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Muscle scars and systematic position of the Lower Palaeozoic
limpets Archinacella and Barrandicella gen. n. (Mollusca)
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The new|genus Barrandicella is proposed to commemorate the 200th anniversary of the birth of Joachim Barrande (1799-1883),
with type species Archinacella ovata Barrande in Perner, 1903 from the Middle Ordovician (Darriwilian) of Bohemia. Barrandi-
cella is interpreted as a gastropod (Mollusca) on the basis of a pair of well preserved muscle scars and associated tiny subsidiary
scars located at the apex of the limpet shell. It lacks the dorsal band-like muscle scar characteristic of Archinacella and related
genera but can be placed together with these in a revised Superfamily Archinacelloidea. No apparent link is perceived between the

Archinacelloidea and the Patellogastropoda, currently widely viewed as the sister group of all other gastropods.
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Introduction

Patellogastropod|limpets are regarded as the most primi-
tive living gastropods in current evolutionary models
(Lindberg and Polnder 1996) and even as an archetype for
the first gastropods (Haszprunar 1988). Yet the oldest
certain patellogastropods are Triassic in age (Hedegaard
et al. 1997) and the Palaeozoic record of limpet-like
shells is sparse.

In this paper we review one of the most common
Lower Palaeozoic cap-shaped molluscs, namely Archina-
cella Ulrich and Scofield, 1897, enquiring after possible
ancient patellogastropods. Our stimulus is provided by
recently discovered muscle scars in Archinacella ovata
Barrande in Perner, 1903 from the Ordovician of Bohe-
mia (Horny 1996) which is assigned to a new genus Bar-
randicella, named in honour of Joachim Barrande (1799—
1883) on this 200th anniversary of his birth. Archinacel-
la was originally described as a gastropod (Ulrich and
Scofield 1897), since untorted molluscs of the Class Ter-
gomya (formerly Monoplacophora) were not recognised
at that time. The genus, however, has been interpreted
variously as untorted (tergomyan) or torted (gastropod)
but it is here considered to be a gastropod (Yochelson
1988; Peel 1990; Horny 1996).

Gastropod classification past and present

Classification of the Class Gastropoda (Cambrian-Re-
cent) has been dominated for much of the century by the
scheme presented by Thiele (1925, 1929) with the names
of the three sub-classes reflecting primary organisation
of the mantle cavity: Prosobranchia, Opisthobranchia
and Pulmonata. The prosobranchs were subdivided into

the three orders Archaeogastropoda, Mesogastropoda
and Stenoglossa but Wenz (1938-1944) replaced Steno-
glossa with Neogastropoda when he fully integrated fos-
sil gastropods into Thiele’s Class Prosobranchia. Wenz
(1938) recognised 11 superfamilies (6 extinct) of archae-
ogastropods, although the superfamilies Bellerophonto-
idea and Tryblidioidea were subsequently removed from
the Prosobranchia to the Amphigastropoda (Wenz 1944,
p. 1491; both here and below, original -acea terminations
to superfamilies have been replaced by -oidea). The Su-
perfamily Patelloidea, containing the familiar limpets of
present day seas, was recognised from Triassic and youn-
ger strata.

The only published volume concerning gastropods
within the Treatise on Invertebrate Paleontology is ma-
inly concerned with Palacozoic fossils, and these are re-
ferred dominantly to the prosobranch Order Archaeogast-
ropoda. However, its authors followed Cox (1960) and
grouped Mesogastropoda and Neogastropoda into a sin-
gle Order Caenogastropoda (Knight et al. 1960). Knight
et al. (1960) recognised 7 archaeogastropod suborders
(16 superfamilies) and 5 superfamilies of uncertain posi-
tion. Three of these suborders (Bellerophontina, Maclu-
ritina and Murchisoniina) are based exclusively on taxa
now extinct, as are 15 superfamilies. This classification
also includes superfamilies which some contemporary
workers exclude from the Gastropoda (Bellerophontoidea
and/or Helcionelloidea; see summaries in Peel 1991a and
Runnegar 1996). The superfamilies Subulitoidea and Lo-
xonematoidea were regarded as Caenogastropoda by
Knight at al. (1960), although Wenz (1938-1944) had
placed them as archaeogastropods. Knight et al. (1960)
recognised Patelloidea tentatively from the Silurian, and
with certainty from the Triassic.
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Taylor and Sohl (1962) preferred Spengel’s (1881)
terms Streptoneura (= Prosobranchia) and Euthyneura (=
Opisthobranchia + Pulmonata), but recognised only su-
perfamilies, not sub-orders, within the orders of the
Streptoneura.

During the last two decades, Thiele’s classification has
been subject to new enquiry, to some extent motivated
by renewed interest in molluscan origins and evolution
(e.g. Salvini-Plawen 1980). Noteworthy contributions
include Golikov and Starobogatov (1975), Graham
(1985), Salvini-Plawen (1980); Salvini-Plawen and
Haszprunar (1987), Haszprunar (1988), Ponder (1988)
and Ponder and Lindberg (1997). Reviews are presented
by Haszprunar (1988), Fretter and Graham (1994) and
Ponder and Lindberg (1996, 1997). A stabile picture is
yet to emerge but some general agreement exists. Thus,
Prosobranchia is recognised as paraphyletic and the con-
stituent Archaeogastropoda and Mesogastropoda are
seen as grades of evolution. Perhaps the most significant
development is the suggestion that marine limpets rela-
ted to Patella represent a lineage distinct from other ar-
chaeogastropods. This thesis is not entirely new, since
limpets were delimited already by Troschel (1866, as
Docoglossa) on account of their radular structure. It was
more recently revived in a controversial paper by Goli-
kov and Starobogatov (1975) and since then has been
developed in a series of papers by Lindberg (1986,
1988a, b), author of the term Patellogastropoda. Ponder
and Lindberg (1996) proposed that patellogastropods
form a group (Eogastropoda) equivalent to the rest of
gastropods (Orthogastropoda).

Inevitably, the status of extinct archaeogastropod
groups recognised by Wenz (1938-1944) and Knight et
al. (1960) remains largely unresolved in the newly emer-
ging classifications whose perspective is from the present
day, with little account taken of the fossil record. Seve-
ral papers by McLean (1981, 1984, 1990) provide a no-
table example of attempts to address this problem, al-
though with mixed results.The challenge is to fully
integrate the fossil record into these modern schemes,
both as a test of their validity and to provide a more
complete model of gastropod evolution. Clearly, the 1i-
ving sample of gastropods represents just a fraction of
the 500 million year history of the group. Nowhere is this
need currently greater than in the case of the Patellogast-
ropoda. While considered to be the sister group of all
other gastropods (Lindberg 1988a; Haszprunar 1988;
Ponder and Lindberg 1996, 1997), patellogastropods
- currently lack a convincing record through the Palaeozo-
ic. In contrast, pleurotomariiform shells assignable to the
Vetigastropoda and other orthogastropods (Ponder and
Lindberg 1996) are known from the Late Cambrian
(Knight et al. 1960). Correctly or incorrectly, this latter
distribution favours models (e.g. Knight 1952, see review
by Wahlman, 1992) which place pleurotomariiform
shells (vetigastropods) in a more prominent ancestral
evolutionary position than the patellogastropods. The
dilemma is well-illustrated by Hedegaard et al. (1997, fig.

2) whose phylogenetic model of gastropod relationships
infers ghost lineages (i.e., no unequivocal record)
between the Early Cambrian and the Middle Triassic for
Patellogastropoda and between Early Cambrian and Mid-
dle Devonian for Neritopsina. We might tentatively redu-
ce the duration of these ghost lineages somewhat and
even point out that the proposed record of Vetigastropo-
da before the Late Cambrian is ethereal. Nevertheless, the
picture of a widely accepted (we do not offer dissent)
phylogenetic model for gastropods based on morpholo-
gical and molecular data from the modern world having
such poor direct support from the abundant fossil record
of gastropods is disturbing.

Haszprunar (1988) argued that the bilaterally symme-
trical limpet shell of patellogastropods (as Docoglossa)
is original and not derived from a coiled ancestor, as
most others have assumed (Lindberg 1988a; Fretter and
Graham 1994). Moreover, the archetype gastropod was
considered to have had a limpet shell (Haszprunar 1988).
The issue of shell symmetry of the earliest gastropods is
also relevant to the status of the isostrophic Bellerophon-
toidea where it has been argued that bilateral symmetry
of the shell and muscle scars indicates a lack of torsion
and non-gastropod affinity (Runnegar and Pojeta 1974;
Runnegar and Jell 1976; Fretter and Graham 1994), al-
though Haszprunar (1988) and others (e.g. Horny 1963b;
Peel 1991a; Wahlman 1992) considered them to be gast-
ropods.

Rapidly expanding, cap-shaped shells reminiscent of
Patella occur widely, but infrequently, in Palaeozoic se-
diments and historically often have been referred to the
Gastropoda. Some may be patellogastropods, although
the status of many late Cambrian—early Ordovician
forms described by Stinchcomb (1986) and Webers et al.
(1992) is highly problematic. Reasonable claims exist
that many of these shells are gastropods (e.g. Horny
1963a, b; Yochelson 1988; Peel 1990 concerning Ordo-
vician—Silurian species) but the difficulty is to ascertain
if these putative gastropods are true patellogastropods or
independently evolved cap-shaped lineages. Hedegaard
et al. (1997) noted that only shell microstructure provi-
des unequivocal recognition of patellogastropods in the
fossil record. While their extension of the range of un-
doubted patellogastropods from the Cretaceous to the
Triassic added significantly to the known range of the
group, some 300 million years of Earth history without
proven remains of patellogastropods separate this earliest
known record from the time of origin of the group pos-
tulated in current models (e.g. Hedegaard et al. 1997,
fig. 2; Ponder and Lindberg 1996, 1997).

