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Abstract
Plesiosaur specimens from the Upper Jurassic of European Russia are mainly referable to the genusColymbosaurus Seeley, 1874,
based on elongated propodials with extensive posterodistal expansion, and relatively short mid-cervical vertebrae. However, a
historical specimen described by Bogolubov (1911) and subsequently revised as Plesiosauria indet. (Storrs et al. 2000) was
hitherto the only and ambiguous evidence for the presence ofColymbosaurus in the Upper Jurassic of European Russia. Here, we
provide descriptions of several specimens from the Volgian of European Russia referable to Colymbosaurus sp. and
Colymbosaurinae indet. The presence of Colymbosaurus in the Late Jurassic (Volgian/Tithonian) of the Middle Russian Sea
makes it possible to formulate hypotheses on herpetophauna exchange between NW Europe, Svalbard and European Russia.
Found only in these basins, Colymbosaurus is a unifying element of marine herpetofauna in the Panboreal palaeobiogeographic
superrealm.

Keywords Colymbosaurinae .Colymbosaurus . Palaeobiogeography . Jurassic . Volgian . Russia

Introduction

Plesiosaurian remains are common in the Upper Jurassic strata
of European Russia (Bogolubov 1911; Novozhilov 1948;
Pervushov et al. 1999; Zverkov et al. 2017). Most often they
are represented by isolated vertebrae, phalanges and teeth; on
rare occasions by articulated bones of limb girdles and flippers;
and very rarely by incomplete skeletons (Storrs et al. 2000).

According to the revisions of the last decades, numerous
plesiosaurian genera and species established by Russian re-
searchers in the nineteenth–beginning of twentieth centuries

(Bogolubov 1909, 1911; Fischer von Waldheim 1846;
Kiprijanow 1883; Trautschold 1860) from the Jurassic de-
posits of Moscow and the Volga region were considered as
Plesiosauria indet. (Storrs et al. 2000; Arkhangelsky and
Sennikov 2008), and only two plesiosaurian species from
the Upper Jurassic of Central Russia considered to be valid.
These are Pliosaurus rossicus Novozhilov, 1948 from the
Chuvashia and Saratov Province and P. irgisensis
Novozhilov, 1948 from the Saratov Province, and both are
Volgian in age (Pervushov et al. 1999; Storrs et al. 2000;
Knutsen et al. 2012b; Benson et al. 2013).

* Nikolay G. Zverkov
zverkovnik@mail.ru

Maxim S. Arkhangelsky
paleozoo@gmail.com

Mikhail A. Rogov
russianjurassic@gmail.com

Ilya M. Stenshin
cosmopolit4@yandex.ru

Evgeniya M. Baykina
baikina.eug@mail.ru

1 Saratov State Technical University, Politekhnicheskaya St. 77,
Saratov 410054, Russia

2 Saratov State University, Astrakhanskaya St. 83, Saratov 410012,
Russia

3 Lomonosov Moscow State University, Leninskie Gory, 1, GSP-1,
Moscow 119991, Russia

4 Geological Institute of RAS, Pyzhevski lane, 7, Moscow 119017,
Russia

5 Borissiak Paleontological Institute of the Russian Academy of
Sciences, Profsoyuznaya st., 123, Moscow 117997, Russia

6 Undory Paleontological Museum, village of Undory,
Ulyanovsk 433312, Russia

7 State Darwin Museum, 57/1 Vavilova st., Moscow 117292, Russia

Palaeobiodiversity and Palaeoenvironments
https://doi.org/10.1007/s12549-019-00397-0

Author's personal copy

https://orcid.org/0000-0002-9731-1977
https://orcid.org/0000-0002-3302-4709
mailto:zverkovnik@mail.ru
http://crossmark.crossref.org/dialog/?doi=10.1007/s12549-019-00397-0&domain=pdf


Here, we study the Upper Jurassic plesiosauroid specimens
deposited in several Russian museums: Vernadsky State
Geological Museum of Russian Academy of Scienсes
(Moscow), State Darwin Museum (Moscow) and Ulyanovsk
Regional Museum of Local Lore named after I.A. Goncharov.
A significant part of these collections comprises specimens re-
ferable to Colymbosaurus Seeley, 1874 or to Colymbosaurinae
indet.

Colymbosaurus is currently recognised by a combination
of features: propodials with extensive posterodistal expansion
bearing a postaxial facet equal in size to the epipodial facets, a
diamond-shaped fibula in dorsal view, a proximodistally short
ulna that is anteroposteriorly wider than the radius, mid-
cervical vertebrae marginally anteroposteriorly shorter than
dorsoventrally tall and lacking a longitudinal ridge on the
lateral surface and mid-caudal centra that are sub-rectangular
in anterior view due to a flat ventral surface and possessing
widely spaced chevron facets (Benson and Bowdler 2014;
Roberts et al. 2017). Presently, it is considered that the genus
Colymbosaurus includes two species C. megadeirus (Seeley,
1869) and C. svalbardensis (Persson, 1962). C. svalbardensis
differs from C. megadeirus in proximodistally short hind
limb epipodials, mid-dorsal vertebrae with a taller than
wide neural canal and in a relatively gracile femoral shaft
(Knutsen et al. 2012b; Benson and Bowdler 2014; Roberts
et al. 2017).

To date, Colymbosaurus records are reliably known from
the Kimmeridge Clay (Kimmeridgian to lowermost part of the
middle Volgian) and Portland Stone (middle Volgian)
Formations of England and the Slottsmøya Member of the
Agardhfjellet Formation (middle to upper Volgian) of
Svalbard, Norway (Owen 1869; Seeley 1869; Delair 1958;
Casey 1973; Gallois 2011; Knutsen et al. 2012a; Benson and
Bowdler 2014; Roberts et al. 2017) (Fig. 1). There are also
possible finds from the Kimmeridgian and Volgian deposits of
Northern France (Sauvage 1888, 1899, 1911; Brown 1981).
Thus, the Russian material described below expands our
knowledge of the geographical range of Colymbosaurus.

