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Abstract: Ichnotaxonomy of 1,840 of flysch trace fossil specimens from the Ksigzkiewicz 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 Ksigzkiewicz 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 Ksigzkiewicz material.

Abstrakt: 1840 okazow fliszowych skamieniato$ci Sladowych z kolekcji Ksigzkiewicza poddano ichnotaksono-
micznej rewizji. Okazy te pochodzg z réznych tytofsko-miocenskich utworéw fliszowych Karpat polskich. Ich
ichnotaksonomia, oparta na morfologii, byta przedstawiona przez Ksigzkiewicza w 1977 roku. W rewizji przedsta-
wionej w niniejszej publikacji, wydzielenia ichnotaksonomiczne oparto na typie behawioru reprezentowanego
przez dang skamieniato$¢ sladowa. W rezultacie, zmieniono szereg diagnoz. Wiele ichnogatunkéw zaliczono do
innych niz dotad ichnorodzajow. Ichnorodzaje Hormosiroidea, Saerichnites, IParahaentzschelinia, Halopoa,
Nereites, Beaconites, Cladichnus, Protovirgularia, Ubinia i Oscillorhaphe uzyto po raz pierwszy w Karpatch
polskich. Ichnorodzaje Pararusophycus, Rhabdoglyphus, Fucusopsis, Traucumichnis, Sabularia, Granularia,
Bostricophyton, Halymenidium, Buthotrephis, Tubulichnium, Tuberculichnus, Helminthoida, Muensteria, Keckia
i Taphrhelminthoida nie sg rekomendowane do dalszego uzywania. Zaproponowano nowy ichnorodzaj Belo-
cosmorhaphe n. igen. i nowg nazwe ichnogatunkowa Cosmorhaphe carpathica nom. nov. Ichnotaksony Trichi-
chnus linearis Frey, Imponoglyphus torquendus Vialov, Palaeophycus tubularis Hall, Chondrites lrecurvus
(Brongniart), Arenituba isp. sg wyrdéznione po raz pierwszy we fliszu karpackim, w oparciu o materiat z kolekcji
Ksigzkiewicza.
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AIM, MATERIAL, AND METHODS

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

The Ksiazkiewicz collection, housed in the Institute of
Geological Sciences of the Jagiellonian University, Krakow
(acronym UJ TF), is one of 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 Tithonian-
Miocene flysch formations. Almost all the specimens were
labelled. Each full label includes number of specimen, name
of locality and lithostratigraphic unit, and ichnotaxonomic
detennination. A number of the labels appeared to be not
readable, having been damaged because of improper hous-
ing. For this reason, a lot of important information from la-
bels was lost. As a result of the inventory work connected
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with the present revision, the first catalogue of the speci-
mens of the collection was prepared, which comprises the
information from the labels and place of 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 Na-
tional Museum in Prague, the Heer collection in the Geo-
logical Institute of 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).
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CLASSIFICATION AND PRINCIPLES
OF ICHNOTAXONOMY

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

The first problem is the definition of trace fossils. | fol-
low the idea that trace fossils are the sedimentary expres-
sions of fossil behaviour (Seilacher, 1986). Thus, the most
important questions of ichnotaxonomy are what behaviour
is represented by an examined trace fossil and how to
clearly define it, not only the exact description of the ap-
pearance of the examined trace fossil. Morphology of trace
fossils can be strongly dependant on taphonomic processes.
Especially, trace fossils preserved as semi-reliefs are incom-
plete bedding-plane expressions of commonly much more
complicated three-dimensional burrows. The numerous dif-
ficulties encountered in reconstruction of complete trace
fossils and in understanding of the bahaviour they represent
cannot be arguments that influence principles of ichnotax-
onomy.

The other problem is the rank of ichnotaxonomic divi-
sions, especially the hierarchy of features used for diagnoses
ofichnogenera and ichnospecies. I tried to follow the idea of
Fiirsich (1974a), according to which important morphologi-
cal features (so-called significant features) diagnostic of ich-
nogenera are these related to distinct behaviour are diagnos-
tic of ichnogenera. Other features related to minor variation
oftracemaker behaviour and to some preservational features
are regarded as diagnostic of ichnospecies (so-called acces-
sory features). Other features of third-order rank, reflecting
mainly preservational aspects, may be used informally at the
subichnospecies level as variations (Uchman, 1995). Divi-
sion of this level is not forbidden by the 1985 International
Code of Zoological Nomenclature (Rindsberg, 1990). Ex-
amples oftheir use are given by Ekdale & Lewis (1991b) for
Diplocraterion. The main principle in the presented ichno-
taxonomy is the application of 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 ichnocommunities. Application of accessory or
lower-rank features at the ichnogeneric level would give a
false picture of 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, without references to any ethological model and
without taphonomic interpretation, seems to be one of the
dead-ends of ichnotaxonomy.

Another problem of ichnotaxonomy is classification of
trace fossils above the ichnogeneric rank (cf. Bromley,
1996). Ksitzkiewicz (1977) introduced classification of
flysch trace fossils based solely on morphological criteria.
He distinguished ten morphological groups, namely: (1) cir-
cular and elliptical, (2) simple, (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 embraces very different ichnotaxa. None
of the groups directly addresses vertical trace fossils. Most
of trace fossils classified as simple structures have branches
(e.g., Arthrophycus, Halymenidium=Spongeliomorphd). For
this reason the simple 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 systematic part, a number of ich-
notaxa descriptions provided by Ksiazkiewicz (1977) that
have not been changed or have been supplemented only by
new diagnoses, are omitted.

CIRCULAR AND ELLIPTICAL STRUCTURES

Mammillichnis Chamberlain 1971a

Emended diagnosis: Hypichnial mound with a convex or
concave apex and a teat-like tubercule at the centre of the
apex.

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

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

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

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 1Mammillichnis 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.

v 1977

Remarks: The specimens with the apical depressions re-
semble Laevicyclus Quenstedt. Some of them (UJ TF 118,
1470) had been labelled by Ksiazkiewicz 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),
Woujskie. Scales in mm

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

Origin of 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 termination of 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 of Alcyonidiopsis phar-
maceus Richter & Richter. However, it is difficult to find re-
lationships between these two ichnotaxa. Only the granular
surface in some specimens of M. aggeris (especially in the
Chamberlain’s material) may be related to the pelletal struc-
ture of Alcyonidiopsis. However, the morphology of the
apex in M. aggeris has no relationship to homogenously fae-
cal-stuffed trace fossil of Alcyonidiopsis. Ksi*zkiewicz
(1977) suggested that Mammillichnis is an actinian burrow

ORIGIN OF MAMMILICHNIS

1111111

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 of supposed radial symmetry in Chamberlain’s
(1971a) fig. 7J, which is, however, a drawing of the trace
fossil model. Similarly, Crimes etal. (1981) referred to sup-
posed radial symmetry of M. aggeris in their pi. 4, fig. 9.
However, neither the Ksi*zkiewicz material nor the speci-
men in the photograph of Crimes et al. (1981) display the
radial patterns. The photographs and descriptions published
by Chamberlain (1971a) and part of the photographs of
Crimes etal. (1981) show a granular surface ofthe 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 of them, similarly to the material of Crimes et al.
(1981), are slightly fluted. This reveals the pre-depositional
origin of the trace fossil flange. However, it cannot be ex-
cluded that the apical knob is atermination ofa vertical bur-
row that may be also active after deposition of turbidite.
Nevertheless, there is no vertical burrow structure in the pol-
ished slab of 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 of
their height.

Most probably, M. aggeris represents the upper part of
a thin vertical or subvertical cylindrical burrow, which dis-
plays a hemispherical funnel-like upper termination (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 of the funnel and is
closely related to Skolithos Haldeman, or regarded even as a
preservational variant of the latter (Goodwin & Anderson,
1974). Its funnel is produced by sliding of grains in less co-
hesive sediment. In contrast, the funnel of M. aggeris was
most probably produced actively by the tracemaker in cohe-
sive mud and possibly it worked as a trap. Thus, the funnel
is a record of a unique behaviour and is a basis for separa-
tion of 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 of Laevicyclus and therefore such comparison cannot be
drawn. Probably, the flatter specimens with deeper apical
depressions, which resemble Laevicyclus, are only preserva-
tional variants ofthe same ichnotaxon. These specimens can
occur if the termination of the thin burrow in the funnel was
rimmed by a small mound (Fig. 2).

Palaeoenvironment: Deep-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: (?)Cambrian (Paczesna, 1986,
1996), Ordovician (Chamberlain, 1977), Oligocene (Ksi*z-
kiewicz, 1977; Alexandrescu et al., 1993).

Bergaueria Prantl 1945

Diagnosis: Cylindrical or hemispherical, vertical structures hav-
ing smooth, unomamented walls, circular to elliptical in cross-sec-
tion; fill essentially structureless; rounded base, with or without
shallow, central depression and radial ridges (after Pemberton 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, Alpert, 1973; Pemberton et al.,
1988) similar to living Cericmthus or Edwardsia (Pemberton
etal, 1988). The present-day sea anemones are very widely
distributed from estuaries to abyssal plains (e.g. Carney,
1981). However, in the case of non-radiated IB. prantli
Ksifzkiewicz (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; Crimes & 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 Miocene
(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.
Bergaueria prantli Ksi“zkievvicz - Paczesna, 56, pi. 1,

figs. 8-9.

? 1996

Fig. 3.  ?Bergaueria prantli Ksi*zkiewicz, sole of turbiditic
sandstone bed. UJ TF 907, Ropianka beds (Senonian-Paleocene),
K~clowa. Scale bar = 1cm

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 of 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, which is
typified by B. perata Prantl. It cannot be excluded that some
specimens are casts of the upper terminations of some verti-
cal or subvertical partially filled burrows. Therefore, the
question-mark is placed in front of 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,pi.2,figs. la-c.
1852 Harlania Hallii Gopp. -Goppert, 98, pi. 41, fig. 4.
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1856
1869
1874
1881
1882
1883
1886

1887
1890
1895
1901
1908

1918
1940

non 1942
1948

'? 1949
1952
1955

? 1960
1961

1963
1969
non 1970
non 1970
1970
1970
non 1971
non 1972
1972
non 1975
1977

? 1977
1977

non 1977

non 1977

partim 1977

1977

1978
1978
1981

N )

? 1982
1983
1984
1984
1985
1985

non 1986
1987
1987

1988
?non 1991
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Harlania Hallii Goepp. - Bronn & Roemer, pi. 4, fig. 1
Harlania Goepp. —Schimper, 195.
Harlania Hallii Goepp, - Schimper, pi. 2, fig. 6.
Harlania Hallii Goepp. - Saporta, fig. 1.2.
Arthrophycus Harlani Hall - Saporta, 49, pi. 7, fig. 2.
Arthrophycus Harlani Hall - Saporta & Marion, fig. 21.
Arthrophycus cfr. Harlani Hall - Delgado, 75, pis. 23,
25-26.
Arthrophycus cfr. Harlani Hall - Delgado, 66, pis. 9-10.
Arthrophycus Harlani Hall - Schimper & Schenk, fig. 41.
Arthrophycus Harlani Gopp. - Fuchs, pi. 9, fig. 2.
Arthrophycus harlani Conrad - Grabau, 132, pi. 16.
Arthrophicus Harlani Hall - Hernandez Pacheco, 84 (lap-
sus calami).
Problematicum - Zuber, fig. 123.
Harlania harlani (Conrad) - Desio, 68, fig. 7, pi. 6, figs.
1-2, pi. 7, pi. 13, fig. 6.
Harlania Goeppert-Picard, 14, pi. 2, figs. 6-8.
Arthrophycus alleghaniensis (Harlan) - Shinier & Shrock,
719, pi. 303, figs. 26-27.
Fraena (?) - Gomez de Llarena, fig. 1
Arthrophycus - Becker & Donn, 214, figs. 1-2.
Harlania harlani Conrad - Lessertiseur, pi. 74, fig. 11.
Arthrophycus —Henbest, fig. 177.IF.
Arthrophycus alleghaniensis (Harlan) - Wolfart, 81, pi. 7,
fig. 2.
Harlania alleghaniensis (Harlan) - Bender.pl. 13, fig. 3.
Arthrophycus —Seilacher, 120, pi. I.
Arthrophycus-Wke burrows - Frey, 23, fig. 4E.
Arthrophycus (?) sp. - Frey & Howard, 159, fig. 3e.
Arthrophycus sp. - Ksigzkiewicz, 285, fig. la.
Harlania - Selley, pi. 2, fig. b.
Arthrophycus —Maberry, 11, fig. 8.
Arthrophycus-Wke burrows - Frey, fig. 9A.
?Arthrophycus - Frey & Chows, 37, fig. 5C.
Arthrophycus sp. - Chiplonkar & Ghare, 72, fig. IB.
Arthrophycus alleghaniensis (Harlan) - Baldwin, 26, pi.
2a.
1Arthrophycus Hall - Kern, 30.
Arthrophycus strictus n. ichnosp. - Ksigzkiewicz, 57, pi.
1, figs. 11-12.
Arthrophycus annulatus n. ichnosp. - Ksigzkiewicz, 56,
pi. 1, figs. 8-10 [=Ophiomorpha amulata (Ksigzkiewicz)]
Arthrophycus”?) dzulynskii n. ichnosp. - Ksigzkiewicz,
58. pi. 1, figs. 13-14 [=Protovirgularia dzulynskii
(Ksigzkiewicz],
Buthotrephis spec, indet. - Ksigzkiewicz, 76, text-fig. 10b
[non text-fig. 10d, f-g, i-j, m, o-s, u-y = Thalassinoides
suevicus (Rieth)].
Sabularia tenuis n. ichnosp. - Ksigzkiewicz, 71, pi. 2, fig.
3
Arthrophycus alleghanensis - Acenolaza, 40, fig. 25.
1Arthrophycus Hall - Kern, 251.
Lorenziniaci. monzaeRenz-Crimesera/., 972, pi. 3,figs.
4-5,
Arthrophycus cf. strictus Ksigzkiewicz- Alexandrescu &
Brustur, 36, pi. 3, fig. 4.
Arthrophycus alleghaniensis (Harlan) - Turner & Benton,
451, fig. 4A.
Arthrophycus alleghaniensis (Harlan) - Lilian, 57, pi. 2,
fig. 5.
Arthrophycus alleghaniensis (Harlan) -
mano & Melendez, 251, fig. 2a.
Arthrophycus alleghaniensis (Harlan) - Durand, 41, pi. 4,
figs. 3-4.

cf. Arthrophycus-Eager etal., 137, fig. 10A.
Arthrophycus - Ghare & Kulkami, 45, pi. 1, fig. 1
Arthrophycus Hall - Bjerstedt, 875, fig. 8.1.
Arthrophycus alleghaniensis (Harlan) - Valle, 26, fig. 5.
Arthrophycus - Seilacher & Alidou, fig. Id-f, fig. 2.
Arthrophycus isp. —Pickerill, Fillion & Branchley, 73, fig.
2

Pickerill, Ro-

?non 1992b "Arthrophycus" corrugatus (fr\lsch)-M\kul\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 giongzhusiensis 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 A?throphycus 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 Ksigz-
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 ofthis trace fossil is not sufficient for assess-
ment of its diagnostic features. Arthrophycus giongzhusien-
sis described by Luo et al. (1994) from the Cambrian of
China, is a hypichnial, winding trace fossil with fine trans-
verse striae. A photograph of this trace fossil suggests that
the striae can be an external expression of internal sediment
pads typical of Torrowangea Webby. Relationships be-
tween these two ichnotaxa should be explained. Zhang &
Wang (1996) described Arthrophycus hunanensis from Silu-
rian-Devonian deposits of China. It is not excluded that it is
ajunior objective synonym of 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 common in neritic silici-
clastic facies ofthe Middle Palaeozoic and regarded as rep-
resenting a burrow (Sarle, 1906) of 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
of this ichnotaxon to Phycodes were pointed out by Beck
(1916). A. strictus Ksi*zkiewicz displays similar tendencies.
Thus, grouping in bundles can be regarded as the common
feature of 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 Miocene (Alexandrescu & Brustur, 1984).

Arthrophycus strictus Ksiazkiewicz 1977
Figs. 4, 5A, 6
1970 Arthrophycus sp. - Ksiazkiewicz, 285, fig. la.

*v 1977 Arthrophycus strictus n. ichnosp. - Ksiazkiewicz, 57, pi.
1, figs. 11-12.
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Fig. 4.  Arthrophycus strictus Ksigzkicwicz (arrowed) and
Arlhrophycus tenuis (Ksiazkiewicz). Sole of a turbiditic sandstone
bed. UJ TF 131, Lgota beds (Albian), Rzyki near Andrychdéw.
More details are shown in Fig. 5. Scale in mm

partim 1977 Bulhnirepius spec. mdel. - Ksiazkiewicz. 76, text-tig. 10b
[non text-fig. 10d, f-g, i-j, tn, o-s, u-y = Thalassinoides
suevicus (Rieth)].
? 1981 Lorenzinia cf. moreae Renz-Crimes etal., 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.
Emended 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 of beds.

Material: 5slabs (UJTF 124, 131 (holotype), 1318, 1508, 1523).

Remarks: The holotype of Arthrophycus strictus Ksi*zkie-
wicz (UJTF 131, Fig. 4) contains two different trace fossils
treated by Ksiazkiewicz (1977) as variations of 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, simple 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 of the same morphology are better
and more completely preserved in other specimens (e.g. UJ
TF 124), which were determined by Ksiazkiewicz as A.
strictus. In some more complete specimens, the ridges tend
to form bunches, which plunge into the sole of 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
inmm
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Fig. 6.  Arthrophycus strictus Ksigzkiewicz. Sole of a turbiditic
sandstone bed. UJ TF 124, Ropianka beds (Senonian-Paleocene),
Mszana Dolna. Scale in mm

commonly branched ridges, which 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 of the first type. Their diameter ranges from
0.4 to 1.2 mm. About halfofthe ridges are branched, always
at a sharp angle. Ridges of the second type are almost iden-
tical to Sabularia tenuis Ksi*zkiewicz. These trace fossils
differ only in the lack of the perpendicular striation in most
specimens of S. tenuis. However, some ridges of the latter
ichnotaxon, including the holotype (UJ TF 1686), display
faint perpendicular striation, which was noted also by
Ksi”zkiewicz (1977, p. 71). Preservation ofthe fine striation
depends strongly on cohesion of substrate and weathering.
Thus, degree of preservation of the striation is not a suffi-
cient criterion for the ichnotaxonomic separation of these
trace fossils and therefore S, tenuis is included in Arthrophy-
cus. The ichnospecies name of S. tenuis is retained, as A.
tenuis, for the second type of ridges. For the first type of
ridges the name A. strictus is retained.

The specimen UJ TF 1318 indicated by Ksi*zkiewicz
(1977, text-fig. 10b) as Buthotrephis spec, indet. displays
distinct features of A. strictus.

A. strictus was regarded by Ksi*zkiewicz as repre-
senting a feeding burrow of polychaetes. It occurs in the Al-
bian-Senonian  flysch deposits of the Carpathians
(Ksi~zkiewicz, 1977). A not well preserved occurrence,
treated therefore reservedly, is noted in the Eocene flysch of
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, 71, pi. 2, fig.
3
partim 1977 Arthrophycus strictus n. ichnosp. - Ksi*zkiewicz, 57, pi.
1, figs. 11-12.

1984 Sabularia tenuis Ksigzkiewicz - Alexandrescu & Brustur,
20, pi. 1, figs. 1-2, pi. 2, fig. 1
1986 Sabularia tenuis Ksigzkiewicz - 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 Ksigzkiewicz - Bak, fig. 10.
?non 1995 ISabularia tenuis Ksigzkiewicz - Bak, fig. 21.

Emended diagnosis: Small, hypichnial, short, straight, ra-
rely branched ridges, covered with very fine perpendicular
striae. The striation commonly is not preserved.

Material: 9 slabs (UJ TF 131, 373-374, 1493, 1579, 1583, 1614,
1687 (holotye), 2680.

Remarks: A. tenuis is noted only in the flysch deposits of
the Carpathians from the Valanginian (Ksigzkiewicz, 1977)
to the (?) Lower Miocene (Alexandrescu & Brustur, 1981).

Halopoa Torell 1870

Ichnospecies included in Halopoa Torell:
1870 Halopoa imbricata n. sp. - Torell, 7 [no illustration]
1878b Trichophycussulcatum 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 - Gémez de Llarena, fig. 8.
?non 1959 Fucusopsis angulatus Palibin - Birkenmajer, 229, pi. 22
[non text-fig. 1].
1959 Fucusopsisangulatus 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 - Ksigzkiewicz, 286, fig. Is.
v 1970 Fucusopsis annulata ichnosp. n. - Ksigzkiewicz, 286, fig.
Ir.
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 - Ksigzkiewicz, 59, pi. 2, fig.
5 [also Leszczynski, 1992, pi. 15, fig. 1].
v 1977 Fucusopsis annulata Ksigzkiewicz, 60, pi. 2, figs. 6-7.
1977 Fucusopsis striata (Hall) - Ksigzkiewicz, 61. pi. 2, fig. 8.
1977 Fucusopsis Vassoevich - Kumar et al., 421. pi. 9, fig. 6.
1978 Fucusopsis angulata Palibin - Radwanski, 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.].
Fucusopsisangulata Palibin - Crimesetal, 968, pi. 2, fig.
1[?non pi. 2, fig. 2].
1981 Fucusopsis sp. - Pickerill, 44, fig. 5b.
non 1982 Radionereites annulata (Ksigzkiewicz) - 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 etal.. 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.

<

partim 1981

-~
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Arthrophycus tenuis (Ksigzkiewicz). 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, Kaclowa, Ropianka beds (Senonian-Paleocene). Coll. W. Szajnocha. D. UJ TF 373,
Krosno beds (Oligocene), Slonne near Zaluz. Scale bars = 1cm, scale in C in mm

1993

? 1994
? 1995

? 1995

B_ioglif_e (“Pietrificarea de la Pinsdorf’) Contescu ct at., 1995 Palaeophycus sulcalu\ (Miller & Dyer) - Crimes &
pi. 8, fig. 3. McCall, 2 41, fig. 4c.

Fucusopsis isp. - Gong, 487, pi. 6, fig. 4. ? 1995 Fucusopsis ichnosp.-Bak, fig. 19.

Palaeophycus (Fucusopsis) angulci/a Palibin in Vasso- 1997 Palaeophycus imbricatuas (Torell) - Jensen, 69, figs. 8D,
evicli - Crimes & McCall, 239, fig. 4a. 45-46, 47B. D, 48B.

Palaeophvcus striatus Hall - Crimes & McCall, 239, fig.

4b. Emended diagnosis: Long, generally horizontal trace fos-
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Fig. 8. Halopoa imbricata Torell in turbiditic sandstone bed.
UJ TF 87, Beloveza Formation (Eocene), Zubrzyca Goérna. A.
Bedding-plane view. B-C. Cross-section views. Polished and oiled
surfaces. Scale bars = 1cm

sils covered with longitudinal irregular ridges or wrinkles,
which are composed of several imperfectly overlapping cy-
lindrical probes.

Remarks: Halopoa was described, but not illustrated by
Torell (1870). Andrews (1955) designated H. imbricata
Torell as the type ichnospecies of this ichnogenus. Martins-
son (1965) synonymyzed Halopoa composita Torell (1870),

Scotolithus mirabilis Linnarson (1871) and Halopa imbri-
cata, and illustrated the lectotype of the latter ichnotaxon.
He tried to compare H. imbricata to Gyrochorte Heer. How-
ever, Jensen (1997) showed that H. composita and S. miri-
abilis are different ichnospecies and that the comparison to
Gyrochorte cannot be accepted. Hakes (1976) turned his at-
tention to the strong similarities between Halopoa Torell
and Fucusopsis Palibin in Vassoevich (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 of the longitudinal striation
may be diverse and related to diverse tracemaker behaviour
or taphonomic processes. The longitudinal striation may be
produced actively by locomotory organs and/or passively by
body appendages of tracemaker. Its preservation strongly
depends on cohesion of the substrate. Other types of longi-
tudinal striation may be produced by microfaulting con-
nected with collapse of burrows or with compressional
faulting due to tension caused by tracemaker from interior of
burrow. This type ofstriation is a product ofa 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 of 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 of Palaeophycus sensu Pember-
ton & Frey (1982). Trace fossils of this type, especially H.
imbricata (=F. angulata) from the Ksic(zkiewicz material
are commonly densely crowded and they rework the lower-
most part of 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 of the Halopoa 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
of Halopoa diverge away from some objects, for instance
other fills of burrows of the same ichnotaxon, and join once
again behind the object (Fig. 9B). Formation of each new
component probe is connected with pushing out of the for-
merly reworked sediment in the older probe which results in
the formation of an irregular longitudinal striation. Defor-
mation of the laminae above the trace fossls (Fig. 8) indi-
cates that the sediment was pushed out of the burrow inte-
rior. The burrows were presumably 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 Halopoa represents sufficently unique behav-
iour for its retention as ichnogenus.

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

Halopoa ranges from Lower Cambrian (Seilacher,
1990b, Jensen, 1997) to Middle Micene Miocene (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 of turbiditic beds.

Halopoa imbricata 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 - Gémez 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 - Ksigzkiewicz, 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 Fucusopsisangulata Palibin - Ksigzkiewicz, 59, pi. 2, fig.
5 [also Leszczynski, 1992, pi. 15, fig. 1].
v 1977 Fucusopsis striata (Hall) - Ksigzkiewicz. 61, pi. 2, fig. 8.
1978 Fucusopsis angulata Palibin - Radwanski, 51, pi. 1, fig.
2.
partim 1981 Fucusopsisangulata Palibin- Crimes etal., 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.
m? 1995 Palaeophvcus sinol/is Hall - Crimes & McC all. 239, fig.
4b.
1995 Palaeophvcus sulcatus (Miller & Dyer) - Crimes &
McCall, 241, fig. 4c.

Emended diagnosis: Unbranched 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 Ksigzkiewicz (1977) description of Fucusopsis
angulata Palibin.

Remarks: The Carpathian material displays comparable
features to Halopoa imbricata Torell (1870) and Trichophy-
cus sulcatum Miller & Dyer (1877). Pemberton & Frey
(1982) included Trichophycus sulcatum Miller & Dyer, the
type material of F. sulcatum (Osgood, 1970), in Palaeophy-
cus sulcatum (Miller & Dyer). They also excluded F. angu-
lata described by Ksigzkiewicz (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, Szydtowiec beds (Senonian), Kobielnik. Scales in mm

rial of F. angulatus in P. sulcatum. They included also, re-
servedly, the Ksigzkiewicz material in Palaeophvcus stria-
tus. Nevertheless, the mentioned ichnotaxa display features
of Halopoa, and are excluded herein from Palaeophvcus,
and described under H. imbricata.
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Fig. 10.
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 Ksigzkiewicz Fucusopsis striata in Palaeophy-
cus striatus Hall. One of the Ksicjzkiwicz specimens (UJ TF
70) is a hypichnial striated trace fossil on the sole of biotur-
bated turbiditic sandstone, lacking wall. It displays features
of 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) - Middle Miocene (Crimes & McCall,
1995).

Halopoa annulata (Ksi*zkiewicz 1977)
Figs. 10, 15
*v partim 1970 Fucusopsis annulatei ichnosp. n. - Ksi*zkiewicz, 286, fig.
1r2 (non fig. Irl).
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).

Remarks: 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

Halopoa anindata (Ksigzkie-wicz), the holotype. Sole of a turbiditic sandstone bed. A. UFTF 1263, Hieroglyphic beds (Eocene),

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 of the holotype, comprises two different trace
fossils. In 1977, Ksiazkicwicz designated the holotype,
which corresponds only to the specimen illustrated in 1970
in fig. Ir2. The specimen illustrated in fig. Irl is related to
Imponoglyphus Vialov in this paper. Irrespective of these
facts, D’Alessandro (1982) included both these speciemns
of F. annulata Ksiazkicwicz 1970 non 1977 in Radionere-
ites Gregory. However, D Alessandro etal. (1987) then ex-
cluded the material of D’Alessandro (1982) from Radione-
reites and erected for it a new ichnogenus, Rutichnus, which
lumps certain meniscate trace fossils. They reservedly in-
cluded F. annulata Ksig.zkiewicz (1977, non 1970) in Ru-
tichnus and suggested the presence of a meniscate internal
structure in the Ksiazkiewicz specimens.

The Ksiazkiewicz material, including the holotype,
does not display any evidences of internal meniscate struc-
ture, including in specimens sectioned along the trace fos-
sils. It displays, however, features of Halopoa (see the dis-
cussion ofthis ichnogenus). The morphology ofH. annulata
is due to a special behaviour of tracemaker. Apart from re-
peatedly reworking of sediment along the same general
course and the outward tension of the sediment typical of
Halopoa, the tracemaker 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 of per-



FLYSCH TRACE FOSSILS 117

pendicular constrictions: the wider parts of the sole expres-
sions are the bases of the U-shape segments. Occasionally,
tracemaker changed the general course of its burrowing and
this resulted in formation of branchings. The unique behav-
iour of H. annulatci resembles the bahaviour of Trichophy-
cus Miller & Dyer (Geyer & Uchman, 1995).

Stratigraphic range: Paleocene (Ksi*zkiewicz, 1977) -
Lower Oligocene (personal observations, Malcov Forma-
tion, Samorody nearNowy 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 Hormosiroideaflorentina - Hantzschel, W241
1965 Hormosiroideaflorentina - Hantzschel, 47.
1965 Halimedidesfuggeri- 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 - Ksigqzkiewicz, 285, fig. 1h, 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 Hormosiroideaflorentina - 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. 6¢-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 compositus 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-I.
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. 14D-E, 15B, 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 joined by hori-
zontal string. Additional, usually oblique strings can emerge
from the chambers.

Discussion: Separation of trace fossils described herein un-
der Hormosiroidea Schaffer at the ichnogeneric level is
rather the problem of tradition and minor morphological
features than use of significant diagnostic features.

Seilacher (1977a) regarded the spherical “chambers” of
Hormosiroidea as sectioned vertical burrows that protrude
from the horizontal burrow toward 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 of Hormosiroidea cannot be accepted.

The type ichnospecies of Hormosiroidea, //. florentina
Schaffer (1928), consists of a row of small bulbs connected
by a string (Schaffer, 1928; Hantzschel, 1975, p. W70, fig.
40.3) (Fig. 11B). This ichnotaxon was tentatively included
in the graphoglyptids (Seilacher, 1977a). Saerichnites con-
sists of one or two parallel rows of casts of vertical shafts
(Uchman, 1995). Relation of Saerichnites to H. florentina is
problematic. Probably, the bulbs of 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 of vertical or subvertical burrows or single or double
rows of casts of their outlets represent a separate ichnogenus
Saerichnites Billings (Uchman, 1995).

Hormosiroidea Schaffer is proposed as the proper name
for the discussed trace fossils. Older names (see the list of
ichnotaxa included in Hormosiroidea) are either applied for
trace fossils recently described under other ichnogenera or
can be treated as forgotten (nomen oblitum) (see Stanley &
Pickerill (1993).

Stanley & Pickerill (1993) discussed the taxonomy of
Rhabdoglyphus Vassoevich (=Protovirgularia McCoy in
this paper) and Fustiglyphus Vialov. They kept these ichno-
taxa separate, as well as Hormosiroidea Schaffer. Neverthe-
less, similarities between Fustiglyphus and Hormosiroidea
are clearly distinct (Fig. 11), as noticed by Osgood (1970)
and Hantzschel (1975), and these ichnotaxa are comparable
at the ichnogeneric level and the differences between them
can be regarded as these at the ichnospecies level. There-
fore, Fustiglyphus Vialov is a junior objective synonym of
Hormosiroidea Schaffer. The chambers of Fustiglyphus
were interpreted also as possible brood structures, similarly
to interpretation of Hormosiroidea florentina Schaffer
(Uchman, 1995).

Chamberlain (1977) included with 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 of large foramini-
fers and cannot be included in Hormosiroidea.

The groove-mound traces, described from deep-sea
floor of the Arctic Canada Basin were compared 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. Ih, k
(non fig. 1i-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. 6¢.
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-
erill, 62, fig. 51 (copied from Ksi*zkiewicz, 1977, fig. 6b).

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

Emended diagnosis: Straight or rarely winding Hormosi-
roidea with angular, trapezoid, oval, semispherical or arcu-
ate outline of chamber-like bodies, which are regularly or
irregularly distributed along the string. Thin strings, locally

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

branched, may emerge from the chamber-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 of Boucek & Elias (1962) in Fusti-
glyphus annulatus (Vialov). They retained the Boucek &
Elias” (1962; pi. 8, fig. 2) specimen in Rhabdoglyphus
grossheimi 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 of Boucek &
Elias’ specimen in pi. 8, fig. 2 in Stanley & Pickerill (1993,
fig. 5A) is simplified 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 of H.
annulata as brood structures, which is probable. It is diffi-
cult to explain the morphology of 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 of the sea-floor, can
be produced by juvenile tracemakers leaving the chambers
or by predators (Fig. 11).

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 Stg:’obilorhaphe clavata Ksi*zkiewicz - Ksicizkiewicz
288, fig. 1d, e.
v 1970 Strobilorhaphepusilla Ksi*zkiewicz- Ksi*zkiewicz, 288
fig. 1c.
v 1977 Strobilorhaphe clavata Ksi*zkiewicz- Ksi*zkiewicz, 82
pi. 5, figs. 10-11, text-fig. 1la-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. 1ls-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/avoio Ksictzkiewicz-Miller, 23, fig.
6E.

Emended diagnosis: Horizontal trace fossils consisting of
central stem and numerous lateral short, blunt, clavate
branches.

Remarks: The smooth version of Ophiomorpha annulata
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Fig. 12. Hormosiroideu onnulala (Vialov). A. UJ TF 710,
Ropianka beds (Senonian-Paleocene), Lubomierz. Sole of turbidi-
tig sandstone bed (labelled as_Rfiabdoglvphus spmosus). B. UJ TF
2018, Hieroglyphic-beds (Eocene), Dobra Szlachecka. Sole of
turbiditic sandstone bed. Coll. B. Gucik (labelled as Rhabdo-
glvphus calicifiormis). C. UJ TF 726, Szczawa (part of label lost).
Composite endichnial form in marlstone reworked by ’Chon-
drites. D. Specimen in the Naturhistorisches Hofmuseum in Vi-
enna. Cretaceous flysch deposits, marlstone, Muntigl near Salz-
burg. Endichnial form. Scale bar in A-C = 1cm; diameter of the
coin in D = 19 mm

Fig. 13. ?Hormosiroideu isp. UJ TF 994, Siliceous marls
(Turanian), Huwniki. Endichnial form in marlstone bed. Scale in
mm

(Ksi~zkiewicz) described by KsiE(zkiewicz (1977) as Sabu-
larici simplex Ksi*zkiewicz (Uchman. 1995) displays un-
common short side branches, commonly clavate in shape.
They are very similar in morphology to Strobilorhaphe
glandifer Ksi*zkiewicz (Fig. 14), labelled earlier as Sabu-
laria glandifer. Probably, Strobilorhaphe glandifer is a frag-
ment of A. anmilata var. simplex. However, S. glandifer
probably represents different behaviour of the same trace-
maker. Strobilorhaphe clavata can be a breeding structure.
In contrast, O. anmdata is a pascichnial-domichnial trace
fossil. For this reason, they are separated, as was Gyrolithes
from Ophiomorpha (Bromley & Frey, 1974).

The ichnospecies of Strobilorhaphe, S. clavata, S. pus-
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 (Chamberlain, 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 Ksigzkiewicz. Solc ot'turbidi-
tic sandstone bed. UJ TF 1510, Tylmanowa (lithostratigraphic unit
unknown, label lost). Scale bar = 1cm

Imponoglyphus Vialov 1971

lehnospecies included in Imponoglyphus Vialov:
1970 Ex.aff. Rhahdoglypints - Ksig|zkiewicz, 2S5, fig. In.
partim 1970 Fucusopsis annulata ichnosp. nov. - Ksiazkiewicz, 286,
fig. 111.
1971  Imponoglyphus torcpieiulus gen. et sp. nov. - Vialov, 89,
pi. 2. figs. la-b. 2 (copied in Hantzschel, 1975. fig. 45.1a-
c).
7 1980 Imponoglyphus kcvaiiicmvi ichnosp. n.
122. pi. I. fig. 2. text-fig. 6.
19X4 Imponoglyphus Mason, 8, fig. 2.
? 1988 Imponoglyphus torcpienc/iisVAa\ov-Y ang,7,pi. 1,fig.6a.
1989 Imponoglyphus -Suarez de Genii el al., 364. pi. 3a-b.

Badve & Ghare.

Diagnosis: Horizontal, slightly winding trace fossil composed of
invaginated. regularly spaced cones (modified after Teichert in
Hantzschel, 1975).

Remarks: It is not excluded that Imponoglyphus is a preser-
vational version of Taenidium Heer. Chamberlain (1979,
fig. 3) drew Taenidium as a chain of cone-in-cone struc-
tures.

Cone-in-cone horizontal trace fossils, which resemble
Imponoglyphus. have been described (no ichnotaxonomic
name) by Hogbom (1925) from the Cambrian of Sweden.

Imponoglyphus torquendus Vialov 1971
Fig. 15
v 1970 Ex.aff. Rhahclog/yphu.s
v partim 1970 Fucusopsis annulata ichnosp. nov.
fig. hi.
* 1971 In?ponoglyphus torquendus gen. et sp. nov. Vialov, 89,
pi. 2, figs. la-b, 2 (copied in Hantzschel, 1975, fig. 45.1a-
C).
Diagnosis: As for the ichnogenus.
Material: 2 specimens (UJ TF 634, 638).
Description: As in the diagnosis, hypichnial trace fossil.
Dimensions are: 6-7 mm wide, individual cones are 1.5-3.0
mm long.
Remarks: /. torquendus Vialov described by Yang (1988,
pi. 1, fig. 6a) is a very small trace fossil, about 1 mm wide,
and its cone-in-cone structure can be hardly visible in the
photograph.

Ksiazkiewicz. 285, fig. In.
Ksiazkiewicz, 286,

Planolites Nicholson 1873

Diagnosis: Unlined, rarely lined, rarely branched, straight
to tortuous, smooth to irregularly walled or annulated trace
fossils, circular to elliptical in cross-section, of variable di-

Fig. 15. Imponoglyphus torquendus Vialov (arrowed) and
Halopoa annulata (Ksiazkiewicz). Sole of turbiditic sandstone
bed. Ul TF 634, Beloveza Formation (Eocene), Stara Wie$. Scale
in mm

mensions and configurations: fill essentially structurless,
differing in lithology from host rock (after Pemberton &
Frey, 1982 and Fillion & Pickerill, 1984).

Remarks: Differences between Planolites, Palaeophycus,
and Macaronichmts were discussed by Pemberton & Frey
(1982), Fillion (1989), Fillion & Pickerill (1990), and Brom-
ley (1996, p. 262).

Planolites is an eurybathic, extremely facies-crossing
ichnogenus referred to polyphyletic vermiform deposit-fee-
ders producing active backfilling (e.g. Pemberton & Frey,
1982; Fillion & Pickerill, 1990, and references therein).

Planolites occurs from the Precambrian to the Recent
(Hantzschel, 1975).

Planolites rcinecki Ksiazkiewicz 1977

*v 1977 Planolites reineeki 1. ichnosp. - Ksiazkiewicz: 64, pi. 2.
fig. 9.
1994 P?anolites constriatnnilalus isp. n. - Stanley & Pickerill,
120, figs. 2-3.
M aterial: 1lspecimen, the holotype (UJ TF 1015).
Diagnosis: Planolites characterized by both longitudinal striations
and transverse annulations superimposed in the same specimen
(after Stanley & Pickerill, 1994).
Description: As in Ksiazkiewicz (1977) with the following addi-
tion: there is no evidence of lining in the cross-section of the
holotype.

Remarks: Planolites reineeki Ksiazkiewicz was reservedly
included in Palaeophycus alternus Pemberton & Frey
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(1982). However, the holotype of Planolites reinecki does
not display a lining or any other features of Palaeophycus.
Stanley & Pickerill (1994) distinguished Planolites constri-
annulatus isp. n. for trace fossils that display the same fea-
tures as P. reinecki. Thus, P. constriannulatus is the junior
objective synonym ofP. reinecki Ksi*zkiewiez.

Planolites heverleyensis Billings 1862

Fig. 16
* 1862 Plano/ilex heverleyensis (n. sp.) - Billintrs, p. 97, lext-fie.
86.
v 1977 Sabularia ramosa 1. iclinosp. - Ksif|zkiewicz, 71. text-
figs. S. 9a-d.

Synonymy ofthis ichnospecies in Pemberton & Frey (1982).
Diagnosis: Relatively large, smooth, straight to gently curved or
undulosc cylindrical Planolites (after Pemberton & Frey, 1982).
Material: 8 specimens (TF UT 735, 842, 999, 1583-1584, 1752,
1802, 1845).

Description: Cylindrical, horizontal to oblique, unlined trace fos-
sils, circular to elliptical in cross-scction, 1.5-5.0 mm in diameter,
filled with sediment different in colour and/or lithology from the
host rock.

Fig. 16. Planolites heverleyensis Billings. Endichnial form in
marlstone bed. UJ TF 999, Siliceous marls (Turonian), Huwniki
(part of label lost). Scale in mm

Remarks: Sahularia ramosa Ksi~zkiewicz, including the
holotype (UJ TF 842), displays features of Planolites hever-
leyensis Billings. It has no lining, and is actively filled. The
active filling is indicated by local faint menisci. However,
some specimens originally labeled as S. ramosa (UJ TF 383,
384) display features of Thalassinoides. One specimen (UJ
TF 1583) is labelled as Sabularia flexuosa. This name was
never used by Ksiazkiewicz in publications..This specimen
displays features of P. heverleyensis.

Palaeophycus Hall 1847

Diagnosis: Branched or unbranched, smooth or ornamented, lined,
essentially cylindrical, predominantly horizontal trace fossils of
variable diameter; fill typically structurlcss, of the same lithology
as the host rock (after Pemberton & Frey, 1982).

Remarks: The distinction between Palaeophycus, Planoli-
tes, and Macaronichtms is partially controversial (Pember-
ton & Frey. 1982; Fillion, 1989; Fillion, & Pickerill, 1990).
Palaeophycus is a eurybathic facies-crossing ichnogenus,
produced probably by polychaetes, which occurs from the
Precambrian to the Recent (Pemberton & Frey, 1982).

Palaeophycus tubularis Hall 1847
Fig. 17

Diagnosis: Smooth, unornamented Palaeophycus of variable di-
ameter, thinly but distinctly lined (modified after Pemberton &
Frey, 1982).

M aterial: 3 specimens (UJ TF 371, 1198, 2017).

Description: Horizontal smooth, straight, rarely curved, distinctly
lined, long unbranched trace fossils, 2.8-3.1 mm in diameter,
distinctly flattened in cross-section, filled with the same sediment
as the host rock.

Fig. 17. Palaeophycus tuhularis Hall. Sole of turbiditic sand-
stone bed. UJ TF 1198, “Hieroglyphic beds (Eocene), Komahcza
(part label lost). Scale bar -- 1cm

Chondrites Sternberg 1833

Diagnosis: Regularly branching tunnel systems consisting of a
small number of mastershafts open to the surface which ramify at
depth to form a dendritic network (after Osgood, 1970; Fursich.
1974b).

Remarks: Chondrites is a feeding system of unknown trace
makers related to infaunal deposit feeders (e.g. Osgood,
1970). According to Kotake (1991b), this ichnotaxon is pro-
duced by surface ingestors, packing their faecal pellets in-
side burrows. According to Seilacher (1990a) and Fu
(1991), the tracemaker of Chondrites may be able to live un-
der dysaerobic conditions as a chemosymbiotic organism.

Chondrites occurs from the Tommotian (Crimes, 1987)
to the Holocene (e.g. Werner & Wetzel, 1981).

Chondrites intricatus (Brongniart 1823)

Figs. 18-19
* 1823 Fucoidcs intricatus Brongniart, 311, pi. 19, fig. 8.
i890 Bostricophyton Faritancilii n. sp. - Squinaboi, 183. pi. 7,
fig. 5.
1891 Bostricophyton Pantancllii Squin. —Squinaboi, 16, pi. C,
fig. 3.
v 1977 Bostricophytonpantencllii Squinaboi Ksiazkiewicz, 86,
pi. 5, fig. 5 (lapsus calami),
v 1977 Chondrites aequalis (Brongniart) - Ksiazkiewicz, 78, pi.
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Fig. 18. Chondrites intricatus (Brongniart) (arrowed). Full relief
adherent to the sole of a turbiditic sandstone bed. U.l TF 709A.
Siliceous marls (Turonian), Huwniki. Scale in mm

4. lie. 6.

Chondrites ex/iansiis Fischer-Ooster - K.si<\zkievvicz. 79.
pi. 4. fig. 3.

Chondrites fili/onnis Mscher-Ooster
pi. 4. fig. 8.

Chondrites intricatus (Brongniart) - Ksi(\zkie\vicz. SO, pi.
4. lig. 5.

Chondritesfle.xitis Fischer-Ooster Ksi*zkiewicz, 79, in
collection [non pi. 4, fig. 10 = large fbraminifer|.

v Vpartim 1977

v 1977 Ksia/kiewic/, 79,

v 1977

v partim 1977

Diagnosis: Small trace fossil composed of numerous downward
radiating branches. The angle of branching is usually less than 45
degrees (modified after Fu, 1991).

M aterial: 21 specimens (UJ TF 147, 149, 153,361,393,398,604,
657, 709A. 889, 895, 960, 962, 1215, 1309, 1654-1655, 2516, 3
specimens in the Gcbhard’s collection in the Naturhistorisches
Hofmuseum in Vienna).

Description: A system oftree-like branching, downward penetrat-
ing, markedly flattened tunnels, 0.4-10 mm in diameter. Branches
form sharp angles. The tunnels are filled with sediment lighter or
darker than the host rock. In cross-section, Chondrites appears as
patches of small, circular or elliptical spots. 0.5-1.0 mm in diame-
ter) (compare e.g. Werner & Wetzel, 1981).

Chondrites intricatus occurs in variable substrates including
medium-grained turbiditic sandstone exhibiting Thb lamination of
Bouma (1962), but mostly in fine-grained siliciclastic and calcare-
ous rocks. In one case (UJ TF 709A), it occurs on the sole of
turbiditic sandstone in full relief filled with dark finc-greined
material (Fig. 18).

Remarks: After revision of the systematics of Chondrites,
only 4 ichnospecies are considered as useful instead of the
170 ichnospecies distinguished in the past (Fu, 1991). The
problem of systematics of Chondrites was noticed by Ksi*z-
kiewicz (1977), who distinguished 9 ichnospecies. Never-
theless, most of the specimens from the Ksi*zkiewicz mate-

Fig. 19. Chondrites intricatus (Brongniart) with deformed fill-
ing. A. Specimen from the Gebhard's collection in the Naturhis-
torisches Hofmuseum in Vienna. Bisamberg near Langenersdorf,
"Cretaceous flysch of the Wienerwald. The coin is 19 mm in
diameter. B. UJ TF 961, form, Ropianka beds
(Senonian-Paleocene), Biata Wyzna (labelled as Bostricophyton
pantenellii). The coin in A is 19 mm in diameter, scale for B in mm

cndichnial

rial represent the same pattern referred by Fu (1991) to Ch.
intricatus, Ch. targionii. Ch. patulus, or Ch. recurvus (see
the synonymy list). Many specimens (U.l TF 599, 670, 680,
703, 758, 778, 959, 1181, 1641, 1644, 1650, 1656-1657,
1678, 2023) are poorly preserved and their ichnospecific de-
termination cannot be made.

Several trace fossils referred by Ksigzkiewicz to Chon-
drites belong to other ichnogenera. Some specimens of Ch.
affinis (eg. UJ TF 1641, 1646) are flattened, branched or un-
branched tubes, which may be referred to Palaeophycus or
small Thalassinoides. Some specimens determined as Ch.
expansus (UJ TF 988, 2516) are radial trace fossils referred
to Glockerichmts (see description of Glockerichnus). In the
specimen UJ TF 1659 determined as Ch. affinis, there is a
radial trace fossil different from Ch. intricatus. It displays
radial branches with rounded and enlarged terminations.
This is probably a new ichnogenus.

Bostricophyton pantanellii Squinabol (1890) is a
branched trace fossil, which displays several features of
Chondrites intricatus. The only difference is the non-con-
tinuous guidance of burrow filling. Squinabol indicated that
the filling displays spiral pattern. However, this observation
may be questioned. The segments of filling may be only ar-
ranged in an indistinct chevron pattern. The Ksigzkiewicz



FLYSCH TRACE FOSSILS 123

Fig. 20. A large foraminifer on sole of turbiditic sandstone bed
(labelled as Chondrites flexilis). UJ TF 148, Ropianka beds
(Senonian-Paleocene), Wola Brzezinska. A. General view. B. De-
tail of A. Scale in mm

material (2 specimens) display neither spiral nor chevron
pattern ofthe filling (Fig. 19B). | have observed a few speci-
mens of this type in the Naturhistorisches Hofmuseum in
Vienna (Upper Cretaceous marls, flysch of the Northern
Alps, Gebhard’s collection). They have been also observed
by Fuchs (1895, p. 407, 1905). Some of the specimens con-
tain Chondrites intricatus with a transition from continuous

burrow fillings to discontinuous fillings. The fragments with
the discontinuous fillings are identical to Bostricophyton
pantanellii Squinabol in the Ksi~zkiewicz collection and
strongly resemble Squibabol’s drawing (1890, pi. 7, fig. 5)
of the holotype of this ichnotaxon. Most probably this trace
fossil resulted from deformation of C. intricatiis by flowing
of sediment at a certain stage of diagenesis, when burrow
tilling had become rigid. Fuchs (1895, p. 407), who was the
first to include Squinabol’s specimen in “fucoids”, supposed
that the features of Bostricophyton resulted from deforma-
tion.

The second ichnospecies of Bostricophyton, B. etruscus
Squinabol (1890, p. 184, pi. 11, fig. 5) was compared by
Fuchs (1895, 1905) to Caulerpites eseri Heer (1877), which
is included in Polykampton eseri (Unger) (Wetzel & Uch-
man, 1997).

Ksirzkiewicz (1977, pi. 4, fig. 10) illustrated specimen
UJ TF 1031, a large protist, as Ch. flexilis (Fig. 20). it re-
sembles Chondrites, but the test is visible. Moreover dicho-
tomous branchings occur, which are not present in Chon-
drites. Large protists are commonly mistaken for trace fos-
sils (e.g., Seilacher, 1959, pi. 2, fig. 36; Crimes et al., 1981,
pi. 4, fig. 2).

Chondrites targionii (Brongniart 1828)
Figs. 21-22A-B

* 1S28
v 1977

t-'ucoides targionii  Brongniart, 56, pi. 4. figs. 2-6.
Chondrites artmscula Fischer-Ooster - Ksiazkiewicz. 79,
pi. 4, fig. 7.

Chondrites furcatus (Brongniart) - Ksi;\zkiewicz, 79, pi.
4, fig. 1 (?non pi. 4, fig. 2)

Chondrites affinis (Brongniart) - ksiazkiewicz, 78, pi. 4,
fig. 11

Diagnosis: Chondrites characterized by well expressed primary

v ?paitim 1977

v 1977

successive branchings, which are commonly slightly curved. The
angle of branching is usually sharp.

M aterial: 42 specimens (UJ TF 149-140, 145, 148, 150-151,
593-598, 600, 602-603, 607, 610, 612-614, 617, 619, 686, 707,
930, 994, 997, 1003, 1007, 1053. 1191, 1191A, 1642, 1645, 1648-
1649, 1651, 1658, 1736, 1898, 2515A, 2585).

Description: As in the diagnosis, with the following addition: the
burrow fillings are 5-6 mm in width.

Chondritespatulus Fischer-Ooster 1858

* 1858 Chondrites patulus F.O. - Fischer-Ooster, 48, pi. 8, figs.
6-7.

v 1977 Chondrites paiuhts Fischer-Ooster - Ksi<izkiewicz, 80, pi.
4, fig. 9.

Diagnosis: Small Chondrites system with simple branches, which
branches concordantly at an obtuse angle from the main stem
(modified after Fu, 1991),

M aterial: 1 specimen (UJ TF 1214).

Description: As in the diagnosis.

Chondrites Irecitrvus (Brongniart 1823)
Fig. 22C

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

Diagnosis: Chondrites system in which branches arise only on one
side of the masterbranch and which are all bent in one direction in
a lyre-shaped into two bilaterally opposed directions; there are
commonly one or two orders of branching, rarely a third (after Fu,
1991).
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Fig. 21. Chondrites targionii (Brongniart). A. UJ TF 619, Inoccramian beds (Scnonian-Paleoeenc), Lubomierz. Parallel laminated (Tb)
turbiditic sandstone bed. B. (33 TF 1007, Siliceous marls (Turonian), Huwniki. Turbiditic marlstonc bed (labelled as Chondritesflexilis).
Scale in mm

Fig. 22. A-B. Chondrites targionii (Brongniart), large forms. A. U.l TF 707, Variegated Shale (Paleocenc-Lower Eocene), Szczawa.
Turbiditic sandstone bed (labelled as Chondrites affinis). B. uJ TF 1003, Siliceous marls (Turonian), Huwniki. Turbiditic marlstonc bed
(labelled as Chondrites affinis). C. Chondrites recurvus (Brongniart), UJ TF 994. Siliceous marls (Turonian), Huwniki. Turbiditic
marlstone bed. Scale bar in A = 1cm, scales in B-C in cm
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Material: 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 present in a few specimens in the
Ksiazkiewicz collection. It was neither described nor la-
belled. It is especially common in marlstone specimens con-
taining Chondrites.

