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A new ichnogenus and ichnospecies Rosarichnoides sudeticus is pro posed for a large, ex cep tion ally well-pre served crus ta -
cean bur row, which has been found in the Up per Cre ta ceous (Coniacian) Quadersandstein of the North Sudetic
Synclinorium (Czaple Quarry). Some of its spec i mens have been as signed to Thalassinoides saxonicus (Geinitz, 1842). It is
un branched, a char ac ter is tic ro sary-shaped trace fos sil, which con sists of al ter nat ing cham bers (swell ings) and con stric -
tions. The bur row has no wall, usu ally lacks or na men ta tion and has a pas sive fill. It should be in cluded in the ophiomorphid
group sensu Bromley (1996). This unique find ing re sem bles mod ern crus ta cean bur rows pro duced by shrimps or crabs. Ad -
di tion ally, Thalassinoides paradoxicus (Wood ward, 1830), the star fish Astropecten scupini Andert, 1934, the inoceramids
Inoceramus kleini Müller, 1888 and Inoceramus sp. were found in the same sand stones. The trace fos sils are in dic a tive of
the ar che typal Skolithos ichnofacies that is typ i cal of fore shore to mid dle shoreface set tings.
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Po land.

INTRODUCTION

Ichnological stud ies of ophiomorphids from the Cre ta ceous
de pos its of Silesia, Sax ony and Bo he mia have a very long his -
tory, prob a bly since the 18th cen tury (Schulze, 1760) and cer -
tainly from the first half of the 19th cen tury (Geinitz, 1842;
Göppert, 1842). In com plete ness and dif fer ent states of pres er -
va tion, be sides the his tor i cal un cer tainty of what a trace fos sil is, 
led to these trace fos sils be ing clas si fied in dif fer ent tax o nomic
groups (as cri noid re mains, sponges, al gae, foraminifers, trace
fos sils).

The Ophiomorpha–Thalassinoides–Spongeliomorpha group 
(Bromley, 1996) or in for mally named “ophiomorphids group”
(Uchman, 1995; Seilacher, 2007) in cludes crus ta cean bur rows
of var i ous ar chi tec tures, the most typ i cal form ing branch ing tun -
nel net works, which com monly have swell ings. Fürsich (1973)
and Schlirf (2000) pro posed synonymizing these ichnogenera,
but this was not ac cepted (see Bromley and Frey, 1974;
Bromley, 1996; Schlirf, 2005). Ac cord ing to Gibert (1996),
Sinusichnus should also be in cluded to this group (see
Belaústegui et al., 2014). Gyrolithes Saporta, 1884, Ardelia
(Cham ber lain and Baer, 1973) and Parmaichnus Pervesler and

Uchman, 2009 are also pro posed to rep re sent ophiomorphids
(Bromley and Frey, 1974; Netto et al., 2007; Seilacher, 2007;
Pervesler and Uchman, 2009). Ophiomorpha (Lundgren, 1891)
has a char ac ter is tic pelleted wall, Spongeliomorpha (Saporta,
1887) shows a criss-cross or na ment of sublongitudinal ridges
and grooves, which rep re sented abun dant wall scratchings,
whereas Thalassinoides (Ehrenberg, 1944) re fers to a three-di -
men sional sys tem of bur rows, usu ally un lined or thinly walled. A
di ag nos tic fea ture of the last ichnogenus is T- or Y-shaped
branches. Re cently, Hyžný et al. (2015) in cluded the new
ichnogenus Egbellichnus to the group of trace fos sils made by
deca pod crus ta ceans, while Belaústegui et al. (2016) first re -
ported Lepeichnus, which is in ter preted as prob a bly pro duced by 
crus ta ceans.

A new type of ophiomorphid spec i men has been found in
the Up per Cre ta ceous Quadersandstein (Coniacian) of the
North Sudetic Synclinorium. It is the first such large and finely
pre served crus ta cean bur row from the North Sudetic
Synclinorium (Fig. 1A) and the Sudetes. It was pre pared from a
block of sand stone dur ing min ing work in the Czaple Quarry B
(Fig. 1B) in 1996 by A.M. Sroka and is housed at the Geo log i cal
Mu seum of the Uni ver sity of Wroc³aw (MGUWr 6650s).

Des ig na tion of the spec i men was made com pli cated by
sim i lar i ties with some spec i mens as signed to Thalassinoides
saxonicus (Geinitz, 1842), es pe cially those found by Ger man
ge ol o gists in the 19th cen tury. How ever, these trace fos sils as
well as the spec i men in ques tion are un branched. For this rea -
son they should be ex cluded from Thalassinoides Ehrenberg,
1944 and the pro posal of a new ichnogenus seems nec es sary.
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Thalassinoides saxonicus (orig i nally Spongites saxonicus
Geinitz, 1842), an ex cep tion ally rare crus ta cean bur row, was
re ported mainly from the Up per Cre ta ceous (Cenomanian,
Turonian, Coniacian) of Sax ony, Bo he mia and Lower Silesia
(Geinitz, 1842; Otto, 1852; Friè, 1883; Dettmer, 1912; Andert,
1934). All these au thors in ter preted T. saxonicus as a sponge.
The very sim i lar struc ture of Cylindrites spongioides Göppert,
1842, as signed to al gae (fuc oids), was also re ported from these 
re gions (Göppert, 1842, 1847; Dunker, 1856). Some of these
spec i mens are un doubt edly trace fos sils. Häntzschel (1962,
1975) and Ken nedy (1967) as signed Spongites saxonicus to
the trace fos sil Thalassinoides and gave a list of its syn onyms.

This pa per gives a for mal de scrip tion of a new trace fos sil,
Rosarichnoides sudeticus, on the ba sis of the sig nif i cant dif fer -
ences in shape from other ophiomorphids. We com pared this
spec i men with other sim i lar forms il lus trated in the pub lished lit -
er a ture and with a part of the Göppert’s col lec tion from Sax ony,
Bo he mia, Harz and the Sudetes, which were re-dis cov ered in
the Geo log i cal Mu seum of the Uni ver sity of Wroc³aw. In our
opin ion some un branched spec i mens for merly as signed to
T. saxonicus should also be in cluded in this new ichnospecies.
In this pa per other as so ci ated trace fos sils and body fos sils of
star fish and inoceramids from the Coniacian of the North
Sudetic Synclinorium (Czaple, ̄ erkowice quar ries) are also de -
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Fig. 1. Location of the study area

A – site un der in ves ti ga tion on the map of the cur rent ex tent of the Late Cre ta ceous de -
pos its in the Sudetes, NSS – North Sudetic Synclinorium, ISS – Intra Sudetic
Synclinorium, JF – Jerzmanice Fault (based on Sawicki, 1967, sim pli fied); B – lo ca tion
of the quar ries A and B be tween Czaple and Nowa Wieœ



scribed. On the ba sis of the fos sils col lected, some in ter pre ta -
tion of the depositional en vi ron ment is made.

GEOLOGICAL SETTING

The sites stud ied are lo cated in the cen tral part of the North
Sudetic Synclinorium (NSS) south of the WNW–ESE trending
Jerzmanice Fault (Fig. 1A). The study was con ducted in two
quar ries in the Coniacian sand stones near Czaple and Nowa
Wieœ vil lages (Fig. 1B).

The North Sudetic Ba sin (NSB) is a post-Variscan ba sin lo -
cated within the north ern Sudetic Fore land above the low-grade 
Kaczawa Meta mor phic Unit (Baranowski et al., 1990). It forms
the south east ern pro lon ga tion of the East Brandenburg Ba sin
(Musstow, 1968). Af ter the Cre ta ceous, tec tonic in ver sion of the 
NSB took place and the North Sudetic Synclinorium was
formed (Solecki, 1994).

