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In this pa per the trace fos sil as so ci a tions and the taphocoenoses from the Up per Visean Paprotnia Beds (Bardo Unit) have
been com pared. Eleven ichnogenera have been rec og nized (Zoophycos, Chondrites, Protovirgularia, Lockeia, Palaeo -
phycus, Nereites, Planolites, Altichnus, Paleobuprestis, cf. Thalassinoides and ?daedaloid form). A new ichnospecies
Paleobuprestis sudeticus has been de fined herein. It is the old est wood-bor ing trace fos sil ob served in macroscale and the
first wood-bor ing trace fos sil pre served on the archaeocalamites stems. Based on ichnodiversity and rel a tive abun dance of
trace fos sils in the in ves ti gated strata three ichnoassociations have been dis tin guished: Zoophycos–Chondrites–Palaeo -
phycus, Palaeophycus–Nereites and Paleobuprestis. Ver ti cal suc ces sion of both the taphocoenoses and ichnoassociations
re flects the dif fer ent col o ni za tion stages of the sub strate and is linked to bathymetric changes in the ma rine ba sin from off -
shore to nearshore con di tions in warm cli mate at low lat i tude. The Paprotnia pro file is a unique re cord of the Asbian–Briga -
ntian tran si tion.
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INTRODUCTION

The Paprotnia Beds are one of the lithostratigraphic units in
the Mid dle Mis sis sip pian rocks of the Bardo Unit (the cen tral
part of the Pol ish Sudetes) and they are biostratigraphically
well-dated. Haydukiewicz and Muszer (2002) rec og nized five
taphocoenoses in the ver ti cal se quence of the Paprotnia sec -
tion, which dif fer in the rel a tive fre quency of par tic u lar tax o -
nomic groups, the size and the state of pres er va tion of spec i -
mens. Their stud ies in di cate grad ual en vi ron men tal changes
from off shore to on shore con di tions. Ac cord ing to Haydu -
kiewicz and Muszer (2002), the Paprotnia Beds rep re sent the
shal lower fa cies equiv a lent of the pe lagic crenistria Lime stone,
which is wide spread in the Culm fa cies of Variscan Eu rope
(Warnke, 1997). An other in ter pre ta tion of the en vi ron men tal
de po si tion of the Paprotnia Beds was pre sented by Wajsprych
and Jędrysek (1994), who con sid ered that the beds were de -
pos ited in the deep sea and the terrigenous ma te rial was trans -
ported by tur bid ity cur rents. They also sug gested that most of
macrofossils are allochthonous and were re de pos ited from
shal lower parts of the ba sin. Wajsprych (1995) also pos tu lated

a con cept of a chemogenic vent-re lated or i gin of both the fauna
con cen tra tions and the crenistria ho ri zon car bon ates.

The use ful ness of ichnofossils to the re con struc tion of
palaeoenvironment is com monly known, be cause of their in situ
oc cur rence. As sem blages of trace fos sils are very im por tant in
sedimentological anal y ses, palaeo ec ol ogy, palaeobathymetry
and can also in di cate the ox y gen a tion and the sa lin ity of the bot -
tom wa ter (e.g., Seilacher, 1967; Frey, 1975; Ekdale and Ma -
son, 1988; Frey et al., 1990; Pem ber ton et al., 1992; Savrda,
1995, 2007; Bromley, 1996; McIlroy, 2004; Gaillard and Rache -
boeuf, 2006; Miller, 2007; Buatois and Mángano, 2011). They
are also used in biostratigraphy and se quence stra tig ra phy
(e.g., Miller, 2007; Mar tin, 2009). Use of trace fos sils as eco log i -
cal in di ca tors in strati graphic suc ces sion pro vide ev i dences to
the lo cal his tory re con struc tion of en vi ron men tal change and
ba sin evo lu tion (Bromley, 1996).

Trace fos sils from the West ern Pol ish Sudetes are still
poorly known, es pe cially Pa leo zoic ichnogenera. Me so zoic
ichnogenera are rather com mon in the Mid dle Tri as sic and Up -
per Cre ta ceous and were de scribed for ex am ple by Jerzy -
kiewicz (1971), Rotnicka (2005), Chrząstek (2008, 2012), Lesz -
czyński (2010), Chrząstek and Wojewoda (2011). In con trast to
them, Pa leo zoic ichnofossils have not been re ported ex cept for
Perm ian cop ro lites (Roemer, 1857) and Car bon if er ous Zoo -
phycos from the Bardo Unit (Muszer and Haydukiewicz, 2009,
2010). Re cently found trace fos sils in the Paprotnia Beds (Uglik, 
2010) al lowed the prob lem of the de po si tion of the Paprotnia
Beds to be re solved.
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The goal of the pres ent study is the de scrip tion of the dis -
cov ered  ichnotaxa as well as their ichnological char ac ter is tics
and cor re la tion to the taphocoenoses suc ces sion rec og nized
by Haydukiewicz and Muszer (2002). Anal y sis of these ichno -
logical and palaeontological re cords is used to cre ate a palaeo -
environmental re con struc tion of the Paprotnia Beds de po si tion.

GEOLOGICAL SETTING

The Paprotnia Beds (an in for mal lithostratigraphic unit ear -
lier known as the �Paprotnia se ries” in Pol ish lit er a ture) oc cur
only in the west ern part of the Bardo Unit of the cen tral Pol ish
Sudetes (Fig. 1). Ac cord ing to the tectonostratigraphic model
pre sented by Wajprych (1986, 1995) the Bardo Unit is com -
posed of two Pa leo zoic suc ces sions: allochthonous and auto -
chthonous/parautochthonous. The allochthonous suc ces sion
is rep re sented by large olistoliths of deep ma rine strata from at
least the Up per Or do vi cian to the De vo nian, em bed ded in
Visean wildflysch (Haydukiewicz, 1990). The autochtho no -
us/parautochthonous suc ces sion com prises the Up per De vo -
nian – Mis sis sip pian rocks (Wajsprych, 1986, 1995; Haydu -
kiewicz and Muszer, 2002) and was sub di vided by Wajsprych
(1995) into sev eral in for mal units: for ma tions and se quences
(Fig. 2). The Paprotnia Beds be long to an autochtho nous/para -
utochthonous plat form suc ces sion. They are in clu ded in the
lower part of the Winna Góra se quence, whose strati graphic
po si tion is dif fi cult to de ter mine be cause of the com pli cated tec -
tonic frame work and un ex posed con tact with neigh bour ing

units. The scheme of the lithostratigraphic units of this suc ces -
sion is shown on Fig ure 2 and out lined by Kryza et al. (2008).

The out crop of these beds is sit u ated about 500 m SE of the
Paprotnia Hill (547.3 m a.s.l.), in the road-es carp ment be tween
the vil lages of Czerwieńczyce and Wojbórz (GPS co or di nates E 
16°37’29.247). The ex posed sec tion of the Paprotnia Beds is
13.7 m thick (Figs. 3 and 4A), but the whole thick ness of the
lithostratigraphical unit is de ter mined at about 20–25 m (Hay -
dukiewicz and Muszer, 2002). The con tact with the un der ly ing
sed i ments is not ex posed. The strata dip at 50–60° to the north.
In the Paprotnia sec tion three sets of strata can be dis tin -
guished: beds 1, beds 2, beds 3 (Fig. 3). The lower part of the
Paprotnia sec tion (beds 1) is com posed of green ish-grey and
grey claystones and mudstones with a few in ter ca la tions of thin
(up to 3 cm thick) dark grey micritic lime stones. These de pos its
are over lain by dark grey and dark ol ive mudstones, which are
up wards in ter ca lated with thin lay ers of sandy-mudstones and
greywackes as well as six (A–F) ben ton ite lay ers and com prise
ir reg u larly dis trib uted diagenetic mudstone nod ules. The char -
ac ter is tic of the bentonites was pre sented by Au gust et al.
(2003) and Kryza et al. (2007, 2008, 2011). The mid dle part of
the sec tion (beds 2) is com posed of sandy-mudstones and
greywackes with lenses of dark grey organodetrital lime stones
(up to 40 cm thick), which abun dance dis tinctly de creases up -
wards. In the up per part of beds 2 sev eral organodetrital
laminae with crushed shells and in di vid ual columnals of cri noids 
oc cur. The up per part of the sec tion (beds 3) com prises grey -
wackes con tain ing sandy and mudstone in ter ca la tions. The
sed i ments pass grad u ally to the polymictic con glom er ates of
the Wilcza Beds (Figs. 2 and 3).
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Fig. 1. Lo ca tion of the Paprotnia site on the sim pli fied geo log i cal map of the Bardo Unit 
(af ter Oberc, 1957 and Haydukiewicz, 2002; mod i fied)



The Paprotnia Beds con tain a very rich fos sil as sem blage
dom i nated by ar tic u late brachi o pods, cor als (mainly co lo nial
rugosa) and foraminifers, with less fre quent cepha lo pods (go -
niatids and nautiloids), cri noids, bryo zoan col o nies, bi valves,
gas tro pods, trilobites, ostracods and flora (Buch, 1839;
Schmidt, 1925; Paeckelmann, 1930, 1931; Kühne, 1930; Gó -
recka, 1958; Górecka and Mamet, 1970; Fedorowski, 1971;
Haydukiewicz and Muszer, 2002, 2004; Kryza et al., 2008), that 
al low to as sign the de pos its to the ammonoid Goniatites
crenistria Zone (Goa), which cor re sponds to the Asbian re -
gional sub stage of the Up per Visean (V3b) (Fig. 2). The late
Asbian age was sup ported by the SHRIMP zir con age of 334 ±
3 Ma ob tained for the ben ton ite layer A from the beds 1 of the
Paprotnia sec tion (Kryza et al., 2007, 2008, 2011). Re cently,
Górecka- Nowak and Muszer (2011) dis tin guished two mio -
spore bio zones in the sec tion: Tripartites vetustus– Rotaspora
fracta (VF) Biozone in the beds 1 and 2 and the Cingulizonates
capistratus (Cc) Sub-biozone, the lower part of the C. capi -
stratus–Bellispores nitidus (CN) Biozone in the beds 3 (Fig. 3).
The palynological re sults in di cate that rocks of the Paprotnia
sec tion should be as signed to the Up per Asbian and Brigantian
(Figs. 2 and 3).