This ichnogenus was recently discussed by Fillion &
Pickerill (1990) and Uchman (1995).

Trichichnus linearis Frey 1970
Figs. 23

Diagnosis: Lined Trichichnus (after Frey, 1970, Fillion & Picker-
ill. 1990).

Material: 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 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: Two ichnotaxa of Trichichnus were distin-
guished (Fillion & Pickerill, 1990), namely a lined (T.
linearis) and unlined (T. "simplex") trace fossil. In the ex-
amined material, only the larger specimens seem to be dis-
tinctly lined. However, the lack of the lining along the trace
fossil may be connected with diagenetic processes. It is
highly likely that all exceptionally long and thin Trichichnus
were primarily lined. Thus, the two species of Trichichnus
possibly differ only in their degree of lining. Whether this
character serves as a useful ichnospecies feature is doubtful
(Uchman. 1995).

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

Ophiomorpha Lundgren 1891

Ichnotaxa included in Ophiomorpha Lundgren:
1962 Granularia - Seilacher, 299, pi. 1, fig. 4,
v 1977 Arthrophycus anmdatus n. ichnosp.  Ksia/kicwicz. 56,
pi. 1 figs. 8-10.
v 1977 Sahularia simplex n. ichnosp. - Ksiazkiewicz, 68. pi. 2,
fig. 2, text-fig. 9e.
v 1977 Sahularia radix n. ichnosp. —Ksiazkiewicz, 70. pi. 2, fig.
4, text-fig. 7.
Diagnosis: Simple to complex burrow systems lined at least par-
tially with agglutinated pelletoidal sediment (modified after
Howard & Frey, 1984).

Remarks: Some horizontal trace-fossil segments lacking
the knobby exterior resemble Thalassinoides (e.g. Kern &
Warme, 1974) but vertical segments are lined. Sahularia
rudis (Ksiazkiewicz, 1977), including the holotype, displays
features of Ophiomorpha (Uchman, 1991a) and is included
in this ichnogenus.

A certain type of flysch Granularia (Ophiomorpha an-
nulata in this paper) differs from Ophiomorpha nodosa
Lundgren mainly in smaller dimensions. This was regarded
by Seilacher (1977a) as a small “flysch version” of Sponge-
liomorpha which in turn is closely related to Ophiomorpha
(Bromley & Frey, 1974; Frey et at. 1978).

Flysch Ophiomorpha has been discussed by Uchman
(1995).

Ophiomorpha annulatet (Ksiazkiewicz 1977)
Fig. 24

1962 Granularia Seilacher. 299, pi. I, fig. 4.
v* 1977 Arthrophycus anmdatus n. ichnosp.  Ksiazkiewicz, 56,
pi. 1. figs. 8-10.
v 1977 Sahularia simplex 1. ichnosp. - Ksiazkiewicz, 68, pi. 2,
fig. 2. text-fig. 9e.
1982 Ophiomorpha anmdata —Frey & Howard, figs. 2B, 4A.

Synonymy list: Uchman (1995).
Diagnosis: Ophiomorpha, mainly horizontal or subhorizontal, cy-
lindrical, rarely branched, covered with elongate pellets arranged
perpendicularly to the long axis of 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).
Material: 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).
Description: 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.

Remarks: This ichnotaxon was usually described as Granu-
laria, but without specific designation. It was also described
as Sahularia simplex (Ksiazkiewicz, 1977). The latter ich-
nospecies was defined as a smooth, straight, rarely branched
trace fossil (see also Tunis & Uchman, 1993). | observed
this ichnotaxon previously in the Eocene flysch of the Istria
peninsula, Slovenia (Tunis & Uchman, 1996b). The specific
weathering conditions on the seashore resulted in unusually
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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

well preserved details of wall and fill. Well defined elliptical
silt pellets cover the walls of some specimens; the long axes
of the pellets are perpendicular to the burrow axis (Uchman,

A. UCHMAN

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 = 1cm

1995). Mostly, the specimens are devoid of pellets and are
identical to the material described by Ksi*zkiewicz (1977)
as Sabularia simplex. Preservation and production of pellets
is probably related to the consistency of the sediment.

The pelleted segments of Ophiomorpha annulata from
Slovenia are identical to Arthrophycus annulatus (Ksiazkie-
wicz, 1977), recently redescribed as Ophiomorpha annulata
(Howard & Frey, 1984; Frey & Howard, 1985a, b). How-
ever, it is not completely clear, if the meterial described by
the cited authors from shallow-water Cretaceous deposits of
North America, and the discussed flysch material are identi-
cal. The smooth version of O. annulata was described as O.
annulata var. simplex (Uchman, 1995). The problem of O.
annulata was discussed in the cited publication.

0. annulata occurs from the Valanginian to the
cene (Uchman, 1995) in deep-sea environment (Ksi*zkie-
wicz, 1977) and probably in shallow-water deposits (e.g.
Frey & Howard, 1990)

Ophiomorpha rectus (Fischer-Ooster 1858)

Figs. 25-26
* 1S5S Hatymcnitcs rectus If.0.  Fischer-Ooster, 55, pi. 13, fig.
185X Hatymcnitcsjlcxuosus F.O. - Fischer-Ooster, 55, pi. 13.
fig. 1
?partim 1X58 Hatymcnitcs minor F.O. - I-'ischer-Ooster. 55, 65. pi. 13,
fig. 1(?non 55, pi. 16. fig. 2)
1858 Hatymcnitcs incrassalus F.O. - Fischer-Ooster. 65, pi. 16,
fig. 3.
1909 Gnumtaria cf. arcuata Schimp. - Reis. pi. 17, figs. 2-4.
1935 agglutinierte Wohnrohre - Abel, figs. 395-396.
1936 Grosser Fukoid Krejci-Graf, fig. 3.
?non 1941 Agglutinierenden Polychaten (Terebellinen) - Papp, figs.
1-1
1959 Mil ellipsodischen Kotpillen austapezierter Gang - Seila-
cher, tab. 3.52.
v 1977 Tubutichnium inccrtum n. ichnosp. - Ksi<\zkiewicz, 143,
pi. 11, figs. 14-15, text-fig. 29.
1978 'IGranutaria - Kern, 255, fig. 10A.
partim 1981 Granulariasp. - Crimes el at.. 969, pi. 2, fig. 5 (non pi. 4,
fig. 4).
v 1991b Tubutichnium inccrtum mUchman, 289, fig. 2A.
v 1993 Tubutichnium inccrtum Ksi*zkiewicz- Tunis & Uchman,

87 (not figured).
v 1996a Tubutichnium inccrtum Ksi~rzkiewicz- Tunis & Uchman,
177, fig. 31

Emended diagnosis: Mostly horizontal, rarely branched,

Mio-
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Fig. 26. Ophiomorplia rectus (Fisher-Ooster). A. Epichnial forms in turbiditic sandstones. U.Il TF 1026, Ropianka beds (Senonian-Pa-
leocene). Wola Brzezifnska. B. Specimen from the Gurnigel Flysch (Senonian-Paleocene) in Seeligraben near Gurnigelbad, Fribourgian
Alps, Switzerland. The type of 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 bar inC = 1cm
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winding Ophiomorpha lined with very small muddy pellets.

M aterial: 7 specimens (UJ TF 938, 1026, 3 specimens from the
Fischer-Ooster material, 2 specimens from the Fribourgian Alps).
Description: Horizontal to oblique strongly flattened tubes, which
are 4—20 mm wide. Interior of the tube is covered with small,
elongate muddy pellets, which are 0.7-2 mm long.

Remarks: Ksitzkiewicz (1977) noticed similarity of the
discussed trace fossil to Ophiomorpha, but he designated the
new ichnogenus. Stratigraphic range: Turanian-Middle Eo-
cene (Ksiazkiewicz, 1977).

Ophiomorpha isp.
Fig. 27

v 1977 Subhiilcirian.ulin n. ichnosp. - Ksiazkiewicz, 70, pi. 2, fig.
4. text-fig. 7.

Material: 7 specimens (UJ TF 128, 1205, 1509, 1581, 1634, 251 1,
2601).
Description: 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 of branchings is
noted in some specimens (UJ TF 1204, Ksiazkiewicz, 1977, pi. 2,
fig. 4). which form a kind of knot.

Thalassinoides Ehrenberg 1944

Diagnosis: Three-dimensional burrowl systems consisting pre-
dominantly of smooth-walled, essentially cylindrical components
of variable diameter: branches Y- to T-shaped, enlarged at points

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

ofbifurcation (after Howard & Frey, 1984),

Remarks: Thalassinoides is a facies-crossing trace fossil,
most typical of shallow-marine environment, and is pro-
duced mainly by crustaceans (e.g. Frey et al., 1984). Origin
and palaeoenvironmental significance of Thalassinoides
were summarized lately by Ekdale (1992). According to
Follmi & Grimm (1990), the crustaceans producing Tha-
lassinoides may survive transport in turbidity currents and
produce burrows under anoxic conditions during a limited
number of days.

Apart from widespread Mesozoic and Cenozoic occur-
rences, Thalassinoides was reported from the Palaeozoic
from what appears to be shallow water sediments (Palmer,
1978; Archer & Maples, 1984; Sheehan & Schiefelbein,
1984; Stanistreet, 1989; Kulkov, 1991).

Thalassinoides saevicus (Rieth 1932)
Figs. 28

v partim 1977 Biillinlrcplii.s alT. pa/mata Hall - Ksiazkiewicz, 75, text-
fig. 10n [non text-fig. 10h = Phycot/es bilix],
Butholrcpliis alT. vicculens Hall - Ksiazkiewicz, 75, text-
fig. 10c [non text-fig. 10a, e, k-1, t = Phycoc/es May].
llutholrcphis spec, indet. —Ksiazkiewicz, 76, text-fig. 10d,
o-r [non text-fig. 10f-g, i-j, m, s, u-y = Phycoc/es hi/ix\ non
lext-fig. 10b = Arlhruphyais s/rictus Ksiazkiewicz].

v partim 1977

v partim 1977

Diagnosis: Predominantly horizontal, more or less regularly
branched, essentially cylindrical burrow' system: dichotomous bi-
furcations are more common than T-shaped branches (after
Howard & Frey, 1984).

Material: 12 specimens (U.I 1T 378. 380, 383-384, 703, 902,
1356, 1580, 1582-1583,2511,2590).

Description: Horizontal or oblique cylindrical trace fossils, 5-30

Fig. 28. Thalassinoides sucvicus (Rieth). Ul TF 2590. Sole of
turbiditic sandstone bed, Synwédzko Wyznie, Gorgany Moun-
tains, East Carpathians, Ukraine. Coll. <. Wéjcik. 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 of the burrows are enlarged at points of
bifurcation.

Remarks: Some specimens ascribed to Thalassinoides oc-
cur among specimens determined by Ksigzkiewicz (1977)
as Buthotrephix or labelled as Sabularia rut/is and Sahularia
ramosa. Thalassinoides was noted in the Carpathian Flysch
by Uchman (1991a).

Spongelioniorpha de Saporta 1887

Diagnosis: Sparsely developed burrow systems; components ver-
tical to horizontal, characterized by sets of longitudinal or oblique,
line, elongate striation on exterior of burrow casts (Fiirsich cl al..
1981; Frey dal.. 1™>K4).

Remarks: Fiirsich (1973) included Tluilassinoidcs and
Ophiomorplia in Spongelioniorpha. Bromley & Frey (1974)
suggested that Spongelioniorpha should be abandoned be-
cause of poor definition, and Tluilassinoidcs and Ophiomor-
plia should be retained because of their different wall struc-
tures. However, material from the type locality of Spongc-
liomorpha (S. ihericu) has since been revised (Calzada,
1981 )which has improved definition of this ichnogenus.

The longitudinal striation is interpreted as scratch traces
produced in stiff substrate (e.g.. Kennedy. 1967; Fiirsich,
1973). Ksiazkieu icz (1977, p. 61 ) supposed that the sculp-
ture of the Carpathian speciemens was produced passively
by animals (”boltliurians, ?ophiuroids. ?sipiinculids) with
body appendages and tubercles. This view eannot be' ae-
cepted because it does not explain why the short ridges are
oblique and grouped. If they had been produced by drag-
ging. we would expect more continuous scratches, more
concordant to the axis of trace fossil. Fuchs (1895, p. 408)
related trace fossils of this type to burrows of annelids like
Tcrchella. However, the external ornamentation of the trace
fossils strongly resembles scratch traces of crustacean bur-
rows. formed actively by locomotory organs of tracemakers,
which are present mainly in Spongelioniorpha, occasionally
m Tluilassinoidcs. and in the interior of Ophiotnorpha (Ken-
nedy. 1967). Some Carpathian examples are enlarged at
branching points, similarly \o.Tluilassinoidcs.

Frey cl al. (1984) specii-lated that Spongelioniorpha pro-
duced by crabs should have shorter, more stumpy and bul-
bous sculpting than long sculpting produced by shrimps. On
the other hand, enlargement of burrows at branching points
is more characteristic of shrimps (Kennedy, 1967; Bromley
‘& Frey. 1974; Fiirsich el al.. M981).

Spongelioniorpha suhliiinhricoides (Azpeitia Moros-1933)

Fig. 29
* 1933 Halimcnilcs snh/nmhiicoid&s Azpeitia, n. sp.  Azpeitia
Moros. 56. pi. 18. fig. 32 (lapsus calami).
1946 Halymcnitcs suNimihricoidcs Azpeitia, n. sp.  Gomez civ
Llarena, 35(143).
? 1973 Hal\inciiit/itin/ Crimes, fig. 11.10,
-1977 HulymeniifiiiDt suhlumhricoides (Azpeitia) Ksiazkie-
wicz, 62. pi. 3, figs. 1-2.
? 1980 Halynicnidium sublumhricoidcs (Azpeitia) Alexandres-

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

Emended diagnosis: Spongelioniorpha with short, fine, ir-

129

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

regularly, mainly obliquely distributed external ridges.
Material: 5 specimens (TF U.l 80, 297, 458. 1741. 1810).

Remarks: Metz (1993b) distinguished. Spongelioniorpha
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milfordensis for nonmarine, probable insect traces, which
displays very similar morphology to S. suklumbricoides.

Spongeliomorpha oraviense (Ksi*zkiewicz 1977)

v* 1961 Halvmenitcs oravicnsis (n.f.) - Ksinzkievvicz, 884, pi. 2,

fig. 1

v 1977 Halymcnidium oraviense (Ksia/kiewicz)
62, pi. 3, figs. 3-4.

1981 llaiyincnidium - Crimes el al., 970-

1985 Halymcnidium oraviense - Sapunov el al.. fig. 11.3, fig.
13.fi.

1992 Halymcnidium oraviense - Leszczyriski, pi. 2. fig. 1

1993 Halymcnidium oraviense - Brustur & Stoica, fi4.

1994 Halymcnidium oraviense (Ksii(zkiewicz) — Loftier &
Geyer. 449, fig. 4b.

v 1996a Halymcnidium oraviense (Ksig/kiewic/) - Tunis & Uch-

man. 173. fig. 3F.

v 1996b "Halymcnidium " oraviense (Ksig/kiewicz) - Tunis &

Uchman, 6, fig. 415-F.

"Halymenidiunt " oraviense {Ksiazkicvvicz) Marincic el

al.. pi. 1. fig. 7.

Ksia/.kiewicz,

-

-

ECRIRR)

v 1996

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.I 61 (holotype), 62, 161, 456-457,
459,461-469,471,473,474).

Remarks: The material described by Ksigzkiewicz as Ha-
lymenidium displays features of Spongeliomorpha de Sa-
poita. The filling of burrows is covered with short ridges
that may be treated as casts of scratch traces.

Phycodes Richter 1850

Emended diagnosis: Densely to loosely packed bundle of
tunnels. These are joined as a single stem or tightly packcd
in the downward-penetrating to horizontal proximal part.
The bundle is split and more loose in the upward-penetrat-
ing distal part.
Remarks: Phycodes Richter, typified by Ph. circinatum
Richter, was limited only to densely packed bundles (Os-
good, 1970; Hantzschel, 1975). A curved, short-branched
form, widely known as Phycodes pedum (Seilacher, 1955),
was recently included in Trichophvctis Miller & Dyer be-
cause the morphology of this trace fossil does not conform
with the diagnosis of Phycodes (Geyer & Uchman, 1995).
Ksigzkiewicz (1977, p. 82) described only one ichno-
taxon of this ichnogenus, namely Phycodes aff. harlani
(Hall). The single specimen of this ichnotaxon comprises
vertically stacked cylinders showing faint internal ornamen-
tation, which converge in one direction. The cylinders occur
in a single vertical plane as may be observed in cross-sec-
tion. In contrast, Phycodes is a bunch of cylinders (Han-
tzschel, 1975). In addition the Ksi*zkiewiez specimen was
compared to Phycodes harlani (Hall) (synonym of A. alle-
ghanienis (Harlan), see description of Arthrophycus). Such
comparison is very speculative. The latter ichnotaxon,
known from Palaeozoic rocks, is represented by perpendicu-
larly ribbed cylinders having subquadrate cross-section, lo-
cally grouped in bunches. One can not exclude that the dis-
cussed specimen represents a small Ophiomorpha with ver-
tical repetitions, analogous to the trace fossils described by
Hester & Pryor (1972).

Ksitzkiewicz (1977), however, described a few trace
fossils under Buthotrephis Hall, which may be ascribed to
Phycodes (see below). They are branched structures that
penetrate from a single stem in the proximal part. The
branchings penetrate slightly upward in the distal part and
the branches are arranged in a palmate-like pattern. The
branches were produced by successive action of the trace-
maker, which withdrew to the main stem after formation of
each new branching. This type of behaviour is most similar
to Phycodes. Distinction between looser and tighter bundles
of burrows seems to be problematic. Therefore, a broader
diagnosis of Phycodes is proposed to cover the differences
and unify these trace fossils at the ichnogeneric level. All
the differences may be considered at the ichnospecific level.
Close comparison to the other Phycodes ichnospecies is not
feasible, because revision of these ichnospecies is neces-
sary.

Phycodes bi/ix (Ksitzkiewicz 1977)
Fig. 30

v* 1977 Buthotrephis bi/ix n. ichnosp. - Ksi*zkiewicz, 76, pi. 5,
fig. 13.

v partim 1977 Buthoircphis aft, palma/a Hall - Ksu\zkiewicz, 75, text-
1g. 10h [non text-fig. 10n = Thalassinoides suevicus].
Buthotrephis aff. succulcns Hall - Ksigzkiewicz, 75, text-
fig. 10a, e. k-l. t [non text-1lg. 10c = Thalassinoides
suevicus].

Buthotrephis spec, inclet. ® Ksii\zkiewicz, 76. text-fig.
10f-g, i-j, m, s, u-y [non text-fig. 10d, o-r = Thalassinoides
suevicus: non text-fig. 10b = Arthrophycus strictus
Ksirzkiewicz).

v partim 1977

v partim 1977

Emended diagnosis: Phycodes with a few loosely packed
and rarely branched tunnels in the distal part.

Material: 15 specimens (Ul 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 of ichnotaxa included in this ichnospecies, with the
following remarks: two types of 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.

Remarks: This ichnospecies occurs in various flysch de-
posits of the Polish Carpathians from Beriasian to Oligocene
(Ksiazkiewicz, 1977).

Saerichnites Billings 1866

Emended diagnosis: Trace fossil comprising at least single
parallel rows of semicircular or subquadrate, more or less
regularly distributed pits or pustules on bedding planes.
Remarks: This ichnogenus is typified by S. abruptus Bill-
ings (Billings, 1866; Hantzschel, 1975). Former diagnosis,
provided by Uchman (1995), related this ichnogenus to sub-
vertical shafts. According to Bromley (pers. comm., 1997),
this trace fossil may be related to a horizontal spirally coiled
burrow. Until this problem is further investigated, a less in-
terperative diagnosis is proposed.
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ISaerichnites canadensis (Crimes & Anderson 1985)

vpartim 1977 Tiihercitlichinix rneandrinu.s n. ichnosp. - Ksia/kicwicz,
141, pi. 13, fig. 6 [non pi. 13, fig. 5 = Protovirgularia
vagans. non text-fig. 27a-b],
* 1985 Hormosiroidca canadensis n. ichnosp. - Crimes & Ander-
son, 325, figs. 8.1.
? 1996 Ttiherculichmis meandrinus Ksiazkiewic/.- Paczesna, 67,
pi. 29. fig. 5.
Diagnosis: A meandering line of densely spaced vertical or
steeply inclined shafts which appear on the bedding plane as
circular or semi-circular knobs (after Crimes & Anderson, 1985).
Material: 1specimen (U.I TF 917),

Remarks: Single rows of holes produced by unknown or-
ganisms were photographed on the deep-sea floor (Eving &
Davis, 1967; Hinga, 1981, with ref.). It is possible that they
may be referred to Saerichnites-Wke trace fossils. U'Saerich-
nites is related to a horizonatal spirally coiled burrow (see
discussion of this ichnogenus), !S. canadensis should be de-
scribed under other ichnogenus. Therefore, the question-
mark is placed in front of the ichnogeneric name.

Parahaentzschelinia Chamberlain 1971a

Diagnosis: Trace fossil composed of 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).

Remarks: P. ardelia was identified as an endichnial full-re-
lief trace fossil in Pennsylvanian deep-water deposits of the
USA (Chamberlain, 1971a, b). P. surlyki was described in
Jurassic shallow-water deposits of Greenland (Dam, 1990).
The first ichnotaxon was interpreted as a feeding-domich-
nial structure, the second one as a domichnion.

There are records of Recent grouped holes on the deep-
sea floor (Gaillard, 1991).

?Paruhaentzschelinia isp.
Fig. 31
v 1977 Tuberculicfinus bulbosus n. ichnosp. -Ksi*zkiewicz, 142,
pi. 13, fig. 7, text-fig. 27h.
? 1987 Tuherculichnus bulbosus Ksiazkiewicz - Micu et a/., 83,
pi. 2, Fig. 1.
v 1995 Parahaentzschelinia jsp. —Uchman, 43, pi. 12, figs. 5-8.

Material: 3 specimens (UJ TF 851, 855, 1262),

Remarks: The mounds represent casts of outlets of vertical
or inclined burrows.

Anemoniclmus Chamberlain & Clark 1973

Anemonichnus concentricus Chamberlain & Clark 1973

Remarks: This ichnotaxon was recorded by Ksiazkiewicz

Fig. 30. Phycndes hilix (Ksigzkiewicz). Soles of 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), Kozmice 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 = 1cm
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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
of label lost). C. Side view of B. Scale in mm

(1977, p. 112, text-fig. 18) only in the field and documented
by a field drawing. For this reason it is impossible to revise
the determination.

RADIAL STRUCTURES

Lorcnzinia Gabelli 1900

Ichnospecies included in Lorcnzinia Gabelli:
? 1885 Acanlhoceras rlioloinagen.sis Brug.
Gortani, 1920. p. 58).
? 1890 Gvroplivllilcs veslancnsis n. sp.
fig. 2. '
1900 Lorcnzinia apcnninica 1. sp.
1910 Alollilcs caipalliicas n. sp.
1911  Alollilcs caipaihicus zub.
191.1  Alollilcs kulczynskii n. sp.  Kuzniar. 519, tig. F.
1918 Alollilcs caipaihicus  Zuber, 107, fig. 66 (also Vialov,
1968a, pi. 1. fig. 3).
1925 Lorcnzinia (Bassacma) moreae Ren/ - Ren/, 222, fig. 1
partim 1927 Lorcnzinia apcnninica Da Gabelli - Gomez Lluleca, 46,
figs. 6, 8-9 [non fig. 7 (=Glockcrichmis isp.)].
1930 Lorcnzinia apcnninica Gabelli  Renz. 29S. fig. 1

Stefani, 89 (after
Squinabol. 189, pi. 11,

Gabelli, 77, pi. I. lig. 1
Zuber. fig. in p. 57.

Kuzniar, 518. fig. D-K. ]

1933 Lorcnzinia apcnninica Gabel I - Azpeitia Moros, 18, pi.
3. fig. 7.

1951  Alollilcs hucovinicus sp. n.  Sandler, 174, figs. 1-2.

1951  Alollilcs minor (Maas) - Sandler, 174, fig. 3.

1953 Alollilcs Vassoevich, pi. 3, fig. 2.

1957 Traces [..] r la palure des crabes - Nowak, pi. 17, figs. J,
L, pi. IS. figs. M-N.

1959 Alollilcs sp.  Grossheim, fig. 2.

1962 Lorcnzinia Seilacher, pl. 2, figs. 1-2.

1964 Lorcnzinia apcnninica Gabelli  Fanes Mallian, 125.pl.
7, fig. 2.

v 1968 Suhlorciiziniapkman. "sp." “ Ksiazkiewicz, 10, pi. 5, figs.

? 1968 cf. Lorcnzinia - Pfeiffer, 684, text-fig. 3.17.
1968a Lorcnzinia prulcnsis sp. nov. - Vialov. 338, pi. 1, fig. 4.
1970 Bifasciculus racliatus Volk Crimes, pi. la.
1970 “?Lorcnzinia Crimes.pl. le.
v 1970 Aslcrichnus nnwuki ichnosp. n.
7d.
v 1970 Hassacnia moreae Renz Ksiazkiewicz. 313. fig. 7q.
v 1970 Suhlorciizinia plana Ksiazkiewicz - Ksiazkiewicz, 313,
fig. 7e, T
1971 Lorcnzinia (?) sp. - Tanaka. 8. pi. 3, fig. 3.
non 1977 cf. Suhlorciizinia Kumar cl at., 429. pi. 6.2.
?non 1976 cf. Lorcnzinia Da Gabelli - Hakes, 29, pi. 6, fig. 4.
v 1977 Suhlorciizinia nmraki (Ksiazkiewicz) - Ksiazkiewicz, 95,
pi. 7, figs. 1-3, lext-fig. 13g, k, m-t. (partim)
v 1977 Suhlorciizinia plana Ksiazkiewicz - Ksiazkiewicz, 94, pi.
7. figs. 4-8, lext-fig. 13q, r.
vnon 1977 Suhlorciizinia mnvaki (Ksiazkiewicz)
text-fig. 131, h-j, I
1977 Suhlorciizinia puslulosa n. ichnosp. - Ksi;\zkiewicz. 97,
pl. 7. fig. 9, lext-fig. 13s, t.
v 1977 Suhlorciizinia pussila n. ichnosp. - Ksiazkiewicz. 98, pl.
7. figs. 10. 11. text-fig. 13u, w, v, X.
1977b Lorcnzinia cf. kulczynskii  Crimes. 594. pl. 4, fig. 1
7 1978 Suhlorciiziniaplana Ksiazkiewicz - Radwaiiski, 53, pl. 7,
fig. 2.
1985 Hassacniaxaingcpianhcnsis n. ichnosp. —Yang & Song, 7.
pl. 3, figs. 3. 5.
? 1985 I’hycocles caronatum n. ichnosp.
329, figs. 10.5-10.6.
non 1986 Lorcnziniaritnensis Yang new ichnosp. -Yangclal., 227,
pl. 2, fig. 8. lext-fig. 8.
non 1988 Suhlorciizinia ptisilla Ksiazkiewicz —Yang, pl. 1, fig. 12.

Ksiazkiewicz, 310, fig.

Ksiazkiewicz. 95.

Crimes & Anderson,

non 1991 Lorcnzinia alT. moreae Renz - Crimes & Crossley, 36, pl.
3i.
non 1991 Lorcnzinia plana (Ksiazkiewicz) Crimes & Crossley.
36, pi. 3j.
1992 Suhlorciiziniaplana Ksiazkiewicz - Crimes el al., 67, figs.
4C, 5B.

? 1993a Suhlorciiziniaplana Ksiazkiewicz -Li. 97, pi. 3, fig. 5.
? 1993a Suhlorciizinia ptisilla Ksiazkiew icz  Li, 98. pl. 3, fig. 4.
non 1993 Lorcnzinia cf. moreae Renz - Miller. 21, fig. 5C.
?non 1993 Lorcnzinia apcnninica da Gabelli - Miller. 21. fig. 5.0.
1993a Volkichnium volki Pfeiffer - Li. 97. pl. 3, figs. 3. 6.
? 1994 Sternlormige Lebensspuren indet. - Lobitzer cl al.. 298.
pl. 8. fig. s.
2non 1994 Suhlorciizinia mnvaki (Ksiazkiewicz)
510, fig. 4a (-1Glockerichmis isp.).
1996 Lorcnzinia isp. Marincic cl al., fig. 4G.
1997 Lorcnziniapuslulosa (Ksiazkiewicz)- Wetzel & Uchman.
145, fig. 4B.

Loftier & Geyer.

< <

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).

Remarks: Bassaenia Renz, regarded by Renz (1925) as a
“subgenus” of Lorcnzinia Gabelli was included in the latter
ichnogenus (Ksiazkiewicz, 1977, Seilacher, 1977a).
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L kulczynski expression L carpathica ss. expression

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

Seilacher (1977a) included Sublorenzinia Ksigzkiewicz in
Lorenzinio Gabelli. These two ichnogenera differ only in
the regularity of the radiating ridges and in the uniformity of
their length. These are accessory features and should be con-
sidered at the species level.A few Lorenzinio of different
morphologies, ascribed to L. carpathica (Zuber), L. moreae
(Renz), L. peralta Ksigzkiewicz, and L. curticostata Ksigz-
kiewicz, were found by Ksigzkiewicz in one turbiditic sand-
stone bed in the Variegated Shale (Paleocene-Lower Eo-
cene). He supposed (p. 88) that they can be produced by the
same animal, however, he separated ichnotaxonomically the
morphologically different specimens. Reconsidering the
problem, it is possible to integrate all of the ichnospecies
within a single burrow system model and explain their dif-
ferences in morphology by differences in depth of erosion.
The erosion exposed different levels of the system before
immediate casting on sole of turbiditic bed (Fig. 32). All of
the morphological variations, expressed in above accounted
ichnospecies are included, together with L. kulczymkii
(Kuzniar) in L. carpathica (Zuber). Differences in morphol-
ogy between L. carpathica (Zuber), L. apenninica Gabelli,
and L. kuznari Ksigzkiewicz can be explained by differ-
ences in inclination of the radiating elements (Fig. 33). In
general, it seems that Lorenzinio is a three-dimensional bur-
row system of various radial elements forming a wreath
joined by a central ring (Fig. 32). The ring can be partially

L. kuznari

L. apenninica

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

preserved in some cases (e.g. L. kulczymkii). This model
should be treated with caution. There is still not enough ma-
terial for full confirmation of the idea.

Probably, Phycodes coronatum described by Crimes &
Anderson (1985) from Precambrian/Cambrian deposits of
New Foundland represents the oldest, primitive Lorenzinio.

Taking into account the probably strong influence of
preservation on the morphology of Lorenzinio, the mor-
phometrical classification of Vialov (1968a) cannot be ac-
cepted (cf. Ksigzkiewicz, 1977).

Usually, ichnospecies of regular Lorenzinio display
about 20 radiating ridges, and the irregular ichnoespecies
about 10 ridges.

Lorenzinio was included in the graphoglyptids by
Seilacher (1977a). It has been interpreted as produced by
holothurians (Simonelli, 1905), crabs (Nowak, 1957; Rad-
wanski, 1978), annelids (Hantzschel, 1970), or sipunculoids
(Heezen & Hollister, 1971). Ksigzkiewicz (1977) regarded
Lorenzinio as a feeding trace of hydromedusae, and Sublo-
renzinio (=Lorenzinio) as produced by polychaetes. The af-
finity with hydromedusae is hardly likely because it is a
complicated burrow system preserved by scour and casting,
not a surficial trace produced by tentacles of hydromedusae.

Lorenzinio occurs in flysch deposits from the Precam-
brian/Cambrian (?) (Crimes & Anderson, 1985), the Arenig
(Crimes et al., 1992) to the Miocene (Uchman, 1995). Radi-
ating grooves and holes which may be Recent counterparts
of Lorenzinio have been photographed on the deep-sea floor
(Heezen & Hollister, 1971, figs. 6.21, 6.24; Gaillard, 1991).

Lorenzinio apenninica Gabelli 1900

* 1900 Lorenzinioapenninican. sp. -Gabelli, 1, pi. I, fig. I (also
Gortani, 1920. pi. 2, fig. I; Vinassa de Regny, 1924, fig.
51).

1908 Lorenzinia apenninica - Fucini, fig. I.
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non 1917 Loreniinia aff. apenninica Da Gabelli - Jimenez de Cis-
neros, pi. 5 (=Lurenzinia kuzniari Ksigzkiewicz).

1923 Lurenzinia apenninica Gabelli - Desio, 7, pi. I. figs. 1-2
[Hiolotype of Vialov's (1968a) Lorenzinia desioi sp.
110V.].

1927 Lurenziniaapenninica Gabelli - Gomez Lluleca, figs. 6-9.

non 1930 Lurenzinia apenninica Gabelli - Renz, 298, fig. 1.

1933 Lurenzinia apenninica Gabelli - Azpeitia Moros, 18, pi.

3, tig. 7.
non 1939 Lurenzinia apenninica Gabelli Mitzopulos. fig.

1956 Traces qui se rattechent problement r la pature des crabes
- Nowak, pi. 17, fig. K.

? 1964 Lurenzinia apenninica Gabelli
7. fig. 2 (? /., carpathica).
i.orenzmiaapenninica Gabelli
37-38.

1968a Lurenzinia desioi sp. nov. - Vialov, 338.

1977 Loreniinia aff. apenninica De Gabelli - Ksigzkiewicz, 89,
pi. 6, fig. 1

? 1989 Lurenzinia apenninica Miller, fig. 2N.

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

? 1993a Volkichnium volki Pfeiffer - Li, 97, pi. 3, figs. 3, 6.
non 1993 Lurenzinia apenninica da Gabelli - Miller, 21, fig. 5.0.

Farres Mallian, 125, pi.

non 1967 Macsotay. 31.pl 10, figs.

Emended diagnosis: Lorenzinia with radiating ridges
pointed at the outer side and elevated at the inner side.

Material: No material in the Ksigzkiewicz collection.

Lorenzinia carpathica (zuber 1910)
Figs. 32, 34-36

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

1905 Unnamed - Simonelli, fig. in p. 5.

* 1910 Atolliies carpalhicus n. sp. - Zuber, 57, fig. [also Zuber,
1918. p. 107, fig. 66; Vialov, 1968a, pi. 1, fig. 3].

1911  Alullilex carpaihicus Zub. - Kuzniar, 519, figs. D-E.

1911  Aiollites kiilczvnskii n. sp. - Kuzniar, 519, fig. F.

1920 Lurenzinia carpathica Zuber - Gortani. pi. 2, fig. 5, pi. 3.

1925 Lurenzinia (Bassaenia) moreae Renz -- Renz, 222. fig. 1

1930 Lorenzinia apenninica Gabelli - Renz, 298, fig. 1.

non 1939 Lurenzinia apenninica Gabelli - Mitzopulos, fig.

1941 Lurenzinia carpathica Zub. - Desio, 8, fig. in p. 8.

1951 Aiollites Inicuvinicus sp. n. - Sandler, 174, figs. 1-2.

1953 Aiollites - Vassoevich, pi. 3, fig. 2.

1956 Lurenzinia- Harrington & Moore, F42, fig. 32.2d.

1957 Traces qui se rattechent problement r la piiture des crabes
- Nowak, pi. 17, fig. J, L, pi. 18, fig. M.

1957 Traces qui se rattechent problementr la pature et r I'exist-
ence des crabes - Nowak, pi. 18, fig. N [=holotype of
Vialov's (1968a) Lurenzinia nowaki],

1959 Aiollites sp. - Grossheim, fig. 2.

1961 Lurenzinia carpathica (Zuber) —Grabi¢, figs. 1-2.

1961 Hieroglifgwiazdzisty - Koszarski et a/., pi. 1, fig. 6.

1962 Unnamed - Dimitrieva el ciL, pi. 84, fig. 5.

1962 Atolliies sp. - Durkovic, pi. 1, fig. 1

? 1964 Lurenzinia apenninica Gabelli - Farres Mallian, 125, pi.
7. fig. 2.
1967 Lurenziniaapenninica Gabelli - Macsotay, 31, pi. 10, figs.
37-38.

partim 1968a Lorenzinia gabellii Vialov, sp. nov. - Vialov, 338, pi. 1,
lig. 5 (non pi. 1, fig. 6 = L. kuzniari Ksigzkiewicz).
1968a Lurenzinia aff. kiilczvnskii (Zuber) - Vialov, pi. 1, figs.
7-8.
1968a Lurenziniazuheri Vialov, sp. nov. - Vialov, 338, pi. 1, fig.
9.
1968a Lurenzinia nowaki sp. nov. - Vialov, 338.
1968 Lorenzinia carpathica (Zuber) - Ksiazkiewicz, pi. 5, fig.
3 (also Ksigzkiewicz, 1977, pi. 6, fig. 2).
Lurenzinia carpathica (Zuber) - Ksiazkiewicz, 3 12, fig.
7g-h (non lig. 7i).
v 1970 Lurenziniaperallaichnosp. nov. - Ksiazkiewicz, 313, fig.

v partim 1970

p.
v 1970 Bassaenia moreae Renz - Ksigzkiewicz, 313, fig. 7q.

v 1977 Lorenzinia percilta Ksigzkiewicz - Ksiazkiewicz, 92, pi
6, figs. 9-10.

v 1977 Lurenzinia carpathica (Zuber) - Ksiagzkiewicz, 89, pi. 6
fig. 1

v 1977 Lurenziniacurticostatan. ichnosp. - Ksigzkiewicz, 91, pi
6, fig. 1.

v 1977 Lurenzinia aff. moreae Renz - Ksigzkiewicz, 93, pi. 6
figs. 14-16.

v 1977 Lorenzinia moreae Renz - Ksigzkiewicz, 92, pi. 6, figs
12-13.

1977b Lurenzinia cf. kiilczvnskii —Crimes, 594, pi. 4, fig. 1.

non 1981 Lurenziniacf. mureaeRenz-Crimes etal., 972, pi. 3, figs.
4-5.
? 1986 Lurenzinia (Bassaenia) moreae Renz - Yang, 155, pi. 4,
figs. 4-5.
non 1991 Lorenzinia aff. moreae Renz - Crimes & Crossley, 36, pi.
3i.
non 1993 Lurenzinia cf. moreae Renz- Miller, 21, fig. 5C.

Emended diagnosis: Lorenzinia preserved as radiating
ridges of constant diameter or as a wreath consisting of a
double ring of tubercles, which can be joined by short
ridges. One ring can be preferentially preserved.

M aterial: 13 specimens (UJ TF 84-86, 134, 871, 1030, 1103,
1109, 1111, 1365, 1801,2022, 2043).

Description: As in the diagnosis and Ksigzkiewicz description of
ichnotaxa included in the discussed ichnospecies.

Remarks: Lorenzinia of various morphologies, ascribed to
L. carpathica (Zuber), L. moreae (Renz), L. peralta Ksigz-
kiewicz, L. kiilczvnskii and L. curticostata Ksigzkiewicz are
integrated within a sungle burrow system model (Fig. 32).

Lorenzinia kuzniari Ksigzkiewicz 1977

1911 Atolliies carpaihicus zZub. - Kuzniar, 518, fig. E. 1917
Lurenzinia aff. apenninica Da Gabelli - Jimenez de Cis-
neros, pi. 5.
? 1951 Aiollites minor (M aas) —Sandler, 174, tig. 3.
partim 1970 Lorenzinia carpathica (Zuber) - Ksigzkiewicz, 312m, fig.
7i (non lig. 7g-h.).

1956 Lorenzinia - Harrington & Moore. F42, fig. 32.2c.
partim 1968 Lorenziniagabellii Vialov, sp. nov.-338, pi. I,fig.6(non
pi. 1. fig. 5= /. carpathica (Zuber)).

Lurenzinia kuzniari n. ichnosp. - Ksiazkiewicz, 90, pi. 6,
fig. 8.

v 1977

Diagnosis: Lorenzinia with radiating ridges tapering gradually
toward the centre, with rounded and elevated outer terminations
(modified after Ksigzkiewicz, 1977).

M aterial: No specimens in the Ksigzkiewicz collection.

Remarks: Model of L. kuzniari is shown in Fig. 33B.

Lorenziniaplana (Ksigzkiewicz 1968)
Figs. 37-38

? 1993a Suhhrenzinici pusilla Ksiazkiewicz - Li, 98, pi. 3, fig. 4.
v 1968 Stiblorenzinia plana n. “sp." - Ksigzkiewicz, 10,
pi. 5, figs. 1-2.
1961 Hieroglifgwiazdzisty - Koszarski el al., pi. 1,fig. 7.
v partim 1977 Suhlurenziniaplana Ksigzkiewicz - Ksiazkiewicz, 94, pi.
7, figs. 4-8, text-fig. 13q [?non text-fig. 13r],
v 1977 Suhlurenzinia pusilla n. ichnosp. - Ksigzkiewicz, 98, pi.
7, figs. 10. 11, text-fig. 13u, w, v, Xx.
? 1978 Suhlurenziniaplana Ksigzkiewicz-Radwanski, 53, pl. 7.
% 2.
non 1988 Sublorenziniapusilla Ksigzkiewicz-Yang, pl. I.fig. 12.
1970 Lurenzinia Simpson, pl. 11, fig. I.
non? 1991 Lorenzinia plana (Ksigzkiewicz) - Crimes & Crossley,
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Mk pi. 3j.

1992 Suhlorcnziniaplana Ksigzkiewicz Crimes dal., 67, figs.

4C, 5B.
1993a Suhlorcnzinia plana Ksii\zkiewicz Li, 97, pi. 3, fig. 5.

1994 Suhlorcnziniaplana Ksiazkiewicz- LofFler & Geyer. 510,

fig. 5b.

1996a Lorenziniaplana (Ksiazkiewicz) Tunis & Uchman, 177,

fig. 4E.

Fig. 34. Lorenzinia carpathica (Zuber), different types of pres-
ervation on sole of turbiditic sandstone bed. UJ TF 134, Beloveza
Formation (Eocene), Lipnica Mala. A. General view. B. Detail of
A (labelled as L. moreae). C. Detail of A (labelled as L. carpa-
lhica). Scale in A, C in mm. scale barin B = 1cm

Emended diagnosis: Irregular Lorenzinia with short radiat-
ing ridges with rounded external terminations, or composed
of an irregular wreath of knobs.

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

Remarks: The specimen U.l TF 939, illustrated by Ksi*z-
kiewicz (1977, text-fig. 13r) may belong to Glockerichnus.
Several specimens labelled as Suhlorcnziniapussila display
features of L. plana, except for size, being smaller. How-
ever, size cannot be regarded as the diagnostic feature at the
ichnospecies level and can be only treated as a variation.
The differences between L. nowaki and L. plana are prob-
ably connected with different inclination of the radiating
elements within the burrow system (Fig. 39).

Lorenzinia nowaki (Ksiazkiewicz 1970)
Fig. 40

non 1968a Lorenzinia nowaki sp. now  Vialov, 338 [=/.. carpa-
thica\.
v non 1970 Asierichnus nowala ichnosp. n.
7d [Glockerichnus glockeri],
v partim 1977 Suhlorcnzinia nowaki (Ksiazkiewicz) - Ksiazkiewicz, 95,
pi. 7, figs. 1-3, text-fig. 13k. o [non text-fig. 13f= Clock-
crichim glockeri; non text-fig. 13g-j, 1-n = Glockerichnus
isp.].
v non 1977 SuhlorcnziniaalT. nowaki (Ksiazkiewicz) - Ksifizkiewicz,
95, text-fig. 13p [=Glockerichnus isp.].
1982 Suhlorenzinia cf. nowaki (Ksiazkiewicz) - Alexandrescu
& Brustur, 37. pi. 3, fig. la, plo. 4, fig. la.

Ksiazkiewicz. 310. fig.
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?non 1994 Suhlorcnzinia nawaki (Ksuizkiewicz) Loffler & Geyer,

510, fig. 4a.

v ? 1996b Lorenzinici 'inowaki (Ksi*zkiewicz) —Tunis & Uchman,
6, fig. 7E.

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

Emended diagnosis: Irregular Lorenzinici, with pointed ex-
ternal terminations and elevated internal terminations of the

Fig. 35. Larenzinia carpathica (Zuber), different types of pres-
ervation. A. U.l TF X?, Variegated Shale (Paleoeene-Eocenc).
Lipnica Mala (labelled as  aff. inorcctc). B. Ul TF 1109, vari-
egated Shale (Paleocene-Eoeene), Lipnica Mata-Gubemas (la-
belled as L. aff morcac). C. UJ TF S4, Variegated Shale
(Paleocene-Eoccne), Lipnica Mata-Gubernas (labelled as L. per-
aha). Scale in A in mm, scale bars in B-C = 1cm

radiating ridges.
Material: 5 specimens (U.I TF 107. 650, 655, 659, 1154).

Remarks: Ksigzkiewicz (1977) mentioned “delicate trans-
verse striatiori” in ridges of some specimens. These display
branched ridges and belong to Gbckerichmts, and are ex-
cluded from L. nowaki. Asymmetry in length of the ridges
can be partially caused by preferential scouring (ct. Seila-
cher, 1977a). However, the irregularity of morphology is
connected mainly with the primary irregular distribution of
elements of the burrow system. The burrow system is inter-
preted as a wreath of asymmetric, wide U-tubes, which are
radially arranged around central area.

?Lorenzinici pustulosa (Ksigzkiewicz 1977)
Fig. 41

*

v 1977 Suhlorcnzinia pustulosa n. ichnosp. - Ksigzkiewicz, 97,

pi. 7, Hy. 9, lext-fig. 13s, t.

Uiraizinio pustulosa (Ksigzkiewicz) -Uchman. 22, pi. 7.

fig. I

v 1996a l.orenziniapusiulosa (Ksiqzkiewicz)
177 [not figured],

v 1996b Lorcnzinia isp. Tunis & Uchman. 6, fig. 9B.

v 1997 Lorcnziniapustulosa (Ksv"Zkiewicz) Wetzel & Uchman,
145, fig. 4B.

v 1995

Tunis & Uchman,

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

Fig. 36. Lorenzuua cai'palhica (Zuber) on sole of 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). Goleszdw. Scale in mm

(modified after Ksigzkiewicz, 1977).
Material: 5 specimens (UJ TF 129, 800, 943, 1177, 1491).

Remarks: Ksigzkiewicz (1977) indicated in his diagnosis
that Sublorenzinia (=Lorenzinia) pustulosa is preserved in
full relief. This is regarded as unlikely. The ichnospecies
displays a great morphological variability (Ksigzkiewicz,
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Fig. 38. Lorenziniuplanu (Ksigzkiewicz), soles ofturbiditic sandstone beds. A. UJ TF 2588. Jordanéw (part of label lost). B. UJ TF 971.
Ropianka beds (Scnonian—Palcocene), Grzechynia near Gryboéw (labelled as Suhlorenzinia piisilla). C. UJ TF 931, (labelled as
Sublorenzinia pussiki. part of label lost). D. UJ TF 136, Hieroglyphic beds (Eocene), Grzechynia near Grybdw7(labelled as Suhlorenzinia
pussilu). E. UJ TF 1300 (part of label lost, labelled as Suhlorenzinia piisilla). Scale bars in A, D = 1cm. scales in B-C, E in mm

1977) and its affinity to Lorenzinia may be questioned. before the ichnogeneric name. Some specimens (UJ TF
Similar sole expressions can also result from uneven scour- 1491, 1557) that display features of ?£. pustulosa were la-
ing of Glockericlmus. Therefore, a question mark is placed belled by Ksigzkiewicz as Sublorenzinia nowaki.
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L. nowaki

L. plana

Fig. 39. Model of 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 Ceno-
maniau (Ksiazkiewicz) to the Miocene (Uchman, 1995).

Capodistria Vialov 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).

Remarks: Separation of Capodistria from Lorcnziniu at
ichnogenenc level may be questioned. In some cases, dis-
tinction between irregular Suhlorcnzinia (=Lorenzinia) and
Capodistria is difficult. Some specimens of the first ichno-
taxon (Ksiazkiewicz, 1977, text-fig. 131, t) display knobs in
the central part, which are, however, not centrally located.
These specimens belong probably to strongly scoured
Glockenclinus. The same concerns the trace fossil illus-
trated by Ksiazkiewicz (1977, text-fig. 13b) with three cen-
tral knobs. It displays faint perpendicular striation in one ra-
diating ridge, which is typical of Glockerichnus (Fig. 46A).
As it is not clear what kind of structure is represented by the
central knob, the separation is retained.

On the present-day deep-sea floor, surficial grooves ra-
diating from a central hole were photographed. They were
produced by bonnelid echiurians (Olita, 1984) and may rep-
resent behavioural counterparts of Capodistria.

This ichnogenus occurs in flysch deposits from the Mid
Cretaceous (Ksiazkiewicz, 1977) to the Miocene (Uchman,
1995).

Capodistria vettcrsi Vialov 1968a
Fig. 42

I'MO Hieroglyph aus [...] - Vetters. 131. fig. a (also k-ia/ku-
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 (Ksiazkiewicz), soles of 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. ?/.orenzmiapustu/osa (Ksigzkiewicz), soles of turbiditic sandstone beds. A. UJ TF 1557. Klimkdwka (part of 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 = 1cm
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12-13, text-fig. 13c-e [not text-fig. 13b = Glockerichnus
isp.J.
1990 Capotlislriu mohktviea n. ichnosp. - Brustur & lonesi, 39,
text-fig. 2, pi. 1, fig. 1
\ 1995 Capodisiria vettersi Vialov - Uchman, 23, pi. 7. fig.2.
v 1996b ( apadistria vettersi Vialov - Tunis & Uchman. 6, fig. 9A.
v 1996 Cupodistria vettersi Vialov Marincic el at., pi. 2, fig. 5.

Diagnosis: As for ichnogenus.
Material: 5 specimens (UT TF 96, 109, 671, 958, 1436).

Remarks: C. vettersi is based on figured but unnamed ma-
terial of Vetters (1910). The specimen illustrated by Vetters
(1910) has nine radiating ridges and one central knob; the
specimens illustrated by Ksiazkiewicz (1977) have more ra-
diating ridges and one or three central knob(s). However, the
number of radiating ridges and central knobs does not ap-
pear to be of ichnospecies significance. Brustur & lonesi
(1990) distinguished Cupodistria moldavica n. ichnosp. on
the basis of a double central knob versus the simple knob in
Vetters’ specimen. However, this difference does not appear
to be sufficiently significant to justify a separate ichnospe-
cies (Uchman, 1995).

Glockericlmus Pickeri 11 1982

Ichnospecies included in Glockericlmus Pickerill:
1ssi Sphocmconiles seharvanus Goppert
? 1890 Radiating burrow Dawson, fig. 9.
1930 Nimbus helumthoidcs Bogatdiev, I, fig. 1
1955 Unbenannler sterntormiger FreBbau Seilacher, fig. 5. 89.
1956 Traces [...] des Annelides - Nowak, pi. 13, fig. A, pi. 14,
figs. C-D, pi. 15, figs. F.-F, pi. 16. figs. G-I.
.1959 Sternformiger FreBbau - Seilacher, pi. 2, fig. 22.
1961 .lIstcrichmis n.f. Nowak, 227 (nomen nudum).
1968 Glockcria glockeri n. sp.  Ksiazkiewicz, 9.
1977b Glockcria Ksiqzkiewicz Crimes. 594, pi. 4, fig. 2.
partim 1977 Suh/orenzinia nmvaki (Ksiazkiewicz.) - Ksiqzkiewicz, 95.
lext-fig. 131'-j, 1-n [non pi. 7. figs. 1-3, text-fig. 13k, o =
t.orenzinia nowaki\.
1977 Subliircnziiiia affi nmvaki (Ksii\zkiewicz)
95. text-fig. 13p.
Cupodistria vettersi Vialov  Ksitzkiewicz, 99, text-fig.
13b [non pi. 7. figs. 12-13, lext-fig. 132c-e[.
1977 Buthotrephis hifurcata n. ichnosp. - Ksiazkiewicz. 76, pi.
5, fig. 14, text-fig. 1()z.
Glockcria Ksiazkiewicz Acenolaz.a, 24, fig. 9 (also
Accfiolaza & Toselli, 1981, fig. 12.4).
“non 1980 Glockcria sp. - Pickerill, fig. 5c.
1982 Glockericlmus - Pickerill, 816.
1957 Glockericlmus isp.  Pickerill el a/.. S3, fig. 4b.
1991  Glockcria - Jin & Li, pi. I, fig. 3a.
partim 1994 Glockcria sp. Gong. 488, pi. 5. fig. 5 (non pi. 5. fig. 4, ?
pi. 5. fig. 6).
1995 Glockerichmis isp. -Uchman, 23, pi. 7, fig. 3.
v 1996a Glockerichmis isp. -Tunis & Uchman, 177, fig. 4C.
? 1997 Glockerichmis isp. Zagora. 360, fig. 5.4.

Sapona, fig. 3.2.

~

Ksia/kicwicz,

partim 1977

? 1978

<

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 was introduced by Pickerill
(1982) for Glockcria (Ksiazkiewicz, 1968), a name pre-oc-
cupied by a phacopicl trilobite. According to Vialov (1989),
Glockcria Ksiazkiewicz and Glockerichmis Pickerill are
junior synonyms of Stelloglyphus Vialov (1964, 1968a) (see
also Hantzschel, 1975, p. W111-W112, fig. 69). However,
Stelloglyphus and Glockerichmis display several differ-
ences. Glockerichnus glockeri (Ksiazkiewicz), the type ich-

nospecies of the ichnogenus, is preserved as hypichnial
branched strings, commonly dichotomous, 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 of dichotomy
are the characteristic morphological features of this ichno-
genus. The central depressed area occurs also in cases where
the stellate strings radiate from the central point (Ksi*zkie-
wicz, 1977, pi. 9, fig. 1).

