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A new genus Euryrizocerina (Nautiloidea, Oncocerida, Oonoceratidae) from the late Silurian strata of Bohemia (Prague
Basin) is established. Two species are included within the genus: the type species E. normata (Barrande, 1877) and
E. pulchra sp. nov. The genus is striking for two features – the preservation of shell colouration and muscle attachment
scars in the type species. These features are reliable for taxonomic and palaeoecological analysis of nautiloids, but due to
their only occasional preservation in fossils, the evolutionary trends of these characters remain poorly understood. The
colour pattern of Euryrizocerina consists of irregular pulsed transverse bands that clearly differ from the colour patterns
known in other oncocerids where rather regular wave-like or zig-zag bands have been observed. It is questionable
whether the new type of colouration represents a taxonomic or morphotypic feature, as Euryrizocerina is the first
oncocerid to be recognised with a highly curved shell that retains colouration. Oncocerids exhibit multiple paired muscle
scars and there is uncertainty whether these represent an original metamery, inherited from a cephalopod ancestor, or a
derived feature. Euryrizocerina possesses four pairs of retractor muscle scars, but its ancestor “Oonoceras” fraternum
and allied forms, possess multiple pairs of muscle scars around the base of the body-chamber, as do the majority of
oncocerids. A similar reduction in the number of muscle scar pairs has been documented in Devonian rutoceratoids. The
high evolutionary plasticity of muscle attachments patterns, as indicated by these examples, suggests that the muscle
complex and its attachment to the shell was under adaptive control and is more likely to reflect the form of the shell and
the mode of life of the organism. It seems likely that shell colouration and the pattern of attachment of the retractor mus-
cles have a much more complex evolutionary history (including several convergences) than was previously supposed. •
Key words: Nautiloidea, Oncocerida, colour pattern, muscle scars, Silurian, Prague Basin, new taxa.
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The shell in nautiloids serves a hydrostatic, hydrodynamic
and protective function. Final shell form reflects evolutio-
nary interplay between both these functions. Disparity of
shell form in nautiloids is striking and almost all geometri-
cally possible forms evolved at some time during the Palaeo-
zoic. The first classifications of cephalopods in the 19th,

and in particular during the early 20th century, used mor-
photype as the main diagnostic feature. Hyatt (1883, 1994,
1900) and later Flower & Kummel (1950) adopted new
systematic approaches emphasising the importance of the
morphology of the siphonal tube. Subsequent studies of
muscle scars (e.g., Mutvei 1964, Evans 2005, Kröger &
Mutvei 2005), embryonic development (e.g., Manda
2008), and shell colouration (e.g., Kobluk & Mapes 1989,
Turek 2009) provided important additional data with signi-
ficant implications in relation to the taxonomy and palaeo-

ecology of nautiloids. Some of this data is not yet fully in-
corporated into concepts of classification and remain a
matter of debate; for example, the significance of variation
in the number of multiple paired muscle scars in oncocerids
and discosorids.

Embryonic shells, muscle scars or shell colouration are
rarely preserved in the fossil record, whilst precise data re-
lating to age and locality are often missing in specimens
from old collections. Therefore any additional material
representing exceptionally preserved nautiloids may pro-
vide important data for a better understanding of nautiloid
taxonomy and evolution. We follow Teichert (1988) in his
concept of a subclass, Nautiloidea, which includes the or-
ders Oncocerida, Discosorida, Tarphycerida and Nautilida.

A new oncocerid genus, Euryrizocerina, from the Silu-
rian strata of Bohemia with preserved shell colouration and
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muscle scars is described in this paper and its taxonomic
assignment is discussed. Most of the specimens studied
were collected during recent studies of selected sections
within the Prague territory and from Kosov Quarry near
Beroun, Prague Synform (Fig. 1). A marked change in the
character of the muscle scars of Euryrizocerina and its an-
cestor over a short time interval suggests a high degree of
plasticity in the evolution of muscle attachment patterns at
least in the Oncocerida and Discosorida.

Terminology. – Morphological terminology is largely
adopted from the “Treatise on invertebrate paleontology”
(Teichert 1964). The terms height, width and length are

used as defined by Stridsberg (1985). Detailed parameters
of the curved exogastric shell were not elaborated until
now; some terms have been used intuitively. Figure 5
shows the basic parameters we used in descriptions.

The graptolite Zone is used as defined by Štorch (1994,
1995), Kříž (1998) and Manda & Kříž (2006).

