Platyceratid gastropods — stem group
of patellogastropods, neritimorphs or something else?
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A systematic study of Silurian and Devonian platyceratid gastropods provides new data on their early shell ontogeny.
Typical cyrtoneritimorph protoconchs were found in Praenatica cheloti (Oehlert & Oehlert, 1887) from the Lower De-
vonian strata of Brittany (W France). The same protoconch type, as in Praenatica Barrande in Perner, 1903, was earlier
documented in Orthonychia Hall, 1843. Both of the latter taxa have often been considered to be subgenera of Platyceras
Conrad, 1840. However, Silurian and Devonian species of Platyceras from the Barrandian area develop quite different
protoconchs (orthostrophic and tightly coiled), similar to those found earlier in different species of the family
Naticopsidae Waagen, 1880. Current data suggests that Paleozoic platyceratids represent a diphyletic group. The nature
of their protoconchs (development of a true larval shell) testifies against the hypothesis that the Paleozoic platyceratids
are the stem group for the Patellogastropoda. However, the derivation of modern neritimorphs from Paleozoic
“platyceratids” with tightly coiled protoconchs or from the naticopsids seems to be probable. The strongly convolute
neritimorph protoconch (apomorphy of neritimorph crown-group) probably originated after the Permian/Triassic mass
extinction event, but before the Late Triassic. « Key words: Gastropoda, phylogeny, Platyceratoidea, Neritimorpha,
Patellogastropoda, Cyrtoneritimorpha, protoconch morphology.
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The phylogenetic position of fossil animals is often uncer-
tain due to a limited number of characters bearing a phylo-
genetic signal. This situation is more frequent in extinct
animal groups because their anatomical features cannot be
inferred from related living taxa, the latter often characteri-
zed not only by their morphological, but also by anatomical
and genetic data. Difficulties with recognition of the cor-
rect phylogenetic position of fossil animals also increase
with their geological age. This rule may be well illustrated
by fossil members of the class Gastropoda. Gastropods
form about 20 percent of all living marine species in Re-
cent marine ecosystems, but the vast majority of their fami-
lies originated after the crisis at the Cretaceous/Palacogene
boundary (Stanley 2007 and references therein). In addi-
tion, Bouchet et al. (2005) showed that the majority of gas-
tropod families are extinct. The phylogenetic position of
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these extinct gastropods in relation to higher taxa may
be inferred only from the morphological features of their
fossilized shells. Generally morphological characters of
the teleoconchs (i.e., post-metamorphic shells) seems to re-
present a good character source for species- to family-level
taxonomy. However, teleoconchs bear few or no phyloge-
netic signals useful for analysis of their order-level posi-
tion. In contrast to the teleoconchs, the pattern of early
shell ontogeny as well as the shell microstructure provides
data which seems to be more useful for analysis of the higher
phylogenetic relationships of fossil gastropods. Studies
of living gastropods (e.g., Bandel 1982) showed that the
pattern of early shell ontogeny is a good apomorphic cha-
racter of high-level taxa. Each of four main groups of living
orthogastropods (all gastropods excluding the patellogas-
tropods) may be characterized by a unique pattern of early

107



Bulletin of Geosciences * Vol. 84, 1, 2009

shell ontogeny (Bandel 1982, 1997; Ponder & Lindberg
1997, and references therein). In addition, the shell ontoge-
netic pattern is very stable for long temporal ranges which
make the recognition of major phylogenetic lineages of li-
ving gastropods in the past possible. Analysis of these cha-
racters in fossil gastropods has shown that all four living
orthogastropod clades (Caenogastropoda, Heterobranchia,
Neritimorpha, and Archaeogastropoda) may be traced back
to the Paleozoic (Bandel 1997; Fryda 1998a—c, 1999;
Niitzel 1998; Niitzel er al. 2000; Bandel 2002a, b; Fryda
& Rohr 2004, 2006; Fryda ef al. 2008a, and references the-
rein). Moreover, studies of the shell ontogeny in fossil gas-
tropods have revealed the presence of several Paleozoic
gastropod clades which existed for a long time and which
were characterized by unique ontogenetic patterns un-
known in post-Paleozoic gastropods (Fryda 1999a, Fryda
& Rohr 2004, Fryda et al. 2008a and references therein).
However, our knowledge of the shell ontogeny of Paleo-
zoic gastropods is still poor. The present short paper deals
with the discovery of protoconchs in Early Devonian platy-
ceratid gastropods from Brittany (France) and is focused
mainly on its significance for an understanding of their
higher phylogenetic position.