Institutional abbreviations

CAMSM, Sedgwick Museum of Geology, Cambridge, UK;
CCMGE, Chernyshev’s Central Museum of Geological
Exploration, Saint Petersburg,Russia; NHMUK, Natural
History Museum, London, UK; SDM, State Darwin
Museum, Moscow, Russia; SGM, Vernadsky State
Geological Museum of the Russian Academy of Sciences,
Moscow, Russia; PIN, Paleontological Institute of the
Russian Academy of Sciences, Moscow, Russia; PMO,
University of Oslo Natural History Museum, Oslo, Norway;
YKM, Ulyanovsk Regional Museum of Local Lore named
after I.A. Goncharov, Ulyanovsk, Russia.

Stratigraphic distribution of colymbosaurines

Significant faunal provincialism of the latest Jurassic–earliest
Cretaceous has led to the long-term co-existence of indepen-
dent stage nomenclature for Boreal (Portlandian, Bolonian,
Volgian and Ryazanian Stages) and Tethyan (Tithonian and
Berriasian Stages) successions (e.g. Cope 1993; Wimbledon
2008; Rogov and Zakharov 2009). During the last decade,
significant progress has been achieved in direct Boreal–
Tethyan correlation of the Jurassic–Cretaceous boundary beds
by palaeomagnetic data (Houša et al. 2007; Bragin et al. 2013),
but the position of all Tithonian zonal and substage boundaries
within the Boreal succession remains unclear (Rogov 2014a).

On the other hand, in spite of differences even between
Boreal fauna belonging to different faunal provinces, the sin-
gle Volgian Stage can be used for all these areas (cf. Rogov,
Zakharov 2009), and three substages of the Volgian are clearly
recognised throughout the Panboreal superrealm.

Most Colymbosaurus remains have been collected from the
Kimmeridge Clay Formation in England (Owen 1840, 1869;
Lydekker 1888; Delair 1958; Brown 1981, 1984; Etches and
Clarke 1999; Benson and Bowdler 2014), which corresponds
to the whole Kimmeridgian Stage, lower Volgian Substage and
lowermost part of the middle Volgian (=Bolonian Stage sensu
Cope 1993) of the Boreal succession (Rogov and Zakharov
2009, see Fig. 2) as well as to the Kimmeridgian and lower
Tithonian (with twofold subdivision of the Tithonian) of the
International Geochronological Scale (Ogg and Hinnov 2012).

In European Russia, Colymbosaurinae remains have been
found in all middle Volgian zones, corresponding to the
Pallasioides—lowermost part of Preplicomphalus interval of
the Portlandian succession (Fig. 2) (Rogov and Zakharov
2009). In England, this stratigraphic interval belongs to the upper
part of the Kimmeridge Clay Fm. and overlying members which
are characterised by variable thickness and lithologies (Cope
et al. 1980, fig. 15). In general, the facial changes which occur
at the base of the Virgatus Zone in the European Russia and at
the base of the Albani Zone of England are very similar. In both
cases, clayey successionwith intercalations of black shale chang-
es tomarly and sandy rocks of relatively small thickness (Fig. 2).

The stratigraphic position of Norwegian specimens is inde-
terminate, primarily due to problematic control of reptile re-
cords by ammonite succession (see Knutsen et al. 2012a;
Delsett et al. 2016). However, the stratigraphic interval from
which the finds originate (Ilovaiskii–Maximus Zones) gener-
ally correlates with Panderi–Virgatus Zones of the European
Russia (Rogov 2010b).

It is worthwhile to specify current understanding of a num-
ber of stratigraphic terms used for dating of historical
colymbosaurine finds by V.A. Kiprijanow (Kiprijanow
1883) and N.N. Bogolubov (1911) (see Rosanow 1906).
First of all, Bogolubov often uses the term “Portlandian” as
the designation of the Upper Jurassic stratigraphic interval.
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This corresponds to the middle Volgian Substage. Kiprijanow
(Kiprijanow 1883, p. 27) mentioned stratigraphic level with
“Ammonites virgatus”, subsequently refined by Bogolubov as
“the lower phosphorite horizon of Portlandian near Moscow”
(Bogolubov 1911, pp. 271, 276). These strata are now referred
to the middle Volgian Dorsoplanites panderi Ammonite Zone.
“Phosphorites with Perisph. dorsoplanus” in Bogolubov
(1911, p. 125) also correspond to the D. panderi Zone.
Below we use modern terminology. It should be also noted
that villages Mnevniki and Shchukino mentioned by
Bogolubov are now Moscow districts.

Material and methods

Some of the specimens studied herein are part of the collection
described by N.N. Bogolubov in 1911 (stored in SGM).
Bogolubovwas the first who identified the presence of the genus

Colymbosaurus in the middle Volgian Substage of European
Russia (Bogolubov 1911). However, not all of his identifications
can be supported by diagnostic characters (Table 1).

The records ofColymbosaurus and colymbosaurines close-
ly related toColymbosaurus, which originate from the Volgian
deposits of the European Russia, are listed in Table 1.

Humerus and femur distinctions

Underwater locomotion with active use of both fore- and hind
limbs causes the high similarity of their morphology in many
plesiosaurs (e.g. O’Keefe and Carrano 2005; Carpenter at al.
2010; Muscutt at al. 2017). However, there are some features
by which forelimbs and hind limbs can be identified. These
features vary in different clades of plesiosaurs.

