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Abstract: Ichnotaxonomy of 1,840 of flysch trace fossil specimens from the Książkiewicz collection is revised.
The specimens derive from diverse Tithonian-Miocene flysch deposits of the Polish Carpathians. Their ichno
taxonomy, based on morphology, was published by Książkiewicz in 1997. In the revision presented in this 
publication, the ichnotaxonomic subdivisions are based on type of behaviour represented by the considered trace 
fossil. As a result, several diagnoses are changed and several ichnospecies ascribed to other ichnogenera. 
Ichnogenera Hormosiroidea, Saerichnites, IParahaentzschelinia, Halopoa, Nereites, Beaconites, Cladichnus, 
Protovirgularia, Ubinia and Oscillorhaphe are used the first time in the Polish Carpathians. The ichnogenera 
Pararusophycus, Rhabdoglyphus, Fucusopsis, Traucumichnis, Sabularia, Granularia, Bostricophyton, Halyme- 
nidium, Buthotrephis, Tubuliclmium, Tuberculichnus, Helminthoida, Muensteria, Keckia, and Taphrhelminthoida 
are not recommended for further use. The new ichnogenus Belocosmorhaphe n. igen. and the new ichnospecies 
name Cosmorhaphe carpathica nom. nov. are proposed. Ichnotaxa Trichichnus linearis Frey, Imponoglyphus 
torquendus Vialov, Palaeophycus tubularis Hall, Chondrites Irecurvus (Brongniart) and Arenituba isp. are 
distinguished for the first time in the Carpathian flysch on the base of Książkiewicz material.

Abstrakt: 1840 okazów fliszowych skamieniałości śladowych z kolekcji Książkiewicza poddano ichnotaksono- 
micznej rewizji. Okazy te pochodzą z różnych tytońsko-mioceńskich utworów fliszowych Karpat polskich. Ich 
ichnotaksonomia, oparta na morfologii, była przedstawiona przez Książkiewicza w 1977 roku. W rewizji przedsta
wionej w niniejszej publikacji, wydzielenia ichnotaksonomiczne oparto na typie behawioru reprezentowanego 
przez daną skamieniałość śladową. W rezultacie, zmieniono szereg diagnoz. Wiele ichnogatunków zaliczono do 
innych niż dotąd ichnorodzajów. Ichnorodzaje Hormosiroidea, Saerichnites, IParahaentzschelinia, Halopoa, 
Nereites, Beaconites, Cladichnus, Protovirgularia, Ubinia i Oscillorhaphe użyto po raz pierwszy w Karpatch 
polskich. Ichnorodzaje Pararusophycus, Rhabdoglyphus, Fucusopsis, Traucumichnis, Sabularia, Granularia, 
Bostricophyton, Halymenidium, Buthotrephis, Tubulichnium, Tuberculichnus, Helminthoida, Muensteria, Keckia 
i Taphrhelminthoida nie są rekomendowane do dalszego używania. Zaproponowano nowy ichnorodzaj Belo
cosmorhaphe n. igen. i nową nazwę ichnogatunkową Cosmorhaphe carpathica nom. nov. Ichnotaksony Trichi
chnus linearis Frey, Imponoglyphus torquendus Vialov, Palaeophycus tubularis Hall, Chondrites 1 recurvus 
(Brongniart), Arenituba isp. są wyróżnione po raz pierwszy we fliszu karpackim, w oparciu o materiał z kolekcji 
Książkiewicza.
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AIM, MATERIAL, AND METHODS

Imprecisely defined ichnotaxa are still the weak point o f 
ichnology. This problem still negatively influences various 
applications o f trace fossils and is a hinderence in their 
study. The problem may be am eliorated by ichnotaxonomic 
revisions using the application o f  clearly defined principles. 
Such revision o f the Ksiazkiewicz collection is the main aim 
o f this paper.

The Ksiazkiewicz collection, housed in the Institute o f 
Geological Sciences o f the Jagiellonian University, Krakow 
(acronym UJ TF), is one o f  the largest flysch trace fossil col
lections in the world. It contains 1,840 specimens including 
57 ichnogenera and 147 ichnospecies described by Ksi^z- 
kiewicz (1958, 1960, 1961, 1968, 1970, 1977) from almost 
220 localities in the Polish Carpathians, from the T ithonian- 
Miocene flysch formations. A lm ost all the specimens were 
labelled. Each full label includes number o f  specimen, name 
o f locality and lithostratigraphic unit, and ichnotaxonomic 
detennination. A number o f  the labels appeared to be not 
readable, having been dam aged because o f improper hous
ing. For this reason, a lot o f  important information from la
bels was lost. As a result o f  the inventory work connected

with the present revision, the first catalogue o f the speci
mens o f the collection was prepared, which comprises the 
information from the labels and place o f housing. The col
lection contains a few ichnotaxa, which were neither de
scribed nor labelled, for instance Trichichnus and Impono- 
glyphus, which are included in this study. About a dozen 
specimens are lost.

In order to resolve certain ichnotaxonomic problems, 
complementary material was studied. This derives from the 
author’s collection, the collections in the Naturhistorisches 
Hofmuseum in Vienna, the Sternberg collection in the N a
tional Museum in Prague, the Heer collection in the G eo
logical Institute o f the ETH, Zurich, and the Fischer-Ooster 
collection in the Natural History Museum in Bern.

Some specimens from the Ksiazkiewicz collection un
derwent additional preparation, and/or were cut and studied 
in polished slabs after treatment with the “Bushinsky oil 
technique” (Bromley, 1981).



FLYSCH TRACE FOSSILS 107

CLASSIFICATION AND PRINCIPLES 
OF ICHNOTAXONOMY

An extensive discussion o f  nom enclature/classification 
problems is beyond the scope o f  this paper (for reviews see 
Vialov, 1968b, Hantzschel, 1975; Ekdale et al., 1984a; 
Pickerill, 1994, with references therein).

The first problem is the definition o f  trace fossils. I fol
low the idea that trace fossils are the sedimentary expres
sions o f fossil behaviour (Seilacher, 1986). Thus, the most 
important questions o f ichnotaxonom y are what behaviour 
is represented by an exam ined trace fossil and how to 
clearly define it, not only the exact description o f  the ap
pearance o f  the examined trace fossil. M orphology o f trace 
fossils can be strongly dependant on taphonom ic processes. 
Especially, trace fossils preserved as semi-reliefs are incom
plete bedding-plane expressions o f  com monly much more 
com plicated three-dim ensional burrows. The numerous dif
ficulties encountered in reconstruction o f  complete trace 
fossils and in understanding o f  the bahaviour they represent 
cannot be arguments that influence principles o f  ichnotax
onomy.

The other problem is the rank o f  ichnotaxonomic divi
sions, especially the hierarchy o f  features used for diagnoses 
o f ichnogenera and ichnospecies. I tried to follow the idea o f 
Fiirsich (1974a), according to which important morphologi
cal features (so-called significant features) diagnostic o f ich
nogenera are these related to distinct behaviour are diagnos
tic o f  ichnogenera. Other features related to minor variation 
o f  tracem aker behaviour and to some preservational features 
are regarded as diagnostic o f  ichnospecies (so-called acces
sory features). Other features o f  third-order rank, reflecting 
mainly preservational aspects, may be used informally at the 
subichnospecies level as variations (Uchman, 1995). D ivi
sion o f this level is not forbidden by the 1985 International 
Code o f Zoological N om enclature (Rindsberg, 1990). Ex
amples o f  their use are given by Ekdale & Lewis (1991b) for 
Diplocraterion. The main principle in the presented ichno
taxonom y is the application o f  ichnogeneric names only for 
trace fossils representing distinctly different fossil behav
iour. Only ichnogenera diagnosed in this way may be used 
for further palaeoecological interpretations and compared 
with other ichnocomm unities. Application o f  accessory or 
lower-rank features at the ichnogeneric level would give a 
false picture o f  behavioural diversity.

In order to recognize the fossil behaviour represented 
by some trace fossils, their careful ethological interpretation 
is necessary. Such interpretation was applied for instance to 
passively filled Palaeophycus versus actively filled Plano- 
lites (Pemberton & Frey, 1982). Purely morphological clas
sification, w ithout references to any ethological model and 
without taphonomic interpretation, seems to be one o f the 
dead-ends o f ichnotaxonom y.

Another problem o f ichnotaxonom y is classification o f 
trace fossils above the ichnogeneric rank (cf. Bromley, 
1996). Ksi^zkiewicz (1977) introduced classification o f  
flysch trace fossils based solely on m orphological criteria. 
He distinguished ten m orphological groups, namely: (1) cir
cular and elliptical, (2) sim ple, (3) branched, (4) rosetted, 
(5) spreite, (6) winding, (7) spiral, (8), meandering, (9)

branched winding and meandering, and (10) nets. This clas
sification is very simple and easy to apply. It is based more 
on non-interpretative criteria than other classification 
schemes. However, it has also several disadvantages. For in
stance, each group em braces very different ichnotaxa. None 
o f  the groups directly addresses vertical trace fossils. Most 
o f  trace fossils classified as simple structures have branches 
(e.g., Arthrophycus, Halymenidium=Spongeliomorphd). For 
this reason the sim ple and branched structures are united in 
one group in this paper. In the Ksiqzkiewicz, classification 
genetically close ichnotaxa, such as Scolicia and Taphr- 
helminthoida (=Scolicia in this paper), belong to different 
groups. Thus, a classification based on rigid criteria is not 
satisfactory.

SYSTEMATIC PART

In order to shorten the system atic part, a num ber o f  ich
notaxa descriptions provided by Ksiazkiewicz (1977) that 
have not been changed or have been supplem ented only by 
new diagnoses, are omitted.

CIRCULAR AND ELLIPTICAL STRUCTURES

Mammillichnis Cham berlain 1971 a

Emended diagnosis: Hypichnial m ound with a convex or 
concave apex and a teat-like tubercule at the centre o f  the 
apex.

Mammillichnis aggeris Cham berlain 1971a 
Figs. 1-2

* 1971a Mammillichnis aggeris n. ichnog. and sp..- Chamberlain, 
238, pi. 30, figs. 6-7.

1977 Mammillichnis aggeris Chamberlain -  Chamberlain, 14, 
figs. 2b’, 7G.

1977 Mammillichnis aggeris Chamberlain -  Stanley el al., 267, 
fig. 18.

v 1977 Mammillichnis aggeris Chamberlain -  Ksiazkiewicz, 53, 
text-fig. 5a-b, pi. 1, figs. 1-2.

1979 Mammillichnis aggeris Chamberlain -  Chamberlain, 17, 
fig. 3.

1981 Mammillichnis aggeris Chamberlain -  Crimes el al., 975, 
pi. 4, figs. 9-10 [specimen from fig. 10 also in Pemberton 
el al., 1988. fig. 11С].

1985 Mammillichnis Chamberlain -  Eager el al., 140, pi. ID.
?non 1986 Mammillichnis ichnosp. -  Paczesna, 32, pi. 5, fig. 2.

1993 Mammillichnis aggeris Chamberlain -  Alexandrescu el 
al.; 10, figs. 2-5.

?non 1996 Mammillichnis ichnosp. -  Paczesna, 57, pi. 7, figs. 1-2.
? 1997 1 Mammillichnis ichnosp. Zagora, 355, fig. 5.3

Diagnosis: As for ichnogenus by its monotypy.
Material: 9 specimens (UJ TF 117-118, 122, 1464, 1470, 1762- 
1764, 2501).
Description: Small, circular or elliptical hypichnial mounds with 
apical depression and tubercule at the centre of the depression. 
Only one specimen does not display the apical depression and the 
tubercule is located at the convex top of the mound. The mounds 
are 8-10 mm in diameter and 3-4 mm in height.

Remarks: The specimens with the apical depressions re
semble Laevicyclus Quenstedt. Some o f  them (UJ TF 118, 
1470) had been labelled by K siazkiew icz as Laevicyclus
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Fig. 1. Mammillichnis aggeris Chamberlain, soles of turbiditic 
sandstone beds. A. UJ TF 1649, Krosno beds (Oligocene), Stonne 
Gory range near Zahiz. B. UJ TF 2501, Krosno beds (Oligocene), 
Wujskie. Scales in mm

philippi (W urm), but then the labels were changed to M. ag
geris. The trace fossils described by W urm (1911) are dis
tinctly larger and display a double ring.

Origin o f  M. aggeris is not clear. According to Cham 
berlain (1971a), this is a resting or hiding trace, a fossil egg 
case (a body fossil), or the upper term ination o f  a burrow. 
Later, Chamberlain (1977) suggested that M. aggeris is a 
resting or dwelling trace produced by a ?"worm" and that it 
is probably a preservational variant o f  Alcyonidiopsis phar- 
maceus Richter & Richter. However, it is difficult to find re
lationships between these tw o ichnotaxa. Only the granular 
surface in some specimens o f  M. aggeris (especially in the 
Cham berlain’s material) m ay be related to the pelletal struc
ture o f  Alcyonidiopsis. However, the morphology o f  the 
apex in M. aggeris has no relationship to homogenously fae
cal-stuffed trace fossil o f  Alcyonidiopsis. Ksi^zkiewicz 
(1977) suggested that M ammillichnis is an actinian burrow

ORIGIN OF MAMMILICHNIS

I
M

I
 

1 
! 

I 
i 

M
i

l
 

M
M

r II
 

II
 

M
i

l
l

 
II

 
11

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 1 
1 

1
1 

1 
1 

1 
1 

1 
[ 

1 
1 

1 
1 

1 
i 

1 
1

M
M

 
M

M
 

I
M

I
 

1 
M 

i

i
f

1
1

1
1

 
I

M
I

 
1

1
1

1

1
11

 
111

 
1

11
 

1
11

 
1

11
 

111
 

1
11 1 

1 
1

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1

1 
1 

1

DEPRESSION IN THE SEA-FLOOR IN CROSS-SECTION

RESULTED TRACE FOSSILS AFTER CASTING IN CROSS-SECTION

Fig. 2. General model (top) and morphological variations (be
low) of Mammillichnis. The morphological variants depend on the 
shape of the depression in the sea floor

because o f  supposed radial sym m etry in Cham berlain’s 
(1971a) fig. 7J, which is, however, a drawing o f  the trace 
fossil model. Similarly, Crimes et al. (1981) referred to sup
posed radial symm etry o f M. aggeris in their pi. 4, fig. 9. 
However, neither the Ksi^zkiewicz material nor the speci
men in the photograph o f  Crimes et al. (1981) display the 
radial patterns. The photographs and descriptions published 
by Chamberlain (1971a) and part o f  the photographs of 
Crimes et al. (1981) show a granular surface o f the trace fos
sils, and therefore their slightly lobate outline, which cannot 
be treated as the radial pattern. The Ksi^zkiewicz specimens 
are mostly smooth and display convex or concave apex. 
Some o f  them, sim ilarly to the m aterial o f  Crimes et al.
(1981), are slightly fluted. This reveals the pre-depositional 
origin o f  the trace fossil flange. However, it cannot be ex
cluded that the apical knob is a term ination o f  a vertical bur
row that may be also active after deposition o f  turbidite. 
Nevertheless, there is no vertical burrow  structure in the pol
ished slab o f  one cross-sectioned Ksi^zkiewicz specimen 
(UJ TF 1762).

In two cases (UJ TF 1763, 2501), the trace fossils dis
play a bulb-like morphology in cross-section, i.e. their di
ameter is smaller at the base than at the half-way point o f 
their height.

M ost probably, M. aggeris represents the upper part o f 
a thin vertical or subvertical cylindrical burrow, which dis
plays a hem ispherical funnel-like upper term ination (Fig. 2).
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It is not excluded that the funnel was filled with pellets. Ver
tical trace fossils with the funnel-like termination are de
scribed as Monocraterion Torell. However, Monocraterion 
displays a triangular cross section o f  the funnel and is 
closely related to Skolithos H aldem an, or regarded even as a 
preservational variant o f  the latter (Goodwin & Anderson,
1974). Its funnel is produced by sliding o f  grains in less co
hesive sediment. In contrast, the funnel o f  M. aggeris was 
most probably produced actively by the tracem aker in cohe
sive mud and possibly it w orked as a trap. Thus, the funnel 
is a record o f  a unique behaviour and is a basis for separa
tion o f M. aggeris from other ichnotaxa. However, it is not 
excluded that Mammillichnis and Laevicyclus Quenstedt are 
related. Nevertheless, there is so far no satisfactory explana
tion o f Laevicyclus and therefore such com parison cannot be 
drawn. Probably, the flatter specim ens with deeper apical 
depressions, which resemble Laevicyclus, are only preserva
tional variants o f  the same ichnotaxon. These specimens can 
occur if  the termination o f  the thin burrow in the funnel was 
rimmed by a small mound (Fig. 2).

Palaeoenvironment: D eep-sea flysch deposits, except 
one occurrence in the Carboniferous deltaic deposits (Eager 
et al., 1985) and on eocurrence (?) in teh Cambrian shallow- 
water deposits (Paczesna, 1986, 1996).

Stratigraphic range: (?)Cam brian (Paczesna, 1986, 
1996), Ordovician (Cham berlain, 1977), Oligocene (Ksi^z- 
kiewicz, 1977; A lexandrescu et al., 1993).

Bergaueria Prantl 1945

Diagnosis: Cylindrical or hem ispherical, vertical structures hav
ing sm ooth, unom am ented w alls, c ircular to elliptical in cross-sec
tion; fill essentially structureless; rounded base, w ith or w ithout 
shallow, central depression and radial ridges (after Pem berton et 
al., 1988).

Remarks: Bergaueria is probably a cubichnial or domich- 
nial trace fossil produced by suspension-feeders (Ftirsich,
1975). These were probably coelenterates, chiefly sea 
anemones (e.g. Prantl, 1945, A lpert, 1973; Pemberton et al.,
1988) similar to living Cericmthus or Edwardsia (Pemberton 
et a l, 1988). The present-day sea anemones are very widely 
distributed from estuaries to abyssal plains (e.g. Carney,
1981). However, in the case o f  non-radiated IB. prantli 
Ksi^zkiewicz (1977) and B. hemispherica Crimes et al. 
(1977) that additionally has no apical depression, the com
parison with sea-anemone burrows should be treated with 
caution.

Bergaueria occurs in diverse facies from shallow-water 
deposits (Narbonne, 1984; Crim es & Anderson, 1985) to 
flysch deposits (Prantl, 1945; Ksi^zkiewicz, 1977; Crimes 
& Crossley, 1991) from the late Precambrian (e.g. Crimes,
1987) to (?) the Eocene (Ksi^zkiewicz, 1977) and M iocene 
(Uchman, 1995).

?Bergaueria prantli Ksi^zkiewicz 1977 
Fig. 3

partim 1977 Bergaueria prantli n. ichnosp. -  Ksi^zkiewicz, 53, pi. 1, 
figs. 3-5, text-fig. 5c-e.

? 1996 Bergaueria prantli Ksi^zkievvicz -  Paczesna, 56, pi. 1, 
figs. 8-9.

Fig. 3. ?Bergaueria prantli Ksi^zkiewicz, sole o f  turbiditic 
sandstone bed. UJ TF 907, R opianka beds (Senonian-Paleocene), 
K^clowa. Scale bar = 1 cm

Emended diagnosis: Bergauerians that display an irregular 
shape and apical, more or less distinct, irregular depression. 
Material: 3 specimens (UJ TF 115 (holotype), 967, 1178).

Remarks: In confrontation with the revised Bergaueria 
(Pemberton et al., 1988), the original Ksi^zkiewicz (1977) 
diagnosis o f  IB. prantli is too broad and does not suffi
ciently express differences between this taxon and B. perata 
Prantl. Pemberton et al. (1988) reservedly included IB. 
prantli in B. perata. This suggestion cannot be accepted. B. 
perata is more regular, with steeper sides, more or less cir
cular apical depression, and faint radial ridges at the apex. 
The differences have been noticed by Ksi^zkiewicz (1977, 
p. 53). In contrast, IB. prantli is characterized by an irregu
lar outline and irregular apical depression. Therefore, it 
should be treated as a separate ichnospecies. However, it is 
not clear if  this trace fossil is a real Bergaueria, w hich is 
typified by B. perata Prantl. It cannot be excluded that some 
specimens are casts o f  the upper term inations o f  some verti
cal or subvertical partially filled burrows. Therefore, the 
question-mark is placed in front o f  the ichnogeneric name.

Some specimens labelled by Ksi^zkiewicz as B. prantli 
are undeterminable trace fossils (UJ TF 1471).

SIMPLE STRUCTURES

Arthrophycus Hall 1852

Ichnospecies included in Arthrophycus Hall:
1831 Fucoides alleghaniensis -  Harlan, 393-398.
1838 Fucoides Harlani -  Conrad, 113.
1843 Fucoides Harlani -  Hall, 46, figs. 1 -2.
1852 Arthrophycus harlani -  Hall, 5, pi. 1 ,p i.2 , figs. la-c.
1852 Harlania Hallii Gopp. -Goppert, 98, pi. 41, fig. 4.
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1856 Harlania Hallii Goepp. -  Bronn & Roemer, pi. 4, fig. 1.
1869 Harlania Goepp. — Schimper, 195.
1874 Harlania Hallii Goepp, -  Schimper, pi. 2, fig. 6.
1881 Harlania Hallii Goepp. -  Saporta, fig. 1.2.
1882 Arthrophycus Harlani Hall -  Saporta, 49, pi. 7, fig. 2.
1883 Arthrophycus Harlani Hall -  Saporta & Marion, fig. 21.
1886 Arthrophycus cfr. Harlani Hall -  Delgado, 75, pis. 23, 

25-26.
1887 Arthrophycus cfr. Harlani Hall -  Delgado, 66, pis. 9-10.
1890 Arthrophycus Harlani Hall -  Schimper & Schenk, fig. 41. 
1895 Arthrophycus Harlani Gopp. -  Fuchs, pi. 9, fig. 2.
1901 Arthrophycus harlani Conrad -  Grabau, 132, pi. 16.
1908 Arthrophicus Harlani Hall -  Hernandez Pacheco, 84 (lap

sus calami).
1918 Problematicum -  Zuber, fig. 123.
1940 Harlania harlani (Conrad) -  Desio, 68, fig. 7, pi. 6, figs.

1-2, pi. 7, pi. 13, fig. 6. 
non 1942 Harlania Goeppert-Picard, 14, pi. 2, figs. 6-8.

1948 Arthrophycus alleghaniensis (Harlan) -  Shinier & Shrock, 
719, pi. 303, figs. 26-27.

' ? 1949 Fraena (?) -  Gómez de Llarena, fig. 1.
1952 Arthrophycus -  Becker & Donn, 214, figs. 1-2.
1955 Harlania harlani Conrad -  Lessertiseur, pi. 74, fig. 11.

? 1960 Arthrophycus — Henbest, fig. 177.IF.
1961 Arthrophycus alleghaniensis (Harlan) -  Wolfart, 81, pi. 7, 

fig. 2.
1963 Harlania alleghaniensis (Harlan) - Bender.pl. 13, fig. 3.
1969 Arthrophycus — Seilacher, 120, pi. I.

non 1970 Arthrophycus-Wke burrows -  Frey, 23, fig. 4E. 
non 1970 Arthrophycus (?) sp. -  Frey & Howard, 159, fig. 3e.

1970 Arthrophycus sp. -  Książkiewicz, 285, fig. la.
1970 Harlania -  Selley, pi. 2, fig. b.

non 1971 Arthrophycus — Maberry, 11, fig. 8. 
non 1972 Arthrophycus-Wke burrows -  Frey, fig. 9A.

1972 ?Arthrophycus -  Frey & Chows, 37, fig. 5C. 
non 1975 Arthrophycus sp. - Chiplonkar & Ghare, 72, fig. IB.

1977 Arthrophycus alleghaniensis (Harlan) -  Baldwin, 26, pi. 
2a.

? 1977 1 Arthrophycus Hall -  Kern, 30.
1977 Arthrophycus strictus n. ichnosp. - Książkiewicz, 57, pi.

1, figs. 11-12.
non 1977 Arthrophycus annulatus n. ichnosp. -  Książkiewicz, 56, 

pi. 1, figs. 8-10 [=Ophiomorpha amulata  (Książkiewicz)] 
non 1977 Arthrophycus^?) dzulynskii n. ichnosp. -  Książkiewicz, 

58. pi. 1, figs. 13-14 [=Protovirgularia dzulynskii 
(Książkiewicz],

partim 1977 Buthotrephis spec, indet. -  Książkiewicz, 76, text-fig. 10b 
[non text-fig. lOd, f-g, i-j, m, o-s, u-y = Thalassinoides 
suevicus (Rieth)].

1977 Sabularia tenuis n. ichnosp. -  Książkiewicz, 71, pi. 2, fig. 
3.

1978 Arthrophycus alleghanensis -  Acenolaza, 40, fig. 25.
? 1978 1 Arthrophycus Hall -  Kern, 251.
? 1981 Lorenzinia ci. monzaeRenz-Crimes era/., 972, pi. 3,figs. 

4-5.
? 1982 Arthrophycus cf. strictus Książkiewicz- Alexandrescu & 

Brustur, 36, pi. 3, fig. 4.
1983 Arthrophycus alleghaniensis (Harlan) -  Turner & Benton, 

451, fig. 4A.
1984 Arthrophycus alleghaniensis (Harlan) -  Lilian, 57, pi. 2, 

fig. 5.
1984 Arthrophycus alleghaniensis (Harlan) -  Pickerill, Ro

mano & Melendez, 251, fig. 2a.
1985 Arthrophycus alleghaniensis (Harlan) -  Durand, 41, pi. 4, 

figs. 3-4.
1985 cf. Arthrophycus-E ag er et al., 137, fig. 10A. 

non 1986 Arthrophycus -  Ghare & Kulkami, 45, pi. 1, fig. 1.
1987 Arthrophycus Hall -  Bjerstedt, 875, fig. 8.1.
1987 Arthrophycus alleghaniensis (Harlan) -  Valle, 26, fig. 5.
1988 Arthrophycus -  Seilacher & Alidou, fig. ld-f, fig. 2.

?non 1991 Arthrophycus isp. — Pickerill, Fill ion & Branchley, 73, fig.
2.

?non 1992b "Arthrophycus" corrugatus (fr\lsch)-M \ku\is, 27, pi. 14, 
fig. I.

? 1993a Arthrophycus sp. A -  Li, 94, pi. I, fig. 5.
?non 1993a Arthrophycus sp. A -  Li, 94, pi. 2, fig. 7.

? 1994 Arthrophycus minoricensis Bourrouilh -  Orr, 209, figs. 7, 
13, 15 (nomen nudum).

?non 1994 Arthrophycus qiongzhusiensis ichnosp. nov. -  Luo et al., 
33, pi. 1, fig. 4., pi. 2, fig. 3 [=ITorrowangea isp.].

1996 Arthrophycus strictus Ksi^zkiewicz- Paczesna, 59, pi. 10, 
fig. 3.

1996 Arthrophycus hunanensis ichnosp. nov. -  Zhang & Wang, 
484, pi. 3. fig. I.

Emended diagnosis: Oblique to horizontal, cylindrical or 
subcylindrical structures with regular, perpendicular fine 
ribs and a tendency to plunging into bed surfaces. Com
monly, the trace fossils are grouped in bundles.
Remarks: Probably, the above diagnosed Arthrophycus 
embraces only three ichnotaxa, i.e. A. alleghanienis (Har
lan) and two ichnotaxa lumped so far in A. strictus Ksiqz- 
kiewicz, which are separated as A. strictus Ksi^zkiewicz and 
A. tenuis (Ksi^zkiewicz) in this paper. Orr (1994) illustrated 
Arthrophycus minoricensis Bourrouilh, which was origi
nally described in an unpublished thesis. The description 
and illustration o f  this trace fossil is not sufficient for assess
ment o f  its diagnostic features. Arthrophycus qiongzhusien
sis described by Luo et al. (1994) from the Cambrian of 
China, is a hypichnial, w inding trace fossil with fine trans
verse striae. A photograph o f  this trace fossil suggests that 
the striae can be an external expression o f  internal sediment 
pads typical o f  Torrowangea W ebby. Relationships be
tween these two ichnotaxa should be explained. Zhang & 
W ang (1996) described Arthrophycus hunanensis from Silu- 
rian-D evonian deposits o f  China. It is not excluded that it is 
a junior objective synonym  o f  A. alleghanienis.

Arthrophycus annulatus Ksi^zkiewicz and Arthrophy- 
cus(T) dzulynskii Ksi^zkiewicz (Ksi^zkiewicz, 1977), and 
several other ichnotaxa are excluded from Arthrophycus as 
indicated in the above list.

A. alleghanienis (Harlan) is com m on in neritic silici- 
clastic facies o f  the M iddle Palaeozoic and regarded as rep
resenting a burrow (Sarle, 1906) o f  feeding arthropods (e.g., 
Turner & Benton, 1983). However, Schiller (1930) tried to 
explain it as a tectonic structure, and Becker & Donn (1952) 
regarded this ichnotaxon as an “algal structure” . A. al
leghanienis may occur as linear, protrusive, flat palmate, or 
deep palmate retrusive trace fossil (Seilacher & Alidou,
1988). The palmate specimens have been included in Phy- 
codespalmatus (Hall) (Seilacher, 1955, p. 386) [incorrectly 
spelled P. palmatum; Fillion & Pickerill, 1990]. Similarities 
o f  this ichnotaxon to Phycodes were pointed out by Beck 
(1916). A. strictus Ksi^zkiewicz displays sim ilar tendencies. 
Thus, grouping in bundles can be regarded as the common 
feature o f Arthrophycus, which is included in the diagnosis. 
However, this feature does not occur constantly, and there
fore Arthrophycus cannot be included in Phycodes Richter.

Stratigraphic range: Lower Cambrian (Linan, 1984) -  
Lower M iocene (Alexandrescu & Brustur, 1984).

Arthrophycus strictus Ksiazkiewicz 1977 
Figs. 4, 5A, 6

1970 Arthrophycus sp. -  Ksiazkiewicz, 285, fig. 1 a.
*v 1977 Arthrophycus strictus n. ichnosp. -  Ksiazkiewicz, 57, pi. 

1, figs. 11-12.
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Fig. 4. Arthrophycus strictus Książkicwicz (arrowed) and 
Arlhrophycus tenuis (Książkiewicz). Sole of a turbiditic sandstone 
bed. UJ TF 131, Lgota beds (Albian), Rzyki near Andrychów. 
More details are shown in Fig. 5. Scale in mm

partim 1977 Bulhnirepius spec. mdel. -  Ksiazkiewicz. 76, text-tig. 10b 
[non text-fig. lOd, f-g, i-j, tn, o-s, u-y = Thalassinoides 
suevicus (Rieth)].

? 1981 Lorenzinia cf. moreae Renz-Crimes et al., 972, pi. 3, figs. 
4-5.

? 1982 Arlhrophycus cf. strictus Ksiazkiewicz -  Alexandrescu & 
Brustur, 36, pi. 3, fig. 4. 

non 1996 Arthrophvciis strictus Ksiazkiewicz- Paczesna, 59, pi. 10, 
%  3.

E m ended diagnosis: Small Arthrophycus, approximately 
circular in cross-section, with very fine, delicate perpen
dicular ribs. Structures are distinctly arcuate in vertical 
plane and plunge into sole o f  beds.
Material: 5 slabs (UJTF 124, 131 (holotype), 1318, 1508, 1523).

R em arks: The holotype o f  Arthrophycus strictus Ksi^zkie- 
wicz (U JT F  131, Fig. 4) contains two different trace fossils 
treated by Ksiazkiewicz (1977) as variations o f  the same 
ichnospecies. However, these trace fossils display enough 
different features for their separation at the ichnospecies 
level. The first trace fossil is represented by short hypich- 
nial, perpendicularly striated, sim ple ridges, which dip into 
the bed at both ends (Fig. 5). They are elevated at the middle 
part and form wide, variably oriented arches, which are 4 -6  
mm  in diameter. Ridges o f  the same morphology are better 
and more com pletely preserved in other specimens (e.g. UJ 
TF 124), which were determ ined by Ksiazkiewicz as A. 
strictus. In some more com plete specimens, the ridges tend 
to form bunches, which plunge into the sole o f  beds (Fig. 6). 

The second type is represented by short, horizontal and

Fig. 5. Arthrophycus strictus Ksiazkiewicz (arrowed) and 
Arthrophycus tenuis (Ksiazkiewicz). A-C. Details of Fig. 4. Scales 
in mm
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Fig. 6. Arthrophycus strictus Książkiewicz. Sole of a turbiditic 
sandstone bed. UJ TF 124, Ropianka beds (Senonian-Paleocene), 
Mszana Dolna. Scale in mm

com monly branched ridges, w hich do not form bunches and 
are not bent in arches (Fig. 5B -C ). The ridges are covered 
with very fine perpendicular striae and are distinctly thinner 
than the ridges o f  the first type. Their diameter ranges from 
0.4 to 1.2 mm. About half o f  the ridges are branched, always 
at a sharp angle. Ridges o f  the second type are almost iden
tical to Sabularia tenuis Ksi^zkiewicz. These trace fossils 
differ only in the lack o f  the perpendicular striation in most 
specimens o f  S. tenuis. However, some ridges o f the latter 
ichnotaxon, including the holotype (UJ TF 1686), display 
faint perpendicular striation, w hich was noted also by 
Ksi^zkiewicz (1977, p. 71). Preservation o f  the fine striation 
depends strongly on cohesion o f  substrate and weathering. 
Thus, degree o f  preservation o f  the striation is not a suffi
cient criterion for the ichnotaxonom ic separation o f these 
trace fossils and therefore S', tenuis is included in Arthrophy
cus. The ichnospecies nam e o f  S. tenuis is retained, as A. 
tenuis, for the second type o f  ridges. For the first type o f 
ridges the nam e A. strictus is retained.

The specim en UJ TF 1318 indicated by Ksi^zkiewicz 
(1977, text-fig. 10b) as Buthotrephis spec, indet. displays 
distinct features o f  A. strictus.

A. strictus was regarded by Ksi^zkiewicz as repre
senting a feeding burrow o f  polychaetes. It occurs in the Al- 
bian-Senonian flysch deposits o f  the Carpathians 
(Ksi^zkiewicz, 1977). A not well preserved occurrence, 
treated therefore reservedly, is noted in the Eocene flysch o f 
Romania (Alexandrescu &  Brustur, 1982). Brustur & Stoica
(1993) reported A. cf. strictus from Upper Eocene flysch.

Paczesna (1996) described A. strictus from the shallow- 
water Cambrian deposits, but it displays a median furrow 
transecting the perpendicular ribs. Therefore, it is excluded 
from this ichnospecies.

Arthrophycus tenuis (Ksi^zkiewicz 1977)
Figs. 4 -5 , 7

1918 [...] drobne hieroglify -  Zuber, fig. 3.
*v 1977 Sabularia tenuis n. ichnosp. -  Ksi^zkiewicz, 7 1, pi. 2, fig.

3.
partim 1977 Arthrophycus strictus n. ichnosp. -  Ksi^zkiewicz, 57, pi.

1, figs. 11-12.

1984 Sabularia tenuis Książkiewicz -  Alexandrescu & Brustur, 
20, pi. 1, figs. I -2, pi. 2, fig. 1.

1986 Sabularia tenuis Książkiewicz -  Alexandrescu, 6, pi. 1, 
figs. 1-2, pi. 2, figs. 1-2.

1993 Sabularia ichnosp. -  Alexandrescu et al., pi., figs. 1-3. 
?non 1995 Sabularia tenuis Książkiewicz -  Bąk, fig. 10.
?non 1995 ISabularia tenuis Książkiewicz -  Bąk, fig. 21.

Emended diagnosis: Small, hypichnial, short, straight, ra
rely branched ridges, covered with very fine perpendicular 
striae. The striation com monly is not preserved.
Material: 9 slabs (UJ TF 131, 373-374, 1493, 1579, 1583, 1614, 
1687 (holotye), 2680.

R em arks: A. tenuis is noted only in the flysch deposits o f 
the Carpathians from the Valanginian (Książkiewicz, 1977) 
to the (?) Lower M iocene (A lexandrescu & Brustur, 1981).

Halopoa  Torell 1870

Ichnospecies included in Halopoa Torell:
1870 Halopoa imbricata n. sp. -  Torell, 7 [no illustration]
1878b Trichophycus sulcatum n. sp. -  Miller & Dyer, 4, pi. 4, fig.

5. [also James, 1884, pi, 6, fig, 5].
1932 Fucusopsis angulatus Palib. gen. et sp. n. -  Vassoevich, 

51, pi. 2, figs. 2, 6.
1946 Fucopsis angulatus -  Grossheim, fig. 4b (lapsus calami). 

? 1949 Pistas de arthropodos -  Gómez de Llarena, fig. 8.
?non 1959 Fucusopsis angulatus Palibin -  Birkenmajer, 229, pi. 22 

[non text-fig. 1].
1959 Fucusopsis angulatus Palibin-Seilacher, 1070, tab. 2, fig. 

30.
1962 Fucusopsis — Seilacher, fig. 1, pi. 1, fig. 2.
1964 Gyrochorda fraeniformis nov. iscp. -  Farres Malian, 92, 

pi. 5, fig. 2.
1965 Halopoa imbricata Torell -  Martinsson, 219, fig. 29.
1965 Halopoans -- Martinsson, 219, figs. 30-32.

v 1970 Fucusopsis angulata Palibin -  Książkiewicz, 286, fig. Is. 
v 1970 Fucusopsis annulata ichnosp. n. -  Książkiewicz, 286, fig. 

lr.
1970 Fucusopsis sulcatum (Miller and Dyer) -  Osgood, 380, pi. 

64, fig. 1, pi. 70, fig. 1, pi. 71, fig. 5.
?non 1970 Fucusopsis cf. angulatus Vassoevich -  Chiplonkar & 

Badve, 9, pi. 3, fig. 6.
? 1973 Feddenichnus feddeni sp. n. -  Chiplonkar & Borkar, 572, 

figs. 1-2.
1976 Fucusopsis -  Hakes, 27, pi. 8, fig. 2a-b. 

v 1977 Fucusopsis angulata Palibin -  Książkiewicz, 59, pi. 2, fig.
5 [also Leszczyński, 1992, pi. 15, fig. 1]. 

v 1977 Fucusopsis annulata Książkiewicz, 60, pi. 2, figs. 6-7. 
v 1977 Fucusopsis striata (Hall) -  Książkiewicz, 61. pi. 2, fig. 8. 
? 1977 Fucusopsis Vassoevich -  Kumar et al., 421. pi. 9, fig. 6.

1978 Fucusopsis angulata Palibin -  Radwański, 51, pi. 1, fig.
2 .

?non 1980 Fucusopsis -  Soudant, pl„ figs. C-D.
? 1978 Halopoa indica ichnosp. n. -  Badve & Ghare, 132, pi. 4, 

fig. 5.
non 1981 ?Fucusopsis sp. -  Bradshaw, 639, figs. 38-39 [=Palaeo- 

phycus isp.].
partim 1981 Fucusopsis angulata Palibin -  Crimes et a l, 968, pi. 2, fig. 

1 [?non pi. 2, fig. 2].
1981 Fucusopsis sp. -  Pickerill, 44, fig. 5b. 

non 1982 Radionereites annulata (Książkiewicz) -  D’Alessandro, 
535, pi. 38, fig. 2, pi. 39, fig. 4, pi. 40, fig. 1, pi. 42, fig. 4. 

? 1983 Halopoa sp. -  Singh & Rai, 77, pi. 7, figs. 74-76.
1983 Halopoa sp. -  Palij et al.. pi 67, figs. 1-2.

? 1986 Fucusopsis angulatus Palibin in Vassoevich -  Ghare & 
Kulkami, 47, pi. 1, fig. 2, pi. 5, fig. 2.

? 1988 Fucusopsis? isp. -  Yang, 322, pi. 1, fig. 3a.
? 1990 Palaeophycus striatus! Hall -  Fillion & Pickerill, pi. 11, 

fig. 1.
1990b Fucusopsis -  Seilacher, pi. 32.2f.
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Fig. 7. Arthrophycus tenuis (Książkiewicz). Soles of a turbiditic sandstone beds. A. UJ TF 1687, holotype. Krosno beds (Oligocene), 
Wujskie. B. UJ TF 2680, label lost. C. UJ TF 374, Kąclowa, Ropianka beds (Senonian-Paleocene). Coll. W. Szajnocha. D. UJ TF 373, 
Krosno beds (Oligocene), Slonne near Zaluż. Scale bars = 1 cm, scale in C in mm

1993 Bioglife (“Pietrificarea de la Pinsdorf’) Contescu ct at., 
pi. 8, fig. 3.

? 1994 Fucusopsis isp. -  Gong, 487, pi. 6, fig. 4.
? 1995 Palaeophycus (Fucusopsis) angulci/a Palibin in Vasso- 

evicli -  Crimes & McCall, 239, fig. 4a.
? 1995 Palaeophvcus striatus Hall -  Crimes & McCall, 239, fig. 

4b.

1995 Palaeophycus sulcal u\ (Miller & Dyer) -  Crimes & 
McCall, 2 41, fig. 4c.

? 1995 Fucusopsis ichnosp.-B ąk , fig. 19.
1997 Palaeophycus imbricatuas (Torell) -  Jensen, 69, figs. 8D, 

45-46, 47B. D, 48B.

E m ended  diagnosis: Long, generally horiżontal trace fos-
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Fig. 8. Halopoa imbricata Torell in turbiditic sandstone bed. 
UJ TF 87, Beloveza Formation (Eocene), Zubrzyca Górna. A. 
Bedding-plane view. B-C. Cross-section views. Polished and oiled 
surfaces. Scale bars = 1 cm

sils covered with longitudinal irregular ridges or wrinkles, 
which are com posed o f  several imperfectly overlapping cy
lindrical probes.
R em arks: Halopoa was described, but not illustrated by 
Torell (1870). Andrews (1955) designated H. imbricata  
Torell as the type ichnospecies o f  this ichnogenus. Martins- 
son (1965) synonym yzed H alopoa composita  Torell (1870),

Scotolithus mirabilis Linnarson (1871) and Halopa imbri
cata , and illustrated the lectotype o f  the latter ichnotaxon. 
He tried to com pare H. imbricata  to Gyrochorte Heer. How 
ever, Jensen (1997) showed that H. composita  and S. miri- 
abilis are different ichnospecies and that the com parison to 
Gyrochorte cannot be accepted. Hakes (1976) turned his at
tention to the strong sim ilarities between Halopoa  Torell 
and Fucusopsis Palibin in V assoevich (1932). According to 
the description by Jensen (1977), Halopoa  displays the 
same significant features as Fucusopsis. However, Jensen 
included this two ichnogenera in Palaeophycus. Also Pem
berton & Frey (1982) included Fucusopsis in Palaeophycus, 
who related Palaeophycus to passively fdled, open, walled 
burrows, including specimens that display longitudinal 
striation. However, the origin o f  the longitudinal striation 
may be diverse and related to diverse tracem aker behaviour 
or taphonomic processes. The longitudinal striation m ay be 
produced actively by locomotory organs and/or passively by 
body appendages o f  tracemaker. Its preservation strongly 
depends on cohesion o f  the substrate. O ther types o f  longi
tudinal striation m ay be produced by m icrofaulting con
nected with collapse o f burrows or with compressional 
faulting due to tension caused by tracem aker from interior o f 
burrow. This type o f  striation is a product o f a unique behav
iour, which can be interpretet as diagnostic feature at the 
ichnogeneric level. The latter idea was proposed for Fu
cusopsis (Osgood, 1970, p. 380; Seilacher, 1990b). In the 
case o f  the Ksi^zkiewicz material, there is no wall and no 
evidence that the burrows were open, and therefore it does 
not conform with the idea o f Palaeophycus sensu Pem ber
ton & Frey (1982). Trace fossils o f  this type, especially H. 
imbricata (=F. angulata) from the Ksic(zkiewicz material 
are com monly densely crowded and they rework the lower
most part o f  turbiditic beds. They are rather produced by de
posit feeding organisms. Their outline is not sharp and di
ameter is not constant.

The cross-sections o f  the H alopoa  specimens display 
several overlapping probes, which are commonly stacked in 
vertical plane (Fig. 8B -C ). The trace fossils form a Teichi- 
chnus-like structure, however much less vertically and regu
larly developed than in Teichichnus Seilacher. Some probes 
o f Halopoa  diverge away from some objects, for instance 
other fills o f  burrows of the same ichnotaxon, and jo in  once 
again behind the object (Fig. 9B). Formation o f  each new 
com ponent probe is connected with pushing out o f the for
merly reworked sedim ent in the older probe which results in 
the formation o f  an irregular longitudinal striation. Defor
mation o f  the laminae above the trace fossls (Fig. 8) indi
cates that the sedim ent was pushed out o f  the burrow inte
rior. The burrows were presum ably formed by intruding in 
the sediment by the tracemaker.

Teichichnus is never so long, lacks external sculpture, 
and is much more extended in the vertical plane. Therefore, 
Halopoa  and Teichichnus should remain separate. One can 
conclude that H alopoa  represents sufficently unique behav
iour for its retention as ichnogenus.

Ksi^zkiewicz (1977) regarded the striation o f  Fucusop
sis (=Halopoa) as resulting from the sculpture o f  the trace
maker, which probably belonged to priapulid worms. Such 
explanation does not conform with the trace fossil m orphol
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ogy. There is no evidence o f  dragging o f  hard or soft objects 
that may be related to sculpture o f  the tracem aker body.

Halopoa  ranges from Lower Cambrian (Seilacher, 
1990b, Jensen, 1997) to M iddle M icene M iocene (Crimes & 
McCall, 1995). In the Carpathian Flysch, it is common in 
sandstone turbidites. Some beds are heavily bioturbated, in
cluding their basal part. Stronger bioturbation along or
ganic-rich laminae can be observed. Halopoa  exploits rarely 
occupy tiers in the sandstone part o f  turbiditic beds.

Halopoa im bricata  Torell 1870 
Figs. 8 -9

* 1870 Halopoa imbricata n. sp. -  Torell, 7 [no illustration] 
1878b Trichophycus sulcatum n. sp. -  Miller & Dyer, pi. 4, fig.

5 [also James, 1884: pi. 6, fig. 5]
1932 Fuciisopsis angulatus Palib. gen. et sp. n. -  Vassoevich, 

51, pi. 2, figs. 2, 6.
1946 Fucopsis angulatus -  Grossheim, fig. 4b (lapsus calami). 

? 1949 Pistas de arthropodos -  Gómez de Llarena, fig. 8.
?non 1959 Fuciisopsis angulatus Palibin -  Birkenmajer, 229, fig 1, 

pi. 12.
1959 Fuciisopsis angulatus Palibin -  Seilacher, 1070, tab. 2, fig. 

30.
1962 Fuciisopsis -  Seilacher, fig. 1, pi. 1, fig. 2.
1962 Fucusopsisangulatus Palib. -  Dimitrievae/ al., pi. 75, fig.

1.
1964 Gvrochorda fraenifonnis nov. iscp. -  Farres Malian, 92, 

pi. 5, fig. 2.
1965 Halopoa imbricata Torell - Martinsson, 219, fig. 29.
1965 Halopoans -  Martinsson, 219, figs. 30-32.
1970 Fucusopsis angulata Palibin -  Książkiewicz, 286, fig. Is.
1970 Fucusopsis sulcatum (Miller and Dyer)-Osgood, 380, pi.

64, fig. 1, pi. 70, fig. 1, pi. 71, fig. 5.
1976 Fucusopsis -  Hakes, 27, pi. 8, fig. 2a-b. 

v 1977 Fucusopsis angulata Palibin -  Książkiewicz, 59, pi. 2, fig.
5 [also Leszczyński, 1992, pi. 15, fig. 1]. 

v 1977 Fucusopsis striata (Hall) -  Książkiewicz. 61, pi. 2, fig. 8.
1978 Fucusopsis angulata Palibin -  Radwański, 51, pi. 1, fig.

2.
partim 1981 Fucusopsis angulata Palibin- Crimes et al., 968, pi. 2, fig: 

1 [?non pi. 2, fig. 2].
? 1990 Palaeophvcus striatus? Hall -  Pillion & Pickerill, pi. 11, 

fig. 1.
1990b Fucusopsis -  Seilacher, pi. 32.2f.
1993 Bioglife ("Pietrificarea de la Pinsdorf’) -  Contescu et al.. 

pi. 8, fig. 3.
1995 Palaeophvcus (Fucusopsis) angulata Palibin in Vasso

evich -  Crimes & McCall, 239. fig. 4a.
■ ? 1995 Palaeophvcus sinol/is Hall -  Crimes & McC all. 239, fig. 

4b.
1995 Palaeophvcus sulcatus (Miller & Dyer) -  Crimes & 

McCall, 241, fig. 4c.

E m ended diagnosis: U nbranched Halopoa  with horizontal, 
relatively long and continuous furrows and wrinkles. 
Material: 9 specimens (UJ TF 69-70, 87, 93, 588, 1158, 1179, 
(?) 1570, 2507).
Description: As in Książkiewicz (1977) description of Fucusopsis 
angulata Palibin.

R em arks: The Carpathian material displays comparable 
features to Halopoa imbricata  Torell (1870) and Trichophy- 
cus sulcatum  M iller & Dyer (1877). Pemberton & Frey 
(1982) included Trichophycus sulcatum  M iller & Dyer, the 
type material o f F. sulcatum  (Osgood, 1970), in Palaeophy- 
cus sulcatum  (M iller & Dyer). They also excluded F. angu
lata described by Książkiewicz (1970, 1977) from this ich- 
nospecies; however, these authors included the type mate-

Fig. 9. Halopoa imbricata Torell. Soles of turbiditic sandstone 
beds. A. UJ TF 93, Jarmuta Formation (Senonian), Jaworki. B. UJ 
TF 1158, Szydłowiec beds (Senonian), Kobielnik. Scales in mm

rial o f  F. angulatus in P. sulcatum. They included also, re
servedly, the Książkiewicz material in Palaeophvcus stria
tus. Nevertheless, the m entioned ichnotaxa display features 
o f Halopoa, and are excluded herein from Palaeophvcus, 
and described under H. imbricata.
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Fig. 10. Halopoa anindata (Ksiqzkie-wicz), the holotype. Sole of a turbiditic sandstone bed. A. U.F TF 1263, Hieroglyphic beds (Eocene), 
Kamionka Wielka. A. General view. B. Detail of A. Scales in mm

Ksiazkicwicz (1977) distinguished Fucusopsis striata  
(Hall) (labelled also as Fucusopsis longistriata) and com 
pared it to Palaeophycus striatus described by Hall (1852, p. 
22, pi. 10, fig. la). Pemberton & Frey (1982) included re
servedly the Ksiqzkiewicz Fucusopsis striata  in Palaeophy
cus striatus Hall. One o f  the Ksicjzkiwicz specimens (UJ TF 
70) is a hypichnial striated trace fossil on the sole o f biotur- 
bated turbiditic sandstone, lacking wall. It displays features 
o f  H. imbricata  and is included in this ichnospecies.

Birkenmajer (1959) considered that F. angulata  (=//. 
imbricata) was produced by deposit-feeding annelids.

Stratigraphic range: Lower Cambrian (Seilacher, 
1990b; Jensen, 1997) -  M iddle M iocene (Crimes & McCall, 
1995).

H alopoa annulata  (Ksi^zkiewicz 1977)
Figs. 10, 15

*v partim 1970 Fucusopsis annulatei ichnosp. n. -  Ksi^zkiewicz, 286, fig. 
Ir2 (non fig. lrl). 

v 1977 Fucusopsis annulata Ksi^zkiewicz, 60, pi. 2, figs. 6-7.

Diagnosis: Commonly branched Halopoa with perpendicular con
strictions.
Material: 10 specimens (UJ TF 71, 587, 767, 1263 (holotype), 
1525, 1696, 2503-2504, 2506, 2509).

R em arks: The discussed ichnotaxon, described by Ksi%z- 
kiewicz as Fucusopsis annulata , is included in Halopoa  
Torell in this paper. F. annulata  was reservedly included in 
Palaeophycus: alternus Pemberton & Frey (1982). In the

same year, D ’Alessandro included F. annulata  Ksi^zkie- 
wicz (1970, non 1977) in Radionereites Gregory. Fucusop
sis annulata  described by Ksi^zkiewicz in 1970 without 
designation o f  the holotype, com prises two different trace 
fossils. In 1977, Ksiazkicwicz designated the holotype, 
which corresponds only to the specim en illustrated in 1970 
in fig. Ir2. The specimen illustrated in fig. l r l  is related to 
Imponoglyphus Vialov in this paper. Irrespective o f  these 
facts, D ’Alessandro (1982) included both these speciemns 
o f  F. annulata  Ksiazkicwicz 1970 non 1977 in Radionere
ites Gregory. However, D ’Alessandro et al. (1987) then ex
cluded the material o f D ’Alessandro (1982) from Radione
reites and erected for it a new ichnogenus, Rutichnus, which 
lumps certain m eniscate trace fossils. They reservedly in
cluded F. annulata  Ksiq.zkiewicz (1977, non 1970) in Ru
tichnus and suggested the presence o f  a meniscate internal 
structure in the Ksiazkiewicz specimens.

The Ksiazkiewicz material, including the holotype, 
does not display any evidences o f  internal m eniscate struc
ture, including in specim ens sectioned along the trace fos
sils. It displays, however, features o f  Halopoa  (see the dis
cussion o f  this ichnogenus). The m orphology o f  H. annulata  
is due to a special behaviour o f tracemaker. Apart from re
peatedly reworking o f  sedim ent along the same general 
course and the outward tension o f  the sedim ent typical o f 
Halopoa, the tracem aker moved by steps searching obli
quely in sediment, retreated, and repeated its action along 
wide, shallow, vertical or oblique, and asymmetrical U- 
shaped sub-courses. This resulted in the occurrence o f  per
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pendicular constrictions: the w ider parts o f  the sole expres
sions are the bases o f the U -shape segments. Occasionally, 
tracem aker changed the general course o f  its burrowing and 
this resulted in formation o f  branchings. The unique behav
iour o f H. annulatci resem bles the bahaviour o f  Trichophy- 
cus Miller & Dyer (Geyer & Uchm an, 1995).

Stratigraphic range: Paleocene (Ksi^zkiewicz, 1977) -  
Lower Oligocene (personal observations, Malcov Forma
tion, Samorody nearN ow y Targ in the Polish Carpathians).

Hormosiroidea  Schaffer 1928

Ichnospecies included in Hormosiroidea Schaffer:
? 1856 Corallinites rosarium Massal. -Massalongo, 41, pi. 6, fig.

4.
partim 1877 Fucoides Moeschii Hr. -  Heer, 113, pi. 39, fig. 15b, pi. 40, 

5a. 6a, 11 [non pi. 40, fig. 7a, ?non pi. 40 fig. 12a],
?non 1888 Taenidium carboniferum Sacc. -  Sacco, 14, pi. 2, fig. 1.

1897 Halimeda Fuggeri Lor. -  Lorenz von Liburnau, 177, pi. 1.
1902 Halimedaites Fuggeri Lor. -  Lorenz von Liburnau, 710, 

pis. 1-2
1908 Spungolithus annulalus Fr. -- Fritsch, 16, pi. 12, fig. 17. 
1928 Hormosiroidea florentina n. een. n. sp. -  Schaffer, 215, 

fig. 3.
1959 Hormosiroidea -  Seilacher, tab. 2, fig. 20.
1962 Rhabdoglyplmsgrossheimi Vassoevich - Boucek& Elias, 

146, pi. 8, fig. 3 (also Vialov, 1971, 91, fig. 3).
1962 Hormosiroidea florentina -  Hantzschel, W241.
1965 Hormosiroidea florentina -  Hantzschel, 47.
1965 Halimedides fuggeri -  Hantzschel, 42.
1970 Hormosiroidea florentina Schaffer -  Osgood, pi. 78, fig. 

7.
? 1970 Ichnofossil gen. et sp. indet. -  Meiburg & Speetzen, 12, 

figs. 1-3.
partim 1970 Rhabdoglyplms ichnosp. a -  Ksiqzkiewicz, 285, fig. 1 h, k 

(non fig. li-j).
1971 Fustiglyphus anirulatiis gen. et sp. n. -  Vialov, 91, fig. 3. 

? 1972 1Hormosiroidea -  Frey & Chows, 37, pi. 5G-H.
1975 Hormosiroidea florentina -  Hantzschel, 70, fig. 43.3. 
1975 Halimedides fuggeri -  Hantzschel, 65, fig. 42.1. 

v 1977 Rhabdoglyplms caliciformis n. ichnosp. -  Ksi^zkiewicz,
66, pi. 3, figs. 6, 11, text-fig. 6c-d.

v ?non 1977 Rhabdoglyplms sulcatus n. ichnosp. -  Ksi^zkiewicz, 67, 
pi. 3, fig. 9, text-fig. 6e. 

v 1977 Rhabdoglyplms spinosus n. ichnosp. -  Ksi^zkiewicz, 66, 
text-fig. 6b, pi. 3, figs. 7-8. 

v ?non 1977 Rhabdoglyplms compos it us n. ichnosp. -  Ksi^zkiewicz,
67, pi. 3, fig. 9, text-fig. 6.

1977a Hormosiroidea florentina Schaffer -  Seilacher, 309, fig. 
6n.

non 1977a Hormosiroidea beskidensis -  Seilacher, 309, fig. 6k-l.
1977 Hormosiroidea florentina Schaffer -  Chamberlain, 14, 

figs. 2q, 5G.
1979 Hormosiroidea florentina Schaffer -  Chamberlain, 17, 

part of fig. 3.
1979 Fustiglyphus roselandensis new species -  Boyer, 75, figs. 