The Penn syl va nian–Tri as sic part of the NSB infill in cludes
de tri tal con ti nen tal de pos its of Rotliegend fa cies with abun dant
Early Perm ian bi modal vol ca nic rocks (Baranowski et al., 1990). 
These are over lain by Up per Perm ian ma rine marls, car bon ates 
and evaporites (Zechstein fa cies), fol lowed by Lower Tri as sic
con ti nen tal Buntsandstein sand stones. The Tri as sic ma rine
trans gres sion re sulted in sed i men ta tion of marls, car bon ates
and evaporites fol lowed by the Mid dle Tri as sic Muschelkalk se -
quence of marls and lime stones (Fig. 2). Lo cally, in the NW part
of the ba sin the Up per Tri as sic Keuper evaporites are pre -
served (Milewicz, 1985; Chrz¹stek, 2002).

The transgressive Up per Cre ta ceous ma rine sed i men tary
se quence over lies the older base ment with slight an gu lar un -

con formity and a sig nif i cant hi a tus (Fig. 2). In the south ern part
of the NSS, the Up per Cre ta ceous ma rine sed i men tary se -
quence over lies mainly Lower Tri as sic (Buntsandstein) strata,
lo cally the Rotliegend and rocks of the Kaczawa Meta mor phic
Unit, while north of the Jerzmanice Fault the Mid dle Tri as sic de -
pos its of the Muschelkalk form its base ment (Scupin,
1912–1913; Beyer, 1933, 1934; Milewicz, 1997).

The Up per Cre ta ceous se quence (Rakowice Wielkie For -
ma tion sensu Milewicz, 1985, 1997) con sists of ma rine
Cenomanian to up per Coniacian (lower Santonian ac cord ing to
Walaszczyk, 2008) marls that lo cally pass into lime stones in ter -
ca lated by sand stones and mudstones, cov ered in the east ern
part of the study area by the limnic and deltaic de pos its of the
Czerna For ma tion (Fig. 2), which are com posed of white
kaolinitic sand stones in ter ca lated with cal car e ous kaolinitic
clays with lig nite. In the more west ern part of the NSS, shal low
ma rine mudstones of the Wêgliniec For ma tion form the cover of 
the Rakowice Wielkie For ma tion (Fig. 2).

Ac cord ing to Walaszczyk (2008), the Cre ta ceous de pos its
of the NSB rep re sent a sin gle, ma jor T-R cy cle con sist ing of
sev eral mi nor, un spec i fied cy cles. This is in line with Milewicz’s
(1997) opin ion that the Coniacian–Santonian de pos its of the
NSB form the top of a re gres sive phase of a transgressive-re -
gres sive cy cle. Ac cord ing to Leszczyñski (2010), the Czerna
and Wêgliniec for ma tions rep re sent the fi nal, com plex re gres -
sive phase of the mi nor transgressive-re gres sive cy cles.

Sand stones of the Rakowice Wielkie For ma tion in ter preted
by Milewicz (1985) as sandy wedges within pre dom i nantly
marly or even cal car e ous de pos its have been for mally di vided
into the Wilków, Chmielno, Dobra and ¯erkowice mem bers.
The low er most Wilków Mem ber and the up per most ¯erkowice
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Fig. 2. Stratigraphic position of the site under investigation, marked by a star

Lithostratigraphic units af ter Milewicz (1985) and Leszczyñski (2010), mod i fied (with out Keuper de pos its 
which oc cur only in the most NW part of the NSS), tra di tional lithostratigraphic units of the Ger manic Tri -
as sic af ter Al ber ti (1834), Beyrich (1849, 1855), Noetling (1880), Scupin (1907, 1912–1913, 1933),
Holdefleiss (1915), Beyer (1933), cor re la tion with age units af ter Lepper et al. (2002), Menning et al.
(2012) and Chrz¹stek (2013a)



Mem ber cor re spond to the Unterquader and the Oberquader
re spec tively, of the tra di tional lithostratigraphy (Fig. 2). The cal -
car e ous Przewóz Mem ber oc curs in the more west ern part of
the NSS.

Walaszczyk (2008) cor re lated the bound ary be tween the
Rakowice Wielkie For ma tion and the over ly ing for ma tions with
the mid dle/up per Coniacian tran si tion and put the
Coniacian/Santonian bound ary within the Czerna and
Wêgliniec for ma tions. In the east ern part of the NSS, a sig nif i -
cant hi a tus be tween the Rakowice Wielkie For ma tion and the
Nowogrodziec Mem ber of the Czerna For ma tion is pres ent
(Milewicz, 1956, 1965, 1979, 1997; Walaszczyk, 2008;
Leszczyñski, 2010).

Leszczyñski (2010) stud ied the ¯erkowice Mem ber ex posed
in the Rakowice Ma³e and ¯erkowice quar ries. The Coniacian
sand stones of the ¯erkowice Mem ber ex posed in the Czaple
quar ries (Figs. 2 and 3) are fine to me dium-grained arenites (see
Leszczyñski, 2010). The de pos its stud ied are well-sorted but
poorly-rounded (see Milewicz, 1997). Sed i men tary struc tures
within them are not eas ily vis i ble. Par al lel lam i na tion, rip ple
marks and large-scale cross-strat i fi ca tion oc cur lo cally. The
laminae dip mainly to the south and south-east, to wards the
shore of the ba sin (Leszczyñski, 2010). The thick ness of in di vid -
ual sand stone beds is up to few metres. In their up per part, the
sand stones are cov ered with a li mo nite crust (see Leszczyñski,
2010). Ac cord ing to the au thor cited, the Coniacian sand stones
are in ter preted as bar and storm de pos its.

A part of the Cre ta ceous sed i men tary se quence has been
up lifted and eroded due to tec tonic Turonian–Paleogene ac tiv -
ity (Solecki, 1994). The pres ent-day re mains of the North
Sudetic and Intra Sudetic Cre ta ceous bas ins orig i nally formed
a nar row, shal low ma rine strait (Scupin, 1910, 1936) be ing in -
flu enced by both the Bo real and Tethyan realms (Fig. 4). The
north east ern and south west ern bound aries of this strait are
marked by non-depositional ar eas of the so-called East ern and
West ern Sudetic is lands, ESI and WSI re spec tively (Biernacka, 
2012). From the palaeogeographic point of view, the sites un -
der in ves ti ga tion were lo cated at the north west ern out let of a
shal low con nec tion where deltaic to shal low ma rine clastic sed i -
men ta tion pre vailed (Wilmsen et al., 2014).

DESCRIPTION OF THE TRACE FOSSILS

Rosarichnoides igen. nov.

D e r  i  v a  t i o n  o f  n a m e. – Af ter the ro sary-shaped
form in which the type ichnospecies oc curs, Greek ichnos =
trace, and -oides – af ter an cient Greek “like ness”.

T y p e  i c h n o s p e c i e s. – Rosarichnoides sudeticus
isp. nov., type and only known ichnospecies.

D i a g n o s i s. – A ro sary-shaped and un branched struc -
ture, which con sists of reg u larly and al ter nately placed cham -
bers (swell ings) and con stric tions. Cham bers are spher i cal,
elon gated to pear-shaped. The bur row is with out any wall and
has a pas sive, structureless fill, sim i lar to the host sed i ment.
The sur face of the bur row is unornamented, and rough rather
than smooth.

