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Higher classification of Paleozoic gastropods
inferred from their early shell ontogeny

Vys¥f klasifikace palcozoickych gastropodi
odvozena z ontogeneze jejich rané schranky
(Czech summary)

(7 text-figs.)
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Czech Geological Survey, Kldrov 3, 118 21 Praha 1, Czech Republic, fryda@cgu.cz

The presence of six natural groups (Amphigastropoda, Archaeogastropoda, Mimospirina, Cyrtoneritimorpha, Euomphalomorpha, and
Perunelomorpha) were revealed among Silurian and Devonian gastropods of the Prague Basin (Czech Republic) on the basis of their protoconch
meorphology. The nature of the early shells in the core genus Bellerophon demonstrates that the Amphigastropoda does not belong to the
subclass Archaeogastropoda and that it forms a long-lived (Cambrian through Triassic), independent molluscan group. The very small size
of the bilaterally symmetrical early shell of Bellerophon (Amphigastropoda) indicates the presence of a planktotrophic larval stage. The
higher taxonomic position of the Cambro—Devonian Mimospirina, uniting the Paleozoic gastropods with sinistrally coiled shells bearing a
large sinistrally coiled, non-archaeogastropod protoconch, is still open. The discovery of archaeogastropod-type protoconchs in Early Devonian
gastropods indicates that the Archaeogastropoda have had the same early ontogenetic pattern for at least 400 Ma (Devonian to Recent) and
represent a very old, independent gastropod group. The Early Ordovician—Late Permian members of the order Cyrtoneritimorpha (Neritimorpha)
with their characteristic fish hook-like protoconch probably gave rise to the modern Cycloneritimorpha (Neritimorpha). The Euomphalomorpha
with a cyrtoconic and planispiral openly coiled protoconch form an independent gastropod group, known only from the Paleozoic (Cambrian—
Permian). The Early Ordovician—Early Devonian members of the order Perunelomorpha, with an open, trochospiral protoconch, evolved
larvae which secreted their typical larval shell. The Perunelomorpha may represent an ancestral group of the Caenogastropoda and
Heterostropha. The uncoiled protoconchs found in Cyrtoneritimorpha, Euomphalomorpha and Perunelomorpha represent a very old shell
feature. The higher gastropods (Caenogastropoda, Heterostropha, and Neritimorpha), as well as the extinct Euomphalomorpha, may have
evolved from a common ancestor with an uncoiled tubular shell, and thus, not directly from the Paleozoic Archacogastropoda and/or
Amphigastropoda.
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Introduction

The higher classification of Paleozoic gastropods has tra-
ditionally been based only on the evaluation of their te-
leoconch characters (Wenz 1938—-1944, Knight et al.
1960). Unfortunately, as shown by many studies of li-
ving gastropods, the similarities in their teleoconch cha-
racters are often a result of shell shape convergence in
unrelated gastropod groups. Thus, the morphological cha-
racters of teleoconchs have only limited or no significan-
ce for the higher classification of gastropods. In contrast
to Paleozoic gastropods, the classification of modern
gastropods has also used their anatomical and biochemi-
cal characters, as well as data on their early shell onto-
geny (e.g., Haszprunar 1988; Golikov — Starobogatov
1975; Ponder — Lindberg 1997). The zoological classifi-
cation of modern gastropods can also be used success-
fully for fossil gastropods of Cenozoic and Mesozoic age.
However, the Paleozoic gastropod fauna seems to be very
different from that of the post-Paleozoic. These differen-
ces have been emphasized by the number of extinct
higher taxonomic categories like the Bellerophontina,
Macluritina, Euvomphalina, and Paragastropoda, which
have been established for Paleozoic gastropods. The re-
lationships of these megataxa to extant gastropod groups
are uncertain and often mysterious. Recent gastropods
have been placed in one of four gastropod megataxa

(=subclasses), Archaeogastropoda, Neritimorpha, Caeno-
gastropoda, and Heterostropha. Each of these modern
subclasses may be characterized by its typical early shell
ontogeny. This character is the most important and of-
ten only undoubted key for their determination in the
fossil record.

On-going work on Silurian and Devonian gastropods,
focused also on their protoconch morphology, has reve-
aled important new data for their higher classification
(Fryda 1995, 1997, 1998a—e, 1999a, b; Fryda — Bandel
1997; Fryda — Blodgett 1998; Fryda — Manda 1997; Ban-
del — Fryda 1996, 1998, 1999). These data were obtai-
ned mainly by detailed study of rich gastropod material
coming from Devonian strata of the Czech Republic,
Germany and Alaska. My own research on these gastro-
pods has shown that localities belonging to the Plecto-
notus (Boucotonotus) — Palaeozygopleura Community
(Fryda — Manda 1997) of the Prague Basin have provi-
ded the most important data hitherto about the nature of
protoconchs in Devonian gastropods. In this paper, pre-
sent-day higher classification of the Paleozoic gastropods
is discussed on the basis of these new data. The presen-
ce of six natural groups (Amphigastropoda, Archaeogast-
ropoda, Mimospirina, Cyrtoneritimorpha, Euomphalo-
morpha, and Perunelomorpha) were revealed among
Silurian and Devonian gastropods of the Prague Basin.
These groups are discussed below in detail.
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Amphigastropoda - extinct group of Paleozoic molluscs
Historical review

During the last 60 years much new data about bellero-
phontiform molluscs, as well as about their shells with
well preserved muscle scars, were published (see Horny
1992, Peel 1991a, b, and Wahlman 1992 for review).
However, interpretation of these data has divided pale-
ontologists, who have variously argued that bellerophon-
tiform molluscs were untorted, exogastrically oriented
monoplacophorans, or torted, endogastrically oriented
gastropods, or a polyphyletic combination of both (see
Horny 1992, Peel 1991a, b, and Wahlman 1992). In this
short historical review I have noted only some important
opinions which are discussed below on the basis of new
data presented here.

Paleozoic symmetrical univalved molluscs belonging
to Bellerophon and related genera were placed in Amphi-
gastropoda by Simroth (1906). Later Wenz concluded that
the Tryblidiacea with their cap-shaped shells and six or
eight symmetrical pairs of muscle scars were not fossil
Patellacea, but very primitive gastropods ancestral to
Amphineura and Bellerophontacea. For this reason Wenz
(1940, 1943) placed Cyrtonella together with Tryblidium-
like and Bellerophon-like molluscs into the new subclass
Amphigastropoda. Wenz thus emended the Amphigastro-
poda of Simroth, who had used this name only for belle-
rophontid molluscs. Wenz also placed the subclass Am-
phigastropoda together with the subclasses Prosobranchia
(=Streptoneura) and Euryneura in the class Gastropoda
and suggested that the molluscs united in the subclass
Amphigastropoda were untorted.

Knight (1947) published his findings of the muscle
scars in the genera Sinuites and Bellerophon and inter-
preted them as evidence that these genera were torted
gastropods. He also agreed with Wenz’s conclusion that
the genus Cyrtonella and its relatives were untorted mol-
luscs like the Tryblidiacea. Knight (1952) and Knight and
Yochelson (1958) discussed and summarized the theories
on phylogeny of primitive molluscs. This conception was
used later by Knight et al. (1960) in the “Treatise on In-
vertebrate Paleontology” where bellerophontid molluscs
were placed within the suborder Bellerophontina Ulrich
and Scofield, 1897 of the order Archaeogastropoda Thi-
ele, 1925. The Bellerophontina have been considered to
be torted, in contrast to Cyrtonella and its relatives which
were placed in the order Tryblidioidea Lemche, 1957 of
the Monoplacophora.

Horny (1965) divided the class Monoplacophora into
two subclasses: Tergomya and Cyclomya. Tergomya con-
tain monoplacophorans having a cap-shaped or spoon-
shaped shell with several (generally 5-8) pairs of dorsal
muscles arranged in a circle, the anterior apex located
oulside the circle; no apertural sinus 1§ present. Trybli-
diida Lemche, 1957 is the only order placed into this sub-
class. According to Horny, the subclass Cyclomya inclu-

des two orders: Archinacellida Knight and Yochelson,
1958 and Cyrtonellida Horny, 1963.

Yochelson (1967) summarized the opinions on the
classification of monoplacophorans and bellerophonti-
form molluscs and he expressed doubt that it would be
possible to find an absolute criterion for the distinction
of torted bellerophontiform gastropods and “cyclomyan”
monoplacophorans.

