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Cambrian sediments of the Tepla-Barrandian region con-
tain a common and well diversified invertebrate fauna, in-
cluding several types of tubular and conical fossils. Mic-
roscopic to submicroscopic nonbiomineralized tubes were
described as Rhabdotubus robustus Maletz et al., 2005.
The rare occurrence of Vermes indet. and Selkirkia Wal-
cott, 1911 was reported by Fatka ef al. (2004, p. 379) and
Mergl & Kordule (2008), respectively; Fatka ef al. (in
press) described two species of the genus Sphenothallus
Hall, 1847.

Sixteen usually gregarious and locally very common
hyolith species have been collected from different strati-
graphical levels of the Jince Formation in the Pfibram-
Jince Basin (Fatka et al. 2004; Valent 2004, 2006; Valent
et al. 2009) and the Skryje Member of the Buchava Forma-
tion in the Skryje-Tyfovice Basin (Marek 1983a, Fatka
1990, Valent 2006, Valent et al. 2011a, b).

The first Cambrian hyolithids from the Tepla-Bar-
randian region were established by Barrande (1867) and
Novak (1891). New taxa, as well as revisions of selected
earlier forms, were published in a series of short papers by
Marek (1972, 1975, 1980, 1981) and Valent et al. (2009,
2011a, b). Recently, Marti Mus & Bergstrom (2005) re-
vised the morphology of the genus Maxilites Marek, 1972.
All so far described taxa are classified within the Order
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Hyolithida Sysoev, 1957. However, knowledge concerning
forms of the Order Orthothecida Marek, 1966 is much more
restricted, being briefly mentioned in three papers only:
Marek (1975) cited the presence of an orthothecid in the
Skryje-Tyfovice Basin; Marek (1976, fig. 5B) published a
reconstruction of an undescribed species of Circotheca,
this species is described herein as Circotheca smetanai sp.
nov.; Fatka ef al. (2004) reported the stratigraphic distribu-
tion of Orthotheca sp. and O. sp. B within the Jince Forma-
tion of the Pfibram-Jince Basin. Valent et al. (in press) for-
mally described five new species known already to Marek
as the orthothecids Gracilitheca mirabilis Valent et al.,
G. triangularis Valent et al., Gracilitheca sp., Nephro-
theca betula Valent et al. and Nephrotheca sp.

This contribution describes two additional forms of
orthothecids based on material from several classical local-
ities in the Skryje Member of the Buchava Formation in the
Skryje-Tyfovice Basin. Both new taxa, together with eight
other hyolith species, were previously distinguished, but
invalidly described, by Marek (1983a) in an unpublished
report prepared for the Academy of Science of the Czech
Republic. In his manuscript, Marek described both taxa in
detail but he did not unambiguously designate or illustrate
any type specimens and left no photographs. This paper is
dedicated to the fond memory of Dr. Ladislav Marek.
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Figure 1. Simplified sketch map showing the location of fossil sites in the Middle Cambrian Buchava Formation within the Skryje-Tyfovice Basin,
Central Bohemia. (Geology modified from Masek et al. 1997.) 1 — Buchava locality, 2 — rocks near Zbiroh stream opposite the Buchava quarry,
3 — Dlouha hora Hill and 4 — Skryje-Luh locality (southern slope above the Skryje stream).

Systematic palaeontology

Class Hyolitha Marek, 1963
Order Orthothecida Marek, 1966
Family Circothecidae Missarzhevskij, 1969

Genus Circotheca Sysoev, 1958 emend. Berg-Madsen
& Malinky, 1999

Type species. — Hyolithus (Orthotheca) stylus Holm, 1893;
Cambrian Series 3, Sweden, Paradoxides forchhammeri
Regional Stage, Solenopleura brachymetopa and Lejopyge
laevigata zones.

