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Although the agnostids reached their acme during the
“Middle-Late” Cambrian, they are characteristic and comparatively common elements of many Ordovician shelly
faunas of peri-Gondwana. However, in the Upper Ordovician, agnostids are generally rare and usually of low taxonomic diversity. The last, but locally still abundant and widespread agnostids, including Arthrorhachis Hawle &
Corda, 1847 are known from the Upper Ordovician of European peri-Gondwana: namely from ATA (Armorican
Terrane Assemblage): Italy and Bohemia; Avalonia: South
Wales, North Wales, Northern England; Baltica: Norway,
Sweden, Denmark, and Poland; Kazakhstania: Kazakhstan,
Uzbekistan and Northern China (for palaeogeographical
distribution and references see Fig. 9).
So far, no more than seven moderately preserved specimens of A. tarda from the Prague Basin have been figured
by Pek (1977), Whittington (1950), Šnajdr (1983), and
Fortey (1997). Recently re-discovered specimens, originating from classical collections (e.g. Scháry collection at
the Harvard University and National Museum Prague) as
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well as the recently collected material, made possible a
new revision of A. tarda.

Material and methods
All studied specimens, with the exception of one cephalon
coming from a siliceous nodule, are preserved in soft clayey,
slightly calcareous shales and siltstones. Therefore, the internal and external moulds are too fragile for latex casting.
Because of the serious risk of possible damage of the material, latex casting has not been realized. However, the external moulds could provide important supplementary information on skeletal morphology. The existing external
moulds were studied in detail and some of them are figured. All samples were coated by the ammonium chloride
before the photographing.
Terminology. – The morphological terms used by Whittington et al. (1997) are followed, excluding the terminology of
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Figure 1. A sketch map of the distribution of the Ordovician rocks in the Barrandian area. The asterisks show the position of localities discussed in the text.

the glabellar impressions, for which the terminology proposed by Fortey (1980) is followed.
Measurements. – Measurements (Table 1) were made
using a digital micrometric ruler, supplemented by micrometer eyepiece fitted to a binocular microscope and/or
highly enlarged digital image. The morphology and dimensions of the broken and/or covered exoskeletal parts were
estimated in cases where the preservation of the mould
made such a step possible (for example, the mirroring). All
measurements were repeated two times, with the goal to
eliminate the possible errors. However, some of the specimens were too poorly preserved to provide relevant data. In
such cases, the box in the table was left empty. The following abbreviations have been used:
Lt = maximum length (sag.) of entire specimen,
Lc = maximum length (sag.) of cephalon,
Lg = maximum length (sag.) of glabella,
Wc = maximum width (tr.) of cephalon,
Wg = maximum width (tr.) of glabella,
Lp = maximum length (sag.) of pygidium, excluding articulating half-ring,
La = maximum length (sag.) of pygidial axis, excluding
articulating half-ring,
Ls = maximum length (exsag.) of pygidial spine (measured exsag. from estimated pygidial outline),
Wp = maximum width (tr.) of pygidium,
Wr = maximum widt (tr.) of pygidial axis.
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Systematic part
Family Metagnostidae Jaekel, 1909
Subfamily Metagnostinae Jaekel, 1909
Genus Arthrorhachis Hawle & Corda, 1847
Type species. – Battus tardus Barrande, 1846 from the Králův Dvůr Formation (late Katian; Kralodvorian Regional
Stage), Upper Ordovician, Prague Basin, Barrandian area,
Czech Republic.
Note on the gender. – The name Arthrorhachis has been
widely used as feminine but some authors (e.g. Reed 1931,
Kobayashi 1935, Vaněk & Vokáč 1997) used it as masculine. Although the language root – Greek rháchis, ñÜ÷ç,
ñÜ÷åéò (= spine, ridge, backbone) is really masculine, the
authors of the name used it explicitly as feminine. Because
of the priority rule, the only feminine is correct.
Diagnosis. – (After Shergold et al. 1990 and Nielsen 1997,
this study.) Metagnostinae with glabellar F3 usually effaced or with straight medial portion; lateral portions curving
forwards and outwards. Glabellar tubercle situated immediately behind F3; F2 weakly impressed or effaced. Pygidium typically somewhat transverse, with wide border,
usually provided with a pair of small posterolateral spines.
Axis very short, occupying less than half of pygidial
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Table 1. Dimensions of Arthrorhachis tarda and Arthrorhachis pragensis.

length, tapering rearwards; posterior lobe typically shorter
than remaining portion of axis, and commonly provided
with more or less indistinct terminal node. Axial node may
be present but often preserved on upper exoskeletal surface
only. Upper surface of the exoskeleton may be smooth or
covered by tiny anastomozing raised lines forming polygonal or irregularly circular reticulation.
Species affiliated. – See Nielsen (1997, 1999).
Stratigraphic occurrence. – After Nielsen (1997, 1999):
Tremadoc to Arenig (= ?lower Floian to upper Katian),
?Hirnantian after Kielan (1960).
Remarks. – We follow Fortey (1980) in restricting Trinodus to the holotype of its type species, T. agnostiformis
M’Coy, 1846, and possibly also few other specimens from

its type locality (see below). This step was based on the observation, that the type specimen of the type species (figured also by Whittington 1950, pl. 68, figs 1–3) shows none
of the most critical features used for the identification of
any metagnostid genus (see also Fortey 1997). The concept
of Fortey (1980) has been widely accepted by Fortey &
Owens (1987), Ahlberg (1989), Romano & Owen (1993),
Hammann & Leone (1997), Whittington et al. (1997),
Nielsen (1997), Vaněk & Vokáč (1997), Shaw (2000) and
Vaněk & Valíček (2001), but not by Pek & Prokop (1984),
Pek & Vaněk (1989) and Bruton & Nakrem (2005). Owen
& Parkes (2000) consequently studied new material of
T. agnostiformis, a poorly preserved pygidium showing a
resemblance with the A. tarda group, coming from the
same horizon as the holotype of T. agnostiformis; they also
tentatively affiliated another pygidium, the lectotype of
Agnostus limbatus Salter, 1848 and Agnostus trinodus Salter,
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A

Figure 2. A stratigraphic occurrence of Arthrorhachis in the Prague Basin.

