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ABSTRACT—We report a new site with an occurrence of isolated bones of a Palaeochersis-like turtle in Norian-Rhaetian
fluvial sediments from southern Poland. The turtle remains are associated with bones of a medium-sized aetosaur, a coelo-
physoid dinosaur, and a larger carnivorous archosaur, as well as a hybodontid shark, ganoid and dipnoan fishes, and a large

temnospondyl.

INTRODUCTION

The Keuper strata (upper Middle and Upper Triassic in age)
of southwestern Poland have produced a wealth of vertebrate
remains since 1990 (Dzik et al., 2000, 2008a, 2008b; Dzik, 2001;
Dzik and Sulej, 2007; Sulej et al., 2011a, 2011b; NiedZwiedzki
et al.,2012). The vertebrate assemblages have a typical European
Late Triassic composition (with some exceptions, see below)
that includes large temnospondyl amphibians, phytosaurs, ae-
tosaurs, other crurotarsans, small diapsid and archosauromorph
reptiles, and rare ornithodirans (see Dzik and Sulej, 2007). The
most famous of these localities, Krasiejow in the Opole Voivode-
ship, yields the tetrapod taxa Cyclotosaurus intermedius Sulej
and Majer, 2005, Metoposaurus diagnosticus krasiejowensis Sulej,
2002, Stagonolepis olenkae Sulej, 2010, Polonosuchus silesiacus
(Sulej, 2005), Paleorhinus sp., and Silesaurus opolensis Dzik,
2003. The occurrence of two characteristic species of conchostra-
cans (Olempska, 2004; Kozur and Weems, 2010), the phytosaur
Paleorhinus, and the temnospondyl Mefoposaurus indicate that
the Krasiejow assemblage is middle-late Carnian in age (Dzik
and Sulej, 2007).

In 2006, a spectacular new locality (Lipie élaskie—Lisowice)
with vertebrate remains was discovered in the Silesian Voivode-
ship (Dzik et al., 2008a, 2008b) that yields partially articu-
lated skeletons and isolated bones of a dicynodont (height
1.75 m). The dicynodont bones are associated with bones of
two species of carnivorous archosaurs, small archosauromorphs,
and pterosaurs, as well as capitosaurian and plagiosaurian tem-
nospondyls (NiedZwiedzki et al., 2012). Two years after this dis-
covery, more sites were found in the Silesian Voivodeship area.
First, a site of middle-late Carnian age was discovered at WozZniki
clay-pit, approximately 60 km eastward from Lipie Slaskie-
Lisowice (Sulej et al., 2011a). In another old clay-pit at Miedary
near Tarnowskie Géry, a new horizon with Middle Triassic (La-
dinian) vertebrates was also identified (Sulej et al., 2011b). Iso-
lated bones of supposed dicynodonts were also recently found in
Upper Triassic deposits (probably Norian in age) cropping out
at Marciszéw-Zawiercie (Budziszewska-Karwowska et al., 2010,
Racki, 2010).

“Corresponding author.

In this paper we briefly describe the vertebrate fauna from
the Porgba site, the fifth new locality to be discovered in the
Polish Keuper. The strata exposed at Poreba (region of Jura
Krakowsko-Czestochowska) belong to the upper part of the Ke-
uper profile, and are known in lithostratigraphic schemes as the
Zbaszynek Beds, deposits with many ‘bone-breccia’ horizons.
The Zbaszynek Beds are correlated with the Upper Keuper for-
mations (Arnstadt Formation and lowermost Exter Formation)
from the Germanic Basin (see Bachmann and Kozur, 2004; Franz
et al., 2007a, 2007b). These strata contain bone-bearing yellowish
carbonitic conglomerates and gray fluvial carbonitic mudstones
and claystones, interbedded with horizontally stratified yellow-
ish or reddish sandstones. The whole observed stratigraphic sec-
tion in this locality is at least 6 m thick and is partially exposed
in the northern part of Poreba city, near the old waste dump
(Fig. 1), about 4 km from Zawiercie, southern Poland (Szulc
et al., 2006). Well-preserved, often eroded or rounded vertebrate
bones or fragments of bones occur mainly in yellowish carbon-
ate conglomerates; sometimes the bones are covered with a cal-
careous crust, rather than a more typical pyritic crust. Isolated
and well-preserved bones were also found in gray mudstones and
claystones. The newly discovered vertebrate assemblage is dom-
inated by bones of a turtle (mainly shell fragments) and a coelo-
physoid theropod dinosaur (vertebrae, part of pelvis, and long
bones). Bones of a large carnivorous archosaur and osteoderms
of aetosaurs are very rare at this locality. Other vertebrate re-
mains, including dipnoan teeth, hybodont shark fin spines, and
ganoid skull elements and scales, are also rare.

