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A low diversity Sinuites gastropod community from  
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Ebbestad, J.O.R. and Cope, J.C.W. 2021. A low diversity Sinuites gastropod community from the Floian, Early Ordovi
cian, of South Wales. Acta Palaeontologica Polonica 66 (2): 319–335.

A low diversity Sinuitesdominated gastropod community is described from the Floian, Arenig Series, of the Llangynog 
Inlier, southwest of Carmarthen, South Wales. The abundant material comes from shallowwater siltstone and mudstone 
beds of the Bolahaul Member of the Ogof Hên Formation. The locality has an exceptionally diverse molluscdominated 
fauna (63.5% of the fauna), with gastropods constituting 6% and tergomyans 1% and echinoderms, arthropods and other 
fauna making up the rest. Except for one rare tergomyan mollusc, identified as Carcassonnella cf. vizcainoi, other tergo
myans are described elsewhere. Nearly half of all gastropod specimens are represented by Sinuites ramseyensis. Three 
of the five taxa described are new: Mimospira llangynogensis sp. nov., Catalanispira prima sp. nov., and Ceratopea? 
moridunensis sp. nov. The assemblage compares best with those of contemporaneous highlatitude periGondwana 
areas. Early Ordovician species of Carcassonnella are typically found in France, Iberia, Czech Republic, and Morocco, 
while species of Mimospira are found in Germany and Czech Republic, but also in Baltica where the main radiation took 
place later. Two of the oldest occurrences of Mimospira are from Avalonian Wales (Carmarthenshire and Anglesey). 
Catalanispira occurs later in Baltica and Laurentia in the late Middle and early Late Ordovician, when taxa from these 
areas start to appear in Wales and vice versa. The presence of Ceratopea?, a genus typical of Laurentia, is at odds 
with the biogeographic distribution of faunas at this time. Part of the observed distribution pattern may be explained 
by different latitudinal position and facies depths of Avalonia compared to Armorica, Bohemia, and Morocco. The 
species described herein are amongst the first Floian taxa of these groups formally described from this area and add 
significantly to the global Floian record.
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Introduction
The Floian record of gastropods and tergomyan molluscs 
is meagre and among the poorest during the Ordovician 
(Ebbestad et al. 2013). Records from North America and 
North China constitute the majority of known occurrences, 
and endemism was high throughout the Early Ordovician. 
As a result, a few key genera control the observed pattern 
of distribution and the biogeographical inferences that can 
be deduced from this. In general terms, gastropod diver
sity increases steadily throughout the Ordovician until it 
drops at the end of the period, but with different patterns 
of dispersal, diversity and ecological distribution among 
gastropod groups, palaeocontinents and facies (Novack
Gottshall and Miller 2003; Frýda and Rohr 2004; Frýda et 

al. 2008; Ebbestad et al. 2013), but also among members of 
the planktic and benthic realms (Nützel et al. 2006; Servais 
et al. 2010). Gastropod and tergomyan diversity and dis
persal trends follow suite of other major benthic organisms 
during the complex and dynamic biodiversity increase seen 
throughout the Ordovician, constituting the socalled Great 
Ordovician Biodiversity Event (Servais and Harper 2018).

During the Early Ordovician, several communities and 
faunal provinces can be recognized, most notably among 
brachiopods and trilobites. Both groups show high ende
mism during this time (Harper et al. 2013; Adrain 2013) 
which in many cases enables the recognition of areas that 
were biogeographically close (Fortey and Cocks 2003). 
Among the gastropods and tergomyans the large Laurentian 
unit is prominent (North America, Greenland, Argentina, 
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and North China) based on genera such as Ceratopea Ulrich, 
1911, Lecanospira Butts, 1926, Lophonema Purdue and 
Miser, 1916, Macluritella Kirk, 1927, Malayaspira Koba ya
shi, 1958, Ophileta Vanuxem, 1842, Plethospira Ulrich and 
Scofield, 1897, Sinuopea Ulrich, 1911, Teiichi spira Yochel
son and Jones, 1968, and others. In the Euro pean periGond
wana and North Africa palaeoareas, Ibero Armorica, Bohe
mia, and Morocco are joined by high lati tude area genera 
like Carcassonnella Horný and Peel, 1996, Lesueurilla 
Koken, 1898, Peelerophon Yochelson in Babin et al., 1982, 
Pelecyogyra Ebbestad and Lefebvre, 2015, and Thoralispira 
Horný and Vizcaïno, 1995 (Frýda and Rohr 1999; Ebbestad 
et al. 2013).

The present study reports on four gastropod taxa and 
one planispiral tergomyan mollusc from the Floian, Arenig 
Series, of the Llangynog Inlier southwest of Carmarthen 
in South Wales. These are amongst the first Floian taxa 
of these groups formally described from this area and add 
significantly to the global Floian record. Hicks (1873) de
scribed two species from coeval beds at Pembrokeshire to 
the west of the Llangynog Inlier, which are discussed in 
relation to the new material. Around 120 specimens were 
available for this study, and although variably deformed, 
the large sample set allows a good appreciation of their 
morphology. The composition of the fauna shows elements 

of both periGondwana and Laurentian forms, and includes 
planispiral forms like Carcassonnella and the widespread 
Sinuites Koken, 1896, the rare sinistrally coiled conispiral 
forms Mimospira Koken in Koken and Perner, 1925, and 
Catalanispira Ebbestad, Kolata, and Isakar 2020a, as well 
as a possible Ceratopea.

Institutional abbreviations.—BGS, British Geological Sur
vey, Nottingham, UK;  NMW, National Museum of Wales, 
Cardiff, Wales, UK.

Nomenclatural acts.—This published work and the nomen
clatural acts it contains have been registered in ZooBank: 
urn:lsid:zoobank.org:pub:01FF623C11BB4A038DE7
354990FBF7ED

Geological setting
The Llangynog Inlier (Cope 1982) is an area of Neoprotero
zoic, Cambrian and Lower Ordovician rocks that crop out 
to the southwest of Carmarthen, South Wales (Fig. 1). To 
the south the inlier is limited by the cover of Green Castle 
Sandstone Formation of the basal Old Red Sandstone (Cope 
2018) of Late Silurian age, and is bounded to the north and 

Fig. 1. A. Moridunian stratigraphy (after Fortey and Owens 1978). B–D. Simplified maps of  Wales (B), the southeastern part of the country (C), and the 
area south of Carmarthen (D) showing the location of the study area and outcrop. E. Simplified geological map with position of the DanlanyCastell 
quarry (modified from Cope 1982). 
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west by Middle Ordovician graptolitic shale. The River Tywi 
(Towy) limits the inlier to the east. The rocks of the inlier 
were discovered by JCWC during mapping of the area begun 
in the late 1970s where the current Geological Survey 1967: 
1:63 360 Sheet 229 (Geological Map Series, New Series, 
Carmarthen, https://www.bgs.ac.uk/informationhub/bgs
mapsportal/) of the area shows only Floian, Arenig Series, 
Lower Ordovician rocks beneath the Old Red Sandstone.