1848 to the same species. Consequently, they proposed to
consider the name Arthrorhachis Hawle & Corda, 1847 as
a subjective junior synonym of Trinodus M’Coy, 1846. Because of morphological differences between T. agnostiformis and A. tarda, they also suggested to retain the name Arthrorhachis as a subgenus of Trinodus to encompass the A.
tarda species group as recognized by Nielsen (1997). This
opinion was followed by Turvey (2005), Owens & Fortey
(2009) and Owen & Romano (2010). However, Jell & Adrain (2003) listed Arthrorhachis as a valid genus. After a
careful evaluation of all arguments, we consider all known
material of Trinodus agnostiformis, including the newly
published data, as still insufficient and poorly preserved.
There is a serious uncertainty if the new specimens (pygidia) of Owen & Parkes (2000, figs 3c, e) are really conspecific with the holotype specimen of T. agnostiformis (cephalon, fig. 3a, b). The other specimen of Owen & Parkes
(2000, fig. 3d) is a lectotype of A. trinodus and A. limbatus
(e.g. one specimen represents types for two different species); it is synonymised by Owen & Parkes (2000, pp. 231,
232) with T. agnostiformis. Similarly, there is uncertainty
if it is really conspecific with the cephalon. All figured specimens, excluding the holotype of T. agnostiformis, are poorly preserved and plastically deformed. In our opinion, it
is not possible to accept these materials as material making
possible any proper understanding of original exoskeletal
morphology of these forms. New and better-preserved material is still necessary to enable a closer comparison of
both species and thus the final solving of the Arthrorhachis/Trinodus relation. Therefore, we consider the Fortey’s
(1980) proposal as still relevant and reasonable at this stage
of knowledge. The rare Sandbian species Trinodus agnostiformis is still too poorly documented to compare with
very abundant and often well-preserved Arthrorhachis
tarda of Katian age (Owen & Romano 2010). However,
our approach could be a temporary measure, as Zhou
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Figure 3. A – a reconstruction of Arthrorhachis
tarda (Barrande, 1846). • B – Arthrorhachis pragensis
(Přibyl & Vaněk, 1968).

(1987) suggested. The differences between the two differently preserved taxa are difficult to ascertain. To the features discussed already by Owen & Parkes (2000), it may
also be noted that in T. agnostiformis, the basal lobes are
well separated, whereas they meet in Trinodus tardus (cf.
Kielan 1960, p. 62). There are some other potential differences in the course of the axial furrows, which are smoother in
T. agnostiformis, and its glabella does not appear slightly
constricted at half of its sag. length. T. agnostiformis also
shows a shallower cephalic border furrow and possibly flatter
pygidial border. However, diagenetic flattening and tectonic
deformation could be responsible for most of these differences; because of the poor preservation of T. agnostiformis, it
is hard to evaluate which of these features is original morphology and which represents the taphonomical artifacts. As
noted above, Nielsen (1997) tentatively subdivided Arthrorhachis into two distinct groups: the tarda group and the elspethi group, for which Metagnostus may be restoreds. We
follow this subdivision, because of the relatively prominent
differences between A. tarda and A. elspethi and allied species (see also Fig. 7E herein). Nielsen (1999) stressed a longer
pygidial axis, longer posteroaxis, more ridge-like median tubercle and more common terminal axial node in the elspethi
group. We can add some minor differences in the construction of the cephalon; a more quadratic cephalic outline with
anterolaterally widening cephalic border and a sagitally
longer and more prominent cephalic posterior spine in some
representatives of the elspethi group.

Arthrorhachis tarda (Barrande, 1846)
Figures 3A, 4A–C, 5A–I, 6A–L, 7A–C
1846 Battus tardus Barr. – Barrande, p. 35.
1847 Arthrorhachis tarda, nob. – Hawle & Corda, p. 115,
pl. 6, fig. 60.
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1851 Trinodus tardus? (Bar. sp.) – M’Coy, p. 142, pl. 1E,
fig. 9.
1851 Agnostus glabratus n. sp. – Angelin, p. 6, pl. 6, fig. 5.
1852 Agnostus tardus Barr. – Barrande, pp. 913, 914,
pl. 49, figs 1–4.
1856 Agnostus tardus Barr. – Barrande, pp. 534, 535.
1883 Agnostus tardus Barr. – Novák, p. 60.
1896 Agnostus cf. galba Billings. – Reed, pp. 408, 409.
1903 Agnostus agnostiformis (M’Coy), 1846. – Reed,
pp. 3, 4, pl. 1, fig. 1.
?1903 Agnostus tardus, Barrande, 1846. – Reed, pp. 7, 8,
pl. 1, figs 8, 9.
1906 Agnostus trinodus Salt. – Olin, p. 72, pl. 4, figs 15, 16.
1922 Agnostus tardus Barrande. – Koliha, p. 5, fig. 3.
1925 Agnostus tardus Barr. – Raymond, p. 7.
1931 Agnostus (Arthrorhachis) tardus Barr. – Reed, p. 2.
1933 Agnostus tardus Barr. – Thoral, p. 148.
1935 Arthrorhachis tardus Hawle & Corda. – Kobayashi,
p. 98, text-fig. 7:7.
1950 Agnostus tardus Barrande. – Termier & Termier,
p. 22, pl. 137, fig. 1.
1950 Trinodus tarda (Hawle & Corda). – Whittington,
p. 535, pl. 68, figs 4–6.
1952 Trinodus tardus Barrande. – Harper, p. 93.
1953 Trinodus tardus Barrande. – Přibyl, p. 43.
1956 Trinodus tardus (Hawle & Corda). – Kielan, p. 258,
pl. 1, figs 4–6.
1960 Trinodus tardus (Barrande, 1846). – Kielan, pp. 59–62,
text-fig. 13, pl. 1, figs 6–13.
?1960 Trinodus sp. – Kielan, p. 62, text-fig. 14, pl. 1, fig. 5.
1966 Trinodus tardus (Barrande). – Ingham, pp. 473, 501.
1966 Trinodus tardus (Barrande, 1846). – Havlíček & Vaněk, pp. 40, 41.
1968 Trinodus tardus (Barrande, 1846). – Whittington,
p. 97, pl. 29, figs 8, 10–12, 14–17.
1970 Arthrorhachis tarda (Hawle & Corda, 1847). –
Horný & Bastl, p. 307.
1970 Trinodus tardus (Barrande, 1846). – Horný & Bastl,
p. 308.
1970 Trinodus tardus (Barrande, 1846). – Ingham, pp. 9,
10, pl. 1, figs 1–3.
1971 Trinodus cf. tardus (Barrande). – Dean, pp. 7, 8, pl. 1,
figs 3–14.
1971 Trinodus tardus (Barrande). – Dean, p. 8, pl. 1, figs 1, 2.
?1972 Trinodus aff. tardus (Barrande). – Abdullaev,
pp. 106, 107, pl. 44, fig. 6.
1972 Trinodus tardus (Barrande). – Tomczykowa et al.,
p. 36.
1974 Trinodus tardus (Barrande), 1846. – Apollonov,
pp. 8–11, pl. 1, figs 1–9.
1977 Trinodus tardus (Barrande, 1846). – Pek, pp. 25, 26,
text-fig. 7, pl. 8, fig. 1-1.
aff. 1979 Trinodus aff. tardus (Barrande, 1846). – Bruton &
Owen, figs 2B, 4, 6.