These strata also contain numerous well-preserved micro- and
macrofloral remains. The dominant plant species at Poreba is a
conifer similar to Brachyphyllum sp. Fragments of branches with
leaves and numerous fragments of charcoalized wood trunks,
sometimes of large size, also occur (Fig. 2A, B). Abundant pollen
of cf. Classopollis sp., which occur at Poreba in the gray facies,
has elsewhere been associated with plants from the Cheirole-
pidiaceae (Reymanéwna, 1992). The probable ginkgoalean pa-
lynomorph Monosulcites sp., as well as probable ginkgoalean
leaves with perpendicular veins, were found but are too poorly
preserved for detailed taxonomic descriptions. The liverwort
spore Ricciisporites tuberculatus Lundblad, 1954, is also present
at Porgba. These palynomorph taxa are known only from other
central European sites believed to correspond to the late Norian
and Rhaetian stages (Ortowska-Zwoliriska, 1983; Schultz and
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FIGURE 1. Location of the Pore¢ba site in southern Poland (left) and geological profile visible in the artificial small outcrops (right).

Heunisch, 2005). Well-preserved bivalve shells similar to fresh-
water unionids from Marciszéw (Skawina and Dzik, 2011) were
also recovered. Unidentified temnospondyl amphibians are rep-
resented by two large teeth, whereas two dental plate fragments
belong to dipnoan fishes.

Institutional Abbreviation—ZPAL, Institute of Paleobiology,
Polish Academy of Sciences, Warsaw.

SYSTEMATIC PALEONTOLOGY

ELASMOBRANCHII Bonaparte, 1838
HYBODONTOIDEA Owen, 1846
LONCHIDIIDAE Herman, 1977
cf. LISSODUS Brough, 1935

(Fig. 3)

Material—We collected multiple fragments of dorsal fin spines
ranging from ca. 10 to ca. 58 mm in length, representing different
sections of the spines (Fig. 3). Each fragment is mediolaterally
compressed and displays an oval cross-section. The lateral sur-
faces of the specimens are ornamented with longitudinal ridges
or costae that tend to split into additional ridges towards the base
of the spines. The costae are more tightly packed close to the pos-
terior edge of each spine and the spacing between them increases
towards the anterior edge. Small parts of the base of the spine,
visible only in two specimens, are clearly distinguished from the
remaining parts and are ornamented with very fine ridges. The
unornamented posterior edges of the specimens are convex and
display triangular denticles arranged in tightly spaced, alternate
rows. Judging from the aforementioned characters present in the
specimens from Poreba (costate ornamentation, posterior edge
convex with denticles arranged in two alternating rows, and an
oval cross-section; see Maisey, 1978, 1987), it is inferred that the
fin spines belong to hybodont sharks (similar but more complete

fin spines have been collected from the Lipie Slaskie-Lisowice

locality of similar age; see Dzik et al., 2008a). The pattern of lon-
gitudinal costae and grooves also imply that the specimens may
belong to the genus Lissodus or Lonchidion (the genera Lisso-
dus and Lonchidion are considered synonyms by some authors
but most probably they represent separate, closely related taxa;
see Rees and Underwood, 2002; Heckert, 2004). Unfortunately,
the lack of the shark teeth from Por¢ba makes more precise iden-
tifications impossible.