In most of the derived thalassophonean pliosaurids, humeri
are markedly shorter than femora and possess broader diaph-
ysis (e.g. Tarlo 1960; Andrews 1913). The morphology of

Fig. 1 Map showing the discovery sites of Colymbosaurinae specimens.
Dark colour on the map of the European Russia shows an area occupied
by theMiddle Russian Sea during the Volgian according to Sasonova and
Sasonov (1967). Localities are marked with an asterisk. 1 Moscow, 2

Lopatino phosphorite mine (Moscow Province), 3 bank of the Volga
River near Gorodischi vill. (Ulyanovsk Province). Adapted from
Zverkov and Efimov (2019)
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distal and proximal ends does not allow unambiguous identi-
fication of these bones within thalassophoneans (NZ
pers. obs.). In derived plesiosaurs, Xenopsaria Benson et
Druckenmiller, 2014, the length of the humeri and femora are
nearly equal (e.g. Welles 1962; Benson and Druckenmiller
2014; Schumacher andMartin 2015). Themorphology of prox-
imal ends of propodials in elasmosaurids shows that dorsal
tuberosity of humerus is anteroposteriorly wide and postaxially
offset to the capitulum, whereas the dorsal trochanter of the
femur is less anteroposteriorly expanded and is not offset to
the capitulum (or slightly offset preaxially) (see, e.g. Welles
1962, fig. 23).

In cryptoclidids, we observe a similar state to that in
elasmosaurids: humeri are more massive than femora
(with the exception of Spitrasaurus and Djupedalia,
known from only immature specimens (Knutsen et al.
2012b, c)); the dorsal tuberosity of the humerus is wide
anteroposteriorly and slightly postaxially offset to the
capitulum; the dorsal trochanter of the femur is less
anteroposteriorly expanded and is not offset to the capit-
ulum (e.g. Andrews 1910; Brown 1981). One more pe-
culiar feature we can observe is that dorsoventral flatten-
ing of the distal end of the humerus is more pronounced,
than that of the femur (see, e.g. Brown 1981, fig. 17).

Fig. 2 Zonal correlation and lithology (simplified) of theVolgian Stage of
the European part of Russia, Spitsbergen and England. Red columns
show the distribution ofColymbosaurus spp. (diagonal hatching indicates
uncertainty) and Colymbosaurus-like colymbosaurines (horizontal

hatching). 1 Sands and sandstones; 2 silts and siltstones, 3 mudstones, 4
marlstones and limestones, 5 shales. KerKerberus; Kerberus and
Glottodes subzones are used here instead of “subzone a” and “subzone
b” of the Kerberus Zone of Wimbledon (1984), respectively
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Colymbosaurines possess a dorsal trochanter comparable
in anteroposterior width to the capitulum and even inclined
anteriorly in some specimens (Knutsen et al. 2012a); the tu-
berosity of the humerus is markedly offset postaxially (Brown
1981; Benson and Bowdler 2014). The distal end of the hu-
merus is very thin dorsoventrally (Benson and Bowdler 2014),
whereas the distal end of the femur is relatively thick dorso-
ventrally (Benson and Bowdler 2014), and this corresponds
well to the state in more basal cryptoclidids.

The features discussed above are applied herein for the
identification of humeri and femora among isolated
propodials in studied material.

Systematic palaeontology

Sauropterygia Owen, 1860
Plesiosauria de Blainville, 1835
Cryptoclididae Williston, 1925
Colymbosaurinae Benson et Bowdler, 2014

Ontogenetic state and diversity of Russian colymbosaurines

Propodial bones of different sizes are present in the described
material. Unfortunately, their fragmentary preservation does
not make it possible to take measurements for morphometric
analysis. However, the difference in sizes is considerable:
there are small specimens with a distal end width of 92–
100 mm (SDMKP RP-9476/15 and SGM-1358-46) and large
(SGM1358-26; YKM44028/2), similar in size to someBritish
specimens (e.g. NHMUK PV OR31787; CAMSM J.59736),
with a preserved width of the distal end of 250 mm (full width
could be up to 280mm) and a length of 545 mm (YKM44028/
2). Both the large and small propodial bones belong to mature
animals, having clearly demarcated distal facets and a prom-
inent anteroposteriorly orientated distal ridge on the facets.
Epipodial and mesopodial elements are well ossified and po-
lygonal in outline. Delayed mesopodial ossification is charac-
teristic for many tetrapods, including sauropterygians
(Caldwell 1997). Rounded, poorly ossified and loosely ar-
ranged epipodial and mesopodial elements, as well as the lack
of demarcated distal facets on propodials, have been described
in juvenile individuals of Cryptoclidus (Brown 1981;
Caldwell 1997), Djupedalia and Spitrasaurus (Knutsen et al.
2012b, c). In the adult plesiosaurs, epi- and mesopodial ele-
ments are polygonal and tightly packed (Caldwell 1997).

The fusion of neural arches and centra is completed without
any visible suture in all studied specimens, both large (SGM-
1358-26; YKM44028/1-24) and small (KP RP-9476/15),
which indicates an adult state, and this is a leading criteria
for maturity identification sensu Brown (1981).

From this, we conclude that all specimens we have studied
are adult or young adult animals. This implies the existence of

two size classes of colymbosaurines (and probably representa-
tives of two different taxa) in theMiddle Russian Sea during the
middle Volgian (see discussion). The large colymbosaurines,
similar toC.megadeirus, have been recovered exclusively from
theDorsoplanites panderi Ammonite Zone, whereas the smaller
individuals originate from the Virgatites virgatus and
Epivirgatites nikitini zones.

Anatomical description

Colymbosaurus sp. SGM-1358-26–29, 33, 35, 36, 93
(Fig. 3)

SGM-1358-26–29, 33, 35, 36, 93 (Fig. 3) was originally de-
scribed by Bogolubov as a new species of Colymbosaurus—
“Colymbosaurus sklerodirus” (Bogolubov 1911)

The specimen includes two posterior cervical vertebrae
(SGM-1358-27, SGM-1358-93) (Fig. 3c–j). The vertebra pos-
sess a thin ridge, connecting the rib facet and neural arch (Fig.
3g, j). Articular faces are circular in outline; their lateral edges
bear a rugose texture (Fig. 3c, d). Rib facets are dorsoventrally
high and located in the lower part of the lateral surface of the
centrum (Fig. 3g, j).

The element (SGM-1358-33) referred to by Bogolubov as
a coracoid is strongly weathered bone fragment, without any
distinctive facets and surfaces.