aff. 1980 Trinodus aff. tardus (Barrande, 1846). – Owen &
Bruton, p. 11, pl. 1, figs 1–4.
1980 Trinodus tardus (Barrande). – Price, table 1, p. 841,
pl. 107, figs 1–3.
1980 Trinodus tardus (Barrande). – Fortey, pp. 26, 31, 32.
1981 Arthrorhachis cf. tarda Hawle & Corda, 1847. –
Owen, p. 11, pl. 1, figs 1–3.
1982 Trinodus tardus (Barrande). – Koroleva, pp. 23, 24,
pl. 1, fig. 6.
1983 Arthrorhachis tarda. – Šnajdr, pp. 197, 198, pl. 7, fig. 3.
1984 Trinodus tardus (Barrande, 1846). – Pek & Prokop,
p. 18.
1986 Arthrorhachis cf. tarda. – Zhou & Dean, pp. 744,
746, 747, pl. 58, figs 3, 4.
1987 Arthrorhachis tarda. – Zhou, figs 3, 7, fig. 3.
1988 Arthrorhachis tarda. – Morris, p. 25.
1989 Arthrorhachis tarda (Barrande, 1846). – Ahlberg,
pp. 214–221, figs 2A–I, 3A, B, B: A–I.
1989 Trinodus tardus (Barrande, 1846). – Pek & Vaněk,
pp. 33, 53.
1991 Arthrorhachis tarda (Barrande, 1846). – Leone et al.,
p. 224, pl. 5, fig. 8.
1997 Arthrorhachis tarda. – Nielsen, pp. 674, 675.
1997 Arthrorhachis tardus. – Vaněk & Vokáč, p. 24.
1999 Arthrorhachis tarda. – Fatka & Pek, pp. 381, 382.
1999 Arthrorhachis tarda (Barrande, 1846). – Nielsen,
pp. 144, 145.
sic 2000 Arthrorachis tarda (Barrande, 1846). – Shaw, p. 375,
pl. 1, fig. 1.
2000 Arthrorhachis tarda. – Owen & Parkes, pp. 230–232.
2001 Arthrorhachis tarda (Barrande, 1846). – Vaněk &
Valíček, p. 43.
2002 Arthrorhachis tarda. – Villas et al., p. 273.
2008 Trinodus cf. tardus (Barrande). – Owen & Bruton,
Table 1.

Neotype. – The internal mould of a nearly complete specimen plus its external mould, illustrated by Barrande (1852,
pl. 49, figs 1, 2) and Pek (1977, pl. 8, fig. 2). The specimen
was selected as the lectotype by Přibyl (in Horný & Bastl
1970) but this chose was questioned by Morris (1980),
Fortey (1997) and Owen & Parkes (2000). The specimen
deposited in the type collections of the National Museum,
Museum of Natural History, Prague, under No. NM L
16534 (older No. ČD 1812). It is shown here in the
Fig. 5A, B. Dimensions of the neotype in mm: Lt = 9.9;
Lc = 4.2; Lg = 2.3; Wc = 4.2; Wg = 1.8; Lp = 4.1; La = 2.1;
Wp = 3.8; Wa = 1.9; Ls = 0.49. Some measurements differ
slightly from those of Pek (1977). This difference is explained by the better equipment used for this study.
Type locality and horizon. – Libomyšl (most likely the
classical locality called Lejškov, see discussion on stratigraphy), Králův Dvůr Formation (late Katian; Kralodvorian
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Regional Stage), Upper Ordovician, Prague Basin, Barrandian area, Czech Republic.
Remarks. – Morris (1988, p. 25), Fortey (1997) and Owen
& Parkes (2000) were right in remarking that the selection
of the lectotype of A. tarda (Barrande, 1846) by Přibyl (in
Horný & Bastl 1970) was not entirely correct (for discussion, see also Shaw 2000). Přibyl in Horný & Bastl (1970)
used for the designation of the lectotype an almost complete specimen selected from the syntypes, used by Barrande (1852, but not 1846!). Barrande (1846), in his description of Battus tardus explicitly mentioned only a “glabelle”
and two segments coming “près Beraun”. Unfortunately,
Barrande (1846) did not figure the species but provided
only a short description. Subsequently, Barrande (1852)
published a more detailed description and reconstruction
(Barrande 1852, pl. 49, figs 1, 2) of this species, but under
different generic affiliation as Agnostus tardus Barr. For
this description, Barrande probably used the following
newly gathered material: (1) the complete specimen selected as the lectotype by Přibyl in Horný & Bastl (1970), (2)
probably also another complete specimen, which was not
discussed so far (see below), (3) three cephala and two pygidia coming from two different localities situated close to
Beroun city (= called Beraun in Barrande’s time), e.g. the
Libomyšl locality and the Köningshoff (= Králův Dvůr) locality. Barrande’s (1852) samples share the same stratigraphic horizon with the previously published material of
Barrande (1846).
However, any later comparison between the quite
vague original type area of Barrande (1846) with the more
precisely defined localities by Barrande (1852) is impossible. As discussed above, there is a serious doubt that we do
not have at our disposal the authentic original material used
for the first description of the species by Barrande (1846).
Thus, the position of the lectotype selected by Přibyl (in
Horný & Bastl 1970) is problematical. Because of serious
doubts about the authenticity of the original syntypes used
by Barrande (1846), we propose here to consider the specimen selected as the lectotype by Přibyl (in Horný & Bastl
1970) rather as the neotype of Battus tardus Barrande,
1846. We hope that this taxonomical approach will finally
solve the doubts about the type specimens of this quite well
documented, common and stratigraphically important species. During revision of the type material of this species,
another articulated exoskeleton of Agnostus tardus Barr.
has been found in the collections of the Natural History
Museum, Prague (NML 40852, older No. ČD 1813; figured here on Fig. 5D, E). It could be a part of Barrande’s
(1852) type material, because of the very close inventory
number to the other specimens (ČD 1812, 1814 and 1815;
see Přibyl in Horný & Bastl 1970, p. 308), and also, because the “Leiskow” locality (= Lejškov in the 19th century
writing) is marked on the sample. Following the attached
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original label, probably derived from the late 19th to the
early 20th century, the specimen was originally considered
as part of the Barrande’s (1852) material (this original designation was subsequently scratched on the label by an unknown person) but the specimen has been never figured
and/or discussed. Its position remains unclear but it is not
excluded that it belongs to Barrande’s (1852) material.
When Morris (1988, p. 25) proposed the provisional
separation of the two species – A. tarda and A. convexa
(Salter, 1848), based on differences in the length of the
pygidial axis (see below in variability chapter) and (legitimately) questioned the status of the lectotype of Battus
tardus selected by Přibyl in Horný & Bastl (1970), he indirectly opened up the possibility, that Battus tardus Barrande, 1846 might be a nomen nudum and that Agnostus
trinodus var. ß convexus Salter, 1848 may have a priority.
Such replacement of the well-documented species by the
comparatively poorly known taxon should be considered
as risking the stability of nomenclature. It is also possible
to add, that although Barrande (1846) did not figure the
species, its description is sufficiently accurate to ensure
that Battus tardus Barrande 1846 and Agnostus tardus
Barr. sensu Barrande (1852) represent an identical species. Finally, Barrande (1852) himself confirmed this
concept.
However, there is a second specimen designated as
lectotype of Arthrorhachis tarda; it was figured by Šnajdr
(1983, pp. 197, 198, pl. 7, fig. 3). After Owen & Parkes
(2000), Šnajdr (1983) gave a different specimen, an incomplete cranidium NM L 5145 (re-figured here in Fig. 6A),
from the Beroun area (“exact locality unknown”) as
lectotype of Arthrorhachis tarda. These authors remarked
that the status of the specimen remains to be clarified.
However, the second lectotype discussed was not originally selected by Šnajdr (1983) but already by Přibyl in
Horný & Bastl (1970), on p. 307 as a lectotype of
Arthrorhachis tarda (sensu) Hawle & Corda, 1847. This
information was published by Šnajdr (1983, p. 197) but he
did not point out these two different concepts (Hawle &
Corda marked their species Arthrorhachis tarda by remark
“nobis”), which probably caused the misunderstanding.
Přibyl in Horný & Bastl (1970, p. 307) explicitly mentioned two syntypes of Arthrorhachis tarda (sensu) Hawle
& Corda, 1847: NML 5144 and NM L 5145, of which the
last specimen was selected as lectotype. The other specimen, a poorly preserved fragment of cephalon (NM L
5144) is figured here in Fig. 6B for the first time. This specimen, similar to the lectotype defined by Přibyl in Horný &
Bastl (1970) comes, without any doubt, from Hawle’s collection, and posseses also the quotation “H”, made by black
ink directly on the rock piece (a similar marking of Hawle
& Corda’s lectotype was discussed by Šnajdr 1983). Both
specimens are stored in the collections of the National Museum, Prague and should be considered as the syntypes
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Figure 4. A–C – Arthrorhachis tarda
(Barrande, 1846). An excellently preserved cephalon with preserved glabellar muscle insertion areas, specimen
ČGS PK 5a (internal mould). Upper
Katian, Králův Dvůr Formation (Tretaspis anderssonni Horizon). PrahaRadotín, highways tunnel excavation.
• D – Arthrorhachis pragensis (Přibyl
& Vaněk, 1968). The best preserved
cephalon, NM L 20466, figured by Pek
& Prokop (1984), on pl. 1, fig 3 and
re-figured by Vaněk & Vokáč (1997)
on pl. 1, fig. 1, coming from the dark,
fine-grained siliceous nodule. Bohdalec
Formation, exact horizon unknown.
Praha-Nová Dubeč, a field between
Dubeč and Dolní Počernice. Scale bar
represents 1mm.