2-3.
non 1985 Hormosiroidea canadensis n . ichnosp. — Crimes & Ander

son, 325, fig. 8.1-9 
? 1979 Hormosiroidea- Powichrowski, fig. 3.4.

?non 1989 Hormosiroidea arumbera sp. nov. -  Walter et al„ 244, 
figs. I4D-E, I5B, D. 

non 1990 Hormosiroidea isp. -  Bryant & Pickerill, 49, fig. 4. 
non 1991 Hormosiroidea (Saerichnites) cf. beskidensis (Plicka) -  

Crimes & Crossley, 32, fig. 3d-e (=Saerichnites abniptus 
Billings).

1993 Fustiglyphus annulalus Vialov -  Stanley & Pickerill, 58, 
figs. 2-3A-D.

partim 1993 Rhabdoglyplms grossheimi Vassoevich -  Stanley & Pick
erill, 62, fig. 51 (copy from Ksi^zkiewicz, 1977, fig. 6b). 

v 1995 Hormosiroidea florentina Schaffer -  Uchman, fig. 15A. 
?non 1997 Fustiglyphus isp. -  Jensen, 50, fig. 34B.

non 1997 "Hormosiroidea" isp. -  Jensen, 56, figs. 37A-B, ?34A.

For synonymy of Fustiglyphus annulatus Vialov see Stanley & 
Pickerill (1993).

Emended diagnosis: Subspherical bodies jo ined  by hori
zontal string. Additional, usually oblique strings can emerge 
from the chambers.
Discussion: Separation o f  trace fossils described herein un
der Hormosiroidea Schaffer at the ichnogeneric level is 
rather the problem o f tradition and m inor m orphological 
features than use o f  significant diagnostic features.

Seilacher (1977a) regarded the spherical “cham bers” o f  
Hormosiroidea as sectioned vertical burrows that protrude 
from the horizontal burrow tow ard the bottom. He included 
Saerichnites Billings and Rhabdoglyphus Vassoevich in 
Hormosiroidea Schaffer. This ichnotaxon was tentatively 
included in the graphoglyptids (Seilacher, 1977a). Such a 
concept o f  Hormosiroidea cannot be accepted.

The type ichnospecies o f  Hormosiroidea, //. florentina 
Schaffer (1928), consists o f  a row o f small bulbs connected 
by a string (Schaffer, 1928; Hantzschel, 1975, p. W 70, fig. 
40.3) (Fig. 11B). This ichnotaxon was tentatively included 
in the graphoglyptids (Seilacher, 1977a). Saerichnites con
sists o f  one or two parallel rows o f  casts o f  vertical shafts 
(Uchman, 1995). Relation o f  Saerichnites to H. florentina is 
problem atic. Probably, the bulbs o f  H. florentina, which are 
much greater than the string diameter and which tend to be a 
little lobate in outline, do not represent vertical burrows, but 
more likely breeding (?) structures. Thus, single or double 
rows o f  vertical or subvertical burrows or single or double 
rows o f  casts o f  their outlets represent a separate ichnogenus 
Saerichnites Billings (Uchman, 1995).

Hormosiroidea Schaffer is proposed as the proper name 
for the discussed trace fossils. O lder nam es (see the list o f  
ichnotaxa included in Hormosiroidea) are either applied for 
trace fossils recently described under other ichnogenera or 
can be treated as forgotten (nom en oblitum ) (see Stanley & 
Pickerill (1993).

Stanley & Pickerill (1993) discussed the taxonom y o f 
Rhabdoglyphus Vassoevich (=Protovirgularia M cCoy in 
this paper) and Fustiglyphus Vialov. They kept these ichno
taxa separate, as well as Hormosiroidea Schaffer. N everthe
less, sim ilarities between Fustiglyphus and Hormosiroidea 
are clearly distinct (Fig. 11), as noticed by Osgood (1970) 
and Hantzschel (1975), and these ichnotaxa are com parable 
at the ichnogeneric level and the differences between them 
can be regarded as these at the ichnospecies level. There
fore, Fustiglyphus Vialov is a jun ior objective synonym  o f 
Hormosiroidea Schaffer. The cham bers o f  Fustiglyphus 
w ere interpreted also as possible brood structures, similarly 
to interpretation o f  Hormosiroidea florentina Schaffer 
(Uchm an, 1995).

Cham berlain (1977) included w ith hesitation, expressed 
by “cf.” , a few taxa in Hormosiroidea. These are: Halimeda 
saporta Fuchs (1894a), Hormosira moniliformis Heer 
(1877), and Arthrodendron difussum (Ulrich, 1904). How
ever, these forms represent body fossils o f  large foramini- 
fers and cannot be included in Hormosiroidea.

The groove-m ound traces, described from deep-sea 
floor o f  the Arctic Canada Basin were com pared with Hor-
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mosiroidea  and Rhabdoglyphus (Kitchell et al., 1978).

Hormosiroidea annulata  (Vialov 1971)
Figs. 11-13

* 1962 Rhabdoglyphusgrossheimi Vassoevich-Boucek & Elias,
146, pi. 7, fig. 1, pi. 8, figs. 2 [copied by Osgood, 1970, pi. 
78, figs. 8-9).

partim 1970 Rhabdoglyphus ichnosp. a -  Ksi^zkiewicz, 285, fig. lh, к 
(non fig. 1 i-j).

* 1971 Fustiglyphus annulatus gen. et sp. n. -  Vialov, 91, fig. 3. 
v 1977 Rhabdoglyphus caliciformis n. ichnosp. -  Ksi^zkiewicz,

66, pi. 3, figs. 6, 11, text-fig. 6c. 
v 1977 Rhabdoglyphus aff. caliciformis n. ichnosp. -  Ksi^zkie- 

wicz, 66, text-fig. 6d. 
v 1977 Rhabdoglyphus sulcatus n. ichnosp. -  Ksi^zkiewicz, 67, 

pi. 3, fig. 9, text-fig. 6e. 
v? 1977 Rhabdoglyphus sulcatus n. ichnosp. -  Ksi^zkiewicz, 67, 

pi. 3, fig. 9, text-fig. 6e. 
v Rhabdoglyphus spinosus n. ichnosp. -  Ksi^zkiewicz, 66,

text-fig. 6b, pi. 3, figs. 7-8.
1979 Fustiglyphus roselandensis new species -  Boyer, 75, figs.

2-3.
? 1993a Fustiglyphus roselandensis Boyer -  Metz, 170, fig. 2.

1993 Fustiglyphus annulatus Vialov — Stanley & Pickerill, 58, 
figs. 2-3A-D.

partim 1993 Rhabdoglyphus grossheimi Vassoevich -  Stanley & Pick- 
erilI, 62, fig. 51 (copied from Ksi^zkiewicz, 1977, fig. 6b).

For additional synonymy of Fustiglyphus annulatus Vialov see 
Stanley & Pickerill (1993).

E m ended  diagnosis: Straight or rarely winding Hormosi
roidea  w ith angular, trapezoid, oval, semispherical or arcu
ate outline o f  cham ber-like bodies, which are regularly or 
irregularly distributed along the string. Thin strings, locally

branched, may emerge from the cham ber-like bodies. 
Material: 10 specimens (UJ TF 181-182, 710, 726, 1175, 1505, 
1728, 1780, 2018, one specimen in the Naturhistorisches Hof- 
museum in Vienna).
Description: As in the diagnosis and in the descriptions of the 
Ksi^zkiewicz (1977) ichnotaxa included in H. annulata.

Remarks: Stanley & Pickerill (1993) only partially in
cluded the material o f  Boucek & Elias (1962) in Fusti
glyphus annulatus (Vialov). They retained the Boucek & 
Elias’ (1962; pi. 8, fig. 2) specim en in Rhabdoglyphus 
grossheim i Vassoevich. However, this cannot be accepted. 
Also in Boucek & Elias (1962, pi. 7, fig. 1 and pi. 8, fig. 2), 
are illustrated trace fossils with chambers, however not so 
well preserved as in pi. 8, fig. 3. The drawing o f Boucek & 
Elias’ specimen in pi. 8, fig. 2 in Stanley & Pickerill (1993, 
fig. 5A) is sim plified and does not show important details. 
All these trace fossils are included in Hormosiroidea annu- 
lata  (Vialov) in this paper.

The specimen UJ TF 994 (Fig. 13) probably belongs to 
H. annulata.

Stanley & Pickerill (1993) regarded the chambers o f H. 
annulata  as brood structures, w hich is probable. It is diffi
cult to explain the morphology o f  this trace fossil as a de
posit feeding structure as was previously suggested (Boucek 
& Elias, 1962; Chamberlain, 1977). The thin strings that 
come out from chambers (e.g. Stanley & Pickerill, 1993) 
and cross bedding, i.e. in the direction o f  the sea-floor, can 
be produced by juvenile tracem akers leaving the chambers 
or by predators (Fig. 11).

Fig. 11. Hormosiroidea. A. General model, with and without 
side branchings. B. Ichnospecies of Hormosiroidea

Strobilorhaphe Ksi^zkiewicz 1968

Ichnospecies included in Strobilorhaphe Ksi^zkiewicz:
v 1968 Strobilorhaphe clavata n. “sp." -  Ksi^zkiewicz, 8, pi. 1 

figs. 4-5.
v 1968 Strobilorhaphe pusilla n. “sp." -  Ksi^zkiewicz, 8, pi. 1 

fig. 6.
v 1970 Strobilorhaphe clavata Ksi^zkiewicz -  Ksicizkiewicz 

288, fig. 1 d, e.
v 1970 Strobilorhaphe pusilla Ksi^zkiewicz- Ksi^zkiewicz, 288 

fig. 1c.
v 1977 Strobilorhaphe clavata Ksi^zkiewicz- Ksi^zkiewicz, 82 

pi. 5, figs. 10-11, text-fig. 1 la-r.
v 1977 Strobilorhaphe pusilla Ksi^zkiewicz -  Ksi^zkiewicz, 84 

pi. 5, fig. 12.
v partim 1977 Strobilorhaphe glandifer n. ichnosp. -  Ksi<vzkiewicz, 84 

pi. 11, fig. 16, text-fig. 1 Is-z.
1975 Strobilorhaphe clavata -  Hantzschel, W112, fig. 67, 4a.
1977 Strobilorhaphe clavata Ksi^zkiewicz -  Chamberlain, 18 

fig. 2z(copied in Stanley etal., 1977; 268, fig. 18, and in) 
7D.

1979 Strobilorhaphe clavata Ksi^zkiewicz -  Chamberlain, 17 
fig. 3.

? 1987a Strobilorhaphe -  Pickerill, 129, fig. 3 (copy in: Pickerill 
1987b; 387, fig. 3s).

? 1990 Strobilorhaphe ichnosp. -  Mikulas, 327, pi. 8, fig. 2.
1990 Strobilorhaphe pussila -  Uchman, pi. 1, fig. 5 [lapsus 

calami].
?  1993 Strobilorhaphe ci. c / a v o / o  Ksictzkiewicz-Miller, 23, fig. 

6E.

E m ended  diagnosis: Horizontal trace fossils consisting o f 
central stem and numerous lateral short, blunt, clavate 
branches.
R em arks: The smooth version o f  Ophiomorpha annulata
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Fig. 12. Horm osiroideu onnulala  (V ialov). A. UJ TF 710, 
Ropianka beds (Senonian-Paleocene), Lubom ierz. Sole of turbidi- 
tig sandstone bed (labelled as_Rfiabdoglvphus spm osus). B. UJ TF 
2018, H ieroglyphic-beds (Eocene), D obra Szlachecka. Sole o f 
turbiditic sandstone bed. Coll. B. G ucik (labelled as Rhabdo- 
g lvphus calicifiormis). C. UJ TF 726, Szczaw a (part o f  label lost). 
Com posite endichnial form in m arlstone rew orked by ’C hon
drites. D. Specim en in the N aturhistorisches Hofm useum  in V i
enna. C retaceous flysch deposits, m arlstone, M untigl near Salz
burg. Endichnial form. Scale bar in A-C = 1 cm; diam eter o f  the 
coin in D = 19 mm

Fig. 13. ?H orm osiroideu  isp. UJ TF 994, Siliceous marls 
(Turanian), Huwniki. Endichnial form in m arlstone bed. Scale in 
mm

(Ksi^zkiewicz) described by KsiE(zkiewicz (1977) as Sabu- 
larici sim plex Ksi^zkiewicz (Uchman. 1995) displays un
common short side branches, com m only clavate in shape. 
They are very sim ilar in morphology to Strobilorhaphe 
glandifer Ksi^zkiewicz (Fig. 14), labelled earlier as Sabu- 
laria glandifer. Probably, Strobilorhaphe glandifer is a frag
ment o f  A. anmilata  var. simplex. However, S. glandifer 
probably represents different behaviour o f  the same trace- 
maker. Strobilorhaphe clavata  can be a breeding structure. 
In contrast, O. anm data  is a pascichnial-dom ichnial trace 
fossil. For this reason, they are separated, as was Gyrolithes 
from Ophiomorpha  (Bromley & Frey, 1974).

The ichnospecies o f  Strobilorhaphe , S. clavata, S. p u s
si/a , and S. glandifer (Fig. 14) are retained without changes 
as in the Ksi^zkiewicz (1977) monograph.

Strobilorhaphe is interpreted as a feeding trace (pas- 
cichnion) produced by ?worms (Cham berlain, 1977). Ksi^z- 
kiewicz (1977) interpreted it in the same way and tentatively 
indicated polychaetes as their producers. Strobilorhaphe oc
curs from Ordovician (Chamberlain, 1977) to Upper Eocene 
(Ksi^zkiewicz, 1977).
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Fig. 14. Strobilorhaphc glandilcr Książkiewicz. Solc ot'turbidi- 
tic sandstone bed. UJ TF 1510, Tylmanowa (lithostratigraphic unit 
unknown, label lost). Scale bar = 1 cm

Imponoglyphus V ialov 1971

Ie h n o s p e c ie s  in c lu d e d  in Im ponoglyphus  V ia lo v :
1970 Ex.aff. Rhahdoglyplnts -  Ksi£|zkiewicz, 2S5, fig. I n. 

partim  1970 Fucusopsis annulata ichnosp. nov. -  K siazkiew icz, 286,
fig. 111.

1971 Imponoglyphus torcpieiulus gen. et sp. nov. -  V ialov, 89, 
pi. 2. figs. la -b . 2 (cop ied  in H antzschel, 1975. fig. 45.1a-
c).

’? 1980 Imponoglyphus kcvaiiicmvi ichnosp. n. Badve & G hare.
122. pi. I . fig. 2. text-fig. 6.

I 9X4 Imponoglyphus M ason, 8, fig. 2.
? 1988 Imponoglyphus torcpienc/iisV\a\ov - Y a n g , 7 ,pi. I ,f ig .6 a .

1989 Imponoglyphus - Suarez  de Genii el al., 364. pi. 3a-b.

Diagnosis: H o riz o n ta l ,  s l ig h t ly  w in d in g  t ra c e  fo ss il  c o m p o s e d  o f  
in v a g in a te d . re g u la r ly  s p a c e d  c o n e s  (m o d i f ie d  a f te r  T e ic h e r t  in 
H a n tz s c h e l ,  1975).

Remarks: It is not excluded  tha t Imponoglyphus is a preser- 
vational version o f  Taenidium  H eer. C ham berlain  (1979, 
fig. 3) drew  Taenidium  as a chain o f  cone-in-cone struc
tures.

C one-in-cone horizontal trace fossils, w hich resem ble 
Imponoglyphus. have been  described  (no ichnotaxonom ic 
nam e) by H ogbom  (1925) from the C am brian  o f  Sw eden.

Imponoglyphus torquendus V ialov 1971 
Fig. 15

v 1970 Ex.aff. Rhahclog/yphu.s Ksiazkiewicz. 285, fig. In. 
v partim 1970 Fucusopsis annulata ichnosp. nov. Ksiazkiewicz, 286, 

fig. h i.
* 1971 Imponoglyphus torquendus gen. et sp. nov. Vialov, 89, 

pi. 2, figs. la-b, 2 (copied in Hantzschel, 1975, fig. 45.1a- 
c).

Diagnosis: A s for the ichnogenus.
Material: 2 specim ens (U J TF 634, 638).
Description: As in the d iagnosis, hyp ichnial trace fossil. 
D im ensions are: 6 -7  m m  w ide, individual cones are 1 .5-3 .0  
m m  long.
Remarks: /. torquendus V ialov  described  by Y ang (1988, 
pi. 1, fig. 6a) is a very sm all trace  fossil, about 1 m m  w ide, 
and its cone-in -cone struc tu re  can be hardly  visible in the 
photograph.

Planolites N icho lson  1873

Diagnosis: U nlined , rarely  lined, rarely  branched, straight 
to  tortuous, sm ooth to irregula rly  w alled  or annulated  trace 
fossils, c ircu la r to ellip tical in cross-section , o f  variable di-

Fig. 15. Imponoglyphus torquendus Vialov (arrowed) and 
Halopoa annulata (Ksiazkiewicz). Sole o f turbiditic sandstone 
bed. U.I TF 634, Beloveza Formation (Eocene), Stara Wieś. Scale 
in mm

m ensions and configurations: fill essen tia lly  structurless, 
differing  in lithology from host rock (after Pem berton & 
Frey, 1982 and Fill ion & Pickerill, 1984).
R e m a rk s : D ifferences betw een  Planolites, Palaeophycus, 
and Macaronichmts w ere d iscussed  by Pem berton  & Frey 
(1982), F illion (1989), F illion & P ickerill (1990), and B rom 
ley (1996 , p. 262).

Planolites is an eu rybath ic , ex trem ely  facies-crossing  
ichnogenus referred  to po lyphy le tic  verm iform  deposit-fee- 
ders p roducing  active backfilling  (e.g. Pem berton & Frey, 
1982; F illion &  Pickerill, 1990, and references therein).

Planolites occurs from the P recam brian  to  the R ecent 
(H antzschel, 1975).

Planolites rcinecki K siazk iew icz  1977

*v 1977 Planolites reineeki 11. ichnosp. -  K siazkiew icz: 64, pi. 2. 
fig. 9.

1994 Planolites constriatnnilalus isp. n. - S tanley & Pickerill, 
120, figs. 2-3.

M a te ria l: 1 specimen, the holotype (UJ TF 1015).
D iagnosis: Planolites characterized by both longitudinal striations 
and transverse annulations superimposed in the same specimen 
(after Stanley & Pickerill, 1994).
D escrip tion : As in Ksiazkiewicz (1977) with the following addi
tion: there is no evidence o f lining in the cross-section of the 
holotype.

R e m a rk s : Planolites reineeki K siazk iew icz w as reservedly  
included in Palaeophycus alternus P em berton & Frey
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(1982). H ow ever, the ho lo type  o f  Planolites reinecki does 
no t d isplay a lin ing  o r any  o th er features o f  Palaeophycus. 
Stanley & Pickerill (1994) d is tingu ished  Planolites constri- 
annulatus isp. n. for trace fossils tha t d isp lay  the sam e fea
tures as P. reinecki. T hus, P. constriannulatus is the ju n io r 
objective synonym  o f  P. reinecki K si^zkiew iez.

Planolites heverleyensis B illings 1862 
Fig. 16

* 1862 Plano/ilex heverleyens is (n. sp.) -  B illintrs, p. 97, lext-fie. 
86.

v 1977 Sabularia ramosa 11. iclinosp. -  Ksif|zkiew icz, 71. text- 
figs. S. 9a-d.

S y n o n y m y  o f  th is  ic h n o s p e c ie s  in P e m b e r to n  &  F r e y  (1 9 8 2 ) .  

Diagnosis: R e la t iv e ly  la rg e ,  s m o o th ,  s t ra ig h t  to  g e n t ly  c u rv e d  o r  
u n d u lo s c  c y l in d r ic a l  Planolites  ( a f te r  P e m b e r to n  &  F re y , 19 8 2 ). 
M ateria l: 8 s p e c im e n s  (T F  U.T 7 3 5 , 8 4 2 , 9 9 9 , 1 5 8 3 -1 5 8 4 , 1752 , 
1 8 0 2 , 1845 ).

D escrip tion : C y lin d r ic a l ,  h o r iz o n ta l  to  o b l iq u e ,  u n l in e d  t ra c e  f o s 
s ils , c i r c u la r  to  e l l ip tic a l  in c ro s s - s c c t io n ,  1.5 - 5 .0  m m  in d ia m e te r ,  
f il le d  w ith  s e d im e n t  d i f f e r e n t  in c o lo u r  a n d /o r  l i th o lo g y  f ro m  th e  
h o s t ro c k .

Fig. 16. Planolites heverleyensis  B il l in g s .  E n d ic h n ia l  fo rm  in 
m a r ls to n e  b e d . U J T F  9 9 9 , S i l ic e o u s  m a r ls  (T u ro n ia n ) ,  H u w n ik i 
( p a rt o f  labe l lo s t) . S c a le  in m m

R e m a rk s : Sahularia ramosa  K si^zkiew icz, including the 
holo type (U J TF 842), d isp lays features o f  Planolites hever
leyensis B illings. It has no lin ing, and is actively  filled. The 
active filling is indicated by local fain t m enisci. H ow ever, 
som e specim ens orig inally  labeled  as S. ramosa  (U J TF 383, 
384) d isplay features o f  Thalassinoides. O ne specim en (U J 
TF 1583) is labelled  as Sabularia flexuosa. T his nam e w as 
never used by K siazk iew icz  in pub lica tions..T h is specim en 
displays features o f P. heverleyensis.

Palaeophycus Hall 1847

D iagnosis: B ra n c h e d  o r  u n b ra n c h e d ,  s m o o th  o r  o rn a m e n te d ,  lin e d , 
e s s e n t ia l ly  c y l in d r ic a l ,  p r e d o m in a n t ly  h o r iz o n ta l  tr a c e  fo s s i ls  o f  
v a r ia b le  d ia m e te r ;  fill ty p ic a l ly  s t ru c tu r lc s s ,  o f  th e  s a m e  l i th o lo g y  
as th e  h o s t ro c k  (a f te r  P e m b e r to n  &  F re y , 1982).

R e m a rk s : The d istinction  betw een  Palaeophycus, Planoli
tes, and Macaronichtms is p a rtia lly  controversial (P em ber
ton & Frey. 1982; Fillion, 1989; F illion, &  Pickerill, 1990). 
Palaeophycus is a eu rybath ic  fac ies-crossing  ichnogenus, 
produced probably  by po lychae tes, w hich occurs from the 
Precam brian to  the R ecent (P em berton  & Frey, 1982).

Palaeophycus tubular is H all 1847 
Fig. 17

D iagnosis: S m o o th , u n o rn a m e n te d  P alaeophycus  o f  v a r ia b le  d i
a m e te r ,  th in ly  b u t d is t in c t ly  l in e d  (m o d i f ie d  a f te r  P e m b e r to n  &  
F re y , 19 8 2 ).
M a te ria l: 3 s p e c im e n s  (U J  T F  3 7 1 , 1 1 9 8 , 2 0 1 7 ) .
D escrip tion : H o r iz o n ta l  s m o o th ,  s t r a ig h t ,  r a r e ly  c u rv e d ,  d is t in c tly  
lin e d , lo n g  u n b ra n c h e d  t ra c e  fo s s i ls ,  2 .8 -3 .1  m m  in  d ia m e te r ,  
d is t in c t ly  f la t te n e d  in  c ro s s - s e c t io n ,  f i l le d  w ith  th e  s a m e  s e d im e n t  
a s  th e  h o s t  ro c k .

Fig. 17. Palaeophycus tuhularis  H a ll.  S o le  o f  tu rb id i t ic  s a n d 
s to n e  b e d . U J T F  1 1 9 8 , ‘.’ H ie ro g ly p h ic  b e d s  (E o c e n e ) ,  K o m a h c z a  
(p a r t  la b e l lo s t) . S c a le  b a r  -- 1 c m

Chondrites S ternberg  1833

Diagnosis: R e g u la r ly  b ra n c h in g  tu n n e l s y s te m s  c o n s is t in g  o f  a 
sm a ll n u m b e r  o f  m a s te r s h a f ts  o p e n  to  th e  s u r fa c e  w h ic h  ra m if y  a t 
d e p th  to  fo rm  a  d e n d r i t ic  n e tw o rk  ( a f te r  O s g o o d ,  1 9 7 0 ; F u rs ic h . 
1 9 7 4 b ).

R e m a rk s : Chondrites is a feed ing  system  o f  unknow n trace 
m akers related to infaunal deposit feeders (e.g. O sgood, 
1970). A ccord ing  to K otake (1991b), this ichnotaxon is p ro 
duced by surface ingestors, pack ing  the ir faecal pellets in
side burrow s. A ccord ing  to S eilacher (1990a) and Fu 
(1991), the tracem aker o f  Chondrites m ay  be able to  live un 
der dysaerob ic  conditions as a chem osym bio tic  o rganism .

Chondrites occurs from  the T om m otian  (C rim es, 1987) 
to the H olocene (e.g. W erner & W etzel, 1981).

Chondrites intricatus (B rongn iart 1823)
Figs. 18-19

* 1823 Fucoidcs intricatus B rongniart, 311, pi. 19, fig. 8. 
i 890 Bostricophyton Farit anci lii n. sp. -  Squinaboi, 183. pi. 7, 

fig. 5.
1891 Bostricophyton Pantancllii Squin. — Squinaboi, 16, pi. C, 

fig. 3.
v  1977 Bostricophytonpantencllii Squinaboi K siazkiew icz, 86, 

pi. 5, fig. 5 (lapsus calam i), 
v  1977 Chondrites aequalis (B rongn iart) -  K siazkiew icz, 78, pi.
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F ig . 18 . Chondrites intricatus  (B ro n g n ia r t )  (a r ro w e d ) .  F u ll r e l i e f  
a d h e r e n t  to  th e  so le  o f  a  tu rb id i t ic  s a n d s to n e  b ed . U.I T F  7 0 9 A . 
S il ic e o u s  m a r ls  (T u ro n ia n ) ,  H u w n ik i.  S c a le  in  m m

4. lie. 6.
v '.’partim  1977 Chondrites ex/iansiis Fischer-O oster - K.si<\zkievvicz. 79. 

pi. 4. fig. 3.
v 1977 Chondrites fili/onnis M scher-O oster K sia /k iew ic /, 79, 

pi. 4. fig. 8.
v 1977 Chondrites intricatus (B rongniart) - Ksi(\zkie\vicz. SO, pi. 

4. lig. 5.
v partim  1977 Chondrites fle.xitis F ischer-O oster K si^zkiew icz, 79, in 

collection [non pi. 4, fig. 10 = large fbram inifer|.

D ia g n o s is :  S m a ll tra c e  fo s s i l  c o m p o s e d  o f  n u m e ro u s  d o w n w a rd  
ra d ia t in g  b ra n c h e s .  T h e  a n g le  o f  b ra n c h in g  is u s u a l ly  le ss  th a n  45  
d e g re e s  (m o d if ie d  a f te r  F u , 1 9 9 1 ).
M a t e r i a l :  21 s p e c im e n s  (U J  T F  147 , 149 , 1 5 3 ,3 6 1 ,3 9 3 , 3 9 8 ,6 0 4 ,  
6 5 7 , 7 0 9 A . 8 8 9 , 8 9 5 , 9 6 0 , 9 6 2 ,  1215 , 1 3 0 9 , 1 6 5 4 -1 6 5 5 , 2 5 1 6 , 3 
s p e c im e n s  in th e  G c b h a r d ’s c o l le c t io n  in th e  N a tu rh is to r is c h e s  
H o fm u s e u m  in V ie n n a ) .
D e s c r ip t i o n :  A  s y s te m  o f  t r e e - l ik e  b ra n c h in g ,  d o w n w a r d  p e n e t r a t 
ing , m a rk e d ly  f la t te n e d  tu n n e ls ,  0 .4 - 1 0  m m  in d ia m e te r .  B ra n c h e s  
fo rm  s h a rp  a n g le s .  T h e  tu n n e ls  a re  f i l le d  w ith  s e d im e n t  l ig h te r  o r  
d a rk e r  th a n  th e  h o s t ro c k . In  c ro s s - s e c t io n ,  Chondrites a p p e a rs  as 
p a tc h e s  o f  s m a ll ,  c i rc u la r  o r  e l l ip t ic a l  s p o ts .  0 .5 - 1 .0  m m  in d ia m e 
te r)  (c o m p a re  e .g . W e r n e r  &  W e tz e l ,  1 9 8 1 ).

Chondrites intricatus o c c u r s  in v a r ia b le  s u b s tr a te s  in c lu d in g  
m e d iu m -g ra in e d  tu rb id i t ic  s a n d s to n e  e x h ib i t in g  T b  la m in a t io n  o f  
B o u m a  (1 9 6 2 ) ,  b u t  m o s tly  in  f in e -g r a in e d  s i l ic ic la s t ic  a n d  c a l c a r e 
o u s  ro c k s . In  o n e  c a s e  (U J  T F  7 0 9 A ) , it o c c u r s  o n  th e  s o le  o f  
tu rb id i t ic  s a n d s to n e  in fu ll r e l i e f  f i l le d  w ith  d a rk  f in c -g r e in e d  
m a te r ia l  (F ig . 18).

R e m a rk s : A fter revision o f  the system atics o f  Chondrites, 
only 4 ichnospecies are considered  as useful instead o f  the 
170 ichnospecies d is tingu ished  in the past (Fu, 1991). The 
p roblem  o f  system atics o f  Chondrites w as no ticed  by K si^z- 
k iew icz (1977), w ho d is tingu ished  9 ichnospecies. N ever
theless, m ost o f  the specim ens from  the K si^zk iew icz m ate-

F ig . 19. C hondrites intricatus ( B ro n g n ia r t )  w ith  d e fo rm e d  f i l l 
in g . A . S p e c im e n  fro m  th e  G e b h a r d 's  c o l le c t io n  in th e  N a tu r h is 
to r i s c h e s  H o fm u s e u m  in V ie n n a . B is a m b e rg  n e a r  L a n g e n e rs d o r f ,  
'’C r e ta c e o u s  f ly s c h  o f  th e  W ie n e r w a ld .  T h e  c o in  is 19 m m  in 
d ia m e te r .  B . U J T F  9 6 1 , c n d ic h n ia l  fo rm , R o p ia n k a  b e d s  
( S e n o n ia n - P a l e o c e n e ) ,  B ia ła  W y ż n a  ( la b e l le d  a s  Bostricophyton  
pantenellii). T h e  c o in  in A  is 19 m m  in d ia m e te r ,  s c a le  fo r  B in m m

rial represen t the sam e pattern referred  by Fu (1991) to Ch. 
intricatus, Ch. targionii. Ch. patulus, or Ch. recurvus (see 
the synonym y list). M any specim ens (U.I TF 599, 670, 680, 
703, 758, 778, 959, 1181, 1641, 1644, 1650, 1656-1657, 
1678, 2023) are poorly  p reserved  and  the ir ichnospecific  de
term ination  canno t be m ade.

Several trace fossils referred  by K siążk iew icz  to Chon
drites belong to o ther ichnogenera. Som e specim ens o f  Ch. 
affinis (eg. UJ TF 1641, 1646) are fla ttened , b ranched  or un
branched tubes, w hich m ay be referred  to Palaeophycus or 
sm all Thalassinoides. Som e specim ens determ ined  as Ch. 
expansus (U J TF 988, 2516) are radial trace fossils referred 
to Glockerichmts (see descrip tion  o f  Glockerichnus). In the 
specim en UJ TF 1659 determ ined  as Ch. affinis, there is a 
radial trace fossil d ifferen t from  Ch. intricatus. It d isp lays 
radial b ranches w ith rounded and en larged  term inations. 
T his is p robab ly  a new  ichnogenus.

Bostricophyton pantanellii Squinabol (1890) is a 
branched  trace fossil, w hich d isp lays several features o f  
Chondrites intricatus. T he on ly  d ifference  is the non-con- 
tinuous guidance o f  burrow  filling. Squinabol ind icated  that 
the filling  d isp lays spiral pattern . H ow ever, this observation  
m ay be questioned. The segm ents o f  filling  m ay be only ar
ranged in an ind istinct chevron  pattern . The K siążk iew icz
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Fig. 20. A  la rg e  f o r a m in i f e r  o n  s o le  o f  tu rb id i t ic  s a n d s to n e  b e d  
( la b e l le d  a s  Chondrites flex ilis). U J  T F  148 , R o p ia n k a  b e d s  
( S e n o n ia n - P a le o c e n e ) ,  W o la  B rz e z iń s k a .  A. G e n e ra l  v ie w . B. D e 
ta il o f  A . S c a le  in m m

m aterial (2 specim ens) d isp lay  neither spiral nor chevron 
pattern o f  the filling  (Fig. 19 B ). I have observed  a few  speci
m ens o f  this type in the N atu rh is to risches H ofm useum  in 
V ienna (U pper C retaceous m arls, flysch  o f  the N orthern  
A lps, G eb h ard ’s co llection). T hey  have been also observed 
by Fuchs (1895, p. 407, 1905). Som e o f  the specim ens con 
tain Chondrites intricatus w ith  a transition  from  continuous

burrow  fillings to d iscon tinuous fillings. The fragm ents w ith 
the d iscon tinuous fillings are iden tical to Bostricophyton  
pantanellii S quinabol in the K si^zk iew icz co llection  and 
strongly  resem ble S q u ib ab o l’s d raw ing  (1890, pi. 7, fig. 5) 
of the ho lo type o f  this ichnotaxon. M ost p robably  this trace 
fossil resu lted  from  deform ation  o f  C. intricatiis by flow ing 
o f  sed im ent at a certain  stage o f  d iagenesis, w hen burrow  
tilling  had becom e rigid. Fuchs (1895, p. 407), w ho w as the 
first to  include S qu inabo l’s specim en  in “fuco ids” , supposed 
that the features o f  Bostricophyton  resu lted  from  defo rm a
tion.

The second ichnospecies o f  Bostricophyton , B. etruscus 
Squinabol (1890, p. 184, pi. 11, fig. 5) w as com pared  by 
Fuchs (1895, 1905) to Caulerpites eseri H eer (1877), w hich 
is included in Polykampton eseri (U nger) (W etzel &  U ch- 
m an, 1997).

K si^zk iew icz (1977, pi. 4, fig. 10) illustrated  specim en 
UJ TF 1031, a large protist, as Ch. flexilis (Fig. 20). it re 
sem bles Chondrites, but the test is v isib le . M oreover dicho- 
tom ous branchings occur, w hich are no t p resen t in Chon
drites. Large protists are com m only  m istaken  for trace fo s
sils (e.g ., Seilacher, 1959, pi. 2, fig. 36; C rim es et al., 1981, 
pi. 4, fig. 2).

Chondrites targionii (B rongn iart 1828)
Figs. 2 1 -2 2 A -B

* IS2S t-'ucoides targionii B rongniart, 56, pi. 4. figs. 2-6.
v 1977 Chondrites artmscula F ischer-O oster -  K siazkiew icz. 79, 

pi. 4, fig. 7.
v  ?paitim  1977 Chondrites furcatus (B rongniart) -  K si;\zkiewicz, 79, pi. 

4, fig. I (?non pi. 4, fig. 2)
v 1977 Chondrites affinis (B rongniart) -  k s iazk iew icz, 78, pi. 4, 

fig. 11.
D iagnosis: Chondrites c h a r a c te r iz e d  b y  w e ll  e x p re s s e d  p r im a ry  
s u c c e s s iv e  b ra n c h in g s ,  w h ic h  a re  c o m m o n ly  s l ig h t ly  c u rv e d . T h e  
a n g le  o f  b ra n c h in g  is u s u a l ly  s h a rp .
M a teria l: 4 2  s p e c im e n s  (U J  T F  1 4 9 -1 4 0 , 145, 148 , 1 5 0 -1 5 1 , 
5 9 3 -5 9 8 , 6 0 0 , 6 0 2 -6 0 3 ,  6 0 7 , 6 1 0 , 6 1 2 -6 1 4 ,  6 1 7 , 6 1 9 , 6 8 6 , 7 0 7 , 
9 3 0 , 9 9 4 , 9 9 7 , 1 0 0 3 , 1007 , 1 0 5 3 . 1 1 9 1 , 1 1 9 1 A , 1 6 4 2 , 1 6 4 5 , 1 648- 
1 6 4 9 , 1 6 5 1 , 16 5 8 , 1736 , 18 9 8 , 2 5 1 5 A , 2 5 8 5 ) .
D escrip tion : A s in th e  d ia g n o s is ,  w ith  th e  fo l lo w in g  a d d it io n : th e  
b u r r o w  f i l l in g s  a re  5 - 6  m m  in w id th .

C hondritespatulus  F ischer-O oster 1858

* 1858 Chondrites patulus F.O. - F ischer-O oster, 48, pi. 8, figs.
6-7.

v 1977 Chondrites paiuhts F ischer-O oster -  Ksi<izkiewicz, 80, pi. 
4, fig. 9.

D iagnosis: S m a ll Chondrites  s y s te m  w ith  s im p le  b ra n c h e s ,  w h ic h  
b ra n c h e s  c o n c o r d a n t ly  a t an  o b tu s e  a n g le  fro m  th e  m a in  s te m  
( m o d if ie d  a f te r  F u , 19 9 1 ),
M a teria l: 1 s p e c im e n  (U J  T F  1 2 1 4 ).
D escrip tion : A s in  th e  d ia g n o s is .

Chondrites Irecitrvus (B rongn iart 1823)
Fig. 22C

* 1823 Fucoides recurvus -  B rongniart, 309, pi. 19, fig. 4.

D iagnosis: C hondrites s y s te m  in  w h ic h  b ra n c h e s  a r is e  o n ly  o n  o n e  
s id e  o f  th e  m a s te r b ra n c h  a n d  w h ic h  a re  a ll b e n t  in o n e  d ire c t io n  in 

a  ly re - s h a p e d  in to  tw o  b i la te ra l ly  o p p o s e d  d ire c t io n s ;  th e re  a re  
c o m m o n ly  o n e  o r  tw o  o rd e rs  o f  b ra n c h in g ,  ra r e ly  a  th ird  ( a f te r  F u , 
19 9 1 ).
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Fig. 21. Chondrites targionii ( B ro n g n ia r t ) .  A. UJ T F  619, In o c c ra m ia n  b e d s  ( S c n o n ia n - P a l e o e e n c ) ,  L u b o m ie r z .  P a ra lle l  la m in a te d  (T b ) 
tu rb id it ic  s a n d s to n e  bed . B. (J J  T F  1007, S il ic e o u s  m a r ls  (T u ro n ia n ) ,  H u w n ik i.  T u r b id i t ic  m a r ls to n c  b e d  ( la b e l le d  as Chondrites flexilis). 
S c a le  in m m

Fig. 22. A-B. Chondrites targionii ( B ro n g n ia r t ) ,  la rg e  fo rm s . A. U.l T F  7 0 7 , V a r ie g a te d  S h a le  ( P a l e o c e n c - L o w e r  E o c e n e ) ,  S z c z a w a . 

T u rb id it ic  s a n d s to n e  b e d  ( la b e l le d  a s  Chondrites affinis). B. U J T F  1 0 0 3 , S il ic e o u s  m a r ls  (T u ro n ia n ) ,  H u w n ik i.  T u r b id i t ic  m a r ls to n c  b ed  
( la b e lle d  as Chondrites affinis). C. Chondrites recurvus (B ro n g n ia r t ) ,  U J  T F  9 9 4 . S il ic e o u s  m a rls  (T u ro n ia n ) ,  H u w n ik i.  T u rb id i t ic  
m a r ls to n e  b ed . S c a le  b a r  in A  =  1 c m , s c a le s  in  B -C  in cm
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M aterial: 2 or 3f?) specimens (UJ TF 994, 1001(7), 1737). 
Description: As in the diagnosis, with the following remarks: 
retrusivc trace fossil. Only one branch is observed, with flattened 
tunnels 4 -6  mm wide. Additional branches occur on the other side 
of the mastcrbranch. Therefore, the question-mark is placed in 
front of the ichnospeeifie name.

Trichichnus Frey 1970

Diagnosis: Branched or unbranched, hair-like, cylindrical, straight 
to sinuous trace fossils, oriented at various angles (mostly vertical) 
with respect to the bedding. Burrow walls distinct or indistinct, 
lined or unlined (after Frey, 1970 and Fillion & Pickerill, 1990).

Remarks: Trichichnus is p resen t in a few  specim ens in the 
K siazk iew icz collection . It w as neither described  nor la
belled. It is especially  com m on in m arlstone specim ens con 
tain ing Chondrites.

T his ichnogenus w as recen tly  d iscussed  by Fillion & 
Pickerill (1990) and U chm an (1995).

Trichichnus linearis Frey 1970 
Figs. 23

Diagnosis: Lined Trichichnus (after Frey, 1970, Fillion & Picker
ill. 1990).
M aterial: 2 specimens (U.I TF 1003, 1007).
Description: ?Lined vertical to horizontal thread-like trace fossils, 
occasionally branched at sharp angle. The trace fossils are mostly 
0.4—1.1 mm in diameter. Usually, the burrows are filled with 
darker, finer, and pyritised material than the host rock and are 
commonly impregnated by secondary ferruginous oxides. A fer
ruginous halo around the trace fossils is also common.

Remarks: Tw o ichnotaxa o f  Trichichnus w ere d is tin 
guished (F illion & P ickerill, 1990), nam ely  a lined (T. 
linearis) and unlined (T. "sim plex") trace fossil. In the ex 
am ined m aterial, only  the larger specim ens seem  to be d is
tinctly  lined. H ow ever, the lack o f  the lin ing  along the trace 
fossil m ay be connected  w ith  d iagenetic  processes. It is 
highly likely that all excep tionally  long and thin Trichichnus 
w ere prim arily  lined. T hus, the tw o species o f  Trichichnus 
possib ly  d iffer only in their degree  o f  lining. W hether this 
character serves as a useful ichnospecies feature is doubtful 
(U chm an. 1995).

Fig. 23. Trichichnus linearis Frey. UJ TF 1003, Siliceous marls 
(Turonian), Huwniki. Turbiditic marlstone bed, parting surface. 
Scale in nun

Ophiomorpha  L undgren 1891

Ichnotaxa included in Ophiomorpha Lundgren:
1962 Granularia -  Seilacher, 299, pi. 1, fig. 4, 

v 1977 Arthrophycus anmdatus n. ichnosp. K sia/k icw icz . 56, 
pi. 1. figs. 8-10.

v 1977 Sahularia simplex n. ichnosp. -  K siazkiew icz, 68. pi. 2, 
fig. 2, text-fig . 9e. 

v 1977 Sahularia radix n. ichnosp. — K siazkiew icz, 70. pi. 2, fig.
4, text-fig. 7.

D iagnosis: Simple to complex burrow systems lined at least par
tially with agglutinated pelletoidal sediment (modified after 
Howard & Frey, 1984).

R e m a rk s : Som e horizon tal trace-fossil segm ents lacking 
the knobby  ex terio r resem ble Thalassinoides (e.g. K ern  & 
W arm e, 1974) but vertical segm ents are lined. Sahularia  
rudis (K siazk iew icz, 1977), inc lud ing  the ho lo type, d isp lays 
features o f  Ophiomorpha  (U chm an, 1991a) and is included 
in this ichnogenus.

A certain  type o f  flysch Granularia  (Ophiomorpha an- 
nulata  in th is paper) differs from  Ophiomorpha nodosa  
Lundgren m ain ly  in sm aller d im ensions. T his w as regarded 
by Seilacher (1977a) as a sm all “flysch  version” o f  Sponge- 
liomorpha  w hich in turn is c lose ly  related  to Ophiomorpha  
(B rom ley  & Frey, 1974; Frey et at. 1978).

F lysch Ophiomorpha  has been d iscussed  by U chm an 
(1995).

Ophiomorpha annulatet (K siazk iew icz  1977)
Fig. 24

1962 Granularia Seilacher. 299, pi. I, fig. 4. 
v* 1977 Arthrophycus anmdatus n. ichnosp. K siazkiew icz, 56, 

pi. 1. figs. 8-10.
v 1977 Sahularia simplex 11. ichnosp. -  K siazkiew icz, 68, pi. 2, 

fig. 2. text-fig. 9e.
1982 Ophiomorpha anmdata — Frey  & H ow ard, figs. 2B , 4A.

Synonymy list: Uchman (1995).
D iagnosis: Ophiomorpha, mainly horizontal or subhorizontal, cy
lindrical, rarely branched, covered with elongate pellets arranged 
perpendicularly to the long axis o f trace fossil. Sharp angles pre
vail at branching points. Swellings are common. In flysch deposits, 
commonly hypichnial, smooth and straight small specimens (usu
ally 2 -6  mm in diameter) (after Uchman, 1995).
M ateria l: 24 specimens (UJ TF 122 (holotype), 123, 383, 386, 
945, 1008, 1189, 1220, 1224, 1293, 1444, 1474, 1502, 1511-1514, 
1516-1517. 1618, 1689, 1502, 2510, 2513).
D escription: Usually smooth, straight or slightly curved, horizon
tal or slightly oblique, presumably hypichnial but also rarely en- 
dichnial or exiclinial cylindrical lined trace fossils, 2 -6  mm in 
diameter. Small indistinct knobs cover the burrow wall only lo
cally. The trace fossils are preserved as full-reliefs. They are 
usually branched, with swellings (up to 8 mm in diameter) at the 
branching points. Branches form sharp angles. In places, the 
branches arc very short and represent dead ends.

R e m a rk s : T his ichnotaxon w as usually  described  as Granu
laria , but w ithout specific designation . It w as also described  
as Sahularia simplex  (K siazk iew icz, 1977). The la tter ich
nospecies w as defined  as a sm ooth , straight, rarely  b ranched  
trace fossil (see also T unis &  U chm an, 1993). I observed  
this ichnotaxon p rev iously  in the E ocene flysch o f  the Istria 
pen insu la , S lovenia (T unis & U chm an, 1996b). T he specific 
w eathering  conditions on the seashore resulted  in unusually



126 A. UCHMAN

Fig. 24. Ophiomorpha annulata (Ksi^zkiewicz). Endichnial 
forms in turbiditic sandstone. A. UJ TF 123, Ci^zkowice Sand
stone (Eocene), Znamirowice. B. UJ TF 1444. Beloveza Forma
tion (Eocene), Lipnica Mala. Scale in mm

w ell p reserved  details o f  w all and  fill. W ell defined ellip tical 
silt pe lle ts cover the w alls o f  som e specim ens; the long axes 
o f  the pelle ts are perpend icu lar to the burrow  axis (U chm an,

Fig. 25. Fischer-Ooster's (1858) specimens of Holvmenites 
(^Ophiomorpha rectus). A. H. incrassalus Fischer-Ooster, holo- 
type (^Ophiomorpha rectus), Fahrnen, Switzerland. Specimen 
16/3 in the Natural History Museum, Bern. B. H. flexuosus Fis- 
cher-Ooster, the holotype (=Ophiomorpha rectus). Upper Creta
ceous Gurnigel Flysch, Seeligraben near Gumigelbad, Fribourgian 
Alps, Switzerland. Specimen 13/2 in the Natural History Museum, 
Bern. C. H. minor Fischer-Ooster, holotype (=Ophiomorpha rec
tus) with Chondrites intricatus. Drawing based on a photograph. 
Upper Cretaceous Gurnigel Flysch, Seeligraben near Gurnigclbad, 
Fribourgian Alps, Switzerland. Specimen 13/3 in the Natural His
tory Museum Bern. Seale bars = 1 cm

1995). M ostly , the specim ens are devoid  o f  pellets and are 
identical to the m aterial described  by K si^zk iew icz  (1977) 
as Sabularia simplex. P reservation  and  production  o f  pellets 
is p robab ly  related to the consistency  o f  the sedim ent.

The pelle ted  segm ents o f  O phiomorpha annulata  from 
Slovenia are identical to Arthrophycus annulatus (K siazkie- 
w icz, 1977), recen tly  redescribed  as Ophiomorpha annulata  
(H ow ard & Frey, 1984; Frey & H ow ard, 1985a, b). H ow 
ever, it is no t com pletely  clear, if  the m eterial described  by 
the cited  authors from  shallow -w ater C retaceous deposits o f  
N orth  A m erica, and the d iscussed  flysch m aterial are iden ti
cal. The sm ooth  version o f  O. annulata  w as described  as O. 
annulata  var. simplex  (U chm an, 1995). The problem  o f  O. 
annulata  w as d iscussed  in the cited  publication .

O. annulata  occurs from  the V alangin ian  to the M io
cene (U chm an, 1995) in deep-sea  env ironm en t (K si^zkie- 
w icz, 1977) and probably  in sha llow -w ate r deposits (e.g. 
Frey & H ow ard, 1990)

Ophiomorpha rectus (F ischer-O oster 1858)
Figs. 2 5 -2 6

* 1S5S Hatymcnitcs rectus lf .O. F i s ch e r -O o s te r ,  55, pi.  13, fig.

! 8 5 X Hatymcnitcs jlcxuosus  F .O.  - F i s ch e r -O o s te r ,  55, pi.  13. 
fig. 1.

?p a r t im  1X58 Hatymcnitcs minor F .O.  - l- ' ischer -Ooster . 55, 65. pi.  13, 
fig. 1 ( ?n o n  55, pi.  16. fig. 2)

1858 Hatymcnitcs incrassalus F .O .  -  F i s ch e r -O o s te r .  65,  pi. 16, 
fig. 3.

1909 Gnumtaria  cf. arcuata  S c h im p .  - Reis .  pi. 17, figs. 2-4.
1935 a g g lu t in ie r te  W o h n r o h r e  -  A b e l ,  figs. 39 5-396 .
1936 G r o s s e r  F u k o id  K re jc i -G ra f ,  fig. 3.

? n o n  1941 A g g lu t in ie r e n d e n  P o ly c h a te n  (T e re b e l l in e n )  -  Pap p ,  figs. 
1 -1

1959 M i l  e l l ip s o d is ch e n  K o tp i l l e n  a u s t a p e z i e r t e r  G a n g  -  Seil a-  
che r , tab . 3 .52.

v 1977 Tubutichnium inccrtum  n. ic h n osp .  -  Ksi<\zkiewicz, 143, 
pi.  1 1, figs. 14-15, tex t- f ig . 29.

1978 'IGranutaria -  Kern ,  2 5 5 ,  fig. 10A. 
p a r t im  1981 Granularia sp. -  C r im e s  el at.. 969 ,  pi. 2, fig. 5 ( n o n  pi.  4, 

fig. 4).

v  1991b Tubutichnium inccrtum ■ U c h m a n ,  2 8 9 ,  fig. 2A.
v  1993 Tubutichnium inccrtum  K s i ^ z k i e w i c z -  T u n i s  &  U c h m a n ,  

87 (no t figured).
v  19 96 a  Tubutichnium inccrtum  K s i ^ z k i e w i c z -  Tu n i s  &  U c h m a n ,

177, fig. 3.1.

E m e n d e d  d iag n o s is : M ostly  horizon ta l, rarely  b ranched,
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Fig. 26. Ophiomorplia rectus (Fisher-Ooster). A. Epichnial forms in turbiditic sandstones. U.I TF 1026, Ropianka beds (Senonian-Pa- 
leocene). Wola Brzezińska. B. Specimen from the Gurnigel Flysch (Senonian-Paleocene) in Seeligraben near Gurnigelbad, Fribourgian 
Alps, Switzerland. The type o f Halymenidium = Ophiomorpha rectus derives from this locality. C. Specimen from the Gurnigel Flysch 
(Upper Paleocene-Lower Eocene) in Zollhaus, Fribourgian Alps, Switzerland. Phycosiphon incertum at the left side. Scale in A-B in mm, 
scale b a r  in C  = 1 cm
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w inding Ophiomorpha  lined w ith  very sm all m uddy pellets. 
M ateria l: 7 specimens (UJ TF 938, 1026, 3 specimens from the 
Fischer-Ooster material, 2 specimens from the Fribourgian Alps). 
D escrip tion : Horizontal to oblique strongly flattened tubes, which 
are 4—20 mm wide. Interior o f  the tube is covered with small, 
elongate muddy pellets, which are 0.7-2 mm long.

R e m a rk s : K si^zk iew icz (1977) no ticed  sim ilarity  o f  the 
d iscussed  trace  fossil to Ophiom orpha , bu t he designated  the 
new  ichnogenus. S tra tig raph ic  range: T u ran ia n -M id d le  E o
cene (K siazk iew icz, 1977).

Ophiomorpha  isp.
Fig. 27

v 1977 Suhiilcirian.ulin n. i chnosp .  - K s i a z k ie w ic z ,  70, pi. 2, fig.
4. te xt- f ig . 7.

M ateria l: 7 specimens (UJ TF 128, 1205, 1509, 1581, 1634, 251 1, 
2601).
D escrip tion : Horizontal, vertical, or subvertical, straight or 
slightly' winding trace fossils, usually' smooth or covered with 
poorly visible knobs. Trace-fossil diameter ranges from 4 to 30 
mm, but commonly from 10 to 30 mm. The trace fossils arc 
elliptical to rarely circular in cross-section. They display rare 
Y-shaped branchings, however, a congestion o f branchings is 
noted in some specimens (UJ TF 1204, Ksiazkiewicz, 1977, pi. 2, 
fig. 4). which form a kind o f knot.

Thalassinoides E hrenberg  1944

D iagnosis: Three-dimensional burrow1 systems consisting pre
dominantly o f smooth-walled, essentially cylindrical components 
of variable diameter: branches Y- to T-shaped, enlarged at points

o f  b ifu r c a t io n  (a f te r  H o w a r d  &  F re y , 1984),

R e m a rk s : Thalassinoides is a fac ies-crossing  trace fossil, 
m ost typical o f  shallow -m arine  env ironm ent, and is p ro 
duced m ain ly  by crustaceans (e.g. Frey et al., 1984). O rigin 
and  palaeoenvironm ental s ign ificance  o f  Thalassinoides 
w ere sum m arized  lately  by E kdale (1992). A ccord ing  to 
Follm i &  G rim m  (1990), the c ru staceans p roducing  Tha
lassinoides m ay survive transport in tu rb id ity  cu rren ts and 
produce burrow s under anoxic cond itions during  a lim ited 
num ber o f  days.

A part from  w idesp read  M esozoic and C enozoic  occu r
rences, Thalassinoides w as reported  from  the Palaeozoic 
from  w hat appears to  be shallow  w ater sed im ents (Palm er, 
1978; A rcher & M aples, 1984; Sheehan & Schiefelbein , 
1984; S tanistreet, 1989; K ulkov, 1991).

Thalassinoides saevicus ( R ieth 1932)
Figs. 28

v p a r t im  1977 Biillinlrcplii.s alT. pa/mata  H all  -  K s i azk i ew icz ,  75, text - 
fig. I On [non  tex t- f ig . 1 Oh =  Phycot/es bilix], 

v p a r t im  1977 Butholrcpliis a IT. .vi icculcns Hal l -  K s ia z k i e w ic z ,  75, text - 
fig. 10c [non te xt- f ig . 10a, e, k-1, t =  Phycoc/es M ay] .  

v p a r t im  1977 llutholrcphis spec , indet . — K sia z k i e w ic z ,  76, tex t- f ig . 1 Od, 
o - r  [non  te xt- f ig . 1 Of-g, i-j , m,  s,  u -y  =  Phycoc/es hi/ix\ n o n  
lext-f ig . 10b =  Arlhruphyais s/rictus K s iazk iew icz ] .

Diagnosis: P r e d o m in a n t ly  h o r iz o n ta l ,  m o re  o r  le ss  re g u la r ly  
b ra n c h e d ,  e s s e n t ia l ly  c y l in d r ic a l  b u rro w ' s y s te m : d ic h o to m o u s  b i 
fu rc a t io n s  a re  m o re  c o m m o n  th a n  T - s h a p e d  b ra n c h e s  (a f te r  
H o w a rd  &  F re y , 1984).
M aterial: 12 specimens (U.I I T  378. 380, 383-384, 703, 902, 
1356, 1580, 1582-1583,2511,2590).
Description: H o riz o n ta l  o r o b l iq u e  c y l in d r ic a l  tra c e  fo s s i ls ,  5-30

Fig. 27. Ophiomorpha isp. UJ TF 2601 (original label lost). 
Scale in mm

Fig. 28. Thalassinoides sucvicus (Rieth). U.I TF 2590. Sole of 
turbiditic sandstone bed, Synwódzko Wyżnie, Gorgany Moun
tains, East Carpathians, Ukraine. Coll. !<.. Wójcik. Scale in mm
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mm in diameter, luiving Y-shaped branches. T-shaped branching is 
rare, but may occur together with Y-shaped branching in one and
the same trace fossil. Some o f the burrows are enlarged at points of 
bifurcation.

R e m a rk s : Som e specim ens ascribed  to Thalassinoides oc
cur am ong specim ens determ ined  by K siqzkiew icz (1977) 
as Buthotrephix or labelled as Sabularia rut/is and Sahularia  
ramosa. Thalassinoides w as noted  in the C arpath ian  Flysch 
by U chm an (1991a).

Spongelioniorpha  de Saporta 1887

Diagnosis: Sparsely developed burrow systems; components ver
tical to horizontal, characterized by sets o f longitudinal or oblique, 
line, elongate striation on exterior o f burrow casts (Fiirsich cl al.. 
1981; Frey d a l..  I *>K4).

R e m a rk s : Fiirsich (1973) included  Tluilassinoidcs and 
Ophiomorplia in Spongelioniorpha. B rom ley & Frey (1974) 
suggested that Spongelioniorpha  should  be abandoned  be
cause o f  poor defin ition , and Tluilassinoidcs and Ophiomor- 
plia  should be retained because o f  their d ifferen t wall struc
tures. H ow ever, m aterial from  the type  locality  o f Spongc- 
liomorpha (S. ihericu) has since been revised (C alzada, 
1981 ) w hich has im proved defin ition  o f  this ichnogenus.

