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Abstract: A bromalite from the Middle Triassic (Muschelkalk) of southern Poland, Sadowa Gdra Quarry, is here-
in described and interpreted as a regurgitalite. The fossils occurring within the regurgitalite are angular and have
sharp edges. They are represented by common fragments of thin-shelled bivalves as well as rare crinoid and gas-
tropod remains. The composition of the collected inclusion is different from that of the host rock. There are many
candidates that could have produced the regurgitalite, including durophagous sharks, marine reptiles, the acti-
nopterygian Colobodus, or nautiloids. Our finding adds to the emerging evidence of durophagous predation in
the Triassic sea of Polish part of the Germanic Basin. It is the second record of a regurgitalite from the Muschel-

kalk of Upper Silesia.
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INTRODUCTION

Coprolites, or fossil excrement, represent the most
commonly described type of fossilized products of
digestion (so-called bromalites). Other, somewhat
less common types of bromalites include: (i) co-
lolites, which represent fossilized non-valvular
intestinal contents, (ii) enterospirae, which rep-
resent fossilized content preserved in the valvu-
lar intensine, (iii) gastrolites, which represent fos-
silized stomach contents, and (iv) regurgitalites,
which represent fossilized orally ejected waste
(for definitions see Hunt 1992, Northwood 2005,
Salamon et al. 2012 and literature cited therein).

The criteria for identifying bromalites and dis-
tinguishing them from one another are well dis-
cussed in the literature (e.g., Williams 1972, Hunt
1992, Northwood 2005, Hunt et al. 2012a, 2012b,
Salamon et al. 2012, 2014, Brachaniec et al. 2015,
Zaton et al. 2015, Niedzwiedzki et al. 2016a, 2016b,
Qvarnstrom et al. 2017, Gordon et al. 2020).
Bromalites that are mainly composed of crush-
ed shell fragments can be problematic to distin-
guish from accumulations of shell debris produced
by abiotic (hydrodynamic, abrasion-induced and
compaction related) processes (e.g., Oji et al. 2003,
Zaton et al. 2007a, 2007b, Zaton & Salamon 2008,
Salamon et al. 2012, 2014, Hoffmann et al. 2020).
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Recently, however, Salamon et al. (2018, 2020) un-
derlined that certain features of shell fragmenta-
tion can be useful in recognizing crushing preda-
tion in the fossil record.

In this paper we report the second regurgitalite
(compare Salamon et al. 2012) from the Muschel-
kalk of Upper Silesia which indicates the occur-
rence of durophagous predation in Triassic in the
Polish sector of the Germanic Basin. This is also
the first such finding from the Sadowa Géra local-
ity during nine years of fieldworks in the quarry.

GEOLOGICAL FRAMEWORK

The Sadowa Gora Quarry is situated in the north-
ern part of Jaworzno, southern Poland (coordinates
50°13'43.7”N 19°16°35.8”E; Fig. 1A, B). The quarry
reveals deposits of the Middle Triassic (the lower-
most Muschelkalk) represented by the Lower Go-
golin Beds and the lower part of the Upper Gogo-
lin Beds. The lowest part of Muschelkalk consists
of limestone, which is informally divided into the
Entolium and Dadocrinus units, and represented
by marly shales, organodetrital and crinoidal lime-
stones, fine crystalline limestones and dolomitic
limestones with numerous Dadocrinus-type cri-
noid faunas, the bivalve Entolium discites and rare
non-spiral coprolites. Above, sediments of the 1st
Wellenkalk Unit are exposed. These are wavy pel-
itic and marly limestones intercalated by crinoidal
limestones with bivalve detritus, marls, nodular