B
A

C
(lectotype and paralectotype) of Arthrorhachis tarda
(sensu) Hawle & Corda (1847), but not as the syntypes of
Battus tardus Barrande, 1846.
Material. – Thirty-seven specimens (seven of them complete or almost complete exoskeletons), mostly preserved
as external and/or internal moulds in gray and green claystones and siltstones with calcareous admixture, from the
lower to upper (but not uppermost) part of the Králův Dvůr
Formation. None of the specimens show the malformation
described by Fatka et al. (2008).
Diagnosis. – Arthrorhachis with medium-vaulted exoskeleton, narrow cephalic and pygidial border, short posterolateral spines present on cephalon and very short posterolateral spines on pygidium.
Description (after Pek 1977; modified and supplemented).
– Cephalon of semi-elliptic outline in dorsal view, moderately vaulted. The glabella (occupying 57–67% of the total
cephalic length) is of elongate ovoid outline, slightly constricted at half of its sag. length. Glabellar node is minute,
located approximately in one third of the sag. glabellar
length from the anterior glabellar margin. Basal nodes are
small, subtriangular, not reaching the vaulting of the glabella. Axial furrows deep and wide. The glabellar muscle
insertion areas are very indistinct. In the material coming
from the Prague Basin, they are mostly entirely effaced due

D
to poor preservation of the material. Their description is
based on the unique, very well preserved specimen ČGS
PK 5, recently collected by the third author of this contribution (see Fig. 4A–C). Anterior glabellar lobe semi-ovate.
Anterior transglabellar furrow F3 with very short (tr.) median portion, of equal width as the glabellar node. Lateral
portions of F3 curving strongly forward and outward. Dividing transverse furrow indistinct, slightly arched anteriorly, not reaching the axial furrow abaxially. Both F3 and
the dividing transverse furrows are located anteriorly of the
glabellar constriction. F2 lies posteriorly of this constriction; it is indistinct, almost straight, posteriorly directed,
forming an angle of less than 45° with sag. line. F2 does not
meet the lateral margins of the glabella. P6 flat, wide;
P5 close to glabellar constriction; P4 minute, indistinct.
P2 flat, indistinct, posteriorly limited by narrow, slightly
bent furrow. The acrolobe is semi-elliptic in outline and
rounded anteriorly. Genae horseshoe-shaped, less vaulted
than the glabella, mildly concave at its posterior margin
and slightly above the basal lobes. Posterolateral margins
of genae protruded into short, blunt spines (Fig. 4A–C).
Marginal border narrow, slightly convex, narrowing posteriorly. Marginal furrow broad and deep, reciprocal to the
width of the border within its whole length. Rear margin of
the cephalon straight.
Thorax of typical Arthrorhachis/Geragnostus type (for
other reference, see Ahlberg 1992), with prominent axial
rings. Lateral axial lobes large, prominently vaulted and
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rounded. Median lobe keeled, transversally wider than
long (sag.). Axial furrows narrow, resembling those dividing the axial ring. Pleurae relatively short (transversal
length of pleurae equals tr. length of the axial ring), oriented slightly anteriorly; first pleurae somewhat shorter
(tr.) than second pair. Lateral pleural margins bluntly tapering. Pleural furrows slightly widening towards the lateral
pleural margin, disappearing about ¾ of the pleural length.
Posterior pleural band moderately vaulted, possibly forming an indistinct lobe on second pleura.
Pygidium of subquadrate outline; its convexity somewhat exceeding the height of the cephalic shield. Pygidial
axis constituting one-third of the tr. pygidial width at the
anterior margin and about half (it may range between
35–50%) of sag. pygidial length. It consists of three different rings (P1–P3); in the sagital axis of the first two lobes,
there is a vaulted, prominent median node forming a tubercle or short ridge (see Figs 5E, 6J, K). The lateral parts of
P1–P2 are formed by ovoid, medium vaulted lobes, whose
longer axes are roughly perpendicular to the axis but widen
strongly adaxially, forming deep triangular depressions at
merging point with axial furrows. Terminal ring is the narrowest (tr.) and the longest (sag.), moderately vaulted. Its
posterior margin is slightly convex. The axial furrows are
narrow and deep. Pleural lobes slope evenly towards the
outer margins of the pygidium. Border is slightly convex;
marginal furrow shallow, wide. Very short, pointed posterolateral spines directed obliquely ventrally. These spines
are hardly observable or missing in most of the studied
samples (most probably broken off or possibly entirely
missing in some specimens). Nevertheless, in some of the
best-preserved samples (Fig. 6J), the spines are undoubtedly present. Articulating half-ring narrow (sag.), of the
same tr. width as the anterior margin of the pygidial axis.
Articulation furrow wide, deepening terminally. Articulating facets narrow, flat, faintly widening exsagitally.
The exoskeletal surface is apparently smooth but in the
best-preserved specimens (Fig. 6C–E) finely sculptured
with tiny raised lines, often anastomosing lines, forming a
polygonal or circular reticulation.
Remarks. – The finding of the well-preserved specimen
ČGS PK 5 (Fig. 4A–C) substantially supplemented our
knowledge about the cephalic morphology of the species,