C o m  p a r  i  s o n  w i t h  o t h e r  i c h n o g e n e r a. –
Rosarichnoides mor pho log i cally re sem bles ophiomorphids in
com pris ing tun nels with swell ings (‘turn-arounds’). The pres -
ence of large swell ings (di am e ter up to 7 cm), a pas sive fill and
lack of a wall are sim i lar to Thalassinoides saxonicus (Geinitz,
1842). By con trast with the char ac ter is tic T- or Y-shaped
branchings of Thalassinoides (e.g., Myrow, 1995),
Rosarichnoides is un branched. The only very large
Thalassinoides saxonicus was re cently re ported by Göhler
(2011a, b) from the Cenomanian of Sax ony (Ger many), il lus -
trated mainly by draw ings. Its di men sions, es pe cially of the
swol len cham ber (up to 7 cm), are sim i lar to those of our spec i -
men. It dif fers from Rosarichnoides in hav ing branches and a
sin gle swell ing at the end of the tun nel. In com par i son to
Ophiomorpha Lundgren, 1891, the new ichnogenus does not
have a pelleted wall (see Frey et al., 1978). Rosarichnoides also 
does not pos sess as abun dant scratches (dis tinc tive, lon gi tu di -
nal ridges) as does Spongeliomorpha Saporta, 1887.

This new ichnogenus shows some sim i lar i ties to Type II
(mul ti ple-rest ing-place type) spec i mens of Psilonichnus quietis
Myint, 2001 in hav ing swol len cham bers con nect ing with tun -
nels (Myint, 2001: fig. 2B). The swell ings of this Psilonichnus
have four dif fer ent shapes (Myint, 2001: fig. 5), but only one of
them (Myint, 2001: fig. 5B) re sem bles swell ings of
Rosarichnoides. How ever, in com par i son to the oval to
pear-shaped cham bers of Rosarichnoides, this type of swell ing
in Psilonichnus is dis tinctly semi-tri an gu lar shaped (e.g., Myint,
2001: figs. 11, 14A; 2009: fig. 2). In ad di tion, these swell ings are 
pointed in the same di rec tion and the con stric tions of
Psilonichnus quietis are much lon ger than those of
Rosarichnoides. On the other hand, the di am e ter of the new
ichnogenus is twice as large as is Psilonichnus quietis.

Reg u lar bulb-shaped swell ings also char ac ter ize
Asterosoma ludwigae Schlirf, 2000, but these ra di ate from a cir -
cu lar cen tral axis and have in ter nal con cen tric struc tures (see
Neto de Carvalho and Rodrigues, 2007). Rosarichnoides dif fers 
from Asterosoma in hav ing a dif fer ent ori en ta tion and in the
shape (pear-shaped) of the swol len cham bers, which are
structureless.

A sim i lar mor phol ogy of the bur row, which con sists of a cy -
lin dri cal tun nel with reg u larly dis trib uted cham bers, is seen in
Halimedides Lorenz von Liburnau, 1902. In com par i son to
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Fig. 3. Coniacian sandstones in the Czaple Quarry B 
(photo by M. Wypych)

https://gq.pgi.gov.pl/article/view/7687
https://gq.pgi.gov.pl/article/view/9160


Rosarichnoides this ichnogenus has heart-shaped cham bers
(two cham bers sym met ri cally and bi lat er ally dis trib uted on the
both sides of tun nel; see Gaillard and Olivero, 2009: figs. 10,
15-17) and much smaller di men sions (up to 2.5 mm tun nel di -
am e ter, 100 mm length of tun nel).

A ro sary-like trace (re sem bling pearls) of un known or i gin
(see Häntzschel, 1975: fig. 43/3; Uchman, 1998: fig. 11) is also
seen in Hormosiroidea Schaffer, 1928. This con sists of very
small hemi spher i cal or spher i cal cham bers (up to 1 cm) con -
nected by a hor i zon tal thin string (di am e ter up to 2 mm). It dif -
fers from Rosarichnoides not only in di men sions, but also in the
dif fer ent shape of the bulbs, and in the oc cur rence of ad di tional
oblique strings, lo cally branched, emerg ing from the cham bers.
Ad di tion ally, the sur face of some spec i mens of Hormosiroidea
is coarsely granulose.

Rosarichnoides sudeticus isp. nov.
(Fig. 5A–L)

?partim 1842 Spongites Saxonicus m. Schultze – Geinitz, p. 96, 
Taf. XXIII, fig. 2.
partim 1852 Spongia saxonica Geinitz (Cylindrites spongioides
Göppert) – Otto, p. 20–21, Taf. 6, fig. 1.
?partim 1909 Cylindrites spongioides Goepp. emend. – Rich ter, 
p. 8–11, Taf. XI, fig. 1.

T y p e  m a  t e  r i a l  a n d  o c c u r r e n c e. – Holotype
– one spec i men (nat u ral cast of the bur row) fig ured in Fig ure 5A 

and its eight parts fig ured in Fig ure 5B–I, a pri vate col lec tion of
A.M. Sroka now housed at the Geo log i cal Mu seum of the Uni -
ver sity of Wroc³aw (MGUWr 6650s). The spec i men has been
ex tracted from an iso lated block of me dium-grained sand stone
in the Czaple Quarry B (Fig. 1B), Coniacian in age, North
Sudetic Synclinorium.

D e r  i  v a  t i o n  o f  n a m e. – Af ter the Sudety Moun -
tains, the re gion where the spe cies was found.

D i a g n o s i s. – The bur row con sists of asym met ri cal,
mainly pear-shaped cham bers con nect ing with a tun nel. The
con stric tions are dis tinctly shorter than the swell ings (cham -
bers). The di am e ter of the swell ings is over twice as large as the 
di am e ter of the con stric tions. The sur face of the trace fos sil is
rather rough, mostly unornamented, but lo cal sand knobs, fur -
rows and ridges can be pres ent.

D e s c r i p t i o n. – The ori en ta tion of the spec i men stud -
ied is un for tu nately un known, be cause it was found in a sand -
stone block. It com prises a sand-filled bur row, with al ter nat ing
swell ings and con stric tions and lack ing branches. This large
bur row is 127 cm long, but this is not the to tal length, be cause
the spec i men is bro ken at both ends. It con sists of 8 asym met ri -
cal, spher i cal to pear-shaped cham bers (swell ings), 5.6–6.4 cm 
across, and con stric tions be tween them, which are
2.06–2.86 cm across (Fig. 5A; Ta ble 1). The cham bers are ar -
ranged on both sides of the tun nel at dif fer ent an gles (Fig. 5A).
Their length (pa ram e ter c; Fig. 6) var ies from 9.55 to 12.5 cm
(Ta ble 1). The con stric tions are 2.6–8.5 cm long. Pa ram e ter
b1/a1 var ies from 2.2 to 2.8 (Fig. 6; Ta ble 1). The bur row is el lip -
ti cal or rarely cir cu lar in cross-sec tion and its pa ram e ter a1/a2
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Fig. 4. Palaeogeographic position of the site under investigation 
(based on Wilmsen et al., 2014, modified)

WSI – Western Sudetic Island, ESI – Eastern Sudetic Island
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Fig. 5. Rosarichnoides sudeticus igen. et isp. nov. from the Czaple Quarry B, 
housed at the Geological Museum of the University of Wroc³aw (MGUWr 6650s)

A – the whole spec i men (eight el e ments); B–I – iso lated frag ments of Rosarichnoides sudeticus igen. et isp. nov. il lus trated in or der from 1
(B) to 8 (I); J – cross-sec tion of the con stric tion (frag ment of the bur row shown in Fig. 5I); K, L – lon gi tu di nal sec tions of the swol len cham ber
il lus trated in Fig ure 5B; f – fur row, g – sand gran ule (knob), r – ridge



var ies from 0.94 to 1.17; pa ram e ter a3/a4 is be tween 0.89–1.32 
and pa ram e ter b1/b2 var ies from 1.06 to 1.32 (Ta ble 1; Fig. 6).
The bur row is with out any wall or lin ing. The cross-sec tions of
the bur row show that the fill is pas sive and structureless
(Fig. 5J–L), the same as the host rock. The outer sur face is
rather rough and usu ally lacks or na men ta tion. Four in dis tinct
oval sand knobs (mea sur ing 0.5/0.7 cm; 0.6/1 cm; 0.9/1cm;
0.7/1.2 cm) have been ob served on two swell ings (Fig. 5G). On
the outer sur face of the swell ings, rare fur rows, 2-5 cm long, are
also pres ent (Fig. 5E). They are var i ously ori ented, mostly
obliquely, and they might be poorly pre served scratch traces.
Ad di tion ally, one short thin “ridge”, 3 cm long and ~2 mm wide,
oc curs on the sur face of a swell ing (Fig. 5H).