Platyceratids from Brittany

On-going revision of the large fossil collections of Devo-
nian gastropods from Brittany (W France) revealed an unu-
sually high number of well-preserved shells belonging to
different platyceratid taxa. The almost uncoiled shells of
Orthonychia protei (Oehlert, 1883) enabled an analysis
of the infraspecific variability of shape, size and position
of the muscle scar (Fryda et al. 2008b). On the other hand,
coiled shells of some platyceratids revealed a well preser-
ved juvenile whorl making the study of their early shell
ontogeny possible. Since the discovery of unusual proto-
conchs in the Early Devonian Vitaviella reticulata Fryda &
Manda, 1997, our efforts to find other platyceratoideans
with a well preserved protoconch has been focused on
many Silurian and Devonian gastropod faunas from Eu-
rope, Asia, Australia and North America. Characteristic
cyrtoneritimorph protoconchs were found in some of these
faunas, but typically they were isolated or attached to very
juvenile shells, which did not provide sufficient shell cha-
racters for determination of their specific as well as generic
assignments. Platyceratid species are based, like the vast
majority of the Paleozoic gastropod species, on adult shells
which frequently do not preserve juvenile whorls. Previous
research has provided evidence that isolated cyrtoneriti-
morph protoconchs are very common in Early Paleozoic
strata (see discussion in Fryda 1999; Niitzel & Fryda 2003;
Niitzel ez al. 2006, 2007a), however, because of this it is
difficult or even impossible to determine to which species
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or genus the discovered protoconchs belong. The Early De-
vonian material of Brittany provides a unique opportunity
to study well-preserved protoconchs in adult platyceratid
shells. Such conditions are very rare even in living marine
gastropods.

The platyceratid gastropods described here come from
localities NW of Laval in the eastern part of the Massif
Armoricain, in the Mayenne department, W France. The
locality of La Baconniére is situated about 15 km NW of
Laval and is famous for its very abundant, well-preserved
fossils, among which are numerous gastropods. The best
known localities are the La Poupardiére and La Jallerie
quarries, which are between 1.5 km and 2.5 km S of La
Baconniére. The Saint Roch quarry, N of Saint Ouen-
des-Toits, is close to the La Jallerie quarry, and situated
about 3 km S of La Baconniére. Maps and a detailed de-
scription of the above-mentioned localities can be found
in the monographs of Morzadec (1971) and Racheboeuf
(1976).

Generic position of platyceratids
from Brittany

Since the middle of the nineteenth century several tens of
Early Devonian gastropod species were described from
Brittany (e.g., Verneuil 1850; Oehlert 1877, 1881, 1883;
Oehlert & Oehlert 1887; Oehlert & Davoust 1879; Renaud
1930, 1942). Gastropods placed into the superfamily Platy-
ceratoidea Hall, 1879 form only a small part of the species
known from Brittany. Seven gastropod species, described
under the names Platyceras lorieri de Verneuil, 1850, Pla-
tyceras dentalium Hall, 1861, Platystoma? janthinoides
Oehlert, 1877, Platystoma? naticopsis Oehlert, 1877, Dia-
phorostoma (Strophostylus) cheloti Oehlert & Oehlert,
1887, Platystoma naticopsis v. undulata Oehlert, 1881, and
Acroculia protei Oehlert, 1883 are typical platyceratids.
Four additional species — Naticopsis sirodoti Munier-Chal-
mas, 1876, Naticopsis filosa Oehlert & Oehlert, 1887, Na-
ticopsis elegantula Oehlert & Davoust, 1879, and Naticop-
sis bigsbyi Oehlert & Davoust, 1879 — described as
belonging to the genus Naticopsis M’Coy, 1844, may also
be members of the platyceratoidean group. The generic po-
sition of Platyceras lorieri, Platyceras dentalium and Ac-
roculia protei is obvious (see Oehlert 1881, pl. II, and
Fryda et al. 2008a) and they may be placed in the genus Or-
thonychia Hall, 1843. In addition, the first two species may
be even conspecific (see de Verneuil, 1850, pl. I1, figs 1, 2).
The core group of the platyceratids from Brittany is formed
by Diaphorostoma (Strophostylus) cheloti, Platystoma?
Jjanthinoides, Platystoma? naticopsis and Platystoma nati-
copsis v. undulata. In 1877, Oehlert described two species
from the locality La Baconniére which he questionably
placed in the genus Platystoma (later correctly cited by
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Figure 1. Platystoma? naticopsis [= Praenatica naticopsis] Oehlert, 1877 and Diaphorostoma (Strophostylus) cheloti [= Praenatica cheloti] Oehlert
& Oehlert, 1887 from the Lower Devonian strata of Brittany (France). « A-D — holotype of Platystoma? naticopsis Oehlert, 1877 [= Praenatica
naticopsis] figured on pl. 9, fig. 10, UBO [= Université de Bretagne Occidentale] collection, No. 2560 (Musée d’Histoire Naturelle, Laval,
No. ML-PAL-00401), La Poupardiére quarry near La Baconniére. * E-H — Praenatica naticopsis from La Baconniere (about 15 km NW of Laval),
topotype No. ML-PAL-00402 from the same collection as the holotype. ¢ I-J — Praenatica naticopsis from La Baconniére, topotype No. ML-PAL-00403
from the same collection as the holotype. * K, L — Platystoma? naticopsis Oehlert, 1877 [= Praenatica naticopsis] figured by Renaud (1942) on pl. IX,
fig. 7, UBO collection, No. 2561 (No. ML-PAL-00404), La Poupardiére quarry near La Baconniére. * M, N — Diaphorostoma (Strophostylus) cheloti
Oehlert & Oehlert, 1887 [= Praenatica cheloti] from the Saint Roch quarry (about 3 km S of La Baconniére) with preserved cyrtoneritimorph protoconch,
No. ML-PAL-00405. All shells x 1.5.
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Oehlert as Platyostoma Conrad, 1842). Both species seem
to be very similar (judging from figures and description in
Oechlert 1877). On-going revision of these two species
from Brittany has resulted in some problems. Only the ho-
lotype of Platystoma? naticopsis Oehlert, 1877, (figured
on pl. 9, fig. 10 and deposited in the UBO [= Université de
Bretagne Occidentale] collection under the number 2560 —
see Fig. 1A-D) was found. However, the holotype of the
second species, Platystoma? janthinoides Oehlert, 1877,
which should be in the same collection was not found or
was not recognized by the senior author among the many
tens of platyceratid specimens (partly not numbered) in the
UBO collection and is probably lost. Comparison of those
platyceratid specimens with the holotype of Platystoma?
naticopsis Oehlert, 1877, revealed that the latter species is
rather variable as had already been mentioned by Oehlert
(1877). The platyceratids from the locality La Baconniére
seem to form a morphological group belonging to one spe-
cies which also includes the holotypes of Platystoma? nati-
copsis, Platystoma? janthinoides, and Platystoma naticop-
sis v. undulata. However, we are leaving this question
open until the time when a revision of all platyceratids
from Brittany is finished and when the loss of the holo-
type of Platystoma? janthinoides is confirmed. Later Oeh-
lert, in 1887, described Diaphorostoma (Strophostylus)
cheloti also from the locality La Baconni¢re and mentioned
that it differs from his Platyostoma naticopsis by its apertu-
ral shape, growth lines, and shell size. However, these shell
characters seem to vary during ontogeny in the studied spe-
cimens and, therefore, they cannot be used for safe (if any)
species-level taxonomy. Thus, Diaphorostoma (Strophos-
tylus) cheloti may also be conspecific with Platyostoma
naticopsis (compare specimens figured here in Figs 1
and 2). Regardless of the latter problem, all the above-
mentioned species belong to the same genus. As mentioned
by Knight (1941) Diaphorostoma Fischer, 1885 is an ob-
jective synonym for Platyostoma Conrad, 1842. Barrande,
in a private letter (May 12, 1882) to Daniel Oehlert, expres-
sed his opinion that some of Oehlert’s Platyostoma nati-
copsis may belong to his new genus Praenatica (Horny &
Henry 1999). However, the name Praenatica was first pub-
lished by Bigsby (1868) as a nomen nudum and its valid
publication by Perner in 1903 is dated much later (see de-
tailed description of that problem by Knight 1941 and
Horny & Henry 1999). We agree with the conclusions
made by Barrande (letter of May 12, 1882) and Horny
& Henry (1999) and place all the above-mentioned French
species, Diaphorostoma (Strophostylus) cheloti, Platy-
stoma? janthinoides, Platystoma? naticopsis and Platy-
stoma naticopsis V. undulata, in the genus Praenatica. In
addition, Praenatica gregaria (Barrande in Perner 1903), a
species very common in the Konéprusy Limestone [Praha
Formation; Pragian—early Emsian (see Carls et al. 2008),
Early Devonian], may also belong to this species as already
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mentioned by Barrande (letter of May 12, 1882) and Horny
& Henry (1999). We follow here this generic placement for
the taxa from Brittany, but leave their species-level revi-
sion for future study.

