Journal of the Czech Geological Society, 40/4 (1995) 37

Trace fossils from the Paseky Shale
(Early Cambrian, Czech Republic)

Ichnofosilie paseckych bridlic (spodni kambrium, Ceska republika)
(Czech summary)

(3 text-figs., 8 plates)
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The Paseky Shale (Lower Cambrian, Central Bohemia) yielded the oldest known non-marine or brackish ichnoassemblage. It
consists mostly of fodinichnia and repichnia of endemic arthropods Kodymirus vagans Chlupié et Havlicek, 1965 and Kocku-
rus grandis Chlupag, 1995. These traces were attributed to ichnotaxa Monomorphichnus biserialis ichnosp. nov., M. semilineatus
ichnosp. nov., M. multilineatus Alpert, 1976, M. lineatus Crimes et al., 1977, M. bilinearis Crimes, 1970, ?Rusophycus ichnosp.
A, 7R ichnosp. B, ?Dimorphichnus ichnosp., and Diplichnites ichnosp. Presence of non-arthropod fauna is suggested only by
finds of ?Bergaueria ichnosp. and ?bromalites ichnogen. indet. Except for M. lineatus and M. multilineatus, ichnotaxa occur-
ring typically in the Cambrian marine environments are not present.
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Introduction

The project of investigation of the Paseky Shale (Early
Cambrian) was motivated mostly by the peculiarity of
the macrofauna being the oldest known from the Czech
Republic and the oldest known of suspected non-ma-
rine environments at all (Chlupac 1995, this volume).
Besides the arthropods Kodymirus vagans Chlupac et
Havli¢ek, 1965, Kockurus grandis Chlupa¢, 1995 and
Vladicaris subtilis Chlupa¢, 1995, microfossils (Fatka
- Konzalova 1995) and trace fossils were also found.
The aim of this paper is a systematic description of fossil
traces and subsequent conclusions for a presumed se-
dimentary environment of the Paseky Shale.
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Geological setting and preservation of traces

The Paseky Shale is a thin but persistent unit within
the thick Lower Cambrian siliciclastic sequence of in-
ferred continental origin. Sharp lower limit of the
Paseky Shale indicates a regional event marked by tem-
poral dominance of aleuropelitic sedimentation under

probable restricted marine influence (brackish lagoon)
(Chlupac et al. 1995, this volume).

Among the five outcrops of the Paseky Shale stud-
ied in detail (Chlupac etal. 1986), only the locality Mt.
Koéka yielded finds of trace fossils. Here, the finds are
restricted to ca. 3 m thick layer of light green, olive-
green and grey-green, markedly laminated shale,
roughly 3-5 m above the base of the member. The same
layer yielded also fauna with strongly prevailing
Kodymirus (layers No. 1-3 in Fig. 5, Chlupac et al. 1995,
this volume).

Trace fossils are usually preserved as very low
convex hyporeliefs (or their counterparts - concave
epireliefs) on bedding planes of finely laminated shales
to silty shales. Preservation of exichnial traces in such
rather monotonous fine-grained sediments is given by
an unusual coincidence of local factors - substrate co-
hesion, water dynamics, abrupt covering by a suitable
material. Fine exichnia are practically absent from most
marine, shale-dominated formations of the Barrandian
Early Palaeozoic (such as Jince Formation of the Mid-
dle Cambrian, Klabava, Sirka, Bohdalec or Zahofany
Formations of the Ordovician). On the contrary, limnic
environment of the late Carboniferous in the Radnice
Basin enabled preservation of similar delicate traces in
very fine-grained sediments (Ov¢in locality, Turek
1989).

In some cases, morphologically simple exichnia
(Monomorphichnus, Dimorphichnus) can be hardly
distinguished from inorganic traces (e.g. chevron
marks) which are also common in places. Among the
criteria for the recognition of the non-ethologic struc-
tures, as published by Ekdale et al. (1984), the following
can be applied for the material from the Paseky Shale:
resemblance to primary inorganic sedimentary struc-
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tures; non-uniform size and/or shape of multiple struc-
tures; strict preferred orientation. But not all the
structures can be distingiushed with certainty.

Systematic ichnology

Bergaueria Prantl, 1946
?Bergaueria ichnosp.

PL. IV, figs. 1-8; PL V, figs. 1-2, 5-6

Material: 20 specimens.

Description: Circular depressions on bedding planes,
usually very shallow, about 10 mm in diameter (6-15
mm). Subtle concentric ridges visible in specimen No.
1240 (PL. IV, fig. 1); specimen No. 1241 (P1. 1V, fig. 2)
shows low regular bulge in the centre. Surface smooth,
without lining. Two specimens (I 249 and I 250; P1. V,
figs. 1 and 2) bear a delicate radial sculpture which,
however, seems to be a result of compaction of the
rock during diagenetic and anchimetamorphic pro-
cesses.

Vertical sections necessary for study of the fill and
of vertical dimensions were applied in six specimens.
The fill is of the same character as surrounding rock,
laminated, fine-grained, in some cases different in co-
lour or in presence/absence of body fossil fragments.
The section figured on P1. V, fig. 6 shows that the co-
lour of fill is identical with the colour of lamina
underlying the trace. Therefore, passive filling of pits
seems to be the most probable.

