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ABSTRACT - A few disarticulated odontocete (Cetacea: Odontoceti) fossils have been found at Coménesti in western
Romania. The locality had hitherto yielded only brackish mollusks and terrestrial micromammals. The entire stratigraphic
section was divided by Radulescu & Samson (in Feru et al., 1980) into two local biostratigraphic units: Comanesti-1
(Sarmatian) and Comanesgti-2 (Pannonian). On the basis of micromammals of the same deposits, these two authors assigned
Comanesti-1 to the MNS8 zone of the Mediterranean Neogene. This can be correlated with the upper Volhynian of the Eastern
Paratethys, possibly including also the base of the Bessarabian.

The fossils are assigned to “Champsodelphis” fuchsii Brandt, 1873, a species already known from six other localities in
the Carpathian Basin, specifically from the Vienna Basin of Austria, south Hungary, and western Romania. Several other
late Middle Miocene odontocete localities are known from the Carpathian Basin as well. In all cases where zonation was
possible, the stratigraphic position of the occurrences is lower Sarmatian, including the upper Ervilia Zone (ca. 12 Ma). This
correlation suggests that there was a ‘marine mammal event’ in the Central Paratethys at that chronostratigraphic level, which
was the re-appearance of small odontocetes, mysticetes, and phocid seals from the Eastern Paratethys. The Sarmatian ‘Marine
Mammal Event’ followed the marine regression of the late Badenian (ca. 13 Ma), which caused the apparent disappearance of
marine mammals in this area. Sperm whales and sirenians, all well-documented from the Middle Badenian, failed to invade
the Central Paratethys again.
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Une nouvelle localité a Odontocétes (Mammalia: Cetacea) du Miocéne Moyen et «I’Evénement
Mammifére Marin» du Sarmatien dans la Paratethys Centrale - Quelques os désarticulés rapportés au
dauphin Atocetus(?) fuchsii (Brandt, 1873) sont décrits en provenance de Coménesti, dans 1’ouest de la Roumanie. La localité
était jusqu’alors connue seulement par des assemblages de mollusques d’eau saumatre et de micromammiféres terrestres. La
section stratigraphique a été divisée par Radulescu et Samson (in Feru et al., 1980) en deux unités biostratigraphiques locales:
Comadnesti-1 (Sarmatien) et Comanesti-2 (Pannonien). Sur la base des micromammiféres trouvés dans les mémes dépots que
les restes de dauphin, les deux auteurs ont placé Comanesti-1 dans la zone MN8 du Neogéne Mediterranéen qui correspond
au Volhynien final, voire méme au début du Bessarabien.

Les fossiles sont attribués a “Champsodelphis” fuchsii, qui est déja connu dans six autres localités du Bassin des Carpates,
notamment dans le Bassin de Vienne en Autriche, dans le sud de la Hongrie et dans 1’ouest de la Roumanie. D’autres
localités du Miocéne moyen-terminal contenant des odontocetes sont connues dans le Bassin de Carpates, en incluant la
partie supérieure du Ervilia zone (ca 12 Ma). Dans tous les cas ou une zonation a été possible, la position stratigraphique des
découvertes se situe dans le Sarmatien inférieur (~12 Ma). Cette corrélation suggere la présence d’un «événement mammifere
marin» dans la Paratethys Centrale a ce niveau chronostratigraphique qui correspond a I’arrivée depuis la Paratethys
Orientale des odontocétes de petite taille, ainsi que des mysticétes et des phoques. Cet «événement mammifére marin» a
suivi la régression marine dans la Paratethys Centrale a la fin du Badenian (~13 Ma) qui a causé I’apparente disparition des
mammiféres marins dans cette région. Les cachalots et les siréniens, tous trés bien documentés dans le Badenien moyen,
n’ont pas envahi a nouveau la Paratethys Centrale.

Mots clés: Miocéne, Sarmatien, Paratethys, Roumanie, Odontoceti
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INTRODUCTION Comanesti-1 is known from a number of other Carpathian

During search for micromammals in the Miocene
deposits of the Crisul alb Basin (Western Romania), a few
isolated odontocete skeletal remains were found by Costin
Radulescu and Petru Samson near the village Comanesti in
the late 1970s. The odontocete bones were not mentioned in
the publication that followed (Feru et al., 1980), nor in any
other paper. The fossil remains, consisting of a periotic and
a tympanic, two humeri, and three vertebrae, were handed
over to the senior author of the present paper who recorded
them in the Catalogue of the Laboratory of Paleontology/
Faculty of Geology and Geophysics, University of Bucharest
(UBFG) as Acrodelphis sp.

Based on the micromammals, Radulescu and
Samson divided the entire stratigraphic section of Comanesti
in two parts: Comanesti-1 (Sarmatian) and Comanesgti-2
(Pannonian). The micromammal assemblage of Comanesti-1,
which also yielded the odontocete remains, was assigned to
the MNS8 zone of the Mediterranean Neogene by Radulescu
& Samson (in Feru et al., 1980).

The significance of the isolated odontocete
bones is that no cetaceans have been reported from the
locality before. On the other hand, the species identified at
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Basin localities (Brandt, 1873; Kazar, 2003; Kazar et al.,
2004). The aim of the present publication is to document
the odontocete remains from Comadnesti-1, to discuss the
paleobiogeographic evidence of the species they represent,
and finally, to investigate the patterns of Miocene marine
mammal occurrences in the territory of the Central Paratethys
Sea.