Institutional abbreviations. – Studied specimens are depo-
sited in the Czech Geological Survey, Prague, in the Š.
Manda collections (prefix CGU SM); National Museum,
Prague (prefix NM L); and Museum of Comparative Zoo-
logy, Harvard University, Cambridge (prefix MCZ). All
specimens, except those figured in Figs 2 and 7F, were coa-
ted with ammonium chloride prior to photographing. Spe-
cimens with preserved colour pattern were photographed
in alcohol.
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Colour pattern is known only in a small number of Early
Palaeozoic nautiloid genera (Kobuk & Mapes 1989, Turek
2009 and further references herein). Colour patterning was
described in the Ordovician tarphycerid Trocholites Con-
rad, 1838 from Germany (Schuh 1920), in the Silurian on-
cocerids Octameroceras Hyatt, 1900 from Gotland (Strits-
berg 1985) and Rizosceras Hyatt, 1900 from Canada
(Foerste & Savage 1927). Colour patterns in the Devonian
Cyrtoceratites Goldfuss, 1833 from Germany were men-
tioned by Foord (1888) but not illustrated. Sweet & Leutze
(1956) described a shell fragment of a presumed oncocerid
with preserved colouration from the Silurian rocks of New
York. All other nautiloids with preserved colour pattern are
known from the Prague Basin, Bohemia. Several coloured
shells were described and illustrated by Barrande
(1865–1877) in the Silurian cumulative genera Trochoce-
ras Barrande, 1848, Orthoceras Bruguière, 1792, Cyrtoce-
ras Goldfuss, 1833, and Phragmoceras Broderip, 1839 (in
Murchison 1839). Turek (1990, 2004) observed colour pat-
terns in some other oncocerids and the discosorid Phrag-
moceras imbricatum Barrande, 1865, but these specimens
have yet to be figured or described in detail. Turek (2009)
described well-preserved colour patterns in the Devonian
oncocerid Ptenoceras Hyatt, 1894 and Manda & Turek
(2009a) in the Silurian oncocerid Pomerantsoceras Krö-
ger, 2007a.

Almost all Bohemian nautiloid shells with traces of
colouration have been obtained from cephalopod lime-
stones that comprise the “condensed” dark grey cepha-
lopod wacke-packstone (Braník type sensu Ferretti & Kříž
1995, Kříž 1998). Turek (2009) assumed that low oxygen
level on and below the sea-floor, combined with rapid
burial and cementation provided suitable conditions for the
preservation of colour markings. However, although such
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��� Position of Early Palaeozoic Prague Basin within the Czech
Republic (A), Central Bohemia (B), respectively, and detailed map of
Prague Synform with location of fossil bearing localities (C). Simplified
stratigraphic and lithologic columns are given (B). Data sources: Kosov
Quarry after Vokáč (1999), modified; U topolů (unpublished data, Zedník
& Manda); and Podolí (Kříž & Manda, unpublished data).
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conditions characterised the cephalopod limestones of the
Braník type in general, coloured shells occur only in a few
localities. For example, rich new material, comprising
12 coloured shells (including specimens described below),
was obtained from a single bed and limited area in the
U topolů Section. In other parts of the section, as well as in
neighbouring sections (Nad ubikacemi, Hvížďalka sec-
tions), no coloured shell has been found. This indicates that
there are additional factors controling colour preservation
that have yet to be recognized.

It is generally accepted that shell colouration in present
day Nautilus and Allonautilus, as well as in fossil nau-
tiloids, serves as light screening and camouflage (Stenzel
1964, Cowen et al. 1973, Westermann 1998, Manda &
Turek 2009). Details concerning the intraspecific variabil-
ity of colour patterns and their evolution remain poorly un-
derstood. The exceptionally well-preserved cephalopods
from Bohemia are an important source of material with
which to resolve these questions, especially in oncocerids
(tarphycerids and discosorids with preserved shell
colouration are very rare). A further problem is that many
of the taxa now thought likely to be oncocerids were origi-
nally assigned to Orthoceras and Cyrtoceras by Joachim
Barrande (1865–1877). These taxa are poorly known and
in need of revision.

Colour patterns in nautiloids take several forms. These
include radial bands, transversal undulating lines, zig-zag

lines, as well as combinations of these forms (Ruedeman
1921, Foerste 1930a, Teichert 1964, Stridsberg 1985,
Kobuk & Mapes 1989, Turek 2009). High disparity in the
pattern of shell colouration itself suggests an adaptive con-
trol of shell colouration. Links between shell morphotype,
biofacies and colour pattern are poorly understood; al-
though recently such an example was discussed by Manda
& Turek (2009a).
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Shell colouration is preserved in two specimens of Euryrizo-
cerina normata. In CGS SM 378 (Fig. 2C, D, G, H) the
colour pattern is preserved on the dorsal side and in parti-
cular the left lateral side of the phragmocone. The colour
pattern consists of irregular transverse bands that vary
in width between 2 and 4 mm. Neighbouring bands are oc-
casionally connected by narrow longitudinal zones. The
course of the bands approximately coincides with the di-
rection of growth lines. In CGS SM 379 (Fig. 2A, B, E, F)
the pattern of colouration is preserved in part on the ven-
tral, right lateral, and in particular, the left lateral and dorsal
sides of the shell. The colour pattern consists of transverse
bands that vary strongly in width (2 to 5 mm). As with the
specimen described previously, the bands are connected by
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��� Colour pattern in Euryrizocerina normata sp. nov., photographs (on the left) and sketch drawings (on the right) of the same specimens from
Lochkov, U topolů Section, earlier Přídolí, Priastiograptus parultimus Zone, Kopanina Formation. • A, B, E, F – CGS SM 379, dorsal and ventolateral
views, × 2. • C, D, G, H – CGS SM 378, lateral and dorsal views, × 1.2.
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narrow longitudinal or slightly oblique zones. In the holo-
type of Euryrizocerina normata, colouration is poor, but
just visible.

