Basin –

Portugal – Cacella locality
Germany North Sea Basin Krinke gravel-pit
Turkey Denizli Basin, Mut Basin, Erzincan Basin, Sivas Basin –
Greece Mesohellenic Basin, Crete Pentalofo Formation
Italy Po Basin, Calabria province –
Hungary Máriahalom –
Austria Eggenburg (various localities), Korneuburg Basin –

Terebralia subcorrugata d’Orbigny, 1852 France Aquitaine Basin Saucats-Lariey, La Brède, 
Saucats-Peloua, Léognan

Italy Lecce province Otranto
Greece Mesohellenic Basin Pentalofo Formation

appenDix 1. —Supplementary occurrence data for species of Terebralia Swainson, 1840 with a larger geographic distribution.
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