Discussion. — Berg-Madsen & Malinky (1999, pp. 873
to 875) selected a lectotype for the type species and figu-
red the internal and external surfaces of both opercula
and conchs; they also provided a new description of
the type species, including detailed information on its
stratigraphic range. Using the internal morphology of the
operculum as the most important diagnostic feature,
the concept of Circotheca was restricted by Berg-Madsen
& Malinky (1999). On account of the presence of bent
growth lines, corroborating the non planar aperture, they
did not accept the emendation proposed by Missarzhev-
skiy (1969).
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Occurrence. — Middle Cambrian to Ordovician. Specimens
assigned to this genus are reported from Baltica (Sweden),
Laurentia (U.S.A., Mexico), Siberia, and different Euro-
pean and Asian peri-Gondwanan regions (Bohemia,
France, England, India and China), respectively.

Species. — Atleast 38 species have been included in this ge-
nus (see Berg-Madsen & Malinky 1999), but the true num-
ber of species recognized in the literature is impossible to
enumerate.

Circotheca smetanai sp. nov.
Figures 2A-D, G, K, 3

1975 Circothecid. — Marek, p. 66.
1976  Circotheca sp. nov. — Marek, fig. 5B.
1983a Circotheca smetanai sp. n. — Marek, pp. 10-12 (MS).

Holotype. — Outer surface of operculum; 1.40465 (Fig. 2C, D),
Buchava locality. Deposited in the collection of the Natio-
nal Museum, Prague, Czech Republic.

Paratypes. — Inner surface of operculum; 140469 (Fig. 2A),
Biskoupky locality. External mould of conch; L40467
(Fig. 2K), Buchava locality. All specimens are deposited in
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Figure 2. Circotheca smetanai sp. nov. (A-D, K) and Probactrotheca briketa gen. et sp. nov. (E-K); Middle Cambrian, Buchava Formation,
Skryje Member, Paradoxides (Eccaparadoxides) pusillus Zone. Scale bar = 1 mm. All specimens are deposited at the Palaecontological Department
of the National Museum, Prague. Circotheca smetanai sp. nov. * A —inner surface of operculum, Biskoupky locality. L40469 (paratype). * B —inner
surface of operculum. Latex cast of L40469 (paratype). * C — outer surface of operculum, Buchava locality. L40465 (holotype). * D — outer surface
of operculum. Latex cast of L40465 (holotype). * K — external mould of conch, Buchava locality. L40467 (paratype). Probactrotheca briketa gen.
et sp. nov. * E — inner surface of operculum, Biskoupky locality. L40472 (paratype). * F — outer surface of operculum, Buchava locality. L40473
(holotype). * G — outer surface of operculum. Latex cast of L40473 (holotype). « H — dorsal view of isolated conch, Biskoupky locality. L40470
(paratype). * I — ventro-lateral view of isolated conch, Biskoupky locality. L40470 (paratype). * J — dorsal outer surface of conch, Biskoupky local-

ity. L40572 (paratype).

the collection of the National Museum, Prague, Czech Re-
public.

Type horizon and locality. — Cambrian Series 3, Buchava
Formation, Skryje Member, Paradoxides (Eccaparado-
xides) pusillus Biozone; Skryje-Plazy locality, Skryje-
Tytovice Basin, Tepld-Barrandian region, Czech Re-
public.

Derivation of name. — After Vojtéch Smetana, for his con-
tribution to the understanding of the Bohemian Cambrian.

Material. — Twelve conchs and six opercula.
Diagnosis. — Circotheca with sub-circular operculum,

summit of operculum displaced slightly dorsally. Exter-
nal surface of operculum with well developed concentric
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irregularly disposed growth-lines. Outer surface of conch
bears very narrow, corrugate ribs which are T-shaped in
cross-section.

Description. — Narrow orthocone conch (Fig. 3C) of
sub-circular cross-section; slightly dorso-laterally curved
(V+, D-). The angle of divergence reaches about 8 degrees.
The aperture is slightly bowed from the dorsal to the ventral
margin. A distinct wall surrounding the aperture is develo-
ped on internal moulds, representing a sudden tapering of
the wall. Muscle scars were not ascertained. The preserva-
tion state of the internal moulds excludes any detection of
apical septa.

The sculpture of the conch surface consists of very nar-
row and corrugating ribs (Fig. 2K). The distal ends of ribs
form a T-like shape in the cross-section.