Original vertical dimension is difficult to deter-
mine. The orientated polished sections show that most
specimens are preserved as convex hyporeliefs or con-
cave epireliefs and the depth of the structures equals
the depth of visible depressions (mostly less than 1 mm).
In one case (I 254, PI. V, fig. 6), however, the structure
continues upwards to the rock and its total heigth is 4
mm. The above stated dimensions are undoubtedly
much reduced by compaction during diagenesis; the
degree of reduction is evidenced by planar preserva-
tion of body fossils. Therefore, the original vertical
dimensions must be considered to have been several
times larger than the measured dimensions.
Remarks: Preliminary placing of the structure to ich-
nogenus Bergaueria follows numerous papers
discussing individual representatives of this ichnoge-
nus (Prantl 1945, Crimes et al. 1977, Pickerill and Peel
1990, Fillion and Pickerill 1990) and the revision of
“plug-shaped” traces by Pemberton, Frey and Brom-
ley (1988). Most authors consider bergauerians as
dwelling burrows or resting traces of anemones and
related hydrozoans. Bergaueria occurs from Late Pre-
cambrian through all the Phanerozoic.

For relations to other problematica of the Paseky
Shale see remarks of the following taxon ?bromalites
ichnogen. indet.

? bromalites ichnogen. indet.
Pl. VII, figs. 1-8; Pl. VIII, figs. 1-4

Material: 26 finds.

Description: Oval to circular, often more or less ir-
regular bodies filled with fragments of body fossils.
Their diameter ranges usually between 10 and 30 mm,
vertical dimension (after a strong diagenetic compac-
tion) is very low (about 1 mm).

Remarks: Finds designated here as ?Bergaueriaich-
nosp. and as ?bromalites form a morphologically
continuous spectrum. One of its extremities is repre-
sented by shallow pits (or low protuberances in
hyporeliefs) of circular outline, rarely with indication
of concentric structures, filled by material correspond-
ing to the overlying rock (typical 7Bergaueria
ichnosp.). The opposite end of the spectrum is formed
by irregular, roughly oval clusters of minute fragments
of body-fossils. These fragments are usually undeter-
minable, but in some cases larger parts can be
determined as Kodymirus vagans, or, rarely, as Viadi-
caris subtilis.

In my opinion, continuity of this “spectrum” is
a coincidence only; the “spectrum” itself is composed
of two completely different ichnological phenomena.
Using analogy with mostly younger finds from marine
settings, the pits preserved as concave epireliefs (or their
counterparts - convex hyporeliefs) can be classified as
?Bergaueria ichnosp., i.e. as domichnia or cubichnia.
Their tracemaker possibly had circular bases of bodies
(as other makers of bergauerian-like traces, very prob-
ably hydrozoans). When left by the tracemakers, the
pits were passively filled with available material. This
material often contained fragments of arthropods, or
a matter from floated clusters classified herein as bro-
malites. The pits were not strictly circular in all cases,
some of them are oval; it makes them similar with the
morphology of the presumed bromalites.

It is quite difficult to find criteria for the classifi-
cation of larger, more or less irregular bodies filled with
fragments of arthropods. Although the collected sam-
ples are not numerous enough for a statistical
elaboration, it seems that larger “clusters” contain larger
remains of arthropods in most cases. Another remark-
able fact is the more or less uniform size of fragments
within most of bodies. These facts lead to a hypothesis
that a faecal material, mechanically crushed at the be-
ginning of digestive process, is concerned. Dimesions
of a tracemaker should influence both the size of “di-
gestible” fragments and the overall volume of the
excrement.

Hunt et al. (1994) note that coprolites, and partic-
ularly the invertebrate coprolites, represent the least
studied group of ichnofossils. Hunt (1992) introduced
the term bromalites for all the fossil products of diges-
tion; regurgiatalites (material evacuated anteriorly from
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the oral cavity), cololites (gut contents fossilized in situ)
and coprolites (fossilized faeces) are inferior catego-
ries. Hunt (1992) stated numerous criteria for the
recognition of coprolites from another formations. The
discussed bodies from the Paseky Shale seem to fulfil
the following criteria: inclusions of organic matter,
probable viscosity of original body (it was not float-
ed), and distortion of laminae of the surrounding shale
(as proved by vertical section).

Because of insufficient kowledge of invertebrate
coprolites (resp. all the bromalites) also in less excep-
tional fossil communities, it is impossible to find
a well-documented analogy of this material at present.
Future study of invertebrate bromalites should contri-
bute also to the knowledge of the Paseky Shale remains.

If the faecal material is really concerned in the
described “clusters”, its tracemaker must have been
a relatively large organism. Explanation of the bodies
as coprolites seems to be much more probable than as
regurgitalites, but no objective criterion of distinguish-
ing between the two possibilities is at a disposal.
However, a relatively common occurrence of the de-
scribed bodies leads to the hypothesis that additional
member of the Paseky Shale community existed, prob-
ably vagile benthic, feeding on dead bodies of
arthropods. Another hypothesis, that Kodymirus and
Kockurusthemselves (feeding on exuvia and dead spe-
cimens of their own species) are the tracemekers seems
to be less probable (primarily because of the large size
of “clusters”™).

The locality Mt. Ko¢ka provided also yet larger
clusters of body fossil fragments, usually imperfectly
bounded from the surrounding bedding planes. Their
origin is probably inorganic (Chlupac 1995, this vol-
ume).

Dimorphichnus Seilacher, 1955
Dimorphichnus ichnosp.

Pl VI, fig. 2

Material: One well-preserved find, several other
traces possibly classifiable as Dimorphichnus
ichnosp. penetrate Monomorphichnus-like traces.