The Floian rocks to the SE of Carmarthen and E of the 
River Tywi were investigated by Fortey and Owens (1978). 
They found that the succession there had been incorrectly 
interpreted by the Geological Survey and divided the Arenig 
Series there into a lower Ogof Hên Formation and an upper 
Carmarthen Formation; two members were recognised in 
the Ogof Hên Formation, a basal Allt Cystanog Member 
and an upper Bolahaul Member (Fig. 1). These formations 
and their constituent members were recognised to the W of 
the River Tywi in the Llangynog Inlier by Cope (1979). The 
fossils described herein are from a small quarry (grid refer
ence SN 3640 1639) in the Bolahaul Member situated about 
6 km southwest of Carmarthen, and known as the Dan
lanyCastell quarry. It lies 500 m southeast of Danlany
Castell and near to a house named LlynyLlawr (locality 7 
in Cocks and Popov 2019; Fig. 1). The age of the fauna is 
tightly constrained by the Merlinia selwynii Trilobite Zone 
of Fortey and Owens (1978) and of their Moridunian Stage 
(lower Floian, Fl1).

Although the Geological Survey Memoir (Strahan et al. 
1909: 16) described this quarry they reported a very meagre 
faunal list that included a single unnamed bivalve. However, 
the quarry has yielded an exceptionally diverse fauna which 
is molluscdominated and is the earliest example of the 
“modern fauna” of Sepkoski (1981). Recognising that the 
fauna contained unusual elements for a rock of this age, 
bulk collection and splitting of the rock in the laboratory 
was carried out over a number of years. Altogether some 
3 100 fossils were collected and it was found that molluscs 
comprised some 71.5% of the fauna (of which bivalves are 
57%, nautiloids 36%, gastropods 6%, tergomyans 1%, and 
a single rostroconch specimen). In addition the quarry has 
also yielded the earliest examples of several other fossil 
groups including parablastoids (Paul and Cope 1982) and 
their later recognised holdfasts (Cope and Donovan 2005), 
the earliest bryozoan thenknown (Taylor and Cope 1987), 
the earliest gorgoniids (Cope 2005) and the earliest calcified 
red alga (Riding et al. 1998).

Of the molluscs the bivalve fauna of 20 species belonging 
to 18 genera is the most diverse fauna of that age known and 
includes the earliest examples of several bivalve groups; that 
fauna and the rostroconch were described by Cope (1996) 
and the nautiloids by Evans (2005). Herein the gastropod 
fauna and a single species of tergomyan are described, the 
remainder of the small but varied tergomyan fauna will be 
described elsewhere.

Although there are several good exposures of the 
Bolahaul Member both E and W of the River Tywi, this one 

locality is unique in its rich fauna and has been designated 
as a Site of Special Scientific Interest (SSSI) under the aus
pices of the Countryside Council for Wales (CCW). The 
reason for the extraordinary richness of the fauna may be 
due to the fact that it is clearly a shallowwater closeinshore 
siltstone and mudstone deposit, with occasional pebbly hori
zons; bioturbation is frequent. The majority of the fossils are 
preserved as limonite coated moulds, frequently undistorted 
and unaffected by cleavage. The gastropods, unlike the rest 
of the fauna, are often distorted.

Systematic palaeontology
Phylum Mollusca Linnaeus, 1758
Class Tergomya Horný, 1965
Family Carcassonnellidae Horný, 1997b
Genus Carcassonnella Horný and Peel, 1996
Type species: Gamadiscus courtessolei Yochelson in Babin et al., 1982; 
by original designation of Horný and Peel (1996: 307), the Tremado
cian (Tr2) to Floian (Fl3), St. Chinian–lower Landeyran formations 
(former horizons e–i, j?, l) in the Montagne Noire, France.

Remarks.—Shells of the planispiral Carcassonnella are 
readily identifiable by their distinct ornamentation of trans
verse lirae, shallow median sinus followed by a slit leading 
into a raised median dorsal crest. Hitherto Carcassonnella 
was known from seven species, four that are named and 
three that are left in open nomenclature. The type species 
Carcassonnella courtessolei (Yochelson in Babin et al., 
1982) is extremely abundant in the Lower Ordovician (Tr3–
Fl3) of Montagne Noire, France, and Fezouata, Morocco, 
with the more uncommon C. vizcainoi Horný and Peel, 1996, 
occurring in both areas in the lower Floian (Fl1) (Horný 
and Peel 1996; Horný1997b; Ebbestad 2016; Ebbestad et al. 
2020b). A minute unnamed species also found in Morocco 
in the same interval as C. courtessolei (Ebbestad 2016). The 
Middle Ordovician (Dw2, Dw3) C. pragensis and C. sp. 
were described by Horný (1997a) from the Prague Basin, 
Czech Republic, while Carcassonnella cf. courtessolei was 
identified from Lower Ordovician (Tremadocian or Floian) 
pebbles in a Carboniferous olistostrome in Córdoba of 
Spain (GutiérrezMarco et al. 2014). The youngest species 
is C. multilineata (Reed, 1920) from the Upper Ordovician 
(Katian; Ka2–Ka4) of Girvan, Scotland, which hitherto is 
the only record outside periGondwana (Ebbestad 2008).

Carcassonnella cf. vizcainoi Horný and Peel, 1996
Fig. 2.

Material.—Two internal moulds, NMW 2017.15G.1, NMW 
2017.15G.2, with the external mould of the former preserving 
impression of the ornamentation. From DanlanyCastell 
quarry, Carmarthen, Wales, UK; Floian (Early Ordovician).
Description.—Shell planispiral, ~6.5 mm across and 
~3.5 mm in width with at least 3 whorls. Whorl profile 
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rhomboidal with periphery somewhat below midheight of 
whorl. Upper and lower whorl surface straight to slightly 
concave. Whorl overlap just above periphery. Median dorsal 
carina only slightly raised above shell and bordered by thick 
rounded lirae. Total width of carina is about 7.5 mm (~20% 
of whorl width). Ornamentation consists of regularly spaced 
rounded ribs that are nearly straight across the upper whorl 
surface. Their transition to the median carina is obscured.
Remarks.—The Llangynog species is recognized from two 
small internal moulds. A silicon cast from the external 
mould of specimen NMW 2017.15G.1 shows details of the 
ornamentation and the shape of the whorl, which allows 
comparison with Carcassonnella vizcainoi Horný and Peel, 
1996, from Montagne Noire and Fezouata. A characteristic 
feature of this species is the rhomboidal whorl profile, which 
is also clearly seen in the Llangynog material (Fig. 2A3). 
The type species Carcassonnella courtessolei has a rounded 
whorl profile, while species like C. vizcainoi, C. multilin-
eata (Reed, 1920), and Carcassonnella cf. C. cour tessolei 
sensu GutiérrezMarco et al. (2014) have a rhomboidal 
whorl profile with the periphery low on the whorl (Horný 
and Peel 1996; Ebbestad 2008). The shape and spacing of 
the ornamentation in the best Llangynog specimens resem
bles closely that of some specimens of C. vizcainoi (see 

Horný and Peel 1996: pl. 6: 9–12) although this feature 
is quite variable in the latter (Horný and Peel 1996). The 
main differences between the two is the very low median 
carina with its thicker bordering ribs, the periphery being 
a bit lower and the convexity of the whorl surfaces in the 
Llangynog material. Horný and Peel (1996) pointed out that 
mode of preservation could complicate differentiation of 
especially juvenile specimens of this species relative to C. 
courtessolei. In terms of size the Llangynog specimens are 
smaller than the largest specimens of C. vizcainoi from the 
Montagne Noire, which attain a size of 13 mm (Horný and 
Peel 1996).