The operculum is sub-circular in outline, slightly con-
cave in cross-section (Fig. 2A-D). The apex of the oper-
culum situated excentrically, being slightly displaced dor-
sally. A narrow, flat and poorly developed depression runs
ventrally from the opercular summit (Fig. 2D). The external
surface sculpture consists of infrequent, irregularly disposed
but clearly visible concentric growth-lines (Fig. 2C, D); reg-
ularly spaced radial ribs are well developed.

The internal surface of the operculum bears a pair of
large bilobate cardinal processes (Fig. 2A, B). The promi-
nent lobes are broadly rounded frontally and laterally; dis-
tal parts are postero-laterally elongated. The cardinal pro-
cesses attain two thirds of the opercular length; their bases
diverge at the angle of about 80 degrees.

Dimensions. — The maximum length of the conch reaches
at least 40 mm; width of the aperture ranges around 5 mm.

Discussion. — Circotheca smetanai sp. nov. is the third spe-
cies of the genus Circotheca in which both the conch as
well as the operculum are known [the others are C. styla
(Holm, 1893), Cambrian of Sweden and C. caperai Marek,
1983b, Ordovician of Morocco]. A restudy of Holm’s
(1893) material showed that the original specimen is pre-
served in limestone and the surface sculpture of the conch
is eroded; only a small part of the conch shows bases of the
wavy warped longitudinal ribs (see Berg-Madsen & Ma-
linky 1999, pp. 874, 875, text-fig. 9). Only the bases of
the cardinal processes, diverging at the angle of about
60 degrees, are developed on the inner surface of the oper-
culum which Holm (1893) assigned to this species. Howe-
ver, the angle of divergence is markedly smaller than in
C. smetanai.

Circotheca caperai Marek, 1983b (“Arenigian” of
Montagne Noire, France) differs from the mentioned spe-
cies with regard to the shorter bases of cardinal processes
and in the sharply undulating longitudinal ribs developed
on the outer surface of conch.
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Occurrence. — Circotheca smetanai sp. nov. is quite a rare
species in the Skryje Member (Buchava Formation) of the
Skryje-Tyrovice Basin. The species is known from the Bis-
koupky locality, Buchava locality, rocks near Zbiroh
stream opposite the Buchava quarry, Dlouha hora and
Skryje-Luh localities (southern slope above the Skryje
stream) (Figs 1, 5).

Remarks on stratigraphy. — The presence of C. smetanai
has been established in the lower third of the Buchava
Formation, near the base of the Paradoxides (Eccaparado-
xides) pusillus Biozone (Fig. 5), in levels which are corre-
lated with the upper Leonian regional Stage (Alvaro et
al. 2004, fig. 5). The Leonian Stage corresponds to the Pa-
radoxides oelandicus regional Stage of Baltica (Geyer &
Shergold 2000, table 1). Until now, the oldest species of
Circotheca, C. styla, has been described from the Soleno-
pleura brachymetopa trilobite zone of south Sweden (Berg
Madsen and Malinky 1999, pp. 844, 874, 875; Malinky
2009, p. 589). Specimens described and figured recently by
Peel (2010) and Peel & Ineson (2011) from the early Cam-
brian Sirius Passet Lagerstitte of Greenland show surface
sculpture of conch and circular operculum and could be-
long to Circotheca.

C. smetanai thus represents the oldest described occur-
rence of the genus Circotheca.

Family uncertained
Genus Probactrotheca gen. nov.

Type species. — Probactrotheca briketa sp. nov.; Cambrian
Series 3, Buchava Formation, Skryje Member, Skryje-
Tyftovice Basin, Tepla-Barrandian region, Czech Republic.

Diagnosis. — Medium sized orthocone conch with a small
angle of divergence, and trapezoid cross-section. Ventral
side concave; dorsal side divided longitudinally into three
parts: the middle part with slightly raised rounded keel on
the mould and with slightly vaulted lateral shoulders. The
boundaries between these three parts are rounded, as is the
junction with the ventral side. The ventral apertural margin
is straight; the dorsal margin is slightly arched adapically cut
out. The sculpture of the conch consists of fine growth-lines.