although already Ahlberg (1989, Fig. 3A) had published
a comparatively well-preserved specimen of A. tarda
(No. LO 5924t) coming from the Jerrestad Mudstone of
Scania (Sweden). The shape of the glabellar impressions in
both specimens is almost identical (see above). There is
only one difference; the dividing transverse furrows are
more distinct, straight and longer (even probably fused medially with F3 in the place of its median portion) in the
Swedish specimen, where the dividing transverse furrows
are deflected anteriorly and they die out both medially and
laterally. On the other hand, it is noteworthy, that a very indistinct median keel elevation is developed on posteroglabella in both specimens. The general configuration of the
glabellar impressions of A. tarda thus really seem to be of
typical Arthrorhachis/Geragnostus type – see Fortey
(1980, fig. 4A) and discussion in Ahlberg (1989, p. 217).
Very similar are also glabellar imprints in Geragnostus
hadros Wandås, 1984 figured by Hansen (2009, fig. 63,
pl. 26, fig. 13). There exist, however, also notable differences between both species. The glabellar impressions in
G. hadros are, above all, more prominent and better developed. The median portion of F3 is relatively wider in
G. hadros, its anterolateral part is longer and more arcuate,
and the lobes are more vaulted. Despite this, the general
shape of these glabellar impressions clearly confirms the
close relationship of Geragnostus and Arthrorhachis. The
structures observed on specimen ČGS PK 5 are not, however, identical with the four pairs of smooth areas (possible
muscle imprints?) known in Galbagnostus galba (see
Whittington 1965: pl. 3, fig. 7, 15; pl. 3, fig. 9) and Arthrorhachis latilimbata (Ju in Qiu et al. 1983, cf. Fortey 1997
and Cotton & Fortey 2005, p. 102, fig. 2F, specimen NHM
It 25510). So far, similar structures were not observed in
specimens from the Prague Basin.
The length of posterolateral spines on the pygidial border, as well as the degree of anterolateral inclination of the
thoracic pleurae in the Barrandian representatives of
A. tarda were probably slightly overestimated by Kielan
(1960) and also by Pek (1977), correctly interpreted their
existence (also Whittington 1950); see reconstruction of
Barrande (1852). They are even more rudimentary in Bohemian specimens, compare to Polish and partly the Scandinavian specimens. As noted in the description herein, in
nine of thirteen available Bohemian pygidia studied, the

Figure 5. Arthrorhachis tarda (Barrande, 1846). Upper Katian, Králův Dvůr Formation. • A, B – neotype NM L 16534 (older No. ČD 1812), an internal
mould (A) of a nearly complete specimen plus counterpart (B), illustrated by Barrande (1852, pl. 49, figs 1, 2) and Pek (1977, pl. 8, fig. 2), Libomyšl (very
probably, Lejškov near Libomyšl). The specimen was incorrectly selected as a lectotype by Přibyl (in Horný & Bastl 1970, p. 308). NM L 16534.
• C – damaged incomplete specimen MCZ 112323, Kosov. • D, E – almost entire specimen, NM L NM L 40 8521 (older No. ČD 1813). Marked as a
syntype of A. tarda on the label but never published under this designation, questionable specimen AD Barrande (1852, pl. 49, figs 1, 2), Lejškov. • F – an
incomplete specimen, figured by Whittington (1968) on p. 97, MCZ 112325a, Kosov. • G – a cephalon with first thoracic segment, ČGS JV 2494c, figured by Pek (1977) on pl. 8. Figured under the wrong number JV 5294, Králův Dvůr, Ovčín. • H – a damaged entire specimen, ČGS JV 2489a, Lejškov.
• I – almost entire, 3D preserved specimen, MCZ 112322, figured by Fortey (1997) on pl. 1, fig. 2. Kosov. Scale bar represents 1 mm.
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pygidial spines are not seen. Their apparent absence is,
however, easily explicable by later diagenesis and/or
weathering. At least in some cases the remains of the spine
bases are traceable. However, they are hardly perceptible
(but present) on the external moulds.
Ontogeny. – One meraspid pygidium of A. tarda from
Scania was figured by Ahlberg (1989, Fig. 4I). The newly
described cephalon comes from the Barrandian area and is
stored in the Scháry collection (Museum of Comparative
Zoology, Harvard University under No. MCZ 111324b,
Fig. 6F herein). It differs from adult specimens mainly in
having relatively longer and narrower glabella, more prominent posterolateral cephalic spines and also by a different width of the cephalic border furrow in the anterior and
posterolateral part of the cephalon; these features are comparable with A. elspethi and A. pragensis. The posterior
part of the glabella is broken off and it is not entirely excluded that it originally protruded into a short spine. The pygidium LO 5929t, figured by Ahlberg (1989, Fig. 4I) possesses a distinctively longer and more robust pygidial axis
(50% of the pygidial length or even more), while the lobes
are indistinct.
Variability. – Ahlberg (1989), Hammann & Leone (1997)
and Shaw (2000) emphasized that A. tarda was a highly variable species and rejected the proposal of Morris (1988),
to distinguish two species – A. tarda and A. convexa (Salter, 1848) on the base of the occurrence of two different
morphs: the first one characterized by a long pygidial axis
(about 50% of the pygidial length) which should belong to
the A. tarda and a second morph with a shorter axis which
should belong to the second species. The variability of
these two features in A. tarda is figured here in Fig. 8A.
Measurements plotted in this graph agree with the earlier
observation of Hammann & Leone (1997, p. 40), that the
length of pygidial axis (43%) of A. convexa falls within the
intraspecific variability of A. tarda. In the Bohemian material, almost all measurable parameters seem to vary (see
also Table 1), especially the relative length of the pygidial
axis (average variability 35–50%, see Fig. 8A), relative
length of glabella compared to the cephalic length