Early ontogeny of Praenatica

Several adult shells, some of them determined by Oehlert
as Diaphorostoma (Strophostylus) cheloti [= Praenatica
cheloti (Oehlert & Oehlert, 1887)], were found with relati-
vely well preserved protoconchs. The maximum size of the
teleoconchs in Praenatica cheloti with preserved proto-
conchs is 5 cm (Fig. 2) and the preservation of their proto-
conchs was probably positively influenced by the muddy
facies in which specimens of Praenatica cheloti were
found. The protoconchs of Praenatica cheloti are open-
coiled, fish-hooklike, and their diameter is about 0.5 mm.
The general shape as well as size is constant in these proto-
conchs (Fig. 3).

A systematic effort to find preserved protoconchs in the
Pragian Praenatica gregaria (Barrande in Perner 1903)
from the Konéprusy Limestone (Praha Formation, Bar-
randian area) was not fruitful despite the fact that the senior
author examined many hundreds of shells of Praenatica
gregaria mainly from the PleSivec Quarry (SE of Ko-
néprusy and SW of Ménany) for that character. The only
exception is a specimen found during the revision of Paleo-
zoic gastropods from the Schary collection (a large collec-
tion of Paleozoic fossils from the Barrandian area, Czech
Republic, deposited since the nineteenth century in the
Museum of Comparative Zoology, Harvard University).
The latter specimen was labeled as coming from Koné-
prusy and without doubt it belongs to Praenatica gregaria.
In addition, the character of the limestone surrounding the
shell indicates its origin from the Konéprusy Limestone.
However, the protoconch of the above-mentioned speci-
men is not completely preserved (its apex is missing), but
its remains show a distinct cavity in the center of the first
whorl (Fig. 3H, I). Thus, the remains of the protoconch in
the Bohemian Praenatica gregaria seem to be identical
with the protoconchs of Praenatica cheloti in its size and
shape (compare Fig. 3A-F with 3H-I).

