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Abstract: The first records of pterosaurs from the Cretaceous of Poland are reported, on the basis of fragmentary
remains from the marine Upper Albian (Lower Cretaceous) of the Annopol Anticline, central Poland. The new
material consists of four bone fragments, tentatively interpreted as: 1) a portion of wing phalanx; 2) a medial
element of fused skull bones (parietal crest?); 3) a fragmentary carpal or tarsal; and 4) a distal phalanx of the pes
(or a very small fragment of a long cervical vertebra). Previously, only the remains of marine vertebrates have
been reported from the Cretaceous of the Annopol area. The pterosaur fossils studied most probably belonged to
individuals that died while over the sea. The possibility that they represent remains dropped from floating
carcasses, introduced into the marine environment by rivers, is regarded as less probable, as there are no remains
of dinosaurs or other terrestrial fauna in the Annopol deposits.
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INTRODUCTION

Pterosaur bones are very fragile due to their thin walls
and a general reduction of internal trabeculae (e.g., Elgin
and Hone, 2013). The best preserved pterosaur remains oc-
cur in fossil Konservat-Lagerstitten (sensu Seilacher,
1970), where skeletons may be fully articulated, uncrushed
and have associated soft tissues, including wing mem-
branes, preserved. These deposits are exemplified by the
lithographic limestones of the Jurassic Solnhofen Forma-
tion in Germany, the Early Cretaceous Yixiang Formation
of China and the Santana Formation of Brazil (e.g., Well-
nhofer, 1991; Unwin, 2006).

Pterosaur remains also occur in fossiliferous deposits of
the concentration type (Konzentrat-Lagerstitten), typified
by the mass occurrence of organic remains. The best-known
pterosaur-bearing deposit of this latter type is the lowermost
Cenomanian Cambridge Greensand of eastern England.
This Konzentrat-Lagerstitte has yielded hundreds of
remanié pterosaur fossils of Late Albian age which, though
disarticulated and fragmentary, nevertheless provide a valu-
able source of data on pterosaur taxonomy, phylogeny and
diversity (e.g., Unwin, 2001; Buffetaut, 2006; Martill and
Unwin, 2012).

Here the authors describe and illustrate rare pterosaur
material from another highly-fossiliferous deposit of the
concentration type, namely the phosphorite-bearing Upper
Albian sands of the Annopol Anticline, central Poland (Fig.
1A, B). The new material is a part of a rich vertebrate as-
semblage collected from the Annopol area by a team, led by
the first author. These collections were made during subter-
ranean exploration of the abandoned phosphorite mine Jan
1 (Machalski et al., 2009) and screen washing of the sedi-
ment at the surface locality of Kopiec (see Fig. 1B for loca-
tion of both settings and Popov and Machalski, in press, for
a detailed description of the screen washing procedures).

The material described here, although highly fragmen-
tary, represents the first pterosaur remains from the Polish
Cretaceous. The material is now housed at the Institute of
Paleobiology of Polish Academy of Sciences, Warszawa,
Poland (ZPAL).

GEOLOGIC BACKGROUND

A highly condensed sedimentary succession, ranging
from the uppermost Lower Albian to the Lower Turonian, is
exposed around the town of Annopol (Fig. 1A, B), along the
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Fig. 1.  Geologic background of the pterosaur remains from the Annopol Anticline, A. Lithology and stratigraphy of the mid-Creta-
ceous succession of the Annopol Anticline (modified after Walaszczyk, 1984). 1. A quartzose sandstone replaced upwards by quartz sands
truncated by a burrowed surface. 2. Quartz sands with glauconite and sandstone nodules near the top; unit 2 is capped by a phosphorite ho-
rizon. 3. Quartz sands with glauconite passing upwards into marly sands with glauconite and phosphates. 4. Quartzose marls with
glauconite and phosphates in the lower part. 5. Glauconitic marls infilling burrows in the underlying unit, truncated by a hardground with
phosphate and glauconite impregnation. 6. Strongly glauconitic marls with burrowed omission surface at the top. 7. Limestone with rare
phosphatic nodules and glauconite, truncated by a hardground with glauconitic mineralization. 8. Marls with burrowed top. 9. Marls with
black flint; b — burrows. B. Geologic map of the Annopol Anticline (modified after Walaszczyk, 1987) with localities studied and the loca-
tion of the study area in Poland. C. Close-up view of the upper Upper Albian pterosaur-bearing unit 3 at the locality Kopiec. LP — lower
part of the Phosphorite Bed, UP — upper part of the Phosphorite Bed. Adapted from Popov and Machalski (in press) with permission from
Elsevier

limbs of a small anticline (the Rachow or Annopol Anti-
cline, see Samsonowicz, 1925, 1934; Marcinowski and Ra-

thin (condensed) in comparison to coeval strata in adjacent
areas, due to its location on a submarine high (Cieslinski,

dwanski, 1983; Walaszczyk, 1984, 1987; Machalski and
Kennedy, 2013). The succession records the early phases of
the great Cretaceous marine transgression (Marcinowski
and Radwanski, 1983; Walaszczyk, 1987) and is extremely

1976).