Description: The specimen No. I 256 (Pl. VI, fig. 2)
consists of two rows of different imprints. Right row
consists of 13 straight to gently sigmoidal grooves,
subparallel, up to 9 mm long, at an angle of 60-70°to
the axis of the trace. Left row is composed of shorter
grooves: they are T-shaped at one end of the trace, and
hardly visible, straight, longitudinally orientated at the
opposite end. Total length of the preserved part is 70
mm, width 29 mm. Hyporelief is very low. No other
surface structures are present on the bedding plane.
There are several finds from the Kocka locality,
showing similar asymmetrical traces of small dimen-
sions on slabs covered with grooves of M. semilineatus.

Even a random character of their arrangement cannot
be excluded.

Remarks: Dimorphichnus is typically produced by
trilobites (grazing obliquely to direction of movement
- see, e.g., Osgood 1970). In the Paseky Shale, no trilo-
bite fauna was found. The origin of Dimorphichnus-like
traces by specific activity of Kodymirus vagansor Koc-
kurus grandis also seems possible (crawling with
prosomal appendages, probably obliquely to direction
of movement - see Fig. 1d). It should be emphasized
that this trace is rare in the Paseky Shale compared with
Monomorphichnus.

Diplichnites Dawson, 1873
Diplichnites ichnosp.

Pl 11, fig. 5; PL. VI, fig. 1

Material: Two specimens.

Description: Two parallel rows of minute imprints
(convex hyporeliefs resp. concave epireliefs). The spe-
cimen No. 1231 (PL.II, fig. 5) is 8 mm wide and 30 mm
long; individual imprints about 2 mm long, at intervals
3-4 mm, thin and sigmoidal on one end of the trace,
wider and oval towards the opposite end. The second
specimen (I 255; P1. VI, fig. 1) is wider (22 mm) and
composed only of S-shaped imprints.

Remarks: Diplichnites occurs most frequently in the
Cambrian and Ordovician. It is usually interpreted as
repichnion of arthropods including trilobites (e.g. Os-
good 1970, Hintzschel 1975, Fillion and Pickerill 1990,
Orlowski 1992) but Briggs et al. (1979) advocated
a more restircted usage of the name to exclude trilo-
bite trackways. In the Paseky Shale, exceptional origin
of Diplichnites-like traces by activity of Kodymirus
vagans or Kockurus grandis seems possible (crawling
with prosomal appendages; Fig. 1c), but also the pos-
sibility that the trace is produced by another worm-like
animal or arthropod cannot be excluded.

Monomorphichnus Crimes, 1970
Monomorphichnus semilineatus ichnosp. nov.

PL I, figs. 1, 3, 6; PL. III, figs. 1, 2, 5; PL. V, fig. 4; PL.
VI, figs. 3,5

Holotype: Specimen figured on PL. I, fig. 1 (B. Hordk
Museum, Rokycany, No. 1221).

Type horizon: Early Cambrian, Paseky Shale of the
Holsiny-Hofice Formation.

Type locality: Mt. Kocka.

Material: About 40 well-developed specimens; more
than 20 further finds crossed by other traces or by
inorganic structures, or placed to the ichnospecies
with some doubts only.

Description: Very variable, mostly short (3-10 mm),
very thin (0.2 to 0.5 mm) grooves, formed in some-



40

Journal of the Czech Geological Society, 40/4 (1995)

what irregular series of two to ten, or single. Grooves
are only exceptionally straight, often more or less ar-
cuate or sigmoidal. Mass occurrence on bedding planes
is characteristic. Individual series often intersect and
penetrate each other; common arcuate shapes of
grooves suggest a rotational movement of an organ
producing them. Spacings between grooves and the
general shapes of series are also very variable. The spac-
ings usually reach several millimetres, therefore all the
series are up to several centimetres wide despite a very
small length of grooves.

“Regular” traces corresponding with morphology
of Monomorphichnus lineatus and M. bilinearis occur
rarely on the same bedding planes as the described
structure.

Remarks: Traces of the described morphology re-
present most of the ichnofossils found at Mt. Kocka.
They are the most common and therefore probably etho-
logically well-defined type of trace, although their
morphology seems to be chaotic or random. Logical
explanation of this morphology is given by the new
reconstruction of the arthropod Kodymirus vagans pre-
sented by Chlupac (1995, this volume). After this
reconstruction, six pairs of prosomal appendages were
present, five of which were substantially long, classifi-
able as “walking legs” or “spiniferous legs”, bearing
long spines at distances corresponding to the usual dis-
tance of grooves of M. semilineatus. Therefore the
prosomal appendages of K. vagans appeared to be the
organ forming M. semilineatus at our locality, most
probably when the tracemaker searched for food on
the bottom. After this explanation, M. semilineatus is
a fodinichnion, not a repichnion as other representa-
tives of Monomorphichnus. This possibility is supported
by the irregularity of the described trace, by unique-
ness of series of the same shape, and by a planar (not
linear) character of the trace. The arthropod Kockurus
grandis, very probably closely related to Kodymirus,
may have been another tracemaker of M. semilineatus.