The left humerus (SGM-1358-26) has been repaired using
plaster. This bone is massive and elongated, being 403 mm
long as preserved. It is characterised by pronounced
posterodistal expansion (Fig. 3a). The tuberosity is wide and
markedly offset postaxially, but partially eroded in the poste-
rior part (Fig. 3b). The proximal end of the bone has a massive
capitulum (105 mm in diameter) partially destroyed by boring
animals: traces of Gastrochaenolites isp. are common in
bones and other fossils from the Dorsoplanites panderi Zone
of Moscow and surroundings (Baraboshkin 2017; Zverkov
et al. 2017). The capitulum flattened surface is set at an angle
of 75° relative to the long axis of the bone. The diaphysis is
rounded in cross-section (diameter—100 mm). The distal end
is strongly weathered and damaged by bioerosion, and there-
fore, any distal ridge is not preserved (Fig. 3k).

Colymbosaurus sp. YKM 44028/1-24
(Figs. 4, 5 and 6)

The incomplete vertebral column YKM 44028/1-24 (Figs. 4
and 5) includes 6 cervical, 11 dorsal and 6 caudal vertebrae all
of which are isolated.

The articular faces of the cervical vertebrae are circular in
outline, and their dorsal surface is flattened and slightly con-
cave at the floor of the neural canal (Fig. 4a, b, h, k). The
vertebrae are anteroposteriorly shorter than dorsoventrally tall
(length to height ratio = 0.8; length to width ratio = 0.68). The
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ventral surfaces are weakly convex, lack a narrow ventral
ridge and bear large oval vascular foramina (Fig. 4c, g, j, m).
The rib facets of posterior cervical vertebrae are connected to
the neural arches by a thin ridge (Fig. 4i, l). The rugose texture
on peripheral edge of posterior cervical vertebrae is less pro-
nounced than in SGM-1358-27 and SGM-1358-93.

Dorsal vertebrae are rounded and taper slightly dorsally in
articular view, with a shallow indentation at the base of the
neural canal (Fig. 5a, b). The height to width ratio is 0.9. They
are relatively anteroposteriorly short (length to height ratio =
0.65; length to width ratio = 0.6). Preserved neural arches
demonstrate medially confluent zygapophyses (anterior
zygapophyses to centrum width ratio is 0.5; Fig. 5a, d).

The anterior caudal vertebrae possess circular articular
faces, with a height to width ratio of 0.85 (Fig. 5e) and lack
chevron facets (Fig. 5e, g). The articular faces of middle cau-
dal vertebrae are hexagonal in shape (Fig. 5h). They are rela-
tively short (length to height ratio = 0.6). Chevron facets are
prominent on both anterior and posterior edges and somehow
hastate in outlines (Fig. 5i, j). The flattened ventral surface
bears paired vascular foramina (Fig. 5j).

The right femur YKM 44028/2 (Fig. 6) is damaged and
lacks the posterodistal expansion—the supernumerary facet
is broken. There are rugose muscular crests near the proximal
end on the ventral surface of the bone. The entire ventral and
dorsal surfaces of the bone are covered by well-defined

Fig. 3 Left humerus and vertebrae of Colymbosaurus sp.: a, b, k
humerus (SGM-1358-26) in dorsal (a), proximal (b) and distal (k)
views; c–j posterior cervical vertebrae SGM-1358-27 (c, e, g, h) and

SGM-1358-93 (d, f, i, j) in anterior (c), posterior (d), dorsal (e, f), right
lateral (g, j) and ventral (h, i) views. Gastrochaenolites traces are shown
with arrows
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grooves running proximodistally. The proximal end is roughly
circular in outline with a protruding dorsal trochanter which is
not offset relative to the capitulum (Fig. 6b). The distal portion
of the femur is slightly flattened dorsoventrally (Fig. 6h). The
angle between the distal tibial and fibular facets is about 170°.
Tibia, fibula, tibiale, the first and fourth distal carpals and nine
autopodial elements (some of which may be metatarsals) are
associated with the propodial bone. The tibia has a character-
istic trapezoidal shape in dorsal view with a tapered anterior
edge (Fig. 6f, l), and the fibula is diamond-shaped in dorsal
view and considerably short proximodistally compared to its
anteroposterior length. Both zeugopodial elements bear
grooves on their proximal surfaces for the articulation with
the distal ridge of the femur (Fig. 6l, m). However, it appears
that the epipodial proximal grooves have been deepened by
dorsolateral compression during preservation. There is a row
of preaxial accessory ossifications, two of which articulate
with the tibia and one with the tibiale (Fig. 6f, i).

Colymbosaurinae indet. SDM KP OF-9476/1-30
(Figs. 7 and 8a–n)

The specimen SDMKP OF-9476/1-30 represented by incom-
plete limb and a continuous series of 15 vertebrae, mounted on
wooden plate, which makes difficult its study. Several verte-
bra were detached and photographed in all standard views
(Fig. 7).

There are 13 dorsal and 2 sacral vertebrae. They are signif-
icantly elongated compared to YKM 44028/1-24 (length to
height ratio is 1).

The articular surfaces of the dorsal vertebral centra are oval
in outline, being mediolaterally wider than tall (height to width
ratio is 0.8). They are concave just under the neural canal. The
neural canal is taller than wide, as in Colymbosaurus
svalbardensis (Roberts et al. 2017). Vascular foramina are
widely spaced dorsolaterally (Fig. 7c, e, h, i). The anterior
zeugopophyses of posterior dorsal vertebrae are relatively
mediolaterally wide, constituting 65% of centrum width (Fig.
7f). The rib processes on the sacral vertebrae are protruding and
directed posterolaterally, and the rib facets of sacral vertebrae
are semi-oval in outline, tapered ventrally (Fig. 7l).

Although the only distal portion of the propodial bone is
preserved in SDM KP OF-9476/1-30 (Fig. 8a), it is similar to
those previously described and is characterised by a prominent
distal ridge on the articular surface. The angles between the
facets for the radius/tibia, ulna/fibula and postaxial supernu-
merary facet are respectively 150° and 140°. Epipodial and
autopodial elements are associated with the propodial bone.