The type ichnospecies of Stelloglyphus, S. turcomani-
cus Vialov (1964, fig. 1) (see also Hantzschel, 1975, p.
W111-W 112, fig. 69.1a) has relatively wide ridges radiating
from a distinct shaft, which is visible on photographs in
cross section as a small circular or oval vertical shaft. It is
not clear if the ridges are branched or not. They are densely
spaced and overlap. The ridges are slightly petaloidal in out-
line. This feature is very distinct in Stelloglyphus giganteus
Vialov (1968, pi. 2, figs. 1-2) (see also Hantzschel, 1975, p.
W111-W 112, fig. 69.1b-c). The central depressed area is not
present. Both ichnospecies of Stelloglyphus derive from
Turkestan, where S. giganteus Vialov occurs in a dense
population of trace fossils at a certain horizon of the Lower
Senonian marly-sandy deposits (Atabekan in Vialov, 1968a,
1989). Glockerichmis never occurs in dense populations.
Probably, Stelloglyphus is produced by deposit feeders
(fodinichnia). Its producer tried to use the space around the
shaft as much as possible. Glockerichmis has been included
among the graphoglyptids (Seilacher, 1977a), which were
probably produced by animals farming microorganisms in
morphologically complicated burrow system (agrichnia
sensu Ekdale, 1985). Thus, there are enough morphological
and probable ethological differences between Glockerich-
mis Ksiazkiewicz and Stelloglyphus Vialov for separation of
these two ichnogenera.

Glockerichmis occurs in flysch deposits (e.g. Ksi*zkie-
wicz, 1977), from the Ordovician (Pickerill et al., 1987a) to
the Miocene (Uchman, 1995). Recent traces morphologi-
cally resembling Glockerichmis were photographed on the
deep-sea floor at 1625 m depth (Ekdale & Berger, 1978).
?Glockericlmus ichnosp. has been reported from nonmarine
Permian red beds (Mikulas, 1993b).

Glockerichnus glockeri (Ksiazkiewicz 1968)
Fig. 43

? 1930 Xiiiihw. hehanthoules - Bogatchev. 1, fig. 1
1955 Unbenannler stern formiger FreBbau - Seilacher, fig. 5.89.
1957 Traces [...] des Annelides Nowak, pi. 13, fig. A, pi. 14,
figs. C-D, pi. 15. figs. E-F. pi. 16. fig. G.
1959 Sternformiger FreBbau - Seilacher, pi. 2, fig. 22.
1968 Glockcriaglockeri n. "sp." - Ksiazkiewicz, 9.
1970 Glockcriaglockeri Ksiazkiewicz - Ksiazkiewicz, 312. fig.

Ta.
1970 Asterichnus nmvaki ichnosp. nov. - Ksiazkiewicz, 311,
fig. 7d.
partim 1977 Suhlorenzinia nowaki (Ksiazkiewicz) - Ksiazkiewicz, 95,
text-fig. 13f

1977 Glockcriaglockeri Ksiazkiewicz - Ksiazkiewicz, 100, pi.
8, fig. 1, pi. 9. fig. 1
? 1988 Glockericlmus glockeri (Ksiazkiewicz) - McCann &
Pickerill, 335, fig. 3.1 I.
7 1992¢ Glockerichmis glockerHKsk\zk\ew]cz) Mikulas,392,pi.
4, fig. 2, pi. 5. figs. 5-6.
?non 1993 Glockerichnus cf. glockeri (Ksiazkiewicz) - Miller, 20,
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Fig. 43. Glockcrichmis glockeri (Ksigzkiewicz), soles of turbiditic sandstone beds. A. UJ TF 96, Cieszyn Limestone (Beriassian).
Goleszéw. General view. B-C. Details of A. D. UJ TF 110, Upper Cieszyn Shale (Valanginian), Wilamowice. E. UJ TF 1157, Cieszyn
Limestone (Beriassian), Goleszéw (labelled as Sublorenzinia nowaki). Scale bars in A, E = 1c¢m, scales in B-C in mm. scale in D in mm
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1494 Chckcrichmis gtockeri <Ksigzkiewiez)
2. ligs. N2.

Glockeriehnus glockeri (Ksia.zkiewiez)
MccCall. 235. fig. 2F.

Mikulas.pl.pl.

non 1945 - Crimes &

Emended diagnosis: Glockerichnus possessing numerous
strings, which display narrow U-shaped dichotomy close to
the centre. The strings can be elevated in the zone ofdichot-
omy, which encircles the centre. The centre can be eroded.

M aterial: 3 specimens (TF U.l 45 (holotype), 110, 1157).

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 of dichot-
omy arc the characteristic morphological features of this ichno-
genus. 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).

Remarks: Most occurrences of G. gtockeri are restricted to
Rerias.sian-1 lauterivian flysch deposits. Determinations of
the Ordovician (Mikulas, 1902b, 1944) and the Upper Cre-
taceous (McCann & Pickerill, 1988) forms can be questio-
ned and therefore they are only reservedly included in
Glockeriehnits.

Glockerichnus alata (Seilaeher 1977a)

1%2 Unnamed large feeding burrow
text-lig. | (part).

Unnamed trace relatedl MIt) i.mlichniiUhnula ksiqzkie-
wicz. lig. 6gl.

Biiiholrcplns hifurctiui ti. iehnosp.
5. lig. 14. text-tig. 10z.

1977a Glockeria alata n. iehnosp.
9e. IOh-c.

Gliit-kcrichniis alaia Seilaeher
lig. 3h.

1992  Gloekeria uliila

Seilaeher, pi. 2, fig. 5,
v 1970

\ 1977 Ksijizkiewicz. 76, pi.

Seilaeher, 316. pi. Id. lig.

non 199| Crimes & Crossley, 35.

Leszezytiski. pi. S. lig. 2.

Diagnosis: Very large Glockerichnus. with a U-bifurcation of the
radiating ridges. A new U-elemcnt usually occurs at the limb of a
firmer element of similar shape (modified alter Seilaecher, 1977a).
M aterial: 1specimen (U.I TF 1383).

Description: As in the diagnosis and in the description of Buthn-
trephis hifurcata (Ksigzkicwicz. 1977).

Remarks: Ksiazkiewicz collected only fragments of G.
alata and placed his material under Bulhotrephis (see com-
ments on Buthotrcphis). The Ksiazkiewicz (July 1977) ich-
nospecific name has priority over Seilacher’s (August
1977a) ichnospecific name. Nevertheless, the latter name is
retained because it refers to more complete material.

?Glockerichnus disordinata (Ksiazkiewicz 1977)
Fig. 44

v* 19~7 Glockeriadisordinata n. iehnosp.

9. lig. 2. text-lig. 13y. z.

1987 Glockeria aff. disordinata Ksiazkiewicz
pi. I lig. |

1991  Glockericlvnis alula Seilaeher
lig. 3h.

Ksiazkiewicz, 102.pl.
Mieu at ai, 82,

Crimes & Crossley. 35,

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 of the structure
(modified after Ksiazkiewicz. 1977).

Material: 3 specimens (U.I TF 1524, 1735 (holotype). 1840).

Fig. 44. ?Glockerichnus disordinata (Ksiazkiewicz). soles of
turbiditic sandstone beds in the Upper Istebna beds (Paleocene).
A. Ul TF 1524, Tabaszowa (with Paleodictyon strozzii). B . UJ TF
1840. Kamesznica. Janoska stream. Scale in A in mm, in B in cm

Remarks: Dichotomy of the radiating ridges is not clear,
which is the significant diagnostic feature of Glockerichnus.
Therefore, the question mark is placed before the ichnogen-
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Fig. 45. Glockerichnus dichotoma (Seilacher), sole of turbiditic
sandstone bed. UJ TF 1705, Wierzbanowa (original label lost).
Scale in mm

eric name. Brustur & Stoica (1993) reported G. aff. disordi-
tuita from Upper Eocene flysch of Romania.

Glockerichnus dichotoma (Seilacher 1977a)
Fig. 45

1977a Cilockeria dichotoma 1. ichnosp. -Seilacher, 316, fig. 9d.
? 1977b Gloekeria Ksiazkiewicz - Crimes, 594. pi. 4, fig. 2.
partim 1994 Gloekeria sp. - Gong, 488, pi. 5, fig. 5 (non pi. 5, figs. 4,
6)
v? 1995 Glockerichnus isp. - Uchnian, 23, pi. 7, fig. 3.

Diagnosis: Small Glockerichnus with V-shape bifurcating narrow
ridges, mainly close the central part (modified after Seilacher,
1977a).

Material: 1specimen (UJ TF 1705).

Description: 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.

Remarks: Original label ofthis specimen is lost.

?Glockerichnus sparsicostata (Ksiazkiewicz 1968)

1957 Traces [..1 des Annelides - Nowak, pi. 16, fig. 1

1968 Gloekeria sparsicostatan. “sp.” - Ksiazkiewicz, 10, pi. 5,
fig. 4.

1970 Gloekeria sparsicostata Ksiazkiewicz - Ksiazkiewicz,
312, fig. 7h.

1977 Gloekeria sparsicostata Ksiazkiewicz - Ksiazkiewicz,

101, pi. 9. fig. 3.

Gloekeria aff. sparsicostata Ksiazkiewicz - Alexandrescu

& Brustur, 24, pi. 6, fig. L

Gloekeria sparsicostata Ksiazkiewicz - Crimes et al.,

972, pi. 3, fig. 3.

1995 Glockerichnus gtockeri (Ksiazkiewicz)
MccCall. 235, fig. 2F.

? 1980
non 1981

Crimes &

Emended diagnosis: Glockerichnus having relatively few,
wide ridges radiating from the central point, rarely dichoto-
mous.

M aterial: | specimens (TF UJ 210, holotypc).

Remarks: G. sparsicostata occurs in flysch deposits from
Hauterivian (Nowak, 1957) to Miocene (Crimes & McCall,
1995). It resembles Stelloglyphus Vialov (1964, 1968a), es-
pecially in its wide rays and gregarious occurrence. There-
fore, its ichnogenus affinity may be questioned and a ques-
tion mark is placed before the ichnogeneric name.

?Glockerichnus parvula (Ksiazkiewicz 1970)

1960 Roselled trail Ksiazkiewicz, 746, pi. 3, fig. 10.
v* 1970 Gloekeriaparvula ichnosp. nov. - Ksiazkiewicz, 312, fig.

7c.
1971  Gloekeria pan-ula Ksiazkiewicz - Tanaka, 5, pi. 10, fig.
3.
v 1977 Gloekeriaparvu/a Ksiazkiewicz - Ksiazkiewicz, 102.pl.
8, fig. 2.

1981 Gloekeria sparsicostata Ksiazkiewicz - Crimes et ai.
972, pi. 3, fig. 4.
Diagnosis: 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 aterial: 1specimen (UJ TF 108, holotype).

Remarks: Morphology of this trace fossil does not conform
to the diagnosis of Glockerichnus. There are some similari-
ties with Asterichnus Bandel. but this problem needs further
study; therefore, the question mark before the ichngeneric
name.

Glockerichnus isp. indet. A
Fig. 46

v partim 1977 Suhlorenzinitt nowaki (Ksiazkiewicz) - Ksiazkiewicz. 95,

text-fig. 13g-j, I-n.
v partim 1977 Capodistria veitcrsi Vialov - Ksiazkiewicz, 99, text-fig.

13b.
M aterial: 7 specimens (TF UJ 215-216, 256, 1126, 1137, 1155,
1705).
Description: 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. B
Fig. 47A- B

M aterial: 2 specimens (UJ TF 991B).

Description: 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.

Remarks: This trace fossil was labelled by Ksiazkiewicz as
Chondrites expansus, but it displays features of Glockerich-
nus. It is not excluded that this is a new ichnospecies. How-
ever, comparison to the other ichnospecies of Glockerichnus
is problematic, because they are only partially preserved
semi-reliefs.

Glockerichnus isp. indet. C
Fig. 47C

M aterial: 1lspecimens (UJ TF ).



FLYSCH TRACE FOSSILS 145

Fig. 46. Glockcrichnus isp. A. strongly eroded forms in soles of
turbiditic sandstone beds. UJ TF 1137, SkrzydIna 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

Description: Endiehnial traec fossil, which displays structurless
strongly flattened fillings of 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 was place by Ksiazkiewicz 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 991B. 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 displays features of Glockerichnus. One
can not exclude that this is a new ichnospecies.

Arenituha Stanley & Pickerill 1995

Diagnosis: Generally irregularly arranged, sometimes branched
tubes radiating from a central gallery, single or bunched, straight.
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Fig. 48. Areniluha isp. Epichnial concave form. UJ TF 665,
Ropianka beds (Senonian-Paleocene), Limanowa (labelled as
Chondrites expansus). Scale in mm

curved, winding or sinuous, smooth to finely annulate, sand-
coated or -filled (Stanley & Pickerill (1995) modification after
Hantzschel (1975)).

Remarks: Arenituha was proposed as the new name for Mi-
catitba Chamberlain (1971a), which name was preoccupied
by a foraminifer (Stanley & Pickerill, 1995). Similarity of
this trace fossil to Glockcrichnus may be discussed, but this
would require further investigation of the type material of
Micatuha.

Arenituha isp.
Fig. 48

Material: 1specimen (UJ TF).

Description: Epichnial concave trace fossil composed of 7
slightly winding rays, which come out from central point. The rays
are 2 mm wide and as much as 30 mm long. They occasionally
display V-shaped branchings in the inner part.

Remarks: The described specimen was housed together
with Chondrites (original label lost) but displays features of
Arenituha. For discussion of this ichnogenus see Stanley &
Pickerill (1995).

Fascichnium Ksiazkiewicz 1968

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

Fascichniittn extenturn Ksiazkiewicz 1968
Fig. 49

v* 1968 Fascichnium cxlenlum n. “sp."  Ksi;\zkiewicz, 10. pi. 6.

Fig. 49. Fascichnium extenturn Ksiazkiewicz, sole of turbiditic
sandstone bed. UJ TF 1440, Variegated Shale (Paleocene-Lower
Eocene), Lipnica Mala-Gubcmas. Scale in mm

fig. | (also Ksiazkiewicz, 1977, pi. 8, fig. 4).

v 1997 Fascichnium extentum Ksiazkiewicz- Wetzel & Uchman,
144, fig. 31;.
?non 1997 “Fascichniun/ ichnosp. - Zagora. 360, fig. 4.6.

Diagnosis: As for ichnogenus.
M aterial: 2 specimens (UJ TF 1440, 1567 (holotype)).

Remarks: Fascichniittn occurs in flysch deposits from Se-
nonian to Eocene (Ksiazkiewicz, 1977). Ksiazkiewicz re-
garded Fascichniittn as a trace produced by the inhalant si-
phon of bivalves or the feeding trace of hydromedusae.
However, this ichnotaxon is rather a fossil burrow system
produced by a worm-like organism within sediment.

Gyrophyllites Glocker 1841

Diagnosis: Radial trace fossils with numerous, more or less hori-
zontal, swollen leaf-like lobes radiating from a vertical shaft. The
radiating lobes occur at one or several levels and are mostly
unbranched (modified after Fit. 1991).

Gyrophyllites rehsteineri (Fischer-Ooster 1858)
Fig. 50

* 1858 Sargassitcs rehsteineri P.O. -- Fischer-Ooster, 34, pi. 13,
fig. 5.
1877 Gyrophyllites theohahh Hr. - Heer, 120. pi. 45, figs. 1-5.
v 1977 Gyrophyllites kwassizensis Glocker - Ksiazkiewicz, 104,
pi. 8. fig, 2.
v? 1977 Asterichiuis aff. lawrenccnsis Bandel
104, pi. 9, fig. 4.
Gvrophvltiles cf. rehsteineri Fischer-Ooster - Wetzel &
Uchman. 145. fig. 311

Ksiazkiewicz.

v ? 1997
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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

Diagnosis: Gyrophyllites with overlapping lobes, which are egg- maximally 5-7 mm wide.

or drop-like in outline, with rounded distal margin. . ) ) o ]
Material: 4 specimens (TF UJ 79 (?), 106, 259, 1794). Remarks: Material ascribed by Ksi~zkiewicz to G. kwcis-

Description: As in the diagnosis, with the following additions: sizensis Glocker differs from the material illustrated by
diameter of the rosette up to 35 mm. The radiating lobes are Glocker (1841, p. 322). The latter is characterized by more
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elongate, non-overlapping lobes than in the Ksi*zkiewicz
material, which, in turn, is very similar to the flysch material
of G. rehsteineri illustrated by Fischer-Ooster (1858). How-
ever, morphological diversity of the type material of G.
kwassizensis is poorly known and transitional forms to the
described ichnotaxon are not excluded. In this case, these
ichnotaxa would be synonyms. In the present state of know-
ledge, they are treated as separate ichnospecies. Ksi*zkie-
wicz (1977) described Astevichnus aff. lawrencensis Bandel
on the basis of one, poorly preserved specimen (Fig. 50D).
This trace fossil displays rather overlapping lobes and is
more similar to Gyrophyllites Glocker or Stelloglyphus Via-
lov.

SPREITE STRUCTURES

Zoophvcos Massalongo 1855

Diagnosis: Spreite structures composed of numerous small, more
or less U- or .T-shaped protrusive burrows of 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).

Remarks: Different ichnogenera and/or species have been
described under the name Zoophvcos (Hantzschel, 1975).
Recently, the origin of members ofthe Zoophvcos group has
been extensively discussed (Bromley, 1991; Wetzel, 1992;
Gaillard & Olivero; 1993, Olivero, 1994, for review). This
group needs to be thoroughly revised. Temporarily, some
ichnotaxonomic names are used for description of this
group, however, many of them are most likely synonyms.

Zoophvcos s.l. is generally assumed to be trace of un-
known deposit-feeding organisms. Their producers are pos-
sibly found among sipunculoids (Wetzel & Werner, 1981),
polychaete annelids, arthropods (Ekdale & Lewis, 1991a),
and enteropneust hemichordates (Kotake, 1992). According
to Kotake (1989, 1991a), Zoophvcos is produced by surface
ingestors of organic detritus. The origin of this trace fossil is
still not clear. Diverse, partially contradicting models of for-
mation of Zoophvcos have been presented (Seilacher, 1986;
Ekdale & Lewis, 1991a; Bromley, 1991; Wetzel, 1992;
Gaillard & Olivero, 1993, and references therein), but in
most cases, the discussion refers to different taxa or even
ichnogenera of the Zoophvcos group.

According to Bottjer et al., (1987) and Ekdale & Lewis
(1991a), Zoophvcos occurs in shallow-water deposits in the
Palaeozoic, and in deep-sea, rarely also in shallow-water de-
posits after the Palaeozoic. Zoophvcos s.l. is known from the
Precambrian (Crimes, 1987) to the Recent (e.g. Ekdale &
Berger, 1978; Wetzel & Werner, 1981).

Ksirzkiewicz (1977) distinguished two ichnotaxa of
Zoophvcos, namely, Z. hrianteus Massalongo and Z. insig-
nis Squinabol. Moreover, he determined several Zoophvcos
spec, indet. Zoophvcos needs urgent revision but this large
problem is beyond the scope of this paper. The Ksicjzkie-
wicz material is insufficent even for a partial solution of the
problem. For this reason, the Ksif(zkiewicz ichnotaxa are re-
tained as they are. For illustration of the material 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 Brzezinska. B. Zoophvcos isp.
(Spirophyton-type). endichnial form in cross-section of turbiditic
mudstone bed. UJ TF 13, Magura beds (Eocene), Zabrzez. Scale in
A in mm, scale barin B= 1cm

Phycosiphon Fischer-Ooster 1858

Emended diagnosis: Planar, horizontal, or oblique lobate
spreite structure encircled at least partially by a marginal
tunnel. The lobes are protrusive.

Remarks: Hitherto only one ichnospecies, P. incertum Fis-
cher-Ooster, was recognised. This ichnospecies was lately
analysed by Wetzel & Bromley (1994), who described its
morphology in detail. The most characteristic feature of P.
incertum is the lobate structure filled with protrusive spreite.
The same features, expressed in the ichnogeneric diagnosis,
occur in larger trace fossils, e.g. Hydrancylus hamatus Fis-
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cher-Ooster (1858, pi. 5) (Fig. 53) or Hydrancylus genicu-
lata (Sternberg) discussed by Fu (1988). For this reason
these trace fossils can be described under one ichnogenus
and the monotypy of Phycosiphon can be broken. Hv-
drancylus was regarded by Fischer-Ooster as a subgenus of
Muemteria although it has page priority. However, Phycosi-
phon is much more commonly used, as indicated in the syn-
onymy lists supplied by Fu (1991) and Wetzel & Bromley
(1994). In interest of ichnotaxonomic stability, therefore
Phycosiphon is proposed as the generic name of the dis-
cussed trace fossils. All the differences between these ich-
notaxa correspond to features at the ichnospecies level.

Phycosiphon incertum Fischer-Ooster 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 of 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).

Material: I13~specimens (UJ TF 142, 589-591. 646, 1261, 1485,
1597. 1618, 1676, 1803, 2040, 2517).

Remarks: Recently, Wetzel & Bromley (1994) provided
that Anconichnus horizonta/is Kern is thejunior synonym of
Phycosiphon. Phycosiphon is common in poorly oxygen-
ated sediments (e.g. Ekdale & Mason, 1988).

Phycosiphon incertum is correctly described by Ksi*z-
kiewicz (1977). In the analysed collection, especially valu-
able are well-preserved specimens with well-expressed
spreite.

Phycosiphon hamata (Fischer-Ooster 1858)

Figs. 53-55
* 1858 Miinslcria hamata F.0. (*Hydrancylus hamatus F.0.) -
Fischer-Ooster. 41. pi. 5.
v 1977 Muaixlena hamaia Fischer-Ooster - Ksigzkiewicz, 122.

pi. 13. llg. 3.

1978 Z.oophycos Kern. 250. fig. SI.

Diagnosis: Large Phycosiphon in the scale of centimetres, with
well expressed symmetrical lobes filled with spreite.

Material: 4 specimens (U.l TF 154, 738, 2 specimens in the
Naturhistorisches Hofmuscum).

Description: As in the diagnosis and in the description of Muen-
steria hamata in Ksiazkiewicz (1977).

Remarks: Although Fischer-Ooster (1858) distinguished
Hydrancylus as a subgenus of Muensteria, it has recently
been treated as a separate ichnogenus by Fu (1988), who,
however, excluded Muensteria hamata F.O. (=/lydrancylus
hamatus F.O. according to Fischer-Ooster) from Hydrancy-
lus. Nevertheless, all the differences between Hydrancylus
geniculata (Sternberg), which is the only ichnospecies of
this ichnogenus recognised by Fu (1988), and Il. hamatus
can be expressed at the ichnospecies level. Hydrancylus
geniculata (Sternberg) displays smaller size and asymmetry
of lobes related to the J-shape burrow. Il. hamatus Fischer-
Ooster displays larger size, and more regular lobes, with
deep .(-shape or even U-shape burrows (Fig. 53). Neverthe-
less. both ichnotaxa display the same basic features ex-

pressed in the ichnogeneric diagnosis of Phycosiphon. This
trace fossil is developed only on one level and cannot be
confused with Zoophycos, which extends to several adjacent
levels.

Lophoctenium Richter 1850

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

Remarks: Lophoctenium has lately been studied by Fu
(1991). It occurs in flysch deposits (e.g. Ksiazkiewicz,
1977; Kern, 1978, Crimes et al., 1981; Leszczynski, 1992)
from the Ordovician (Hantzschel, 1975) to the Miocene
(Uchman, 1995).

Ksiazkiewicz (1977, 81) distinguished Lophoctenium
ramosum (Toula) (pi. 5, figs. 6-8) and L aff. comosum
(Richter) (pi. 5, fig. 9). Lophoctenium needs arevision but it
can not be done without access to several important collec-
tions. For this reason, the Ksiazkiewicz ichnospecies are
temporally retained as they are.

Rhizocorallium Zenker 1836

Diagnosis: 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 Zenker 1836

v 1977 1Rhizocorallium spec, indet. - Ksiazkiewicz, 105. text-
ile. 15.

v 1992b Rhizocorallium ichnosp. - Uchman, tigs. 2-3.
Diagnosis: More or less straight, short U-shaped spreite burrows
commonly oblique to bedding plane and sometimes vertically
retrusive (after, Fiirsich, 1974c).

M aterial: 2 specimens (UJ TF 1556, 1610).

Remarks: Taxonomic and ethological problems of this ich-
nogenus were discussed by Fiirsich (1974c). Uchman
(1992b) discussed its occurrence of this commonly shallow-
water trace fossil in the Carpathian flysch.

WINDING AND MEANDERING STRUCTURES

Ksiazkiewicz (1977) regarded winding structures and
meandering structures as separate groups. They are here
combined because of difficulties in their separation. For in-
stance, according to the Ksiazkiewicz divisions, echinoid
trace fossils (Scolicia in this paper) are separated (Uchman,
1995).

Nereites MacLeay 1839

Diagnosis: Usually selectively preserved, winding to regularly
meandering, more or less horizontal trails, consisting of 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).

Remarks: The list of ichnotaxa included in Nereites was
presented by Rindsberg (1994) and Uchman (1995). Sca-
larituha Weller, 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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Hijdrancijlus hamafus. F. O

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

Ruchholz, and Helminthoida Schafhautl were included in
Nereites.

Nereites irregularis (Schafhautl 1851)
Figs. 56

For synonymy list: Uclunan (1995).

v 1970 Helminthoida lahyrinthica Heer forma typica - Ksi*zkie-
wicz, 296, fig. 2g.

v 1970 Helminthoida lahyrinthica Heer forma lata - Ksi*zkie-
wicz, 296, fig. 2i.

v 1970 Helminthoida lahyrinthica Heer formaserrata - Ksi*zkie-
wicz, 298, fig. 2h.

v 1977 Hehninthopsis irregularis (Schafhautl) - Ksifizkiewicz,
119, pi. 12, fig. 2, text-fig. 22.

v 1977 Helminthoida lahyrinthica Heer —Ksi*zkiewicz, 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-
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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 ofvariable 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)

Material: 17 specimens (UJ TF 51-58, 105, 132, 236, 721a, b,
734, 797, 1518, 271 1).

Description: 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 of 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.

Remarks: The holotype of Helminthoida irregularis dis-
plays all diagnostic morphological features of Nereites and
was included in the latter ichnogenus, and Helminthoida
labyrinthica Heer of Ksiazkiewicz is its junior objective
synonym (Uchman, 1995).

The Ksiazkiewicz ichnospecies included in N. irregu-
laris displays minor differences, which are morphological
variations of the same ichnospecies. The differences (lack of
core filling, visibility of backfill structure in the core) are
controlled mainly by preservation and diagenesis.

Nereites irregularis occurs mainly in deep-sea deposits.
It is typical of calcareous planktic sediments (Seilacher,
1986, p. 70). It occurs from (?) the beginning of the Meso-
zoic (Yang, 1986) to the Miocene (Uchman, 1995) and (?)
Quaternary (Ekdale & Lewis, 1991b).

Scolicia de Quatrefages 1849

Ichnospecies included in Scolicia de Quatrefages:

v 1458 trace of creeping gastropods from the Suhphylloehorcla

group mKsiazkiewicz, pi. 2, llg. 3.

v 1958 WdcoIntUuj Ksiazkiewicz. pl.a. fig 1

v 1460 Kx. aff. Cliniactichius Logan - Ksiazkiewicz. 742, pi. 4.
fig. 17.
Ex. aff. Gyrochorte Heer
1.
v 1960 Podwojny slad meandryczny - Ksiazkiewicz, 739. pi. 2,

v 1960 Ksigzkiewicz. 742, pi. 3, fig.

fig. S.

v 1968 Taliphrhelminthopsis Sacco, sp. ind. - Ksifizkiewicz, 8, pi.
6. fig. 3.

v 1970 Scolicia prisca de Quatrefages - Ksiazkiewicz, 289, pi. 1
d

v 1970 Scolicia plana ichnosp. n. - Ksiazkiewicz. 289. pi. 1c.
1970 Suhphvllochonla granulata ichnosp. n. - Ksiazkiewicz,

289, pi. Ig.

v 1970 Suhphvllochorda striata ichnosp. ». - Ksiazkiewicz, 290,
pi. 1f

v 1970 Taphrhehninthopsis aff. recta Sacco Ksiazkiewicz. 290.
pi. 2a-d.

v 1970 Taphrhehninthopsis auricularis Sacco - Ksiazkiewicz,
192, pi. 2e-g.

v 1970 Taphrhehninthopsis plana ichnosp. n. - Ksiazkiewicz,
300, pi. 3g-h.

v 1970 Taphrhelnnnthopsi.s corvoluta (Heer) - Ksiazkiewicz,
300, pi. 3f.

v 1970 Suhphylloehorcla lacvis ichnosp. n. - Ksiazkiewicz, 290,
pi. le.

v 1970 Gyrochorte isp. B - Ksiazkiewicz, 288, pi. Ib.

v 1977 Scolicia prisca de Quatrefages - Ksiazkiewicz. 126, pi.
11, fig. 12, pi. 14, fig. 8, pi. 15, fig. 6.

v 1977 Scolicia plana Ksiazkiewicz —Ksiazkiewicz, 127, pi. 14,
figs. 2-5, 7.

v non? 1977 Scolicia vertehralis n. ichnosp. - Ksiazkiewicz, 128, pi.

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

v 1977 Suhphylloehorcla granulata Ksiazkiewicz - Ksiazkie-
wicz, 131, pi. 15, figs. 3, 5, text-fig. 24b-c, e.

v 1977 Suhphylloehorcla striata Ksiazkiewicz - Ksiazkiewicz.
132. pi. 15, fig. |. text-fig. 24a.

v 1977 Suhphylloehorcla ruclis n. ichnosp. - Ksiazkiewicz, 133,
pi. 15, fig. 2, text-fig. 24d, 25.
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v 1977 Subpliyllocharda lacvix Ksigzkiewicz - Ksigzkiewicz.
134, pi. 16. figs. 1-3. text-fig. 24g-k.

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

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

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

v 1977 I'aphrhclnunthoida convoluta n. ichnosp. - Ksigzkiewicz,

168. pi. 22. fig. I, pi. 23. fig. 5.
v 1977 Taphihehninthoiila/ilana (Ksiajkiewicy) - Ksigzkiewicz,
169. pi. 22, figs. 2-3.
I"ararusophycus ohlongus n. ichnosp. - Ksigzkiewicz, 54,
pi. 1, fig. 6.
v "'non 1977 Spirarhaphe ziimayensix (Gomez de Llarena) —Ksiqzkie-
vvicz. 147, pi. 18, fig. 3.

v 1977

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)

Remarks: Taplirhelminthopsis Sacco, Laminites Ghent &
Henderson, Suhphyllochorda Gotzinger & Becker, and
Taphrhelminthoida Ksiazkiewicz were included in Scolicia
as taphonomic variants of the same ichnogenus produced by
irregular echinoids, and related to the deph of burrowing and
to subsequent erosion (Uclunan, 1995). Relation of Lami-
nites to Scolicia was also discussed my Uchman & Kren-
mayr (1995).

Recently, Goldring etal. (1997) questioned inclusion of
these ichnogenera in Scolicia because, according to their
view, names ofthese ichnogenera bear important toponomic
information. This view cannot be accepted, because the
toponomic information is not lost, but is removed to the ich-
nospecies level. On the contrary, the proposed retention of
the ichnogenera Taplirhelminthopsis, Suhphyllochorda, and
Taphrhelminthoida causes loss of information about their
common origin and unity of the basic fossil behaviour, and
sanctions influence of taphonomy on ichnotaxonomy.
Moreover, the cited authors erronously implied that Uch-
man (1995) included ichnogenus Suhphyllochorda in ichno-
species Scolicia prisca.

Scolicia prisca de Quatrefages 1849
Fig. 57

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

illustration).

v 1960 Ex. alIT. Climactic/mix Logan - Ksiazkiewicz, 742, pi. 4,
fig. 17.

V.’ 1960 Ex. alf. Gyrochortc Heer - Ksiqzkiewicz, 742. pi. 3. fig.
11.

v 1970 Scolicia prisca de Quatrefages —Ksiqgzkiewicz, 289, pi.
Id.

v 1977 Scolicia prisca de Quatrefages - Ksiazkiewicz, 126, pi.
11, fig. 12. pi. 14. fig. g pi. 15 fig. 6.
v 'mon 1977 Scolicia vertehra/is n. ichnosp. Ksiazkiewicz. 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).
Material: 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 preservational
variant of S. prisca. It is underrepresented in the analysed
collection and this problem needs further explanation. In the
holotype, the furrow has one central narrow string or suture-
like structure which passes into the furrow having indistinct
trilobate structure, as in S. prisca (Fig. 58).

The parallel strings represent the drainage canals of
spatangoid echinoids (Kanazawa, 1994, pers. comm.).
Densely packed ribs at the bottom are probably produced by
locomotion organs of the producer. The asymmetric thicker
ribs on slopes are remnants of the edges of backfill menisci.
Proportion of bottom to slopes and depth of furrow depend
strongly on preservation. When the burrow occupies a
deeper position in the sandy portion of a bed, the median
ridge is covered, to a variable extent, by the backfill and
then appears very narrow; the strings are usually also cov-
ered. Substrate properties and degree of weathering may
also influence expression of the ribs at the bottom.

This ichnotaxon is usually preserved in the middle part
of turbidites (Tc-Td) at the transition from sandstone to
mudstone. Only the lowermost part of the burrow is pre-
served. The upper part, consisting of backfill structures, re-
mains usually in the upper, shaley part of the turbidite bed.

Scolicia plana Ksiazkiewicz 1970
Figs. 59-60

v* 1970 Scolicia plana ichnosp. n. - Ksigzkiewicz, 289, pi. Ic.
v 1970 Suhphyllochordastriata ichnosp. n.  Ksiqzkiewicz. 290,

pi. If

v 1970 Suhphyllochorda granulata ichnosp. n. - Ksigzkiewicz,
289, pi. Ig.

v 1977 Scoliciaplana Ksiqzkiewicz - Ksiqzkiewicz, 127, pi. 14,
figs. 2-5, 7.

v ?partim 1977 Suhphyllochorda granulata Ksigzkiewicz - Ksigzkie-
wicz, 131, pi. 15, figs. 3, 5 [?non text-fig. 24b-c, €],
v 1977 Suhphyllochorda striata Ksiqzkiewicz - Ksigzkiewicz.
132. pi. 15. fig. 1, text-fig. 24a.
v 1977 Suhphyllochorda rudis n. ichnosp. - Ksigzkiewicz. 133,
pi. 15, fig. 2, text-fig. 24d, 25.
Emended diagnosis: Scolicia in which the flat medial ridge
is longitudinally divided by a shallow furrow or crest.
Material: 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 Ksigzkiewicz description
of the ichnotaxa included in S. plana.

Remarks: S. prisca displays a convex up, arcuate, median
ridge, arcuate in cross section, without a central furrow or
crest. The division of the main ridge may also be expressed
in the hypichnial Suhphyllochorda type ofpreservation as a
faint crest or furrow in the middle lobe, between the strings.
This feature is recognised in some specimens of Subphvllo-
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Fig. 57. Scolicia prisca de Quatrefages in turbiditic sandstone beds. A. UJ TF 626. Beloveza Formation (Eocene), Zubrzyca Gérna.
Epichnial view of ventral interior. B. UJ TF 1565. Hieroglyphic beds (Eocene), Zawoja, Konskie. Epichnial view of dorsal interior (upper
part) and dorsal exterior (lower part). C-D. Flypichnial view of ventral exterior (slightly eroded). C. UJ TF 2548 (label lost). D. UJ TF
2546, Variegated Shale (Paleocene-Eocene), Kaclowa. E. UJ TF 631, Hieroglyphic beds (Eocene), Juszczyn. Epichnial view of interior.
Scale in A in cm, scales in B-C in mm, scale bar in D = 1cm, scale bar in E= 16 mm
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Fig. 58. Scolicia vertehnilis Ksigzkicwicz (= Scolicia Ipriscu) in
turbiditic sandstone beds. A. UJ TF 1478, holotype. Inoceramian
beds (Senonian-Paleocene), Bachéw. Transition to 5. prisca ar-
rowed. B. UJ TF 624, Lower Istebna beds (Senonian), Czchéw.
Scales in mm

Fig. 59. Scolicia plana Ksiazkiewicz in turbiditic sandstone
beds. A. Ul 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 of ventral exterior. Scales in mm
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Fig. 60.

Scolicia plana Ksigzkiewicz in turbiditic sandstone beds. A-C. Hypichnial views of ventral exterior. A. UJ TF 2545, Variegated

Shale (Paleoeene-Eocene), Kaelowa. B. Ul TF 1542, Bcloveza Formation (Eocene), Lipnica Wielka (labelled as Subphvllochorda
granulate/). C-D. UJ TF 2543, Variegated Shale (Paleoeene-Eocene), Kaelowa. C. Cross-section view. D. Hypichnial view. Scales in mm

chorda granulatei and S. striata (Figs. 59B, 60B). There is
transition of S. striata of this type to S. rudis in the same
trace fossil. Typical. S. striata and S. rudis occur together on
the same bedding plane (Fig. 59B). This suggests that these
trace fossils are only preservational variants of the same
burrow, and they can be included in S. plana. However,
some Subphvllochorda (but not S. laevis, which belongs to

Scolicia strozzii) distinctly do not display the median furrow
or crest in the median lobe, and these should be included in
S. prisca (Fig. 57C-E). In cases where the features are not
clear, the considered Suhphyllochorda-\ike specimen should
be slightly polished at the lowermost part in order to expose
the structure of the median lobe for proper determination.
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Scolicia strozzii (Savi & Meneghini 1850)

Figs. 61-62

* 1850 Nemertilites strozzii nob. - Savi & Meneghini, 421.

v 1958 (race ol creeping gastropods from the Siibphyllochorda
group - Ksigzkiew icz, pi. 2, fig. 3.

v 1960 Podwdjny $lad ineandryczny - Ksiazkiewicz, 739, pi. 2,
fig. 8.

v 1968 Taphrhchumlhojisis sacco, sp. ind. Ksiazkiewicz, 8, pi.
6, fig. 3.

1970 7aphrhclminthopsis all', rccta Sacco —Ksigzkiewicz, 290,

292, pi. 2a-d.

v 1970 Taphrhelminthopsis aiiricularis Sacco - Ksiazkiewicz,
192. pi. 2e-g.

v 1970 Taphrhelminthopsis plana ichnosp. n. - Ksiazkiewicz,
300. pi. 3g-h.

v 1470 Taphrhelminthopsis convohita (Heer) - Ksiazkiewicz,
300, pi. 3f.

v 1970 Siihphyllochorcla lacvis ichnosp. n. mKsiazkiewicz, 290,
pi. le.

v 1977 Siihphyllocharda lacvis Ksiazkiewicz -
134, pi. 16. figs. 1-3, text-fig. 24g-k.

Ksigzkiewicz,

v 1977 Taphrhelminthopsis aiiricularis Sacco - Ksigzkiewicz,
137. pi. 17, figs. 1-3, text-fig. 26a-j.

v 1977 Taphrhelminthopsi.s vagans n. ichnosp. - Ksiazkiewicz,
139. pi. 17, figs. 4-5. text-fig. 261-s.

v 1977 Taphrhclnunlhopsis rccla Sacco —Ksigzkiewicz, 139, pi.
17. fig. I, text-fig. 26t.

v 1977 Tnnhrhclnnnihnnla rnni olula n. ichnosp. Ksiazkiewicz,
168, pi. 22, fig. 1, pi. 23, fig. 5.

v 1977 Tuplirhelininthoida plana(Ks\aykii:\vic7.)-- Ksiazkiewicz,

169, pi. 22, figs. 2-3.
Diagnosis: Straight to tightly meandering hypichnial bilobate
ridge, preserved as semi-relief. A median groove separates the
prominent zones of the ridge. The prominent zones and the groove
are more or less arcuate in cross-section. Tendency to meandering;
width, depth, height, and proportions of the morphological ele-
ments may vary from specimen to specimen (after Uchman, 1995).
Material: 74 specimens (UJ TF 126, 504-509, 511-513, 515,
517-518, 520, 522-523, 525-528, 530-531, 538, 541-544, 546-549,
554. 580. 693, 703, 737, 744, 746, 750, 780, 784-7S5, 813, 862-
864, 867. 869, 898, 937, 1367-1370, 1386-1387, 1482, 1588,
1734. 1749-1750, 2580, 2602-2605a, 2606a, 2621, 2627, 2637,
2687, 2655a, 2689, 2698).
Description: As in the diagnosis and in the Ksigzkiewicz (1977)
description of Taphrhelminthopsis and Taphrhelminthoida ichno-
species.

Remarks: This ichnotaxon is a cast of the furrow formed
after washing-out ofthe Scolicia burrow by erosion. Height,
depth of the median ridge, and width of the trace depend
strongly on small differences in depth of burrowing, depth
and strength of erosion, and properties of substrate. If the
burrow is cut by erosion in the middle part, its cast is higher
and wider, the slope of the ridge is more gentle, and the me-
dian groove seems to be narrower. Iferosion cuts the base of
the burrow, its cast is lower, the median groove is shallow
and wide, and the prominent parts of the ridge are narrow.
Erosional currents flowing trough the excavated furrow may
strongly influence its shape and some tool marks may be
produced by small objects being dragged along it. Indistinct
longitudinal ridges or striae typical of Taphrhelminthopsis
recta (see Ksigzkiewicz, 1977) are most probably such tool
marks. Modification by erosion may strongly depend on
geotechnical properties of the sediment, influenced by large
production of mucus by the burrowing echinoids. However,
some differences in trace fossil shape depend on biological

factors. They include the taxa involved. Preservational fac-
tors seem to dominate the shape ofthe ridge, which, in con-
sequence, cannot be regarded as an accessory diagnostic
feature at the ichnospecies level. In the past, such criteria
were mainly used for distinguishing taxa of Taphrhelmin-
thopsis.

Siibphyllochorda lacvis distinguished by Ksi*zkiewicz
(1970, 1977), including the holotype, is a hypichnial semi-
relief, which displays all features of S. strozzii and is in-
cluded in that ichnospecies.

Ksirzkiewicz (1977) differentiated (1) gently winding,
usually single T. vagans, meandering, (2) usually gregari-
ously occurring T. aiiricularis, and (3) tightly meandering
Taphrhelminthoida. The first ichnospecies may correspond
to locomotion activity (repichnia), and the latter to feeding
activity (pascichnia). However, some transitional forms oc-
cur (e.g. Ksicjzkiewicz, 1977, pi. 17, fig. 2; Crimes, 1977a,
pi. 6b). Brustur & Alexandrescu (1992) showed transitions
between different ichnospecies of Taphrhelminthopsis and
Taphrhelmithoida in one trace fossil, and concluded that
they should be regarded as synonyms of Taphrhelminthop-
sis aiiricularis Sacco (1888). However, Scolicia strozzii
(Savi & Meneghini, 1850) has a priority.

Scolicia prisca and Siibphyllochorda (—Scolicia ispp.)
also commonly display meanders, which potentially may be
preserved as Taphrhelminthopsis or Taphrhelminthoida
(=Scolicia strozzii). The tendency to meandering depends
most probably on the nutritional value of the substrate.
Thus, differentiating between meandering and non-mean-
dering forms is problematic at the species level. Neverthe-
less, after exclusion of transitional forms, some informal dif-
ferentiation at ichnosubspecies level may be proposed, i.e.,
Scolicia strozzii (Savi & Meneghini) var. convoluta for the
distinctly meandering forms (after Taphrhelminthoida con-
voluta Ksitzkiewicz) and S. strozzii var. vagans (after
Taphrhelminthopsis vagans Ksitzkiewicz) (Text-fig. 13).

S. strozzii was produced at shallow tiers as indicated by
the co-occurrence of Paleodictvon strozzii (Fig. 62)
(Ksic)_zkiewicz, 1977; Seilacher, 1977a). One cannot ex-
clude that its Mesozoic-Caenozoic producers (spatangoid
echinoids) feed on microbial gardens of graphoglyptids
(Seilacher, 1986). The Palaeozoic specimens are probably
casts of washed out burrows of Cruziana and Curvolithus
(Uchman, 1995). There are no diagnostic features which al-
low separation of Palaeozoic and post-Palaeozoic forms.

Scolicia ispp. indet.
Fig. 63

v 1970 Gyrochoric isp. B - Ksi*zkiewicz, 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 ofa deeper full relief structure.

Remarks: The preservation as above described does not al-
low specific determination.
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Fig. 61. Scnlicia strnzzu (Savi & Meneghini). Hypichnial forms in turbiditic sandstone beds. A. Ul TF 780, Beloveza Formation
(Eocene). Sidzina, B. UJ TF 1750, Krosno beds (Oligocene), Sowina (labelled as Taphrhelminthapsis vagans, part of label lost). C. UJ TF
525, Beloveza Formation (Eocene), Lipnica Mata (labelled as Taphrhelminthopsis awicularis). D. UJ TF 937, Szczawnica Formation
(Paleocene-Lower Eocene), Kroscienko (labelled as Taphrhelminlhoida ctinvoluta). Scale in A in cm, scales in B, D in mm, scale bar in
C=1cm
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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. ichnosp.
pi. 1 fig. 6.'
Material: 1specimen (U.I TF 114).

Ksial/kicw ic/. 54,

Remarks: This trace fossil strongly resembles an oblique
structure of the Suhphyllochorc/a-type. Suhphyllochorda is
included in Scolicia (Uchman, 1995). Ksi*zkiewicz (1977)
interpreted it as a pre-depositional burrow' of a crustacean.
However, the elevated part of structure, separated from the
sandstone sole by a layer of mudstone, suggests a post-depo-
sitional origin. Two strings along its lower part, and a tuber-
culous sculpture on its sides are identical to Scolicia of the
Subphyllochorda-type. The strings are broken off at the
most elevated part of this specimen. This suggest a continu-
ation of the trace fossil downward.

Naviculichnium Ksitzkiewicz 1977

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

Naviculichnium marginatum Ksi*zkiewicz 1977
Fig. 65

1957 Unnamed
* 1977

Dzulyhski & Kinle, pi. 27.
Naviculichnium marginatum n. ichnosp. Ksi;\zkievvicz,
123. pi. 11, fig. 6.

1977a Pelccy/todichnus sp.  Crimes, 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 of 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 Ksigzkicwicz (=Scnliciu isp. properly), the holotype. Sole of 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.

Material: 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.

Remarks: The rim around the depressions is caused by the
tracemaker active pressing the sediment. Full morphology
of this trace fossil is not well understood. This is mostly ow-
ing to weathering ofthe shale part of turbiditic beds were the

main part of the trace fossil occurs. What we observe are the
deepest parts of the trace fossils. Probably, it represents a
cylindrical burrow meandering in a vertical plane or several
single burrow probes. The depressions are the lowermost
parts of the meanders or the deepest parts of the probes.
Ksiazkiewicz (1977) regarded that N. marginatum was pro-
duced by burrowing ?polychaetes along sand/clay interfaces
and stuffed immediately by faecal string. Stratigraphic
range: Senonian-Middle Eocene flysch deposits (Ksi*zkie-
wicz, 1977).

Taenidium Heer 1877

Ichnospecies included in Taenidium Heer:

v ? 1977 Taenidiumtiimuhnim(Scha thautl) - Ksi*kiewicz. 85, pi.
5, fig. 4.
Taenidium ixxcli(Squinabol)- Ksiazkiewicz. 85, pi. 5, fig.
1 [non pi. 5, fig. 2=Cladiclunisfischcri (Heer)].

v ? partim 1977

v non 1977 Taenidium fischcri Heer - Ksiazkiewicz, pi. 5. tig. 3
\=CUulichmisfischeri (Heer)|.
v 1977 Kcckia aff. hoessii (Sternberg) « Ksiazkiewicz. 64, pi. 3.
fig. 15.
v 1977 Mucnstcriu plaricoslala n. ichnosp. - Ksiazkiewicz, 122,
pi. 13. fig. 1
v? 1977 Muensicria geniculata Sternberg  Ksiazkiewicz, 122, pi.
13, fig. 2.

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

Remarks: Taxonomic problems of Taenidium and other
meniscate trace fossils and their formation were discussed
by D’Alessandro & Bromley (1987) and Keighley and Pick-
erill (1994).

Ksiazkiewicz (1977) described under Taenidium among
others radiating meniscated trace fossils, namely T. fischeri
Heer and one incomplete specimen included in Taenidium
isseli (Squinabol) (pi. 5, fig. 2). The first ichnospecies was
included in Cladichm/s fischeri (Heer) (D’Alessandro &
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Bromley, 1987). The second specimen could be also in-
cluded in this ichnotaxon. Moreover, trace fossils described
under Muensteria can be partially included in Taenidium.
Muensteria geniculata Sternberg illustrated by Ksiqzkie-
wicz (1977) in pi. 13. fig. 2 (Fig. 66C) is reservedly included
in Taenidium. It is possible that this form is a Scolicia in
horizontal section.

Taenidium occurs from the Lower Cambrian (Crimes et
al.. 1992) to the "Quaternary [Wetzel, 1983b (in synonymy
by D’Alessandro & Bromley, 1987)].

Taenidium ispp.
Fig. 66

\ 197" Kakm nil. hocssii (Sternberg)
1k. IS.
Mucnslcriiipianicoxtata n. ichnosp.
pi. 13. fig. I.

Macnxleriu gciiicalaia Slernberg
13. fig. 2.

Tiicniiliuiii ixxcti (Squinabol) Ksiqzkiewiez, S5.pl. 5. fig.
| [mm pi. 5. fig. 2 - Ciutlichmix fischeri (lleer)].
Material: 3, reservedly 5 specimens (U.I TF 133, 780(7), 833,
1002, 1004(7Y).

Description: As in the Ksiazkiewiez (1977) description of the
ichnotaxa included in the discussed trace fossils.

Ksiazkievvicz, 64, pi. 3,

\ )22 Ksiazkiewiez, 122.

v ?i977 Ksiazkiewicz. 122, pi.

\  partim 1477

Remarks: These trace fossils do not conform with any of
the three ichnospecies of Taenidium revised by D’Alessan-
dro & Bromley (1987). The most similar, T. serpentinum
Heer, displays thick meniscate segments, dissimilar to
densely packed menisci of the discussed trace fossils. T. sa-
lanassi has pellets and its menisci are thick and composed of
two different types of sediment.

Reuconites Vialov 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
iafter Keighley & Pickeri 1L 1904).

cf. Bead miles capromis (Howard & Frey 1984)

\ 1077 Kccekici Imexxii {Sternberg) Ksui/kiewic/; 64, p! 3, figs
16.

* 19X4 Ancurichmix capromtx n. ichnosp. Howard & Frey, 201
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).
Material: Three specimens (U.l TF 677, 1806, 1696).
Description: Endichmal. thinly walled, unbranehed cylinders
tilled with chevron mcniscated sediment. This trace fossil was
traced for 10 cm.

Remarks: ksiazkiewiez (1977, p. 64, pi. 3, figs. 16) com-
pared his material to Muensteria hoessii Sternberg, de-
scribed and illustrated in Fischer-Ooster (1858, p. 38, pi. 7,
tig. 3 and pi. 16 (non 6), fig. 4) under Keekia, which was
treated as a subgenus of Muensteria. This comparison, how-
ever may be questioned. First of all, clarification of this
problem needs comments to Sternberg’s (1833) type mate-

Fig. 66. Taenidium ispp. A. Ul 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 of Muensteria housed in the National Museum in Prague
(Uchman & Mikulas, 1996). The following results were ob-
tained: Muensteria Sternberg is a heterogenous taxon. M.
clavata and M. vermicularis are fossil plants. M. lacunosa is
a cast of a coprolite. The lectotype of M. hoessii (not found)
is probably a plant fragment. The paralectotype of M. hoes-
sii may be referred reservedly to Keekia Glocker sensu Fu
(1991). The next two specimens of M. hoessii belong to
Chondrites Sternberg and Hydrancylus Fischer-Ooster, re-
spectively. The third specimen (M. flagellaris according to
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the text, labelled as M. hoessii) is an unidentifiable trace fos-
sil. M. flagellctris is a Chondrites. M. geniculata is the type
form of Hvdrancylus Fischer-Ooster. Thus, because of its
heterogenous nature, and confusing mislabelling of speci-
mens, the “genus” Muensteria is not recommended for fur-
ther use as ichnotaxon (cf. D’Alessandro and Bromley,
1987; Keighley & Pickerill, 1994).

In conclusion, the Ksi*zkiewicz material comprises
walled meniscate trace fossils, which can be much better
compared to Beaconites Vialov and its features conform
with B. capronus (Howard & Frey). However, chevron me-
niscate filling of Thalassinoides is comparable to B. capro-
nus and separation of these two trace fossils is impossible in
small incomplete specimens (Howard & Frey, 1984). This
problem concerns the Ksiejzkiewicz material and therefore
the determination is retained.

Cladichnus D’ Alessandro & Bromley 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).

Cladichnusfischeri (Heer 1877)

v 1977
v 7 partim 1977

Taenidium ftxcheri Heer - Ksigzkiewicz, pi. 5, fig. 3
Taenidium /.v.vt7/(Squinabol)- Ksigzkiewicz, 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).