MATERIAL AND METHODS

Trace fos sils de scribed in this study were found dur ing field -
work mainly be tween 2008 and 2011 and a few re cently found
in 2012. The gen eral mor phol ogy and ori en ta tion of the trace
fos sils were re corded in the out crop and 122 sam ples were col -
lected. The strati graphic po si tion of the trace fos sils was also re -
corded and ob ser va tions of the de gree of bioturbation and de -
gree of trace fos sils den sity have been made. Sev eral rock
sam ples were cut and the ichnofabric was ob served on pol -
ished sur faces us ing a Nikon SMZ-2T mi cro scope. Al most all
de scribed spec i mens (with ex cep tion of field spec i mens) are
housed at the col lec tions of the In sti tute of Geo log i cal Sci ences, 
Wrocław Uni ver sity (cat a logue num bers ING/P-1 to ING/P-38,
P1-01a to P1-27).

SYSTEMATIC ICHNOLOGY

Sed i ments of the Paprotnia Beds con tain rel a tively mod er -
ately dif fer en ti ated as sem blage of trace fos sils. Their oc cur -

Palaeoenvironmental reconstruction of the Upper Visean Paprotnia Beds (Bardo Unit, Polish Sudetes)... 367

Fig. 2. Gen er al ized strati graphic scheme of the autochthonous/parautochthonous suc ces sion
of the Bardo Unit (ac cord ing to Wajsprych, 1995, sim pli fied and mod i fied) cor re lated 

with the Brit ish Isles stra tig ra phy based on Harland et al. (1989)



rence is strongly lim ited to the in di vid ual beds (Fig. 3). Eleven
ichnotaxa were rec og nized: Zoophycos, Chondrites, Proto -
virgularia, Lockeia, Palaeophycus, Nereites missouriensis,
Planolites, Altichnus, Paleobuprestis sudeticus isp. nov., cf.
Thalassinoides and ?daedaloid form. The trace fos sils are
listed in Fig ure 3 with an in di ca tion of their rel a tive abun dance
(high, me dium, low), where high means very com mon oc cur -
rence, me dium – more than 5 spec i mens were ob served, and
low – less than 5 spec i mens were found. The trace fos sils de -
scribed here are pre sented in the strati graphi cal or der they ap -
pear in the Paprotnia pro file.

Ichnogenus Zoophycos Massalongo, 1855
Zoophycos isp.

Figs. 4B, 5 and 6

M a  t e  r i a l   a n d   o c c u r r e n c e. – Sev eral doz ens
of in com plete spec i mens, cat a logue num bers ING/P-1 to
ING/P-35 and P1/11–P1/16; one com plete spec i men stud ied in
the field (beds 1); the Paprotnia Beds (mudstones in the up per
part of beds 1 – very com mon; mudstones in beds 2 – rare).

D e s c r i p t i o n. – Large spreiten struc tures with ei ther
sim ple flat forms usu ally par al lel to bed ding or unilobate helico -
idal forms. In sec tion the laminae show the menisci-like struc -
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Fig. 3. Sim pli fied lithostratigrafic col umn of the Paprotnia Beds with dis tri bu tion of ichnotaxa, ichnoassociations and 
taphocoenoses (I–V, based on Haydukiewicz and Muszer, 2002)



ture (Fig. 5D). This trace fos sil from the Paprotnia Beds was de -
scribed in de tail and il lus trated by Muszer and Haydukiewicz
(2009, 2010). Spec i mens of Zoophycos are well-pre served but
un for tu nately in com plete be cause of the frag ile host mud -
stones. Most mea sure ments of these trace fos sils are dif fi cult
be cause many spec i mens cross cut each other. There are
some he li cal forms, which have only down ward wrapped ax ial
parts (Fig. 6B). The spreiten have a sim ple mor phol ogy com pa -
ra ble to the morphotype A as de scribed by Olivero (2003).

Muszer and Haydukiewicz (2009) rec og nized two morpho -
types A1 and A2, which dif fer by the pres ence of sec ond ary
lamellae, the size of spec i mens and main char ac ter is tics.
Morphotype A1 com prises the larger forms (length be tween
110 and 160 mm) mostly with sec ond ary lamellae (Figs. 5, 6A,
C, D), while morphotype A2 (Fig. 6B, C, E, F) in cludes smaller
forms (length of up to 70 mm) with out sec ond ary lamellae. The
width of mar ginal tubes is from 1–2 mm in morphotype A2 to
3–5 mm in morphotype A1. The min i mal heights of the in di vid -
ual he li cal struc tures range from about 14 mm (morphotype A2) 
to about 20–35 mm (morphotype A1). The fragmentarily pre -

served mar ginal tubes are 1–2 mm (morphotype A2) to 3–5 mm 
(morphotype A1) wide. The dis tance be tween two sub se quent
lamellae is also dif fer ent in both morphotypes. It ranges from
1–2 mm (A2) to 3–7 mm (A1). The di am e ter of ax ial tun nel var -
ies from 12–24 mm (morphotype A2) to usu ally 19–30 mm
(morphotype A1) and only in one spec i men of morphotype A1 is 
5 mm. The both morphotypes A1 and A2 oc cur in the same ho -
ri zon. The acute an gle be tween pri mary lamellae and sec ond -
ary lamellae var ies from 10° to nearly 30°. The stud ied spec i -
mens lack pel lets in the spreite.

The unique com plete spec i men (morphotype A1), which
was stud ied in the field, is a hor i zon tal, U-shaped lobe (Fig. 4B),
which is 260 mm long and 160 mm wide. Its mar ginal tube is
3 mm in di am e ter. The dis tance be tween two sub se quent pri -
mary lamellae ranges from 3 to 8 mm. Any sec ond ary lamellae
have been ob served in this spec i men.

R e  m a r k s. – Zoophycos from the Paprotnia Beds clearly 
cor re sponds to the con struc tional model of Gaillard and Olivero
(1993). It is sim i lar to Tournaisian forms from Bel gium (Gaillard
et al., 1999), whose sec ond ary lamellae are not vis i ble, and to
the Lower De vo nian spec i mens from Bolivia (Gaillard and
Racheboeuf, 2006), though mostly smaller. The dis tance be -
tween two sub se quent pri mary lamellae and the size of ax ial
tun nel are very com pa ra ble to those from the mid dle Penn syl -
va nian Zoophycos of Nova Sco tia (McIlroy and Fal con-Lang,
2006). The Paprotnia forms and the Lower Car bon if er ous Jap a -
nese spec i mens (Kotake, 1997) have sim i lar an acute an gle be -
tween the ma jor and mi nor lamella.