The radius/tibia has a trapezoidal shape in dorsal view, taper-
ing anteriorly; ulna/fibula is semi-pentagonal in outline in
dorsal view, posteriorly it contacts a postaxial supernumerary
ossicle (pisiform). The other mesopodial elements are roughly
rectangular in outline and isometric in dorsal and ventral
views (their height and length are substantially equal) (Fig.
8d–f). There are isolated metatarsals/metacarpals and phalan-
ges in the material (Fig. 8g–n).

Colymbosaurinae indet. SGM-1445-08, CCMGE 782/925,
SGM-1358-46
(Fig. 8p–v)

Several partial propodials of small colymbosaurines from
Moscow (several historical localities onMoscowRiver, which
are now agglomerated by Moscow) are similar to SDM KP
OF-9476/1-30 with strong posterodistal expansion and distal
ridges on the epipodial facets.

The posterior part of the distal end of SGM-1358-46 (Fig.
8u, v) is broken. The distal end is strongly flattened dorsoven-
trally similar to the humerus NHMUK PV OR31787 (see
Benson and Bowdler 2014, fig. 1). The surface of the bone
is rugose, covered with furrows. The facets are oriented as in
the propodials described above. The angle between the facets
for the radius/tibia and ulna/fibula is 40°. There is a prominent
ridge on the distal epipodial facets.

Colymbosaurinae indet. YKM 55413
(Fig. 8t)

Radius/tibia, ulna/fibula and two postaxial supernumerary el-
ements are preserved in situ articulated with an incomplete
propodial bone YKM 55413 (Fig. 8t). The posterior edge of
the distal end expands posteriorly which greatly increases the
width of the distal end of the bone. Themaximumwidth of the
distal end of the propodium is 114 mm. The anterior edge of
the bone protrudes slightly forward near the distal end,
forming a keel. The distal facet is oriented as in the specimens
described above. The angle between the facets of the radius/
tibia and ulna/fibula is in the range 140–150°. The facet for the
postaxial ossifications is one third of the width of the distal
edge. The postaxial accessory element is subtriangular in
outline and resembles that of C. svalbardensis (Knutsen
et al. 2012a) but is more elongated anteroposteriorly.
Posterior to this is another small element, rounded in
outline. The epipodial elements appear to be fused with
each other and with the propodial bone, which could
indicate that the animal is an old adult (Brown 1981;
Caldwell 1997). The limb YKM 55413 looks similar to
the forelimb of ‘Plesiosaurus’ manselii in Hulke (1870
t. 1, fig. 3) in general proportions and by the presence
of elements tightly adjacent to each other and to the
propodial bone.

�Fig. 4 Selected cervical vertebrae ofColymbosaurus sp. (YKM44028/1-
24): a–g anterior to middle cervical vertebrae, h–m posterior cervical
vertebrae, in anterior (a, d, h, k), left lateral (b, e, i, l), posterior (f) and
ventral (c, g, j,m) views. Abbreviations: r—ridge, connecting neural arch
and rib facet; rf—rib facet; vf—vascular foramina
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Discussion

Accessory limb ossifications

The limbs in colymbosaurs as in some other representatives of
the family Cryptoclididae (Caldwell 1997; Knutsen et al.
2012b) contain additional pre- and postaxial ossifications var-
iously expressed in different specimens.

Postaxial ossification in colymbosaurines is represented by
two elements located along the posterodistal edge of the
propodial bone. The position of the first large element and
its contact with the posterior edge of ulna/fibula suggests that
this element is homologous to pisiform bone, and is
interpreted in this way by other authors (Andrews 1910;

Smellie 1917; Caldwell 1997). The location of the second
postaxial element is not homologous with known elements,
and it should therefore be considered as a neomorphic
ossification.

Preaxial ossifications in the form of small rounded bones
were described for some plesiosaur individuals (Andrews
1910; Smellie 1917; Brown 1981; Caldwell 1997; Knutsen
et al. 2012b). In some plesiosaurs, preaxial accessory elements
are well developed and form a preaxial accessory digit
(Knutsen et al. 2012b). In case if preaxial ossifications are
present, the leading edge of the epipodial and mesopodial
elements lacks perichondral bone. The emergence of preaxial
ossifications and loss of perichondral bone on the leading
edge of the epi- and mesopodial elements could be linked
to a partial loss of regionalisation in the limbs, as was
hypothesised for ichthyosaurs (Maxwell et al. 2014).
Preaxial elements were possibly not always ossified and could
be cartilaginous, ossifying during ontogeny as inCryptoclidus
(Caldwell 1997); thereby, the possible presence of preaxial

�Fig. 5 Selected dorsal and caudal vertebrae ofColymbosaurus sp. (YKM
44028/1-24): a–d dorsal; e–g anterior caudal; h–j caudal; in anterior (a),
posterior (e, h), lateral (c, f, i), dorsal (d) and ventral (g, j) views.
Abbreviations: chf—chevron facets; pz—posterior zygapophysis; rf—
rib facet; tp—transverse process; vf—vascular foramina

Fig. 6 Incomplete limb of Colymbosaurus sp. (YKM 44028/2): a–e, h
right femur in ventral (a), proximal (b), dorsal (c); posterior (d), anterior
(e) and distal (h) views; f, l tibia in ventral and proximal views; g, m
fibula in ventral and proximal views; i, n tibiale in ventral and proximal

views; j distal tarsal one in ventral view; k distal tarsal fore in ventral
view, o autopodial elements metatarsals and phalanxes as mounted.
Abbreviations: pae—preaxial accessory elements. Restored areas are
coloured by grey
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accessory elements could be expected in individuals with
anterior edges of epipodial and mesopodial elements not
involved in perichondral ossification and thus bearing
“facets”. In YKM 44028/2, there are preaxial ossifications
(Fig. 6f, i), indicating that these elements could emerge in
Colymbosaurus.

The Colymbosaurus hind limb CAMSM J.29654-91, de-
scribed by Benson and Bowdler (2014), demonstrates a pecu-
liar configuration (J.29596 etc. in Benson and Bowdler 2014;
because the individual has complex number—CAMSM
J.29596–29691, J.59736–59743). If we assume that the limb
is mounted correctly (which is highly unlikely; NGZ pers.