Carcassonnella vizcainoi occurs in the lowermost Flo ian 
in France and Morocco, encompassing the lowermost 
Taihungshania migueli Trilobite Zone in Montagne Noire 
and the ?Cymatograptus protobalticus Graptolite Zone in 
Fezo uata (Horný and Peel 1996; Vizcaïno et al. 2001; Ebbe
stad 2016; Ebbestad et al. 2020b). The stratigraphical posi
tion of the Llangynog occurrence would be similar, within 
the Merlinia selwynii Trilobite Zone and the Tetragraptus 
approximatus Graptolite Zone.

Hicks (1873) also described Bellerophon solvensis Hicks, 
1873, from a single small specimen found in contemporane
ous strata at Tremanhire near Solva in Pembrokeshire (BGS 
A 45285). The internal mould is not readily comparable 

Fig. 2. Carcassonellid tergomyan Carcassonnella cf. vizcainoi Horný and Peel, 1996 from the Floian, Lower Ordovician Bolahaul Member of the Ogof 
Hên Formation, DanlanyCastell quarry, Wales, UK. A. NMW 2017.15G.1, silicon cast, in lateral (A1), posterior oblique (A2), and ventral (A3) views. 
B. NMW 2017.15G.2, internal mould in lateral view. Scale bars 5 mm.
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with any of the taxa described herein, but seem to constitute 
a planispiral form. It may be a poorly preserved species 
of Carcassonnella, although the whorl profile seems to be 
rounded and not rhomboidal.

Class Gastropoda Cuvier, 1797
Order Bellerophontida McCoy, 1851
Superfamily Bellerophontoidea McCoy, 1851
Family Sinuitidae Dall, 1913
Genus Sinuites Koken, 1896
Type species: Bellerophon bilobatus Sowerby, 1839: 643, pl. 19: 13, 
by subsequent designation of Bassler (1915: 1159); from the Caradoc 
(Sandbian, Sa2, Upper Ordovician), Horderley Sandstone Formation at 
Horderley, Shropshire, England, UK.

Remarks.—Sinuites is an often cited taxon from Ordovician 
deposits worldwide, although it likely embraces a num
ber of sinuitidlike taxa (see discussion in Ebbestad and 
Yochelson 2000). Horný (1996) suggested that Sinuites 
could have been an active semiinfaunal predator living on a 

soft substrate. The genus is reported from a number of facies 
but it may be more common in deep subtidal siliciclastic en
vironments (Hurst 1979; Wahlman 1992; Horný and Vonka 
2002; Stewart 2012; Ebbestad et al. 2013).

Sinuites ramseyensis (Hicks, 1873)
Fig. 3.
1873 Bellerophon ramseyensis sp. nov.; Hicks 1873: 50, pl. 3: 30–32.

Material.—Fiftyfive specimens, NMW 2017.15G.3–57, 
preserved as variably compressed internal moulds. From 
the DanlanyCastell quarry, Carmarthen, Wales, UK. 
Merlinia selwynii Trilobite Zone, Moridunian regional 
Stage (lower Floian Stage, Fl1).
Description.—Specimen length is 10–20 mm. The whorl 
profile is heartshaped with height and width being about 
equal (Fig. 3D). The wide and Ushaped median sinus 
stretches about 1/3 of a whorl back from the aperture. The 
typical lateral anterior lobes are subangular and at the ap
erture the lateral lip seem to connect with a lateralumbilical 
ridge. A small patch in specimen NMW 2017.15G.7 pre

Fig. 3. Sinuitid bellerophontid Sinuites ramseyensis (Hicks, 1873) from the Floian, Lower Ordovician Bolahaul Member of the Ogof Hên Formation, Dan
lanyCastell quarry, Wales, UK. A. NMW 2017.15G.3, deformed shell in left lateral (A1), posterior oblique (A2), and anterior oblique (A3) views. Note 
the twisted and compacted median sinus seen as a line in A1 and A3. B. NMW 2017.15G.4, anterolateral shield in right lateral view. C. NMW 2017.15G.5, 
large, slightly dorsoventrally flattened specimen in left lateral (C1) and dorsal (C2) views, showing median anterior sinus well. D. NMW 2017.15G.6, 
natural cross section in ventral view, showing the shape of the whorls. E. NMW 2017.15G.7, specimen in left lateral view (E1), showing the external 
mould of the initial whorls and the internal mould of the last whorl; details of the ornamentation as seen on the external mould (E2). Scale bars 5 mm.
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serves ornamentation near the umbilical area about 2/3 of a 
whorl back from the preserved aperture. Fine, slightly wrin
kled lines are expressed on the external imprint and may 
represent subinductural deposits (Fig. 3E) (Horný 1996).
Remarks.—Hicks (1873) described Bellerophon ramseyen-
sis from the Ogof Hên Formation at Ramsey Island and 
St David’s in Pembrokeshire, southwest Wales, which is 
identified as a species of Sinuites (images available on the 
British Geological Survey homepage: http://www.3dfossils.
ac.uk/). The units in Pembrokeshire are the lateral equiv
alent to those of the Llangynog Inlier discussed herein 
(Fortey and Rushton 2000). Preservation of the Sinuites 
specimens in the two areas appears quite similar, and as a 
matter of convenience they may be regarded as constituting 
the same species.

With around 50 specimens Sinuites is the most abundant 
taxon in the present material. Deformation does not allow a 
full appreciation of the morphology, but there is no reason to 
assume that more than one species is present.
Stratigraphic and geographic range.—Ordovician; world 
wide.

Order Mimospirida Dzik, 1983
Family Clisospiridae Miller, 1889
Subfamily Clisospirinae Miller, 1889
Remarks.—Sinistrally coiled members of the Mimospirida 
Dzik, 1983, are a small but conspicuous part of Ordovician 
mollusc communities (total range of the group is Cambrian–
Devonian (Frýda 2012)). Classification of these forms has 
been widely discussed, but currently they are considered 
as basal gastropods of uncertain systematic position (Fryda 
and Bouchet in Bouchet et al. 2005; Frýda 2012; Bouchet 
et al. 2017; Ebbestad et al. 2020a). The order contains two 
families within the superfamily Clisospiroidea Miller, 1889, 
the Clisospiridae Miller, 1889, and the Onychochilidae 
Koken in Koken and Perner, 1925. Members of the former 
are usually moderately high spired and have a wide open 
base (pseudoumbilicus) embraced by a frill or rib, while the 
members of the latter have broad and low shells with a fun
nellike umbilicus (WängbergEriksson 1979; Dzik 1983).

