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A new Late Jurassic ophthalmosaurid ichthyosaur Cryopterygius kielanae sp. nov. is described from carbonate deposits
of Owadow-Brzezinki Quarry, Central Poland, corresponding in age to the Agardhfjellet Formation (Tithonian, Middle
Volgian) of the Svalbard Archipelago. The new species is represented by three-dimensionally preserved bones which
display several features characteristic for Cryopterygius; including appendicular skeleton, pectoral girdle and perhaps
neural arches. The morphology of the Polish form is distinct enough from Cryopterygius kristiansenae from the Svalbard
Archipelago to warrant erection of a new species. The size of the bones of Cryopterygius kielanae sp. nov. indicates
that this species was smaller than the type species. Its diagnostic anatomical features include a humerus with prominent
and well developed dorsal process located in the middle of the dorsal surface of the bone, prominent deltopectoral crest,
relatively broad femur and absence of the wide groove on the quadrate articular condyle. The discovery of a new oph-
thalmosaurid ichthyosaur of the genus Cryopterygius in Poland suggests that the Owaddw-Brzezinki area was a transition

zone between the tropical Tethys Ocean and the Arctic basin during the Late Jurassic.
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Introduction

The Upper Jurassic (uppermost Lower Tithonian = Middle
Volgian) Fossil-Lagerstétte exposed in the Owadow-Brzezinki
Quarry is one of the new paleontological localities which
have been described in recent years on Polish territory. The
locality yields a perfectly preserved complex of marine and
terrestrial organisms similar in its taxonomic diversity and
palaeoenvironment to the south German Solnhofen-Eichstétt
area (Seilacher 1970; Kin and Blazejowski 2012; Kin et al.
2013; Btazejowski et al. 2016). The fossils discovered so far in
the area of the Owadow-Brzezinki Quarry include horseshoe
crabs (Kin and Btazejowski 2014), lobster-like decapod crus-
taceans (Feldmann et al. 2015), diverse insects represented by
dragonflies, beetles, and grasshoppers (Bechly and Kin 2013)
as well as the remains of various fish and isolated pterosaur
teeth (Kin et al. 2013; Btazejowski et al. 2015). Marine rep-
tiles are amongst the rarest macrofossils in the Jurassic and
Cretaceous deposits of Poland, and to date are represented
only by isolated vertebrae (Hirszberg 1924), teeth (Lomax
2015) and poorly preserved skull bones (Bardet et al. 2016).
However, in recent years, excavations have provided very rich
material of skeletal remains belonging to large marine rep-
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tiles (Tyborowski et al. 2016). Numerous vertebrae, ribs, limb
bones, skull fragments, and teeth belonging to the ichthyo-
saurs (Ichthyosauria: Ichthyopterygia), turtles (Cryptodira:
Testudinata) and marine crocodylomorphs (Thalattosuchia:
Crocodylomorpha) have been discovered in Owadow-
Brzezinki Quarry. Morphological analysis of the ichthyo-
saur bones, leads to a conclusion that they represent a new
species of the ophthalmosaurid ichthyosaur Cryopterygius.
The species Cryopterygius kristiansenae is known from the
Upper Tithonian deposits of the Svalbard Archipelago. The
aim of this paper is to describe a new species, Cryopterygius
kielanae, from the uppermost Lower Tithonian Kcynia
Formation at the Owaddéw-Brzezinki Quarry, near Tomaszow
Mazowiecki in Central Poland (Fig. 1).

Institutional abbreviations.—GMUL, Geological Museum
of the University of Lodz, Poland.

Geological setting

The study area is located approximately 18 km southeast of
Tomaszoéw Mazowiecki (Central Poland; Fig. 1). All sedi-
ments cropping out in the Owadow-Brzezinki Quarry are
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Fig. 1. General map of Poland with the location of the studied area (B).
Location of the Owadoéw-Brzezinki Quarry (A).

of Tithonian (Middle Volgian) age (Kutek 1994; Matyja and
Wierzbowski 2016). At the moment, Owaddéw-Brzezinki
Quarry is the only place in the extra-Carpathian Poland
where Tithonian strata are available to study. The exposed
carbonate sequence belongs to the Kcynia Formation and
can be divided into four successive units (Btazejowski et al.
2016). Unit I represents a massive, laminated, fine-grained
limestone with a total thickness of approximately 9.1 m.
This unit contains a rich and diverse fauna of invertebrates
and vertebrates. Deep-burrowing bivalves Pleuromya ac-
companied by oysters Deltoideum and an unidentified tri-
goniid bivalve, rhynchonellid and terebratulid brachiopods,
small gastropods, and ammonites are common, especially
in the lower part of this unit. Numerous skeletal remains
belonging to the representatives of marine reptiles includ-
ing C. kielanae have been found (Tyborowski et al. 2016) in
this unit. The sediment of the oldest unit probably formed
in the environment of a vast and shallow sea bay or a
lagoon, which remained open to a deeper basin. The re-
mains of ichthyosaurs and ammonites were probably post-
humously transported to the bay from the open sea. The
overlying 2 m thick unit II is represented by thinly-bedded,
fine-grained limestone with occasional distinctive parallel
lamination and mass occurrence of calcareous polychaete
tubes at one horizon. This part of the sequence is rich in
decapod crustaceans (lobsters). Measuring approximately
13 m thick, unit III consists of thinly laminated limestone,
in places like lithographic limestone. The limestone of this
unit is rich in bivalves of the genera Corbulomima and
Mesosaccella and other marine and terrestrial organisms
such as horseshoe crabs Limulus darwini, large actinopte-
rygian halecomorphs (Furo microlepidotes and Caturus
jaw bones and teeth), pycnodontiforms (post-cranial
skeleton and many isolated teeth and jaw bones), drag-
onflies (family Eumorbaeschnidae), grasshoppers (family
Prophalangopsidae), beetles, ammonites, and rhampho-
rhynchid pterosaurs (Kin et al. 2012; Kin and Btazejowski
2012, 2014). A rich collection of microfossils has also been
found in this unit. The unit III sediments formed in a shal-
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low, tropical lagoon environment. At the top of the quarry
section is unit IV, approximately 2 m thick, an organode-
tritic limestone where bivalves, bryozoans, polychaetes,
and rarely ammonites were found.