Remarks: Specimen UJ TF 1694 derives from the Conia-

cian “Carbonate flysch” in Achmata, Caucasus.

Protovirgularia McCoy 1850

Ichnospecies included in Protovirgularia McCoy:

, 1850 Protovirgularia dichotoma McCoy - McCoy, 272.
1851 Protovirgularia dichotoma McCoy McCoy, 10,pl. IB,
tigs. 11-12.
1853 1Clttdograp.sus nereitarum n. sp. - Richter, 450, pi. 12,
figs. 1-2.
1860 Caulcrpites pennants in. - Uichwald, 47, pi. 1, fig. 1
1878a Walcollia rttgo.sa n. sp. -Miller & Dyer, 39, pi. 2, figs. 11
and 1la.
? 1878b Walcollia cocana n. sp. - Miller & Dyer, 27. pi. 3, figs.
12 and 12a.
1885 Pennalulites longespicala Cocchi - De Stefani. 99, pi. 2,
fig. 2.
1885 Palea.sceptron meneghini (Cocchi) - De Stefani, 101, pi.
2, fig. 2.
1887 Chrossochorda tuherculata Will. - Williamson, 22, pi. 1,
fig. 1. [lapsus calami |.
? 1924 Cliinactichnites malhieui Sun (sp. nov.) - Sun, 16, pi. |,
fig. 2.
1937 Koprolithen - Dahmer, 536, pi. 35, figs. 5-10.
1941 Ichnia spicea - Richter, 229, figs. 4-7.
? 1948 undetermined fossil - Bartrum, pi. 76, figs. 4-5.
1949 Biformites insalitiis n.g. n. sp. - Linck, 40, text-fig. 1, pi.
4, figs. 1-(?)2.
1955  Virgularia preshyie.s n.sp.  Bayer, 300, iig. 2a-c.
1955 Pteroeides argenteum (Ellis & Solander) - Bayer, 300, fig.
2f-g.
1960 Nereite.s tosaensis Katto, new species - Katto, 324, pi. 34,
figs. 6, 12, pi. 35, tig. 17.
1960 Nereite.s murotoensis Katto, new species  Katto, 326, pi.

35, figs. 3, 14-15.
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1967
1967
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1969
1969
1969
1969
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1970

1970
1970

1971a

1971a
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1973
1973
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1975
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1977
1977

1977
1977
1977
1977
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1979
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1981
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1982
1982
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1984
1985
1985
1985
1985
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1989
1989
1990
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1994

1994
1994

1994

Unnamed -- Dimitrieva el at, pi. 80, fig. 4.
Caulerpile.s pennaht.s Eichw. -- Hecker, pi. 11, fig. 5.
Nereite.s - Gupta et at, 624, fig. 1

Nereite.s sp. Macsotay, 32, figs. 11-14.

Ueliirite.s triangularis sp. n. - Macsotay, 37, figs. 15, 15A.

Pelecvpodichnus ornatus Bandel, n. sp. - Bandel, 8, pi. 5,
fig. L

Crossopodia sp. - Hattin & Frey. 1435, text-fig. 2A-L.
variant (?) of Scolicia Gregory, pi. 3, fig. 2.

Nereite.s tosaensis Kallo  Katto. pi . ligs. 1-2, 5-6.
Nereite.s imirolaeitsi> Katto = Katto. pf, figs. 3-4.
Scolicia (?) - Gregory, pi. 3. fig. 2.

tmhriehnus wattonensis ichnosp. nov. - Hallam, 197, pi.
2b-c(also Hiintzschel, 1975, fig. 46B.la-b).

B(formilex cf. insolitus Linck -Chiplonkar& Badve, 8, pi.
3, figs. 2, 2a.

RhabdoglyplIntx (?) sp. - Ksiazkiewicz, 286, fig. 1m.
Walcollia rttgo.sa Miller & Dyer - Osgood, 379, pi. 67, fig.
6, pi. 69, fig. 5.

Su.stergichmtx lenaduiuhraltt.s n. ichnogen. and sp. -
Chamberlain, 231, pi. 31, figs. 8, 11 (also Hantzschel,
1975, lig. 68.1a-b).

Bifonnites insolitus Linck --Chamberlain, 234, pi. 31, figs.
16-18.

Nereite.s murotoen.sis Katto - Katto, fig. 17.

Nereites - Kallo, figs. 15, 19.

Nereites tosaen.six Katto - Katto, fig. 16.

Scolicia sp. --Fiirsich, 44, figs. 35-36.

Imhrichmtx (?) - Ward & Lewis, 892, fig. 12.
Chevronichnus imbricalus ichnosp. nov. —Hakes, 22, pi.
3, ligs. la-h, pi. 4, figs. la-b.

Keckia aitnulala G\ockev - Ksiazkiewicz, 63, pi. 3, fig. 14.
Gyrochorte hurtani n. ichnosp.  Ksiazkiewicz, 113, pi.
11, figs. 1-5, text-fig. 19.

Gyrochorte imhricata n. ichnosp. - Ksigzkiewicz, 114, pi.
11, figs. 6-8.

Gyrochorte ohlilerata n. ichnosp. - Ksigzkiewicz. 115, pi.
11, fig. 9, text-fig. 20.

Arthrophycu.s (?) dzulynskii n. ichnosp. - Ksiazkiewicz,
58, pi. 1, figs. 13-14.

Ladder trail Hakes, 222, pi. la.

cf. Biformites - Pickerill & Forbes, 2025, fig. 4a.
Bifonnites sp. - Boyer, 74, fig. I.

Walcollia devil,sdingli ichnosp. nov. - Benton & Gray,
686, figs. 11d-g - 12.

tchnyspica guptai, sp. nov. - Chiplonkarefa/., 147, fig. 1
Nereites loas.sensis Katto - Noda, pi. 7, fig. 6.
tmhriehnus protuherans n. sp. -M arintsch & Finks, 1074,
pi. 5, figs. 1-3; text-fig. 4E-G.

Pennatulites (?) corrugata ichnosp. n. - D’Alessandro,
531, pi. 36, figs. 1-2, pi. 39. fig. 1,3, pi. 43, fig. 2.
Oniseoidiehntts sintanensis ichnosp. nov. - Yang, 711, pi.
2, figs. 9-11.

Oniscoidichnu.s huheiensis ichnosp. nov. - Yang, 7 12, pi.
2, figs. 13-14 (?non pi. 2, fig. 12).
tmhriehnus wattonensis Hallam
7-9.

Biformites Linck - Miller & Knox, 83, pi. 2. fig. H.
tmhriehnus sp. - Piedkowski, 41, pi. 2F.

Isopodichnus sp. - Piefikowski, 43. fig. 2H.
Sustergichnux Chamberlain - Bjerstedt, 517. fig. 11.9.
Helminthopxis sp. - Martino, 396, figs. 6.6-6.7.
Biformites sp. Metz, 212, fig. 1A.

Uchirites triangularis Macsotay - Fillion & Pickerill, 63,
pi. 17, figs. 9-11.

Uchirites implexus n. isp. - Rindsberg, 55, pi. 15B-D,
20D-E, 22A, C-D.

Walcottiu rugosa Miller & Dyer - Rindsberg, 56, pi.
16A-C.

Walcollia imhricata Hakes - Rindsberg, 57, pi. 16D-E.
Protovirgularia dichotoma McCoy - Seilacher & Seila-
cher, 10.

Protovirgularia triangularis (Macsotay)
Seilacher, 10.

Durand, 59, pi. 9, figs.

Seilacher &
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1994 Protovirgularia luherculala (Williamson) - Seilacher &
Seilacher, 10.

1994 Protovirgularia rugosa (Miller & Dyer)
Seilacher. 11, figs. f-h.

1994 Prolovirgularia longexpicala (DeStefani) - Seilacher &
Seilacher. 11, pi. 2. figs. a-f.

Seilacher &

Additional ichnotaxa included in Protovirgularia are listed by Han
& Pickerill (1994b) and Seilacher & Seilacher (1994).

Emended diagnosis: Horizontal or subhorizontal cylindri-
cal trace fossil, trapezoidal, almond or triangular in cross-
section, distinctly or indistinctly bilobate. Internal structure
can be preserved: it is formed by successive pads of sedi-
ment which can be expressed on the exterior as ribs. The
ribs are arranged in a chevron-like biserial pattern along the
external or internal dorsal part. Exterior smooth mantle cov-
ering the structure and/or oval mound-like terminations of
the trace fossil can be present.

Remarks: Recently, Seilacher & Seilacher (1994) re-
vised Protovirgularia as a molluscan trace fossil, and
proved its origin by neoichnological experiments. They ex-
panded the previous diagnosis of this ichnogenus, limited to
keel-like trace fossils covered with chevron markings open
in one direction (Han & Pickerill, 1994b), and included in
Protovirgularia also full-relieftrace fossils described under
several ichnogenera (see the list above). Similarities be-
tween these ichnogenera were noted earlier. Rindsberg
(1994) more closely discussed Uchirites Macsotay {=Pro-
tovirgularia) and Walcottia Miller & Dyer (=Protovirgu-
laria). He confirmed the view of Seilacher (1977b, p. 363)
that Sustergidmus Chamberlain is the junior objective syno-
nym of Uchirites. This idea was subsequently suggested
partially by Maples (1988), who observed epichnial Uchiri-
tes in association with Lockeia and related it to the traces of
bivalves. He suggested that Sustergichnus Chamberlain.
Chloephycus Miller & Dyer, and Imbrichnus Hallam are po-
tential synonyms. However, Chloephycus Miller & Dyer
(1878b) is probably an inorganic structure (Nathorst, 1881;
James, 1884; Hantzschel, 1962). Rindsberg (1994) consid-
ered Walcottia as a separate ichnogenus, which is the senior
synonym of Biformites Linck, Imbrichnus Hallam, and
Chevronichnus Hakes. Bayer (1955) illustrated a specimen
from the Eocene/Oligocene deposits of Mollukks Islands,
which is very similar to Sustergichnus Chamberlain. He in-
terpreted it as a body fossil of sea pen of the genus
Pteroeides. All the mentioned ichnotaxa are included in
Protovirgularia McCoy by Seilacher & Seilacher (1994).
This idea is confirmed in this paper. Moreover, Caulerpites
pennatus Eichwald, of which a photograph is presented by
Hecker (1965) displays the diagnostic features of Protovir-
gularia. Katto (1960) described a Miocene trace fossil under
Nereites and presented its almond-like cross-section (Katto,
1969) typical of Protovirgularia. Additionally, Rhabdo-
glyphus Vassoevich (see discussion of this ichnigenus) is
partially included in Protovirgularia.

Hypichnial expression of Crossopodia sensu Hattin &
Frey (1969, text fig. 2K) is very similar to the hypichnial ex-
pression of Chevronichnus Hakes (1976, pi. 3, fig. Ib).
These two ichnotaxa display features of Protovirgularia and
were included in this ichnogenus.

Trace fossils included in Protovirgularia display very

strong morphological variation and particular elements of
their exterior and interior. Hallam (1970) illustrated a very
nice example of Imbrichnus (=Protovirgularia) that dis-
plays a gradation of preservation from smooth ridges with a
keel (Uchirites aspect) to ridges with chevron ribs (Suster-
gichnus aspect). The same concerns Walcottia rugosa illus-
trated by Rindsberg (1994, PI. 16, fig. C). It can be con-
cluded that the appearance of trace fossils considered here
under Protovirgularia strongly depends on preservation and
details oftheir morphology should be treated with caution as
potential diagnostic features.

Historically views concerning the origin of Protovirgu-
laria are diverse. For instance, Walcottia rugosa described
by Miller & Dyer (1878a) was regarded by James (1886) as
the imprint of the under side of a star-fish arm, and W. co-
ccma Miller & Dyer as the impression of a crinoid. James
(1886) mentioned W. sulcata James as a trace fossil, but |
did not find any description or bibliographic data for this
taxon.

The modern views on the origin of the trace fossils in-
cluded subsequently in Protovirgularia have been presented
since 30 years. Imbrichnus (=Protovirgularia), described as
I. wattonensis Hallam, was related to action of bivalves as
was deduced from similar trace fossils associated with the
bivalve trace fossil Lockeia (=Pelecypodichnus) illustrated
by Bandel (1967, pi. 5, fig. 1). The imbricated structure is
related to the action of the bivalve foot and the smooth man-
tle to the shell (Hallam, 1970). Uchirites (=Protovirgularia)
and Walcottia (=Protovirgularia) were regarded as the loco-
motion traces of bivalves (Rindsberg, 1994), however he
suggested that gastropods can produce the first ichnotaxon.
Molluscan origin of Protovirgularia was documented by
Seilacher & Seilacher (1994), who observed structures pro-
duced by a few bivalve taxa in aquaria.

Several trace fosssils, included herein in Protovirgu-
laria, were described by Ksif(zkiewicz (1977) as Gyro-
chorte. Brustur & Stoica (1993) reported Ksic(zkiwcz ichno-
species of Gyrochorte as Pseudogyrchorte. However, no
further discussion was provided. Gyrochorte is typified by
G. comosa Fleer, which is a bilobed ribbon-like trace fossil,
composed of small sediment pads, with extensive vertical
repetitions (e.g., Heinberg, 1973; Powell, 1992). Similarity
of the Ksi~zkiewicz material to G. comosa is superficial
only. The material corresponds well to Protovirgularia and
is included in this ichnogenus.

Stratigraphic range: Arenig (Fillion & Pickerill, 1990) -
Miocene (Bayer, 1955; D Alessandro, 1982).

Protovirgularia dichotoma McCoy 1850

* 1850 Protovirgularia dichotoma McCoy - McCoy, 272.
1851 Protovirgularia dichotoma McCoy - McCoy, 10.pl. IB,
figs. 1M 2.
1951 Rhabdoglvplnis grossheimin. sp. Wass. - Vassoevich, pi.
6,fig.4(also Dimitrievadal., pi. 91, fig. I;Vialov, 1971,
fig. 2).
1953 Rhahcloglyplints grossheimi Wssw, - Vassoevich, fig. 16.
v 1977 Rhabdoglyplnis grossheimi Vassoevich - Ksiazkiewicz,
65, pi. 3, fig. 5, text-fig. 6a.

Synonymy list in Stanley & Pickerill (1993).

Emended diagnosis: Protovirgularia preserved as a keel-
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like axis and paired, lateral, wedge-shaped short appendages
or a series of invaginated calices tapering along their length.
Material: 1specimen (TF UJ 82).

Remarks: Ichnogenus Rhabdoglyphus Vassoevich, revised
by Stanley & Pickerill (1993) (see discussion of Rhabdo-
glyphus as an ichnogenus not recommended for further use),
is included in Protovirgualaria dichotoma McCoy because
of strong morphological affinity beteen these ichnotaxa. Es-
pecially, P. dichotoma from the Devonian of Canada (Han
& Pickerill, 1994b, figs. 3-4, 5A) displays invaginated
calices typical of Rhabdoglyphus grossheimi. Figures 3A
and 4A in the cited publication show a transition from the
lateral appendages to the calices in the same specimen of P.
dichotoma. The deeper part displays the calices and the
shallow part the lateral appendages. Thus, the differences
are related to subtle changes of the burrowing depth.

Protovirgularia pcnnatus (Eichwald 1860)
Fig. 67A

* 1860 Cauierpites pcnnatus m. - Lichwald, 47, pi. 1, fit;. 1
1465 Cauierpites pennants Kichw. - flecker. pi. 11, fig. 5.
1967 Uciunlcs triangularis sp. n. Macsotay, 37, figs. 15, 15A.

1971a Suslcrgii'huus leiiaiiuinhralus n. ichnogen. and sp.

1975, fig. 68.1a-b).
Gyrochorte hurtani n. ichnosp.  Ksiazkiewicz. 113. pi.
11. fig. 4 (non pi. 1l. figs. 1-3. 5 = P. rugosa).

partim 1977

Diagnosis: Protovirgularia with deeply impressed, carinate cross
section. Chevron markings faint and densely spaced (modified
after Seilacher & Seilacher, 1994).

Material: 1slab (UJ TF 1165) with 4 specimens.

Remarks: Probably, different substrate properties and pres-
ervation caused the differences in morphology of P. pcn-
natus, especially the state of the fine oblique ribs.

Seilacher & Seilacher (1994) interpreted P. pcnnatus as
a molluscan repichnial undertrace. They described it as Pro-
tovirgularia triangularis (Macsotay), blit the Eichwald
(1860) material has priority.

W. pcnnatus occurs from Devonian (Eichwald, 1860) to
Oligocene (Ksiazkiewicz. 1977).

Protovirgularia rugosa (Miller & Dyer 1878a)
Figs. 67C-D, 68B. D.

* 1878a Woicotlia rugosa n. sp.
and | la.
1937 Koprolithen Dabnier, 536, pi. 35, ligs. 5-10.
1949 Biformites insoiitus n.g. n. sp.  Linck. 40, text-fig. 1. pi.
4, figs. 1-f?)2 |also Hantzschel, 1975, fig. 29.3].
1966 derates - (mpia cl <ti. 624. fig. I.
partim 1967 Pciccypodichnus ornaliis Bandel, n. sp.  Bandel, X pi. 5,
fig. L
1970 Imhricimiis tvuttonensis ichnosp. nov. - Hallam. 197, pi.
2b-c (also Hantzschel. 1975. fig. 46B. la-b).
1970 Biformites cf. insoiilus Linck Chiplonkar & Badve, X, pi.

Miller & Dyer. 39. pi. 2, figs. 11

3. figs. 2. 2a.
1970 Waicoiita rugosa Miller & Dyer -Osgood, .379, pi. 67, fig.
6. pi. 69, fig. 5.
1977 Ladder trail Hakes, 222. pi. la.
v partim 1977 Gyrochnrtc hurtani n. ichnosp.  Ksiazkiewicz, 113, pi.
11. ligs. 2-3, 5 (non pi. 11, fig. I = P. liongespicata: non
pi. Il. fig. 4 = P. pcnnatus).

Gyrochorte imhricata n. ichnosp. Ksiazkiewicz. 114, pi.
I1. fig. 7 (pi. 11, figs. 6, 8 = P. “rugosa).

v partim 1977

1981 Ichnyspica guptai, sp. nov. =Chiplonkar el at, 147, fig. 1
1982 Pennutulitcs (?) corrugalu ichnosp. n. - D'Alessandro,
531, pi. .36. figs. 1-2. p'l. 39, fig. 1.3, pi. 43. fig. 2.

1985 Biformites Linck - Miller & Knox, 83, fig. 2H.
1994 Walcoltia rugosa Miller & Dyer - Rindsberg, 56, pi.

16A-C.
1994 Protovirgularia rugosa (Miller & Dyer) - Seilacher &
Seilacher, 11. figs. f-h.

Diagnosis: Commonly short Protovirgularia terminated by
smooth Lockeia-Wkc body. Chevron markings strong (modified
after Seilacher & Seilacher, 1994).

Material: 5 specimens (UJ TF 175, 178, 687, 689, 936), re-
servedly ladditional specimen (UJ TF 176).

Remarks: One specimen (UJ TF 178, Fig. 68D) is labelled
as Rhabdoglyphus hisculdatus. This ichnospecies name was
never used in publications. Two specimens, determined by
Ksiazkiewicz (1977, pi. 11, figs. 6. 8) as Gyrochorte bur-
tani, are reservedly included in Protovirgularia rugosa, be-
cause they do not have the Lockcia-Wke termination. One
can not exclude that they represent a new ichnospecies, but
the material is underrepresented.

Seilacher & Seilacher (1994, p. 11) interpreted this ich-
nospecies as “cubichnial version of Protovirgularia [...] al-
ways found at the bases of sandy tempestites. So it makes
sense that escape was in response to storm sand sedimenta-

Chamberlain. 231. pi. 31, figs. X 11 (also HaggsthelThe examined material suggests that turbidite sedi-

mendation also should be considered.
P. rugosa occurs from Devonian (Dahmer,
Miocene (D’Alessandro, 1982).

1937) to

Protovirgularia obliterate! (Ksiazkiewicz 1977)
Figs. 68C, 69

y? 1977 Gyrochorle ohliterala n. ichnosp. -

11, fig. 9. text-fig. 20.

Material: 2 specimens (UJ TF 127. 1169).
Diagnosis: Protovirgularia having poorly expressed median
groove and chevron markings (modified after Ksiazkiewicz,

11977).

Remarks: P. pcnnatus (Eichwald) and P. vagans (Ksi*zki-
wicz) have much stronger carinate profile. P. tubcrculata
(Williamson) displays more distinct median groove and

Ksiazkiewicz, 115, pi.

chevron markings.
This ichnospecies occurs in the Barremian-Aptian
flysch deposits in the Carpathians (Ksiazkiewicz, 1977).

Protovirgularia 'Uongcspicata (De Stefani 1885)

* 1885 Pcnnutu/ilcs iongcs/iicata Cocchi - De Stefani. 99. pi. 2,
fig. 2.
1885 Paieosceplron ineneghiru (Cocchi) - De Stefani, 101, pi.
2, fig. 2.

1955 Virgaiaria preshytes n.sp.
Hantzschel. 1958. fig. 4).

1960 Nereites tosaensis Katto, new-1species -- Katto, 324, pi. 34,
ligs. 6, 12, pi. 35. fig. 17.

1960 Nereites inuroiocnsis Katto, new species -
35. figs. 3. 14-15.

1969 Ncrcitcs tosaensis Katto -- Katto, pi., ligs. 1-2, 5-6.

1969 Nereites inuroloensis Katto - Katto, ph, figs. 3-4.

1973 Nereites inuroloensis Katto - Katto, fig. 17.

1973 Nereites Katto, figs. 15, 19.

1973 Nereites tosaensis Katto m Katto. fig. 16.

? v partim 1977 Gyrochorte hurtani n. ichnosp. - Ksiazkiewicz, 113. pi.

I'l. fig. I (non pi. 11 ligs. 2-3, 5 = P. rugosa: non pi. 11

Bayer, 300, fig. 2a-c (also

Katto, 326, pi.
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Fig. 67. ft-oiovirgularia ispp. Soles of turhiditic sandstone beds. A. Pmiovirgularia pennants (Eichwald). UJ TF 1165, Vcrovice beds
(Barremian- Aptian). Wisniowa (labelled as Gyrochotic hurlani). B. Pmiovirgularia isp. UJ TF 893, Szczawnica Formation (Paleo-
cene-Lowecr Eocene), Szczawnica (labelled as Keckia annulate). C-D. Pmiovirgularia rugosa Miller & Dyer. C. UJ TF 175, Ciezkowice
Sandstone (Eoeene), Grodek (labelled as Gyroc/iotic imhricala). D. UJ TF 687, Krosno beds (Oligocene), Debna (labelled as Gvrochorte

hurlani). Scales in mm
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Fig. 68.

Prolovirgtilaria ispp. Soles of 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), Wierzbanowa (labelled as Cyrochorle burtani'). C. P. obliteratei (Ksigzkiwicz) UJ TF 1169, Verovice beds
(Barremian-Aptian), Wisniowa (labelled as Cyrochorle burtani). D. P. rugosa. UJ TF 178, Sromowce Formation (Senonian), Szaflary

(labelled as Rhabdoglyphus bisculciatus). Scale bars = 1cm

tig. 4 - /°. pcittiait/s).
1994 Protovirgularia longespicaia (De Stefani) - Seilacher &
Seilaclier. 11, pi. 2, figs. a-f.
Material: 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).

Remarks: None of the discussed specimens displays the
palmate probings. Specimen UJ TF 1475 is relatively large,
but its chevrons do not dispaly the papillate aspect. On the
other hand this aspect of morphology can be strongly con-
trolled by the substrate properties. Specimen UJ TF 679 is
distinctly smaller than typical specimens of this ichnospe-
cies.

Protovirgularia vagans (Ksic(zkiewicz 1977)
Fig. 70

v*?partim 1977 Tuhcrculiclums vagans n. ichnosp. - Ksigzkiew icz, 140,

pi. 13. fig. 4, text-fig. 27d-e [?non text-fig. 27¢c, f-g],

Tuherciilichnus tncandriinis n. ichnosp. - Ksigzkiewicz,

141. pi. 13. fig. 5 [non pi. 13, fig. 6 = Saericlmites

canadensis, non text-fig. 27a-b].

?non 1996 Tiiherculicliiiii.s vagans Ksic\zkiewicz
29, tig. 8, pi. 30, figs. 1-3.

? 1996 Tuhen. iihchnus vagans Ksiazkicwicz -BuatoiscV«/.,296,

tig. 10c-d.

vpartim 1977

Paczesna, 67. p.

Diagnosis: Smooth Protovirgularia having strong carinate profile.

undulating in the vertical plane, and therefore preserved as hypieh-
nial disrupted ridges.
Material: 4 specimens (UJ TF 76, 255, 773, 1036 (holotype)).

Remarks: The holotypes of T. vagans and T. meandrinus
display the characteristic carinate (amygdaloid) cross-sec-
tion, which is the typical feature of Protovirgularia McCoy
and is described under this ichnogenus as P. vagans in this
paper.

Stratigraphic range: Senonian-Eocene (Ksi*zkiewicz,
1977). Jurassic lacustrine trace fossil described as Tubercu-
lichnus vagans Ksi*zkiewicz (Buatois et al., 1996) is re-
servedly included in this ichnospecies.

Protovirgularia dzulvnskii (Ksiazkiewicz 1977)
Fig. 71

v 1970 Rhabdoglyphus (?) sp. - Ksiazkiewicz, 286, fig. !m.
v * 1977 Anhrophycus (?) dzulvnskii n. ichnosp. - Ksiazkiewicz.
58, pi. 1.tigs. 13-14.

Diagnosis: Hypichnial, cylindrical rope-sized full-relief structure,
or hypichnial furrow. The sculpture of the full-relief trace fossil
consists of tuberculated transversal narrow ribs slightly bent in one
direction. The furrows are transversely grooved (after
Ksiazkiewicz, 1977).

Material: 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 of the trace fossil. The flat ridge is probably an
exterior of the ventral side ofthe trace fossil.

Remarks: Superficially, the ribbed ridge resembles Climac-
ticlmites Logan 1860, but the latter is a large surface trail
known from the Lower Palaeozoic marginal marine deposits
of North America (Yochelson & Fedonkin, 1993). It is not
impossible that Climactichnites mentioned by Nowak
(1961) from the Lower Cretaceous flysch deposits of the
Grodziszcze beds is a similar or identical trace fossil. Also
Contescu et al. (1993) mentioned an occurrence of Climac-
tichnites in the Eocene flysch deposits of the Romanian Car-
pathians.

The ribs mentioned in the diagnosis are edges of cross-
sectioned menisci. The trace fossil has a thin wall. However,
the elliptical termination at the oval termination of the trace
fossil is the characteristic feature of Protovirgularia. The
termination is probably a place where the tracemaker shifted
to another level or was suddenly pressed to escape. The tu-
bercles on the “ribs” are probably sandy pellets. The me-
nisci are not perfectly arcuate. Part of them are bent in an
obtuse angle and form a chevron pattern which is an addi-
tional feature of Protovirgularia.

This trace fossil does not conform with the definitions
or appearance of known Protovirgularia ichnospecies.
Therefore Ksigzkiewicz’s species name is retained. How-
ever the material is too scarce for more pronounced ichno-
taxonomic evaluation.

Protovirgularia isp.

v 1977 KcckiaanmiUilaGlocker Ksiazkiewicz, 63, pi. 3, fig. 14.
Material: 1specimen (UJ TF 893).
Description: Protovirgularia having strong carinate profile and
rare chevron markings.

Remarks: Ksigzkiewicz (1977) described the discussed ma-
terial under Keckia annulata Glocker. Similarity of the ma-
terial to Keckia is impossible to accept (see comments to
Keckia). It display features of Protovirgularia, similar to P.
pennatus, but the latter ichnotaxon have distinctly densely
spaced chevron markings. The material is underrepresented
and therefore determination at the ichnospecific level is not
proposed.

Fig. 69. Protovirgularia obliterate/ (Ksigzkiewicz). Soles of tur-
biditic sandstone beds. Verovice beds (Barremian-Aptian), Lipnik
near Myslenice (labelled as Gyrochorte obliterata). A. UJ TF
1456. B-C. UJ TF 127, holotype of Gyrochorte obliterata. B.
General view. C. Detail of B. Scale bars = 1cm
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Fig. 70. Prolovirgutariu vagans (Ksigzkiewicz) 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 Brady 1949

Oniscoidiclmus carpathicus Ksitzkiewicz 1977
Fig. 72
v 1977 Oniscoidichnus carpathicus n. ichnosp. —K.sia/kiewic/.
124, pi. 11, fig. 11.
Material: 2 specimens (UJ TF 1471, 1472a).

Remarks: It is not clear, if the discussed structures are trace
fossils. One can not exclude that they are mechanical arti-
facts and their morphology remains enigmatic.

Gordia Emmons 1844

Diagnosis: Unbranched, horizontal, winding, or irregularly mean-
dering trace fossils, predominantly horizontal, that tend to form
loops (modified from Pickcrill & Peel, 1991 and Fillion & Picker-
ill, 1990).

Remarks: Ichnotaxonomic problems of Gordia Emmons
have been recently discussed by Fillion & Pickerill (1990)
and Pickerill & Peel (1991). Ksi*zkiewicz (1977) distin-
guished two ichnospecies of Gordia'. G. molassica (Fleer)
and G. arcuata Ksiazkiewicz. The first ichnospecies is re-
garded as the junior synonym of Gordia marina Emmons
(Pickerill, 1981; Fillion & Pickerill, 1990). This is con-
firmed in this paper. G. arcuata Ksiazkiewicz is regarded as
a useful and valid ichnotaxon.

Gordia marina Emmons 1844
Fig. 73

* 1844 Gordia marina limmons. 24. pi. 2, fig. 2.
v 1977 Gordia molassica (Heer) -- Ksiazkiewicz, pi. 20, figs. 4-7,
lexI-fig. 3fis-x.
v parlim 1977 Hclniinthopsis hicroglyphica Heer - Ksiazkiewicz, 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).
Material: 8 specimens (TF UJ 245, 1082, 1184, 1197, 1249, 1253,
1353, 1520).

Remarks: /7elmhithopsis hieroglyphica Fleer illustrated by
Ksiazkiewicz (1977) in pi. 12, fig. 3 (UJ TF 1082, Fig. 73A)
displays features of Gordia marina and is included in this
ichnospecies.

Gordia arcuata Ksiazkiewicz 1977
Fig. 74

*v 1977 Gordiaarcuata n. ichnosp -Ksiazkiewicz, 156, pi. 2(1, fig.
8, lexI-fig. 36y.
Diagnosis: Gordia in which only apical arcuate bends are devel-
oped in hypichnial reliefs (modified after Ksiazkiewicz, 1977).
Material: 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 Azpeitia - Farres Malian, 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 (ksiazkiewiez). UJ Tl 177 (the Imlotype), Krosno bcds (Oligocene), Debna. Hypichnial form in
linc-giained turbulitic sandsionc. A. General vicw. B-C. Details of A. Scales in A, C in mm. scale barin B 1cm

TV,

VAL |

o M-M%r- i

Fig. 72.  OiMcnuiichnus ewpathiem Ksigzkiewiez. Epichnial forms in marty siltstone bcds. Krosno beds (Oligocene), Lubomierz. A. UJ
TF 1741. holotype. B. UJ TF 1472a. Scales in mm
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Fig. 73. Gordia marina Emmons. UJ TF 10K2, sole of turbiditic
sandstone bed, Sidzina, Beloveza beds (Eocene), Sidzina (labelled
as Helminthopsis hieroglyphica). B. U.l TF 1353, Kroscienko (la-
bel lost). Scale in mm

le\l-lig. 3.1 | fjiiinnj.

non 1968 Cosmorhaphe sp. - Pfeiffer, 669. pi. 2. fig. 2.

non 1969 cf Cosmorhaphe Roberts. 231, pi. I, fig. I.

non 1970 Cusmorhaphe (?) tortuosa iclmosp. n. - K.si)\zkielvicz.
294, pi. 3c.

non 1971 ‘iCosmorhaphe sp. «- Jerzykiewicz, pi. 11, fig. 6.

non 1975 Cusmorhaphe filiformis sp. nov. - Chiplonkar & Gliare.
77, fig. 2C.

2non 1975 Cosmorhaphe kettneii n. iclmosp.
Illg. 1

?non 1990 Cosmorhaphe kellneri Pek & Zzapletal - Zapletal & Pek.

Pek & Zapletal, 56,

Fig. 74. Gordia urcuata Ksigzkiewicz. UJ TF 2581, hypichnial
form in turbiditic sandstone bed (label lost). Scale in mm

56.
non 1976 Cosmorhaphe Garcia Ramos, 139.pl. Ig.
non 1977 Cosmorhaphe (?) tortuosa Ksinzkievvicz - Ksi<izkiewicz,
155, pi. 19, 1ig. 9 [=Hclicolilhu.i lortuosus].
non 1977a Cosmorhaphe heiieoiclea n. icimosp. Seilaclier, 299. fig.
3g.
? 1977a Cosmorhaphe Crimes, 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 - McCann & 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. —Muiller, 17, fig. 5B.
?non 1994 Cosmorhaphe (long, p1l4, fig. 4.
non 1994a Cosmorhaphe fitehsi Ksitizkiewicz - Han & Pickerill, 227,
fig. 4C.
non 1994a Cosmorhaphe simtosa (Azpeitia Moros) - 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).

Remarks: Cosmorhaphe is a graphoglyptid trace fossil that
occurs in Cretaceous and Tertiary flysch deposits. Large Pa-
laeozoic forms occur also in the Ordovician and Silurian
(Pickerill, 1980; McCann, 1990). Cosmorhaphe ? isp. was
reported from the Cambrian (Narbonne et al., 1987). Pre-
sent-day shallow-tier traces of Cosmorhaphe-morpho\ogy
were found on the deep-sea floor below 4,000 m (Ekdale &
Berger, 1978; Ekdale, 1980; Ekdale et al., 1984b; Miller,
1991).
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Cosmorhaphesimtosa (Azpeitia Moros 1933)

1933 Helminthopsis sinuosa Azpeitia n. sp.
45. fig. 24B.
1935 Spirorhaphe - Abel, fig. 263.
1954  Helminlhopsis sinuosa Azpeitia
46, fig. .
1959  Helminllwpsis sinuosa - Seilacher, tab. 1, fig. 8.
non 1964 Cosmorhaphe sinuosus Azpeitia - Fanes Malian, 86, pi.
5. fig. L
1967 Cosmorhaphe - Macsotay, 27, pi. 6, fig. 22.
Vnon 1970 Cosmorhaphe sinuosa (Azpeitia) - Ksiazkiewicz, 292,
text-fig. 2a, pi. 3a.
Cosmorhaphe fuchsi ichnosp. nov.
text-fig. 2b, pi. 3b.
Cosmorhaphe sinuosa (Azpeitia) Ksigzkiewicz, 153. pi.
19. figs. 3-5, text-fig. 33g-j \=Cosmorhaphe lohala],
Cosmorhaphefuchsi Ksiazkiewicz - Ksigzkiewicz, 154,
pi. 19, fig. 7, text-fig. 33 n-s.
1978 Cosmorhaphe sp. Fukuda & Hayasaka, 18, pi. I, fig. 2.
1978 Cosmorhaphe sinuosa - Mantenat & Seilacher, fig. Ic.
non 1980 (‘'osmorhaphesinuosa (Azpeitia) Alexandrescu & Brus-
tur. 21, pi. 6. figs. 3-4.
Cosmorhaphe sinuosa (Azpeitia Moros) - D'Alessandro,
372 [not fugured].
Cosmorhaphe sinuosa Azpeitia Moros
erill. 334, fig. 3.5 f=C. lohala}.
Cosmorhaphe aff. sinuosa (Azpeitia Moros) - Crimes &
Crossley, 44, fig. 8c.
1991a Cosmorhaphe - Leszczynski, figs. 9-10.
1991b Cosmorhaphe Leszczynski, fig. 5.
1991 Cosmorhaphe sinuosa (Azpeitia M oros)- Leszczynski &
Seilacher, 296, figs. 3-6, 8.
1992 Cosmorhaphe sinuosa —Leszczynski, pi. 3, fig. 2.
1992a Cosmorhaphe \e\mosp. Uchman, fig. 4.4.
1993 Cosmorhaphe cf. sinuosa - Leszczynski, fig. 7.
non 1993 Cosmorhaphesinuosa Azpeitia Moros McCann, 43, fig.
4D \- (. he/mintlmpsoiclca].
1993 Cosmorhaphe ' sinuosa Azpeitia Moros - Tunis & Uch-
man, 90, figs. 6F, 8D.
1994 Cosmorhaphe helmilhopsiila I'uchs
4,
non 1994a Cosmorhaphe sinuosa (Azpeitia Moros) - Han & Pickeri 1L
229. fig. 4G.
Cosmorhaphesinuosa (Azpeitia Moros) - Uchman, 40, pi.
11, fig. 4.

Azpeitia Moros,

Gomez de Llarena, pi.

v 1970 Ksigzkiewicz, 294,

v non 1977

v 1977

? 1980

non 1988 McCann & Pick-

non 1991

Giese el al., 82, fig.

v ? 1995

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).
Material: 5 specimens (UJ TF 11, 243, 2048-2050).

Remarks: Ksigzkiewicz (1977) included specimens with
deep, lobate second-order meanders within Cosmorhaphe
simtosa, but this ichnotaxon is characterised by shallow,
wide second-order meanders (Azpeitia Moros, 1933;
Seilacher, 1977a). On the other hand, the wide second-order
meanders indicate C. fuchsi, and the specimens with the
deep, lobate second-order meanders conform with the diag-
nosis of C. lohala Seilacher (1977a). In consequence, these
specimens were included in these ichnotaxa, according to
their affinity.

Stratigraphic range: Senonian (Ksigzkiewicz, 1977) -
Upper Miocene (Montenat & Seilacher, 1978).

Cosmorhaphe gracilis Ksigzkiewicz 1977

1895 Cosmorhaphe - Fuchs, pl. 6. fig. 1

1924 Cosmorhaphe - Richter, fig. 6.

1955 Cosmorhaphe - Lessertiseur, pl. 74, fig. 1.

1959 Cosmorhajyhe Seilacher, fig. 1.8.

1977 Cosmorhaphegracilis n. ichnosp. —Ksiazkiewicz, 152, pl.

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 Ksi;\zkiewicz Alexandrescu &
Brustur, 39, pl. 4, fig. 2a.
1987 Cosmorhaphe Yeh, 50, fig. 2A.

ECIIPR)

? 1989 Cosmorhaphe - Powichrowski, fig. 3.5.
1993 Cosmorhaphe cf. gracilis Ksifizkiewicz - Pickerill el al.,
62, fig. 2a.
v 1993 Cosmorhaphe lohala Seilacher - Tunis & Uchman, 90,
fig. 8A.
? 1994 Cosmorhaphe gracilis Ksi*zkiewicz - Loffler & Geyer,

497 (only description),
v 1996a Cosmorhaphe ?gracilis Ksif(zkiewicz-Tunis & Uchman,
181, fig. 9A.

Diagnosis: First order meanders widely spaced, containing 15-18
turns of regular second order undulations, which are slightly
higher than wide and interlock like a jig-saw puzzle (after
Seilacher, 1977a).
Material: 7 specimens (TF UJ 91, 1022, 1138, 1162 (holotype),
1613, 1755, 1853).

Remarks: Ksiazkiewicz (July 1977) created C. gracilis
with the lectotype illustrated by Fuchs (1895, pl. 6, ftg.l). In
the same year Seilacher (August 1977a) created C. pcirva
and destignated the same Fuchs’ specimen for the holotype
as was selected by Ksiazkiewicz as lectotype. Thus, C.
parva is the junior objective synonym of C. gracilis.

Stratigraphic  range: Senonian-Eocene-?0ligocene
(Ksiazkiewicz, 1977).

Cosmorhaphe lobata Seilacher 1977a
Fig. 75

1895 Cosmorhaphe Fuchs, pl. 6, fig. 5.
1904 Helminlhopsis? labvrinthica Heer - Ulrich, 144, pl. 20,
figs. 2-3.
1932 Spyrorhaphe Buoi, pl. 4, fig. 8 (lapsus calami).
? 1935 Kriechspur-Abel, fig. 261B.
1949 Magarikune akkesiensis sp. nov. - Minato & Suyama,
277, figs. 1-2.
1955 Cosmorhaphe - Seilacher, fig. 5.66.
1959 Cosmorhaphe -Seilacher, fig. 1.9.
1963 Cosmorhaphe Muller, fig. 837.
v 1970 Cosmorhaphe simtosa (Azpeitia) - Ksiazkiewicz, 292,
text-fig. 2a, pl. 3a.
* 1977a Cosmorhaphe lohala n. ichnosp. -- Seilacher, 299, fig. 3d.
v 1977 Cosmorhaphesmuoso (Azpeitia) Ksiazkiewicz. 153, pl.
19, figs. 3-5, text-fig. 33g-j.

1978 Cosmorhaphe sp. —Fukuda & Flayasaka, 18, pl. 1, fig. 1.

non 1980 Cosmorhaphesinuosa (Azpeitia) - Alexandrescu & Brus-
tur, 21, pl. 6, figs. 3-4.

1982 Cosmorhaphe - Scholle & Spearing, fig. 120.

1988 Cosmorhaphe sinuosa Azpeitia Moros - McCann & Pick-

erill, 334, fig. 3.5

Cosmorhaphe lohala Seilacher - Tunis & Uchman, 90,

fig. 8A.

Cosmorhaphe lielmithopsidea (Sacco) - Loffler & Geyer,

495, fig. 3e (lapsus calami).

Cosmorhaphe cf. lohala Seilacher - Crimes & McCall,

234, figs. 2C-2D.

v? 1996a Cosmorhaphe ? lohala Seilacher —Tunis & Uchman, 181,
fig. 9B.

v 1996a Cosmorhaphe lohala Seilacher —Tunis & Uchman, 181

[not figured].

v 1993
? 1994

? 1995

Diagnosis: First order menders fairly dense, containing 15-20
turns of regular second order meanders, which are 2-3 times
higher than wide and interlock strongly (after Seilacher, 1977a).
Material: 9, reservedly 10 specimens (TF UJ 7, 74-75, 224, 243,
672, 754(7), 1107, 1118, 1872).
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Fig. 75. Cosmorhaphe lobuta Seilacher 01l soles of 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, Pélrzeczki (part of label lost). Scales in
mm

Remarks: Relatively thick Cosmorhaphe (Fig. 75C), pre-
served in full relief, is reservedly included in C. lobata.

Stratigraphic range: Senonian (Ksigzkiewicz, 1977; Al-
exandrescu & Brustur, 1980) —Middle Eocene (Ksigzkie-
wicz, 1977).

Cosmorhaphe carpathica nom. nov.

* 1898 Helminthoida helminthopsoidea Sacco - Paul, pi. 3, fig.
.

1958 Cosmorhaphe Ksiazkiewicz, pi. 3, fig. 2.

<

? 1962 Pista cle I'epunie cle venni tip Hdmmlhoideo Dnnian &
Dimian. pi. 7, lig. 4.
v* 1970 Cosmorhaphe lielmilhopsoidea (Sacco) - Ksiazkiewicz,

294, fig. 2c.
1975 Cosmorhaphe sp. - Hanlzschel, W53, fig. 34.3.
v 1977 Cosmorhaphe lielmilhopsoidea (Sacco) - Ksigzkiewicz,
153, pi. 19, fig. 6 (*), lext-fig. 33k-m.
1977a Cosmorhaphe hehnithopsideu (Sacco) - Seilacher, 299.
fig. 3e (lapsus calami).

Origin of the name: From the Carpathians.

Diagnosis: First order meanders fairly dense; second order mean-
ders of 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).

Remarks: Ksigzkiewicz (1977) created C. helminthop-
soidea n. isp. and selected a specimen (Ksigzkiewicz, 1958,
pi. 3, fig. 2) for the holotype. He compared the holotype to
the specimen illustrated by Paul (1898) and indicated as
Helminthoida helminthopsoidea Sacco. Seilacher (1977a)
included Sacco’s (1888) Helminthoida helminthopsoidea
and Ksigzkiewicz holotype in Cosmorhaphe helminthop-
soidea (Sacco). Sacco’s specimen was treated by Ksigzkie-
wicz (1977) as a separate ichnospecies of Helminthoida, al-
though it displays first-and second-order meanders typical
of Cosmorhaphe. There are distinct differences between the
specimen illustrated by Sacco (1888) and the Ksigzkiewicz
material. The first Sacco’s specimen displays relatively
shallow, fairly dense first-order meanders and irregular,
very shallow second-order meanders. The Carpathian mate-
rial displays second-order meanders which have 2-3 times
greater amplitude than wave length. The long, winding
stretches are a very characteristic feature of this material,
which do not conform with other ichnospecies of Cos-
morhaphe. For this reason the new name Cosmorhaphe car-
pathica is proposed for the Ksigzkiewicz material. Sacco’s
specimen belongs also to Cosmorhaphe and its specific
name should be retained.

Stratigraphic range: Senonian-Middle Eocene (Ksigz-
kiewicz (1977).

Cosmorhaphe helminthopsoidea (Sacco 1888)

* 1888 Helminthoida helminthopsoidea Sacc. - Sacco,-32. pi. 2,
fig. 7.
vnon 1898 Helminthoida helminthopsoidea Sacco - Paul, pi. 3, fig.
1
1969 Cosmorhaphe sp. - Webby, 83, pi. 10. figs. 1-2.
v non 1970 Cosmorhaphe lielmilhopsoidea (Sacco in Paul)
Ksigzkiewicz. 294, fig. 2c.
v non 1977 Cosmorhaphe lielmilhopsoidea (Sacco in Paul)
Ksigzkiewicz, 153, pi. 19, fig. 6, lext-fig. 33k-m.
v 1977 Helminthoida helminthopsoidea Sacco - Ksigzkiewicz,

163, pi. 20, fig. 3, pi. 21, fig. 9, text-fig. 36k-II.
non 1977a Cosmorhaphe helmithopsidea (Sacco) - Seilacher, 299,
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tig. 3e (lapsus calami).
1480 Cosmorhaphe sp. - Pickerill. tig. 4a.
non 1986 Cosmorhaphe helmithopsidea (Sacco) - Miller, fig. 2c
(lapsus calami).
1986 Cosmorhaphe ehanghnaensis ichnosp. nov.
pi. 1 lig. 6.
1990 Cosmorhaphe - McCann, fig. 4d.
1991 Cosmorhaphe aft, sinuosa (Azpeitia Moros) - Crimes &
Crossley, 44, fig. 8c.
1993 C'osmorhaphe sinuosa Azpeitia Moros
4D.
non 1994 Cosmorhaphe helmithopsidea (Sacco) - Loftier & Geyer,
495. lig. 3e (lapsus calami).

Yang, 153,

McCann. 43. fig.

Emended diagnosis: Cosmorhaphe with first order mean-
ders relatively shallow, fairly dense; second order meanders
irregular, very shallow.

Material: 5 specimens (TF UJ 2. 102, 339, 1013, 2030).

Remarks: The holotype described by Sacco (1888) derives
from the Eocene Flysch del Grivo (G. Tunis, pers. comm.,
1494). The Palaeozoic (Pickerill, 1980; Yang, 1986;
McCann, 1990) specimens are distinctly larger, up to 10 mm
in string diameter.

Stratigraphic range: Ordovician (McCann,
Lower Eocene (Sacco, 1888).

1993) -

Cochlichnus Hitchcock 1858

Diagnosis: Regular, sinusoidal, horizontal trails and burrows re-
sembling a compressed and stretched corkscrew. The overall width
of an individual trace may change progressively (after modifica-
tion from Ciluszek (1995)).

Remarks: This ichnogenus was recently discussed by Pil-
lion & Pickerill (1990) and Gluszek (1995).

Cochlichnus anguineus Hitchcock 1858
AFig. 76

v 1977 Cochlichnus aff. anguineus Hitchcock

151, pi. 20. fig. |, text-fig. 36 p-q.

Ksigzkiewicz.

Diagnosis: As for the ichnogenus.
Material: 4 specimens (UJ.TF 1203, 1230, 1316, 1635).

Fig. 76. Cochlichnus anguineus Hitchcock on sole of turbiditie
sandstone bed. Ul TF 1316. Beloveza beds (Eocene), Sidzina.
Scale in mm

Fig. 77. ?Helicorlut/ihc isp. on sole of turbiditie sandstone bed.
UJ TF 1378, Lipnica Wielka (part of label lost). Scale in mm

Hclicorhaphe Ksic(zkiewicz 1961

Diagnosis: Strings helicoidally twisted along a horizontal axis
(after Ksi*zkiewicz, 1977).

Remarks: This ichnogenus is represented only by a few
specimens, which makes understanding of its affinity to
other ichnogenera difficult. Helicolithus Azpeitia Moros
displays meanders and changing of the twisting direction at
the turning points of the meanders. These features are
enough for the ichnogeneric separation.

One specimen (Fig. 77) is a short, helicoidally twisted
hypichnial trace fossil situated between two short strings. It
probably belongs to Hclicorhaphe.

Hclicorhaphe tortilis Ksi*zkiewicz 1970
Fig. 78

? 1915 Unnamed mHogbom, pi. 2, fig. I.
1961 Hclicorhaphe (n.f.) Ksii\zkiewicz, 885, pi. 2, fig. 3.
* 1970 Hclicorhaphe tortilis ichnosp. n. - Ksi*zkievvicz, 286, fig.
It.
1975 Hclicorhaphe tortilis Ksi~zkiewicz - Hantzschel, W70,
fig. 43.4.
1977 Hclicorhaphe tortilis Ksi;\zkiewicz - «.sigzkiewicz, |16,
pi. I'l. tig. 10.
non 1981 Hclicorhaphe Tanaka & Sumi, pi. 6, fig.- 1
non 1989 Hclicorhaphe meandriformis sp. n. - Plicka & K.ok-
olusova, 113 text-fig. 2. pi. 64. fig. 2.
1995 Hclicorhaphe tortilis Ksi*zkiewicz
236, fig. 3a.

Crimes & MccCall,

Diagnosis: As for the ichnogenus.
Material: 2 specimens (UJ TF 277 (holotype), 499).
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ation is problematic.

Helicolithus sampeiayoi Azpeitia Moros 1933
Fig. 79

* 1933 Helicolithussampeiayoi Azpeitia, n.sp. -Azpeitia Moros,
48, pi. 4, fig. 11, pi. 13, fig. 24A.
1954 Helicolithus sampeiayoi Azpeitia- Gomez de Llarena, pi.
45, fig. 1.
1954 Helicolithus sampeiayoi Azpeitia - Seilacher, fig. 2.15.
1955 Helicolithus sampeiayoi Azpeitia - Seilacher, fig. 5.67.
1959 Helicolithus sampeiayoi Azpeitia - Seilacher, tab. 1, fig.

1961 Helicolithussampeiayoi Azpeitia - Ksiazkiewicz, 885, pi.
2, fig. 2.

1962 Pistade reptatie de tip Belorapha- Dimin & Dimin, pi. 7,
fig. 3 (lapsus calami).

1967 Helicolithus sampeiayoi Azpeitia - Macsotay, 31, figs. 7,

14.

1968 Helicolithus sampeiayoi Azpeitia —Ksiazkiewicz, pi. 3,
fig. 2.

1970 Helicolithus sampeiayoi Azpeitia — Ksiazkiewicz, 300,
fig. 3i.

1975 Helicolithus sampeiayoi Azpeitia Moros - Hantzschel,
W67, fig. 42.2a-c.
v 1977 Helicolithus sampeiayoi Azpeitia Ksiazkiewicz, 157, pi.
23, fig. 4.
1977a Helicolithus sp. - Crimes, pi. 6, fig. c.
1977b Helicolithus - Crimes, 593, pi. 3, figs. 1-2.
partim 1977b Paleomcandron [...] and Belorhaphe Crimes, 593, 594.
pi. 1,fig. I.
1978 Helicolithus - Kern, 251, fig. 9H.
? 1978 Helicolithus sampeiayoi Azpeitia —Radwanski, 58, pi. 9,
fig. 2.
Fig. 78. Hclicorliaplic tortilis Ksiiizkiewicz on sole of turbiditic 1982 H%Iicolithus —Scholle & Spearing, fig. 117.
sandstone bed. Ul TF 277, the holotype. Beloveza beds (Eocene), ? 1986 Helicolithus sampeiayoi Azpeitia Moros - Yang, 154, pi.

Lipniea Mala. Scale in mm

Remarks: mulier t 197 Iycompared /Iclicurluiphc Ksigzkie-
wicz and r/elicodroniites Berger to recent helicoidal traces
of insects observed in coastal sand environment. Crimes &
McCall (1995) described a trace fossil compared to Heli-
corhaphe tortilis Ksi~zkiewicz from the Miocene flysch of
Iran, however it is much larger.

Helicorhctphe Ksi*zkiewicz (1961) was defined as heli-
coidally twisted string according to helicoidal axis.

Helicolithus Azpeitia Moros 1933

1933 Helicolithus sa/npelayoi Azpeitia, n. sp. Azpeitia Moros.
48, pi. 4, tig. 11, pi. '13. fig. 24A.
non 1933 Helieolilhti.sfalvegcie Azpeilia, n. sp. - Azpeitia Moros.
52, pi. 3. fig. 10, pi. 10, tig. 21A \=Bclorhaphc\.
? 1986 Hclieolithus sampeiayoi Azpeitia Moros - Yang, 154, pi.
2. fig. 4.
? 1988 Helicolithus sampehtvoi Azpeitia Moros - Yang, 6, pi. 2.
fig. 3.
7 1991 Helicolithus ichnosp. Crimes & Crossley, 47. fig. 8k.
non 1992 Helicolithus tortiiosus (Ksiazkiewicz) - Yang & 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).