D i s c u s s i o n. – Des ig na tion of the stud ied spec i men
was dif fi cult be cause the most sim i lar forms were de scribed or
il lus trated in 19th and at the be gin ning of the 20th cen tu ries.
These forms are in com plete, show ing var i ous pres er va tion
con di tions and were clas si fied in dif fer ent tax o nomic groups.
How ever, part of Göppert’s 19th cen tury col lec tion was re-dis -
cov ered in the Geo log i cal Mu seum of the Uni ver sity of
Wroc³aw, which al lowed ob ser va tion of some de tails on the real
spec i mens and com par i son with the form stud ied.

Sim i lar forms, un doubt edly trace fos sils, prob a bly
Thalassinoides, were first de scribed by Schulze (1760: tab. 2,
figs. 1–5) as cri noid re mains or cav i ties left by vagile star fish.
This ichnotaxon was orig i nally de scribed by Geinitz (1842) as a
sponge, Spongites saxonicus. How ever, only one of his spec i -
mens is un branched and has two spher i cal swell ings (Taf. 23,
fig. 2) and the other (Taf. 23, fig. 1) is branched and has a nar -
row lon gi tu di nal ridge on the up per part and a clearer gran u lar
or na men ta tion. The lat ter spec i men was as cribed by Ken nedy
(1967) to Thalassinoides saxonicus, while the first one was in -
cluded in Ophiomorpha nodosa. In our opin ion, the last as sig -
na tion should be re vised. Geinitz’s spec i men (tab. 1, fig. 2) is
un branched and has al ter nat ing oval swell ings and con stric -
tions, sim i lar to Rosarichnoides sudeticus isp. nov., which in di -
cates the af fil i a tion to this ichnogenus.

Gran u lar or na mented forms with swol len and nar row ing
cham bers were also de scribed by Göppert (1842) as the fuc oid
alga Cylindrites spongioides (tabs. XLVI/1–5; XLVIII/1–2, p.
115), but they are un doubt edly ichnofossils. Ac cord ing to Ken -
nedy (1967), Göppert’s fig ures 1–4 in tab. XLVI may show crus -
ta cean bur rows, pos si bly Ophiomorpha. We agree with his
opin ion. Ad di tion ally, a part of the Göppert’s Wroc³aw col lec tion, 
which has not been pub lished, sup ports this view. Spec i mens
(cat. no. MGUWr – 2883p from Bo he mia, MGUWr – 7372p from 
Sax ony, MGUWr – 5648p from Bystrzyca K³odzka) as signed to
Cylindrites spongioides Göpp. have some fea tures of

ophiomorphids (Fig. 7A–D). Three of them (2883p – two spec i -
mens; 7372p; Fig. 7A, D) are hor i zon tal tun nels (from 2 to 4 cm
across) with Y-shaped bi fur ca tions and gran u lated walls, which
are char ac ter is tic of Ophiomorpha (see Bromley and Frey,
1974; Frey et al., 1978). One of them (5648p; Fig. 7B, C) is a
frag ment of a much thin ner tun nel (1.3 cm across), 22 cm long,
with one flat ex tended cham ber (3.5 cm across), which dis plays
a poorly vis i ble gran u lated wall. It is prob a bly Ophiomorpha too. 
Ac cord ing to many au thors (e.g., Gibert and Ekdale, 2010;
Wiest et al., 2016). Thalassinoides never pos sesses pelleted
walls. It is not ex cluded that the dif fi cul ties in rec og ni tion of
these ichnotaxa are caused by the pos si bil ity that some of them
are tran si tional forms be tween Thalassinoides and
Ophiomorpha (see Uchman, 1991).
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No. of 
part

a1 a2 a3 a4 b1 b2 c d = b1 – a1 l a1/a2 a3/a4 b1/b2 b1/a1

1 2.5 2.43 2.73 2.06 5.85 4.4  11.5  3.35 16     1.029 1.325 1.33  2.34    

2   2.22 2.36 2.1  2.35 5.6  5.21 12.5  3.38 21     0.941 0.894 1.075 2.5225

3   2.46 2.25 2.34 2.2  6.35 5.5  11.32 3.89 17.5  1.093 1.064 1.155 2.5813

4   2.23 2.1  – – 6.4  5.75   9.55 4.17 14.17 1.062 – 1.113 2.87    

5   2.62 2.46 – – 6.02 5.08 11.62 3.4  11.62 1.065 – 1.185 2.2977

6 2.5 2.36 2.64 2.38 6.06 5.7  11.84 3.56 16.2  1.059 1.109 1.063 2.424  

7   2.86 2.45 2.23 2.37 6.24 5.38 11.6  3.38 12.5  1.167 0.941 1.16  2.1818

8 2.7 2.45 2.55 2.19 5.97 5.46 10.18 3.27 13.84 1.102 1.164 1.093 2.2111

 For pa ram e ters see Fig ure 6

T a  b l e  1

Val ues of morphometric pa ram e ters of Rosarichnoides sudeticus igen. et isp. nov. [cm]

Fig. 6. Drawing of a swollen chamber and constriction 
of Rosarichnoides sudeticus igen. et isp. nov. 

and morphometric parameters which have been measured



Göppert (1847) de scribed other spec i mens of Cylindrites
spongioides from the Quadersandstein (Turonian) of Bystrzyca
K³odzka. How ever, they have char ac ter is tic plant struc tures on
the sur face and in our opin ion might be con sid ered as al gae;
Göppert (1847), in de scrib ing fuc oids (al gae), cited ?Spongites
saxonicus. One spec i men from Göppert’s Wroc³aw col lec tion
from Harz (cat. no. MGUWr – 5569p; Fig. 7E) is sim i lar. It is
10.3 cm long, 1.7–2.8 cm across. It has a car bon ized wall with a 
reg u lar struc ture (al ter nately ar ranged knobs), and is prob a bly
of plant or i gin.

Otto (1852: Taf. VI, figs. 1–3) il lus trated Spongia saxonica
Geinitz (Cylindrites spongioides Göppert) from the
Quadersandstein at Banewitz near Dresden. Only his spec i -
men shown in fig. 1 is un branched, rather smooth and has four
spher i cal swol len cham bers. Otto (1852) in ter preted it as prob -
a bly a ju ve nile form of Spongia saxonica Geinitz. In our opin ion
this spec i men might rep re sent Rosarichnoides sudeticus igen.

et isp. nov. Ken nedy (1967) cited two other branched Otto spec -
i mens il lus trated on fig ures 2 and 3 on Taf. VI as syn onyms of
Thalassinoides saxonicus (Geinitz).