limestones and by marly limestones with numerous
bivalves of the genus Plagiostoma. In the sediments
of the 1st Wellenkalk Unit in the northern part of
the quarry, numerous ichnofossils (Rhizocoralli-
um isp.), ophiuroids (Aspiduriella sp., A. similis,
Arenorbis sp.; Surmik et al. 2020) and cephalopods
(Beneckeia sp. and nautiloids) were documented.
The examined bromalite was also found within the
1st Wellenkalk Unit in the western part of the Sado-
wa Gora Quarry, in a light brown crinoidal lime-
stone layer with a maximum thickness of 25 cm.
In this bromalite-bearing layer, numerous colum-
nals and pluricolumnals of Dadocrinus sp., detri-
tus of bivalves, rare echinoid spines, indeterminate
gastropods, Plagiostoma striatum bivalves, reptile
bones, shark teeth (Acrodus and Hybodus) and ac-
tinopterygian scales, were observed. The Cellular
Limestone Unit which is located above is devoid of
fauna and represented by yellow dolomitic lime-
stones and calcareous dolomites. The sediments of
the next unit, the Conglomeratic Horizon, are built
of fine-crystalline, organodetritic limestones, intra-
clastic limestones and marls with bivalves, gastro-
pods, echinoderms and the remains of vertebrates
(for a very detailed description of the Sadowa Gora
Quarry section see Surmik et al. 2020). Chrono-
stratigraphically, the lowermost part of the lime-
stone with Entolium and Dadocrinus units is dated
to the latest Olenekian, and the younger parts of the
Lower Gogolin Beds are dated as Aegean (Nawrocki
& Szulc 2000).

FENNOSARMATIA
&
/Ssé‘yk
.. &0,
iy =" v, ol//s
QN . K
.
EAS’
ARPATIA]
PRE-
PA;
SILESIA!
MORAVIAN
GATI
¥
o
o™
Epicontinental o
sea
- Tethys
Ocean %

-Palaeozoic I:lTriassic I:l Post-Triassic / Faults

Fig. 1. Paleogeographic map of Central Europe during Middle Triassic. The Sadowa Géra Quarry is marked with a red star (A).
Detailed map of Upper Silesia with the Sadowa Géra Quarry marked with a red star (B). Slightly modified after Zaton et al.

(2008) and Surmik et al. (2020)
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PALEOENVIRONMENTAL
FRAMEWORK

In the Middle Triassic, the Upper Silesia region was
located within the southeastern part of the German-
ic Basin (Fig. 1A). During the period of the deposi-
tion of the Lower Gogolin Beds (Aegean) this basin
was connected with Tethys mainly by the East-Car-
pathian Gate, located to the east of the research area
(Niedzwiedzki & Salamon 2002). However, the ex-
change of fauna with Tethys was very limited as in-
ferred from the high degree of endemism of the Sile-
sian macrofauna (74%) for the Lower Gogolin Beds
(Salamon & Niedzwiedzki 2005).

The Lower Gogolin Beds originated in the area
of a shallow-marine carbonate ramp. The lime-
stone with Entolium and Dadocrinus units, with
numerous proximal tempestites, represents coast-
al shoals of the inner ramp zone and was formed

during the transgressive system tract in well-ox-
ygenated waters. The 1st Wellenkalk Unit rep-
resents the slightly deeper and calmer waters of
the middle ramp and was formed during the high-
stand system tract. The layers of crinoidal lime-
stones within this unit are interpreted as distal
tempestites. There was normal salinity during the
sedimentation of both units. The Cellular Lime-
stone Unit represents a short episode of shallow-
ing, including an emersion phase and a period
of strong increase in salinity (Szulc 2000, Niedz-
wiedzki 2005, Szulc & Becker 2007).

MATERIALS AND METHODS

The sample was carefully cleaned in hot water
and subsequently heated in water with perhydrol
(a 30% aqueous solution of hydrogen peroxide) up
to 100°C.