Remarks: It is possible that Paleomecmdron transversum

Seilacher is a helicoidal trace fossil that can be compared Fig. 79. Helicolithus sampeiayoi Azpeitia-Moros on sole of tur-
with Helicolithus. However, this ichnotaxon is known onIy biditic sandstone bed. UJ TF 226. Beloveza beds (Eocene)’ |_|p.
from one drawing (Seilacher, 1977a, fig. 7c) and its evalu- 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), DZwiniacz
Dolny-Kréléw stream (labelled Helminthoida crassa). Scale in

mm . n

2. fig. 4.
1987 Helicolithus cf. sampelayni Azpeilia Alexandrescu &
Brustur, 12. pi. 5, fig. 2.
? 1988 Helicolithus sampelavoi Azpeilia Motos - Yang, 6, pi. 2.
fig. 3.

1992 Helicolithus sampelavoi  Leszczynski, pi. 2, fig. 2.

Diagnosis: Helicolithus with simple, short, regular helicoidal un-
dulations (modified after Seilacher, 1977a).

Material: 20 specimens (TF UJ 20, 22-23, 26-31, 71, 226-227,
798, 847, 894, 920, 1131, 1856, 2595, 2686).

Remarks: Stratigraphic range: Senonian-Oligocene (Ksigz-
kiewicz, 1977). It is difficult to assess the material described
by Yang (1986, 1988) from the Permian flysch. It may be-
long to Helicolilhu.s.

Helicolithus tortuosus (Ksigzkiewicz 1970)

1959 Unnamed - Seilacher, tab. 1, fig. 13.
*v 1970 Cosmorhaphe (?) lortuosa ichnosp. n. - Ksiazkiewicz,
294, pi. 3c.
v 1977 Cosmorhaphe (?) lortuosa Ksigzkiewicz Ksiazkiewicz.
155. pi. 19, fig. 9.
1977a Helicolithus tortuosus (Ksiagzkiewicz)  Seilacher, 306.

fig. 6d.
1977b Cosmorhaphe.? lortuosa Ksigzkiewicz - Crimes, 601, pi.
4 fig. 3, pi. 5, figs. 1-2.

partim 1977b Belorhciphe [..] Prolopalcodiclyon [..] Palcodiclyon -
Crimes, pi. I. fig. 2.
partim 1977b Paleodictyon [...] Paleonieatidroti - Climes, pi. 2, lig. 1

1980 Helicolithus tortuosus (Ksiazkiewicz) - D'Alessandro,

373, pi. 36. fig. 1 pi. 41. fig. 1
non 1992 Helicolithus loiiuosus (Ksigzkiewicz) Yang & Hu, 389,

pi. 3, fig. 5.
v 1993 Helicolithus tortuosus (K sigzkiewicz) - Tunis & Uchman,
91, fig. 8B.
v 1996a HelicalHints tortuosus (Ksigzkiewicz) - Tunis & Uchman,
181, fig. 9H.
Diagnosis: Helicolithus with long, sigmoidal helicoidal turns
(modified after Seilacher, 1977a).
Material: This ichnospecies is not present in the Ksigzkiewicz

collection.

Remarks: Stratigraphic range: Senonian (Ksigzkiewicz,
1977) - Miocene (D’Alessandro, 1980).

Helminthorhaphe Seilacher 1977a

Diagnosis: Non-branching trace fossil of small string diameter
with only one order of smooth systematic meanders of very high
amplitude, usually preserved as hypichnial semi-relief strings
(modified after Seilacher, 1977a; Uchman, 1995).

Remarks: The separation of Helminthoida and Helmintho-
rhaphe (Seilacher, 1977a) was discussed by Uchman
(1995), who included Helminthoida Schafhautl within Nere-
ites MacLeay.

Regularity of meanders, distance between meanders,
and lack or presence of a bulge in the curved parts of mean-
ders are diagnostic features at the ichnospecies level (Seila-
cher, 1977a). However, these features have not been consid-
ered by several authors. Besides the ichnotaxa described by
Seilacher (1977a), Helminthorhaphe mioeenica (Sacco), re-
defined by Ksigzkiewicz (1977) as Helminthoida, appears to
be a useful ichnotaxon.

Helminthorhaphe flexuosa Uchman 1995
Fig. 80

non 1970 HetminthoidiA'.") aff. molassica H eer-Ksigzkiewicz, 298,

fig. 2j.

v 1970 Helminthoida crassa - Ksiazkiewicz. 296, fig. 2d-f.

v 1977 Helminthoida crassa Schafhautl - Ksiazkiewicz, 159, pi.
21, figs. 3, 5, Lext-fig. 34b-c, f, h, k-I, m-n, g-r, m [non pi.
21, figs. 4, 6-8, text-fig. 34d-e, g, i. 0-p, s = H. japonica.
noil text-fig. 21j = 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 Ksigzkiewicz (1977), with the following addi-
tions: convex hyporeliefs consisting ofa string that follows narrow
and high amplitude regular meanders. Bulges in the turning por-
tion arc very rare and are poorly expressed.

Remarks: In contrast to Seilacher’s (1977a) diagnosis of.
Il. crassa (=//. flexuosa), the meanders of the described ma-
terial are relatively tightly spaced. However, distance be-
tween meanders is a variable feature, also in the holotype
(see also Leszczynski & Seilacher, 1991). Thus, it is notre-
garded as a diagnostic feature at the species level.

Helminthorhaphe japonica (Tanaka 1970)
Fig. 81

partim 1977 Helminthoida crassa Schafhautl - Ksia/kiew'icz, 159, pi.
21, figs. 4, 6-8, text-fig. 34d-e, g. i, 0-p, s [non pi. 21, figs.
3, 5, text-fig. 34b-c, f, h, k-1, m-n, g-r = H. flexuosa, non
text-fig. 21j = Helminthorhaphe isp.].
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Fig. 81. Hehninthnrhaphc japonica (Tanaka) oil sole of turbidi-
tic sandstone bed. UJ TF 104, Ciezkowice Sandstone (Eocene).
Znaniirowice (labelled as Helminlhoida crassa tennis). Scale in
mm

For synonymy see Uchman (1995).

Diagnosis: Meanders of very high amplitude and densely guided,
at least part of the meanders with rounded and often bulging turns
(modified after Seilacher, 1977a).

Material: 10 specimens (TF U.l 38, 49, 103-104, 750, 828, 1244,
1361, 1495, 1812).

Description: As in Ksiazkiewicz (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 - Ksiazkiewicz, 160, pi.
21. figs. 10-11, text-fig. 36a-j.
Diagnosis: Meanders of relatively low amplitude and widely
guided, with rounded turns.
Material: 7 species (TF UJ 652. 714, 1022. 1127, 1133, 1174.
1403).

Helminthopsis Fleer 1877

Diagnosis: Simple, unbranched, elongate, cylindrical tube with
curves, windings, or irregular open meanders (after Wetzel &
Bromley, 1996).

Remarks: Examination of the type material of Helminthop-
sis revealed that the type species, Helminthopsis magna
(Fleer, 1877, pi. 47, fig. 1-2), is in fact Taphrhelminthopsis
Sacco [=Scolicia strozzii (Savi & Meneghini) in this paper]
(Ksiazkiewicz, 1977; see also Seilacher, 1977a, p. 297; Flan
& Pickerill, 1995). Moreover, Helminthopsis labyrinthica

Fig. 82. Helminthopsis aheli Ksi*zkiewiez on sole of turbiditic
sandstone bed. Ul TF 255, Inoceramian beds (Senonian-Paleo-
cene), Lodzinka. Scale in mm

Heer (1877, pi. 47, figs. 3-4), the species-name bearing-type
of Helminthopsis labyrinthica Fleer in Maillard, is identical
to Spirocosmorhaphe Seilacher (Wetzel & Bromley, 1996).
In order to retain Helminthopsis as ichnogenus, Wetzel &
Bromley selected one of specimens from

Fleer’s collection (not previously illustrated) deter-
mined as Helminthopsis hieroglyphica as the type ichnospe-
cies of Helminthopsis.

Recent review of ichnospecies of Helminthopsis was
provided by Han & Pickerill (1995) and Wetzel & Bromley
(1996).

Helminthopsis is a eurybathic facies-crossing trace fos-
sil, common in flysch deposits, and produced probably by
polychaetes or priapulids (Ksi*zkiewicz, 1977; Fillion &
Pickerill, 1990). It occurs from the Cambrian (Crimes,
1987) to the Recent (Swinbanks & Murray, 1981; Wetzel,
1983a, b).

Helminthopsis aheli Ksi*zkiewicz 1977
Fig. 82

? 1935 Kriechspur - Abel, fig. 261 B.
v partini 1977 Helminthopsix aheli n. ichnosp. - Ksi*zkiewicz, 117, pi.

12. fig. 5 (*), lext-tig. 2la-b, f [?non text-fig.

(=ICoxmorhaphe isp.), ?non text-fig. 21e (-IThalassi-
noides isp.). non text-fig. 2 1h (also Ksi;\zkiewicz, 1970, p.
299. fig. 3a (=Helnunthopsis isp.J.

v partim 1977 Helminthopsii tenuit Ksigzkiewicz - Ksi*zkiewicz, 120,
text-fig. 210, t-x [non pi. 12, fig. 1, text-fig. 21p, r-s|[

v partim 1977 Helminthopsis hieroglyphica Heer - Ksi<izkiewicz, 119.
text-fig. 21k-1 [non pi. 12. fig. 3 = Gordia marina, non
text-fig. 21 m-pj.

Emended diagnosis: Helminthopsis that commonly dis-
plays deep and bulged or horseshoe meanders.

Material: 11 specimens (U.I TF 33, 100, 233, 252, 255, 1290,
1302, 1321 (lcctotypc), 1615. 1631, 1661).

Remarks: Ksi*zkiewicz (1977) designated the specimen il-
lustrated by Abel (1935, fig, 261B) as the lectotype of Il



FLYSCH TRACE FOSSILS 177

aheli. In the same year, Seilacher (1977a) included Abel’s
specimen in Cosmorhaphe lobata Seilacher. Abel’s speci-
men is a deeply meandering hypichnial trace fossil. Its
course cannot be traced along sufficient distance for unam-
biguous assessment of the trace fossil taxonomy because the
specimen is incomplete. In this state it is impossible to as-
sess whether this is a Helminthopsis or Cosmorhaphe. Nev-
ertheless, the Ksigzkiewicz (1977, pi. 12, fig. 5) lectotype of
IT. aheli belongs to Helminthopsis.

Han & Pickeri1l(1995) concluded that separation of IT.
aheli and //. tenuis is difficult and they regarded them as
synonyms. Ksigzkiewicz (1977) also noted the problem, but
argued that the style of winding is different in these ichno-
taxa. Moreover, he used size as the diagnostic criterion.
However, size alone cannot be accepted as a taxobase (also
Han & Pickerill, 1995). Thus, the style of winding should be
regarded as the only diagnostic feature for these ichnotaxa.
This prompts an emendation of the diagnosis. Han & Pick-
erill (1995) emended the diagnosis of H. aheli and formu-
lated it as: “Helminthopsis that is loosely winding or mean-
dering. Meanders irregular and variable in shape, mostly
deep, but also shallow, with bell-shaped and, or, horseshoe-
shaped segments, but no straight segments or loops. The
axes of the meanders are not parallel. Diameter is variable
and generally constant within a single specimen.”. Never-
theless, contrary to the diagnosis, the co-type of Il. aheli dis-
plays straight segments (Ksigzkiewicz, 1977, pi. 12, fig. 5).
Most specimens of //. tenuis, including the holotype, dis-
play repeated, wide, shallow meanders and deeper narrow
but obtuse meanders. On the other hand, IT. aheli commonly
displays relatively deep, bulged (horseshoe) meanders. In
the light of this differentiation and neglecting the size crite-
rion, some of the Ksigzkiewicz specimens ascribed to //.
tenuis and H. hieroglyphica should be placed in synonymy
with IT. aheli. Nevertheless, these two ichnospecies are eli-
gible for separation and should be retained. The same con-
clusion is presented by Wetzel & Bromley (1996).

Wetzel & Bromley (1996) included IT. aheli from
Ksigzkiewicz pi. 12, fig. 5 and text-fig. 21a in Cosmorhaphe
helminthopsoidea (Sacco). However, in the next pages they
regarded the specimen from pi. 12, fig. 5 as the co-type of//.
aheli. Possible removal of these specimens from Helmin-
thopsis cannot be accepted. The specimen in pi. 12, fig. 5
displays no first-order meanders and therefore cannot be in-
cluded in Cosmorhaphe. Moreover, it displays deep mean-
ders, which are not present in C. helminthopsoidea (de-
scribed also in this paper). The specimen in text-fig. 21a is
too short to allow assesment as to whether it has first-order
meanders or not, and therefore it is retained in Helminthop-

Some of the Carpathian specimens ascribed by Ksigz-
kiewicz to H. aheli belong probably to ?Cosmorhaphe isp.,
'IThalassinoides isp., and to Helminthopsis isp. (see the syn-
onymy list).

Helminthopsis tenuis Ksigzkiewicz 1968
Fig. 83
*v 1968 Helminthopsis tenuis n. “sp.” - Ksigzkiewicz, 7, pi. 4, fig.

I (also Helminthopsis tenuis Ksiazkiewicz - Ksigzkie-
wicz, 1970, 299, fig. 3b].

partim 1977 Helminthopsis tenuis Ksi*zkiewicz - Ksigzkievvicz, 120,
pi. 12, fig. 1, text-fig. 21r-s [non text-fig. 21q, t-x (~H.
aheli)].

Emended diagnosis: Helminthopsis with co-occurring
wide, shallow meanders and deeper, narrow, but obtuse
meanders.

Material: 3 specimens (UJ TF 1465 (holotype), 1631, 1661).

Remarks: The differences between H. tenuis and H. abeli
are explained under remarks for H. abeli.

“Helminthopsis granulata” Ksi*zkiewicz 1968
Fig. 84
? 1.850 Platyrliynclnix problemalicus - Glocker, pi. 73, fig. 2.
* 1968 Helminthopsis granulata n. “sp.” - Ksiqzkiewicz. 7, 15,
pi. 4, fig. 2, text-fig. 4 (also Ksi<izkiewicz, 1970, p. 300,
fig. 3c, Ksiazkiewicz, 1977, 121, pi. 12. fig. 6).
Diagnosis: Hypichnial string at least partially covered with warts
and ridges arranged parallel to the axis of the trace fossil (modified
after Ksi*zkiewicz, 1977).
Material: 5 specimens (UJ TF 224 (the holotype, 1373-1374,
2574, 2578).

Remarks: Wetzel & Bromley (1996) suggested that ichno-
species of Helminthopsis should be based solely on geome-
try of meanders. Therefore, they concluded that H. granu-
lata, which is distinguished on the basis of surface charac-
ter, is not a useful ichnospecies. They stressed that the sur-
face ornamentation strongly depends on substrate properties
and suggested that H. granulata might be stuffed with pel-
lets, and concluded that IT. granulata should be ascribed to

Fig. 83. 83. Helminthopsis tenuis Ksi~zkiewicz on sole of 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" Ksigzkiewicz on soles of turbiditic sandstone beds. A. UJ TF 1373 (label lost). B. UJ TF 2578a,
Cieszyn Limestone (Beriassian), Goleszéw 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 ot “//. granulata” cannot be ac-
cidental. Their filling is massive. Therefore, relation of 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 ofthe meandering is similar to H. abe/i, but,
the trace fossils intersect at different levels, and locally dis-
play branchings. Flowever, the nature of the branchings
needs further study of material which should be collected at
the type locality. The branchings suggest some similarity to
Thalassinoides. Thus, the ichnotaxonomic status of 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 specimens from
the Lower Cretaceous flysch of the Silesian Nappe.

Problem of Helminthopsis hieroglyphica

Ksigzkiewicz used the photograph of Fleer’s specimen
in the publication of Maillard (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 specimen, which was excluded by
Ksiazkiewicz (1977, p. 119) from Il. 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. Wetzel & R.G. Bromley, 1996,
comm., and personal observations of the Heer’s specimens
and specimens from Heer’s type locality by A. Wetzel & A.
Uchman). Incomplete Spirocosmorhaphe can display fea-
tures of Helminthopsis. The Carpathian material can be eas-
ily ascribed to Il. tenuis and //. abeli (see their synonymy
lists). Therefore, Helminthopsis hieroglyphica Heer in Mail-
laid is not recommended for further use, and Heer’s material
can be included in Spirocosmorhaphe Seilacher (cf. Wetzel
& Bromley, 1996). Nevertheless, for retaining Helminthop-
sis, Wetzel & Bromley selected one of Heer’s specimens
(not illustrated), determined by Heer as Helminthopsis hi-
eroglyphicamas the type ichnospecies of Helminthopsis. The
name should be used only in the sense outlined by Wetzel &
Bromley (1996) as in the case described below.

Helminthopsis hieroglyphica Wetzel & Bromley 1996
" Fig. 85

v partim 1977 Helminthopsis hieroglyphica (Heer) Ksk\zkievvicz, 119.
text-fig. 21i. m-o [non pi. 12. flu. 3 = Gordin marina
lexI-fig. 21 k-1 = H. ahcli].

* 1996 Helminthopsis hieroglyphica isp. nov. - Wetzel & Brom-

ley, 15, texI-figs. 5, 7.

Diagnosis: 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 aterial: 4 specimens (UJ TF 354, 920, 1320, 1587).

Remarks: Wetzel & Bromley (1996) included Helminthop-
sis hieroglyphica (Heer) from the Ksiazkiewicz (1977) text-
fig. 21k-1 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), Poreba Wielka (labelled as Helminthopsis
sp.). Scale in mm

Wetzel & Bromley. However, the specimens from text-fig.
21 k-l display deep meanders and should be included in H.
abeli as in this paper, and the specimen from pi. 12, fig. 3
displays crossing of 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 of the
opinions based only on the original drawing, the holotype of
this ichnotaxon, rediscovered in Miinchen, displays features
of Nereites and was described under this ichnogenus (Uch-
man, 1995). Ksigzkiewicz (1977) ascribed this ichnotaxon
erroneously to Helminthopsis. His Carpathian material rep-
resents irregular forms of Helminthoida, which, in turn, is
included within Nereites irregularis (Schafhautl) (Uchman,
1995) and are placed under this name in this paper.

SPIRAL STRUCTURES

“Spirophycus” Hantzschel 1962

Ichnospecies reservedly included in and excluded from “Spiréphy-
cus” Hantzschel:
partim 1955 Spirorlwphe - Lessertiseur. pi. 74, fig. 6 [non pi. 74, fig.
4 = Spirorhaphe).
1961 Unnamed - Logvinenko, fig. 8.
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Fig. 86.

A. UCHMAN

“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

\91liaSpiroplncits bicornis (Heer) - Chamberlain, 231 pi. 32,

1971b
1973

1981
1987

?non 1987

tig. 1.

Spirophycus - Chamberlain, fig. 6.33.

Spirophycus bicornis (Heer) - Chamberlain & Clark, 680,
pi. 2, fig. 1, text-fig. 5.

Spirophycus - Tanaka & Sumi, pi. 4, fig. 2.

Spirophycus minimus n. ichnosp. - Plicka, 168, pi. 44, fig.
2, text-fig. 26.

Spiruphycus (?) sinesis ichnosp. n. Yang et Hu - Yang el

?non 1991
1991
1993

?non 1993a

1996
v 1997

al.. 3, pi., fig. 9.
Spirophycus  Bruton & Link, fig. 7e, g.
Spirophycus ichnosp. - Crimes & Crossley, 43, fig. 7c-f.
Spirophycus bicornis (Heer) - McC'ann, 49, fig. 61.
Spirophycus cf. bicornis (Heer) - Mikulas, 174, pi. 2, fig.
I

Spirophycus bicornis (Heer) - Paczes$na, 61, pi. 18, fig.
Spirophycus bicornis (Heer) - Wetzel & Uchman, 150,
fig. 4F.

Emended diagnosis: Horizontal strings bent at one end in a

spiral.

Remarks: Recently, “Spirophycus” has been regarded as a
preservational variant of Nereites MacLeay (A. Wetzel,

pers. comm.).

This requires further study. Aware of this

problem, | tentatively retain the former ichnogeneric name,
but in quotation marks.

“Spirophycus” bicornis (Heer 1877)

? partim? 1868
1869
1877
1877
1885

non

? 1885
1888

1898

1900

1919

partim 1933
1955
v 1958
1959

v 1960
1962
1967

? non 1971a

non 1973
v 1977
v 1977
1980
1981
1982

1987
1988

1988
1991a

1993
v 1993

-~

1995

?non 1996
v 1997

Fig. 86

Keckia ambigua m. - Lichwald, Il.pl. 4, fig. 13 (non. fig.
14).

Miinstcria - Ooster, 29, pi. 8, fig. 2.

Miinstcria bicornis Hr. —Heer. 165, pi. 66, figs. Ib, 2.
Miinstcria caprina Hr. —Heer. 163, pi. 65, fig. 1
Ccratophycus bicornis Schimper - Fugger & Kastner, 73
[no illustration!.

Ccratophycus caprinus Schimper - Fugger & Kastner. 73
[no illustration|.

?Miinstcria bicornis Heer - Sacco. 166 (21), pi. 2, figs. 4,
12.

Ccratophycus Sch. - Paul, pi. 5, fig. 1

Ccratophycus  Toula, fig. 161.

Unnamed - Kindelan, fig. 20.

Miinstcria bicornis Heer-Azpeitia Moros, 54, pi. 16, figs.
29-30 (non pi. 17, fig. 31).

Ccratophycus mSeilacher, fig. 5.74.
Hierogliforganiczny  Ksigzkiewicz, pi. 2, fig. 2.
Unnamed - Seilacher, tab. 2, fig. 2.

Ccratophycus Schimper  Ksigzkiewicz, pi. 2, fig. 6.
Ccralophycus Seilacher. tig. 1

Spirophycus cf. Spirophycus bicornis (Fleer) - Macsotay,
37, fig. 23.

Spirophycus bicornis (Heer)
fig. 1,

Spirophycus bicornis (Heer) —Chamberlain & Clark, 680,
pi. 2, fig. I, text-fig. 5.

Spirophycus bicornis (Heer) - Ksigzkiewicz, 148, pi. 18,
figs. 4-5, text-fig. 31la-o.

Spirophycus caprinus (Heer) - Ksiagzkiewicz, 148.pl. 18,
figs. 6, 7, text-fig. 31 p. q, r.

Spirophycus - Kern, fig. 3C, G.

Spirophycus caprinus (Heer) -Crimes etal.. 972, fig. 10e.
Spirophycus bicornis (Heer) - Alexandrescu & Brustur,
37, pi. 2, figs. 1-2, pi. 3, fig. 3.

Spirophycus bicornis (Heer) - Micu etal., 82, pi. 1, fig. 2.
Spirophycus bicornis (Heer) - McCann & Pickerill, 341,
fig. 4.11.

Spirophycus ginhaicnsis ichnosp. nov. - Yang, 10, pi. 1,
fig. 11.

Spirophycus caprinus —Leszczyniski, fig. 12.
Spirophycus cf. caprinus (Heer) - Miller, 23, fig. 5M.
Spirophycus bicornis (Heer) - Tunis & Uchman, 88, not
figured.

Spirophycus bicornis (Heer)-Crimes & MccCall, 246, fig.
7B,

Spirophycus bicornis (Heer) - Paczes$na, 61, pi. 18,fig.5.
Spirophycus bicornis (Heer) - Wetzel & Uchman, 150,
fig. 4F.

Chamberlain, 231 pi. 32,

Diagnosis: Thick “Spirophycus” with one or two spiral whorls.
Material: 19 specimens (TF UJ 81, 193-194, 203-205, 208, 555,

o
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557, 565, 570, 575, 590, 796, 932, 1024, 2004, 2046, 2715).

Remarks: Seilacher (1967a, fig. 4) drew internal meniscate
structure and a knobby exterior for “Spirophycus™. This
confirms the idea of its affinity to Nereites. However, | have
not found a specimen with internal meniscate structure, all
of them being structurless semi-reliefs. The knobby exterior
is the main feature of 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 Cylinclrites convolutus F.O. - Fischer-Ooster, 58, pi. 15,
fig. I
? 1885 Cylimlrites convolutus F.O. Fugger & Kastner. 71 [no
illustrated],
1888 Miinsteria involutissima Sacc. -Sacco, 168 (20), pi. 2, flti.
14.

1895 Caratophycus Fuchs, pi. 6, fig, 6.
partim 1933 Miinsteria bicornis Hecr Azpeitia Moros, 54, pi. 17, tig.
31 [non pi. 16, figs. 29-30],
1935 Spiralgange - Abel, fig. 262,
partim 1955 Spirorhaphe - Lessertiseur, pi. 74, fig. 6 [non pi. 74, fig.
4 = Spirorhaphe\.
1969 Spirophycus - Simpson. 42. figs. 3-4.
1970 Spirophycus aff. involu/isximus (Sacco) - Ksi;\zkiewicz,
305, fig. 5d.
v 1977 Spirophycus involulissimus (Sacco) - Ksiqzkiewicz. 149,
pi. 18, fig. 8, text-fig. 31s-\v.
v 1993 Spirophycus involulissimus (Sacco) - Tunis & Uchman,
88. fig. 7C.
1995 Spirophycus involulissimus (Sacco) - Crimes & McCall,
248. fig. 7C.
Diagnosis: Thin “Spirophycus™ with two or more whorls.
Material: 3 specimens (UJ TF 196. 596, 2047).

Remarks: This ichnospecies occurs in flysch deposits from
Senonian to the Middle Eocene (Ksigzkiewicz, 1977).

Spirorhaphe Fuchs 1895

Diagnosis: Thin, spirally coiled trace fossil, supposedly multi-
floored (modified after Seilacher, 1977a).

Remarks: Ichnotaxonomy of 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 (Gomez de Llarena). The
latter ichnospecies is identical with S. minuta, which had
been distinguished by Ksi*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 of Spirorhaphe. It is
composed of spirally coiled oblique ribbons, which are in-
clined toward the centre of 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 of Scolicia are hardly visible in the ex-
amined material and the problem of 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. 1.
1898 Unnamed Paul, pi. 3, figs. 3-4.
1927 Gefuhrte Spirale - Richter, pi. 2, fig. 2.
1954 Spirorhaphe involuta (De Stefani) - 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 - Ksiazkiewicz, 738, pi. 2, fig. 6.
1967b Spirorhaphe - Seilacher, fig. 6.
v 1970 Spirorhaphe involuta de Stefani - Ksigzkiewicz, 304, fig.
5a.
1973 Spirorhaphe concentrica toyoensis Katto - Katto, fig. 28.
v 1977 Spirorhaphe involuta (De Stefani) - Ksigzkiewicz, 144,
pi. 18, figs. 1-2, text-fig. 30a-d.
1977 Spirorhaphes - Pendén, pi. 2, figs. 1-2 (lapsus calami).
1978 Spirorhaphe sp. a- Fukuda& Hayasaka, 16, pi. 1, fig. 12.
1978 Spirorhaphe - Kern, 254, fig. 6J.
1978 Spiroclesmos sp. b - Fukuda & Hayasaka, 17, pi. 1, fig. 11.
? 1980 Spirorhaphe sp. - Pickerill, fig. 2b.
1982 Spirorhaphe sp. - Noda, pi. 7, fig. 2.
? 1987a Spirorhaphe - Pickerill, 388, fig. 3b.
1988 Spirorhaphe involuta (De Stefani) - McCann & Pickerill,
341, fig. 5.7.
1991 Spirorhaphe involuta (De Stefani) - Leszczynski &
Seilacher, 298 (no illustrations).
1992 Spirorhaphe involuta - Leszczynski, pi. 12, fig. 2 (also
Leszczyriski, 1993, fig. 6).
1995 Spirorhaphe involuta (De Stefani) - Crimes & MccCall,
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 of Seilacher (1977a).
Diagnosis: 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 aterial: 5 specimens (TF UJ 210-211, 552, 1519, 1850).

Remarks: 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 of spiral. The ribbons
may be perpendicularly striated.

Remarks: Rotundusichnium was erected by Plicka (1989)
for Spirorhaphe zumayensis (Gomez de Llarena). Fie prop-
erly noted that this trace fossil differs of Spirorhaphe typi-
fied by S. involuta De Stefani. Seilacher (1977b, 1978) in-
cluded this trace fossil in Scolicia. Features of Scolicia are
hardly visible in the examined material and the problem of
ichnogeneric affinity still exists.

“Rotundusichnium" zumayensis (Gomez de Llarena 1946)

Fig. 89
* 1946 Helminthoida zumayensis n. sp. —Gomez de Llarena, 37,
pi. 1, fig. 12.
v 1977 Spirorhaphe zumayensis (Gomez de Llarena) -

Ksitzkiewicz, 147, pi. 18, fig. 3.

1977b Scolicia - Seilacher, fig. 6H.

1978 Scolicia zumayensis - Seilacher, fig. 2c.

1980 Scolicia zumayensis - Frey & 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.
46, text-fig. 3D.

v 1991c Spirorhaphe zumayensis Llarena - Uchman, fig. 4.1.

Plicka, 76, pi. 45,

Diagnosis: As for the ichnogenus.
Material: 6 specimens (UJ TF 202, 212, 2656, 2660-2662).

Branched winding and meandering traces

Belorhaphe Fuchs 1895

Ichnospecies excluded from Belorhaphe Fuchs:

non 1955 Belorhaphe kochi (Ludwig) - Michelau, 306, pis. 1-4

\—Cochlichnus\.
1963 Belorhaphefulgur sp. nov. - Vialov, 104, fig. 2.

non 1973 Belorhaphe protopalcodiciyum n. sp. - Bandel, 166, pi.
37, fig. 6, pi. 38, fig. 2, text-fig. 6 \=Treptichnus\.
Belorhaphe sp. - Fukuda & Hayasaka, 18, pi. 1, fig. 6
[=? Cochiichnus].

non 1978

Emended diagnosis: Horizontal trace fossil with fine, an-
gular zigzag second order menders, which are thicker
around points of 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 Oligocene (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.sJcihregae Azpeitia, n. sp. - Azpeitia Moros,
52, pi. 3. fig. 10, pi. 10. fig. 21A
1951 Belorhaphe - Vassoevich, pi. 6, fig. 2.
1955 Belorhaphe —Seilacher, fig. 5.68.
1959 Unnamed Seilacher, tab. 2. fig. 10.
v 1961 Belorhaphefahregae (Azpeitia) - Ksitizkiewicz, 885, pi.
2, fig. 5.
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1%1 Belorhaphe pscsitapse nov. sp.  Grosslieim, pi. I, fig. 2.

1962 Belorhaphe - Dimitrieva el al.. pi. 82. fig. 4.
1963 Bclorhaphc -- Vialov, fig. 3b.
v 1970 Bclorhaphc zickzack (Heer) -Ksiazkiewicz, 303. fig. 4g.
v 1970 Belorhaphe fahregcte (Azpeilia) - Ksiazkiewicz, 303. fig.
4f.
1970 Belorhaphezickzack (Heer) Nowak, 153, pi. I.fig. 4, pi.
2. fig. 6.
1970 Bclorhaphc lahrcac (Azpeitia) Nowak, 158, pi. 2, fig.
5.
1974 Belorhaphe Kern & Warme, 898, fig. 7g.
v 1975 Belorhaphe - Hantzschel, 45. fig. 29.2.
1977 Belorhaphe zickzack (Heer) - Ksiazkiewicz, 172, pi. 24.
fig. I. text-fig. 39a-j.
v 1977 BelorhapheJahregae (Azpeitia) - Ksiazkiewicz, 173, pi.

24. fig. 2. text-fig. 39 i, k.
partim 7 1977b Belorhaphe - Crimes. 593, pi, 2. fig. 2 (?) (non pi. I. figs.
1-2, pi. 3. fig. 1).
Belorhaphe sp.  Pickerill.fig.5e.
Belorhaphe zickzack (Heer) Alexandrescu & Bruslur.
14. pi. 6. fig. 3.

7 1980
1987

?parlim 1987 Bclorhaphc zickzack (Heer) - Plicka, 173, pi. 45, figs. 3,
5. pi. 46. figs. 1-3. text-fig. 30.1-7.
non? 1987 Bclorhaphc jahrceac (Azpeitia)  Plicka. 173, text-fig.
30.8.
1989 Dcsntograptoii cl. geometric am - Miller, fig. 2D.
1993 Bclorhaphc zickzack (Heer) Miller, 16, fig. 5B.
1993 Belorhaphe zickzack (Heer) Brustur & Stoica, 59. pi. 2,
fig. 6.
1994 Bclorhaphc Lobitzer cl al., 298. pi. 4. figs. 1-2.
\ 1946a Bclorhaphc zickzack (Heer) Tunis & Uchman. 181, fig.
9D.
v 1996b Bclorhaphc zickzack (Heer) Tunis & Uchman, 10 [not
figured [.

Diagnosis: As for ichnogenus.

Material: 25 specimens (TF Ul 653, 792, 822. 1016. 1018-1019,
1027. 1037, 1168, 1226, 1414, 1445, 1665, 1666-1668a. 1669-
1671. 1672, 1858a, 1874. 1889, 2025a, 2560).

Description: 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. 91B).

Remarks: Ksiazkiewicz (1977) distinguished B. zickzack
(Heer) and Belorhaphe fahregcte (Azpeitia Moras). How-
ever. these ichnospecies seem to be varieties of the same
ichnospecies, controlled by depth of erosion and minor dif-
ferences in behaviour of the tracemaker. They are thus re-
garded as synonyms and B. zickzack (Heer) has priority. Ir-
regularity of the strings, which typifies B. fahregcte, is not
constant in these trace fossils. It seems that the tracemaker
made a few occasional mistakes, which resulted in the ir-
regularities.

Stratigraphic range: Flysch deposits from the Beriassian
(Ksiazkiewicz, 1977) to Oligoeene (Nowak, 1970).

Bclocosmorhaphe n. igen.

Origin of the name: 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

183

Fig. 90. Belorhaphe zickzack (Heer) on soles of turbiditic sand-
stone beds. A. UJ TF 1414, Gorzeh Gorny (part of label lost). B.
Ul 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, without 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. - Ksia/kiewic/. 163,
pi. 19, fig. 8, text-fig. 360.

Diagnosis: As for the ichnogenus.
M aterial: 2 specimens (UJ TF 716, 1360 (holotype)).

Paleomeandron Peruzzi 1880

Emended diagnosis: Meandering 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.

Remarks: 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 Ksif(_zkiewicz. Seilacher (1977a) included
P. rude Peruzzi described by Ksi*zkiewicz (1970, fig. 3e) in
P. elegans Peruzzi. Nevertheless, these trace fossils display
ample 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 -
Macsotay, 35, fig. 6.
1968 Paleomeandron elegans Peruzzi - Ksiftzkiewicz, 3, pi. 1,
fig. 1 [also Ksiqzkiewicz, 1977, pi. 23, fig. 11
v 1970 Paleomeandron elegans Peruzzi - Ksi*zkiewicz, 301, fig.
3d.
1970 Paleomeandron - Simpson, pi. 10, fig. 4.
1977a Paleomeandron elegans Peruzzi - Seilacher, 310, fig. 7a.
v 1977 Paleomeandron elegans Peruzzi - Ksi*zkiewicz, 163, pi.
23, fig. 1
Paleomeandron rude Peruzzi - Ksi<(zkiewicz, 165, pi. 23,
fig. 2 (non pi. 22, fig. 4 = Paleomeandron rude).
non? 1977b Paleomeandron - Crimes, 594, pi. 2. figs. 1-2. pi. 3, fig.
1
1978 Paleomeandron sp. - Fukuda & Hayasaka, 19, pi. I, figs.
7-8.

partim 1977

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 1176, 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 = 1cm

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 name was never used in the litera-
ture.

Paleomeandron rude Peruzzi 1880

* 1880
v 1968

Paleomeandron rude - Peruzzi, 8, pi. I, fig. 4.
Paleomeandron rude Peru//i  Ksiazkiewicz, 3, pi. 1,1'ig.
2 |also Ksiazkiewicz, 1977: pi. 22. fig. 4].
Paleomeandron rude Peruzzi —Ksi;\zkiewicz, 301. tig. 3e.
Paleomeandron rude Peruzzi - Ksiazkiewicz, 165, pi. 22.
fig. 4 (non pi. 23, tig. 2 = Paleomeandron cicyans).

v 1970
partim 1977

Emended diagnosis: Paleomeandron with second order un-
dulations in one plane with irregular comers. The first order
meanders are relatively shallow.

Material: 2 specimens (TF UJ 25, 218).
Description: See description of Ksiazkiewicz (1977) ichnotaxa.

Paleomeandron robustum Ksigzkiewicz 1968

* 1968 Paleomeandron robustum n. "sp”. - Ksiazkiewicz, 4, pk
1 fig. 3 [also Ksiazkiewicz. 1977, pi. 23, fig. 3].
Paleomeandron rolnis/um Ksiazkiewicz Ksiazkiewicz,
301, fig. 3f-h.

1977 Paleomeandron rohustnm Ksiazkiewicz - Ksiazkiewicz,

165. pi. 23, fig. 3, text-fig. 37a-c.

v 1970

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

Diagnosis: 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 - Ksiazkiewicz, 301, fig. 4b 1-b3.
v * 1977 Acanthorhaphe delicatula n. ichnosp. - 170, pi. 23, figs.
8-10, text-fig. 38a-0.
1977a Acanthorhaphepedinata n. ichnosp. - Seilacher, 321. fig.
llc.
non 1977b Acanthorhaphe - Crimes, 601, pk 5, figs. 1-2.
1988 Acanthorhaphe ichnosp. - McCann & Pickerill, 331, fig.
3.1.
v 1997 Acanthorhaphe delicatula Ksiazkiewicz - Wetzel & Uch-
man, 142, figs. 3C, 4A.

Diagnosis: 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).

Remarks: Ksiazkiewicz (July 1977) erected A. delicatula
on the basis of earlier, but unnamed Acanthorhaphe material
described by him (Ksiazkiewicz, 1970). On the same basis
of Ksiazkiewicz specimen, Seilacher (August 1977a) distin-
guished A. pectinata, which is, therefore, regarded as the
junior synonym of A. delicatula.

Stratigraphic range: Senonian-Middle Eocene (Ksi*z-
kievvicz, 1977).

Acanthorhaphe incerta Ksiazkiewicz 1970
Fig. 95

1961 Acanthorhaphe (n.f.) - Ksi;\zkiewicz, 883, pi. 1, fig. 4,
v* 1970 Acanthorhaphe incerta ichnosp. n.  Ksiazkiewicz. 301.
fig. 4a l-a4.
v 1977 Acanthorhaphe incerta Ksiazkiewicz -
171, pi. 23, figs. 6-7.
1977a Acanthorhaphe incerta Ksiazkiewicz -Seilacher, 320, fig.
lib.
? 1982 Acanthorhaphe ci. incerta Ksiazkiewicz —Alexandrescu
& Brustur, 42, pk 4, fig. 2b.
Diagnosis: Winding, rarely branched strings with short side ap-
pendages, mainly on the convex side (modified after
Ksiazkiewicz, 1977, and Seilacher, 1977a).
Material: 1slab (UJ TF 1441, the holotype) and UJ TF 1017.
Description: Sec Ksiazkiewicz (1977) with the following addi-
tions: the specimen UJ TF 1017 displays long, side appendages,
unlike the holotype.

Ksiazkiewicz.

Remarks: Stratigraphic range: Beriassian (Ksiazkiewicz) -
Paleocene (Seilacher, 1977a). Brustur & Stoica (1993) re-
ported Acanthorhaphe cf. incerta from Upper Eocene.

Desmograpton Fuchs 1895

Diagnosis: 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).

Remarks: Ichnotaxonomic problems and revisions of ich-
nospecies of Desmograpton have been recently discussed
by Uchman (1995). As a result, D .fiichsi Ksiazkiewicz was
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partially included in D. dertonensis (Sacco) and partially in
D. ichthyforme (Macsotay). Helminthoida alterna Ksigzkie-
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 (McCann, 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 - Ksigzkiewicz, 305, fig. 6a 1
v partim 1977 Desmograpton fuchsi n. ichnosp. - Ksi*zkiewicz, 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: 1specimen (UJ TF 1452).

Remarks: McCann (1989) included D. inversum in D.
fuchsi Ksiftzkiewicz (1977), but the definition of the ichno-
species given by McCann (1989) is too broad (see details in
the discussion of the ichnogenus).

Fig. 95. Acanthorhaphe incerta Ksi~kiewicz on sole of turbidi- Desmograpton alternum (Ksifvzkiewicz 1977)
lic sandstone bed. Ul TF 1017, Zegoeina (label lost). Atypical .
- - Fig. 97
form with long appendages. Scale in mm
*v 1977 Helminthoida alterna n ichnosp. mKsiqzkiewicz, 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 of Desmograpton geomet-
rician Seilacher are looser than in the described material
(Seilacher, 1977a), but the morphological variability of D.
geometrician is poorly known.

Desmograpton ichthyforme (Macsotay 1967)
Fig. 98

v partim 1977 Desmograptonfuchsi 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 Helminthoids - Hecker, pi. Il, fig. 4.
. . A 1967  Urohelminthoida cf. U. cippendiciilata (B -M tay,
Fig. 96. Desmograpton dertonensis (Sacco) on sole of turbiditic 38, lig. 21 ¢ PP (Beer) - Macsotay

sandstone bed. UJ TF 1452, Beloveza beds (Eocene), Sidzina- non 1986 Urohelminthoida - Yang et al., pi. 2, fig. 2.
Glaza stream. Seale in mm 2 1996 *?Urohelminthoida ichnosp. - Mikulas & Pek, 83. pi. I,
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Fig. 97. Dcsmographm alternum (Ksi~kicwicz) on sole of tur-
biditic sandstone bed. U.I TF 816, Belovcza beds (Eocene), Berest.

Seale in mni
tigs. \-2.

1997 Urohclminthoida ichnosp.
7.1-2. 6.

/.agora, 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 Mesozoic shallow-water deposits
(Fursich & Heinberg, 1983; Gierlowski-Kordesch & Ernst,
1987). Modern traces of 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 1888
Fig. 98B
Urohelniinthoida dertonensisSacc. Sacco,36,pi.2, figs.
8 16
1895 Hereorhaphe

* 1888

Fuchs, pi. 5, fig. 3.

1933 Urohelniinihoida dertonensis Sacco Azpeitia Moros, 6 1,

pi. 5. fig. I5B.

Hereorhaphe Fuchs —Ksia/kiewic/. 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 Heer
88, fig. 3h. c.

Urohclminthoida dertonensis Sacco - Ksia/kiewic/. 310.
fig. 6e.

Urohclminthoida aff. appendiculata Heer- Ksigzkiewicz,

v “partirn 1960

Fanes Malian.

v 1970

v 1970

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.
Urohclminthoida appendiculata Heer - ksitizkiewicz,
179, pi. 26, fig. 3 (?); text-fig. 42a-c. [non pi. 26, figs. 1-2
= U. appendiculata\.

v partial 1977

v 1977 (Jrohchmnthouda dcr/onenxix Sacco  Ksia/kiewicz, 179,
pi. 26, figs. 4-5, text-fig. 42e-w.
v 1977 Urohclminthoida aff. dertonensis Sacco - Ksiazkiewicz.

181, text-fig. 42x-y (non pi. 26, fig. 6 = Oscillorhaphe).
1977a Urohclminthoida dertonensis Sacco - Seilacher, 307, fig.
of.
1980 Urohclminthoida dertonensis Sacco - D'Alessandro, 375,
pi. 42. fig. I. pi. 43. fig. 3. text-fig. 11
Urohclminthoida aff. appendiculata Heer - Tanaka &
Sumi, pi. 2, fig. I.
1982 Urohclminthoida - D 'Alessandro, lie. 11

? 1981
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? 1483 Urohehninthoida Fiirsich & Heinberg, fig. 10a.
1989 Urohdminthoida -Powichrowski, fig. 3.6.
1490 Urohehninthoida isp. -Uchman.pl. I.fig. 6.
1945 Urohehninthoida appendiculata Heer -

MccCall, 252. fig. 9C.

Urohdminthoida dcrtonensis Sacco - Uchman, 47, pi. 13,

figs. 6-7, pi. 14. figs. 1-4, text-fig. 20A-E.

v 1996a Urohdminthoida dcrtonensis Sacco -- Tunis & Uchman,

Crimes &

v 1995

183, fig. 9K.

v 1996b Urohdminthoida dcrtonensis Sacco - Tunis & Uchman.
HI. fig. 14A.

y 1996 Urohdminthoida dcrtonensis Sacco —Marincic et al.. 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, 1134, 1150, 1172, 1486,
1591, 1593, 1599, 1X62, 2052).

Remarks: Seilacher (1977a) indicated that one of the char-
acteristic features of U. dcrtonensis is the wide spacing of
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 of the meanders, but form an angle
with the second arm are the most pronounced feature of this
ichnotaxon. U. appendiculata Heer is characterised by lat-
eral appendages, which protrude from the apical part of 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 Ksigzkiewicz (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 synonymy of 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 Upartiill 1960 Hercorhaphe Fuchs Ksiazkiewicz, 735, pi. 1, figs. 2 [non

pi. 1, fig. 3 = ?(/. dcrtonensis).

Urohdminthoida appcndiculala Heer  Ksiazkiewicz,

179, pi. 26, figs. 1-2 [non pi. 26. fig. 3 (7): text-fig. 42a-c

= U. dcrtonensis].

1977a Urohehninthoida appendiculata Heer - Seilacher, 308,

fig. 69.

Urohdminthoida appcndiculala Heer - Tunis & Uchman,

92. figs. 7D, 8C.

v 1996a Urohdminthoida appcndiculala Heer - Tunis & Uchman,

183 |not figured],

v 1996b Urohdminthoida appendiculata Heer Tunis & Uchman,
10. figs. 12, 13C, 17G.

1996 Urohehninthoida appcndiculala Heer -Marincic etal., pi.
4. fig. 3.

v parlim 1977

v 1993

<

Emended 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 120, 1592).

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 Wetzel &
Uchman (1997). It occurs in flysch or flysch-like deposits.

Uhinia alternans (Seilacher 1977a)

1967 Chondrites [...] no es tipico —Macsotay, pi. 5, fig. 16.
1970 Rhahdoglyphus  aff.  grossheunt Vassoevich
Ksiazkiewicz, 285, fig. Ig.
1977 Rhahdoglyphus aff. spinasus n. ichnosp. - Ksiazkiewicz,
66, pi. 3, fig. 13 [redrawn by Stanley & Pickerill, 1993,
fig. 5.11
v non 1977 Rhahdoglyphus spinosus n. ichnosp. - Ksiazkiewicz, 66,
text-fig. 6b, pi. 3, figs. 7-8 (=Hormosiroidea anmilata
(Vialov)).
* 1977a Dendrotichnium alternans n. ichnosp. - Seilacher, 308,
fig. 6h.
Dendrotichnium hantzschdi Fanes —Crimes ct al., 968
[not figured],
? 1992 Dendrotichnium haentzschali (Farres) - Kim et al, 319,
pi. 2, llg. 2.
1994a Dendrotichnium hantzschdi (Farres) -- Han & Pickerill,
229, fig. 4F.
2 1996 l)en(h'ntit:Imiuni  T\vilchett& Wignall, 142.
v 1997 Uhinia alternans (Seilacher) - Wetzel & Uchman, 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 inJ. Burtan’s collection.

? 1981

Remarks: Rhahdoglyphus aff. spinosu (Ksiazkiewicz,
1977) displays features of Uhinia alternans. The same mor-
phology of this ichnospecies was observed by Wetzel &
Uchman (1997). The material corresponds very well with
the type material from the Upper Cretaceous flysch of N
Spain (photographs kindly provided by A. Seilacher).

Stratigraphic range: Devonian (Han & Pickerill, 1994a)
- Paleocene (Macsotay, 1967; Crimes etat., 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 - Ksiazkiewicz,
181, pi. 26, llg. 6 [non text-fig. 42x-y = U. dcrtonensis].

v 1996a Oscillorhaphe venezodana Seilacher - Tunis & Uchman,
183. fig. 9F.

Diagnosis: As for the ichnogenus.

Material: 1specimen (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.

Remarks: This is a very rare ichnotaxon, which occurs in
Paleocene-Eocene flysch deposits.
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Fig. 99. Oscillorliaphe venczoelana Seilacher on sole of turbidi-
tic sandstone bed. UJ TF 144. Ciezkowice Sandstone (Eocene),
Znamirowicc. Scale in mm

Protopaleodictyon Ksigzkiewicz 1958

Ichnotaxa included in Protopaleodictyon Ksi*zkiewicz:
1867 Palaeophycus spinatus Geinilz - Geinitz, 16, pi. 6, fig. 4.
1927 Trugdoldig verzweigle Fahrle - Richter, 199, pi. 1, fig. 5.
7?1931 Wurmspuren - Hundt, 26, fig. 3.
1958 Protopalaeodictyon - Ksigzkiewicz, pi. 2, fig. | (nomen
nudum).
1960 Protopalaeodictyon (n. f.)
5 (noinen nudum).
1968 Spinorhaphe spina/a (Geinitz) - Pfeiffer, 682, pi. 6, fig. 4.
1968 Spinorhaphe rubra n. sp. - Pfeiffer, 682, pi. 6, figs. 5-6.
partim 1970 Protopaleodictyon incompositum ichnogen. nov. - Ksu|z-
kiewicz, 303, figs. 4el-4e2 [non fig. 4e3] (fig. 4el-3
reproduced in Hantzschel, 1975, fig. 60.1b).
Protopaleodictyon incompositum Ksia/kiewicz - Ksiaz-
kiexvicz, 174, pi. 24, figs. 3-4, text-fig. 40a-h, j-q [non
text-fig. 40i - Megagrapton submontammi].
1991 Protopaleodictyon incompositum Ksiazkicwicz
6 Crossley, 51, fig. 10g-i.
v 1996 Protopaleodictyon incompositum Ksiazkievvicz Ma-
rincic et at., fig. 5B.

Ksiazkiewic/, 737, pi. I, fig.

v* partim 1977

Crimes

Ichnotaxa reservedly included in or exluded from Protopaleodic-
tyon Ksi*zkiewicz:
non 1977b Protopaleodictvon - Crimes, 593, pi. 1. fig. 2, pi. 4, figs.
2-3. pi. 5, fig. 2.
non 1986 Protopaleodictyon incompositum Ksiazkicwicz YangcV
ai, 225, pi. 2, fig. 3 \=Phycosiphon incertum).
Protopaleodictyon cf. incompositum Ksiazkicwicz -
Crimes & Anderson, 331, fig. 6.18.
? 1980 Proiopaleodictvon Pickeri 1L, 1270, fig. 4b {i—Puleodic-
tyon isp.J.
? 1981 Protopaleodictyon sp. - Pickerill, 50, fig. 5a.
? 1983.1 ?Protopaleodictyon - Wetzel, 291, fig. 2.6.
non 1985 Protopaleodictyon cf. submontammi (Azpeitia) - Crimes
& Anderson, 331, fig. 6.19.
Protopaleodictyon Ksiazkicwicz - Eager et ai, 143, pi.

non 1985

?non 1985

6D.
?non 1987a Protopaleodictyon - Pickerill, 388. fig. 5f. Pickerill, 341,
fig. 4.8.
?non 1988 Protopaleodictyon  incompositum
McCann & Pickerill, 341, fig. 4.8.
non 1959 Prntopalaeodictyiini Nowak, pi. 5, fig. a, pi. 6, fig. b
(lapsus calami) |—Paleodictyon isp.].
Protopaleodictyon cf. incompositum Ksiazkiew'icz -
McCann, 49, fig. 6G.
non 1993 Protopaleodictyon suhmontanum (Azpeitia Moros) -
McCann, 49, fig. 6H.
non 1994 Protopaleodictyon ? sp. - Loffier & Geyer, 506, fig. 5a.
v non 1997 Protopaleodictyon submontammi (Azpeitia Moros) -
Wetzel & Uchman, 150, fig. 5E [=Megagrapfon submon-
tanum\.

Ksigzkiewicz

non 1993

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 ofthe 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 of 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 Ksigzkiewicz, 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 of Protopaleodictyon
can be distinguished: P. incompositum Ksigqzkiewicz, P. mi-
nutum Ksicjzkiewicz, P. hicaudatum Seilacher, and P. spi-
nata (Geinitz). They are distinguished on the basis of shape
of the second-order meanders and number of appendages.

Protopaleodictyon occurs almost exclusively in flysch
deposits. Only Gierlowski-Kordesch & Ernst(1987) noted
its occurrence in the Cretaceous shallow-water deposits of
East Africa.

Protopaleodictyon incompositum Ksigzkiewicz 1958
Fie. 100

v 1958 Protopalaeodictyon - Ksiazkiewicz, pi.
nudum).
1959 unnamed —Seilacher, tab. 1, fig. 11.
1960 Protopalaeodictyon (n. f.) —Ksiazkiewicz, 737, pi. 1 fig.
5 (nomen nudum).

*v partim 1970 Protopaleodictyon incompositum ichnogen. nov. - Ksigz-
kiewicz, 303, figs. 4el~4e2 [non fig. 4e3] [fig. 4el-3
reproduced in Hantzschel, 1975, fig. 60. Ibj.