REPTILIA Linnaeus, 1758
TESTUDINATA Klein, 1760 (sensu Joyce et al., 2004)
cf. PROTEROCHERSIS Fraas, 1913

(Fig. 4)

Material—The whole shell and numerous bones of various
sizes, diagnostic of Testudinata, are dispersed within a single
layer. These bones include fragments of the carapace, plastron,
scapula, femur (Fig. 4D), and humerus (Fig. 4A). One specimen
(ZPAL V. 39/34) is a near-complete shell (Fig. 4E) that is bro-
ken and slightly compacted. The excellent preservation makes
the reconstruction of the whole shell possible (Fig. 4B, C). On
the carapace, a median ridge is present that is not observed in
any other Triassic turtle (Fraas, 1913; Gaffney, 1990; Sterli et al.,
2007). Three pairs of supramarginal scales are present in the cara-
pace, situated at the level of the bridge. On the plastron, be-
tween the pectoral and femoral scutes, there are two abdominal
scutes. In both characters the new taxon is similar to Proterocher-
sis robusta (according to Fraas, 1913; Gaffney, 1990:fig.105G; W.
Joyce, pers. comm., November 2011) from Germany. The region
of the pygal notch is a little broken, but it appears that the notch is
not as large as in Proterochersis robusta (W. Joyce, pers. comm.,
November 2011). The plastron is very unique. The anterior tip
is smooth and lacks any specific structures on the ventral side, in
contrast to all other Triassic turtles with various horns in this part
of the plastron (Fraas, 1913; Gaffney, 1990; Sterli et al., 2007).
On the dorsal side, a pair of posterodorsally directed epiplastral
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FIGURE 2. Plant, microbial, and invertebrate fossils from the Poreba site. A and B, large tree trunk, probably belonging to Coniferales; C, microbial
concretion preserved in conglomerate; D, Planolites sp..isp., traces of worm-like animals.

processes are present that do not reach the carapace. Sim-
ilar structures connected with the carapace were described
by Gaffney (1990) for Proganochelys quenstedti. The limb
bones of the turtle from Poreba are almost identical to those
of Proganochelys quenstedti and Palaeochersis talampayensis
(Gaffney, 1990; Sterli et al., 2007).

The study of the material is still preliminary but the structure
of the shell indicates that this is a new taxon similar to Prote-
rochersis robusta. The new material consists of multiple disarticu-
lated remains (about 200 specimens) that were collected over the
course of three field seasons. However, given that all fragments
were collected from the same layer, consisting of about 20-45 cm
of carbonate conglomerates with mudstone and sandstone inter-
calations, within less than 400 m?, exhibit the same type of preser-
vation, and are similar anatomically, all are confidently assigned
to a single taxon in three different ontogenetic stages. The alter-
native would be the occurrence of two or three sympatric Triassic
basal turtle species in a small, localized area that, in comparison
with other localities from that time period and given the extreme
scarcity of turtle material in those localities, seems unlikely. His-
torically, Triassic turtles were known only from Germany, but
discoveries during the last 30 years have expanded their distri-

bution to Thailand (de Broin et al., 1982), Greenland (Jenkins
et al., 1994), Argentina (Rougier et al., 1995; Sterli et al., 2007),
China (Li et al., 2008), and the U.S.A. (Joyce et al., 2009). The
presence of a new testudinate from Central Europe adds further
evidence that this group was at least moderately diverse and had
a truly global distribution by the Late Triassic.

DINOSAURIA Owen, 1842
SAURISCHIA Seeley, 1887
THEROPODA Marsh, 1881
NEOTHEROPODA Bakker, 1986 (sensu Sereno, 1998)
COELOPHYSOIDEA Nopcsa, 1928 (sensu Sereno et al., 2005)
COELOPHYSOIDEA indet.
(Fig. 5)

Material—The central part of a pelvis (ZPAL V. 39/33), a
partially preserved scapula (ZPAL V. 39/35), ungual phalanges
from the pes (ZPAL V. 39/36), teeth (ZPAL V. 39/37), and
caudal vertebrae with elongated centra (ZPAL V. 39/38) are
also known from Porgba, and are similar in morphology to the
Late Triassic Liliensternus (Huene, 1934; Cuny and Galton, 1993;
Rauhut and Hungerbiihler, 1998; Ezcurra and Cuny, 2007). The
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FIGURE 3. Chondrichthyan remains from the Poreba site, hybodont
shark fin spine ZPAL V. 39/32. A, proximal part of spine; B, fragment
of spine with denticles in posterior view; C, the same in lateral view.