In the Llangynog fauna the Clisospiridae are represented 
by a species of Mimospira Koken in Koken and Perner, 1925, a 
genus found mainly in Ordovician strata and only two records 
in the Silurian (Peel 1975; WängbergEriksson 1979). The 
Onychochilidae is represented by Catalanispira Ebbestad, 
Kolata, and Isakar, 2020a, as genus hitherto only known from 
one species in the Middle Ordovician (Dw3) of Estonia and 
one in the Upper Ordovician (Sa2) of the USA (Ebbestad et 
al. 2020a). Both new records of Mimospira and Catalanispira 
in Wales are amongst the oldest of their genera.

Genus Mimospira Koken in Koken and Perner, 1925
Type species: Onychochilus helmhackeri Perner, 1900: 4, 14, by sub
sequent designation of Knight (1937: 710), from the Arenigan (Dar

riwilian, Dw1, Middle Ordovician) upper pyroclastic member of the 
Klabava Formation near Kváň, Bohemia, Czech Republic.

Remarks.—Most species of Mimospira are small (height 
5 mm or less) and many are left in open nomenclature. 
Ordovician Mimospira are known from at least nine spe
cies through the Ordovician of Baltoscandia and Poland 
(Yochelson 1962, 1963; WängbergEriksson 1979; Dzik 
1983; Isakar and Peel 1997; Frýda and Rohr 1999; Frisk 
and Ebbestad 2007; Lindskog et al. 2015), one Tremadocian 
(Lower Ordovician) species in the Franconian Forest 
(Frankenwald) of Germany (Sdzuy et al. 2001), one species 
from the Katian (Upper Ordovician) of the Carnic Alps 
in Austria (Gubanov and Bogolepova 1999), six species 
from the Tremadocian–Katian of the Prague Basin, Czech 
Republic (Frýda 1989; Frýda and Rohr 1999; Horný 1999; 
Kraft et al. 2013, 2015), one species from the Sandbian 
(Upper Ordovician) of Scotland (Longstaff 1924; Frýda 
and Rohr 1999; Stewart 2012), two species from the Floian 
(Lower Ordovician) and Dapingian (Middle Ordovician) of 
Wales (Bates 1963; this paper) and one Darriwilian (Middle 
Ordovician) species in the Precordillera of Argentina (Dzik 
2020), giving a total of at least 20 species.

Rohr (1996) reported M. aff. M. cochleata Lindström, 
1884, from the lower part of the Whiterockian (Dapingian, 
Dp1; Middle Ordovician) in the lower Antelope Valley at 
Meiklejohn Peak in Nevada, USA, which was compared to 
the Silurian species from Gotland, Sweden (Lindström 1884; 
WängbergEriksson 1979). The two are broadly similar in 
having a distinct rounded angular periphery low on the whorl, 
which is lacking in Ordovician species. They differ in the 
densely spaced oblique lirae in the Silurian form that cross 
the periphery without a change in direction, and the much 
sharper angulation of the periphery in the Nevada form. The 
latter shows widely spaced lirae that are prosocline on the up
per whorl surface sweeping strongly backwards to the sharp 
periphery. Just below the periphery the lirae seem to curve 
more strongly abaperturally before sweeping evenly back
wards, although the angulation may enhance this impres
sion. Rohr (1996) compared the whorl profile of the Nevada 
form with that of the Late Ordovician species of Angulospira 
WängbergEriksson, 1979, from the Katian Boda Limestone 
of Sweden. The idea is followed up here, and is suggested 
that species of Angulospira as well as Bodaspira Wängberg
Eriksson, 1979, compare better with the Nevada form than 
species of Mimospira. Similarities between the Nevada form 
and Bodaspira undulata WängbergEriksson, 1979, in the 
peripheral angulation, distinction of the lirae and direction 
of these across the periphery is compelling and the Nevada 
species is therefore here transferred to Bodaspira sp.

Mimospira llangynogensis sp. nov.
Fig. 4.
Zoobank LSID: urn:lsid:zoobank.org:act:E9919E4F34D04B67870E 
C466C435A7B6
Etymology: After the Llangynog Inlier, where the type specimen is found.
Type material: Holotype (NMW 2017.15G.58, Fig. 4A), lateral
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ly flattened internal mould and its external mould. Paratypes (NMW 
2017.15G.59–66, Fig. 4C), internal and external moulds; from the type 
locality. Two of the paratype specimens occur on NMW 2017.15G.60i, ii.
Type locality: DanlanyCastell quarry, Carmarthen, Wales, UK.
Type horizon: Merlinia selwynii Trilobite Zone, Moridunian regional 
Stage (lower Floian Stage, Fl1).

Material.—Type material only.
Diagnosis.—A large species of Mimospira with a small num
ber of sharp ribs inclined at about 20° relative to the suture.
Description.—Shell is conispiral with 5–6 whorls, width 
slightly less than height, which can reach at least 12 mm. 
Pleural angle is about 55°. Sutures sharply incised but not 
deep (external view). Whorl surface steeply inclined and 
evenly convex between sutures. Aperture gently prosocline, 
simple and thin near suture, but likely getting thicker adum
bilically. Ornamentation consist of regularly spaced ribs with 
rounded edges, separated by weakly concave interareas. The 
ribs are regularly spaced, with slightly increased spacing in 
later ontogeny. Each whorl show 5–6 ribs in lateral view, 
inclined at about 20° relative to the suture. Base of whorls 
rounded, convex, sloping gently into shallow axial area.
Remarks.—All specimens are laterally compressed internal 
or external moulds, but the large size and ornamentation 
allows erection of a new species. The holotype is flattened 
laterally, but is selected as it shows the apertural margin, 
which seems to be simple without any thickening (Fig. 4A). 

The inner lip of the aperture is not preserved, but one inter
nal mould show an excavated ledge along the base (arrow in 
Fig. 4E) suggesting the presence of a thickened margin to
wards the umbilical area. Fig. 4C2 shows the only preserved 
basal view, which is an internal mould of the partial coun
terpart of the lower specimen in Fig. 4C1. The rounded base 
gives a shallow area towards the axis, but no true umbilicus. 
The hole seen in the base indicates the space resulting from 
a dissolved columella.

Only Mimospira sp. from the Tremadocian (Lower Ordo
vician) Vogtendorf Formation of the Franconian Forest in 
Germany, tentatively assigned to the genus by Sdzuy et al. 
(2001), attain a similar size. The single imperfect German 
specimen differs from M. llangynogensis sp. nov. in having 
more densely spaced ribs that also become much denser 
near the base of the whorls. Other Tremadocian species 
are found in the Prague Basin, with M. cf. helmhackeri in 
the Trenice Formation and M. aff. helmhackeri and M. sp. 
in the overlying Mílina Formation, although only the quite 
fragmentary Trenice specimen has been figured (Kraft et al. 
2013, 2015). Another Tremadocian species is Mimospira at-
ava (Moberg and Segerberg, 1906) from the Bjørkåsholmen 
Formation of southern Sweden, which is a small species 
with densely ribbed ornamentation (see further discussion 
in WängbergEriksson 1979; Sdzuy et al. 2001).