History of Archinacella

Archinacella is a familiar and widely distributed Ordo-
vician genus. Nevertheless, its shell structure and inter-
nal shell morphology, and consequently its systematic
position, remain unclear. Wahlman (1992) recorded 32
species of Archinacella from North America Ordovician
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strata in the eastern half of the continent, discounting
Cambrian and Silurian records of the genus. Archinacel-
la is a characteristic, although not very common, compo-
nent of the benthic fauna in the LowerfUppcr Ordovisi-
an formations of Europe (Montagne Noire, Yochelson
1982; Bohemia, Perner 1903, Horny 1963a; England,
J. S. Peel, unpublished observation; the Baltic area, Ko-
ken and Perner 1925, Yochelson 1963). Scarce finds have
been reported from the Lower Ordovician of Greenland
(Peel 1991a) and Asiatic Russia (Vostokova 1962).

After description by Ulrich and Scofield (1897) as a
gastropod of the Family Patellidae, Archinacella was
generally accepted as a member of this class for more
than 50 years. Within the larger monographic studies,
Perner (1903), Koken and Perner (1925) and Wenz
(1938-1944) classified it within the same family. Knight
(1941) redescribed the type species A. powersi Ulrich and
Scofield, 1897 in detail, again as a gastropod, and later
erected the gastropod Family Archinacellidae (Knight
1952). Nevertheless, Knight and Yochelson (1958) clas-
sified Archinacella as a monoplacophoran genus within
the Family Archinacellidae of their new Order Archina-
celloidea. The holotype of A. powersi was described as
showing an unbroken ring-shaped muscle scar. This in-
terpretation was continued in the Treatise on Invertebra-
te Paleontology (Knight et al. 1960). Three years later,
Horny (1963a) used this classification in his revision of
Bohemian Lower Palacozoic forms, redescribing Barran-
de’s Bohemian species of Archinacella as monoplaco-
phorans and fully describing the previously established,
related genus Archinacellina Horny, 1961. Yochelson
(1963) reported two species of Archinacella from the
Middle Ordovician of the Oslo region, classed as mono-
placophorans.

Pchelintsev and Korobkov (1960), in the Russian tre-
atise Osnovy paleontologii, classified Archinacella as a
gastropod of the Family Tryblidiidae (Gastropoda, Isop-
leura) while Vostokova (1962) reported two species from
the Lower Ordovician of the Siberian platform as gastro-
pods of the Family Tryblidiidae (trybilidiids are now re-
cognised as the central stock of the Class Tergomya, fol-
lowing Peel 1991a, b).

In establishing the monoplacophoran Subclasses Ter-
gomya and Cyclomya, Horny (1965a, b) interpreted ar-
chinacelloid monoplacophorans as cyclomyans which
developed a more or less complete ring of muscle scars,
often fused to form a continuous band. Starobogatov
(1970) pointed out the problem of location of the head
when a continuous band-like muscle scar is present in the
apical part of the shell and relocated Archinacellida from
the Class Monoplacophora (abandoned by Peel 1991a, b
in favour of the Class Tergomya) to the Gastropoda. He
linked Archinacella with the Silurian Archaeopraga Hor-
ny, 1963, as tentatively assumed already by Horny
(1965b). Starobogatov’s interpretation was used in the
classification proposed by Golikov and Starobogatov
(1975), although Rosov (1975) placed Archinacella
again among the monoplacophorans, deriving the orders

Archinacellida and Tryblidiida from the Order Kiren-
gellida. Runnegar and Jell (1976) classed Archinacel-
la within the Family Tryblidiidae, Order Tryblidiida,
Class Monoplacophora. Harper and Rollins (1982)
concluded that Archinacella and all other cyclomyan
univalves were gastropods.

Yochelson (1977) re-described Archinacella approxi-
mans Koken and Perner, 1925 from the Upper Ordovici-
an of Norway, together with two unnamed species, as mo-
noplacophorans. He reported Archinacella cf. A. ovata
from the Arenigian (Lower Ordovician) strata of the Mon-
tagne Noire of southern France, noting that in the absen-
ce of observable muscle scars the assignment to Mono-
placophora is uncertain. “As currently used, Archinacella
is something of a »wastebasket« that includes shells ha-
ving the apex in a variety of positions.” (Yochelson 1982,
p- 54). Yu Wen (1987) mentioned Archinacella, Archina-
cellina Horny, 1961 and Archinacellopsis Horny, 1995
as the Ordovician descendants of his Lower Cambrian
monoplacophoran genus Truncatoconus Yu, 1978.

Yochelson (1988) established Floripatella, claimed
as the oldest known patellid gastropod, within the Fami-
ly Archinacellidae (containing the genera Archinacella
and Floripatella) within the Superfamily Patelloidea. He
noted (p. 196) that “The family name is used for low
shells varying in outline from nearly circular to elonga-
te, which carry on their interior a horseshoe-shaped
muscle scar and a single pair of muscle spots, each near
one end of the horseshoe.” This latter comment, however,
concerns Archinacella (= Archinacellopsis) patelliformis
(Hall, 1847) and not Archinacella powersi, which is the
type species of Archinacella. Yochelson (1988, p. 199)
argued that “If Floripatella is a gastropod, then Archina-
cella is also a gastropod.”

Peel (1990) redescribed in detail Tryblidium canaden-
se Whiteaves, 1884, establishing a new genus, Guelphi-
nacella, on this rare species from the Silurian of Cana-
da. Ulrich and Scofield (1887) had compared Whiteaves’
species with Archinacella powersi when describing the
musculature of Archinacella. Peel interpreted Guelphi-
nacella as a gastropod, drawing comparisons with Ar-
chinacella and by making analogy between the sub-api-
cal shell thickening of Guelphinacella and the inner
shelf-like septum of carinaropsinid bellerophontoidean
gastropods. He noted that the band-like muscle scar in
A. powersi was not continuous, but broken at the abapi-
cal margin. Archinacella and its relatives were conside-
red to be gastropods by Peel (1991a, b).

Horny (1991) compared the muscle scar pattern of Ar-
chinacella patelliformis (Hall 1847) with that of Sinui-
topsis neglecta Perner, 1903, obviously expressing his
secret conviction that both genera belonged to the untor-
ted Tergomya. In 1995 (p. 8) he described the problema-
tic Solandangella Horny, 1995 originally reported as Ar-
chinacella, suggesting that “none of the [listed] authors
has brought together sufficient evidence to support the-
ir points of view, and that the archinacelloids still await
stable systematic assignment.”
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Webers et al. (1992) questionably classified the Order
Archinacelloidea within the Class Monoplacophora, no-
ting the wide variety of morphologies within the order
and casting doubt on its basic premise. They noted that
the placement of Archinacella remains uncertain. Wahl-
man (1992) classified Archinacella as a monoplacopho-
ran mollusc within the Family Archinacellidae of the Su-
perfamily Archinacelloidea. He was sceptical about the
validity of the large number of species of the genus
described from the Ordovician of North America due to
the high degree of intraspecific variability in the shell
form of many monoplacophorans. Yochelson (1994) di-
scussed Archinacella while re-describing Macroscenel-
la Wilson, 1951, pointing out that the “easy view of the
world was complicated when Horny (1963) described a
Late Silurian patellacean™ and “effectively ended when
Yochelson (1988) described a Middle Ordovician patel-
lacean, Floripatella, and therein also confirmed the as-
signment to Patellacea of another genus of the same age,
Archinacella, which has been transferred back and forth
between Patellacea and Monoplacophora” (Yochelson
1994, p. 1225). He affirmed his belief that genera which
lack evidence of multiple pairs of muscles should be ex-
cluded from the Class Monoplacophora [equivalent to
Tergomya of present usage].

In a preliminary account, Horny (1996) reported muscle
scars in Archinacella ovata Barrande in Perner, 1903,
concluding that the species, and probably the genus Ar-
chinacella, did not belong within the Class Tergomya.

Systematic palaecontology
Genus Barrandicella gen, n.

Type species. Archinacella ovata Barrande in Per-
ner, 1903.

Diagnosis. Archinacelliform, rather globose, unival-
ve molluscs coiled through about one quarter to one
third of a whorl with the prominent marginal apex inter-
preted as posterior. Sub-apical surface short, concave and
steeply inclined or overhanging; supra-apical surface
convex, rising from the apex to form the dorsal surface,
prior to curving uniformly towards the interpreted ante-
rior margin. Shell thin, with acute apertural margins. Or-
namentation of comarginal growth lines which may be
crossed by radial striations. A single large pair of muscle
scars with granular texture is located immediately adja-
cent to the apex. Two or four tiny muscle scar occur on
the apex between the principal scars.