coelophysoid neotheropods (e.g., Coelophysis, Liliensternus, and
Lophostropheus, which may form either a clade or a grade of
basal theropods; Nesbitt et al., 2009) were typical elements of the
Norian and Rhaetian dinosaur communities of Europe (Rauhut
and Hungerbiihler, 1998; Ezcurra and Cuny, 2007; Brusatte et al.,
2010). The earliest record of coelophysoid dinosaurs comes from
early-middle Norian strata, as documented by the North Ameri-
can taxon Camposaurus (Hunt et al., 1998; Ezcurra and Brusatte,
2011; Irmis et al., 2011). During the Norian, a wide radiation of
coelophysoid theropods is well documented around the world,
with well-known taxa that include Gojirasaurus, Zupaysaurus,
Coelophysis, Liliensternus, Procompsognathus, and Lophostro-
pheus (Cuny and Galton, 1993; Rauhut and Hungerbiihler, 1998;
Ezcurra and Cuny, 2007; Nesbitt et al., 2007, 2009; Brusatte et al.,
2010). The new material from Porgba is under study but prelim-
inary results show that pelvis is very similar to that of Lilienster-
nus liliensterni documented from only one site in the Germanic
Basin. The supraacetabular crest is well developed above the
entire length of the acetabulum of the new coelophysoid from
Poland. In most neotheropods, this crest forms a rather continu-
ous lamina with the lateral margin of the brevis shelf (Rauhut,
2003). In the ilium from Poreba, the supraacetabular crest is
well separated from the lateral margin of the brevis shelf, a fea-
ture characteristic for basal Dinosauriformes (e.g., Silesaurus)
and the earliest theropods (e.g., Herrerasauridae, Guibasaurus).
A similar trait is present in Liliensternus (Ezcurra and Cuny,
2007) and this morphology differs from that of other coelo-
physoids (Coelophysis, Lophostropheus), where the supraacetab-
ular crest is in contact with the lateral margin of the brevis fossa.
The new find from Poland fills a geographical gap in the dis-
tribution of coelophysoid remains from the Upper Triassic of
Europe.

ARCHOSAURIA Cope, 1869
AETOSAURIA Marsh, 1884

AETOSAURIA indet.
(Fig. 6)

Material—Until recently, aetosaurian remains from Poland
were reported only from the Krasiejéw locality (middle—late Car-
nian), consisting of numerous osteoderms and other bones repre-
senting the whole skeleton of a new species of Stagonolepis (Dzik
and Sulej, 2007; Sulej, 2010). New finds of actosaurs at Por¢ba are
represented by skeletal elements collected during multiple exca-
vations including one spine, a dorsal vertebra, and multiple frag-
ments of osteoderms. The lateral plate ZPAL V. 39/30 (Fig. 6F,
G) has a dorsal eminence that projects slightly beyond the poste-
rior edge of the osteoderm. The dorsal surface possesses radiat-
ing sculpture consisting of pits and grooves. An anterior bar oc-
curs on the dorsal surface. The lateral surface of the osteoderm is
curved strongly ventrally, and its sculpture is formed by grooves.
The ventral osteoderm ZPAL V. 39/41 (Fig. 6D) is flat and the
whole ventral side is covered by sculpture consisting of pits in the
center and short ridges in the marginal regions. The spike (or dor-
sal eminence, ZPAL V.39/31) is an approximately 2 cm long pro-
jection that is subtriangular in lateral view (Fig. 6E). One side of
the eminence (because of the lack of the rest of the plate and un-
certainties as to the exact arrangement of the body armor of the
taxon the spike belongs to, we do not use exact positional terms
to describe the specimen) is inclined at an angle of ~45° and the
opposite side is almost straight along its entire length. The dorsal
eminence ends in a rounded, slightly bent, blunt tip. The surface
of the spike is covered with small pits indicating the presence of
a horny sheath during life. Around the base of the spike, rem-
nants of the remaining parts of the osteoderm are present. The
surface of the specimen in this region is sculpted with pits and
anastomosing robust ridges indicating ornamentation on the dor-
sal aspect of the plate. Additional osteoderms from Poreba are
too fragmentary to allow the reconstruction of the exact shape of
each specimen and the whole carapace. Nevertheless, the dorsal
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FIGURE 4. The new turtle from Poreba. A, proximal head of humerus ZPAL V. 39/25 in posterior view; B, reconstruction of the shell in dorsal view;
C, reconstruction of the shell in ventral view; D, distal end of femur ZPAL V. 39/26 in posterior view; E, reconstruction of the shell in ventral view; F,