The longitudinal striation  is in terpre ted  as scratch traces 
produced in s tiff  substrate (e.g .. K ennedy. 1967; Fiirsich, 
1973). K siazk ieu  icz (1977, p. 61 ) supposed  tha t the scu lp 
ture o f  the C arpathian  spec iem ens w as produced passively  
by anim als (’.’boltliurians, ?oph iu ro ids. ?sip iinculids) w ith 
body appendages and tubercles. T his v iew  eannot be' ae- • 
cepted because it does not explain  w hy the short ridges are 
oblique and grouped. If they  had been produced by drag 
ging. w e w ould expect m ore con tinuous scratches, m ore 
concordant to the axis o f  trace fossil. Fuchs (1895, p. 408) 
related trace fossils o f  this type to burrow s o f  annelids like 
Tcrchclla. H ow ever, the external o rnam entation  o f  the trace 
fossils strongly resem bles scratch  traces o f  crustacean bur
row s. formed actively  by locom otory  organs o f  tracem akers, 
w hich are present m ainly in Spongelioniorpha , occasionally  
m Tluilassinoidcs. and in the in te rio r o f  Ophiotnorpha  (K en 
nedy. 1967). Som e C arpath ian  exam ples are enlarged at 
branching points, sim ilarly  \o.Tluilassinoidcs.

Frey cl al. (1984) specii-lated that Spongelioniorpha  p ro
duced by crabs should have shorter, m ore stum py and bu l
bous sculp ting  than long scu lp ting  produced  by shrim ps. On 
the o ther hand, en largem ent o f  bu rrow s at branch ing  points 
is m ore characteristic  o f  sh rim ps (K ennedy , 1967; B rom ley 
'& Frey. 1974; Fiirsich el al.. Г981).

Spongelioniorpha suhliiinhricoides (A zpeitia  M oros-1 933) 
Fig. 29

* 1933 Halimcnilcs snh/nmhiicoid&s A zpeitia, n. sp. A zpeitia 
M oros. 56. pi. 18. fig. 32 (lapsus calam i).

1 946 Halymcnitcs suNimihricoidcs A zpeitia, n. sp. G om ez civ 
LI arena, 3 S( 143).

? 1973 H al\ ‘in ci i it/i tin / С r i m es, fig. 1 1.10,
-1977 HulymeniifiiiDt suhlumhricoides (A zpeitia) K siazkie- 

w icz, 62. pi. 3, figs. 1-2.
? 1980 Ha/ynicnidium sublumhricoidcs (A zpeitia) A lexandres- 

cu & Brustur. 24. pi. 6. fig. 2.

E m en d ed  d iag n o s is : Spongelioniorpha  w ith short, fine, ir-

Fig. 29,- Spongelioniorpha suhlumbricoides (Azpeitia-Moros). 
Sole o f turbiditic sandstone bed. U.1 TF 80, Beloveza Formation 
( Eocene), Lipnica Mala. A. General view. B. Detail o f A. Scales in 
mm

regularly , m ain ly  ob liquely  d is tribu ted  external ridges. 

M aterial: 5 specimens (TF U.l 80, 297, 458. 1741. 1810).

R e m a rk s : M etz (1993b) distinguished. Spongelioniorpha
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milfordensis for nonm arine , p robable insect traces, w hich 
d isplays very sim ilar m orpho logy  to S. suklumbricoides.

Spongeliom orpha oraviense  (K si^zk iew icz  1977)

v*  1961 Halvmenitcs oravicnsis (n .f . )  - Ksinzk ievv icz,  884 , pi. 2, 
fig. 1.

v 1977 Halymcnidium oraviense ( K s i a / k i e w i c z )  K sia /.k iew ic z ,  
62, pi. 3, figs . 3-4.

? 1981 Ilaiyincnidium - C r im e s  el al., 970- 
? 1985 Halymcnidium oraviense -  S a p u n o v  el al.. fig. 1 1.3, fig.

I3.fi.

1992 Halymcnidium oraviense -  Leszczyr isk i,  pi. 2. fig. 1.
? 1993 Halymcnidium oraviense - B ru s tu r  &  S to ic a , fi4.
?  1994 Halymcnidium oraviense (K si i ( zk iew icz )  — L o f t ie r  &  

G e y e r .  4 49 ,  fig. 4b .  
v 19 9 6 a  Halymcnidium oraviense ( K s i q / k i e w i c / )  -  T u n i s  &  U ch -  

m a n .  173. fig. 3F. 
v 1996b " Halymcnidium " oraviense ( K s i q /k i e w i c z )  -  T u n i s  &  

U c h m a n ,  6, fig. 4I5-F. 
v 1996 "Halymenidiunt " oraviense {K siazk icv v icz ) M a r in c ic  el 

al.. pi.  I. fig. 7.

Diagnosis: Spongeliomorpha covered with short, fine, oblique 
ridges. Ridges are oriented parallel and grouped in small patches. 
The patches form a plaited design (modified after Ksi^zkiewicz, 
1977).
Material: 20 specimens (TP U.l 61 (holotype), 62, 161, 456-457, 
459 ,461-469,471,473,474).

Remarks: T he m aterial d escribed  by K siqzkiew icz as Ha- 
lymenidium  d isplays fea tu res o f  Spongeliomorpha  de Sa- 
poita. The filling o f  bu rrow s is covered  w ith short ridges 
that m ay be treated  as casts o f  scratch  traces.

Phycodes R ich ter 1850

Emended diagnosis: D ensely  to loosely packed bundle o f  
tunnels. T hese are jo in ed  as a single stem  or tightly  packcd 
in the dow nw ard-penetra ting  to horizontal prox im al part. 
T he bundle is split and m ore loose in the upw ard-penetra t
ing distal part.
R e m a rk s : Phycodes R ich ter, typ ified  by Ph. circinatum  
R ichter, w as lim ited only  to  densely  packed bundles (O s
good, 1970; H antzschel, 1975). A curved, short-branched  
form , w idely  know n as Phycodes pedum  (Seilacher, 1955), 
w as recen tly  included in Trichophvctis M iller &  D yer be
cause the m orphology o f  th is trace  fossil does no t conform  
w ith the d iagnosis o f  Phycodes (G eyer &  U chm an, 1995).

K siqzkiew icz (1977, p. 82) described  only  one ichno
taxon o f  this ichnogenus, nam ely  Phycodes aff. harlani 
(H all). The single specim en  o f  this ichnotaxon com prises 
vertically  stacked cy linders show ing  fain t internal o rnam en
tation, w hich converge in one d irection . The cylinders occur 
in a single vertical p lane as m ay  be observed  in cross-sec- 
tion. In con trast, Phycodes is a bunch o f  cylinders (H an 
tzschel, 1975). In addition  the K si^zk iew iez specim en w as 
com pared to  Phycodes harlani (H all) (synonym  o f  A. alle- 
ghanienis (H arlan), see descrip tion  o f  Arthrophycus). Such 
com parison is very specu la tive . The latter ichnotaxon, 
know n from  Palaeozoic rocks, is rep resen ted  by perpend icu
larly ribbed cylinders hav ing  subquadra te  cross-section , lo
cally  g rouped in bunches. O ne can not exclude tha t the d is
cussed specim en rep resen ts a sm all Ophiomorpha  w ith ver
tical repetitions, analogous to  the trace fossils described  by 
H ester & P ryor (1972).

K si^zk iew icz (1977), how ever, described  a few  trace 
fossils under Buthotrephis H all, w h ich  m ay be ascribed to 
Phycodes (see below ). T hey are b ranched  structures that 
penetra te  from  a single stem  in the proxim al part. The 
branchings penetrate  slightly  upw ard  in the distal part and 
the b ranches are arranged  in a pa lm ate-like  pattern . The 
branches w ere p roduced  by successive  action o f  the trace- 
m aker, w hich w ithdrew  to the m ain  stem  after form ation  o f  
each new  branching. T his type o f  behav iour is m ost sim ilar 
to Phycodes. D istinction  betw een looser and tighter bundles 
o f  burrow s seem s to be p roblem atic . T herefore, a broader 
d iagnosis o f  Phycodes is p roposed to  cover the d ifferences 
and unify these trace  fossils at the ichnogeneric  level. All 
the d ifferences m ay be considered  at the ichnospecific  level. 
C lose com parison to the o ther Phycodes ichnospecies is not 
feasible , because revision o f  these ichnospecies is neces
sary.

Phycodes bi/ix (K si^zk iew icz  1977)
Fig. 30

v* 1977 Buthotrephis bi/ix n. ichnosp. -  K si^zkiew icz, 76, pi. 5, 
fig. 13.

v partim  1977 Buthoircphis aft*, palma/a Hall -  Ksu\zkiew icz, 75, text-
11 g. I Oh [non text-fig. I On =  Thalassinoides suevicus].

v  partim  1977 Buthotrephis aff. succulcns Hall - Ksiqzkiew icz, 75, text- 
fig. 10a, e. k-l. t [non text-IIg. 10c = Thalassinoides 
suevicus].

v  partim  1977 Buthotrephis spec, inclet. ■- K sii\zkiew icz, 76. text-fig.
I ()f-g, i-j, m, s, u-y [non text-fig . I Od, o -r =  Thalassinoides 
suevicus: non text-fig. 10b =  Arthrophycus strictus 
K si^zkiew icz).

E m en d ed  d iag n o s is : Phycodes w ith  a few  loosely packed 
and rarely  branched  tunnels in the d istal part.

M aterial: 15 specimens (U.I TF 350, 382, 368, 376. 709, 761, 
1023, 1173, 1310-1311, 1402, 1726, 1814. 1820, 2016). 
Description: As in the diagnosis and the Ksiazkiewicz (1977) 
descriptions o f ichnotaxa included in this ichnospecies, with the 
following remarks: two types o f preservation are observed. The 
first type is referred to Ksiazkiewicz Butholrephis hilix (Fig. 
30B-C) and connected with a collapse of empty thickly walled 
tunnels. Edges of the collapsed tunnels are elevated, and therefore 
Ksiazkiewicz mentioned “median furrows”. The second type of 
preservation is shown in Fig. 30A. This trace fossil is preserved as 
a washed-out and cast burrow.

R e m a rk s : T his ichnospecies occurs in various flysch de
posits o f  the Polish C arpath ians from  B eriasian  to  O ligocene 
(K siazk iew icz, 1977).

Saerichnites B illings 1866

E m en d ed  d ia g n o s is : T race fossil com prising  at least single 
parallel row s o f  sem icircu lar o r subquadrate , m ore or less 
regularly  d istributed  pits or pustu les on bedding  planes. 
R e m a rk s : T his ichnogenus is typ ified  by S. abruptus B ill
ings (B illings, 1866; H antzschel, 1975). Form er diagnosis, 
provided by U chm an (1995), re la ted  this ichnogenus to  sub- 
vertical shafts. A ccord ing  to B rom ley  (pers. com m ., 1997), 
this trace fossil m ay  be related  to  a horizon tal sp irally  coiled  
burrow . Until this p roblem  is fu rther investigated , a less in- 
te rperative d iagnosis is proposed.
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ISaerichnites canadensis (C rim es &  A nderson 1985)

v p a rtim  1977 Tiihercitlichinix rneandrinu.s n. ichnosp. -  K sia/k icw icz , 
141, pi. 13, fig. 6 [non pi. 13, fig. 5 = Protovirgularia 
vagans. non text-fig. 27a-b],

* 1985 Hormosiroidca canadensis n. ichnosp. -  C rim es & A nder
son, 325, figs. 8.1.

? 1996 Ttiherculichmis meandrinus K siazk iew ic/.-  Paczesna, 67, 
pi. 29. fig. 5.

Diagnosis: A meandering line o f densely spaced vertical or 
steeply inclined shafts which appear on the bedding plane as 
circular or semi-circular knobs (after Crimes & Anderson, 1985). 
M aterial: 1 specimen (U.I TF 917),

R e m a r k s :  Single row s o f  holes p roduced  by unknow n o r
ganism s w ere photographed  on the deep-sea  floor (E v ing  & 
Davis, 1967; H inga, 1981, w ith ref.). It is possib le that they 
m ay be referred  to Saerichnites-Wke trace  fossils. U'Saerich- 
nites is related  to a horizonatal sp ira lly  co iled  burrow  (see 
d iscussion o f  this ichnogenus), !S. canadensis should  be de
scribed under o ther ichnogenus. T herefore , the question- 
m ark is placed in fron t o f  the ichnogeneric  nam e.

Parahaentzschelinia  C ham berla in  1971a

Diagnosis: Trace fossil composed o f numerous vertical shafts 
radiating vertically from one mastershaft. It may be expressed on 
interfaces as groups of oval to circular pits, mounds, bulbs, and 
spots (modified after Uchman, 1995).

R e m a r k s :  P. ardelia  w as iden tified  as an endichnial full-re- 
lie f  trace fossil in Pennsy lvan ian  deep -w ater deposits o f  the 
U SA  (C ham berlain , 1971a, b). P. surlyki w as described  in 
Jurassic  shallow -w ater deposits o f  G reen land  (D am , 1990). 
T he first ichnotaxon  w as in terpre ted  as a feed ing-dom ich- 
nial structure, the second one as a dom ichnion .

T here are records o f  R ecent g rouped  holes on the deep- 
sea floor (G aillard , 1991).

? Paruhaentzschel ini a i sp .
Fig. 31

v 1977 Tuberculicfinus bulbosus n. ichnosp. - K si^zkiew icz, 142, 
pi. 13, fig. 7, text-fig. 27h.

? 1987 Tuherculichnus bulbosus K siazkiew icz -  M icu et a/., 83, 
pi. 2, Fig. 1:.

v 1995 Parahaentzschelinia jsp . — U chm an, 43, pi. 12, figs. 5-8. 

M aterial: 3 specimens (UJ TF 851, 855, 1262),

R e m a r k s :  The m ounds rep resen t casts o f  outlets o f  vertical 
or inclined burrow s.

Anemoniclmus C ham berla in  &  C lark  1973

Anemonichnus concentricus C ham berla in  & C lark  1973 

R e m a r k s :  This ichnotaxon w as recorded  by K siazk iew icz

Fig. 30. Phycndes hilix (Książkiewicz). Soles o f turbiditic sand
stone beds. A. UJ TF 1726, Middle Godula beds (Turonian), 
Ponikiew (labelled as Buthotrephis aff. succulen.v). B. UJ TF 1310, 
Grodziszcze beds (Hautcrivian), Koźmice Wielkie (labelled as 
Buthotrephis hilix). C. UJ TF 1311, the holotype. Grodziszcze 
beds (Hautcrivian), Poznachowice (labelled as Buthotrephis hilix). 
Scale in A in mm, scale bars in B-C = 1 cm
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1933 Lorcnzinia apcnninica G abel 1 i - A zpeitia M oros, 18, pi. 
3. fig. 7.

1951 Alollilcs hucovinicus sp. n. Sandler, 1 74, figs. 1-2.
1951 Alollilcs minor (M aas) -  Sandler, 174, fig. 3.
1953 Alollilcs V assoevich, pi. 3, fig. 2.
1957 Traces [...] r la palure des crabes -  N ow ak, pi. 17, figs. J, 

L, pi. IS. figs. M -N.
1959 Alollilcs sp. G rossheim , fig. 2.
1962 Lorcnzinia Seilacher, pl. 2, figs. I -2.
1964 Lorcnzinia apcnninica G abelli F anes  M allian, 125.p l. 

7, fig. 2.
v 1968 Suhlorciizinia pkma  n. "sp ."  “ K siazkiew icz, 10, pi. 5, figs.

Fig. 31. Parahaciilzschclinia isp. Hypichnial forms on tiirbiditic 
sandstone beds. UJ TF 855, Beloveza beds (Eocene), Berest (la
belled as Tuherculichinis hulbosus). B. UJ TF 1262, Tokarnia (part 
o f label lost). C. Side view o f B. Scale in mm

(1977, p. 112, text-fig . 1 8) on ly  in the field and docum ented  
by a field draw ing. For th is reason  it is im possib le to revise 
the determ ination .

RADIAL STRUCTURES

Lorcnzinia  G abelli 1900

Ichnospecies included in Lorcnzinia Gabelli:
? IS85 Acanlhoceras rlioloinagen.sis Brug. Stefani, 89 (after 

G ortani, 1920. p. 58).
Gvroplivllilcs veslancnsis n. sp. Squinabol. 189, pi. 11, 
fig. 2. '
Lorcnzinia apcnninica 11. sp. G abelli, 77, pi. I . lig. 1. 
Alollilcs caipalliicas n. sp. Zuber. fig. in p. 57.
Alollilcs caipaihicus Zub. Kuźniar, 518. fig. D-K. ■ 
Alollilcs kulczynskii n. sp. K uźniar. 5 19, tig. F.
Alollilcs caipaihicus Zuber, 107, fig. 66 (also V ialov, 
1968a, pi. 1. fig. 3).
Lorcnzinia (Bassacma) moreae R e n / -  R en /, 222, fig. 1. 
Lorcnzinia apcnninica Da G abelli - G óm ez Lluleca, 46, 
figs. 6, 8-9 [non fig. 7 (=Glockcrichmis isp .)].
Lorcnzinia apcnninica G abelli Renz. 29S. fig. 1.

? 1890

1900
1910
1911 
191.1 
1918

1925 
partim  1927

1930

1970 
v 1970

v 1970 
v 1970

1971 
non 1977

?non 1976 
v 1977

v 1977

v non 1977

1977

? 1968 cf. Lorcnzinia -  P feiffer, 684, text-fig. 3.17.
1968a Lorcnzinia prulcnsis sp. nov. -  V ialov. 338, pi. 1, fig. 4. 
1970 Bifasciculus racliatus V olk C rim es, pi. la .

?Lorcnzinia C rim es .p l. le .
Aslcrichnus nnwuki ichnosp. n. K siazkiew icz, 310, fig. 
7d.
Hassacnia moreae R enz K siazkiew icz. 313. fig. 7q. 
Suhlorciizinia plana K siazkiew icz - K siazkiew icz, 313, 
fig. 7e, Г.
Lorcnzinia (?) sp. -  Tanaka. 8. pi. 3, fig. 3. 
cf. Suhlorciizinia K um ar cl at., 429. pi. 6.2. 
cf. Lorcnzinia Da G abelli -  H akes, 29, pi. 6, fig. 4. 
Suhlorciizinia nmraki ( K siazkiew icz) -  K siazkiew icz, 95, 
pi. 7, figs. 1-3, lext-fig. 13g, k, m-t. (partim ) 
Suhlorciizinia plana K siazkiew icz - K siazkiew icz, 94, pi. 
7. figs. 4-8, lext-fig. 13q, r.
Suhlorciizinia mnvaki (K siazkiew icz) K siazkiew icz. 95. 
text-fig. 131, h-j, I.
Suhlorciizinia puslulosa n. ichnosp. - K si;\zkiewicz. 97, 
pl. 7. fig. 9, lext-fig. 13s, t. 

v 1977 Suhlorciizinia pussila n. ichnosp. -  K siazkiew icz. 98, pl. 
7. figs. 10. 11. text-fig. 13u, w , v, x.

1977b Lorcnzinia cf. kulczynskii C rim es. 594. pl. 4, fig. 1.
’? 1978 Suhlorciizinia plana K siazkiew icz -  Radwaiiski, 53, pl. 7, 

fig. 2.
Hassacnia xaingcpianhcnsis n. ichnosp. — Y ang & Song, 7. 
pl. 3, figs. 3. 5.
I’hycocles caronatum n. ichnosp. C rim es &. Anderson, 
329, figs. 10.5-10.6.
Lorcnzinia ritnensis Y ang new  ichnosp. - Y ang cl al., 227, 
pl. 2, fig. 8. lext-fig. 8.
Suhlorciizinia ptisilla K siazkiew icz — Y ang, pl. 1, fig. 12. 
Lorcnzinia a IT. moreae R enz -  C rim es & C rossley , 36, pl. 
3i.
Lorcnzinia plana (K siazk iew icz) C rim es & C rossley. 
36, pi. 3j.
Suhlorciizinia plana K siazk iew icz -  C rim es el al., 67, figs. 
4C , 5B.

? 1993a Suhlorciizinia plana K siazkiew icz - Li. 97, pi. 3, fig. 5.
? 1993a Suhlorciizinia ptisilla K siazkiew  icz Li, 98. pl. 3, fig. 4. 

non 1993 Lorcnzinia cf. moreae Renz -  M iller. 21, fig. 5C.
Lorcnzinia apcnninica da G abelli -  M iller. 21. fig. 5.O. 
Volkichnium volki P feiffer -  Li. 97. pl. 3, figs. 3. 6. 
S tern lorm ige L ebensspuren indet. - Lobitzer cl al.. 298. 
pl. 8. fig . S.

Suhlorciizinia mnvaki (K siazkiew icz) L oftier & G eyer. 
510, fig. 4a (-IGlockerichmis isp.).
Lorcnzinia isp. M arincic cl al., fig. 4G.
Lorcnzinia puslulosa (K siaz k ie w ic z )- W etzel & Uchm an. 
145, f ig .  4B.

Diagnosis: Simple, short, smooth, hypichnial ridges, arranged in 
one or two circular rows, radiating from oval or circular central 
area. The ridges are very similar or different in length and are 
regularly or irregularly distributed. In some cases, the ridges pro
trude from a ring surrounding the central area (after Uchman, 
1995).

R e m a rk s : Bassaenia  Renz, regarded  by R enz (1925) as a 
“ subgenus” o f  Lorcnzinia  G abelli w as included in the latter 
ichnogenus (K siazk iew icz , 1977, Seilacher, 1977a).

1985

? 1985

non 1986

non 1988 
non 1991

'.’non 1991

1992

?non 1993 
1993a 

? 1994

?non 1994

v 1996 
v 1997
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L. kulczynski expression L carpathica ss. expression

Fig. 32. Model o f burrow system integrating Lorenzinio carpci- 
thica, L. moreae, L. peralta, L. kulczymkii, and L. curticostata as 
morphological variants related to depth o f erosion

Seilacher (1977a) included  Sublorenzinia  K siążk iew icz in 
Lorenzinio  G abelli. T hese tw o ichnogenera d iffer only  in 
the regularity  o f  the rad iating  ridges and in the un iform ity  o f  
their length. T hese are accesso ry  features and  should  be con 
sidered at the species level.A  few  Lorenzinio  o f  d ifferen t 
m orphologies, ascribed to  L. carpathica  (Z uber), L. moreae 
(R enz), L. peralta  K siążk iew icz, and L. curticostata  K siąż
kiew icz, w ere found by K siążk iew icz  in one tu rb id itic  sand 
stone bed in the V ariegated  Shale (P a leo cen e-L o w er E o
cene). He supposed  (p. 88) th a t they  can be p roduced  by the 
sam e anim al, how ever, he separa ted  ichnotaxonom ically  the 
m orphologically  d ifferen t specim ens. R econsidering  the 
problem , it is possib le to in teg ra te  all o f  the ichnospecies 
w ith in  a single burrow  system  m odel and  explain  their d if
ferences in m orphology  by d ifferences in depth o f  erosion. 
The erosion exposed d iffe ren t levels o f  the system  before 
im m ediate casting  on sole o f  tu rb id itic  bed (Fig. 32). All o f  
the m orphological variations, expressed  in above accounted  
ichnospecies are included, together w ith  L. kulczym kii 
(K uźniar) in L. carpathica  (Z uber). D ifferences in m orphol
ogy betw een L. carpathica  (Z uber), L. apenninica  G abelli, 
and L. kuznari K siążk iew icz can be exp la ined  by d iffer
ences in inclination  o f  the rad ia ting  elem ents (Fig. 33). In 
general, it seem s that Lorenzinio  is a th ree-d im ensional bur
row  system  o f  various radial e lem ents fo rm ing  a w reath 
jo ined  by a central ring  (Fig. 32). T he ring  can be partia lly

L. kuznari

L. apenninica
Fig. 33. Model o f Lorenzinio kuzniuri and L. apenninica in rela
tion to inclination of the radiating elements o f the burrow system

preserved  in som e cases (e.g. L. kulczym kii). T his m odel 
should  be trea ted  w ith caution . T here is still no t enough  m a
terial for full confirm ation  o f  the idea.

P robably , Phycodes coronatum  described  by C rim es & 
A nderson (1985) from  P recam brian /C am brian  deposits  o f  
N ew  Found land  rep resen ts th e  o ldest, p rim itive Lorenzinio.

T aking  into accoun t the p robab ly  strong  in fluence o f  
p reservation  on the m orphology  o f  Lorenzinio, the  m or- 
phom etrical c lassification  o f  V ia lov  (1968a) canno t be ac
cep ted  (cf. K siążk iew icz, 1977).

U sually , ichnospecies o f  regu lar Lorenzinio  d isplay 
abou t 20 rad ia ting  ridges, and the irregu la r ichnoespecies 
about 10 ridges.

Lorenzinio  w as included  in th e  g raphog lyp tids by 
Seilacher (1977a). It has been in terp re ted  as p roduced  by 
ho lo thurians (S im onelli, 1905), c rabs (N ow ak, 1957; R ad
w ański, 1978), annelids (H antzschel, 1970), o r sipunculo ids 
(H eezen &  H ollister, 1971). K siążk iew icz  (1977) regarded  
Lorenzinio  as a  feed ing  trace o f  hyd rom edusae , and  Sublo- 
renzinio  (=Lorenzinio) as p roduced  by po lychae tes. T he af
fin ity  w ith  hydrom edusae  is hard ly  likely  because  it is a 
com plica ted  burrow  system  p reserved  by scour and  casting , 
no t a surficial trace  p roduced  by  ten tac les  o f  hydrom edusae.

Lorenzinio  occurs in flysch deposits  from  the P recam 
brian /C am brian  (?) (C rim es &  A nderson , 1985), the A renig  
(C rim es et al., 1992) to  the M iocene (U chm an , 1995). R ad i
ating  grooves and holes w hich m ay be R ecen t counterparts 
o f  Lorenzinio  have been pho tog raphed  on the deep-sea  floor 
(H eezen  &  H ollister, 1971, figs. 6 .21 , 6 .24; G aillard , 1991).

Lorenzinio apenninica  G abelli 1900

* 1900 Lorenzinio apenninica n. sp. -G a b e l l i ,  I, pi. I, fig. I (also 
G ortani, 1920. pi. 2, fig. I; V inassa de R egny, 1924, fig. 
51).

1908 Lorenzinia apenninica -  Fucini, fig. I .
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non 1917 Loreniinia aff. apenninica Da G abelli -  Jim enez de C is
neros, pi. 5 (=Lurenzinia kuzniari K siążkiew icz).

1923 Lurenzinia apenninica G abelli -  Desio, 7, pi. I. figs. 1-2 
[H iolo type o f  V ia lo v 's  (1968a) Lorenzinia desioi sp.
1 1 0 V .].

1927 Lurenzinia apenninica G abelli -  G óm ez L luleca, figs. 6-9. 
non 1930 Lurenzinia apenninica G abelli -  Renz, 298, fig. I .

1933 Lurenzinia apenninica G abelli -  A zpeitia M oros, 18, pi.
3, tig. 7.

non 1939 Lurenzinia apenninica G abelli M itzopulos. fig.
1956 Traces qui se ra ttech en t p rob lem ent r la pature des crabes

-  N ow ak, pi. 17, fig. K.
? 1964 Lurenzinia apenninica G abelli Farres M allian, 125, pi. 

7. fig. 2 (? /., carpathica). 
non 1967 i.orenzmia apenninica G abelli M acsotay . 3 1 .p l 10, figs. 

37-38.
1968a Lurenzinia desioi sp . nov. -  V ialov, 338.
1977 Loreniinia aff. apenninica De G abelli -  K siążkiew icz, 89, 

pi. 6, fig. 1.
? 1989 Lurenzinia apenninica M iller, fig. 2N.

1992 Lurenzinia apenninica -  Leszczyński, pi. 1, fig. 2 (also 
Leszczyński, 1993, fig. 5), pi. 10, fig. 2.

? 1993a Volkichnium volki P feiffer -  Li, 97, pi. 3, figs. 3, 6. 
non 1993 Lurenzinia apenninica da G abelli -  M iller, 21, fig. 5 .0 .

E m e n d e d  d iag n o s is : Lorenzinia  w ith  rad iating  ridges 
po in ted  at the outer side and eleva ted  at the inner side. 

M aterial: No material in the Książkiewicz collection.

Lorenzinia carpathica  ( Z u b e r  1 9 1 0 )

Figs. 32, 3 4 -3 6

? 1885 Acanthucera.s rhotomagensis Brag. -  De Stefani, 89 (after 
G ortani, 1920, p. 58).

1905 U nnam ed - Sim onelli, fig. in p. 5.
* 1910 Atolliies carpalhicus n. sp. -  Zuber, 57, fig. [also Zuber, 

1918. p. 107, fig. 66; V ialov, 1968a, pi. 1, fig. 3].
1911 Alull ilex carpaihicus Zub. -  K uźniar, 519, figs. D-E.
1911 Aiollites kiilczvnskii n. sp. -  K uźniar, 519, fig. F.
1920 Lurenzinia carpathica Z uber -  G ortani. pi. 2, fig. 5, pi. 3.
1925 Lurenzinia (Bassaenia) moreae R enz -- Renz, 222. fig. 1.
1930 Lorenzinia apenninica G abelli -  Renz, 298, fig. 1. 

non 1939 Lurenzinia apenninica G abelli -  M itzopulos, fig.
1941 Lurenzinia carpathica Zub. -  Desio, 8, fig. in p. 8.
1951 Aiollites Inicuvinicus sp. n. -  Sandler, 174, figs. 1 -2.
1953 Aiollites -  V assoevich , pi. 3, fig. 2.
1956 Lurenzinia -  H arrington & M oore, F42, fig. 32.2d.
1957 Traces qui se ra ttechen t problem ent r la piiture des crabes

-  N ow ak, pi. 17, fig. J, L, pi. 18, fig. M.
1957 Traces qui se ra ttechen t prob lem ent r la pature et r I 'ex is t

ence des crabes -  N ow ak, pi. 18, fig. N [=holotype o f  
V ia lov 's  ( 1968a) Lurenzinia nowaki],

1959 Aiollites sp. -  G rossheim , fig. 2.
1961 Lurenzinia carpathica (Z uber) — G rab ić , figs. 1-2.
1961 H ierog lif gw iaździsty  -  K oszarski et a/., pi. 1, fig. 6.
1962 U nnam ed -  D im itrieva el ciL, pi. 84, fig. 5.
1962 Atolliies sp. -  D urkovic, pi. 1, fig. 1.

? 1964 Lurenzinia apenninica G abelli -  Farres M allian, 125, pi.
7. fig. 2.

1967 Lurenzinia apenninica G abelli -  M acsotay, 31, pi. 10, figs. 
37-38.

partim  1968a Lorenzinia gabellii V ialov, sp. nov. -  V ialov, 338, pi. 1, 
lig. 5 (non pi. 1, fig. 6 =  L. kuzniari K siążkiew icz).

1968a Lurenzinia aff. kiilczvnskii (Z uber) -  V ialov, pi. 1, figs. 
7-8.

1968a Lurenzinia zuheri V ialov, sp. nov. -  V ialov, 338, pi. 1, fig. 
9.

1968a Lurenzinia nowaki sp. nov. -- V ialov, 338.
1968 Lorenzinia carpathica (Z uber) -  K siążkiew icz, pi. 5, fig.

3 (also K siążkiew icz, 1977, pi. 6, fig. 2).
v partim  1970 Lurenzinia carpathica (Z uber) -  K siążkiew icz, 3 12, fig. 

7g-h (non lig. 7i). 
v 1970 Lurenziniaperalla ichnosp. nov. -  K siążkiew icz, 3 13, fig.

v 1970 Bassaenia moreae R enz -  K siążkiew icz, 313, fig. 7q.
v 1977 Lorenzinia percilta K siążk iew icz -  K siążkiew icz, 92, pi

6, figs. 9-10.
v 1977 Lurenzinia carpathica (Z uber) -  K siążkiew icz, 89, pi. 6 

fig. 1.
v 1977 Lurenzinia curticostata n. ichnosp. -  K siążkiew icz, 91, pi

6, fig. I I.
v 1977 Lurenzinia aff. moreae R enz -  K siążkiew icz, 93, pi. 6 

figs. 14-16.
v 1977 Lorenzinia moreae R enz -  K siążkiew icz, 92, pi. 6, figs 

12-13.
1977b Lurenzinia cf. kiilczvnskii — C rim es, 594, pi. 4, fig. I .

non 1981 Lurenzinia cf. mureaeRenz-C r im e s  et al., 972, pi. 3, figs. 
4-5.

? 1986 Lurenzinia (Bassaenia) moreae R enz -  Yang, 155, pi. 4, 
figs. 4-5.

non 1991 Lorenzinia aff. moreae R enz -  C rim es &  C rossley , 36, pi. 
3i.

non 1993 Lurenzinia cf. moreae R e n z -  M iller, 21, fig. 5C. 

Emended diagnosis: Lorenzinia  p reserved  as radiating  
ridges o f  constan t d iam eter o r as a w reath  consisting  o f  a 
double  ring  o f  tubercles, w hich  can be jo in ed  by short 
ridges. O ne ring  can be p re fe ren tia lly  preserved .
M a te ria l: 13 specimens (UJ TF 84-86, 134, 871, 1030, 1103, 
1109, 1111, 1365, 1801,2022, 2043).
D escrip tion : As in the diagnosis and Książkiewicz description of 
ichnotaxa included in the discussed ichnospecies.

Remarks: Lorenzinia  o f  various m orphologies, ascribed  to 
L. carpathica  (Z uber), L. moreae  (R enz), L. peralta  K siąż
kiew icz, L. kiilczvnskii and  L. curticostata  K siążk iew icz  are 
integrated w ith in  a sungle burrow  system  m odel (Fig. 32).

Lorenzinia kuzniari K siążk iew icz  1977

1911 Atolliies carpaihicus Zub. -  K uźniar, 518, fig. E. 1917 
Lurenzinia aff. apenninica Da G abelli - J im enez de C is
neros, pi. 5.

? 1951 Aiollites minor (M aas) — Sandler, 174, tig. 3. 
partim  1970 Lorenzinia carpathica (Z uber) -  K siążkiew icz, 312m, fig. 

7i (non lig. 7g-h.).
1956 Lorenzinia -  H arrington & M oore. F42, fig. 32.2c. 

partim  1968 Lorenzinia gabellii V ialov, sp. n o v .- 3 3 8 ,  pi. l ,f ig .6 (n o n  
pi. 1. fig. 5 =  /.. carpathica (Zuber)).

v  1977 Lurenzinia kuzniari n. ichnosp. -  K siążkiew icz, 90, pi. 6, 
fig. 8.

D iagnosis: Lorenzinia with radiating ridges tapering gradually 
toward the centre, with rounded and elevated outer terminations 
(modified after Książkiewicz, 1977).
M ateria l: No specimens in the Książkiewicz collection.

Remarks: M odel o f  L. kuzniari is show n in Fig. 33B.

7p.

Lorenzinia p lana  (K siążk iew icz  1968)
Figs. 3 7 -3 8

? 1993a Suhhrenzinici pusilla K siążkiew icz -  Li, 98, pi. 3, fig. 4. 
v 1968 Stiblorenzinia plana n. “sp ." -  K siążkiew icz, 10, 
pi. 5, figs. 1-2. .

1961 H ierog lif gw iaździsty  -  K oszarski el al., pi. l , f ig .  7. 
v partim  1977 Suhlurenziniaplana K siążk iew icz -  K siążkiew icz, 94, pi.

7, figs. 4-8, text-fig. I3q [?non text-fig. 13r], 
v 1977 Suhlurenzinia pusilla n. ichnosp. -  K siążkiew icz, 98, pi.

7, figs. 10. I I ,  text-fig . 13u, w , v, x.
? 1978 Suhlurenzinia plana K s iąż k iew icz -R a d w ań sk i, 53, pl. 7. 

%  2.
non 1988 Sublorenziniapusilla K s ią ż k ie w ic z -Y ang, pl. l . f ig .  12.

1970 Lurenzinia S im pson, pl. 11, fig. I. 
non? 1991 Lorenzinia plana (K siążk iew icz) -  C rim es & C rossley,



FLYSCH TRACE FOSSILS 135

Mk pi. 3 j.
1992 Suhlorcnzinia plana K siqzkiew icz Crim es d a l., 67, figs. 

4C , 5B.
1993a Suhlorcnzinia plana K sii\zkiew icz ■ Li, 97, pi. 3, fig. 5.
1994 Suhlorcnziniaplana K siazk iew icz -  LofFler & G eyer. 510, 

fig. 5b.
1996a Lorenziniaplana (K siazkiew icz) Tunis & U chm an, 177, 

fig. 4E.

Fig. 34. Lorenzinia carpathica  (Z u b e r ) ,  d if f e r e n t  ty p e s  o f  p r e s 
e rv a tio n  on  s o le  o f  tu rb id i t ic  s a n d s to n e  b e d . U J  T F  134, B e lo v e z a  
F o rm a tio n  (E o c e n e ) ,  L ip n ic a  M a la .  A. G e n e r a l  v ie w . B . D e ta i l  o f  
A  ( la b e l le d  as L. moreae). C . D e ta i l o f  A  ( la b e l le d  as L. carpa- 
Ihica). S c a le  in  A , C  in  m m . s c a le  b a r  in  B =  1 cm

E m en d ed  d iag n o s is : Irregular Lorenzinia  w ith  short rad ia t
ing ridges w ith rounded external term inations, o r com posed 
o f  an irregular w reath o f  knobs.

M aterial: 7 specimens (UJ TF 72,98, 137, 198,446, 1186, 1301).

R e m a rk s : T he specim en U.I TF 939, illustrated  by K si^z- 
k iew icz (1977, text-fig . 13r) m ay belong  to G lockerichnus. 
Several specim ens labelled  as Suhlorcnzin iapussila  d isplay 
features o f  L. p lana , excep t for size, be ing  sm aller. H ow 
ever, size cannot be regarded as the d iagnostic  feature at the 
ichnospecies level and can be only  trea ted  as a  variation. 
The d ifferences betw een L. nowaki and  L. p lana  are p ro b 
ably connected  w ith d ifferen t inclination  o f  the radiating  
elem ents w ith in  the bu rrow  system  (Fig. 39).

Lorenzinia nowaki (K siazk iew icz  1970)
Fig. 40

non 1968a Lorenzinia nowaki sp. now  V ialov, 338 [=/.. carpa- 
thica\.

v non 1970 Asierichnus nowala ichnosp. n. K siazkiew icz. 310. fig. 
7d [—Glockerichnus glockeri], 

v partim  1977 Suhlorcnzinia nowaki (K siazkiew icz) -  K siazkiew icz, 95, 
pi. 7, figs. 1-3, text-fig. 13k. o [non text-fig. 1 3 f=  Clock- 
crichim  glockeri; non text-fig. 13g-j, 1-n = Glockerichnus 
isp.].

v non 1977 Suhlorcnzinia a IT. nowaki (K siazkiew icz) -  Ksifizkiewicz, 
95, text-fig. I3p [=Glockerichnus isp.].

1982 Suhlorenzinia cf. nowaki (K siazkiew icz) -  A lexandrescu
& Brustur, 37. pi. 3, fig. la , plo. 4, fig. la.
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?non 1994 Suhlorcnzinia nawaki (K suizkiew icz) Loffler & G eyer, 
510, fig. 4a.

v ? 1996b Lorenzinici 'inowaki (K si^zkiew icz) — Tunis & U chm an, 
6, fig. 7E.

v  ? 1996 Lorcnzinia Inowaki (Ksic\zkievvicz) -  M arincic ci a /., pi.
2, fig. 6.

E m en d ed  d iag n o s is : Irregu lar Lorenzinici, w ith  poin ted  ex 
ternal term inations and e leva ted  internal term inations o f  the

Fig. 35. L arenzinia carpathica  (Z u b e r ) ,  d if f e r e n t  ty p e s  o f  p r e s 
e rv a tio n . A . U.I T F  X?,  V a r ie g a te d  S h a le  (P a le o e e n e - E o c e n c ) .  
L ip n ic a  M a la  ( la b e l le d  as a ff . inorcctc). B. U.I TF 1 109, V a r i
e g a te d  S h a le  ( P a le o c e n e - E o e e n e ) ,  L ip n ic a  M a ła -G u b e m a s  ( la 
b e lle d  as L. a f f  morcac). C . U J T F  S4, V a r ie g a te d  S h a le  
( P a le o c e n e - E o c c n e ) ,  L ip n ic a  M a ła -G u b e rn a s  ( la b e l le d  as L. p er - 
aha). S c a le  in A  in m m , s c a le  b a rs  in B -C  =  1 c m

rad iating  ridges.
Material: 5 s p e c im e n s  (U.I T F  107. 650, 655, 659, I 154).

Remarks: K siqzkiew icz (1977) m en tioned  “delicate  trans
verse striatiori” in ridges o f  som e specim ens. These d isplay 
branched ridges and belong  to G bckerichm ts , and are ex 
c lu d ed  from  L. nowaki. A sym m etry  in length o f  the ridges 
can be partially  caused by preferen tia l scouring  (ct. Seila- 
cher, 1977a). H ow ever, the irregularity  o f  m orphology is 
connected  m ain ly  w ith the prim ary  irregu lar d istribu tion  of 
elem ents o f  the burrow  system . T he burrow  system  is in ter
preted  as a w reath  o f  asym m etric , w ide U -tubes, w hich are 
radially  arranged around central area.

? Lorenzinici pustulosa  (K siqzk iew icz  1977)
Fig. 41

*v 1977 Suhlorcnzinia pustulosa n. ichnosp. - Ksiqzkiew icz, 97, 
pi. 7, Hy. 9, lext-fig. 13s, t. 

v 1995 Uiraizinio pustulosa ( K siqzkiew icz) - U chm an. 22, p i. 7. 
fig . !.

v  1996a I.orenziniapusiulosa ( K siqzkiew icz) Tunis & U chm an, 
177 [not figured], 

v 1996b Lorcnzinia isp. Tunis & Uchm an. 6, fig. 9B. 
v 1997 Lorcnzinia pustulosa (Ksv^Zkiewicz) W etzel & Uchm an, 

145, fig. 4B.

Diagnosis: Lorcnzinia in which a poorly defined central area is 
surrounded by a wreath o f short, wide, and loosely spaced ribs



FLYSCH TRACE FOSSILS 137

' 1 I  :f f  :| ? i 1 I

Fig. 36. Lorenzuua cai'palhica (Zuber) on sole o f turbiditic 
sandstone beds. A. UJ TF 871, Variegated Shale (Paleocenc-Eo- 
cene), Lipnica Mala (labelled as L. carpathica). B. UJ TF 2022, 
Ropianka beds (Senonian-Paleocene), Siekierczyna (labelled as L  
mnrcae). Scale in mm

Fig. 37. Lorenzinia plana (Ksiajzkiewicz), soles of turbiditic 
sandstone beds. A. U.I TF 137. Middle Godula beds (Turonian), 
Ponikiew. B. UJ TF 198, Beloveza Formation (Eocene), Sidzina 
(labelled as Sublorenziniu aff. pustulosa). C. UJ TF 98, Cieszyn 
Limestone (Beriassian). Goleszów. Scale in mm

(modified after Książkiewicz, 1977).
M ateria l: 5 specimens (UJ TF 129, 800, 943, 1177, 1491).

R e m a rk s : K siążk iew icz (1977) ind icated  in his diagnosis 
tha t Sublorenzinia (=Lorenzinia) pustulosa  is p reserved  in 
full relief. This is regarded  as unlikely . The ichnospecies 
disp lays a great m orphological variab ility  (K siążk iew icz,
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Fig. 38. Lorenziniuplanu (Książkiewicz), soles o f turbiditic sandstone beds. A. UJ TF 2588. Jordanów (part o f label lost). B. UJ TF 971. 
Ropianka beds (Scnonian—Palcocene), Grzechynia near Grybów (labelled as Suhlorenzinia piisilla). C. UJ TF 931, (labelled as 
Sublorenzinia pussiki. part o f label lost). D. UJ TF 136, Hieroglyphic beds (Eocene), Grzechynia near Grybów7 (labelled as Suhlorenzinia 
pussilu). E. UJ TF I 300 (part o f label lost, labelled as Suhlorenzinia piisilla). Scale bars in A, D = 1 cm. scales in B-C, E in mm

1977) and its affinity  to Lorenzinia  m ay be questioned. before the ichnogeneric  nam e. Som e specim ens (U J TF 
S im ilar sole expressions can  also result from  uneven scour- 1491, 1557) that d isplay  features o f  ?£. pustulosa  w ere la- 
ing o f  Glockericlmus. T herefo re , a question  m ark is placed belled by K siqzk iew icz as Sublorenzinia nowaki.
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L. nowaki

L. plana

Fig. 39. Model o f Lorcnziniu nowaki and Lorcnziniu plana in 
relation to inclination of the radiating elements of the burrow
svstem

‘?L. pustulosa  occurs in flysch deposits from  the C eno- 
m aniau (K siazk iew icz) to the M iocene (U chm an, 1995).

Capodistria  V ialov  1968a

Diagnosis: Short, simple hypichnial ridges radiating from an oval 
or circular central area. A distinct knob or a few knobs are situated 
more or less in the centre. The ridges may differ in length and may 
be irregularly distributed (modified after Ksiazkiewicz, 1977).

R e m a rk s : Separation o f  Capodistria  from Lorcnziniu  at 
ichnogenenc level m ay be questioned . In som e cases, d is
tinction betw een irregular Suhlorcnzinia  (=Lorenzinia) and 
Capodistria  is difficult. Som e specim ens o f  the first ichno- 
taxon (K siazk iew icz, 1977, tex t-fig . 131, t) d isplay knobs in 
the central part, w hich are, how ever, not centrally  located. 
These specim ens belong p robably  to strongly  scoured 
Glockenclinus. The sam e concerns the trace fossil illus
trated by K siazkiew icz (1977 , tex t-fig . 13b) w ith three cen 
tral knobs. It d isplays fain t p erpend icu la r striation in one ra
diating  ridge, w hich is typ ica l o f  Glockerichnus (Fig. 46A ). 
As it is not clear w hat kind o f  structure  is represented  by the 
central knob, the separation  is retained.

On the p resen t-day  deep-sea  floor, surficial grooves ra
diating from  a central hole w ere  photographed . T hey  w ere 
produced by bonnelid  ech iu rians (O lita, 1984) and m ay rep 
resent behavioural coun terparts o f  Capodistria.

This ichnogenus occurs in flysch deposits from  the M id 
C retaceous (K siazk iew icz, 1977) to the M iocene (U chm an, 
1995).

Capodistria vettcrsi V ialov  1968a 
Fig. 42

I 'MO H ie ro g ly ph  au s  [.. .] - V e t te rs . 131. fig. a (a lso  k - i a / k u -  
wicz, 1977, text-fig. 13a).

? 1961 Zvezdhatiy hieroglif ~ Grossheim, pi. 2, fig. 2.
1968a Capodistria vettcrsi -  Vialov, 337, fig.'4.

*v partim 1977 Capodistria vettersi Vialov Ksiazkiewicz, 99, pi. 7, figs.

Fig, 40. Lorcnziniu nowaki (Książkiewicz), soles o f turbiditic 
sandstone beds. A. UJ TF 655, Ropianka beds (Senonian—Paleo- 
cene), Limanowa. B. UJ TF 1154. Inoceramian beds (Senonian- 
Paleocene), Szczawa. Scale in mm
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Fig. 42. Capodistria vcltcrxi Vialov, soles of turbiditic sand
stone beds. A. UJ TF 96. Lower Godula beds (Cenomanian), 
Jaroszowiec. B. UJ TF 958. Ropianka beds (Scnonian-Paleocene). 
Kaclowa. Scales in mm

Fig. 41. ?/. orenzmia pustu/osa  (Książkiewicz), soles o f turbiditic sandstone beds. A. UJ TF 1 557. Klimkówka (part o f label lost, labelled 
as Sublorenzinia ntnvaki). B. UJ TF 1491 (labelled as Sublorenzinia pitstulosa. part of label lost). C. UJ TF 800, Hieroglyphic beds 
(Eocene), Tokarnia ( labelled as Sublorenzinia plana). Scale for A-B in mm, scale bar in C = 1 cm
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12-13, text-fig . 13c-e [not text-fig. 13b =  Glockerichnus 
isp.J.

1990 Capotlislriu mohktviea n. ichnosp. - B rustur & lonesi, 39, 
text-fig. 2, pi. 1, fig. 1.

\  1995 Capodisiria vettersi V ialov -  U chm an, 23, pi. 7. fig.2. 
v 1996b ( apadistria vettersi V ialov -  Tunis & U chm an. 6, fig. 9A. 
v 1996 Cupodistria vettersi V ialov M arincic el at., pi. 2, fig. 5.

Diagnosis: As for ichnogenus.
M aterial: 5 specimens (U.T TF 96, 109, 671, 958, 1436).

R e m a rk s : C. vettersi is based  on figured but unnam ed m a
terial o f  V etters (1910). T he specim en  illustrated  by V etters 
(1910) has n ine rad iating  ridges and one central knob; the 
specim ens illustrated  by K siazk iew icz  (1977) have m ore ra
d iating  ridges and one o r th ree central knob(s). H ow ever, the 
num ber o f  rad iating  ridges and central knobs does not ap
pear to be o f  ichnospecies sign ificance. B rustur & lonesi
(1990) d istingu ished  Cupodistria moldavica  n. ichnosp. on 
the basis of a double central knob versus the sim ple knob in 
V etters’ specim en. H ow ever, th is d ifference does not appear 
to be sufficiently  sign ifican t to ju s tify  a separate  ichnospe
cies (U chm an, 1995).

Glockericlmus Pickeri 11 1982

Ichnospecies included in Glockericlmus Pickerill:
I SSI Sphocmconiles seharvanus G o p p e r t  S a p o n a ,  fig. 3.2.

? 1890 R a d ia t in g  b u r r o w  D a w s o n ,  fig. 9.
1930 Nimbus helumthoidcs B o g a t d i e v ,  I, fig. 1.
1955 U n b e n a n n l e r  s te rn  t o r m ig e r  FreBbau Sei lacher ,  fig. 5. 89.

1956 T r a c e s  [...] des  A n n e l i d e s  -  N o w a k ,  pi.  13, fig. A, pi. 14, 
figs . C -D ,  pi. 15, figs. F.-F, pi. 16. figs. G - l .

. 1 9 5 9  S te r n f o r m ig e r  F reB b au  -  S e i l acher ,  pi.  2, fig. 22.
1 9 6 1 . Istcrichmis n.f.  N o w a k ,  227  ( n o m e n  n u d u m ) .
1968 Glockcria glockeri n. sp. K s i a z k i e w ic z ,  9.

?  1977b Glockcria  K s i q z k ie w i c z  C r im e s .  5 9 4 ,  pi.  4 ,  fig. 2. 
p a r t im  1977 Suh/orenzinia nmvaki (K siazk iew icz .)  -  K s iq zk ie w icz ,  95.

lex t- fig .  I3l'-j, 1-n [n on  pi. 7. figs. 1-3, te xt- f ig . I Зк, о =  
t.orenzinia nowaki\.

1 97 7  Subliircnziiiia affi nmvaki ( K si i\zk ie w ic z)  K s i a /k i c w ic z ,  
95 . text-f ig . I3p .

p a r t im  1977 Cupodistria vettersi V ia lo v  K s i^zk iew icz ,  99, text -f ig . 
13b [non pi. 7. figs. 12-13, lex t- f ig . 132c-e[.

1977 Buthotrephis hifurcata  n. i chnosp .  -  K s i azk i ew icz .  76, pi.
5, fig. 14, te x t- f ig . I ()z.

? 1978 Glockcria  K s i a z k i e w i c z  Acenolaz.a, 24, fig. 9 (a lso  
A ccf io laza  &  T o s e l l i ,  1981, fig. 12.4).

’’non 1980 Glockcria  sp. - P icke r i l l ,  fig. 5c.
1982 Glockericlmus - P ick e r i l l ,  816.
1957 Glockericlmus isp. P icker il l  el a/.. S3, fig. 4b.
1991 Glockcria -  J in  &  Li, pi.  I , fig. 3a.

par t im  1994  Glockcria sp. G o n g .  4 88 ,  pi. 5. fig. 5 ( n o n  pi. 5. fig. 4, ? 
pi. 5. fig. 6).

v 1995 Glockerichmis isp. - U c h m a n ,  23, pi.  7, fig. 3. 
v 1996a  Glockerichmis isp. - T u n i s  &  U c h m a n ,  177, fig. 4C.
? 1997 Glockerichmis isp. Z a g o r a .  360 , fig. 5.4.

Diagnosis: Branched strings, usually dichotomous, radiating from 
a central point or hollow central area. In some cases, indistinct 
bilateral symmetry is developed (after Uchman, 1995).

Remarks: Glockerichnus w as in troduced by P ickerill
(1982) for Glockcria  (K siazk iew icz , 1968), a nam e pre-oc- 
cupied by a phacopicl trilob ite . A cco rd ing  to V ialov (1989), 
Glockcria K siazk iew icz and Glockerichmis P ickerill are 
jun io r synonym s o f  Stelloglyphus V ialov  (1964, 1968a) (see 
also H antzschel, 1975, p. W 1 1 1 -W 112, fig. 69). H ow ever, 
Stelloglyphus and Glockerichmis d isplay  several d iffer
ences. Glockerichnus glockeri (K siazk iew icz), the type ich

nospecies o f  the ichnogenus, is p reserved  as hypichnial 
b ranched strings, com m only  d ichotom ous, rad iating  from 
central poin t or hollow  central area. T he strings d isplay 
m ore or less the sam e diam eter. The w ide, depressed  central 
area and elevation  o f  strings a round  the points o f  d ichotom y 
are the characteristic  m orphological features o f  th is ichno 
genus. The central depressed  area occurs also  in cases w here 
the stella te  strings rad iate  from  the central po in t (K si^zkie- 
w icz, 1977, pi. 9, fig. 1).

The type ichnospecies o f  Stelloglyphus, S. turcomani- 
cus V ialov (1964, fig. 1) (see also  H antzschel, 1975, p. 
W 1 11-W 112, fig. 69 .1a) has re la tive ly  w ide ridges radiating  
from  a d istinct shaft, w hich is v isib le on photographs in 
cross section as a sm all c ircu lar o r oval vertical shaft. It is 
not clear i f  the ridges are b ranched  or not. T hey are densely  
spaced and overlap. The ridges are sligh tly  petalo idal in ou t
line. This feature is very d istinct in Stelloglyphus giganteus 
V ialov (1968, pi. 2, figs. 1-2) (see also  H antzschel, 1975, p. 
W 1 1 1-W 112, fig. 69 .1b-c). The central depressed  area is not 
present. Both ichnospecies o f  Stelloglyphus derive from  
T urkestan , w here S. giganteus V ialov  occurs in a dense 
population  o f  trace fossils at a certa in  horizon o f  the Low er 
Senonian m arly-sandy deposits (A tabekan  in V ialov, 1968a,
1989). Glockerichmis never occurs in dense populations. 
Probably, Stelloglyphus is p roduced  by deposit feeders 
(fodinichnia). Its p roducer tried to  use the space around  the 
shaft as m uch as possible. Glockerichmis has been included 
am ong the graphoglyptids (Seilacher, 1977a), w hich  w ere 
probably  produced by anim als farm ing  m icroorgan ism s in 
m orphologically  com plicated  burrow  system  (agrichn ia  
sensu Ekdale, 1985). Thus, there are enough  m orpholog ical 
and probable e thological d ifferences betw een Glockerich
mis K siazk iew icz and Stelloglyphus V ialov for separa tion  o f  
these tw o ichnogenera.

Glockerichmis occurs in flysch deposits (e.g. K si^zkie- 
w icz, 1977), from  the O rdovician  (P ickerill et al., 1987a) to 
the M iocene (U chm an, 1995). R ecen t traces m orpho log i
cally  resem bling  Glockerichmis w ere  photographed  on the 
deep-sea floor at 1625 m depth (E kdale  &  B erger, 1978). 
? Glockericlmus ichnosp. has been reported  from  nonm arine 
Perm ian red beds (M ikulas, 1993b).

Glockerichnus glockeri (K siazk iew icz  1968)
Fig. 43

? 1930 Xiiiihw. hehanthoules -  B ogatchev. 1, fig. 1.
1955 U nbenannler stern form iger FreBbau -  Seilacher, fig. 5.89.
1957 Traces [...] des A nnelides N ow ak , pi. 13, fig. A , pi. 14, 

figs. C-D , pi. 15. figs. E-F. pi. 16. fig. G.
1959 S ternform iger FreBbau -  Seilacher, pi. 2, fig. 22.
1968 Glockcria glockeri n. " sp .'' -  K siazkiew icz, 9.
1970 Glockcria glockeri K siazkiew icz - K siazkiew icz, 312. fig. 

7a.
1970 Asterichnus nmvaki ichnosp. nov. -  K siazkiew icz, 311, 

fig. 7d.
partim  1977 Suhlorenzinia nowaki (K siazkiew icz) -  K siazkiew icz, 95, 

text-fig. I3 f
1977 Glockcria glockeri K siazkiew icz -  K siazkiew icz, 100, pi.

8, fig. 1, pi. 9. fig. 1.
? 1988 Glockericlmus glockeri (K siazk iew icz) -  M cC ann & 

Pickerill, 335, fig. 3.1 I.
7 1992c Glockerichmis glockerHKsk\zk\ew]cz) M ik u las,3 9 2 ,pi.