On the basis of the discovery of symmetrically-
disposed multiple muscle scars in the Devonian bellero-
phontiform species Sinuitopsis acutilira, Rollins and
Batten (1968) noted that such a character as a sinus or
slit can no longer considered as always anterior, and thus
provide evidence for torsion in fossil archaeogastropods.
According to these authors, sinus-bearing cyclomyans
were quite possibly the direct ancestors of the primitive
archaeogastropods (i.e., the Bellerophontina). Rollins and
Batten (1968) also changed the diagnosis of the subclass
Cyclomya and proposed assigning some genera with a
sinus or slit on the dorsum to this group. Thus, the ear-
lier undoubted character for distinction of torted bellero-
phontiform gastropods and “cyclomyan” monoplacopho-
rans (such as the presence of multiple muscle scars as is
interpreted today by some authors) was definitely rejec-
ted. Rollins and Batten (1968) suggested that bellero-
phontiform and pleurotomarioidean gastropods origina-
ted from Cambrian “cyclomyan” monoplacophorans, and
that the same mechanism also occurred later during the
Ordovician and Devonian, and therefore gastropods re-
present a polyphyletic group.

Runnegar and Jell (1976) criticized the usage of
muscle scar pattern as an important character for classi-
fication of the class Monoplacophora and they proposed
a new classification. The Monoplacophora were divided
into three orders: Cyrtonellida, Tryblidiida, and Bellero-
phontida.

Yochelson (1978) analyzed and criticized the classifi-
cation proposed by Runnegar and Jell (1976) and sugges-
ted that the Bellerophontoidea originated from the Pleu-
rotomarioidea. He also considered the helcionellids to be
a separate class of the Mollusca. This opinion was later
followed by Peel (1991a), who established a new class
Helcionelloida for them.

Salvini-Plawen (1980) analyzed the higher taxonomy
of the Mollusca and also discussed the taxonomic posi-
tion of bellerophontiform molluscs. He mentioned that
planispiral coiling of the shell is a typical character of
untorted molluses (such as Cephalopoda). Salvini-Plawen
suggested that the dorsal sinus is a shell character which
developed in bellerophontiform molluscs earlier than tor-
sion (the primary character of the Gastropoda). Thus the
presence of a dorsal sinus in bellerophonitiform molluscs
could not be taken as evidence for torsion of their soft
body. Bellerophontiform molluscs are considered by him
to be untorted molluscs. Salvini-Plawen (1980) establis-
hed a new class Galeroconcha which includes orders
Tryblidiida and Bellerophontida. Tryblidiida are divided
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Fig. 1. The early shell of Bellerophon cf. scaber (PErRNER, 1903) from the Kopanina Formation (early Ludlow, Late Silurian) of the Prague Basin.
1-3, 5 — specimen CGU JF 618; 1 — lateral view, x118; 2 — apertural view, x118; 3 — lateral view, x115; 5 — detail view of fig. 3, x325; 4 — detailed
view of protoconch; specimen CGU JF 619, x370.

into three suborders: Tryblidiina, Cyrtonellina, and Ar-
chinacellina. The order Bellerophontina includes the sub-
orders Sinuitopsina, Helcionellina, and Bellerophontina.
Salvini-Plawen (1980) also criticized the classification
published by Horny (1965). Tergomya were considered
to be Tryblidiina and Cyclomya to belong to the Belle-
rophontida.

Peel (1980) interpreted a muscle scar pattern in his new
genus Sylvestrosphaera from the Silurian of England to be
the result of the reduction of muscle attachment sites in
retractile monoplacophorans by muscle fusion. He also
suggested that the reduction in the number of pairs of
muscle scars was a natural consequence of life in a narro-
wly coiled, cone-shaped shell typical of retractile and non-
retractile isostrophic monoplacophorans. According to
Peel, monoplacophorans with only one pair of muscle scars
may occur and in such sitnation it could be impossible to
distinguish monoplacophorans and gastropods on the ba-
sis of muscle scar patterns alone. Runnegar (1981), concur-
ring with Peel (1980), pointed out that the number of
muscle scars depends only on the shell shape and style of
life. Runnegar (1981) considered all bellerophontiform
molluscs to belong to the class Monoplacophora.

According to Dzik (1981) the “cyclomyan” monopla-
cophorans and bellerophontiform gastropods are closely
related. He synonymized the order Cyrtonellida with the
Bellerophontida. The class Monoplacophora was divided
in three subclasses: Amphigastropoda, Tergomya, and
Coniconcha.

A detailed analysis of the higher taxonomy of belle-
rophontiform molluscs was published by Harper and
Rollins (1982). According to these authors the muscle
scars in univalve molluscs are among the least reliable
criterion for assessment of their phylogenetic position.
Bellerophontoideans and “cyclomyan monoplacopho-
rans” belong according to them to the class Gastropo-
da. Harper and Rollins (1982) mentioned that muscle
symmetry is known to occur in such a wide range of
unrelated forms (Monoplacophora, some Archaeogastro-
poda and some Mesogastropoda); hence, it is not a phy-
logenetic attribute. Also as stated by these authors,
“muscle segmentation and fusion within a set of muscles
can be as much a factor of distribution of connective tis-
sue as pseudometamerism”. They mentioned their obser-
vation of species of the gastropod genus Acmaea
Eschscholtz commonly having segmented scars. Harper
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and Rollins (1982) concluded that “muscle multiplicity
is yet another phylogenetic placebo” and that muscle
scar patterns are almost useless by themselves for de-
termining systematic placement of the higher category
levels.

Yochelson (1984) pointed out that the Bellerophonto-
idea and Murchisonioidea belong to the suborder Pleu-
rotomariina Cox and Knight, 1960 and he also sugges-
ted eliminating the suborder Bellerophontina because it
includes the Helcionelloidea, which are neither bellero-
phontoideans or gastropods. According to Yochelson
(1984) the Bellerophontoidea originated from pleuroto-
marioideans.

Peel (1986) discovered muscle scars in Porcellia wo-
odwardi (Sowerby, 1829) from the Carboniferous of En-
gland. He noted that this species possessed two muscle
scars and that these were located at approximately cor-
responding positions on the upper and basal whorl sur-
faces. According to Peel the similar positions of the
muscle scars in Bellerophon and in Porcellia reflect mor-
phological convergence of their shells and can not con-
tribute to solving the question of the systematic position
of Bellerophon.

Peel (1991a, b) established two classes: the Tergomya
and Helcionelloida, uniting untorted symmetrical unival-
ved molluscs. Members of the class Tergomya Peel,
1991b (= Tergomya Horny, 1965 + Cyclomya (in part)
Horny, 1965) are considered to be exogastric molluscs in
contrast to the Helcionelloida which are interpreted to
include endogastrically coiled shells.

The above short historical overview of the classifica-
tion of bellerophontiform molluscs has revealed the prin-
cipal problems. Poor knowledge of the soft body of the-
se molluscs has provided sufficient space for many, of-
ten contradictory, speculations. In addition, the signifi-
cance of some shell characters for the higher classifica-
tion of these molluscs has been overestimated. The in-
terpretations of muscle scars as well as that of further
shell characters in terms of functional adaptation have
also provided contradictory opinions. Thus, at present
there is no generally accepted classification of bellero-
phontiform molluscs.

How to solve the confusion in higher classification
of Paleozoic symmetrical univalved molluses?

Naturally there are no reliable instructions on how to sol-
ve the problem. Our limited knowledge of the soft-part
morphology of these molluscs is based mainly on inter-
pretations of such shell characters as their muscle scar
pattern, the presence of a dorsal slit, and the shape of their
aperture. As shown above, none of these characters alo-
ne could solve the confusion. Thus, only detailed revisi-
on and evaluation of all available data should clarify it.
In tIs comext it should be mentioned that the motpho-
logy of the early shell represents an important character
which has not been hitherto used in studying the relati-
onships of Paleozoic symmetrical, univalved molluscs.

This high-level taxonomically significant character has
been utilized many times in different groups of the class
Gastropoda.