The ornamentation in the Late Ordovician species M. 
kallholnensis WängbergEriksson, 1979, from the Boda 

Fig. 4. Clisospirid mimospiridan Mimospira llangynogensis sp. nov. from the Floian, Lower Ordovician Bolahaul Member of the Ogof Hên Formation, 
DanlanyCastell quarry, Wales, UK. A. NMW 2017.15G.58, holotype, laterally flattened internal mould in apertural (A1) and lateral (A2, A3) views. 
B. NMW 2017.15G.59, latex cast of external (B1) and internal (B2) mould. C. NMW 2017.15G.60i, ii, two specimens partly preserved as external and in
ternal moulds (C1); counterpart of the internal mould (arrow in C1) showing its base (C2). D. NMW 2017.15G.61, silicon cast of external mould, showing 
ornamentation and sutures. E. NMW 2017.15G.62, internal mould, arrow points to excavated ledge along the base. Scale bars 5 mm.
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Limestone of Sweden is similar in their distinction and spac
ing compared to that of M. llangynogensis sp. nov., and the 
shell reaches a height of 7 mm. The two differ in the ribs being 
more cordlike in M. kallholnensis and its shell being propor
tionally narrow and slender. The type species of Mimospira, 
M. helmhackeri from the Darriwilian of Bohemia, reaches 8 
mm in height, and the ornamentation is similar to that of M. 
kallholnensis, albeit more densely spaced. The base of the 
last whorl in the type species forms a flangelike extension 
not seen in other species of the genus.

Bates (1963) described Matherella? acuticostata from 
the Fennian (Dapingian; Middle Ordovician) Treiorwerth 
Formation at Trefor in the county of Anglesey, northwest 
Wales. The species was placed with Mimospira by Wängberg
Eriksson (1979), and consists of a tall shell reaching 8 mm in 
height but with much more densely spaced oblique lirae than 
seen in M. llangynogensis sp. nov.
Stratigraphic and geographic range.—Ordovician; Illinois 
(USA), Tallinn (Estonia), Carmarthen, Wales (UK).

Family Onychochilidae Koken in Koken and Perner, 
1925
Subfamily Catalanispirinae Ebbestad, Kolata, and 
Isakar, 2020a
Genus Catalanispira Ebbestad, Kotala, and Isakar, 
2020a
Type species: Catalanispira plattevillensis Ebbestad, Kotala, and Isa
kar, 2020a, by original designation, from the lower 2 m of the Mifflin 
Member of the Turinian (Sandbian, Sa2, Upper Ordovician) Platteville 
Formation (Diplograptus foliaceous Biozone) in northern Illinois, east
ern USA.

Catalanispira prima sp. nov.
Fig. 5.
Zoobank LSID: urn:lsid:zoobank.org:act:4E4A585F9C0C49BFA2B7 
467C8303733E
Etymology: From Latin primus, first; from its earliest record of the 
genus.
Type material: Holotype (NMW 2017.15G.67, Fig. 5B), external mould 
of the dorsal side, and its external mould. Paratypes (NMW 2017.15G.68–
70, Fig. 5A, C, D), internal moulds from the type locality. 
Type locality: DanlanyCastell quarry, Carmarthen, Wales, UK.
Type horizon: Merlinia selwynii Trilobite Zone, Moridunian regional 
Stage (lower Floian Stage, Fl1).

Material.—Type material only.
Diagnosis.—Species of Catalanispira with 3–3.5 whorls, 
strong convexity of upper whorl surface and a pleural angle 
of ~90°.
Description.—Shell large, up to 20 mm across, trochiform 
with 3–3.5 barely overlapping whorls, where last whorl 
expands widely. Shell height is about 2/3 of shell width, 
with the pleural angle being near 90°. Upper whorl surface 
strongly but evenly convex and sharply rounded at periph
ery, giving incised sutures. Aperture tangential, elongate el

liptical, with a steep umbilical side leading into funnellike 
umbilicus. Shell thin with simple comarginal growth lines 
on a slightly irregular surface.
Remarks.—The holotype is an external mould of the dor
sal side of the shell from which a silicon cast was made 
(Fig. 5B), and it demonstrate the large widely expanding 
shell, number of whorls, and trochiform shape. The convex
ity of the upper whorl surface is best seen in second largest 
specimen in Fig. 5A. None of the specimens preserve the 
base, but the deep funnellike umbilicus is seen in a lateral 
view of specimen NMW 2017.15G.70 (Fig. 5D). Although 
the whorls are somewhat collapsed, most of the convexity 
is intact. In apertural view it is possible to see the external 
mould of the umbilical side of the last whorl, showing the 
narrow lenticular shape of the whorl and steep umbilical 
wall (Fig. 5D3). The tangential aperture would place the 
spire at a high angle of inclination, pointing only slightly 
abaperturally (Fig. 5C). The shell is thin and with simple 
growth lines (Fig. 5D1, D2). The slightly irregular upper sur
face is evident in the same specimen, which seems to be the 
least deformed exemplar. The remaining three specimens 
show an irregular upper surface with broad comarginal 
folds of variable prominence. However, this feature is inter
preted as largely secondary and enhanced by deformation 
and compaction.

The new taxon is placed with Catalanispira recently de
scribed by Ebbestad et al. (2020a), known from the Sandbian, 
Late Ordovician C. plattevillensis Ebbestad, Kotala, and 
Isakar, 2020a, in the USA, and the Darriwilian, late Middle 
Ordovician C. reinwaldti (Öpik, 1930) from Estonia, owing 
to the large low trochiform shell, narrow elliptical aperture, 
deep funnellike umbilicus and simple ornamentation. It 
lacks the characteristic broad axeshaped aperture of the 
Tremadocian–Floian Pelecyogyra Ebbestad and Lefebvre, 
2015, from Morocco and France, which is placed within the 
same subfamily as Catalanispira (Ebbestad et al. 2020a, 
b). Pelecyogyra also has fewer whorls and a much greater 
expansion of the last whorl.

Besides being much older than the two other species of 
Catalanispira, the Llangynog taxon seems to have more 
whorls, a more pronounced trochiform shell and stronger 
convexity of the upper whorl surface. In terms of size, the 
Estonian C. reinwaldti is larger than C. prima while C. plat-
tevillensis is smaller. The shell shape of the latter resembles 
that of the Welsh species, but it has fewer whorls.
Stratigraphic and geographic range.—Lower Ordovician 
(Floian) of Wales, Middle Ordovician (Dw3) of Estonia, and  
the Upper Ordovician (Sa2) of the USA.

Order uncertain
Family Raphistomatidae Koken, 1896
Remarks.—In his clade analyses, Wagner (2002) recognized 
“ceratopeoids” as one of three major subclades within the “eu
omphalinaes” (note that these names were used informally, 
see Wagner 2002: 16). Wagner (2002) remarked that the “eu
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omphalinaes”, were close to the superfamily Euomphaloidea 
White, 1877, as defined by Morris and Cleevely (1981, as Euo
mphalaceae), who included the families Ophiletidae Knight, 
1956, Helicotomidae Wenz, 1938, Euomphalidae Koninck, 
1881, and Omphalotrochidae Knight, 1945.

The “ceratopeoids” of Wagner (2002) encompassed two 
subclades, the “raphistomatids” (with the subgroups “lesueu
rillines”, “scalitines” and “holopeines”) and the “helicoto
mids” (with the subgroups “ophiletinines” and “euompha
lopterines”) (see Wagner 2002: table 3). Species with the 
genus Ceratopea Ulrich, 1911, were included by Wagner 
among the early “ceratopeoids” recognized by the strong 
basal growth lines, a strong flangelike peripheral carina, 
an upper whorl surface that is rounder than the lower, and a 

basal carina. The sigmoidal shape of the umbilical growth 
lines was considered a feature of several early “ceratopeoids” 
encompassing species in several genera.