Euryrizocerina is the first oncocerid known with a
strongly curved shell in which the colour pattern is known.
The irregular and pulsating colour bands differ markedly
from colour patterns in other oncocerids. The colour pat-
tern in breviconic oncocerids with straight or slightly
curved shells (that do not reach the inflexion point, see
Fig. 5) that resemble Rizosceras Hyatt, 1900 and Meta-
rizoceras Foerste, 1930b (see Sweet 1964), usually consist
of rather regular narrow wavey bands, or zig-zag struc-
tures, or a combination of the two (Barrande 1865–1877).
Rizosceras and Metarizoceras are regarded as demersal
nautiloids living close to the sea-floor with a more or less
downwardly oriented aperture. By contrast, Euryrizo-
cerina, with a slender and highly curved shell is interpreted
as a nectobenthic, actively swimming nautiloid with a
forwardly oriented aperture (see Westermann 1998). Con-
sequently, the difference in the observed colour pattern
may be linked to the shell morphotype and thus the mode of
life of the organism. Another possibility is that this type of
colour pattern is in keeping with the Oonoceratidae, but in
actuality only one additional species with a colour pattern
that certainly belongs to the latter family is known (men-
tioned by Turek 1990). The slightly curved “Oonoceras”
fraternum (Barrande, 1866) from the late Silurian (late
Ludfordian, upper Monograptus latilobus and Mono-
graptus fragmentalis zones) of Bohemia shows similarly
pulsating colour bands resembling those of Euryzocerina,
but in this case, oblique to the growth lines. It is probable
that the difference in the course of the colour bands reflect
changes in shell flexure and thus the orientation of the life
position of the shell, but a detailed study of “Oonoceras”
fraternum is required.

In addition, the preservation of colour markings in three
of the seven available specimens of Euryrizocerina
normata which possess thin shell walls (max. 0.4 mm),
suggests that shell thickness is not a significant agent re-
sponsible for the preservation of colour in the shells of
Nautiloids (see discussion in Turek 2009, p. 500).
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Mutvei (1957) published the first detailed study of muscle
scars in Early Palaeozoic cephalopods and discussed mus-
cle scars with regard to the anatomy of nautiloid soft parts
and their taxonomic significance. Sweet (1959) described
some additional attachment structures and discussed their
taxonomic value. Later Mutvei (1964) distinguished three
groups of fossil nautiloids on the basis of their shell mor-
phology combined with the number and position of muscle

scars – Oncoceratomorphi, Nautilomorphi and Orthocera-
tomorphi. The Oncoceratomorphi includes the orders On-
coceratida and Discosorida, where 7 to 25 pairs of retractor
muscle scars may be developed, the ventral pair being the
largest. Nautilomorphi and Orthoceratomorphi probably
originated by reduction and further specialisation from
cephalopods with multiple paired retractor muscles (com-
pare discussion in Kröger 2007b). A study of muscle scars
in Phragmoceras suggested that the number of muscle scar
pairs may vary substantially within a clade, and the promi-
nent ventral pair of muscle scars may even be reduced
(Manda 2008). The evolution of multiple paired muscle at-
tachments and their function is still poorly understood, but
it seems likely to be a promising line of research in the
study of the taxonomy and autecology of these groups (see
Mutvei 2002, Evans 2005, Kröger & Mutvei 2005, Manda
2008).

Muscle scars in the Oonoceratidae Hyatt, 1884 are
poorly known. Usually there is a narrow annular elevation
around the base of the body-chamber with several trans-
versally elongated muscle scars. The ventral pair of scars is
usually only slightly larger than the other pairs. The annu-
lar elevation is thin on the dorsal side of the body-chamber.
A ventral furrow is not known. For examples, see the shells
of Oonoceras acinaces (Barrande, 1866) from the late
Ludlow, Ludfordian, Monograptus fragmentalis Zone, and
Oonoceras aff. acinaces (Barrande, 1866) from the late
Přídolí, lower Monograptus transgrediens Zone, of Bohe-
mia (Fig. 3A, B, E, F).

“Oonoceras” fraternum (Barrande, 1866) from the late
Ludlow (Ludfordian) of Bohemia (Monograptus latilobus
and Monograptus fragmentalis zones) is regarded as the
ancestor of the Euryrizocerina line (see below), and exhib-
its muscle scars that differ from other members of the
Oonoceratidae. As with Oonoceras, the annular elevation
is situated around the base of the body-chamber, but its
width increases from the dorsal to ventral side. Muscle
scars are longitudinally elongated and the ventral pair is
significantly larger than the others. The ventral furrow is
usually well developed (Fig. 3C).