Fig. 2. Photograph of bromalite on the surface of the crinoid limestone block (A). CT virtual section of the specimen (acro-
nyme number OEEG/m-007) exhibiting homogenous crinoid matrix with easily distinguishable bromalite. cm - crinoid ma-
trix, br — bromalite (B). Enlargement of the bromalite surface (crinoid columnal and sharp-edged fragments of bivalves) (C, D)
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The virtual sections of the specimen were ob-
tained by using a GE Healthcare Discovery CT750
HD 64-channel computed X-ray tomographic
unit at the Department of Diagnostic Imaging
of Regional Hospital of Trauma Surgery, Piekary
Slaskie, Poland. The tomographic (CT) scans were
recorded as DICOM files and processed using the
Image]/Fuji software (Schindelin et al. 2012). The
CT equipment was applied to investigate the in-
ternal structure of the crinoid-rich limestone
block where the bromalite is embedded.

Fauna from the bromalite illustrated in the fig-
ures were photographed using a SONY RX10 dig-
ital camera.

The investigated bromalite is housed in the
University of Silesia in Katowice, Faculty of Natu-
ral Sciences, Poland, and registered under the cat-
alogue number: OEEG/m-007 (Fig. 2).

RESULTS

The bromalite (Fig. 2) is elongate and has a length of
6.5 cm and a maximum width of 2.4 cm. Its upper

I Sharp-edged bivalves
I Crinoids
| Gastropods

edge is rounded and the lower one is cone-shaped
with a rounded apex. Most fossils occurring with-
in the bromalite are angular, sharp-edged and are
represented by fragments of thin-shelled bivalves
(probably Entolium discites; 98% visible on the bro-
malite surface). Other fossils at the surface of the
structure include crinoid remains belonging to Da-
docrinus [one columnal and one brachial plate (1%)
and an incomplete shell of a small gastropod (1%)].
The surrounding sediment consists of a mass ac-
cumulation of crinoid columnals, pluricolumnals
and brachials of Dadocrinus (97%), very rare shell
fragments of the bivalve Plagiostoma (2%) and acti-
nopterygian fish scales: 1% (Fig. 2, 3). Fossils in the
bromalite have no signs of abrasion or bioerosion in
contrast to the fossils present in surrounding sed-
iment (almost half of the crinoid remains and 70%
of bivalve detritus possess these traces). In the case
of two small fragments of shells visible in the lower
part of the bromalite, their sharp-edged edges are
observed. No epibionts were found on the fossil re-
mains within the bromalite or in the surrounding
sediment.

[ Crinoids
I Bivalves
|| Fish scales

Fig. 3. Comparison of the composition of the regurgitalite (A) vs. surrounding rock (B)
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DISCUSSION

The studied structure clearly stands out morpho-
logically from the surrounding sediment (Fig. 2). It
shows a completely different faunal composition: it is
composed almost exclusively of thin-shelled bivalve
detritus, while the surrounding rock is made of cri-
noid ossicles with very rare shell detritus that is main-
ly thick-shelled. Another difference is the degree of
abrasion or bioerosion, which is notable in crinoidal
limestone and very minor in the studied structure.

These observations show that the distinct accu-
mulation illustrated herein is genetically different
from the rock in which it is embedded. The tomo-
graphic images show that the investigated structure
does not continue deep into the rock (Fig. 2B, online
supplementary material - Movie-01), which suggests
that it is not a deep burrow. Moreover, in the Low-
er Gogolin Beds, ichnofossil canals of sizes close to
the diameter of the studied structure belong only to
Rhizocorallium or Teichichnus ichnogenus. The first
taxon commonly occurs within carbonate muds and
typically has a filling identical to the surrounding
rock, and the second taxon has subvertical canals
filled with fecal pellets (Szulc 2000). Additionally, in
the crinoidal layer with the studied accumulation,
no ichnofossils were recorded and there are also no
intraclasts. Directly above this crinoidal layer there
are no organodetrical layers, so the structure in
question cannot be a load cast. The characteristics
of the studied structure, especially its different com-
position of fossil fragments which consist of angular
shell fragments that are randomly grouped, indicate
that it is a bromalite and not an abiotic accumula-
tion of the bioclasts. The low degree of roundness of
the shell edges, minor signs of dissolution, absence
of groundmass, elongated shape and relatively small
thickness indicate altogether that the specimen is
aregurgitalite and not a coprolite or a gastric residue
(fossilized stomach contents; i.e., consumlite) (com-
pare Hasiotis et al. 2007, Salamon et al. 2014, 2020,
Gordon et al. 2020, Hoffmann et al. 2020).