‘Typically developed M. semilineatus can be clearly
distinguished from M. lineatus Crimes et al, 1977, M.
bilinearis Crimes, 1970, and M. multilineatus Alpert,
1976. Specimens of these ichnospecies occur as soli-
tary or parallelly repeating series, while M.
semilineatus covers the bedding planes more or less
evenly by numerous irregular series of grooves of var-
ious directions (or by solitary grooves). Grooves of
other ichnospecies of Monomorphichnus are mostly
straight, those of M. semilineatus typically arcuate or
sigmoidal, resulting from presumed “swinging” move-
ment of appendages of the tracemaker (Fig. la). M.
lineatus and other formerly stated representatives (de-
scribed and figured, e.g., by Mathur et al. 1988, Crimes
et al. 1977, Orlowski 1992, Pickerill and Peel 1990,
Fillion and Pickerill 1990) show the groove width/
groove spacing ratio mostly much greater (about 1: 4
to 1:1) compared to the same ratio in M. semilineatus

(about 1:3 to 1:10). The groove length/series width ra-
tio is very variable in M. semilineatus, often being very
low (about 1:10). The values of these ratios resemble
to the ichnogenus Dimorphichnus Seilacher, 1955,
which, however, is formed by two different types of
impressions (e.g., Hintzschel 1975). Similar ratios are
also shown by the trace of probably trilobite origin,
described by Briggs and Rushton (1980) from the Up-
per Cambrian of northern Wales. In that case, however,
the series are strictly repeating (obliquely to the direc-
tion perpendicular to the grooves), therefore, the trace
is a typical repichnion.

Monomorphichnus biserialis ichnosp. nov.
Pl I, fig. 5; PL. II, fig. 3; PL. VI, fig. 4

Holotype: Specimen figured on PLII, fig. 3 (B. Hordk
Museum, Rokycany, No. 1229).
Type horizon: Early Cambrian, Paseky Shale of the
Holsiny-Hofice Formation.
Type locality: Mt Kocka.
Material: Three specimens from the type locality.
Description: Two long series of four to six grooves
parallel to each other (I 225; P1. I, fig. 5, and I 229; P1.
11, fig. 3). Roughly in a half of series, individual grooves
intersect, so inner grooves turn into outer ones and vice
versa. Length of grooves up to 60 mm, spacings be-
tween them 1-3 mm.
Remarks: Kodymirus, as reconstructed by Chlupa¢
(1995, this volume), possibly produced the parallel stri-
ae on the bottom by spines of prosomal appendages
when swept by currents, or possibly during more or
less active locomotion (Fig. la, 1c). This possibilty
seems to be very suggestive in the case of long paired
series of M. biserialis: one series should be formed by
left appendages, the second series by right ones (Fig.
2). Morphology of a presumed tracemaker, Kodymirus
vagans (or possibly also Kockurus grandis), as recon-
structed by Chlupa¢ (1995) explains why the individual
grooves intersect and change their position. Kodymi-
rus probably used its prosomal appendages for active
locomotion and the three found specimens of M. bise-
rialis represent a record of individual “paces”. The
tracemaker drew up its prosomal appendages (particu-
larly the greatest last pair with the longest spines) to
the opisthosoma; this increased the desirable lifting
force and the organism moved forwards above the bot-
tom. When the spines touched the bottom surface, the
tracemaker withdrew its appendages, so ends of spines
changed their position (Fig. 2). Subsequently, further
active “pace” interrupted the record on the bottom sur-
face. Specimen No.I 229 also shows extension of the
trace in a direction of presumed locomotion caused by
withdrawing the appendages. Two remaining specimens
do not show such an extension. Hence it follows that
the locomotion of the tracemaker was mostly more
complicated. The appendages might have moved not
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Fig. 1. Trace fossils of the Paseky Shale and their presumed tracemakers. Arrows: directions of locomotion or movements of the tracemak-
ers. a- Monomrphichnus biserialis, tracemaker Kodymirus vagans (or Kockurus), x1.5. b - Monomorphichnus multilineatus, tracemaker
Kodymirus (Kockurus), x2.5. ¢ - Monomorphichnus semilineatus, tracemaker Kodymirus vagans (or Kockurus), x2.5. d - Menmorphichnus
lineatus and M. bilinearis, tracemaker Kodymirus or Kockurus, x1.5. e - 7Rusopyhycus and Diplichnites, tracemaker Kodymirus or Kocku-
rus, x1.0. f - Dimorphichnus, tracemaker Kodymirus or Kockurus, x1.0. g - ?Bergaueria, tracemaker unknown, possibly coelenterate, x1.0.
h - bromalites, tracemaker: unknown benthic vagile organism or Kodymirus (Kockurus), x1.0

only in the horizontal plane, but also up and down; in- M. biserialis is the most suggestive trace fossil from
dividual spines were also probably movable. This the Paseky Shale, confirming the position and the pur-
caused a certain variability of the trace. Nevertheless, pose of prosomal appendages of Kodymirus vagans.
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Fig. 2. Kodymirus vagans during active locomotion, forming the
trace Monomorphichnus biserialis ichnosp. nov. Reconstruction
of Kodymirus after Chlupac (1995, this volume). Enlarged 3 x

Monomorphichnus bilinearis Crimes, 1970
Pl III, figs. 3, 4

Material: Four well-preserved specimens, some other
questionable.

Description: Paired parallel grooves (convex hy-
poreliefs), mostly very thin, forming series of various
dimensions: length of grooves up to 30 mm, spacings
between them 2-4 mm. Each series consists of 2-6 pairs
of grooves. Lateral repeating of series was not observed.
Remarks: Trace fossils of the same morphology and
dimensions were described and figured as M. biline-
aris by Crimes (1970) and by Fillion and Pickerill
(1990) from the Early Palaeozioc marine environments.
For further remarks see M. lineatus.

Monomorphichnus lineatus Crimes, Legg, Marcos, and
Arboleya, 1977

Pl. 1, figs. 2, 4; PL. 11, figs. 2, 4, 6; P1. VI, fig. 6

Material: Seven well-developed specimens, some
other questionable.