Specimen CGS SM 378 (Euryrizocerina normata) has
well-preserved muscle scars (Figs 3D, G and 7C). These
scars are rather weak in comparison with the muscle attach-
ments seen in the taxa mentioned above. The annular ele-
vation is shifted aperturally and is broadest on the ventral
side but rapidly decreases in width laterally, and on the dor-
sal side is marked by only a fine ridge. Five pairs of longi-
tudinally elongated muscle scars are developed, and the
ventral pair is distinctly larger. The mid-ventral conchal
furrow is developed between the ventral pair of muscle
scars; its width is greatest at the position of the annular ele-
vation.

The reduction in the width of the annular elevation in
Euryrizocerina on the lateral and dorsal surfaces is accom-
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panied by a reduction in the number of muscle scars and an
expansion of the ventral muscle scars. The extension of the
annular elevation towards the aperture is a distinct feature.
These changes in the muscle attachment pattern probably
correspond to an increase in the length of the body-cham-
ber and the increased flexure of the shell, which affected
the orientation of the shell during life (i.e. the aperture was
shifted forward and upwards – Fig. 4).

It is striking that a similar reduction in muscle scars was
described in the rutoceratoid (i.e. oncocerid superfamily
Rutoceratoidea Hyatt, 1884) Doleroceras resimum Zhu-
ravleva, 1972a from the Eifelian of the Sverlovsk District
(see also fig. 7 in Zhuravleva 1972b). In terms of their flex-
ure and general proportions, the shells of Doleroceras bear
a strong resemblance to Euryrizocerina. Similarly reduced
ventral muscle scars, but shifted more towards the aperture,
were described by Turek & Marek (1986) in the coiled
Pragian rutoceratoid Ptenoceras alatum (Barrande, 1865)
from Bohemia. The supposed ancestral stock of the ruto-
ceratoids (Silurian-Early Devonian genus Projovellania
Hyatt, 1900, see Manda 2001) and the Pragian rutoceratoid
Aphyctoceras annulatum (Barrande, 1865) (see Manda
& Turek 2009b, fig. 13b–d) possess annular elevations
around the base of the body-chamber, multiple paired mus-
cle scars similar to those seen in Oonoceras.

In summary, there is evidence for convergence in the

arrangement of muscle scar attachments in Euryrizocerina,
as well as in some openly coiled rutoceratoids, which also
reflects convergence in the shell form and consequently the
poise of the organism during life. It also documents a high
degree of evolutionary plasticity in the muscle attachment
patterns in the Oncocerida. In Euryrizocerina, a distinct
change in the pattern of muscle attachment took place dur-
ing the interval (probably less than 0.2 Ma) of the latest
Ludlow, Ludfordian, Monograptus fragmentalis Zone
(Fig. 4). The high variability in the number of muscle scars
and their shape as well as the convergence observed in the
morphotype, indicates that they represent a derived feature
under adaptive control rather than an ancestral metamery
(see discussion in Kröger 2007b).

It is interesting that in Euryrizocerina and its ancestor
“Oonoceras” fraternum the ventral furrow is commonly
preserved, while in Oonoceras and allied genera, it has not
been observed yet. According to Chirat & Boletzky (2003,
p. 167), the ventral furrow represents a taxonomically un-
important developmental by-product originating “from the
inner part of the initial, calcified shell apex, in line with the
ventral termination of the central linear depression of the
cicatrix” (see also Klug et al. 2008). This means that the
ventral furrow is shared by all nautiloids. The taxonomic
selectivity in the preservation of the ventral furrow is strik-
ing. Moreover, in the holotype of Euryrizocerina pulchra,
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�'� Muscle scars in Euryrizocerina normata and selected Oonoceratidae. • A – Oonoceras acinaces (Barrande, 1866), lateral view, × 1.2; CGS
SM 386; Lochkov, Nad ubikacemi Section (unpublished section); Ludlow, Ludfordian, Monograptus fragmentalis Zone, cephalopod limestone biofacies
(Kopanina Formation). • B – Oonoceras acinaces (Barrande, 1866), lateral view, × 1; CGS SM 388; Lochkov, Nad ubikacemi Section (unpublished sec-
tion); Ludlow, Ludfordian, Monograptus fragmentalis Zone, cephalopod limestone biofacies (Kopanina Formation). • C, H – “Oonoceras” fraternum
(Barrande, 1866), lateral, × 1.1, and ventral views, × 1.2; CGS SM 387; Praha-Podolí, swimming pool area (unpublished section); Ludlow, Ludfordian,
Monograptus fragmentalis Zone, cephalopod limestone biofacies (Kopanina Formation). • D, G – Euryrizocerina normata (Barrande, 1877), dorsal and
ventral views, × 1.1; CGS SM 378; Lochkov, U topolů Section; Přídolí, Pristiograptus parultimus Zone, cephalopod limestone (Kopanina Formation).
• E, F – Oonoceras aff. acinaces (Barrande, 1866), lateral and ventral views, × 1.5; CGS SM 385; Nová Ves, Bílá skála, bed No. 22 (unpublished section);
Přídolí, Monograptus transgrediens Zone, cephalopod limestone with Orthocycloceras fluminese Assemblage (Požáry Formation).
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except for the true mid-ventral conchal furrow, a similar
furrow is developed on the lateral side close to the dorsum
(both in the body-chamber and phragmocone, Fig. 7I, J).
Dimensions of both structures are similar, and they both
terminate at a similar distance close to the aperture. It may
be supposed that such similar structures have the same ori-
gin. Nevertheless, according to Chirat & Boletzky (2003),
the mid-ventral furrow arises at the inner ventral termina-
tion of the central linear depression of the cicatrix (i.e. em-
bryonic shell). Nautilids exhibit a narrow linear cicatrix.
The embryonic shell of oncocerids is poorly known, al-
though there is a circular or elliptical cicatrix with addi-
tional radial depressions (Barrande 1877). The lateral fur-
row may have been originally connected with one of these
radial depressions of the cicatrix. Enlargement of the
conchal furrow within the annular elevation of Euryrizo-
cerina may suggest that it was involved in some way with
the musculature (Fig. 3G). It may be significant that the
conchal furrow separates the ventral pair of muscle scars.
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Subclass Nautiloidea Agassiz, 1847
Order Oncocerida Flower, 1950
Family Oonoceratidae Flower, 1942