Dunker (1856) de scribed Cylindrites spongioides (s. 183,
Taf. XXXV, fig. 5) as al gae from Blankenburg (Harz, Sax ony,
Ger many). This spec i men, with gran u lated swell ings, is the
most sim i lar to Göppert’s forms (1842) and be longs prob a bly to
Ophiomorpha.

Un branched, rather smooth forms sim i lar to Rosarichnoides 
sudeticus isp. nov., but with only one swol len cham ber were re -
ported by Friè (1883) and Dettmer (1912) from the Cre ta ceous
of the Bo he mian Ba sin (the Turonian of Mlada Boleslav) and
Sax ony (the Cenomanian and Turonian) re spec tively. Friè
(1883) de scribed Spongites saxonicus Gein. (fig. 128) and clas -
si fied it within the Coelenterata, whereas Dettmer (1912) fig -
ured two spec i mens of Spongites saxonicus Geinitz
(=Cylindrites spongioides Göppert; Taf. VIII, figs. 5, 6) and in -

188 Alina Chrz¹stek, Jolanta Muszer, Andrzej Solecki and Alfred Marian Sroka

Fig. 7. Specimens from Göppert’s collection from the Geological Museum 
of Wroc³aw University assigned to Cylindrites spongioides Göppert

Specimens A–D are ophiomorphids (probably Ophiomorpha nodosa), whereas specimen E is alga; A
– cat. no. MGUWr – 2883p; B, C – MGUWr – 5648p; D – MGUWr – 7372p; E – MGUWr – 5569p



cluded them within the fucoides (al gae). These sketched spec i -
mens are fragmentarily pre served and have lon ger con stric -
tions than swol len cham bers. Ad di tion ally, the shape of their
swol len cham bers is slightly dif fer ent (sym met ri cal, more spher -
i cal than pear-shaped) than the cham bers of Rosarichnoides
sudeticus. The state of pres er va tion of these spec i mens does
not al low for as sig na tion to Rosarichnoides sudeticus, but they
might be long to this ichnogenus. The other Dettmer (1912)
spec i men of Spongites saxonicus Geinitz (=Cylindrites
spongioides Göppert) is branched (Taf. VIII, fig. 4), with out
swol len cham bers, and re sem bles Thalassinoides.

Poèta (1885) de scribed Spongites saxonicus (with out any il -
lus tra tions) as sponges (Ceratospongiae) – “body
bulge-shaped or cy lin dri cal, bi fur cated with large, elon gated
swol len nodes from the Kreideformation of Bo he mia”. This de -
scrip tion is in agree ment with typ i cal fea tures of Thalassinoides.

Rich ter (1909) de scribed Cylindrites spongioides Goepp.
emend. as plant re mains and il lus trated them in Taf. XI–XIII, but 
only fig ure 1 in Taf. XI might be re garded as prob a bly
Rosarichnoides sudeticus igen. et isp. nov., while other three
spec i mens (Taf. XI/fig. 7, Taf. XII/fig. 5, Taf. XIII/6) seem sim i lar
to Ophiomorpha as noted by Ken nedy (1967). Rich ter’s spec i -
men shown in fig ure 1 (Taf. XI) is un branched, has a rather
rough sur face and con sists of two pear-shaped swol len cham -
bers con nect ing with a con stricted tun nel, but by con trast with
Rosarichnoides the con stric tions are lon ger than the swell ings.

Häntzschel (1962) in cluded Spongites saxonicus Geinitz
and Cylindrites spongioides Göppert in Ophiomorpha, while
Spongites saxonicus Geinitz (nomen nudum), Cylindrites
spongioides Goeppert (nom. nud.) and ?Aschemonia Dettmer,
1915 in Thalassinoides. Ken nedy (1967) pro vided a de tailed
syn on ymy of Thalassinoides saxonicus, but he in cor rectly listed 
some names, pages or fig ures in the syn on ymy list. He des ig -
nated as lectotype of this ichnospecies one spec i men of
Spongites saxonicus Geinitz, 1842 (only fig. 1 in Geinitz). The
iden ti fi ca tion of the best spec i mens of T. saxonicus in Ken -
nedy’s opin ion (Ken nedy, 1975: pl. 5, fig. 2; pl. 6, fig. 3) is dif fi -
cult be cause they are cov ered with Chondrites isp. Häntzschel
(1975) in cluded Spongites saxonicus Geinitz, 1842 (partim)
and Cylindrites spongioides Göppert, 1842 (partim) in
Ophiomorpha. Spongites was il lus trated by Häntzschel (1975)
only by a draw ing (fig. 1/74). The au thor in cluded T. saxonicus
(Häntzschel, 1975: fig. 70/2b) in Thalassinoides. Worth no tic ing 
that fig. 70/2a, de scribed as Thalassinoides sp., is the same as
fig. 1/74 il lus trated as „Spongites” (see Häntzschel, 1975). In
the di ag no sis of the ichnogenus, the au thor cited typ i cal swell -
ings at points of branch ing or else where. He also noted that rare 
tran si tional forms with the tu ber cu late struc ture of
Ophiomorpha have been de scribed.

The names Spongites and Cylindrites are not avail able, as
they are pre-oc cu pied. The ge nus Spongites Kützing, 1841 is
as signed to al gae (see Woelkerling, 1985) and the ge nus
Cylindrites Sowerby, 1824 rep re sents gas tro pods (Ken nedy,
1967; Kollmann, 2002; Mor ris and Lycett, 2015).

T r a c e m a k e r  a n d  e t h o l o g y. – The spec i men
stud ied re sem bles mod ern crus ta cean bur rows. The most com -
plex bur row sys tems typ i cal of ophiomorphids are pro duced by
mem bers of the deca pod infraorders Gebiidea and Axiidea (for -
merly known as thalassinideans, see Hyžný et al., 2015 and ref -
er ences therein). One of the most char ac ter is tic fea tures of
these infraorders is the pres ence of swell ings (mostly in ter -
preted as turn-arounds).

A clas si fi ca tion of “thalassinidean” shrimp bur rows based
on mor pho log i cal and eco log i cal char ac ter is tics was pro posed
by Griffis and Suchanek (1991). Geo met ri cally Rosarichnoides
sudeticus igen. et isp. nov. shows sim i lar i ties to Type 2 (sim ple

branches) made by de posit feed ers, which pro duce mounds of
sed i ment at their open ing and usu ally do not store sea grass in
bur row cham bers. This type of bur row is a sim ple, twist ing
shaft, ver ti cally ori ented, with swol len cham bers. In the up per
part of the bur row a Y-shaped con nec tion to the sed i ment sur -
face is ob served (Griffis and Suchanek, 1991). This last fea ture
is miss ing in our ma te rial, prob a bly due to its in com plete ness.
Though the po si tion of the spec i men stud ied is un known, it is
not ex cluded that it was ver ti cally ori ented. The Griffis and
Suchanek (1991) gen er al ized model was crit i cized by some au -
thors (Dworschak and Ott, 1993; Nickell and Atkinson, 1995;
Gibert and Ekdale, 2010; Hyžný et al., 2015) due to some fea -
tures, such as the lack of mounds at the open ings and num ber
of open ings in the fos sil re cord and the dif fi culty of as sign ing
cer tain spe cies to a bur row type.