Zoophycos is a com plex bur row sys tem, which was de -
scribed from ma rine sed i ments from Pre cam brian to Re cent
(Crimes, 1987; Uchman, 1998). Tra di tional in ter pre ta tions pla -
ce Zoophycos within Seilacher’s etho log ic cat e gory fodinichnia
(Seilacher, 1986) and in clude struc tures pro duced by endo -
benthic de posit feed ers (Miller and D’Alberto, 2001). It has been 
also con sid ered as re flect ing bac te rial farm ing (Bromley, 1991;
Fu and Werner, 1995). In ad di tion, Bromley (1991) pro posed
three al ter na tive mod els to ex plain the down ward trans port of
sur face ma te rial (the re fuse-dump, the cache and the gar den -
ing). Re cently, the test made by Löwemark et al. (2007) al lows 
to re ject the gar den ing hy poth e sis in fa vour of a cache model.
Uchman (1995) pro posed the term “Zoophycos group” to in -
clude all the trace fos sils that share some com mon mor pho log i -
cal char ac ter is tics of Zoophycos. This ichnogenus was de -
scribed from di verse range of sed i ments and very wide range of 
palaeoenvironments from infralittoral to abys sal (e.g., Osgood
and Szmuc, 1972; Frey et al., 1990; Leuschner et al., 2002;
Olivero, 2007) and even in glacimarine en vi ron ment (Bhatta -
charya and Bhattacharya, 2007; Gong et al., 2008). The bathy -
metric range of this ichnotaxon has in creased since the Ju ras -
sic (Ekdale and Bromley, 1984; Seilacher, 1986; Bottjer et al.,
1988; Kotake, 1989, 1997; Miller, 1991; Bromley, 1996; Olivero, 
2003; Wetzel et al., 2007; Knaust, 2009). Pa leo zoic Zoophycos
was com monly rec og nized from shal low-wa ter de pos its
(Osgood and Szmuc, 1972; Yurewicz, 1977; Frey and Pem ber -
ton, 1984; Miller, 1991; Ekdale and Lewis, 1991), but also oc cur
in deeper ma rine en vi ron ments (e.g., Bur ton and Link, 1991;
Gaillard et al., 1999; Zapletal and Pek, 1999; Mikuláš et al.,
2004; Gaillard and Racheboeuf, 2006). This ichnogenus is usu -
ally re lated to most of ten dysoxic en vi ron ments and with low
phys i cal en ergy (e.g., Olivero, 2003; Mikuláš et al., 2004;
Buatois and Mángano, 2011).
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Fig. 4A, B – out crop of the Paprotnia Beds

GPS co or di nates N 50°31’57.6”; E 16°37’27.26”;  B – out crop pho to -
graph with spec i men of Zoophycos on the lower bed ding sur face of
the Paprotnia Beds stud ied only in the field (beds 1); ham mer is
24 cm long

http://www.mazoviamtb.pl/index.php?news=2695
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Ichnogenus Chondrites von Stern berg, 1833
Chondrites  isp.

Fig. 7A–C

M a  t e  r i a l   a n d   o c c u r r e n c e. – Sev eral frag -
ments of spec i mens ex posed in cross-sec tions and on the bed -
ding sur face (sam ples P1/12b/2, ING/P-28). The Paprotnia
Beds (mudstones in the up per part of beds 1 – me dium abun -
dance).

D e s c r i p t i o n. – Par tially pre served com plex tun nels,
branch ing at sharp an gles. The di am e ter of the tun nels ranges
1–3 mm. They are mostly hor i zon tal or slightly an gled to the
bed ding sur face. Branch ing pat tern re sem bles a den dritic net -
work, which in cross-sec tion ap pears as deep grey, el lip ti cal or
cir cu lar spots and tubes. Fill ing is darker and more fine grained
than the host rock. Tun nels are up to 87 mm long and runs par -
al lel to the bed ding sur face. Rarely they show a di chot o mous
Y-shaped ends on the pol ished sur face (Fig. 7A, B), which is
sim i lar to Pilichnus, but Pilichnus have much thin ner branched
strings (Uchman, 1999; Mikuláš et al., 2004).

R e  m a r k s. – Chondrites was clas si fied as a feed ing
struc ture (fodinichnion) pro duced by a so far un known infaunal
de posit-feeder (e.g., Seilacher, 2007), but the pre vail ing pres -
ent in ter pre ta tion is a chemichnion (e.g., Bromley, 1996;
Mikuláš, 2006; Rodríguez-Tovar et al., 2010). De pend ing on
var i ous fac tors like feed ing or fill style, two main tracemaker hy -
poth e ses were pro posed: chemosymbiotic or gan ism liv ing at
the aer o bic/an aer o bic in ter face (Seilacher, 1990; Fu, 1991;
Rodríguez-Tovar and Uchman, 2004) or sur face de posit-feeder 
back fill ing the bur rows with fae cal ma te rial (Kotake, 1991;
Rodríguez-Tovar and Uchman, 2004). Chondrites was found in 

sed i ments from the Tommotian (Crimes, 1992) to Ho lo cene
(Löwemark et al., 2004) and rep re sents high va ri ety of eco log i -
cal con di tions: highly oxic (Wetzel, 1991) or ox y gen de pleted
sed i ments and rich or poor in or ganic mat ter (Wetzel and
Uchman, 2001). How ever, in most re ported cases, Chondrites
oc curs in low en ergy en vi ron ments (Seilacher, 2007) and sub -
strate poor in ox y gen in pore wa ters (e.g., Tyszka, 1994).

Ichnogenus Palaeophycus Hall, 1847
Palaeophycus isp.

Fig. 8A–D

M a  t e  r i a l   a n d   o c c u r r e n c e. – Sev eral dozen
spec i mens (sam ples P1/12b/1, P1/15b/1, P1/15b, P1/21). The
Paprotnia Beds (mudstones in the up per part of beds 1 – me -
dium abun dance; greywackes of beds 2 – very com mon).

D e s c r i p t i o n. – Cy lin dri cal, sim ple or branched
(Y-shaped branchings), straight to gently curved tun nels par al -
lel or in clined to bed ding plane, 2–4 mm in di am e ter, at least up
to 154 mm long. Walls smooth, non-or na mented, oc ca sion ally
thinly lined with clay, filled with the same ma te rial as the sur -
round ing rock. Some spec i mens run just on the sur face of
Zoophycos struc tures (Fig. 8C). Many spec i mens cross cut
each other (Fig. 8A, C).

R e  m a r k s. – Palaeophycus is con sid ered as an eury -
bathic trace fos sil and is found in the wide range of ma rine and
fresh wa ter en vi ron ments from Pre cam brian to Re cent (Pem -
ber ton and Frey, 1982). It is in ter preted as a domichnion of sus -
pen sion feed ers or pred a tors, which fill ing is pas sive (Pem ber -
ton and Frey, 1982). For de tailed dis cus sion of this ichnogenus
see also Keighley and Pickerill (1995).
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Fig. 5. Zoophycos isp. – morphotype A1

A – frag ment of Zoophycos isp. (sam ple P1/12a/II); B, C – spi rally coiled struc ture of Zoophycos
isp. (sam ple ING/P-3), a – ax ial tun nel, pl – pri mary lamellae, sl – sec ond ary lamellae; D –
cross-sec tional view of Zoophycos lamina with menisci (the sec tions of the pri mary lamellae –
marked by white lines) in di cat ing the di rec tion of the struc ture ex ten sion (sam ple P1/15/I)



?daedaloid form
Fig. 7D

M a  t e  r i a l  a n d  o c c u r r e n c e. – One spec i men
(sam ple ING/P-36). The Paprotnia Beds (mudstones in the up -
per part of beds 1). The sam ple was col lected from a ta lus ma -
te rial and its oc cur rence is co in ci den tal with very com mon
abun dance of Zoophycos.

D e s c r i p t i o n. – Com plex, three-di men sional, ver ti cal
to bed ding spreite struc ture of helicoidal shape, com posed of
two dis tinct whorls. The ex ter nal struc ture of whorls is in di vid u -
ally stri ated. The set of striations runs sigmoidal or arch wise
across the face of each whorl. The height of whole struc ture is
35.4 mm and the width ranges from 7 to 13.9 mm for both
whorls re spec tively.

R e  m a r k s. – See ing that the sam ple was found in the
de bris ma te rial, the orig i nal ori en ta tion and di rec tion of con -
struc tion of the bur row (up ward or down ward) is im pos si ble to
de ter mine. Proper iden ti fi ca tion of the trace is prob lem atic due
to its lim ited sim i lar i ties with other ichnogenera. The morpho -
logic fea tures of the de scribed spec i men are best suited for the
enig matic highspired spreite trace fos sil gen er ally as signed by
Seilacher (2007: p. 112, pl. 39) to “daedaloid bur rows” group.
How ever, that gi ant spec i men was found only in the Up per Ju -
ras sic pe lagic lime stones of south ern France. Thus, both age
and fa cies are not com pat i ble with those of the Paprotnia Beds.
In over all ap pear ance the held spec i men re sem bles the Lower
Or do vi cian Daedalus desglandi (Rouault, 1850) (Seilacher,
2007: p. 126, pl. 44), but is much smaller, not so high and tightly
coiled, and again rep re sents dif fer ent age. In ver ti cal view the
in ner, spi ral part of Dictyodora liebeana (Geinitz, 1867) may
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Fig. 6. Zoophycos isp. – morphotype A1 and A2

A – morphotype A1 (sam ple ING/P-1); B – ori en ta tion of the Zoophycos struc ture (morphotype A2) to the bed ding sur face; ar row
marks the di rec tion of the top of bed (sam ple P1/14d); C – morphotype A1 and A2 (sam ple P1/15b); D – morphotype A1 (sam ple
ING/P-35); E – morphotype A2 (sam ple ING/P-23); F – morphotype A2 (sam ple ING/P-25); a – ax ial tun nel, mt – mar ginal tube, pl
– pri mary lamellae



show some sim i lar i ties with the de scribed struc ture. D. liebeana
is known from the Lower Car bon if er ous Culm fa cies of the Eu -
rope (Benton, 1982; Lehotský et al., 2002; Mikuláš et al., 2004)
and Minorca Is land (Orr et al., 1996; Llompart and Wieczorek,
1997). None the less, the spec i men from the Paprotnia Beds dif -
fers from D. liebeana in sev eral dis tinc tive fea tures: (1) it lacks
vis i ble in bed ding plane top view me an der ing band, (2) it has

dif fer ent than “Tannenbaum-Typ” shape of the coil (sensu Zim -
mer mann, 1893; Benton, 1982), and (3) oc curs in shal low ma -
rine de pos its, not in the deep-sea turbidite sed i ments. It is pos -
si bly that the de scribed spec i men could rep re sent the up per ax -
ial part of Zoophycos, but it does not have a dis tinct mar ginal
tube. The pre cise iden ti fi ca tion of the trace maker has sig nif i -
cant lim i ta tions, but judg ing by the helicospiral shape, ex ter nal
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Fig. 7. Chondrites isp., ?daedaloid form, Protovirgularia isp. and Lockeia isp.