Description. As for the constituent species Barran-
dicella ovata (the type species) and B. tarda, described
by Horny (1963a, pp. 26-30) and discussed below.
Discussion. On the original labels from about 1870—
80, Barrande attributed his undescribed species “ovata”
to the three living genera Capulus, Patella and Crepidu-
la, with all three names appearing on the same label. Per-
ner (1903), following Lindstrém (1884) and Ulrich and
Scofield (1897), had a much easier position and his con-
cept of Archinacella fully corresponded to the general
interpretation at the beginning of this century. Barrande’s
(in Perner 1903) species was revised by Horny (1963a)
who pointed out its great variability, a comment echoed
by Wahlman (1992) for North American species of Archi-
nacella. The overall shell morphology of the Bohemian
species fits quite well with the general shape of species
of Archinacella but it is readily distinguished by the
muscle scars which form the basis for delimiting Barran-
dicella,

In addition to the type species (Darriwilian), Archina-
cella tarda Perner, 1903 (Berounian) and a similar un-
described form from the intervening upper Darriwilian of
Bohemia are referred to Barrandicella.

BT vz O 40
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Fig. 1. Barrande's label in pen-
Gil, showing niy uncertainty
about the generic assignment of
his species ovata: Capulus [dele-
ted], Patella (Crepidula ovata,
Barr) P1. 18 fig. 1-10. Wosek.
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Barrandicella ovata (Barrande in Perner, 1903)

Discussion. The shell morphology of this species
was fully deseribed by Homy (1062a, pp. 26-28), al-
though one feature may be emphasised. The margin of
the aperture in Barrandicella ovata as defined in the
very thin shell is sharply angular, not rounded. This im-
plies that the soft parts did not extend beyond the shell
margin which is not surprising given the pattern of
muscle scars described below. The supposed loop-like
muscle scar which Horny (1963a) reported in Barrandi-
cella ovata is not now considered to be present (see
description of musculature below). Rather, the co-margi-
nal structure is a shell morphological feature represen-
ting a growth pause or other event in the life history of
the individual.

Archinacella. sp. cf. ovata from the Arenigian strata of
the Montagne Noire (Yochelson 1982) is undoubtedly
very close to the Bohemian species, as is A. stoermeri
Yochelson, 1963 from the Middle Ordovician of the Bal-
tic Area (Yochelson 1963). Archinacella(?) cf. A. elonga-
ta (Cullison, 1944), illustrated by Peel (1991a) from the
Lower Ordovician Poulsen Cliff Formation of Washing-
ton Land, western North Greenland, is similar to the “nar-
row forms™ of A. ovata. Unfortunately, muscle scars
which would confirm assignment to Barrandicella are
not known in any of these species.

Barrandicella ovata (Barrande in Perner, 1903)
occurs abundantly in the Darriwilian Sdrka Formation of
Bohemia and less frequently in the overlying Dobroti-
vd Formation. Horny (1963a) mentioned about 500
specimens available in different collections, but only
about 300 specimens have been studied at the present
time. Of these, about 200 are preserved in the Museum
of Dr. B. Hordk at Rokycany and about 100 are deposi-
ted in the Department of Palaeontology, National Mu-
seum, Prague.

Barrandicella tarda (Perner, 1903)

Discussion. This species was fully described by Hor-
ny (1963a, pp. 29-30) but very fine radial striations (20~
30 striae per mm) have now been observed in specimen
NM L 31965 (Text-fig. 8D). Barrandicella tarda is di-
stinguished from the type species by its thicker (0.10-
0.15 mm), two-layered shell, more protruding apex and
the fine radial ornamentation. The principal muscle scars
show a similar location in both species.

Barrandicella tarda is a rare species (about 15 speci-
mens known) which is distributed throughout the Berou-
nian stage. The majority of finds come from the Zahota-
ny Formation (Lodénice, Praha—Stérboholy, Praha-Dubet).

Muscle scars in Archinacella powersi
Ulrich and Scofield (1897) figured one specimen of Ar-

chinacella powersi, consisting of both the internal and
external moulds (Ulrich and Scofield 1897, pl. LXI,

figs 3-5, and fig. 1 on p. 820). This specimen was desig-
nated as the “holotype, seemingly by monotypy” by
Knight (1941, p. 44). Both parts were re-figured by
Kanight (1241, pl. 1, figs a—g) and again by Pecl (1920,
tigs 3 and 4), There is no doubt that the re-figured spe-
cimen is identical with Ulrich and Scofield’s specimen
because of the peculiar preservation of the internal
structures reflected on the shell surface which are visible
both on the drawing given by Ulrich and Scofield 1897
(pl. LXI, fig. 4) and the photographs published by Knight
(1941) and Peel (1990).

The problems of shape, preservation and configurati-
on of muscle scars in the holotype of Archinacella
powersi were discussed in detail by both the latter au-
thors but with different conclusions. Thus, Knight (1941)
suggested that the loop-like muscle scar was a broad
band, much wider than originally suggested by Ulrich
and Scofield (1897), while Peel (1990, fig. 4C) conside-
red the lower margin of this broad band to represent the
lower margin of the pallial cavity. The main difference in
interpretations of the holotype concerns the three pairs
of muscle scars which Ulrich and Scofield (1897) descri-
bed in addition to the loop-like muscle scar. One of the-
se pairs, the so-called rostral scars, consists of two small
equilateral scars which Ulrich and Scofield (1897, fig. 1a;
pl. LXI, fig. 5, denoted by A) observed one on each side
of the apex of A. powersi within the loop-like scar. Just
behind these rostral scars they indicated a narrow pair of
scars (denoted by D) also within the loop. In a foot-note
to the generic diagnosis (Ulrich and Scofield 1897,
p. 828) they commented that they had “omitted from the
generic diagnosis one feature that ought perhaps to have
been included, namely, a pair of scars (?muscular) occur-
ring one on each side of the apex. They lie on the outsi-
de of the usual muscular band and have been observed
in two species, A. powersi and A. (Tryblidium) canaden-
sis Whiteaves. The latter is a Guelph species and, as
shown in Whiteaves’ figures (Pal. Foss., vol. iii, pl. v), has
these scars more strongly impressed (in the cast) and fur-
ther forward than they are in A. powersi.” These scars (de-
noted by B) are termed antero-laterals in the caption to
their plate LXI, fig. 5.

The sub-apical area of Whiteaves’ species was re-
described by Peel (1990, as Guelphinacella canadense).
The structure depressed into the internal mould which
Ulrich and Scofield (1897, p. 828) considered to be an-
tero-lateral muscle scars was explained as an internal
thickening of the shell, morphologically resembling the
shelf-like parietal thickening formed within the apertu-
re in some Palaeozoic representatives of the bellerophon-
toidean Sub-family Carinaropsinae Ulrich and Scofield
1897. Ulrich and Scofield (1897) considered a pair of
antero-lateral muscle scars to be present in G. canaden-
se but Peel (1990) confirmed the observation of Whitea-
ves (1895) that the so-called scars represented the late-
ral terminations of a continuous sub-apical depression.
Knight (1941) had previously dismissed the antero-late-
ral scars of A. powersi as fortuitous iron staining.
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Peel (1990) did not discuss the rostral scars in Archi-
nacella powersi since no equivalent structures are preser-
ved in Guelphinacella. However, according to Knight
(1941, p. 45), “The evidence for ... rostral scars is almost
nonexistent”.

The internal mould of the holotype of Archinacella
powersi (Text-fig. 3) clearly displays the raised, horse-
shoe-shaped muscle scar (C of Ulrich and Scofield 1897)
which is located somewhat nearer to the mid-dorsum
than to the apertural margin. The narrow band is stron-

Fig. 2. Archinacella powersi Ulrich et Scofield, 1897. Holotype USNM 135949, latex impression of external mould of the holotype:
A — oblique dorsal, B - dorsal, C - abapico-dorsal, D — right lateral, B — oblique apico-dorsal, F — right dorsolateral, G — oblique right
apico-dorsal views, Middle Ordovician, Platteville Limestone, Beloit, Wisconsin, U.S.A. All x2.
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gly expressed in the adapical half of the shell where it
dips below the apex, but it decreases in relief abapical-
ly and seems to terminate at about 60 % of the distance
from the apex to the abapical margin. A comarginal, se-
micircular, zone of ill-defined minor irregularities joins
the two prongs of the horseshoe, commencing prior to
their terminations and lying outside (abapical) of the
prongs. This semicircular zone is clearly visible in the il-
lustrations of Ulrich and Scofield (1897, pl. XLI, fig. 5;
fig. 1), although too strongly expressed and seemingly er-
roneously interpreted as a continuation of the horseshoe-
shaped muscle scar. Halfway between the muscle scar and

the apertural margin, a conspicuous angulation is produ- -

ced by a sudden steepening of the dorsal surface of the
internal mould (Text-fig. 3B-D). The zone demarcated
by this angulation is clearly visible in the illustrations
of Ulrich and Scofield as a paler grey colouration but was
not discussed. Knight (1941) considered all the area
between the horseshoe-shaped muscle scar and this an-
gulation to represent a broad muscle attachment scar.
The structures interpreted as the narrow pair of scars
(D) by Ulrich and Scofield are readily located on the in-
ternal mould as two elongate depressions located along

Fig. 3. Archinacella powersi Ulrich et Scofield, 1897. Internal
mould of the holotype: A — dorsal, B — left lateral, C — right late-
ral, D — oblique left apico-dorsal views. Middle Ordovician, Plat-
teville Limestone, Beloit, Wisconsin, U.S.A. All x2.

the upper margin of the horseshoe-shaped scar (dark
spots in Text-fig. 2). Their margins are unclear and their
negative relief indicates that they were raised on the shell
interior, whereas the horseshoe-shaped scar was depres-
sed into the shell surface. We have been unable to loca-
te any structure reflecting the antero-lateral scars (B) on
the internal mould. The supposed rostral scars, however,
are based on a pair of oval structures with a smoother
surface texture. They are scarcely visible and even more
difficult to photograph, but the area between them is
slightly depressed, producing a shadowed area in Text-
fig. 2A, B, D-G. Based on this examination, it is possi-
ble to perceive similar textural features in the illustrati-
on given by Knight (1941, pl. 1, fig. 1b).