Traditionally, the Euomphaloidea encompassed three 
families in Knight et al. (1960) later increased by two in 
Bouchet et al. (2005, 2017), the Helicotomidae Wenz, 1938, 
Euomphalidae Koninck, 1881, and Omphalotrochidae 
Knight, 1945, respectively, and the Omphalocirridae Wenz, 
1938, and Lesueurillidae Wagner, 2002. In the taxonomic 
revision of Wagner (2002) Ceratopea was placed with the 
family Raphistomatidae in the superfamily Eumophaloidea. 
On the other hand, Bouchet et al. (2005, 2017) placed the 
family with basal gastropods unassigned to a superfamily, 
and recognized Ceratopeidae Yochelson and Bridge, 1957, 

Fig. 5. Onychochilid mimospiridan Catalanispira prima sp. nov. from the Floian, Lower Ordovician, Bolahaul Member of the Ogof Hên Formation, 
DanlanyCastell quarry, Wales, UK. A. NMW 2017.15G.68, internal mould, in dorsal (A1), dorsal oblique (A2), and lateral (A3) views. B. NMW 
2017.15G.67, silicon cast of the holotype in dorsal (B1) and dorsal oblique (B2) views. C. NMW 2017.15G.69, internal mould, in dorsal (C1) and anterior 
(C2) views, the latter shows the apertural plane oriented parallel to bedding plane. D. NMW 2017.15G.70, internal mould, in dorsal (D1), lateral (D2), and 
apertural (D3) views, the last shows original shape of the conch, the umbilical wall is preserved in the last whorl (arrowed). Scale bars 5 mm.
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as a subjective junior synonym of the Raphistomatidae. 
Originally Ceratopeidae was erected to encompass taxa with 
a Ceratopealike operculum (Yochelson and Bridge 1957).

Bandel and Frýda (1998) proposed the Subclass Euo m
phalo morpha for Palaeozoic taxa within the Euomphalo idea. 
The group was recognized mainly by the small eggshaped 
and openly coiled protoconch, which is known prima rily in 
Late Palaeozoic members. Morphologically the euompha
lomorphid protonchs are more complicated and  differ 
markedly from the simple protoconch morphology of the 
“Archaeogastropods”. Protoconchs of the early “ceratope
oids” are unknown and the placement of Ceratopea in the 
Raphistomatidae relies solely on the teleoconch analysis 
by Wagner (2002). Classification above family level is un
certain (see Wagner 2002: 21), and therefore left tentative. 
See also discussions in Frýda and Rohr (2004), Frýda et al. 
(2008), and Frýda (2012).

Genus Ceratopea Ulrich, 1911
Type species: Ceratopea keithi Ulrich, 1911: 665, by original desig
nation, figured in Bassler (1909: 157, pl. 20: 3) as operculum of un
determined gastropod, from the Lower Ordovician Cassinian (Floian, 
Fl2?, Lower Ordovician) Beekmantown Group at Wytheville, Wythe 
County, Virginia, USA.

Remarks.—Ceratopea was originally established by Ulrich 
(1911) based on the hornshaped calcareous operculum, 
which is often silicified (Yochelson 1979). Only three asso
ciations of partial or complete shells with an operculum in 
places are known, all attributed to C. unguis Yochelson and 
Bridge, 1957 (Yochelson and Bridge 1957; Yochelson and 
Wise 1972; Rohr et al. 2004), while isolated opercula are 
common (Yochelson 1979). Yochelson and Bridge (1957) 
pointed out that the question of monophyly of Ceratopea re
mains problematic as long as the type species is only known 
from the operculum. The wider scope of the genus presented 
by Wagner (2002) was also acknowledged as paraphyletic. 
Wagner (2002) suggested that taxa older than early Middle 
Ordovician that have been attributed to Raphistomina Ulrich 
and Scofield, 1897, should belong with Ceratopea.

The Middle to Late Ordovician genus Pararaphistoma 
Vostokova, 1955, has a somewhat Ceratopealike adult shell, 
which lead Yochelson and Copeland (1974) to suggest that 
Pararaphistoma was a junior synonym of Ceratopea. Wagner 
(2002) showed that Pararaphistoma is a derived lesueurillid 
genus, with a marked ontogenetic change in morphology from 
a lesueurillid morphology in early ontogeny to a Ceratopea
like morphology in later ontogeny, mainly due to clockwise 
rotation of the aperture. The genus also possesses a slit at the 
apex of the sinus, which is lacking in Ceratopea.

Species of Pararaphistoma have been reported from the 
Tremadocian–Floian (Lower Ordovician) of the Montagne 
Noire in France (Yochelson in Babin et al. 1982) and the 
Canning Basin of Australia (Yü 1993), all attributed to the 
Darriwilian (Middle Ordovician) P. qualteriata (Schlotheim, 
1820) or P. vaginata Koken in Koken and Perner, 1925, of 
Baltica. The latter is named from France and Australia, and 

the material from these two areas appears quite similar. The 
shells are flattened lenticular and widely phaneromphalus, 
with a rounded base, depressed whorls with upper whorl sur
face sloping adaxially and being gradate, and as such they 
differ from a Ceratopeatype morphology. A second species 
from Australia is named P. qualteriata, and is known from 
internal moulds (Yü 1993). The shell appears much more 
Ceratopealike in the overall shape and convexity, which is 
of course also applicable to the shape of P. qualteriata from 
Baltica. In general, the internal moulds do not allow any 
closer comparison.

At least 40 species of Ceratopea have been recognized, 
ranging from the Tremadocian (Early Ordovician) to the 
Darriwilian (Middle Ordovician; Cullison 1944; Yochelson 
1964; Yochelson and Bridge 1957; Yochelson and Copeland 
1974; Yochelson and Peel 1975; Wagner 2002; Rohr et al. 
2015 and references in these). It is mainly a Laurentian ge
nus, and opercula are common in many Lower Ordovician 
deposits of USA, Canada, and North and East Greenland in 
particular but the genus is also recognized in Svalbard and 
Scotland (Yochelson 1964), the Darriwilian of the Farewell 
Terrane of Alaska (Rohr and Blodgett 1988; Wagner 2002), 
the Dapingian and Darriwilian (Middle Ordovician) of the 
Argentinian Precordillera (Bertero 2007; Ebbestad et al. 
2013), and the Darriwilian of North China (Ebbestad et al. 
2013; data from the Paleobiology Database compiled by 
Peter Wagner).

Ceratopea? moridunensis sp. nov.
Figs. 6, 7.
Zoobank LSID: urn:lsid:zoobank.org:act:564B114FA213458A9423 
17585217B21F
Etymology: From Moridunum the Latin name for Carmarthen, South 
Wales, where the Llangynog Inlier is situated.
Type material: Holotype (NMW 2017.15G.71, Fig. 6A), large speci
men with dorsal side preserved and preserving the convexity. Para
types (45 specimens, NMW 2017.15G.72–113), internal and external 
moulds, all from the type locality. One slab has four specimens (Fig. 7). 
Type locality: DanlanyCastell quarry, Carmarthen, Wales, UK.
Type horizon: Merlinia selwynii Trilobite Zone, Moridunian regional 
Stage (lower Floian Stage, Fl1).