4, fig. 2, pi. 5. figs. 5-6.
?non 1993 Glockerichnus cf. glockeri (K siazkiew icz) - M iller, 20,
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Fig. 43. Glockcrichmis glockeri (Książkiewicz), soles o f turbiditic sandstone beds. A. UJ TF 96, Cieszyn Limestone (Beriassian). 
Goleszów. General view. B-C. Details o f A. D. UJ TF 110, Upper Cieszyn Shale (Valanginian), Wilamowice. E. UJ TF 1 157, Cieszyn 
Limestone (Beriassian), Goleszów (labelled as Sublorenzinia nowaki). Scale bars in A, E = 1 cm, scales in B-C in mm. scale in D in mm
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1494 Chckcrichmis gtockeri < K siqzkiew iez) M ik u la s .p l.p l.
2. ligs. N2.

non 1945 Glockeriehnus glockeri (Ksia.zkiewiez) - C rim es & 
M cC all. 235. fig. 2F.

E m en d ed  d iag n o s is : Glockerichnus possessing  num erous 
strings, w hich d isplay  narrow  U -shaped  d ichotom y close to 
the centre. The strings can be eleva ted  in the zone o f  d icho t
om y, w hich encircles the centre. The cen tre  can be eroded. 

M a teria l: 3 specimens (TF U.I 45 (holotype), 110, 11 57). 
Description: Hypichnial branched strings, commonly dichoto- 
mous, radiating from central point or hollow central area. The 
strings display more or less the same diameter. The wide depressed 
central area and elevation of strings around the points o f dichot
omy arc the characteristic morphological features of this ichno- 
gcnus. Die central depressed area occurs also in cases where the 
stellate strings radiate from the central point. The strings display 
partially preserved, tine, transversal ribbing (Fig. 43B-C).

R e m a rk s : M ost occurrences o f  G. gtockeri are restric ted  to 
Rerias.sian-1 lauteriv ian  flysch deposits. D eterm inations o f  
the O rdovician  (M ikulas, 1902b, 1944) and the U pper C re
taceous (M cC ann & Pickeri 11, 1988) form s can be questio 
ned and therefore  they are only  reservedly  included in 
Glockeriehnits.

Glockerichnus alata  (S e ilaeher 1977a)

1 % 2  Unnam ed large feeding burrow  Seilaeher, pi. 2, fig. 5, 
text-lig . I (part).

v 1970 U nnam ed trace relatedl .M It) i.mlichniiUhnula k siqzk ie- 
w icz. lig. 6 g l .

\ 1977 Biiiholrcplns hifurctiui ti. iehnosp. Ksijizkiewicz. 76, pi.
5. lig. 14. tex t-tig . I Oz.

1977a Glockeria alata n. iehnosp. Seilaeher, 316. pi. Id. lig. 
9e. lOh-c.

non 199| Gliit-kcrichniis alaia Seilaeher C rim es & C rossley, 35. 
lig. 3h.

1992 Gloekeria uliila Leszezytiski. pi. S. lig. 2.

Diagnosis: Very large G lockerichnus. with a U-bifurcation of the 
radiating ridges. A new U-elemcnt usually occurs at the limb of a 
firm er element of similar shape (modified alter Seilaeher, 1977a). 
M ateria l: 1 specimen (U.I TF 1383).
D escrip tion : As in the diagnosis and in the description of Buthn- 
trephis hifurcata (Ksiqzkicwicz. 1977).

R e m a rk s : K siazk iew icz co llec ted  only fragm ents o f  G. 
alata  and placed his m aterial under Bulhotrephis (see co m 
m ents on Buthotrcphis). T he  K siazk iew icz  (July  1977) ich- 
nospecific nam e has prio rity  over S e ilach er’s (A ugust 
1977a) ichnospecific nam e. N evertheless, the latter nam e is 
retained because it refers to m ore com plete  m aterial.

?Glockerichnus disordinata  (K siazk iew icz  1977)
Fig. 44

v* 19~7 Glockeria disordinata n. iehnosp. K siazkiew icz, I0 2 .p l.
9. lig. 2. text-lig. 13 y. z.

1987 Glockeria aff. disordinata K siazkiew icz M ieu at a i, 82, 
pi. I. lig. I

1991 Glockericlvnis alula Seilaeher C rim es & C rossley. 35, 
lig. 3h.

Diagnosis: Hypichnial small stellate trace fossil composed of a 
few short, winding, smooth ridges joined and elevated at the 
centre, which plunge into the bed at the fringe o f the structure 
(modified after Ksiazkiewicz. 1977).
M ateria l: 3 specimens (U.I TF 1524, 1735 (holotype). 1840).

Fig. 44. ? Glockerichnus disordinata (Ksiazkiewicz). soles o f 
turbiditic sandstone beds in the Upper Istebna beds (Paleocene). 
A. U.I TF 1 524, Tabaszowa (with Paleodictyon strozzii). B . UJ TF 
1840. Kamesznica. Janoska stream. Scale in A in mm, in B in cm

R e m a rk s : D ichotom y o f  the rad iating  ridges is not clear, 
w hich is the sign ifican t d iagnostic  featu re o f  Glockerichnus. 
T herefore, the question  m ark is p laced  before the ichnogen-
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Fig. 45. Glockerichnus dichotoma (Seilacher), sole o f  turbiditic 
sandstone bed. U J TF 1705, W ierzbanow a (original label lost). 
Scale in mm

eric nam e. B rustur & S toica (1993) reported  G. aff. disordi- 
tuita from  U pper Eocene flysch  o f  R om ania.

Glockerichnus dichotom a  (S eilacher 1977a) 
Fig. 45

1977a Cilockeria dichotoma 11. ichnosp. - Seilacher, 316, fig. 9d. 
? 1977b Gloekeria K siazk iew icz - C rim es, 594. pi. 4, fig. 2. 

partim  1994 Gloekeria sp. -  G ong, 488, pi. 5, fig. 5 (non pi. 5, figs. 4, 
6 ).

v ? 1995 Glockerichnus isp. - Uchnian, 23, pi. 7, fig. 3. 

D iagnosis: Small Glockerichnus with V-shape bifurcating narrow 
ridges, mainly close the central part (modified after Seilacher, 
1977a).
M aterial: 1 specimen (UJ TF 1705).
D escrip tion : As in the diagnosis, with the following remarks: 
whole structure is about 60 mm in diameter. The radiating ridges 
are fragmentarily preserved. They are 2-3 mm wide and as much 
as 23 mm long. V-shaped dichotomy is clear in two ridges.

R e m a rk s : O rig inal label o f  th is specim en is lost.

?Glockerichnus sparsicostata  (K siazk iew icz  1968)

1957 Traces [...1 des A nnelides -  N ow ak, pi. 16, fig. 1.
1968 Gloekeria sparsicostata n. “sp .” -  K siazkiew icz, 10, pi. 5,

fig. 4.
1970 Gloekeria sparsicostata K siazkiew icz - K siazkiew icz,

312, fig. 7b.
1977 Gloekeria sparsicostata K siazkiew icz - K siazkiew icz,

101, pi. 9. fig. 3.
? 1980 Gloekeria aff. sparsicostata K siazkiew icz - A lexandrescu

& Brustur, 24, pi. 6, fig. 1.
non 1981 Gloekeria sparsicostata K siazkiew icz - C rim es et al.,

972, pi. 3, fig. 3.
1995 Glockerichnus gtockeri (K siazkiew icz) Crim es &

M cCall. 235, fig. 2F.

E m en d ed  d iag n o s is : Glockerichnus hav ing  relatively  few , 
w ide ridges rad iating  from  the central point, rarely  dichoto- 
mous.

M a te ria l: I specimens (TF UJ 210, holotypc).

R e m a rk s : G. sparsicostata  o ccu rs  in flysch deposits from  
H auteriv ian  (N ow ak, 1957) to M iocene (C rim es &  M cC all, 
1995). It resem bles Stelloglyphus V ialov  (1964, 1968a), es
pecia lly  in its w ide rays and gregarious occurrence. T here
fore, its ichnogenus affin ity  m ay  be questioned  and a ques
tion m ark is placed before  the ichnogeneric  nam e.

? Glockerichnus parvula  (K siazk iew icz  1970)

I960 Roselled trail K siazkiew icz, 746, pi. 3, fig. 10. 
v* 1970 Gloekeriaparvula ichnosp. nov. - K siazkiew icz, 312, fig. 

7c.
1971 Gloekeria pan-ula K siazk iew icz -  Tanaka, 5, pi. 10, fig.

3.
v 1977 Gloekeria parvu/a K siazk iew icz -  K siazkiew icz, 102.pl.

8, f ig . 2.
1981 Gloekeria sparsicostata K siazkiew icz -  C rim es et ai.

972, pi. 3, fig . 4.

D iagnosis: Hypichnial small stellate cast, consisting of a central 
cone from which radiate a few short straight thin ribs. A tiny 
crater-like pit is situated at the top of the cone (after Ksiazkiewicz, 
1977).
M ateria l: 1 specimen (UJ TF 108, holotype).

R e m a rk s : M orphology  o f  this trace  fossil does no t conform  
to the d iagnosis o f  Glockerichnus. T here  are som e sim ilari
ties w ith Asterichnus B andel. but this p roblem  needs further 
study; therefore, the question  m ark befo re  the ichngeneric 
nam e.

Glockerichnus isp. indet. A 
Fig. 46

v partim  1977 Suhlorenzinitt nowaki ( K siazkiew icz) - K siazkiew icz. 95, 
text-fig. 13g-j, l-n.

v partim  1977 Capodistria veitcrsi V ialov  - K siazkiew icz, 99, text-fig. 
13b.

M a teria l: 7 specimens (TF UJ 215-216, 256, 1 126, 1137, 1155, 
1705).
D escrip tion : Variable, irregularly distributed radiating hypichnial 
ridges and knobs. Dichotomy of the ridges is more or less visible. 
The ridges are 1-4 mm in diameter and up to 40 mm long.

Glockerichnus isp. indet. В 
Fig. 47A- В

M a te ria l: 2 specimens (UJ TF 991B).
D escrip tion : Endichnial trace fossil, which displays at least about 
30 long, radiating, thin, cylindrical rays. The rays are up to 70 mm 
long and about 1 mm in diameter. They are slightly winding, 
radiate from a central point, and occur on different levels within 
about a 2-cm-thick layer. The rays branching dichotomously at 
sharp angles at a distance of about 3 cm from the centre.

R e m a rk s : This trace fossil w as labelled  by K siazk iew icz as 
Chondrites expansus, but it d isp lays features o f  Glockerich
nus. It is not excluded  that this is a new  ichnospecies. H ow 
ever, com parison to  the o ther ichnospecies o f  Glockerichnus 
is p rob lem atic , because they  are on ly  partia lly  preserved 
sem i-reliefs.

Glockerichnus isp. indet. С 
Fig. 47C

M a te ria l: 1 specimens (UJ TF ).
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Fig. 46. Glockcrichnus isp. A. strongly eroded forms in soles of 
turbiditic sandstone beds. UJ TF 1 137, Skrzydlna beds (Senonian), 
Przenosza (labelled as Copndistrio vetlersi). B. UJ TF 215, Ino- 
ceramian beds (Senonian-Paleoeene), Rzeki (labelled as Suhlo- 
renziiua nmvaki). Seales in mm

D escription: Endiehnial traec fossil, which displays structurless 
strongly flattened fillings o f radiating trace fossils with enlarged 
and rounded terminations. They display dichotomous branchings 
and occur on different levels. The branchings arc 2-7 mm wide 
and up to 30 nun long.

Remarks: This trace fossil  w a s  p lace  by K sia zk iew icz  in

Fig. 47. A-B. G/nckeiichiius isp. B, endiehnial forms in 
marl stone beds from the Siliceous Marls (Turonian), Krasiczyn. A. 
UJ TF. B. UJ TF 99IB. C. G/ockericlmiis isp. C, endiehnial form 
in a marlstone bed. Ropianka beds (Senonian-Paleoeene), Grybow 
(labelled as Chondrites afftnis. partially inked specimen). Scales in 
mm

Chondrites, but it d isp lays features o f  Glockerichnus. O ne 
can no t exclude that this is a new  ichnospecies.

Arenituha  S tanley & P ickerill 1995

Diagnosis: Generally irregularly arranged, sometimes branched 
tubes radiating from a central gallery, single or bunched, straight.
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Fig. 4 8 . A reniluha  isp . E p ic h n ia l  c o n c a v e  fo rm . U J T F  6 6 5 , 
R o p ia n k a  b e d s  ( S e n o n ia n - P a l e o c e n e ) ,  L im a n o w a  ( la b e l le d  as 

Chondrites expansus). S c a le  in  m m

c u rv e d , w in d in g  o r  s in u o u s ,  s m o o th  to  f in e ly  a n n u la te ,  s a n d -  
c o a te d  o r  - f i l le d  (S ta n le y  &  P ic k e r i  11 (1 9 9 5 )  m o d if ic a t io n  a f te r  
H a n tz s c h e l  (1 9 7 5 ) ) .

Rem arks: Arenituha  w as p roposed  as the new  nam e for Mi- 
catitba C ham berlain  (1971a), w hich  nam e w as p reoccup ied  
by a foram in ifer (S tan ley  & P ickerill, 1995). S im ilarity  o f  
this trace fossil to Glockcrichnus m ay be discussed, but this 
w ould require further investigation  o f  the type m aterial o f  
Micatuha.

Arenituha  isp.
Fig. 48

M ateria l: 1 s p e c im e n  (U J  T F ).
D escrip tion : E p ic h n ia l c o n c a v e  tra c e  fo s s i l c o m p o s e d  o f  7 
s lig h tly  w in d in g  ra y s ,  w h ic h  c o m e  o u t f ro m  c e n tra l  p o in t .  T h e  ra y s  
a re  2 m m  w id e  an d  as m u c h  a s  30  m m  lo n g . T h e y  o c c a s io n a l ly  
d is p la y  V -s h a p e d  b ra n c h in g s  in th e  in n e r  p a rt.

Rem arks: The described  specim en w as housed together 
w ith Chondrites (original label lost) but d isp lays features o f 
Arenituha. For discussion o f  this ichnogenus see S tanley  & 
Pickerill (1995).

Fascichnium  K siazk iew icz  1968

Em ended  diagnosis: Short ridges radially  arranged around 
elongate, open  area.

Fascichniittn extenturn K siazk iew icz 1968 
Fig. 49

v* 1968 Fascichnium cxlenlum n. “ s p ."  K s i ;\zk iew ic z ,  10. pi. 6.

Fig. 49. Fascichnium extenturn  K s ia z k ie w ic z ,  so le  o f  tu rb id i t ic  
s a n d s to n e  b ed . U J  T F  1 4 4 0 , V a r ie g a te d  S h a le  ( P a le o c e n e - L o w e r  
E o c e n e ) ,  L ip n ic a  M a la -G u b c m a s .  S c a le  in  m m

fig. I (a lso  K s ia z k i e w ic z ,  1977, pi. 8, fig. 4). 
v 1997 Fascichnium extentum  K s i a z k i e w i c z -  W e tze l  &  U c h m a n ,  

144, fig. 31; .
?non 1997 ^Fascichniun/ ichnosp. -  Zagora. 360, fig. 4.6. 

Diagnosis: A s fo r  ic h n o g e n u s .
M a te ria l: 2 s p e c im e n s  (U J  T F  14 4 0 , 1 5 6 7  (h o lo ty p e ) ) .

Rem arks: Fascichniittn occurs in flysch  deposits from  Se- 
nonian  to  E ocene (K siazk iew icz, 1977). K siazk iew icz re
garded Fascichniittn as a trace p roduced  by the inhalan t si
phon o f  b ivalves or the feeding trace o f  hydrom edusae. 
H ow ever, this ichnotaxon is ra ther a fossil burrow  system  
produced by a w orm -like organism  w ith in  sedim ent.

Gyrophyllites G locker 1841

Diagnosis: R a d ia l tra c e  fo s s i ls  w ith  n u m e ro u s ,  m o re  o r  le ss  h o r i
z o n ta l ,  s w o l le n  le a f - l ik e  lo b e s  r a d ia t in g  f ro m  a  v e r tic a l  sh a f t. T h e  
ra d ia t in g  lo b e s  o c c u r  a t o n e  o r  s e v e ra l  le v e ls  a n d  a re  m o s tly  
u n b ra n c h e d  (m o d if ie d  a f te r  F it. 19 9 1 ).

Gyrophyllites rehsteineri (F ischer-O oster 1858)
Fig. 50

* 1858 Sargassitcs rehsteineri P .O. -- F ische r -O o s te r ,  34, pi. 13, 
fig. 5.

1877 Gyrophyllites theohahh  Hr. - H eer , 120. pi. 45 ,  figs. 1-5. 
v  1977 Gyrophyllites kwassizensis G lo c k e r  - K s i azk iew icz ,  104, 

pi. 8. fig, 2.
v ?  1977 Asterichiuis aff. lawrenccnsis Bande l K siazk iew icz .  

104, pi. 9, fig. 4.
v ? 1997 Gvrophvltiles cf. rehsteineri F i s c h e r - O o s te r  - W e tze l  & 

U c h m a n .  145 .  fig. 311.
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Fig. 50. Gyrophylliies rehsteineri (Fischer-Ooster), epichnial forms in turbiditic sandstone beds. A-C. Lower Istebna beds (Senonian), 
Istebna (labelled as Gvrophyllites hvassizensis). A. UJ TF 106. B. UJ TF 259. C. 1794. D. UJ TF 79, hypichnial form. Upper Cieszyn 
Shale (Valanginian), Poznachowice (labelled as Aslerichnus aff. lawrencensis). Scales in A, D in cm, in B-C in mm

D iagnosis: Gyrophyllites with overlapping lobes, w hich are egg- 
or drop-like in outline, with rounded distal margin.
M ateria l: 4 specimens (TF UJ 79 (?), 106, 259, 1794). 
D escrip tion : As in the diagnosis, with the following additions: 
diameter o f the rosette up to 35 mm. The radiating lobes are

m axim ally 5-7 m m  wide.

R e m a rk s : M aterial ascribed by K si^zk iew icz  to G. kwcis- 
sizensis G locker d iffers from  the m aterial illustrated  by 
G locker (1841, p. 322). The latter is characterized  by  m ore
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elongate, non-overlapp ing  lobes than in the K si^zk iew icz 
m aterial, w hich, in turn , is very  sim ilar to the flysch m aterial 
o f  G. rehsteineri illu stra ted  by  F ischer-O oster (1858). H ow 
ever, m orphological d iversity  o f  the type m aterial o f  G. 
kwassizensis is poorly  know n and  transitional form s to the 
described  ichnotaxon are no t excluded . In this case, these 
ichnotaxa w ould  be synonym s. In the p resen t state o f  k now 
ledge, they  are treated  as separa te  ichnospecies. K si^zkie- 
w icz (1977) described  Astevichnus aff. lawrencensis B andel 
on the basis o f  one, poorly  preserved  specim en (Fig. 50D ). 
T his trace fossil d isp lays ra ther overlapp ing  lobes and is 
m ore sim ilar to Gyrophyllites G locker o r Stelloglyphus V ia 
lov.

S P R E IT E  S T R U C T U R E S

Zoophvcos M assalongo  1855

D iagnosis: Spreite structures composed of numerous small, more 
or less U- or .T-shaped protrusive burrows o f variable length and 
orientation. Spreite arranged in helicoid spirals with an overall 
outline of circular, elliptical or lobate shape; central vertical tunnel 
or marginal tube may be present (after Frey, 1970; Hantzschel, 
1975; Wetzel & Werner, 1981; Fillion & Pickerill, 1984).

R e m a rk s : D ifferen t ichnogenera  and /o r species have been 
described  under the nam e Zoophvcos (H antzschel, 1975). 
R ecently , the origin o f  m em bers o f  the Zoophvcos group has 
been ex tensively  d iscussed  (B rom ley , 1991; W etzel, 1992; 
G aillard  & O livero; 1993, O livero , 1994, for review ). T his 
group needs to  be tho rough ly  revised. T em porarily , som e 
ichnotaxonom ic nam es are used for descrip tion  o f  this 
group, how ever, m any o f  them  are m ost likely synonym s.

Zoophvcos s.l. is genera lly  assum ed to be trace o f  un
know n deposit-feed ing  o rgan ism s. T he ir p roducers are pos
sibly found am ong sipuncu lo id s (W etzel &  W erner, 1981), 
po lychaete  annelids, arth ropods (E kdale  &  Lew is, 1991a), 
and en teropneust hem ichordates (K otake, 1992). A ccord ing  
to K otake (1989, 1991a), Zoophvcos is p roduced by surface 
ingestors o f  organic detritus. T he origin o f  th is trace fossil is 
still no t clear. D iverse, p artia lly  con trad ic ting  m odels o f  for
m ation o f  Zoophvcos have  been  presen ted  (Seilacher, 1986; 
E kdale & Lew is, 1991a; B rom ley, 1991; W etzel, 1992; 
G aillard  &  O livero , 1993, and references therein), bu t in 
m ost cases, the d iscussion  refers to d ifferen t taxa or even 
ichnogenera o f  the Zoophvcos group.

A ccord ing  to B ottjer et al., (1987) and E kdale & Lew is 
( 1991a), Zoophvcos occurs in shallow -w ater deposits in the 
Palaeozoic, and in deep-sea, rare ly  also  in shallow -w ater de
posits after the Palaeozoic. Zoophvcos s.l. is know n from  the 
P recam brian  (C rim es, 1987) to the R ecent (e.g. E kdale & 
Berger, 1978; W etzel &  W erner, 1981).

K si^zk iew icz (1977) d is tingu ished  tw o ichnotaxa o f  
Zoophvcos, nam ely, Z. hrianteus M assalongo  and Z. insig- 
nis Squinabol. M oreover, he determ ined  several Zoophvcos 
spec, indet. Zoophvcos needs urgent revision  but this large 
problem  is beyond the scope o f  th is paper. The Ksicjzkie- 
w icz m aterial is in sufficen t even for a partial solution o f  the 
problem . For this reason, the K sif(zkiew icz ichnotaxa are re
tained as they  are. For illu stra tion  o f  the m aterial Fig. 51 is 
presented .

Fig. 51. Zoophvcos ispp. A. Zoophvcos insignis Squinabol, en- 
dichnial form in turbiditic sandstone bed. UJ TF 2572, Ropianka 
beds (Senonian-Paleocene. Wola Brzezińska. B. Zoophvcos isp. 
(Spirophyton-type). endichnial form in cross-section o f turbiditic 
mudstone bed. UJ TF 13, Magura beds (Eocene), Zabrzeż. Scale in 
A in mm, scale bar in B = 1 cm

Phycosiphon  F ischer-O oster 1858

E m e n d e d  d ia g n o s is : P lanar, ho rizon ta l, or ob lique lobate 
spreite  structure encirc led  at least partia lly  by a m arginal 
tunnel. The lobes are protrusive.
R e m a rk s : H itherto  only  one ichnospecies, P. incertum  Fis
cher-O oster, w as recognised . T his ichnospecies w as lately 
analysed  by W etzel &  B rom ley (1994), w ho described  its 
m orphology in detail. T he m ost characteristic  feature o f  P. 
incertum  is the lobate structure filled  w ith  protrusive spreite. 
The sam e features, expressed  in the ichnogeneric  diagnosis, 
occur in larger trace  fossils, e.g. Hydrancylus hamatus F is
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cher-O oster (1858, pi. 5) (Fig. 53) or Hydrancylus genicu
lata (S ternberg) d iscussed by Fu (1988). F or this reason 
these trace fossils can be described  under one ichnogenus 
and the m onotypy  o f  Phycosiphon can be broken. Hv- 
drancylus w as regarded by F ischer-O oster as a subgenus o f  
Muemteria although it has page p rio rity . H ow ever, Phycosi
phon is m uch m ore com m only  used, as indicated  in the syn
onym y lists supplied  by Fu (1991) and W etzel &  B rom ley 
(1994). In in terest o f  ichno taxonom ic  stability , therefore 
Phycosiphon is proposed as the generic nam e o f  the d is
cussed trace fossils. All the d ifferences betw een these ich- 
notaxa correspond  to features at the ichnospecies level.

Phycosiphon incertum F ischer-O oster 1858 
Figs. 52, 63

Diagnosis: Extensive small-scale spreite tracc fossil comprising 
repeated narrow, U-shaped lobes enclosing a spreite in millimetre 
to centimetre scale, branching regularly or irregularly from an 
axial spreite o f similar width. Lobes are protrusive, mainly parallel 
to bedding/sea floor. However, the plane enclosing the width of 
individual lobes may lie horizontally, obliquely or even vertically 
to the bedding/sea floor (Wetzel & Bromley, 1994).
M aterial: I3~specimens (UJ TF 142, 589-591. 646, 1261, 1485, 
1597. 1618, 1676, 1803, 2040, 2517).

R e m a rk s : R ecently , W etzel & B rom ley  (1994) prov ided  
that Anconichnus horizonta/is K ern is the ju n io r  synonym  o f  
Phycosiphon. Phycosiphon is com m on in poorly  oxygen
ated sedim ents (e.g. E kdale & M ason, 1988).

Phycosiphon incertum is co rrec tly  described  by K si^z- 
k iew icz (1977). In the ana ly sed  collection , especially  v a lu 
able are w ell-p reserved  specim ens w ith w ell-expressed  
spreite.

Phycosiphon hamata (F ischer-O oster 1858)
Figs. 5 3 -5 5

* 1858 Miinslcria hamata F.O . (^Hydrancylus hamatus F .O .) -  
F ischer-O oster. 41. pi. 5. 

v 1977 Muaixlena hamaia F ischer-O oster - K siqzkiew icz, 122. 
pi. 13. Ilg. 3.

1978 Z.oophycos K ern . 250. fig. SI.

Diagnosis: Large Phycosiphon in the scale of centimetres, with 
well expressed symmetrical lobes filled with spreite.
M aterial: 4 specimens (U.I TF 154, 738, 2 specimens in the 
Naturhistorisches Hofmuscum).
D escrip tion : As in the diagnosis and in the description of M uen- 
steria hamata in Ksiazkiewicz (1977).

R e m a rk s : A lthough F ischer-O oster (1858) d istingu ished  
Hydrancylus as a subgenus o f  Muensteria, it has recently  
been treated  as a separate ichnogenus by Fu (1988), who, 
how ever, excluded Muensteria hamata F.O. (= / lydrancylus 
hamatus F.O. accord ing  to F ischer-O oster) from  Hydrancy
lus. N evertheless, all the d iffe rences betw een Hydrancylus 
geniculata (S ternberg), w hich is the only ichnospecies o f  
this ichnogenus recognised by Fu (1988), and II. hamatus 
can be expressed at the ichnospecies level. Hydrancylus 
geniculata (S ternberg) d isp lays sm alle r size and asym m etry  
o f  lobes related to the J-shape  burrow . II. hamatus Fischer- 
O oster d isp lays larger size, and m ore regular lobes, w ith 
deep .(-shape or even U -shape burrow s (Fig. 53). N everthe
less. both ichnotaxa d isp lay  the sam e basic features ex 

p ressed  in the ichnogeneric  d iagnosis o f  Phycosiphon. This 
trace fossil is developed  only on one level and cannot be 
confused  w ith Zoophycos, w hich ex tends to several ad jacent 
levels.

Lophoctenium R ich ter 1850

D iagnosis: Branches of closely spaced, inwardly bent “twigs” 
with comb-like branches, joining to form main axis (after Han- 
tzschel, 1975).

Rem arks:  Lophoctenium has lately  been studied  by Fu 
(1991). It occurs in flysch  deposits (e.g. K siazkiew icz, 
1977; K ern, 1978, C rim es et al., 1981; L eszczynsk i, 1992) 
from  the O rdov ic ian  (H antzschel, 1975) to the M iocene 
(U chm an , 1995).

K siazk iew icz (1977, 81) d is tingu ished  Lophoctenium 
ramosum (T oula) (pi. 5, figs. 6-8) and L. aff. comosum 
(R ich ter) (pi. 5, fig. 9). Lophoctenium needs a rev ision  but it 
can not be done w ithou t access to several im portan t co llec 
tions. For this reason, the K siazk iew icz  ichnospecies are 
tem porally  retained as they  are.

Rhizocorallium Z enker 1836

D iagnosis: U-shaped spreite burrows, parallel or oblique to bed
ding plane; limbs more or less parallel and distinct; ratio of tube 
diameter to spreite width usually 1:5 (after Fiirsich, 1974c).

Rhizocorallium jenense Z enker 1836

v 1977 1 Rhizocorallium spec, indet. -  K siazkiew icz, 105. tex t
ile. 15.

v 1992b Rhizocorallium ichnosp. -  U chm an, tigs. 2-3.

D iagnosis: More or less straight, short U-shaped spreite burrows 
commonly oblique to bedding plane and sometimes vertically 
retrusive (after, Fiirsich, 1974c).
M ateria l: 2 specimens (UJ TF 1556, 1610).

R em arks: T axonom ic and e tho log ical p rob lem s o f  this ich
nogenus w ere  d iscussed  by Fiirsich (1974c). U chm an 
(1992b) discussed its occurrence  o f  this com m only  shallow - 
w ater trace  fossil in the C arpath ian  flysch.

W IN D IN G  AND M E A N D E R IN G  S T R U C T U R E S

K siazk iew icz (1977) regarded w ind ing  structures and 
m eandering  structu res as separate  groups. T hey are here 
com bined because o f  d ifficu lties in th e ir separation . For in
stance, according to the K siazk iew icz  d iv isions, echino id  
trace fossils (Scolicia in this paper) are separated  (U chm an, 
1995).

Nereites M acL eay  1839

D iagnosis: Usually selectively preserved, winding to regularly 
meandering, more or less horizontal trails, consisting o f a median 
back-filled tunnel (core) enveloped by an even to lobate zone of 
reworked sediment (mantle). Commonly, only the external part of 
the mantle is preserved as a densely packed chain of uni- or 
multi-serial small depressions or pustules (after Uchman. 1995).

R em arks:  The list o f  ichnotaxa included  in Nereites was 
presen ted  by R indsberg  (1994) and U chm an (1995). Sca- 
larituha W eller, Neonereites Seilacher, Paleohelminthoida
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Fig. 52. Phycosiphon incertum Fischer-Ooster, endichnial forms in cpichnial position. A. UJ TF 646, Ropianka beds (Senonian-Paleo- 
cene), Mordarka. B. UJ TF 1261, Variegated Shale (Paleocene-Lower Eocene), Lipnica Mala, Gubernas. C-D. UJ TF 589, Variegated 
Shale (Paleocene-Lower Eocene), Lipnica Mala, Gubernas. Scales in mm
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Fig. 53. Phycnsiphon hamatu (Fischer-Ooster). Reproduction of 
Fischer-Oostcr (1858) pi. 5

Fig. 54. Phycvsiphon humata (Fischer-Ooster), endichnial form 
in turbiditic sandstone bed, epichnial position. UJ TF 738, 
Ropianka beds (Senonian-Paleocene), Szezawa. Scale in mm

Fig. 55. Phycosiphon hamata (Fischer-Ooster) from the 
Naturhistorischcs Hofmuseum in Vienna, endichnial form in tur
biditic sandstone bed. epichnial view. A. A specimen in the 
Gebhard’s collection, Sievering Formation (Upper Cretaceous, 
Miihlberg, Wienerwald). B. “Lenghtaler Flysch” between Wind- 
hag and St. Leonhard, N of Waidhofen, Austrian Alps. The coins 
are 19 mm in diameter

R uchholz , and Helminthoida Schafhau tl w ere included  in
Nereites.

Nereites irregularis (S chafhau tl 1851)
Figs. 56

For synonymy list: Uclunan (1995).
v 1970 Helminthoida lahyrinthica H eer form a typica -  K si^zkie- 

w icz, 296, fig. 2g. 
v 1970 Helminthoida lahyrinthica H eer form a lata -  K si^zkie- 

w icz, 296, fig. 2i. 
v 1970 Helminthoida lahyrinthica  H eer form a serrata -  K si^zkie- 

w icz, 298, fig. 2h. 
v 1977 Hehninthopsis irregularis (S chafhautl) -  Ksi£izkiewicz, 

119, pi. 12, fig. 2, text-fig. 22. 
v 1977 Helminthoida lahyrinthica  H eer — K si^zkiew icz, 158, pi. 

21, fig. 1.
v 1977 Helminthoida serrata n. isp. -  Ksi^zkievvicz, 159, pi. 21, 

fig. 2.

Diagnosis: Relatively small Nereites with usually closely packed, 
multistorey, gregarious, deep meanders which tend to coil. Mean-

Hijdrancijlus hamafus. F. 0
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Fig. 56. Nereites irregularis (Schafhautl), endichnial forms, 
epichnial view. A. UJ TF 721 (label lost). B. UJ TF 132, Sro
mowce beds (Senonian), Jaworki, Skalski stream. (Labelled as 
Helminthopsis irregularis). Scales in mm

ders usually o f variable dimension and regularity in adjacent levels 
or even at the same level. Mantle usually thinner than core; where 
closely packed, meanders touch or overlap with neighboring seg
ments, in looser meanders it displays low lobes. Commonly the 
mantle is not preserved. Backfill structure is poorly manifested 
(modified after Uchman, 1995)

M ateria l: 17 specimens (UJ TF 51-58, 105, 132, 236, 721a, b, 
734, 797, 1518, 271 1).
D escription: Meandering epichnial full relief located in shallow 
furrow, ellipsoidal in cross-section, 3.5-4.0 mm wide. The narrow, 
irregular meanders occur at adjacent levels, mainly within a 15 
mm thick part o f a sandstonc-mudstone turbidite bed. The lighter- 
coloured core shows occasionally an indistinct backfill structure 
appearing as transverse ribs. In some specimens (Fig. 56B), the 
core is removed by weathering.

R e m a rk s : The ho lo type o f  Helm inthoida irregularis d is
p lays all d iagnostic m orphological features o f  Nereites and 
w as included  in the latter ichnogenus, and Helminthoida  
labyrinthica  H eer o f  K siazk iew icz  is its ju n io r  objective 
synonym  (U chm an, 1995).

The K siazk iew icz  ichnospecies included  in N. irregu
laris d isp lays m in o r d ifferences, w h ich  are m orphological 
varia tions o f  the sam e ichnospecies. T he d ifferences (lack  o f  
core filling, v is ib ility  o f  backfill struc tu re  in the core) are 
contro lled  m ain ly  by p reservation  and  d iagenesis.

Nereites irregularis occurs m ain ly  in deep-sea  deposits. 
It is typ ical o f  ca lcareous p lank tic  sed im en ts (Seilacher, 
1986, p. 70). It occurs from  (?) the beg inn ing  o f  the M eso
zoic (Y ang, 1986) to the M iocene (U chm an, 1995) and (?) 
Q uaternary  (E kdale &  Lew is, 1991b).

Scolicia  de Q uatrefages 1849

Ichnospecies included in Scolicia de Quatrefages:
v 1458 trace o f  creeping  gastropods from the Suhphylloehorcla 

group ■ K siazkiew icz, pi. 2, llg. 3. 
v 1958 WdcolntUuj K siazkiew icz. pI. л .  fig 1. 
v 1460 Kx. aff. Cliniactichius Logan - K siazkiew icz. 742, pi. 4. 

fig. 17.
v I960 Ex. aff. Gyrochorte H eer K siqzkiew icz. 742, pi. 3, fig. 

I I .
v 1960 Podw ojny slad m eandryczny -  K siazkiew icz, 739. pi. 2, 

fig. S.
v 1968 Taliphrhelminthopsis Sacco, sp. ind. -  K sifizkiewicz, 8, pi. 

6. fig. 3.
v 1970 Scolicia prisca  de Q uatrefages -  K siazkiew icz, 289, pi. 1 

d.
v 1970 Scolicia plana  ichnosp. n. -  K siazkiew icz. 289. pi. 1c.

1970 Suhphvllochonla granulata  ichnosp. n. - K siazkiew icz, 
289, pi. Ig.

v 1970 Suhphvllochorda striata  ichnosp. ». -  K siazkiew icz, 290, 
pi. 1 f.

v 1970 Taphrhehninthopsis aff. recta  Sacco K siazkiew icz. 290. 
pi. 2a-d.

v 1970 Taphrhehninthopsis auricularis Sacco -  K siazkiew icz, 
192, pi. 2e-g.

v 1970 Taphrhehninthopsis plana  ichnosp. n. -  K siazkiew icz, 
300, pi. 3g-h.

v 1970 Taphrhelnnnthopsi.s corvoluta  (H eer) - Ksiazkiew icz, 
300, pi. 3f.

v 1970 Suhphylloehorcla lacvis ichnosp. n. - K siazkiew icz, 290, 
pi. le.

v 1970 Gyrochorte isp. В -  K siazkiew icz, 288, pi. lb. 
v 1977 Scolicia prisca  de Q uatrefages -  K siazkiew icz. 126, pi.

11, fig. 12, pi. 14, fig. 8, pi. 15, fig. 6. 
v 1977 Scolicia plana  K siazkiew icz — K siazkiew icz, 127, pi. 14, 

figs. 2-5, 7.
v non? 1977 Scolicia vertehralis n. ichnosp. -  K siazkiew icz, 128, pi. 

14, fig. 1, 6, text-figs. 23j , k, 29. 
v 1977 Suhphylloehorcla granulata  K siazkiew icz -  Ksiazkie- 

w icz, 131, pi. 15, figs. 3, 5, text-fig. 24b-c, e. 
v 1977 Suhphylloehorcla striata  K siazkiew icz -  Ksiazkiew icz.

132. pi. 15, fig. I . text-fig. 24a. 
v 1977 Suhphylloehorcla ruclis n. ichnosp. -  K siazkiew icz, 133, 

pi. 15, fig. 2, text-fig. 24d, 25.
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v 1977 Subpliyllocharda lacvix K siqzkiew icz -  Ksiqzkiewicz.
134, pi. 16. figs. 1-3. text-fig. 24g-k. 

v 1977 Taplirhelminthopsis auricularis Sacco  -  K siqzkiewicz, 
137, pi. 17, figs. 1-3, text-fig. 26a-j. 

v 1977 Tuphrhelminthopsis vagans n. ichnosp. -  K siqzkiewicz, 
139, p|. 17. figs. 4-5, text-fig. 261-s. 

v 1977 Taplirhelminthopsis recta Sacco K siqzkiew icz, 139, pi.
17. fig. 1, text-fig. 26t. 

v 1977 I'aphrhclnunthoida convoluta n. ichnosp. - K siqzkiewicz,
168. pi. 22. fig. I, pi. 23. fig. 5.

v 1977 Taphihehninthoiila /ilana (Ksiajkiewicy) - K siqzkiew icz,
169. pi. 22, figs. 2-3.

v I 977 I’ararusophycus ohlongus n. ichnosp. -  K siqzkiew icz, 54, 
pi. 1, fig. 6.

v '.'non 1977 Spirarhaphe ziimayensix (G om ez de Llarena) — Ksiqzkie- 
vvicz. 147, pi. 18, fig. 3.

For additional list of ichnotaxa included in Scnlicia see Uclunan 
( 1995).

Diagnosis: Variably and commonly selectively preserved, simple, 
winding, meandering to coiling bilobate or trilobate back-filled 
trace fossils with two parallel, locally discontinuous, sediment 
strings along their underside. Cross-section approximately oval in 
outline. Underside between the strings flat or slightly convex up. 
Backfill laminae composite, may be biserial on the upper side. 
Washed-out variants preserved as hypiclmial bilobate ridges 
(modified after Uclunan, 1995)

R e m a rk s : Taplirhelminthopsis Sacco, Laminites G hent & 
H enderson, Suhphyllochorda  G o tz inger &  B ecker, and 
Taphrhelminthoida  K siazk iew icz  w ere  included in Scolicia  
as taphonom ic variants o f  the sam e ichnogenus produced by 
irregular echinoids, and related  to  the deph o f  burrow ing  and 
to subsequent erosion (U clunan , 1995). R elation o f Lami
nites to Scolicia w as also d iscussed  m y U chm an & K ren- 
m ayr (1995).

R ecently , G oldring et al. (1997) questioned  inclusion o f  
these ichnogenera in Scolicia  because, accord ing  to their 
view , nam es o f  these ichnogenera  bear im portan t toponom ic 
inform ation. This view  canno t be accep ted , because the 
toponom ic inform ation is no t lost, but is rem oved  to the ich- 
nospecies level. On the con tra ry , the p roposed  retention o f  
the ichnogenera Taplirhelminthopsis, Suhphyllochorda , and 
Taphrhelminthoida causes loss o f  inform ation about their 
com m on origin and unity  o f  the basic fossil behaviour, and 
sanctions influence o f  tap h o n o m y  on ichnotaxonom y. 
M oreover, the cited au thors erronously  im plied tha t U ch
man (1995) included ichnogenus Suhphyllochorda  in ichno- 
species Scolicia prisca.

Scolicia prisca  de Q uatrefages 1 849 
Fig. 57

Synonymy list: Uchman (1995)
* 1849 Scolicia prisca A. de Qu. -  de Q uatrefages, 265 (no 

illustration).
v 1960 Ex. a IT. Climactic/mix Logan - K siazkiew icz, 742, pi. 4, 

fig. 17.
v'.’ 1960 Ex. a If. Gyrochortc H eer -  K siqzkiew icz, 742. pi. 3. fig. 

11.
v 1970 Scolicia prisca de Q uatrefages — K siqzkiew icz, 289, pi. 

Id.
v 1977 Scolicia prisca de Q uatrefages -  K siazkiew icz, 126, pi.

1 I, fig. 12. pi. 14. fig. <8, pi. 15 fig. 6. 
v '.'non 1977 Scolicia vertehra/is n. ichnosp. K siazkiew icz. 128, pi.

14, fig. 1, 6. text-figs. 23j, k, 29.

Diagnosis: Scolicia preserved usually as cpichnial trilobate furrow 
with slightly concave, semicircular bottom and oblique slopes,

densely packed fine transverse ribs at the bottom, and looser, 
asymmetrical and thicker ribs on the slopes. Two parallel strings 
may occur along the edges of the bottom. Proportion of bottom to 
slopes may vary in different specimens (after Uchman, 1995). 
M aterial: 28 (732) specimens (UJ TF 116, 478-479, 483-485, 
487-488, 497, 500, 529, 586(7), 624(7), 626, 628-632, 688, 803, 
817, 819, 938(7), 952, 1149, 1478(7), 1565, 1702, 1745, 2546, 
2548).

Remarks: Probably , Scolicia vertebralis is a p reservational 
varian t o f  S. prisca. It is underrep resen ted  in the analysed 
collection  and this prob lem  needs fu rther explanation . In the 
ho lo type, the furrow  has one central narrow  string  or su ture
like structure w hich  passes into the fu rrow  hav ing  indistinct 
trilobate  structure, as in S. prisca  (Fig. 58).

The parallel strings represen t the drainage canals o f  
spatangoid  ech ino ids (K anazaw a, 1994, pers. com m .). 
D ensely  packed ribs at the bottom  are probably  p roduced  by 
locom otion o rgans o f  the producer. T he asym m etric  th icker 
ribs on slopes are rem nants o f  the edges o f  backfill m enisci. 
P roportion o f  bottom  to slopes and depth  o f  furrow  depend 
strongly  on preservation . W hen the burrow  occupies a 
deeper position in the sandy  portion  o f  a bed, the m edian 
ridge is covered, to a variab le  extent, by  the backfill and 
then appears very narrow ; the strings are usually  also  cov 
ered. Substrate p roperties and degree o f  w eathering  m ay 
also influence expression  o f  the ribs at the bottom .

This ichnotaxon is usually  p reserved  in the m iddle  part 
o f  tu rb id ites (T c-T d) at the transition  from  sandstone to 
m udstone. O nly  the low erm ost part o f  the burrow  is p re 
served. The upper part, consisting  o f  backfill structures, re 
m ains usually  in the upper, shaley  p art o f  the tu rb id ite  bed.

Scolicia plana  K siazk iew icz  1970 
Figs. 5 9 -6 0

v* 1970 Scolicia plana ichnosp. n. - K siqzkiew icz, 289, pi. lc . 
v 1970 Suhphyllochorda striata ichnosp . n. Ksiqzkiew icz. 290, 

pi. I f.
v 1970 Suhphyllochorda granulata ichnosp. n. -  K siqzkiew icz, 

289, pi. lg.
v 1977 Scolicia plana K siqzkiew icz -  K siqzkiew icz, 127, pi. 14, 

figs. 2-5, 7.
v ?partim  1977 Suhphyllochorda granulata K siqzkiew icz -  K siqzkie

w icz, 131, pi. 15, figs. 3, 5 [?non text-fig. 24b-c, e], 
v 1977 Suhphyllochorda striata K siqzkiew icz -  K siqzkiew icz.

132. pi. 15. fig. 1, text-fig. 24a. 
v 1977 Suhphyllochorda rudis n. ichnosp. -  K siqzkiew icz. 133, 

pi. 1 5, fig. 2, text-fig. 24d, 25.

Emended diagnosis: Scolicia  in w hich  the flat m edial ridge 
is longitud inally  d iv ided  by a shallow  furrow  or crest. 
M aterial: 36 specimens (UJ TF 143, 135,480-481,489, 492-494, 
496, 498, 501-503, 508, 535-536, 543, 582, 585. (holotype), 622, 
635, 776, 970, 1125, 1153, 1211, 1233, 1241, 1298, 1542, 1700- 
1701, 2044, 2543, 2545, 2664).
Description: As in the diagnosis and in Ksiqzkiewicz description 
o f the ichnotaxa included in S. plana.

Remarks: S. prisca  d isp lays a convex up, arcuate, m edian 
ridge, arcuate in cross section , w ithou t a central furrow  or 
crest. The division o f  the m ain ridge m ay  also be expressed  
in the hyp ichnial Suhphyllochorda  type  o f  p reserva tion  as a 
fain t crest or furrow  in the m iddle lobe, betw een  the strings. 
T his feature is recognised  in som e specim ens o f  Subphvllo-
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Fig. 57. Scolicia prisca de Quatrefages in turbiditic sandstone beds. A. UJ TF 626. Beloveza Formation (Eocene), Zubrzyca Górna. 
Epichnial view o f ventral interior. B. UJ TF 1565. Hieroglyphic beds (Eocene), Zawoja, Końskie. Epichnial view o f dorsal interior (upper 
part) and dorsal exterior (lower part). C-D. Flypichnial view o f ventral exterior (slightly eroded). C. UJ TF 2548 (label lost). D. UJ TF 
2546, Variegated Shale (Paleocene-Eocene), Kąclowa. E. UJ TF 631, Hieroglyphic beds (Eocene), Juszczyn. Epichnial view o f interior. 
Scale in A in cm, scales in B-C in mm, scale bar in D = 1 cm, scale bar in E = 16 mm
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Fig. 58. Scolicia vertehnilis Książkicwicz (= Scolicia Ipriscu) in 
turbiditic sandstone beds. A. UJ TF 1478, holotype. Inoceramian 
beds (Senonian-Paleocene), Bachów. Transition to 5. prisca ar
rowed. B. UJ TF 624, Lower Istebna beds (Senonian), Czchów. 
Scales in mm

Fig. 59. Scolicia plana Ksiazkiewicz in turbiditic sandstone 
beds. A. U.I TF 481, Cenomanian-Lower Senonian), Rzyki. 
Epichnial view of ventral interior. B. UJ TF 635, Variegated Shale 
(Paleocene-Eocene), Lubomierz (labelled as Subphvllochorda 
striata). Hypichnial view o f ventral exterior. Scales in mm
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Fig. 60. Scolicia plana Książkiewicz in turbiditic sandstone beds. A-C. Hypichnial views of ventral exterior. A. UJ TF 2545, Variegated 
Shale (Paleoeene-Eocene), Kąelowa. B. U.l TF 1542, Bcloveza Formation (Eocene), Lipnica Wielka (labelled as Subphvllochorda 
granulate/). C-D. UJ TF 2543, Variegated Shale (Paleoeene-Eocene), Kąelowa. C. Cross-section view. D. Hypichnial view. Scales in mm

chorda granulatei and S. striata  (Figs. 59B , 60B ). T here is 
transition o f  S. striata  o f  this type to S. rudis in the sam e 
trace fossil. T ypical. S. striata  and S. rudis o ccur together on 
the sam e bedding  plane (Fig. 59B ). T his suggests that these 
trace fossils are only preservational variants o f  the sam e 
burrow , and they can be included  in S. plana. H ow ever, 
som e Subphvllochorda  (bu t not S. laevis, w hich belongs to

Scolicia strozzii) d is tinc tly  do no t d isp lay  the m ed ian  furrow  
or crest in the m edian lobe, and these should be included in 
S. prisca  (Fig. 5 7 C -E ). In cases w here the features are not 
clear, the considered  Suhphyllochorda-\ike specim en should 
be slightly  polished at the low erm ost part in o rder to expose 
the structure o f  the m edian lobe for p roper determ ination .
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Scolicia strozzii (Sav i &  M eneghin i 1850)
Figs. 6 1 -6 2

* 1850 Nemertilites strozzii nob .  -  Savi &  M en eg h in i ,  421.
v 1958 (race  оГ c r e e p in g  g a s t r o p o d s  from th e  Siibphyllochorda 

g rou p  -  K s iążk iew  icz, pi.  2, fig. 3.
v 1960 P o d w ó j n y  ś lad  i n e a n d r y c z n y  -  K s ią ż k ie w ic z ,  739,  pi.  2, 

fig. 8.
v  1968 Taphrhchumlhojisis S acc o ,  sp. ind. K s i ą ż k i e w ic z ,  8, pi. 

6, fig. 3.
19 7 0  7aphrhclminthopsis all', rccta S acco  — K s iążk iew icz ,  290, 

2 92 ,  pi.  2a-d.
v  1970 Taphrhelminthopsis aiiricularis S a c c o  - K siążk iew icz ,  

192. pi.  2e-g .
v 1970 Taphrhelminthopsis plana  i chnosp .  n. -  K s iążk iew icz ,  

3 00 .  pi. 3g-h.

v  1470 Taphrhelminthopsis convohita  (H e e r )  -  K s iążk iew icz ,  
300, pi. 3f.

v 1970  Siihphyllochorcla lacvis i chnosp .  n. ■ K s iążk i ew icz ,  290, 
pi. le.

v 1977 Siihphyllocharda lacvis K s i ą ż k i e w i c z  -  K s iążk iew icz ,  
134, pi.  16. figs. 1-3, tex t- f ig .  24g-k .

v 1977 Taphrhelminthopsis aiiricularis S a c c o  -  K siążk iew icz ,  
137. pi.  17, figs. 1-3, tex t- f ig . 26a- j.

v  1977 Taphrhelminthopsi.s vagans n. i chnosp .  -  K s iążk iew icz ,  
139. pi. 17, figs. 4 -5 .  tex t- f ig . 261-s.

v 1977 Taphrhclnunlhops is rccla S acc o  — K sią ż k i e w ic z ,  139, pi.
I 7. fig. I , te x t- f ig . 26t.

v 1977 Tnnhrhclnnnihnnla rnni olula  n. ic hnosp . K s iążk iew icz ,
168, pi.  22, fig. 1, pi.  23, fig. 5.

v 1977 Tuplirhelininthoida plana(Ks\ąykii:\vic7.)-- K s iążk iew icz ,
169, pi.  22, figs. 2-3.

Diagnosis: S tra ig h t to  t ig h t ly  m e a n d e r in g  h y p ic h n ia l  b ilo b a te  
r id g e , p re s e rv e d  as s e m i- re l ie f .  A  m e d ia n  g ro o v e  s e p a ra te s  th e  
p ro m in e n t  z o n e s  o f  th e  r id g e . T h e  p r o m in e n t  z o n e s  a n d  th e  g ro o v e  
a re  m o re  o r le ss  a rc u a te  in c r o s s - s e c t io n .  T e n d e n c y  to  m e a n d e r in g ; 
w id th , d e p th , h e ig h t, a n d  p r o p o r t io n s  o f  th e  m o rp h o lo g ic a l  e le 
m e n ts  m a y  v a ry  fro m  s p e c im e n  to  s p e c im e n  ( a f te r  U c h m a n , 1995). 
M aterial: 74  s p e c im e n s  (U J  TF 126, 5 0 4 -5 0 9 ,  5 1 1 -5 1 3 , 5 1 5 ,
5 1 7 -5 1 8 , 5 2 0 , 5 2 2 -5 2 3 ,  5 2 5 -5 2 8 ,  5 3 0 -5 3 1 ,  5 3 8 , 5 4 1 -5 4 4 ,  5 4 6 -5 4 9 , 
5 5 4 . 5 8 0 . 6 9 3 , 7 0 3 , 7 3 7 , 7 4 4 , 7 4 6 , 7 5 0 , 7 8 0 , 7 8 4 -7 S 5 , 8 1 3 , 8 6 2 - 
8 6 4 , 8 6 7 . 8 6 9 , 8 9 8 , 9 3 7 , 1 3 6 7 -1 3 7 0 , 1 3 8 6 -1 3 8 7 , 1482 , 1588 , 
1734 . 1 7 4 9 -1 7 5 0 , 2 5 8 0 , 2 6 0 2 -2 6 0 5 a ,  2 6 0 6 a , 2 6 2 1 , 2 6 2 7 , 2 6 3 7 , 
2 6 8 7 , 2 6 5 5 a , 2 6 8 9 , 2 6 9 8 ).

Description: A s in th e  d ia g n o s is  a n d  in  th e  K s ią ż k ie w ic z  (1 9 7 7 )  
d e s c r ip t io n  o f  Taphrhelm inthopsis a n d  Taphrhelm inthoida  ic h n o -  
sp ec ie s .

R e m a rk s : T his ichnotaxon is a cast o f  the furrow  form ed 
after w ash ing-ou t o f  the Scolicia  bu rrow  by erosion. Height, 
depth o f  the m edian ridge, and w idth  o f  the trace depend 
strongly on sm all d ifferences in depth o f  burrow ing, depth 
and strength o f  erosion, and  p roperties o f  substrate. I f  the 
burrow  is cu t by erosion in the m iddle part, its cast is h igher 
and w ider, the slope o f  the ridge is m ore gentle, and the m e
dian groove seem s to be narrow er. If  erosion cuts the base o f  
the burrow , its cast is low er, the m edian groove is shallow  
and w ide, and the p rom inen t parts o f  the ridge are narrow . 
Erosional currents flow ing  trough the excavated  furrow  m ay 
strongly influence its shape and  som e tool m arks m ay be 
produced by sm all objects be ing  dragged a long  it. Indistinct 
longitudinal ridges or striae typ ical o f  Taphrhelminthopsis 
recta  (see K siążkiew icz, 1977) are m ost probably  such tool 
m arks. M odification  by erosion  m ay  strongly  depend on 
geotechnical p roperties o f  the sed im en t, influenced by large 
production  o f  m ucus by the bu rrow ing  echino ids. H ow ever, 
som e d ifferences in trace fossil shape depend  on biological

factors. They include the taxa involved. P reservational fac
tors seem  to dom inate  the shape o f  the ridge, w hich , in con 
sequence, cannot be regarded  as an accesso ry  d iagnostic 
feature at the ichnospecies level. In the past, such criteria  
w ere m ainly  used for d is tingu ish ing  tax a  o f  Taphrhelmin
thopsis.

Siibphyllochorda lacvis d istingu ished  by K si^zk iew icz 
(1970, 1977), includ ing  the ho lo type, is a hyp ichnial sem i
relief, w hich d isp lays all features o f  S. strozzii and  is in 
cluded in tha t ichnospecies.

K si^zk iew icz (1977) d iffe ren tia ted  (1) gen tly  w inding, 
usually  single T. vagans , m eandering , (2) usually  g regari
ously occurring  T. aiiricularis, and  (3) tigh tly  m eandering  
Taphrhelminthoida. The first ichnospecies m ay co rrespond  
to locom otion activ ity  (rep ichnia), and  the latter to  feeding 
activ ity  (pascichnia). H ow ever, som e transitional form s oc
cur (e.g. K sicjzkiewicz, 1977, pi. 17, fig. 2; C rim es, 1977a, 
pi. 6b). B rustu r &  A lexandrescu  (1992) show ed transitions 
betw een d ifferen t ichnospecies o f  Taphrhelminthopsis and 
Taphrhelmithoida  in one trace fossil, and  concluded  that 
they  should be regarded as synonym s o f  Taphrhelminthop
sis aiiricularis Sacco (1888). H ow ever, Scolicia strozzii 
(Savi &  M eneghini, 1850) has a priority .

Scolicia prisca  and Siibphyllochorda (—Scolicia  ispp.) 
also com m only  d isplay  m eanders, w h ich  po ten tia lly  m ay be 
preserved as Taphrhelminthopsis o r Taphrhelminthoida  
(=Scolicia strozzii). The tendency  to m eandering  depends 
m ost p robably  on the nutritional value o f  the substrate. 
Thus, d ifferen tia ting  betw een m eandering  and non-m ean- 
dering  form s is p rob lem atic  at the species level. N ev erth e 
less, after exclusion  o f  transitional form s, som e inform al d if
ferentiation  at ichnosubspecies level m ay  be proposed , i.e., 
Scolicia strozzii (Savi &  M eneghin i) var. convoluta  for the 
d istinctly  m eandering  form s (after Taphrhelminthoida con- 
voluta  K si^zkiew icz) and S. strozzii var. vagans (after 
Taphrhelminthopsis vagans K si^zk iew icz) (T ext-fig . 13).