(57–67%). The length of pygidial spines also varies from
almost indiscernible to short but present (similar variation
in specimens from Bornholm, Denmark, see Ahlberg
1989) but in most cases, the spines may simply be broken.
Also the course of the axial furrows on the cephalon varies
– they may be almost sub-parallel, to mildly diverging anteriorly. The prominence of pygidial inter-ring furrows is
also widely variable. As Ahlberg (1989) noted, the relative
glabellar length, for example, might be influenced by differential flattening of the cephalon. It is very hard to distinguish between morphological variability and variation due to
different preservation in material from claystone and siltstone localities.
Occurrence in the Barrandian area. – Králův Dvůr Formation (Upper Ordovician, late Katian; Kradvorian Regional
Stage), “horizons” with Nankinolithus granulatus and Tretaspis anderssonni (= T. seticornis): Lejškov near Libomyšl (= Leiskow près Malków in Barrande 1852, 1872 and
in the Scháry collection, MCZ), Kosov, Králův Dvůr
(= Köningshoff in Barrande 1852, 1872), Levín, Karlova
Huť near Beroun, Karlík near Dobřichovice, Praha-Radotín
and Praha-Velká Chuchle. Disappears beneath the “Perník” Horizon (impure carbonates several meters below the
top of the formation).

Arthrorhachis pragensis (Přibyl & Vaněk, 1968)
Figures 3B, 4D, 7F–L
1968 Trinodus (Geragnostus) pragensis sp. n.; Přibyl &
Vaněk, p. 191, pl. 1, figs 8, 9.
1977 Trinodus pragensis Přibyl & Vaněk; Pek, pp. 24, 25,
pl. 1, figs 9, 10.
1984 Trinodus pragensis Přibyl & Vaněk; Pek & Prokop,
pp. 17, 18, pl. 1, fig. 4.
1989 Trinodus pragensis Přibyl & Vaněk; Pek & Vaněk,
p. 33.
1997 Arthrorhachis pragensis (Přibyl & Vaněk); Vaněk &
Vokáč, pp. 23, 24, pl. 1, figs 1–5.
2000 Arthrorhachis pragensis (Přibyl & Vaněk); Shaw,
p. 375.

Figure 6. Arthrorhachis tarda (Barrande, 1846). Upper Katian, Králův Dvůr Formation. • A – fragment of cephalon, NM L 5145, coll. Hawle.
Lectotype of A. tarda sensu Hawle & Corda, 1847, as selected by Přibyl in Horný & Bastl (1970, p. 307). Figured by Šnajdr (1983) on pl. 7, fig. 3. Králův
Dvůr. • B – fragment of cephalon, NM L 5144, coll. Hawle, a second syntype of A. tarda sensu Hawle & Corda, 1847, selected by Přibyl in Horný & Bastl
(1970, p. 307). Králův Dvůr. • C – internal mould of cephalon with part of exoskeleton, NM L 16535 (older No. ČD 1815), syntype of Barrande
(AD Barrande 1852, pl. 49, figs 1, 2), selected by Přibyl in Horný & Bastl (1970, p. 308), Králův Dvůr. • D – internal mould of cephalon with remains of
the exoskeleton, ČGS XB 177 (coll. ČVUT), Králův Dvůr. • E – internal mould of damaged cephalon with remain of the first thoracic segment,
MCZ 112324a, Köningshoff (= Králův Dvůr). • F – a juvenile (meraspid) cephalon, MCZ 112324b, Köningshoff (= Králův Dvůr). • G – internal mould of
cephalon and a negative counterpart of a second cephalon with debris of other minute fauna, MCZ 112324c, Köningshoff (= Králův Dvůr). • H – internal
mould of damaged cephalon, NM L 40853, Köningshoff (= Králův Dvůr). • I – internal mould of damaged pygidium, MCZ 114040, Králův Dvůr. • J – internal mould of incomplete pygidium, MCZ 112325b, Králův Dvůr. • K – internal mould of incomplete pygidium, ČGS JV 2494a, Lejškov. • L – internal
mould of incomplete pygidium, NM L 40 854, Králův Dvůr. Scale bar represents 1 mm.
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2001 Arthrorhachis pragensis (Přibyl & Vaněk). – Vaněk
& Valíček, p. 43.

Holotype. – Isolated pygidium figured by Přibyl & Vaněk
(1968; pl. I, fig. 9; ČGS JV 6), re-figured by Pek (1977;
pl. I, fig. 10) and Vaněk & Vokáč (1997; pl. I, fig. 5), herein
Fig. 7G. The external mould of this pygidium, firstly figured herein in Fig. 7H, stored in the collections of the Czech
Geological Survey, under No. ČGS JV 2501.
Dimensions in mm: Lp = 3.1; La = 1.4; Wp = 3.2;
Wa = 1.1; Ls = 1.0. These measurements differ slightly
from those of Pek (1977), probably due to better equipment in the form of digital micrometric ruler used for this
study.
Type locality and horizon. – Praha-Hloubětín, abandoned
brickyard “Na bílém koni”, Bohdalec Formation, Karlík
ore Horizon (Lower Katian Stage, Late Berounian Regional Stage) Upper Ordovician, Prague Basin, Barrandian
area, Czech Republic.
Material. – Eleven specimens (seven cephala and four pygidia) preserved as internal moulds and counterparts in
dark grey claystones; one specimen (Fig. 4D) originates
from a siliceous nodule.
Diagnosis. – Arthrorhachis with exoskeleton of low-convexity and broad anterior border furrow (clearly broadest
in its anterolateral part). Cephalic axial furrows almost
sub-parallel. No or very indistinct spines at the genal angles;
pygidium with short but stout, backwardly directed posterolateral spines.
Description (see Vaněk & Vokáč 1997; modified). – Cephalon is moderately convex, subquadratic in outline, subequal in length and width, with the highest point at the median glabellar node. The glabella, occupying 55–60% of
the total cephalic length, is moderately convex, nearly
parallel-sided to gently forward tapering; broadly rounded

anteriorly and well defined by deep axial furrows. It is 2.1
times as long as wide and faintly constricted behind to the
mid-length. Posterior part of the glabella is slightly narrower
than the anterior part. The glabellar median node is relatively prominent, sagittally elongated and situated slightly
anterior to the glabellar midpoint. The glabellar muscle insertion areas are indistinct. The anterior pair of the lateral
glabellar imprints is very short, placed at the glabellar constriction. The basal lobes are subtriangular, wider than
long, and connected medially. The basal furrows are distinct. The acrolobe is semi-elliptic in outline and rounded
anteriorly. Genae horseshoe-shaped with maximum convexity in the mid of length (tr.), slope downwards, narrowing
anteriorly. Genal surface possibly smooth. Marginal border relatively narrow, separated from the inner cephalic region by deep furrow.
The border is relatively narrow, lath-like convex and
reaches maximum convexity and transversal width along
the anterolateral margins. Border furrow distinctly wider
(ca 3 times) in the anterolateral part of the cephalon. The
genal angles without or with very indistinct spines.
Thorax unknown.
Pygidium subpentagonal in outline. Pygidial axis
vaulted, reaching half (45–50%) the length (sag.) of the
pygidium, and about one third its width (tr.) at the anterior
margin. It is divided into three rings by conspicuous furrows. A keeled median node rises posteriorly and lies in the
sag. length of the first two segments. The terminal ring is
longest, posteriorly markedly rounded and slightly bulbous. The axial furrows are narrow and well-defined. The
border is relatively broad, broadest in its posterolateral portion, where it sends out a pair of short, stout spines directed
backwards. The pleural field is probably smooth, wider
posteriorly than laterally.
Discussion. – A. pragensis differs from A. tarda in (1)
having distinct and stout posterolateral spines with robust
bases, (2) shallower pygidial border furrow, (3) narrower
cephalic border, (4) slightly more (sag.) elongated cephalon