Taphonomy of the bone-bearing horizon.—The discov-
ery of numerous associated marine vertebrate individuals
within a narrow stratigraphic horizon in Owaddéw-Brzezinki
Quarry is another example of a marine vertebrates bonebed
in the Jurassic fossil record (Martill 1993). The Owaddow-
Brzezinki bonebed is a mixed assemblage of ophthalmosau-
rid ichthyosaurs and other marine and semiaquatic verte-
brate taxa such like members of Actinopterygii, Testudinata,
and Crocodylomorpha (Tyborowski et al. 2016). The studied
material of the new ophthalmosaurid ichthyosaur can be
assigned to two different taphonomic categories: (i) disar-
ticulated but associated parts of the skeleton, (ii) isolated
bones and bone fragments. Disarticulated parts of the skel-
eton are represented by the fin and pectoral girdle bones,
an accumulation of vertebrae and a fragmentary part of the
rostrum. The fracture of the rostrum suggests vertical or
subvertical landing of an ichthyosaur body on the sea floor
and a relatively hard touchdown. Similar situations have
been described from other Jurassic localities (Wahl 2009).
Disarticulation of the rest of the skeleton parts is an effect of
the activity of scavengers and sea currents. The activity of
scavengers is supported by the presence of teeth marks on
the surface of some ribs. The isolated bones are represented
by vertebrae, neural arches, complete teeth, tooth crowns,
tooth roots, broken ribs, and skull bones. All the isolated
bones are well preserved. All of the described bones belong
to a single individual. This is indicated by the size of the
bone elements and their accumulation in the same horizon
in one place within a few square meters. Skeletons belong-
ing to other individuals have been found in other sectors of
the quarry. The Owadow-Brzezinki bonebed shows some
evidence of transport before burial. It contains disarticu-
lated partial skeletons and isolated skeletal elements. The
carcasses of the marine reptiles may have drifted post mor-
tem into the bay from the open sea. In the bay the carcass
sank to the bottom and was buried.

Material

The specimen under this study was found by Marcin Krystek
from the GMUL, during the field research of the Jurassic
localities of Central Poland in 2003. All remains were found
in unit [. Skeleton of the ichthyosaurs typically has between
90-100 vertebrae (McGowan and Motani 2003). The skele-
ton from Owadow-Brzezinki Quarry has 42 vertebral cen-
tra, which indicates that it represents roughly half of the
axial skeleton. Several skull bones are preserved, including a
large portion of the lower jaw with visible tooth impressions.
Isolated teeth were also found. The pectoral girdle is repre-
sented by a scapula, coracoid and clavicles. The limbs are
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represented by a humerus, radius, ulna, femur and numerous
fin bones (metacarpals and phalanges). Most of the bones are
not covered by carbonate sediment, which greatly facilitates
observation of their morphology. The collected material is
housed in the GMUL.

Systematic palaeontology

Order Ichthyosauria Blainville, 1835
Family Ophthalmosauridae Baur, 1887

Genus Cryopterygius Druckenmiller, Hurum,
Knutsen, and Nakrem, 2012

Type species: Cryopterygius kristiansenae Druckenmiller, Hurum, Knut-
sen, and Nakrem, 2012; Tithonian of Svalbard Archipelago.

Cryopterygius kielanae sp. nov.

Etymology: In honour to Zofia Kielan-Jaworowska (1925-2015), world-
renowned Polish researcher of Mesozoic mammals.

Holotype: GMUL 3579-81, a fragment of the lower jaw, isolated teeth,
fragments of pterygoid and quadrate, parts of the cervical, dorsal, and
caudal vertebral column, most of the left pectoral girdle, right clavicle,
right forefin, and left femur.

Type locality: Owadow-Brzezinki Quarry of Nordkalk GmbH, Stawno,
vicinity of Tomaszoéw Mazowiecki (Central Poland); 51°22°34.53” N,
20°08°07.86” E.