With reference to the transgressive-regressive model of
Juignet (1980) and Hancock (1990), the Annopol succes-
sion is interpreted as a series of transgressive units, num-
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Fig. 2.

bered 1-9, capped by layers of reworked phosphatic nod-
ules and clasts, hardgrounds and burrowed omission/ero-
sional surfaces, which reflect a series of regression maxima
(Fig.1A).

The pterosaur specimens reported herein, four in to-
tal, come from unit 3 as exposed at Kopiec (Fig.1A, C).
This unit corresponds to the upper part of the so-called
Phosphorite Bed, distinguished in the Annopol section by
previous authors (see e.g., Samsonowicz, 1925, 1934;
Radwanski, 1968; Marcinowski and Radwanski, 1983,
1989).

Unit 3 (see Fig. 1A, C) is ¢. 50 m thick and is composed
of quartz sand with abundant glauconite, passing gradually
upwards into quartz-glauconitic marl. A distinct bed of pho-
sphatic clasts and fossils occurs in the upper part of unit 3.
Its upper boundary is sharp, whereas the lower boundary is
diffuse due to bioturbation (Marcinowski and Walaszczyk,
1985; Walaszczyk, 1987). The phosphatic clasts are c. 1 cm
in diameter, but in the upper part of the layer they com-
monly form larger aggregates, up to 12 cm in diameter.
These aggregates are composed of up to three generations
of clasts showing the same matrix, but differing in intensity
of phosphatisation, suggesting multi-phase intraformational
reworking of the phosphatic material.

The fossil assemblage from unit 3 is dominated by pho-
sphatised sponges, calcitic-shelled bivalves Aucellina gry-
phaeoides and Pycnodonte vesiculosa, and rostra of the bel-
emnite Neohibolites ultimus. Shells of rhynchonellid and
terebratulid brachiopods, serpulid tubes and shrimp remains
are subsidiary components of the invertebrate assemblage.
Associated vertebrates include relatively common teeth and
vertebrae of sharks and bony fishes, less common chimae-
roid dental plates (Popov and Machalski, in press), teeth,
fragments of jaws and vertebrae of ichthyosaurs and ple-
siosaurs, as well as remains of marine turtles. The most nu-
merous and best preserved fossils occur in the lower and
middle part of the unit, those from its upper portion are
commonly poorly preserved, fragmented and overgrown by
phosphates.
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1 mm

Specimen ZPAL V. 38/390, fragment of a wing phalanx in lateral view (A), cross-section (B) and SEM (C)

AGE OF THE PTEROSAUR MATERIAL

The pterosaur-bearing unit 3 of the Annopol succession
is dated on the basis of specimens of the ammonite Morto-
niceras (Subschloenbachia) sp., preserved as attachment
scars on the left valves of some oysters (Machalski and
Kennedy, 2013). These specimens show the closest affinity
with those of Mortoniceras (Subschloenbachia) which are
characteristic of the upper Upper Albian Mortoniceras
perinflatum Zone (for a detailed discussion and zonation of
the relevant part of the Albian Stage see Machalski and Ke-
nnedy, 2013, table 1).

There is no evidence of any biostratigraphically older
fossils within unit 3, and the late Late Albian is taken to be
the age of the pterosaur material described herein. This con-
trasts with the situation from the lowermost Cenomanian
Cambridge Greensand as the pterosaur remains contained in
the latter unit are thought to represent older, Late Albian,
material (e.g., Martill and Unwin, 2012).

DESCRIPTION AND COMPARISONS

Specimen ZPAL V.38/390 (Fig. 2A—C) is the most di-
agnostic of the present material. It measuresl6 mm in
length, is 10 mm high and 5 mm wide. It has an ultra thin
(thinnest 0.3 mm — thickest 0.6 mm) bone wall, and the typi-
cal (for pterosaurs) lamellar structure can be seen in SEM
(Fig. 2C). There are two prominent trabeculae visible, the
remainder of the cross-section surface being filled with sed-
iment (a pneumatic cavity during life) (Fig. 2B, C). The
cross-section is an oval with two opposing, slightly flat-
tened sides and is typical of the cross-section found in non-
azhdarchid pterodactyloid pterosaur wing-finger phalanges.
Assuming this identification to be correct, in dorsal view (as
though the wings were outstretched) there is a gentle ex-
pansion (slightly more prominent on one side than on the
other), suggesting this is a portion of the phalanx diaphysis
close to either the distal or proximal termination.
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Fig. 3.
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Pterosaur remains from the Annopol Anticline, A. Specimen ZPAL V.38/273 (a fragmentary carpal or tarsal) in four different

views (A1—A4). B. Specimen ZPAL V.38/816 (medial element of fused skull bones, parietal crest?) in four different views (B1—Ba)