Fig. 7 Vertebrae of Colymbosaurinae indet. (SDM KP OF-9476/1-30):
a–e dorsal vertebra in anterior (a), posterior (b), right lateral (c), dorsal (d)
and ventral (e) views; f–i posterior dorsal vertebra in anterior (f), posterior

(g), left lateral (h) and ventral (i) views; j–n sacral vertebra in anterior (j),
posterior (k), left lateral (l), dorsal (m) and ventral (n) views; o–q sacral
vertebra in anterior (o), ventral (p) and right lateral (q) views
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obs. Dec 2019), then there are two additional elements which
form a preaxial digit anterodistally to the tibiale. These ele-
ments were interpreted by the aforementioned authors as the
first digit; however, in this case, all the other digits are shifted
one position preaxially, the second metatarsal bone almost
loses contact with its distal tarsal bone and the fourth metatar-
sal develops wide contact with the distal tarsals 2 + 3 and has a
weak contact with the distal tarsal 4. Such a configuration
appears very unconvincing, differing from all other known
sauropterygians, and requiring a “frame-shift” (see, e.g.
Wagner and Gauthier 1999; Wang et al. 2011). In view of
the absence of the distal tarsal 5 in CAMSM J.29654-91, we
assume that in the specimen the fifth digit could be absent in
the material (lost during preservation), which led to a misin-
terpretation of the elements. If this assumption is correct, the
preaxial accessory digit is present in CAMSM J.29654-91.
This assumption is supported by the absence of perichondral
ossification on the leading edge of the epipodial and
mesopodial elements of CAMSM J.29654-91. The other
way to resolve this problem is shifting of four most anterior
digits postaxially one position in CAMSM J.29654-91. The
discussed configuration and morphology distinguishes
Colymbosaurus megadeirus from C. svalbardensis, in which
the first metatarsal is more robust and lacks the diaphyseal ossi-
fication along the anterior edge; thereby, this is an additional
character for distinguishing the species of Colymbosaurus.

Discussion on the possible routes of marine reptile distribution
during the Late Jurassic

Currently, a number of taxa of the Late Jurassic marine reptiles
are known only from certain localities and their representatives
are not found elsewhere: e.g. plesiosaurs—Kimmerosaurus
(Brown 1981), Tatenectes (O’Keefe and Street 2009),
Spitrasaurus (Knutsen et al. 2012b), Djupedalia (Knutsen
et al. 2012c) and Vinialesaurus (Gasparini et al. 2002); ichthyo-
saurs—Caypullisaurus (Fernandez 1997) and Nannopterygius
(Huene 1922).

However, examples of reptiles with wide geographical dis-
tribution allow us to propose distribution routes and relation-
ships of the Mesozoic marine herpetofauna (Bardet et al.
2014). Such investigations have been already made by differ-
ent researchers, in particular to explain the similarities of the
Mesozoic marine herpetofauna of Europe and South America
(Gasparini 1992; Gasparini and Spalletti 1993; Gasparini and
Fernández 1997, 2005; Gasparini and Iturralde-Vinent 2006;
Fernández and Maxwell 2012; Pardo Pérez et al. 2012;
Stinnesbeck et al. 2014; Zverkov et al. 2015a; Zverkov and
Efimov 2019; Zverkov and Prilepskaya 2019).

According to palaeogeographical reconstructions (Fig. 9),
the Brest (Pripyat) Strait connected theMiddle Russian Boreal
Basin with the Polish Basin until to the end of the middle
Volgian Panderi Сhron or early beginning of the Virgatus

Chron (Sasonova and Sasonov 1967; Mesezhnikov and
Zakharov 1974; Rogov et al. 2008; Rogov 2012, 2013a). It
is determined by identical sequences of virgatitid ammonites
developed exclusively in the Polish and Middle Russian seas.
Since the Virgatus Chron (except its early beginning, as
Virgatites gerassimoviMitta and V. pusillus (Michalsky) were
identified from the Polish Lowland, cf. Matyja and
Wierzbowski, 2016), the Brest (Pripyat) Strait disappeared
and the Middle Russian Sea became almost isolated from
the west and south, where the low-lying accumulative plains,
lakes, lagoons and river systems were formed (Sasonova and
Sasonov 1967; Baraboshkin 2002, 2003). This has led to a
considerable isolation of the Middle Russian Boreal Sea from
the Tethys, and still the connection with Arctic basins
persisted (Sasonova and Sasonov 1967; Baraboshkin 2002,
2003). Only in the Early Cretaceous (Berriasian) was commu-
nication between the basins restored by re-opening of the
Brest (Pripyat) Strait, as well as by appearance of direct con-
nection from the south (Sasonova and Sasonov 1967;
Baraboshkin 2002, 2003).