Diagnosis of the family. – Oncocerids with an exogastri-
cally cyrtoconic shell; shell curvature varies only slightly
within a species; siphuncle without deposits, marginal,
in later ontogenetic stages slightly sub-marginal; phragmo-
cone chambers are low; suture with broad lateral lobes; hy-
ponomic sinus usually well developed; body-chamber rela-

tively short, slightly longer than wide; cross-section
laterally compressed. Embryonic shell is cup-like, early
shell less curved than adult shell (after Manda & Turek
2009).

Discussion. – Barrande (1865–1877) described many Silu-
rian oncocerids with an exogastrically curved shell and a
thin siphonal tube lacking intrasiphonal deposits. These
taxa are in need of revision. They are usually placed in Oo-
noceras or allied genera (Hyatt 1884, Gnoli & Serventi
2006). Recent examination of new collections from single
beds (i.e. focusing on variability in individual palaeo-
populations) show that these taxa exhibit relatively low in-
traspecific variability in shell flexure, cross-section, inner
structure and muscle scars. By contrast, the shell sculpture
seems to be rather variable in certain species e.g. “Oonoce-
ras” haueri (Barrande, 1886), “Oonoceras” patulum (Bar-
rande, 1866) and Oonoceras acinaces (Barrande, 1866).
Differences in the muscle attachment scar pattern between
Oonoceras acinaces and allied forms and “Oonoceras”
fraternum (noted above) may indicate that there are two
distinct groups within the Oonoceratidae, but a detailed
study is required.

The vast majority of Silurian Oonoceratidae from Bo-
hemia possess shell with compressed cross-section. Only a
few species possess a circular cross-section as is seen in
Euryrizocerina. Cyrtoceras obesum Barrande, 1866 has a
slightly curved exogastric shell with a circular cross sec-
tion. The length of the body-chamber is approximately
equal to, or slightly greater than the shell height at the aper-
ture. Shell morphology is similar to that of the type species
of Euryrizoceras Foerste, 1930 from the middle Silurian of
Illinois (Sweet 1964). Barrande (1866, 1877) described

�(�

�����
�)� Phylogeny of Euryrizocerina line, evolution of shell form and muscle attachment.
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this long ranging species from the early Wenlock, Mono-
graptus belophorus Zone (St. Iwan, pl. 521, refigured here
in Fig. 6), early Ludlow, Gorstian, Colonograptus colonus
Zone (Butowitz e1, pl. 114), late Ludlow, Ludfordian,
Monograptus fragmentalis Zone (Kozorz, pl. 508) and prob-
ably late Přídolí (Novy Mlyn, pl. 114). Euryrizoceras
obesum strongly resembles Euryrizocerina, but differs in the
higher angle of expansion, shorter body chamber and less
curved shell. In addition, the muscle attachment scars con-
sist of multiple paired muscle scars around the base of the
body chamber, which on the dorsal side are missing where
the annular elevation narrows (Fig. 6). Consequently,
Euryrizocerina and Euryrizoceras are not considered to be
closely related. It seems likely that there are many con-
vergences in shell form in the Oncocerida. Muscle scars may
be useful in the recognition of such convergences.

Genera included. – Euryrizocerina gen. nov. (Silurian),
Oonoceras Hyatt, 1884 (Silurian, earlier Devonian), Po-
merantsoceras Kröger, 2007 (latest Ordovician, Silurian),
Pleziorizoceras Chen, 1981 (middle Silurian), Shuranoce-
ras Barskov, 1959 (Silurian).