Interpretation of the external mould of the holotype of
Archinacella powersi is based on a latex cast. It is a com-
posite mould carrying impressions of the shell interior
(muscle scars) diagenetically superimposed on the im-
pression of the shell exterior. Structures are mainly dis-
cernible on account of their smooth surface texture when
compared to the porous or granular texture of the peri-
pheral areas of the shell. The latter appear dark in the
photographs (Text-fig. 2A, B, D-G) whereas the smooth
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areas appear pale. These differences seem to reflect vari-
ation in cementation or some differential diagenetic ef-
fect. Even so, they may still accurately reflect structures
impressed on the shell interior. For comparison, it may
be noted that internal moulds of Bellerophon preserved
in limestone from the Lower Carboniferous of England
often show differential shell recrystallisation in the area
of the muscle scars when compared to the rest of the shell
(J. S. Peel, unpublished observation).

The horseshoe-shaped muscle scar is clearly visible
and directly comparable to its form on the internal
mould. The area between the muscle scar and the co-mar-
ginal angulation visible on the internal mould is seen as

a smooth (pale) band with a rather uneven adapertural
margin; the dorsal surface steepens as the angulation is
crossed (Text-fig. 3D). Much of the mid-dorsal area has
the same texture and colour as the band, as also reprodu-
ced in Ulrich and Scofield’s illustration. The rostral scars
are similarly smooth (pale) and separated by a shallow
median depression of darker, granular matrix (Tex-fig. 2
A, B, D-G). Abapical of the rostral scars lies a pair of
dark, granular, depressions representing the so-called nar-
row scars (D) of Ulrich and Scofield.

To summarise, the band-like muscle scar (C of Ulrich
and Scofield 1897) is clearly visible in the form of a nar-
row horseshoe-shaped scar rather than the continuous

Fig. 4. Barrandicella ovata (Barrande in Perner, 1903), internal mould MBHR 4604, showing best preserved muscle attachment areas.
A — dorsal, B — left lateral, C — apical, D, E — left apico-lateral, F — right apico-lateral views. Note the thin rib-like structures radiating
from the scars towards the posterior margin of the shell. Middle Ordovician, Sdrka Formation, Darriwilian (Llanvirnian). Osek near

Rokycany, Bohemia. A, B x5, C, D, F x8, E x23.
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loop suggested by Ulrich and Scofield or the broad band
suggested by Knight (1941). The supposed rostral scars
(A) can be recognised, although striations or other orna-
mentation on their enrface to confirm thair funetion ac
muscle scars are lacking. The antero-lateral scars (B) have
not been recognised. The supposed narrow scars (D) re-
present depressions in the internal mould rather than the
more usual raised muscle scars; they probably represent
local thickening of the shell interior associated with the
migrating margin of the horseshoe-shaped muscle scar.

Muscle scars in Barrandicella ovata

Four internal moulds of Barrandicella ovata from the
Rokycany Museum (abbr. MBHR) and one from the Na-
tional Museum, Prague (abbr. NM L) were found to car-
ry a well-preserved pair of muscle scars in the latero-api-
cal position, corresponding to the position and even to
the shape of the rostral scars described in Archinacella
powersi by Ulrich and Scofield (1897). All the specimens
come from grey to black fine-grained siliceous concreti-
ons, and are preserved as internal moulds. They are de-
rived from the Sdrka Formation (Darriwilian) at the loca-
lity Osek near Rokycany.

Description. Specimen MBHR 4604 (Text-fig. 4) is
an internal mould in which the abapical part is covered

with rock matrix. Estimated length 11.5 mm, width
10.0 mm. Each of the pair of tear-shaped muscle areas is
located along the beak-like apex, including its most an-
tarior parf: the twao soare are separntec‘l I:y a median zone
0.6 mm wide. The muscle scar areas are inequilateral and
each consists of isolated grains which show a tendency
to be more raised and coalescent along the median shell
line. Each area consists of two main groups of grains.
Two elongate grains lie on the subapical slope, in the di-
rection of the main groups. When viewed from the api-
cal margin (Text-fig. 4C), the right muscle scar area (in-
terpreted as the post-torsional right scar) is smaller. The
left muscle scar area is 1.1 mm long and 0.8 mm wide.
MBHR 14761b is an internal mould 12.7 mm long and
10.2 mm wide. The paired, tear-shaped muscle scar areas
are almost equilateral, raised near the median shell line,
without preserved granular texture. The median zone
between the muscle scars is 1.0 mm wide; two asymmet-
rically positioned grains are located on the subapical slo-
pe. The right area is 0.8 mm long and 0.4 mm wide.
Specimen MBHR 20782 (Text-fig. 5) consists of four
stacked individuals. The observed internal mould has no
observable peripheral outline; its estimated length is
14.0 mm, width 12.0 mm. Muscle scar areas are displaced
abapically, away from the apex, and consist of isolated
grains, coalescent and raised along the median zone,

Fig. 5. Barrandicella ovata (Barrande in Perner, 1903), internal
mould MBHR 20782, in a cluster of four stacked shells. A, B —
apico-dorsal, C — apical, D — left apico-lateral views. Note two
small grain-like scars on the apex and two more on the subapical
slope in C which pass into narrowing rib-like extensions towards
the posterior margin of the shell. Middle Ordovician, Sdrka For-
mation, Darriwilian (Llanvirnian). Osek near Rokycany, Bohemia.
A x5, B x13, C x8, D x10.
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which is 1.0 mm wide. Two small grain-like scars are lo-
cated on the apex and two more on the subapical slope
pass into narrowing ribs towards the margin of the shell.
The right muscle scar area is 1.1 mm long and 0.6 mm
wide; the left is 1.3 mm long and 0.8 mm wide.
Specimen NM L 31757 (Text-fig. 6) is a well-preserved
internal mould 15.0 mm long and 13.6 mm wide. Muscle
scar areas are only slightly raised, 0.6 to 0.8 mm long and
smooth, lacking the granular texure. They are equilate-
ral and located along the apex; the subapical area is smo-
oth. The median zone between the scars is 0.1 mm. Nu-
merous fine short whisker-like swellings and threads ra-
diate from the muscle scars lateral and down towards the
margin of the shell (Text-fig. 5B). The surface of the in-
ternal mould bears irregular, flat, radial structures.
MBHR 14761a (Text-fig. 7) is the largest of the inter-
nal moulds in which muscle scars are preserved; it is as-
sociated with specimen 14761b in a single concretion.
The mould is 17.6 mm long and 14.3 mm wide. The cen-
tral part of the internal mould is deeply corroded so that
another, juvenile specimen is visible beneath. The apical
part of the shell is strongly deformed by a pathological
condition which has caused reduction of the left apical
side when viewed dorsally (this is the area to the left in
Text-fig. 7C-E). The muscle scar areas are strongly asym-
metric and inequilateral, raised along the median zone.
The scar on the right, deformed, area, is 2.0 mm long and
1.1 mm wide; it is displaced abapically, and consists of
several groups of coalescent grains. The left area, lateral
to the apex, is 1.5 mm long and 0.7 mm wide, consisting
of several groups of coalescent grains which are agglo-

W37

Fig. 6. Barrandicella ovata (Barrande in Perner, 1903), in-
ternal mould NM L 31757, A — dorsal. B — apical, C — righ
apico-lateral views. The muscle attachment arcas are small
and the surface of the mould bears numerous, weak, radial
structures. Middle Ordovician, Sdrka Formation, Darriwi-
lian (Llanvirnian). Osek near Rokycany. All x5.

merated into two groups. The median zone between the
muscle scars is 0.9 mm wide. Two asymmetric grains are
located on the top of the apex.

Remarks. In general, the tear-shaped, often inequila-
teral, muscle scar areas of Barrandicella ovata lie just la-
teral to the beak-like apex. Their location along the shell
axis varies, and they are often located asymmetrically.
The areas increase their size with increase in shell di-
mensions; the longest area measured 2.0 mm, the widest
1.1 mm. The surface of the muscle scar areas generally
has a conspicuous raised granular texture, with indivi-
dual grains corresponding to pits on the shell interior
where the individual muscle fibres were inserted. Along
the median zone (width 0.6-1 mm) between the muscle
areas, the grains are more elevated and often coalescent,
forming two or more groups. Two, rarely four, isolated
grains are located on the apex or on the subapical slope,
in one case (in specimen MBHR 20782) associated with
adaperturally radiating, narrowing threads.