Type horizon: Upper Jurassic (the uppermost Lower Tithonian = Middle
Volgian), the lower part of the Kcynia Formation, the Stawno Limestone
Member.

Diagnosis.—Medium size ophthalmosaurid ichthyosaur (es-
timated 3.5—-4 m of total body length; based on comparisons
of pectoral girdle and forefin size in other more complete
ophthalmosaurids; the humerus and scapula are similar in
size to those of Janusaurus lundi, which is estimated to
be a medium-sized species), and is smaller in length than
type species. Absence of a deep and wide ventral groove on
the quadrate articular condyle (quadrate articular condyle
divided by a deep and wide groove in Ophthalmosaurus
icenicus, Sveltonectes insolitus, Acamptonectes densus, and
Platypterygius australis). Humerus with tall and prominent
dorsal process located in the middle of the dorsal surface of
the bone, rather than less prominent dorsal process located
at the posterior margin of the dorsal surface of the bone in
C. kristiansenae. Humerus with prominent deltopectoral
crest, rather than very weakly developed deltopectoral crest
in C. kristiansenae (relatively low dorsal process and delto-
pectoral crest in Ophthalmosaurus icenicus, Aegirosaurus
leptospondylus, and Caypullisaurus bonapartei). Humerus
with two distal facets (three distal facets in Ophthalmosaurus
icenicus, Brachypterygius extremus, Caypullisaurus bona-
partei, Undorosaurus gorodischensis, Aegirosaurus lepto-
spondylus, Janusaurus lundi, and Acamptonectes densus
humeri). Proximal and distal ends of the femur anteropos-
teriorly broader in C. Kielanae than in C. kristiansenae (rel-
atively narrower femur in Ophthalmosaurus icenicus and
Janusaurus lundi).

Description.—Skull: The skull bones of Cryopterygius kie-
lanae are represented by the right pterygoid, left quadrate
and part of the lower jaw.

Pterygoid: The pterygoid bone is rectangular and is an-
teriorly and posteriorly incomplete (Fig. 2A). The posterior
part of the pterygoid is thickened and forms short trigonal
processes. The medial part of the dorsal surface of the bone
is flat. The bone forms the medial edge of the interpterygoid
vacuity. The maximum preserved anteroposterior length of
the pterygoid is 128 mm.

Quadrate: As in other ophthalmosaurids the quadrate is
a concentric, lunate-shape bone, it may be that more than
half of the dorsal quadrate is missing (Fig. 2B). The occipital
lamella is broken. The ventral part of the quadrate forms a
wide articular condyle. The condyle is prominent and con-
vex ventrally. The articular condyle has no deep and wide
groove. The maximum mediolateral width of the articular
surface of the condyle is 64 mm. The dorsal part of the
quadrate is the thinnest part.

Mandible: The preserved part of the lower jaw is the pos-
terior part of right ramus. The jaw fragment is anteriorly and
posteriorly incomplete. The maximum length of the preserved
part of the lower jaw is 245 mm. The maximum height of the
preserved fragment of the lower jaw is 66 mm. A fragment of
the lower jaw consists of a dentary bone and surangular bone
(Fig. 3). On the upper edge of the dentary bone, a longitudinal
dentary groove 16 mm deep is present. This groove extends
along the entire preserved portion of the lower jaw. The width
of the dental groove is 26 mm. Inside the groove the tooth
impressions are visible (Fig. 3A). The tooth impressions are
oval in shape. The diameter of the impressions is 10 mm.
All of the tooth impressions are located on the lingual wall
of the dental groove. The maximum length of the surangular
preserved fragment is 126 mm. A portion of the lateral suran-
gular is visible at the anterior part of the jaw fragment. The
distinguishing features of the surangular are lacking. The
fossa surangularis appears well developed.

Dentition: Nine isolated teeth belonging to C. kielanae
were found. The teeth were found in the vicinity of the pre-
served lower jaw fragment. Only one is preserved complete
(root and crown; Fig. 4). Most of the teeth are preserved in
the form of roots with broken crowns. The isolated crowns
are also present. The complete tooth measures 32 mm in
apicobasal length. The root measured 21 mm in length. The
length of the crown is 11 mm. The crowns are conical and
robust. All the teeth are curved lingually and nearly circular
in cross section. There is no indication of prominent carinae.
Crowns have ornamentation in the form of gentle apicobasal
grooves.

Axial skeleton: Forty-two vertebrae are preserved in the
holotype of C. kielanae. These vertebrae are preserved as
the isolated centra (Fig. 5). Four neural arches from the
mid-dorsal region are also preserved. None of the neural
arches are fused to the centra or with its neighbour. One of
them has preserved the neural spine. Given that the typical
vertebral count of ichthyosaurs is 90-100 (McGowan and
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Fig. 2. Morphology of skull bones of ophthalmosaurid ichthyosaur Cryopterygius kielanae sp. nov. (GMUL 3579-81, holotype) from the Late Jurassic of
Owadow-Brzezinki Quarry. A. Left pterygoid in ventral (A;) and dorsal (A,) views. B. Left quadrate in lateral (B,), anterior (B,), and medial (Bs) views.