S. strozzii w as p roduced  at shallow  tiers as ind icated  by 
the co-occurrence  o f  Paleodictvon strozzii (F ig. 62) 
(Ksic)_zkiewicz, 1977; Seilacher, 1977a). O ne canno t ex 
clude that its M eso zo ic -C aenozo ic  p roducers (spatangoid  
ech ino ids) feed on m icrobial gardens o f  g raphoglyp tids 
(Seilacher, 1986). The P alaeozoic  specim ens are probably  
casts o f  w ashed  ou t burrow s o f  Cruziana  and Curvolithus 
(U chm an, 1995). T here are no d iagnostic  features w h ich  a l
low  separation  o f  Palaeozoic and post-P alaeozo ic  form s.

Scolicia  ispp. indet.
Fig. 63

v 1970 Gyrochoric isp. B -  K si^zkiew icz, 288, pi. Ib.
v 1977 Siihphyllochorcla indet. -  Ksi<\zkiewicz. pi. 15, fig. 4.

M aterial: 3 specimens (UJ TF 116, 817, 1358).
Description: A (Fig. 63A). Endichnial trace fossils in epichnial 
view visible as a winding belts, which are 8-12 m wide, with 
zigzag-like design. This is the epichnial view of a deeper full relief 
structure B (Fig, 63B). Epichnial convex meandering belts with 
median crest. The belt is 35-40 mm wide. This is again the 
epichnial view o f a deeper full relief structure.

R em arks:  The preservation  as above d escribed  does no t a l
low  specific determ ination .
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Fig. 61. Scnlicia strnzzu (Savi & Meneghini). Hypichnial forms in turbiditic sandstone beds. A. U.l TF 780, Beloveza Formation 
(Eocene). Sidzina, B. UJ TF 1750, Krosno beds (Oligocene), Sowina (labelled as Taphrhelminthapsis vagans, part o f label lost). C. UJ TF 
525, Beloveza Formation (Eocene), Lipnica Mała (labelled as Taphrhelminthopsis awicularis). D. UJ TF 937, Szczawnica Formation 
(Paleocene-Lower Eocene), Krościenko (labelled as Taphrhelminlhoida ctinvoluta). Scale in A in cm, scales in B, D in mm, scale bar in 
C = 1 cm
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Fig. 62. Scolicia .\irozzii (S) with Palcoiiictyon strozzii (P) and 
Palconicanc/ron rohusliim (M). U.I TF 1482. Beloveza Formation 
' Focene), Sidzina. Scale in mm

Scolicia  isp.
Fig. 64

1977 Pararusaphvcus oblongus n. ic hnosp . K s i a /k i c w  ic /.  54, 
pi. 1. fig. 6. '

M aterial: 1 specimen (U.I TF 1 14).

R e m a rk s : This trace fossil s trongly  resem bles an oblique 
structure o f  the Suhphyllochorc/a-type. Suhphyllochorda  is 
included in Scolicia  (U chm an, 1995). K si^zk iew icz (1977) 
interpreted it as a p re-depositional burrow' o f  a crustacean. 
H ow ever, the elevated  part o f  structure, separated  from  the 
sandstone sole by a layer o f  m udstone , suggests a post-depo- 
sitional origin. Tw o strings a lo n g  its low er part, and a tu b er
culous sculpture on its sides are identical to Scolicia  o f  the 
Subphyllochorda-type. T he  strings are broken o ff  at the 
m ost e leva ted  part o f  this specim en. T his suggest a con tinu 
ation o f  the trace fossil dow nw ard .

Naviculichnium  K si^zk iew icz 1977

Diagnosis: Epichnial depressions in the shape of a elongated 
ellipse (modified after Ksiazkiewicz, 1977).

Naviculichnium marginatum  K si^zk iew icz 1977 
Fig. 65

1957 U nnam ed D zulyhski & K inle, pi. 27.
* 1977 Naviculichnium marginatum n. ichnosp. Ksi;\zkievvicz,

123. pi. 11, fig. 6.
1977a Pelccy/todichnus sp. C rim es, pi. 3c.

Fig. 63. Scolicia ispp. (original labels lost). Epichnial forms in 
turbiditie sandstone beds. A. UJ TF 817. Beloveza beds (Eocene), 
Berest. Chevron design of the double menisci o f the upper part of 
interior. B. UJ TF 116. Phycosiphon incerlum at the upper right 
side. Dorsal exterior view. Scales in mm
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Fig. 64. Pararusophycus ohhngus Ksiqzkicwicz (=Scnliciu isp. properly), the holotype. Sole o f turbiditic sandstone bed. UJ TF 114. 
Hieroglyphic beds (Eocene), Liszna. A. Bedding-plane view. B. Front view. Scales in mm

Fig. 65. Naviciilichiuuin marginatum Ksiazkiewicz. Epiehnial 
form in turbiditic sandstone beds. UJ TF 1589 (label lost). Scale in 
mm

Diagnosis: As for ichnogenus.
M aterial: 4 slabs (TF UJ 760 (holotype), 1025, 1589, 2009). 
Description: As in the diagnosis, with the following additions: 
This trace fossil occurs exclusively at the top of the sandy part of 
thin turbiditic beds. The depressions are commonly rimmed ele
vated rims. The depressions commonly overlap. In some cases, the 
depressions are filled with finer sediment.

R em arks:  The rim  around  the depressions is caused  by the 
tracem aker active p ressing  the sedim ent. Full m orphology  
o f  this trace fossil is no t w ell understood. T his is m ostly  ow 
ing to  w eathering  o f  the shale part o f  tu rb id itic  beds w ere the

main part o f  the trace fossil occurs. W hat w e observe are the 
deepest parts o f  the trace fossils. P robably , it represen ts a 
cy lindrical burrow  m eandering  in a vertical plane or several 
single burrow  probes. The depressions are the low erm ost 
parts o f  the m eanders o r the deepest parts o f  the probes. 
K siazk iew icz (1977) regarded th a t N. marginatum  w as p ro 
duced  by burrow ing  ?po lychaetes a long  sand /clay  interfaces 
and stuffed  im m ediately  by faecal string. S tratigraphic 
range: S en o n ian -M id d le  E ocene flysch deposits (K si^zkie- 
w icz, 1977).

Taenidium  H eer 1877

Ichnospecies included in Taenidium Heer:
v ? 1977  Taenidiumtiimuhnim( S c h a  I h a u t l ) - K si^ k iew ic z . 85, pi.

5, fig. 4.
v ? partim  1977 Taenidium ixxcli(S q u in ab o l)- K siazkiew icz. 85, pi. 5, fig. 

1 [non pi. 5, fig. 2=Cladiclunis fischcri (H eer)]. 
v non 1977 Taenidium fischcri H eer -  K siazkiew icz, pi. 5. tig. 3 

\=CUulichmis fischeri ( H eer)|. 
v 1977 Kcckia aff. hoessii (S ternberg) •• K siazkiew icz. 64, pi. 3. 

fig. 15.
v  1977 Mucnstcriu plaricoslala  n. ic hnosp .  - K s i a z k i e w ic z ,  122, 

pi.  13. fig. 1.
v ?  1977 Muensicria geniculata S te r n b e r g  K s i azk iew icz ,  122, pi. 

13, fig. 2.

Diagnosis: Unlined or very thinly lined, simple, straight to sinu
ous, cylindrical trace fossils with a fill o f meniscus-shaped seg
ments (modified after D’Alessandro & Bromley, 1987).

R e m a rk s : T axonom ic prob lem s o f  Taenidium  and other 
m eniscate  trace fossils and th e ir form ation w ere discussed 
by D ’A lessandro  & B rom ley (1987) and K eighley  and Pick- 
erill (1994).

K siazk iew icz (1977) described  under Taenidium  am ong 
others rad iating  m eniscated  trace  fossils, nam ely  T. fischeri 
H eer and one incom plete  specim en  included in Taenidium  
isseli (S quinabol) (pi. 5, fig. 2). T he first ichnospecies w as 
included in Cladichm/s fischeri (H eer) (D ’A lessandro  &
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B rom ley, 1987). The second specim en  could be also in
cluded in this ichnotaxon. M oreover, trace fossils described 
under Muensteria can be partia lly  included  in Taenidium. 
Muensteria geniculata  S ternberg  illustrated by K siqzkie- 
w icz (1977) in pi. 13. fig. 2 (Fig. 66C ) is reserved ly  included 
in Taenidium. It is possib le  that this form  is a Scolicia in 
horizontal section.

Taenidium  occurs from  the L ow er C am brian  (C rim es et 
a/.. 1992) to the '.’Q uaternary  [W etzel, 1983b (in synonym y 
by D ’A lessandro  & B rom ley, 1987)].

Taenidium  ispp.
Fig. 66

\ 197' K a km ni l. hocssii (S ternberg) Ksiazkievvicz, 64, pi. 3,
I k .  IS.

\ I*-)?? Mucnslcriiipianicoxtata  n. ic h no sp .  K s i azk i ew iez ,  122. 
pi. I 3. fig. I .

v ? i 9 77  Macnxleriu gciiicalaia  S le r n b e r g  K s iazk iew icz .  122, pi.
13. fig. 2.

\ pa r t im  1477 Tiicniiliuiii ixxcti ( S q u in a b o l )  K s iq zk iew iez ,  S 5 .p l .  5. fig.
I | m m  pi. 5. fig. 2 -  Ciutlichmix fischeri ( l l ee r ) ] .

M aterial: 3, reservedly 5 specimens (U.I TF 133, 780(7), 833, 
1002, 1004(7')).
Description: As in th e  K s ia z k ie w ie z  (1 9 7 7 )  d e s c r ip t io n  o f  th e  
ic h n o ta x a  in c lu d e d  in  th e  d is c u s s e d  t r a c e  fo s s ils .

Remarks: T hese trace fossils do not conform  w ith any o f  
the three ichnospecies o f  Taenidium  revised by D ’A lessan
dro & B rom ley (1987). The m ost sim ilar, T. serpentinum  
Heer, d isp lays thick m en iscate  segm ents, d issim ilar to 
densely packed m enisci o f  the d iscussed  trace fossils. T. sa- 
lanassi has pellets and its m enisci are th ick  and com posed  o f  
two d ifferent types o f  sedim ent.

Reuconites V ialov 1962

Diagnosis: Small, cylindrical, unbranehed. walled, meniscate 
trace fossil. Straight or sinuous, horizontal or more rarely inclined 
or vertical. Weakly to strongly arcuate meniscate packets or seg
ments enclosed by distinct, smooth and unornamented wall linings
i after Keighley & Pi ckeri 11. 1904).

cf. B ead miles capromis (H ow ard  & Frey 1984)

\  l ()77 Kcckici Imcxxii {Sternberg) K su i/k iew ic /; 6 4 ,  p! 3, figs
16.

*  19X4 A n c u r ic h m ix  c a p r o m tx  n. ichnosp. How ard &  Frey, 2 0 1 
figs. 2-3A . 13.

Synonymy list: Keighley & Pickerill (1994, p. 319).

Diagnosis: Thinly lined, smooth walled, rarely branched, pre
dominantly horizontal cylindrical trace fossils having distinct, 
chevron-laminated tills (modified after Howard & Frey. 1984). 
M aterial: Three specimens (U.I TF 677, 1806, 1696). 
Description: Endichmal. thinly walled, unbranehed cylinders 
tilled with chevron mcniscated sediment. This trace fossil was 
traced for 10 cm.

Remarks: K siazk iew iez (1977 , p. 64, pi. 3, figs. 16) com 
pared his m aterial to M uensteria hoessii Sternberg, de
scribed and illustrated in F ischer-O oster (1858, p. 38, pi. 7, 
tig. 3 and pi. 16 (non 6), fig. 4) under Keekia , w hich was 
treated as a subgenus o f M uensteria. T his com parison , how 
ever m ay be questioned. First o f  all, clarification  o f  this 
problem  needs com m ents to  S te rn b e rg ’s (1833) type m ate-

Fig. 66. Taenidium ispp. A. U.I TF 833,hypichnial form in mud
stone. Ropianka beds (Senonian-Palcocene), Limanowa-Mar- 
ciszowka (labelled as Keekia aff. hoessii). B. UJ TF 1002, 
endiehnial form in a marlstone bed. Siliceous marls (Turonian), 
Huwniki (labelled as Muensteria geniculata). C. ?Taenidium isp., 
endiehnial form in a marlstone bed. UJ TF 1004, Siliceous marls 
(Turonian). Huwniki (labelled as Muensteria geniculata). Scales 
in mm

rial o f  M uensteria housed in the N ational M useum  in Prague 
(U chm an &  M ikulas, 1996). T he fo llow ing  resu lts w ere ob
tained: Muensteria S ternberg  is a heterogenous taxon. M. 
clavata  and  M. vermicularis are fossil p lants. M. lacunosa  is 
a cast o f  a coprolite. T he lecto type o f  M. hoessii (not found) 
is p robab ly  a p lan t fragm ent. T he para lec to type  o f  M. hoes
sii m ay  be referred reservedly  to Keekia  G locker sensu Fu
(1991). The nex t tw o specim ens o f  M. hoessii belong to 
Chondrites S ternberg  and Hydrancylus F ischer-O oster, re
spectively . The third specim en (M. flagellaris acco rd ing  to



162 A. UCHMAN

the text, labelled  as M. hoessii) is an un iden tifiab le  trace  fos
sil. M. flagellctris is a C hondrites. M. geniculata  is the type 
form  o f  Hvdrancylus F ischer-O oster. T hus, because o f  its 
heterogenous nature, and  con fus ing  m islabelling  o f  speci
m ens, the “genus” M uensteria  is no t recom m ended  for fu r
ther use as ichnotaxon  (cf. D ’A lessandro  and B rom ley, 
1987; K eigh ley  & P ickerill, 1994).

In conclusion, the K si^zk iew icz  m aterial com prises 
w alled  m eniscate  trace fossils, w hich  can be m uch better 
com pared to  Beaconites V ia lov  and its features conform  
w ith B. capronus (H ow ard  & Frey). H ow ever, chevron  m e
niscate filling  o f  Thalassinoides is com parab le  to B. capro
nus and separation  o f  these  tw o  trace  fossils is im possib le  in 
sm all incom plete  specim ens (H ow ard  & Frey, 1984). T his 
p roblem  concerns the K siejzkiew icz m aterial and therefore 
the determ ination  is retained .

Cladichnus D ’A lessand ro  & B rom ley 1987

Diagnosis: Annulated or moniliform burrow fills composed of 
meniscus-shaped segments, comprising primary successively 
branched and radiating systems; wall lining lacking or very thin 
(after D’Alessandro & Bromley, 1987).

Cladichnus fisch eri (H eer 1877)

v 1977 Taenidium ftxcheri H eer -  K siqzkiew icz, pi. 5, fig. 3 
v  7 partim  1977 Taenidium /.v.vt7/(Squinabol)-  K siqzkiew icz, 85, pi. 5, fig.

2 Inon pi. 5, fig. 1 =  ? Taenidium isp.].

Diagnosis: Radiating and primary successively branched Cladich
nus (after D'Alessandro & Bromley, 1987).
Material: 2 specimens (UJ TF 1489, 1694).

R em arks:  Specim en UJ TF 1694 derives from  the C onia- 
cian “C arbonate  fly sch” in A chm ata , C aucasus.

Protovirgularia  M cC oy 1850

Ichnospecies included in Protovirgularia McCoy:
, 1850 Protovirgularia dichotoma M cC oy -  M cC oy, 272.

1851 Protovirgularia dichotoma M cC oy M cC oy, 10 ,p l. IB , 
tigs. 11-12.

1853 ‘ICIttdograp.sus nereitarum n. sp. -  R ichter, 450, pi. 12, 
figs. 1-2.

1860 Caulcrpites pennants in. -  U ichwald, 47, pi. 1, fig. 1.
1878a Walcollia rttgo.sa n. sp. - M iller &  Dyer, 39, pi. 2, figs. 11 

and 1 la.
? 1878b Walcollia cocana n. sp. -  M iller & Dyer, 27. pi. 3, figs.

12 and 12a.
1885 Pennalulites longespicala C occhi -  De Stefani. 99, pi. 2, 

fig. 2.
1885 Palea.sceptron meneghini (C occh i) -- De Stefani, 101, pi.

2, fig. 2.
1887 Chrossochorda tuherculata W ill. -  W illiam son, 22, pi. 1, 

fig. 1. [lapsus calam i |.
? 1924 Cliinactichnites malhieui Sun (sp. nov.) -  Sun, 16, pi. I, 

fig. 2.
1937 K oprolithen -  D ahm er, 536, pi. 35, figs. 5-10.
1941 Ichnia spicea - R ichter, 229, figs. 4-7.

? 1948 undeterm ined fossil -  Bartrum , pi. 76, figs. 4-5.
1949 Biformites insalitiis n.g. n. sp. -  Linck, 40, text-fig. 1, pi.

4, figs. l-(?)2 .
1955 Virgularia preshyie.s n.sp. Bayer, 300, iig. 2a-c.
1955 Pteroeides argenteum (E llis & S olander) -  Bayer, 300, fig. 

2f-g.
1960 Nereite.s tosaensis K atto , new  species -  K atto, 324, pi. 34, 

figs. 6, 12, pi. 35, tig. 17.
1960 Nereite.s murotoensis K atto, new  species K atto, 326, pi. 

35, figs. 3, 14-15.

1962 U nnam ed -- D im itrieva el a t,  pi. 80, fig. 4.
1965 Caulerpile.s pennaht.s E ichw . -- H ecker, pi. 11, fig. 5.
1966 Nereite.s - G upta et a t,  624, fig. 1.
1967 Nereite.s sp. M acsotay, 32, figs. 11-14.
1967 Ueliirite.s triangularis sp. n. -  M acsotay, 37, figs. 15, 15A. 

partim  1967 Pelecvpodichnus ornatus Bandel, n. sp. -  Bandel, 8, pi. 5, 
fig. L

1969 Crossopodia sp. -  Hattin &  Frey. 1435, text-fig. 2A-L.
1969 variant (?) of Scolicia G regory , pi. 3, fig. 2.
1969 Nereite.s tosaensis K allo K atto. pi . ligs. 1-2, 5-6.
1969 Nereite.s imirolaeitsi> K atto •• Katto. p f ,  figs. 3-4.

? 1969 Scolicia (?) -  G regory, pi. 3. fig. 2.
1970 tmhriehnus wattonensis ichnosp. nov. -  H allam , 197, pi. 

2 b -c (a lso  Hiintzschel, 1975, fig. 4 6 B .la -b ).
1970 B(formilex cf. insol itus L inck -C h ip lo n k a r&  Badve, 8, pi.

3,' figs. 2, 2a.
v 1970 Rhabdoglyplntx (?) sp. -  K siążkiew icz, 286, fig. 1 m.

1970 Walcollia rttgo.sa M iller & D yer - O sgood, 379, pi. 67, fig.
6, pi. 69, fig. 5.

1971a Su.stcrgichmtx lenaduiuhraltt.s n. ichnogen. and sp. -  
C ham berlain, 231, pi. 31, figs. 8, 11 (also Hantzschel, 
1975, lig. 68.1a-b). 

non 1971 a Bifonnites insolitus L inck -- C ham berlain , 234, pi. 31, figs. 
16-18.

1973 Nereite.s murotoen.sis K atto  -  Katto, fig. 17.
1973 Nereites -  K allo, figs. 15, 19.
1973 Nereites tosaen.six K atto -  K atto, fig. 16.
1974b Scolicia sp. - - Fiirsich, 44, figs. 35-36. 

non 1975 Imhrichmtx (?) -  W ard & Lew is, 892, fig. 12.
1976 Chevronichnus imbricalus ichnosp. nov. — Hakes, 22, pi.

3, ligs. la -h , pi. 4, figs. la-b .
v 1977 Keckia aitnulala G\ockev -  K siążkiew icz, 63, pi. 3, fig. 14. 
v 1977 Gyrochorte hurtani n. ichnosp. K siążkiew icz, I 13, pi.

11, figs. 1-5, text-fig. 19. 
v 1977 Gyrochorte imhricata n. ichnosp. - K siążkiew icz, 114, pi. 

11, figs. 6-8.
v ? 1977 Gyrochorte ohlilerata n. ichnosp. -  K siążkiew icz. 115, pi.

11, fig. 9, text-fig. 20. 
v 1977 Arthrophycu.s (? ) dzulynskii n. ichnosp. -  K siążkiew icz, 

58, pi. 1, figs. 13-14.
1977 Ladder trail H akes, 222, pi. la .

non 1979 cf. Biformites -  P ickerill &  Forbes, 2025, fig. 4a.
1979 Bifonnites sp. -  B oyer, 74, fig. I .
1981 Walcollia devil,sdingli ichnosp. nov. -  Benton & Gray, 

686, figs. I 1 d-g - 12.
1981 tchnyspica guptai, sp. nov. -  C h ip lonkare f a /., 147, fig. 1.
1982 Nereites loas.sensis K atto  - N oda, pi. 7, fig. 6.

non 1982 tmhriehnus protuherans n. sp. -M a r in ts c h  & Finks, 1074, 
pi. 5, figs. 1-3; text-fig. 4E-G .

1982 Pennatulites (?) corrugata ichnosp. n. -  D ’A lessandro, 
531, pi. 36, figs. 1-2, pi. 39. fig. 1 ,3 , pi. 43, fig. 2.

1984 Oniseoidiehntts sintanensis ichnosp. nov. -  Yang, 711, pi. 
2, figs. 9-11.

partim  1984 Oniscoidichnu.s huheiensis ichnosp. nov. -  Yang, 7 12, pi.
2, figs. 13-14 (?non pi. 2, fig. 12).

?non 1985 tmhriehnus wattonensis H allam  Durand, 59, pi. 9, figs.
7-9.

1985 Biformites L inck -  M iller &  Knox, 83, pi. 2. fig. H. 
non 1985 tmhriehnus sp. - P ieńkow ski, 41, pi. 2F.

1985 Isopodichnus sp. -  P ieńkow ski, 43. fig. 2H.
? 1988 Sustergichnux C ham berlain  -  B jerstedt, 517. fig. 11.9.
? 1989 Helminthopxis sp. -  M artino, 396, figs. 6.6-6.7.
? 1989 Biformites sp. M etz, 212, fig. 1 A.

1990 Uchirites triangularis M acsotay  -  Fillion & Pickerill, 63, 
pi. 17, figs. 9-11.

1994 Uchirites implexus n. isp. -  R indsberg, 55, pi. 15B-D, 
20D -E , 22A , C-D.

1994 Walcottiu rugosa M iller &  D yer -  R indsberg, 56, pi. 
16A-C.

1994 Walcollia imhricata H akes -  R indsberg, 57, pi. 16D-E. 
1994 Protovirgularia dichotoma M cC oy -  Seilacher & Seila- 

cher, 10.
1994 Protovirgularia triangularis (M acsotay) Seilacher & 

Seilacher, 10.
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1994 Protovirgularia luherculala (W illiam son) -  Seilacher & 
Seilacher, 10.

1994 Protovirgularia rugosa (M iller & D yer) Seilacher & 
Seilacher. 1 I, figs. f-h.

1994 Prolovirgularia longexpicala (D eS tefani) -  Seilacher & 
Seilacher. 1 I, pi. 2. figs. a-f.

Additional ichnotaxa included in Protovirgularia are listed by Han
& Pickerill (1994b) and Seilacher & Seilacher (1994).

E m en d ed  d iag n o s is : H orizontal o r subhorizontal cy lind ri
cal trace fossil, trapezoidal, a lm ond or tr iangu la r in cross- 
section, d istinctly  or ind istinc tly  b ilobate . Internal structure 
can be preserved: it is fo rm ed  by successive pads o f  sed i
m ent w hich can be expressed  on the ex terio r as ribs. The 
ribs are arranged  in a chevron-like  b iserial pattern  along the 
external or internal dorsal part. E xterior sm ooth  m antle cov 
ering the structure and /o r oval m ound-like term inations o f  
the trace fossil can be present.

R e m a rk s : R ecently , S eilacher &  S eilacher (1994) re
vised  Protovirgularia  as a m olluscan  trace fossil, and 
proved its orig in  by neo ichno log ica l experim ents. T hey ex 
panded  the prev ious d iagnosis o f  th is ichnogenus, lim ited  to 
keel-like trace fossils covered  w ith chevron m arkings open 
in one direction  (H an & P ickerill, 1994b), and included  in 
Protovirgularia  also fu ll-re lie f trace  fossils described  under 
several ichnogenera (see the list above). S im ilarities be
tw een these ichnogenera w ere  noted earlier. R indsberg
(1994) m ore c losely  d iscussed  Uchirites M acso tay  {=Pro
tovirgularia) and Walcottia M ille r &  D yer (=Protovirgu- 
I aria). He confirm ed  the view  o f  S eilacher (1977b, p. 363) 
that Sustergidm us  C ham berlain  is the ju n io r ob jective syno 
nym  o f  Uchirites. T his idea w as subsequently  suggested 
partially  by M aples (1988), w ho  observed  epichnial Uchiri
tes in association  w ith Lockeia  and related  it to the traces o f  
b ivalves. He suggested  th a t Sustergichnus C ham berlain . 
Chloephycus M iller & D yer, and  Imbrichnus H allam  are p o 
tential synonym s. H ow ever, Chloephycus M iller & D yer 
(1878b) is p robab ly  an ino rgan ic  structure  (N athorst, 1881; 
Jam es, 1884; H antzschel, 1962). R indsberg  (1994) consid 
ered Walcottia as a separate ichnogenus, w hich is the sen ior 
synonym  o f  Biformites L inck, Imbrichnus H allam , and 
Chevronichnus Hakes. B ayer (1955) illustrated  a specim en 
from  the E ocene/O ligocene deposits o f  M ollukks Islands, 
w hich is very sim ilar to Sustergichnus C ham berlain . He in
terpreted  it as a body fossil o f  sea pen o f  the genus 
Pteroeides. All the m en tioned  ichno taxa  are included in 
Protovirgularia  M cC oy by S eilacher &  S eilacher (1994). 
T his idea is confirm ed in th is paper. M oreover, Caulerpites 
pennatus E ichw ald , o f  w hich  a photograph  is p resen ted  by 
H ecker (1965) d isplays the d iagnostic  features o f  Protovir
gularia. K atto (1960) described  a M iocene trace fossil under 
Nereites and presen ted  its a lm ond-like  cross-section  (K atto , 
1969) typical o f  Protovirgularia. A dditionally , Rhabdo- 

glyphus V assoevich  (see d iscussion  o f  th is ichn igenus) is 
partially  included in Protovirgularia.

H ypichnial expression o f  Crossopodia  sensu H attin &  
Frey (1969, tex t fig. 2K ) is very  sim ilar to  the hypichnial ex
pression o f  Chevronichnus H akes (1976, pi. 3, fig. lb). 
These tw o ichnotaxa d isp lay  fea tu res o f  Protovirgularia  and 
w ere included in this ichnogenus.

T race fossils included  in Protovirgularia  d isp lay  very

strong  m orphological variation  and  particu lar e lem ents o f  
their ex terio r and interior. H allam  (1970) illustrated  a very 
nice exam ple o f  Imbrichnus (= Protovirgularia) that d is
p lays a g radation  o f  p reservation  from  sm ooth  ridges w ith a 
keel ( Uchirites aspect) to  ridges w ith  chevron  ribs (Suster
gichnus aspect). T he sam e concerns Walcottia rugosa  illus
tra ted  by R indsberg  (1994, PI. 16, fig. C). It can be con 
cluded that the appearance  o f  trace  fossils considered  here 
under Protovirgularia  strongly  depends on p reservation  and 
details o f  the ir m orpho logy  should  be trea ted  w ith cau tion  as 
potential d iagnostic  features.

H isto rically  v iew s concern ing  the orig in  o f  Protovirgu
laria  are diverse. For instance, Walcottia rugosa  described 
by M iller &  D yer (1878a) w as regarded  by Jam es (1886) as 
the im prin t o f  the under side o f  a star-fish  arm , and  W. co- 
ccma M iller &  D yer as the im pression o f  a crinoid . Jam es 
(1886) m en tioned  W. sulcata  Jam es as a trace fossil, but I 
did not find any descrip tion  or b ib liog raph ic  data  for this 
taxon.

T he m odern v iew s on the orig in  o f  the trace fossils in 
c luded  subsequently  in Protovirgularia  have been presented  
since 30 years. Imbrichnus (= Protovirgularia), described  as
I. wattonensis H allam , w as related  to action  o f  b ivalves as 
w as deduced from  sim ilar trace fossils associated  w ith the 
b ivalve trace fossil Lockeia  (=Pelecypodichnus) illustrated  
by B andel (1967, pi. 5, fig. 1). T he im brica ted  structure is 
related  to  the action  o f  the b ivalve foo t and the sm ooth  m an
tle to the shell (H allam , 1970). Uchirites (= Protovirgularia) 
and Walcottia (=Protovirgularia) w ere  regarded  as the loco
m otion  traces o f  b ivalves (R indsberg , 1994), how ever he 
suggested  that gastropods can p roduce the first ichnotaxon. 
M olluscan origin o f  Protovirgularia  w as docum ented  by 
Seilacher & Seilacher (1994), w ho observed  structures p ro 
duced  by a few  bivalve taxa in aquaria.

Several trace  fosssils, included  here in  in Protovirgu
laria , w ere described  by Ksi£(zkiewicz (1977) as Gyro- 
chorte. B rustu r &  S toica (1993) repo rted  Ksic(zkiwcz ichno- 
species o f  Gyrochorte as Pseudogyrchorte. H ow ever, no 
further d iscussion  w as p rovided . Gyrochorte is typ ified  by 
G. comosa  Fleer, w hich is a b ilobed  ribbon-like  trace  fossil, 
com posed  o f  sm all sed im en t pads, w ith  ex tensive vertical 
repetitions (e.g., H einberg , 1973; Pow ell, 1992). S im ilarity  
o f  the K si^zk iew icz m aterial to  G. comosa  is superficial 
only. The m aterial co rresponds w ell to Protovirgularia  and 
is included  in th is ichnogenus.

S tratig raphic  range: A renig  (F illion  &  P ickerill, 1990) -  
M iocene (B ayer, 1955; D ’A lessandro , 1982).

Protovirgularia dichotom a  M cC oy  1850

* 1850 Protovirgularia dichotoma M cC oy -  M cC oy, 272.
1851 Protovirgularia dichotoma M cC oy -  M cC oy, 10 .p l. IB , 

figs. 1 M 2 .
1951 Rhabdoglvplnis gross heimi n. sp. W ass. -  V assoevich, pi.

6 , f ig .4 (a ls o  D im itr iev ad a l.,  pi. 91, fig. l;V ia lo v , 1971, 
fig. 2).

1953 Rhahcloglyplnts grossheimi W ssw , -  V assoevich, fig. 16. 
v 1977 Rhabdoglyplnis grossheimi V assoevich  -  K siazkiew icz, 

65, pi. 3, fig. 5, text-fig. 6a.

Synonymy list in Stanley & Pickerill (1993).

E m e n d e d  d ia g n o s is : Protovirgularia  p reserved  as a keel
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like axis and paired, lateral, w edge-shaped  short appendages 
or a series o f  invaginated  ca lices tapering  a long  their length. 
M aterial: 1 specimen (TF UJ 82).

R e m a rk s : Ichnogenus Rhabdoglyphus  V assoev ich , revised 
by S tanley & Pickerill (1993) (see d iscussion o f  Rhabdo
glyphus as an ichnogenus no t recom m ended  for fu rther use), 
is included in Protovirgualaria dichotoma  M cC oy because 
o f  strong m orphological affin ity  beteen these ichnotaxa. Es
pecially , P. dichotoma  from  the D evonian o f  C anada (H an 
& Pickerill, 1994b, figs. 3-4, 5A ) d isp lays invaginated  
calices typical o f  Rhabdoglyphus grossheimi. F igures 3A  
and 4A  in the cited pub lica tion  show  a transition  from  the 
lateral appendages to the calices in the sam e specim en o f  P. 
dichotoma. The deeper p art d isp lays the calices and the 
shallow  part the lateral appendages. T hus, the d ifferences 
are related to subtle changes o f  the bu rrow ing  depth.

Protovirgularia pcnnatus  (E ichw ald  1 860)
Fig. 67A

* I 8 6 0  Cauierpites pcnnatus m. - L i c h w a ld ,  47 ,  pi.  1, fit;. 1.
1465  Cauierpites pennants Kichw. - f l e c k e r .  pi.  I I, fig. 5.
I 96 7  Uciunlcs triangularis sp. n. M a c s o ta y ,  37 , figs. 15, 15A. 

1971a Suslcrgii'huus leiiaiiuinhralus n. ic h no g en .  and  sp.
-  C h a m b e r la i n .  2 3 1 .  pi.  31 ,  f ig s . X, 11 (a l so  H a n tz sche l ,  
1975, fig. 6 8 . 1 a-b) . 

p a r t im  1977 Gyrochorte hurtani n. i chnosp .  K s ia z k ie w ic z .  113. pi. 
1 I . fig. 4  (n o n  pi.  I I .  figs. 1 -3. 5 =  P. rugosa).

Diagnosis: Protovirgularia  w ith  d e e p ly  im p re s s e d , c a r in a te  c ro s s  
s e c tio n . C h e v ro n  m a rk in g s  fa in t  a n d  d e n s e ly  s p a c e d  (m o d if ie d  
a f te r  S e i la c h e r  &  S e ila c h e r ,  1 9 9 4 ).
M aterial: 1 s la b  (U J  T F  1 1 6 5 ) w ith  4  s p e c im e n s .

R e m a rk s : P robably, d iffe ren t substrate  properties and p res
ervation caused  the d ifferences in m orphology  o f  P. pcn 
natus, especially  the state o f  the fine oblique ribs.

Seilacher & Seilacher (1994) in terpreted  P. pcnnatus as 
a m olluscan repichnial undertrace. T hey  described  it as Pro
tovirgularia triangularis (M acso tay), blit the E ichw ald 
(1860) m aterial has priority .

W. pcnnatus occurs from  D evonian  (E ichw ald , 1860) to 
O ligocene (K siazk iew icz. 1977).

Protovirgularia rugosa  (M iller & D yer 1878a)
Figs. 6 7 C -D , 68B . D.

* 1 87 8a  Woicotlia rugosa  n. sp. M i l l e r  &  D y er .  39 . pi. 2, figs. 1 1
and  I la.

1937 K o p ro l i t h en  D ab n ie r ,  536, pi.  35 ,  ligs. 5-10.
1949 Biformites insoiitus n.g. n. sp. L inck .  40 ,  tex t- f ig . 1. pi.

4, figs. I - f?)2  | a l s o  H a n tz sche l ,  1975, fig. 29.3] .
1966 d era tes - ( m p ia  cl <ti. 624 . fig. I. 

p a r t im  1967 Pciccypodichnus ornaliis B an de l ,  n. sp. B an de l ,  X, pi. 5, 
fig. L

1970 Imhricimiis tvuttonensis i c h n osp .  nov. -  H a l l am .  197, pi. 
2b-c  (a lso  H a n tz sc h e l .  1975. fig. 46B .  Ia-b).

19 7 0  Biformites cf.  insoiilus L inck  C h ip l o n k a r  &  Bad v e ,  X, pi.
3. figs. 2. 2a.

1970 Waicoiita rugosa  M i l l e r  &  D y e r  -O sg o o d ,  .379, pi. 67 ,  fig.
6. pi.  69, fig. 5.

1977 L a d d e r  t r a i l  H a k e s ,  2 2 2 .  pi.  I a. 
v  p a r t im  1977 Gyrochnrtc hurtani n. i chnosp .  K s ia z k ie w ic z ,  1 13, pi.

1 I. l igs. 2-3 , 5 ( n o n  pi. 1 1, fig. I =  P. ‘liongespicata: non  
pi. I I .  fig. 4  =  P. pcnnatus). 

v p a r t im  1977 Gyrochorte imhricata  n. i chnosp .  K s i azk i ew icz .  114, pi.  
I I . fig. 7 (pi.  11, figs. 6, 8 =  P. ‘’rugosa).

19 8 1 Ichnyspica guptai, sp. n ov .  ■ C h ip l o n k a r  el a t ,  147, fig. 1.
1982 Pennutulitcs (? )  corrugalu i chnosp .  n. -  D 'A le s s a n d r o ,  

531 ,  pi.  .36. figs. 1-2. p'l. 39, fig. 1 .3 ,  pi. 43 .  fig. 2.
1985 Biformites L in ck  - M il l e r  &  K no x ,  83, fig. 2H.
1994 Walcoltia rugosa  M i l l e r  &  D y e r  - R in d sb e rg ,  56, pi.  

16A -C.
1994 Protovirgularia rugosa  ( M i l l e r  &  D y e r )  -  S e i l ach e r  & 

S e i lach er ,  I I. figs. f-h.

D iagnosis: Commonly short Protovirgularia terminated by 
smooth Lockeia-Wkc body. Chevron markings strong (modified 
after Seilacher & Seilacher, 1994).
M aterial: 5 specimens (UJ TF 175, 178, 687, 689, 936), re
servedly 1 additional specimen (UJ TF I 76).

R e m a rk s : O ne specim en  (U J TF 178, Fig. 68D ) is labelled 
as Rhabdoglyphus hisculdatus. T h is ichnospecies nam e w as 
never used in publications. T w o specim ens, determ ined  by 
K siazk iew icz (1977, pi. 1 1, figs. 6. 8) as Gyrochorte bur- 
tani, are reservedly  included  in Protovirgularia rugosa, be
cause they  do not have the Lockcia-Wke term ination . O ne 
can not exclude tha t they  represen t a new  ichnospecies, but 
the m aterial is underrepresen ted .

Seilacher & Seilacher (1994, p. 11) in terpre ted  th is ich
nospecies as “cubichnial version o f  Protovirgularia  [...] a l
w ays found at the bases o f  sandy  tem pestites. So it m akes 
sense that escape w as in response to  storm  sand sed im en ta
tion” . The exam ined  m ateria l suggests that turb id ite  sedi- 
m endation also should  be considered.

P. rugosa  occurs from D evonian  (D ahm er, 1937) to 
M iocene (D ’A lessandro , 1982).

Protovirgularia obliterate! (K siazk iew icz  1977)
Figs. 68C , 69

y ?  1977 Gyrochorle ohliterala  n. ic h n osp .  - K s i azk iew icz ,  115, pi. 
I 1, fig. 9. te xt -f ig . 20.

M aterial: 2 specimens (UJ TF 127. 1169).
D iagnosis: P rotovirgularia  having poorly expressed median 
groove and chevron markings (modified after Ksiazkiewicz, 
11977).

R e m a rk s : P. pcnnatus (E ichw ald ) and P. vagans (K si^zki- 
w icz) have m uch stronger carina te  profile . P. tubcrculata  
(W illiam son) d isp lays m ore d is tinc t m edian groove and 
chevron m arkings.

This ichnospecies occurs in the B arrem ian -A p tian  
flysch deposits in the C arpath ians (K siazk iew icz , 1977).

Protovirgularia 'Uongcspicata (D e Stefani 1 885)

* 1885 Pcnnutu/ilcs iongcs/iicata  C o c c h i  -  D e S te fani.  99 . pi.  2, 
fig. 2.

1885 Paieosceplron ineneghiru ( C o c c h i )  -  D e S te fan i,  101, pi. 
2, fig. 2.

1955 Virgaiaria preshytes n.sp . B ay e r ,  300, fig. 2a -c  (al so 
H an tz sch e l .  1958. fig. 4).

19 6 0  Nereites tosaensis K a t to ,  new-1 s p e c i e s  - - K atto ,  324 , pi.  34,  
ligs. 6, 12, pi.  35 . fig. 17.

1960 Nereites inuroiocnsis K a t to ,  n e w  sp ec ie s  -  K atto , 3 2 6 ,  pi.
35 .  figs. 3. 14-15.

1969 Ncrcitcs tosaensis K a t to  -- K atto ,  pi. ,  l igs. 1-2, 5-6.
1969 Nereites inuroloensis K a t to  -  K a t to , ph ,  figs. 3-4.
1973 Nereites inuroloensis K a t to  -  K atto ,  fig. 17.
1973 Nereites K atto ,  figs. 15, 19.

1973 Nereites tosaensis K a t to  ■ K a t to .  fig. 16.
? v p a r t im  1977 Gyrochorte hurtani n. ic h n o sp .  -  K s ia z k i e w ic z ,  1 13. pi.

I I. fig. I ( n o n  pi.  I 1. ligs. 2-3 ,  5 =  P. rugosa: non  pi.  1 1.
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Fig. 67. ft-oiovirgularia  ispp. Soles o f turhiditic sandstone beds. A. P m iovirgu laria  pennants  (Eichwald). UJ TF 1 165, Vcrovice beds 
(Barremian- Aptian). Wiśniowa (labelled as G yrochotic  hurlani). B . P m iovirgu laria  isp. UJ TF 893, Szczawnica Formation (Paleo- 
cene-Lowcr Eocene), Szczawnica (labelled as K eckia annulate). C-D. P m iovirgu laria  rugosa  Miller & Dyer. C. UJ TF 175, Ciężkowice 
Sandstone (Eoeene), Gródek ( labelled as G yroc/iotic imhricala). D. UJ TF 687, Krosno beds (Oligocene), Dębna (labelled as Gvrochorte 
hurlani). Scales in mm
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Fig. 68. Prolovirgtilaria ispp. Soles o f turbiditic sandstone beds. A. Protovirgularia llongespicata (Dc Stcfani). UJ TF 679, Grodz
iszcze beds (Hauterivian), Lipnik (labelled as Cyrochorle burtani). B. P. rugosa Miller & Dyer. UJ TF 936, Inoceramian beds 
(Senonian-Paleoeene), W ierzbanowa (labelled as Cyrochorle burtani'). C. P. obliteratei (Książkiwicz) UJ TF 1169, Verovice beds 
(Barremian-Aptian), Wiśniowa (labelled as Cyrochorle burtani). D. P. rugosa. UJ TF 178, Sromowce Formation (Senonian), Szaflary 
(labelled as Rhabdoglyphus bisculciatus). Scale bars = 1 cm

tig. 4 - / ’. pcittiait/s).
1994 Protovirgularia longespicaia (D e S tefan i) -  Seilacher & 

Seilaclier. I 1, pi. 2, figs. a-f.

M aterial: 2 specimens (UJ TF 679, 1475).
Diagnosis: Relatively large Protovirgularia with strong, papillate 
chevrons. Several probings may form a palmate system with spre- 
ite-like backfill (modified after Seilacher & Seilacher, 1994).

R e m a rk s : N one o f  the d iscussed  specim ens d isplays the 
palm ate probings. S pecim en UJ TF 1475 is relatively  large, 
bu t its chevrons do no t d ispaly  the pap illa te  aspect. O n the 
o ther hand this aspect o f  m orpho logy  can be strongly  con 
trolled by the substrate p roperties. Specim en U J TF 679 is 
d istinctly  sm aller than ty p ica l specim ens o f  th is ichnospe- 
cies.

Protovirgularia vagans (K sic(zkiew icz 1977)
Fig. 70

v*?partim  1977 Tuhcrculiclums vagans n. ichnosp. - Ksiqzkiew icz, 140, 
pi. 13. fig. 4, text-fig. 27d-e [?non text-fig. 27c, f-g], 

v p a rtim  1977 Tuherciilichnus tncandriinis n. ichnosp. - K siqzkiewicz, 
141. pi. 13. fig. 5 [non pi. 13, fig. 6 = Saericlmites 
canadensis, non text-fig. 27a-b].

?non 1996 Tiiherculicliiiii.s vagans Ksic\zkiewicz Paczesna, 67. p. 
29, tig. 8, pi. 30, figs. 1-3.

? 1996 Tuhcn. iihchnus vagans K siazkicw icz -B uatoiscV «/.,296, 
tig. lOc-d.

Diagnosis: Smooth Protovirgularia having strong carinate profile.

undulating in the vertical plane, and therefore preserved as hypieh- 
nial disrupted ridges.
M aterial: 4 specimens (UJ TF 76, 255, 773, 1036 (holotype)).

R e m a rk s : The ho lo types o f  T. vagans and T. meandrinus 
disp lay  the characteristic  carina te  (am ygdalo id ) cross-sec- 
tion, w hich is the typ ical feature  o f  Protovirgularia  M cC oy 
and is described  under this ichnogenus as P. vagans in this 
paper.

Strati graphic  range: S en o n ian -E o cen e  (K si^zk iew icz, 
1977). Jurassic  lacustrine trace fossil described  as Tubercu- 
lichnus vagans K si^zk iew icz (B uato is et al., 1996) is re
servedly  included in this ichnospecies.

Protovirgularia dzulvnskii (K siazk iew icz  1977)
Fig. 71

v 1970 Rhabdoglyphus (?) sp. -  K siazkiew icz, 286, fig. !m. 
v * 1977 Anhrophycus (?) dzulvnskii n. ichnosp. -  K siazkiew icz. 

58, pi. 1 . tigs. 13-14.

Diagnosis: Hypichnial, cylindrical rope-sized full-relief structure, 
or hypichnial furrow. The sculpture o f the full-relief trace fossil 
consists o f tuberculated transversal narrow ribs slightly bent in one 
direction. The furrows are transversely grooved (after 
Ksiazkiewicz, 1977).
M aterial: One slab, the holotype (UJ TF 177).
Description: This trace fossil is preserved in different ways. How
ever, Ksiazkiewicz (1977) focused on the transversely ribbed
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ridge. The ribbed ridge displays features mentioned in the diagno
sis. Moreover, it is terminated by an elevated oval smooth body 
and has a thin wall. The grooves are semicircular in cross-section 
and display transverse arcuate faint ridges, which are edges of 
menisci. One groove is terminated by an elongate oval body, 
which is very similar to that which terminates the ridge. Another 
groove passes into a low, flat, non-ribbed ridge. The ridge is 
subdivided by a narrow, shallow median groove. The ribbed ridge 
is the interior o f the trace fossil. The flat ridge is probably an 
exterior o f the ventral side o f  the trace fossil.

R e m a rk s : Superficia lly , the ribbed  ridge resem bles Climac- 
ticlmites Logan 1860, but the la tter is a large surface trail 
know n from  the L ow er Palaeozoic m arginal m arine deposits 
o f  N orth  A m erica (Y ochelson  & F edonkin , 1993). It is no t 
im possib le  tha t Climactichnites m en tioned  by  N ow ak  
(1961) from  the L ow er C retaceous flysch deposits o f  the 
G rodziszcze beds is a sim ilar o r iden tical trace  fossil. A lso 
C ontescu et al. (1993) m entioned  an occurrence  o f  Climac
tichnites in the E ocene flysch deposits o f  the R om anian  C ar
pathians.

The ribs m entioned  in the d iagnosis are edges o f  cross
sectioned m enisci. T he trace fossil has a th in  w all. H ow ever, 
the ellip tical te rm ination  at the oval te rm ination  o f  the trace 
fossil is the characteristic  feature o f  Protovirgularia. The 
term ination  is probably  a p lace w here  the  tracem aker shifted 
to  ano ther level or w as suddenly  p ressed  to  escape. The tu 
bercles on the “ ribs” are probably  sandy  pellets. The m e
nisci are not perfectly  arcuate. Part o f  them  are bent in an 
obtuse angle and form  a chevron pattern  w hich is an ad d i
tional feature o f  Protovirgularia.

T his trace fossil does not conform  w ith the defin itions 
or appearance  o f  know n Protovirgularia  ichnospecies. 
T herefore  K siążk iew icz’s species nam e is reta ined . H ow 
ever the m aterial is too scarce for m ore p ronounced  ichno- 
taxonom ic evaluation .

Protovirgularia  isp. 

v 1977 Kcckia anmiUila G locker K siążkiew icz, 63, pi. 3, fig. 14. 

M aterial: 1 specimen (UJ TF 893).
Description: Protovirgularia having strong carinate profile and 
rare chevron markings.

R e m a rk s : K siążk iew icz (1977) described  the d iscussed  m a
terial under Keckia annulata  G locker. S im ilarity  o f  the m a
terial to  Keckia  is im possib le to accep t (see com m ents to 
Keckia). It d isp lay  features o f  Protovirgularia , s im ilar to  P. 
pennatus, but the latter ichnotaxon  have d is tinc tly  densely  
spaced chevron m arkings. T he m ateria l is underrepresen ted  
and therefo re  determ ination  at the ichnospecific  level is no t 
proposed.

Fig. 69. Protovirgularia obliterate/ (Książkiewicz). Soles o f tur- 
biditic sandstone beds. Verovice beds (Barremian-Aptian), Lipnik 
near Myślenice (labelled as Gyrochorte obliterata). A. UJ TF 
1456. B-C. UJ TF 127, holotype of Gyrochorte obliterata. B. 
General view. C. Detail o f B. Scale bars = 1 cm
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Fig. 70. Prolovirgutariu vagans (Książkiewicz) on sole of tur- 
luditic sandstone. A. UJ TF 76, Beloveza beds (Eocene), Sidzina 
(labelled as Tuberciilichiiiis meandrinus). B. UJ TF 255, Ropianka 
beds (Senonian—Paleocene), Lipnica Wielka-Kiczora (labelled as 
Tiiberculiclimts vagans). Scales in mm

Oniscoidichnus B rady 1949

Oniscoidiclmus carpathicus K si^zk iew icz 1977 
Fig. 72

v 1977 Oniscoidichnus carpathicus n. ichnosp. — K .sia/kiew ic/.
124, pi. 1 I, fig. 11.

M aterial: 2 specimens (UJ TF 1471, 1472a).

R e m a rk s : It is no t clear, i f  the  d iscussed  structures are trace 
fossils. O ne can not exclude tha t they  are m echanical arti
facts and their m orpho logy  rem ains enigm atic.

Gordia  E m m ons 1844

Diagnosis: Unbranched, horizontal, winding, or irregularly mean
dering trace fossils, predominantly horizontal, that tend to form 
loops (modified from Pickcri 11 & Peel, 1991 and Fillion & Pickcr- 
ill, 1990).

R e m a rk s : Ichno taxonom ic p rob lem s o f  Gordia  Em m ons 
have been recently  d iscussed  by F illion & Pickerill (1990) 
and P ickerill &  Peel (1991). K si^zk iew icz (1977) d istin 
guished tw o ichnospecies o f  Gordia'. G. molassica  (Fleer) 
and G. arcuata  K siazk iew icz. T he first ichnospecies is re 
garded  as the junior synonym  o f  Gordia marina  Em m ons 
(P ickerill, 1981; Fillion & P ickerill, 1990). T his is con 
firm ed in this paper. G. arcuata  K siazk iew icz is regarded as 
a useful and valid ichnotaxon.

Gordia marina  E m m ons 1844 
Fig. 73

* 1844 Gordia marina  lim m ons. 24. pi. 2, fig. 2. 
v 1977 Gordia molassica  (H eer) -- K siazkiew icz, pi. 20, figs. 4-7, 

lexl-fig. 3fis-x.
v parlim  1977 Hclniinthopsis hicroglyphica  H eer -  K siazkiew icz, pi. 12, 

fig. 3 |non  lext-fig. 21i. k-o].

Diagnosis: Gordia in which level crossing is lully developed and 
meanders arc unguided (alter Miller, 1889 and Fillion & Pickerill,
1990).
M aterial: 8 specimens (TF UJ 245, 1082, 1 1 84, 1 197, 1249, 1253, 
1353, 1520).

R e m a rk s : /7elmhithopsis hieroglyphica  Fleer illustrated  by 
K siazk iew icz (1977) in pi. 12, fig. 3 (U J TF 1082, Fig. 73A) 
d isplays features o f  Gordia marina  and is included in this 
ichnospecies.

Gordia arcuata  K siazk iew icz  1977 
Fig. 74

*v 1977 Gordia arcuata n. ichnosp -K siazkiew icz, 156, pi. 2(1, fig.
8, lexl-fig. 36y.

Diagnosis: Gordia in which only apical arcuate bends are devel
oped in hypichnial reliefs (modified after Ksiazkiewicz, 1977). 
M aterial: 3 specimens (UJ TF 1219, 1222, 1225).

Cosmorlutphe Fuchs 1895

Ichnospecies excluded from Cosniorliaplie Fuchs reservedy in
cluded in this ichnogenus:

non 1964 Cosmorhaphc sinuosus A zpeitia  -  Farres M alian, 86, pi.
5, fig. 1.

?non 1964 Cosmorhaphc Volk. fig. 12.
non 1968 Cosmorhaphc timida n. sp. - Pfeiffer. 667, pi. 2, figs. 1-2,
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Fig. 71. I ’r,tun ir^ulariti ilzitlynskii ( ksiażkiewiez). UJ Tl 177 (the Imlotype), Krosno bcds (Oligocene), Dębna. Hypichnial form in 
linc-giained turbulitic sandsionc. A. General vicw. B-C. Details o f  A. Scales in A, C in mm. scalę bar in B 1 cm
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Fig. 72. OiM cnuiichnus ew pathiem  Książkiewiez. Epichnial forms in marły siltstone bcds. Krosno beds (Oligocene), Lubomierz. A. UJ 
TF 1741. holotype. B. UJ TF I472a. Scales in mm
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Fig. 74 . Gordia urcuata  K s ią ż k ie w ic z .  U J T F  2 5 8 1 , h y p ic h n ia l  
fo rm  in tu rb id i t ic  s a n d s to n e  b ed  ( la b e l lo s t) . S c a le  in m m

Fig. 7 3 . Gordia m arina  E m m o n s .  U J T F  10K2, s o le  o f  tu rb id it ic  
s a n d s to n e  b e d , S id z in a , B e lo v e z a  b e d s  ( E o c e n e ) ,  S id z in a  ( la b e lle d  
as H elm inthopsis hieroglyphica). B. U.I T F  13 5 3 , K ro ś c ie n k o  ( l a 
b e l lo s t) . S c a le  in  m m

le \l-lig . 3.1 | /jiiinnj. 
non 1968 Cosmorhaphe sp . - P feiffer, 669. pi. 2. fig. 2. 
non 1969 c f  Cosmorhaphe R oberts. 2 3 1, pi. I , fig. I . 
non 1970 Cusmorhaphe (?) tortuosa iclm osp. n. -  K.si;\zkie\vicz. 

294, pi. 3c.
non 1971 'i Cosmorhaphe sp. •- Jerzykiew icz, pi. 11, fig. 6. 
non 1975 Cusmorhaphe filiformis sp. nov. -  C hip lonkar & Gliare. 

77, fig. 2C.
?non 1975 Cosmorhaphe kettneii n. iclm osp. Pek & Zapletal, 56, 

llg. 1.
?n o n  1990  Cosmorhaphe kellneri P e k  &  Z a p le ta l  -  Zap le ta l  &  Pek.

56.
non 1976 Cosmorhaphe G arcia Ram os, 139 .p l. Ig. 
non 1977 Cosmorhaphe (?) tortuosa Ksinzkievvicz -  Ksi<izkiewicz, 

155, pi. 19, l l g .  9 [=Hclicolilhu.i lortuosus]. 
non 1977a Cosmorhaphe heiieoiclea n. iclmosp. Seilaclier, 299. fig. 

3g.
? 1977a Cosmorhaphe C rim es, pi. 7c. 

non 1979 Cosmorhaphe clvoraki sp. n. -  Lang el a/., 69, pi. 6, fig. I .
text-fig. 5 f (iordia isp .j. 

non 1988 Cosmorhaphe heiieoiclea Seilaclier -  M cCann & Pickerill, 
334, fig. 3.6 [=Spirocosmorhaphe Seilaclier],

? 1991 Cosmorhaphe Jin &  Li, pi. la-b .
? 1992 Cosmorhaphe iclmosp. - Kim  el al., 319, tig. 2.7.
? 1993 ^Cosmorhaphe iclmosp. — M iller, 17, fig. 5B.

?non 1994 Cosmorhaphe (long , p 1. 4, fig. 4. 
non 1994a Cosmorhaphe fitehsi K sitizkiew icz -  Han & Pickerill, 227, 

fig. 4C.
non 1994a Cosmorhaphe simtosa (A zpeitia  M oros) -  Han & Pickerill 

229, fig. 4G.
? 1994 cf. Cosmorhaphe Lobitzer el a/., pi. 4. fig. 3. 

Diagnosis: Unbranched graphoglyptid trace fossil with two orders 
of meanders or undulations (modified after Seilacher, 1977a).

R e m a rk s : Cosmorhaphe is a g raphog lyp tid  trace fossil that 
occurs in C retaceous and T ertiary  flysch deposits. Large P a
laeozoic form s o ccu r also  in the O rdovician  and Silurian 
(P ickerill, 1980; M cC ann, 1990). Cosmorhaphe  ? isp. w as 
reported  from  the C am brian  (N arbonne  et al., 1987). Pre- 
sent-day sha llow -tie r traces o f  Cosmorhaphe-morpho\ogy 
w ere found on the deep-sea floor be low  4 ,000 m  (E kdale & 
Berger, 1978; E kdale, 1980; E kdale  et al., 1984b; M iller,
1991).
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C osm orhaphesim tosa  (A zpeitia  M oros 1933)

1933 A zpeitia M oros,

1935
1954

1959 
non 1964

1967 
V non 1970

v 1970

v non 1977

v 1977

1978
1978 

non 19,SO

? 1980

non 1988

non 1 991

Helminthopsis sinuosa A zpeitia n. sp.
45. fig. 24B.
Spirorhaphe - A bel, fig. 263.
Helminlhopsis sinuosa A zpeitia  G óm ez de Llarena, pi.
46, f ig . I .
Helminllwpsis sinuosa -  Seilacher, tab. 1, fig. 8. 
Cosmorhaphe sinuosus A zpeitia -  F an es  M alian, 86, pi.
5. fig. 1.
Cosmorhaphe -  M acsotay , 27, pi. 6, fig. 22. 
Cosmorhaphe sinuosa (A zpeitia) -- K siążkiew icz, 292, 
text-fig. 2a, pi. 3a.
Cosmorhaphe fuchsi ichnosp . nov. K siążkiew icz, 294, 
text-fig. 2b, pi. 3b.
Cosmorhaphe sinuosa (A zpeitia) K siążkiew icz, 153. pi. 
19. figs. 3-5, tex t-fig . 33g-j \=Cosmorhaphe lohala], 
Cosmorhaphe fuchsi K siążkiew icz -  K siążkiew icz, 154, 
pi. 19, fig. 7, tex t-fig . 33 n-s.
Cosmorhaphe sp. Fukuda & H ayasaka, 18, pi. I, fig. 2. 
Cosmorhaphe sinuosa - M an ten a t & Seilacher, fig. lc .
( 'osmorhaphe sinuosa (A zpeitia) A lexandrescu & Brus- 
tur. 21, pi. 6. figs. 3-4.
Cosmorhaphe sinuosa (A zpeitia  M oros) - D 'A lessandro , 
372 [not fugured].
Cosmorhaphe sinuosa A zpeitia  M oros M cCann & Pick- 
erill. 334, fig. 3.5 f=C. lohala}.
Cosmorhaphe aff. sinuosa (A zpeitia  M oros) -  C rim es & 
C rossley, 44, fig. 8c.