Chondrites isp. on the pol ished sur face of sam ple P1/12/2 in pho to graph (A1 – dark tun nels) and line draw ing (A2 – black col our);
B – Chondrites isp. on the pol ished sur face of sam ple ING/P-28; C – the ends of tun nels of Chondrites isp. on the sur face of
Zoophycos struc ture in di cated by ar rows, sam ple P1/15c; D – ?daedaloid form and out line, sam ple ING/P-36; E – Protovirgularia
isp. (Pr) with vis i ble ar cu ate curved seg ments and Lockeia isp. (Lo), sam ple P1/12a/IV



striations and ver ti cal prop a ga tion of the bur row it is pro posed
that the trace is a feed ing struc ture (fodinichnion) of a worm-like 
an i mal.

Ichnogenus Protovirgularia Mc Coy, 1850
Protovirgularia isp.

Fig. 7E

M a  t e  r i a l  a n d  o c c u r r e n c e. – One spec i men
(sam ple P1/12a/IV). The Paprotnia Beds (mudstones in the up -
per part of beds 1).

D e s c r i p t i o n. – Slightly un du lat ing, un branched, hor i -
zon tal trail. Its length reaches 57.5 mm and width 3.5 mm. In ter -
nal struc ture con sists of ar cu ate curved and chev ron-like seg -
ments, high lighted by ribs. The ribs are un evenly spaced about
1–4 mm apart. No vis i ble me dian ridge. The bur row is filled with
sed i ment of the same type as the sur round ing rock and ter mi -
nated by Lockeia isp. (Fig. 7E).

R e  m a r k s. – This trace fos sil re veals some sim i lar i ties to 
Protovirgularia rugosa (Miller and Dyer, 1878), but it dif fers by
pre dom i nance of ar cu ate curved seg ments over chev ron-like
ones.  Protovirgularia isp. is clas si fied as a lo co mo tion trail of a
de posit-feed ing (repichnion) bi valve (Seilacher, 2007). It is
known from var i ous ma rine and fresh wa ter de pos its from the
Arenig to Mio cene (Uchman, 1998; Uchman and Gaździcki,
2006).

Ichnogenus Lockeia James, 1879 
Lockeia isp.

Fig. 7E

M a  t e  r i a l  a n d  o c c u r r e n c e. – One spec i men
(sam ple P1/12a/IV). The Paprotnia Beds (mudstones in the up -
per part of beds 1).

D e s c r i p t i o n. – Elongated, sin gle, al mond-shaped
mound pre served as a con vex hyporelief, with smooth mar gin
and a bit vague ter mi na tions. The trace is 7.5 mm long and 3 mm
wide (Fig. 7E). It is closely as so ci ated with Protovirgu laria isp.

R e  m a r k s. – Lockeia is in ter preted as a bi valve rest ing
trace (cubichnion; Seilacher, 2007). These traces oc cur in sed i -
ments rep re sent ing a wide range of ma rine and fresh wa ter en -
vi ron ments since the Ediacaran (Abbassi, 2007). 

Ichnogenus Nereites Mac Leay, 1839
Nereites missouriensis (Weller, 1899)

Fig. 9B, C

See Uchman (1995) for a de tailed syn on ymy, sup ple men -
ted here by the fol low ing:
1998 Nereites missouriensis (Weller); Głuszek, p. 534, fig. 13A, B.
2004  Nereites missouriensis (Weller); Mikuláš, Lehotský and Bábek, p. 85, pl. 7, 
fig. 1.
2009 Nereites missouriensis (Weller); Hoffmann, Paszkowski, Uchman and
Szulc, fig. 20B, C.
2009 Nereites missouriensis (Weller); Olivero, Me dina and López, p. 65, fig. 4a.
2012 Nereites missouriensis (Weller); Jo seph, Patel and Bhatt, p. 205, pl. IV, 1.

M a  t e  r i a l  a n d  o c c u r r e n c e. – Sev eral dozen of
spec i mens (sam ples P1/23, ING/P-13b). The Paprotnia Beds
(mudstones in beds 2 – me dium abun dance; sandy mudstones
in the lower part of beds 3).

D e s c r i p t i o n. – Hor i zon tal, ir reg u larly curved, wind ing
and un branched, me an der ing traces. The bur rows are shal low
and curve in all di rec tions. The fill ing is formed by dark fine-
 grained ma te rial, mostly structureless, par tially poorly meni -
scate and dif fer ent than the host rock. The traces are sur -
rounded by about 1 mm thick zone of re worked sed i ments,
which is usu ally coarser than the host rock. The max i mum pre -
served length of the trace is 55 mm and the width of the trace
(with out zone of re worked sed i ments) ranges from 3 to 6 mm.

R e  m a r k s. – The trace fos sil Nereites has been de -
scribed from many oc cur rences rang ing from the Late Pre cam -
brian (Crimes, 1987) to the Mio cene (Uchman, 1995; Hu et al.,
1998) or pos si bly Qua ter nary (Ekdale and Lewis, 1991).
Nereites missouriensis (Weller) has been in ter preted as the in -
ter nal me an der ing graz ing trails (pascichnion) (Seilacher and
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Fig. 8. Palaeophycus isp. 

A – sam ple P1/21; B – sam ple P1/15b; C – Palaeophycus – Pa on
the sur face of Zoophycos – Zo and in clined to the sur face, sam ple
P1/15b; D – spec i men on the pol ished sur face of sam ple ING/P-2;
ar rows in di cates the trace fos sils 



Meischner, 1965; Seilacher, 1986). The sug gested pos si ble
pro duc ers were worm like de posit-feed ers or other or gan isms
such as molluscs, ar thro pods, or holothuroids (e.g., Hänt -
zschel, 1975; Głuszek, 1998; Mángano et al., 2000; Jo seph et
al., 2012 and ref er ences therein). N. missouriensisis a eury -
bathic form and a typ i cal com po nent of the Nereites ichno -
subfacies, which is dis trib uted in dis tal flysch fa cies (e.g., Uch -
man, 2007; Olivero et al., 2009; Jo seph et al., 2012). How ever,
these trace fos sils also oc cur in other en vi ron ments, such as
tidal flats (Mángano et al., 2000), shal low-ma rine de pos its (e.g., 
Crimes and An der son, 1985) and fresh wa ter lakes (Wet zel,
2002). Mod ern Nereites is re stricted to the up per ox y gen ated
sed i ment in ter val and is ab sent in anoxic sed i ments (Wetzel,
2002).

Ichnogenus Planolites Nichol son, 1873
Planolites isp.
Fig. 9A1, A2

M a  t e  r i a l  a n d  o c c u r r e n c e. – Sev eral spec i -
mens (sam ple P1/20d). The Paprotnia Beds (sandy mudstones 
in the mid dle part of beds 2 – me dium abun dance).

D e s c r i p t i o n. – Straight or sin u ous, un lined and un -
branched, hor i zon tal bur rows, filled with ma te rial dif fer ent than
the host rock (Pem ber ton and Frey, 1982). The fill ing is finer
grained than the host rock, dark grey and structureless. In
cross-sec tion the ichnogenus is cy lin dri cal or el lip soi dal in out -
line. Their di am e ters vary from 2 to 3 mm. The lon gest mea -
sured tun nel is 35 mm long.

R e  m a r k s. – Planolites be longs to the group of eury -
bathic traces and is found in sed i ments of var i ous ma rine and

fresh wa ter en vi ron ments, from the Pre cam brian to Re cent
(Pem ber ton and Frey, 1982). This ichnogenus is de scribed as a 
fa cies-cross ing form (Pem ber ton and Frey, 1982; Rodríguez-
 Tovar and Uchman, 2004). It is usu ally in ter preted as a pas -
cichnion struc ture pro duced by polyphyletic ver mi form de posit
feed ers, which ac tively back filled the bur rows (Pem ber ton and
Frey, 1982; Keighley and Pickerill, 1995; Rodríguez- Tovar and
Uchman, 2004). 

Ichnogenus Altichnus Bromley and Hanken, 1991
Altichnus isp.

Fig. 10A

M a  t e  r i a l  a n d  o c c u r r e n c e. – One spec i men
(sam ple P1/22). The Paprotnia Beds (greywackes in the up per
part of beds 2).