Etho logi cally, Rosarichnoides igen. et isp. nov. rep re sents a 
fodinichnion, how ever an agrichnion is not ex cluded. It seems
that it is a re cord of a sim ple pro cess of bur row ing through sed i -
ments in search for food. Nev er the less such nu mer ous and
reg u larly dis trib uted swol len cham bers sug gest the pos si bil ity
of the stor age of sea grass or al gae, or even of gar den ing be -
hav iour on the bur row cham ber walls. How ever, there is no
other ev i dence for these be hav iours. Most callianassids are as -
sumed to be de posit feed ers and in this case they cre ate com -
pli cated bur row sys tems (Hyžný and Klompmaker, 2015 and
ref er ences therein). Stud ies on mod ern crus ta ceans (e.g.,
Stamhuis et al., 1996) show that they usu ally rep re sent a mix -
ture of feed ing strat e gies.

The tracemaker of the new ichnogenus was rather a de posit 
or de tri tus feeder, which prob a bly could leave the bur row to col -
lect or ganic ma te rial for later con sump tion. The pos si ble pro -
ducer of this bur row was a deca pod crus ta cean (ghost or mud
shrimp or crab). Ac cord ing to Griffis and Suchanek (1991), 72% 
of the “Callianassa” spe cies (infraorder Axiidae) con struct Type
2 (sim ple branches) of the bur rows. Some of the con tem po rary
mud shrimp bur rows stud ied by Sepahvand et al. (2014) show a 
sim i lar mor phol ogy to Rosarichnoides (a sin gle oblique shaft
with mul ti ple turn ing cham bers – see fig. 4 therein). Their pro -
ducer is the gebiidean Upogebia carinicauda, the bur rows of
which vary de pend ing on the hab i tat type and on the phys i cal
char ac ter is tics of the sed i ments. Ac cord ing to Hyžný (2011)
mem bers of the Gebiidea and Axiidea are known to con struct
very com plex bur row sys tems which can reach >1 m in depth.
Some re sem blance to the semitriangular swell ings of Type II of
Psilonichnus quietis Myint, 2001 (see fig. 5B therein), which
was pro duced by de posit feed ing/or scavending brachyuran
crabs, also sug gest these or gan isms as the po ten tial
tracemakers of Rosarichnoides.

The role of the swol len cham bers in crus ta cean bur row ing
has been dis cussed by many au thors (e.g., D’Alessandro and
Bromley, 1995; Stamhuis et al., 1996; Dworschak, 2001; Lewy
and Goldring, 2006). Swell ings are mainly in ter preted as
turn-arounds, where a tracemaker could change its di rec tion of
move ment. Other etho log i cal be hav iors have also been pro -
posed (re pro duc tion, meet ing, brood ing, nurs ery, stor age).
Gaillard and Olivero (2009) also pro posed farm ing be hav iour
for the sim i lar bur row Halimedides. Ac cord ing to Myint (2009),
the swol len cham bers of Type II of Psilonichnus quetis might
have played dif fer ent roles than turn-arounds. They are in ter -
preted as: pauses dur ing the pro cess of bur row ing, shel ter for
the trace-maker, space uti li za tion (in some cases for breed ing)
and the po si tion of great est sta bil ity against col lapse. Gaillard
and Olivero (2009) sug gested that the con fig u ra tion of the
cham bers along the tun nel in Halimedides was or ga nized for
the ven ti la tion of the bur row sys tem. These au thors, as well as
Lukeneder et al. (2012), con nected the densely and sparsely
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cham bered bur rows with var i ous ox y gen a tion lev els of the sea
floor and the char ac ter of the sub strate (stiffground to
firmground).

Among con tem po rary macrofaunal bur rows, Koo and Koh
(2013) de scribed a bur row of the polychaete Periserrula
leucophryna, which con sists of a main ver ti cal, un branched
shaft with sev eral bulges (di am e ter up to 10 cm) for
turn-around. De spite its gen eral sim i lar ity to Rosarichnoides,
this type of bur row has dis tinct char ac ter is tics. Its shaft is
slightly sin u ous, the con stric tions are much lon ger and bulges
have an ir reg u lar/oval shape and a thin short “peduncule”. For
these rea sons such a tracemaker (a polychaete) could not pro -
duce Rosarichnoides.

Ichnogenus Thalassinoides Ehrenberg, 1944
Thalassinoides paradoxicus (Wood ward, 1830)

(Fig. 8A)

1967 Thalassinoides paradoxica (Wood ward), Ken nedy, p.
142–148, pl. 3, pl. 4, pl. 8, fig. 5, pl. 9, fig. 2, text-figs 4, 5A, B.
2011 Thalassinoides paradoxicus (Wood ward), Tiwari et al., p.
1139, pl. 4e.

M a t e r i a l. – One spec i men found in the ¯erkowice
Quarry, Coniacian, North Sudetic Synclinorium.

D i a g n o s i s. – “Sparsely to densely but ir reg u larly
branched, subcylindrical to cy lin dri cal bur rows ori ented at var i -
ous an gles with re spect to bed ding; T-shaped in ter sec tions are
more com mon than Y-shaped bi fur ca tions, and off shoots are
not nec es sar ily the same di am e ter as the par ent trunk” (af ter
Howard and Frey, 1984: 213).

D e s c r i p t i o n. – The spec i men stud ied is a hor i zon tal,
ir reg u larly branched, cy lin dri cal and un lined bur row with a T-
rather than Y-shaped branch ing pat tern. It has vari able di am e -
ter (1.0–3.0 cm) and rare swell ings. The vis i ble length is 25 cm.
At the end of the bur row, Y-shape branch ing ap pears. Two
T-shaped branchings are also ob served (Fig. 8A). The bur row
fill is the same as the host rock. The ir reg u lar pat tern of branch -
ing and vari able di am e ter al lows it to be as signed to
Thalassinoides paradoxicus.

R e  m a r k s. – Thalassinoides is in ter preted as a
fodinichnion (Bromley, 1996), domichnion (Myrow, 1995) and
oc ca sion ally agrichnion (Ekdale and Bromley, 2003). Ac cord ing 
to Buatois et al. (2016), Thalassinoides is re garded mostly as
fodinichnion. Thalassinid shrimps, ghost shrimps, lob sters,
cray fish, crabs as well as fish, anem o nes and enteropneusts
are mainly sug gested as the po ten tial tracemakers (Frey et al.,
1984; Myrow, 1995; Kim et al., 2002; Ekdale and Bromley,
2003; Neto de Carvalho et al., 2007).

This eurybathic ichnotaxon may oc cur in the Psilonichnus,
Cruziana, and even in the Teredolites ichnofacies
(MacEachern et al., 2007, 2012). It ap pears also in the Nereites
and Zoophycos ichnofacies. It may char ac ter ize firmgrounds
(Glossifungites ichnofacies) and hardgrounds (Trypanites
ichnofacies; Myrow, 1995).

This ichnogenus oc curs in dif fer ent ma rine en vi ron ments,
more com monly in shal low ma rine set tings (Ekdale and
Bromley, 2003; Rodríguez-Tovar and Uchman, 2004a, b, 2010; 
Malpas et al., 2005). In siliciclastic storm de pos its,
Thalassinoides is abun dant from the dis tal lower shoreface to
off shore set tings (Pem ber ton et al., 2012). Thalassinoides is
known from the Cam brian to the Re cent (Myrow, 1995;
Sprechmann et al., 2004; Mángano and Buatois, 2016), but is

most abun dant in the Me so zoic and the Ce no zoic
(Rodríguez-Tovar and Uchman, 2004a, b).