Genus Euryrizocerina gen. nov.

Type species. – Cyrtoceras normatum Barrande, 1877. La-
test Ludlow, early Přídolí of Bohemia (Prague Basin).

Etymology. – The diminutive form, derived from the gene-
ric name Euryrizoceras.

Diagnosis. – Strongly curved exogastric cyrtoconic nauti-
loid with circular or slightly depressed cross-section, body
chamber distinctly longer than wide, length of body cham-
ber about half the shell length, shell diameter greater than
shell length in fully grown shell, muscle scars positioned
on ventrum, reduced; regular growth lines.

Discussion. – Oonoceras acinaces (Barrande, 1866), the
type species of Oonoceras, differs from the new genus in ha-
ving a less curved and longer shell, the degree of shell fle-
xure decreases during growth of the shell. The shell
cross-section is strongly depressed, and the annular eleva-
tion is well developed around the base of the body chamber.
The septa are relatively deep, and the suture more oblique,
with distinct lateral saddles. The growth lines are rather irre-
gular, and in large shells form irregular flanges. Oonoceras
acinaces ranges from the latest Ludlow (Ludfordian, Mono-
graptus latilobus and M. fragmentalis Zone) to the early Pří-
dolí (Pristiograptus parultimus Zone) of the Prague Basin,
and is thus coeval with Euryrizocerina. This further suggests
that separate phylogenetic lines are represented.

Euryrizocerina pulchra sp. nov. shares similar shell
flexure and relatively long body chamber with E. normata,
but differs in its more elaborate growth lines and higher
angle of expansion. “Oonoceras” fraternum (Barrande,
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�*� Shell dimensions of a cyrtocone shell: lateral and ventral views, and cross-section.
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1866) differs from Euryrizocerina pulchra sp. nov. in hav-
ing a higher angle of shell expansion, a short body cham-
ber, a more compressed conch cross-section, and in partic-
ular, a much less curved shell; both species have a similar
pattern of growth lines. In summary, “Oonoceras” fra-
ternum is considered to be the ancestor of Euryrizocerina
pulchra, from which E. normata diverged. The sucession
of these species in the fossil record corresponds well with
their assumed phylogeny.

“Oonoceras” fraternum and the closely related “Oono-
ceras” forbesi (Barrande, 1866) appeared in the late Mono-
graptus latilobus Zone (Ludlow, Ludfordian); they belong
to the enriched cephalopod assemblages that originated dur-
ing the recovery that took place after the Kozlowskii extinc-
tion event. This event caused a drastic decline in the
cephalopod faunas of the Prague Basin and no nautiloids are
known from the early Monograptus latilobus Zone (Manda,
unpublished data). Most of the nautiloids appearing in the
late Monograptus latilobus Zone are immigrants from lower
latitude carbonate platforms. The coiled tarphycerid
Boionautilus Turek, 2008 is a well-documented example
(Turek 2008). Consequently, tracing the phyletic links of
these immigrants is a problematic exercise.

“Cyrtorizoceras” fosteri (Hall, 1860) from the early
Ludlow Series, Port Byron Dolomite, Illinois (see also
Foerste 1930b) strongly resembles “Oonoceras” forbesi in
its shape and the dimensions of the conch, nevertheless, de-
tailed comparison is impeded by the poor condition of pres-
ervation in the dolomite. Still un-described species
strongly resembling “Oonoceras” forbesi also occur in the
Wenlock and Ludlow rocks of Gotland (collection of The
Swedish Museum of Natural History).

Species included. – Euryrizocerina normata (Barrande,

1877) and Euryrizocerina pulchra sp. nov. from the late Si-
lurian of Bohemia.

Euryrizocerina normata (Barrande, 1877)
Figures 2, 3D, G, 7A–H

1877 Cyrtoceras normatum Barr.; Barrande, p. 159, pl. 528,
figs 22–24.

Holotype. – Holotype by monotypy is specimen NM L
21830 figured by Barrande (1877, pl. 528, figs 22–24).
Late Silurian (most probably early Přídolí, on the evidence
of the mode of preservation), Kopanina Formation, locality
Lochkov e2 (i.e. Praha-Lochkov).

Material. – The holotype and six additional specimens col-
lected during recent field studies by the authors and Ladi-
slav Zedník; CGS SM 378, 379 (Praha-Lochkov, U topolů
Section, earliest Přídolí, Pristiograptus parultimus Zone),
CGS SM 380, 381 (Praha-Podolí, swimming pool, latest
Ludlow (Ludfordian), Monograptus fragmentalis Zone),
and CGS SM 382, 383 (Praha-Lochkov, “Pod borovicemi”
Section, latest Ludlow (Ludfordian, Monograptus frag-
mentalis Zone).

Diagnosis. – Euryrizocerina with circular cross-section,
subventral siphuncle and fine growth lines.