D e s c r i p t i o n. – Straight, un branched, al most ver ti cal
fun nel-shaped tube. Di am e ter of the struc ture de creases from
11 mm at the open ing to 2 mm at the bot tom. Along the tube
there are two vis i ble widenings (Fig. 10A). Max i mum ob served
length is 48 mm.

R e  m a r k s. – Altichnus is clas si fied as a dwell ing bur row
of a sus pen sion feeder (Gaillard and Racheboeuf, 2006). This
trace is char ac ter is tic for ma rine shal low wa ter en vi ron ments
since the Early Cam brian (Bromley and Hanken, 1991). The
con i cal widenings of the tube of the spec i men from the Papro -
tnia Beds prob a bly re flects grow ing of their cre ators or may be
the re sult of ad just ing to the de po si tion of sed i ments (equli -
brichnia traces). Given the abil ity to adapt to en vi ron men tal
changes, Altichnus tracemakers were prob a bly op por tu nis tic
or gan isms (Gaillard and Racheboeuf, 2006).
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Fig. 9. Planolites isp. and Nereites missouriensis (Weller)

A1, A2 – Planolites isp. on the pol ished sur face of sam ple P1/20d in the pho to graph of (A1) and line draw ing (A2); 
B, C – Nereites missouriensis (Weller) on the bed ding sur face (B – sam ple P1/23, C – sam ple ING/P-13b)



Ichnogenus Paleobuprestis Häntzschel, 1962

D e s c r i p t i o n. – Cir cu lar and el lip ti cal bor ings and
chan nels (di am e ter 2–10 mm) un der bark of co ni fer fos sil
wood, rec og niz able all around tree and re sem bling work of Re -
cent bu pres tids (af ter Häntzschel, 1962; Hasiotis 2004).

R e  m a r k s. –  Paleobuprestis was first de scribed by
Walker (1938) as chan nels un der the bark of Araucarioxylon
arizonicum from the Tri as sic of Perified For est Na tional Mon u -
ment in Ar i zona (USA). Ac cord ing to Häntzschel (1975) the
strati graphi cal range of this ichnogenus is re stricted to Tri as sic,
but Hasiotis (2004) cited it also from the Up per Ju ras sic Mor ri son
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Fig. 10. Altichnus isp., cf. Thalassinoides isp. and Paleobuprestis sudeticus isp. nov.

A – Altichnus isp. (sam ple P1/22), ar rows show the wid en ing of the tube; B – cf. Thalassinoides isp. on the bed ding sur face (sam -
ple ING/P-37); C – cf. Thalassinoides isp. on the pol ished sur face (sam ple ING/P-37), ar rows show the trace fos sils; D–F –
Paleobuprestis sudeticus  isp. nov. (D, E – holotype – sam ple P1/24 a; one side is dis tinctly more bored than the other; F – sam -
ple P1/24b)



For ma tion (USA). Paleobuprestis isp. has been also found in the
Up per Cre ta ceous Price River Can yon (Hasiotis et al., 1994).

Paleobuprestis sudeticus isp. nov.
Fig. 10D–F

H o l o t y p e. – Sam ple P1/24a (Fig. 10D, E), re pos i tory:
De part ment of Strati graphic Ge ol ogy, In sti tute of Geo log i cal
Sci ences, Wrocław Uni ver sity.

T y p e  l o c a l i t y. – The Paprotnia Beds, the Bardo Unit, 
Sudetes, Po land.

T y p e  h o r i z o n. – The Paprotnia Beds, beds 3.
D e r  i  v a  t i o n   o f   t h e   n a m e. – The ichnospecies

name re fers to Sudetes, where it was dis cov ered.
M a  t e  r i a l   a n d   o c c u r r e n c e. – Over a dozen of

spec i mens (sam ples: P1/24a, P1/24b, P1/24c). The Paprotnia
Beds (greywackes in the mid dle and up per part of the beds 3 –
me dium abun dance).

D i a g n o s i s. – Mostly straight or slightly curved, shal low 
and nar row chan nels with out raised bands oc cur ring on the
casts of archaeocalamites stumps.

D e s c r i p t i o n. – Sim ple or branch ing, vari ably pre -
served chan nels closely as so ci ated with the casts of Archaeo -
calamites sp. stumps. Chan nels are of ten straight or slightly
curved and pre served as a neg a tive epirelief. They cross the
stumps in var i ous di rec tions. Most of them run per pen dic u lar or
obliquely to the im prints of the Archaeocalamites vas cu lar sys -
tem. Chan nels are shal low (depth less than 1 mm) and with out
fill ing. Their di am e ter var ies from 2 to 4 mm and length is up to
35 mm. Some traces are vis i ble as sin gle cir cu lar holes on the
sur face of the sam ple (Fig. 10E). This trace fos sil is rec og niz -
able all around the stump, but it is worth not ing that one side of
the stump is dis tinctly more bored than the other (see Fig. 10D,
E). De scribed chan nels are very sim i lar to ef fect of work of Re -
cent bu pres tid bee tles (see Häntzschel, 1975; Hasiotis, 2004).

R e  m a r k s. – Paleobuprestis sudeticus isp. nov. dif fers
from the other Paleobuprestis ichnospecies by sub strate (wood 
ma te rial), course and size of the chan nels. In con trast to the
other Paleobuprestis ichnospecies, which have been de scribed 
only from co ni fer wood, Paleobuprestis sudeticus oc curs on the 
sur face of ex ter nal molds of archaeocalamites. It should be em -
pha sized that the wood ma te rial of archaeocalamites was cer -
tainly dif fer ent than co ni fers. Un for tu nately, the wood ma te rial is 
not pre served. Paleobuprestis sudeticus is very sim i lar to
Paleobuprestis min ima Walker, 1938, but it dif fers by a lack of
raised bands. Ad di tion ally, none of the traces com pletely en cir -
cled the stem. They have also slightly larger di am e ter. From
Paleobuprestis max ima Walker, 1938 the spec i mens from the
Paprotnia Beds dif fer in dis play ing much more tor tu ous course
and also have a con sid er ably smaller di am e ter.

The chan nels are con sid ered as com bined feed ing and re -
pro duc tive be hav iour of adult and lar val bee tles of the fam ily
Buprestidae (fodinichnia, calichnia). Genise (1995) pro posed
the term xylichnia as a name for wood bor ings. These trace fos -
sils are char ac ter is tic for ter res trial, wooded en vi ron ments (Be -
layeva et al., 2002). Paleobuprestis has been de scribed only
from the Me so zoic (Walker, 1938; Häntzschel, 1975; Hasiotis
et al., 1994; Hasiotis, 2004). In light of the pre sented data, the
spec i mens from the Paprotnia Beds are the old est re cord of
Paleobuprestis.

The wood bor ings from the Paprotnia Beds have prob a bly
been made in dead wood, but be fore ad vanced de cay as the
stems do not show signs of tis sue re sponse to plant wound ing
(feed ing scars). The cri te ria used to rec og nize herbivory from
detritivory in the fos sil re cord were pro posed by Labandeira
(1998) and are poorly ap pli ca ble in case of sed i ment-cast spec -

i mens. Ac cord ing to this au thor, detritivory is the dom i nant feed -
ing form of ar thro pods in Pa leo zoic ter res trial en vi ron ments.

The old est wood bor ings ob served in microscale (un der
scan ning mi cro scope) are known from the Visean (Brigantian)
fos sil char coal of gym no sperms from East Kirkton (Scot land)
(Rolfe et al., 1990; Scott et al., 1992; Galtier and Scott, 1994)
and from Permnoxylon (cordaites) pet ri fied wood from the
Lower–Mid dle Penn syl va nian (Cichan and Tay lor, 1982).
Paleo buprestis sudeticus isp. nov. was dis cov ered in the up -
per Visean (Brigantian) sed i ments (Fig. 3) and ac tu ally is the
ear li est wood-bor ing trace fos sil ob served in macroscale and
the first wood-bor ing trace fos sil pre served on the archaeo -
cala mites stems.

Wood bor ings be come com mon from the Up per Car bon if er -
ous (Scott et al., 1992). Most of them are pro duced by or gan -
isms other than in sects, es pe cially oribatid mites (Labandeira et 
al., 1997), but some may have been cre ated by cock roaches or
other in sects feed ing on rot ten wood (Scott and Tay lor, 1983;
Belayeva et al., 2002). The ear li est pos si ble bee tle bor ings are
in the Perm ian glossopterids (Grimaldi and Engel, 2005). Most
in sect bor ings are re corded from much youn ger strata – from
the Me so zoic and Ce no zoic (Genise, 1995). The ear li est de fin i -
tive bee tle bor ings are from the Tri as sic of Eu rope and Ar i zona
(Grimaldi and Engel, 2005). In the Me so zoic bor ings be come
more di verse, which is con nected with the ra di a tion of bee tles
(Labandeira, 2001).

Ichnogenus  Thalassinoides Ehrenberg, 1944
cf. Thalassinoides isp.