Description: Series of simple parallel thin grooves
(convex hyporeliefs), straight to very slightly sinuous.
Grooves of each series are roughly of the same wide
and high, and mostly also of a roughly equal length.
Series are repeating laterally only exceptionally (spec-
imen No. I 228; P1. II, fig. 2). Length of grooves up to
50 mm, spacings between them usually 3-8 mm.
Remarks: Traces of equal morphology were described
by numerous authors, mostly from the Early Palacozo-
ic marine environments (e.g., Crimes et al. 1977,
Mathur et al. 1988, Orlowski 1992, Fillion and Pick-
erill 1990).

Traces of the ichnogenus Monomorphichnus con-
sisting of thin shallow striae (or grooves in hyporeliefs)
- M. lineatus and M. bilinearis - were believed to be
trilobite fodinichnia (Crimes 1970). Later Osgood
(1970, 1975) interpreted them to be made by trilobites
swept by curretns. Fillion and Pickerill (1990) accept-
ed the Osgood’s hypothesis but presumed that some
specimens may represent grazing traces. In the Paseky
Shale the trilobite fauna is not present and Kodymirus
resp. Kockurus can be suggested as tracemakers. As
stated above, Kodymirus may have produced the pa-
rallel striae on the bottom by spines of prosomal
appendages when swept by currents, or possibly dur-
ing more or less active locomotion (Fig. 1b).

Monomorphichnus multilineatus Alpert, 1976
Pl 11, figs. 7, 8

Material: Two specimens.

Description: Series of parallel grooves, preserved
as convex hyporeliefs. Specimen No. I234 (P1. II,
fig. 8) occurs in a bedding plane with no other traces.
It consists of four grooves. One of inner grooves is much
longer (18 mm) wider and higher than others (they are
10-13 mm long). Specimen No. I233 (PL. II, fig. 7) is
composed of five grooves with variable spacings, show-
ing an indication of paired arrangement; central grooves
are longer and more conspicuous than lateral ones.
Remarks: Alpert (1976) and Fillion and Pickerill
(1900) diagnosed M. multilineatus as the trace com-
posed of parallel dig marks, the central marks being
deeper than the outer marks. M. multilineatus was de-
scribed so far only from the marine Cambrian to Early
Ordovician sediments (Fillion and Pickerill 1990). It
originated presumably by powerful digging strokes of
trilobite appendages (probably exites) - see Bergstrom
(1976).

In the Paseky Shale, this trace represents some-
what deeper digging compared to M. semilineatus, M.
lineatus and M. bilinearis, e.g. to the traces formed very
probably by Kodymirus and possibly also Kockurus (see
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above). It is a very rare trace; therefore, it is difficult to
decide whether it was produced by unusual activity of
Kodymirsusor Kockurus (stronger digging by prosomal
appendages) or whether it resulted from the activity of
a so far unknown tracemaker.

Rusophycus Hall, 1852
?Rusophycus ichnosp. A

Pl II, fig. 1

Material: Sole find.

Description: Straight to very slightly sigmoidal
grooves arranged in a very shallow depression of horse-
shoe shape. Grooves orientated at an angle of 20-40°to
the axis of the trace. Width and length of the trace are
25 mm. Individual grooves 5-10 mm long, spacings 1-
3 mm.
Remarks: Overall morphology of the trace is close
to Rusophycus, typically a trilobite cubichonion (for de-
scriptions and discussions see, e.g., Osgood 1970,
Osgood and Drennen 1975) but known also from non-
marine settings (Bromley and Asgaard 1979). In the
Paseky Shale, interpretation of 7R. ichnosp. as a resting
trace of Kodymirus vagans seems to be possible;
Kodymirus was possibly able to make shallow depres-
sions with prosomal legs (Fig. lc, Fig. 3). Because the
find is sole, the animal activity leading to the origin of
the described trace was exceptional and should be rather
random.

A rusophyciform trace made by Cambrian aglas-
pidid arthropods, Raaschichnus gundersoni, was

Fig. 3. Kodymirus vagans forming the cubichnion ?Rusophycus
ichnosp. A by “swinging” movements of prosomal appendages. The

trace drawn after specimen No. [ 227, the tracemaker adapted after f

Chlupac (1995, this volume). Arrangement of striae of the trace
correspond to disposition of the longest sipnes when the append-
ages are drawn on the opisthosoma. Enlarged 1.5 x

described by Hesselbo (1988). It clearly differs from
the traces described herein as ?Rusophycus from the
Paseky Shale, e.g., by the presence of marks of tail
spine. In the material from the Paseky Shale, no mark
interpretable as a trace of telson of Kodymirus vagans
(or Kockurus) was found either among presumed graz-
ing traces, or among suspected fodinichnia and
cubichnia. This can be, however, hardly considered as
evidence that Kodymirus is not the maker of these tra-
ces; more probably, the telson of Kodymirus was directed
upwards and did not leave any marks on the bottom.

?Rusophycus ichnosp. B
PLV, fig. 3

Material: Sole find.

Description: Shallow, smooth bilobate pit, preserved
as concave epirelief and its counterpart - convex hy-
porelief. Dimension in direction of axis is 21 mm, in
perpendicular direction 22 mm.

Remarks: Overall morphology of the trace resem-
bles the ichnogenus Rusophycus (see the preceding
ichnotaxon). Sole occurrence and lack of morphologi-
cal features does not enable to determine the
tracemaker; because of the smooth surface, its origin
as cubichnion of Kodymirus or Kockurus seems to be
less probable (Fig. 1c).