Early ontogeny of platyceratid gastropods

Preservation of early ontogenetic shells of Paleozoic and
early Mesozoic gastropods is rare because protoconchs are
small, delicate, and aragonitic. Consequently, they are com-
monly removed from the fossil record by taphonomic and
diagenetic processes. For this reason the fossil record of
platyceratid protoconchs is relatively poor, similar to that
of all other Paleozoic gastropods. A systematic effort to
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Figure 2. Diaphorostoma (Strophostylus) cheloti [= Praenatica cheloti] Oehlert & Oehlert, 1887 from the Lower Devonian strata of Brittany (France).
* A-D — Praenatica cheloti from the Saint Roch quarry (N of Saint Ouen-des-Toits and about 3 km S of La Baconniére), the same specimen or a specimen
similar to that figured by Oehlert & Oehlert (1887) on pl. VI, fig. 8c (Musée d’Histoire Naturelle, Laval, No. ML-PAL-00406); the shell is in a dark grey
limestone with white brachiopods and has a well preserved cyrtoneritimorph protoconch (see Fig. 3A-C). « E, F — Praenatica cheloti from the same lime-
stone type as Fig. 2A—D and labeled as coming from La Baconniére, collection ML 06883 (No. ML-PAL-00407). * G, H — paratype of Diaphorostoma
(Strophostylus) cheloti [= Praenatica cheloti] figured on pl. VI, fig. 8b by Oehlert & Oechlert (1887), UBO collection, No. 2562 (No. ML-PAL-00408),
the Saint Roch quarry (N of Saint Ouen-des-Toits and about 3 km S of La Baconniere). « I-K — two shells of Praenatica cheloti from the Saint Roch
quarry, topotypes No. ML-PAL-00409 (I) and No. ML-PAL-00410 (J, K) from the same limestone type as Fig. 2A-D. All shells x 1.

find preserved protoconchs in members of the family Pla-
tyceratidae resulted in several unexpected discoveries.
Fryda (1998a, b, 1999) provided evidence that teleoconchs
of some presumed platyceratid gastropods bear unusual
protoconchs with openly coiled, fish-hooklike morphology
and these protoconch types may be traced from the Early
Ordovician to the Late Permian, thus, lasting for about 250
million years. He interpreted this group as an independent
gastropod lineage, which may represent an ancestral group
for Neritimorpha, and therefore named it Cyrtoneritimor-
pha (Fryda 1998a—c, 1999). Cyrtoneritimorph protoconchs

are relatively common in the Ordovician, Silurian and Lo-
wer Devonian strata, but during the Carboniferous and Per-
mian they became rare and no record exists for them in
post-Paleozoic times (Fryda & Manda 1997, Fryda 1999,
Fryda & Bandel 1999, Heidelberger & Bandel 1999, Fryda
& Heidelberger 2003). Even though cyrtoneritimorph pro-
toconchs are common in the Early Paleozoic, there are only
a few examples with the protoconch found in an adult tele-
oconch, making species-level determination possible. Up
to now, cyrtoneritimorph protoconchs were found in the
following species — Silurian Krameriella hornyi Fryda &
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Heidelberger, 2003; Devonian Vitaviella reticulata Fryda
& Manda, 1997; Soetenichia girzenbergense (Kirchner,
1915); Eifelcyrtus blodgetti Fryda & Heidelberger, 2003;
Praenatica cheloti (Oehlert & Oehlert, 1887); Carbonife-
rous Orthonychia parva (Shumard & Swallow, 1858); and
Permian Orthonychia bowsheri Yochelson, 1956 (Fig. 5).
However, there is very rich fossil material of isolated cyr-
toneritimorph protoconchs from different stratigraphical
levels of Ordovician to Lower Devonian strata showing
that the cyrtoneritimorphs were common in the Early Pa-
leozoic gastropod faunas. Open-coiled protoconchs were
found in several clades of Paleozoic gastropods such as
the Euomphalomorpha, Peruneloidea, Macluritoidea, and
Cyrtoneritimorpha (Fryda 1999; Bandel & Fryda 1998,
1999; Niitzel 2002; Fryda & Rohr 2004, 2006; Fryda et al.
2008a). A documented general trend towards decreasing
proportions of open-coiled protoconchs through the Paleo-
zoic may also explain the decrease in frequency of cyrtone-
ritimorph protoconchs (Niitzel & Fryda 2003; Fryda e al.
2008a).

On the other hand, in addition to the cyrtoneritimorph
protoconchs, Fryda (1998a,b, 1999) reported the occur-
rence of tightly coiled, but not convolute, orthostrophic
protoconchs in some Paleozoic “platyceratoidean” gastro-
pods. Such protoconch morphology was later documented
in some members of the Platyceratidae, Plagiothyridae,
Naticopsidae, Nerrhenidae, and Oriostomatoidea (Yoo
1994, Bandel & Fryda 1999, Bandel & Heidelberger 2001,
Niitzel & Mapes 2001, Niitzel et al. 2007a). Some new
findings also revealed this protoconch type in “Platyceras”
sp. from the Chynice Limestone (middle Emsian; Devo-
nian) of the Barrandian area (Fig. 4A—C). Similar early
shell morphology was found in the Upper Silurian
“Platyceras” sp. from the same area (see Fig. 4E, F, H, I).
Even though the first shell whorl is not preserved in any of
the Silurian specimens, the shape and small size of the
youngest whorl shows that they don’t possess a cyrto-
neritimorph protoconch.