Fig. 10B, C

M a  t e  r i a l  a n d  o c c u r r e n c e. – One spec i men
(sam ple ING/P-37). The sam ple was col lected from a ta lus ma -
te rial of beds 3, the Paprotnia Beds (greywackes – rare). 

D e s c r i p t i o n. – Hor i zon tal, branch ing bur row sys tem
con sist ing of slightly flat tened (Fig. 10C), un lined and smooth-
 walled com po nents of vari able size. The di am e ter of the tun nels 
var ies from 8.8 to 16.3 mm in the ir reg u larly swelled ar eas be -
tween and at branch ing points. The tun nel’s fill is greywacke,
ho mo ge neous and structureless. The bur rows dis play Y-sha -
ped bi fur ca tions and are pre served in a pos i tive epirelief.

R e  m a r k s. – The spec i men was col lected from a ta lus
ma te rial, and it can not be ex cluded that it con sti tutes a part of a
larger, prob a bly three-di men sional struc ture. The ver ti cal shafts 
are not vis i ble as in type F of Thalassinoides de scribed by Doyle 
et al. (2005). Oc ca sion ally crossed bur rows could give an im -
pres sion of false branch ing (Keighley and Pickerill, 1997). Such
fea tures limit the cat e gor i cal as sign ment of the trace fos sil. Ac -
cord ing to Myrow (1995) and Seilacher (2007), the bulb-shaped 
di la ta tion of the tun nels are in ter preted as “turn around” re gions
of the trace maker. Con sid er ing all the char ac ter is tics, the de -
scribed struc tures re mind the most of the ichnogenus Thalas -
sinoides Ehrenberg.

Thalassinoides is known from var i ous ma rine en vi ron ments
(Mo naco et al., 2012), how ever, it oc curs mainly in shelf and
neigh bour ing de pos its (Bromley, 1996) and is com monly con -
sid ered as an in di ca tor of oxic con di tions (Savrda and Bottjer,
1986; Doyle et al., 2005). This ichnogenus is known since the
Cam brian to the pres ent (Myrow, 1995; Ekdale and Bromley,
2003; Sprechmann et al., 2004; Hofmann et al., 2011), but be -
came re ally wide spread dur ing Me so zoic and Ce no zoic
(Rodríguez-Tovar and Uchman, 2004). The bur rows at trib uted
to Thalassinoides have been pro duced mainly by scav eng ing
and de posit-feed ing crus ta ceans (Frey et al., 1984; Ekdale,
1992; Myrow, 1995; Bromley, 1996; Watkins and Coorough,
1997; Uchman, 2007) and are widely in ter preted as a fodini -
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chnia or less fre quently as a domichnia (Rodríguez- Tovar et al., 
2010) or agrichnia (Bromley, 1996).

TRACE FOSSIL ASSOCIATIONS

In the Paprotnia Beds trace fos sils are var i ously dis trib uted
(Fig. 3). This is linked both to their fre quency and ichno -
taxonomic di ver sity within the sec tion. In the lower and mid dle
parts of beds 1 any trace fos sils have been found. The great est
di ver sity of trace fos sils oc curs in the up per part of beds 1 and in 
beds 2, but it dis tinctly de creases up wards the pro file (Figs. 3
and 11). Three ichnoassociations, each iden ti fied by the most
abun dant and com mon ichnotaxa, have been rec og nized. Ac -
cord ing to Gaillard and Racheboeuf (2006) ichnoassociation is
a spe cific in ter val that prob a bly cor re sponds to rel a tively sta ble
en vi ron men tal con di tions.

ZOOPHYCOS–CHONDRITES–PALAEOPHYCUS
ASSOCIATION 

This ichnoassociation is typ i fied by high den sity and mod er -
ate di ver sity of trace fos sil as sem blages and com prises the fol -
low ing ichnotaxa: Zoophycos, Chondrites, Palaeophycus,
?daedaloid form, Protovirgularia and Lockeia (Fig. 3). The as -
so ci a tion has been rec og nized in the up per part of beds 1.
Zoophycos is the dom i nant ichnotaxon and its high and me -
dium abun dance de fines the range of the de scribed as so ci a tion 
(Fig. 3). The first Zoophycos ap pears in the mudstone beds in -
ter val where no sig nif i cant changes in li thol ogy are ob served.
This may sug gest that the main fac tor for their ap pear ance had
to be con trolled by palaeo eco logi cal con di tions such as bot tom
wa ters, sed i ment ox y gen a tion and nu tri ent con tent. How ever,
the abun dance of Zoophycos clearly in creases just above the
main ben ton ite ho ri zon (E; Fig. 3), and as noted by Haydu -
kiewicz and Muszer (2002) and Muszer and Haydu kiewicz
(2009) this may have been con trib uted to the en rich ment of bot -

tom wa ters and sed i ment with fer til iz ing sub stances. In the de -
scribed part of the pro file the lack of sig nif i cant changes in the
mor phol ogy of these traces along their ver ti cal range has been
ob served. As sug gested by Oli vero (1996), one of the most fa -
vor able con di tions for the de vel op ment of such com plex struc -
tures as Zoophycos is a low rate of sed i men ta tion. How ever, his 
stud ies were lim ited to the Ju ras sic and Cre ta ceous forms.

Zoophycos is closely as so ci ated with  Chondrites, which
spo rad i cally cross cuts Zoophycos struc tures (Fig. 7C) and
most likely rep re sents the deep est tier. It is dif fi cult to de ter mine
the pre cise pen e tra tion depth of Chondrites. These trace fos sils 
oc cur only within mudstones and do not prop a gate into sandy
mudstones. They are lim ited strictly to the lo cal Zoophycos
abun dance zone. Zoophycos and Chondrites, as it is widely ac -
cepted (e.g., Bromley and Ekdale, 1984; Buatois and Mángano, 
2011), pen e trate deeply into the sub strate in ox y gen-de pleted
sed i ment, but this does not nec es sar ily in di cate poor ox y gen a -
tion in bot tom wa ters. Zoophycos is a pre req ui site of some what
higher ox y gen con tents in the sed i ment.

In this ichnoassociation Palaeophycus is quite of ten found.
Zoophycos is also crossed by Palaeophycus at var i ous an gles
(Fig. 8C) and some Palaeophycus run just on the sur face of
Zoophycos struc tures. It is not in con ceiv able that the pro ducer
of Zoophycos and Palaeophycus was the same or gan ism
(Miller, 2003). In this case, Zoophycos would rep re sent feed ing
struc tures (fodinichnion), while Palaeophycus  would rep re sent
dwell ing struc tures (domichnion) of the same an i mal. Proto -
virgularia and Lockeia oc cur rarely and have a very lim ited ver ti -
cal dis tri bu tion (Fig. 3). Also ?daedaloid form is very rare and its
ver ti cal range co in cides with the lo cal abun dance zone of
Zoophycos.

The spa tial re la tions be tween the trace fos sils of the de -
scribed ichnoassociation in di cate three tiers: the shal low est tier
is rep re sented by Protovirgularia and Lockeia which oc cur only
on the sur face of the mudstone beds, deeper in clude Palaeo -
phycus, ?daedaloid form and Zoophycos traces, and the deep -
est tier is char ac ter ized by Chondrites. 
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Fig. 11. Di a gram of the re la tion ships be tween ichnofabric trends, con trolled by ichnodiversity and bioturbation 
in ten sity, bathymetry and ichnoassociations cor re lated with taphocoenoses (II–V; Haydukiewicz and Muszer, 2002)

Di a gram is in spired by fig. 13 of Gaillard and Racheboeuf (2006)

https://gq.pgi.gov.pl/article/view/7595/6216


The tracemakers of large and com plex struc tures (Zoophy -
cos), may oc cupy the sed i ment by the rel a tively long pe riod of
time, and hence they could have a sig nif i cant im pact on the sur -
round ing en vi ron ment. Through the ex pan sion of their struc -
tures they could have con trolled the or ga ni za tion and de vel op -
ment of the am bi ent, lo cal eco sys tems (Miller, 2003). As a re -
sult, the co ex ist ing trace fos sils may not rep re sent a large va ri -
ety and/or large quan ti ties (taphonomic pro cesses should also
be taken into ac count). These re la tion ships seem to be con -
firmed in the stud ied as so ci a tion, where Zoophyco s dom i nates
other traces and that cor re sponds to the Zoophy cos ichno -
facies in terms of Seilacher (1967, 2007). The Zoophycos
ichnofacies is most char ac ter is tic for quiet-wa ter set tings be low
the storm wave base, par tic u larly in shelf to slope ar eas
(Buatois and Mángano, 2011). As stated in Frey and Seilacher
(1980), one of the sig nif i cant en vi ron men tal con trols of this
ichnofacies is a low ered ox y gen level as so ci ated with abun dant
or ganic ma te rial.