explanatory drawing of the shell ZPAL V. 39/34 in dorsal view.

ornamentation formed of anastomosing robust ridges clearly in-
dicates their aetosaurian affinities (Long and Ballew, 1985; Long
and Murry, 1995; Parker, 2007).

The axial skeleton is represented by a single dorsal vertebra
ZPAL V. 39/29 (Fig. 6C). No suture is visible between the cen-
trum and neural arch, indicating an adult or subadult age for the
specimen. The anterior articular surface of the centrum is broken.
The posterior surface is gently concave and has a clearly marked,
beveled edge. Judging from the overall shape of the specimen, the
centrum was constricted at mid-length, anteroposteriorly short,
dorsoventrally compressed, and wider than tall. On the dorsal
surface of the centrum, between the neural arch, there is a deep

groove forming the ventral part of the neural canal (which is taller
than wide). The neural arch is not complete and lacks the lat-
eral parts of the transverse processes, especially on the left side,
and probably half of the spine. Thin laminae running from the
bases of the postzygapophyses to the bases of the transverse pro-
cesses are visible, similar to those described for other aetosaurs
(Walker, 1961; Parker, 2008). The postzygapophyses have their
posterior edges straight in lateral (elongated into a hyposphene)
and dorsal views, similar to those described for Desmarosuchus
spurensis (Parker, 2008). Although the anterior edge of the prezy-
gapophyses is a little broken, its shape suggests that their ante-
rior edges were straight and perpendicular to the long axis of the
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FIGURE 3. Partial coelophysoid dinosaur pelvis ZPAL V. 39/33 in lateral view (anterior on the left).

FIGURE 6. Aetosaur vertebra and osteoderms from Por¢ba. A, dorsal vertebra ZPAL V. 39/29 in right lateral view; B, the same in dorsal view; C,
the same in posterior view; D, ventral osteoderm ZPAL V. 39/41; E, osteoderm spike ZPAL V. 39/31; F, paramedial osteoderm with spine ZPAL V.
39/30 in dorsal view; G, the same in lateral view.
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vertebrae in dorsal view. The combination of the above-described
characters indicates that this vertebra is from the dorsal region,
most probably from a position anterior to the seventh dorsal
(Walker, 1961; Desojo and Béez, 2005; Parker, 2008).

DIAPSIDA Osborn, 1903
ARCHOSAUROMORPHA Huene, 1946
ARCHOSAURIA Cope, 1869
ARCHOSAURIA indet.

Material—Two teeth (ZPAL V. 39/39 and ZPAL V. 39/40)
from a large predatory archosaur (larger and more robust than
any known coelophysoid from Europe and probably similar in
size to Gojirasaurus, a large coelophysoid from the Upper Tri-
assic of New Mexico; Carpenter, 1997; Nesbitt et al., 2007) and
a fragment of a femoral shaft with a large marrow cavity were
found. The tooth size and morphology (with characteristic serra-
tions and enamel wrinkles on the external crown surfaces), the
size of the femoral shaft fragment, and also the microstructure
of this bone are similar to those of ZPAL V. 33/50, V. 33/51,
and V. 33/52 from Lipie Slaskie-Lisowice (NiedZwiedzki et al.,
2012). The remains from these two localities probably belong to
the same, or very closely related, taxon of large carnivorous ar-
chosaur from the late Norian—early Rhaetian (Dzik et al., 2008a;
Niedzwiedzki et al., 2012).