Motani 2003), the C. kielanae holotype includes about one- Atlas-axis complex: The atlas-axis complex is com-
half of the vertebral column. The specimen includes: 4 cer-  pletely fused together (Fig. 5A). There is a sutural bound-
vical vertebrae (including atlas-axis complex), 11 dorsal ary between the atlas centrum and axis centrum. The atlas
vertebrae and 27 caudal vertebrae. centrum is longer anteroposteriorly than the axis centrum
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tooth impressions

Fig. 3. Rostrum fragment of ophthalmosaurid ichthyosaur Cryopterygius kielanae sp. nov. (GMUL 3579-81, holotype) from the Late Jurassic of Owaddw-

Brzezinki Quarry; in “dental/apical” (A) and right-lateral (B) views.

(Table 1). The diapophyses (dorsal rib facet) of the atlas
centrum and axis centrum cannot be discerned. A single
apophysis, probably parapophysis (ventral rib facet) of the
atlas centrum is visible in the anterior half of the atlas. The
parapophysis of the axis centrum is visible at the posterior
edge of the atlas-axis complex. All of the atlas-axis complex
parapophyses are visible in the mid-height of the centra. The
floor of the neural canal of the atlas-axis complex is 12 mm
wide in the anterior edge of the atlas centra and 24 mm wide
in the posterior edge of the axis centra.

Cervical vertebrae: All of the cervical centra are dorso-
ventrally taller than anteroposteriorly long, and they are as
laterally wide as dorsoventrally high (Fig. 5B). The diapoph-
ysis and parapophysis are visible at the anterior edge of the
centra. The diapophyses are confluent with the facets for the
neural arches anteriorly on the top of the centra. All of the
cervical centra parapophyses are located in the mid-height
of the centra. The floor of the neural canal of the cervical
centra is 25 mm wide.

Dorsal vertebrae: Passing from the anterior to the poste-
rior regions of the dorsal backbone, centra tend to increase
in size in all dimensions (Fig. 5C). In all dorsal centra the
two rib facets are visible. The diapophyses and parapophyses
from the anterior dorsal centra are dorsally located. The di-
apophyses from the anterior dorsal centra are still confluent
with the facets for the neural arches. The diapophyses and
parapophyses become situated more ventrally on centra to-
wards the posterior of the dorsal region. The diapophyses on
centra from the posterior part of the dorsal region are losing
their contact with the facets for the neural arches. Also, the
diapophyses from this region becomes reduced. The floor of
the neural canal of the dorsal centra is 20 mm in wide.

Table 1. Selected skeleton measurements (in mm) of Cryopterygius
kielanae sp. nov. (GMUL 3579-81, holotype).

Atlas centrum anteroposterior length 26
Axis centrum anteroposterior length 11

Cervical centra anteroposterior length 24
Smallest dorsal centrum anteroposterior length 24
Largest dorsal centrum anteroposterior length 28
Smallest caudal centrum anteroposterior length 8

Largest caudal centrum anteroposterior length 25
Scapula maximum proximodistal length 193
Scapula maximum anteroposterior width, proximal blade 78
Scapula maximum anteroposterior width, distal blade 34
Scapula, coracoid facet length 20
Scapula, glenoid facet length 40
Humerus maximum proximodistal length 118
Humerus maximum anteroposterior width, proximal end 62
Humerus maximum heigh, proximal end 65
Humerus maximum anteroposterior width, distal end 83
Humerus maximum heigh, distal end 41

Humerus minimum anteroposterior width, midshaft 50
Radius maximum proximodistal length 42
Ulna maximum proximodistal length 50
Femur maximum proximodistal length 76
Femur maximum anteroposterior width, proximal end 42
Femur maximum anteroposterior width, distal end 57
Femur minimum anteroposterior width, midshaft 36
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Fig. 4. Ophthalmosaurid ichthyosaur Cryopterygius kielanae sp. nov.
(GMUL 3579-81, holotype) from the Late Jurassic of Owadow-Brzezinki
Quarry; tooth in labial (A) and anterior (B) views.

Caudal vertebrae: Twenty-seven caudal vertebrae of
C. kielanae are preserved (Fig. 5D-F), fifteen of which
are preflexural vertebrae; twelve of them are postflexural
vertebrae. The preflexural centra of C. kielanae are the
largest of all the vertebral centra (Table 1). The postflexural
centra are laterally compressed and have a characteristi-
cally oval shape in anterior and posterior views. All of the
preflexural centra have only one rib facet visible, probably
the parapophysis. No rib facets are present in postflexural
centra. The floor of the neural canal of the preflexural cen-
tra is 15 mm in wide. The floor of the neural canal of the
postflexural centra is 7 mm in wide. The apical centra are
not preserved.

Neural arches: Only five neural arches from the mid-dor-
sal region are preserved. The neural spines are present in two
of these but the apical part of the one spine is eroded. One
of the preserved neural spines has a V-shaped apical notch.
However, the specimen was found in the other layer than the
rest of the skeleton and cannot determine whether it belongs
to that individual. Height of the neural arches measured from
base of the pedicel at the neurocentral boundary to the mid-
point of the spine along the lateral surface is 57 mm.