Material.—Type material only.
Diagnosis.—A mediumsized species of Ceratopea with a 
prominent peripheral flangelike carina, base without cir
cumbilical carina, and a steep inner margin without thick
ening.
Description.—Shell lenticular, phaneromphalus with 5–6 
whorls of uniform expansion. Aperture tangential. Initial 
whorls probably abandoned and plugged. Largest shell close 
to 30 mm across. Spire low with large pleural angle, esti
mated to be >120°. Whorls overlap at or just below peri
phery, giving a slightly gradate shell with incised sutures. 
Upper whorl surface arched at suture, evenly convex but be
coming concave near periphery which is carinated, flange
like, rounded, and prominent but narrow. Inner margin of 
aperture straight, seemingly without thickening, steep with 
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an angle of about 30–35° relative to axis of coiling. Base 
evenly but sharply rounded, without a carina. Lower sur
face gently convex, sloping at about 45° relative to axis of 
coiling. Transition to peripheral carina abrupt. Peripheral 
sinus symmetrical, Vshaped and wide. Depth unknown. 
Transition to peripheral carina and presence/absence of 

notch unclear. Growth lines on upper surface gently proso
cline. Growth lines on lower whorl surface gently prosocyrt 
with a slightly stronger abapertural curvature near base, 
continuing with a concave curvature on the inner margin 
giving an overall sigmoidal shape from the lower whorl sur
face to the umbilicus and an excavated shallow sinus at the 

Fig. 6. Raphistomatid gastropod Ceratopea? moridunensis sp. nov. from the Floian, Lower Ordovician Bolahaul Member of the Ogof Hên Formation, 
DanlanyCastell quarry, Wales, UK. A. NMW 2017.15G.71, holotype in dorsal (A1) and near apertural (A2) views. B. NMW 2017.15G.72, silicon cast 
in dorsal view, showing the curvature of the aperture. C. NMW 2017.15G.73, internal mould in dorsal view, showing the flangelike peripheral carina 
in the early whorls. D. NMW 2017.15G.74, internal mould in dorsal view, with partially preserved distorted shell. E. NMW 2017.15G.76, natural cross 
section, showing the shape of the lower parts and base of the whorls. F. NMW 2017.15G.75, initial whorls in dorsal view, showing their convexity. 
G. NMW 2017.15G.77, uncompressed partial specimen in ventral (G1) and ventral oblique (G2) views, showing shape of ornamentation and the wrinkled 
appearance of comarginal bands. H. NMW 2017.15G.78, silicon cast of ventral side in ventral view (H1), ornamentation and details (H2, H3), umbilical 
morphology (H4). I. NMW 2017.15G.79, large partial specimen in ventral view, showing the wrinkled appearance of the ornamentation. The arrow points 
to a bivalve. Scale bars 5 mm.



330 ACTA PALAEONTOLOGICA POLONICA 66 (2), 2021

innermost part of the umbilicus. Shell thin, seemingly with
out any thickening even at the base. Ornamentation consists 
of fine comarginal growth lines on upper and lower whorls, 

but that form slightly uneven comarginal crenulations on the 
lower surface.
Remarks.—The apex whorls are not preserved in any spec
imen of Ceratopea? moridunensis sp. nov., and it is likely 
that these were abandoned and possibly septate or filled 
with (now dissolved) shell material, a condition that is found 
in many Palaeozoic gastropod groups (Yochelson 1971; 
Wagner 2002; Cook et al. 2015). Because of this condition, 
estimation of the number of whorls is difficult but certainly 
exceeds five.

Ornamentation and the shape of the comarginal growth 
lines are seen in several specimens (Fig. 6A, B, F–I), but 
the sigmoidal shape across the lower whorl surface and 
umbilicus is best seen in Fig. 6G2, H1. Several specimens 
have a markedly wrinkled surface, seen on both the dorsal 
and ventral sides of the shell (for instance Fig. 6D, G, I). The 
wrinkling of the upper surfaces is chaotic and unstructured 
while that of the lower surface forms prominent comarginal 
bands. The overall wrinkling may be partly an artefact of 
preservation and its effect on a very thin shell, but seems to 
be amplified on the lower surface by the already underlying 
comarginal irregularities of the ornamentation. The growth 
lines on the base are fine.

The rounded peripheral carina extends prominently out
wards, and it seems to be present already in early ontogeny 
(Fig. 6C), although the initial spire is not preserved in any 
specimen. No growth lines are observed crossing the pe
riphery, but it is assumed that they follow the path of the 
growth lines above and below the keel. There are no bor
dering lirae on the keel, so that a lunuate selenizone is not 
formed, but preservation makes it difficult to see whether 
there is a notch or slit present or not. Both the holotype 
(Fig. 6A) and NMW 2017.15G.72 (Fig. 6B) preserve the 
outer lip and demonstrate the gentle prosocyrt curvature, 
but show no indication of a notch/slit at the periphery. In 
the holotype the carina seems to project slightly upwards 
(Fig. 6A2) but owing to compaction it is unclear whether this 
is a preservational artefact or not. The specimen in Fig. 7A1, 
A3 shows a ventral view, where the peripheral carina is 
visible. There seem to be an abrupt transition to the carina, 
without any change in convexity of the lower whorl surface.

Wagner (2002) commented that Ceratopea previously 
was diagnosed only on the operculum morphology, although 
Yochelson and Copeland (1974) provided a diagnosis com
bining shell and operculum characters. The broader and 
more detailed redefinition of the genus by Wagner (2002) 
suggested that in addition to early “ceratopeoid” synapomor
phies (strongly curved sinuses, a peripheral band that points 
adapically, sigmoidal innermost margin and a thick basal 
carina), the genus is defined by a lenticular aperture, flange
like periphery, and a rounded (convex) upper whorl surface.

The Llangynog species is best placed with Ceratopea 
due to the rounded upper whorl surface, the apparently deep 
Vshaped peripheral sinus leading into the extended pe
ripheral flangelike carina, the steep inner margin and the 
sigmoidal shape of growth lines creating a shallow sinus at 

Fig. 7. Raphistomatid gastropod Ceratopea? moridunensis sp. nov. from the 
Floian, Lower Ordovician Bolahaul Member of the Ogof Hên Formation, 
DanlanyCastell quarry, Wales, UK. A.  NMW 2017.15G.80; A1, over
view of slab with four specimens in ventral views; A2, specimen with pre
served wrinkled shell (white arrow in A1); A3, specimen (black arrow in A1) 
showing the flangelike peripheral carina (arrowhead). Scale bars 5 mm.
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the innermost part of the inner margin. The lack of a basal 
carina is perhaps the main difference of C.? moridunensis 
sp. nov. relative to other species of Ceratopea. Species like 
C. canadensis (Billings, 1865) and C. buttsi Yochelson and 
Bridge, 1957, have coarser growth lines, a basal carina, less 
convexity of the upper whorl surface, and a less pronounced 
peripheral carina (see also Yochelson and Copeland 1974). 
C. unguis Yochelson and Bridge, 1957, have fine growth 
lines similar to those of C.? moridunensis sp. nov., but dif
fers in having a basal carina, a less pronounced peripheral 
carina, a more gradate shell and lacking the inner mar
gin excavation (see Yochelson and Bridge 1957; Rohr et al. 
2004). C. lemo nei (Flower, 1968) is similar to C.? moridun-
ensis sp. nov. in lacking a basal carina and in the crenulation 
on the lower surface, but the angle of the inner margin is 
smaller. C. praevium (Whitfield, 1889) differs mostly from 
C.? moridunensis sp. nov. by having low convexity of the 
upper whorl surface.
Geographic and stratigraphic range.—Ordovician; Argen
tina?, Canada, Greenland, Scotland, and USA.