Protoconchs of Paleozoic symmetrical univalved molluscs

The genus Bellerophon and related bellerophontiform
genera were placed by Knight et al. (1960) into the sub-
order Bellerophontina Ulrich and Scofield, 1897 of the
order Archaeogastropoda Thiele, 1929, As shown by Ban-
del (1982, 1992) the protoconch of members of the Ar-
chaeogastropoda consists of a little less than one whorl
and it is succeeded by the teleoconch. There is no addi-
tional larval shell that is constructed by a planktotrophic
veliger as may be present in species of other extant gast-
ropod subclasses (Neritimorpha, Caenogastropoda and
Heterostropha). The early archaegastropod protoconch is
formed by a bilaterally symmetrical, unmineralized shell.
During transition to the benthic stage the protoconch is
mechanically deformed and subsequently mineralized
(Bandel 1982). New data show that the Archaeogastro-
poda had the same type of protoconch for at least 400
Ma (Devonian to Recent; Fryda 1998a-e, Fryda — Ban-
del 1997; Fryda — Manda 1997). Thus, protoconch sha-
pe has provided a good criterion for the recognition of
Archaeogastropoda in the fossil record. The morpholo-
gy of the early shells of Bellerophon and related bellero-
phontiform genera may be used for testing the relation-
ships of bellerophontiform molluscs to fossil and living
Archaeogastropoda.

Unfortunately our knowledge of the early shell in ex-
tant Monoplacophora is still poor. Lemche and Wing-
strand (1959) wrongly described and figured a protoconch
of Neopilina galatheae as a helicoid protoconch. Accor-
ding to Haszprunar and Schaefer (1997) the neopilinid
protoconch is known only in small species and it is bowl
shaped. The shell apex of these living Monoplacophora
shows two distinct zones (Warén, 1988; Urgorri — Tron-
cos0, 1994). This fact may indicate the existence of a true
larval shell (i.e., protoconch II; Haszprunar — Schaefer,
1997). According to Warén (in Haszprunar — Schaefer,
1997) it is not known how the protoconch of neopilinids
is lost after metamorphosis.

Dzik (1981) described and figured early shells of the
bellerophontiform genera Sinuitopsis and Modestospira
which are bilaterally symmetrically coiled. The early shell
of Modestospira sp. from the Ordovician of Poland is
formed by only the first half of the whorl which is smo-
oth and has a diameter of about 0.4 mm. The later shell
bears the characteristic ornamentation of the adult shell.
The same shape of the early shell was found by Fryda
(1988) in Modestospira mergli from the Ordovician strata
of Bohemia, '

Horny (1993) described the early shell of a cyrtonel-
lid species Neocyrtolites advena (Perner, 1003) [= Cyclo-
cyrtonella advena (Perner, 1903)] in which he found a
slightly different shell ornamentation than in the adult
shell. This may suggest the existence of a true larval shell
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Fig. 2. Archaeogastropoda — Cirroidea. 1 — apertural view of Alaskiella medfraensis from the late Early Devonian (Emsian) of the west-central
Alaska, x25; 2, 3 — Alaskacirrus bandeli from the late Early Devonian (Emsian) of the west-central Alaska, 2 — apertural view, x50, 3 — oblique
view of concave apical depression formed by the umbilicus of dextrally coiled initial portion of shell, x30; 4 — Pernericirrus sinistorsus from the
Late Silurian of the Prague Basin (Bohemia), apical view, x4; 5 — Barrandecirrus filiformis from the Prionopeltis archiaci — Atrypoidea modesta
Community (late Ludfordian, Ludlow, Silurian; Prague Basin), apical view of the sinistrally coiled teleoconch with deeply concave apical depres-
sion formed by the umbilicus of dextrally coiled initial portion of shell, x8.

in cyrtonellid molluscs. A sharp peak in the size-frequen-
cy distribution in Kokenospira estona (Koken, 1889) for
shells having about three whorls was found by Dzik
(1978), who interpreted it as an effect of the increase of
mortality during hatching and/or metamorphosis (Dzik,
1981). The above-mentioned data may also suggest the
existence of a true larval shell in some bellerophontiform
molluscs. Nevertheless, no data about the early shell of
the core genus Bellerophon and its closely related gene-
ra have hitherto been available.

My systematic effort to find bellerophontid shells with
a well preserved early shell have recently been success-
ful (Fryda 1998a, b; Bandel — Fryda, in prep.) Several bel-
lerophontid shells with protoconch were found in early
Ludlovian rocks (Silurian) of the Prague Basin. These
small shells belong to Bellerophon, but because they are

juvenile, the exact species determination is difficult. The
general shape of these juvenile shells cannot be distinguis-
hed from that of Bellerophon scaber (Perner, 1903) which
is hitherto only known from late Wenlockian strata of the
Prague Basin. The shells figured here as Bellerophon cf.
scaber (Perner, 1903) are found in slightly younger (ear-
ly Ludlow) strata and they most probably belong to Beli-
erophon scaber (Perner, 1903). Recently Horny (1994,
1996) described muscle scars in Bellerophon scaber (Per-
ner, 1903), which are similar in general shape and positi-
on to muscle scars described in Bellerophon by Knight
(1947); thus, Horny considered them to demonstrate un-
doubted evidence of the gastropod affinity of this mollusc.

The early shell of Bellerophon cf. scaber is bilateral-
ly symmetrical and its size is very small (fig. 1). The di-
ameter of the beginning of the first whorl is only about
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0.05 mm. In addition, the typical deformation of the pro-
toconch which occurs in members of the Archaeogastro-
poda is not developed. Thus, according to its shape and
size of the early shell, Bellerophon cf. scaber does not
belong to the subclass Archaeogastropoda. More detai-
led evaluation of this discovery is under preparation (Ban-
del — Fryda, in prep.)

Class level position of Bellerophon

As shown above, Bellerophon and related genera cannot
be considered to belong to the subclass Archacogastro-
poda where they were previously placed by many authors
(e.g., Knight et al. 1960; Peel 1991a, b; Ponder — Lin-
dberg 1997). In addition, newly discovered early shells
of Bellerophon differ from those of sinuate cyrtonellids
(like Sinuitopsis; Dzik, 1982) as well as from living ne-
opilinids (Haszprunar — Schaefer, 1997). Thus, these data
suggest that bellerophontiform molluscs probably repre-
sent a polyphyletic group. On the basis of protoconch
type, Bellerophon and related genera are considered to
form an independent group of molluscs (Fryda 1998a, b)
and the name Amphigastropoda Simroth, 1906 may be
used for it as suggested earlier by Bandel — Geldmacher
(1996). Unfortunately, none of above-mentioned shell
features can resolve the question whether Bellerophon and
related genera (Amphigastropoda) were Gastropoda or
Monoplacophora (= Tryblidiida). If torsion of their soft
body can be demonstrated by future study, then they must
be placed in the class Gastropoda as a separate subclass.
If the opposite state can be determined (i.e. untorted sta-
te of the soft body), then the Amphigastropoda will pro-
bably form a separate class of Mollusca.

Mimospirina

The taxon Mimospirina was established by Dzik (1983)
as a new suborder of the Archaeogastropoda uniting mem-
bers of extinct families Clisospiridaec Miller, 1925 and
Onychochilidae Koken, 1925. Opinions on their higher
taxonomic position as well as on their relationships have
often changed (see Wenz 1938; Knight et al. 1960; Hor-
ny 1964; Golikov — Starobogatov 1975; Peel 1975, 1986;
Wangberg-Eriksson 1979; Fryda — Rohr 1999, in prep.).

McLean (1981) suggested that the members of the su-
perfamilies Macluritoidea and Clisospiroidea do not be-
long to his suborder Euomphalina but represent lineages
apart from this group. Later, Dzik (1983) on the basis of
his study of the early shell ontogeny of the genus Mimo-
spira, proposed separating both the Clisospiridae and
Onychochilidae from the suborder Macluritina and esta-
blished a new suborder Mimospirina for them. On the
other hand, Linsley and Kier (1984) on the basis of a
functional analysis, proposed uniting the Onychochiloi-
dea (including Clisospitidae and Onychochilidae), Maclu-
ritoidea, and possibly the Euomphaloidea in a new order
Hyperstrophina of a new class Paragastropoda. The class

Paragastropoda has been considered to represent untor-
ted molluscs. However, the quite different early shell on-
togeny of members of the Onychochiloidea and Euom-
phaloidea (Dzik 1983; Fryda 1989, 1995; Bandel — Fryda
1998; Fryda — Rohr, in prep.) suggests that the class Pa-
ragastropoda is an artificial group with no zoological va-
lidity. Also Dzik’s (1983) interpretation of Mimospirina
as a group belonging to the Archaeogastropoda is inva-
lid. The large smooth protoconch of the Mimospirina,
consisting of more than one whorl (Dzik 1983; Fryda
1989, 1995; Fryda — Rohr, in prep.), differs from that of
the Archaeogastropoda.