Figure 7. A–C – Arthrorhachis tarda (Barrande, 1846). Upper Katian, Králův Dvůr Formation. • A – internal mould of incomplete cephalon with remains of exoskeleton, ČGS PB 500, Lejškov. • B – internal mould of incomplete pygidium, ČGS JV 2494b, Králův Dvůr, Ovčín. • C – internal mould of
incomplete pygidium with long axis, JV 2493d, Lejškov. • D – Arthrorhachis cf. tarda (Barrande, 1846), MCZ 114035. Upper Katian?, Rhiwlas Limestone, Craig y Gath, Wales. • E – Arthrorhachis elspethi (Raymond, 1925), MCZ 100954. Katian?, Athen Shale, Tennessee, Hawkins, Ina railroad cutting, S of Otes, N of Bulls Gap, USA. Figured by Raymond (1925) on pl. 1, fig. 4. • F–L – Arthrorhachis pragensis (Přibyl & Vaněk, 1968). Lower Katian,
Bohdalec Formation. • F – an incomplete cephalon, NM L 20022, figured by Pek & Prokop (1984) on pl. 1, fig. 3, Praha-Žižkov, upper part of Bohdalec
Formation. • G – isolated pygidium (internal mould), holotype, figured by Přibyl & Vaněk (1968) on pl. I, fig. 9 (ČGS JV 6), figured by Pek (1977) on pl.
I, fig. 10 and Vaněk & Vokáč (1997) on the pl. I, fig. 5; brickyard “Na bílém koni”, Karlík ore Horizon, basal part of the Bohdalec Formation. • H – counterpart of the same specimen, stored in the collections of the Czech Geological Survey under No. ČGS JV 2501. • I – a damaged cephalon figured by Pek
(1977) on pl. 1, fig. 9, ČGS JV 2502, Vysočany, building pit of the “Health Centre Vysočany”. • J – internal mould of almost complete cephalon, ČGS MŠ
11545a, building exposure of the underground line A, area between Praha-Kačerov and Praha-Spořilov (upper part of Bohdalec Formation). • K – internal
mould of incomplete cephalon, ČGS MŠ 115545b, building exposure of the underground line A, area between Praha-Kačerov and Praha-Spořilov (upper
part of the Bohdalec Formation). • L – incomplete pygidium, ČGS MŠ 11545b, building exposure of the underground line A, area between Praha-Kačerov
and Praha-Spořilov (upper part of the Bohdalec Formation). Scale bar represents 1 mm.
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A

B

Figure 8. A – a graph of the Lp/La ratio in Arthrorhachis tarda.
• B – a graph of Lp/Ls ratio in Arthrorhachis tarda and in Arthrorhachis
pragensis.

of more rectangular outline, and (5) possibly also by lower
convexity of the pygidial pleural field. In A. pragensis, the
cephalic border furrow is prominently wider in its anterior
part than posterolaterally (up to 3 times) and the cephalic
border is somewhat narrower. Basal glabellar lobes are tr.
long and wider than in A. tarda, and in contact with the glabellar axis. The pygidium of A. pragensis shows a comparatively longer pygidial axis with slightly bulbous P3.
Shaw (2000) noted that these differences are probably too
small and did not exclude conspecifity of the species.
On the other hand, Nielsen (1997) affiliated A. pragensis to
his elspethi group within Arthrorhachis. To test the validity of A. pragensis, we compared the relative (sag.) length
of posterolateral pygidial spines (Ls) with the sag. pygidial length (Lp) in both species (Fig. 8B). A. tarda and A.
pragensis form two distinctive clusters; one intermediate
720

pygidium of A. pragensis shows a position close to the
A. tarda representatives. This specimen, ČGS JV 2498, is a
poorly preserved fragment and it could not be excluded that
the ends of spines are broken off. However, this specimen
also has robust, keel-like bases of the spines, which are
oriented almost posteriorly (narrow base and posterolateral
inclination present in A. tarda). From A. elspethi, A. pragensis differs especially in the strongly reduced, almost indistinct posterolateral cephalic spines (cf. Fig. 7E). Hence
we consider A. pragensis a well-based species which, although probably closely related to A. tarda (possible ancestor) is fully sustainable as a separate species.
Occurrence. – Upper Ordovician, Upper Sandbian Stage,
upper part of the Zahořany Formation: temporary exposure
of the “Vysočany health centre” (facies of dark-grey claystones), Libomyšl (exact stratigraphical level unknown).
Upper Ordovician, lower Katian Stage, Bohdalec Formation (occurring in all levels of a dark shale sequence):
Praha-Hloubětín, abandoned brickyard “Na bílém koni”
(also in “Karlík ore Horizon” at the base of the formation),
Praha-Žižkov (upper part of the Bohdalec Formation), the
building exposure of the underground line A in the area
between Praha-Kačerov and Praha-Spořilov (upper part of
the Bohdalec Formation), Nová Dubeč (loose siliceous nodule found in the field exposure after Pek & Prokop 1984),
Řeporyje, abandoned brickyard “Reiserova cihelna”, area
between Neumětely and Lážovice (material comes from
drilling cores, see Vaněk & Vokáč 1997), Neumětely –
temporary pits.