Ribs: The preserved ribs of the C. Kielanae are very
disarticulated. All are broken. Some are figure of 8 shaped
in cross section and taper gradually to their distal ends.
Some of the rib has bite marks and small grooves suggesting
post-mortem activity of the scavengers.

Pectoral girdle: The pectoral girdle of Cryopterygius
kielanae is better known from the left side, which includes
a nearly complete scapula and part of the clavicle. On the
right side of the pectoral girdle only a part of the coracoid
and clavicle are preserved.
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Scapula: The scapula comprises a proximal blade that
is anteroposteriorly expanded, and a narrow distal blade
(Fig. 6A). The articular surface of the proximal blade in-
cludes an anterior, non-articular surface, the coracoid facet
and the glenoid facet. The anterior, non-articular surface
of the proximal blade supports the acromial process. The
coracoid facet is relatively thin compared to the glenoid
facet (Table 1) and anterior, non-articular surface and is
also shorter than the glenoid facet. The acromial process
is poorly preserved, being incomplete dorsally. The proxi-
molateral surface of the scapula has a broad concavity with
forms approximately one-third of the total scapula length.
The acromial process forms the anterior margin of this con-
cavity. The distal blade is broken ventrally. The posterior
margin of the distal blade is incomplete.

Coracoid: The right coracoid is not well preserved
(Fig. 6B). The preserved part is from the intercoracoid facet
region. The maximum mediolateral width of the preserved
part of the coracoid is 116 mm. Length of intercoracoid facet
is 103 mm. The intercoracoid facet probably forms the ante-
rior half of the medial margin.

Clavicles: All preserved fragments of the left clavicle
measure 80 mm in length. The left clavicle is broken from
proximal and distal edge. The right clavicle is better pre-
served but is also anteriorly and posteriorly broken. The
maximum length of the right clavicle is 152 mm. The bones
are gently curved dorsally and posteriorly. The right clavicle
has a facet for the scapula and the visceral surface of the
bone is gently dented.

Forefin: The morphology of the Cryopterygius kielanae
forefins is best understood from the right forefin, which
includes a complete humerus, complete radius and ulna,
and most of the metacarpals and phalanges (Fig. 7). Most
of them were found as disarticulated elements. The fore-
fin is relatively small compared to total body length of C.
kielanae. The length of the preserved part of the forefin is
300 mm, although distalmost phalanges are missing so the
estimated total length of the forefin is 350 mm.

Humerus: The distal end of the humerus is wider than
proximal end in maximum anteroposterior width (Fig. 8).
The anteroposterior width and dorsoventral height of the
humerus proximal articular surface are nearly identical. The
proximal articular surface is very irregular, suggesting a
considerable investment in articular cartilage. The distal end
of the humerus is anteroposteriorly longer (Table 1) than
dorsoventrally high. The dorsal process is broken but still
more prominent than the deltopectoral crest (McGowan and
Motani 2003). The dorsal process is situated on the proxi-
mal half of the bone and it measures approximately 50 mm
long and maximum 20 mm wide. It arises near the postero-
dorsal surface, and ends suddenly by the midpoint of the
shaft (Fig. 8). The deltopectoral crest is also prominent but
is smaller than the dorsal process. The deltopectoral crest is
situated ventrally on the proximal half of the humerus and is
located at the anterior margin of the bone. The humerus has
only two large distal facets for the radius and ulna. The radial
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Fig. 5. Morphology of isolated centra of ophthalmosaurid ichthyosaur Cryopterygius kielanae sp. nov. (GMUL 3579-81, holotype) from the Late Jurassic
of Owadow-Brzezinki Quarry. Atlas-axis complex (A), cervical (B), dorsal (C), preflexural caudal (D), and postflexural caudal (E) centra, preflexural
caudal spine (F); in anterior (A|—E) and left-lateral (A,—E,, F) views.

facet is smaller than the ulnar facet. Anteroposterior length
of the radial facet is 45 mm. Anteroposterior length of the
ulnar facet is 52 mm. The facet for a preaxial accessory ele-
ment is absent. Probably a preaxial accessory element does
not directly articulate to the humerus. The radial and ulnar
facets meet at an angle of 60°, looking from the dorsal view.

Zeugopodium and autopodium: The radius and ulna are
the two largest bones anteriorly and posteriorly located.
The posterior articular surface of both elements is gen-
tly rounded. Both bones are polygonal. All of them are
broader than long. The radius is slightly smaller than the
ulna (Table 1; Fig. 7). The anterior surface of the radius
is curved and covered with small hummocks. The preax-
ial accessory element, radiale, intermedium, ulnare, distal
carpals, metacarpals and phalanges are found as disartic-
ulated elements in one layer. They were identified on the
basis of Motani’s (1999) criteria. The preaxial accessory
element is teardrop-shaped. It is anteroposteriorly broadest

and dorsoventrally thinnest proximally. The anterior margin
of the preaxial accessory element is thinner than the pos-
terior margin. It bears a posterior facet for the radius. The
radiale, intermedium and ulnare are polygonal and broader
than long. They are approximately of the same size. The
interpretation of homology of the distal carpals and meta-
carpals is ambiguous. Probably the metacarpal V contacts
the ulnare and the distal carpal 4. The proximal phalanges
are rectangular and pentagonal.