Conclusions

In the ichnoassemblage of the Paseky Shale, numerous
minute exichnia were ascertained, produced very prob-
ably by endemic arthropods Kodymirus vagans and
Kockurus grandis. Morphologically variable ichnofos-
sil Monomorphichnus semilineatus ichnosp. nov. is
interpreted as the trace of feeding with prosomal ap-
pendages of the tracemaker. Monomorphichnus
biserialis ichnosp. nov. is a trace of active locomotion
of Kodymirus (Kockurus) close above the bottom. Tra-
ces comparable with existing ichnotaxa (e.g., produced
by trilobites) are rare (Monomorphichnus lineatus
Crimes et al. 1977, M. bilinearis Crimes, 1970, 7M.
multilineatus Alpert, 1976, ?Rusophycus div. ichnosp.).
The most probable maker of these traces is also Kodymi-
rus (Kockurus), producing them by various modes of
locomotion and by a resting on the bottom.

Besides these exichnia, problematical traces ?Ber-
gaueriaichnosp. and ?bromalites ichnogen. were found.
Their tracemakers are probably not Kodymirus and
Kockurus; they can be attributed to organisms which
were not able to fossilize at the given setting. ?Bergau-
eria may represent dwelling burrows, most probably
of sessile coelenterates, while suspected bromalites
seems to be faecal material of vagile benthic “worms”.

Trace fossils typically occurring in the marine
Cambrian sediments (e.g. Planolites, various tubes with
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meniscate filling, Teichichnus, Phycodes - see Crimes
1987 and many others) are completely missing in the
Paseky Shale. Therefore, the described trace fossil as-
semblage is quite different compared to all other so far
known Cambrian ichnoassemblages. Sedimentological,
palynological and palacogeographical data from the
Paseky Shale and endemic character of the fauna (Ku-
kal 1995, Fatka - Konzalova 1995, Chlupac et al. 1995,
Chlupa¢ 1995, all in this volume) lead to the conclu-
sion of non-marine or restricted marine (brackish,

References

Alpert, S. P. (1976): Trilobite and star-like trace fossils from the
White-Inyo Mountains, California. - J. Paleont., 50,226-239.
Tulsa.

Bergstrém, J. (1976): Lower Palaeozoic trace fossils from eastern
Newfoundland. - Canad. Jour. Earth Sci., 13, 1613-1633.
Ottawa.

Bergstrém, J. - Ineson, J.R. (1988): The arthropod trail Multipod-
ichnus from the upper Middle Cambrian (Holm Dal
Formation) of central North Greenland. - Meddr. Grgnl. Ge-
osci., 20, 113-117. Kobenhavn.

Briggs, D. E. G. - Rolfe, W. D. I - Brannan, J. (1979): A giant
myriapod trail from the Namurian of Arran, Scotland. - Pa-
lacontology, 22, 273-291. London.

Briggs, D. E. G. - Rushton, A. W. A. (1980): An arthropod trace
fossil from the Upper Cambrian Festiniog Beds of North
Wales and its bearing on trilobite locomotion. - Geologica
Palacont., 14, 1-8. Marburg.

Bromley, R. G. - Asgaard, U. (1979): Triassic freshwater ichno-
coenoses from Carlsberg Fjord, east Greenland. - Palacogeogr.
Palacoclimatol. Palaeoecol., 28, 39-80. Amsterdam.

Chlupdé, I. (1995): Lower Cambrian arthropods from the Paseky
Shale (Barrandian area, Czech Republic). - J. Czech Geol.
Soc., 40, 4, 9-36. Praha.

Chlupdé, 1. - Kraft, J. - Kraft, F. (1995): Geology of fossil sites
with the oldest Bohemian fauna (Lower Cambrian, Barran-
dian area). - J. Czech Geol. Soc., 40, 4, 1-8. Praha.

Crimes, T. P (1970): Trilobite tracks and other trace fossils from
the Upper Cambrian of North Wales. - Geol. 1., 7, 47-68.
Liverpool.

- (1987): Trace fossils and correlation of late Precambrian and
carly Cambrian strata. - Geol. Mag., 124, 2, 97-119. London.

Crimes, T. P - Legg, I. - Marcos, A. - Arboleya, M. (1977): "Late
Precambrian - low Lower Cambrian trace fossils from Spain.
In: T. P. Crimes - J. C. Harper (ed.): Trace fossils 2. - Geol.
1., spec. issue 9, 91-138. Liverpool.

Donovan, S. K. (1994): Insects and other arthropods as trace-mak-
ers in nonmarine environments and palacoenvironments. In:
S. K. Donovan (ed.): The palacobiology of trace fossils, 200-
220. - J. Wiley & Sons. Chichester.

Ekdale, A. A. - Bromley, R. G. - Pemberton, S. G. (1984): Ichnolo-
gy - trace fossils in sedimentology and stratigraphy. - Soc.
Econ. Palacontologists Mineralogists, Short Course, 15.

Fatka, O. - Konzalovd, M. (1995): Microfossils of the Paseky Shales
(Lower Cambrian, Czech Republic). - J. Czech Geol. Soc.,
40. 4. 55-66. Praha.

Fillion, D. - Pickerill, R. K. (1990): Ichnology of the Upper Cam-
brian? to Lower Ordovician Bell Island and Wabana groups
of eastern Newfoundland, Canada. - Palacontographica ca-
nad., 7, 1-119.