PALAEOPHYCUS–NEREITES 
ASSOCIATION

This as so ci a tion is char ac ter ized by me dium den sity and
me dium to low di ver sity of trace fos sil as sem blages, which con -
sist of Palaeophycus, Nereites missouriensis (Weller) (Fig. 11),
Zoophy cos, Planolites and Altichnus (Fig. 3). Dis ap pear ance of 
com plex trace fos sils and dom i na tion of sim ple, mostly hor i zon -
tal forms sug gest changes in palaeo environmental con di tions,
which are also re flected by changes in li thol ogy. The Zoophy -
cos spec i mens ob served in the up per part of beds 2 are rare,
clearly smaller and show less reg u lar struc ture. This cor re -
sponds to the change in li thol ogy from mudstones to sandy
mudstones and greywackes. 

Palaeophycus is a dom i nant ichnotaxon in this as so ci a tion,
which oc curs most com monly and is pres ent in greywackes.
This sug gests that its tracemaker col o nized the en vi ron ment
with an in creased in put of clastic ma te rial. Due to the very sim -
ple con struc tion, it is likely that these traces re flect one sin gle
type of be hav ior of their pro duc ers and the struc ture for ma tion
pro cess should have been rel a tively short (in com par i son to the
com plex Zoophycos).

Planolites oc curs lo cally only within the sandy mudstones
be tween lime stone lenses and its pres ence cor re sponds to
mod er ate en er getic con di tions. As soon as these con di tions
change to be come more tur bu lent, which is man i fested in the
pres ence of organodetrital laminae (crushed shells and in di vid -
ual columnals of cri noids), this ichnotaxon dis ap pears (Fig.
9A1, A2). Only hor i zon tal, small in di am e ter forms of Planolites
were found here. Both Planolites and Palaeophycus rep re sent
shal low tiers but they dif fer in abun dance within the de scribed
as so ci a tion. The in creased den sity of their traces is con fined to
ir reg u larly dis trib uted ho ri zons within beds 2, what sug gests the 
pres ence of re cur ring changes in palaeo eco logi cal con di tions.

Nereites missouriensis (Weller) abun dance is me dium to
low. This ichnogenus oc curs in grey mudstones and sandy
mudstones, which are slightly lighter in col our, than oth ers. It may 
sug gest better ox y gen ated wa ters and sed i ments. As ev i denced
by pres ence of tor tu ous traces pro duced while graz ing, it is likely
that the sed i ment was fairly rich in nu tri ents. The or gan ism does
not have to over come long dis tances to ac quire food.

The ap pear ance of Altichnus may sug gest faster de liv ery of
the clastic ma te rial at the top of the stud ied ichnoassociation
(Fig. 3). The pres ence of nearly ver ti cal traces could in di cate
shal low, high-en ergy en vi ron men tal con di tions. This trace fos sil 
as so ci a tion cor re sponds to the Cruziana ichnofacies (Seila -

cher, 1967, 2007), which oc curs from just above the fair-
 weather wave base to the storm wave base (Buatois and
Mángano, 2011).

PALEOBUPRESTIS ASSOCIATION

This ichnoassociation is rep re sented by the low est di ver -
sity and low to mod er ate den sity of trace fos sils as sem blage
and in clude only two ichnotaxa: cf. Thalassinoides isp. (Fig.
11) and Paleo buprestis sudeticus  isp. nov. (Fig. 3). In com -
par i son to pre vi ous as so ci a tions, the abun dance of dis tin -
guished ichno taxa and in ten sity of bioturbation con sid er ably
de crease. The sig nif i cant change in the li thol ogy could also be
ob served – sed i ments are be com ing coarse-grained and con -
sist mainly of greywackes. The as so ci a tion oc curs in the mid -
dle and up per parts of bed 3.

Paleobuprestis sudeticus isp. nov. is closely as so ci ated with 
stems of Archaeocalamites sp. and oc curs only on the sur face
of a few per cent of the trunk sed i ment-casts. They were formed
on land and then trans ported to the ma rine en vi ron ment prob a -
bly by a river. The amount of the stem casts with pre served
feed ing traces could have been mod i fied by pro cesses: 

– oc cur ring on the land, also those re lated to ini tial ad ap ta -
tion of the trace maker to new food source and mod i fi ca -
tion of feed ing mode;

– dur ing trans por ta tion phase where the stems were ex -
posed to me chan i cal dam age;

– con trolled by stress fac tors in the ma rine en vi ron ment
such as sed i men ta tion rate or fos sil iza tion pro cesses. 

The den sity of P. sudeticus var ies from mod er ate (Fig. 10D) 
to low (Fig. 10E) within the stud ied as sem blage and within sep -
a rate stem sam ples. The ir reg u lar, side de pend ing dis tri bu tion
of those traces seems to re flect the stem po si tion in the ter res -
trial en vi ron ment. The more in ten sively bored side could have
been more ac ces si ble for trace mak ers. The lack of many clear
signs of me chan i cal dam age may sug gest short trans por ta tion
dis tance. Morphologic fea tures of horse tail stems such as hol -
low pith area could have pre vented the long-term floa ta tion
(they could quickly fill with wa ter and sank) and also in di cate
prox im ity to land (Haydukiewicz and Muszer, 2002). 

The trace fos sil cf. Thalassinoides isp. is pre served par tially
and it is dif fi cult to es ti mate the depth of their bioturbation. The
in com plete bioturbation could im ply a stress fac tor which af -
fected the com ple tion of the struc ture or may sug gest ero sion of 
the above lay ing sed i ment and lat ter ex hu ma tion of the trace
level upon the bed ding plane (Doyle et al., 2005). The oc cur -
rence of ero sion ep i sodes in this en vi ron ment may ex plain the
de vel op ment of a lo cal dis con ti nu ity or hi a tus be tween the type
F Thalassinoides bear ing beds and the beds de pos ited above
them (Doyle et al., 2005). Fur ther more, as it is re ported by
Górecka-Nowak and Muszer (2011) this part of the Paprotnia
sec tion (beds 3) is in com plete (with sev eral hi a tuses), what may 
af fect the over all low di ver sity and den sity of traces within the
de scribed ichnoassociation. The ichnogenus Thalassinoides is
fre quently re lated to the ox y gen ated con di tions and soft, but
fairly co he sive sub strates (Bromley, 1996; Buatois and Mán -
gano, 2011). 

PALAEOENVIRONMENTAL INTERPRETATION

The lithological re cord and ver ti cal suc ces sion of the
palaeontological ma te rial (taphocoenoses, ichnoassociations)
were used to the palaeoenvironmental re con struc tion of the
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Paprotnia Beds de po si tion (Figs. 3 and 11). Fos sils and trace
fos sils re flect the dif fer ent col o ni za tion stages of the sub strate,
which was con trolled by bathymetric changes in the ma rine ba -
sin from off shore to nearshore con di tions. That con clu sion is
also sup ported by the last palynological stud ies (Górecka-
 Nowak and Muszer, 2011).

The low est part of the Paprotnia sec tion (lower part of
beds 1; Fig. 3) is com posed of claystones and mudstones with
rare in ter ca la tions of micritic lime stone beds. These sed i ments
con tain taphocoenosis I (Haydukiewicz and Muszer, 2002),
whose main com po nents are cepha lo pods, small spiriferids,
thin- shelled chonetids, productids, gas tro pods, scarce bi valves
and ter res trial plant de tri tus. Some ostracods, foraminifers,
small amounts of cal car e ous al gal de tri tus and var i ous cal car e -
ous tubes and spines (some of them are serpulid and brachi o -
pod re mains) oc cur in this as sem blage. Trace fos sils were not
found. The ben thic com mu nity is mainly rep re sented by epi -
faunal sus pen sion and de posit feed ers, which in hab ited a
clayey-muddy soft ground. The low tax o nom i cal di ver sity of this
com mu nity, the small size of ben thic taxa, the thin shells and
lack of bioturbation may in di cate the ox y gen-de fi cient bot tom
wa ters in mid- or outer shelf con di tions. Miospores are very
abun dant, but of ten pyritized and poorly pre served (Górecka-
 Nowak and Muszer, 2011).

The mudstones with ben ton ite lay ers and greywacke in ter -
ca la tions from the mid dle and up per parts of beds 1 con tain
taphocoenosis II (Haydukiewicz and Muszer, 2002). When
com pared to the pre vi ous taphocoenosis, this one is en riched
in sol i tary rugosa, trilobites, frag ments of cri noids and bryo zoan
col o nies, whereas the rel a tive abun dance of cepha lo pods dis -
tinctly de creases. Brachi o pods are rep re sented by mainly spiri -
ferids, productids and some chonetids. The abun dance of
foraminifers and ostracods is vari able. The de pos its also con -
tain cal car e ous al gal re mains (palaeoberesellids). Nu mer ous
trace fos sils (mainly rep re sented by Zoophycos) are also pres -
ent in the up per part of beds 1 and their rich ness in creases ver -
ti cally. In this part of the pro file the as so ci a tion Zoophy -
cos–Chondrites–Palaeophycus was rec og nized (Fig. 3). The
pro gres sive in crease in spe cies rich ness in taphocoenosis II,
the dom i nance of epifaunal sus pen sion feed ers, and the pres -
ence of bur rows in the host sed i ment may be re garded as an
ev i dence of aer o bic con di tions at the sea-floor. A de crease of
the in ten sity of miospore pyritization and their better state of
pres er va tion is dis tinctly vis i ble (Górecka-Nowak and Muszer,
2011). These sed i ments were ac cu mu lated in the en vi ron ment
lo cated be tween the storm wave and fair weather wave bases,
in ox y gen ated wa ter, but the dark grey sed i ments sug gests that 
sub strate was prob a bly poor in ox y gen in pore wa ters. The ben -
thic or gan isms of this taphocoenosis could have ex isted in an
en vi ron ment with a grad u ally in creas ing in flux of terrigenous
ma te rial and bot tom wa ter tur bu lence. The pro gres sive in -
crease of fos sils and trace fos sils di ver sity, re corded above the
thick est ben ton ite layer (E), could in di cate wa ter fer til iza tion,
which could lead to in ten si fi ca tion of phytoplankton and zoo -
plank ton de vel op ment.