1991a Cosmorhaphe -  L eszczyński, figs. 9-10.
1991b Cosmorhaphe L eszczyński, fig. 5.
1991 Cosmorhaphe sinuosa (A zpeitia  M o ro s ) -  Leszczyński & 

Seilacher, 296, figs. 3-6, 8.
1992 Cosmorhaphe sinuosa — Leszczyński, pi. 3, fig. 2.

1992a Cosmorhaphe \e\mosp. U chm an, fig. 4.4.
1993 Cosmorhaphe cf. sinuosa -  Leszczyński, fig. 7. 

Cosmorhaphe sinuosa A zpeitia M oros M cC ann, 43, fig. 
4D  \ - ( '. he/mintlmpsoiclca].
Cosmorhaphe '! sinuosa A zpeitia M oros -  Tunis & U ch
m an, 90, figs. 6F, 8D.
Cosmorhaphe helmilhopsiila I'uchs G iese  el al., 82, fig.
4.

non 1994a Cosmorhaphe sinuosa (A zpeitia  M oros) - H an & Pickeri 11 
229. fig . 4G.

v ? 1995 Cosmorhaphe sinuosa (A zpeitia  M oros) -  U chm an, 40, pi.
I 1, fig. 4.

Diagnosis: First-order meanders widely spaced; second-order un
dulations of greater wave length than amplitude. Occasional short
cuts may connect successive turns (after Seilacher, 1977a). 
M aterial: 5 specimens (UJ TF 11, 243, 2048-2050).

R e m a rk s : K siążk iew icz (1977) included  specim ens w ith 
deep, lobate second-order m eanders  w ith in  Cosmorhaphe 
sim tosa , but this ichnotaxon  is characterised  by shallow , 
w ide second-order m eanders (A zpeitia  M oros, 1933; 
Seilacher, 1977a). On the o ther hand, the w ide second-order 
m eanders indicate C. fuchsi, and the specim ens w ith the 
deep, lobate second-o rder m eanders conform  w ith the d iag 
nosis o f  C. lohala  Seilacher (1977a). In consequence, these 
specim ens w ere included in these  ichno taxa , accord ing  to  
their affinity.

S tratigraphic range: S enon ian  (K siążk iew icz , 1977) -  
U pper M iocene (M ontenat &  S eilacher, 1978).

Cosmorhaphe gracilis  K siążk iew icz 1977

1895 Cosmorhaphe -  Fuchs, pl. 6. fig. 1.
1924 Cosmorhaphe - R ichter, fig. 6.
1955 Cosmorhaphe -  Lessertiseur, pl. 74, fig. 1.
1959 Cosmorhajyhe Seilacher, fig. 1.8.
1977 Cosmorhaphe gracilis n. ichnosp. — K siążkiew icz, 152, pl.

non 1993

1993

1994

19, figs. 1-2, text-fig. 33a-f.
1977a Cosmorhapheparva n. ichnosp. -  Seilacher, 297, fig. 3c. 

? 1978 Cosmorhaphe— Kern, 254, fig. 9L.
? 1982 Cosmorhaphe cf. gracilis K si;\zkiew icz A lexandrescu & 

B rustur, 39, pl. 4, fig. 2a.
1987 Cosmorhaphe Yeh, 50, fig. 2A.

? 1989 Cosmorhaphe -  Pow ichrow ski, fig. 3.5.
1993 Cosmorhaphe cf. gracilis Ksi£izkiewicz -  Pickerill el al., 

62, fig. 2a.
v 1993 Cosmorhaphe lohala S e ilacher -  Tunis & U chm an, 90, 

fig. 8A.
? 1994 Cosmorhaphe gracilis K si^zkiew icz -  Loffler &  G eyer, 

497 (only description), 
v 1996a Cosmorhaphe ?gracilis K si£ (zk iew icz-T un is & Uchm an, 

181, fig. 9A.

Diagnosis: First order meanders widely spaced, containing 15-18 
turns o f regular second order undulations, which are slightly 
higher than wide and interlock like a jig-saw puzzle (after 
Seilacher, 1977a).
M ateria l: 7 specimens (TF UJ 91, 1022, 1138, 1162 (holotype), 
1613, 1755, 1853).

R e m a rk s : K siazk iew icz (Ju ly  1977) created  C. gracilis 
w ith the lecto type illustrated  by Fuchs (1895 , pl. 6, f tg .l) .  In 
the sam e y ear Seilacher (A ugust 1977a) created  C. pcirva 
and  destignated  the sam e F uchs’ specim en  for the ho lo type 
as w as se lec ted  by K siazk iew icz as lecto type. T hus, C. 
parva  is the ju n io r ob jec tive  synonym  o f  C. gracilis.

Stratig raphic  range: S en o n ian -E ocene-?01 igocene  
(K siazk iew icz, 1977).

Cosmorhaphe lobata  S e ilacher 1977a 
Fig. 75

1895 Cosmorhaphe Fuchs, pl. 6, fig. 5.
1904 Helminlhopsis? labvrinthica H eer - U lrich, 144, pl. 20, 

figs. 2-3.
1932 Spyrorhaphe Buoi, pl. 4, fig. 8 (lapsus calam i).

? 1935 K rie c h sp u r -A b e l ,  fig. 26 1 B.
1949 Magarikune akkesiensis sp. nov. -  M inato & Suyam a, 

277, figs. 1-2.
1955 Cosmorhaphe - Seilacher, fig. 5.66.
1959 Cosmorhaphe - Seilacher, fig. 1.9.
1963 Cosmorhaphe M uller, fig. 837. 

v 1970 Cosmorhaphe simtosa (A zpeitia) -  K siazkiew icz, 292, 
text-fig. 2a, pl. 3a.

* 1977a Cosmorhaphe lohala n. ichnosp . -- Seilacher, 299, fig. 3d. 
v 1977 Cosmorhaphesmuoso (A zpeitia) K siazkiew icz. 153, pl. 

19, figs. 3-5, text-fig. 33g-j.
1978 Cosmorhaphe sp. — Fukuda &  Flayasaka, 18, pl. 1, fig. 1. 

non 1980 Cosmorhaphe sinuosa (A zpeitia) -  A lexandrescu & B rus
tur, 21, pl. 6, figs. 3-4.

1982 Cosmorhaphe -  Scholle &  Spearing, fig. 120.
1988 Cosmorhaphe sinuosa A zpeitia  M oros -  M cC ann & Pick

erill, 334, fig. 3.5 
v 1993 Cosmorhaphe lohala S e ilacher -  Tunis & U chm an, 90, 

fig. 8A.
? 1994 Cosmorhaphe lielmithopsidea (Sacco) -  Loffler & G eyer, 

495, fig. 3e (lapsus calam i).
? 1995 Cosmorhaphe cf. lohala Seilacher -  C rim es &  M cCall, 

234, figs. 2C-2D. 
v ?  1996a Cosmorhaphe ? lohala Seilacher — Tunis & U chm an, 181, 

fig. 9B.
v 1996a Cosmorhaphe lohala Seilacher — Tunis & U chm an, 181 

[not figured].

Diagnosis: First order menders fairly dense, containing 15-20 
turns o f  regular second order meanders, which are 2-3 times 
higher than wide and interlock strongly (after Seilacher, 1977a). 
M ateria l: 9, reservedly 10 specimens (TF UJ 7, 74-75, 224, 243, 
672, 754(7), 1107, 1118, 1872).



172 A. UCHMAN

Fig. 75. Cosmorhaphe lobuta Seilacher 011 soles o f  turbiditic 
sandstone beds (labelled as Cosmorhaphe sinuosa). A. UJ TF 74, 
Variegated Shale (Paleocene-Eocene), Lipnica Wielka. B. UJ TF 
75, Inoceramian beds (Senonian-Paleocene), Szezepanovviee. C. 
(?) UJ TF 754, full relief, Pólrzeczki (part of label lost). Scales in 
mm

R e m a rk s : R elatively  th ick  Cosmorhaphe  (Fig. 75C), p re 
served in full relief, is reserved ly  inc luded  in C. lobata.

Stratig raphic  range: S enonian  (K siążk iew icz, 1977; Al- 
exandrescu  & B rustur, 1980) — M iddle Eocene (K siążk ie
w icz, 1977).

Cosmorhaphe carpathica  nom . nov.

* 1898 Helminthoida helminthopsoidea Sacco -  Paul, pi. 3, fig.
I.

v 1958 Cosmorhaphe K siążkiew icz, pi. 3, fig. 2.
? 1962 Pista cle I'epunie cle venn i tip Hdmmlhoideo D nnian & 

D im ian. pi. 7, lig. 4. 
v* 1970 Cosmorhaphe lielmilhopsoidea (Sacco) -  K siążkiew icz, 

294, fig. 2c.
1975 Cosmorhaphe sp. -  H anlzschel, W 53, fig. 34.3.

v 1977 Cosmorhaphe lielmilhopsoidea (Sacco) -  K siążkiew icz, 
153, pi. 19, fig. 6 (*), lext-fig . 33k-m.

1977a Cosmorhaphe hehnithopsideu (Sacco) -  Seilacher, 299. 
fig. 3e (lapsus calam i).

Origin of the name: From the Carpathians.
Diagnosis: First order meanders fairly dense; second order mean
ders o f 2-3 times greater amplitude than wavelength, but sup
pressed for long stretches (after Seilacher, 1977a).
Material: 4 specimens (TF U.l 77 (Icctotype), 249, 828-829).

R e m a rk s : K siążk iew icz  (1977) created  C. helminthop- 
soidea  n. isp. and selected  a specim en  (K siążk iew icz, 1958, 
pi. 3, fig. 2) for the holotype. He com pared  the ho lo type to 
the specim en illustrated  by Paul (1898) and indicated  as 
Helminthoida helminthopsoidea  Sacco. S eilacher (1977a) 
included S acco ’s (1888) H elminthoida helminthopsoidea  
and K siążk iew icz ho lo type  in Cosmorhaphe helminthop
soidea  (Sacco). S acco ’s specim en  w as treated  by K siążk ie
w icz (1977) as a separate  ichnospecies o f  H elminthoida , a l
though it d isp lays first-and  second -o rder m eanders typical 
o f  Cosmorhaphe. T here are d is tinc t d ifferences betw een  the 
specim en illustrated  by Sacco (1888) and the K siążk iew icz 
m aterial. The first S acco ’s specim en  d isp lays relatively  
shallow , fa irly  dense first-o rder m eanders and irregular, 
very shallow  second-o rder m eanders. T he C arpath ian  m ate
rial d isp lays second -o rder m eanders w hich have 2 -3  tim es 
g reater am plitude than w ave length. The long, w inding 
stretches are a very  characteristic  feature o f  this m aterial, 
w hich do not conform  w ith o ther ichnospecies o f  Cos
morhaphe. For this reason the new  nam e Cosmorhaphe car
pathica  is p roposed for the K siążk iew icz  m aterial. S acco ’s 
specim en belongs also  to Cosmorhaphe and its specific 
nam e should be retained.

S tratigraphic range: S en o n ian -M id d le  Eocene (K siąż
k iew icz (1977).

Cosmorhaphe helminthopsoidea  (Sacco  1888)

* 1888 Helminthoida helminthopsoidea Sacc. - Sacco,-32. pi. 2,
fig. 7.

v non 1898 Helminthoida helminthopsoidea Sacco -  Paul, pi. 3, fig.
1.

1969 Cosmorhaphe sp. - W ebby, 83, pi. 10. figs. 1-2. 
v non 1970 Cosmorhaphe lielmilhopsoidea (Sacco in Paul) 

K siążkiew icz. 294, fig. 2c. 
v non 1977 Cosmorhaphe lielmilhopsoidea (Sacco in Paul) 

K siążkiew icz, 153, pi. 19, fig. 6, lext-fig. 33k-m .
v 1977 Helminthoida helminthopsoidea Sacco -  Książkiew icz, 

163, pi. 20, fig. 3, pi. 21, fig. 9, text-fig. 36k-ll. 
non 1977a Cosmorhaphe helmithopsidea (Sacco) - Seilacher, 299,
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tig. 3e (lapsus calam i).
1480 Cosmorhaphe sp. -  P ickerill. tig. 4a. 

non 1986 Cosmorhaphe helmithopsidea (Sacco) -  M iller, fig. 2c 
(lapsus calam i).

1986 Cosmorhaphe ehanghnaensis ichnosp. nov. Y ang, 153, 
pi. 1. lig. 6.

1990 Cosmorhaphe - M cC ann, fig. 4d.
1991 Cosmorhaphe aft', sinuosa (A zpeitia  M oros) -  C rim es & 

Crossley, 44, fig. 8c.
1993 С 'osmorhaphe sinuosa A zpeitia M oros M cC ann. 43. fig. 

4D.
non 1994 Cosmorhaphe helmithopsidea (Sacco) -  L oftier & G eyer, 

495. lig. 3e (lapsus calam i).

Em ended diagnosis: Cosmorhaphe  w ith first o rder m ean
ders relatively  shallow , fa irly  dense; second order m eanders 
irregular, very shallow .

M aterial: 5 specimens (TF UJ 2. 102, 339, 1013, 2030).

Rem arks: The holo type described  by Sacco (1888) derives 
from  the E ocene F lysch del G rivo  (G. T unis, pers. com m ., 
1494). The Palaeozoic (P ickerill, 1980; Y ang, 1986; 
M cC ann, 1990) specim ens are d is tinc tly  larger, up to 10 m m  
in string diam eter.

S tratigraphic range: O rdov ic ian  (M cC ann, 1993) -  
L ow er E ocene (Sacco, 1888).

Cochlichnus H itchcock  1858

Diagnosis: Regular, sinusoidal, horizontal trails and burrows re
sembling a compressed and stretched corkscrew. The overall width 
o f an individual trace may change progressively (after modifica
tion from Ciluszek (1995)).

Rem arks: This ichnogenus w as recen tly  d iscussed  by P il
lion & Pickerill (1990) and G luszek  (1995).

Cochlichnus anguineus H itchcock  1858 
 ̂Fig. 76

v 1977 Cochlichnus aff. anguineus H itchcock K siqzkiewicz. 
151, pi. 20. fig. I, text-fig. 36 p-q.

Diagnosis: As for the ichnogenus.
M aterial: 4 specimens (UJ.TF 1203, 1230, 1316, 1635).

Fig. 76. Cochlichnus anguineus Hitchcock on sole o f  turbiditie
sandstone bed. U.l TF 1316. Beloveza beds (Eocene), Sidzina.
Scale in mm

Hclicorhaphe  Ksic(zkiewicz 1961 

D iagnosis: Strings helicoidally twisted along a horizontal axis 
(after Ksi^zkiewicz, 1977).

Remarks: T his ichnogenus is rep resen ted  only  by a few  
specim ens, w hich m akes understand ing  o f  its affin ity  to 
o ther ichnogenera d ifficult. Helicolithus A zpeitia  M oros 
d isp lays m eanders and changing  o f  the tw isting  d irection  at 
the tu rn ing  points o f  the m eanders. T hese features are 
enough for the ichnogeneric  separation .

O ne specim en (Fig. 77) is a short, he lico idally  tw isted  
hypichnial trace fossil situated  betw een  tw o short strings. It 
probably  belongs to Hclicorhaphe.

Hclicorhaphe tortilis K si^zk iew icz 1970 
Fig. 78

? 1915 U nnam ed ■ Hogbom , pi. 2, fig. I.
1961 Hclicorhaphe (n.f.) K sii\zkiew icz, 885, pi. 2, fig. 3.

* 1970 Hclicorhaphe tortilis ichnosp. n. -  Ksi^zkievvicz, 286, fig. 
It.

1975 Hclicorhaphe tortilis K si^zkiew icz -  H antzschel, W 70, 
fig. 43.4.

1977 Hclicorhaphe tortilis K si;\zkiew icz -  «.siqzkiew icz, I 16, 
pi. I I. tig. 10.

non 1981 Hclicorhaphe Tanaka & Sum i, pi. 6, fig. 1. 
non 1989 Hclicorhaphe meandriformis sp. n. -  P licka & K.ok- 

olusova, I 1.3. text-fig. 2. pi. 64. fig. 2.
1995 Hclicorhaphe tortilis K si^zkiew icz C rim es &  M cCall, 

236, fig. 3a.

D iagnosis: As for the ichnogenus.
M aterial: 2 specimens (UJ TF 277 (holotype), 499).

Fig. 77. ? Helicorlut/ihc isp. on sole o f turbiditie sandstone bed. 
UJ TF 1378, Lipnica Wielka (part o f label lost). Scale in mm
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Fig. 78. Hclicorliaplic tortilis Ksiiizkiewicz on sole o f turbiditic 
sandstone bed. U.I TF 277, the holotype. Beloveza beds (Eocene), 
Lipniea Mala. Scale in mm

Remarks: M uller t 197 I ) com pared  / Iclicurluiphc K siqzkie- 
w icz and r/elicodroniites B erger to  recen t helicoidal traces 
o f  insects observed in coastal sand environm ent. C rim es & 
M cC all (1995) described  a trace  fossil com pared to  Heli- 
corhaphe tor til is K si^zk iew icz from  the M iocene flysch  o f  
Iran, how ever it is m uch larger.

Helicorhctphe K si^zk iew icz (1961) w as defined as heli- 
coidally  tw isted  string acco rd ing  to  helico idal axis.

Helicolithus A zpe itia  M oros 1933

1933 Helicolithus sa/npelayoi A zpeitia, n. sp. Azpeitia M oros. 
48, pi. 4, tig. 11, pi. '13. fig. 24A. 

non 1933 Helieolilhti.sfalvegcie A zpeilia, n. sp. - Azpeitia M oros. 
52, pi. 3. fig. 10, pi. 10, tig. 21A \=Bclorhaphc\.

? 1986 Hclieolithus sampeiayoi A zpeitia M oros -  Yang, 154, pi.
2. fig. 4.

? 1988 Helicolithus sampehtvoi A zpeitia M oros -  Yang, 6, pi. 2. 
fig. 3.

7 1991 Helicolithus ichnosp . C rim es & Crossley, 47. fig. 8k. 
non 1992 Helicolithus tortiiosus (K siazkiew icz) -  Y ang & Hu. 389, 

pi. 3, fig. 5.

Diagnosis: Small, horizontal, meandering trace fossils with, hori
zontal, second order helicoidal turns. Changes of screw direction 
at every turn of first order meanders (modified after Seilacher,
1977a).

R e m a rk s : It is possib le that Paleomecmdron transversum  
S eilacher is a helicoidal trace  fossil that can be com pared 
w ith Helicolithus. H ow ever, this ichnotaxon  is know n only 
from  one d raw ing  (S eilacher, 1977a, fig. 7c) and its evalu-

ation is p roblem atic. 

Helicolithus sampeiayoi A zpeitia  M oros 1933 
Fig. 79

* 1933 Helicolithus sampeiayoi A zpeitia , n. sp. -A zpeitia  M oros, 
48, pi. 4, fig. I I ,  pi. 13, fig. 24A.

1954 Helicolithus sampeiayoi A zpeitia  -  G om ez de L larena, p i. 
45 , fig. I .

1954 Helicolithus sampeiayoi A zpeitia  -  Seilacher, fig. 2.15.
1955 Helicolithus sampeiayoi A zpeitia  -  Seilacher, fig. 5.67. 
1959 Helicolithus sampeiayoi A zpeitia  -  Seilacher, tab. 1, fig.

12.
1961 Helicolithus sampeiayoi A zpeitia  -  K siazkiew icz, 885, pi.

2, fig. 2.
1962 Pista de reptatie  de tip Belorapha -  D im in &  D im in, pi. 7, 

fig. 3 (lapsus calam i).
1967 Helicolithus sampeiayoi A zpeitia  -  M acsotay, 3 1, figs. 7,

14.
1968 Helicolithus sampeiayoi A zpeitia  — K siazkiew icz, pi. 3, 

fig. 2.
1970 Helicolithus sampeiayoi A zpeitia  — K siazkiew icz, 300, 

fig. 3i.
1975 Helicolithus sampeiayoi A zpeitia  M oros -  H antzschel, 

W 67, fig. 42.2a-c. 
v  1977 Helicolithus sampeiayoi A zpeitia  K siazkiew icz, 157, p i. 

23, fig. 4.
1977a Helicolithus sp. -  C rim es, p i. 6, fig. c.
1977b Helicolithus -  C rim es, 593, pi. 3, figs. 1-2. 

partim  1977b Paleomcandron [...] and Belorhaphe C rim es, 593, 594. 
pi. I , f ig .  I.

1978 Helicolithus -  Kern, 251, fig. 9 H .
? 1978 Helicolithus sampeiayoi A zpeitia  — R adw anski, 58, pi. 9, 

fig. 2.
1982 Helicolithus — Scholle &  Spearing, fig. 117.

? 1986 Helicolithus sampeiayoi A zpeitia  M oros - Y ang, 154, pi.

Fig. 79. Helicolithus sampeiayoi Azpeitia-Moros on sole o f  tur
biditic sandstone bed. UJ TF 226. Beloveza beds (Eocene), Lip
nica Mala. Scale in mm
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Fig. 80. Helminlhorhaphe flexuosa Uclunan on sole ofturbiditic 
sandstone bed. UJ TF 1362, Krosno beds (Oligocenc), Dźwiniacz 
Dolny-Królów stream (labelled Helminthoida crassa). Scale in 
mm . ■

2. fig. 4.
1987 Helicolithus cf. sampelayni A zpeilia A lexandrescu  & 

Brustur, 12. pi. 5, fig. 2.
? 1988 Helicolithus sampelavoi A zpeilia  M otos -  Y ang, 6, pi. 2. 

fig. 3.
1992 Helicolithus sampelavoi Leszczyński, pi. 2, fig. 2. 

Diagnosis: Helicolithus with simple, short, regular helicoidal un
dulations (modified after Seilacher, 1977a).
M aterial: 20 specimens (TF UJ 20, 22-23, 26-31, 71, 226-227, 
798, 847, 894, 920, 1131, 1856, 2595, 2686).

R e m a rk s : S tratig raphic  range: S enon ian -O ligocene (K siąż- 
kiew icz, 1977). It is d ifficu lt to  assess the m aterial described  
by Y ang (1986, 1988) from  the Perm ian flysch. It m ay  be
long to Helicolilhu.s.

Helicolithus tortuosus (K siążk iew icz  1970)

1959 U nnam ed -  Seilacher, tab. 1, fig. 13.
* v 1970 Cosmorhaphe (?) lortuosa ichnosp. n. - Książkiew icz, 

294, pi. 3c.
v 1977 Cosmorhaphe (?) lortuosa K siążkiew icz K siążkiew icz.

155. pi. 19, fig. 9.
1977a Helicolithus tortuosus (K siążkiew icz) Seilacher, 306. 

fig. 6d.
1977b Cosmorhaphe.? lortuosa K siążkiew icz -  C rim es, 601, pi.

4, fig. 3, pi. 5, figs. 1 -2. 
partim  1977b Belorhciphe [...] Prolopalcodiclyon [...] Palcodiclyon -  

C rim es, pi. I. fig. 2. 
partim  1977b Paleodictyon [...] Paleonieatidroti -  Cl imes, pi. 2, lig. 1.

1980 Helicolithus tortuosus (K siążkiew icz) -  D 'A lessandro , 
373, pi. 36. fig. 1, pi. 41. fig. 1. 

non 1992 Helicolithus loiiuosus (K siążk iew icz) Y ang &  Hu, 389,

pi. 3, fig. 5.
v 1993 Helicolithus tortuosus (K siążk iew icz) -  Tunis & U chm an, 

91, fig. 8B.
v 1996a HelicalHints tortuosus (K siążk iew icz) -  Tunis &  U chm an, 

181, fig. 9H.

Diagnosis: Helicolithus with long, sigmoidal helicoidal turns 
(modified after Seilacher, 1977a).
Material: This ichnospecies is not present in the Książkiewicz 
collection.

R e m a rk s : S tratig raphic  range: S enonian  (K siążk iew icz, 
1977) -  M iocene (D ’A lessandro , 1980).

Helminthorhaphe  S e ilacher 1977a

Diagnosis: Non-branching trace fossil o f small string diameter 
with only one order o f smooth systematic meanders o f very high 
amplitude, usually preserved as hypichnial semi-relief strings 
(modified after Seilacher, 1977a; Uchman, 1995).

R e m a rk s : T he separation  o f  H elm inthoida  and H elm intho
rhaphe (Seilacher, 1977a) w as d iscussed  by U chm an
(1995), w ho included Helminthoida  Schafhau tl w ith in  Nere- 
ites M acL eay. 

R egularity  o f  m eanders, d istance betw een m eanders, 
and lack or p resence  o f  a bulge in the cu rved  parts o f  m ean 
ders are d iagnostic  features at the ichnospecies level (S e ila 
cher, 1977a). H ow ever, these features have not been consid 
ered by several authors. B esides the ichnotaxa described  by 
Seilacher (1977a), H elminthorhaphe m ioeenica  (Sacco), re 
defined  by K siążk iew icz  (1977) as H elm inthoida , appears to 
be a useful ichnotaxon. 

H elminthorhaphe flexuosa  U chm an 1995 
Fig. 80

non 1970 HetminthoidiĄ'.') aff. molassica H e e r - K siążkiew icz, 298, 
fig. 2j.

v 1970 Helminthoida crassa -  K siążkiew icz. 296, fig. 2d-f. 
v 1977 Helminthoida crassa Schafhautl -  K siążkiew icz, 159, pi. 

21, figs. 3, 5, Lext-fig. 34b-c, f, h, k-l, m -n, q-r, m [non pi. 
21, figs. 4, 6-8, text-fig. 34d-e, g, i. o-p, s =  H. japonica. 
noil text-fig. 2 l j  = Helminthorhaphe isp.].

For synonymy see Uchman (1995).

Diagnosis: Helminthorhaphe with relatively deep, commonly ir
regular and poorly guided meanders lacking distinct bulges in the 
curved portions.
Material: 7 specimens (TF UJ 42, 99, 103,238,722, 1361-1362). 
Description: As in Książkiewicz (1977), with the following addi
tions: convex hyporeliefs consisting o f a string that follows narrow 
and high amplitude regular meanders. Bulges in the turning por
tion arc very rare and are poorly expressed.

Remarks: In con trast to S e ilach er’s (1977a) d iagnosis of.
II. crassa  (= //. flexuosa), the  m eanders o f  the d escribed  m a
terial are re la tively  tigh tly  spaced. H ow ever, d istance b e 
tw een m eanders is a variab le  feature , also  in the ho lo type  
(see also  Leszczyński & Seilacher, 1991). Thus, it is no t re 
garded as a d iagnostic  featu re  at the species level.

Helminthorhaphe japonica  (T anaka 1970)
Fig. 81

partim  1977 Helminthoida crassa Schafhautl -  K sia/kiew 'icz, 159, pi.
21, figs. 4, 6-8, text-fig. 34d-e, g. i, o-p, s [non pi. 21, figs.
3, 5, text-fig. 34b-c, f, h, k-l, m -n, q-r = H. flexuosa, non 
text-fig. 21 j = Helminthorhaphe isp.].
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Fig. 81. Hehninthnrhaphc japonica (Tanaka) oil sole o f turbidi- 
tic sandstone bed. UJ TF 104, Ciężkowice Sandstone (Eocene). 
Znaniirowice (labelled as Helminlhoida crassa tennis). Scale in 
mm

For synonymy see Uchman (1995).

Diagnosis: Meanders o f very high amplitude and densely guided, 
at least part of the meanders with rounded and often bulging turns 
(modified after Seilacher, 1977a).
M aterial: 10 specimens (TF U.l 38, 49, 103-104, 750, 828, 1244, 
1361, 1495, 1812).
Description: As in Ksiażkiewicz (1977), with the following addi
tions: convex hyporcliefs consisting of a string forming narrow 
and high regular meanders and showing characteristic bulges in the 
turning portions of meanders.

Helminthorhaphe miocenica  (Sacco  1886)

* 1X86 Helminlhoida miocenica Sacc. -  Sacco, .410 ( 16), fig. 2. 
v 1977 Helminlhoida miocenica Sacco -  K siążkiew icz, 160, pi. 

21. figs. 10-11, text-fig. 3 6 a - j .

Diagnosis: Meanders o f relatively low amplitude and widely 
guided, with rounded turns.
M aterial: 7 species (TF UJ 652. 714, 1022. 1127, 1133, 1174. 
1403).

H elminthopsis Fleer 1877

Diagnosis: Simple, unbranched, elongate, cylindrical tube with 
curves, windings, or irregular open meanders (after Wetzel & 
Bromley, 1996).

R e m a rk s : E xam ination  o f  the type m aterial o f  Helminthop
sis revealed  that the type species, Helminthopsis magna  
(Fleer, 1877, pi. 47, fig. 1-2), is in fact Taphrhelminthopsis 
Sacco [=Scolicia strozzii (Sav i &  M eneghin i) in this paper] 
(K siażk iew icz, 1977; see also  Seilacher, 1977a, p. 297; Flan 
& Pickerill, 1995). M oreover, Helminthopsis labyrinthica

Fig. 82. Helminthopsis aheli Ksi^zkiewiez on sole o f turbiditic 
sandstone bed. U.l TF 255, Inoceramian beds (Senonian-Paleo- 
cene), Lodzinka. Scale in mm

H eer (1877, pi. 47, figs. 3-4), the species-nam e bearing-type 
o f  Helminthopsis labyrinthica  Fleer in M aillard , is identical 
to Spirocosmorhaphe S eilacher ( W etzel & B rom ley, 1996). 
In o rder to retain Helminthopsis as ichnogenus, W etzel & 
B rom ley selected  one o f  specim ens from

Fleer’s collection  (no t p rev iously  illustrated) de te r
m ined as Helminthopsis hieroglyphica  as the type ichnospe- 
cies o f  Helminthopsis.

R ecent rev iew  o f  ichnospecies o f  Helminthopsis was 
p rovided by Han & P ickerill (1995) and W etzel &  B rom ley
(1996).

Helminthopsis is a eu rybath ic  facies-crossing  trace fos
sil, com m on in flysch deposits, and  p roduced  probably  by 
po lychaetes or priapu lids (K si^zk iew icz , 1977; Fillion & 
Pickerill, 1990). It occurs from  the C am brian  (C rim es, 
1987) to the R ecent (S w inbanks &  M urray, 1981; W etzel, 
1983a, b).

Helminthopsis aheli K si^zk iew icz 1977 
Fig. 82

? 1935 K riechspur - A bel, fig. 261 B. 
v partini 1977 Helminthopsix aheli n. ichnosp. -  Ksi^zkiew icz, I 17, pi.

12. fig. 5 (*), lex t-tig . 21 a-b, f  [?non text-fig. 2 lc -d  
(=lCoxmorhaphe isp .), ?non text-fig. 2 1e (-IThalassi- 
noides isp.). non text-fig. 2 1 h (also K si;\zkiewicz, 1970, p. 
299. fig. 3a (=Helnunthopsis isp.J. 

v partim  1977 Helminthopsii tenuit K siqzkiew icz -  K si^zkiew icz, 120, 
text-fig. 2 1 Cl, t-x [non pi. 12, fig. 1, text-fig. 21 p, r-s [. 

v partim  1977 Helminthopsis hieroglyphica H eer -  Ksi<izkiewicz, 119.
text-fig. 21 k-1 [non pi. 12. fig. 3 = Gordia marina, non 
text-fig. 21 m-pj.

E m e n d e d  d iag n o s is : Helminthopsis that com m only  d is
plays deep and bulged or horseshoe m eanders.

M aterial: 11 specimens (U.l TF 33, 100, 233, 252, 255, 1290, 
1302, 1321 (lcctotypc), 1615. 1631, 1661).

R e m a rk s : K si^zk iew icz (1977) designated  the specim en il
lustrated  by A bel (1935, fig, 2 6 IB ) as the lecto type o f  II.
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aheli. In the sam e year, S e ilach er (1977a) included A b e l’s 
specim en in Cosmorhaphe lobata  Seilacher. A b e l’s speci
m en is a deeply  m eandering  hyp ichnial trace  fossil. Its 
course cannot be traced a long  su ffic ien t d istance for unam 
biguous assessm ent of the trace  fossil taxonom y because the 
specim en is incom plete. In this state it is im possib le to  a s
sess w hether this is a Helminthopsis or Cosmorhaphe. N ev 
ertheless, the K siążk iew icz (1977 , pi. 12, fig. 5) lecto type o f  
IT. aheli belongs to Helminthopsis.

Han & Pickeri 11 (1995) concluded  tha t separation  o f  IT. 
aheli and //. tenuis is d ifficu lt and they  regarded them  as 
synonym s. K siążk iew icz (1977 ) also  no ted  the problem , but 
argued that the style o f  w ind ing  is d ifferen t in these ichno- 
taxa. M oreover, he used size as the d iagnostic  criterion. 
H ow ever, size alone cannot be accepted  as a taxobase (also 
Han & Pickerill, 1995). T hus, the sty le o f  w ind ing  should  be 
regarded as the only d iagnostic  feature  for these ichnotaxa. 
This prom pts an em endation  o f  the d iagnosis. Han & Pick- 
erill (1995) em ended the d iagnosis o f  H. aheli and fo rm u
lated it as: “Helminthopsis th a t is loosely  w inding  or m ean
dering. M eanders irregular and variab le  in shape, m ostly  
deep, but also shallow , w ith bell-shaped  and, or, ho rseshoe
shaped segm ents, but no stra igh t segm ents or loops. The 
axes o f  the m eanders are no t paralle l. D iam eter is variable 
and generally  constant w ith in  a single specim en .” . N ever
theless, con trary  to the d iagnosis, the co -type  o f  II. aheli d is
plays stra igh t segm ents (K siążk iew icz , 1977, pi. 12, fig. 5). 
M ost specim ens o f  //. tenuis , includ ing  the holotype, d is
play repeated, w ide, shallow  m eanders and deeper narrow  
but obtuse m eanders. O n the o ther hand, IT. aheli com m only  
d isplays relatively  deep, bu lged  (horseshoe) m eanders. In 
the light o f  this d ifferen tia tion  and neg lec ting  the size crite 
rion, som e o f  the K siążk iew icz  specim ens ascribed to //. 
tenuis and H. hieroglyphica  should  be p laced in synonym y 
w ith IT. aheli. N evertheless, these tw o ichnospecies are eli
gible for separation  and shou ld  be retained . The sam e con 
clusion is p resen ted  by W etzel & B rom ley  (1996).

W etzel &  B rom ley (1996) included IT. aheli from 
K siążk iew icz pi. 12, fig. 5 and tex t-fig . 21a in Cosmorhaphe 
helminthopsoidea  (Sacco). H ow ever, in the next pages they 
regarded the specim en from  pi. 12, fig. 5 as the co -type o f / / .  
aheli. Possible rem oval o f  these  specim ens from  Helmin
thopsis cannot be accepted . T he specim en in pi. 12, fig. 5 
d isplays no first-o rder m eanders and therefo re  cannot be in
cluded in Cosmorhaphe. M oreover, it d isp lays deep m ean
ders, w hich are not p resen t in C. helminthopsoidea  (de
scribed also in this paper). T he specim en  in text-fig . 21a is 
too short to allow  assesm en t as to  w hether it has first-order 
m eanders or not, and therefo re  it is re tained  in Helminthop-

Som e o f  the C arpath ian  specim ens ascribed  by K siąż
kiew icz to H. aheli belong  p robab ly  to  ? Cosmorhaphe isp., 
'IThalassinoides isp., and to  H elminthopsis isp. (see the syn
onym y list).

Helminthopsis tenuis K siążk iew icz 1968 
Fig. 83

*v 1968 Helminthopsis tenuis n. “sp .” -  K siążkiew icz, 7, pi. 4, fig.
I (also  Helminthopsis tenuis K siążkiew icz -  K siążk ie
w icz, 1970, 299, fig. 3b].

partim  1977 Helminthopsis tenuis K si^zkiew icz -  Ksigzkievvicz, 120, 
pi. 12, fig. 1, text-fig. 21r-s [non text-fig. 21 q, t-x (~H . 
aheli)].

E m e n d e d  d iag n o s is : Helminthopsis w ith  co -occurring  
w ide, shallow  m eanders and deeper, narrow , bu t obtuse 
m eanders.

M ateria l: 3 specimens (UJ TF 1465 (holotype), 1631, 1661).

R e m a rk s : The d ifferences betw een  H. tenuis and  H. abeli 
are explained  under rem arks for H. abeli.

“ Helminthopsis granulata"  K si^zk iew icz 1968 
Fig. 84

? 1.S50 Platyrliynclnix problemalicus -  G locker, pi. 73, fig. 2.
* 1968 Helminthopsis granulata n. “sp .” -  K siqzkiew icz. 7, 15, 

pi. 4, fig. 2, text-fig. 4 (also Ksi<izkiewicz, 1970, p. 300, 
fig. 3c, K siazkiew icz, 1977, 121, pi. 12. fig. 6).

Diagnosis: Hypichnial string at least partially covered with warts 
and ridges arranged parallel to the axis o f the trace fossil (modified 
after Ksi^zkiewicz, 1977).
M aterial: 5 specimens (UJ TF 224 (the holotype, 1373-1374, 
2574, 2578).

R e m a rk s : W etzel & B rom ley (1996) suggested  that ichno
species o f  Helminthopsis should  be based  solely  on geom e
try o f  m eanders. T herefore , they  concluded  that H. granu
lata, w hich is d is tingu ished  on the basis o f  surface charac
ter, is no t a useful ichnospecies. T hey  stressed  that the sur
face o rnam entation  strongly  depends on substrate p roperties 
and suggested  that H. granulata  m ig h t be stuffed  w ith pel
lets, and concluded  that IT. granulata  should  be ascribed  to

Fig. 83. 83. Helminthopsis tenuis Ksi^zkiewicz on sole o f  tur-
biditic sandstone bed. UJ TF 1661, Beloveza beds (Eocene), Sidz-
ina-Mala Glaza. Scale in mm
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Fig. 84. "Helminthopsis granulatu" Książkiewicz on soles o f turbiditic sandstone beds. A. UJ TF 1373 (label lost). B. UJ TF 2578a, 
Cieszyn Limestone (Beriassian), Goleszów quarry (labelled Helminthopsis aff. hiemglyphica). C. UJ TF 1374 (label lost). D. UJ TF 2574 
(label lost). Scales in mm
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other ichnospecies ot Helminthopsis or regarded as Alcvoni- 
diopsis.

Surface ornamentation o t “//. granulata” cannot be ac
cidental. Their filling is massive. Therefore, relation o f  H. 
granulata to Alcyonidiopsis is excluded. Flowever, transi
tion to smooth forms is very common. The smooth forms 
were labelled as Helminthopsis aff. hieroglyphica. Gener
ally, the pattern o f the m eandering is sim ilar to H. abe/i, but, 
the trace fossils intersect at different levels, and locally dis
play branchings. Flowever, the nature o f the branchings 
needs further study o f material which should be collected at 
the type locality. The branchings suggest some similarity to 
Thalassinoides. Thus, the ichnotaxonom ic status o f  the dis
cussed material remains uncertain. For this reason, the ich
notaxonomic name is retained, but in quotation marks.

‘77. granulata" is represented by a few specim ens from 
the Lower Cretaceous flysch o f  the Silesian Nappe.

Problem o f Helminthopsis hieroglyphica

Ksiqzkiewicz used the photograph o f Fleer’s specimen 
in the publication o f  M aillard (1887, pi. 2, fig. 4) as the type 
ot Helminthopsis hieroglyphica. The ichnogeneric and ich- 
nospecific names were already used by Maillard (pi. 1, fig. 
2) tor another Fleer specim en, which was excluded by 
Ksiazkiewicz (1977, p. 119) from II. hieroglyphica. This 
specimen is similar to the other specimens originally de
scribed by Heer (1877), under the same name, from the Eo
cene Ganei Slate in the Swiss Alps. These belong to Spiro- 
cosmorhaphe Seilacher (A. W etzel & R.G. Bromley, 1996, 
comm., and personal observations o f  the H eer’s specimens 
and specimens from H eer’s type locality by A. Wetzel & A. 
Uchman). Incomplete Spirocosmorhaphe can display fea
tures o f Helminthopsis. The Carpathian material can be eas
ily ascribed to II. tenuis and //. abeli (see their synonymy 
lists). Therefore, Helminthopsis hieroglyphica Heer in Mail- 
laid is not recommended for further use, and H eer’s material 
can be included in Spirocosmorhaphe Seilacher (cf. Wetzel 
& Bromley, 1996). Nevertheless, for retaining Helminthop
sis, Wetzel & Bromley selected one o f H eer’s specimens 
(not illustrated), determ ined by Heer as Helminthopsis hi
eroglyphica■, as the type ichnospecies o f  Helminthopsis. The 
name should be used only in the sense outlined by Wetzel & 
Bromley (1996) as in the case described below.

Helminthopsis hieroglyphica W etzel & Bromley 1996 
' Fig. 85

v partim  1977 Helminthopsis hieroglyphica (H eer) Ksk\zkievvicz, 119.
text-fig. 21 i. m -o [non pi. 12. flu. 3 = Gordin marina 
lexl-fig. 2 1 k-l = H. ahcli].

* 1996 Helminthopsis hieroglyphica isp. nov. - W etzel & B rom 
ley, 1 5, texl-figs. 5, 7.

D iagnosis: Strings 5-10 mm in diameter with irregular windings 
of low amplitude; the windings are composed of low-anglc kinks 
and straight sections giving the trace a box-shaped fold appear
ance.
M ateria l: 4 specimens (UJ TF 354, 920, 1320, 1587).

Rem arks: Wetzel & Bromley (1996) included Helminthop
sis hieroglyphica (Heer) from the Ksiazkiewicz (1977) text- 
fig. 21 k-l and pi. 12, fig. 3 in Helminthopsis hieroglyphica

Fig. 85. Helminthopsis hieroglyphica Wetzel & Bromley on sole 
of turbiditic sandstone bed. UJ TF 354, Ropianka beds 
(Senonian-Paleocene), Poręba Wielka (labelled as Helminthopsis 
sp.). Scale in mm

Wetzel & Bromley. However, the specim ens from text-fig. 
21 k-l display deep m eanders and should be included in H. 
abeli as in this paper, and the specim en from pi. 12, fig. 3 
displays crossing o f  string and should be included in Gordia 
marina Emmons (Fig. 73A).

Helminthopsis irregularis (Schafhautl 1851)

Remarks: Many erroneous opinions were expressed by dif
ferent authors concerning Helminthopsis irregularis (Schaf
hautl, 1851) (see Han & Pickerill, 1995). Irrespective o f  the 
opinions based only on the original drawing, the holotype o f 
this ichnotaxon, rediscovered in Miinchen, displays features 
o f Nereites and was described under this ichnogenus (Uch
man, 1995). Książkiewicz (1977) ascribed this ichnotaxon 
erroneously to Helminthopsis. His Carpathian material rep
resents irregular forms o f  Helminthoida, which, in turn, is 
included within Nereites irregularis (Schafhautl) (Uchman,
1995) and are placed under this nam e in this paper.

SPIRAL STRUCTURES

“Spirophycus” Hantzschel 1962

Ichnospecies reservedly included in and excluded from “Spiróphy- 
cus” Hantzschel:

partim  1955 Spirorlwphe -  Lessertiseur. pi. 74, fig. 6 [non pi. 74, fig.
4  =  Spirorhaphe).

1961 U nnam ed -  Logvinenko, fig. 8.
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Fig. 86. “Spirophycus” bicornis (Heer) on soles of turbiditic 
sandstone beds. A. UJ TF 590, Hieroglyphic beds (Eocene), 
Grzechynia (labelled as Spirophycus convolutus). B. UJ TF 1024 
(labelled as Spirophycus caprinus, part of label lost). C. UJ TF 
796, Hieroglyphic beds (Eocene), Tokarnia (labelled as Spirophy
cus caprinus). Scales in mm

\91iaSpiroplncits bicornis (H eer) -  C ham berlain, 231 pi. 32, 
tig. I.

19 7 lb  Spirophycus -  C ham berlain , fig. 6.33.
1973 Spirophycus bicornis (H eer) -  C ham berlain  & C lark, 680, 

pi. 2, fig. 1, text-fig . 5.
19 8 1 Spirophycus -  Tanaka & Sum i, pi. 4, fig. 2.
1987 Spirophycus minimus n. ichnosp. -  Plicka, 168, pi. 44, fig. 

2, text-fig. 26.
?non 1987 Spiruphycus (?) sinesis ichnosp. n. Y ang et Hu -  Y ang  el

al.. 3, pi., fig. 9.
?non 1991 Spirophycus B ruton &  Link, fig. 7e, g.

1991 Spirophycus ichnosp. -  C rim es & C rossley , 43, fig. 7c-f.
1993 Spirophycus bicornis (H eer) -  McC'ann, 49, fig. 61.

?non 1993a Spirophycus cf. bicornis (H eer) -  M ikulaś, 174, pi. 2, fig.
I.

1996 Spirophycus bicornis (H eer) -  Pacześna, 61, pi. 18, fig. 5. 
v 1997 Spirophycus bicornis (H eer) -  W etzel & U chm an, 150, 

fig. 4F.

Emended diagnosis: Horizontal strings bent at one end in a 
spiral.
Rem arks: Recently, “Spirophycus” has been regarded as a 
preservational variant o f Nereites M acLeay (A. Wetzel, 
pers. comm.). This requires further study. Aware o f  this 
problem, I tentatively retain the former ichnogeneric name, 
but in quotation marks.

“Spirophycus" bicornis (Heer 1877)
Fig. 86

? partim ? 1868 Keckia ambigua m. -  L ichw ald , l l . p l .  4, fig. 13 (non. fig. 
14).

1869 Miinstcria -  O oster, 29, pi. 8, fig. 2.
1877 Miinstcria bicornis Hr. — Heer. 165, pi. 66, figs. lb , 2. 

non 1877 Miinstcria caprina  Hr. — Heer. 163, pi. 65, fig. 1.
1885 Ccratophycus bicornis Sch im per -  Fugger & K astner, 73 

[no illustration!.
? 1885 Ccratophycus caprinus S ch im per - Fugger & K astner. 73 

[no illustra tion |.
1888 ? Miinstcria bicornis H eer -  Sacco. 166 (21), pi. 2, figs. 4, 

12.
1898 Ccratophycus Sch. -  Paul, pi. 5, fig. 1.
1900 Ccratophycus Toula, fig. 161.
1919 U nnam ed - K indelan, fig. 20. 

partim  1933 Miinstcria bicornis H e e r-A z p e it ia  M oros, 54, pi. 16, figs. 
29-30 (non pi. 17, fig. 31).

1955 Ccratophycus ■ Seilacher, fig. 5.74. 
v 1958 H ierog lif organiczny K siążkiew icz, pi. 2, fig. 2.

1959 U nnam ed -  Seilacher, tab. 2, fig. 2. 
v 1960 Ccratophycus Schim per K siążkiew icz, pi. 2, fig. 6.

1962 Ccralophycus Seilacher. tig. 1.
1967 Spirophycus cf. Spirophycus bicornis (Fleer) -  M acsotay, 

37, fig. 23.
? non 1971a Spirophycus bicornis (H eer) C ham berlain, 231 pi. 32, 

fig. 1,
non 1973 Spirophycus bicornis (H eer) — C ham berlain  & Clark, 680, 

pi. 2, fig. I , text-fig. 5. 
v 1977 Spirophycus bicornis (H eer) -  K siążkiew icz, 148, pi. 18, 

figs. 4-5, text-fig. 31a-o. 
v 1977 Spirophycus caprinus (H eer) -  K siążkiew icz, 148.p l. 18, 

figs. 6, 7, text-fig. 31 p. q, r.
1980 Spirophycus -  K ern, fig. 3C, G.
1981 Spirophycus caprinus (H eer) -C r im e s  et al.. 972, fig. I Oe.
1982 Spirophycus bicornis (H eer) -  A lexandrescu  & Brustur, 

37, pi. 2, figs. 1-2, pi. 3, fig. 3.
1987 Spirophycus bicornis (H eer) -  M icu et al., 82, pi. 1, fig. 2.
1988 Spirophycus bicornis (H eer) -  M cC ann & Pickerill, 341, 

fig. 4.11.
1988 Spirophycus qinhaicnsis ichnosp. nov. -  Yang, 10, pi. 1, 

fig. 11.
1991a Spirophycus caprinus — Leszczyński, fig. 12.

? 1993 Spirophycus cf. caprinus (H eer) -  M iller, 23, fig. 5M. 
v 1993 Spirophycus bicornis (H eer) -  Tunis & U chm an, 88, not 

figured.
1995 Spirophycus bicornis (H e e r ) -C r im e s  & M cC all, 246, fig. 

7B,
? non 1996 Spirophycus bicornis (H eer) -  Pacześna, 61, pi. 1 8 ,fig .5 . 

v 1997 Spirophycus bicornis (H eer) -  W etzel & U chm an, 150, 
fig. 4F.

D iagnosis: Thick “Spirophycus” with one or two spiral whorls. 
M ateria l: 19 specimens (TF UJ 81, 193-194, 203-205, 208, 555,
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557, 565, 570, 575, 590, 796, 932, 1024, 2004, 2046, 2715). 

R em arks: Seilacher (1967a, fig. 4) drew internal meniscate 
structure and a knobby exterior for “Spirophycus". This 
confirms the idea o f its affinity to Nereites. However, I have 
not found a specimen with internal meniscate structure, all 
o f them being structurless sem i-reliefs. The knobby exterior 
is the main feature o f  S. caprinus. This feature seems to be 
strongly influenced by preservation and therefore this ich- 
nospecies is included in Spirophycus bicornis. 

S. bicornis occurs from the Aptian (Alexandrescu & 
Brustur, 1980) to the Upper Eocene (Ksi^zkiewicz, 1977).

"Spirophycus" involutissimm  (Sacco 1888)
Fig. 87

1858 Cy/inclrites convolutus F.O. - F ischer-O oster, 58, pi. 15, 
fig. I.

? 1885 Cylimlrites convolutus F.O. Fugger & K astner. 71 [no 
illustrated],

1888 Miinsteria involutissima Sacc. -S acco , 168 (20), pi. 2, flti. 
14.

1895 Caratophycus Fuchs, pi. 6, fig, 6. 
partim  1933 Miinsteria bicornis H ecr A zpeitia M oros, 54, pi. 17, tig. 

31 [non pi. 16, figs. 29-30],
1935 Spiralgange -  A bel, fig. 262, 

partim  1955 Spirorhaphe - L essertiseur, pi. 74, fig. 6 [non pi. 74, fig.
4 = Spirorhaphe\.

1969 Spirophycus -  S im pson. 42. figs. 3-4.
1970 Spirophycus aff. involu/isximus (Sacco) -  Ksi;\zkiewicz,

305, fig . 5d.
v 1977 Spirophycus involulissimus (Sacco) -  K siqzkiew icz. 149, 

pi. 18, fig. 8, text-fig . 31s-\v. 
v 1993 Spirophycus involulissimus (Sacco) -  Tunis & Uchm an, 

88. fig . 7C.
1995 Spirophycus involulissimus (Sacco) -  C rim es & M cCall,

248. fig'. 7C.

Diagnosis: Thin “Spirophycus" with two or more whorls. 
Material: 3 specimens (UJ TF 196. 596, 2047). 

R em arks: This ichnospecies occurs in flysch deposits from 
Senonian to the Middle Eocene (Ksiqzkiewicz, 1977).

Spirorhaphe Fuchs 1895

D iagnosis: Thin, spirally coiled trace fossil, supposedly multi
floored (modified after Seilacher, 1977a).

Remarks: Ichnotaxonomy o f  Spirorhaphe Fuchs was re
vised by Seilacher (1977a), who distinguished three ichno
species: S. involute! (De Stefani), S. azteca Seilacher, and S. 
graeca Seilacher. Ksi^zkievvicz distinguished S. involute! 
(De Stefani) and S. zumayensis (Gom ez de Llarena). The 
latter ichnospecies is identical with S. minuta, which had 
been distinguished by K si^zkiewicz (1970) as a new ichno
species, and which was included later (1977) by him in S’. 
zumayensis. The trace fossil described as S. zumayensis, 
however, does not display features o f  Spirorhaphe. It is 
composed o f spirally coiled oblique ribbons, which are in
clined toward the centre o f  the spiral and which locally dis
play perpendicular striation. Seilacher (1977b, 1978) in
cluded this trace fossil in Scolicia. However, Plicka (1989) 
distinguished a new ichnogenus, Rotundusichnium, for this 
trace fossil. Features o f  Scolicia are hardly visible in the ex
amined material and the problem o f ichnogeneric affinity 
still exists. The discussed trace fossil is provisionally de-

Fig. 87. “Spirophycus" involulissimus (Sacco) on sole of turbidi- 
tic sandstone bed, covered with tests of large foraminifers. UJ TF 
179, Hieroglyphic beds (Eocene), Zawoja-Konskie. Scales in mm

scribed under Rotundusichnium  Plicka.

Spirorhaphe involuta (De Stefani 1895)
Fig. 88

* 1895 Helminthopsis involuta n. -  De Stefani, 168(16), pi. 14, 
fig. I .

1898 U nnam ed Paul, pi. 3, figs. 3-4.
1927 G efuhrte Spirale -  R ichter, pi. 2, fig. 2.
1954 Spirorhaphe involuta (D e S tefani) -  Seilacher, fig. 2.9.
1955 Spirorhaphe -  Papp, fig. 2.

partim  1955 Spirorhaphe -  Lessertiseur, pi. 74, fig. 4 [non pi. 74, fig.
6 = Spirophycus]. 

v 1960 Spirorhaphe Fuchs -  K siążkiew icz, 738, pi. 2, fig. 6.
1967b Spirorhaphe -  Seilacher, fig. 6. 

v 1970 Spirorhaphe involuta de Stefani -  K siążkiew icz, 304, fig. 
5a.

1973 Spirorhaphe concentrica toyoensis K atto -  K atto , fig. 28. 
v 1977 Spirorhaphe involuta (D e S tefani) -  K siążkiew icz, 144, 

pi. 18, figs. 1-2, text-fig. 30a-d.
1977 Spirorhaphes -  Pendón, pi. 2, figs. 1 -2 (lapsus calam i).
1978 Spirorhaphe sp. a -  F u k u d a&  H ayasaka, 16, pi. 1, fig. 12. 
1978 Spirorhaphe -  Kern, 254, fig. 6J.
1978 Spiroclesmos sp. b -  Fukuda &  H ayasaka, 17, pi. 1, fig. 11. 

? 1980 Spirorhaphe sp. -  P ickerill, fig. 2b.
1982 Spirorhaphe sp. -  Noda, pi. 7, fig. 2.

? 1987a Spirorhaphe -  Pickerill, 388, fig. 3b.
1988 Spirorhaphe involuta (D e S tefani) -  M cCann &  Pickerill, 

341, fig. 5.7.
1991 Spirorhaphe involuta (D e S tefani) -  Leszczyński & 

Seilacher, 298 (no illustrations).
1992 Spirorhaphe involuta -  L eszczyński, pi. 12, fig. 2 (also 

Leszczyński, 1993, fig. 6).
1995 Spirorhaphe involuta (D e Stefani) -  C rim es & M cCall,

249, figs. 7D -F-8A -C .

The above placed synonymy list is complementary to the syno-
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Fig. 88. Spirorhuphe involutei (De Stefani) on sole of turbiditic 
sandstone. UJ TF 552 (label lost). Scale in mm

nymy list o f Seilacher (1977a).
D iagnosis: Two-way spirals consisting of an inward spiral, a 
central loop and an outward spiral, guided between the turns of the 
inward one (after Seilacher, 1977a).
M ateria l: 5 specimens (TF UJ 210-211, 552, 1519, 1850).

R em arks: Pickerill (1980, 1987a) illustrated an Ordovician 
Spirorhaphe with identical central part as in the typical S. 
involute/, but with only a few whorls. It is reservedly in
cluded in 5. involuta.

Fig. 89. "Roiimilusichniwn" zumayensis (Goi^iez de Llarena), 
epichnial form in turbiditic mudstone. UJ TF 2656, Beloveza beds 
(Eocene), Szczawa-Gtebieniec. Scale in mm

"Rotundasiclmium" Plicka 1989

Emended diagnosis: Spirally coiled, partially overlapping 
ribbons inclined toward the center o f  spiral. The ribbons 
may be perpendicularly striated.
Remarks: Rotundusichnium  was erected by Plicka (1989) 
for Spirorhaphe zumayensis (Gom ez de Llarena). Fie prop
erly noted that this trace fossil differs o f  Spirorhaphe typi
fied by S. involuta De Stefani. Seilacher (1977b, 1978) in
cluded this trace fossil in Scolicia. Features o f  Scolicia are 
hardly visible in the exam ined material and the problem o f 
ichnogeneric affinity still exists.