Relation of A. tarda and A. pragensis
to other occurrences
The almost cosmopolitan occurrence of A. tarda and allied
species within the former Rheic Ocean has been widely
discussed, especially by Ahlberg (1989), Nielsen (1997,
1999), Hammann & Leone (1997) and Shaw (2000). There
is a little to add to these compilations, with the exception of
its palaeogeographic distribution (Fig. 9).
However, there is still a little doubt whether all the
specimens of A. tarda and the forms designated as A. aff.
tarda and A. cf. tarda are really identical with the type material. Some morphological features show a comparable
variability (glabellar and especially pygidial axis relative
length ratio, pygidial axis outline, length/width ratio of the
cephalon and pygidium) in all forms. We agree with
Ahlberg (1989), Hammann & Leone (1997), Shaw (2000)
and Owen & Parkes (2000), that diverse intensity of flattening and orientation of tectonic deformation could
be responsible for major part of the alleged variability, especially in specimens preserved in claystones and
siltstones.
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The Scandinavian, Polish and some Irish material
(Owen & Romano 2010; Grangegeeth Terrane) is identical
with A. tarda. Similarly, we suppose the specimens from
Kazakhstan are conspecific with A. tarda (see Apollonov
1974). The differences in the relative glabellar and pygidial
length between Bohemian and those from the British Isles
determined as A. tarda (Ingham 1970, Dean 1971 and
Whittington 1968) were probably caused by different preservation, as discussed earlier by Ahlberg (1989). We also
agree with Ahlberg (1989), that the specimen of Owen
(1981, pl. 1, figs 1–3) probably belongs to A. tarda, similarly as the specimen of Abdullaev (1972), while the specimen of Owen & Bruton (1980, pl. 1, figs 1–4) probably
represents a different species. All other occurrences of
A. tarda should be considered as questionable, belonging
to the A. tarda species group s.s.
On the other hand, we are not sure about the congeneriic status, let alone conspecificity, of Arthrorhachis
tarda and Trinodus agnostiformis as noted above. Therefore, we follow the Fortey’s (1980) proposal to restrict the
genus Trinodus to the holotype of the T. agnostiformis.

Remarks on the stratigraphy
of the Králùv Dvùr Formation
After Shaw (2000), A. tarda has been considered as a typical member of the “Tretaspis granulatus” Zone belonging
to the lower part of the Králův Dvůr Formation. Shaw
(2000) also pointed out that in the Scháry collection (the
second largest collection of the Bohemian trilobites assembled during the 19th century and now stored in the Museum
of Comparative Zoology, Harvard University, USA), there
are several specimens of A. tarda, probably originating
from younger part of the Králův Dvůr Formation (e.g. the
Kosov locality). This information is correct. A similar wide
stratigraphical range of A. tarda was already proposed by
Havlíček & Vaněk (1966, pp. 40, 41) and by Pek (1977,
p. 26). These authors discussed two diverse levels with
A. tarda; the Tretaspis granulatus and Tretaspis seticornis
horizons sensu Havlíček & Vaněk (1966), see also Ahlberg
(1989) and Whittington et al. (1997). In fact, there is a serious doubt whether all the material collected from the classical “Tretaspis granulatus” Zone (with type locality called Leiskow or Lejškov) comes from the lower part of the
Králův Dvůr Formation. In the period 2009–2010, the authors did an excavation and collected in the place, which has
been traditionally supposed to be Barrande’s Lejškov locality. The outcrop was originally identified as Barrande’s locality by Marek (1961, p. 38), and the fauna was published
by Havlíček & Vaněk (1966, p. 40), while its location was
pointed out by Havlíček (in Chlupáč et al. 1987, p. 17) with
a reference to Bouček (1928). Meanwhile, doubts based on
the personal consultation with Marek and Chlupáč about

Figure 9. A palaeogeographical occurrence of the Arthrorhachis tarda
(Barrande, 1846) and closely related species (A. tarda s.s.). The figured
occurrences were compiled from these publications: 1) European
peri-Gondwana, ATA (Armorican Terrane Assemblage): Bohemia
(Barrande 1846, 1852; Hawle & Corda 1847; Pek 1977; Fatka & Pek
1999), Italy (Leone et al. 2001); 2) Avalonia: South Wales (Dean 1971),
North Wales (Whittington 1968), Northern England (Ingham 1970); 3)
Baltica: Norway (Owen & Bruton 1980, Ahlberg 1989), Sweden
(Ahlberg 1989), Denmark (Ahlberg 1989), Poland (Kielan 1960,
Tomczykowa et al. 1972); 4) Kazakhstania: Kazakhstan (Apollonov
1974), Uzbekistan (Abdullaev 1972); 5) Northern China (Zhou & Dean
1986, Zhou 1987). Map adapted after Fatka & Mergl (2009) and the discussion by Kříž & Steinová (2009).

this location were expressed by Shaw (2000, p. 392) and
Chlupáč (2002, Table 2). The locality discussed is situated
in the wooden gorge with steep walls and a small brook
above the Lejškov village, about 1 km SW of Málkov. In
the bottom of the brook, the dark grey to greenish shale
containing the characteristic fauna of the “Lejškov Facies”
(including A. tarda, see Fig. 7A) occurs, but typical dark
grey claystone is only locally developed. At the outcrop,
traces of strong tectonism – larger and smaller faults as
well as intensive folding and up to 0.5 m thick cataclastic
zones obscure the section.
It is likely, that the association designated as coming
from the Lejškov locality (based on existing old collections) actually includes material gathered from a much
wider stratigraphical interval than has been supposed.
It could come from the lowermost to middle levels of
the Králův Dvůr Formation. This interpretation is supported by a highly variable color of the fossiliferous claystones, stored under the name Lejškov or Leiskow in the
old collections. Similarly variable rock types are present
at the outcrop. This interpretation is supported by the
finding of Nankinolithus granulatus, the “index” trilobite
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species of the lower part of the Králův Dvůr Formation,
associated with graptolites typical for the middle to upper
part of the formation (see Havlíček & Vaněk 1990,
Havlíček & Fatka 1992, Havlíček 1998), namely
Normalograptus angustus (Perner) and Dicellograptus
cf. laticeps Štorch (determination by P. Štorch) on one
rock slab.
There is no known occurrence of A. tarda in the “Perník
Horizon”, a richly fossiliferous bed of impure bioclastic
carbonate developed usually a few meters below the top of
Králův Dvůr Formation and overlying strata in the Prague
Basin. On the other hand, Kielan (1960) reported the species in several sections in the Holy Cross Mountains of Poland, from strata yielding among others Mucronaspis
mucronata, Brongniartella platynota, Leonaspis olini, and
Phillipsinella parabola. These strata, designated as the
Dalmanitina Beds by Kielan (1960), have been considered
to be of Hirnantian age (cf. Owen 1986, table 2). Ahlberg
(1989) did not support this stratigraphic correlation. He argues, that M. mucronata and several of the associated
trilobites appear already in the Jerrestadian Stage in Sweden; thus it could be difficult to distinguish between the
lower Dalmanitina Beds and the Staurocephalus
clavifrons Zone of the upper Jerrestadian Stage. In Baltica,
the FAD of Mucronaspis is thus already in the late Katian
(Ahlberg 1989). In the Barrandian area, such a co-occurrence of Arthrorhachis and Mucronaspis has not been
proved. The last specimens of Arthrorhachis disappear below the first appearance of Mucronaspis in the “Perník Horizon” in this area. Recently, Mergl (2011) documented the
occurrence of the first Hirnantian brachiopods from the
“Perník Horizon” at the Řeporyje locality.
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