POSSIBLE PRODUCERS

Fossils of five predatory groups (of which some
representatives may have been durophagous) are
known from the Lower Gogolin Beds of the Upper
Silesia region (see Wysogorski 1903-1908, Assmann

1937, 1944, Liszkowski 1993, Chrzastek & Nied-
zwiedzki 1998, Brachaniec et al. 2015, Surmik 2016,
Antczak et al. 2020, this paper). These include deca-
pods, cephalopods (nautiloids and ammonoids),
sharks, actinopterigian fishes and marine reptiles.
Although some Triassic decapods may have
fed on shelled fauna (bivalves or gastropods, see
Klompmaker et al. 2011), common ichnofossils of
the Gogolin Beds linked to decapods (Rhizocor-
allium or Teichichnus) appears to be too small to
have been made by the same animal that produced
a regurgitalite measuring 6.5 cm in length (for
more details see Knaust 2013, Stachacz & Matysik
2020). The Silesian decapod Pemphix silesiacus had
a cephalothorax of about 3 cm in length (the larg-
est Triassic representatives of the genus reached
a height of over 6 cm length of cephalothorax; see
Schmidt 1928) and the diameter of Rhizocorallium
burrows in Gogolin Beds reach up to a maximum
of 3.5 cm (own observations). Furthermore, the
walls and filling of the canals of these ichnogenera
in Lower Gogolin Beds never contain shell detritus.
The largest representatives of the ammonoids to
have been found in the age equivalent of the Lower
Gogolin Beds in the German part of the German-
ic Basin (e.g. Beneckeia) had shells of less than 15
cm in diameter (Schmidt 1928). Moreover, accord-
ing to Hoffmann et al. (2020), there is no absolute
certainty that extinct ammonoids could have pro-
duced regurgitates. Nautiloids from the Lower Go-
golin Beds of Upper Silesia were often much larger
than Beneckeia, with shell diameters of up to 30 cm
(Klug & Lehmkuhl 2004). Specimens of nautiloids
were found in the 1st Wellenkalk of the Sadowa
Goéra Quarry (Niedzwiedzki et al. 2021). The body
chamber length of the Triassic Germanonautilus is
about 150 to 190° (Klug & Lehmkuhl 2004) (about
of half the length of the last whorl), which means
that the body of the animal exceeded 30 cm and the
largest specimens of this genus could theoretically
be the producer of studied regurgitalite. However,
nautiloids are extremely rare in the Lower Gogo-
lin Beds of Upper Silesia (compare Assmann 1937,
Schmidt 1938, Senkowiczowa & Kotanski 1979).
Moreover, according to Hoffmann et al. (2020)
modern coleoids have very strong alkaline gastric
fluids that require regurgitation to get rid of car-
bonaceous material. If fossil nautiloids digested
similarly, there should be no abundant limestone
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biodetrites in their non-regurgitalites without any
signs of dissolution, and such biodetrites prevail in
the studied bromalite.