The fact that two quite different protoconch morpho-
logies occur in Devonian platyceratids (compare Figs 3
and 4) suggests that they do not form a monophyletic
group. This conclusion seems to be also supported by the
very long stratigraphic range of the cyrtoneritimorph pro-
toconchs which can be traced from the Early Ordovician to
the Late Permian, an interval of 250 million years duration
(Fryda 1998a—c, Bandel & Fryda 1999, Fryda & Rohr
2004). The existence of two, not closely related groups
complicates analysis of the phylogenetic position of platy-
ceratid gastropods within the class Gastropoda. In addition,
this situation also resulted in a nomenclatorial problem — it
is uncertain what family-level names should be used for
these gastropods. The genus Platyceras Conrad, 1840, is
based on Platyceras vetusta (Sowerby, 1829) from the
Lower Carboniferous of Queens Country, Ireland. The
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protoconch of this species is unknown and so there is no
evidence for its placement either in the Cyrtoneritimorpha
or in “platyceratids” having tightly coiled, orthostrophic
protoconchs. If the type species of Platyceras has a tightly
coiled, orthostrophic protoconch like the Silurian and De-
vonian “Platyceras” sp. illustrated here (Fig. 4A-C, E, F,
H, I), then the model proposed by Bandel & Fryda (1999)
may be accepted (see also Bouchet er al 2005). The
Platyceratidae will include platyceratid gastropods with
tightly coiled, orthostrophic protoconchs similar to those
found in the Paleozoic Naticopsidae (Yoo 1994, Niitzel &
Mapes 2001, Bandel 2002a, Niitzel et al. 2007a). More-
over, the families Vltaviellidae Bandel & Fryda, 1999, and
Orthonychiidae Bandel & Fryda, 1999, will unite “platyce-
ratid” gastropods with cyrtoneritimorph protoconchs. But
if the type species of Platyceras also has a cyrtoneriti-
morph protoconch like Praenatica or Orthonychia, then
the families Vltaviellidae and Orthonychiidae may repre-
sent junior synonyms of the Platyceratidae. Note that a
similar situation occurs in the genus Orthonychia (being
often considered to represent a subgenus of Platyceras),
which is based on the Devonian species Orthonychia sub-
rectum (Hall, 1859), which also has an unknown proto-
conch morphology. Protoconchs of Paleozoic species of
Orthonychia have cyrtoneritimorph morphology (e.g.,
Fig. 5C, D). However, Triassic Orthonychia alata (Laube
1869) has the typical protoconch of post-Paleozoic neri-
timorphs. For this reason the species was placed into a new
genus Pseudorthonychia Bandel & Fryda, 1999.

Platyceratids as a stem group
of neritimorphs

Knight ez al. (1960) considered the Platyceratoidea to repre-
sent an independant superfamily of the Trochina and, thus,
placed them into the Archaeogastropoda. However, not
only Platyceratoidea, but all neritimorphs were traditio-
nally placed in the archaeogastropods mainly because
they share a rhipidoglossate radula with the vetigastropods
(e.g., Troschel 1856, Thiele 1929-35, Wenz 1938-44,
Knight er al. 1960). Bandel (1982) studied in detail the on-
togeny and protoconch morphology of extant neritimorphs
and he concluded that they represent a separate evolutio-
nary lineage which is distinct from other archaeogastro-
pods. This conclusion was later supported by anatomical
and molecular data (e.g, Haszprunar 1988, Healey 1988,
Sasaki 1998, Ponder & Lindberg 1997, Kano er al. 2002).
Ponder & Lindberg (1997), similar to Haszprunar (1988),
considered the Neritimorpha to represent an “early archae-
ogastropod offshoot”, thus, the neritimorphs according
to their interpretation form a sister group of all gastropods
except the Patellogastropoda. The latter model resulted in
the conclusion that planktotrophy originated twice in the
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H

Figure 3. Cyrtoneritimorph protoconchs in species of Praenatica Barrande in Perner, 1903, and Krameriella Fryda & Heidelberger, 2003.
* A—C — cyrtoneritimorph protoconch in Praenatica cheloti (Oehlert & Oehlert, 1887) from the Saint Roch quarry (N of Saint Ouen-des-Toits and about
3 km S of La Baconniére) figured here as Fig. 2A-D, A x 42, B x 18, C x 50. * D-F — cyrtoneritimorph protoconch in Praenatica cheloti (Oehlert &
Oehlert, 1887) from La Baconnicre, topotype No. ML-PAL-00411, D x 60, E x 13, F x 37. « G — cyrtoneritimorph protoconch in holotype of the Silurian
Krameriella hornyi Fryda & Heidelberger, 2003, from the Kopanina Formation (Gorstian, early Ludlow, early Late Silurian) of the Barrandian area,
G x 95. ¢ H, I — fragment of cyrtoneritimorph protoconch in Early Devonian Praenatica gregaria Barrande in Perner, 1903, from the Konéprusy Lime-
stone (Praha Formation, Pragian—lower Emsian) of the Barrandian area, the Schary collection No. 193178, the Museum of Comparative Zoology, Har-

vard University, H x 9, I x 21.