Ponder and Lindberg (1997, p. 203) speculated that
ancestors of Heterostropha may have arisen from a line-
age with hyperstrophic dextral (i.e. sinistrally coiled)
shells. They suggested that such an ancestor could have
been amongst the Macluritoidea, and “sinistral hyperstro-
phic” Ordovician Mimospira is mentioned as their possi-
ble example. However, there is no evidence that Ordovi-
cian Mimospira and related genera belonging to the
superfamily Onychochiloidea were “sinistral hyperstro-
phic”. In addition, there is no data about the protocon-
chs of any members of the superfamily Macluritoidea.
The teleoconch shapes of macluritoidean gastropods are
far from those of the early Heterostropha of Early Car-
boniferous age. In summary, the Cambro—Devonian Mi-
mospirina (Clisospiridae and Onychochilidae) definitely
do not belong to the Archaeogastropoda. The higher sys-
tematic position of these molluscs, with a sinistrally coi-
led shell bearing a large sinistral protoconch, is still open.

Archaeogastropoda

Among Paleozoic gastropods, the members of the sub-
class Archacogastropoda have been considered to be the

* most common gastropod group. Redefinition of this group

by Bandel (1982), based on their early shell ontogeny
type, has provided a good criterion for their determinati-
on in the fossil record. According to the teleoconch mor-
phology, the oldest presumed Archaeogastropoda are
known from the Late Cambrian (Knight et al. 1960).
However, the oldest undoubted evidence for their occur-
rence based on their typical protoconch type comes from
the Early Devonian (Fryda — Bandel 1997; Fryda — Man-
da 1997; Fryda 1998a~d, 1999). The discovery of archae-
ogastropod-type protoconchs in these Early Devonian
gastropods indicates that the subclass Archaeogastropo-
da has had the same early ontogenetic pattern for at le-
ast 400 Ma (Devonian to Recent) and represents a very
old, independent gastropod group.

Classification of Paleozoic Archaeogastropoda

The concept of the subclass Archaeogastropoda has been
changed many times and different usage may be found
in the most recent scientific studies (Haszprunar 1993;
Bandel — Geldmacher 1996; Ponder — Lindberg 1997).
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Fig. 3. Archaeogastropoda — Murchisonoidea. 1 — Murchisonia (Murchisonia) pragensis from the Praha Formation (Pragian, Early Devonian, Pra-
gue Basin), apertural view, x30; 2—4 — Givetian (Middle Devonian) species of Murchisonia (Murchisonia) from the Paffrath area (Bergisches Land,
Germany), 2 — lateral view of Murchisonia (Murchisonia) "bilineata”, x2; 3 — apertural view of Murchisonia (Murchisonia) "bilineata" with spi-
ral cords of fine nodose, x0.8; 4 — lateral view of Murchisonia "archiaci var. coronata”, x2; 5, 7 — apical and lateral views of Murchisonia (Mur-
chisonia) holynensis showing the protoconch of archaeogastropod type, 5 — x37, 7 — x85; 6 — lateral view of juvenile shell of Murchisonia (Mur-
chisonia) holynensis, x37.

Knight et al. (1960) considered a majority of the Paleo-
zoic gastropods to belong to the Archaeogastropoda. This
concept was developed only on the basis of evaluation of
the teleoconch shell characters in Paleozoic gastropods,
Recent studies (Fryda — Bandel 1997; Fryda — Manda
1997, Fryda 1998a, b, c; Bandel — Fryda 1998, 1999)
have shown that the presumed Paleozoic archaecogastro-
pod family-level taxa unite gastropods belonging to diff-
erent gastropod subclasses. In addition, some shell cha-
racters such as the presence or absence of a slit, consi-
dered to be important high-level characters for the clas-
sification of Paleozoic archaeogastropods, have very li-
mited significance (Bandel — Fryda 1996; Bandel — Gel-

dmacher 1996). Thus, among the Paleozoic archaeogast-
ropods there are large taxa uniting forms with shells ha-
ving or lacking slits like modern members of the Seguen-
zioidea or Scissurelloidea (Marshall 1983; Bandel 1998).
In fossil members of the Archaeogastropoda the develo-
pment of such a shell character as a slit that generates a
selenizone probably occurred several times. In addition,
slit-bearing forms have probably lost this feature several
times in different lineages; thus, this shell character can-
not be used for suborder-level diagnosis (cf. Knight et al.
1960). In many cases a fossil archacogastropod can only
be placed within a morphogroup and a relationship can-
not be established to a surviving species or group. In such
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cases, Bandel — Fryda (1996) and Bandel — Geldmacher
(1996) suggested that they should be included in a group
of the Trochomorpha or the Selenimorpha. To sum up,
the present classification of the Paleozoic Archaeogast-
ropoda is artificial and a new one, possibly less artificial,
should be established on the basis of detailed, specimen-
based studies of all available characters including also
some new shell characters like the nature of the proto-
conch and shell structure.

In the following paragraphs, problems of the present-
day classification of the Paleozoic Archaeogastropoda are
illustrated using the phylogenetic models of superfami-
lies Cirroidea, Murchisonoidea and Loxonematoidea.

Cirroidea

The extinct superfamily Cirroidea unites the Mesozoic
Cirridae and the Paleozoic Porcelliidae (Bandel 1993).
The oldest representatives of the Cirroidea are known
from the Paleozoic, the oldest representatives of the Por-
celliidae from the Silurian (Fryda 1995, 1997) and the
Cirridae from slightly younger, Emsian (Early Devoni-
an) strata (Fryda — Blodgett 1998). The stratigraphic ran-
ge of the superfamily Cirroidea is at least from Silurian
to Cretaceous and so spans an interval of about 350 mil-
lion years duration. The unusual change in shell coiling
(from dextral to sinistral) during their early shell onto-
geny is a character which is unknown among the rest of
the Archaeogastropoda. Thus, the Cirroidea may repre-
sent an independent, long-lived order of the subclass Ar-
chaeogastropoda (fig. 2). According to Bandel (1993),
members of the family Porcelliidae bearing a slit evol-
ved during the Triassic into members of the Cirridae that
lacked a slit. However, the discovery of Alaskacirrus ban-
deli Fryda and Blodgett, 1998, coming from the late Early
Devonian (Emsian) of Alaska has changed our view on
the early phylogeny of the family Cirridae, the members
of which were hitherto known only from Mesozoic stra-
ta. Similarly, unusual shells of Early Devonian Pavlodis-
cus yochelsoni Fryda, 1998 from of the Prague Basin
show some resemblance to members of the Porcelliidae
(planispirally coiled teleoconch and dextrally coiled ear-
ly shell), but in contrast they bear no selenizone. The dis-
covery of these gastropods (Alaskacirrus and Pavlodis-
cus) has suggested that the family Cirridae separated from
the family Porcelliidae at least since the Early Devoni-
an, much earlier than was suggested by Bandel (1993).
On the other hand, both these genera may also represent
dead-end branches of the Paleozoic Cirroidea. Thus, it is
necessary to focus our studies on the evolution of this
superfamily and find new data to test the above mentio-
ned evolutionary models.

Murchisonoidea

In contrast to Cirroidea, the superfamily Murchisonoidea

(fig. 3) unites Paleozoic gastropods which occur very
commonly. Unfortunately, the protoconch of the type spe-

cies of Murchisonia, Murchisonia bilineata, from the
Givetian (Middle Devonian) of Germany is still unknown
and so the higher taxonomic i)osition of superfamily
Murchisonoidea is questionable. However, several species
of Murchisonia and closely related taxa from the Loch-
kovian, Pragian and Emsian (Early Devonian) of the Pra-
gue Basin have an archaeogastropod-type protoconch
(Fryda — Manda 1997, Fryda 1999, unpubl. data). The
discovery of these protoconchs is very important for an
evaluation of their higher taxonomic position. The Mur-
chisonioidea were placed in the subclass Caenogastropo-
da in some recent gastropod classifications (e.g., Ponder
— Warén 1988). Nevertheless, the discovery of archaeo-
gastropod-type protoconchs in Early Devonian species
suggests that the Murchisonoidea belong to the subclass
Archaeogastropoda. For a definitive solution of the higher
taxonomic position of the latter superfamily, it is neces-
sary to obtain new data about the Middle Devonian core
group of the genus Murchisonia.