Héntzschel, W, (1975): Trace fossils and problematica. In: C.

lagoonal) environment and the described ichnoasse-
blage is in a good agreement with this result. It is the
oldest known ichnoassemblage from these settings
[Donovan (1994) stated that the oldest similar ich-
noasseblage is of the Ordovician age; similarly Johnson
et al. (1994) considered the traces from the subaerial
Borrowdale Volcanic Group, Lake Distrct of England,
to be the earliest]. If the presumed bromalites really
contain the faecal material, they are also the oldest
known (cf. Hunt et al. 1994).

Presented March 1, 1995 Translated by the author

Teichert (ed.): Treatise on invertebrate Paleontology, Part W
(Miscellanea), suppl. 1. - Univ. Kansas & Geol. Soc. amer.
Press. Lawrence, Kansas.

Hesselbo, S. P (1988): Trace fossils of Cambrian aglaspidid ar-
thropods. - Lethaia, 21, 139-146. Oslo.

Hunt, A. P (1992): Late Pennsylvanian coprolites from the Kinney
Brick Quarry, central New Mexico with notes on the classi-
fication and utility of coprolites. - New Mexico Bureau Mines
Miner. Res. Bull., 138, 221-229.

Hunt, A. P. - Chin, K. - Lockley, M. G. (1994): The palaeobiology
of vertebrate coprolites. In: §. K. Donovan (ed.): The palae-
obiology of trace fossils, 221-241. - J. Wiley & Sons.
Chichester.

Johnson, E. W. - Briggs, D. E. G. - Suthren, R. J. - Wright, J. L. -
Tunnicliff, S. P. (1994): Non-marine arthropod traces from
the subaerial Ordovician Borrowdale Volcanic Group, Eng-
lish Lake District. - Geol. Mag., 131, 3, 395-406. London.

Kukal, Z. (1995): The Lower Cambrian Paseky Shale: Sedimento-
logy. - J. Czech Geol. Soc., 40, 4, 67-78. Praha.

Mathur, V. K. - Joshi, A. - Kumar, G. (1988): Trace fossils from
Cambrian Tal Formation, Himachal Lesser Himalaya, India,
and their stratigraphic significance. - Jour. Geol. Soc. India,
31, 5, 467-475. Bangalore.

Mikulds, R. (1994): Zprava o vyzkumu ichnofosilii ve stfedoceském
kambriu. - Zpr. geol. Vyzk. v R. 1992, 68-69. Praha.

- (1993): Trace fossils and ichnofacies of the Ordovician of
the Prague Basin (central Bohemia, Czech Republic). - Bol.
R. Soc. esp. Hist. natur., Geol., 88, 1-4, 99-112. Madrid.

Orlowski, S. (1992): Trilobite trace fossils and their stratigraphical
significance in the Cambrian sequence of the Holy Cross
Mountains, Poland. - Geol. 1., 27, 15-34. Liverpool.

Osgood, R. G. (1970): Trace fossils of the Cincinnati area. - Palae-
ontographica amer., 6, 41, 281-444. New York.

- (1975): The paleontological significance of trace fossils. In:
R. W, Frey (ed.): The study of trace fossils, 87-108. Springer-
Verlag. New York.

Osgood, R. G. - Drennen, W. T. IIl (1975): Trilobite trace fossils
from the Clinton Group (Silurian) of east-central New York
State. - Bull. amer. Paleont., 67, 299-348. Ithaca.

Pemberton, S. G. - Frey, R. W, - Bromley, R. G. (1988): The ichno-
taxonomy of Conostichus and other plug-shaped ichnofossils.
- Canad. J. Earth Sci., 17, 9, 1259-1278. Ottawa.

Pickerill, R. K. (1994): Nomenclature and taxonomy of inverte-
brate trace fossils. In: S. K. Donovan (ed.): The palacobiology
of trace fossils, 3-42. - J. Wiley & Sons. Chichester.

Pickerill, R. K. - Peel, J. S. (1990): Trace fossils from the Lower
Cambrian Bastion Formation of North-East Greenland. -
Rapp. Gronl. Geol. Unders., 147, 5-43. Kobenhavn.

Prantl, F. (1945): Dvé zdhadné zkamenéliny (stopy) z vrstev
chrustenickych-dd2. - Rozpr. IL Ti. Ces. Akad., 55, 3-8. Praha.

Turek, V. (1989): Fish and amphibian trace fossils from Westphal-
ian sediments of Bohemia. - Palacontology, 32, 3, 623-643.
London.



Journal of the Czech Geological Society, 40/4 (1995) 45

Ichnofosilie paseckych bridlic (spodni kambrium, Ceska republika)