evolution of the Gastropoda (Haszprunar 1995), in the
Neritimorpha and in the Apogastropoda (uniting Caeno-
gastropoda and Heterobranchia). New molecular studies,
however, supported the earlier published position of the Ve-
tigastropoda as a sister group of the Neritimorpha, Caeno-
gastropoda and Heterobranchia, as well as the monophyly
of the Neritimorpha (Colgan et al. 2003, McArthur & Ha-
rasewych 2003, Kano et al. 2002, Aktipis et al. 2008).
The Paleozoic platyceratoidean gastropods were con-
sidered to belong to the Neritimorpha (Bandel 1992, Ban-
del & Fryda 1999, Fryda 1999). Besides their general
shell shape, the presence of a thick calcitic outer shell
layer (Batten 1984) often bearing coloured bands
(Yochelson 1956, Ktiz & Lukes 1974, Yochelson & KiiZ
1974, Blodgett & Johnson 1992) seems to be conformable

with this view. However this opinion could not be tested
by the shape of their protoconchs. The oldest evidence for
neritimorph protoconchs of the same type as is found in
living marine neritimorphs (see Bandel 1982) was docu-
mented in the Upper Triassic (Bandel & Fryda 1999,
Bandel 2007, and references therein). Bandel (2007)
showed that several groups of the neritimorphs can be
traced from the Triassic to Recent and that species diver-
sity of neritimorphs was much higher in the Triassic reef
environment than in any modern reefs. He documented 36
neritimorph species from tropical reefs of the Late Trias-
sic St Cassian Formation in the Tethys Ocean. Only the
living species of Neritopsis can be regarded as relatively
closely related to some of these species from the Cassian
Reef. Bandel (2007) noted that other Triassic species can
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be placed into the superfamilies Neritopsoidea and Neri-
tioidea, but not in any of the modern families. On the
other hand, according to this author some Triassic neriti-
morphs (subfamilies Ampezzonaticopsinae Bandel, 2007
and Hologyrinae Bandel, 2007) belong to the family
Naticopsidae. The latter family was highly diverse from
Devonian to Permian time. The genus Naticopsis M’ Coy,
1844 is based on Naticopsis phillipsii M’Coy, 1844 from
the Lower Carboniferous of Ireland and as is typical for
Paleozoic gastropods in that its protoconch as well as its
shell structure are unknown. Bandel (2007) noted that the
naticopsid lineage is extinct, thus, it has no connection to
modern Neritimorpha, similar to the vast majority of Late
Triassic neritimorphs.

There is no evidence in the Paleozoic for the presence
of the characteristic, strongly convolute neritimorph proto-
conchs (representing an apomorphy of the neritimorph
crown group). On the other hand, there is rich evidence for
the high diversity and morphological disparity of the neri-
timorphs having this protoconch type in the Late Triassic
(Bandel 2007). These facts suggest that the strongly convo-
lute larval shell of the neritimorphs (protoconch II) origi-
nated after the Permian/Triassic mass extinction event and
before the Late Triassic. An analysis of the neritimorph
phylogeny published by Kaim & Sztajner (2005) and
mainly based on operculum morphology resulted in similar
conclusions (see also Kano 2006, Bandel 2008). According
to the latter authors, modern Neritimorpha split into Neri-
tidae (internally resorbed) and Neritopsidae (not resorbed)
at the Paleozoic/Mesozoic transition. Molecular studies
also provide evidence for the basal position of the Neri-
topsidae, thus, it represents a sister group of all living
Neritimorpha (Kano ef al. 2002). This model fits well with
the post-Paleozoic fossil record.

However which Paleozoic group is ancestral to the
Neritimorpha? Knight (1933) and Knight ez al. (1960) sug-
gested that the Paleozoic naticopsids form the stem group
of modern Neritimorpha. This opinion was based only on
similarities in teleoconch morphologies of post-Paleozoic
Neritimorpha and Paleozoic Naticopsidae. Investigation of
protoconch morphologies has revealed new data for both of
the latter two groups. Naticopsid protoconchs are simple,
smooth and orthostrophic (Yoo 1994, Niitzel & Mapes
2001, Bandel 2007, Niitzel et al. 2007a), thus, they are
similar to those found in some Silurian and Devonian
“platyceratid” (see Fig. 4). It is noteworthy that there is no
principal difference between this protoconch morphology
and the protoconchs known in the Caenogastropoda
(Niitzel et al. 2007a, Fryda et al. 2008a). The oldest mem-
bers of the Caenogastropoda (based on protoconch mor-
phology) are documented from the Lower Devonian strata
(Fryda 2001, Fryda & Blodgett 2004, Cook et al. 2008)
and they later formed a dominant group in the Late Paleo-
zoic gastropod faunas (Knight 1933, Niitzel 1998, Bandel
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2002a, and references therein). Close similarities in the
protoconch morphology of naticopsids and some “platy-
ceratids” on one hand and caenogastropods on the other
hand could indicate that the Neritimorpha and Caeno-
gastropoda are closely related and that the convolute larval
shell of the modern Neritimorpha is a relatively new fea-
ture (Niitzel et al. 2007a, Fryda et al. 2008a).