Loxonematoidea

The superfamily Loxonematoidea unites Paleozoic gast-
ropods which are also occur commonly (fig. 4). Knight
et al. (1960) placed this superfamily, including the fa-
milies Loxonematidae, Palacozygopleuridae, Pseudo-
zygopleuridae, and Zygopleuridae, within the Caenogast-
ropoda. This opinion on the position of this extinct
superfamily was also followed by Taylor and Sohl (1962)
and Ponder and Wiren (1988). On the other hand, Goli-
kov and Starobogatov (1975) placed the Loxonematoi-
dea, together with the superfamilies Aclidoidea, Pyra-
midelloidea, and Nerineoidea, into the order (=subclass)
Heterostropha. The initial part of the shell in the core
genus Loxonema Phillips, 1841 is still unknown. Ban-
del (1991) suggested that Loxonematoidea represent a
polyphyletic group and tentatively placed Loxonemati-
dae together with his new family Polygyrinidae into the
Mesogastropoda (Caenogastropoda). Members of the fa-
milies Psendozygopleuridae, Zygopleuridae, and Protor-
culidae (Zygopleuroidea Bandel, 1991) have larval
shells or simplified shells that reflect lecithotrophic de-
velopment and thus they belong without doubt to the
subclass Caenogastropoda. In contrast, the Early Devo-
nian members of the families Loxonematidae (Kato-
ptychia and Stylonema) and Palaeozygopleuridae (Pa-
laeozygopleura) had a large archaeogastropod-type
protoconch and thus no larval shell formed during their
ontogeny (Fryda — Bandel 1997; Fryda unpubl. data).
For this reason, the members of the family Palaecozygo-
pleuridae and at least some Loxonematidae do not fit
into the Caenogastropoda, but appear to be members of
the subclass Archaeogastropoda. The very slender, high-
spired shells of Loxonema or Palaeozygopleura-type
represent an unusual teleoconch character among the
members of the subclass Archaeogastropoda. This cha-
racter together with their archaeogastropod-type proto-
conch places these gastropods in their own order Sty-
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Fig. 4. Archaeogastropoda — Loxonematoidea. 1-3 — Palacozygopleura (Bohemozyga) kettneri from the uppermost part of the Tfebotov Limesto-
ne (Daleje-Trebotov Formation; late Emsian, Early Devonian; Prague Basin), 1 — lateral view, x14; 2, 3 — detailed views of early whotls, 2 —
x60, 3 — x43; 4 - Palaeozygopleura (Palacozygopleura) alinae from the Praha Formation (Pragian, Early Devonian, Prague Basin); lateral view,
x20; 5 — Katoptychia holynensis from the uppermost part of the Tfebotov Limestone (Daleje-T¥ebotov Formation; late Emsian, Early Devonian;
Prague Basin), lateral view, x9.

logastropoda Fryda and Bandel, 1997. The extinct su-
perfamily Loxonematoidea probably unites the members
of two gastropod subclasses, the Archaeogastropoda and
Caenogastropoda, and so has no zoological validity. If
it is true, then this fact has an important influence on
all present models of the early evolution of the sub-
class Caenogastropoda (Bandel 1991, 1997; Ponder —
Lindberg 1997; Niitzel 1997).

Neritimorpha

The taxon Neritimorpha was established by Golikov and Sta-
robogatov (1975) as a new superorder of the subclass Pecti-
nibranchia. According to them the Neritimorpha unites the
superfamilies Neritoidea, Hydrocenoidea, Titiscanioidea, and
possibly also the Cocculinoidea. Salvini-Plawen and Haszpru-
nar (1987) placed the Neritopsina (=Neritimorpha), together
with the Docoglossa, Cocculiniforma, Vetigastropoda, Segue-
ziina, and Architaenioglossa, in the Archaeogastropoda which
they considered to be a paraphyletic group. Later, Haszpru-
nar (1993) again suggested placing the Neritimorpha and the
architaenioglossate groups (Cyclophoroidea and Ampullaro-
idea) in his concept of the Archaeogastropoda. Bandel (1992)
considered the Neritimorpha to represent an independent sub-
class characterized by a typical, strongly convolute proto-
conch. Recently the independent position of the Neritimor-
pha was also noted by Biggelaar and Haszprunar (1996), who
characterized this large gastropod taxon by its cleavage pat-
terns. The results of this study suggests that the Neritimor-

pha forms a gastropod group which is far removed from the
Docoglossa (= Patellogastropoda) and Vetigastropoda.

Protoconch of fossil Neritimorpha

The oldest undoubted evidence for the characteristic,
strongly convolute early shell of extant Neritimorpha is
known from the Triassic St. Cassian Formation (Bandel
1992, 1997). On the basis of the discovery of a neriti-
morph protoconch in the Triassic Orthonychia alata (Lau-
be 1869), Bandel (1992) considered the Paleozoic para-
sitic gastropods of the family Platyceratidae to belong to
the subclass Neritimorpha. Besides their general shell
shape, the presence of a thick calcitic outer shell layer
(Batten 1984) often bearing colour bands (Yochelson
1956; KiiZ — Lukes 1974; Yochelson — KiiZ? 1974; Fryda
unpubl. data) seems to be conformable with this view.
However, new discoveries of well-preserved early shells
in the members of the family Platyceratidae (Fryda 1998
a, b) show that this group unites gastropods with at least
two protoconch types: 1.) a strongly convolute type and
2.) an openly coiled, fish hook-like type. Both these ty-
pes may be traced in the fossil record for more than 200
million years and the changes in their shape during this
time were insignificant (Fryda 1998a, b, c¢; Bandel — Fry-
da, in press). This character has been considered to have
very high-level taxonomic significance and for this rea-
son, the subclass Neritimorpha has been divided into two
separate orders, the Cycloneritimorpha and Cyrtoneriti-
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Fig. 5. Cyrtoneritimorpha. 1 — cyrtoneritimorph protoconch from the Kopanina Formation (early Ludlow, Late Silurian; Prague Basin), x90; 2-5 —
Vitaviella reticulata from the Monograptus uniformis graptolite Biozone (Lochkov Formation; early Lochkovian, Early Devonian; Prague Basin)
2 — protoconch of Vitaviella reticulata, x65; 3 — oblique view of juvenile shell, x38; 4, 5 — lateral and oblique views showing a reticulate orna-
mentation, 4 — x25, 5 — x28.

morpha (Fryda 1998a, b, c; Bandel — Fryda 1999, in
press). The order Cycloneritimorpha is characterized by
a strongly convolute protoconch and may be traced from
the Recent back to at least to the Carboniferous. The “pla-
tyceratids” with openly coiled, fish hook-like protocon-
chs form the order Cyrtoneritimorpha. The members of
this order may be traced, according to their characteris-
tic fish hook-like protoconch, from the Early Ordovician
to the Late Permian, and thus, existed for about 250 mil-
lion years (Fryda 1998a, b, c; Bandel — Fryda 1999, in
press). A sharp increase in mortality during the early shell
ontogeny in some Cyrtoneritimorpha, as in Vitaviella Fry-
da and Manda, 1997 (fig. 5), may suggest the presence
of a planktotrophic larval stage in this group.

From the above-mentioned facts it is quite evident that
the presumed Paleozoic members of the subclass Neriti-
morpha unites two gastropod groups, the Cycloneritimor-
pha and Cyrtoneritimorpha, differing by the shape of their
protoconchs. The relations of these neritimorph groups
to each other, as well as their relations to other gastro-
pod groups are still mysterious (Bandel - Fryda 1999, in
press). New detailed studies of the early shells of presu-
med Paleozoic Neritimorpha may shed new light on the
origin of this gastropod subclass.