Descriptions. – An exogastric cyrtocone with a circular
cross–section and a low angle of expansion. The septa are
parabolic with a maximum depth coinciding with the shell
axis. The sutures straight and oblique and oblique to the
normal of the conch axis. The distance between septa in-
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�+� An example of muscle scars
in Euryrizoceras obesum (Barrande,
1866), an original specimen figured
by Barrande (1877, pl. 521, figs 10–13),
locality Environs de St. Iwan e2 (“vicin-
ity of Svatý Jan pod Skalou Village”),
based on the character of the rock,
the specimen comes from U elektrárny
Section (old collector pits), Mono-
graptus. belophorus Zone, middle
Sheinwoodian, Wenlock, brachiopod-
trilobite limestone, Motol Formation
(see Havlíček & Štorch 1990, Havlíček
1995). Ventral, lateral and dorsal views,
all × 0.7; MCZ 173057, Šáry’s Collec-
tion.
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creases from ca 1 mm (at a shell height of 10 mm) to ca
3 mm (at a shell height of 27 mm). The siphuncle is thin
and subventral in position; its diameter increases from
0.5 mm (at a shell height of 10 mm) to 1.5 mm (at a shell
height of 31 mm). The septal necks are very short, and the
connecting rings thin and only moderately vaulted. The
body-chamber is relatively long. Four pairs of muscle scars
are present, the ventral pair being the largest. The muscle
scars are elongated in the direction parallel to the shell axis
on the lateral side of the shell. A narrow, but distinct ven-
tral furrow may be seen in the holotype. The aperture is

open with a straight, well-developed hyponomic sinus. In
one specimen, the aperture becomes slightly contracted.
Fine, dense growth lines are present. These are almost stra-
ight and oblique to the normal of the conch axis. Shallow
and broad ventral lobes are formed by the growth lines, and
some growth lines are slightly more accentuated than others.
The shell is relatively thin, reaching a maximum thickness
of 0.4 mm (at a shell height of 33 mm).

Dimensions. – Sl – shell length, Lbc – length of body
chamber, Hbc – height of body chamber at aperture, Hb –
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�,� A–H – Euryrizocerina normata sp. nov. • A, B, F – NM L 21830, lateral and ventral views, × 1, and detail of siphuncle, × 2.6; holotype figured
by Barrande (1877) in pl. 528 as figs 22–24, late Silurian (most probably early Přídolí, on the basis of the mode of preservation), Kopanina Formation, lo-
cality Lochkov e2 (i.e. Praha-Lochkov). • C, G, H – CGS SM 378, ventral, × 1, lateral and dorsal views, × 0.9; Lochkov, U topolů Section; Přídolí,
Pristiograptus parultimus Zone, cephalopod limestone (Kopanina Formation). • D, E – CGS SM 379, lateral, × 0.9, and dorsal views, × 0.8; Lochkov,
U topolů Section; Přídolí, Pristiograptus parultimus Zone, cephalopod limestone (Kopanina Formation). • I, J – Euryrizocerina pulchra sp. nov., CGS
SM 384, lateral and ventral views, × 0.8; Kosov Quarry near Beroun, latest Ludlow, Monograptus fragmentalis Zone. Arrows indicate the two layers of
the shell wall: swi (inner layer) and swo (outer layer).
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height of body chamber at base, Hf – minimal preserved
height of phragmocone, Sdia – shell diameter, A – angle
between apertural line and point inflexion; see Fig. 5. All
measurements except A are in millimetres.

Occurrence. – Late Silurian of Bohemia, latest Ludlow,
Ludfordian (Monograptus fragmentalis Zone) and earlier
Přídolí (Pristiograptus parultimus Zone), Prague Basin,
upper part of the Kopanina Formation.

Praha-Lochkov, U topolů Section (see Svoboda & Prantl
1950), earliest Přídolí, Pristiograptus parultimus Zone, fa-
cies of dark-grey cephalopod limestone, accompanied by a
fauna consisting of common cephalopods (Arionoceras sp.,
Boionautilus tyrannus, Cinctoceras sp., Kopaninoceras sp.,
Mandaloceras sp. div., Michelinoceras michelini, Oono-
ceras div. sp., Ophioceras simplex, Parakionoceras
originale, Peismoceras optatum, Pseudocycloceras sp.,
Umbeloceras sp. div.), bivalves (Cardiola conformis Com-
munity sensu Kříž 1999), less common gastropods
(Pleurorima a.o.), trilobites (Cromus), and graptolites.

Praha-Lochkov, “Pod borovicemi” Section, an unde-
scribed section, natural outcrops in the upper part of the
Kopanina Formation on a south-inclined slope in Radotín
Valley, 1143 m SW from the bus station in Praha-Lochkov,
latest Ludlow, Ludfordian, Monograptus fragmentalis
Zone, grey weathering cephalopod limestone with a poorly
preserved fauna (P. normata and Arionoceras sp., Kopa-
ninoceras sp., Kosovoceras sandbergeri, Michelinoceras
michelini, and unidentified cardiolid bivalves).