In the mid dle part of the Paprotnia sec tion (beds 2), within
mudstones and greywackes with lenses of organodetrital lime -
stones, the taphocoenosis III was rec og nized (Haydukiewicz and 
Muszer, 2002). The rel a tively high fos sil fre quency of par tic u lar
ben thic or gan isms (cor als, brachi o pods, poly chaetes) and the
dis tinct de crease of cepha lo pods are char ac ter is tic for this
taphocoenosis. The coral as so ci a tions mainly con tain var i ous
spe cies of Lithostrotion and  Diphyphyllum (Fedorowski, 1971),
which formed bushlike and subceroid or ceroid col o nies. It is
prob a ble that small patches in which cor als and al gae were
abun dant were formed dur ing short pe ri ods of low clastic in flow.

Al most well-pre served productoid valves (mainly large Giganto -
productus) oc cur in coral-rich cal car e ous lenses. Chonetids are
also com mon in this taphocoenosis, but the abun dance of spiri -
ferids de creases. Some of the organodetrital lime stone lenses
con tain rich cal car e ous al gal re mains (Dasycladaceae),
ostracods and foraminifers. Re cent dasycladales are found ex -
clu sively in warm wa ters, usu ally at low lat i tudes (Bea dle, 1988)
and oc cur in masses not deeper than 30 m, spo rad i cally ex ist up
to 90 m (Flügel, 1985; Brett et al., 1993). The var i ous kinds of
trace fos sils are of com mon oc cur rence (Fig. 3) and the as so ci a -
tion Palaeophycus–Nereites was rec og nized in this part of the
sec tion. It can be as sumed that the or gan isms of this com mu nity
lived in tur bu lent con di tions in shal low subtidal sea-floor with
mod er ate to pe ri od i cally higher en ergy con di tions and well-ox y -
gen ated wa ters. The abun dance of cor als and dasy cladales may 
in di cate a rel a tively warm-wa ter en vi ron ment. The cal cu lated
sea wa ter tem per a ture was es ti mated on the ba sis of the ox y gen
iso tope com po si tion of Early Car bon if er ous brachi o pod shells
from a va ri ety of west ern Eu ro pean lo ca tions and is os cil lat ing
be tween 23 and 38°C (Bruckschen and Veizer, 1997).

In the lower part of beds 3 of the Paprotnia sec tion, in the
mudstones and greywackes, the taphocoenosis IV was dis tin -
guished (Haydukiewicz and Muszer, 2002). It is com posed of
scarce, di min u tive brachi o pods, infaunal bi valves, frag ments of
bryo zoans and cri noids. The macrofaunal fos sils are usu ally
fragmentarily pre served and as so ci ated with foraminifers,
ostracods, small gas tro pods and cal car e ous al gae de tri tus,
which are dis trib uted only in the lower part of the men tioned
sed i men tary pack age. The as so ci a tion Palaeophycus–Nere -
ites con tin ues un til the end of this taphocoenosis. The dras ti -
cally re duced fos sil as sem blage, oc cur ring only in the thin
mudstones in ter ca lat ing the greywackes, re flects a re newed
set tling of the eurytopic or gan isms only. The low state of pres er -
va tion of shells, and rare trace fos sils point to a high-en ergy en -
vi ron ment of near-shore con di tions.

The up per most part of the Paprotnia sec tion (mid dle and
up per parts of beds 3) is com posed of greywackes with mud -
stones and sandy-mudstone in ter ca la tions. These sed i ments
con tain the taphocoenosis V, which is rep re sented only by the
nu mer ous re mains of ter res trial plants (mainly horse tail and
lepidodendron steams, fern leaves and seeds). Fau nal re mains 
are to tally ab sent. The miospores are well-pre served, not
pyritized, but their fre quency is ex tremely low and phytoclasts
are nu mer ous (Górecka-Nowak and Muszer, 2011). It should
be in ter preted as a re sult of in creas ing sed i ment in put dur ing
ac cu mu la tion and the shorter dis tance of their trans por ta tion. In
this part of the Paprotnia sec tion the Paleobuprestis as so ci a tion 
has been dis tin guished. The pres ence of cf. Thalassinoides isp. 
and re de pos ited Paleobuprestis im plies a nearshore en vi ron -
ment. The listed com po nents of this com mu nity sug gest a prox -
im ity to land and a short trans por ta tion dis tance.

SUMMARY AND CONCLUSIONS

Eleven, etho logi cally di ver si fied and dom i nated by the feed -
ing traces of de posit feed ing or gan isms, ichnotaxa have been
de scribed in the Paprotnia Beds. The ichnotaxa oc cur only in
the mid dle and up per parts of the Paprotnia sec tion (up per part
of beds 1, beds 2 and beds 3 – Fig. 3). Among them a new
ichnospecies Paleobuprestis sudeticus has been cre ated. It is
the old est re corded ev i dence of wood-bor ing trace fos sil ob -
served in macroscale and the old est pre served on the
archaeocalamites stems.
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Based on all of the oc cur ring trace fos sils, their fre quency
and ichnotaxonomic di ver sity, three as so ci a tions: Zoophy -
cos–Chondrites–Palaeophycus, Palaeophycus–Nereites and
Paleo buprestis have been rec og nized. The ichnodiversity de -
creases up ward the pro file from six ichnotaxa in the Zoophy -
cos–Chondrites–Palaeophycus as so ci a tion to two ichnotaxa in
the Paleobuprestis as so ci a tion. It may be re lated mainly to
changes of en vi ron men tal con di tions and the par tial re place ment 
of the com plex trace fos sils (e.g., Zoophycos, Chondrites) by
mostly sim ple forms (e.g., Altichnus, Palaeophycus). The  avail -
abil ity of nu tri ents and the feed ing mode of the trace mak ers
seem to have im por tant in flu ence on trace fos sil dis tri bu tion, es -
pe cially in the Zoophycos–Chon drites–Palaeophycus as so ci a -
tion cor re lated with taphocoe nosis II. Zoophycos is the most
abun dant trace fos sil in the Paprotnia sec tion and its con cen tra -
tion is lim ited to the up per part of beds 1. From the beds 2, up -
wards the pro file, sig nif i cant changes in the en vi ron men tal con di -
tions have been ob served. It is re flected ei ther in li thol ogy,
taphocoenoses and ichnoassociation com po si tion (Fig. 3).
Palaeophycus–Nere ites as so ci a tion is well cor re lated with
taphocoenosis III (the rich est ben thic as sem blage) and with
taphocoenosis IV. Avail abil ity of food sup ply does not al ways im -
ply the in creased bioturbation. De spite the rel a tively high nu tri ent 
con tent (huge amount of or ganic de tri tus) in Paleobu prestis as -
so ci a tion (beds 3), wa ter en ergy and high sed i men ta tion rate
were the main fac tors con trol ling the trace fos sils dis tri bu tion.
The low est ichnodiversity and bioturbation in ten sity ob served in

the up per most part of the pro file (beds 3) could be ad di tion ally
ex plained by the in com plete lithological re cord, what is con firmed 
by palynological data (Górecka-Nowak and Muszer, 2011).

The Paprotnia Beds rep re sent a unique re cord of the
Asbian–Brigantian tran si tion. The ichnological data pro vides
the ev i dence to sup port the opin ion of Haydukiewicz and
Muszer (2002) and Górecka–Nowak and Muszer (2011) that
de po si tion of the stud ied rocks took place in the shallowing ma -
rine en vi ron ment, dur ing the off shore to on shore tran si tion in
the warm, prob a bly trop i cal cli mate at low lat i tudes. In the light
of per formed stud ies, the palaeoenvironmental in ter pre ta tion
pre sented by Wajsprych and Jędrysek (1994) and Wajsprych
(1995) is not con firmed.

The beds 1 and the lower part of beds 2, which are as signed 
to the up per Asbian are a shal lower-wa ter equiv a lent of the pe -
lagic crenistria Lime stone (the Culm fa cies of Variscan Eu rope). 
The up per part of the Paprotnia sec tion (the up per part of beds
2 and beds 3) rep re sents in com plete lit to ral sed i ments of the
Brigantian, and is a re cord of the Eu ro pean Brigantian third-or -
der re gres sion (Ramsbottom, 1973; George et al., 1976).
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