Hindfin: The hindfin bones of C. kielanae are represented
only by the left femur (Maxwell et al. 2012; Fig. 9). The distal
end of the femur is wider than the proximal end (Table 1).
Anteriorly, the femur is broad, but tapers posteriorly to a
thin, blade-like posterior margin. The proximal articular sur-
face is undulating and very irregular, and bears prominent
hummocks, suggesting a considerable investment in articu-
lar cartilage just like on the humerus. From the anterior view
and posterior view the femur is nearly symmetrical. The
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acromial process

Fig. 6. Morphology of scapula and coracoid of ophthalmosaurid ichthyosaur Cryopterygius kielanae sp. nov. (GMUL 3579-81, holotype) from the Late
Jurassic of Owadow-Brzezinki Quarry. A. Left scapula in lateral (A;) and medial (A,) views. B. Right coracoid in lateral (B;) and articular (B,) views.

dorsal surface of the femur bears a low and rounded dorsal
process which is located close to the anterior margin of the
bone. The ventral surface bears a low, ventral process that is
situated close to the anterior margin of the femur. Distally,
the femur bears only two articular facets for tibia and fibula.
The fibular facet is much longer than the tibial facet. Length
of the tibial facet is 23 mm. Length of the fibular facet is
35 mm. Tibial and fibular facets are triangular-shaped in

distal view. In dorsal view, the tibial and fibular facets of the
femur meet at an angle of approximately 30°.

Remarks.—Cryopterygius kielanae holotype bones were
found in a locality where marine reptile bones are fre-
quently found (Tyborowski et al. 2016). The similar size and
association of the bones in one sector of the quarry suggest
that they belong to a single individual. Ophthalmosauridae
are known from the Jurassic and Cretaceous, and include
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Fig. 7. Right forefin of ophthalmosaurid ichthyosaur Cryopterygius kielanae sp. nov. (GMUL 3579-81, holotype) from the Late Jurassic of Owaddw-
Brzezinki Quarry; photo of the reconstruction (A) and explanatory drawing (B) in dorsal view.

taxa such as Ophthalmosaurus (Kirton 1983), Aegirosaurus
(Bardet and Fernandez 2000), Nannopterygius (Hulke 1871),
Caypullisaurus (Fernandez 1997), Janusaurus (Roberts
et al. 2014), Cryopterygius (Druckenmiller et al. 2012),
Platypterygius (Maxwell and Kear 2010), Acamptonectes
(Fischer et al. 2012), Arthropterygius (Maxwell 2010), and
Undorosaurus (Efimov 1999). Clearly, C. kielanae is a
member of Ophthalmosauridae. Like the rest of the mem-
bers of this group it has a preaxial accessory element in the
forefin zeugopodium (McGowan and Motani 2003). The
presence of a quadrate in the shape of ear is also a feature of
most ophthalmosaurids (Fischer et al. 2014). As skull frag-
ments are mostly incomplete, it is difficult to compare them
with the bones of other ophthalmosaurids. The quadrate
has a stapedial facet, although it is not as well developed as
in other taxa such as Acamptonectes (Fischer et al. 2012).

The articular condyle appears prominent and convex ven-
trally, unlike many ophthalmosaurids (Ophthalmosaurus
icenicus, Sveltonectes insolitus, Acamptonectes densus, and
Platypterygius australis), where the condyle is divided by
a wide groove (Kirton 1983; Kear 2005; Fischer et al. 2011,
2012). The fossa surangularis is present on the surangular
bone and appears well developed unlike in Sveltonectes
insolitus (Fischer et al. 2011).

The pectoral girdle of the ophthalmosaurids has a wide
range of intraspecific variations (Maxwell and Druckenmiller
2011), which makes comparing Cryopterygius kielanae to
other ophthalmosaurids problematic. However, some com-
parisons can be made. The scapula of C. kielanae is gener-
ally similar to that of Undorosaurus (Efimov 1999) and C.
kristiansenae (Druckenmiller et al. 2012). The distal blade
of the scapula in C. kielanae is relatively shorter than that of
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Fig. 8. Right humerus of ophthalmosaurid ichthyosaur Cryopterygius
kielanae sp. nov. (GMUL 3579-81, holotype) from the Late Jurassic of
Owadow-Brzezinki Quarry; in dorsal (A), ventral (B), anterior (C), and
posterior (D) views.

Caypullisaurus. The base of the acromial process is not so
prominent such as Acamptonectes (Fischer et al. 2012). The
clavicles are similar to Janusaurus lundi (Roberts et al. 2014)
and Ophthalmosaurus icenicus (Kirton 1983). Both clavicles
are curved dorsally and posteriorly. The visceral surface of
the right clavicle is dented, as in Janusaurus lundi (Roberts
et al. 2014).