Specimen ZPAL V.38/273 (Fig. 3A1—A4) is 15 mm in
its maximum dimension. The thin nature of the bone wall of
this fragment identifies it as pterosaurian. It has two features
that might allow a reasonable attempt at identification of the
element. There is a suboval articulatory surface with a slight
depression on one margin. The bone is broken in what might
be its distal part. It is a rather tabular element and there is a
slight inflation on one side. It is possibly a carpal or tarsal.

Specimen ZPAL V.38/816 (Fig. 3B;—B4) is 25 mm in
its maximum dimension. The thin bone wall of this triangu-
lar fragment identifies it as pterosaurian. It has a strongly
developed ‘median’ ridge, from which fascia descend sym-
metrically to define an angle of 90 degrees. The ridge de-
creases and disappears toward the apex, and the (presumed)
left margin appears entire, while the corresponding margin
of the other side is slightly damaged. Nevertheless, the bone
probably had a triangular termination in life. It may be a me-
dial element of fused skull bones, such as a parietal crest.
This identification is extremely tentative.

Specimen ZPAL V.38/1195 is not illustrated here, be-

cause of its very poor preservation. This small fragment (c.
10 mm in its maximum dimension) is also very thin walled,
and most likely a pterosaur bone. There are few features to
diagnose it, but what appears to be a grooved articulatory
surface suggests that it is possibly a distal phalanx of the
pes. However, it has a flat face and slightly expanded termi-
nation, and as such, could also be a very small fragment of a
long, slender cervical vertebra.

Because of the highly fragmentary nature of the mate-
rial, comparisons with other pterosaurs are difficult. Never-
theless, an affinity with non-pterodactyloid monofenestra-
tans, Rhamphorhynchidae, and all pre-Middle Jurassic pte-
rosaurs can be ruled out, on account of the Cretaceous age
of the new material. The thin wall of the bones also rules out
affinities with Dsungaripteroidea in which there is a ten-
dency to bone-wall thickening (Martill et al., 2013). Thus
the affinities of the new Polish material probably lie within
Ornithocheiroidea and/or Azhdarchoidea, all of which are
known from the Cretaceous of Europe (Unwin, 2001;
Martill et al., 2013).
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DISCUSSION AND CONCLUSIONS

In general, the record of pterosaur remains in Poland is
poor. Prior to the present study, the sole published body-
fossil example was an isolated tooth from the Upper Juras-
sic (Upper Tithonian) Corbulomina horizon of the Kcynia
Formation exposed in the Owadoéw-Brzezinki quarry near
the town of Tomaszéw Mazowiecki, central Poland (Kin et
al.,2013). Foot prints attributable to pterosaurs were descri-
bed from the topmost part of the Upper Jurassic (Lower Ki-
mmeridgian) Oolites and Platy Limestones (informal litho-
stratigraphic unit) exposed in the Wierzbica quarry, south of
the town of Radom (Pienkowski and Niedzwiedzki, 2005).

The fossils described here, although fragmentary, are
sufficiently diagnostic to demonstrate the presence of ptero-
saurs in the Polish Cretaceous, and are the first remains of
Cretaceous pterosaurs to be recorded from this country. One
may hope that further palacontological exploration of the
Upper Albian deposits in Annopol anticline and other parts
of Poland will yield more diagnostic pterosaur remains.

The Late Albian pterosaur remains documented here
are the only non-marine elements in the vertebrate assem-
blages recorded from the Annopol anticline (Samsonowicz,
1925, 1934; Marcinowski and Radwanski, 1983; Machalski
et al., 2009; Popov and Machalski, in press). In view of the
absence of any non-marine strata (or their remnants) in the
Annopol section, the authors suggest that the pterosaur re-
mains belonged to individuals that died while over the sea.
The possibility that they represent remains dropped from
floating carcasses introduced into the marine environment
by rivers is regarded as less probable as there are no dino-
saur or other terrestrial fauna recorded from these deposits.
A land area in southern Poland, separating the Polish epi-
continental basin from Tethys in Late Albian (e.g., Jasko-
wiak-Schoeneichowa, 1978) may have been a habitat for
the pterosaurs described here.
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