The apical scars of Barrandicella ovata are slightly
inequilateral and asymmetric, which contrasts with the
otherwise symmetric shell, but not consistently so. Howe-
ver, whenever the scars are inequilateral it is the right
(post-torsional) scar which is always smaller. No publis-
hed records seem to exist of similar asymmetry within
bellerophontoidean gastropods but muscle scar asymme-
try is recorded within the circum-dorsal scar patterns of
cap-shaped tergomyans (e.g. Pilina cheyennica Peel,
1977) and helcionelloids (Scenella sp. of Rasetti 1954,
see also Runnegar and Pojeta 1985), where it has little
functional effect.
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The structure of the scars is not marked by crescentic
striations but consists of isolated or coalescent grains,
corresponding to pits on the shell interior. However, cre-
ccentie ctriatione of the kind well known in bellerophon-
toidean gastropods (Peel 1972, 1982, Horny 1992,
1995c¢) indicate migration of the muscle attachment field.
The location of the muscle scars very close to the apex
in B. ovata probably indicates very little migration with
growth, and, hence, the granular texture of the scars. The
size of the grains within the muscle scars does not incre-
ase abapically but addorsally. Two or four small, asym-
metric, accessory scars are located either on the apex or

on the subapical slope. These scars could hardly belong
to effective clamping muscles in this location, and their
specific function in the apical area of the shell is enig-
matic. However, they may be extreme examples of the in-
complete fusion of individual muscle bunches within the
principle muscles indicated by the granular, locally coa-
lesced, texture of the principal scars.

It is noteworthy that the radular muscle scars in the
tergomyan Pilina unguis (Lindstrom, 1880) also have a
pitted, if not granular texture. Furthermore, the tergo-
myans Drahomira Perner, 1903 and Pragamira Horny,
1995 show a pair of tiny tubercles (muscle scars?) on the

Fig. 7. Barrandicella ovata (Barrande in Perner, 1903), internal mould MBHR 14761a. A — dorsal, B — apico-dorsal, C — oblique api-
cal, D — dorso-apical, E — apical views. Note the deep, repaired injury on the left side near the apex, which caused an asymmetry of
the shell and an inaequilateral development of the muscle attachment areas. Middle Ordovician, Sdrka Formation, Darriwilian (Llan-

virnian). Osek near Rokycany, Bohemia. A, B x4.5, C, D, E x8.
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internal mould of the shell at the apex which are remi-
niscent of the small accessory scars of Barrandicella
(Horny 1963c, 1995a). The apex is posterior in the lat-
ter form, of course, but anterior in the tergomyans,

Muscle scars in Barrandicella tarda

Well preserved muscle scars in Barrandicella tarda are
known from two specimens; three other specimens have
poorly preserved scars. In specimen NM L 31965 the
post-torsional left scar (length approximately 1.1 mm) is
partly visible on the internal mould in an exfoliated
patch at the apex (Text-fig. 8B, C), as is a single, left,
minute apical scar. The principal muscle scar shows a
similar location to B. ovata and in both species the
apico-dorsal margin of the scars is raised on the internal
mould. However, the granular texture of the attachment
area in this specimen is not clearly visible due to a thin
covering layer of internal shell. It is this specimen which
shows fine striations on the shell surface.

The second specimen (NM L 31964, Text-fig. 9) has
each principal attachment area composed of 5 detailed in-
sertions which are arranged in rows (0.9 mm long) orien-
ted parallel to the plane of symmetry. From each of these
muscle insertions whisker-like swellings on the internal
mould widen abapically, some bifurcating or even trifur-
cating. On average the swellings are 0.5 to 1 mm long,
but on the right cide the highest addorsal swelling is
3.5 mm long and directed obliquely antero-laterally. This
swelling is reminiscent of the most adapical portion of
the muscle band in Archinacella and Archinacellina.
Otherwise, the attachment areas are equilateral. Two

Fig. 8. Barrandicella tarda (Perner, 1903), partly exfoli-
ated specimen NM L 31965. A — dorsal, B — left lateral,
C - oblique left apico-lateral, and D — enlarged left api-
co-lateral views. Note the clearly two-layered shell in C,
and very fine radial striation in D. Upper Ordovician, Za-
hofany Formation, Berounian (Caradocian). Praha-Stérbo-
holy, Bohemia. A and B x4, C x7, D x15.

small, inequilateral grain-like scars are located on the
apex (Text-fig. 9B, C).

Discussion

Ulrich and Scofield (1897) described and figured a loop-
like muscle scar in Archinacella powersi as a continuous
narrow band curving distinctly down adapically so as to
pass below the apex. Knight (1941) re-interpreted its po-
sition and width. Yochelson (1988, p. 196) stated that
“the family name [Archinacellidae] is used for low shells
varying in outline from nearly circular to elongate, which
carry on their interior a horseshoe-shaped muscle scar
and a single pair of muscle spots, each near one end of
the horseshoe”. Peel (1990) recognised a horseshoe-sha-
ped muscle scar which opened towards the abapical mar-
gin in the holotype of A. powersi, suggesting that the
lower margin of the broad scar recognised by Knight
(1941) might be the lower margin of the pallial cavity.
He commented that weak structures were visible abapi-
cally between the prongs of the horseshoe.

Horny (1963a, p. 27), redescribing Barrandicella ova-
ta (as A, ovata), followed the concept of Archinacella
employed by earlier workers and recognised a continu-
ous scar in this species: *...broad, sometimes obscure
band-like muscle scar parallel with the growth structures,
narrowing anteriorly and dying out near the apex; on the
anterior [adapical] sidv of the shell very weak, but pre-
sent. ... Muscular impression obscure, but on many spe-
cimens very well observable (see figs 9-10, pl. V). It is
band-like, elevated, parallel with lines of growth, broad
in the posterior and narrowing to the anterior region,
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where unites with growth structures and becomes unclear
(see tig. 7, pl. V). This band-like scar is a muscle scar be-
cause of the constant shape and position in many speci-
mane olsgervex:]"’ (Horn}f,g uea of Pog‘:er;or and anterior
reflects his belief at that time that Archinacella was a ter-
gomyan.) However, recent revision of internal moulds of
B. ovata with potential band-like muscle scars led Hor-
ny (1996) to the conclusion that these structures are most
probably connected with growth rather than shell muscu-

Fig. 9. Barrandicella tarda (Perner, 1903), internal mould NM L
31964. A — dorsal, B, C — apical, D - right lateral, E — oblique
right apico-lateral, F — left lateral, G — oblique left apico-lateral
views. Note the ray-like or whisker-like swellings (lateral muscle
impressions) running from the scars lateral to the apex, and the

lature. The features reflected through the very thin shell
to the internal shell surface may have originated at a si-
milar ontogenic stage, possibly connected with specific
Living phases of the animal (v.5, reoting phaves, vhanges
connected with sexual maturity, etc.). A similar statement
has been made in the case of the presumed ring-shaped
muscle scar in Hypseloconus by Webers et al. (1992,
p. 198). Thus, Barrandicella differs from Archinacella in
lacking the band-like, horseshoe-shaped, scar.

long addorsal swelling in D, E, reminiscent of the most adapical portion of the muscle band in Archinacella and Archinacellina. Up-
per Ordovician, Zahofany Formation, Berounian (Caradocian). Praha - Dubeé. A x6, B, D-G x8, C x16.
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Fig. 10. Archinacellina modesta (Barrande in Perner, 1903). Paralectotype NM L 5903. A — dorsal, B — right lateral, C — left lateral,
D - apical, E - dorso-apical, F — oblique right apico-lateral views. Upper Ordovician, Krdliv Dvir Formation, Krilodvorian; Cho-

doun (Lejskov), Bohemia. All x5.

Fig. 11. Archinacellopsis patelliformis (Hall, 1847). Specimen U.S. NM
79216, dorsal view. Middle Ordovician, Black River Group, possib-
ly Lowville Limestone; north of Watertown, New York, U.S.A. x3.

Two more archinacellids possess band-like muscle
scars which are supposedly continuous below the apex.
One is Archinacella modesta Barrande in Perner, 1903
from the Upper Ordovician of Bohemia, the type speci-
es of Archinacellina Horny, 1961, the other Archinacel-
la patelliformis (Hall, 1847) from the Middle Ordovician
of North America, the type species of Archinacellopsis
Horny, 1995. Disregarding the question of whether or
not these genera should be separated from Archinacella,
A. modesta has a continuous ring in the abapical area,
whilst A. patelliformis has an abapically discontinuous
ring, with a pair of isolated, spot-like, rounded scars. Un-
fortunately, the apical parts of both specimens are dama-
ged so that the course of the scar below the apex cannot
be observed. In A. patelliformis the whole apical part is
broken off (Knight and Yochelson 1958, pl. 5, fig. 4); in
A. modesta, the apical part in the lectotype is partly bro-
ken off and partly corroded, while the scar is not discer-
nible in the apical region 1n both paralectotypes. It
should be noted that the muscle scar band, as figured by
Ulrich and Scofield (1897) in A. powersi, is principially
similar to that of A. modesta. In the latter (Text-fig. 10),
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the band is most strongly delimited in the adapical half
of the shell, with the abapical half being both weaker
and irregular, with several equilateral swellings. This is

reminiccant of A. powerei. although tha continuity of tha
poorly preserved band in the abapical area is lacking.