In the sea in the Upper Silesia area during the
deposition of the Lower Gogolin Beds, there were
many taxa of durophagous fish, such as sharks:
Acrodus (3 species), Lissodus (2 species), Palaeo-
bates angustus and actinopterygians: Colobodus
(3 species), Cenchrodus (2 species), Nephrotus
chorzowiensis. Teeth, scales and fragments of jaws
of durophagous actinopterygians are often found
in the rocks of the Lower Gogolin Beds, and a sin-
gle more complete skeletal fragments of Colobo-
dus have also been found (Wysogdrski 1903-1908,
Schmidt 1928, Assmann 1944, Liszkowski 1993,
Chrzastek & Niedzwiedzki 1998, Brachaniec et al.
2015, Surmik 2016, Antczak et al. 2020). Acrodus
teeth were found in Sadowa Gdra Quarry during
the current investigations. Moreover, several large
(up to about 5 cm) tooth plates of dipnoan Cera-
todus were found in the Roetian and Lower Go-
golin Beds in Upper Silesia (Schmidt 1928; pers.
obs.). There are also numerous remains of marine
reptiles (mainly nothosaurids) in the Lower Go-
golin Beds (Chrzastek & Niedzwiedzki 1998, Sur-
mik 2010, Surmik et al. 2014, Antczak et al. 2020),
however fossil durophagous reptiles are extreme-
ly rare and represented by several fragments of
jaws of Hemilopas (Assmann 1944, Surmik 2016),
Placodus sp. and Cyamodus (Wysogorski 1903-
1908). In the Sadowa Goéra Quarry no remains of
the durophagous reptiles were found. The saurop-
terygians from this location are only represented
by piscivorous forms, especially by middle-sized
nothosarus (Surmik et al. 2014), determined here
as Nothosaurus cf. marchicus, known from the nu-
merous findings in Germanic Basin. Also, two iso-
lated cervical vertebrae of the archosauromorph
Protanystropheus cf. antiquus were documented
in recent years (pers. obs.).

Mesozoic dipnoans were restricted to freshwa-
ter environments and their remains found in coast-
al marine deposits are interpreted as allochtonous
(Skrzycki et al. 2018). Among other durophagous
vertebrate predators, many of them appear to
be too small to be a producer of a 6.5 cm regur-
gitalite. This applies to the shark Lissodus (15 to
50 cm in length; see Fischer 2008) and most ac-
tinopterygians. Colobudus was among the largest

Triassic actinopterygians. Two species of this ge-
nus reached about 60 cm, C. maximus reached up
to 47 cm length (see Schmidt 1938), a few others
were above 30 cm, but most of representatives of
this genus are late Anisian or Ladinian species
(Schmidt 1928, Cartanya et al. 2015). From large
species of Colobodus, only C. maximus appeared
in the Germanic Basin during the early Anisian
(e.g., Schmidt 1938, Oosterink & Poppe 1979), also
in Lower Gogolin Beds (Brachaniec et al. 2015).
Large durophagous sharks were Acrodus (the re-
constructed body length of Middle Triassic spec-
imens from Switzerland about 1.8-2.5 m (Mutter
1998) and Palaeobates (maximally 1 m in length;
see Romano & Brinkmann 2010), both classi-
fied within Hybodontiformes. Comparing reptile
tooth row length between Simosaurus (body length
4 m) and Hemilopas (Surmik 2016 and literature
cited therein), it can be estimated that Hemilopas
would have been less than 1.5 m in length. A sim-
ilar size may have been reached by early Anisian
placodonts (Klein & Scheyer 2014). To sum up,
the most likely producer of the studied regurgi-
talite were hybodontid sharks (Acrodus or Palaeo-
bates), whereas direct evidence of durophagy in
hybodonts have been documented from the Late
Mesozoic (Vullo 2011, Lane & Maisey 2012). Ac-
tinoptergian fish Colobodus maximus, nautiloids,
and durophagous marine reptiles cannot be ruled
out either, although this is much less likely due to
their small size and/or rarity in the study area.

CONCLUSIONS

An accumulation of fragmented bivalve shells de-
tritus found in crinoidal limestone layer within
the 1st Wellenkalk Unit (Lower Gogolin Beds, Ae-
gean) in the Sadowa Gora Quarry in Upper Sile-
sia is interpreted as a regurgitalite produced by
a durophagous marine predator.

During the Aegean, there were many duroph-
agous marine predators in the sea of the Upper
Silesia region (decapods, cephalopods, sharks, ac-
tinopterygian fishes, reptiles). However, consid-
ering the relatively large size of the regurgitalite
and the abundance of fossils of different groups of
durophagous predators in Lower Anisian of Up-
per Silesia, the most likely producer of the studied
bromalite were the sharks Acrodus or Palaeobates.
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