“Rotundusichnium" zumayensis (Gom ez de Llarena 1946) 
Fig. 89

* 1946 Helminthoida zumayensis n. sp. — G om ez de L larena, 37,
pi. 1, fig. 12.

v 1977 Spirorhaphe zumayensis (G om ez de L larena) -  
K si^zkiew icz, 147, pi. 18, fig. 3.

1977b Scolicia -  Seilacher, fig. 6H.
1978 Scolicia zumayensis -  Seilacher, fig. 2c.
1980 Scolicia zumayensis -  F rey  &  Seilacher, fig. 15.
1986 Scolicia — Seilacher, fig. 3.6d.
1989 Rotundusichnium zumayensis -  Plicka, 74, pis. 43-44, 46, 

text-figs. 3A -C , 4 , 6-7.
1989 Rotundusichnium magnum ichnosp. n. P licka, 76, pi. 45, 

46, text-fig. 3D. 
v 1991c Spirorhaphe zumayensis L larena -  U chm an, fig. 4.1.

Diagnosis: As for the ichnogenus.
Material: 6 specimens (UJ TF 202, 212, 2656, 2660-2662).

Branched winding and m eandering traces

Belorhaphe Fuchs 1895

Ichnospecies excluded from Belorhaphe Fuchs:
non 1955 Belorhaphe kochi (L udw ig) -  M ichelau, 306, pis. 1-4 

\—Cochlichnus\.
1963 Belorhaphe fulgur sp. nov. -  V ialov, 104, fig. 2. 

non 1973 Belorhaphe protopalcodiciyum n. sp. -  Bandel, 166, pi.
37, fig. 6, pi. 38, fig. 2, text-fig . 6 \=Treptichnus\. 

non 1978 Belorhaphe sp. -  Fukuda &  H ayasaka, 18, pi. 1, fig. 6 
[=? Cochi ic hnus].

Emended diagnosis: Horizontal trace fossil with fine, an
gular zigzag second order menders, which are thicker 
around points o f curvature. Short lateral protrusions extend
ing from the curved points can occur. The first order mean
ders very wide.
Remarks: Belorhaphe is rare in Palaeozoic, in Ordovician 
(?) (Pickerill, 1980) and Silurian (Vialov, 1963), and was re
corded mainly from Cretaceous and Tertiary from Berias- 
sian (Ksi^zkiewicz, 1977) to O ligocene (Nowak, 1970).

Belorhaphe zickzack (Fleer 1877)
Figs. 90-91

* 1877 Cylinclrites zickzack Hr. -  Heer, 159. pi. 68, fig. 10.
1895 Belorhaphe Fuchs, pi. 4, fig. 4.
1900 Belorhaphe -  Toula, fig. 162.
1933 Helicolitlni.s Jcihregae A zpeitia, n. sp. -  A zpeitia M oros, 

52, pi. 3. fig. 10, pi. 10. fig. 2 1 A 
1951 Belorhaphe -  V assoevich , pi. 6, fig. 2.
1955 Belorhaphe — S eilacher, fig. 5.68.
1959 U nnam ed Seilacher, tab. 2. fig. 10. 

v  1961 Belorhaphefahregae (A zpeitia) -  Ksitizkiew icz, 885, pi.
2, fig. 5.
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I% 1 Belorhaphe pscsitapse nov. sp. G rosslieim , pi. I, fig. 2.
1962 Belorhaphe -  D im itrieva el al.. pi. 82. fig. 4.
1963 Bclorhaphc - - V ialov, fig. 3b.

v 1970 Bclorhaphc zickzack (H eer) - K siazkiew icz, 303. fig. 4g. 
v 1970 Belorhaphe fahregcte (A zpeilia) -  K siazkiew icz, 303. fig. 

4f.
1970 Belorhaphezickzack (H eer) N ow ak, 153, pi. l .f ig .  4, pi.

2. fig. 6.
1970 Bclorhaphc lahrc'^ac (A zpeitia) N ow ak, 1 58, pi. 2, fig. 

5.
1974 Belorhaphe Kern & W arm e, 898, fig. 7g. 

v 1 975 Belorhaphe -  H antzschel, 45. fig. 29.2.
1977 Belorhaphe zickzack (H eer) - K siazkiew icz, 172, pi. 24. 

fig. I . text-fig. 39a-j. 
v 1977 Belorhaphe Jahregae (A zpeitia) -  K siazkiew icz, 173, pi.

24. fig. 2. text-fig . 39 i, k. 
partim  7 1977b Belorhaphe - C rim es. 593, pi, 2. fig. 2 (?) (non pi. I . figs.

1-2, pi. 3. fig. 1).
7 1980 Belorhaphe sp. P ick e rill .f ig .5 e .

1987 Belorhaphe zickzack (H eer) A lexandrescu  & Bruslur. 
14. pi. 6. fig. 3.

?parlim  1987 Bclorhaphc zickzack (H eer) -  Plicka, 173, pi. 45, figs. 3, 
5. pi. 46. figs. 1-3. text-fig. 30.1-7. 

non? 1987 Bclorhaphc jahrceac (A zpeitia) Plicka. 173, text-fig.
30.8.

1989 Dcsntograptoii cl. geometric am - M iller, fig. 2D.
1993 Bclorhaphc zickzack (H eer) M iller, 16, fig. 5B.
1993 Belorhaphe zickzack (H eer) B rustur & Stoica, 59. pi. 2, 

fig. 6.
1994 Bclorhaphc Lobitzer cl al., 298. pi. 4. figs. 1-2.

\ 1946a Bclorhaphc zickzack (H eer) Tunis & Uchm an. 181, fig. 
9D.

v 1996b Bclorhaphc zickzack (H eer) Tunis & U chm an, 10 [not 
figured [.

D iagnosis: A s fo r ic h n o g e n u s .
M ateria l: 25 specimens (TF U.l 653, 792, 822. 1016. 1018-1019, 
1027. 1037, 1168, 1226, 1414, 1445, 1665, 1666-1668a. 1669- 
1671. 1672, 1858a, 1874. 1889, 2025a, 2560).
D escrip tion : See Ksicizkiewiez (1977) with the following addi
tions: occasionally, repetitions of the zigzag occur and two zigzags 
are arranged parallel and are joined (Fig. 90A). In some cases, the 
zigzag passes into a stretched string (Fig. 9 IB).

R em arks: Ksiazkiewicz (1977) distinguished B. zickzack 
(Heer) and Belorhaphe fahregcte (Azpeitia Moras). How
ever. these ichnospecies seem to be varieties o f  the same 
ichnospecies, controlled by depth o f  erosion and minor dif
ferences in behaviour o f the tracemaker. They are thus re
garded as synonyms and B. zickzack (Heer) has priority. Ir
regularity o f  the strings, which typifies B. fahregcte, is not 
constant in these trace fossils. It seems that the tracemaker 
made a few occasional m istakes, which resulted in the ir
regularities.

Stratigraphic range: Flysch deposits from the Beriassian 
(Ksiazkiewicz, 1977) to O ligoeene (Nowak, 1970).

Bclocosmorhaphe n. igen.

O rig in  of the  n am e: from the ichnogcncra Bclorhaphc and Cos- 
morliapltc.
Diagnosis: Hypichnial string with first- and second-order mean
ders with short lateral knobby appendages.

Remarks: This ichnogenus if monotypical, typified by 
Helminthoida aculeata Ksiazkiewicz. Its morphology does 
not conform to Helminthoida, which was separated in Nerc- 
ites and Helminthorhaphe. These trace fossils display only 
first-order meanders and display some similarities to Cos- 
morhaphe and Belorhaphe. However, the first ichnogenus is

Fig. 90. Belorhaphe zickzack (Heer) on soles of turbiditic sand
stone beds. A. UJ TF 1414, Gorzeń Górny (part of label lost). B. 
U.l TF 1670, Belovcza beds (Eocene), Lipnica Mala (labelled as 
Belorhaphe fahregcte). Scale in A in mm, scale in B in cm
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Fig. 91. Belorhaphe zickzack (Fleer) on soles of turbiditic sand
stone beds. A. UJ TF 1666, Beloveza beds (Eocene), Sidzina. B. 
UJ TF 2445, Jaworki (part of label lost). Scales in mm

smooth, w ithout any appendages, and latter ichnogenus dis
plays zigzag pattern and lacks first-order meanders. For 
these reasons, the new ichnogenus is created.

Belocosmorhaphe aculeata (Ksi^zkiewicz 1977)
Fig. 92

v* 1977 Helminlhoida aculeata n. ichnosp. -  K sia /k iew ic /. 163, 
pi. 19, fig. 8, text-fig . 36o.

D iagnosis: As for the ichnogenus.
M ateria l: 2 specimens (UJ TF 716, 1360 (holotype)).

Paleomeandron Peruzzi 1880 

Emended diagnosis: M eandering string, with small, more

Fig. 92. Belocosmorhaphc aculeata (Ksi^zkiewicz) on sole of a 
turbiditic sandstone bed. UJ TF 716, Beloveza beds (Eocene). 
Szczawa-Glebieniec stream. Scale in mm

or less regular, three-dimensional, rectangular second-order 
meanders.
Rem arks: Seilacher (1977a) distinguished P. elegans Pe
ruzzi, P. hiseriale, and P. transversum. Ksi^zkiewicz (1968, 
1970, 1977) described P. elegans Peruzzi, P. rude Peruzzi, 
and P. robustum Ksi£(_zkiewicz. Seilacher (1977a) included 
P. rude Peruzzi described by Ksi^zkiewicz (1970, fig. 3e) in 
P. elegans Peruzzi. Nevertheless, these trace fossils display 
am ple differences for their separation, which are expressed 
in their emended diagnoses.

Paleomeandron elegans Peruzzi 1880 
Fig. 93

* 1880 Paleomeandron elegans -  Peruzzi, 8, pi. 1, figs. 2, 5.
1895 Paleomeandron elegans Peruzzi -  Fuchs, pi. 5. fig. 7.

? 1967 Paleomeandron cf. Paleomeandron elegans Peruzzi -  
M acsotay, 35, fig. 6.

1968 Paleomeandron elegans Peruzzi -  Ksiftzkiewicz, 3, pi. 1, 
fig. 1 [also K siqzkiew icz, 1977, pi. 23, fig. 11.

V  1970 Paleomeandron elegans Peruzzi -  K si^zkiew icz, 301, fig. 
3d.

1970 Paleomeandron -  S im pson, pi. 10, fig. 4.
1977a Paleomeandron elegans Peruzzi -  Seilacher, 310, fig. 7a. 

v  1977 Paleomeandron elegans Peruzzi -  K si^zkiew icz, 163, pi. 
23, fig. 1.

partim  1977 Paleomeandron rude Peruzzi -  Ksi<(zkiewicz, 165, pi. 23, 
fig. 2 (non pi. 22, fig. 4 =  Paleomeandron rude). 

non? 1977b Paleomeandron -  C rim es, 594, pi. 2. figs. 1-2. pi. 3, fig. 
1.

1978 Paleomeandron sp. - Fukuda &  H ayasaka, 19, pi. I, figs.
7-8.

Emended diagnosis: Paleomeandron with second order un
dulations in one plane with sharp and regular corners. The
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Fig. 93. Paleomeanclron elegans Peiuzzi on soles of turbiditic sandstone beds. A. UJ TF 221, Szczawa (part of label lost). B. UJ TF 
1423, Osielec (part of label lost). C. UJ TF 219, Sidzina-Glaza stream (part of label lost, labelled as Paleomeandron intermedium). D. UJ 
TF 1 176, Wierzbanowa (part of label lost). Scales in mm
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Fig. 94. Acimthorhaphe delicatula Ksiazkiewicz on sole of tur- 
biditie sandstone bed. UJ TF 1745, Ropianka beds (Senonian-Pa- 
leocenc), Smrekowiec. Seale bat = 1 cm

first order meanders are deep.
Material: 8 specimens (UJ TF 138, 219-221, 787, 1176. 1423, 
2714).
Description: See description of Ksiazkiewicz (1977) ichnotaxa.

Remarks: Specimen UJ TF 219 is labelled as Paleomean
dron intermedium. This nam e was never used in the litera
ture.

Paleomeandron rude Peruzzi 1880

* 1880 Paleomeandron rude - Peruzzi, 8, pi. I, fig. 4.
v 1968 Paleomeandron rude P e ru // i  K siazkiew icz, 3, pi. 1,1'ig.

2 |a lso  K siazkiew icz, 1977: pi. 22. fig. 4]. 
v 1970 Paleomeandron rude Peruzzi — Ksi;\zkiewicz, 301. tig. 3e. 

partim  1977 Paleomeandron rude Peruzzi -  K siazkiew icz, 165, pi. 22. 
fig. 4 (non p i. 23, tig . 2 = Paleomeandron cicyans).

Emended diagnosis: Paleomeandron with second order un
dulations in one plane with irregular com ers. The first order 
meanders are relatively shallow.
Material: 2 specimens (TF UJ 25, 218).
Description: See description of Ksiazkiewicz (1977) ichnotaxa.

Paleomeandron robustum  Ksiqzkiewicz 1968

* 1968 Paleomeandron robustum n. "sp” . - K siazkiew icz, 4, pk
1. fig. 3 [also K siazkiew icz. 1977, pi. 23, fig. 3]. 

v 1970 Paleomeandron rolnis/um K siazkiew icz K siazkiew icz,
301, fig. 3f-h.

1977 Paleomeandron rohustnm K siazkiew icz -  K siazkiew icz, 
165. pi. 23, fig. 3, text-fig. 37a-c.

Emended diagnosis: Large Paleomeandron with second- 
order undulations in one plane and with irregular corners. 
The first-order meanders very wide.
Material: 8 specimens (TF UJ 228-229, 231 (holotype), 834, 
1481-1482,1807.1479).
Description: See description of the Ksiazkiewicz (1977) ichno
taxa.

Acanthorhaphe Ksiazkiewicz 1970

D iagnosis: Winding or arcuate thin strings with short appendages 
usually on the convex side (modified after Ksiazkiewicz, 1977).

Acanthorhaphe delicatula Ksiazkiewicz 1977 
Fig. 94

v 1970 Acanthorhaphe -  K siazkiew icz, 301, fig. 4b 1 -b3 . 
v * 1977 Acanthorhaphe delicatula n. ichnosp. -  170, pi. 23, figs.

8-10, text-fig. 38a-o.
1977a Acanthorhaphe pedinata  n. ichnosp. -  Seilacher, 321. fig. 

1 Ic.
non 1977b Acanthorhaphe -  C rim es, 601, pk 5, figs. 1-2.

1988 Acanthorhaphe ichnosp. -  M cC ann & Pickerill, 331, fig. 
3.1.

v 1997 Acanthorhaphe delicatula K siazkiew icz -  W etzel & Uch- 
m an, 142, figs. 3C , 4A .

D iagnosis: Hypichnial, short arcuate ridges with appendages on 
tlie convex side (modified after Ksiazkiewicz, 1977).
Material: 19 specimens (TF UJ 877, 972 (holotype), 1322-1330, 
1332-1334, 1364, 1499, 1740, 1745,2001).

Rem arks: Ksiazkiewicz (July 1977) erected A. delicatula 
on the basis o f  earlier, but unnam ed Acanthorhaphe material 
described by him (Ksiazkiewicz, 1970). On the same basis 
o f  Ksiazkiewicz specimen, Seilacher (August 1977a) distin
guished A. pectinata, which is, therefore, regarded as the 
junior synonym o f A. delicatula.

Stratigraphic range: Senonian-M iddle Eocene (Ksi^z- 
kievvicz, 1977).

Acanthorhaphe incerta Ksiazkiewicz 1970 
Fig. 95

1961 Acanthorhaphe (n.f.) -  K si;\zkiew icz, 883, pi. 1, fig. 4, 
v* 1 9 7 0  Acanthorhaphe incerta ichnosp. n. K siazkiew icz. 301. 

fig. 4a I -a4.
v 1977 Acanthorhaphe incerta K siazkiew icz -  K siazkiew icz. 

171, pi. 23, figs. 6-7.
1977a Acanthorhaphe incerta K siazkiew icz -S e ila c h e r , 320, fig. 

l ib .
? 1982 Acanthorhaphe ci. incerta K siazkiew icz — A lexandrescu 

& Brustur, 42, pk 4, fig. 2b.

D iagnosis: Winding, rarely branched strings with short side ap
pendages, mainly on the convex side (modified after 
Ksiazkiewicz, 1977, and Seilacher, 1977a).
M a te ria l: 1 slab (UJ TF 1441, the holotype) and UJ TF 1017. 
D escrip tion : Sec Ksiazkiewicz (1977) with the following addi
tions: the specimen UJ TF 1017 displays long, side appendages, 
unlike the holotype.

Rem arks: Stratigraphic range: Beriassian (Ksiazkiewicz) -  
Paleocene (Seilacher, 1977a). Brustur & Stoica (1993) re
ported Acanthorhaphe cf. incerta from Upper Eocene.

Desmograpton Fuchs 1895

D iagnosis: trace fossil preserved usually as hypichnial double 
rows of string-like U-, J-shaped, or angular semi-meanders. Their 
curved segments are inwardly oriented, in alternating position, and 
two opposite semi-meanders are joined by short bars. Orientation 
of the bars variable. Some axial elements of the system may be 
elevated or depressed (after Uchman, 1995).

Rem arks: Ichnotaxonomic problem s and revisions o f  ich- 
nospecies o f  Desmograpton have been recently discussed 
by Uchman (1995). As a result, D .fiichsi Ksiazkiewicz was
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Fig. 95. Acanthorhaphe incerta Ksi^kiewicz on sole of turbidi- 
lic sandstone bed. U.I TF 1017, Zegoeina (label lost). Atypical 
form with long appendages. Scale in mm

Fig. 96. Desmograpton dertonensis (Sacco) on sole o f turbiditic
sandstone bed. UJ TF 1452, Beloveza beds (Eocene), Sidzina-
Glaza stream. Seale in mm

partially included in D. dertonensis (Sacco) and partially in 
D. ichthyforme (M acsotay). Helminthoida alterna Ksiqzkie- 
wicz was included in Desmograpton as D. alternum (Ksi^z- 
kiewicz).

Desmograpton is interpreted as a three-dimensional 
graphoglyptid trace fossil (Seilacher, 1977a). It occurs in 
tlysch deposits from the Silurian (M cCann, 1989, 1993) to 
the Miocene (D ’Alessandro, 1980; Uchman, 1995).

Desmograpton dertonensis (Sacco 1888)
Fig. 96

* 1888 Nemertilites? dertonensis Sacc. -  Sacco, 42 , pi. 2, fig. 19. 
v 1970 Desmograpton Fuchs - Ksiqzkiew icz, 305, fig. 6a 1. 

v partim  1977 Desmograpton fuchsi n. ichnosp. -  K si^zkiew icz, 182, 
text-fig. 43g [non pi. 29. tig. 5, text-fig. 43 = Desmograp
ton ichthyforme).

Diagnosis: Desmograpton with narrow U-or J-sliaped semi-mean
ders, commonly elevated in the curved segments. The connecting 
bars are parallel or sub-parallel (Uchman, 1995).
Material: 1 specimen (UJ TF 1452).

Remarks: McCann (1989) included D. inversum in D. 
fuchsi Ksiftzkiewicz (1977), but the definition o f the ichno- 
species given by McCann (1989) is too broad (see details in 
the discussion o f the ichnogenus).

Desmograpton alternum  (Ksifvzkiewicz 1977)
Fig. 97

*v 1977 Helminthoida alterna n ichnosp. ■ Ksiqzkiew icz, 162, pi. 
20, fig. 2 text-fig. 35a-m .

1977a Desmograpton geometrician n. ichnosp. -  Seilacher, 312. 
7e, 8e.

Diagnosis: Desmograpton which displays U- or J-shaped semi
meanders of moderate width, elevated in the curved portions. The 
connecting bars are obliquely oriented to the trace-fossil axis and 
form a zigzag pattern (Uchman, 1995).
Material: 13 specimens (UJ TF 246-248, 656, 790, 806, 815-816, 
843 (holotype), 975, 1081, 1232, 1432).

Remarks: The connecting bars o f  Desmograpton geomet
rician Seilacher are looser than in the described material 
(Seilacher, 1977a), but the morphological variability o f D. 
geometrician is poorly known.

Desmograpton ichthyforme (M acsotay 1967)
Fig. 98

v parti m 1977 Desmograpton fuchsi n. isp. — K.si^zkiewicz. 182, pi. 29, 
fig. 5. text-fig. 43a-f. h-i [non text-fig. 43g = Desmograp
ton dertonensis].

Diagnosis: Desmograpton which displays angular narrow semi
meanders which appear as parallel ridges joined by short perpen
dicular bars. Axial part of trace fossil commonly elevated. 
Perpendicular bars may be not preserved.
Material: 8 specimens (TF UJ 396. 644, 898, 1119, 1350, 1433, 
1591, 2002).

Urohelminthoida Sacco 1888

Ichnospecies reservedly included in Urohelminthoida Sacco:
? 1965 H elm inthoids -  H ecker, pi. I I ,  fig. 4.

1967 Urohelminthoida cf. U. cippendiciilata (B eer) -  M acsotay, 
.38, lig. 21.

non 1986 Urohelminthoida -  Y ang et al., pi. 2, fig. 2.
? 1996 '?Urohelminthoida ichnosp. -  M ikulas & Pek, 83. pi. I,



188 A. UCHMAN

Fig. 97. Dcsmographm alternum (Ksi^kicwicz) on sole of tur- 
biditic sandstone bed. U.I TF 8 16, Belovcza beds (Eocene), Berest. 
S e a l e  in m n i

tigs. \-2.
1997 Urohclminthoida ichnosp .  

7.1-2. 6.
/ . ag o ra ,  362 ,  figs. 4 .1 -2 ,  5.5,

Diagnosis: Trace fossil preserved usually as string-sized, deep 
hypichnial meanders. Lateral appendages protrude outwardly from 
the curved segments of the meanders (after Uchman, 1995).

Remarks: Urohclminthoida is a typical graphoglyptid trace 
fossil (Seilacher, 1977a). Apart from numerous flysch oc
currences it was found in M esozoic shallow-water deposits 
(Fursich & Heinberg, 1983; Gierlowski-Kordesch & Ernst, 
1987). Modern traces o f  Urohelmhithoida were photo
graphed on the deep-sea floor (Gaillard, 1991). Fossil forms 
occur from the Jurassic (Fursich & Heinberg, 1983) to the 
Miocene (D ’Alessandro, 1980; Uchman, 1995). Question
able forms occurs from Ordovician (Zagora, 1997).

Urohelmhithoida dertonensis Sacco 1 888 
Fig. 98B

* 1S8S Urohelniinthoida dertonensisSacc. S a c co ,3 6 ,p i .2, figs. 
8, 16.

1895 Hereorhaphe Fuchs, pi. 5, fig. 3.
193 3 Urohelniinihoida dertonensis Sacco A zpeitia M oros, 6 1, 

pi. 5. fig. I5B .
v '’partirn 1960 Hereorhaphe Fuchs — K sia /k iew ic /. 735, pi. 1. figs. 3 (?)

[non pi. 1, fig. 2 = U. appendiculata). (also Urohelmin- 
thoida in Sacco, 1899, pi. I, fig. 10).

1964 Helminlhoicla aff. appendiculata H eer F anes  M alian. 
88, fig. 3h. c.

v 1970 Urohclminthoida dertonensis Sacco -  K sia /k iew ic /. 310. 
fig. 6e.

v 1970 Urohclminthoida aff. appendiculata H eer- K siqzkiewicz,

Fig. 98. Dexmograpton ichthyforme (Macsotay) on soles of tur- 
biditic sandstone beds. A. UJ TF 1350, Hangau beds, Valle de 
Largu, Romania. B. UJ TF 1591 (together with Urohclminthoida 
dertonensis (U). Ropianka beds (Senonian-Palcocene), Lipnica 
Wielka-Kiezora stream. C. UJ TF 898, Szczawnica Formation 
(Paleoecnc-Lower Eocene). Kroscienko. Scales in mm

310, fig. 6f.
v partia l 1977 Urohclminthoida appendiculata H eer -  ksitizk iew icz, 

179, pi. 26, fig. 3 (?); text - fig. 42a-c. [non pi. 26, figs. 1-2 
=  U. appendiculata\. 

v 1977 (Jrohchmnthouda dcr/onenxix Sacco K sia/k iew icz , 179, 
pi. 26, figs. 4-5, tex t-fig . 42e-w . 

v 1977 Urohclminthoida aff. dertonensis Sacco -  K siazkiew icz. 
181, text-fig. 42x-y (non pi. 26, fig. 6 =  Oscillorhaphe).

1977a Urohclminthoida dertonensis Sacco -  Seilacher, 307, fig. 
6f.

1980 Urohclminthoida dertonensis Sacco - D ' A lessandro, 375, 
pi. 42. fig. I . pi. 43. fig. 3. text-fig. 11.

? 1981 Urohclminthoida aff. appendiculata H eer -  Tanaka & 
Sum i, pi. 2, fig. I .

1982 Urohclminthoida - D 'A lessandro, lie. 1 1.
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? 1483 Urohehninthoida F iirsich & H einberg, fig. I Oa.
1989 Urohdminthoida - Pow ichrow ski, fig. 3.6.
1490 Urohehninthoida isp. -U c h m a n .p l. l . f ig .  6.
1945 Urohehninthoida appendiculata H eer -- C rim es & 

M cCall, 252. fig. 9C. 
v 1995 Urohdminthoida dcrtonensis Sacco -  U chm an, 47, pi. 13, 

figs. 6-7, pi. 14. figs. 1-4, text-fig. 20A-E. 
v 1996a Urohdminthoida dcrtonensis Sacco -- Tunis & U chm an, 

183, fig. 9K.
v 1996b Urohdminthoida dcrtonensis Sacco -  Tunis &  Uchm an. 

HI. fig. 14A.
y 1996 Urohdminthoida dcrtonensis Sacco -- M arincic et a!.. fie. 

51:.

Diagnosis: Urohehniiithoida with lateral appendages which pass 
straight into one arm of meander, blit form an angle with the 
second arm (after Uchman, 1995).
Material: 24 specimens (UJ TF 141, 144, 344, 346, 348, 351-352, 
355. 358. 702, 732, 749, 768, 823, 974, I 134, 1 150, 1172, 1486, 
1591, 1593, 1599, 1X62, 2052).

R em arks: Seilacher (1977a) indicated that one o f the char
acteristic features o f U. dcrtonensis is the wide spacing o f 
the meanders. However, the distance between meanders 
varies in the examined material from tight to widely spaced 
(ct. Uchman, 1995). Consequently, this feature is not re
garded as diagnostic. The lateral appendages which pass 
straight into one arm o f the meanders, but form an angle 
with the second arm are the most pronounced feature o f  this 
ichnotaxon. U. appendiculata Heer is characterised by lat
eral appendages, which protrude from the apical part o f  me
anders, and by very deep, slightly winding meanders (Uch
man, 1995; Tunis & Uchman, 1996b, fig. 12). These differ
ences were not consisently applied by Ksiqzkiewicz (1977) 
and Seilacher (1977a). Ksiazkiewicz (1977) applied U. ap
pendiculata to specimens having deep meanders, but show
ing characteristic U. dcrtonensis protrusions. Seilacher 
(1977a) included in the synonym y o f U. appendiculata 
specimens that display the same features. Recently, Crimes 
& McCall (1995) lumped these to ichnotaxa under U. ap
pendiculata. However, they display enough features for 
separation.

Urohehninthoida appendiculata Heer 1877

* 1X77 Urohdminthoida appendiculata Hr. - Heer, 168, pi. 66, 
fig. la.

v '.’partiill 1960 Hercorhaphe F uchs K siazkiew icz, 735, pi. 1, figs. 2 [non 
pi. I, fig. 3 = ?(./. dcrtonensis). 

v parlim  1977 Urohdminthoida appcndiculala H eer K siazkiew icz, 
179, pi. 26, figs. 1-2 [non pi. 26. fig. 3 (7): text-fig. 42a-c 
= U. dcrtonensis].

1977a Urohehninthoida appendiculata H eer -  Seilacher, 308, 
fig. 6g.

v 1993 Urohdminthoida appcndiculala H eer -  Tunis & Uchm an, 
92. figs. 7D, 8C.

v 1996a Urohdminthoida appcndiculala H eer -  Tunis & U chm an, 
183 |n o t figured], 

v 1996b Urohdminthoida appendiculata H eer Tunis & U chm an, 
10. figs. 12, 13C, I 7G. 

v 1996 Urohehninthoida appcndiculala H eer - M arincic eta!., pi. 
4. fig. 3.

E m ended  diagnosis: Urohehninthoida with very deep, nar
row meanders. The string is usually slightly winding, and 
the appendages can be long and can turn towards meanders. 
Material: 2 specimens (UJ TF 1 2 0 , 1 5 9 2 ).

Uhinia Grossheim 1961

Diagnosis: Trace fossils preserved as a hypichnial, straight or 
slightly winding, axial string with arcuate or straight simple 
branches (after Wetzel & Uchman, 1997).

Remarks: Uhinia Grossgeitn was revised by W etzel & 
Uchman (1997). It occurs in flysch or flysch-like deposits.

Uhinia alternans (Seilacher 1977a)

1967 Chondrites [...] no es tip ico  — M acsotay, pi. 5, fig. 16.
1970 Rhahdoglyphus aff. grossheunt V assoevich 

K siazkiew icz, 285, fig. lg.
1977 Rhahdoglyphus aff. spinasus n. ichnosp. -  K siazkiew icz, 

66, pi. 3, fig. 13 [redraw n by S tanley  & Pickerill, 1993, 
fig. 5.11.

v non 1977 Rhahdoglyphus spinosus n. ichnosp. -  K siazkiew icz, 66, 
text-fig. 6b, pi. 3, figs. 7-8 (=Hormosiroidea anmilata 
(V ialov)).

* 1977a Dendrotichnium alternans n. ichnosp. -  Seilacher, 308, 
fig. 6h.

? 1981 Dendrotichnium hantzschdi F anes  — C rim es ct al., 968 
[not figured],

? 1992 Dendrotichnium haentzschali (Farres) -  K im  et a l, 319, 
pi. 2, llg. 2.

1994a Dendrotichnium hantzschdi (F arres) -- Han & Pickerill, 
229, fig. 4F.

? 1996 l)en(h'ntit:lmiuni T \v ilch e tt&  W ignall, 142.
v 1997 Uhinia alternans (Seilacher) -  W etzel & U chm an, 152, 

figs. 3C-D .

Diagnosis: Uhinia with zigzag-shaped axial part; branches alter
nate on either side along the length of the central axis (after Wetzel 
& Uchman, 1997).
Material: 1 specimen in J. Burtan’s collection.

Remarks: Rhahdoglyphus aff. spinosu (Ksiazkiewicz,
1977) displays features o f  Uhinia alternans. The same mor
phology o f this ichnospecies was observed by Wetzel & 
Uchman (1997). The material corresponds very well with 
the type material from the Upper Cretaceous flysch o f  N 
Spain (photographs kindly provided by A. Seilacher).

Stratigraphic range: Devonian (Han & Pickerill, 1994a) 
-  Paleocene (M acsotay, 1967; Crim es et at., 1981).

Oscillorhaphe Seilacher 1977a

Diagnosis: Hypichnial strings arranged in high amplitude mean
ders, whose sharp turning points are marked by a distinct cross bar 
(modified after Seilacher, 1977a).

Oscillorhaphe vanezoelana Seilacher 1977a 
Fig. 99

* 1977a Oscillorhaphe venezodana n. ichnosp. -  Seilacher, 313, 
fig. 8d.

v 1977 Urohehninthoida aff. derloncnsis Sacco -  K siazkiew icz, 
181, pi. 26, llg. 6 [non text-fig . 42x-y  = U. dcrtonensis]. 

v 1996a Oscillorhaphe venezodana Seilacher -  Tunis & Uchm an, 
183. fig. 9F.

Diagnosis: As for the ichnogenus.
Material: 1 specimen (UJ TF 144).
Description: As in the diagnosis, with the following remarks: the 
meanders are at least 40 mm deep. The string is 1.2 mm wide.

R em arks: This is a very rare ichnotaxon, which occurs in 
Paleocene-Eocene flysch deposits.
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Fig. 99. Oscillorliaphe vcnczoelana Seilacher on sole of turbidi- 
tic sandstone bed. UJ TF 144. Ciężkowice Sandstone (Eocene), 
Znamirowicc. Scale in mm

Protopaleodictyon Ksiqzkiewicz 1958

Ichnotaxa included in Protopaleodictyon Ksi^zkiewicz:
1867 Palaeophycus spinatus G ein ilz  -  G einitz, 16, pi. 6, fig. 4. 

Trugdoldig  v erzw eig le  Fahrle - R ichter, 199, pi. 1, fig. 5. 
W urm spuren -  H undt, 26, fig. 3.
Protopalaeodictyon -  Ksiqzkiew icz, pi. 2, fig. I (nom en 
nudum ).
Protopalaeodictyon (n. f.) K siazk iew ic /, 737, pi. I, fig.
5 (noinen nudum ).
Spinorhaphe spina/a (G ein itz) -  Pfeiffer, 682, pi. 6, fig. 4. 
Spinorhaphe rubra n. sp. -  P feiffer, 682, pi. 6, figs. 5-6. 
Protopaleodictyon incompositum ichnogen. nov. -  K su|z- 
kiew icz, 303, figs. 4 e l-4 e 2  [non fig. 4e3] (fig. 4 e l-3  
reproduced in H antzschel, 1975, fig. 60.1b). 
Protopaleodictyon incompositum K sia /k iew icz  -  Ksiaz- 
kiexvicz, 174, pi. 24, figs. 3-4, text-fig. 40a-h, j-q  [non 
text-fig. 40i -  Megagrapton submontammi]. 
Protopaleodictyon incompositum K siazkicw icz Crim es
6  Crossley, 51, fig. lOg-i.
Protopaleodictyon incompositum Ksiazkievvicz Ma- 
rincic et at., fig. 5B.

1927 
'? 1931 

1958

1960

1968 
1968 

partim  1970

v* partim  1977

1991

v 1996

Ichnotaxa reservedly included in or exluded from Protopaleodic
tyon Ksi^zkiewicz:

non 1977b Protopaleodictvon -  C rim es, 593, pi. 1. fig. 2, pi. 4, figs.
2-3. pi. 5, fig. 2.

non 1986 Protopaleodictyon incompositum K siazkicw icz YangcV 
a i,  225, pi. 2, fig. 3 \=Phycosiphon incertum). 

non 1985 Protopaleodictyon cf. incompositum K siazkicw icz -  
C rim es & A nderson, 3 3 1, fig. 6.18.

? 1980 Proiopaleodictvon Pickcri 11, 1270, fig. 4b  { i—Puleodic- 
tyon isp.J.

? 1981 Protopaleodictyon sp. -  Pickerill, 50, fig. 5a.
? 1983.1 ?Protopaleodictyon - W etzel, 291, fig. 2.6. 

non 1985 Protopaleodictyon cf. submontammi (A zpeitia) -  C rim es 
& A nderson, 331, fig. 6.19.

?non 1985 Protopaleodictyon K siazkicw icz -  Eager et a i,  143, pi.

?non 1987a Protopaleodictyon -  P ickerill, 388. fig. 5f. Pickerill, 341, 
fig. 4.8.

?non 1988 Protopaleodictyon incompositum K siqzkiew icz 
M cC ann & Pickerill, 341, fig. 4.8. 

non 1959 Prntopalaeodictyiini N ow ak, pi. 5, fig. a, pi. 6, fig. b 
(lapsus calam i) | —Paleodictyon isp.]. 

non 1993 Protopaleodictyon cf. incompositum K siazkiew 'icz -  
M cCann, 49, fig. 6G. 

non 1993 Protopaleodictyon suhmontanum (A zpeitia  M oros) -  
M cCann, 49, fig. 6H. 

non 1994 Protopaleodictyon ? sp. -  L offier & G eyer, 506, fig. 5a. 
v non 1997 Protopaleodictyon submontammi (A zpeitia  M oros) -  

W etzel & U chm an, 150, fig. 5E  [=Megagrapfon submon- 
tanum\.

Diagnosis: Hypichnial, wide first-order meanders and more or less 
regular second-order meanders with one or two appendages usu
ally branching from the apex of the second-order meanders (modi
fied after Ksi^zkiewicz, 1977, and Seilacher, 1977a).

Remarks: Ksi^zkiewicz (1977) distinguished P. incomposi
tum Ksic(zkiewicz, P. minutum Ksi^zkiewicz, and P. sub- 
montanum (Azpeitia Moros). However, only the first ichno- 
species displays features o f  Protopaleodictyon as expressed 
in the diagnosis. The last two ichnospecies are rather more 
irregular hypichnial nets than meanders with appendages. 
For this reason they are excluded from Protopaleodictyon 
and included in Megagrapton Ksiqzkiewicz, which is re-de- 
ftned as an irregular hypichnial net in this paper. Kern 
(1980, tab. 1) informally included Protopaledictyon sub- 
montanum in Megagrapton.

Probably, only four ichnospecies o f  Protopaleodictyon 
can be distinguished: P. incompositum Ksiqzkiewicz, P. mi
nutum Ksicjzkiewicz, P. hicaudatum  Seilacher, and P. spi- 
nata (Geinitz). They are distinguished on the basis o f  shape 
o f  the second-order meanders and number o f  appendages.

Protopaleodictyon occurs alm ost exclusively in flysch 
deposits. Only Gierlowski-Kordesch & Ernst(1987) noted 
its occurrence in the Cretaceous shallow-water deposits o f 
East Africa.

6D.

Protopaleodictyon incompositum Książkiewicz 1958 
Fie. 100

v 1958 fig. I (nomen

1959
1960

1970

1971
1975

Protopalaeodictyon -  Ksiazkievvicz, pi. 
nudum).
unnamed — Seilacher, tab. 1, fig. 11.
Protopalaeodictyon (n. f.) — Ksiazkievvicz, 737, pi. 1, fig.
5 (nomen nudum).

*v partim 1970 Protopaleodictyon incompositum ichnogen. nov. -  Ksiqz- 
kiewicz, 303, figs. 4el~4e2 [non fig. 4e3] [fig. 4el-3 
reproduced in Hantzschel, 1975, fig. 60. lbj. 
Anapaleodictyon irregulare n. sp. -  Tanaka, 53, pi. 10, fig. 
1 [alsoNoda, 1982, pi. 5, fig. 1].
Protopaleodictyon sp. -  Tanaka, 16, pi. 9, figs. 1 -4. 
Protopaleodictyon incompositum -  Hantzschel, W97, fig. 
60.1a.
Protopaleodictyon incompositum Ksiazkievvicz -  FCsiqz- 
kievvicz, 174, pi. 24, figs. 3-4, text-fig. 40a-h, j-q [non 
text-fig. 40i = Megagrapton suhmontanum].

1977a Protopaleodictyon incompositum Ksi^zkiewicz — Seila
cher, 305, fig. 6b.
Protopaleodictyon incompositum Ksiazkievvicz -  D’ Ales
sandro, 537, pi. 43, fig. 3, text-fig. 13.
Protopaleodictyon incompositum Ksiazkievvicz -  Yang, 
157, pi. 4, fig. 6.
Protopaleodictyon incompositum Ksiazkievvicz- Yang, 9, 
pi. I, figs. 9-10.

v* partim 1977

1982

non 1986

non 1988
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non 199! Pmiu/hileoc/iciytnt incunipoyi/inn K siazk iew ic / — C rim es
& C rossley, 51, fig. ]()g-i \=Prolopaleadiclvon spinata]. 

v non 1993 Proiopaleodiciyon incampositwn Ksiqzkieivicz T u n is&  
L ehm an, 92. fig. 8IT \=Mc^ugrai>ton suhniontanuni\.

? 1994a PrtiUtpaleodiclyon iiiconipositinn Ksi^zkievviez Han & 
Pickeri 11, 237, fig. 7F.

1996a Pmiopaleodictytm incompositum K si^zkiew icz -T unis & 
U chm an, 183, fig. 7D. 

v 1996a Protopahodii tyon incompositum K si^zkievvicz—Tunis & 
Uchm an. I I , fig. 13L:. 

v 1996 Pi-ouipuleoiliclyoii incompositum K si;\zkiew icz -- Ma- 
rilieic cl a/.. fig. 5B.

Emended diagnosis: Protopaleodictyon with sinuous sec- 
ond-order meanders and one appendage per undulation. 
Material: 1 5 specimens (U.I TF I 30, 336-338, 342-343, 395. 709. 
723. 763, 900. 955. 1484 (holotype), 1554. 2501).

Rem arks: P. incompositum occurs reservedly since De
vonian (Han & Pickerill, 1994a). and certainly from the Al-
bian (Ksiazkiewicz, 1977) to the Miocene (D ’Alessandro, 
1982) in marine turbidites.

Protopaleodictyon minatum  Ksi^zkiew'icz 1977 
Fig. 101

v * 1977 Protopaleodictyon mitniluin n. ichnosp. ~ K siazkiew icz. 
177, pi. 24. fig" 5.

Diagnosis: Proiopaleodiciyon with fine sinuous meanders and 
short appendages or small tubercles on the apices.
Material: 2 specimens (U.I TF 121 (holotype), 334).

Remarks: Short appendages and distinctly smaller m ean
ders are the main diagnostic feature o f this ichnospecies. 
The appendages and tubercles are probably casts o f  oblique 
to vertical shafts, which connected the meandering burrow 
system to the sea-floor. The shafts were much more inclined 
than in the other ichnospecies o f Protopaleodictyon.

Protopaleodictyon spinata (Geinitz 1867)
Fig. 102

* 1867 Palacophycus spinatus Geinitz Geinitz, 16, pi. 6, fig. 4.
1927 Trugdoldig verzweigte Fahrte.Richter, 199, pi. 1, fig. 5.

? 1931 Wurmspuren Hundt, 26, fig. 3.
1968 Spinorhaphcspina!a (Geinitz) PfeiHer, 682, pi. 6, fig. 4. 

?partim 1968 Spinorhaphc. ruhra n. sp. Pfeiffer, 682, pi. 6, figs. 5-6).
1982 Protopaleodictyon sp. Pickerill el ctl., 28. fig. 2c.
1982b Protopaleodictyon spinata (Geinitz) - Benton, 121, fig. 

6s.
1991 Protopaleodictyon incompositum Ksiazkiewicz Crimes 

Si Crossley. 51. fig. lOg-i.

Emended diagnosis: Protopaleodictyon with zigzag
shaped second-order meanders and one appendage per un
dulation.
Material: This ichnotaxon is not present in the Ksiazkiewicz 
collection.

Rem arks: Benton ( 1982b) properly included trace fossils o f  
this type in Protopaleodictyon. P. spinata differs from P. in- 
cotnpusitnm by its zigzag-shaped guidance o f  second-order 
meanders. It has been followed only over short distances 
and it is not clear if it displays the first-order meanders, 
which are common in P. incompositum.

P. spinata occurs in deep water-deposits, mainly tur
bidites. from Cambrian (Pickerill etcil., 1982) to Lower Car
boniferous (Geinitz. 1867).

Fig. 100. Protopaleodictyon incompositum Książkiewicz on soles 
of turbiditic sandstone beds. A. UJ TF 709, Variegated Shale 
(Paleocene-Lowcr Eocene), Stara Wieś. B. UJ TF 342, Hiero
glyphic beds (Eocenc), Jordanów-Przykrzyc. Scale in mm

Fig. 101. Protopaleodictyon minatum Książkiewicz on sole of
turbiditic sandstone bed. U.I TF 121, holotype. Magura Sandstone
(Eocene), Marcówka near Sucha Beskidzka. Scale in mm
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Fig. 102. Protopaleodictyon spinuta (Geinitz). A. Redrawn from 
Geinitz (1867), pi, 6, fig. 4 (labelled as Palaeopliycus spinatus), 
Tcntaculitenschiefcr. Zederahiigel near Sehleiz, Germany. B. Re
drawn from Richer (1927), pi. 1, fig. 5 (labelled as “Trugdoldig 
vcrzweigte Fahrte” ). Upper Devonian quartzit, Saalfield, Thur
ingia, Germany. C. Redrawn from Pfeiffer (1968), pi. 6, fig. 4 
(labelled as Spinorhaphe spiuata), neotype, Kulm (Lower Carbon
iferous), Koselstein, Germany. D. Redrawn from Pfeiffer (1968), 
pi. 6, fig. 6 (labelled as Spinorhaphe rubra), Kulm (Lower Carbon
iferous), Koselstein, Germany

Protopaleodictyon hicaudatum  Seilacher 1977a

* 1977a Protopaleodictyon hicaudatum  n. ichnosp. -  Seilacher 
313, figs. 7h, 8b.

?non 1981 Protopaleodictyon hicaudatum  S eilacher C rim es, 974, 
pi. 4, fig. 4.

?non 1993b Protopaleodictyon hicaudatum  S eilacher -  Li, pi. 1, fig.
3.

Diagnosis: Protopaleadicty’on with two appendages per undula
tion (modified after Seilacher, 1977a).

R em arks: This ichnotaxon is not preset in the Ksi^zkiewicz 
or the studied com plem entary collections. P. hicaudatum is 
so far known only from the Eocene flysch deposits o f 
W ienwerwald and o f Pyrenees.

?non 1969

non 1977
?non 1977

?non 1986
non 1981

9 1982a
non 1986

non 1986

non 1987

non 1988

O 1989
?non 1992

9 1992
non 1994
non 1995

non 1996
?non 1997
non 1997

Megagrapton Ksi^zkiewicz 1968

Ichnospecies reservedly included in or excluded from Megagrap
ton Ksi^zkiewicz:

( ? )  Megagrapton -  R o b e r t s ,  2 3 1 .  pi. 1, fig. 3 (? pi.  1, fig. 
2 ).
Megagrapton - S tan l ey  el al., fig. 18.
Megagrapton regulare ic h n o sp .  nov .  -  G h a r e  &  B adve ,  
2 10 ,  pi. 7, fig. 2 ( = ? p h y s i c a l  s tructure] ,
Megagrapton sp. -  Y an g ,  2 26 ,  pi. 2 ,  fig. 4.
Megagrapton irregulare K ^ ia / .k ie w icz  -  C r im e s  et al., 
9 74 ,  pi. 4, fig. 2 [= la rg e  fo ram in ife r ] .

agrapton isp. -  B e n to n ,  78, fig. 8c.
Megagrapton irregulare K s i a / k i e w i c z  -  G h a r e  &  Kul-  
karn i ,  48 ,  p| .  2, fig. 1, pi. 8, fig. 1.
Megagrapton irregulare K s i a /k i e w ic v  — G h a r e  &  K ul-  
karn i .  fig. 2b.
Megagrapton lenue K s i a / k l e w i c z  - P licka , 179, text -f ig . 
3 3 4 - 4 .
Megagrapton irregulare K s i u / k i e w i c /  - P ick e r i l l  &  Har -  
lancl, 125, fig. 6c  \=Pseudopalcodictyon Inirlungi ( G e 
initz)].
Megagrapton aequale S e i l a c h e r  M ill er ,  fig. 2o. 
Megagrapton irregulare K s i a / k i e w i c /  -  K im  el al., 32(1, 
fig.'  3.2.
Megagrapton aequale  S e i l a c h e r  -  K im  et al.. 320 ,  fig. 3.3. 
Megagrapton isp. - G o n g ,  4 8 9 .  pi. 6. fig. I .
Megagrapton irregulare K s i i \ z k i e w i c z -  G a m e z  V in ta n e d
&  M a y o ra l ,  225 , pi. 1. fig. 3.
Megagrapton isp. -  Bi e t al. , 722 , pi. 3, fig. 5.
? Megagrapton i chnosp .  • Z a g o ra ,  362 , fig. 6.3. 
Megagrapton'? sp. Z h o u ,  156, fig. 4.

Emended diagnosis: Trace fossils com monly preserved as 
hypichnial irregular nets.

Rem arks: Ksiqzkiewicz (1977), as well as Seilacher 
(1977a) defined Megagrapton as curved or meandering 
trace fossil bearing lateral appendages, which tend to form 
irregular nets. However, their definitions do not conform 
with the appearance o f  the trace fossils illustrated by these 
authors. In fact, they are hypichnial irregular nets and the 
supposed meanders are apparent. It is possible to imagine 
some meanders in partially eroded forms, where only some 
parts o f the net are preserved; however, in more complete 
specimens they pass in distinct irregular nets. Moreover, 
some specimens ascribed by Ksicizkiewicz to Protopaleo
dictyon, particularly the specim ens determined as P. stth- 
montanum (Azpeitia) (Fig. 105), are also hypichnial irregu
lar nets and can be included in Megagrapton.

Mikulas (1992a) distinguished Neodictyon houckei ich
nosp. nov. from the Silurian deposits o f Bohemia. This ich
notaxon differs from Megagrapton only by granular struc
ture o f the strings. The structure can result from preserva- 
tional conditions. In this case Neodictyon would be the ju n 
ior objective synonym o f Megagrapton, but the problem 
should be studied more closely. Therefore, Megagrapton 
and Neodictyon are retained as separate ichnogenera.

Several authors reported Megagrapton from the Palaeo
zoic. However, these determ ination seems to be problem 
atic. Benton (1982b) and Stepanek & Geyer (1989) regarded 
Palaeopliycus hartungi Geinitz from Kulm o f Thuringia 
(Geinitz, 1867, 16, pi. 8, fig. 3) (Fig. 103) as Megagrapton. 
Pfeiffer (1968, p. 674) erected Pseudopaleodictvon hartungi 
on the base o f  G einitz’s specimen. In the same year, Or-
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Fig. 103. Pseudopaleodictyon Itarlungi (Gcinitz) redrawn from 
Geinitz (1867), pi. 8, fig. 3. Lobenstein, Germany

lowski (1968) erected Muhina magna for a Cambrian trace 
fossil o f the same morphology. On the other hand, Han- 
fzschel (1975, p. W97) reservedly included Pseudopa- 
Icoclictyon in Protopaleodictyon Ksiazkiewicz. Pemberton 
& Frey (1982, p. 851) also included Ps. hartungi in Pro
topaleodictyon. Nevertheless, G einitz 's and several other 
Palaeozoic specimens display well expressed overcrossings 
o f strings, also at different levels, in very irregular polygons. 
This feature is extremely rare or absent in the Caenozoic

Fig. 104. Megagrapton irregularc Ksiazkiewicz on sole o f tur-
biditic sandstone bed. U.I TF 1137, Beloveza beds (Eocene), Zubr-
zyca Gorna-Ochlipow. Scale bar = 1 cm

specimens. Hence, differences between Pseudopaleodic
tyon (or Multina) and Protopaleodictyon are obvious and 
these two ichnogenera should be treated separately. Ichno- 
genus Pseudopaleodictyon (or Multina) seems to be useful 
for the Palaeozoic material with com mon overcrossings o f 
the string. Protopaleodictyon submontanum  described by 
Crimes & Crossley (1991) from Silurian o f  Wales may be 
also included in Pseudopaleodictyon. Similarity o f  related 
Cambrian ichnogenus Olenichmts Fedonkin (? jun ior syno
nym of Pseudopaleodictyon) to Megagrapton was discussed 
by Jensen (1997).

Hiintzschel (1975, p. W97) reservedly included Unari- 
tes suleki M acsotay (1967) in Protopaleodictyon. However 
this ichnotaxon displays polygons bordered by winding 
strings, which are typical o f  Megagrapton submontanum 
(formerly Protopaleodictyon submontanum), and therefore 
it is included in this ichnospecies.

Megagrapton irregularc Ksiazkiewicz 1968 
Fig. 104

v 1961 Megagrapton (n. f.) - K siazkiew icz, 882. pi. 1, figs. 1-2 
(nom en nudum ) [fig. I reproduced in H antzschel, 1975, 
60.3a |.

v* 1968 /Megagrapton irregular? n. "sp ,"  - K si;\zkiew icz, 5. text- 
fig. 3.

v 1968 Megagrapton teiuie n. " sp ."  -  K siazkiew icz, 5, pi. 3, fig.

1969 "irregular Paleodiclyon" S im pson, pi. 43. fig. I.
v 1970 Megagrapton irregularc K siazkiew icz -  K sia/k iew icz. 

305', fig. 6b.
v 1970 Megagrapton tenue K siazkiew icz - K siazkiew icz, 305. 

fig. 6c.
1971 Megagrapton sp. -  Tanaka, 9, pi. 5, fig. 1.
1972 Irredictyon chaos sp. n. -  V ialov. 79, pi. 3. fig. 1. pi. 4, 

figs. 1-2.
v p a rtim  1977 Protopaleodictyon suhmontanum (A zpeitia) -  K siazk ie

w icz. 177. pi. 25, fig. 3, text-fig . 41a, o [non pi. 25, figs.
I -2 ,4 -5 . text-fig. 4 lb -n . p = Megagrapton suhmontanum}. 

v p a rtim  1977 Megagrapton irregularc K siazkiew icz -  K siazkiew icz.
185, pi. 25, figs. 6-8, text-fig. 44h-g  [non text-fig. 44a = 
Thu/assinoidcs isp. |. 

v non 1977 Megagrapton aff. irregulare K siazkiew icz -  Ksiiizkie- 
w icz, pi. 25, fig. 9 \=Tlwlassinoides isp.J.

v 1977 Megagrapton tenue K siazk ie w icz-K sia zk iew icz , 185, pi. 
25, fig. 10.

non 1977a Megagrapton irregularc K siazkiew icz - Seilacher, 321, 
(ig. 1 la , cl {^Megagrapton suhmontanum}.

1977a Paleodiclyon - C rim es, pi. 4, fig. c.
non 1977 Megagrapton irregulare K siazk iew icz-C h am b erla in , 14, 

ligs. 2 d ', 3H; 41’ [-Pseudopaleodictyon hartungi (G e
initz].

1980 Megagrapton - Kern, fig, 3C (no description).
1982 Megagrapton irregulare K siazkiew icz -  D 'A lessandro, 

537, text-fig. 14.
? 1986 Megagrapton irregulare K siazk iew icz--Y ang , 155. pi. 3, 

fig. 3.
1986 Megagrapton irregularc K siazkiew icz -  M iller, fie. 2c.
19,87 Megagrapton irregulare K siazkiew icz - Plicka, 179, text- 

fig. 33.5.
? 1988 Megagrapton irregulare K siazkiew icz - Y ang, 7, pi. 2, 

fig. 5.
1989 Megagrapton ■■ Pow ichrow ski. fig. 3.2. 

partim  1989 Megagrapton angulare 1 1 . ichnosp. -  S tepanek & G eyer, 
22, pi. 3, figs, 19, 21-24, text-fig. 6a-e, g [non. fig. 20, 
te x t-f i LT. 61 = Megagrapton suhmontanum].

? 1991 Megagrapton irregulare K siazkiew icz — Crim es & 
C rossley, 52. fig. 1 la-e.

1991 Megagrapton tenue K siazkiew icz -  C rim es & C rossley, 
52, fig. I lf .
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? 1991 a Megagrapton irregulare K siążk iew ic z - Leszczyński, fig. 
1.3 (also L eszczyński, 1993, fig. 7). 

noil 1991 Megagrapton irregulare K siążkiew icz -  Leszczyński & 
Seilacher, 299, figs. 2, 7-8 \=Megagrapton suhmon- 
tanum],

partim  1992 Megagrapton irregulare -  Leszczyński, pi. 7. fig. 1 (non 
pi. 2, fig. 2 = Megagrapton suhiiionlantim].

7 1992c Megagrapton irregulare K siążkiew icz M ikulaś, 393, 
text-fig. 3.

v  1993 Megagrapton isp. Tunis & U chm an, 93 [not figured],
7 1993b Megagrapton irregulare K siążkiew icz -  Li, pi. 1. fig. 5. 

non 1995 Megagrapton irregulare K siążkiew icz -  G am ez V intaned
& M ayoral, 225, pi. 1. fig. 3. 

v 1996a Megagrapton irregulare K siążkiew icz -  Tunis & Ucli- 
m an, 183. fig. 7F-G.

1996 Palaeoehonla Isuhmontana A zpeitia -  T w itche tt &  Wig- 
nail. 142, fig. 3b.

? 1997 ProtopalcoiHetyon ichnosp. Zagora. 362, tigs. 6.4, 7.7.

Em ended diagnosis: Megagrapton with meshes bordered 
by only slightly winding strings, which com monly branch at 
approximately right angle.
Material: 9 specimens (U.I TF 80, 387, 391, 809 (holotype), 985, 
1137,1343,1345,2053).

R em arks: M. irregulare occurs reservedly from Silurian 
(Crimes & Crossley, 1991) to M iocene (D ‘Alessandro,
1982) in deep-water, mainly flysh deposits. Li (1993b) illus
trated not fully convincing M. irregulare from the O rdovi
cian o f China.

Megagrapton submontamtm  (Azpeitia Moros 1933)
Fig. 105

1877 Cylindrites vermicularis Hr. - H eer, 115. pi. 45, figs.
12-13 (nom en oblitum ).

1877 Cylindrites montanus Hr. H eer. 159, pi. 68, fig. II 
(nom en oblitum ).

* 1933 Cylindrites suhmonlanus n. sp. -  A zpeitia M oros, 44 , fig. 
21 b.

? 1939 Paleodictyon tenue sp. n o w ...K oriba &  M iki, 61, pi. 5,
fig. 4.