Euomphalomorpha

Koninck (1881) established his family Euomphalidae for
Early Carboniferous gastropods having a planispiral or low
trochospiral shell in which the whorls only just touch or
overlap very little with each other. Later, Koken (1889)
considered the enomphalid gastropods to be related with
the members of the Pleurotomarioidea because he obser-
ved a morphological convergence among both groups. He
thus concluded that the Pleurotomarioidea and the Euom-
phaloidea arose from the same stock. Wenz (1938) pla-
ced the family Euomphalidae, together with the families
Omphalocirridae, Platyacridae, Cirridae, Oriostomatidae,
Poleumitidae and Macluritidae, within the superfamily
Euomphalacea (= Euomphaloidea). All members of the
Euomphaloidea were considered by Wenz to belong to the
Archaeogastropoda. Yochelson (1956) interpreted the Eu-
omphaloidea to have been derived from the Macluritoi-
dea in the Early Ordovician and he placed three families,
Euomphalidae. Helicotomidae and Omphalotrochidae in
this superfamily. This concept was followed by Knight et
al. (1960). McLean (1981) considered the deep-sea, hot
vent limpet Neomphalus McLean, 1981 to represent a li-
ving species of the Enomphaloidea. For this reason McLe-
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Fig. 6. Perunelomorpha. 1, 2 — Perunela bohemica from the Praha Formation (Barrandov; Pragian, Early Devonian; Prague Basin); 1 — apical
view showing the openly coiled first whorl, x42, 2 — lateral view, x36; 3, 4 — perunelomorph protoconch from the lower part of Kopanina For-
mation (early Ludlow, Late Silurian; Prague Basin), 3 — apical view, x140; 4 — oblique view, same shell as in fig. 3, x180; 5 — apical view of
Zenospira pragensis showing a openly coiled early whorl, x42.

an (1981) placed his genus Neomphalus in a new super-
family Neomphaloidea of a new suborder Euvomphalina.
The suborder Euomphalina, uniting members of the mo-
dern Neomphaloidea with the Paleozoic Euomphaloidea,
was considered to belong to the Archaeogastropoda. Lin-
sley and Kier (1984) proposed uniting the Onychochila-
cea (including Clisospiridae and Onychochilidae), Maclu-
ritacea, and Euomphalacea (with question mark) into a
new order Hyperstrophina of a new class Paragastropoda.

Protoconch of Euomphalus and the related genera

Bandel and Fryda (1998) found a cyrtoconic and pla-
nispiral, openly coiled protoconch in the Devonian and
Carboniferous genera Euomphalus, Straparollus, Serpu-
lospira, Phymatifer, Schizostoma, and Nodeuomphalus
that form the core group of the superfamily Euomphalo-
idea Koninck, 1881. The protoconch is openly coiled
and carries a bulbous, oblique initial egg-shaped porti-
on. The protoconch forms an open half coil with a thic-
kened end and smooth surface. This character

distingnishes Euomphaloidea from members of the
other four extant subclasses of the Gastropoda: the Ar-
chaeogastropoda, Neritimorpha, Caenogastropoda and
Heterostropha. For this reason, Bandel and Fryda (1998)
placed the Euomphaloidea in the new subclass Euompha-
lomorpha. The Euomphalomorpha are considered to be
an independent gastropod group, known only from the
Paleozoic (Cambrian—Permian).

Perunelomorpha

On-going studies focused on the protoconch morpholo-
gy of Silurian and Devonian gastropods (Fryda 1998a—c;
Fryda — Bandel 1997; Fryda — Manda 1997) has revealed
the presence of gastropod shells having a very unusual,
openly coiled early whorl. This feature distinguishes them
from living and fossil members of large gastropod mega-
taxa like the Archaeogastropoda, Euomphalomorpha, Ne-
ritimorpha (Cycloneritimorpha and Cyrtoneritimorpha),
Caenogastropoda and Heterostropha. For this reason, these
gastropods have been placed in a new order Perunelo-
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morpha based on the superfamily Peruneloidea which
unites two families, the Perunelidae and Chuchlinidae
(Fryda — Bandel 1997; Fryda 1998a—c). A typical feature
of the perunelomorph gastropods is a strong increase of
the mortality rate during early shell ontogeny, which was
observed in their Silurian members (Fryda 1998a, c). This
feature suggests the presence of a planktotrophic larva
stage in the perunelomorph gastropods.

The higher taxonomic position of the order Perunelo-
morpha is still a mystery. Paleozoic gastropods with asym-
metrically coiled shells may be placed in one of the five
gastropod subclasses: Archaeogastropoda, Euomphalo-
morpha, Neritimorpha, Caenogastropoda, and Heterostro-
pha. Archaeogastropoda have, in contrast to Perunelomor-
pha, a protoconch that has been pulled into a spiral shell
with characteristic lateral folds, and have no planktotro-
phic larvae (Bandel 1982). As shown above, Amphigast-
ropoda (Bellerophon and related taxa) also had a quite dif-
ferent protoconch than the Perunelomorpha. For this
reason, the order Perunelomorpha cannot be placed in the-
se subclasses. Gastropods belonging to the Perunelomor-
pha have an openly coiled early shell as do the members
of the subclass Euomphalomorpha, but they differ from
the latter by two features. Firstly, Perunelomorpha have
trochospirally (not planispirally) coiled early shells unli-
ke the Euomphalomorpha. Secondly, Perunelomorpha
have a smaller and less bulbous initial shell portion than
is found in any euomphalomorph gastropods studied so
far (Bandel — Fryda 1998). The members of the Cyrtone-
ritimorpha, also having openly coiled protoconchs, differ
from Perunelomorpha by their fish hook-like protoconchs.

Members of the order Perunelomorpha can be traced
from the Early Ordovician to the Early Devonian (Boc-
kellie — Yochelson 1979; Dzik 1994; Fryda — Bandel 1997,
Fryda — Manda 1997; Fryda 1998a—c) and so had a dura-
tion of about 100 Ma. Unfortunately, only very few pe-
runelomorph protoconchs can be connected with a teleo-
conch. Nevertheless, the discovery of a new rich fauna
from the Silurian and Devonian of the Prague Basin shows
that the members of the order Perunelomorpha were a very
common gastropod group (Fryda, unpubl. data).

A new model of gastropod evolution

On the basis of protoconch morphology, the presence of
six natural groups (Amphigastropoda, Archaeogastropo-
da, Mimospirina, Cyrtoneritimorpha, Euomphalomorpha,
and Perunelomorpha) have been recognized among Silu-
rian and Devonian gastropods.

The Amphigastropoda (Bellerophon and the related
genera) are considered to be a long-lived (from Cambri-
an to Triassic), independent molluscan group. The disco-
very of early whorls in the core genus Bellerophon se-
ems to be consistent with a model published by Naef
(1911), Salwini-Plawen (1980), and Bandel and Geldma-
cher (1990) that the Amphigastropoda represent gastro-
pods in which torsion of the soft body occurred, only af-

ter complete embryogenesis when the shell was minera-
lized. However, the question of whether the Amphigast-
ropoda were torted or untorted molluscs is still open.
Nevertheless, the protoconch of Bellerophon definitely
demonstrates that the Amphigastropoda do not belong to
the subclass Archaeogastropoda in contrast to many pre-
sent-day classifications (e.g., Knight et al. 1960; Peel
1991a, b; Ponder - Lindberg 1997).

The members of the subclass Archacogastropoda also
represent an ancient gastropod group. There is unambi-
guous evidence for the same pattern of early ontogeny of
the Archaeogastropoda for at least the last 400 million
years (from the early Lochkovian to the Recent). Bandel
(1982, 1992) and Bandel and Geldmacher (1996) showed
that the primary shell of Archacogastropoda is deformed
before it was mineralized. The torsion of the visceral mass
also occurs after the formation of the bilaterally symme-
trical shell. Recently the independent position of the sub-
class Archaeogastropoda was also suggested by Bigge-
laar and Haszprunar (1996) who found quite different
cleavage patterns and timing of mesentoblast formation
in this group in comparison with those in subclasses Ne-
ritimorpha, Caenogastropoda and Heterostropha. All these
facts together with evidence for the same pattern of ear-
ly ontogeny in the Archaeogastropoda during the last
400 million years (Fryda — Manda 1997) suggest that this
group represent a very old, independent gastropod group.