1970 Anapaleodictyon irregulare n. sp. - Tanaka, 53, pi. 10, fig.
1[alsoNoda, 1982, pi. 5, fig. 1].

1971 Protopaleodictyon sp. - Tanaka, 16, pi. 9, figs. 1-4.

1975 Protopaleodictyon incompositum - Hantzschel, W97, fig.
60.1a.

v* partim 1977 Protopaleodictyon incompositum Ksiazkiewvicz - FGsigg-
kiewicz, 174, pi. 24, figs. 3-4, text-fig. 40a-h, j-q [non
text-fig. 40i = Megagrapton suhmontanumj.

1977aProtopaleodictyon incompositum Ksi*zkiewicz —Seila-
cher, 305, fig. 6b.
1982 Protopaleodictyon incompositum Ksiazkiewicz- D’Ales-
sandro, 537, pi. 43, fig. 3, text-fig. 13
non 1986 Protopaleodictyon incompositum Ksiazkiewicz - Yang,
157, pi. 4, fig. 6.
non 1988 Protopaleodictyon incompositum Ksiazkievvicz- Yang, 9,
pi. 1, figs. 9-10.

fig. | (nomen
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non 199! Pmiu/hileoc/iciytnt incunipoyi/inn Ksiazkiewic/ —Crimes
& Crossley, 51, fig. ]1()g-i \=Prolopaleadiclvon spinata].
v non 1993 Proiopaleodiciyon incampositwn Ksigzkieivicz Tunis&

Lehman, 92. fig. 81T \=Mc*ugrai>ton suhniontanuni\.

1994a PrtiUtpaleodiclyon iiiconipositinn Ksifzkievviez Han &
Pickeri 11, 237, fig. 7F.

1996a Pmiopaleodictytm incompositum Ksi*zkiewicz -Tunis &
Uchman, 183, fig. 7D.

1996a Protopahodii tyon incompositum Ksi~zkievvicz—Tunis &
Uchman. I, fig. 13L.

1996 Pi-ouipuleoiliclyoii incompositum Ksi;\zkiewicz -
rilieic cl a/.. fig. 5B.

-~

Ma-

Emended diagnosis: Protopaleodictyon with sinuous sec-
ond-order meanders and one appendage per undulation.

Material: 15 specimens (U.I TF 130, 336-338, 342-343, 395. 709.
723. 763, 900. 955. 1484 (holotype), 1554. 2501).

Remarks: 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. ~ Ksiazkiewicz.

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 mean-
ders are the main diagnostic feature of this ichnospecies.
The appendages and tubercles are probably casts of 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 of 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.
? 1981 Wurmspuren Hundt, 26, fig. 3.
1968 Spinorhaphcspinala (Geinitz) PfeiHer, 682, pi.
?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. 10g-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.

Remarks: Benton (1982b) properly included trace fossils of
this type in Protopaleodictyon. P. spinata differs from P. in-
cotnpusitnm by its zigzag-shaped guidance of 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 Ksigzkiewicz on soles
of turbiditic sandstone beds. A. UJ TF 709, Variegated Shale
(Paleocene-Lowcr Eocene), Stara Wies. B. UJ TF 342, Hiero-
glyphic beds (Eocenc), Jordandw-Przykrzyc. Scale in mm

6, fig. 4.

Fig. 101. Protopaleodictyon minatum Ksigzkiewicz on sole of
turbiditic sandstone bed. Ul TF 121, holotype. Magura Sandstone
(Eocene), Marcéwka 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, 8h.

?non 1981 Protopaleodictyon hicaudatum Seilacher Crimes, 974,
pi. 4, fig. 4.

?non 1993b Protopaleodictyon hicaudatum Seilacher - Li, pi. 1, fig.
3.

Diagnosis: Protopaleadicty’on with two appendages per undula-
tion (modified after Seilacher, 1977a).

Remarks: This ichnotaxon is not preset in the Ksi*zkiewicz
or the studied complementary collections. P. hicaudatum is
so far known only from the Eocene flysch deposits of
Wienwerwald and of Pyrenees.

Networks

Megagrapton Ksi*zkiewicz 1968

Ichnospecies reservedly included in or excluded from Megagrap-
ton Ksi*zkiewicz:

?non 1969 (2) Megagrapton - Roberts, 231. pi. 1, fig. 3 (2 pi. 1, fig.
2).
Megagrapton -Stanley el al., fig. 18.
Megagrapton regulare ichnosp. nov. -
210, pi. 7, fig. 2 (=?physical structure],
Megagrapton sp. - Yang, 226, pi. 2, fig. 4.
Megagrapton irregulare K~ia/.kiewicz -
974, pi. 4, fig. 2 [=large foraminifer].

9 1982a agrapton isp. - Benton, 78, fig. 8c.
non 1986 Megagrapton irregulare Ksia/kiewicz -
karni, 48, p|. 2, fig. 1, pi. 8, fig. 1

non 1977
?non 1977 Ghare & Badve,
?non 1986

non 1981

Crimes et al.,

Ghare & Kul-

non 1986 Megagrapton irregulare Ksia/kiewicv —Ghare & Kul-
karni. fig. 2b.
non 1987 Megagrapton lenue Ksia/klewicz - Plicka, 179, text-fig.
334-4.
non 1988 Megagrapton irregulare Ksiu/kiewic/ -Pickerill & Har-
lancl, 125, fig. 6¢ \=Pseudopalcodictyon Inirlungi (Ge-
initz)].
0 1989 Megagrapton aequale Seilacher Miller, fig. 20.
?non 1992 Megagrapton irregulare Ksia/kiewic/ - Kim el al., 32(1,
fig.' 3.2.
9 1992 Megagrapton aequale Seilacher - Kim et al.. 320, fig. 3.3.
non 1994 Megagrapton isp. - Gong, 489. pi. 6. fig. |.
non 1995 Megagrapton irregulare Ksii\zkiewicz- Gamez Vintaned
& Mayoral, 225, pi. 1. fig. 3.
non 1996 Megagrapton isp. - Bi et al., 722, pi. 3, fig. 5.

?non 1997 2Megagrapton ichnosp. <Zagora, 362, fig. 6.3.

non 1997 Megagrapton'? sp.  Zhou, 156, fig. 4.
Emended diagnosis: Trace fossils commonly preserved as
hypichnial irregular nets.

Remarks: Ksiqgzkiewicz (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 of 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 of 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 specimens 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 of Bohemia. This ich-
notaxon differs from Megagrapton only by granular struc-
ture of the strings. The structure can result from preserva-
tional conditions. In this case Neodictyon would be the jun-
ior objective synonym of 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 determination seems to be problem-
atic. Benton (1982b) and Stepanek & Geyer (1989) regarded
Palaeopliycus hartungi Geinitz from Kulm of Thuringia
(Geinitz, 1867, 16, pi. 8, fig. 3) (Fig. 103) as Megagrapton.
Pfeiffer (1968, p. 674) erected Pseudopaleodictvon hartungi
on the base of Geinitz’s specimen. In the same year, Or-
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Fig. 103. Pseudopaleodictyon lItarlungi (Gcinitz) redrawn from
Geinitz (1867), pi. 8, fig. 3. Lobenstein, Germany

lowski (1968) erected Muhina magna for a Cambrian trace
fossil of 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, Geinitz's and several other
Palaeozoic specimens display well expressed overcrossings
of 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 of tur-
biditic sandstone bed. U.I TF 1137, Beloveza beds (Eocene), Zubr-
zyca Gorna-Ochlipow. Scale bar = 1cm

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 common overcrossings of
the string. Protopaleodictyon submontanum described by
Crimes & Crossley (1991) from Silurian of Wales may be
also included in Pseudopaleodictyon. Similarity of related
Cambrian ichnogenus Olenichmts Fedonkin (? junior syno-
nym of Pseudopaleodictyon) to Megagrapton was discussed
by Jensen (1997).

Hiintzschel (1975, p. W97) reservedly included Unari-
tes suleki Macsotay (1967) in Protopaleodictyon. However
this ichnotaxon displays polygons bordered by winding
strings, which are typical of Megagrapton submontanum
(formerly Protopaleodictyon submontanum), and therefore
it is included in this ichnospecies.

Megagrapton irregularc Ksiazkiewicz 1968

Fig. 104
v 1961 Megagrapton (n. f.) -Ksiazkiewicz, 882. pi. 1, figs. 1-2
(nomen nudum) [fig. | reproduced in Hantzschel, 1975,
60.3a|.
v* 1968 /Megagrapton irregular? n. "sp," - Ksi;\zkiewicz, 5. text-
fig. 3.
v 1968 Megagrapton teiuie n. "sp." - Ksiazkiewicz, 5, pi. 3, fig.

1969 “irregular Paleodiclyon™ Simpson, pi. 43. fig. I.

v 1970 Megagrapton irregularc Ksiazkiewicz - Ksia/kiewicz.
305, fig. 6b.

v 1970 Megagrapton tenue Ksiazkiewicz - Ksiazkiewicz, 305.
fig. 6c.

1971  Megagrapton sp. - Tanaka, 9, pi. 5, fig. 1

1972 Irredictyon chaos sp. n. - Vialov. 79, pi. 3. fig. 1 pi. 4,
figs. 1-2.

Protopaleodictyon suhmontanum (Azpeitia) - Ksiazkie-
wicz. 177. pi. 25, fig. 3, text-fig. 41a, o [non pi. 25, figs.
1-2,4-5. text-fig. 4 Ib-n. p = Megagrapton suhmontanum}.
Megagrapton irregularc Ksiazkiewicz - Ksiazkiewicz.
185, pi. 25, figs. 6-8, text-fig. 44h-g [non text-fig. 44a =
Thu/assinoidcs isp. |.

vpartim 1977

vpartim 1977

v non 1977 Megagrapton aff. irregulare Ksiazkiewicz - Ksiiizkie-
wicz, pi. 25, fig. 9 \=Tlwlassinoides isp.J.
v 1977 Megagrapton tenue Ksiazkiewicz-Ksiazkiewicz, 185, pi.

25, fig. 10.
non 1977a Megagrapton irregularc Ksiazkiewicz - Seilacher, 321,
(ig. 1la, d {"Megagrapton suhmontanum}.
1977a Paleodiclyon - Crimes, pi. 4, fig. c.
non 1977 Megagrapton irregulare Ksiazkiewicz-Chamberlain, 14,
ligs. 2d', 3H; 41’ [-Pseudopaleodictyon hartungi (Ge-
initz].
1980 Megagrapton - Kern, fig, 3C (no description).
1982 Megagrapton irregulare Ksiazkiewicz - D 'Alessandro,
537, text-fig. 14.
Megagrapton irregulare Ksiazkiewicz--Yang, 155. pi. 3,
fig. 3.
1986 Megagrapton irregularc Ksiazkiewicz - Miller, fie. 2c.
19,87 Megagrapton irregulare Ksiazkiewicz -Plicka, 179, text-

? 1986

fig. 33.5.
? 1988 Megagrapton irregulare Ksiazkiewicz - Yang, 7, pi. 2,
fig. 5.
1989 Megagrapton mPowichrowski. fig. 3.2.
partim 1989 Megagrapton angulare ll. ichnosp. - Stepanek & Geyer,
22, pi. 3, figs, 19, 21-24, text-fig. 6a-e, g [non. fig. 20,
text-filT 61 = Megagrapton suhmontanum].
? 1991 Megagrapton irregulare Ksiazkiewicz — Crimes &

Crossley, 52. fig. 1lla-e.
1991 Megagrapton tenue Ksiazkiewicz - Crimes & Crossley,
52, fig. 1If.
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1991a Megagrapton irregulare Ksigzkiewicz- Leszczynski, fig.
13 (also Leszczynski, 1993, fig. 7).
Megagrapton irregulare Ksiazkiewicz - Leszczynski &
Seilacher, 299, figs. 2, 7-8 \=Megagrapton suhmon-
tanum],
Megagrapton irregulare - Leszczynski, pi. 7. fig. 1 (non
pi. 2, fig. 2 = Megagrapton suhiiionlantim].
1992c¢ Megagrapton irregulare Ksigzkiewicz
text-fig. 3.
v 1993 Megagrapton isp. Tunis & Uchman, 93 [not figured],
7 1993b Megagrapton irregulare Ksiazkiewicz - Li, pi. 1 fig. 5.
non 1995 Megagrapton irregulare Ksiazkiewicz - Gamez Vintaned
& Mayoral, 225, pi. 1. fig. 3.
v 1996a Megagrapton irregulare Ksigzkiewicz - Tunis & Ucli-
man, 183. fig. 7F-G.
1996 Palaeoehonla Isuhmontana Azpeitia - Twitchett & Wig-
nail. 142, fig. 3b.
ProtopalcoiHetyon ichnosp.

noil 1991

partim 1992

-

Mikulas, 393,

? 1997 Zagora. 362, tigs. 6.4, 7.7.

Emended diagnosis: Megagrapton with meshes bordered
by only slightly winding strings, which commonly branch at
approximately right angle.

Material: 9 specimens (U.I TF 80, 387, 391, 809 (holotype), 985,
1137,1343,1345,2053).

Remarks: M. irregulare occurs reservedly from Silurian
(Crimes & Crossley, 1991) to Miocene (D ‘Alessandro,
1982) in deep-water, mainly flysh deposits. Li (1993b) illus-
trated not fully convincing M. irregulare from the Ordovi-
cian of China.

Megagrapton submontamtm (Azpeitia Moros 1933)
Fig. 105

1877 Cylindrites vermicularis Hr. - Heer, 115. pi. 45, figs.
12-13 (nomen oblitum).

1877 Cylindrites montanus Hr.
(nomen oblitum).

Heer. 159, pi. 68, fig. Il

* 1933 Cylindrites suhmonlanus n. sp. - Azpeitia Moros, 44, fig.
21b.
? 1939 Paleodictyon tenue sp. now ...Koriba & Miki, 61, pi. 5,
fig. 4.
1959 unnamed Seilacher. tab. I, fig. 19.

v 1961 Palacochorda submontana (Azpeitia)
883.pl. 1, fig. 3.
1967 Unaritcs suleki sp. n.  Macsotay, 38, figs. 21. 29, 36.
v 1970 Palacochorda submontana (Azpeitia) Ksigzkiewicz,
302. fig. 4d.
Protopaleodictyon incompositum ichnogen. now - Ksigz-
kiewicz, 303, fig. 4e3 [non fig. 4el, 4e2).
Palacophycus - Ksigzkiewicz, 303. fig. 4c1 (?non fig.
4c2).
1971 reticulate trail - Tanaka, 20, pi. 7, figs. 3-4.
v partim 1977 Protopaleodictyon incompositum Ksigzkiewicz Ksigz-
kiewicz, 174, text-fig. 40i [non pi. 24, figs. 3-4, text-fig.
40a-h, j-q —Protopaleodictyon incompositum\.
Protopaleodictyon submontamtm (Azpeitia) Ksigzkie-
wicz. 177. pi. 25, figs. 1-2, 4-5, text-fig. 41b-n, p [non pi.
25, fig. 3, text-fig. 41a, o —Megagrapton irregulare].
1977a Megagrapton irregulare Ksigzkiewicz —Seilacher, 321,
fig. 1lla. d.
1978 Palacochorda submontana (Azpeitia) - Radwanski, 57.
pi. 4. fig. 1
1978 ProtopaleodictyyT Ksigzkiewicz- Kern, 253, fig. 9F.
1988 Helminthoidae - Leshukh, pi. 1, figs. g-e.
1988 Protopaleodictyon submontamtm (Azpeitia Moros) -
McCann & Pickerill, 341, fig. 4.9.
Megagrapton angulare n. ichnosp. - Stepanek & Geyer,
22. pi. 3, fig. 20, text-fig. 6f [non pi. 3, figs. 19, 21-24,
text-fig. 6a-e, g= Megagrapton irregulare].
1991 Megagrapton irregulare Ksigzkiewicz - Leszczynski &
Seilacher, 299, fitis. 2, 7-8.

Ksigzkiewicz,

v partim 1970

v ?partim 1970

v partim 1977

? partim 1989

A. UCHMAN

non 191 Protopaleodictyon submontamtm (Azpeitia Moros) -
Crimes & Crossley, 51, fig. 10j-k [=Pseudopaleodictyon
isp-1-
1992 Sp-Megagrapton irregulare - Leszczyhski, pi. 2, fig. 2.
v 1993 Protopaleodictyon incompositum Ksigzkiewicz- 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), Komarncza. B. UJ TF 2575 (label lost). C. UJ TF 765,
Jordanéw-Munkacz stream (part of label lost). Scales in A, C in
mm, scale in B in cm
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McCann, 1990, 248, fig. 5e],

Megagrapton irregularc Ksifzkiewicz —Miller fig

5P. ’

v 1996a Prolopaleodictyon suhmontaninv (Azpeitia Moros) -
Tunis & Uchman, 183, figs. 4F, 7E.

v 1996b Piolopa/eiti/iclyon siihmonlaninv (Azpeitia Moros) -
Tunis & Uchman, 11, fig. 13D.

v 1996 Prolopaleodictyon suhmnontanum (Azpeitia-Moros) -
Marincic el al., fig. 5C.

v 1997 Prolopaleodictyon submontanum (Azpeitia Moros)
Wetzel & Uchman, 150, fig. 5E.

7 1993

Emended diagnosis: Megagrapton with meshes bordered
by distinctly winding strings. Acute angles of branchings are
common.

Material: 16 specimens (UJ TF 340, 388, 454, 635, 637, 640, 657,
765, 793, 1123, 1148, 1156, 1190, 1255, 1258, 2575).

Remarks: 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 & Meneghinil 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).

Remarks: The Ksi*zkiewicz collection contains several
ichnotaxa of Paleodictyon, which are revised in this paper
according to the morphometric scheme devised by Uchman
(1995), where the reader can find a review of this ichno-
genus.

Ichnosubgenus Glenodictyum Van der Marck 1863

Paleodictyon (Glenodictyum) minimum Sacco 1888

* 1888 Palcndliivnn minimum Sacc.
v 1970 Paleodictyon minutissimiim ichnosp. n. -
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, 307h, 317, 849,
1158, 1196).

Sacco, Il.pl. I.fig-6.
Ksiaxkiewicz.

Paleodictyon (Glenodictyum) latum Vialov & Golev 1965
1965 Paleodictyon latum sp. nova - Vialov & Golev, 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 .strozziinob. - Meneghini in Savi & Menegh-
ini, 484.
v 1970 Palcodictyon intermedium ichnosp. nov. - Ksiiizkiewicz,
306, fig. 4g.
partim 1977 Paleodictyon teHini Sacco -Ksitizkiewicz, 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. -
Diagnosis: Small Glenodictyum, mesh-size 2-6 mm, string diame-
ter 1.0-1.6 (Uchman, 1995).

Material: 2 specimens (UJ TF 64-65).

Sacco, 301, fig. 4.

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 Mgh. - 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, 158-16l1a, 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 Celihahles maxinms

Diagnosis: Medium-sized Glenodictyum with thick string; mesh-
size up to 14 mm, string diameter 1.6-2.8 mm.
Material: 1specimen (UJ TF 92).

Eachwald, 82, pi. 7, fig. 12.

Paleodictyon (Glenodictyum) gomezi Azpeitia Moros 1933

* 1933 Paleodictyon gomezin. sp. - Azpeitia Moros, 43, pi. 9, fig.
20.

v 1977 Paleodictyon all. gomezi Azpeitia Moros - Ksiiizkiewicz,
197, pi. 29, fig. 4.

Diagnosis: Very large Glenodictyum, mesh-size more than 40
mm, string diameter more than 1.6 mm (Uchman, 1995).
Material: 1specimen (UJ TF 2005).

(ICHNO)TAXA NOT RECOMMENDED
FOR FURTHER USE

Pararusophycus Ksi*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 of Scolicia and is in-
cluded in and discussed under Scolicia isp. in this paper.
Therefore, it is not recommended for further use.

Rhabdoglyphus Vassoevich 1951

This ichnogenus was defined by Vassoevich for hypich-
nial cylinders composed of dense, partially invaginated
calices. Boucek & Elias (1962) described under this ichno-
genus hypichnial cylinders with rosary-like swellings.
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These specimens were separated from Rhabdoglyphus by
Vialov (1971) as ichnogenus Fustiglyphns.

Ksiazkiewicz (1977) distinguished only Rhabdoglyphus
also for specimens of 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 Vi-
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 of morphol-
ogy and fossil behaviour. For this reason, Fustiglyphus is in-
cluded in Hormosiroidea Schaffer and part of the
Ksiazkiewicz material is considered under this ichnogenus.
Rhabdoglyphus grossheimi Vassoevich is included in Pro-
tovirgularia dichotoma McCoy, 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. Itis 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. Ksiazkiewicz (1977) drew Rh. composi-
tus in fig. 6e and referred it to pi. 3, fig. 10. He drew also Rh.
sulcatus in fig. 6fand referred it to pi. 3, fig. 9. However, the
fig. 6e fits better to pi. 3, fig. 10, and fig. 6fto pi. 3, fig. 10.
Probably, the figures are misplaced. Nevertheless, Stanley
& Pickerill (1993, p. 62) compared the specimen in text-fig.
6f to fmponoglyphus torquendus. However, similarity of
this specimen and that from pi. 3, fig. 10 is very problem-
atic. The discussed specimens 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 itsjun-
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 specimens), is an inorganic structure.
This is a group of hemispherical pits on the upper side of a
sandstone bed. The depressions are weathering structures of
the tafoni type. For this reason, the ichnogenus Traucumich-
nis is not recommended for further use.

Zhang & Wang (1996) described Traucumichnis zhong-
guoensis from the Silurian-Devonian deposits of China, but
this trace fossil is probably a synonym of some Bergaueria

ichnospecies.

Non-organic structures were commonly and are occa-
sionally described as trace fossils (Boyd, 1975; Hantzschel,
1975, Ekdale et al., 1984a, for partial review). Discrimina-
tion between organic and inorganic structures is not easy in
some cases.

Salmlaria Ksiazkiewicz 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 recommended for further
use.

Granularia Pomel 1849

Ksiazkiewicz (1977, p. 80) mentioned the probable oc-
currence ofthis ichnogenus in the Carpathians. However, he
did not illustrate any specimens. In the collection, he la-
belled one specimen as Granularia fuchsi Ksiazkiewicz.
This is a composite trace fossil consisting o il Palaeophycus
reworked by IChondntes. Nonetheless, Granularia is
poorly defined and is not recommended 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 of
Chondrites intricatus and is included in this ichnotaxon in
this paper. The second ichnospecies of Bostricophyton, B.
etruscus Squinabol (1890, p. 184, pi. 11, fig. 5) displays fea-
tures of “Caulerpites"” eseri (Unger) (Fuchs, 1905). There-
fore, Bostricophyton is not recommended for further use.

llalymenites Sternberg 1833 and Halymenidium Schimper
1879

Halymenidium Schimper (1879, p. 37) was established
(as algae) for Halymenitesflexuosus 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 of 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 of a
material from the Solnhofen Limestone, which represents
various plant remains. 1had the opportunity to see several
holotypes of the Sternberg’s species in the National 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 of Halymenites taxa from the Solnhofen Limestone
is as follows:

1831  Achilleitin duhium nobis. - GoklIfuss, 221, pi. I, fig. 2.

1833 Halymenites vennicuUilus — Sternberg, 29. pi. 8, fig, 3 [also Unger.
1845,12; Broun, 1848. 8; Zingo, 1856, 14].

1833 Halymenites catiiformis - Sternberg, 29, pi. 2, fig. 2 [also Unger,
1845. 12: Broun, i848, 8; Zingo, 1856, 15].

1833 Halymenites Vafins - Sternberg, 29, pi. 2, fig. 4 [also Unger, 1845,
12; Broun, 1848, 4; Bronn & Roemer, 1850-56; pi. 14, tig. 3; Zingo,
1856,151.

1833 Halymenites snhctrliculalus  Sternberg, 29, pi. 4, fig. 2 [also Unger.
1845, 12; Bronn, 1848, 8; Zingo, 1856~ 16].

1833 Halymenites seeundus Sternberg, 29. pi. 4, fig. 3 [also Unger. 1845,
12: Broun, 1848, 8; Zingo, 1856, 17].

1833 Halymenites sehnitzelinii ~ Sternberg, 30, pi. 5, fig. 1 [also Unger,
1845. 12; Bronn, 1848, 8; Zingo, 1856, 18].

1833 Halymenites ccnntits - Sternberg, 30, pi. 7. fig. 4 [also Unger, 1845,
12; Bronn. 1,848, 8: Zingo, 1856, 19].

1833 Halymenites stockii  Sternberg. 30 [also Unger, 1845, 12; Bronn.
1848, 8; Zingo, 1856, 19].

1833 HalymenitesgaUlfussii- Slemberg, 30 |also Unger. 1845, 12; Bronn,
1848, 8; Bronn & Roemer, 1849, 43; Zingo, 1856, 20].

1833 Halymenites eylindrieus - Sternberg. 30 [also Unger, 1845, 13;
Bronn, 1848, 8].

1833 Halymenites hmngniarti - Sternberg, 30 [also Unger, 1845, 12;
Broun, 1848. 8; Zingo. 1856, 20: Schimper, 1869, 193].

1833 Halymenites canccitenatits —Steinberg, 30, pi. 2, fig. | [also Unger,
1845. 13; Bronn, 1848. 8; Zingo, 1856,21].

1833 Halvmenites rannthsus - Sternberg. 31 |also Unger, 1845, 13; Bronn,
1848.43].

All of 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 of
England. It can be concluded that the type material of Ha-

lymenites comprises plant body fossils and does not repre-
sent trace fossils.

Massalongo (1859, pp. 8-9) erected the following taxa
of Halymenites Sternberg: H. aglaophyllum Massal., H.
gratelupia Massal., Il. sarniensis, H. undulatus, H. callyble-
pharoides, Il. linzoides, Halymenites elisae, and H. an-
toniae. The last two forms had been described earlier under
the genus Gastridiopsis, and Il. linzoides under the genus
Solenopsis (Massalongo, 1851). Subsequently, they were re-
described by Meschinelli & Squinabol (1892, pp. 69-71).
Moreover, these authors discussed Halymenites crinatus
Massalongo. All of these derive from “calcare marnoso di
Salcedo" and are presumably trace fossil. Unfortunately,
they are not illustrated and it is impossible to assess their af-
finity.

Fischer-Ooster (1858) distinguished the following taxa

of Halymenites:

1858 Halymenites rectus F.O. - Fischer-Ooster, 55, pi. 13, fig. 2 [also
Schimper, 1869, 193].

1858 Halymenitesflexuosus F.O. - Fischer-Ooster. 55, pi. 13, fig. | [also
Schimper, 1869, 193).

1858 Halymenites minor F.O.  Fischer-Ooster, 56. pi. 13, fig. 3; 65, pi.
16, fig. 2 [also Schimper. 1869, 194].

1858 Halymenites incrassatus F.O. - Fischer-Ooster, 65, pi. 16, fig. 3 [also
Schimper. 1869, 194].

1858 Halymenites duhius F.O. - Fischer-Ooster, 66, pi. 12, fig. 4.

All of these forms are trace fossils from the Gurnigel
Flysch deposits of Switzerland. | have examined these
forms, which are housed in the Natural History Museum in
Bern. They represent simple or branched, flattened cylindri-
cal trace fossils covered with small granular muddy pellets.

Halymenites incrassatus Fischer-Ooster (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 of about 70 mm. The
swollen part is up to 18 mm wide. The central part of the
tube displays a preserved lining consisting of small, oval,
dark, strongly flattened, densely packed pellets. The outline
of the pellets is indistinct. They are 0.5-1 mm in diameter.
The segments ofthe 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 Fischer-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 massive marlstone. The tube is 16-19 mm
wide. It is lined with dark, flattened pellets, which are 1-2
mm in diameter. Commonly, the pellets are poorly outlined,
especially atthe places where they are most 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 ofthe specimen, H.flexuosus is cross
cut by a specimen ofthe same morphology at a slightly shal-
lower level. The specimen derives from the Upper Creta-
ceous Gurnigel Flysch, Seeligraben near Gumigelbad, the
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Fribourgian Alps, Switzerland.

Halymenites minor Fischer-Ooster (1858, pi. 13, fig. 3,
Fischer-Ooster coll. 13/3, Bern) (Fig. 25C) is referred to a
specimen that is a piece of 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 diameter
and it is observed for the distance of 13 mm. It is lined with
very small, about 0.5 mm, indistinct pellets, and filled with
dark sediment. The second tube occurs on the edge of 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”rzkiewicz (1977), which is included together with the
Fischer-Ooster’s species in Ophiomorpha rectus (Fischer-
Ooster) in this paper. Ettinghausen (1863) recognized the
first three of Fischer-Ooster’s forms in the Cretaceous-Eo-
cene flysch deposits of Wienerwald, but he was not able to
separate them taxonomically and suggested that they belong
to a single taxon.

Pelleted filling or lining, which are features of Alcyoni-
diopsis Massalongo and Ophiomorpha Lundgren, respec-
tively, can be also recognized in the taxa of 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 of France. It is a
branched form with irregular margins. It is difficult to dis-
cuss this enigmatic form in detail without access to speci-
mens.

Rothpletz (1896) included two taxa of Halymenites, H.
lumbricoides Heer and H. minor Fischer-Ooster, in Granu-
laria Pomel. Nonetheless, poorly defined, heterogenous
Gramdaria Pomel is not recommended for further use (Uch-
man, 1995). Vialov (1966) reservedly included Halymenites
rectus, H. incrassatus, and H. flexuosus Fischer-Ooster in
Ophiomorpha. The same was 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 Schimper (1879), cannot be in-
cluded in Ophiomorpha, mainly because of smaller dimen-
sion. Nevertheless, such argument based solely on size can-
not be accepted. Trace fossils of this type can be listed as
follows:

1865 Halymenites lumbricoides - Heer, 245, pi. 10, fig. 11.

1869 Halymenites rectus Fischer-Ooster - Ooster, 29, pi. 6, fig. 5, pi. 7.

1877 Halymenites minutus Hr. - Heer, 118, pi. 45, figs. 10-11.

1877 Halymenites flexuosus Fisch.-Oost. - Heer, 165, pi. 64, fig. 10.

1877 Halymenites minor Fisch.-Oost. - Heer, 165.

1877 Halymenites lumbricoides Hr. - Heer, 166, pi. 64, figs. 11-12.

1885 Halymenidium lumbricoides Heer - Fugger & Kastner, 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 of 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, Hantzschel,
1952].

1878 Halymenites stria/us Lesgx. - Lesquereux, 37, pi. 1, fig. 6.

1878 Halymenites major Lesqx. - Lesquereux, 38, pi. 1, figs. 7-8 [=Ophio-
ntorpha nodosa Lundgren].

1878 Halymenites minor? F.O. - Lesquereux, 39, pi. 1, fig. 9.

1937 Halymenites major Lesquereux - Carter, 257, pis. 43-44.

1939 Halymenites major Lesquereux - Brown, 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 - Shinier & Shrock, 717, pi. 303, fig.
20.

1967 Halymenites sp. - Macsotay, 30, figs. 45, 47, 50, 56.

1971 1Halymenites sp. —Jerzykiewicz, 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 of
Halymenidium Schimper (1869). Thus, Halymenites Stern-
berg and Halymenidium Schimper are not recommended for
further use. Therefore, ichnospecies described by
Ksif(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 of Switzerland (personal observations).
Tubulichnium displays features of 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
of Tuberculichnus: T. vagans, T. meandrinus (Fig. 70), and
T. bulbosus. The holotypes of T. vagans and T. meandrinus
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display the characteristic carinate (amygdaloid) cross-sec-
tion, which is the typical feature of Protovirgularia McCoy
and are described as Protovirgularia vagans in this paper.
The holotype of T. bulbosus displays features of IParahaen-
tzschelinia isp. and is included in this paper in this ichno-
genus. Moreover, some specimens labelled as Tuberculich-
nus are casts of the upper terminations of row of vertical
burrows, typical of 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 commonly used ichnogenus has in fact a weak ba-
sis. Schafhautl (1851) distinguished two species: H. crassa
and Il irregularis. The holotype of the second ichnotaxon
displays all features of Nereites and is included in this ich-
nogenus (Uchman, 1995). H. crassa, the holotype of which
is known only from a drawing, is considered as the synonym
of 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 Ksigzkiewicz, Il. crassa Schafhautl, H.
miocenica Sacco, Il. alterna Ksiazkiewicz, H. helminthop-
soidea Sacco, and Il. aculeata Ksiazkiewicz. The two first
ichnospecies are included in Nereites irregularis Schaf-
hautl; H crassa and H miocenica are regarded as Helmin-

thorhaphe; Il. alterna is included in Desmograpton alter-
num (Ksiazkiewicz) (Uchman, 1995). Il. helminthopsoidea
is included in Cosmorhaphe helminthopsoidea and //.

aculeata in Belocosmorhaphe aculeata in this paper.

Muensteria Sternberg 1833

The type material of 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 (Mikulas & 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 of 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 meniscate trace fossil and
can be ascribed to Taenidium Heer (cf. D’Alessandro &
Bromley, 1987).

Keckia Glocker 1841

This ichnogenus is poorly defined. D’Alessandro &
Bromley (1987) regarded it as a nomen dubium. The type
material of Glocker from the shallow-water Cretaceous de-
posits of Moravia, Czech Republic, although very poor, was
analysed by Fu (1991). She presented Keckia annulata
Glocker as atightly spaced series of 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 “Muensterioiden”.

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 of Glocker. However, the publication (Glocker, 1841,
pi. 4) contains drawings of different material. The specimen
was illustrated by von Otto (1852, pi. 1) and its photograph
(properly referred to the von Otto’s publication) was used
by Hantzschel (1938, fig. 4). This is rather a meniscate 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 Glocker’s the type material. Keckia andina Borello
(1966), from Jurassic deposits of Argentina, resembles Tha-
lassinoides. According to Hantzschel (1975, p. W75), K
hantzscheli Hundt (1940) does not belong to Keckia. It is a
narrow winding, ?meniscate trace fossil from the Devonian
of Thuringia. Hantzschel (1938) regareded Muensteria an-
nulata Schafhautl (1851) as ichnotaxon of 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). Without analysis of the
specimens, Keighley & Pickerill (1994) included K. annu-
lata Glocker from Ksiazkiewicz (1977, pi. 3, fig. 14) mate-
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 of 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 of these ichnotaxa). None of the
specimens described or labelled by Ksiazkiewicz as Keckia
resembles Glocker’s material.

Most 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 of the Taphrhelmin-
/iw;/?.VH-morphology. All ichnospecies of Taphrhelmin-
thoida were included in Scolicia strozzii (Uchman, 1995)
because of continuous pasasage from meandering and non-
meandering forms. The differences in the shape of 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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The Ksinzkiewicz collection contains a few trace fos-
sils, which belong to undetermined ichnotaxa. They are rep-
resented by single specimens and commonly are incom-
pletely preserved. For this reason they are not included in
the main pthe art of ichnotaxonomic description. They may
be useful for further ichnotaxonomic investigations.

Form A
Fig. 107

v 1977 Helminthohla crassa (Schalliautl) - KsiEizkiewicz, text-

fig. 34j.
M aterial: 1specimen (U.I TF 788).
Description: 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 of the structure is identical to
Spirorhaphe involute!, however the outermost parts display
meanders as in Hehninthorhaphe. It seems to be a transi-
tional form between Spirorhaphe and Hehninthorhaphe.

Fig. 107. Form A. Sole of a turbiditic sandstone bed. Ul TF 788,
Hieroglyphic beds (Eocene), Tokarnia (labelled as Hclmintlinida
crassa). Scale in mm

Form B
Fig. 108

Material: 1specimen (UJ TF 1797).
Description: Hypichnial, convex, spirally arranged short ridges
and knobs, which are about 1 mm wide. The structure covers an

» .

fw 3J

rim

o mmo,

Fig. 108. Form B. Sole of a turbiditic sandstone bed. UT TF 1797,
Zawoja-Konskie (part of label lost). Seale in mm

area of about 30 mm in diameter.

Remarks: Arrangement of the structure resembles Spi-
rorhaphe. However, the presence of knobs suggests occur-
rence of vertical shafts connecting the horizontal elements
and sea-floor. This feature is not known in Spirorhaphe.

Form C
Fig. 109

Material: 1specimen (U.I TF 2029).

Description: Hypichnial full relief composed of pads of sediment
arranged in winding and branched strings. The strings are 5-8 mm
in diameter.

Remarks: This structure is produced by a deposit-feeder. It
belongs maybe to Ncreites or Lophoctenium. The preserva-
tion of the structure does not allow for more detailed deter-
mination.

Form D
Fig. 110

Material: 1specimen (U.I TF 2583).

Description: 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.

Remarks: Itis not impossible that this is a fragment of Lo-
phoctenium minimum Fu (1991), which is known from
flysch deposits.



FI.YSCH TRACE FOSSIILS

Fig. 111. Form E. Sole of a turbiditic sandstone bed. I'.1 TF 2617,
(label lost). Scale in mm

Fig. 109. Form C. Sole of a turbiditic sandstone bed. UJ TF 2(12".

Ciezkowice Sandstone (Eocene), Grddek (part of 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. Il
Material: 1specimen (UJ TF 2617).
. L Description: Hypichnial short ridge, 32 mm long, 5 mm wide,
Fig. 110. Form D. Sole of a turbiditic sandstone bed. I;l IF258".

- o : from which arcuate elevations diverge about 5 mm apart.
Zwaoja-Konskie (part of label lost). Scale in m

Form E
Fis. 112

Material: 1specimen (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 1mm
apart.

Remarks: This is a semi-relief. The tubercles are probably
remnants of 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 Ksiazkiewicz ichnotaxa after

revision

Mammillichnis aggeris
Chamberlain

Rergaueria prantli
Ksiazkiewicz

Pararusophycus oblongus
Ksiazkiewicz

Traucumichms glaber
Ksiazkiewicz

Arthrophycus amndatus
Ksiazkiewicz

Arthrophycus strictus
Ksiazkiewicz

Arthrophycus dzulynskii
Ksiazkiewicz

Fucusopsis angulata Palibin

Fucusopsis annulata
Ksiazkiewicz

Fucusopsis striata (Hall)

Halymenidium
sublumbricoides (Azpeitia)

Halymenidium oraviense
Ksiazkiewicz

Keckict annulata Glocker
Keckia hoessii (Sternberg)

Planolites reinecki
Ksiazkiewicz

Rhabdoglyphus grossheimi
Vassoevich

Rhabdoglyphus spinosus
Ksiazkiewicz

revision

Mammillichnis aggeris
Chamberlain

?Bergaueria prantli
Ksiazkiewicz

Scolicia isp.

inorganic structure

Ophiomorpha annulata
(Ksiazkiewicz)

Arthrophycus strictus
Ksiazkiewicz

Protovirgularia dzulynskii
(Ksiazkiewicz)

Halopoa imbricata Tore 1L

Halopoa annulata
(Ksiazkiewicz)

Halopoa imbricata Torell
Spongeliomorpha
sublumbricoides (Azpeitia

Moros)

Spongeliomorpha oraviense
(Ksiazkiewicz)

Protovirgularia isp.

cf. Beaconites capronus
(Howard & Frey)

Planolites reinecki
Ksiazkiewicz

Protovirgularia dichotoma
McCoy

Hormosiroidea annulata
(Vialov)

Rhabdoglyphus aff. spinosus
Ksiazkiewicz

Rhabdoglyphus caliciformis
Ksiazkiewicz

Rhabdoglyphus aff.
caliciformis Ksiazkiewicz

Rhabdoglyphus sulcatus
Ksiazkiewicz

Rhabdoglyphus compositus
Ksiazkiewicz

Sabularia simplex
Ksiazkiewicz

Sabularia rudis Ksiazkiewicz
Sabularia tenuis Ksiazkiewicz

Sabularia ramosa
Ksiazkiewicz

Buthotrephis aff. palmata Hall

Buthotrephis aff. succulens
Hall

Buthotrephis bifurcata
Ksiazkiewicz

Buthotrephis bilix
Ksiazkiewicz

Chondrites aequalis Sternberg

Chondrites affinis (Brongniart)

Chondrites arbuscula
Fischer-Ooster

Chondrites expansus Fischer-
Ooster

Chondritesfiliformis Fischer-
Ooster

Chondritesflexilis Fischer-
Ooster

Chondritesfurcatus
(Brongniart)

Chondrites intricatus
(Brongniart)

Chondrites patulus
Fischer- Ooster

Granularia indet.

Ubinia alternans (Seilacher)

Hormosiroidea annulata
(Vialov)

Hormosiroidea annulata
(Vialov)

Hormosiroidea annulata
(Vialov)

?non Hormosiroidea isp.

Ophiomorpha annulata
(Ksiazkiewicz)

Ophiomorpha isp.

Arthrophycus tenuis
(Ksiazkiewicz)

Planolites beverleyensis
Billings

Thalassinoides suevicus
(Rieth),
Phycodes bilix (Ksiazkiewicz)

Thalassinoides suevicus
(Rieth),
Phycodes bilix (Ksiazkiewicz)

Glockerichnus alata
(Seilacher)

Phycodes bilix (Ksiazkiewicz)

Chondrites intricatus
(Brongniart)

Chondrites targionii
(Brongniart)

Chondrites targionii
(Brongniart)

Chondrites intricatus
(Brongniart)

Chondrites intricatus
(Brongniart)

Chondrites intricatus
(Brongniart),
large foraminifer

Chondrites targionii
(Brongniart)

Chondrites intricatus
(Brongniart)

Chondrites patulus
Fischer-Ooster

IPalaeophycus isp.



Lophoctenium ramosum
(Toula)

Lophoctenium aff. comosum
Richter

Phycodes aff. harlani Hali

Strobilorhaphe clavata
Ksigzkiewicz

Strobilorhaphe pusilla
Ksigzkiewicz

Strobilorhaphe glandifer
Ksigzkiewicz

Taenidium annulatum
(Schafhautl)

Taenidium isseli (Squinabol)

Bostricophyton pantanellii
Squinabol

Lorenzinia aff. apenninica
Gabelli

Lorenzinia carpathica (Zuber)

Lorenzinia kuznari
Ksigzkiewicz

Lorenzinia curticostata
Ksigzkiewicz

Lorenzinia kulczynskii
Kuzniar

Lorenzinia peralta
Ksigzkiewicz

Lorenzinia moreae Renz
Lorenzinia aff. moreae Renz
Sublorenzinia plana

Ksigzkiewicz

i Sublorenzinia nowaki
' (Ksigzkiewicz)

Sublorenzinia pustulosa
Ksigzkiewicz
Sublorenzinia pusilla
Ksigzkiewicz

Capodistria vettersi Vialov

Glockeria glockeri
Ksigzkiewicz

Glockeria sparsicostata
Ksigzkiewicz
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Lophoctenium ramosum
(Toula)

Lophoctenium aff. comosum
Richter

ichnosp. indet.

Strobilorhaphe clavata
Ksigzkiewicz

Strobilorhaphe pusilla
Ksigzkiewicz

Strobilorhaphe glandifer
Ksigzkiewicz
ITaenidium isp.

Taenidium isp.,
Cladichnusfischeri (Heer)

Chondrites intricatus
(Brongniart)

Lorenzinia apenninica De
Gabelli

Lorenzinia carpathica (Zuber)
Lorenzinia kuzniari
Ksigzkiewicz

Lorenzinia carpathica (Zuber)

Lorenzinia carpathica (Zuber)

Lorenzinia carpathica (Zuber)

Lorenzinia carpathica (Zuber)
Lorenzinia carpathica (Zuber)

Lorenzinia plana
(Ksigzkiewicz)

Lorenzinia nowaki
(Ksigzkiewicz,
Glockerichnus glockeri,
Glockerichnus isp.

Lorenzinia pustulosa
(Ksiazkiewicz)

Lorenzinia plana
(Ksigzkiewicz)

Capodistria vettersi Vialov,
Glockerichnus isp.

Glockerichnus glockeri
(Ksiazkiewicz)

?Glockerichnus sparsicostata
(Ksigzkiewicz)

Glockeria disordinata
Ksi*zkiewicz

Glockeria parvula
Ksi*zkiewicz

Fascichnium extentum
Ksi*zkiewicz

Asterichnus aff. lawrencensis
Bandel

Gyrophyllites kwassizensis
Glocker

Phycosiphon incertum
Fischer-Ooster

IRhizocorallium indet.

Zoophycos brianteus
Massalongo

Zoophycos insignis Squinabol

Anemonichnus concentricus
Chamberlain

Gyrochorte burtani
Ksigzkiewicz

Gyrochorte imbricata
Ksi*zkiewicz

Gyrochorte obliterata
Ksi;(zkiewicz
Helicorhaphe tortilis

Ksic(zkielvicz

Helminthopsis abeli
Ksi~zkiewicz

Helminthopsis hieroglyphica
Ksi*zkiewicz

Helminthopsis irregularis
(Schafhautl)

Helminthopsis tenuis
Ksiazkiewicz

Helminthopsis granulata
Ksiazkiewicz

Muensteria geniculata
Sternberg
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?Glockerichnus disordinata
(Ksigzkiewicz)

?Glockerichnus parvula
(Ksigzkiewicz)

Fascichnium extentum
Ksigzkiewicz

?Gyrophyllites rehsteineri
(Fischer-Ooster)

Gyrophyllites rehsteineri
(Fischer-Ooster)

Phycosiphon incertum
Fischer-Ooster

Rhizocoralliumjenense
Zenker

Zoophycos brianteus
Massalongo

Zoophycos insignis Squinabol

Anemonichnus concentricus
Chamberlain

Protovirgularia pennatus
(Eichwald),

Protovirgularia rugosa
(Miller & Dyer),
Protovirgularia 'Hongispicata
(De Stefani)

Protovirgularia rugosa
(Miller & Dyer),
Protovirgularia ?rugosa
(Miller & Dyer),

Protovirgularia obliterata
(Ksigzkiewicz)

Helicorhaphe tortilis
Ksigzkiewicz

Helminthopsis abeli
Ksigzkiewicz,
?Thalassinoides isp.,
Helminthopsis Isp.

Helminthopsis abeli
Ksigzkiewicz,
Gordia marina Emmons

Nereites irregularis
(Schafhautl)

Helminthopsis tenuis
Ksigzkiewicz,
Helminthopsis abeli
Ksigzkiewicz
“Helminthopsis granulata”
Ksigzkiewicz

ITaenidium isp:
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Muensteria hamata Fischer-
Ooster

Muensteria planicostata
Ksiazkiewicz

Naviculichnium marginatum
Ksiazkiewicz

Oniscoidichnus carpathicus
Ksiazkiewicz

Scolicia prisca de Quatrefages

Scolicia /)/«no Ksiazkiewicz

Scolicia vertebratis
Ksiazkiewicz

Subphyllochorda granulata
Ksiazkiewicz

Subphyllochorda striata
Ksiazkiewicz

Subphyllochorda rudis
Ksiazkiewicz

Subphyllochorda laevis
Ksiazkiewicz

Taphrhelminthopsis
auricularis Sacco

Taphrhelminthopsis vagans
Ksiazkiewicz

Taphrhelminthopsis recta
Sacco

Tuberculichnus vagans
Ksiazkiewicz

Tuberculichnus meandrinus
Ksiazkiewicz

Tuberculichnus bulbosus
Ksiazkiewicz

Tubulichnium incertum
Ksiazkiewicz

Spirorhaphe involuta (De
Stefani)

Spirorhaphe zumayensis
Llarena

Spirophycus bicornis (Heer)
Spirophycus caprinus (Heer)

Spirophycus involutissimus
(Sacco)

Cochlichnus aff. anguineus
Hitchcock
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Phycosiphon hamata
(Fischer-Ooster)

Taenidium isp.

Naviculichnium marginatum
Ksiazkiewicz

?trace fossil,
?inorganic structure

Scolicia prisca de Quatrefages

Scolicia plana Ksiazkiewicz

"IScolicia prisca de Quatrefages

Scolicia plana Ksiazkiewicz

Scolicia plana Ksiazkiewicz

Scolicia plana Ksiazkiewicz

Scolicia strozzii (Savi &
Meneghini)

Scolicia strozzii (Savi &
Meneghini)

Scolicia strozzii (Savi &
Meneghini)

Scolicia strozzii (Savi &
Meneghini)

Protovirgularia vagans
(Ksiazkiewicz)

Protovirgularia vagans
(Ksiazkiewicz),
ISaerichnites canadensis
(Crimes & Anderson)

IParahaentzschelinia isp.

Ophiomorpha rectus
(Fischer-Ooster)

Spirorhaphe involuta (De
Stefani)

“Rotundusichnium”
zumayensis (Gomez de
Llarena)

“Spirophycus" bicornis
“Spirophycus” bicornis

“Spirophycus" involutissimus
(Sacco)

Cochlichnus anguineus
Hitchcock

Cosmorhaphe gracilis
Ksiazkiewicz

Cosmorhaphe sinuosa
(Azpeitia)

Cosmorhaphe

helminthopsoidea Ksiazkiewicz

Cosmorhaphefuchsi
Ksiazkiewicz

Cosmorhaphe (?) tortuosa
Ksiazkiewicz

Gordia molassica (Heer)
Gordia arcuata Ksiazkiewicz

Helicolithus sampelayoi
Azpeitia

Helminthoida labyrinthica
Heer

Helminthoida serrata
Ksiazkiewicz

Helminthoida crassa
Schafhautl

Helminthoida miocenica Sacco

Helminthoida alterna
Ksiazkiewicz

Helminthoida
helminthopsoidea Sacco

Helminthoida aculeata
Ksiazkiewicz

Paleotneandron elegans
Pcruzzi

Paleotneandron rude Peruzzi

Paleotneandron robustum
Ksiazkiewicz

Taphrhelminthoida convoluta
Ksiazkiewicz

Taphrhelminthoida plana
(Ksiazkiewicz)

Acanthorhaphe dclicatiila
Ksiazkiewicz

Acanthorhaphe incerta
Ksiazkiewicz

Belorhaphe zickzack (Heer)

Cosmorhaphe gracilis
Ksiazkiewicz

Cosmorhaphe lobatct Seilacher

Cosmorhaphe
helminthopsoidea (Sacco)

Cosmorhaphe sinuosa
(Azpeitia Moros)

Helicolithus tortuosus
(Ksiazkiewicz)

Gordia marina Emmons
Gordia arcuata Ksiazkiewicz

Helicolithus sampelayoi
Azpeitia Moros

Nereit.es irregularis
(Schafhautl)

Nereites irregularis
(Schafhautl)

Helminthorhapheflexuosa
Uchman,

Helminthorhaphe japonica
(Tanaka),
Helminthorhaphe isp.

Helminthorhaphe miocenica
(Sacco)

Desmograpton alternum
(Ksiazkiewicz)

Cosmorhaphe curpathica nom.
nov.

Belocosmorhaphe aculeata
(Ksiazkiewicz)

Paleotneandron elegans
Peruzzi

Paleotneandron rude Peruzzi,
Paleotneandron elegans
Peruzzi

Paleotneandron robustum
Ksiazkiewicz

Scolicia strozzii (Savi &
Meneghini)

Scolicia strozzii (Savi &
Meneghini)

Acanthorhaphe delicatula
Ksiazkiewicz

Acanthorhaphe incerta
Ksiazkiewicz «

Belorhaphe zickzack (Heer)



Belorhapliefabregac
(Azpeitia)

Protopaleodictyon
incompositum Ksiazkiewicz

Protopaleodictyon minutum
Ksiazkiewicz

Protopaleodictyon
submontannn: iAzpeitia)

Urohelminthoida
appendiculata (Heer)

Urohelminthoida dertonensis
Sacco

Urohelminthoida aff.
dertonensis Sacco

Desmograpton fuclisi
Ksiazkiewicz

Megagrapton irregulare
Ksiazkiewicz

Megagrapton tenue
Ksiazkiewicz

Paleodictyon minutissimum
Ksiazkiewicz

Paleodictyon minimum Sacco

Paleodictyon latum Vialov &
Golev

Paleodictyon intermedium
Ksiazkiewicz

Paleodictyon strozzii
Meneghini

Paleodictyon miocenicum
Sacco

Paleodictyon carpathicum
Matyasovszky

Paleodictyon regulare Sacco

Paleodictyon majus
Meneghini

Paleodictyon tellini Sacco

Paleodictyon aff. gomezi
Azpeitia
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Belorhaplie zickzack (Hecr)

Protopaleodictyon
incompositum Ksiazkiewicz,
Megagrapton submontanum
(Azpeitia Moros)

Protopaleodictyon minutum
Ksiazkiewicz

Megagrapton submontanum
(Azpeitia Moros),
Megagrapton irregulare
Ksiazkiewicz

Urohelminthoida dertonensis
Sacco,

Urohelminthoida
appendiculata (Heer)

Urohelminthoida dertonensis
Sacco

Oscillorhaphe venezoelana
Seilacher

Desmograpton dertonensis
(Sacco),

Desmograpton ichthyforme
(Macsotay)

Megagrapton irregulare
Ksiazkiewicz,
Thalassinoides isp.

Megagrapton irregulare
Ksiazkiewicz

Paleodictyon minimum Sacco

Paleodictyon minimum Sacco

Paleodictyon latum Vialov &
Golev

Paleodictyon strozzii
Meneghini

Paleodictyon strozzii
Meneghini

Paleodictyon miocenicum
Sacco

Paleodictyon majus
Meneghini

Paleodictyon maximum
(Eichwald)

Paleodictyon majus
Meneghini

Paleodictyon strozzii
Meneghini

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

Acknowledgments

The presented investigations were supported by the State
Committee for Scientific Researches (grant 6P04D 05208) and the
Jagiellonian University in Krakéw. R. G. Bromley critically re-
vieved and improved the manuscript. R. Gradzinski provided sev-
eral useful comments. A. Wetzel enabled me access to Fischer-
Ooster’s specimens. U. Mazurkiewicz helped in inventory work
with the collection. P. Radzicki prepared the photographic work.
Several persons supplied obscure literature on the topic.