V ichnospolecenstvu paseckych bfidlic byla zjiiténa cetnd exichnia (povrchové stopy), jejichz pfedpoklidanym pivodcem je Kodymirus
vagans (nebo pribuzny Kockurus grandis) pfi ziskavani potravy z povrchu dna pomoci pohyblivych hlavovych okonéetin. Tato morfologic-
ky variabilni ichnofosilie je popsina jako Menomorphichnus semilineatusichnosp. nov. Monomorphichnus biserialisichnosp. nov. pfedstavuje
stopu po plavani pivodce (Kodymirus, pip. Kockurus) tésné nade dnem pomoci hlavovych konéetin. Vzdcné jsou ichnofosilie paralelizo-
vatelné s existujicimi ichnotaxony, jejichz pfedpoklddanymi piivodei jsou obvykle trilobiti. I v téchto pfipadech je nejpravdépodobnéjsim
puvodcem Kodymirus pi riznych Zivotnich &innostech (variabilni lezeni a plavani u dna, odpotinek). Jednd se o ichnotaxony Monomor-
phichnus lineatus Crimes et al. 1977, M. bilinearis Crimes, 1970, 7M. multilineatus Alpert, 1976, ?Rusophycus div. ichnosp. Dile byly ve
spolecenstvu nalezeny problematické ichnofosilie ? Bergaueria ichnosp. a bromalites ichnogen. indet. Piivodci jsou pravdépodobné jini
nez Kodymirus tesp. Kockurus a je moZno je pficist organismiim neschopnym v daném prostedi fosilizace: Bergaueria muZe predstavovat
obydli, nejpravdépodobnéji lackovei (a tedy prisedly bentos), bromality se jevi nejpravdépodobnéji jako fekdlni materidl pohyblivého
bentosu. '

Zcela naopak chybéji typicka endichnia, znama v moiském prostiedi uz od svrehniho proterozoika - Planolites, rizné trubice s me-
niskdtni vyplni, spreiten-struktury (prvni z nich je Teichichnus) a jiné pozerky (béiny ve stejné starych hornindch je napf. Phycodes) - viz
souhrnna prace Crimese (1987) a fada dalsich.

Popsané ichnospoleéenstvo se tedy vyrazné vymykd dosud popsanym ichnospoleéenstviim spodniho kambria, u kterych je pfedpo-
kladan pivod v normalnim moiském prostiedi. Nepfitomnost fady jinak béznych ichnotaxonii a naopak neobvykly charakter nalezenych
stop dovoluji predpoklad brakického &i limnického prostiedi. V takovém pfipadé se jednd o nejstardi dosud znimé nemofské ichnospole-
Zenstvo na svété (viz Donovan 1994; ten uvadi nejstar$i podobné ichnospoleéenstvo az z ordoviku). Jestlize predpoklidané bromality
obsahuji skuteéné fekélni materidl, jedna se i o nejstarsi bromality na svété (srov. s idaji Hunta et al. 1994).

Explanation of plates

All the figured specimen come from the locality Kocka. I before the inventory number: collection of ichnofossils in the Hordk's Museum,
Rokycany. Photos by R. Mikulas

Plate 1

1, 3, 6: Monomorphichnus semilineatus ichnosp. nov.; 1 221, 1223, 1226. 2, 4: Monomorphichnus lineatus Crimes et al., 1977;1222,1224.
5: Monomorphichnus biserialis ichnosp. nov.; 1225. All x1.5

Plate II

1. ?Rusophycus ichnosp. A; 1227; x1.8. 2, 4, 6: Monomorphichnus lineatus Crimes et al., 1977; 1228, x1.7; 1230, x1.0; 1232, x1.5. 3:
Monomorphichnus biserialis ichnosp. nov.; 1229; holotype; x1.5. 5: Diplichnites ichnosp.; 1231; x2.8. 7, 8: Monomorphichnus multilinea-
tus Alpert, 1976; 1233 and I234; x1.5

Plate III

1, 2, 5: Monomorphichnus semilineatus ichnosp. nov.; 1235, x1.5; 1 236, x1.5; 1239 x2.2. 3, 4: Monomorphichnus bilinearis Crimes, 1970;
1237, x1.5; 1238, x2.3

Plate IV

1-8: ?Bergaueria ichnosp.; 1240, 1241, 1242, 1243, 1244, 1245, 1 246, 1247, x1.8 (Fig. 4: x2.6). 9: ?Bergaueria ichnosp. and relict of
a bioturbate texture or bromalite; I248; x0.7

Plate V

1, 2: ?Bergaueria ichnosp.; specimens with slight radiate sculpture (probably of secondary origin); 1 - x3.1; 1249; 2 - x2.2; 1250. 3:
?Rusophycus ichnosp. B; x2.2; 1 251. 4: Monomorphichnus cf. semilineatus ichnosp. nov.; specimen resembles (7randomly) the ichnogenus
Multipodichnus Bergstrém and Ineson, 1988; x2.3; 1252. 5, 6: ?Bergaueria ichnosp. (vertical sections); 5 - 1253; x2.1. 6 - 1254; x3.0

Plate VI

1: ?Diplichnites ichnosp.; 1 255x; 1.5. 2: Dimorphichnus ichnosp.; 1256; x1.2. 3, 5: Monomorphichnus cf. semilineatus ichnosp. nov.; 3 -
1257; x3.2; 5 - 1259; x2.1. 4: Monomorphichnus biserialis ichnosp. nov; 1258; x2.1. 6: Monomorphichnus lineatus Crimes et al., 1970; 4-
6 -1260; x2.3

Plate VII

1-9: ?bromalites ichnogen. et ichnosp. indet.; 1 - 1261; x2.1, 2 - 1262; x2.3, 3-1263; x4.1, 4 - 1264; x3.0, 5, 6 - 1265 a 1266; x4.0, 7 -
1267; x3.8, 8 - 1268; x3.0

Plate VIII
1-4: bromalites ichnogen. et ichnosp. indet.; 1 - 1269; x2.5, 2 - 1270; x2.2, 3 - 1271; x1.2, 4 - 1272; x2.2
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For explanation see p. 45
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E. Mikulis: Trace lossils from the Paseky Shale (Early Cambrian, Czech Republic) (P V)
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K. Mikulas: Trace fossils from the Pascky Shale (Early Ca . Czech Repuhlic) (Pl. VD)
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