Certainly, the forefin of C. kielanae is the most diag-
nostic part of the skeleton. The humerus has only two distal
facets for radius and ulna. Most of the ophthalmosaurids
have three distal facets: Ophthalmosaurus icenicus (Kirton
1983), Aegirosaurus leptospondylus (Bardet and Fernandez
2000), Caypullisaurus bonapartei (Fernandez 1997), Bra-
chypterygius extremus (Boulenger 1904), Undorosaurus
gorodischensis (Efimov 1999), Janusaurus lundi (Roberts
et al. 2014), Acamptonectes densus (Fischer et al. 2012), and
Arthropterygius (Maxwell 2010). The ophthalmosaurids with
only two distal facets are Cryopterygius kristiansenae (three
distal facets on the right humerus; Druckenmiller et al. 2012),
Nannopterygius enthekiodon (Hulke 1871), Sveltonectes
(Fischer et al. 2011), and many species of Platypterygius
(McGowan and Motani 2003). The forefin of Platypterygius
americanus from the Lower Cretaceous is similar to C. kiela-
nae (Maxwell and Kear 2010). The proximal phalanges of
Platypterygius americanus and Cryopterygius kielanae are
rectangular (Maxwell and Kear 2010). The humerus of C.
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kielanae is relatively small compared to Platypterygius her-
cynicus (Kolb and Sander 2009) and Undorosaurus goro-
dischensis (Efimov 1999). The humeri of Cryopterygius kris-
tiansenae and Nannopterygius enthekiodon are also reduced
(Hulke 1871; Druckenmiller et al. 2012). Little is known
about the Nannopterygius forefin and virtually nothing about
its humeral and preaxial accessory element morphology.
Aegirosaurus leptospondylus differs from the C. kielanae by
the presence of three distal facets on the humerus (Bardet and
Fernandez 2000). Aegirosaurus and Brachypterygius share a
humerus-intermedium contact (Bardet and Fernandez 2000).
The Cryopterygius kielanae intermedium has no contact
with the humerus. Janusaurus also has three distal facets
on the humerus (Roberts et al. 2014) and the anterior facet is
the preaxial accessory element facet. C. kielanae also has a
preaxial accessory element, but there is no preaxial accessory
element facet on the humerus. The femur of C. kielanae,
which has only two distal facets for both the tibia and the fib-
ula, differs from the three-facet forms of Platypterygius aus-
tralis, Platypterygius americanus, and Paraophthalmosaurus
kabanovi (Maxwell and Kear 2010; Zammit et al. 2010;
Arkhangelsky and Zverkov 2014).

The holotype of C. kristiansenae and the new ophthal-
mosaurid C. kielanae from the Owadow-Brzezinki Quarry
share the following characters: (i) relatively short (proxi-
modistally) humerus (compared to animal body) with only
two distal facets for radius and ulna (three facets on the right
humerus in C. kristiansenae), (ii) proximal phalanges rect-
angular or pentagonal, (iii) femur anteroposteriorly broad
with only two distal facets for tibia and fibula, (iv) prox-
imolateral surface of the scapula with a broad concavity,
(v) neural arches with V-shaped apical notch in the neural
spines (however, the only specimen found with this fea-
ture in Owadoéw-Brzezinki Quarry may not belong to this
individual). Nevertheless C. kielane differs from C. kris-
tiansenae in several aspects: (i) ulnar facet larger than the
radial facet in C. kielanae; radial facet and ulnar facet equal
in anteroposterior length in C. Kristiansenae, (ii) tall and
prominent dorsal process on C. kielanae humerus; low dor-
sal process on C. kristiansenae humerus, (iii) dorsal process
located in the middle of the dorsal surface of the humerus in
C. kielanae; dorsal process located at the posterior margin
of the dorsal surface of the humerus in C. kristiansenae,
(iv) prominent deltopectoral crest on C. kielanae humerus;
very weakly developed deltopectoral crest on C. kristianse-
nae humerus, (v) femur broader in C. kielanae than in C.
kristiansenae, (vi) fibular facet larger than the tibial facet
in C. kielanae; tibial facet and fibular facet equal in antero-
posterior length in C. kristiansenae, (vii) C. kielanae body
significantly smaller than C. kristiansenae body (C. kiela-
nae estimated 3.5-4 m total body length; C. kristiansenae
estimated 5.5 m total body length).

The specimen is interpreted to be an adult, based on
the articular surface of the humeral head which is convex,
concavity of the distal facets, the smoothness of the humeral
shaft and the advanced ossification of the forefin elements
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Fig. 9. Left femur of ophthalmosaurid ichthyosaur Cryopterygius kielanae sp. nov. (GMUL 3579-81, holotype) from the Late Jurassic of Owaddw-
Brzezinki Quarry; in dorsal (A), posterior (B), anterior (C), proximal (D), and distal (E) views.

(Johnson 1977; Kear and Zammit 2014). Also the dorsal ribs
with thick cortical bone are interpreted as an ontogenetic
adult trait (Kear and Zammit 2014).

Stratigraphic and geographic range.—Type locality and
horizon only.