The members of the subclass Euomphalomorpha and
the orders Cyrtoneritimorpha and Perunelomorpha had an
openly coiled early whorl. As noted by Bandel and Fry-
da (1998) the shell structure of Euomphalomorpha may
suggest connection to the Neritimorpha. However, until
now we have no evidence for the existence of a true lar-
val shell in the extinct subclass Euomphalomorpha, in
contrast to the members of Cyrtoneritimorpha and Peru-
nelomorpha. The members of the order Cyrtoneritimor-
pha are considered to belong to the subclass Neritimor-
pha. The same teleoconch shape, thick calcitic outer shell
layer and presence of true larval shell are considered to
be “evidence” for the linkage of the Paleozoic Cyrtone-
ritimorpha and extant Neritimorpha (= Cycloneritimor-
pha). On the other hand the gastropods belonging to the
order Perunelomorpha, also developing a planktotrophic
larval shell, may represent an ancestral group of the youn-
ger gastropod subclasses, such as the Caenogastropoda
and Heterostropha (Bandel 1997, Fryda 1998a—c). The
similarity of teleoconch shapes of the Devonian Perune-
lomorpha (Zenospira and Chuchlina; Fryda — Bandel
1997; Fryda — Manda 1997) with those of the oldest un-
doubted Caenogastropoda and Heterostropha (Kollmann
— Yochelson 1976; Yoo 1988, 1994) as well as the pre-
sence of a planktotrophic larval stage in all these groups
is evidence for linkage of the Paleozoic Perunelomorpha
and extant Caenogastropoda and Heterostropha. Tn addi-
tion, an uncoiled planktotrophic larval shell was present
in some Carboniferous caenogastropods (e.g., Globozy-
ga mediocris; Niitzel 1997, P1. 34 A-C).
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Fig. 7. Model of the relationship of major gastropod groups and their stratigraphic ranges. Arrows indicate probable connections between lineages

(see text).

Is uncoiling a plesiomorphic shell character of the
higher gastropods?

As shown above, an uncoiled protoconch was recently
found in several, long-lived groups of Paleozoic gastro-
pods (Cyrtoneritimorpha, Perunelomorpha, and Euom-
phalomorpha; Fryda — Bandel 1997; Fryda — Manda
1997; Bandel 1997; Bandel — Fryda 1998, 1999; Fryda
1998a, b, c). The Ordovician—Permian Cyrtoneritimorpha
with uncoiled, fish hook-like protoconchs probably gave
rise during the Paleozoic (?Silurian) to the modern Neri-
timorpha with a strongly convolute protoconch. On the
other hand, the Ordovician-Devonian Perunelomorpha
may represent the ancestral group of Caenogastropoda
and/or Heterostropha. The Euomphalomorpha, also ha-
ving an uncoiled protoconch, forms an independent gast-
ropod group, known only from the Paleozoic, which may
be related to the Neritimorpha (Bandel — Fryda 1998).
Thus, uncoiling of protoconchs found in the above-men-
tioned groups may represent a very old shell feature (Fry-
da 1998c). In contrast to these groups, the latter feature
is not known among the members of the subclasses Ar-
chaeogastropoda and Amphigastropoda (Bellerophon and
related taxa). The above mentioned data suggest that the
higher gastropods (Caenogastropoda, Heterostropha, and
Neritimorpha) as well as the extinct Euomphalomorpha
may have evolved from a common ancestor with an un-
coiled tubular shell (fig. 7), and thus, not directly from

the Paleozoic Archaeogastropoda and/or Amphigastropo-
da, which is in contrast to most of the recent phylogene-
tic schemes (see Ponder — Lindberg 1997 for review). If
this is true, then present-day models of the early phylo-
geny of the class Gastropoda must be changed.

Problems of proposed model

Naturally, the still very poor knowledge of Paleozoic gast-
ropods remains the main problem with the model of gast-
ropod evolution proposed here. During the last 5 years,
systematic and on-going studies of early shell ontogeny
of Silurian and Devonian gastropods have multiplied by
several times our data about this taxonomically impor-
tant shell feature (Fryda 1995, 1997, 1998a—e, 1999b;
Fryda — Bandel 1997; Fryda — Blodgett 1998; Fryda —
Manda 1997; Bandel — Fryda 1996, 1998, 1999). Inter-
pretation of all the above cited references, as well as new
data, will be a very good source for future tests of diffe-
rent models of gastropod evolution. Recent discovery of
an unusual Early Devonian limpet, Pragoscutula wareni
Fryda, 1998, is a typical example of such data. The shells
of this fossil, bearing a closely and dextrally coiled pro-
toconch of about 1.5 whorls, represent the oldest (and
first Devonian) evidence for a closely coiled, non-archae-
ogastropod and non-amphigastropod protoconch type.
The significance of this discovery for the model propo-
sed here is under study (Fryda 1999, in prep.).
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Conclusions

1. The nature of the early shells in the core genus Bel-
lerophon demonstrates that this genus (and thus also the
Bellerophontoidea, Amphigastropoda) does not belong
to the subclass Archaeogastropoda. In addition, the early
shells in Bellerophon differ from those of sinuate cyrto-
nellids as well as from living neopilinids. The very small
size of the bilaterally symmetrical early shell of Bellero-
phon (Amphigastropoda) indicates the presence of a
planktotrophic larval stage forming this shell. A non-ar-
chaeogastropod type protoconch in Bellerophon testifies
against the hypotheses of Yochelson (1978, 1984) and
McLean (1984). Thus, Bellerophon and related genera
(Amphigastropoda) are considered to represent an extinct,
long-lived (from the Cambrian to the Triassic), indepen-
dent molluscan group.

2. The higher taxonomic position of the Cambro—De-
vonian Mimospirina, uniting the Paleozoic gastropods
with sinistrally coiled shells bearing a large sinistrally
coiled, non-archacogastropod protoconch, is still open.
Nevertheless, the nature of the early shells in Mimospira
demonstrates that the Mimospirina do not belong to the
subclass Archaeogastropoda. In addition, the large size
and shape of early shell in Mimospira, consisting of more
than one whorl, suggests the presence of a larval stage
during which the larval shell was formed. Quite differing
morphologies of the early shells in members of the Mi-
mospirina and Euomphaloidea argue against the zoolo-
gical validity of the class Paragastropoda.

3. The discovery of archaeogastropod-type protocon-
chs in some Early Devonian gastropods indicates that the
subclass Archaeogastropoda has had the same early on-
togenetic pattern for at least 400 Ma (Devonian to Re-
cent) and that it represents a very old, independent gast-
ropod group.

4. The members of the order Cyrtoneritimorpha (Ne-
ritimorpha) may be traced according to their characteris-
tic fish hook-like protoconch from the Early Ordovician
to the Late Permian and thus about 250 million years. In
the Paleozoic (Devonian?) this neritimorph group, with a
typically openly coiled larval shell which developed du-
ring a planktotrophic stage, probably gave rise to the mo-
dern Cycloneritimorpha (Neritimorpha) characterized by
a strongly convolute protoconch. The latter group may be
traced from the Recent back to at least the Carboniferous.

5. The cyrtoconic and planispirally openly coiled pro-
toconch of Euomphalus and related taxa (Euomphalomor-
pha) distinguishes them from members of the other four
extant subclasses of the Gastropoda (Bandel — Fryda
1998). The subclass Enomphalomorpha forms an inde-
pendent gastropod group, known only from the Paleozo-
ic (Cambrian—Permian). The non-archaeogastropod type
of protoconch in Euomphalomorpha testifics against the
zoological validity of subotdet Euomphalina (McLean
1981), which was proposed to unite the members of mo-
dern Neomphaloidea (Archaeogastropoda) with the Pa-
leozoic Euomphaloidea.

6. The members of the order Perunelomorpha, with
an open, trochospiral protoconch, can be traced from the
Early Ordovician to the Early Devonian and so the group
existed for about 100 Ma. The Perunelomorpha evolved
planktotrophic larvae which secreted their typical larval
shell. This fact, together with the similarity of teleoconch
shapes in Devonian Perunelomorpha and the oldest un-
doubted Caenogastropoda and Heterostropha of Carbo-
niferous age, suggests that the Perunelomorpha may re-
present their ancestral group.