REFERENCES

Abel, O., 1935. Vorzeitliche Lebensspuren. Gustav Fischer, Jena,
644 pp.

Acenolaza, F. G., 1978. El Paleozoico inferior de Argentina segun
sus trazas fosiles. Ameghiniana, 15: 15-64.

Acenolaza, F. G. & Toselli, AJ., 1981. Geologia del Noroeste
Argentine). Universidad Nacional de Tucuman, San Miguel de
Tucuman, 204 pp.

Alexandrescu, G., 1986. Ichnofacies a Sabularia dans les couches
de VinetiSu et les couches de Podu Morii de la Vallee de
Buzau (Carpathes orientales). Dari de Seama ale $edint., Inst.
Geol. Geof. Paleonl., 70-71 (for 1983-1984): 5-8.

Alexandrescu, G. & Brustur, T., 1980. Sur des traces organique
(trace fossils) du flysch des Carpates Orientales ([elt partie).
(In Romanian, French summary). Dari de Seama ale $edin(.,
Inst. Geol. Geof. Paleonl., 65 (for 1977, 1978): 17-30.

Alexandrescu, G. & Brustur, T., 1982. Sur quelques structures
biogenes (trace fossils) du flysch des Carpates Orientales
(2emt partie). (In Romanian, French summary). Dari de
Seama ale 8edint., Inst. Geol. Geof. Paleonl, 67 (for 1979-
1980): 33-46.

Alexandrescu, G. & Brustur, T., 1984. L’ichnofacies a Sabularia
dans les couches de Vineti$u de la partie septentrionale des
Carpathes orientales. (In Romanian, French summary). Dari
de Seama ale $edintelor, Inst. Geolol. Geof. Paleont., 68 (for
1981): 17-22.

Alexandrescu, G. & Brustur, T., 1987. Stmctures sedimentaires
biogenes (trace fossils) du flysch des Carpathes Orientales
(I11-emc partie). (In Romanian, French summary). Dari de
Seama ale 8edint., Inst. Geol Geof. Paleont., 72-73. (for
1985-1986): 5-20.

Alexandrescu, G. & Brustur, T., 1990. Subphyllochorda paleoich-
nocenosis from the Tarcau Sandstone Formation on the Tro-
tu8 Valley (East Carpathians). (In Romanian, English



206 A. UCHMAN

summary). Dari de Seama ale Sedint., Inst. Geol. Geof Pa-
leont., 74 (for 1987): 5-26.

Alexandrescu, G., Brustur, T. & Frunzescu, D., 1993. Sabularia
paleoichnocoenosis between the Teleajen and Buzau Valleys
(East Carpathians). Bull. Soc. Geol. Rom., s. 4, 14: 7-14.

Alpert, S. P., 1973. Bergaueria Prantl (Cambrian to Ordovician), a
probable actinian trace fossil. J. Paleont., 47: 919-924.

Andrews, H.N., Jr., 1955. Index of generic names of fossil plants,
1820-1950. U.S. Geol. Surv. Bull., 1013: 1-262.

Archer, A. W. & Maples, C. G., 1984. Trace fossil distribution
across a marine-to-nonmarine gradient in the Pennsylvanian
of southwestern Indiana. J. Paleont., 58: 448-466.

Azpeitia Moros, F., 1933. Datos para el estudio paleontélogico del
Flysch de la Costa Cantabrica y de algunos otros puntos de
Esparia. Bol. Inst. Geol. Min. Espaiia, 53: 1-65.

Badve, R. M. & Ghare, M. A., 1978. Jurassic ichnofauna of Kutch
- |. Biovigyanam, 4: 125-140.

Badve, R. M. & Ghare, M. A., 1980. Ichnofauna of Bagh Beds
from Deva River Valley south of Narmada. Biovigianam, 6:
121-130.

Baldwin, C. T., 1977. The stratigraphy and facies associacions of
trace fossils in some Cambrian and Ordovician rocks of north
western Spain. In: Crimes, T. P. & Harper, J. C. (eds), Trace
fossils 2. Geol. J., Spec. Iss., 9: 9-40.

Bandel, K., 1967. Trace fossils from two Upper Pennsylvanian
sandstones in Kansas. The Univ. Kansas, Paleont. Contr., 18:
1-13.

Bandel, K., 1973. Trace fossils from the Upper Devonian Nehden
Siltstone of Wuppertal-Marmen (Nordrhein-Westfalen, Ger-
many). Palaeontographica, Abt. A, 142: 156-176.

Bartrum, J., 1948. Two undetermined New Zealand Tertiary fos-
sils. J. Paleont., 22: 488-489.

Bayer, F. M., 1955. Remarkably preserved fossil sea-pens and
their recent counterparts. J. Washington Acad. Sci., 45: 294-
300.

Bak, K., 1995. Trace fossils and ichnofabrics in the Upper Creta-
ceous red deep-sea marly deposits of the Pieniny Klippen
Belt, Polish Carpathians. Ann. Soc. Geol. Polon., 64: 81-97.

Beck, R., 1916. I. Uber Rieselspuren ini Rotliegenden des Plauen-
schen Grundes. Il. Uber die Verflussigung von Gangletten.
I1l. Uber Phycodes circinnatum Richter. Neues Jb. Miner,
etc., 1916: 41-54.

Becker, H. F. & Donn, W., 1952. A new occurrence and descrip-
tion of the fossil Arthrophycus. Science, 115: 214-215.

Bender, F., 1963. Stratigraphie der “Nubischen Sandsteine” in
Sud-Jordanien. Geol. Jb., 81: 237-276.

Benton, M. J., 1982a. Trace fossils from Lower Palaeozoic ocean-
floor sediments of the Southern Uplands of Scotland. Trans.
R. Soc. Edinburgh, Earth Sci., 73: 67-87.

Benton, J. M., 1982h. Dictyodora and associated trace fossils from
the Palaeozoic of Thuringia. Lethaia, 15: 115-132.

Benton, J. M. & Gray, D. I, 1981. Lower Silurian storm shelf
deposits in the Welsh Borders: sediments, tool marks and
trace fossils. J. Geol. Soc. London, 138(6): 675-694.

Bi, D., Guo, P. & Qian, M., 1996. Trace fossils from Triassic
Qinglong Formation of Lower Yangzi Valley. Acta Palaeont.
Sinica, 35: 714-729.

Billings, E., 1862. New species of fossils from different parts of
the lower, Middle and Upper Silurian rocks of Canada. In:
Palaeozoic Fossils, volume | (1861-1865). Geological Survey
of Canada, Dawson Brothers, Montreal, pp. 96-168.

Billings, E., 1866. Catalogues of the Silurian Fossils. Geological
Survey of Canada, Dawson Brothers, Montreal, 93 pp.

Birkenmajer, K., 1959. Fucusopsis angulatus Palibin (Problema-
tica) from the Variegated Beds (Danian-Paleocene) of the

Pieniny Klippen-Belt Mantle (Central Carpathians) (In Pol-
ish, English summary). Rocz. Pol. Tow. Geol., 29: 227-232.

Bjerstedt, T. W., 1987. Trace fossils indicating estuarine deposys-
tems for the Devonian-Mississippian Cloyd Conglomerate
Member, Price Formation, Central Appalachians. Palaios, 2:
339-349.

Bjerstedt, T. W., 1988. Trace fossils from the Early Mississippian
Price Delta, southeast West Virginia. J. Paleont., 62: 506-
519.

Bogatschev, V. V., 1930. Fukoidy i ieroglify kavkazskogo flisha
(In Russian only). Azerbaydzanskoy Neftianoi Khoziaistvo
(=Aserbeidschanische Erdolwirtshaft), 7-8(103-104): 71-73.

Borello, A. V., 1966. Keckia andina n. sp. problematica de la
Formacion Tordillo (Jurassico) de Mendoza. Ameghiniana, 4:
297-298.

Bottjer, D. J., Droser, M. L. & Jablonski, D.. 1987. Bathymetric
trends in the history of trace fossils. In: Bottjer, D. J. (ed.),
New Concept in the Use of Biogenic Sedimentary Structures
for Paleoenvironmental Interpretation, Volume and Guide-
book. Society of Economic Paleontologists and Mineralo-
gists, The Pacific Section, Los Angeles, pp. 57-65.

Boucek, B. & M. Elias, M., 1962. Uber eine interessante Lebenss-
pur aus dem Palaogen der tchechoslovakischen Flysch-Kar-
pathen. (In Slovak, German summary). Geol. Prace, Zprdvy,
25-26: 145-150.

Bouma, A. H., 1962. Sedimentology ofsome flysch deposits. El-
sevier, Amsterdam, 168 pp.

Boyer, P. S., 1979. Trace fossils Biformites and Fustiglyphus from
the Jurassic of New Jersey. Bull. New Jersey Acad. Sci., 24:
73-77.

Boyd, D. W., 1975. False or misleading traces. In: Frey, R. W.
(ed.), The Study of Trace Fossils. Springer, Berlin, pp. 65-83.

Bradshaw, M., 1981. Paleoenvironmental interpretations and sys-
tematic of Devonian trace fossils from the Taylor Group
(Lower Beacon Supergroup), Antarctica. New Zealand J.
Geol. Geoph., 24: 61-652.

Brady, L. F., 1949. Oniscoidiclmus, new name for Isopodichnus
Brady 1947 not Bornemann 1889. J. Paleont., 23: 573.

Bromley, R. G., 1981. Enhancement of visibility of structures in
marly chalk: modification of the Bushinsky oil technique.
Bull. Geol. Soc. Denmark, 29: 11-118.

Bromley, R. G., 1991. Zoophvcos: strip mine, refuse dump, cache
or sewage farm?. Lethaia, 24: 460-462.

Bromley, R. G., 1996. Trace Fossils. Biology, Taphonomy and
Applications. Second Edition. Chapman & Hall, London, 361
pp.

Bromley, R. G. & Frey, R. W., 1974. Redescription of the trace
fossil Gyrolithes and taxonomic evaluation of Thalassinoides,
Ophiomorpha and Spongeliomorpha. Bull. Geol. Soc. Den-
mark, 23:311-335.

Brongniart, A. T., 1823. Observations sur les Fucoids. Soc. d'Hist.
Natur. Paris, Mem., 1. 301-320.

Brongniart, A. T., 1828. Histoire des vegetaaxfossiles ou recher-
ches botaniques et geologiques sur les vegetaux renfermes
dans les diverses couches du globe, volume 1. G. Dufour & E.
d’Ocagne, Paris, 136 pp.

Bronn, H. G., 1848. Handbuch einer Geschichte der Natur, 3
Band, Nomencklator palaeontologicus. Schweizerbart, Stut-
tgart, 1381 pp.

Bronn, H. G. & Roemer, F., 1850-1856. Atlas zu H. G. Bronn}
Lethaea Geognostica oder Abbildung und Beschriebung der
fur die Gebirges-Formationene Bezeichnedsten Versteineun-
gen. Schweizerbart Verlag, Stuttgart, 124 p.

Brown, R. W., 1939. Fossil plants from the Colgate Member of the
Fox Hills Sandstone and adjacent strata. U.S. Geol. Surv.,



FLYSCH TRACE FOSSILS 207

Prof. Paper, 189-1: 239-275.

Brustur, T. & Alexandrescu, G., 1992. Observations concemant
I’ichnogenere Taphrhelminthopsis Sacco 1888. Rom. J. Pa-
leont., 75: 1-5.

Brustur, T. & lonesi, L., 1990. L’ichnofaune des fonnationes de
Plopu et d’lzvor (Le Flysch Paleogene - Carpathes orien-
tales). Anal. Stiint. Univ. "At. I. Cuza" din lasi. Geol., 36:
37-41.

Brustur, T. & Stoica, M., 1993. On some biogene sedimentary
structures from the Plopu Formation at Grozesti-Oituz Valley,
East Carpathians. (In Romanian, English summary). Stud.
Cercet. Geol., 38: 57-70.

Bruton, B. R. & Link, P. K., 1991. Ichnology of fine-grained
mixed carbonate-siliciclastic turbidites, Wood River Forma-
tion, Pennsylvanian-Permian, south-central Idaho. Palaios,
6: 291-301.

Bryant, D. & Pickerill, R. K., 1990. Lower Cambrian trace fossil
from the Buen Formation of central North Greenland: pre-
liminary observations. Gran. geol. Under., Rap., 147: 44-62.

Buatois, L. A., Mangano, M. G., Wu, X. & Zhang, G., 1996. Trace
fossils from Jurassic lacustrine turbidites of the Anyao For-
mation (central China) and their environmental and evolu-
tionary significance. Ichnos. 4: 287-303.

Buoi, L., 1932. Su di alcune impronte fossili problematiche. Atti
Soc. Nat. e. Mat. di Modena, 63: 145-149.

Calzada, S., 1981. Revision del icno Spongeliomorpha iherica
Saporta, 1887 (Mioceno de Alcoy, Espana). Bol. R Soc.
Espah. Hist. Nat. (Geol.), 79: 189-195.

Carney, R. S., 1981. Bioturbation, biodeposition and nutrients. In:
Boucout, J. A. (ed.). Principles ofBenthic Marine Paleoecol-
ogy. Academic Press, New York, pp. 1-464.

Carter, C. W., 1937. The Upper Cretaceous deposits of the Chesa-
peake and Delaware Canal of Maryland and Delaware. Mary’-
land Geol. Surv., 13: 257-258.

Chamberlain, C. K., 1971a. Morphology and ethology of trace
fossils from the Ouachita Mountains, southeastern Oklahoma.
J. Paleont., 45: 212-246.

Chamberlain, C. K.. 1971b. Bathymetry and paleoecology of
Ouachita Geosyncline of southeastern Oklahoma as deter-
mined from trace fossils. Amer. Ass. Petrol. Geol., Bull., 55:
34-50.

Chamberlain, C. K.. 1977. Ordovician and Devonian trace fossils
from Nevada. Nevada Bureau Min. Geol, Bull, 90: 1-24.
Chamberlain, C. K., 1979. Trace-fossil biofacies in the Lower and
Middle Paleozoic of Central Nevada. Brigham Young Univ.,

Geol. Stud., 26: 9-19.

Chamberlain, C. K. & Clark, D. L., 1973. Trace fossils and cono-
donts as evidence for deep-water deposits in the Oquirrah
Basin of Central Utah. J. Paleont., 47: 663-682.

Chiplonkar, G. W. & Badve, R. M., 1970. Trace fossils from the
Bagh Beds. J. Palaeont. Soc. India, 14 (for 1969): 1-10.
Chiplonkar, G. W. & Borkar, V. D., 1973. Feddenichnus a new
burrow fossil from the Wadhwan Formation, Saurahstre.

Curr. Sci,, 42: 572-573.

Chiplonkar, G. W. & Ghare, M. A., 1975. Some additional trace
fossils from the Bagh Beds. Bull. Ind. Geol. Assoc., 8: 71-84.

Chiplonkar, G. W., Ghare, M. A. & Badve, R. M., 1981. On the
occurrence of ichnogenus Ichnyspica Linck from Upper Ju-
rassic Jaisalmer Series, Rajasthan. Curr. Sci., 50: 147-148.

Conrad, T. A., 1838. Report on the Palaeontological Department
ofthe survey. New York Geological Survey, Annual Report, 2:
107-119.

Contescu, L., Jipa, D. & Mihalescu, N., 1993. Les turbidites du
flysch eocene de $otrile. (In Romanian, French summary). In:
Carpatho-Balkanic Geological Association, 5th Congress, 4-

19 Sept. 1961. Bucharest. Scientific communications, 2nd
section. Stratigraphy, vol. 3(1): 109-128. Bucharest.

Crimes, T. P., 1970. The significance of trace fossils in sedimen-
tology, stratigraphy and palaeoecology with examples from
Lower Palaeozoic strata. In: Crimes, T. P. & Harper, J. C.
(eds.), Tracefossils. Geol. J., Spec. Iss., 3: 101-126.

Crimes, T. P., 1973. From limestones to distal turbidites: a facies
and trace fossil analysis in the Zumaya flysch (Paleocene-Eo-
cene), North Spain. Sedimentology, 20: 105-131.

Crimes, T. P., 1977a. Trace fossils of an Eocene deep-sea fan,
northern Spain. In: Crimes, T. P. & Harper, J. C. (eds.), Trace
fossils 2. Geol. J., Spec. Iss., 9: 71-90.

Crimes, T. P., 1977b. Modular construction of deep-water trace
fossils from the Cretaceous of Spain. J. Geol., 51: 591-605.

Crimes, T. P., 1987. Trace fossils and correlation of late Precam-
brian and early Cambrian strata. Geol. Mag., 124: 97-119.

Crimes, T. P. & Anderson, M. M., 1985. Trace fossils from Late
Precambrian-Early Cambrian of southeastern Newfoundland
(Canada): temporal and environmental implications. J. Pa-
leont., 59: 310-343.

Crimes, T. P. & Crossley, J. D., 1991. A diverse ichnofauna from
Silurian flysch of the Aberystwyth Grits Formation, Wales.
Geol. J., 26: 27-64.

Crimes, T. P, Garcia Hidalgo, J. F. & Poire, D. G., 1992. Trace
fossils from Arenig flysch sediments of Eire and their bearing
on the early colonisation of deep seas. Ichnos, 2: 61-77.

Crimes, T. P., Goldring, R., Homewood, P., Stuijvenberg, J. &
Winkler, W., 1981. Trace fossil assemblages of deep-sea fan
deposits, Gumigel and Schlieren flysch (Cretaceous-Eoce-
ne). Eclog. Geol. Helvet., 74: 953-995.

Crimes, T. P., Legg, I., Marcos, A. & Arboleya, M., 1977. ?Late
Precambrian-low Lower Cambrian trace fossils from Spain.
In: Crimes, T. P. & Harper, J. C. (eds.), Tracefossils 2. Geol.
J., Spec. Iss., 9:91-138.

Crimes, T. P. & McCall, G. J. H., 1995. A diverse ichnofauna from
Eocene-Miocene rocks of the Makran Range (S.E. Iran).
Ichnos, 3: 231-258.

Dahmer, G., 1937. Lebensspuren aus dem Taunusquarzit und den
Siegern Schichten (Unterdevon). Jh. Preuss. Geol. Lande-
sanst., 57 (for 1936): 523-539.

D’Alessandro, A., 1980. Prime osservacioni sulla ichnofauna mio-
cenica della “Formazione di Gorgolione” (Castelmezzano,
Potenza). Riv. Ital. Paleont. Strat,, 86: 357-398.

D’Alessandro, A., 1982. Processi tafonomici e distribuzione delle
tracce fossili net Flysch di Gorgolione (Appenino Meridion-
ale). Riv. Ital. Paleont. Strat., 87: 511-560.

D’Alessandro, A. & Bromley, R. G., 1987. Meniscate trace fossils
and the Muensteria-Taenidium problem. Palaeontology,
30(4): 743-763.

Dam, G., 1990. Taxonomy oftrace fossils from the shallow marine
Jurassic Neill Klinter Formation, East Greenland. Bull. Geol.
Soc. Denmark, 38: 119-144.

Dawson, J. W., 1890. On burrows and tracks of invertebrate ani-
mals in Palaeozoic rocks, and other markings. Quart. J. Geol.
Soc., 46: 595-617.

Delgado, J. F. N. 1886. Terrains palezoiques du Portugal. Etude
sur les Bilobites et autresfossil.es des quartzites de la base du
systeme Silurique du Portugal. Academie Royale des Sci-
ences, Lisbonne, p. 1-105.

Delgado, J. F. N., 1887. Terrains palezoiques du Portugal. Etude
sur les Bilobites et autresfossiles des quartzites de la base du
systeme Silurique du Portugal. Supplement. Academie Roy-
ale des Sciences, Lisbonne, pp. 1-70.

Desio, A., 1923. Sopra una Lorenzinia del flysch de dintorini di
Firenze. Riv. ltal. Paleont., 29: 7-10.



208 A. UCHMAN

Desio, A., 1940. Vestigia problematiche paleozoiche della Libia.
Istituto di Geologia, Paleontnlogia e Geografia Fisica della
R Universitd di Milano, Serie P, 20: 47-92. Milano.

Dimian, M. & Dimian, E., 1961-1962. Recherches sedimentlo-
giques sue la zone du flysch Cretace Superieur. Paleogene et
la molasse Miocene entra Valea Zabalei et Valea Buzaului.
(In Romanian. French summary). Dari de Seamd ale $edint.,
49: 261-382.

Dimitrieva, E. V., Erchova, G. I,, Orechnikova, E. ., 1962. Struc-
tures et textures des roches sedimentaires. Tableux explica-
tes, Premiere partie. Roches clastiqucsa et argileuses. Gos-
gueltekhizdat, Moscou, 588 pp. (In Russian, French title).

Durand, J., 1985. Lcs traces fossiles indicateurs paleobilogiques de
milieux: un example dans t'Ordovicien armorican. Bull. Mus.
nat. Hist, nat., Paris, 4 ser., 7: 215-227.

Durkovic, T. 1962. Sedimentary-petrographic investigation of the
Magura flysch in the Eastern Slovakia. (In Slovak, English
summary). Genl. Prace, 63: 29-46.

Dzutynski, S. & Kinle, J., 1957. Problematic hieroglyphs of prob-
able organic origin from the Beloveza beds (Western Carpa-
thians). (In Polish, English summary). Racz. Pol. Tow. Geol,
26 (for 1956): 265-271.

Eager, R. M. C., Baines, J. G., Collinson, J. D., Hardy, P. G,
Okolo, S. A. & Pollard, J. D., 1985. Deltaic sediments of the
Central Pennine Basin, England. In: Curran, H. A. (ed.), Bio-
genic structures: Their use in interpreting depositional envi-
ronments. Soc. Econ. Paleoni. Miner. Spec. Puhl., 35: 99-
149

Ehrenberg, K., 1944. Erganzende Bemerkungen zu den seincrzeit
aus dem Miozaan von Burgschleinitz beschrieben Gangk-
ernen und Bauten dekapoder Krebsc. Paldont. Zeitschr., 23:
345-359.

Eichwald, E., 1860-1868. Lethaea Rossica on palcontologie de la
Russie. Decrite et Figuree. Volume | (1X60), Atlas (1868). E.
Schweizerbart, Stuttgart, 1657 pp.

Ekdale, A. A., 1980. Graphoglyptid burrows in modern deep-sea
sediment. Science, 207: 304-306.

Ekdale, A. A.. 1985. Paleoecology of the marine endobenthos.
Palaeogeogr., Palaeoclimat., PalaeoecoL, 50: 63-81.

Ekdale, A. A., 1992. Muckraking and mudslinging: the joys of
deposit-feeding. In: Maples, C. G. & West, R. R. (cds.). Trace
Fosssils. Short Courses in Paleontology, 5: 145-171.

Ekdale, A. A. & Berger, W. H., 1978. Deep-sea ichnofacics:
modern organism traces on and in pelagic carbonates of the
western equatorial Pacific. Palaeogeogr., Palaeoclimat., Pa-
laeoecol, 23: 268-278.

Ekdale, A. A., Bromley, R. G. & Pemberton, G. S., 1984a. Ichnol-
ogy: the use oftrace fossils in sedimentotogy and stratigra-
phy. Soc. Econ. Geol. Paleoni., Short Course, 15: 1-317.

Ekdale, A. A. & Lewis, D. W., 1991a. The New Zealand Zoophy-
cos revisited. Ichnos, 1 183-194.

Ekdale, A. A. & Lewis, D. W., 1991b. Trace fossils and paleoen-
vironmental control of ichnofacics in a late Quaternary gravel
and loess fan delta complex. New Zealand. Palaeogeogr.,
Palaeoclimat., Palaeoecol.. 81: 253-279.

Ekdale, A. A., Muller, L. N. & Novak, M. T,, 1984b. Quantitative
ichnology of modern pelagic deposits in the abyssal Atlantic.
Palaeogeogr,, Palaeoclimat., Palaeoecol., 45: 189-223.

Emmons, E., 1844. The Taconic Sytem Based on Observations in
New-York, Massachusetts, Maine, Vermont, and Rhode-Is-
land. Carol! and Cook, Albany, 63 pp.

Ettingshauscn, C. R., 1863. Die fossilien Algen des Wiener und
des Karpathe-Sandsteins. K. Akad. IViss. Wien., Math.-Nat.
KL, Sitzungsher., Aht. |, 48: 444-467.

Eving, M. & Davis, R. A., 1967. Lebensspuren photographed on

the ocean floor. In: Hersey, J. B. (ed.), Deep-Sea Photogra-
phy. John Hopkins, Baltimore, pp. 259-294.

Farres Malian, F., 1964. Observaciones paleoicnologicas y estrati-
graficas en el flysch Maestrichtiense de la Pobla de Segur
(Prov. de Lerida). Noias Comun., Inst. Geol. Min. Espaha, 71:
71-1 12

Fillion, D., 1989. Les criteres discriminants a I’interieur du trip-
tyque Palaeophycus-Planolites-Macaronichnus. Essai de
synthese d’un usage critique. Comp. Rendu 1'Acad. Sci. Paris,
Serie 2, 309: 169-172.

Fillion, D. & Pickerill, R. K., 1984. Systematic ichnology of the
Middle Ordovician Trenton Group, St. Lawrence Lowland,
eastern Canada. Maritime Sed. Atlantic Geol, 20: 1-41.

Fillion, D. & Pickerill, R. K., 1990. Ichnology of the Upper
Cambrian? to Lower Ordovician Bell Island and Wabana
groups of eastern Newfoundland, Canada. Pal.aeont. Canad.,
7. 1-119.

Fischer-Ooster, C., 1858. Die fossilen Fucoiden der Schweizer
Alpen, nehst Erorterungen iiher deren geologisehes Alter.
Huber, Bern, 72 pp.

Follmi, K. B. & Grimm, K. A., 1990. Doomed pioneers: Gravity-
flow deposition and bioturbation in marine oxygen-deficient
environments. Geology, 18: 1069-1072.

Frey, R. W,, 1970. Trace fossils of Fort Hays Limestone Member
of Niobrara Chalk (Upper Cretaceous), West-Central Kansas.
The Univ. Kansas Paleont. Contr., 53: 1-41.

Frey, R. W., 1972. Paleoecology and depositional environment of
Fort Hays Limestone Member, Niobrara Chalk (Upper Creta-
ceous), west-central Kansas. Univ. Kansas Paleont. Contr.,
58: 1-71.

Frey, R. W. & Chows, T. M., 1972. Trace fossils from the Ring-
gold road cut (Ordovician and Silurian), Georgia. In: Chows,
T. M. (ed.), Sedimentary environments in the Paleozoic rocks
of northwest Georgia. Georgia Geol. Surv. Guidebook, 11:
25-44.

Frey, R. W., Curran, A. H. & Pemberton, G. S.. 1984. Tracemak-
ing activities of crabs and their environmental significance:
the ichnogenus Psilonichnus. J. Paleont., 58: 511-528.

Frey, R. W. & Howard, J. D., 1970. Comparison of the Upper
Cretaceous ichnofacics from siliceous sandstones and chalk.
In: Crimes, T. P. & Harper, J. C. (cds.), Trace Fossils. Geol.

Spec. Iss., 3: 141-150.

Frey, R. W. & Howard, J. D., 1982. Trace fossils from the Upper
Cretaceous of the Western Interior: potential criteria tor fa-
des model. The Mountain Geologist, 19: 1- 10.

Frey, R. W. & Howard, J. D., 1985a. Trace fossils from the
Panther Member, Star Point Formation (Upper Cretaceous),
Coal Creek Canyon, Utah.,/. Paleont., 59: 370-404.

Frey, R. W. & Howard, J. D.. 1985b. Upper Cretaceous trace
fossils, Book Cliffs of Utah: a field guide. In: Kamola, D. L.,
Pfaff. B. J,, Newman, S. L., Frey, R. W. & Howard, J. D.
(eds.), Depositional fades ofthe Castelegate and Blackhawk
Formations. Book Cliffs, eastern Utah. Midyear Meeting,
Guidebook for Field Trip, 10: 1-152. Society of Economic
Paleontologists and Mineralogists.

Frey. R. W. & Howard, J. D., 1990. Trace fossils and depositional
sequences in a clastic shelfsetting. Upper Cretaceous of Utah.
J. Paleont., 64: 803-820.

Frey, R. W., Howard, J. D. & Pryor, W. A., 1978. Ophiomorpha:
its morphologic, taxonomic, and environmental significance.
Palaeogeogr., Palaeoclimat., Palaeoecol., 23: 199-223.

Frey, R. W. & Seilacher, A. 1980. Uniformity in marine inverte-
brate ichnology. Lethaia, 23: 183-207.

Fritsch, A., 1908. Problematica Silurica. In: Barrande, J. (ed.),
Systeme Silurien du Centre de la Boheme. A. S. Oudin, Pra-



FLYSCH TRACE FOSSILS 209

gue, 28 pp.

Fu, S., 1988. Analyse der Spurengattung Hydrancylus (Kreide-
Tertiar). Neues Jb. Geol. Paldont., Mh., 1988: 681-690.

Fu, S., 1991. Funktion, Verhalten und Einteilung fucoider lind
loplioctenoider Lebensspuren. Courier Forschung. Institut
Senckenberg, 135: 1-79.

Fuclis, T., 1894a. Uber eine fossile Halimeda aus dem eocanen
Sandstein von Greifenstein. Sitzimgsber. d. Akad. d. Wiss,,
Min., Nat.. Zoo/., 103: 200-204.

Fuchs, T. 1894b. Uber einige von der Osterreichischen Tiefsee-
Expedition S.M. Schiffes “Pola” in bedcutenten Tiefen ge-
dredschte Cy/indrites-ahntichc Korper und dcren Verwan-
dschaft mit Gyrolithes. Denkschr. Kaiser. Akad. Wiss. Wien,
Math.-Nat. KL. 61: 11-22.

Fuchs, T., 1895. Studicn liber Fucoiden und Hieroglyphen.
Denkschr Akad. Wiss. Wien, Math.-Naturwiss. Kl., 62: 369-
448.

Fuchs, T., 1905. Kritische Besprechung einiger im Verlaufe der
letzten Jahre erscliienenen Arbatine iiber Fucoiden. Jb. d. kk.
Geol. Reichsanst., 54 (for 1904): 359-388.

Fucini, A., 1908. La Pania di Corfino, Studio geologico. Boll. Soc.
Geol. ItaL. 27: 91-123.

Fugger, E. & Kastner, K., 1885. Natunvissenschafliche Studien
und Beobachtungen aus und iiber Salzburg. Herm. Kerber,
Salzburg, 131 pp

Fukuda, Y. & Hayasaka, S., 1978. Trace fossils from the Eocene
Kayo Formation in Okinawa-Shima, Ryukyu Islands, Japan.
Rep. Fac. Sci., Kagoshima Univ. (Earth Sci. & Biol.), 11:
13-25.

Fiirsich, F. T., 1973. A revision of the trace fossils Spongeliomor-
pha, Ophiomorpha and Thalassinoides. Neues Jb. Geol.
Paldont., Mh.. 1972: 719-735.

Fiirsich. F. T., 1974a. On Diplocraterion Torell 1870 and the
significance of morphological features in vertical, spreiten-
bearing, U-shaped trace fossils. J. Paleont., 48: 11-28.

Fiirsich, F. T., 1974b. Corallian (Upper Jurassic) trace fossils from
England and Normandy. Stuttgarter Beitr Naturkun., Ser. B
(Geol. Paldont.), 13: 1-51.

Fiirsich, F. T., 1974c. Ichnogenus Rhizocorallium. Paldont.
Zeitschr., 48: 16-28.

Fiirsich, F. T., 1975. Trace fossils as environmental indicators in
the Corallian of England and Normandy. Lethaia, 8: 151-172.

Fiirsich. F. T. & Heinberg, C., 1983. Sedimentology, biostrati-
nomy, und palaeoecology of an Upper Jurassic offshore sand
bar complex. Bull. Geol. Soc. Denmark, 32: 67-95.

Fiirsich, F. T., Kennedy, W. J. & Palmer, T. J., 1981. Trace fossils
at a regional discontinuity surface: the Austin/Taylor (Upper
Cretaceous) contact in central Texas. J. Paleont., 55: 537-
551.

Gabelli. L., De. 1900. Sopra un'interesssante impronta medusoi-
dae. Il Pensiero Aristotelico della Scienza Moderna, 1(2):
74-78.

Gaillard. C., 1991. Recent organism traces and ichnofacies on the
deep-sea floor off New Caledonia, southwestern Pacific.
Palaios. 6: 302-315.

Gaillard, C. & Olivero, D., 1993. Interpretation paleoecologique
nouvelle de Zoophycos Massalongo, 1855. Comp. Rend.
T'’Acad Sci. Paris, Ser. 2, 316: 823-830.

Gamez-Vintaned, J.A. & Mayoral, E., 1995. Paleoicnologia del
Grupo Mesones (Cambrico Intefior-Medio) en Murero (Ca-
dena Iberica occidental, NE de Espana). In: Gamez-Vintaned,
JA. & Mayoral, E. (eds.), La expansion de la vida en el
Cambrico. Homenaje a/ Prof. Klaus Sdzuy. Institucion “Fer-
nando el Catolico", Zaragoza, pp. 219-252.

Garcia-Ramos, J. C. M., 1976. Morfologia de trazos fosiles en dos

afloramientos de “Arenisca de Naranco” (Devonico Medio)
de Asturias (NW. de Espana). Trab. Geol., 8: 131-171.

Geinitz, H. B., 1867. Die organischen Ueberreste im Dachschiefer
von Wurzbach bei Lobenstein. Nova Acta Acad. Caes. Leop.
Carol., German. Natur. Curios., 33(3): 1-24.

Geyer, G. & Uchman, A., 1995. Ichnofossil assemblages from the
Nama Group (Neoproterozoic-Lower Cambrian) in Namibia
and the Proterozoic-Cambrian boundary problem revisited.
In: Geyer, G. & Landing, E. (eds.), Morocco '95. The Lower-
Middle Cambrian standard of western Gonchvana. Beringe-
ria. Spec. Iss., 2: 175-202.

Ghare, M. A. & Badve, R M., 1977. Trace fossils from the
Vindhayans ofChambal Valley. Biovigyanam, 3: 205-215.

Ghare, M. A. & Kulkarani, K. G., 1986. Jurassic ichnofauna of
Kutch. I1l. Wagad Region. Biovigyanam, 12: 44-62.

Gierlowski-Kordesch, E. & Ernst, F., 1987. A flysch trace fossil
assemblage from the Upper Cretaceous shelf of Tanzania. In:
Mathies, G. & Schandelmeir, H. (eds.), Current Research in
African Earth Sciences. Extended Abstracts. 14th Colloquium
on African Geology!, Berlin (West), 18-22 August, 1987. A. A.
Balkema, Rotterdam, pp. 217-221.

Giese, S., Schwenke, M. & Springhorn, R., 1994. Spurenfossilien
aus dem Flysch der Fimbereinheit des Unteregadiner Fensters
(Ostschweiz). Bar. Naturf. Ges. Freiburg i. Br., 82/83: 79-92.

Glocker, E. F., 1841. Uber die Kalktlihrende Sandsteinformation
auf beiden Seiten der mittleren March, in der Gegend zwis-
chen Kwassnitz und Kremsier. Nova Acta Caes. Leop.-Carol.
Germ. Nat. Cur., Suppl., 19(2): 309-334.

Glocker, E. F., 1850. Uber einige neue fossile Thiereformen aus
dem Gebiete des Karpathensandsteins. Nova Acta Caes.
Leop.-Carol. German. Natur. Curios., 22: 937-946.

Gluszek, A., 1995. Invertebrate trace fossils in the continental
deposits of an Upper Carboniferous coal-bearing succession.
Upper Silesia, Poland. Stud. Geol. Polon., 108: 171-202.

Goldfuss, A., 1831. Petrefacta Germaniae. Arnz & Co., Diissel-
dorf, 252 pp.

Goldring, R., Pollard, J. E. & Taylor, A. M., 1997. Naming trace
fossils. Geol. Magazine. 134: 265-268.

Gomez de Llarena, J., 1946. Revision de algunos datos paleon-
tologicos del flysch Cretaceo y Numulitico de Guipuzcoa.
Instit. Geol Min. Espana, Not. Comunic., 15: 113-165.

Gomez de Llarena, J., 1949. Datos paleoicnologicos. Not. Comu-
nic. Instit. Geol. Min. Espana, 19: 3-15.

Gomez de Llarena, J., 1954. Observaciones geologicas en el
Flysch Cretacico-Numulitico de Guipuzcoa. I. Monografia
del Inst. "Lucas Mollado", 13: 1-98.

Gomez Llueca, F., 1927. Noticia sobre hallazago de la Lorenzinia
apenninica Da Gabelli en el Eoceno Guipuzcoa. Bol. Soc.
Hist. Nat., 21: 46-56.

Gong, Yi-ming, 1994. Topoichnological study of Devonian trace
fossils in northern Xinjang, northwest China. Acta Palaeont.
Sinica, 33: 472-498.

Goodwin, P. W. & Anderson. E. J., 1974. Associated physical and
biogenic structures in environmental subdivision of a Cam-
brian tidal sand body../. Geol., 82: 779-794.

Goppert, H. R., 1852. Fossile Flora des Ubergangsgebirges. Nova
Acta Caes. Leop.-Carol. German. Natur. Curios., 22 (suppl.):
1-299.

Gortani, M., 1920. Osservacioni sulle impronte medusoidi del
flysch (Lorenzinia e Atollites). Rev. Ital. Paleont., 26: 56-72.

Grabau, A. W., 1901. Guide of the geology and paleontology of
Niagara Falls and Vicinity. Bull. Buffalo Soc. Nat. Sci., 1
6-284.

Gregory, M. R., 1969. Trace fossils from the turbidite facies of the
Waitemata Group, Whagaparaoa Peninsula, Auckland. Trans.



210

Royal Soc. New Zealand, Earth Sci., 7: 1-20.

Grossheim, V. A., 1946. On the significance and methods of study
hieroglyphs (on the material of the Caucasian Flysch). (In
Russian, English summary). lzv. Akad. NaukSSR, Ser. GeoL,
2: 111-120.

Grossheim, V. A., 1959. K vaprosu i proishozdieni iskopiemih
medus. (In Russian only). Trudy Krasnodarskoho Filialaprl
VNIGRNEeft, vyp. Il, 38—41.

Grossheim, V. A., 1961. Niekatoriie novie ieroglify iz nizhnie-
mielovih otlozeniyi severo-zapodnoho Kavkaza (In Russian
only). Trudy Krasnodarskoho filiala VNNCINeft, 6: 202-206.

Grubic, A., 1961. Lorenziniae from Eocene flysch of Montenegro.
Sediemntologija, 1: 51-58. (In Serhian, English summary).

Gupta, P. D., Srivastava, M. L. & Agrawal, V. C., 1966. Occur-
rence of Nereites, a fossil Polychaet (Annelida) in Rajasthan.
Curr.Sci., 35:624.

Hakes, W. G., 1976. Trace fossils and depositional environment of
four clastic units. Upper Pennsylvanian megacyclothems,
northeast Kansas. The Univ. Kansas, Palaeont. Cont., 63:
1-46.

Hakes, W. G., 1977. Trace fossils in Late Pennsylvanian cy-
clothems, Kansas. In: Crimes, T. P. & Harper, .1 C. (eds.),
Trace fossils 2. Geol. J., Spec, fss., 9: 209-226. _

Hall, J., 1843. Natural History of New York. Part IV. Caroll &
Cook, Albany, 683 pp.

Hall, J., 1847. Paleontology of New York, Volume I. C. Van
Benthuysen, Albany, 338 pp.

Hall, J., 1852. Paleontology of New York. Volume 2. C. Van
Benthuysen, Albany, 362 pp.

Hallam, A., 1970. Gyrochorte and other trace fossils in the Forest
Marble (Bathonian) of Dorset, England. In: Crimes, T. P. &
Harper, C. (eds.). Trace fossils. Geol. J., Spec, fss., 3: 189—
200

Han, Y. & Pickerill, R. K, 1994a. Palichnology od the Lower
Devonian Wapske Formation, Perth-Andover-Mount Carle-
ton region, northwestern New Brunswick, eastern Canada.
Atlantic Geol., 30: 217-245.

Han, Y. & Pickerill, R. K,, 1994b. Taxonomic reassessment of
Protovirgularia M’Coy 1850 with new examples from the
Paleozoic of New Brunswick, eastern Canada. Ichnos, 3:
203-212.

Han, Y. & Pickerill, R. K, 1995. Taxonomic review of the ichno-
genus Helminthopsis Heer 1877 with a statistical analysis of
selected ichnospecies. Ichnos, 4: 83-118.

Hantzschel, W., 1938. Quer-Gliederung bei Littorina-Fahrten, ein
Beitrag zur Deutung von Keckia annulata Glocker. Sencken-
bergiana, 20: 299-304.

Hantzschel, W., 1952. Die Lebensspur Ophiomorpha Lundgren im
Mioziin bei Hamburg, ihre weltweite Verbreitung und Syno-
nymie. Mitt. Geol. Staatsinst. Hamburg, 21: 142-153.

Hantzschel, W., 1958. Oktocoralle oder Lebensspur?. Mitt. Geol.
Staatsinst. Hamburg, 27: 77-87.

Hantzschel, W., 1962. Trace fossils and Problematica. In: Moore,
R. C. (ed.). Treatise on Invertebrate Paleontology, part W.
The Geological Society of America and The University of
Kansas, New York, Lawrence, pp. W177-W245.

Hantzschel, W., 1965. Vestigia hwertebratorum et Problematica.
Fossilium Catalogus. I. Animalia, Pars 108. W. Junk, s’Gra-
venhage, 142 pp.

Hantzschel, W. 1970. Star-like trace fossils. In: Crimes, T.P. &
Harper, J.C. (eds.), Trace fossils. Geol. J., Spec. Iss., 3: 201—
214.

Hantzschel, W., 1975. Trace fossils and problematica. In:
Teichert, C. (ed.). Treatise on Invertebrate Paleontology, part
W, Miscellanea, Supplement I. The Geological Society of

A. UCHMAN

America and The University of Kansas, Boulder, Lawrence,
pp. W1-W269.

Harlan, R., 1831. Description of an extinct species of fossil vege-
table of family Fucoides. J. Acad. Nat. Sci., 6: 289-295.
Philadelphia.

Harrington, H. J. & Moore, R. C., 1956. Scyphomedusae. In:
Moore, R.C. (ed.), Treatise on Invertebrate Paleontology,
part F. The Geological Society of America and The Univer-
sity of Kansas, New York, Lawrence, pp. FG38-F53.

Hattin, D. & Frey, R. W., 1969. Facies relations of Crossopodia
sp., a trace fossil from the Upper Cretaceous of Kansas, lowa,
and Oklahoma. J. Paleont., 43: 1435-1440.

Hecker, R. F., 1965. Introduction to Paleoecology. American El-
sevier Publishing Company, New York, 166 pp.

Heinberg, C., 1973. The internal structure of trace fossils Gyro-
chorte and Curvolithus. Lethaia, 6: 227-238.

Hester, N. C. & Pryor, W. A., 1972. Blade-shaped crustacean
burrows of Eocene age: a composite form of Ophiomorpha.
Geol. Soc. Amer.. Bull., 83: 677-688.

Heer, O., 1865. Die Urwelt der Schweiz. Friedrich Schultez,
Zurich, 622 pp.

Heer, O., 1877. Flora Fossilis Helvetiae. Vorweltliche Flora der
Schweiz. J. Wurster & Comp., Zurich, 182 pp.

Heezen, B. C. & Hollister, C. D., 1971. The Face of the Deep.
Oxford Univiversity Press, New York, 659 pp.

Henbest, L. G., 1960. Fossil spoor and their environmental signifi-
cance in Morrow and Atoka Series, Pennsylvanian, Washing-
ton County, Arkansas. US. Geol. Surv., Prof. Pap., 400-B:
B383-B385.

Hernandez-Pacheco, E., 1908. Consideraciones respecto a la or-
ganizacion, genero de vida y manera de fosilizarse algunos
organismos dudosos de la epoca silurica y estudio de las
especies de algas y huellas de gusanos arenicolas del sulurico
inferior de Alcuescar (Caceras). Boll. Real Soc. Espah. Hist.
Nat., 8: 75-91.

Hinga, K. R., 1981. Holes in the sea floor. Biological Oceanogra-
phy, 1 205-210.

Hitchcock, E., 1858. Ichnology ofNew England. A Report on the
Sandstone of the Connecticut Valiev, Especially its Fossil
Footmarks. W. White, Boston, 220 pp.

Hogbom, A. G., 1915. Om djurspar i den upplandska ishaf-
sleran. (In Swedish, German abstract). Geol. Foren.
Forhand!., 37: 33-43.

Hogbom, A. G., 1925. A problematic fossil from the Lower Cam-
brian of Kinnekulle. Bull. Geol. Inst. Univ. Uppsala, 19: 215—
222.

Howard, J. D. & Frey, R. W., 1984. Characteristic trace fossils in
nearshore to offshore sequences, Upper Cretaceous of east-
central Utah. Canad. J. Earth Sci., 21: 200-219.

Hundt, R., 1931. Eine Monographic der Lebensspuren des Un-
teren Mitteldevons Thuringens. Max Weg, Leipzig, 69 pp.
Hundt, R., 1940. Neue Lebensspuren aus dem Ostthtiringer Palao-
zoicum. Zentralhl. Min., Geol., Pdiciont., Abt. B., 1940: 210-

216.

James, J. F., 1884. The fucoides of the Cincinnati Group. J.
Cincinnati Sac, Nat. Hist., 7: 124-133.

James, J. F., 1886. Remarks on some markings on the rocks of the
Cincinnati Group, described under the names of Ormathich-
nis and Walcottia. J. Cincinnati Soc. Nat. Hist., 8: 160-163.

Jensen, S., 1997. Trace fossils from the Lower Cambrian Mick-
witzia sandstone, south-central Sweden. Fossils & Strata, 42:
1 110.

Jerzykiewicz, T., 1971. A llysch/littoral succession in the Sudetic
Upper Cretaceous. Ada Geol. Polon., 21: 167-198.

Jimenez de Cisneros, D., 1917. Geologia y paleontologia de Ali-



FLYSCH TRACE FOSSILS 211

cante. Trab. Mus. Nation. Cienc. Natur., Ser. Geol., 21: 109-
115.

Jin, Hui-juan & Li, Yu-ci, 1991. Ichnofacies in late Paleozoic
deep-water slope sediment of Junggar Basin and its environ-
mental analysis. Science in China, Ser. B, 34: 1396-1406.

Katto, J., 1960. Some problematica from the so called unknown
Mesozoic strata of the southern part of Shikoku, Japan. Sci.
Reps., Tohoku Univ. Sendai, Japan. 2ndser. (Geol.), 4: 323-
334.

Katto, J., 1969. A note on the cross-section of Nereites from the
Eocene Muroto Formation of Kochi Prefecture, Japan. Res.
Reps. Kochi Univ. (Nat. Sci.), 18: 21-23.

Katto, J., 1973. Problematica from Tosa (Kochi). Chischitsu News,
231: 58-65.

Keighley, D. G. & Pickerill, R. K., 1994. The ichnogenus Bea-
conit.es and its distinction from Ancorichnus and Taenidium.
Palaeontology, 37: 305-337.

Kennedy, W. J., 1967. Burrows and surface traces from the Lower
Chalk of southern England. Bull. Brit. Mus. (Nat. Hist.),
Geol, 15 127-167.

Kem, J. P., 1977. Lebensspuren und Palaomilieu der Sieveringer
Schichten (Oberkreide) des Wiener Waldes (Osterreich).
Mitt. Gess. Geol. Bergbaustud Osterr., 24: 11-45.

Kem, J. P.. 1978. Trails from the Vienna Wood: paleoenviron-
ments and trace fossils of Cretaceous to Eocene fiysch, Vi-
enna, Austria. Palaeogeogr., Palaeoclimat., Palaeoecol., 23:
230-262.

Kern, J. P., 1980. Origin of trace fossils in Polish Carpathians
fiysch. Lcthaia, 13: 347-723.

Kern, J. P & Warme, J. E., 1974. Trace fossils and bathymetry of
the Upper Cretaceous Point Loma Formation, San Diego,
California. Geol. Soc. Amer., Bull, 85: 893-900.

Kim, Yeong-Yul, Seo, Yong-Sok & Park, Soo-In, 1992. Trace
fossils from the Yeongheung Formation, Yeongweol, Korea.
The J. Korean Earth Sci. Soc., 13: 313-326.

Kindelan, V. D., 1919. Nota sobre Cretaceo y el Eoceno de
Guipuzcoa. Bol. Inst. Geol. Espaiia, 40: 165-203.

Kitchell, J. A., Kitchell, J. E., Johnson, G. L. & Hunkins, K. L.,
1978. Abyss traces and megafauna: comparison of productiv-
ity. diversity and density in the Arctic and Antarctic. Paleobi-
ology:, 4: 171-180.

Koriba, K. & Miki, S., 1939. On Paleodictyon and fossil Hy-
drodictyon. Jubilee Publication in the Commemoration of
Professor H. Yabe, M.I.A., Sixtieth Birthday, 1:55-61.

Koszarski, L.. Slaczka, A. & Zytko, K., 1961. Stratigraphy and
palaesogeography of the Dukla unit in the Bieszczady Moun-
tains (the Flysch-Carpathians). (In Polish, English summary).
Kwart. Geol., 5: 551-581.

Kotake. N. 1989. Paleoecology of the Zoophvcos producers.
Letliaia, 22: 327-341.

Kotake, N.. 1991a. Non-selective surface deposit feeding by the
Zoophvcos producers. Letliaia, .24: 379-385.

Kotake, N.. 1991b. Packing process for filling material in Chon-
drites. Ichnos, 1 277-285.

Kotake, N., 1992. Deep-sea echiurans: possible producers of Zoo-
phycos. Letliaia, 25: 311-316.

Krejci-Graf, K., 1936. Zur Natur der Fucoiden. Senckenbergiana,
18:308-315.

Ksigzkiewicz, M., 1958. Stratigraphy of the Magura Series in the
Sredni Beskid (Carpathians). (In Polish, English summary).
Inst. Geol., Biul., 153: 43-96.

Ksigzkiewicz, M., 1960. On some problematic organic traces from
the fiysch of the Polish Carpathians (part I). (In Polish, Eng-
lish summary). Kwart. Geol, 4: 735-747.

Ksigzkiewicz, M., 1961. On some problematic organic traces from

the fiysch of the Polish Carpathians (part Il). (In Polish,
English summary). Kwart. Geol, 5: 882-890.

Ksigzkiewicz, M., 1968. On some problematic organic traces from
the Fiysch of the Polish Carpathians..Part 3. (In Polish, Eng-
lish summary). Rocz. Pol Tow. Geol, 38: 3-17.

Ksigzkiewicz, M.. 1970. Observations on the ichnofauna of the
Polish Carpathians. In: Crimes, T. P. & Harper, C. (eds.),
Tracefossils. Geol. J., Spec. Iss., 3: 283-322.

Ksigzkiewicz, M., 1977. Trace fossils jn the Fiysch of the Polish
Carpathians. Palaeont. Polon., 36: 1-208.

Kulkov, N. P., 1991. The trace fossil Thalassinoides from the
Upper Ordovician of Tuva. Lethaia, 24: 187-189.

Kumar, S. Singh, I. B. & Singh, S. K., 1977. Lithostratigraphy,
structure, depositional environment, paleocurrents and trace
fossils of the Tethys sediments of the Malla Johar area,
Pithorgrh and Chamoli district, Uttar Pradesh, India. J. Pal.
Soc. India (A. Orlov Memorial Number), 20: 396~-35.

Kuzniar, W., 1911. Sur quelques fossiles problematiques du fiysch
des Carpathes. (In Polish, French summary). Kosmos, 36:
517-524.

Lang, V., Pek, I. & Zapletal, J., 1979. Trace fossils in Culm ofthe
South-eastern part of Drahanska Vrhovina Highlands. (In
Czech, English summary). Acta Univ. Palackianae Olomu-
censis, Facult. Rerum Natur., 62: 57—96.

Leshukh, R. 1., 1988. Finds of viral activity traces of organisms in
the Lower Cretaceous fiysch of the Ukrainian Carpathians.
(In Russian, English title). In: Bogdanova, T. N., Khozatsky,
L. I. & Ishchenko, A. A, (eds.), Sliedy Zhiznedelatelnosti i
dinamika sriedin v drievnih biotopach. Trudy 30 Sessy Vseso-
jusnoho Paleontologitcheskoho Obchestva v 7 Sessy Ukrain-
skoho Paleontologitcheskoho Obchestva. Naukova Dumka,
Kiev, pp. 70-76.

Lesquereux, L., 1873. Lignitic formation and fossil flora. U. S.
Geol. Surv. Territ., 6: 317-427.

Lesquereux, L., 1878. Contributions to the fossil flora of the
western territories, part Il. U. S. Geol. Surv. Territ., 1. 1-343.

Lessertisseur, J., 1955. Traccs fossiles d'activite animate et leur
significance paleobiologique. Mem. Soc. Geol. France, n.
Serie, 74: 1-150.

Leszczynski, S., 1991a. Trace-fossil tiering in fiysch sediments:
examples from the Guipuzcoan fiysch (Cretaceous-Paleo-
gene), northern Spain. Palaeogeogr., Palaeoclimat., Palaeoe-
col., 88: 167-184.

Leszczynski, S. 1991b. Oxygen-related controls on predeposi-
tional ichnofacies in turbidites, Guipuzcoan Fiysch (Albian-
Lower Eocene), Northern Spain. Palaios, 6: 271-280.