Muscle scar evolution in archinacelloids

The recently discovered apico-lateral muscle scars of
Barrandicella are seemingly largely equivalent to the
rostral scars of Archinacella powersi. The horseshoe-sha-
ped muscle scar band of Archinacella, Archinacellina
and Archinacellopsis represents a development from the
condition present in Barrandicella, aimed at increasing
clamping efficiency. The scars in Barrandicella also re-
semble the tear-shaped scars of Carinaropsis Hall, 1847
which was interpreted as a bellerophontoidean gastropod
by Peel (1993). The comparison is strengthened by the
analogy drawn by Peel (1990) between the sub-apical
thickening in Guelphinacella (also incipient in Archina-
cella powersi) and the internal septum characteristic of
Carinaropsis. Of particular note is the location of the
muscle scars in both Barrandicella and Carinaropsis
near the apex of the widely expanded shell. The muscle
scars indicate that muscle attachment had not migrated
dorsally with rapid expansion of the shell to form muscle
attachment areas analagous to the horseshoe-shaped
band seen in Archinacella, Archinacellopsis and Archi-
nacellina and equivalent to the circum-dorsal band seen
in recent patelliform gastropods. Also the granular cha-
racter of the muscle scars in Barrandicella indicates a
lack of translation of the muscle attachment scars. In Ca-
rinaropis, clamping was aided by muscle contraction
around a fulcrum provided by the massively strengthe-
ned internal septum (Peel 1993). No similar structure is
present in the more globose Barrandicella and clamping
must have been accomplished, however poorly, by line-
ar muscle contraction oblique to the plane of the aper-
ture.

Archaeopraga Horny, 1963 from the Upper Silurian of
Bohemia is characterised by a single pair of large, elon-
gate muscle scars located on the lateral areas of the spo-

on-shaped shell (Horny 1963d, pl. 144; Text-fig. 1)
(Text-fig. 13 herein). Although originally described as a
monoplacophoran and only member of the new Family
ﬂf’@hﬂ@ﬁﬂi‘ﬁg‘idﬁé (Hoaeny 10624). ArcLﬂeoprngn precer-
ves a morphologically more advanced state than the
much older Barrandicella since the muscle scars have
migrated abapically to a lateral position near the apertu-
re. This position and the increased size of the muscle
scars (more than half the length of the 2-3 cm long shell)
is clearly more in accord with a mode of life clamping
against the substratum than is the case in Barrandicella.
Interestingly, the adapical termination of the muscle scar
in Archaeopraga shows slight curvature towards the dor-
sum which is reminiscent of the shape of the muscle scar
band in Archinacella prior to passing underneath the
apex. There is, however, no indication of a continuation
of the scars beneath the apex in Archaeopraga.

The enlargement and lateral migration of the apico-la-
teral muscles in Archaeopraga enhance clamping of the
shell against the substratum. The same explanation can
be advanced to explain the formation of horseshoe-sha-
ped muscle scars in Archinacella, Archinacellina and
Archinacellopsis. In both cases, muscle contraction acts
perpendicular to the plane of the aperture (substratum)
and clamping efficiency is improved by distributing the
muscle attachment area around the shell periphery.. The
mechanism of development of the continuous band be-
low the apex is uncertain, and Archaeopraga as far as is
known maintained separate lateral scars. It may be recal-
led, however, that muscle scars in Barrandicella ovata
consist of isolated packets of muscle fibres with some at-
tachment points even lying outside the main scar areas.
Such a lack of tight fusion of the muscle fibres might
have facilitated the re-distribution of muscle attachment
seen in Archinacella and its near relatives.

Classification

The single pair of apico-lateral muscle scar areas indica-
tes that Barrandicella is a gastropod. This finding sup-
ports the view expressed by Peel (1990) that a majority
of recent authors interpret Archinacella as a gastropod,

D

Fig. 12. Gross morphology of Archinacella (A), Barrandicella (B), Archinacellina (C), and Archinacellopsis (D). D after Knight et al.

1960.
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although for different reasons. The pair of muscles pre-
sents a conclusive argument against the theory that Ar-
chinacella and its relatives are untorted Tergomya. In
addition to the lack of multiple paired dorsal retractor
muscle scars typical of tergomyans, both genera lack any
indication of antero-lateral sinuses (Horny 1970a, b; Peel
1991a).

Without the discovery of paired apical muscle scars in
Barrandicella ovata, it is unlikely that the rostral scars
described in Archinacella powersi would be accepted as
muscle scars. Indeed, as with the other smooth/pale are-
as visible in Archinacella powersi, they may still repre-
sent a diagenetic artefact. The muscle bands of
Archinacella powersi, Archinacellina modesta and Ar-
chinacellopsis patelliformis are undoubtedly similar and
preservational differences might explain the degree of
expression of the abapical region of the band. Archina-
cella powersi is known only from a single specimen. Dif-
ferentiation of the abapical prongs of such a scar into the
pair of separate scars seen in Archinacellopsis patellifor-
mis probably has little functional significance, although
such an isolated pair might control the head or buccal
mass, if the abapical margin is interpreted as anterior
which is consistent with interpretation as a gastropod.
Bundling of muscle fibres in recent Patella often produ-
ces a discontinuous muscle band, as noted already by
Lindstrom (1884) when he compared the Silurian tergo-
myan Tryblidium to the recent limpet. A similar feature
is also clearly visible in Damilina Horny, 1961 from the
Silurian of Bohemia (Text-fig. 15).

As described above, the presence of the muscle band
originally reported by Horny (1963a) in Barrandicella
ovata is now rejected. However, it should be noted that
the shell of Archinacel{a 18 very thin (Horny 1963a; Yo-
chelson 1982; Wahlman 1992) and that thin shells often
do not preserve readily identifiable scars. Thus, it could
be argued that a muscle band in B. ovata may simply

Fig. 13. Archaeopraga pinnaeformis (Perner, 1903), partly exfoliated
specimen NM L 32734. A — dorsal, B - left lateral views. Silurian, P¥{-
doli Formation, P¥{doli; probably Karlitejn, Bohemia. x3.

have left no scar, although this is not easy to reconcile
with the fine detail of muscle preservation in the apical
region of B. ovata. While we acknowledge that new ma-
terial may promote revision and result in synonymisati-
on, we chose to recognise Archinacella, Archinacellina
and Archinacellopsis as separate genera at this time, al-
though we suspect that Archinacellina may prove to be
a junior synonym of Archinacella. Archinacella, Archi-
nacellina, Archinacellopsis and Barrandicella are pla-
ced together within the Family Archinacellidae of the
Superfamily Archinacelloidea. Marekicella Horny, 1997
from the Berounian of Bohemia (Horny 1997) is strongly
laterally compressed but displays similar curvature to
Barrandicella and some suggestion of the internal
structures seen in B. farda; it is placed here with some
confidence. Guelphinacella from the Silurian of North
America is also tentatively placed in the Family Archi-
nacellidae on account of its similarity to Archinacella,
but its musculature is not known. The expansion of the
Archinacellidae to include Barrandicella requires appro-
priate re-definition of the family and superfamily to in-
clude forms with a pair of apical muscles and no horse-
shoe-shaped scar. The Family Archaeopragidae is retained
to include Archaeopraga.

Archinacelloids as Palaeozoic patellogastropods

Despite wide current acceptance of patellogastropods as
the sister group of all other gastropods, only Haszprunar
(1988) among contemporary workers has proposed that
the original gastropod shell was patelliform, Others (such
as Lindberg 1988a, b; Fretter & Graham 1994) seek the
origin of the limpet-like patellogastropods in an as yet
unrecognised helically coiled group of gastropods, even
though shell asymmetry is not evident during ontogeny
in certain patellogastropod lineages (Haszprunar 1988).
At which point (or points) patelliform patellogastro-
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pod(s) diverged from the helical ancestor is not known.
Given the extreme adaptability of gastropods and the
wide occurrence of limpet-like shells in various groups
at tha pracant day, thare io littla reacon to assume that
only a single diversification of limpet-like shells took
place within the patellogastropod clade. The description
of a Triassic patellogastropod by Hedegaard et al. (1997)
is based on information on shell structure not available
through much of the Palaeozoic record, although addi-
tional discoveries can be expected from the Late Palae-
0zoic.

While archinacelloids are demonstrated to have been
gastropods, little evidence has been presented to indica-
te that they were patellogastropods. Information on shell
structure is not available, but even the strongly coiled
form of the shell with its often overhanging apex is un-
like Mesozoic—Recent patellogastropods. Archinacel-
loids represent a limpet experiment within the earlier Pa-
lacozoic but their closer affinity is obscure. Their lack of
shell asymmetry is inconclusive, not the least if modern
symmetrical patellogastropods were ultimately derived
trom helical ancestors. The isostrophic coiling is shared
with the bellerophontoid gastropods and the archinacel-
loid shell could have developed from a more strongly
coiled, bellerophontiform, ancestor by dramatic increa-
se in abapical expansion. The dorsal slit and parietal de-
posits characteristic of most bellerophontoids are lacking
in archinacelloids, but this is to be expected from the
widely expanded, limpet-like form. A slit is often redun-
dant in bellerophontoids with widely expanded apertu-

Fig. 14. Floripatella rousseaui Yochelson, 1988, internal mould,
holotype USNM 410165. Dorsal view. Middle Ordovician, Whi-
terockian, probably early Llanvirnian (Darriwilian). South flank
of Fossil Mountain, Confusion Range, Ibex area, western Millard
County, Utah, U.S.A. x3.3.

res (Peel 1991a). The similarity of muscle scar patterns
between Barrandicella and Carinaropsis noted above
reflects similar acquisition of an expanded shell; the
muscle scars themselves are quite different in detail.
Moreover, the tendency for the post-torsional right
muscle attachment scar in Barrandicella ovata to be
slightly smaller than the left could support derivation
from a helically coiled ancestor, although more data are
required to confirm this observation. Thus, while Archi-
nacelloidea is here recognised as a non-patellogastropod
superfamily of archaeogastropod grade, its closer affili-
ations remain unresolved. Ironically, on account of the
uncertainty, a relationship to the patellogastropod an-
cestral lineage can not be discounted!

oA
9

Dok _ 1
Fig. 15. Damilina subrotunda (Barrande in Perner, 1903), inter-
nal mould, holotype NM L 5843. Dorsal view. Silurian, Kopani-

na Formation, Ludlow, Ludfordian. Dlouh4 hora near Beroun, Bo-
hemia. x4.6.