1959 unnam ed Seilacher. tab. I, fig. 19. 
v 1961 Palacochorda submontana (A zpeitia) K siążkiew icz, 

8 8 3 .p l. 1, fig. 3.
1967 Unaritcs suleki sp. n. M acsotay , 38, figs. 21. 29, 36. 

v 1970 Palacochorda submontana (A zpeitia) K siążkiew icz,
302. fig. 4d.

v partim  1970 Protopaleodictyon incompositum ichnogen. now  -  K siąż
k iew icz, 303, fig. 4e3 [non fig. 4 e l , 4e2). 

v ?partim  1970 Palacophycus -  K siążkiew icz, 303. fig. 4c 1 (?non fig. 
4c2).

1971 reticulate trail -  T anaka, 20, pi. 7, figs. 3-4. 
v partim  1977 Protopaleodictyon incompositum K siążkiew icz K siąż

k iew icz, 174, text-fig . 40i [non pi. 24, figs. 3-4, text-fig. 
40a-h, j-q  — Protopaleodictyon incompositum\. 

v partim  1977 Protopaleodictyon submontamtm (A zpeitia) K siążk ie
w icz. 177. pi. 25, figs. 1-2, 4-5 , text-fig. 41b-n, p [non pi.
25, fig. 3, tex t-fig . 41a, о — Megagrapton irregulare].

1977a Megagrapton irregulare K siążkiew icz — Seilacher, 321, 
fig. 1 la . d.

1978 Palacochorda submontana (A zpeitia) -  Radw ański, 57. 
pi. 4. fig. 1.

1978 Prot opaleodicty чт К  s i ążk i e w  i с z -  К  ern , 25 3, fi g . 9 F .
1988 Helminthoidae -  Leshukh, pi. 1, figs. g-e.
1988 Protopaleodictyon submontamtm (A zpeitia  M oros) -  

M cC ann &  P ickerill, 341, fig. 4.9.
? partim  1989 Megagrapton angulare n. ichnosp. -  S tepanek &  G eyer, 

22. pi. 3, fig. 20, text-fig . 6 f  [non pi. 3, figs. 19, 21-24, 
text-fig. 6a-e, g =  Megagrapton irregulare].

1991 Megagrapton irregulare K siążk iew icz -  Leszczyński & 
Seilacher, 299, fitis. 2, 7-8.

non 1991 Protopaleodictyon submontamtm (Azpeitia Moros) - 
Crimes & Crossley, 51, fig. lOj-k [=Pseudopaleodictyon 
isp-1-

1992 Megagrapton irregulare -  Leszczyhski, pi. 2, fig. 2. 
v 1993 Protopaleodictyon incompositum Ksiqzkiewicz-  Tunis & 

Uchman, 92, fig. 8F. 
v 1993 Protopaleodictyon submontanum (Azpeitia Moros) -  

Tunis & Uchman, 92 [not figured].
?non 1993 Protopaleodictyon submontanum (Azpeitia Moros) - 

McCann, 49, fig. 6H [indicates as Protopaleodictyon in

Fig. 105. Megagrapton submontanum (Azpeitia Moros) on soles 
of turbiditic sandstone beds. A. UJ TF 1190, Hieroglyphic beds 
(Eocene), Komańcza. B. UJ TF 2575 (label lost). C. UJ TF 765, 
Jordanów-Munkacz stream (part of label lost). Scales in A, C in 
mm, scale in B in cm
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M cCann, 1990, 248, fig. 5e],
7 1993 Megagrapton irregularc K si^zkiew icz — M iller fig 

5P. ’
v 1996a Prolopaleodictyon suhmontaninv (A zpeitia  M oros) -  

Tunis & U chm an, 183, figs. 4F, 7E. 
v  1996b Piolopa/eiti/iclyon siihmonlaninv (A zpeitia  M oros) -  

Tunis & U chm an, 11, fig. 13D. 
v 1996 Prolopaleodictyon suhmnontanum (A zpeitia-M oros) -  

M arincic el al., fig. 5C. 
v 1997 Prolopaleodictyon submontanum (A zpeitia  M oros) - 

W etzel & U chm an, 150, fig. 5E.

E m ended diagnosis: Megagrapton with meshes bordered 
by distinctly winding strings. Acute angles o f  branchings are 
common.
Material: 16 specimens (UJ TF 340, 388, 454, 635, 637, 640, 657, 
765, 793, 1123, 1148, 1156, 1190, 1255, 1258, 2575).

R em arks: M. submontanum occurs exclusively in deep 
water, mainly in flysch deposits, reservedly from Lower 
Carboniferous (Stepanek & Geyer, 1989), surely from 
Cenomanian to Eocene (Ksi^zkiewicz, 1977).

Paleodictyon Meneghini in Sari & M eneghinil 850

Diagnosis: Three-dimensional network trace fossil consisting of 
horizontal net composed of regular to irregular hexagonal meshes 
and vertical outlets. Preferentially, the net is preserved (after Uch
man. 1995).

R em arks: The Ksi^zkiewicz collection contains several 
ichnotaxa o f  Paleodictyon, which are revised in this paper 
according to the morphometric scheme devised by Uchman 
(1995), where the reader can find a review o f this ichno- 
genus.

Ichnosubgenus Glenodictyum Van der M arck 1863 

Paleodictyon (Glenodictyum) minimum Sacco 1888

* 1888 Palcndliivnn minimum Sacc. Sacco, l l . p l .  l . f ig - 6 .
v 1970 Paleodictyon minutissimiim ichnosp. n. -  K siaxkiewicz.

306, pi. 4a-b.

Diagnosis: Very small Glenodictyum, mesh-size up to 2 mm, 
string diameter up to 0.5 mm (Uchman, 1995).
Material: 8 specimens (UJ TF 89b. 161b, 155b, 307b, 317, 849,
1158, 1196).

Paleodictyon (Glenodictyum) latum Vialov & Golev 1965

1965 Paleodictyon latum sp. nova -  V ialov & G olev, 100, pi. 2, 
fig. 2.

Diagnosis: Very small Glenodictyum, mesh-size up to 2 mm, 
string diameter from 0.5 to 1.0 mm (modified Uchman 1995). 
Material: 11 specimens (UJ TF 111. 168, 170, 172, 318, 321, 324,
333, 584, 894, 1258).

Paleodictyon (Glenodictyum) strozzii Meneghini 1850 
Figs. 44A, 62

* 1850 Paleodictyon .strozzii nob. -  M eneghini in Savi & M enegh
ini, 484.

v 1970 Palcodictyon intermedium ichnosp. nov. -  Ksiiizkiewicz, 
306, f ig .  4 g .

partim  1977 Paleodictyon teHini Sacco -K sitizk iew icz , 197, pi. 28, fig.
3.

Diagnosis: Small Glenodictyum, net 2-6 mm in size and 0.2-1.0 
mm in string diameter (Uchman, 1995).

Material: 32 specimens (UJ TF 18, 63 67-68, 101,214, 273, 301, 
316, 319-320, 322-324, 326, 328, 330-332, 307a-b, 373, 978, 
1102, 1259, 1496, 1524, 1560, 1713, 1715, 1761, 1800).

Paleodictyon (Glenodictyum) miocenicum  Sacco 1886

* 1886 Paleodictyon miocenicum Sacc. -  Sacco, 301, fig. 4.

Diagnosis: Small Glenodictyum, mesh-size 2-6 mm, string diame
ter 1.0-1.6 (Uchman, 1995).
Material: 2 specimens (UJ TF 64-65).

Paleodictyon delicatulum Uchman 1995

Diagnosis: Small Paleodictyon, mesh-size 6-14 mm, string di
ameter up to 0.8 mm (Uchman, 1995).
Material: 6 specimens (UJ TF 187-188, 262, 307a, 811, 1162 
(holotype)).

Paleodictyon (Glenodictyum) majus Meneghini in Peruzzi 
1880

* 1880 Paleodictyon majus M gh. -  Peruzzi, 7, pi. 1, fig. 1. 

Diagnosis: Medium-sized Glenodictyum, mesh-size 6-14 mm, 
string diameter 0.8-1.6 mm (Uchman, 1995).
Material: 50 specimens (UJ TF 89a, 155a, 158-161a, 163-164, 
167, 174, 184, 186, 229, 260, 264-272, 280-283, 285, 287-289, 
292-295, 297, 300, 304, 305-306, 308, 491, 660, 756, 787, 840, 
857, 976-977, 979, 982, 1016, 1638).

Paleodictyon (Glenodictyum) maximum  (Eichwald 1868)

* 1868 Ce/ihahles maxinms Eachwald, 82, pi. 7, fig. 12. 

Diagnosis: Medium-sized Glenodictyum with thick string; mesh- 
size up to 14 mm, string diameter 1.6-2.8 mm.
Material: 1 specimen (UJ TF 92).

Paleodictyon (Glenodictyum) gomezi Azpeitia Moros 1933

* 1933 Paleodictyon gomezi n. sp. -  A zpeitia  M oros, 43, pi. 9, fig.
2 0 .

v 1977 Paleodictyon a ll. gomezi A zpeitia  M oros -  Ksiiizkiewicz, 
197, pi. 29, f ig . 4.

Diagnosis: Very large Glenodictyum, mesh-size more than 40 
mm, string diameter more than 1.6 mm (Uchman, 1995).
Material: 1 specimen (UJ TF 2005).

(ICHNO)TAXA NOT RECOMMENDED 
FOR FURTHER USE

Pararusophycus K si^zkiewicz 1977 
Fig. 64

The ichnogenus Pararusophycus Ksi^zkiewicz (1977, 
p. 54, pi. 1, fig. 6), represented by only one ichnospecies, P. 
oblongus Ksi^zkiewicz, which is based on only one speci
men (UJ TF 114), displays features o f  Scolicia and is in
cluded in and discussed under Scolicia isp. in this paper. 
Therefore, it is not recom m ended for further use.

Rhabdoglyphus Vassoevich 1951

This ichnogenus was defined by Vassoevich for hypich- 
nial cylinders com posed o f  dense, partially invaginated 
calices. Boucek & Elias (1962) described under this ichno
genus hypichnial cylinders with rosary-like swellings.



196 A. UCHMAN

These specimens were separated from Rhabdoglyphus by 
Vialov (1971) as ichnogenus Fustiglyphns.

Ksiazkiewicz (1977) distinguished only Rhabdoglyphus 
also for specimens o f  the Fustiglyphus morphology. He dis
tinguished Rhabdoglyphus grossheimi Vassoevich and new 
ichnospecies Rh. spinosus, caliciformis, compositus, and 
sulcatus. Rhabdoglyphus and Fustiglyphus were recently re
vised by Stanley & Pickerill (1993) and they separated the 
Ksiazkiewicz ichnospecies into Fustiglyphus annulatus V i
alov, Rhabdoglyphus grossheimi Vassoevich, and R. spino
sus Ksiazkiewicz. This separation, with some correction 
(see discussion below), can be accepted at the ichnospecies 
level. However, all these trace fossils can be ascribed to 
other ichnogenera, which display the same type o f m orphol
ogy and fossil behaviour. For this reason, Fustiglyphus is in
cluded in Hormosiroidea Schaffer and part o f the 
Ksiazkiewicz material is considered under this ichnogenus. 
Rhabdoglyphus grossheimi Vassoevich is included in Pro- 
tovirgularia dichotoma M cCoy, and Rhabdoglyphus aff. 
spinosus Ksiazkiewicz in Ubinia altrenans (Seilacher). For 
this reason Rhabdoglyphus is not recommended for further 
use.

Stanley & Pickerill (1993) excluded Ksiazkiewicz 
(1977) Rhabdoglyphus sulcatus (pi. 3, fig. 9) from Rhabdo
glyphus and included it in Palaeophycus annulatus. Its in
clusion in Palaeophycus is also very problematic. It is repre
sented by one specimen and its affinity remains enigmatic. 
The same authors excluded Rhabdoglyphus compositus (pi.
3, fig. 10) from Rhabdoglyphus and included it also in Pa
laeophycus annulatus. Its inclusion in Palaeophycus is also 
very problematic. K siazkiew icz (1977) drew Rh. composi
tus in fig. 6e and referred it to pi. 3, fig. 10. He drew also Rh. 
sulcatus in fig. 6 f and referred it to pi. 3, fig. 9. However, the 
fig. 6e fits better to pi. 3, fig. 10, and fig. 6 f to pi. 3, fig. 10. 
Probably, the figures are misplaced. N evertheless, Stanley 
& Pickerill (1993, p. 62) com pared the specimen in text-fig. 
6 f  to fmponoglyphus torquendus. However, sim ilarity o f 
this specimen and that from  pi. 3, fig. 10 is very problem 
atic. The discussed specim ens are too poorly represented for 
their sufficient explanation.

Fucusopis Palibin in Vassoevich 1932

Ichnogenus Fucusopsis, represented by three ichnospe
cies (F. angulata. F. cmnulata, F. striata) was included in 
Halopoa Torell in this paper, and can be regarded as its ju n 
ior objective synonym. Thererefore, it is not recommended 
for further use.

Traucumichnis Ksiazkiewicz 1977

Ichnogenus Traucumichnis Ksiazkiewicz, represented 
only by one ichnospecies, T. glaber Ksiazkiewicz (1977, p. 
55, pi. 1, fig. 7) (two specim ens), is an inorganic structure. 
This is a group o f  hem ispherical pits on the upper side o f  a 
sandstone bed. The depressions are weathering structures o f 
the tafoni type. For this reason, the ichnogenus Traucumich
nis is not recommended for further use.

Zhang & W ang (1996) described Traucumichnis zhong- 
guoensis from the Silurian-D evonian deposits o f  China, but 
this trace fossil is probably a synonym  o f some Bergaueria

ichnospecies.
Non-organic structures were com monly and are occa

sionally described as trace fossils (Boyd, 1975; Hantzschel, 
1975, Ekdale et al., 1984a, for partial review). Discrim ina
tion between organic and inorganic structures is not easy in 
some cases.

Salmlaria K siazkiew icz 1977

This ichnogenus was introduced by Ksiazkiewicz 
(1977) for various cylindrical trace fossils, which can be in
cluded in other well-defined ichnogenera which have prior
ity. Sabularia simplex was included in Ophiomorpha annu- 
lata (Ksiazkiewicz) (Uchman, 1995). Sabularia rudis is in
cluded in Ophiomorpha isp., Sabularia tenuis is considered 
as Arthrophycus tenuis (Ksiazkiewicz), and Sabularia ra- 
mosa is included in Planolites beverleyensis (Billings). For 
this reason, this ichnogenus is not recom m ended for further 
use.

Granularia Pomel 1849

K siazkiewicz (1977, p. 80) m entioned the probable oc
currence o f  this ichnogenus in the Carpathians. However, he 
did not illustrate any specim ens. In the collection, he la
belled one specimen as Granularia fuchsi Ksiazkiewicz. 
This is a com posite trace fossil consisting o i l  Palaeophycus 
reworked by IChondntes. N onetheless, Granularia is 
poorly defined and is not recom m ended for further use 
(Uchman, 1995).

Bostricophyton Squinabol 1890

This ichnogenus was used by Squinabol (1890) who 
distinguished two ichnospecies. Bostricophyton pantanellii 
is a branched trace fossil, which displays several features o f 
Chondrites intricatus and is included in this ichnotaxon in 
this paper. The second ichnospecies o f  Bostricophyton, B. 
etruscus Squinabol (1890, p. 184, pi. 11, fig. 5) displays fea
tures o f  “Caulerpites" eseri (Unger) (Fuchs, 1905). There
fore, Bostricophyton is not recom m ended for further use.

Ilalymenites Sternberg 1833 and Halymenidium  Schimper 
1879

Halymenidium  Schimper (1879, p. 37) was established 
(as algae) for Halymenites flexuosus and H. minor described 
by Fischer-Ooster (1858), Halymenites lumbricoides de
scribed by Heer (1877), and Phymatodenna Dienalli Wa- 
telet (1866) [the latest ichnotaxon was included in Ophio
morpha nodosa Lundgren (Hantzschel, 1952)]. These 
forms, according to Schimper, are characterized by distinct 
sporangia. For discussion o f  these forms, it is necessary to 
return to Halymenites.

Halymenites was erected by Sternberg (1833), who dis
tinguished several taxa under this genus on the basis o f a 
material from the Solnhofen Limestone, which represents 
various plant remains. 1 had the opportunity to see several 
holotypes o f the S ternberg’s species in the N ational Mu
seum in Prague, Czech Republic, and can confirm that they 
are in fact plant body fossils, for instance that illustrated in 
Fig. 106. Sternberg included Achilleum dubium  Goldfuss
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Fig. 106. Halymenites xtockii Sternberg from the Solnhofcn 
Limestone (= a plant body fossil). Specimen no 380 in the Stern
berg collection. The National Museum in Prague. Scale in mm. 
Courtesy of R. Mikulas

(1831), which derives also from the Solnhofen Limestone, 
in Halymenites. Most probably, it is also a plant body fossil. 
The list o f  Halymenites taxa from the Solnhofen Limestone 
is as follows:

1831 Achilleitin duhium nobis. -  G oklfuss, 221, pi. I , fig. 2.
1833 Halymenites vcnnicuUilus S ternberg , 29. pi. 8, fig, 3 [also Unger.

1845,12; B roun, 1848. 8; Z ingo, 1856, 14].
1833 Halymenites catiiformis -  S ternberg , 29, pi. 2, fig. 2 [also Unger,

1845. 12: Broun, i 848, 8; Z ingo, 1856, 15].
1833 Halymenites Vafins -  S ternberg , 29, pi. 2, fig. 4 [also Unger, 1845, 

12; Broun, 1848, 4; Bronn & R oem er, 1850-56; pi. 14, tig. 3; Z ingo, 
1856,151.

1833 Halymenites snhctrliculalus S ternberg, 29, pi. 4, fig. 2 [also Unger.
1845, 12; Bronn, 1848, 8; Z ingo, 1856~ 16].

1833 Halymenites seeundus S ternberg , 29. pi. 4, fig. 3 [also Unger. 1845, 
12: Broun, 1848, 8; Z ingo, 1856, 17].

1833 Halymenites sehnitzelinii S ternberg , 30, pi. 5, fig. 1 [also Unger,
1845. 12; Bronn, 1848, 8; Z ingo, 1856, 18].

1833 Halymenites ccnntits -  S ternberg , 30, pi. 7. fig. 4 [also Unger, 1845, 
12; Bronn. 1,848, 8: Zingo, 1856, 19].

1833 Halymenites stockii S ternberg . 30 [also Unger, 1845, 12; Bronn.
1848, 8; Z ingo, 1856, 19].

1833 HalymenitesgaUlfussii- S lem berg , 30 |a lso  Unger. 1845, 12; Bronn, 
1848, 8; Bronn & R oem er, 1849, 43; Z ingo, 1856, 20].

1833 Halymenites eylindrieus - S ternberg . 30 [also Unger, 1845, 13; 
B ronn, 1848, 8].

1833 Halymenites hmngniarti - S ternberg, 30 [also Unger, 1845, 12;
Broun, 1848. 8; Z ingo. 1856, 20: Schim per, 1869, 193].

1833 Halymenites canccitenatits — S te inberg , 30, pi. 2, fig. I [also Unger, 
1845. 13; B ronn, 1848. 8; Z ingo, 1856 ,21].

1833 Halvmenites rannthsus - S ternberg . 31 |a lso  Unger, 1845, 13; Bronn, 
1848.43].

All o f the taxa were erected by Sternberg, and then they 
were used by Unger (1845), Bronn (1848), and Zingo 
(1856) and others, exclusively in respect to the material 
from the Solnhofen Limestone. Only Zingo (1856) used H. 
ramulosus Sternberg for the material from the Jurassic o f  
England. It can be concluded that the type material o f  Ha

lymenites com prises plant body fossils and does not repre
sent trace fossils.

M assalongo (1859, pp. 8-9) erected the following taxa 
o f  Halymenites Sternberg: H. aglaophyllum  M assal., H. 
gratelupia Massal., II. sarniensis, H. undulatus, H. callyble- 
pharoides, II. linzoides, Halymenites elisae, and H. an- 
toniae. The last two forms had been described earlier under 
the genus Gastridiopsis, and II. linzoides under the genus 
Solenopsis (M assalongo, 1851). Subsequently, they were re- 
described by Meschinelli & Squinabol (1892, pp. 69-71). 
Moreover, these authors discussed Halymenites crinatus 
Massalongo. All o f  these derive from “calcare m arnoso di 
Salcedo" and are presumably trace fossil. Unfortunately, 
they are not illustrated and it is im possible to assess their af
finity.

Fischer-Ooster (1858) distinguished the following taxa 
o f Halymenites:
1858 Halymenites rectus F.O . -  F ischer-O oster, 55, pi. 13, fig. 2 [also 

Schim per, 1869, 193].
1858 Halymenitesflexuosus F.O. -  F ischer-O oster. 55, pi. 13, fig. I [also 

Schim per, 1869, 193).
1858 Halymenites minor F.O. F ischer-O oster, 56. pi. 13, fig. 3; 65, pi.

16, fig. 2 [also Schim per. 1869, 194].
I 858 Halymenites incrassatus F.O. - F ischer-O oster, 65, pi. 16, fig. 3 [also 

Schim per. 1869, 194].
1858 Halymenites duhius F.O. -  F ischer-O oster, 66, pi. 12, fig. 4.

All o f these forms are trace fossils from the Gurnigel 
Flysch deposits o f  Switzerland. I have examined these 
forms, which are housed in the N atural History M useum in 
Bern. They represent sim ple or branched, flattened cylindri
cal trace fossils covered with small granular muddy pellets.

Halymenites incrassatus F ischer-O oster (1858, pi. 16, 
fig. 3, Fischer-Ooster coll. 16/3, Bern) (Fig. 25A) is an en- 
dichnial, horizontal, straight, strongly flattened tube, ob
served in the epichnial position in a gray marly mudstone. 
The tube is 6 -7  mm wide, and has a swelling at the central 
part, which is observed at the distance o f  about 70 mm. The 
swollen part is up to 18 mm wide. The central part o f  the 
tube displays a preserved lining consisting o f  small, oval, 
dark, strongly flattened, densely packed pellets. The outline 
o f  the pellets is indistinct. They are 0.5-1 mm in diameter. 
The segments o f  the tube where pellets are not preserved are 
smooth and have a slightly darker colour. Chondrites intri- 
catus occurs together with the described trace fossil at the 
same level. The specimen derives from the flysch deposits 
in Fahnern in the Swiss Alps.

Halymenites flexuosus F ischer-Ooster (1858, pi. 13, fig.
2, Fischer-Ooster coll. 13/2, Bern) (Fig. 25B) is an epich
nial, endichnial, horizontal, straight, strongly flattened tube, 
in a light brown m assive marlstone. The tube is 16-19 mm 
wide. It is lined with dark, flattened pellets, which are 1-2 
mm in diameter. Com monly, the pellets are poorly outlined, 
especially at the places where they are m ost densely packed. 
The described trace fossil occurs together with Chondrites 
targionii at the same level on the same slab. The latter trace 
fossil is labelled originally as Chondrites furcatus Stern
berg. Close to the edge o f  the specim en, H. flexuosus is cross 
cut by a specimen o f  the same m orphology at a slightly shal
lower level. The specimen derives from the Upper Creta
ceous Gurnigel Flysch, Seeligraben near G um igelbad, the
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Fribourgian Alps, Switzerland.
Halymenites minor F ischer-O oster (1858, pi. 13, fig. 3, 

Fischer-Ooster coll. 13/3, Bern) (Fig. 25C) is referred to a 
specimen that is a piece o f  grey marlstone containing Chon
drites intricatiis and two slightly oblique endichnial, 
strongly flattened tubes dipping into the rock and observed 
at the epichnial positjon. The first tube is 4 mm in diam eter 
and it is observed for the distance o f  13 mm. It is lined with 
very small, about 0.5 m m , indistinct pellets, and filled with 
dark sediment. The second tube occurs on the edge o f  the 
specimen and is incomplete. It is at least 7 mm wide and 
lined with flattened pellets, which are about 0.5 mm in di
ameter. The pellets in both tubes display indistinct arcuate 
arrangement. The described specimen derives from the Up
per Cretaceous Gurnigel flysch, Seeligraben near Gurnigel- 
bad, Fribourgian Alps, Switzerland.

The above described trace fossils, especially H. flexuo
sus and H. minor, are identical to Tubulichnium incertum 
Ksi^zkiewicz (1977), which is included together with the 
F ischer-O oster’s species in Ophiomorpha rectus (Fischer- 
Ooster) in this paper. Ettinghausen (1863) recognized the 
first three o f  F ischer-O oster’s forms in the Cretaceous-Eo- 
cene flysch deposits o f  W ienerwald, but he was not able to 
separate them taxonom ically and suggested that they belong 
to a single taxon.

Pelleted filling or lining, which are features o f Alcyoni- 
diopsis M assalongo and Ophiomorpha Lundgren, respec
tively, can be also recognized in the taxa o f  Halymenites de
scribed by Ooster (1869), Heer (1865, 1877), Squinabol 
(1890) and Fuchs (1894b, lacking species designation). 
They are listed below.

Saporta (1882) described Halymenites arnaudi Saporta 
& Marion from Cretaceous deposits o f  France. It is a 
branched form with irregular margins. It is difficult to dis
cuss this enigmatic form in detail w ithout access to speci
mens.

Rothpletz (1896) included two taxa o f  Halymenites, H. 
lumbricoides Heer and H. minor Fischer-Ooster, in Granu- 
laria Pomel. N onetheless, poorly defined, heterogenous 
Gramdaria Pomel is not recom m ended for further use (Uch- 
man, 1995). Vialov (1966) reservedly included Halymenites 
rectus, H. incrassatus, and H. flexuosus Fischer-Ooster in 
Ophiomorpha. The same w as also proposed in respect to H. 
flexuosus (Hantzschel, 1975, p. W85). However, according 
to Hantzschel (1952), these trace fossils which were in
cluded in Halymenidium  Schim per (1879), cannot be in
cluded in Ophiomorpha, m ainly because o f  smaller dim en
sion. Nevertheless, such argum ent based solely on size can
not be accepted. Trace fossils o f  this type can be listed as 
follows:

1865 Halymenites lumbricoides -  H eer, 245, pi. 10, fig. 11.
1869 Halymenites rectus F ischer-O oster -  O oster, 29, pi. 6, fig. 5, pi. 7.
1877 Halymenites minutus Hr. -  Heer, 118, pi. 45, figs. 10-11.
1877 Halymenites flexuosus F isch.-O ost. -  Heer, 165, pi. 64, fig. 10.
1877 Halymenites minor F isch.-O ost. -  H eer, 165.
1877 Halymenites lumbricoides Hr. -  Heer, 166, pi. 64, figs. 11-12.
1885 Halymenidium lumbricoides H eer -  Fugger &  K astner, 74 [no illus

tration].
1890 Halymenides Taramelli n. sp. -  Squinabol, 184, pi. 8, figs. 5-6.
1890 Halymenides Grateloupiaeformis n. sp. -  Squinabol, 185, pi. 7, fig. 

7.

1894b Halymenites -  Fuchs, pi. 2, fig. 4.

Lesquereux (1873, 1878) described a few Upper Creta
ceous and Tertiary taxa o f  Halymenites, which in fact repre
sents Ophiomorpha (Hantzschel, 1952); H. striatus prob
ably belongs to Spongeliomorpha. These forms, including 
those described by latter authors, are listed below.

1873 Halymenites major -  Lesquereux, 373 [=Ophiomorpha, H antzschel, 
1952].

1878 Halymenites stria/us Lesqx. -  L esquereux, 37, pi. 1, fig. 6.
1878 Halymenites major Lesqx. -  Lesquereux, 38, pi. 1, figs. 7-8 [=Ophio- 

ntorpha nodosa L undgren].
1878 Halymenites minor? F.O. -  L esquereux, 39, pi. 1, fig. 9.
1937 Halymenites major L esquereux -  C arter, 257, pis. 43-44.
1939 Halymenites major Lesquereux -  B row n, 253, pi. 62, figs. 1 -7, pi. 63, 

figs. 1-2 [=Ophiomorpha],
1942 Halymenites -  Patterson, 271, fig. 1 [ -Ophiomorpha isp.j.
1948 Halymenites major Lesquereux -  S h in ier &  Shrock, 717, pi. 303, fig. 

20 .

1967 Halymenites sp. -  M acsotay, 30, figs. 45 , 47, 50, 56.
1971 1 Halymenites sp. — Jerzykiew icz, 174, pi. 4, fig. 7.

It can be concluded that ichnogenus Halymenites in
cludes heterogenous ichnospecies (Hantzschel, 1952, with 
references). The type material represents plant remains. The 
forms described later, which are trace fossils, can be as
cribed to the well-defined ichnogenera Alcyonidiopsis or 
Ophiomorpha, including ichnotaxa used for definition o f 
Halymenidium  Schimper (1869). Thus, Halymenites Stern
berg and Halymenidium Schimper are not recommended for 
further use. Therefore, ichnospecies described by 
Ksi£(zkiewicz (1977) under Halymenidium  should be placed 
in another ichnogenus. They are placed in Spongeliomorpha 
de Saporta in this paper.

Buthotrephis Hall 1847

Buthotrephis Hall (1847) is included in Chondrites 
Sternberg (Hantzschel, 1975; Fu, 1991) as was previously 
suggested by Osgood (1970, p. 342). Buthotrephispalmatus 
distinguished by Hall (1852) is included in Phycodes Rich
ter (Seilacher, 1955). For these reasons Buthotrephis is not 
recommended for further use. The Ksi^zkiewicz (1977) ma
terial described as Buthotrephis mostly belongs to Thalassi- 
noides Ehrenberg or Phycodes Richter.

Tubulichnium Ksi^zkiewicz 1977

This ichnogenus was distinguished for flattened tubes 
lined with small pellets. Ksiqzkiewicz (1977) distinguished 
only one ichnospecies, T. incertum. This trace fossil is iden
tical to the Halymenites described by Fischer-Ooster from 
the flysh deposits o f  Switzerland (personal observations). 
Tubulichnium displays features o f  Ophiomorpha and is as
signed to Ophiomorpha rectus (Fischer-Ooster) in this pa
per. Therefore, Tubulichnium is not recommended for fur
ther use.

Tuberculichnus Ksi^zkiewicz 1977

Ksi^zkiewicz (1977) distinguished three ichnospecies 
o f  Tuberculichnus: T. vagans, T. meandrinus (Fig. 70), and 
T. bulbosus. The holotypes o f  T. vagans and T. meandrinus
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display the characteristic carinate (am ygdaloid) cross-sec
tion, which is the typical feature o f  Protovirgularia M cCoy 
and are described as Protovirgularia vagans in this paper. 
The holotype o f T. bulbosus displays features o f IParahaen- 
tzschelinia isp. and is included in this paper in this ichno- 
genus. M oreover, some specim ens labelled as Tuberculich- 
nus are casts o f  the upper term inations o f  row o f  vertical 
burrows, typical o f Saerichnites Billings sensii Uchman 
(1995), and T. bulbosus is included in this ichnogenus in this 
paper. Therefore the ichnogenus is not recommended for 
further use.

Helminthoida Schafhautl 1851

This com monly used ichnogenus has in fact a weak ba
sis. Schafhautl (1851) distinguished two species: H. crassa 
and II irregularis. The holotype o f  the second ichnotaxon 
displays all features o f  Nereites and is included in this ich
nogenus (Uchman, 1995). H. crassa, the holotype o f  which 
is known only from a drawing, is considered as the synonym 
o f Helminthoida labyrinthica, and both are included in 
Nereites irregularis (Schafhautl). Heer (1877) described un
der H. crassa hypichnial trace fossils which are different 
from Schafhautl’s forms and which were recently included 
in Helminthorhaphe Seilacher. Similar problems concern 
several 19th century trace fossils described under Helmin
thoida (Uchman, 1995). Therefore, Helminthoida is not rec
ommended for further use.

Ksiazkiewicz distinguished Helminthoida labyrinthica 
(Fleer), H. serrata Ksiqzkiewicz, II. crassa Schafhautl, H. 
miocenica Sacco, II. alterna Ksiazkiewicz, H. helminthop- 
soidea Sacco, and II. aculeata Ksiazkiewicz. The two first 
ichnospecies are included in Nereites irregularis Schaf
hautl; H  crassa and H  miocenica are regarded as Helmin
thorhaphe; II. alterna is included in Desmograpton alter- 
num (Ksiazkiewicz) (Uchman, 1995). II. helminthopsoidea 
is included in Cosmorhaphe helminthopsoidea and //. 
aculeata in Belocosmorhaphe aculeata in this paper.

Muensteria Sternberg 1833

The type material o f Muensteria Sternberg comprises 
different forms, which partially are plant body fossils or dif
ferent trace fossils. For this reason, Muensteria Sternberg is 
not recommended for further use (M ikulas & Uchman,
1996). The problem is partially discussed in this paper under 
Beaconites.

Ksiazkiewicz (1977) described M. geniculata Stern
berg, M. hamata Fischer-Ooster, and M. planicostata n. ich- 
nosp. The type material o f  M. geniculata Sternberg is in
cluded in Hydrancylus geniculata  (Sternberg) (Fu, 1988). 
The Ksiazkiewicz material contains unwalled meniscate 
trace fossils, which can be included in Taenidium Heer (cf. 
D’Alessandro & Bromley, 1987).

M. hamata is described as Phycosiphon hamata in this 
paper.

The M. planicostata is based on one specimen, which 
represent a horizontal, unwalled m eniscate trace fossil and 
can be ascribed to Taenidium Heer (cf. D ’Alessandro & 
Bromley, 1987).

Keckia G locker 1841

This ichnogenus is poorly defined. D ’Alessandro & 
Bromley (1987) regarded it as a nomen dubium. The type 
material o f  G locker from the shallow -w ater Cretaceous de
posits o f  M oravia, Czech Republic, although very poor, was 
analysed by Fu (1991). She presented Keckia annulata 
Glocker as a tightly spaced series o f  horizontal burrows with 
half-moon menisci, branching at an acute angle from a stem
like converged area, and concluded that it represents the 
unique behaviour within the “M uensterioiden” .

Several authors have used this ichnogenus, but com 
monly for different structures. Hantzschel (1975; fig. 47.2) 
illustrated K. annulata with references to the original publi
cation o f  Glocker. However, the publication (Glocker, 1841, 
pi. 4) contains drawings o f different material. The specimen 
was illustrated by von Otto (1852, pi. 1) and its photograph 
(properly referred to the von O tto’s publication) was used 
by Hantzschel (1938, fig. 4). This is rather a m eniscate Tha- 
lassinoides. Similarly, K. cylindrica von Otto (1852, p. 5, pi. 
2) is most probably a smooth Thalassinoides. These trace 
fossils derive from shallow marine Cretaceous sandstones, 
as does G locker’s the type material. Keckia andina Borello 
(1966), from Jurassic deposits o f Argentina, resembles Tha
lassinoides. A ccording to Hantzschel (1975, p. W75), K. 
hantzscheli Hundt (1940) does not belong to Keckia. It is a 
narrow winding, ?m eniscate trace fossil from the Devonian 
o f  Thuringia. Hantzschel (1938) regareded Muensteria an
nulata Schafhautl (1851) as ichnotaxon o f  Keckia but, ac
cording to Heer (1877), it belongs to Taenidium fischeri, 
and, according to Keighley & Pickerill (1994), to (?) 
Cladichnus isp.

Ksiazkiewicz (1977) described Keckia annulata 
Glocker and K. hoessii (Sternberg). W ithout analysis o f the 
specimens, Keighley & Pickerill (1994) included K. annu
lata Glocker from Ksiazkiewicz (1977, pi. 3, fig. 14) m ate
rial (Fig. 67B) in Taenidium isp., and K. hoessii (Sternberg) 
(Ksiazkiewicz, 1977, p. 64, pi. 3, figs. 15-16) in Taenidium 
ispp. However, after studying o f  the specimens, this view 
cannot be accepted. K. hoessii (Sternberg) from the 
Ksiazkiewicz material was partially included in Beaconites 
capronus (Howard & Frey), Keckia aff. hoessii (Sternberg) 
in Taenidium isp., and K. annulata in Protovirgularia 
McCoy (see description o f these ichnotaxa). None o f  the 
specimens described or labelled by Ksiazkiewicz as Keckia 
resembles G locker’s material.

M ost probably, Keckia as an ichnogenus is only useful 
in the sense presented by Fu (1991), however this problem 
needs a separate examination.

Taphrhelminthoida Ksiazkiewicz 1977

Taphrhelminthoida was erected by Ksiazkiewicz for 
systematically meandering trace fossils o f the Taphrhelmin- 
//w;/?.VH-morphoIogy. All ichnospecies o f  Taphrhelmin
thoida were included in Scolicia strozzii (Uchman, 1995) 
because o f continuous pasasage from m eandering and non
meandering forms. The differences in the shape o f  the ridge 
in those trace fossils is strongly controlled by preservational 
processes. For these reasons Taphrhelminthoida is not rec
ommended for further use.
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MISCELLANEA

The Ksi^zkiewicz collection contains a few trace fos
sils, which belong to undeterm ined ichnotaxa. They are rep
resented by single specim ens and com monly are incom 
pletely preserved. For this reason they are not included in 
the main pthe art o f  ichnotaxonom ic description. They may 
be useful for further ichnotaxonom ic investigations.

Form A 
Fig. 107

v 1977  Helminthohla crassa (S challiau tl) -  KsiEizkiewicz, text- 
fig. 34j.

M a te ria l: 1 specimen (U.l TF 788).
D escrip tion : Hypichnial, convex, spirally coiled meandering 
string, about 1 mm in diameter. The structure is covers an area of 
about 40 mm in diameter.

Remarks: The internal part o f  the structure is identical to 
Spirorhaphe involute!, how ever the outerm ost parts display 
meanders as in Hehninthorhaphe. It seems to be a transi
tional form between Spirorhaphe and Hehninthorhaphe.

» . ■»

f W ’J
Ks ;r~ i-y

rim

U mm m m

Fig. 108. Form B. Sole of a turbiditic sandstone bed. U.T TF 1797, 
Zawoja-Konskie (part of label lost). Seale in mm

area of about 30 mm in diameter.

R em arks: Arrangement o f the structure resembles Spi
rorhaphe. However, the presence o f  knobs suggests occur
rence o f vertical shafts connecting the horizontal elements 
and sea-floor. This feature is not known in Spirorhaphe.

Form C 
Fig. 109

M a te ria l: 1 specimen (U.l TF 2029).
D escrip tio n : Hypichnial full relief composed of pads of sediment 
arranged in winding and branched strings. The strings are 5-8 mm 
in diameter.

R em ark s: This structure is produced by a deposit-feeder. It 
belongs m aybe to Ncreites or Lophoctenium. The preserva
tion o f the structure does not allow for more detailed deter
mination.

Fig. 107. Form A. Sole of a turbiditic sandstone bed. U.l TF 788, 
Hieroglyphic beds (Eocene), Tokarnia (labelled as Hclmintlinida 
crassa). Scale in mm

Form B 
Fig. 108

M ateria l: 1 specimen (UJ TF 1797).
D escrip tion : Hypichnial, convex, spirally arranged short ridges 
and knobs, which are about 1 mm wide. The structure covers an

Form D 
Fig. 1 10

M a te ria l: 1 specimen (U.l TF 2583).
D escrip tion : Hypichnial structure composed of tightly spaced, 
slightly arcuate branchings, which emerge obliquely from a central 
axis. The branchings are about 1.8 mm wide, 9-12 mm long, and 
about 1 nun apart. The structure is about 16 mm wide.

R em arks: It is not impossible that this is a fragm ent o f Lo
phoctenium minimum Fu (1991), which is known from 
flysch deposits.
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Fig. 109. Form C. Sole of a turbiditic sandstone bed. UJ TF 2(12". 
Ciężkowice Sandstone (Eocene), Gródek (part of label lost). Scale 
in mm

Fig. 110. Form D. Sole of a turbiditic sandstone bed. I ;.l I F 2 5 8 ’.
Zwaoja-Końskie (part o f label lost). Scale in m

Fig. 111. Form E. Sole of a turbiditic sandstone bed. I'.I TF 2617, 
(label lost). Scale in mm

Fig. 112. Form F. Sole of a turbiditic sandstone bed. UJ TF 1380, 
Lipnica Mata (part of label lost). Scale in mm

Form D 
Fig. I l l

Material: 1 specimen (UJ TF 2617).
Description: Hypichnial short ridge, 32 mm long, 5 mm wide, 
from which arcuate elevations diverge about 5 mm apart.

Form E 
Fis. 112

Material: 1 specimen (UJ TF 1380).
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Description: Hypichnial short ridge, about 2 mm wide, which 
passes into a single row of tubercles, which are located about 1 mm 
apart.

Remarks: This is a semi-relief. The tubercles are probably 
remnants o f cross-sectioned oblique shafts, which emerge 
from a basal tunnel. This resembles the arrangement of 
Trichophycus Miller & Dyer (Geyer & Uchman, 1995).

ICHNOTAXONOMY OF THE KSI^ZKIEWICZ 
COLLECTION AFTER REVISION

Comparison of Ksi^zkiewicz ichnotaxa and after revi
sion is summarised in Table 1

Table 1

Ksiazkiewicz ichnotaxa before 
revision

Ksiazkiewicz ichnotaxa after 
revision

Mammillichnis aggeris 
Chamberlain

Mammillichnis aggeris 
Chamberlain

Rergaueria prantli 
Ksiazkiewicz

? Bergaueria prantli 
Ksiazkiewicz

Pararusophycus oblongus 
Ksiazkiewicz Scolicia isp.

Traucumichms glaber 
Ksiazkiewicz inorganic structure

A rthrophycus amndatus 
Ksiazkiewicz

Ophiomorpha annulata 
(Ksiazkiewicz)

A rthrophycus strictus 
Ksiazkiewicz

A rthrophycus strictus 
Ksiazkiewicz

Arthrophycus dzulynskii 
Ksiazkiewicz

Pro to virgular ia dzulynski i 
(Ksiazkiewicz)

Fucusopsis angulata Palibin Halopoa imbricata Tore 11

Fucusopsis annulata 
Ksiazkiewicz

Halopoa annulata 
(Ksiazkiewicz)

Fucusopsis striata (Hall) Halopoa imbricata Torell

Halymenidium 
sublumbricoides (Azpeitia)

Spongeliomorpha 
sublumbricoides (Azpeitia 
Moros)

Halymenidium oraviense 
Ksiazkiewicz

Spongeliomorpha oraviense 
(Ksiazkiewicz)

Keckict annulata Glocker Protovirgularia isp.

Keckia hoessii (Sternberg) cf. Beaconites capronus 
(Howard & Frey)

Planolites reinecki 
Ksiazkiewicz

Planolites reinecki 
Ksiazkiewicz

Rhabdoglyphus grossheimi 
Vassoevich

Protovirgularia dichotoma 
McCoy

Rhabdoglyphus spinosus 
Ksiazkiewicz

Hormosiroidea annulata 
(Vialov)

Rhabdoglyphus aff. spinosus 
Ksiazkiewicz Ubinia alternans (Seilacher)

Rhabdoglyphus caliciformis 
Ksiazkiewicz

Hormosiroidea annulata 
(Vialov)

Rhabdoglyphus aff. 
caliciformis Ksiazkiewicz

Hormosiroidea annulata 
(Vialov)

Rhabdoglyphus sulcatus 
Ksiazkiewicz

Hormosiroidea annulata 
(Vialov)

Rhabdoglyphus compositus 
Ksiazkiewicz ?non Hormosiroidea isp.

Sabularia simplex 
Ksiazkiewicz

Ophiomorpha annulata 
(Ksiazkiewicz)

Sabularia rudis Ksiazkiewicz Ophiomorpha isp.

Sabularia tenuis Ksiazkiewicz Arthrophycus tenuis 
(Ksiazkiewicz)

Sabularia ramosa 
Ksiazkiewicz

Planolites beverleyensis 
Billings

Buthotrephis aff. palmata Hall
Thalassinoides suevicus 
(Rieth),
Phycodes bilix (Ksiazkiewicz)

Buthotrephis aff. succulens 
Hall

Thalassinoides suevicus 
(Rieth),
Phycodes bilix (Ksiazkiewicz)

Buthotrephis bifurcata 
Ksiazkiewicz

Glockerichnus alata 
(Seilacher)

Buthotrephis bilix 
Ksiazkiewicz Phycodes bilix (Ksiazkiewicz)

Chondrites aequalis Sternberg Chondrites intricatus 
(Brongniart)

Chondrites affinis (Brongniart)
Chondrites targionii 
(Brongniart)

Chondrites arbuscula 
Fischer-Ooster

Chondrites targionii 
(Brongniart)

Chondrites expansus Fischer- 
Ooster

Chondrites intricatus 
(Brongniart)

Chondrites filiformis Fischer- 
Ooster

Chondrites intricatus 
(Brongniart)

Chondrites flexilis Fischer- 
Ooster

Chondrites intricatus 
(Brongniart), 
large foraminifer

Chondrites furcatus 
(Brongniart)

Chondrites targionii 
(Brongniart)

Chondrites intricatus 
(Brongniart)

Chondrites intricatus 
(Brongniart)

Chondrites patulus 
Fischer- Ooster

Chondrites patulus 
Fischer-Ooster

Granularia indet. IPalaeophycus isp.
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Lophoctenium ramosum 
(Toula)

Lophoctenium ramosum 
(Toula)

Lophoctenium aff. comosum 
Richter

Lophoctenium aff. comosum 
Richter

Phycodes aff. harlani Hali ichnosp. indet.

Strobilorhaphe clavata 
Książkiewicz

Strobilorhaphe clavata 
Książkiewicz

Strobilorhaphe pusilla 
Książkiewicz

Strobilorhaphe pusilla 
Książkiewicz

Strobilorhaphe glandifer 
Książkiewicz

Strobilorhaphe glandifer 
Książkiewicz

Taenidium annulatum 
(Schafhautl) ITaenidium isp.

Taenidium isseli (Squinabol) Taenidium isp., 
Cladichnus fischeri (Heer)

Bostricophyton pantanellii 
Squinabol

Chondrites intricatus 
(Brongniart)

Lorenzinia aff. apenninica 
Gabelli

Lorenzinia apenninica De 
Gabelli

Lorenzinia carpathica (Zuber) Lorenzinia carpathica (Zuber)

Lorenzinia kuznari 
Książkiewicz

Lorenzinia kuzniari 
Książkiewicz

Lorenzinia curticostata 
Książkiewicz Lorenzinia carpathica (Zuber)

Lorenzinia kulczynskii 
Kuźniar Lorenzinia carpathica (Zuber)

Lorenzinia peralta 
Książkiewicz Lorenzinia carpathica (Zuber)

Lorenzinia moreae Renz Lorenzinia carpathica (Zuber)

Lorenzinia aff. moreae Renz Lorenzinia carpathica (Zuber)

Sublorenzinia plana 
Książkiewicz

Lorenzinia plana 
(Książkiewicz)

i Sublorenzinia nowakii
' (Książkiewicz)

Lorenzinia nowaki 
(Książkiewicz, 
Glockerichnus glockeri, 
Glockerichnus isp.

Sublorenzinia pustulosa 
Książkiewicz

Lorenzinia pustulosa 
(Książkiewicz)

Sublorenzinia pusilla 
Książkiewicz

Lorenzinia plana 
(Książkiewicz)

Capodistria vettersi Vialov Capodistria vettersi Vialov, 
Glockerichnus isp.

Glockeria glockeri 
Książkiewicz

Glockerichnus glockeri 
(Książkiewicz)

Glockeria sparsicostata 
Książkiewicz

? Glockerichnus sparsicostata 
(Książkiewicz)

Glockeria disordinata 
Ksi^zkiewicz

? Glockerichnus disordinata 
(Książkiewicz)

Glockeria parvula 
Ksi^zkiewicz

? Glockerichnus parvula 
(Książkiewicz)

Fascichnium extentum 
Ksi^zkiewicz

Fascichnium extentum 
Książkiewicz

Asterichnus aff. lawrencensis 
Bandel

? Gyrophyllites rehsteineri 
(Fischer-Ooster)

Gyrophyllites kwassizensis 
Glocker

Gyrophyllites rehsteineri 
(Fischer-Ooster)

Phycosiphon incertum 
Fischer-Ooster

Phycosiphon incertum 
Fischer-Ooster

IRhizocorallium indet. Rhizocorallium jenense 
Zenker

Zoophycos brianteus 
Massalongo

Zoophycos brianteus 
Massalongo

Zoophycos insignis Squinabol Zoophycos insignis Squinabol

Anemonichnus concentricus 
Chamberlain

A nemonichnus concentricus 
Chamberlain

Gyrochorte burtani 
Ksiqzkiewicz

Protovirgularia pennatus 
(Eichwald),
Protovirgularia rugosa 
(Miller & Dyer), 
Protovirgularia 'Hongispicata 
(De Stefani)

Gyrochorte imbricata 
Ksi^zkiewicz

Protovirgularia rugosa 
(Miller & Dyer), 
Protovirgularia ?rugosa 
(Miller & Dyer),

Gyrochorte obliterata 
Ksi;(zkiewicz

Protovirgularia obliterata 
(Książkiewicz)

Helicorhaphe tortilis 
Ksic(zkie\vicz

Helicorhaphe tortilis 
Książkiewicz

Helminthopsis abeli 
Ksi^zkiewicz

Helminthopsis abeli 
Książkiewicz,
?Thalassinoides isp., 
Helminthopsis Isp.

Helminthopsis hieroglyphica 
Ksi^zkiewicz

Helminthopsis abeli 
Książkiewicz,
Gordia marina Emmons

Helminthopsis irregularis 
(Schafhautl)

Nereites irregularis 
(Schafhautl)

Helminthopsis tenuis 
Ksiazkiewicz

Helminthopsis tenuis 
Książkiewicz, 
Helminthopsis abeli 
Książkiewicz

Helminthopsis granulata 
Ksiazkiewicz

“Helminthopsis granulata” 
Książkiewicz

Muensteria geniculata 
Sternberg ITaenidium isp:



204 A. L'CHMAN

Muensteria hamata Fischer- 
Ooster

Phycosiphon hamata 
(Fischer-Ooster)

Muensteria planicostata 
Ksiazkiewicz Taenidium isp.

Naviculichnium marginatum 
Ksiazkiewicz

Naviculichnium marginatum 
Ksiazkiewicz

Oniscoidichnus carpathicus 
Ksiazkiewicz

?trace fossil, 
?inorganic structure

Scolicia prisca de Quatrefages Scolicia prisca de Quatrefages

Scolicia /)/«no Ksiazkiewicz Scolicia plana Ksiazkiewicz

Scolicia vertebratis 
Ksiazkiewicz 'IScolicia prisca de Quatrefages

Subphyllochorda granulata 
Ksiazkiewicz Scolicia plana Ksiazkiewicz

Subphyllochorda striata 
Ksiazkiewicz Scolicia plana Ksiazkiewicz

Subphyllochorda rudis 
Ksiazkiewicz Scolicia plana Ksiazkiewicz

Subphyllochorda laevis 
Ksiazkiewicz

Scolicia strozzii (Savi & 
Meneghini)

Taphrhelminthopsis 
auricularis Sacco

Scolicia strozzii (Savi & 
Meneghini)

Taphrhelminthopsis vagans 
Ksiazkiewicz

Scolicia strozzii (Savi & 
Meneghini)

Taphrhelminthopsis recta 
Sacco

Scolicia strozzii (Savi & 
Meneghini)

Tuberculichnus vagans 
Ksiazkiewicz

Protovirgularia vagans 
(Ksiazkiewicz)

Tuberculichnus meandrinus 
Ksiazkiewicz

Protovirgularia vagans 
(Ksiazkiewicz), 
ISaerichnites canadensis 
(Crimes & Anderson)

Tuberculichnus bulbosus 
Ksiazkiewicz IParahaentzschelinia isp.

Tubulichnium incertum 
Ksiazkiewicz

Ophiomorpha rectus 
(Fischer-Ooster)

Spirorhaphe involuta (De 
Stefani)

Spirorhaphe involuta (De 
Stefani)

Spirorhaphe zumayensis 
Llarena

“Rotundusichnium” 
zumayensis (Gomez de 
Llarena)

Spirophycus bicornis (Heer) “Spirophycus" bicornis

Spirophycus caprinus (Heer) “Spirophycus” bicornis

Sp irophycus involutissim us 
(Sacco)

“Spirophycus" involutissimus 
(Sacco)

Cochlichnus aff. anguineus 
Hitchcock

Cochlichnus anguineus 
Hitchcock

Cosmorhaphe gracilis 
Ksiazkiewicz

Cosmorhaphe gracilis 
Ksiazkiewicz

Cosmorhaphe sinuosa 
(Azpeitia) Cosmorhaphe lobatct Seilacher

Cosmorhaphe
helminthopsoidea Ksiazkiewicz

Cosmorhaphe 
helminthopsoidea (Sacco)

Cosmorhaphe fuchsi 
Ksiazkiewicz

Cosmorhaphe sinuosa 
(Azpeitia Moros)

Cosmorhaphe (?) tortuosa 
Ksiazkiewicz

Helicolithus tortuosus 
(Ksiazkiewicz)

Gordia molassica (Heer) Gordia marina Emmons

Gordia arcuata Ksiazkiewicz Gordia arcuata Ksiazkiewicz

Helicolithus sampelayoi 
Azpeitia

Helicolithus sampelayoi 
Azpeitia Moros

Helminthoida labyrinthica 
Heer

Nereit.es irregularis 
(Schafhautl)

Helminthoida serrata 
Ksiazkiewicz

Nereites irregularis 
(Schafhautl)

Helminthoida crassa 
Schafhautl

Helminthorhaphe flexuosa 
Uchman,
Helminthorhaphe japonica 
(Tanaka),
Helminthorhaphe isp.

Helminthoida miocenica Sacco Helminthorhaphe miocenica 
(Sacco)

Helminthoida alterna 
Ksiazkiewicz

Desmograpton alternum 
(Ksiazkiewicz)

Helminthoida 
helminthopsoidea Sacco

Cosmorhaphe curpathica nom. 
nov.

Helminthoida aculeata 
Ksiazkiewicz

Belocosmorhaphe aculeata 
(Ksiazkiewicz)

Paleotneandron elegans 
Pcruzzi

Paleotneandron elegans 
Peruzzi

Paleotneandron rude Peruzzi
Paleotneandron rude Peruzzi, 
Paleotneandron elegans 
Peruzzi

Paleotneandron robustum 
Ksiazkiewicz

Paleotneandron robustum 
Ksiazkiewicz

Taphrhelminthoida convoluta 
Ksiazkiewicz

Scolicia strozzii (Savi & 
Meneghini)

Taphrhelminthoida plana 
(Ksiazkiewicz)

Scolicia strozzii (Savi & 
Meneghini)

Acanthorhaphe dclicatiila 
Ksiazkiewicz

A canthorhaphe delicatula 
Ksiazkiewicz

Acanthorhaphe incerta 
Ksiazkiewicz

Acanthorhaphe incerta 
Ksiazkiewicz •

Belorhaphe zickzack (Heer) Belorhaphe zickzack (Heer)
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Belorhaplie fabregac 
(Azpeitia) Belorhaplie zickzack (Hecr)

Protopaleodictyon 
incompositum Ksiazkiewicz

Protopaleodictyon 
incompositum Ksiazkiewicz, 
Megagrapton submontanum 
(Azpeitia Moros)

Protopaleodictyon minutum 
Ksiazkiewicz

Protopaleodictyon minutum 
Ksiazkiewicz

Protopaleodictyon 
submontannn: i Azpeitia)

Megagrapton submontanum 
(Azpeitia Moros), 
Megagrapton irregulare 
Ksiazkiewicz

Urohelminthoida 
appendiculata (Heer)

Urohelminthoida dertonensis 
Sacco,
Urohelminthoida 
appendiculata (Heer)

Urohelminthoida dertonensis 
Sacco

Urohelminthoida dertonensis 
Sacco

Urohelm in tho ida a ff. 
dertonensis Sacco

Oscillorhaphe venezoelana 
Seilacher

Desmograpton fuclisi 
Ksiazkiewicz

Desmograpton dertonensis 
(Sacco),
Desmograpton ichthyforme 
(Macsotay)

Megagrapton irregulare 
Ksiazkiewicz

Megagrapton irregulare 
Ksiazkiewicz, 
Thalassinoides isp.

Megagrapton tenue 
Ksiazkiewicz

Megagrapton irregulare 
Ksiazkiewicz

Paleodictyon minutissimum 
Ksiazkiewicz Paleodictyon minimum Sacco

Paleodictyon minimum Sacco Paleodictyon minimum Sacco

Paleodictyon latum Vialov & 
Golev

Paleodictyon latum Vialov & 
Golev

Paleodictyon intermedium 
Ksiazkiewicz

Paleodictyon strozzii 
Meneghini

Paleodictyon strozzii 
Meneghini

Paleodictyon strozzii 
Meneghini

Paleodictyon miocenicum 
Sacco

Paleodictyon miocenicum 
Sacco

Paleodictyon carpathicum 
Matyasovszky

Paleodictyon majus 
Meneghini

Paleodictyon regulare Sacco Paleodictyon maximum 
(Eichwald)

Paleodictyon majus 
Meneghini

Paleodictyon majus 
Meneghini

Paleodictyon tellini Sacco Paleodictyon strozzii 
Meneghini

Paleodictyon aff. gomezi 
Azpeitia

Paleodictyon gomezi Azpeitia 
Moros

Trichichnus linearis Frey

Imponoglyphus torquendus 
Vialov

Palaeophycus tubularis Hall,

Chondrites Irecurvus 
(Brongniart)

Arenituba isp.

148 ichnospecies 116 ichnospecies

57 ichnogenera 55 ichnogenera
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