Leszczynski, S., 1992. Controls on trace fossil distribution in
fiysch deposits. Uniwersytet Jagielloriski, Rozprawy Habili-
tacyjne, 236: 1-88.

Leszczynski, S., 1993. A generalized model for the development
of ichnocoenoses in fiysch deposits. Ichnos, 2: 137-146.
Leszczynski, S. & Seilacher, A., 1991. Ichnocoenoses of a tur-

bidite sole. Ichnos, 1: 293-303.

Li, Riu-hui, 1993a. Trace fossils and ichnofacies of Middle Ordo-
vician Gongwusu Formation, Zhuozishan, Inner Mongolia.
(In Chinese, English abstract). Acta Palaeont. Sinica, 32:
88-104.

Li, Riu-hui, 1993b. Trace fossils and ichnofacies of the Middle-
Ordovician Jinsushan Formation, Fuping, Shaanxi and their
depositional environments. (In Chinese, English abstract).
Acta Sed. Sinica, 11: 27-33.

Lilian, E., 1984. Los icnofosiles de la Formacion Torrearboles
(?Precambrico-Cambrico Inferior) en los Alrederores de
Fuente de Cantos, Badajoz. Cuad. Lab. Geol. Laxe, 8: 47-74.

Linnarsson, J.G.O., 1871. Geognostiska och palaeontologiska



212

iakttagelser ofver Eophytonsandstein 1’ Westergotland.
Kongl. Svenska Veterscops - Academicus Handl'mger, 9: 1-
19.

Linck, O., 1949. Lebens-Spuren aus dem Schliefsandstein
(Mittl.Keuper km 2) NW-Wtirttenbergs und ilire Bedeutiing
fur die Bildungs-geschichte der Stufe. Jahresh. Ver. Vater-
land. Naturk. Wiirtenberg, 97-101: 1-100.

Lobitzer, H., Bodrogi, |I. & Filacz, E., 1994. Lebensspuren der
Oberalmer, Schrambach- und RoGfeld-Formation (Ober-
jura/Unterkreide) der Salzburger Kalkalpen. In: Lobitzer, H.,
Csaszar, G. & Daurer, A. (eds.), Jubilaumsschrift 20 Jahre
Geolngische Zusammenarbeit Osterreich-Ungarn. Tail 2.
Geologische Bundesanstalt, Wien, pp. 285-322.

Logan, W. E. 1860. On the track of an animal lately found in the
Potsdam Formation. Canad. Naturalist and Geologist, 5:
279-285.

Loftier. S.-B. & Geyer, O. F., 1994. Uber Lebesspuren aus dem
eozanen Belluno-Flysch (Nord-Italicn). Palaont. Zeitschr.,
68:491-519.

Logvinienko, N. V., 1961. O flishovih teksturah triasovih otlozhe-
nyi Krima(In Russian only), hv. Vwsh. Utsh. Zavied, Geol, i
Rozvied, 1961(3): 16-28.

Lorenz von Liburnau, J. R., 1897. Eine fossile Halimeda aus dem
Flysch von Muntigl (monticulus) bei Salzburg. Sitzimgsber.
dk.k. Akad IViss., Math.-Nat. KI., 106: 174-177.

Lorenz von Liburnau, J. R., 1902. Erganzung zur Beschriebung
der fossilen Halimeda fuggeri. Sitzimgsber. d.k.k. Akad.
Wiss., Math.-Nat. Kl., 111: 685-712.

Lundgren, B., 1891. Studier ofver fbssilforande losa block. Geol
Foren. Stockholm Forhandl., 13: 111-121.

Luo, H.. Tao, Y. & Gao, S., 1994. Early Cambrian trace fossils
near Kunming, Yunnan. (In Chinese, English summary). Acta
Palaeont. Sinica, 33: 676—685.

Maberry, J. O. 1971. Sedimentary features of the Blackhawk
Formation (Cretaceous) in the Sunnyside District, Carbon
County, Utah. Geol. Surv., Prof. Paper, 688: 1-42.

MacLeay, W. S., 1839. Note on the Annelida. In: Murchison, R. .
The Silurian System. Part Il. Organic Remains. J. Murray,
London, pp. 699-701.

Macsotay, O., 1967. Huellas problematicas y su valor paleoe-
cologico en Venezuela. Geos, 16: 7-39. Caracas.

Maillard, G. A., 1887. Uber einige Algen aus deni Flysch der
Schweizer-Alpen. Ber. Tdtigkeit St. GaUischen Naturw. Ges.,
86 (for 1885): 277-284.

Maples, C. G., 1988, The relationship of Uchirites and Lockeia
from the Doniphan Shale Member (Pennsylvanian: Virgil-
lian) near Waverly, Kansas. Geol. Soc. Am. Abst. Progr., 20:
A340.

Marck, W,, Van Der, 1873. Neue Beitrage zur Kenntnis der fossi-
len Fische und anderer Thierreste der jiingsten Kreide West-
falens. Palaeontographica, 11: 1-83.

Marincic, S., Sparica, M., Tunis, G. & Uchman, A. 1996. The
Eocene flysch deposits of the Istrian Peninsula in Croatia and
Slovenia: regional, stratigraphic, sedimentological and ich-
nological analyses. Ann. Istrian Mediterr Stud., 9: 139-156.

Marintsch, E. J., & Finks, R. M., 1982. Lower Devonian ichnofa-
cies at Highland Mills, New York and their gradual replace-
ment across environmental gradients. Paleont., 56: 150—
1078.

Martino, R. L., 1989. Trace fossils from marginal marine facies of
the Kanwaha Formation (Middle Pennsylvanian), West Vir-
ginia. /. Paleont., 63: 389-403.

Martinsson, A., 1965. Aspects of a Middle Cambrian thanatotype
on Oland. Geol. Forenin. Stockholm, 87: 181-230.

Mason, T. R., 1984. Ichnogenus Imponoglyphus from the Beaufort

A. UCHMAN

Group of Natal. Petros, 11: 6-10.

Massalongo, A. 1851. Sopra le piantefossili dei terreni terziari del
Vicentino. A. Bianchi, Padova, 263 pp.

Massalongo, A., 1855. Zoophycos, novum genus plantorum fos-
silium. Antonelli, Verona, 52 pp.

Massalongo, A., 1856. Studi Paleontologici. Antonelli, Verona, 53
pp.

Massalongo, A,, 1859. Syllabus plantarum fossilium hucusque in
formationibus tertiariis agri veneti detectarum. A. Merlo,
Verona, 179 pp.

McCann, T., 1989. The ichnogenus Desmograpton from the Silu-
rian of Wales: first record from the Paleozoic. J. Paleont., 63:
950-953.

McCann, T., 1990. Distribution of Ordovician-Silurian ichnofos-
sil assemblages in Wales - implications tor Phanerozoic
ichnofaunas. Lethaia, 23: 243-255.

McCann, T., 1993. A Nereites ichnofacies from the Ordoviacian-
Silurian Welsh Basin. Ichnos, 3: 39-56.

McCann, T. & Pickerill, R. K., 1988. Flysch trace fossils from the
Cretaceous Kodiak Formation of Alaska. J. Paleont., 62:
330-347.

McCoy, F., 1850. On some genera and species of Silurian Radiata
in the collection of the University of Cambridge. Ann. Mag.
Nat. Histoiy, Ser. 2, 6: 270-290.

McCoy, F. 1851. A systematic description of the British Palaeo-
zoic fossils in the Geological Museum of the University of
Cambridge. In: Sedgwick, A., A synopsis ofthe calssification
of the British Palaeozoic rocks. J.W. Parker, London, pp.
1-184.

Meiburg, P. & Speetzen, E. E., 1970. Ein Problematicum naus dem
Turon von Lengerich (Westfalen). Neues Jb. Geol. Pal., Mh,
1970: 10-17.

Meschinelli, L. & Squinabol, S., 1892. Flora Tertiaria Italica.
Seminario, Padova, 575 pp.

Metz, R., 1989. Scoyenia ichnofacies from the Passaic Formation
(Upper Triassic) near Milford, New Yersey. Northestern
Geol., 11: 212-217.

Metz, R., 1993a. Ichnology of the Boonton Formation (early Juras-
sic), Rockway River, Boonton, New Jersey. Northeastern
Geol., 15: 170-175.

Metz, R., 1993b. A new ichnospecies of Sponge!lomorpha from
the Late Triassic of New Jersey. Ichnos, 2: 259-262.

Michelau. P., 1955. Belorhaphe kochi (Ludwig 1869), ein
Wurnispur ini europaischen Karbon. Geol. Jb., 71: 299-330.

Micu, M,, Constantin, P., Popescu, O., 1987. On some Paleogene
trace fossils from Tarcau Nappe (East Carpathinas). Dari de
Seama ale 8edintelor. Institutu! de Geolologie si Geofizica,
Paleontologie, 72-73 (for 1985, 1987): 81-85.

Mikulas, R., 1990. Trace fossils from the Zahorany Formation
(Upper Ordovician, Bohemia). Acta Univ. Carol. Geol., 3:
307-335.

Mikulas, R., 1992a. Trace fossils from Early Silurian graptolitic
shales of the Prague Basin (Czechoslovakia). Cas. Miner.
Geol., 37: 219-227.

Mikulas, R., 1992b. Trace fossils from the Kosov Formation of the
Bohemian Upper Ordoviacian. Shornik Geol. Ved, Paleont.,
32: 9-54.

Mikulas, R., 1992c. Tracc fossils from the Klabava Formation
(Early Ordovician), Czechoslovakia. Acta Univ. Carol. Geol.,
3-4: 385-419.

Mikulas, R., 1993a. New information on trace fossils of the Early
Ordovician of Prague Basin (Barrandian area, Czech Repub-
lic)./. Czech Geol. Soc.. 38: 171-182.

Mikulas, R., 1993b. Note on trace fossils from the nonmarine
Early Permian of the Podkrkonosi Basin. (In Czech, English



FLYSCH TRACE FOSSILS 213

summary). Zpravy o geologickvch vvzkumech v roce 1993:
66-67.

Mikulas, R., 1994. Trace fossils at the Arenig-Lanvirn boundary
(Ordovician, Czech Republic). J. Czech Geoi. Soc., 39/2:
205-2009.

Mikulas, R. & Pek, J,, 1996. Trace fossils from the Roblin Member
of the Srbsko Formation (Middle Devonian, Barrandien area,
central Bohemia). J. Czech Geol. Soc., 41: 79-90.

Mikulas, R. & Uchman, A., 1996. Note on rediscovered type and
figured material relating to Muensteria Sternberg 1833. Ich-
nos, 4:305-309.

Miller, M. F. & Knox, L. W., 1985. Biogenic structures and
depositional environments of a lower Pennsylvanian coal-
bearing sequence, northern Cumberland Plateau, Tennessee,
U.S.A. In: Curran, H. A. (ed.), Biogenic structures: Their use
in interpreting depositional environments. Soc. Econ. Pa-
leont. Miner. Spec. Puhi., 35: 67-97.

Miller. S. A. 1889. North American Geology’and Paleontologyfor
the Use of Amateurs, Students and Scientists. Western Meth-
odist Book Concern, Cincinnati, 664 pp.

Miller, S. A. & Dyer, C. B., 1878a. Contribution to paleontology,
no 1.J. Cincinnati Soc. Nat. Hist., I: 24—39.

Miller, S. A. & Dyer, C. B., 1878hb. Contributions to Paleontology,
No. 2. Privately published, Cincinnati, 11 p.

Miller, W., 1ll, 1986. Discovery of trace fossils in Franciscan
turbidites. Geology, 14: 343-345.

Miller, W., Ill, 1989. Paleontology of Franciscian flysch at Point
Sant Gorge, Northern California. Geological evolution of the
northernmost coast ranges and western Klamath Mountains,
California. In: 28th International Geological Congress. Field
Trip Guidebook T308. American Geophisical Unionion,
Washington, D.C., pp. 47-52.

Miller, W., 1ll, 1991. Paleoecology of graphoglyptids. fchnos, 1
305-312.

Miller, W. Hll, 1993. Trace fossil zonation in Cretaceous turbidite
facies, northern California, fchnos, 3: 11-28.

Minato, M. & Suyama, K., 1949. Kotfossilicn von Arenicola-ar-
tigen Organismus aus Hohhaido, Japan. Jap. ./. Geol. Geogr.,
27: 277-279.

Mitzopoulos, M., 1939. Ein Medusen-Vorkomen in Eozanen-
flysch des Peloponez. Extrait des Praktika de |’Akademie
dAthens, 14: 258-259.

Montenat. C. & Seilacher, A., 1978. Lcs turbidites messiniennes a
Helmintlioides et Paleodictyon du bassin de Vera (Cordilleres
betiques orientales). Indications peleobathymetriques. Bull.
Soc. Geol. France, ser. 7, 20: 319-322.

Muller, A. H.. 1963. Lehrbuch der Palaozologie. Band If. Inverte-
bruten. Tail 3. Arthropoda 2 —Stomochorda. Gustav Fischer,
Jena, 661 pp.

Muller. A. H., 1971. Einiges iiber spirale und schraubenformige
Structuren bei fossilen Ticren unter besonderer Beruck-
sichtigung taxonomischer und phylogenetischer Zusammen-
hange. Teil 4. Monatsber. deutsch. Akad. IViss. Berlin, Geol.
Min., 13: 613-624.

Nathorst, A. G., 1881. Memoire sur quelques traces d’animaux
sans vertebres etc. et de leur portee paleontologique. (In Swe-
dish, French summary). Kongl. Svenskaps-Akad. Hand/.,
18(7): 1-104.

Nicholson, H. A., 1873. Contributions to the study of the errant
annelids of the older Palaeozoic rock. Proc. R. Soc. London,
21: 288-290. [also: Geol. Mag., 10: 309-310].

Noda, H., 1982. Check list and bibliography of trace fossils and
related forms in Japan (1889-1989 and neighborhood (1928-
1980). Introduction to Study of Trace Fossils, par! 2. Institut
of Geoscience, the University of Tsukuba, Ibaraki, pp. 1-80.

Nowak, W., 1957. Quelques hieroglyphes etoiles des karpates de
Flysch exterieures. (In Polish, French summary). Rocz. Pol.
Tow. Geoi, 26 (for 1956): 187-224.

Nowak, W. 1959. Palaeodictyum in the Flysch Carpathians. (In
Polish, English summary). Kwart. Geol., 3: 103-125.

Nowak, W., 1961. Z badan nad hieroglifami fliszu karpackiego. I.
Niektore hieroglify z warstw cieszynskich i grodziskich. (In
Polish only). Spraw. Pos. Kom. Nauk, Oddz. Pol, Akad. Nauk
w Krakowie, 226-228.

Nowak, W., 1970. Problematical organie traces of Belorhaphe and
Sinusites in the Carpathian Lower Cretaceous and Paleogen
flysch deposits. (In Polish, English summary). Kwart. Geol.,
14: 149-162.

Ohta, S., 1984. Star-shaped feeding traces produced by echiurian
worms on the deep-sea floor of the Bay of Bengal. Deep-Sea
Res., 31: 1415-1432.

Olivero, D., 1994. La trace fossile Zoophycos dans le Jurassique
du sud-est de la France. Doc. Lab. Geol. Lyon, 129: 1-329.

Ooster, W.-A., 1869. Die organische Reste der Zoophycos-
Schichten der Schweizer Alpen. Protozoa Helvetica, 1: 15—
35.

Ortowski, S. 1968. Cambrian of £ysogdry Anticline in the Holy
Cross Mountains (In Polish, English summary). Biul. Geol.,
10: 195-221.

Orr, P. J., 1994. Tracc fossil tiering within event beds and preser-
vation of frozen profiles: an example from the Lower Carbon-
iferous of Menorca. Palaios, 9: 202-210.

Osgood, R. G., 1970. Trace fossils of the Cincinnati Area. Pa-
laeont. Amer, 6: 193-235.

Otto, E., 1852. Additamente zur Flora des Quadergebirges in der
gegend um Dreseden und Dippoldiswalde enthaltend meist
noch nicht oder wenig bekannte fossile Pflanzen. G. Mayer,
Leipzig, 29 pp.

Paczc$na, J., 1986. Upper Vcndian and Lower Cambrian ichno-
coenoses of Lublin Region. Biul. Inst. Geol., 355 (Geology of
Poland, 7): 31-47.

Paczc$na, J., 1996. The Vendian and Cambrian lchnocoenoses
from the Polish ofthe East-European Platform. Prace Panstw.
Inst. Geol., 153: 1-77.

Palij, V. M., Posti, E. & Fedonkin, M., 1983. Soft-bodied Metazoa
and early Cambrian palaeontology of the East-European Plat-
form. In: Urbanek, A. & Rozanov, A. Y. (eds.), Upper Pre-
cambrian and Cambrian Paleontology of the East-Euopean
Platform. Contributions of the Soviet-Polish Working Group
to the Precambrian-Cambrian Boundary Problem. Wydaw-
nictwa Geologiczne, Warszawa, pp. 56-94.

Palmer, T. J., 1978. Burrows at certain omission surfaces on the
Middle Ordovician of the Upper Mississippi Valley. J. Pa-
leont., 52: 109-117.

Papp, A., 1941. Quergegedierte Rohren aus dem Ober-Kreide-
Flysch der Alpen. Paleohiologica, 7: 314-317.

Papp, A., 1955. Uber geflihrte und eigenbedingte Maander-Spu-
ren. Natur u. Volk, 85: 345-349.

Patterson, J. M., 1942. Halymenites, a marine sandstone indicator.
J. Pal., 16: 271-273. "

Paul, C. M., 1898. Der Wienerwald. Ein Beitrag zur Kenntniss der
nordalpinen Flysch-bildungen. Jb. d.k.k. Geol. Reichsanst.,
48:53-178.

Pek, I. & Zapletal, J., 1975. Cosmorhaphe kettneri sp. n. (Lebenss-
pur) aus dem Kultn von Mestecko Tmavka. Cas. Slez. Muz.,
ser. A, 24: 55-58. Opava.

Pemberton, G. S. 8 Frey, R. W., 1982. Trace fossil nomenclature
and the Planolites-Palaeophycus dilemma. J. Paleont., 56:
843-881.

Pemberton, G. S., Frey, R. W. & Bromley, R. G., 1988. The



214 A. UCHMAN

ichnotaxonomy of Conostichnus and other plug-shaped
ichnofossils. Can. J. Earth Sci., 25: 866-892.

Pendon, J. G., 1977. Diferentes tipos de trazas organicas existentes
en las turbiditas del Campo de Gibraltar. Estud Geol., 33:
23-33.

Perazzi, D. G., 1880. Osservazioni sui generi Paleodictyon e Pa-
leomeandron dei terreni eretaeei ed eoceniei dell'’Appennino
sett, e eentrale. Atti Soc. Toscana Sci Nat. Resid. Pisa, Mem.,
5: 3-8.

Pfeiffer, H., 1968. Die Spurenfossilien des Kulms (Dinants) und
Devons der Frankenwalder Querzone (Thiiringen). Jahrb.
Geol., 2 (for 1966): 651-717. Berlin.

Picard, L., 1942. New Cambrian fossils and Paleozoic proble-
matica from the Dead Sea and Arabia. Bull. Geol. Dep.,
Hebrew Univ. Jerusalem, 4: 1-18.

Pickerill, R. K., 1980. Phanerozoic flysch trace fossil diversity,
observations based on an Ordovician flysch ichnofauna from
the Aroostook-Metapedia Carbonate Belt of northern New
Brunswick. Can. .J Earth Sci., 17: 1259-1270.

Pickerill, R. K., 1981. Trace fossils in a Lower Palaeozoic subma-
rine canyon sequence, the Siegas Formation of northwestern
New Brunswick, Canada. Marit. Sed. Atlantic Geol., 17: 36-
58.

Pickerill, R. K., 1982. Glockerichnus, a new name for the trace
fossil ichnogenus Glockeria Ksiazkiewicz, 1968. J. Paleont.,
56:816.

Pickerill, R. K., 1987a. Late Ordovician sedimentary rocks and
trace fossils of the Aroostook-Metapedia carbonate Belt of
Runnymede, Restigouche River, northern New Brunswick.
Geological Society of America Continental Field Guide-
Northeastern Section, 1987: 385-388.

Pickerill, R. K., 1987b. The trace fossil Strobilorhaphe from the
Late Ordovician Grog Book Group, northwest New Bruns-
wick. Northeastern Geol., 9: 129-132.

Pickerill, R. K., 1994. Nomenclature and taxonomy of invertebrate
trace fossils. In: Donovan, S.K. (ed.), The Palaeobiology of
Trace Fossils. John Wiley & Sons, Chichester, pp. 3-42.

Pickerill, R. K., Donovan, S. K., Doyle, E. N. & Dixon, H., 1993.
Ichnology of the Richmond Formation of eastern Jamaica -
the final chapter. Atlant. Geol., 29: 61-67.

Pickerill, R. K., Fillion, D. & Branchley, P. J., 1991. A note on the
occurrence of Arthrophycus in the Bell Island Group of east-
ern Newfoundland. Atlantic Geol., 27: 73-77.

Pickerill, R. K. & Forbes, W. H., 1979. Ichnology of the Trenton
Group in the Quebec City area. Can. J. Earth Sci., 16: 2022-
2039.

Pickerill, R. K,, Fyffe, L. R. & Forbes, W. H,, 1987. Late Ordovi-
cian-Early Silurian trace fossils from the Metapedia Group.
Tobique River, Western New Brunschwick, Canada. Mari-
time Sed. Atlant. Geol., 23: 77-88.

Pickerill, R. K. & Harland, T. L., 1988. Trace fossils from Silurian
slope deposits, North Greenland. GrOnl. Geol. Unders., Rap.,
137: 119-133.

Pickerill, R. K., Hurst, J. M. & Surlyk, F., 1982. Notes on Lower
Palaeozoic flysch trace fossils from Hall Land and Pearly
Land, North Greenland. GrOnl. Geol. Unders., Rap., 108:
25-29.

Pickerill, R. K. & Peel, J. S., 1990. Trace fossils from the Lower
Cambrian Bastion. Formation of North-East Greenland.
GrOnl. Geol. Unders., Rap. 147: 5-43.

Pickerill, R. K. & Peel, J. 1991. Gordia nodosa isp. n. and other
trace fossils from the Cass Fjord Formation (Cambrian) of
North Greenland. GrOnl. Geol. Uhcters., Rap., 150: 15-28.

Pickerill, R. K., Romano, M. & Melendez, B., 1984. Arenig trace
fossils from Salamanca area, western Spain. Geol. J., 19:

249-269.

Pienkowski G., 1985. Early Liassic trace fossil assemblages from
the Holy Cross Mountains, Poland: Their distribution and
marginal marine environments. In: Curran, H. A. (ed.), Bio-
genic structures: Their use in interpreting depositional envi-
ronments. Soc. Econ. Paleont. Miner. Spec. Publ., 35: 37-51.

Pliéka, M., 1987. Fossil traces in the Inner-Carpathian Paleogene
of Slovakia, Czechoslovakia. Zapadne Karpaty, Ser. Pa-
leont., 12: 125-196.

Plicka, M., 1989. Rotundusichnium zumayensis ichnog. n. a new
trace fossil from the Outer Carpathian Flysch of West Slo-
vakia (Czechoslovakia). Zapadne Karpaty, Ser. Paleont., 13:
69-79.

Plicka, M. & Koklusova, A., 1989. Helicorhaphe meandriformis
sp. n. a new fossil trace from Carpathian flysch of Czechoslo-
vakia. Zapadne Karpaty, Ser. Paleont., 13: 113-117.

Pomel, L., 1849. Materiaux pour servir a la flore fossile des
terrains jurassiques de la France. Amtliche Berichte iiber die
Versammlung der Gesellschaft deutscher Naturforscher und
Arzte Aachen, 25: 254-332. Aachen.

Powell, J.H., 1992. Gyrochorte burrows from the Scarborough
Formation (Middle Jurassic) of the Cleveland Basin, and their
sedimentological setting. Proc. Yorksh. Geol. Soc., 49:41747.

Powichrowski, L.K., 1989. Trace fossils from the Helminthoid
Flysch (Upper Cretaceous-Paleocene) of the Ligurian Alps
(Italy): development of deep marine ichnoassociations in fan
and basin plain environments. Eclogae Geol. Helv., 82: 385—
411

Prantl, F., 1945. Two new problematic trails from the Ordovician
of Bohemia. (In Czech, English summary). Akademie
Tcheque Sci. Bull. Intern., Cl Sci. Math. Nat. Med., 46:
49-59.

Quatrefages, De, M. A., 1849. Note sur la Scolicia prisca (A. de
Q.) annelide fossile de la Craie. Ann. Sci. Nat., 3 ser., Zool,
12:265-266.

Radwanski, Z., 1978. Sedimentary environment of the Sromowce
Formation flysch deposits (Upper Cretaceous) of the Pieniny
Klippen Belt, Carpathians, Poland. (In Polish, English sum-
mary). Stud. Geol. Polon., 57: 1-86.

Reis, O. M., 1909. Zur Fucoidenfrage. Jb. d.k.k. Geol. Reichsanst.,
59: 615-638.

Renz, C., 1925. Problematische Medusenabdrucke aus der Olnos.
Pindos Zone des Westpeloponnes. Verb. Naturforsch. Ges.
Basel, 36: 220-223.

Renz, C., 1930. Ein Medusenvorkomen im Altteriar der Insel
Cypern (Cyprus). Eclogae Geol. Helv., 23: 295-300.

Richter, R., 1850. As der Thuringischen Grauwacke. Zeit.
Deutsch. Geol. Ges.. 2: 198-206.

Richter, R., 1853. Thuringischen Graptolithen. Zeit. Deutsch.
Geol. G ess5: 439-451.

Richter, R., 1924. Flachseebeobachtungen zur Palaontologie und
Geologie, VII-XI. Senckenbergiana, 6: 119-165.

Richter, R., 1927. Die fossilien Fahrten und Bauten der Wiirmer.
Paldont. Zeit., 9: 193-241.

Richter, R,, 1941. Fahrten ais Zeugnisse des Lebens auf dem
Meers-Grunde. Senckenbergiana, 23: 218-260.

Rieth, A., 1932. Neue Funde spongeliomorpher Fucoiden aus dem
Jura Schwabens. Geol. Paldont. Abh., N.F. 19: 257-294.
Rindsberg, A. K.. 1990. Ichnological consequences of the 1985
International Code of Zoological Nomenclature. Ichnos, 1

59-63.

Rindsberg, A. K., 1994. Ichnology of the Upper Mississippian
Hartselle Sandstone of Alabama, with notes on other Carbon-
iferous Formations. Geol. Surv. Alabama, Bull., 158: 1-107.

Roberts, D., 1969. Trace fossils from the Hovin Groups, Nord



FLYSCH TRACE FOSSILS

Trondelag, and their bathymetric significance. Norges Geol.
Unci, Arbok 1968, 258: 228-236.

Rothpletz, A., 1896. Uber die Flysch-Fucoiden und einige andere
fossile Algen sowie iiber lassiche, Diatomeen fuhrende Hom-
schwamme. Zeitschr. Deutsch. Geol. Ges., 48: 854-914.

Sacco, F., 1886. Impronte organiche dei terreni terziari del Pie-
monte. Atti Reale Accad. Sci. Torino, 21: 297-348.

Sacco, F,, 1888. Note di Paleoicnologia Italiana. Atti Soc. Ital. Sci.
Nat., 31:151 —192.

Sacco, F., 1899. Note sur I’origin des Paleodictyon. Bull. Soc.
Beige Geol. Paleont. Hydro/., 13: 1-11.

Sandler, J. M., 1951. Nahodka odpietschadkov meduz v severnoy
Bukovinie (In Russian only). Geol. Sbornik NITO pri VNI-
GRf, 1 174-177.

Saporta, G., 1881. Die Pflazenwelt vor dem Erscheinen des Men-
schen. F. Vieweg und Sons, Braunschweig, 167 pp.

Saporta. G., 1882. A propos des alguesfossiles. Masson, Paris, 82
pp.

Saporta, G., 1887. Nouveaux documents relatifs aux organismes
problematiques. Bull. Soc. Geol. France, ser. J, 15: 286-302.

Saporta. G. & Marion, A. F., 1883. Diepalaontologische Entwick-
liing des Pflanzenreiches. Die Ktyptogamen. Internat. Wiss.
Bibliothek, Leipzig, 250 pp.

Sapunov, |. G., Tchoumatchenco, P.V., Dodekova, L.D. & Baka-
lova, D.G., 1985. Stratigraphy of the Callovian and Upper
Jurassic rocks in south-western Bulgaria. (In Russian, English
abstract). Geol. Balcan., 15: 3-61.

Sarle, C. J., 1909. Arthrophycus and Daedalus of burrow origin.
Proc. Rochester Acad. Sci., 4: 203-310.

Savi, P. & Meneghini, G. G., 1850. Osservazioni stratigrafische ¢
paleontologische concemati la geologia della Toscana e dei
paesi limitrofi. Appendix in: Murchison, R. I., Memoria sulla
struttura geologica delle Alpi, degli Apennini e dei Carpazi.
Stemparia granucale, Firenze, pp. 246-528.

Schaffer, F. X., 1928. Hormosiroidea florentina n.g., n. sp., ein
Fncus aus der Kreide der Umgebung von Florenz. Palaont.
Zeitschr., 10: 212-215.

Schafhautl, K. E., 1851. Geognostische Untersuchungen des siid-
bayerischen Alpengehirges. Literarisch-artistische Anstalt,
Mtinchen, 208 pp.

Schiller, W. 1930. Die tektonische Natur von arthrophycus- und
spirophyton-anlichen Gebilden im Altpalaozoikum der Pro-
vinz Buenos Aires (Argentinien). Geol. Rundscli., 21: 145—
151.

Schimper, W. P., 1869. Traite de Paleontologie vegetale ou la
flore du monde primiiif. 1. J. B. Bailliere et fils, Paris, 740 pp.

Schimper, W. P. 1874. Traite de Paleontologie vegetale ou laflore
da monde primiiif. Atlas. J. B. Bailliere et fils, Paris, 110 pi.

Schimper, W. P. & Schenk, A., 1879-1890. II. Abteilung. Pa-
laephytologie. In: Zittei, K. A. (ed.), Handhuch der Palaeon-
tologie. Oldenbourg, Mtinchen und Leipzig, 958 pp.

Scholle, P.A. & Spearing, D. 1982. Sandstone Depositional Envi-
ronments. American Association of Petroleum Geologists,
Tulsa, 410 pp.

Seilacher, A., 1954. Die geologische Bedeutung fossiler Lebens-
spuren. Zeil. Deutsche Geol. Ges., 105: 213-237.

Seilacher, A., 1955. Spuren und Fazies ini Unterkambrium. In:
Schindewolf, O. H. & Seilacher, A. (eds.), Beitrage zur
Kenntnis des Kambrium in der Salt Range (Pakistan). Akad.
IViss. Lit. Mainz, Abh. Math.-Natunviss. KL, 10: 11-143.

Seilacher. A., 1959. Zur okologischen Charakteristik von Flysch
und Molasse. Eclogae Geol. Helv., 51 (for 1958): 1062-1078.

Seilacher, A., 1962. Paleontological studies on turbidite sedimen-
tation and erosion.J. Geol., 70: 227-234.

Seilacher, A., 1967a. Vorzeitliche Maanderspuren. In: Hediger, H.

215

(ed.), Die Strafien der Tiere. Vieweg, Braunschweig, pp. 294-
306.

Seilacher, A., 1967h. Bathymetry oftrace fossils. Marine Geol., 5:
413-428.

Seilacher, A., 1969. Sedimentary rhythms and trace fossils in
Paleozoic sandstones of Libya. In: Kanes, W. H. (ed.), Geol-
ogy, Archeology and Prehistory ofthe Southwestern Fezzan,
Libya, 11th Ann. Field Conf. 1969. Petroleum Exploration
Society of Libya, pp. 117-123.

Seilacher, A., 1977a. Pattern analysis of Paleodictyon and related
trace fossils. In: Crimes, T. P. & Harper, J. C. (eds.), Trace
fossils 2. Geol. J., Spec. Iss., 9: 289-334.

Seilacher, A., 1977b. Evolution of trace fossil communities in the
deep sea. In: Hallam, A. (ed.), Patterns ofEvolution. Elsevier,
Amsterdam, pp. 359-376.

Seilacher, A., 1978. Evolution of trace fossil communities in the
deep sea. Neues Jb. Geol. Pal, Abh., 157: 251-255.

Seilacher, A., 1983. Upper Paleozoic trace fossils from the Gilf
Kebir-Abu Ras area in southwestern Egypt. J. Afr. Earth Sci.,
1:21-34.

Seilacher, A., 1986. Evolution of behavior as expressed by marine
trace fossils. In: Nitecki, M. H. & Kitchell, J. A. (eds.),
Evolution of Animal Behavior. Oxford Univ. Press, New
York, pp. 62-87.

Seilacher, A., 1989. Spirocosmorhaphe, a new graphoglyptid trace
fossil. J. Paleont., 63: 116-117.

Seilacher, A., 1990a. Aberration in bivalve evolution related to
photo- and chemosymbiosis. Hist. Biol., 3: 289-311.

Seilacher, A., 1990b. Paleozoic trace fossils. In: Said, R. (ed.). The
Geology of Egypt, A. A. Balkema, Rotterdam, pp. 649-670.

Seilacher, A., 1992. Quo vadis ichnology?. In: Maples, C. G. &
West, R. R. (eds.), Trace Fossils. Short Courses in Paleontol-
ogy, 5: 224-238.

Seilacher, A. & Alidou, S., 1988. Ordovician and Silurian trace
fossils from northern Benin (W-Africa. Neues Jb. Geol. Pal.,
Mh., for 1988: 431-439.

Seilacher, A. & Seilacher, E., 1994. Bivalvian trace fossils: A
lesson from actuopaleontology. Courier Forsch. Sencken-
berg, 169:5-15.

Selley, R. C., 1970. Ichnology of Palaeozoic sandstones in the
souther desert of Jordan: a study of trace fossils in their
sedimentologic context. In: Crimes, T. P. & Harper, J. C.
(eds.), Trace Fossils. Geol. J., Spec. Iss., 3: 477-488.

Sheehan, P. M. & Schiefelbein, J. D. R., 1984 The trace fossil
Thalassinoides from the Upper Ordivician of the eastern
Great Basin: deep burrowing in the Early Paleozoic. J. Pa-
leont., 58: 4407147.

Shinier, H. W. & Shrock, R. R., 1948. Index Fossils of North
America. Wiley & Sons, New York, 837 pp.

Simonelli, V. 1905. Intorno alcune singolari paleoicniti del Flysch
apenninico. Mem. R. Accad. Sci. Bologna, ser. 6, 2: 91-96.

Simpson, F., 1969. Interfacial assemblages of foraminifera in the
Carpathian Flysch. Rocz. Pol. Tow. Geol., 39: 471°186.

Simpson, F., 1970. Sedimentation of the Middle Eocene of the
Magura Series, Polish western Carpathians. (In Polish, Eng-
lish summary). Rocz. Pol. Tow. Geol., 40: 257-285.

Singh, I. B. & Rai, V., 1983. Fauna and biogenic structures in
Krol-Tal sucession (Vendian-Early Cambrian), Lesser Hima-
laya: their biostratigraphic and palaeoecological significance.
J. Palaeont. Soc. India, 28: 67-70.

Soudant, M., 1980. Influence des courants de fond sur la mor-
phologie et [‘orientation de certaines traces d’organismes fos-
siles. In: 105e Congres des Societes savantes, Caen, 1980,
Sciences, fasc. 2. Caen, 299-312.

Squinabol, S., 1891. Contribuzioni alia flora fossile dei terreni



216

terziari della Liguria. /. Alghe. Sordomuti, Genova, pp. i-
XXV.

Squinabol, S., 1890. Alghae and Pseudoalghae fossili ilatiane. Atti
Soc. Ling. Sci. Nat. Geogr., 1: 29-49, 166-199.

Stanistreet, 1. O., 1989. Trace fossil association related to facies of
an Upper Ordovician low wave energy shoreface and shelf,
Oslo-Asker district, Norway. Lethaia, 22: 345-357.

Stanley, K. O., Chamberlain, C. K. & Stewart, J. H., 1977. Depo-
sitional setting of some eugeosynclinal Ordovician rocks and
structurally interleaved Devonian rocks in the Cordilleran
mobile belt, Nevada. In: Stewart, J. H., Stevens, C. H. &
Fritsche, A. E. (eds.), Paleozoic Paleogeography ofthe West-
ern United States. Pacific Coast Paleogeography Symposium
1 The Pacific Section, Society of Economic Paleontologists
and Mineralogists, Los Angeles, pp. 259-274.

Stanley, D. C. A. & Pickerill, R. K., 1993. Fustiglyphus annulatus
from the Ordovician of Ontario, Canada, with a systematise
review of the ichnogenera Fustiglyphus Vialov 1971 and
Rhahdoglyphus Vassoievich 1951. Iclmos, 3: 57-67.

Stanley, D. C. A. & Pickerill, R. K, 1994. Planolites constriannu-
latus isp. nov. from the Late Ordovician Georgian Bay For-
mation of southern Ontario, eastern Canada, fchnos, 3: 119—
123.

Stanley, D. C. & Pickerill, R. K., 1995. Arenituha, a new name for
the trace fossil ichnogenus Micatuha Chamberlain, 1971. J.
Paleont., 69: 612-614.

Stefani, De, C., 1885. Studi paleozoologici sulle creta superiore e
media dell” Apennino settentionale. Atti R. Acad. Lincei, Cl.
Sci. Fische, Mat. Natur., Mem., Ser. 4, 1: 73-121.

Stefani, De, C., 1895. Apercu geologique et description paleon-
tologique de I’llc de Karpathos. In: Stefani, De, C., Forsyth
Major, C. J. & Barbey, W. (eds.), Karpathos. Etude geolo-
gic/ue, paleontologique et botanique. G. Bridel, Lousanne, pp.
1-28.

Stepanek, J. & Geyer, G., 1989. Spurenfossilien aus dem Kuhn
(Unterkarbon) des Frankenwaldes. Beringeria, 1. 1-55.
Sternberg, G. K., 1833. Versuch einer geognostisch. botanischen
Darstellung der Flora der Vorvwelt. 1V Heft. C.E. Brenck,

Regensburg, 48 pp.

Suarez de Centi, C, Garcia-Ramos, J. C. & Valenzuela, M., 1989.
Icnofosiles del Silurico de la Zona Cantabrica (NO de
Espana). Bol. Geol. Min., 103: 339-394.

Sun, Y. C., 1924. Contributions to the Cambrian Faunas of North
China. Palaeont. Sinica, ser. B. 1 1-90.

Swinbanks, D. D. & Murray, J. W., 1981. Biosedimentological
zonation of Boundary Bay tidal flats, Fraser River Delta,
British Columbia. Sedimentology, 28: 201-237.

Tanaka, K, 1970. Sedimentation of the Cretaceous flysch se-
quence in the Ikushumbetsu area, Hokkaido, Japan. Geol.
Surv. Japan, Rep., 236: 1-102.

Tanaka, K, 1971. Trace fossils from the Cretaceous flysch of the
Ikushumbetesu Area, Hokkaido, Japan. Geol Surv. Japan.
Rep., 242: 1-31.

Tanaka, K. & Sumi. Y., 1981. Cretaceous paleocurrents in the
Central Zone of Hokkaido, Japan. Bull. Geol. Surv. Japan, 32:
65-114.

Torell, O. M., 1870. Petrifacta Suecana Formationis Cambricae.
Lunds Univer., Arsskr, 6(2): 1-14.

Toula, F., 1900. Lehrbuch der Geologic. Ein Leitfadenfur Studier-
ende. A. Holder, Wien, 410 pp.

Tunis, G. & Uchman, A., 1993. Trace fossils in the"Flysch del
Grivo" (Lower Tertiary) in the Julian Prealps, NE Italy: Pre-
liminary observations. Gortania, 14 (for 1992): 71-104.

Tunis, G. & Uchman, A., 1996a. Trace fossils and facies changes
in Cretaceous-Eocene flysch deposits of the Julian Prealps

A. UCHMAN

(Italy and Slovenia): consequences of regional and world-
wide changes. Ichnos, 4: 169-190.

Tunis, G. & Uchman, A., 1996b. Ichnology of the Eocene flysch
deposits in the [stria peninsula, Croatia and Slovenia./c/wo.v.
5 1-22.

Turner, B. R. & Benton, M. J., 1983. Paleozoic trace fossils from
the Kufra Basin, Libya.J. Paleont., 57: 447-460.

Twitchett, R. J. & Wignall, P. B., 1996. Trace fossils and the
aftermath of the Permo-Triassic mass extinction: evidence
from northern Italy. Palaeogeogr., Palaeoclimat., Palaeoe-
col., 124: 137-151.

Uchman, A., 1990. Trace fossils in the Eocene of the Nowy Sacz
facies zone in Zeleznikowa Wielka near Nowy Sacz (Magura
Nappe, Outer Carpathians (In Polish, English summary). Ann.
Soc. Geol. Polon., 60: 107-124.

Uchman, A., 1991a. “Shallow water” trace fossils in Palaeogene
flysch of the southern part of the Magura Nappe, Polish Outer
Carpathians. Ann. Soc. Geol. Polon., 61: 61-75.

Uchman, A., 1991b. Diverse tiering patterns in Paleogene flysch
trace fossils, Magura nappe, Carpathians, Poland. Ichnos, 1
287-292.

Uchman, A., 1991c. Trace fossils of the Inoceramian beds and the
Szczawnica Formation in the Krynica and Bystrzyca Zones of
the Magura Nappe. (In Polish, English summary). Przeglad
Geol., 4: 207-212.

Uchman, A., 1992a. Trace fossils of the Eocene thin- and medium-
bedded flysch of the Magura Nappe in Poland. (In Polish,
English summary). Przeglad Geol., 7: 430-435.

Uchman, A., 1992b. Ichnogenus Rhizocorallium in the Paleogene
flysch (Outer Western Carpathians, Poland). Geol. Carpa-
thica, 43: 57-60.

Uchman, A., 1995. Taxonomy and palaeoecology of flysch trace
fossils: The Marnoso-arenacea Formation and associated fa-
cies (Miocene, Northern Apennines, ltaly. Beringeria, 15:
1-115.

Uchman, A. & Krenmayr, H.G., 1995. Trace fossils from Lower
Miocene (Ottnangian) molasse deposits of Upper Austria.
Palaont. Zeitsclir., 69: 503-524.

Uchman, A. & Mikulas, R., 1996. Note on rediscovered type and
figured material relating to Muensterict Sternberg 1833. Ich-
nos, 4: 305-309.

Ulrich, E. O., 1904. Fossils and age of the Yakutat Formation.
Description of collection made chiefly near Kodiak, Alaska.
In: Merriam, C. H. (ed.), Harrimun Alaska Expedition Series,
Alaska, Geology and Paleontology. Volume 4. Smithsonian
Institution, Washington, pp. 125-146.

Unger, F., 1845. Synopsis Plantarum Fossilium. Voss, Lipsiae.
[only 17 p. available],

Valle, A., del, 1987. Nuevas trazas fosiles en la Formacion Bal-
carce, Paleozoico Inferior de la Sierras Septentrionales su
significado cronologico y ambiental. Rev. Museo La Plata, 9:
197M1

Vassoevich, N. B., 1932. Some data allowing us to distinguish the
overturned position of flysch sedimentary formations from
the normal ones. (In Russian, English summary). Trudy Akad.
Nauk. SSSR, Geol. Inst., 2: 47-64.

Vassoevich, N. B., 1951. The Conditions of the Formation of
Flysch. (In Russian, English title). Gostoptehizdat, Leningrad,
240 pp.

Vassoevich, N. B., 1953. O niektorikh flishovikh teksturakh (In
Russian only). Trudy Lvovskoho Geologicheshoho Obsches-
tva pri Gosudarstvennom Universitete imenvi Ivana Franko,
Geologitclieskaya saya, 3: 17-85.

Vetters, H., 1910. Uber ein neues Hieroglyph aus dem Flysch von
Capodistria. Verb, d.k.k. Geol. Reichsanst., 1910: 131-132.



FLYSCH TRACE FOSSILS 217

Vialov, O. S., 1962. Problcmatica of the Beacon Sandstone at
Beacon Height West, Antarctica. New Zealand J. Geal.
Genph., 5: 718-732.

Vialov, O. S., 1963. Problematiki iz Silura Kazahstana. (In Rus-
sian, English title). Biul. Moskovskogo Obshestva l.spitivania
Prirody, Ottiel Geolagii, 38: 100-105.

Vialov, O. S., 1964. Star-shaped hieroglyphs from the Triassic of
northeastern Siberia. (In Russian, English title). Akademiya
Nauk SSSR, Sibirskoe Otdielenie, Institut Geologii i Geofiziki,
5:112-115.

Vialov, O. S., 1966. Sliedy Zhizniedielatelnosti Organismov i ich
Paleontologicheskoie Znachenie. (In Russian only). Naukova
Dumka. Kiev, 219 pp.

Vialov, O. S., 1968a. On star-shaped problematica. (In Russian,
English title). Ezheegodnik Vsesoyuznogo Paleontologiches-
kivego Obshchestva, 18: 326-340.

Vialov, O. S., 1968b. Materials and classification of traces of
fossils and vital activity of organisms. (In Russian, English
summary). Pa/eont. Sbornik, 5: 125-129.

Vialov, O. S., 1971. The rare Mesozoic problematica from Pamir
and Caucasus. (In Russian, English summary). Paleont. Sbor-
nik, 7: 85-93.

Vialov, O. S., 1972. The principles of the classification of the
traces of life. (In Russian, English summary). Paleont. Shor-
nik. 9: 60-66.

Vialov, O. S.. 1989. Paleoichnological studies. (In Russian, Eng-
lish title). Paleont. Shornik, 26: 72-78.

Vialov, O. S. & Golev, B. T., 1965. O drobnom podrazdielcni
gruppy Paleodictyonidae. (In Russian only). Byulletin Mosk-
ovskovo Ob.shczhe.stva Ispityvania Prirody, Odtiel Gieo/ogii,
40:93-114.

Vinassa de Regny, P., 1924. Paleontologia. Manualu Hoepli, Mi-
lano, 542 pp.

Volk, M,, 1964. Die Spurengemainschaften im Palaozoikum am
Schwarzburger Sattel (Thuringen). Abh. Deutsch. Akad. Wiss.
Berlin, Kl. Bergb., Huttenw. MontangeoL, 1964(2): 163-179.

Walter, M. R., Elphistone, R. & Heys, G.R., 1989. Proterozoic and
Early Cambrian trace fossils from the Amadeus and Georgina
Basins, central Australia. Alcheringia, 13: 209-256.

Ward, D. M. & Lewis, D. W., 1975. Paleocnvironmcntal implica-
tions of storm-scoured ichnofossilifcrous Mid Tertiary lime-
stones, Waiho district, South Canterbury, New-Zcaland. New
Zealand.!. Geol. Geoph., 18(6): 881-908.

Watelet, A. S., 1866. Description des plantes fossiles de hci.ssin de
Paris. .f.-B. Baillere ct Fils, Paris, 264 pp.

Webby, B. D., 1969. Trace fossils (Pascichnia) from the Silurian
ofNew South Wales, Australia. Palaont. Zeit.schr., 43: 81-93.

Werner, F. & Wetzel, W., 1981. Interpretation of biogenic struc-
tures in oceanic sediments. Bull. Inst. Geol. Bassin d'Aqui-
taine. 31: 275-288.

Wetzel, A.. 1983a. Biogenic structures in modern slope to deep-
sea sediments in the Sulu Sea Basin (Philippines). Palaeo-
gegr., Palaeoclimat., Palaeoecol., 42: 285-304.

Wetzel. A., 1983b. Biogenic sedimentary structures in a modern
upwelling region: northwest African continental margin. In:
Thiede. J. & Suess, E. (eds.), Coastal Upwelling and its
Sediments. Record of Ancient Coastal Upwelling. Plenum
Press, New York, pp. 123-144.

Wetzel, A., 1992. The New Zealand Zoophycos revisited: mor-
phology, ethology, and paleoecology: Some notes for clarifi-
cation. Ichnos, 2: 91-92.

Wetzel, A. & Bromley, R. G., 1994. Phycosiphon incertum revis-
ited: Anconichmts horizontalis is its junior subjective syno-
nym. /. Paleont., 68: 1369-1402.

Wetzel, A. & Bromley, R. G., 1996. A re-evaluation of ichnogenus

Helminthop.si.s Heer 1877 - new look at the type material.
Palaeontology, 39: 1-19.

Wetzel, A. & Werner, F., 1981. Morphology and ecological sig-
nificance of Zoophycos in deep-sea sediments offNW Africa.
Palaeogegr., Palaeoclimat., Palaeoecol., 32: 185-212.

Wetzel, A. & Uchman, A., 1997. Ichnology of deep-sea fan over-
bank deposits of the Ganei Slates (Eocene, Switzerland) - a
classical flysch trace fossil locality studied first by Oswald
Heer. Ichnos, 5: 139-162.

Williamson, W. C., 1887. On some undescribed tracks of inverte-
brate animals from Yoredale Rocks, ans some inorganic phe-
nomena, produced by tidal shores, simulating plant-remains.
Mem. Manchester Liter. Phil. Soc., SrdSer., 10: 19-29.

Wolfart, R., 1961. Stratigraphie und Fauna des alteren Palao-
zoikums (Silur, Devon) in Paraguay. Geol. Jb., 78: 29-102.

Wurm, A., 1911. Untersuchungen tiber den geologischen Bau und
die Trias von Aragonicn. Zcit. Deutsch. Geol. Ges., 63: 38-
129.

Yang, S., 1984. Silurian trace fossils from the Yangzi Gorges and
their significance to depositional environment. (In Chinese,
English abstract). Acta Palaeont. Sinica, 23: 705-714.

Yang, S., 1986. Turbidite flysch trace fossils from China and their
palaeoecology and palaeoenvironment (In Chinese, English
abstract). In: 13th & /4th Annual Conference ofthe Palaeon-
tological Soc. China. Selected Papers. Science Press, Beijing,
pp. 143-161.

Yang, S., 1988. Pcrmian-Triassic flysch trace fossils from the
Guoluo and Yushu regions, Qinghai. (In Chinese, English
abstract). Acta Sed. Sinica, 6(1): 1-12.

Yang, S., Hu, C., Sun, Y., 1987. Discovery of Late Devonian trace
fossils from Guodingshan district, Hanyang, China and its
significance. (In Chinese, English abstract). Earth Sci. J.
Wuhan Coll. Geol., 12: 1-8.

Yang, S. & Hu, Yimxu, 1992. Silurian trace fossils from the
western part of West Qmling. (In Chinese, English abstract).
Geo.sci. J. Graduate School, China Univ. Geo.sci.. 6: 385—
391.

Yang, S. & Song, Zhimin, 1985. Middle-Upper Triassic trace
fossils from Zhad, Ngari, southwest Xizang (Tibet), and its
geologic significance. (In Chinese, English abstract). Geology>
ofXizang, 1 1-14.

Yang, S., Song Z. & Liang D., 1986. Trace fossils from Jurassic
and Cretaceous flysches in Shiquanhe-duoma region, western
Tibet. In: Proceedings of the Symposium on Mesozoic and
Cenozoic Geology, China, pp. 219-228.

Yeh, C.-C., 1987. A deep-water trace fossil assemblage from
Wheeler Gorge, Ventura County, California. In: Bottjer, D. J.
(ed.), New concepts in the use ofbiogenic sedimentaiy struc-
turesfor paleoenvironmental interpretation. Society of Eco-
nomic Paleontologists and Mineralogists, Pacific Section, Los
Angeles, pp. 49-55.

Yochelson, E. L. & Fedonkin, M. A., Paleobiology of Climactich-
nites, an enigmatic late Cambrian fossil. Smiths. Cotnr. Pa-
leobiol., 74: 1-74.

Zagora, |., 1997. Tiefwasser-Lebensspuren aus dem Ordovizium
der Insel Riigen (NE Germany). Neues Jb. Geol Palaont.,
Abh., 203: 351-368.

Zapletal, J. & Pek, 1. 1990. Trace fossils from Svobodne Her-
manice locality (Lower Carboniferous, Moravia, Czechoslo-
vakia) (In Czech, English abstract). Cas. Slezkeho Muz., rada
/(,39:53-57.

Zenker, J. C., 1836. Historisch-topoghrafisches Taschenbuch von
Jena und seiner Umgebung besonders in seiner naturwissen-
schaftlicher und mcdicinischer Beziehung. J.C. Zenker, Jena,
338 pp.



218 A. UCHMAN

Zhang, X. & Wang, D.. 1996. A restudy on Silurian-Devonian
ichnofossils from northweastern Hunan Province. (In Chi-
nese, English abstract). Acta Palaeont. Sinica, 35: 475-489.

Zhou, Z., 1997. Cretaceous and Lower Tertiary trace fossils from
the Gamba area of Southern Tibet, China. Neues Jb. Geol.
Palaont., Abh., 203: 145-172.

Zigno, A., de., 1856-68. Flora fossilis formationis oolithicae. Le

piante fossilis ell'oolite. Livr. 1. Seminario, Padua, pp. 1-32.
Zuber, R., 1910. Eine fossile Meduse aus dem Kreideflysch der
ostgalizischen Karpathen. Verh. Geol. Reichsanst., 1910: 57.
Zuber, R., 1918. Flisz i Nafta. (In Polish only). Prace naukowe,
dziat Il. 2: 1-381; Lwoéw (Towarzystwo dla Popierania Nauki
Polskiej).