Concluding remarks
The tergomyan Carcassonnella and the gastropods de
scribed herein are a small part of the otherwise molluscan 
dominated fauna of the Bolahaul Member of the Ogof Hên 
Formation. Despite the low diversity, the molluscs herein 
represent an unusual assemblage of forms that in many re
spects are rare (the sinistral forms), and/or very early repre
sentatives of their group. Floian (Early Ordovician) was also 
a time of high endemism among several taxa, which makes 
discrete faunal elements important for biogeography. The 
geographical distribution of the fauna is also important as 
Avalonia during the Early Ordovician was in a periGond
wana setting with a wide Iapetus Ocean separating it from 
Laurentia (Cocks and Fortey 2009; Torsvik and Cocks 2013, 
2017; Domeier 2016).

During the Tremadocian–Floian (Early Ordovician) 
Car cassonnella is only found in sediments of high lati
tude periGondwana (IberoArmorica, Morocco) where it 
often occurs gregariously (Ebbestad 2016; Ebbestad et al. 
2020b). The genus does not appear in Bohemia until the 
Darriwilian, and is only found outside periGondwana in 
the Katian (Late Ordovician; Ebbestad 2008). Mimospira on 
the other hand is conspicuously absent in the Tremadocian–
Floian of the Montagne Noire and Morocco. The genus is 
found in the Tremadocian periGondwana settings of the 
Franconian Forest in Germany, Bohemia and Baltica, which 
also share faunal elements among the trilobites and brachio
pods (Sdzuy et al. 2001; Mergl 2006; Popov et al. 2013). 
The genus is not seen again until the Darriwilian (Middle 
Ordovician) in Baltica and Bohemia. The Floian (herein) 
and Dapingian (Middle Ordovician) records (Bates 1963) of 
Mimospira in Wales are therefore amongst the first. The ge

nus does not appear in Laurentia until the Sandbian (Stewart 
2012). The Franconian Forest fauna also share brachiopod 
elements with Tremadocian of South America (the Puna 
region; Benedetto et al. 2009) as do brachiopods described 
from the same locality as the material presented herein 
(Cocks and Popov 2019).

Catalanispira cymruensis sp. nov. is the stratigraphi
cally oldest member of this newly described genus, other
wise known from the Darriwilian of Baltica and Sandbian 
(Middle Ordovician) of Laurentia. Increased faunal ex
change between Avalonia, Baltica and Laurentia took place 
from the Middle Ordovician and onwards (Cocks  and Fortey 
2009; Ebbestad et al. 2013; Lam et al. 2018).

Whereas all these three taxa are known from very 
few specimens in the collections herein, specimens of 
Ceratopea? moridunensis are common. This species is not 
associated with the characteristic operculum, but this is 
not unusual (Yochelson and Copeland 1974). Species of the 
Ceratopea are overwhelmingly Laurentian in their distribu
tion throughout the Tremadocian–Darriwilian with rare oc
currences in the Argentinian Precordillera and North China 
in the Darriwilian. It also occurs by then in the Farewell 
Terrane of Alaska, which was situated close to Siberia in the 
Early Palaeozoic (Rohr and Blodgett 1988; Blodgett et al. 
2002). However, faunal exchange between the periGond
wana high latitude Avalonia and equatorial Laurentia across 
a wide Iapetus Ocean during the Early Ordovician must 
have been limited. A clear Eastern North America biogeo
graphical entity defined by Ceratopea and several other 
genera of gastropods and tergomyans is clear (Ebbestad et 
al. 2013), and the faunal integrity of Laurentia is also docu
mented in other wellstudied groups like the rhynchonelli
form brachiopods (Harper et al. 2013) and trilobites (Cocks 
and Fortey 2009).

In summary, it is clear that the taxonomic composition 
of the Llangynog assemblage described herein does not 
provide any strong biographical signals, other than broadly 
to periGondwana areas. The tentative identification of 
Ceratopea herein is at add odds with the Laurentian disper
sal pattern of the genus and the distance between Laurentia 
and Avalonia at this time, although Avalonia entities were 
separated from main Gondwana by the Early Ordovician 
(see discussion in Cocks and Fortey 2009). Findings of 
early Mimospira species in Avalonia, the Franconian Forest, 
Bohemia and Baltica may reflect a wide dispersal due to 
planktotrophy. It has been argued that the protoconch of 
Mimospira consist of an embryonic shell (protoconch I) and 
a larval shell (protoconch II) which is present in gastropods 
with planktotrophic larval dispersal (Frýda et al. 2008; Frýda 
2012). This would allow the larvae to stay longer in the water 
column and facilitate a wider dispersal. Furthermore, Mergl 
(2006) noted that similarities in the trilobite fauna between 
periGondwanan Bohemia and Baltic at this time is due to 
similar depthrelated biofacies of cosmopolitan genera, rather 
than close biogeographic distance. The shared occurrence of 
Carcassonnella with the contemporaneous periGondwana 
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tergomyan and gastropod faunas of the Montagne Noire and 
Morocco is interesting. However, with only two specimens 
and lack in Wales of other components that are typical for the 
Montagne Noire and Morocco, like Thoralispira Horný and 
Vizcaïno, 1995, Pelecyogyra Ebbestad and Lefebvre 2015, 
and Lesueurilla prima (Barrande in Perner, 1903) does not 
support any close exchange of faunas between these areas. In 
comparison, contemporary brachiopods from South Wales, 
of which 11 species were described from the same locality as 
the material herein, were closely tied to faunas of periGond
wana and Gondwana areas (Cocks and Popov 2019).

Part of the distribution pattern may be explained by dif
ferent latitudinal position and facies depths. Bivalves are the 
most common molluscs in the Llangynog assemblage, and 
the bivalve fauna of the Montagne Noire (Babin in Babin 
et al. 1982) is in part of equivalent age. It differs in being a 
deeper water fauna than that of Llangynog and is preserved 
entirely in mudstone facies. The Montagne Noire was cer
tainly at considerably higher latitude than South Wales in 
Early Ordovician times and the two factors of latitude and 
water depth explain a bivalve fauna dominated by hetero
conchs (80.7% of the fauna, whereas pteriomorphs only 
account for 0.4%). At Llangynog pteriomorphians are the 
most important members of the fauna (47%) and outnumber 
heteroconchs (38.6%) (all figures from Cope and Kriz 2013).
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