Data on protoconch morphologies (orthostrophic pro-
toconchs consisting of embryonic and larval shells) sug-
gest that the Paleozoic Naticopsidae as well as some
“platyceratids” may represent a stem group of modern
Neritimorpha, as was already noted by Knight (1934). The
occurrence of Late Triassic naticopsids having the same
teleoconch features as undoubted Triassic neritimorphs
(i.e., those having characteristic protoconchs only known
in the neritimorph crown group among all living gastro-
pods) also supports this model (Bandel 2007). If this is cor-
rect, then the Neritimorpha are a sister group of caeno-
gastropods or all apogastropods and they had to have split
from the caenogastropods before the Devonian (the oldest
evidence for caenogastropods based on protoconch data).
The typical neritimorph protoconch is an apomorphy only
for the neritimorph crown group and it probably originated
after the Permian/Triassic mass extinction event, but be-
fore the Late Triassic.

Platyceratids as a stem group
of patellogastropods

A quite different opinion on the higher phylogenetic posi-
tion of platyceratids was published by Ponder & Lindberg
(1997) based on data regarding their shell biomineraliza-
tion which was published earlier by Carter & Hall (1990).
The latter authors found a regularly foliated shell mic-
rostructure in the Platyceratoidea. Except for the platy-
ceratoids, this microstructure only occurs in living and
fossil patellogastropods. Patellogastropoda are generally
considered to represent a sister group to all other living
gastropods (Golikov & Starobogatov 1975, Lindberg
1988, Ponder & Lindberg 1997, Aktipis et al. 2008). Li-
ving patellogastropods with limpet-shaped shells are ex-
clusively marine and mostly occur on rocky shores in all
continents. The oldest undoubted evidence for the Patello-
gastropoda is from Late Triassic strata (Hedegaard et al.
1997). The fact that there is no sure evidence for Paleozoic
members of the Patellogastropoda is surprising because if
they are really the first gastropod offshoot (Ponder & Lin-
dberg 1997), they had to have split off from the rest of the
gastropods (i.e. orthogastropods) before the Early Ordovi-
cian (Fryda & Rohr 2004, Fryda et al. 2008a). Thus, there
is no certain fossil record for the first half of their presumed
evolution as an independent gastropod clade (i.e., missing
data for about 250 Ma). This controversy has been explai-
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Figure 4. Protoconchs in the Silurian and Devonian platyceratids from the Barrandian area and Brittany. * A—C — orthostrophic, tightly coiled
protoconch in Platyceras sp. from the Chynice Limestone (middle Emsian) from the Cefinka locality near Bubovice (SW of Prague), specimen CGS JF
894, A x 60, B x 58, C x 105. ¢ D, G — cyrtoneritimorph protoconch in Praenatica cheloti (Oehlert & Oehlert, 1887) from La Baconniére, topotype
No. ML-PAL-00412, D x 27, G x 6. « E, H — orthostrophic, tightly coiled juvenile whorl in the Late Silurian Platyceras sp. found close to the village of
Lochkov (SW of Prague), specimen CGS JF 892, E x 27, H x 12. « F, I — orthostrophic, tightly coiled protoconch in another specimen of the Late Silurian
Platyceras sp. found close to village of Lochkov (SW of Prague), specimen CGS JF 893, F x 30, I x 6.

ned by either their adaptation to intertidal environments
that provide a relatively poor fossil record or by the opinion
that the Paleozoic patellogastropods had coiled shells not
hitherto recognized among Paleozoic gastropods. The na-
ture of early patellogastropod shells is still a matter of de-
bate. Haszprunar (1988) hypothesized that the limpet shell
is a plesiomorphy retained by patellogastropods. However,
Ponder & Lindberg (1997; also Lindberg & Ponder 2001)
argued that this was a parallelism and that the last common
ancestor of extant gastropods was coiled. Such an opinion
had already been published by Knight (1952) who sugges-
ted that the patellogastropods were derived from the pleu-
rotomarioids. This model seems to fit with the protoconch
nature of both groups (absence of true larval shell). If this
model will be accepted then the very complex microstruc-
ture of the patellogastropod shells (MacClintock 1968,

Bandel & Geldmacher 1996, Sasaki 1998, Fuchigami &
Sasaki 2005) had to be secondarily evolved, maybe be-
cause of their adaptation to intertidal environments.