The flat operculum is sub-trapezoid in outline. Its inner
side bears narrow broadly diverging cardinal processes
with subparallel edges. The lower walls are distinct. Plicae
are well developed on the outer side; the slightly convex
triangulum is distinct. The sculpture of the operculum con-
sists of fine distinct growth-lines.

Discussion. — Probactrotheca gen. nov. is reminiscent of
the genera Bactrotheca Novak, 1891, Quadrotheca Sysoev,
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1958, Trapezotheca Sysoev, 1958 and Holmitheca Sysoev,
1968.

In Trapezotheca, based on the Lower Ordovician type
species Hyolithus (Orthotheca) aemulus Holm, 1893, the
ventral side is much less concave and the conch sculpture
consists of longitudinal elements. The Lower Cambrian
genus Holmitheca (type species Holmitheca obvia Sysoev,
1968) shows well rounded edges of the conch especially
those, which separate middle part of the dorsal side from
the lateral sides. Opercula of Trapezotheca and Holmi-
theca are unknown. The similar genus Quadrotheca Sy-
soev, 1958 emended Malinky, 2002 [type species:
Hyolithes (Orthotheca) quadrangularis Holm, 1893], the
only genus of the Family Quadrothecidae Malinky, 2002,
differs in possessing a flat dorsum and venter. The genus
Bactrotheca Novak, 1891 (type species Hyolithes teres
Barrande, 1867) shows a flat venter without a broad shal-
low furrow and flat dorsum.

All orthothecids with a “quadrate” cross-section were
traditionally classified within the family Orthothecidae
Sysoev, 1958. Malinky (1987) provided the following
emended diagnosis of this family: “Orthothecids with
inflated, angular dorsum and slightly inflated venter,
forming a subtriangular transverse outline; ornament on
exterior of shell may be longitudinal, transverse, or com-
bination of both. Unlike Fisher (1962), Malinky (1987,
p- 947) proposed to exclude from this family seven genera
including Bactrotheca and Quadrotheca. Consequently,
Malinky (2002, p. 541) established a new family,
Quadrothecidae, with only one genus Quadrotheca. In
their most recent paper Malinky et al. (2009) refrained
from classifying Bactrotheca within any family. Malinky
(2009) changed the concept of the family Orthothecidae
and included its type genus Orthotheca Novak, 1886 and
six other genera. This most recent concept excludes the
genera Bactrotheca and Quadrotheca from this family.
In conclusion, the new genus Probactrotheca does not
fall within any recognised family as they are presently di-
agnosed.

Species. — Monotypic genus with species Probactrotheca
briketa sp. nov.

Occurrence. — Middle Cambrian, Skryje-Tyfovice Basin,
Bohemia.
Probactrotheca briketa sp. nov.

Figure 2E-J, 4

1983a Probactrotheca briketa sp. n. — Marek, pp. 15-17
(MS).

Holotype. —1.40473 (Fig. 2F, G). Outer surface of opercu-

Figure 3. Circotheca smetanai sp. nov., reconstruction of conch with at-
tached operculum. (Modified from Marek 1976.)

Figure 4. Probactrotheca briketa sp. nov., reconstruction of conch with
attached operculum.

lum deposited in the collection of the National Museum,
Prague, Czech Republic. Buchava locality.

Paratypes. — Inner surface of operculum; L.40472 (Fig. 2E).
Internal mould of the conch; 140470 (Fig. 2H, I). External
mould of conch; L40572 (Fig. 2J). All specimens come from
the Biskoupky locality and are deposited in the collection of
the National Museum, Prague, Czech Republic.

Type horizon and locality. — Cambrian Series 3, Buchava
Formation, Skryje Member, Paradoxides (Eccaparadoxi-
des) pusillus Biozone; Biskoupky locality, Skryje-Tyfo-
vice Basin, Tepla-Barrandian region, Czech Republic.

Material. — In addition to the holotype and paratypes, two
other incomplete moulds and five external conch imprints.
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Figure 5. Stratigraphic distribution of Circotheca smetanai sp. nov. and
Probactrotheca briketa gen. et sp. nov. within the Buchava Formation
of the Skryje-Tyfovice Basin (biostratigraphy after Fatka et al. 2011).
0—Biskoupky locality; 1 — Buchava locality; 2 — rocks near Zbiroh stream
opposite the Buchava quarry; 3 — Dlouhd hora Hill and 4 — Skryje-Luh lo-
cality (southern slope above the Skryje stream).

conglomerates and
sandstones

shales

volcanites

Diagnosis. — The same as for the genus.