DISCUSSION

In both Poreba, described herein, and Lisowice, described pre-
viously by Dzik et al. (2008a, 2008b), the fin spines of hybodont
sharks and the teeth of dipnoan fishes co-occur with the remains
of two archosaurs, one small and the other much larger. The dif-
ferences between these localities include the absence of dicyn-
odonts and the presence of aetosaurs and turtles in Poreba, in
contrast to the Lisowice locality that has yielded dicynodonts, but
not aetosaurs or turtles (Dzik et al., 2008a, 2008b). This differ-
ence might be environmental, or could result from taphonomic
bias or incomplete sampling. In Lisowice, the mudstones and
sandstones suggest a low-energy river, which was an environment
favorable for large dicynodonts (Dzik et al., 2008a; Sulej et al.,
2011a). Instead, the presence of conglomerates in Poreba indi-
cates deposition in a high-energy fluvial system (although there
is no evidence that this was the environment of the turtles, they
could have been transported from a different area). The oldest
known turtles in the fossil record inhabited marginal areas of the
sea or river deltas (Li et al., 2008).

The new turtle material from Porgba is still being collected, but
what is currently available is representative enough to demon-
strate the presence of a new taxon of Triassic European turtle,
the third one discovered to date. This indicates that turtles were
already diverse in the Late Triassic, and probably originated prior
to the Carnian. The origin of turtles is still being debated (molec-
ular data: Lee, 2001; Lyson et al., in press; paleontological data:
Gaffney et al., 1987; Rieppel, 2000; Joyce, 2007; Li et al., 2008;
Lyson et al., 2010) and questions regarding the early evolution
of the shell remain unresolved. The material from Poreba, al-
though still very fragmentary, consists of the fragments of shells
of early and late ontogenetic stages. After collecting more mate-
rial, the study of ontogeny of the ‘first turtles’ may therefore be
possible. According to Joyce and Gauthier (2004), Scheyer and
Sander (2007), Lyson et al. (2010), and Benson et al. (2011), both
Proganochelys quenstedti and Palaeochersis talampayensis were
definitely not marine, but it is not possible to determine out if
they were lentic, lotic, or terrestrial. Because of the similarity be-
tween the limb bones from the Poreba turtle and Proganochelys
and Palaeochersis, the same is probably true of this new taxon.

The aetosaur material extends the occurrence of medium-sized
representatives (length of 2-4 m) of this group in Europe up
to the upper Norian—Rhaetian. Osteoderms of a very small

aetosaur from Trossingen (upper Norian) were mentioned by
Seegis (2005) and their identity confirmed by Matzke and Maisch
(2011). The whole undescribed skeleton of a paratypothoracisin
aetosaur was found in Stubensandstein (Norian) sediments in
Germany and is currently being studied in Stuttgart (R. Schoch,
pers. comm.). Our new finds, and the new German paratypotho-
racicin, may clarify similarities and differences between these
European aetosaurs and those of North America. In Western
European faunas of similar age, namely those of Trossingen
(Germany; Seegis, 2005) and Greenland (Jenkins et al., 1994),
turtles, aetosaurs, and coelophysoids co-occur with Plateosaurus-
like basal sauropodomorphs (‘prosauropods’), in contrast to the
Poreba assemblage. The Poreba assemblage also differs from
that from Trossingen (Sander, 1992; Seegis, 2005) in the lack of
phytosaurs.

CONCLUSIONS

The new locality in Poreba yields three very rare Late Trias-
sic European vertebrates. The turtle probably represents a new
taxon similar to Proterochersis robusta and is sufficiently distinct
to indicate the presence of a third species of turtle in Europe. The
new material of the coelophysoid dinosaur expands the range of
this group in the Germanic Basin. The aetosaur material broad-
ens the occurrence of forms with spines on the osteoderms, which
are very rare in the latest Triassic record. Poreba is the second site
from south Poland with terrestrial vertebrates where aetosaurs
occur but bones of dicynodonts are lacking. This discrepancy sug-
gests potentially large environmental differences between these
localities, but an exact understanding of this disparity demands
more study.
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