Yochelson (1988) classed Floripatella (Text-fig. 14)
within the Family Archinacellidae which he assigned to
the Superfamily Patelloidea. This genus lacks the promi-
nent marginal or overhanging apex characteristic of ar-
chinacellid genera, although Yochelson (1988) described
a variety of forms within F. rousseaui, varying from elon-
gate with an excentric apex to circular with a central
apex. Floripatella is more reminiscent of Damilina Hor-
ny, 1961 (Horny 1961, 1963a) and we transfer it to the
Family Damilinidae Horny, 1963 which Horny (1963a)
placed within the Superfamily Patelloidea. McLean
(1990) assigned the late Palaeozoic limpet Lepetopsis
Whitfield, 1882 to a new Family Lepetopsidae. He pla-
ced this family of fossil species together with the recent-
ly discovered deep ocean vent Family Neolepetopsidae
in a Sub-order Lepetopsina of the Patellogastropoda, spe-
culating that Palacozoic patellogastropods may belong
with this group rather than with the Sub-order Patellina.
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While acknowledging the discrepancies in age (early
Ordovician, Silurian, Carboniferous—Permian) between
the three genera, we most tentatively place the Family
Damilinidae alongside the Family Lepetopsidae within
the Lepetopsina, fully aware of the speculation involved,
to express our conviction that these forms are not related
to the Archinacelloidea. They are superficially more pa-
tellogastropod-like in their morphology than archinacel-
loids but at our current stage of knowledge that is a chal-
lenge rather than a solution.

Acknowledgements. Financial support from the Swedish
Natural Science Research Council for RJH to visit Uppsala
and JSP to visit Prague is gratefully acknowledged. Spe-
cimens for study were loaned by M. Sandov4, Director of
the Rokycany Museum of Dr. B. Hordk. Ellis L. Yochelson
provided the photographs of Floripatella and Archinacel-
lopsis. The manuscript was reviewed by R. Prokop.

Submitted March 16, 1999

References

Cox, L. R. (1960): Thoughts on the classification of the Gastropoda.
— Malacol. Soc. London, Proc., 33, 239-261. London.

Fretter, V. — Graham, A. (1994): British Prosobranch Gastropods.
2nd edition. 820 pp. Ray Society. London.

Golikov, A. — Starobogatov, Y. I. (1975): Systematics of prosobranch
gastropods. — Malacologia, 15, 185-232, Philadelphia.

Graham, A. (1985): Evolution within the Gastropoda: Prosobranchia.
In: E. R. Trueman — M. R. Clarke (eds): The Mollusca, Vol. 10,
Evolution., 151-186. Academic Press, New York.

Harper, J. A. — Rollins, H. B. (1982): Recognition of Monoplaco-
phora and Gastropoda in the fossil record: A functional morpho-
logical look at the bellerophont controversy. — Proc., Third North
Am. Paleont. Conv., Montreal, 2, 227-232. Montreal.

Haszprunar, G. (1988): On the origin and evolution of major
gastropod groups, with special reference to the Streptoneura
(Mollusca). — J. molluscan Stud. 54, 367—441. London.

Hedegaard, C. — Lindberg, D. R. — Bandel, K. (1997): Shell
microstructure of a Triassic patellogastropod limpet. — Lethaia
30, 331-335. Oslo.

Horny, R.J. (1961): New genera of Bohemian Monoplacophora and
Patellid Gastropoda. — Vést. Usti. Ust. geol., 36, 299-302. Praha.

- (1963a): Lower Paleozoic Monoplacophora and Patellid Gastro-
poda (Mollusca) of Bohemia. — Sbor. Usti. Ust. geol., 28 (1961),
Odd. paleont., 7-83. Praha.

— (1963b): Lower Paleozoic Bellerophontina (Gastropoda) of
Bohemia. — Sbor. geol. VE&d, Paleont., 2, 57-164. Praha.

— (1963c): New finds of Silurian Drahomirinae (Monoplacophora)
in Bohemia and notes on their ontogeny and bionomy. — Cas.
Nér. Muz., Odd. pfirodovéd., 132, 79-89. Praha.

— (1963d): Archaeopraga, a new problematic genus of monopla-
cophoran molluscs from the Silurian of Bohemia. — J. Paleont.,
37, 1071-1073. Lawrence.

— (1965a): On the systematical position of Cyrtolites Conrad, 1838
(Mollusca). — Cas. Nar. Muz., Odd. piitodovéd., 134, 8-10. Praha.

— (1965b): Cyrtolites Conrad, 1838 and its position among the
Monoplacophora (Mollusca), — Acta Mus. Nat. Pragae, B (Hist.
Nat.), 21. 57-70. Praha.

— (19702): Mugccle gearg and outar shall seulpture of Retipilina
Horny (Mollusca, Monoplacophora). — Cas. Ndr. Muz., Odd.
piirodovéd., 137, 9-16. Praha.

— (1970b): Undicornu gen. n., a new minute monoplacophoran
mollusc from the Silurian of Bohemia. — Cas. Nar. Muz., Odd.
piirodovéd., 137, 30-32. Praha.

= (1992): Muscle scars in Sinuites (Mollusca, Gastropoda) from
the Lower Ordovician of Bohemia. — Cas. N4r. Muz. Praha, R.
piirodovéd., 158, 79—100. Praha.

— (1995a): Pragamira, a new Silurian tryblidiid genus (Mollusca,
Tergomya). — Cas. Nir. Muz. Praha, R. pfirodovéd., 164, 61,62
Praha.

— (1995b): Solandangella, a problematic Lower Ordovician
mollusc from the Montagne Noire. — Acta Mus. Nat. Pragae, B
(Hist. Nat.), 50, 1-11. Praha.

— (1995c¢): Muscle attachment areas in the Silurian bellerophonta-
cean gastropods Bellerophon scaber (Perner) and Bubovicus tar-
dus (Barrande in Perner). — Acta Mus. Nat. Pragae, B (Hist. Nat.),
50, 13-34. Praha.

— (1996): Apical muscle attachment areas found in Archinacella
ovata Barrande in Perner, 1903 (Mollusca) — a preliminary report.
— V&st. Ces. geol. Ust., 71, 367-368. Praha.

— (1997): New, rare, and better recognized Ordovician Tergomya
and Gastropoda (Mollusca) of Bohemia, — Vést. Ces. geol. Ust.,
73, 223-237. Praha,

Knight, J. B. (1941): Paleozoic gastropod genotypes. — Spec. Pap.
geol. Soc. Am., 32, 510 pp. Baltimore.

— (1952): Primitive fossil gastropods and their bearing on gastro-
pod classification. — Smithson. Misc. Colls., 114, 13, 1-55.
Washington.

Knight, J. B. — Cox, L. R. — Keen, A. M. — Batten, R. L. — Yochelson,
E. L. — Robertson, R. (1960): Systematic descriptions (Archaco-
gastropoda). In: R. C. Moore (ed.): Treatise on Invertebrate Pa-
leontology, Part I (Mollusca 1), 71169-1310. — Geol. Soc. Am.
and Univ. Kansas Press, Lawrence.

Knight, J. B. - Yochelson, E. L. (1958): A reconsideration of the
relationships of the Monoplacophora and the primitive Gastro-
poda. — Malacol. Soc. London Procs., 33, 37-48. London.

Koken, E. — Perner, J. (1925): Die Gastropoden des baltischen
Untersilurs. — Mém. Acad. Sci. Russie, S. 8, 37, 1-326. Leningrad.

Lindberg, D. R. (1986): Radular evolution in the Patellogastropoda.
— Am. Malacolog. Bull., 115.

— (1988a): The Patellogastropoda. — Malacolog. Review, Suppl. 4,
35, 36. Ann Arbor.

— (1988b): Heterochrony in gastropods: a neontological view. fn:
M. L. McKinney (ed.): Heterochrony in evolution, 197-216.
New York.

Lindberg, D. R. — Ponder, W. F. (1996): An evolutionary tree for the
Mollusca: branches or roots? In: J. Taylor (ed.): Origin and
evolutionary radiation of the Mollusca, 67-75. Oxford University
Press. Oxford.

Lindstrém, G. (1884): On the Silurian Gastropoda and Pteropoda of
Gotland. — K. svenska Vetenskaps Akad. Handl., 19, 1-250,
Stockholm.

McLean, J. H. (1981): The Galapagos Rift limpet Neomphalus: rele-
vance to understanding the evolution of a major Paleozoic—
Mesozoic radiation. — Malacologia, 21, 291-336. Philadelphia.

— (1984): A case for derivation of the Fissurellidae from the
Bellerophontacea. — Malacologia, 25, 3-20. Philadelphia.

— (1990): Neolepetopsidae, a new docoglossate limpet family from
hydrothermal vents and its relevance to patellogastropod
evolution. — I. Zool., 222, 485-528. London.

Pchelintsev, V. F,, — Korobkov, I. A. (1960): Osnovy paleontologii.
Mollyuski — Bryukhonogie. 274 pp. Moskva.