Praha-Podolí, swimming pool, an unpublished section,
latest Ludlow (Ludfordian), a 20 cm thick bed just below
base of Přídolí (identified by Cardiola bohemica accumula-
tions and Pristiograptus parultimus), Monograptus frag-
mentalis Zone (former Prionopeltis archiaci Horizon). Fa-
cies of dark-grey cephalopod limestone. E. normata occurs
together with common cephalopods (Arionoceras sp., Ko-
paninoceras sp., Kosovoceras sandbergeri, Kosovoceras
nodosum, Lechritrochoceras degener, Mandaloceras sp.
div., Michelinoceras michelini, Oonoceras div. sp., Ophio-
ceras simplex, Ovocerina sp., Parakionoceras originale,
Pseudocycloceras sp., Umbeloceras sp. div.), bivalves
(Cardiola conformis Community sensu Kříž 1999), rare
gastropods, bryozoans, graptolites, and trilobites.

Euryrizocerina pulchra sp. nov.
Figure 7I, J

Etymology. – Derived from the Latin adjective pulchra
(beautiful) referring to the excellent preservation of the ho-
lotype and elegant shell design.

Holotype. – CGS SM 384 figured as Fig. 7I, J. From Kosov
Quarry near Beroun, latest Ludlow, Ludfordian, Mono-
graptus fragmentalis Zone.

Diagnosis. – Euryrizocerina with slightly compressed
cross-section and regular prominent growth lines.

Descriptions. – The holotype is an almost complete exo-
gastric, slightly expanding, longiconic cyrtoconic shell.
Only the apical part of the shell is missing. The length of
the preserved portion of shell is 65 mm, and the maximum
shell height is 30 mm, with a width of 28.5 mm. The
cross-section is slightly compressed and the ratio of shell
height to width decreases during growth from 1.2 to 1.05.
The septa are concave and the suture oblique with very
shallow lateral saddles. The distance between septa varies
from 2.5 to 3 mm. A siphuncle has not yet been observed.
The body-chamber is relatively long (40 mm) and the base
of the body-chamber has a height of 31 mm and a width of
27 mm. A narrow (0.9 mm) ventral furrow is visible on the
body-chamber; it disappears just before the aperture. A si-
milar, but less distinct furrow is visible on the right lateral
side of the body-chamber, close to the dorsum. The aper-
ture is open and straight, with a well-developed hyponomic
sinus. Growth lines are regular and straight. They are obli-
que to the normal of the conch axis and a prominent shal-
low but broad hyponomic sinus is present. The distance
between growth lines in the adult portion of the shell is ca
1 mm. The maximum thickness of the shell is about
1.2 mm. The shell wall consists of two layers, an outer,
thicker layer which carries growth sculpture, whilst the in-
ner, thinner layer has a smooth surface (see Fig. 7I).

Occurrence. – The holotype was collected from the upper-
most part of the cephalopod limestone bank, Monograptus
fragmentalis Zone, latest Ludlow, Ludfordian, in new Ko-
sov Quarry, 1st level, south wall, close to section number 783
(actually quarried out) measured by Kříž (1992, p. 60,
fig. 44). The section was recently re-measured by Vokáč
(1999). These cephalopod limestones consist of rusty,
coarse pack-grainstone. The exceptional preservation of the
holotype is caused by fossilisation in a fine rusty mudstone
inside the body-chamber of a large pseudorthocerid (see Tu-
rek 1974). The accompanying fauna consists of a diverse
cephalopod assemblage (Arionoceras sp., Dawsonocerina
caelebs, Geisonoceras rivale, Hexameroceras panderi,
Kopanonoceras sp., Kosovoceras nodosum, Kosovoceras
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Specimen Sl Lbc Hbc Hb Hf Sdia A

NM L 21830 43.5 31.5 21 19.5 9 48.5 ca 50°

SM 378 56 41 27 25 10.5 61 ca 50°

SM 379 49 34 22.5 24 9 55 ca 55°

SM 380 – – – 21.5 16 – –

SM 381 63 49 31.5 28.5 17.5 60 –

SM 382 59 35 28 24.5 13 52 ca 55°

SM 383 48 42 25 24 16 58.5 ca 55°



sandbergeri, Lyecoceras neptunicum, Oonoceras acinaces,
“Oonoceras” forbesi, Ophioceras simplex, Oxygonioceras
sp., Plagiostomoceras sp., “Sactoceras” pellucidum, Tetra-
meroceras sp.; see Turek 1992), with less common bivalves
(e.g., Cardiola conformis), rugose and tabulate corals, gas-
tropods, and trilobites (e.g., Prionopeltis archiaci) occur ra-
rely. The cephalopod fauna from the limestone bank corres-
ponds with the cephalopod assemblage developed in several
sections in the Prague territory in the lower part of the Mo-
nograptus fragmentalis Zone (former Prionopeltis archiaci
Horizon). It is probable that the upper bedding plane of the
cephalopod limestone bank in Kosov Quarry coincides with
the Ludlow-Přídolí boundary and represents a condensed
surface and a hiatus.
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