DESCRIPTION OF THE ASSOCIATED FOSSILS

Type: Mollusca
Class: Bivalvia

Or der: Praecardioida
Fam ily: Inoceramidae Zittel, 1881

Ge nus: Inoceramus Sowerby, 1814
Inoceramus kleini Müller, 1888

(Fig. 8C)

19121–3 Inoceramus Kleini Müll. var – Scupin, p. 209, Taf. 11,
fig. 4a, b.
1934 Inoceramus kleini Müller – Andert, p. 115–117, Taf. 4,
figs. 9–11, Taf. 5, figs. 1–2.
1960 Inoceramus kleini Müller – Radwañska, tab. 1, fig. f.
1991 Inoceramus kleini Müller – Tarkowski, p. 109–110, tabl.
13, fig. 7; tabl. 14, figs. 2, 3.
1996 Inoceramus kleini Müller – Walaszczyk, p. 386, fig. 8E.

M a t e r i a l. – One ex ter nal im print of a right valve found in 
the Czaple Quarry A (Fig. 1B).

D e s c r i p t i o n. – The valve is very con vex, small, with a
strong and sharp beak. Ax ial length is 7 cm. Sec ond ary axis is
~5.5 cm. Ven tral mar gin is gently rounded. Hinge line is par tially 
vis i ble. Or na men ta tion of the valve con sists of con cen tric and
reg u lar rugae. The ribs are 0.5–0.8 cm apart. The spec i men
does not dif fer from sim i lar spec i mens de scribed by Scupin
(1912–1913), Radwañska (1960), Tarkowski (1991) and
Walaszczyk (1996).

O c c u r r e n c e. – Scupin (1912–13) de scribed this spe -
cies from the up per Coniacian of the North Sudetic
Synclinorium (Gaszów, for merly Gehnsdorf). Radwañska
(1960) cited this taxon from the Coniacian of the Up per Nysa
K³odzka Graben. Ac cord ing to Tarkowski (1991), this spe cies
oc curs in the lower Coniacian of East Eu rope, the mid dle
Coniacian of the Opole Trough, the Coniacian of Ger many and
Po land. Walaszczyk (1996) de scribed I. kleini from the lower
mid dle Coniacian of Sax ony and Bo he mia. Walaszczyk et al.
(2004) cited early forms of Inoceramus kleini, from the up per
lower and lower mid dle Coniacian of the Euramerican
biogeographic re gion.

Inoceramus sp.
(Fig. 8B)

M a t e r i a l. – One spec i men of a left valve, the Czaple
Quarry A (Fig. 1B).

D e s c r i p t i o n. – Large, con vex valve, with a strong
beak. Ax ial length is 20 cm. Sec ond ary axis is ~14 cm. Ven tral
mar gin is gently rounded. Hinge line is par tially vis i ble. Or na -
men ta tion of the valve con sists of con cen tric, reg u lar rugae (up
to 1.5 cm spac ing), which are poorly vis i ble due to the state of
pres er va tion.

R e  m a r k s. – The spec i men is very sim i lar to Scupin’s
form (1912–13: Taf. 9, fig. 14) of the up per Coniacian of Czaple
(for mer Hockenau). The au thor de scribed large inoceramids,
which are 18–24 cm long as Inoceramus nov. spec. (ex. aff.
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cycloidis Wegner). The poor state of pres er va tion of our spec i -
men does not al low de ter mi na tion at the spe cies level.

Types: Echinodermata
Class: Asteroidea
Or der: Paxillosida

Fam ily: Astropectinidae Gray, 1840
Ge nus: Astropecten Gray, 1840

Astropecten scupini Andert, 1934
(Fig. 8D, E)

19121–3 Astropecten nov.spec. – Scupin, p. 256, Taf. 15, fig. 5.
1934 Astropecten scupini n. sp. – Andert, p. 71, Taf. 19, fig. 24.

M a t e r i a l. – One im print of the oral part of the
endoskeleton found in the Czaple Quarry B (Fig. 1B).

D e  s c r i p  t i o n  a n d  r e  m a r k s. – Pen tag o nal form
with well-pre served mar ginal spines. Its arms are elon gate and
pointed. The di am e ter is 16 cm and the length of the arm from
the cen tre is ~8 cm. The am bu lac ral groove is only par tially pre -
served. Mouth is not vis i ble.

O c c u r r e n c e. – Scupin (1912–13) de scribed this spe -
cies from the up per Coniacian of Czaple (Hockenau) of the
North Sudetic Synclinorium. Andert (1934) cited this taxon from
the up per Turonian of Sax ony and Sudetes, and Soukup (1938)
from the up per Turonian of Jièin (Czech Re pub lic).

PALAEOENVIRONMENT

In the Coniacian sand stone of the ¯erkowice Mem ber
(Czaple and ¯erkowice quar ries), a poor as sem blage of fos sils
and trace fos sils was found. Among them the in ter est ing crus ta -
cean bur rows Rosarichnoides sudeticus igen. et isp. nov. and
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Fig. 8. Associated trace and body fossils

A – Thalassinoides paradoxicus (Woodward, 1830), ¯erkowice Quarry; B – Inoceramus sp., Czaple
Quarry A; C – Inoceramus kleini Müller, 1888, Czaple Quarry A; D, E – Astropecten scupini Andert,

1934, Czaple Quarry B (the same specimen, positive and negative)



Thalassinoides paradoxicus (Wood ward, 1830) are pres ent. A
very well-pre served star fish Astropecten scupini Andert, 1934
and some inoceramids I. kleini Müller, 1888 and Inoceramus
sp. were also found.

The most prob a ble tracemakers of the new ichnogenus
Rosarichnoides be long to deca pod crus ta ceans (shrimps or
true crabs), which are im por tant el e ments of ma rine as well as
brack ish and fresh wa ter en vi ron ments (Dworschak, 2000;
Hyžný et al., 2015). Dworschak (2000) cited the world wide dis -
tri bu tion of re cent axiidean and gebiidean mud shrimps in all
oceans from tem per ate, trop i cal and sub trop i cal lat i tudes (60°
north and south). Ac cord ing to Dworschak (2000, 2005), 95%
of known callianassid crus ta cean spe cies in habit shal low-wa ter 
(0–200 m) en vi ron ments. Most of the fos sil ghost shrimps have
been re ported from shal low-wa ter de pos its and they are the
most im por tant bioturbators (see Hyžný and Klompmaker,
2015). Bur row ing crabs are typ i cal of intertidal ar eas (up -
per-intertidal zone) and they do not build their bur rows be low
the fair-weather wave-base (see Hyžný et al., 2015 and ref er -
ences therein).

Thalassinoides is a com mon trace fos sil in the Cruziana
ichnofacies. It char ac ter izes mainly the prox i mal Cruziana
ichnofacies (see ichnological-sedimentological model of Pem -
ber ton et al., 2001, 2012), which is lo cated in the dis tal lower
shoreface. The oc cur rence of Thalassinoides in such an en vi -
ron ment (dis tal lower shoreface/up per off shore) was re ported
by sev eral au thors (e.g., Uchman and Krenmayr, 2004;
Pervesler et al., 2011; Angulo and Buatois, 2012). In di vid ual oc -
cur rences of this ichnogenus may be found in shal lower set -
tings such as the up per and mid dle shoreface (Leszczyñski,
2010; Buatois and Mángano, 2011; May oral et al., 2013).
Thalassinoides is an in di ca tor of a well-ox y gen ated en vi ron -
ment (Buatois and Mángano, 2011) and its most prob a ble pro -
duc ers (shrimps) pre fer shal low wa ter of nor mal sa lin ity
(Weimer and Hoyt, 1964; Frey et al., 1978).