In addition, during the Kimmeridgian and Volgian, the
Middle Russian Sea and NWEuropean basins were connected
by the Norwegian–Greenland Seaway (Fig. 9; Mesezhnikov
and Zakharov 1974; Mutterlose et al. 2003; Rogov 2012).
Judging from the data on the distribution of ammonites in
the Kimmeridgian, immigration through the Norwegian–
Greenland Strait was limited (Rogov 2012), but in the early
Volgian, the situation has changed significantly. Initially
evolved in northwestern Europe, Pectinatitinae ammonites
widely spread from northern France to the Lena River basin,
where the nearly identical successions of these ammonites are
found (Rogov and Zakharov 2009). This degree of similarity
between ammonite faunas of the Anglo-Paris Basin with those
of Arctic persisted also in the beginning of the middle Volgian.
Later, a significant differentiation of ammonite communities
began, and only for the late Volgian, it is possible to identify
the resumption of active exchange of fauna between the NW
Europe and the Middle Russian Sea, particularly noticeable at
the end of the late Volgian (Early Berriasian, Lamplughi
Chron) (Rogov 2013b, 2014b). During the Kimmeridgian
and Volgian, Boreal ammonites penetrated from the Russian
Basin southwards to the present-day Northern Kazakhstan
(Sokolova 1939; Mesezhnikov et al. 1987), while buchiid bi-
valves spread to Azerbaijan at the end of the Tithonian
(Zakharov and Kasumzade 2005). Data from ammonites
shows that at the same time a connection between the
Middle Russian Sea and the Arctic Basin by the Mezen–
Pechora strait system was open from the end of the middle
Volgian (Rogov 2010b), but was restricted during the middle
part of the middle Volgian. Ammonite faunas of the Nikitini
Zone and its correlatives are showing numerous common el-
ements elsewhere in the Arctic, while ammonites of the
Virgatus and Maximus Zones are markedly different.
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The presence of the Hispanic corridor (Fig. 9) during the
Kimmeridgian is not obvious and data are insufficient
(Stanley 1994; Hillebrandt et al. 1992), although the similarity
of the Kimmeridgian ammonite faunas ofMexico and Southern
Europe allows us to consider it as one of the migration routes of
invertebrates (Villaseñor et al. 2012). In the early Tithonian, the
Hispanic corridor apparently began to operate more intensively,
which led to an exchange of fauna of the Eastern Paleopacific
and the Western Tethys basins (Damborenea and Manceñido
1979; Hillebrandt et al. 1992; Gasparini 1992; Gasparini and
Spalletti 1993; Gasparini and Iturralde-Vinent 2006).

The “Boreal route” (Fig. 10), according to the analysis of the
distribution of invertebrates, functioned in the north–south

direction (Zakharov and Rogov 2003) and northern elements
penetrated only to the territory of modern Mexico (bivalves
and rarely belemnites, see Buitrón 1984; Zell et al. 2013) or to
California (often bivalves and belemnites, rarely ammonites;
Imlay 1961; Imlay and Jones 1970). Southward immigration
of Boreal and Subboreal ammonites along the Pacific coast
of North America is indicated by the distribution of
aulacostephanids and cardioceratids (Rogov and Poulton 2015).

Ammonite distribution shows that the “Trans-Erythraean
corridor” (through the strait between Africa and Antarctica
and beyond) opened in the Tithonian (Cecca 1999).

To reconstruct possible migration routes of the Jurassic
marine herpetofauna, we have applied data on the palaeo-
biogeographical distribution of some widespread ichthyosaurs
and plesiosaurs. Only a few widespread genera and groups
of closely related taxa are known: genus Ophthalmosaurus
Seeley 1874; Arthropterygius Maxwell, 2010 (Zverkov and
Prilepskaya 2019); Undorosaurus Efimov, 1999 (Arkhangelsky
and Zverkov 2014; Zverkov and Efimov 2019); group of ich-
thyosaurs with intermedium–humeral contact Brachypterygius
Huene, 1922, Aegirosaurus Bardet et al (1993) and Grendelius
McGowan, 1976 (see Zverkov et al. 2015b). Among

Fig. 9 Palaeogeographical map of the Upper Jurassic. 1 Norwegian–Greenland Seaway; 2 Mezen–Pechora strait system; 3 Brest (Pripyat) Strait.
Palaeogeographical reconstruction used by courtesy of R. Blakey (Blakey and Colorado Plateau Geosystems, Inc. 2011)

�Fig. 8 Incomplete limbs and propodial bones of Colymbosaurinae indet.
a–o Incomplete limb SDM KP OF-9476/1-30: a femur/humerus; b tibia/
radius; c fibula/ulna; d–f mesopodial elements; g–n autopodial elements
phalanxes and metatarsals/metacarpals; t YKM 55413 in situ; p, q SGM
1445-08; r, s CCMGE 782/925; u, v SGM-1358-46; in dorsal/ventral (a,
p, r, u, t) and distal (q, s, v) views. Restored areas are coloured by grey;
dark area is state of preservation during Bogolubov’s (1911) investiga-
tions. Abbreviations: ae anterior edge; n neomorphic ossification,
Pispisiform, Prpropodium, Rad/Tibradius/tibia, Ul/Fib ulna/fibula
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plesiosaurs, only two genera—Pliosaurus Owen, 1841 (Owen
1841a, b) and Colymbosaurus—have had a wide distribution.
Analysing dispersion of the aforementioned taxa in the Upper
Jurassic localities of the World, we assume the following distri-
bution (Table 2).

Boreal ichthyosaurs such as Arthropterygius (Northern
Canada, Svalbard, Franz Josef Land, European Russia and
Argentina) demonstrate widespread dispersion in high lati-
tudes (Zverkov et al. 2015a; Zverkov & Prilepskaya 2019).
It was suggested that Arthropterygius originated in the Arctic,
and then migrated to the South along the Paleopacific coast of
the American continent to Antarctic latitudes (Fig. 10a;
Fernandez and Maxwell 2012; Zverkov et al. 2015a). A sim-
ilar migration route was assumed for the late Kimmeridgian
ammonites Zenostephanus (Rogov and Poulton 2015).
However, the Hispanic corridor connecting the Paleopacific
and Tethys basins can be also used by Arthropterygius as
dispersal route. Arthropterygius could penetrate in the
Tethys basin though the Brest (Pripyat) Strait or through the
Norwegian–Greenland Seaway (Fig. 10). But the lack of
Arthropterygius remains in the well-studied Upper Jurassic
deposits of Western Europe, however, indirectly contradicts
such a variant of distribution.

Undorosaurus (European Russia) and ‘Cryopterygius’
(Svalbard, Central Europe), being synonymous genera (for
discussion, see Arkhangelsky and Zverkov 2014; Zverkov
and Efimov 2019), demonstrate a strong relation between
the Polish, Middle Russian and the Arctic seas during the late
middle Volgian (Fig. 10a; Zverkov and Efimov 2019).