Discussion

Species of Tithonian ophthalmosaurids have been de-
scribed from two regions of Central and North Europe.
Aegirosaurus leptospondylus was described from the
lower part of Lower Tithonian Solnhofen Formation of the
Solnhofen area in Bavaria, southern Germany (Bardet and
Fernandez 2000). Cryopterygius kristiansenae, Palvennia
hoybergeti, Janusaurus lundi, and Brachypterygius
have been described from the Middle Volgian (= Middle
Tithonian) or Early Portlandian Agardhfjellet Formation of
the Svalbard Archipelago in the Arctic (Angst et al. 2010;
Druckenmiller et al. 2012; Gradstein et al. 2012; Hurum et
al. 2012; Roberts et al. 2014). Cryopterygius kielanae from
the Owadow-Brzezinki carbonate sediments in Poland is
also Middle Volgian age (Kutek 1994; Btazejowski et al.
2016). Tithonian ichthyosaurians are also known from West
Europe. Brachypterygius extremus, Nannopterygius enthe-
kiodon, and Ophthalmosaurus sp. have been described from
British and French Upper Kimmeridge Clay (McGowan and
Motani 2003), which is Kimmeridgian—Lower Tithonian,
i.e., the same age as Solnhofen and Owadow-Brzezinki.
Coeval ichthyosaurs (Undorosaurus, Paraophthalmosau-
rus, Brachypterygius, Grendelius, and Arthropterygius)
have also been described from the northern and southern
parts of western Russia (Arkhangelsky and Zverkov 2014;
Zverkov et al. 2015a, b). Cryopterygius kielanae is most
similar to Cryopterygius kristiansenae based on the mor-
phology of the forefins, parts of the pectoral girdle, femur
and ribs; both taxa are known from the Middle Volgian.
The Solnhofen and Svalbard faunas both contain ich-
thyosaurs, however, the diversity of other reptile groups is

different. In the Svalbard faunas ichthyosaurs were associ-
ated by plesiosaurians (Druckenmiller and Knutsen 2012;
Knutsen et al. 2012b; Liebe and Hurum 2012) and plio-
saurians (Knutsen et al. 2012a), while the Solnhofen fauna
was dominated by ichthyosaurians (Bardet and Fernandez
2000), marine crocodylomorphs (Young et al. 2010) and tur-
tles (Barthel et al. 1990). Many of the marine reptiles from
the Owadow-Brzezinki Quarry, like turtles and crocodyl-
omorphs, are members of groups already known from the
Solnhofen region (Tyborowski et al. 2016; Fig. 10). Probably
the shallow marine area of Owadow-Brzezinki during the
Late Jurassic was a transition zone between the Arctic basin
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Fig. 10. Palaecobiogeography of the Tithonian marine reptile faunas of
Central and North Europe. Red line, the possible migration routes of the
boreal ichthyosaurian reptiles. Palacogeographical map from Ron Blakey,
Colorado Plateau Geosystems, Arizona, USA (http://cpgeosystems.com/
paleomaps.html).
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and the tropical Solnhofen lagoons located at the NW mar-
gin of the Tethys Ocean (Fig. 10).

There are two possible routes of ichthyosaurian migra-
tion from the Boreal realm to the Owadow-Brzezinki region
during the Tithonian (Fig. 10). The first runs through the
area of the British/French Kimmeridge Clay. The second
link is through the Russian North. Both routes are known
from the remains of ophthalmosaurid ichthyosaurians
(McGowan and Motani 2003; Zverkov et al. 2015a, b). This
hypothesis is supported by the presence of the Subboreal
English (Portlandian) and Russian (Volgian) ammonites
fauna in the lower part of the Owadow-Brzezinki Quarry
sequence (Matyja and Wierzbowski 2016). The ophthal-
mosaurid ichthyosaurs of the genus Cryopterygius can live
in both Polish and Arctic environments. The occurrence
of this genus in the Owadow-Brzezinki Quarry indicates a
free marine connections between the Boreal sea and that of
Central Poland.

Conclusions

The ichthyosaurian bones found in the Late Jurassic of
Owadow-Brzezinki Quarry in Poland represent a new spe-
cies, Cryopterygius kielanae, morphologically different
from the other ophthalmosaurid ichthyosaurs known from
the Jurassic and Cretaceous. However, some similarities can
be found between the new taxon and Cryopterygius kris-
tiansenae from the Tithonian; Middle Volgian (Late Jurassic)
of Svalbard Archipelago. The Late Jurassic ecosystem of
the Owadow-Brzezinki Quarry is similar to the one known
from Solnhofen area in Germany. Several groups of the ma-
rine reptiles (e.g., turtles and crocodylomorphs) are recorded
in both localities (Tyborowski et al. 2016). Ichthyosaurians
are known from Solnhofen region, Svalbard and Owadow-
Brzezinki area but the new species Cryopterygius kielanae
is most similar to the Cryopterygius kristiansenae from
the Arctic region. This suggests a connection between
Owadow-Brzezinki, Solnhofen and Svalbard region through
the Late Jurassic. Probably the Owadow-Brzezinki area was
a transition between the Arctic basin in the north and the
tropical Tethys Ocean in the south and some species of ich-
thyosaurians could live in all these areas.
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