7. The uncoiled protoconchs found in Cyrtoneriti-
morpha, Euomphalomorpha and Perunelomorpha
may represent a very old shell feature. This fact suggests
that the higher gastropods (Caenogastropoda, Heterostro-
pha, and Neritimorpha), as well as the extinct Enompha-
lomorpha, may have evolved from a common ancestor
with an uncoiled tubular shell, and thus, not directly
from the Paleozoic Archaeogastropoda and/or Amphi-
gastropoda.
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Vyssi klasifikace paleozoickych gastropodii odvozena z ontogeneze jejich rané schrdnky

Studium morfologie protokonch u silurskych a devonskych gastropodi z praZské pénve odhalilo piftomnost Sesti p¥irozenych skupin (Amphigastropoda,
Archaeogastropoda, Mimospirina, Cyrtoneritimorpha, Euvomphalomorpha, and Perunelomorpha). Charakter protokonchy u rodu Bellerophon dokazuje,
Ze 1axon Amphigastropoda nepatii do podiridy Archaeogastropoda a tvoff nezavislou skupinu se znacnym stratigrafickym rozsahem (kambrium-—triag).
Velmi mald velikost bilaterdlng symetrické protokonchy u rodu Bellerophon (Amphigastropoda) naznaduje pitomnost planktotrofniho larvalniho stadia.
Vy8 taxonomické pozice kambro—devonského taxonu Mimospitina, ktery sdruZuje paleozoické gastropody se sinistrélng toéenou schrankou nesoucl
velkou, sinistrdlng tofenou protokonchu, je dosud nejistd. Objev archacogastropodového typu protokonchy u rané devonskych gastropodd dokazuje, Ze
podtiida Archaeogastropoda méla stejny typ rané ontogeneze b&hem poslednich 400 miliont let (devon-recent) a reprezentuje velmi starou, nezédvislou
skupinu gastropodd. Rané ordoviti az pozdné permsti zastupci fadu Cyrtoneritimorpha (Neritimorpha) s charakteristickou hdkovitou protokonchou
pravdépodobné dali vznik modernim zastupcim fddu Cycloneritimorpha (Neritimorpha). Euomphalomorpha se planispiralni, oteviené todenou
protokonchou tvoii nezdvislou skupinu gastropodd, kterd je zndma pouze z paleozoika (kambrium-perm). Rang ordoviét{ aZ rané devonsti zdstupci ¥4du
Perunelomorpha s otevienou, trochospirdln€ tofenou protokochou méli planktotrofni larvu, kterd sekretovala jejich typickou larvdlni schranku. Rad
Perunelomorpha miiZe reprezentovat pfedky podtiid Caenogastropoda a Heterostropha. Oteviend toéend protokoncha nalezend u taxond Cyrtoneritimorpha,
Euomphalomorpha a Perunelomorpha je pravdépodobné velmi starym znakem. Vy$&i gastropodi (Caenogastropoda, Heterostropha a Neritimorpha)

jakoZ i fosilni Enomphalomorpha se mohli vyvinout ze spole¢ného pfedka s otevien& to¢enou, tubuldrni schrdnkou, a tedy nikoliv pffmo z paleozoickych
z4stupci podtfidy Archaeogastropoda a/nebo Amphigastropoda.
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RECENZE

Stratigraphische Kommission Deutschlands: Stratigraphie von
Deutschland II. Ordovizium, Kambrium, Vendium, Riphidikum.
Teil I: Thiiringen, Sachsen, Ostbayern. — Courier Forschungsinsti-
tut Senckenberg, 200, 437p. ISSN 0341-41 16, ISBN 3-929907—
43-7. Frankfurt a, M. 1997.

Né&meckd stratigrafickd komise pfi Némecké unii geologickych véd
si pfedsevzala dlouhodoby a nelehky tkol: postupné publikovat
obsazné monografické stratigrafické lexikony, které by obsdhly jed-
notlivé useky geologické minulosti ve stratigrafickém a regiondlné
geologickém pofddku. PredloZeny svazek je vénovdn svrchnimu
proterozoiku (rifeji a vendu), kambriu a ordoviku oblasti Durynska,
Saska a vychodniho Bavorska.

Na sestaveni svazku se podilelo celkem 24 autori, mezi nimiz
nechybéji i u nds dobfe zndmi badatelé, jako E. a P. Bankwitz,
H. Brause, O. Elicki, F. Falk, G. Geyer, G. Hirschmann, G, Stettner a
K.-A. Triger. Litka je uspofdddna podle regionalné geologickych
jednotek - napf. Schwarzburské antiklinorium, Fransko-durinské bfid-
liéné pohofi, miinchbersky komplex, Smréiny a Oberpfilzer Wald,
Vogtland, Erzgebirge (Kru$né hory), Stfedosaské granulitové poho-
fi, Labskd z6na, LuZicky masiv, Severosaské bfidlicné pohofii,
sz. Sasko, veserské synklinorium, zéna Erbendorf-Vohenstrauss a
Bavorsky les.

Uvnitf regiondIng geologickych jednotek je pak latka ponékud
neobvykle uspofdddna od mladsich jednotek ke star$im, v zdsads
podle geologickych ttvarti. Jadrem celé monografie jsou podrobné
charakteristiky jednotlivych litostratigrafickych jednotek, mezi ni-
miZ se rozliduji skupiny (Gruppe), souvrstvi (Formation) a Folge
(sledy odpovidajici souvrstvim nebo &lenGim nasf terminologie).

Kazdd regiondlng geologickd jednotka je uvedena tvodni stat
o zdsaddch stratigrafického déleni. Jidrem jsou pak stru¢né a vystiz-
né charakteristiky jednotlivych litostratigrafickych jednotek, které
vidy obsahuji definici jednotky (odkazy na definice difv&j§i i defi-
nici nynéjsi), litologickou charakteristiku, rozifeni, zastoupen{
v jinych regiondlné geologickych celcich, charakteristiku svrchni a

spodn{ hranice, mocnost, dal¥i podrobngji{ déleni (spolu s vdaji
0 niZ8ich &lenech), upozornéni na zvl4stni korelaéni horizonty, lito-
logicko-facidlni zvl4$tnosti, podminky vzniku, magmatismus, pale-
ontologickou charakteristiku, data o deformacich, metamorféze
radiometrickém stdf{ (Casto chybf), chronostratigrafické zafazeni (uvé-
déné jako ,Stratigraphisches Alter*) a odkazy na hlavnf literaturu.
Viechny tyto ddaje jsou uvedeny i v pifpadech, kdyZ data chybéji,
napi, s poznamkou ,,Keine* , nebo ,,Bisher unbekannt*.

Tim, Ze je zachovén jednotny pldn u viech jednotek, je zajisténa
jasnd a snadnd orientace a vystiZen i stupefi sougasnych znalosti
isjeho mezerami.

Nekteré jednotky zasahuji i na nae tizem{, napi. Brambach Grup-
pe je délena na souvrstvi Olovi, A§-Krajkovd a Mokfiny se zachovd-
nim Ceského pravopisu (zdsada zachovdnf jména podle zems piivodu,
zakotvend v International Stratigraphic Guide, je vét$inou dodrzo-
véna, coZ je jistd sympatické). ProtoZe jednotek zasahujicich na nase
lizemf je zejména v oblasti Krusnych hor vétsi pocet, je dilo vyznam-
né i pro naSe pracovniky, ktefi se vénuji sasko-durynské oblasti.

K textu je pfipojeno 50 kreslenych mapek a stratigrafickych sché-
mat, dilo zakonluji velmi pfehledné korelaéni tabulky pro jednotli-
veé Atvary, které obsahujf i ddaje o litologii, charakteru vyvielin,
vyskytu zkamenélin a uZitkovych loZiscich. Vycet literatury zapliiu-
je 26 stran a nechybgji v ném ani citace ¢eskych autort.

Jako celek jde o dilo velmi hodnotné, pfehledné a mnohostranné
potiebné. Rozhodné by mélo byt zndmé a pifstupné viem pracovni-
kiim, kteff se zabyvaji sasko-durynskou oblasti. Jako dali{ dily mo-
nografické fady jsou planovany svazky o prevariskych jednotkdch
Schwarzwaldu, pfedsilurskych jednotkdch stfedonmecké krystali-
nické zény i severniho a zdpadniho Némecka. Na ponékud vzdéle-
n&j$im obzoru se rysuje i monografie o némeckém siluru. Z dila je
ziejmé, Ze Stratigrafickd komise Némecka m4 nejen rozsshlé, ale
i v danych podminkdch uskuteénitelné pliny, které odraZeji i po-
chopeni v¥znamu stratigrafie jako jednoho ze zdkladnich obord
geologickych véd vy¥imi misty, coZ se v nafich pomé&rech zatim
nedaii prosadit.

Ivo Chlupdc