The genus Ophthalmosaurus mainly known from the
Callovian and Oxfordian of the North-West Europe (UK)
was also found in the Oxfordian deposits in the western
USA, in the Tithonian of Mexico and possibly Argentina
(Buchy 2010; Fernandez and Maxwell 2012), as well as in
European Russia (Zverkov et al. 2015a; Arkhangelsky et al.
2018), which demonstrates migration between the faunas
inhabiting the Panboreal palaeobiogeographic superrealm
and Tethys–Panthalassa superrealm (Table 2). This

interrelation is supported by finds of the genus Grendelius
both in Russia (Efimov 1998; Arkhangelsky 1997, 1998,
2000, 2001; Zverkov et al. 2015b), and in Europe
(McGowan 1976, 1997) and possibly even in Mexico
(Buchy and López Oliva 2009). It is probable that
Grendelius penetrated the Middle Russian Sea in the middle
Volgian through the Brest Strait until its closure in the late
middle Volgian. The medium-sized ichthyosaur Aegirosaurus
is typical for Europe (Bardet and Fernandez 2000; Fischer et al.
2011) and has been identified in the Neuquén Basin (Gasparini
et al. 2015). The “Boreal” and “Hispanic” routes could be pos-
sibly used for migration of Ophthalmosaurus and Aegirosaurus.
Connection in the Boreal and Tethys basins could take place by
the Brest (Pripyat) Strait and by the Norwegian–Greenland
Seaway.

Available data on plesiosaur distribution are incomparably
scarcer. The genus Pliosauruswas widely spread in the Boreal
areas. Representatives of this genus are common in Western
Europe (England, France, ?Germany). Numerous remains
of this genus have been found in the Volgian deposits
of Svalbard and European Russia (Bogolubov 1911;
Rozhdestvensky 1947; Novozhilov 1948; Gerasimov et al.
1995; Knutsen et al. 2012a, b), and isolated records are known
from Kazakhstan (Malakhov 1999) (Table 2). This confirms
herpetofauna exchanges between the Boreal and Tethyan ba-
sins. Findings of Pliosaurus in Mexico and Argentina
(Table 2) may indicate their distribution through the
“Hispanic Corridor” (Fig. 10).

Presently, authentic remains of Colymbosaurus have been
found in Western Europe (UK, France), Svalbard and
European Russia (see Table 2). Russian specimens of
Colymbosaurus complement existing data on the composition
of the Late Jurassic Boreal marine herpetophauna associations
of the Northern Eurasia.

In conclusion, the main herpetofauna exchange between
the Tethyan and Boreal basins in the late Kimmeridgian and
early Tithonian occurred through the Brest (Pripyat) Strait.
Herpetofauna of the NW Europe (consisting Pliosaurus,

Fig. 10 Occurrence of some ichthyosaurs (a) and plesiosaurs (b) during the Late Jurassic (Kimmeridgian–Tithonian/Volgian) showing the possible
dispersal routes. Palaeogeographical maps used by courtesy of R. Blakey (Blakey and Colorado Plateau Geosystems, Inc. 2011)
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Colymbosaurus, Ophthalmosaurus, Grendelius) presumably
used this migrational pathway, entering the Boreal Middle
Russian Sea and spreading northward into the Arctic through
the Mezen–Pechora strait system. However, the West
European marine reptiles could use the Norwegian–
Greenland Seaway, so they could penetrate directly the
Boreal basin bypassing the Middle Russian Sea. Further, their
penetration into the Middle Russian Sea from the polar waters
could occur through the Mezen–Pechora strait system.

Large and small colymbosaurines in the Volgian of European
Russia

The colimbosaurinae specimens from the Volgian of European
Russia are represented by two size classes. The large
colymbosaurines have been recovered exclusively from
the Dorsoplanites panderi Ammonite Zone; younger speci-
mens distributed in the Virgatites virgatus and Epivirgatites
nikitini zones are all represented by small-sized but mature
individuals; thereby, we concluded that they could be a distinct
Colymbosaurus species, or even a distinct colymbosaurine ge-
nus, and therefore referred them to as Colymbosaurinae indet.,
despite the fact that their propodial bones demonstrate a suit of
traits characteristic of Colymbosaurus (extensive posterodistal
expansion bearing a postaxial facet equal in size to the
epipodial facets and a prominent anteroposteriorly orientated
ridge on the distal articular facets). This size disparity is un-
likely due to sexual dimorphism, because of the lack of tem-
poral overlap between the two morphs. However, the fragmen-
tary nature of the material available prohibits the assignation of
the material to lower taxonomic levels; thereby, the hypothesis
of the presence of at least two different colymbosaurine taxa in
theMiddle Russia Sea during theVolgian should be considered
instead.

The fact that large Colymbosaurus disappear in the Middle
Russian Sea after the Panderi Chron and that small
Colymbosaurus-like colymbosaurines are dominate since then
is of certain interest as it correlates with the Brest (Pripyat)
Strait closure and consequent isolation of the Middle Russian
Sea from the Tethys (see above). Probably, this isolation was a
driver for colymbosaurine evolution in the Middle Russian
Sea.

Conclusions

Our reappraisal of some historical plesiosaur specimens from
the Volgian of European Russia supports their original identi-
fication as Colymbosaurus (Bogolubov 1911) contra previous
revisions (Storrs et al. 2000; Arkhangelsky and Sennikov
2008). Additionally, we provided descriptions of several spec-
imens referable to as Colymbosaurus sp. and Colymbosaurinae
indet. from the Volgian of European Russia.

At least two colymbosaurine taxa existed in the Middle
Russian Sea during the Volgian. Large Colymbosaurus
inhabited the Middle Russian Sea during the Panderi Chron
when the connections with other basins were intense. Since
the isolation of the Middle Russian Sea from the Tethys
during the Virgatus Nikitini chrones, exclusively small
Colymbosaurus-like colymbosaurines occur in the Middle
Russian Sea.

The specimens from Russia expand the geographical range
of the genus Colymbosaurus. Found only in the Upper
Jurassic of NW Europe, Svalbard and European Russia, this
plesiosaur genus is the unifying element of the herpetofauna
for the listed basins, supporting active herpetophauna ex-
change in aquatories of Panboreal superrealm during the
Kimmeridgian and early middle Volgian.
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