Peel, J. 8. (1972): Observations on some Lower Palacozoic
tremanotiform Bellerophontacea (Gastropoda) from North
America. — Palacontology, 15, 412-422. Oxford.

— (1982); Mus<cle svars in Bellerophon recricoscacmy (Molluscay
from the Carboniferous of Ireland. — J. Paleont., 56, 1308—
1330. Lawrence.



Journal of the Czech Geological Society, 44/1-2 (1999)

115

— (1990): Morphology and systematic position of Tryblidium cana-
dense Whiteaves, 1884 (Mollusca) from the Silurian of North
America. — Bull. geol. Soc. Denmark, 38, 43-51. Copenhagen,

- (1991a): The classes Tergomya and Helcionelloida and early
mvulluovan vyvluiivn, — Bull, Grgnlands geol, Unders., 161, 11—
65. Copenhagen.

— (1991b): Functional motphology of the Class Helcionelloida
nov., and the early evolution of the Mollusca. In: A. Simonetta —
S. Conway Morris (eds): The early evolution of Metazoa and the
significance of problematic taxa, 157-177. Cambridge Univ.
Press and Univ. Camerino. Camerino.

Perner, J. (1903, 1907, 1911): Gastéropodes. In: J. Barrande: Systéme
silurien du centre de la Boh&me, 4(1):1-XI, 1-164; (2):1-XI, 1-
380; (3:I-XVII, 1-390. Prague.

Ponder, W. E. (1988): Prosobranch phylogeny. — Malacolog. review,
Suppl. 4, 1-346. Ann Arbor.

Ponder, W. F. — Lindberg, D. R. (1996): Gastropod phylogeny —
challenges for the 90s. In: J. Taylor (ed): Origin and evolutiona-
ry radiation of the Mollusca, 135-154. Oxford University Press.
Oxford.

— (1997): Toward a phylogeny of gastropod molluscs — a prelimi-
nary analysis using morphological characters. — J. Linnean Soc.
London 119, 83-265. London.

Rosov, 5. N. (1975): Novyy otryad monoplakofor. — Paleont. J,,
1975, 1, 41-45. Moskva.

Runnegar, B. (1996): Early evolution of the molluscs: the fossil
record. In: J. Taylor (ed.): Origin and evolution radiation of the
Mollusca, 77-87. Oxford Univ. Press. Oxford.

Runnegar, B. — Jell, P. A. (1976): Australian Middle Cambrian
molluscs and their bearing on early molluscan evolution. —
Alcheringa, 1, 109-138. Sydney.

Runnegar, B. — Pojeta, J., Jr. (1974): Molluscan phylogeny: the pale-
ontological viewpoint. — Science, 186, 311-317. Washington, DC.

Salvini-Plawen, L.. (1980): A reconsideration of systematics in the
Mollusca (phylogeny and higher classification). — Malacologia
19, 249-248. Philadelphia.

Salvini-Plawen, L. — Haszprunar, G. (1987): The Vetigastropoda and
the systematics of streptoneurous Gastropoda (Mollusca). — J.
Zool. Soc. London, 211, 747-770. London.

Spengel, J. W. (1881): Die Geruchsorgane und das Nervensystem
der Mollusken. — Zeitschr. wiss. Zool., 35, 333-383. Berlin.
Starobogatov, Y. I. (1970): Systematics and Early Paleozoic Mono-
placophora. — Paleont. I., 1970, 3, 293-302 (English publicati-

on of Russian original). New York.

Stinchcomb, B. L. (1986): New Monoplacophora (Mollusca) from
Late Cambrian and Early Ordovician of Missouri. — J. Paleont.,
60, 606-626. Lawrence.

Taylor, D. W. — Sohl, N. D. (1962): An outline of gastropod classifi-
cation. — Malacologia, 1, 7-32. Philadelphia.

Thiele, J. (1925): Gastropoda. In: W. Kukenthal (ed.). Handbuch der
Zoologie, 5 (1, 2), 38-155. De Gruyter, Berlin.

— (1929): Handbuch der systematischen Weichterkunde. Teil 1:
Loricata/Gastropoda 1 (Prosobranchier). 778 pp. Gustav Fischer
YEl'lilg, Jena.

Troschel, F. H. (1856-1893): Das Gebis der Schnecken zur Begun-
dung einer natlirlichen Classification. Vol. 1, 252 pp; Vol. 2, 400
pp. (with J. Thiele). Berlin.

Ulrich, E. O. — Scofield, W. H. (1897): The Lower Silurian Gastropoda
of Minnesota. — Minnesota geol. Surv., 3, 2, 812-1801. St. Paul.

Vostokova, V. A. (1962): Ordovikskie i siluriyskie gastropody sibirskoi
platformy. — Trudy VSEGEI, 75, 4, 3-31. Moskva.

Wahiman, G. P. (1992): Middle and Upper Ordovician symmetrical
univalved mollusks (Monoplacophora and Bellerophontina) of
the Cincinnati arch region. — U. S. Geol. Surv., Prof. Pap., 1166-
0: 01-0213. Washington, D.C.

Webers, G. F. — Pojeta, J., Jr. — Yochelson, E. L . (1992): Cambrian
Mollusca from the Minaret Formation, Ellsworth Mountains,
West Antarctica. In: G. F. Webers — C. Craddock — J. F. Splettsto-
esser (eds): Geology and Paleontology of the Ellsworth Mounta-
ins. — Geol. Soc. Amer., 170, 181-248. Boulder.

Wenz, W. (1938-1944): Gastropoda. — Allgemeiner Teil und Proso-
branchia. fn: Q. H. Schindewolf (ed.); Handbuch der Paliozoo-
logie, 6, 1639 pp. Gebriider Borntraeger. Berlin.

Whiteaves, J. F. (1895): Revision of the fauna of the Guelph
formation of Ontario, with description of new species. — Geol.
Survey Canada, Palaeozoic Fossils, 3, 45-109.

Yochelson, E. L. (1963): The Middle Ordovician of the Oslo Region,
Norway. 15. Monoplacophora and Gastropoda. — Norsk geol.
Tidsskr., 46, 2, 133-213. Oslo.

— (1977): Monoplacophora (Mollusca) from the Upper Ordovician
of Norway. — Nor. geol. Tidsskr., 47, 297-312. Oslo.

— (1982): Mollusques Monoplacophores and Gastropodes. In:
C. Babin et al.: Brachiopodes (Articulés) et Mollusques (Bivalves,
Rostroconches, Monoplacophores, Gastropodes) de 1'Ordovicien
inférieur (Tremadocien-Arenigien) de la Montagne Noire
(France méridionale). — Mém. Soc. Etudes Sci. de I'Aude, 1982,
51-59. Aude.

— (1988): A new genus of Patellacea (Gastropoda) from the Middle
Ordovician of Utah: the oldest known example of the superfamily.
— Mem. New Mexico Bur. Mines Min. Res., 44, 195-200. Socorro.

— (1994): Macroscenella (Mollusca) from the Middle Ordovician
of Wisconsin — a reinterpretation and reassignment. — J. Paleont.,
68, 1252-1256. Lawrence.

Yu Wen (1987): Yangtze micromolluscan fauna in Yangtze Region of
China, with notes on Precambrian—Cambrian boundary. —
Stratigraphy and palaeontology of systematic boundaries in China.
Precambrian—Cambrian Boundary, 1, 19-344. Nanjing Univ.
Publ. House. Nanjing.

Svalové vtisky a systematické postaveni spodnopaleozoickych rodii Archinacella a Barrandicella gen. n. (Mollusca)

Novy rod Barrandicella je navrzen k ucténi dvousetletého vyro&i narozeni Joachima Barranda (1799-1883), na zdkladé druhu Archinacella
ovata Barrande in Perner, 1903 ze stfedniho ordoviku (darriwilu) Cech. Barrandicella je interpretovéna jako plz (Gastropoda), a to na zdkladé
péru dobfe zachovanych svalovych vtiskdl a pfidruZenych pomocnych vtiskd umisténych na vrcholu piilipkovité schranky. Barrandicella
nemd vyvinuty dorsdlnf pentlicovity svalovy vtisk, charakteristicky pro rod Archinaceila Ulrich et Scofield, 1897 a piibuzné rody, ale miize
s nimi byt umisténa v revidované nadeledi Archinacelloidea. Mezi nad¢eledi Archinacelloidea a skupinou Patellogastropoda, v soucasné dobé
povaZovanou za sesterskou skupinu viech ostatnich plZd, neexistuje ziejmy spojovaci &ldnek. K rodu Barrandicella je krom& typického druhu
zafazen i druh Barrandicella tarda (Perner, 1903) z barrandienského berounu, u kterého byly rovn&Z nalezeny vrcholové svalové vtisky a
velmi jemnd paprscitd skulptura povrchu schrdnek. Do Zeledi Archinacellidae jsou krom& rodd Archinacella a Barrandicella vélengny rody
Archinacellina Horny, 1961, Archinacellopsis Horny, 1995 a prozatimng i rody Marekicella Horny, 1997 a Guelphinacella Peel, 1990,
u nichZ nejsou svalové vtisky zndmy. Do patellogastropodni ¢eledi Damilinidae jsou zafazeny rody Floripatella Yochelson, 1988 a Damilina
Horny, 1961. Rod Archaeopraga Horny, 1963 je ponechdn v Celedi Archaeopragidae.