In the Sudetes, Thalassinoides has been de scribed from the
Car bon if er ous by Muszer and Uglik (2013), from the Mid dle Tri -
as sic, Lower Muschelkalk (Chrz¹stek, 2013a) and from the Up -
per Cre ta ceous (Rotnicka, 2005; Leszczyñski, 2010; Chrz¹stek,
2013b, c; Chrz¹stek and So³czerski, 2016). Rotnicka (2005)
cited this ichnogenus from the Cenomanian and Turonian of the
Sto³owe Moun tains (Intra-Sudetic Synclinorium) from off -
shore/shelf set tings. Leszczyñski (2010) re corded this
ichnogenus from the ¯erkowice Mem ber (Rakowice Ma³e,
Coniacian), from fore shore to up per shoreface de pos its, and
from the Nowogrodziec Mem ber (Rakowice Ma³e, Santonian)
from a coastal plain set ting. Chrz¹stek (2013b, c) and Chrz¹stek
and So³czerski (2016) de scribed this ichnogenus from the mid dle 
Turonian and Coniacian of the Up per Nysa K³odzka Graben
(Bystrzyca, D³ugopole, Idzików, Stary Waliszów) from lower
shoreface to up per off shore de pos its.

Inoceramids (Inoceramus kleini and Inoceramus sp.), as
found in the Coniacian sand stones, are very com mon and cos -
mo pol i tan in Me so zoic ma rine shelf en vi ron ments (see Ozanne 
and Har ries, 2002; Kumagae et al., 2011; Chrz¹stek, 2012). As
eurytopic or gan isms they had broad eco log i cal tol er ances and
are known from well-ox y gen ated, shal low ma rine to poorly ox y -
gen ated, deep-ma rine set tings (Har ries and Ozanne 1998;
Ozanne and Har ries, 2002).

The pres ence of the star fish Astropecten scupini also sug -
gests shal low ma rine set tings. Astropectenids used to oc cur in
abun dance down to a wa ter depth of 50 m (Beddingfield and
McClintock, 1993). Ac cord ing to Villier et al. (2004),
astropectenids are found pre dom i nantly in shal low shelf en vi -
ron ments (shoreface). These star fish are well-adapted to
soft-bot tom sub strates, be ing detritivores and pred a tors of gas -

tro pods, bi valves and crus ta ceans (Caregnato et al., 2009;
Blake and Guensburg, 2016). Ac cord ing to these au thors, star -
fish (in clud ing astropectenids) live in up to 30 m wa ter depth, in
some cases up to ~80 m. How ever, Baeta et al. (2016) re ported 
Astropecten from the nearshore to off shore (5–150 m) with
small in di vid u als pre vail ing in the nearshore (5–50 m), and
larger forms in the deeper ar eas (50–150 m). The pres ence of
the star fish Astropecten scupini sug gests a shoreface set ting.

Leszczyñski (2010) in ter preted the Coniacian sand stones
of the ¯erkowice Mem ber as bar and storm de pos its, which
were de pos ited mainly in the fore shore to up per shoreface set -
ting. This is sup ported by op po site di rec tions of large-scale
cross-strat i fi ca tion, which in di cate sig nif i cant vari a tions in
wave/cur rent di rec tion and oc ca sion ally en er getic hy dro dy -
namic con di tions. How ever, Leszczyñski (2010), who stud ied
the de pos its of the Rakowice Quarry, stated that in the ad ja cent
quarry at ̄ erkowice a more di verse as sem blage of trace fos sils
oc curs, in which hor i zon tal bur rows Ophiomorpha and
Thalassinoides pre vail. This sug gests short calmer pe ri ods and
pe ri odic con di tions char ac ter is tic of the dis tal ex pres sion of the
Skolithos ichnofacies (Leszczyñski, 2010), lo cated in the mid -
dle shoreface set ting.

Our stud ies are in agree ment with the sedimentological
anal y sis of Leszczyñski (2010). In the Czaple quar ries we ob -
served fine-grained, well-sorted quartz sand stones with the
same sed i men tary struc tures as Leszczyñski (2010) de scribed, 
which are rep re sented by pla nar strat i fi ca tion, rip ple marks and
large-scale cross-strat i fi ca tion. In most cases the sand stones
are structureless. HCS (hummocky cross-strat i fi ca tion) was not 
found. In our opin ion, sed i men ta tion took placed above the
fair-weather wave base, in a mod er ate to high en ergy en vi ron -
ment with some calmer ep i sodes.

The as sem blage of trace and body fos sils stud ied is of low
di ver sity. As Leszczyñski (2010) stated, “the rar ity of trace fos -
sils in the ̄ erkowice Mem ber may re sult from low sta bil ity of the
sandy sub strate caused by high wa ter en ergy and de fi ciency of
food in the depositional en vi ron ment”. The pres ence of the
trace fos sils stud ied (Rosarichnoides sudeticus,
Thalassinoides paradoxicus) and body fos sils (star fish
Astropecten scupini, inoceramids: Inoceramus kleini,
Inoceramus sp.) sug gests de po si tion of the Coniacian sand -
stones in a shal low-ma rine en vi ron ment, prob a bly up per part of
the shoreface. Re cently, Chrz¹stek and Wypych (2016) re -
ported a more di verse trace fos sil as sem blage from the
Coniacian sand stones of the Czaple–Nowa Wieœ Grodziska
quar ries, com pris ing Planolites, Phycodes, Gyrochorte,
Ophiomorpha and Thalassinoides that to gether point to
shoreface en vi ron ments. On the ba sis of pre vi ous
sedimentological and ichnological stud ies (Leszczyñski, 2010;
Chrz¹stek and Wypych, 2016) as well as our stud ies, it can be
con cluded that the sed i men ta tion of the ¯erkowice Mem ber
sand stones is typ i cal of a soft-bot tom, well-ox y gen ated and nor -
mal sa lin ity shal low ma rine en vi ron ment, above the fair-weather 
wave base (up to the mid dle shoreface).

CONCLUSIONS

The unique trace fos sil de scribed as Rosarichnoides
sudeticus igen. et isp. nov. has been found in the Coniacian
sand stones of the North Sudetic Synclinorium (Rakowice
Wielkie For ma tion, ¯erkowice Mem ber, Czaple Quarry B).
Rosarichnoides is in ter preted as a char ac ter is tic ro -
sary-shaped, un branched and unwalled bur row, which con sists
of al ter nat ing asym met ri cal oval to pear-shaped cham bers
(swell ings) and con stric tions. Its fill is pas sive and structureless, 
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sim i lar to the host sed i ment. The sur face of the bur row is rough
rather than smooth, but some ridges and sand knobs or fur rows
may oc cur. This new ichnogenus is dis tin guished from other
ichnotaxa by a lack of branch ing, and the dif fer ent ori en ta tion
and shape of swell ings. It may be con sid ered a rep re sen ta tive
of an “ophiomorphid” group. Based on bur row mor phol ogy the
tracemaker of Rosarichnoides may have been a de posit or de -
tri tus feeder among deca pod crus ta ceans (most prob a bly a
shrimp or crab). Ad di tion ally, Thalassinoides paradoxicus
(Wood ward, 1830) as well as the star fish Astropecten scupini
Andert, 1934, inoceramids Inoceramus kleini Müller, 1888,
Inoceramus sp. have also been en coun tered.

The trace fos sil as sem blage and macrofossils sup port the
palaeoenvironmental in ter pre ta tion of the the ¯erkowice Mem -
ber by Leszczyñski (2010). The Coniacian sand stones stud ied
were prob a bly de pos ited in the fore shore to mid dle shoreface
(ar che typal Skolithos ichnofacies). Sed i men ta tion took place in

a shal low epicontinental sea, above the fair-weather wave
base. Wa ters were well-ox y gen ated (Thalassinoides) and of
nor mal sa lin ity (shrimps, star fish). The sed i men ta tion of the
sand stones stud ied was re lated to the re gres sion that started
af ter up lift of the south east ern part of the North Sudetic Ba sin.
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