The phylogenetic model which considers platycera-
toideans to represent possible coiled ancestors for the pa-
tellogastropods is only supported by the above-mentioned
sharing of regularly foliated shell microstructure. How-
ever, there are some doubts if this microstructure is really
identical in both groups (see Bandel & Geldmacher 1996).
In addition, we see a more serious fact which testifies
against this phylogenetic model — the nature of early shell
ontogeny in both groups. The patellogastropods share
the same pattern of early shell ontogeny with archaeo-
gastropods such as the Vetigastropoda (Bandel 1982,
Sasaki 1998), developing their protoconchs without a true
larval shell (protoconch II). This strategy was documented
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Figure 5. Protoconchs in the Devonian and Carboniferous cyrtoneritimorph gastropods. ¢ A-D — cyrtoneritimorph larval shell (A) and early teleoconch
(B) in the Early Devonian (Lochkovian) Vitaviella reticulata Fryda & Manda, 1997, SW Prague, A x 55, B x 32. « C, D — cyrtoneritimorph protoconch
larval shell (C) and teleoconch (D) in the Carboniferous Orthonychia parva (Shumard & Swallow, 1858) from the St. Louis outlier of the Des Moines
group in the Pennsylvanian of Missouri, C x 60, D x 20. « E, F —teleoconch in Middle Devonian Eifelcyrtus blodgetti Fryda & Heidelberger, 2003, from
the Scheid Member of the Cuerten limestone (early Givetian, late Middle Devonian; Soetenicher Mulde), E x 30, F x 32.

to be stable for at least the last 400 Ma in the case of
archaeogastropods (Fryda 1999, Fryda et al. 2008a). On the
other hand, both groups of platyceratids (cyrtoneritimorph
“platyceratids” as well as “platyceratids” having tightly
coiled protoconchs) as well as the naticopsids, developed
true larval shells (protoconch II). Thus, if the platyceratoids
are a stem group of the patellogastropods, then the patello-
gastropods had to lose the ability to develop true larval shells
(protoconch II) during the Late Paleozoic or Early Triassic.
Taken together, the interpretation of platyceratoid gastro-
pods as the stem group of patellogastropods based on shar-
ing of the same shell microstructure is in conflict with the
pattern of their early shell ontogeny.

Two years ago Sutton et al. (2006) reported the discov-
ery of an unusually well preserved gastropod with fossil-
ized soft tissues from the Lower Silurian (Wenlock Series)
Herefordshire Lagerstitte of England. This gastropod was
assigned to the Platyceratidae on the basis of its simple
subcircular aperture, trochiform shell and the absence of
ornamentation. Its study has revealed detailed data on
the digestive system as well as morphological data on
the gonads, digestive gland, pedal muscle, radula, mouth
and foot. According to Sutton et al. (2006) the digestive
system is the most informative phylogenetically of all
the preserved soft-tissue characters. These anatomical data
together with the absence of the operculum were inter-
preted as suggesting that platyceratids were symbiotic
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rather than predatory on their hosts. However, a more
important conclusion made by Sutton et al. (2000) is that
anatomical characters of their Platyceras? sp. suggest its
patellogastropod affinity rather than neritopsine [= ne-
ritimorph] affinity. However, this undoubtedly important
discovery includes one serious problem. Unfortunately
teleoconch features (simple subcircular aperture, trochi-
form shell and absence of shell ornamentation) used for
assignement of the gastropod from the Herefordshire
Lagerstiitte to the platyceratids are not sufficient for such a
taxonomical conclusion. Similar teleoconch shapes may be
found in several unrelated Paleozoic gastropods because
the severe architectural restrictions caused a common oc-
currence of morphological convergence in their teleo-
conchs (see Wenz 1938-1944, Knight et al. 1960). In con-
trast to the teleoconch features, the protoconch morphology
might be diagnostic of large gastropod clades. By courtesy
of M.D. Sutton (pers. comm., 2008) we had the chance to
examine in detail the apical view of a shell from the
Herefordshire Lagerstitte (Sutton et al. 2006, fig. 1f). Un-
fortunately no traces of protoconch morphology were ob-
served. The discovery made by Sutton et al. (2006) is impor-
tant for the interpretation of the patellogastropod phylogeny
(the Silurian gastropod from the Herefordshire Lagerstitte
may represent a coiled ancestor of the Patellogastropoda),
but cannot be used as evidence for platyceratid and patello-
gastropod affinity.
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Conclusions

New discoveries of protoconch morphologies contribute to
our knowledge of platyceratid phylogeny. Several key po-
ints relating to this problem are summarized below:

1. Species of the Early Devonian platyceratid Praenatica
Barrande in Perner, 1903 developed a typical cyrtoneri-
timorph protoconch. The same protoconch type was ear-
lier documented in Orthonychia Hall, 1843. Both of
these taxa have often been considered to be subgenera of
Platyceras Conrad, 1840.

2. Quite different protoconch morphology (orthostrophic
and tightly coiled) was recently documented in some Si-
lurian and Devonian species placed in the genus Platy-
ceras. The same type of the protoconch was earlier
found in different species of the Naticopsidae.

3. The present data thus suggests that Paleozoic platycera-
tids represent a diphyletic group. However, develop-
ment of true larval shells in both “’platyceratid* groups
argues against the hypothesis that Paleozoic platycera-
tids represent a stem group for the Patellogastropoda.

4. Paleozoic evolution of the neritimorph clade is uncer-
tain, but their derivation from the Paleozoic “platycera-
tids” with tightly coiled protoconchs or from the nati-
copsids seems to be probable. A strongly convolute ne-
ritimorph protoconch (apomorphy of the neritimorph
crown-group) probably originated after the Per-
mian/Triassic mass extinction event and but before the
Late Triassic.
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