Description. — Orthocone conch, subtrapezoidal in
cross-section. The angle of divergence ranges from 10 to
12 degrees, w/h index = 1.55. The ventral side is strongly
concave; the concavity is about one seventh of the height of
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the conch. On the dorsal surface of the conch, the slightly ar-
ched dorsal flat part carries an indistinct, broadly rounded
medial keel and the almost flat lateral sides can be recogni-
sed (Fig. 4). The keel is more distinct on internal moulds.
Strongly rounded edges separate the lateral sides from the
ventral as well as the dorsal surfaces of the conch. The
aperture is perpendicular to the conch axis. The ventral
apertural margin is excavated slightly backward. Muscle
scars were not found. The apical part is not preserved in
any of the conchs, hence it is not known if apical septa were
developed.

In the best preserved specimens, indistinct, very fine
growth-lines are developed on the outer surface of the
conch (Fig. 2J).

The flat operculum is sub-trapezoidal in outline
(Fig. 2E-QG), its ventral margin slightly arched. The cardinal
processes are narrow (exsag.), broadly diverging and virtu-
ally of the same width. Their proximal ends are strongly in-
ternally curved to the inner surface of the operculum and
merge with its surface. The distal ends of the cardinal pro-
cesses are free. Narrow, distinct but low walls extend from
about half of the length (tr.) of the cardinal processes in a
shallow arch towards the anterior lateral opercular margins
(Fig. 2E). Plicae are distinct and separated by a shallow fur-
row; their outer margins reach an angle of about 55 degrees.
A small and slightly vaulted triangular area lies between
the summit and the dorsal opercular margin. A thin conical
projection with a diameter of 0.3 mm is developed in the
centre of the opercular summit and is interpreted as a proto-
operculum. This clearly visible shield, which rises above the
remainder of the operculum, represents an early ontogenetic
stage. A distinctly separated, centrally located sub-trape-
zoidal shield representing the earliest ontogenetic stages
rises above the rest of operculum. The shield differs in shape
from the adult specimen’s opercula in its straight anterior
margin and in sharper corners.

The outer surface of operculum is covered by fine
growth-lines (Fig. 2F, G).

Dimensions. — The conch of the adult specimen was at least
30 mm long.

Discussion. — Probactrotheca briketa sp. nov. differs
from all other orthothecids of similar cross-section in the
distinct ridges separating the different parts of the conch.
The most similar species is the Lower Ordovician (Dapin-
gian) Quadrotheca quadrangularis (Holm, 1893) from
Sweden but the sculpture in this species consists of longi-
tudinal riblets.

Occurrence. — Probactrotheca briketa sp. nov. is known
only from the Skryje Member (Buchava Formation) of the
Skryje-Tyrovice Basin at the Biskoupky, Buchava, Dlouh4
Hora Hill, and Skryje-Luh localities (Figs 1, 5).
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Stratigraphy and palaeoecology

Both new species have been recognized in different strati-
graphical levels at several localities of the Skryje Member,
Buchava Formation, within the Paradoxides (Eccaparado-
xides) pusillus Biozone (Fig. 5).

Dzik (1978) and Niitzel er al. (2006) documented the
large size of early ontogenetic shells (= protoconchs) in
several groups of early molluscs, including specimens of
the Ordovician orthothecid Bactrotheca Novak, 1891. This
morphological feature has been suggested as a decisive ar-
gument for the presence of lecithotrophic (= nonfeeding)
larvae in molluscs and hyoliths (Niitzel ez al. 2006). Unfor-
tunately, protoconchs are broken off in all accessible speci-
mens of both Circotheca smetanai and Probactrotheca
briketa. According to the interpretation of hyolithids by
Marek & Yochelson (1976) and Marek ez al. (1997), adult
specimens of P. briketa and C. smetanai were suspension
feeders living most probably on and/or partly embedded in
muddy substrates in relatively shallow water settings.
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