The odontocete remains from Comanesti-1
were compared with specimens of the collections of the
Geological Museum of Hungary, Geological Institute
of Hungary, Budapest (MAFI), the Musée “Bassin de
Transylvanie”, Université “Babes-Bolyai”, Cluj-Napoca
(MBT), the Muséum national d’Histoire naturelle, Paris
(MNHN), the Naturhistorisches Museum Wien (NHMW),
the Paldontologisches Institut der Universitdit Wien (UW),
and the United States National Museum of Natural History
of the Smithsonian Institution, Washington, D.C. (USNM).

In the anatomical description of the fossil remains
we mainly followed Flower (1870) and Rommel (1990);
terminology of the ear bones is derived from Kasuya (1973),
Barnes & Mitchell (1984), and Luo & Marsh (1996). We use
the vernacular name “dolphin” as a general term for small
odontocetes, and do not imply affinities with the family

54



Figure 1 (left) - Geological map of the Crisul alb Basin around
Comanesti (after Istocescu, 1971) and the location of the fossil site
within Europe (inserted map). Legend—1: Holocene; 2: Pleistocene;
3: upper Pannonian; 4: lower Pannonian; 5: upper Sarmatian; 6:
lower Sarmatian; a: lower, tuffitic—diatomitic bed; b: lacustrine/
volcanogenic bed; 7: Badenian; a: volcanoclastic facies, b: marly
facies.

Figure 2 (right) - Lithological sequence of the fossil site on the
right bank of the Hasmags Valley at Comanesti (after Istocescu,
1971). Legend—1: sands; 2: tuffitic marls; 3: tuffitic claystones;
4: diatomite and diatomitic shales; 5: bioaccumulated marls with
Cardium vindobonense. Symbol of dolphin: the level where the
odontocete remains came from, as indicated by Radulescu.

Delphinidae.

The Central Paratethyan stage name Sarmatian has
been used for deposits of the Eastern Paratethys as well (for
a more comprehensive discussion see Harzhauser & Piller,
2004). Recently, Harzhauser & Piller (2004) recommended
to abandon the term Sarmatian for the Eastern Paratethys
and urged the usage of the regional stage names Volhynian,
Bessarabian, and Khersonian instead. In the following, we
will use the term Sarmatian sensu lato, when citing literature
in which Sarmatian stands for Eastern Paratethyan deposits.

GEOLOGIC SETTING

According to Radulescu and Samson (personal
communication to D.G.), the odontocete bones were collected
from a lens-like bed of tuffaceous marls of maximum 12 cm
thickness, intercalated in a 11 m thick vertical section on
the right side of the Hasmas rivulet at the eastern end of
the village Comanesti (N46°29°08.1” and E22°3°58”; Fig.
1). The small pits on the surface of some of the bones still
preserve the fine whitish embedding matrix.

The entire lithological section belongs to the
“tuffitic—diatomitic complex” separated by Istocescu (1971)
and afterwards by Istocescu & Istocescu (1974), representing
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the lower part of the Sarmatian (late Middle Miocene) from
the Crisul alb Basin (Fig. 2). According to these authors,
the lithostratigraphic column of the Sarmatian from the
region is completed by two parts that overlie the lower one,
namely “the middle complex: lacustrine or volcanogen” and
“the upper complex, biogenetic and epiclastic”. Based on
mollusk assemblages, the lower and the middle parts are
assigned to the Volhynian, while the upper one is reported to
be Bessarabian (Istocescu, 1971).

Although Comaénesti is located in the territory
of the Central Paratethys, Istocescu (1971), Istocescu &
Istocescu (1974), and Radulescu & Samson (in Feru et al.,
1980) used the Eastern Paratethyan stage names Volhynian
and Bessarabian. In our paper, we apply these terms for
Central Paratethyan localities as citations.

(1) The lower, “tuffitic-diatomitic” part consists of
thin beds, usually less than 10 cm thick, of alternating sandy
tuffite, tuffitic marls and diatomitic shales. The layer from
the base of the section is rich in mollusk shells and shell
debris, among which the following taxa were recognized:
Cardium vindobonense vindobonense (Partsch), Ervilia
dissita podoloca (Eichwald), Trochus pictus Eichwald. These
are characteristic of the lower Volhynian. (2) The lens-like

55



tuffitic sands that provided the odontocete bones, lie 2.5 m
above the shelly bed, and also include numerous fragments
of mollusk shells, especially of the genus Cardium. (3)
The sandy layers that overlie the tuffitic bed provided an
assemblage of terrestrial micromammals including Galerix
socialis (Meyer), Hispanomys cf. lavocati (Freudenthal),
Megacricetodon gr. similis (Fahlbusch), Democricetodon
gr. gaillardi (Schaub), Peridyromys gr. hamadryas (Major),
Myoglis meini (de Bruijn), Prolagus oeningensis (Konig),
together with fragments of turtles and fishes. Radulescu &
Samson (in Feru et al., 1980: 187) assigned this assemblage
to the upper part of the MN8 biozone of the Mediterranean
Neogene, the upper limit of which probably coincides with
the uppermost Volhynian of the Eastern Paratethys, possibly
including the base of the Bessarabian (Feru et al., 1980).
Steininger et al. (1996) assigned Comanesti-1 to the Central
Paratethyan lower Sarmatian.

Sedimentologically, the sequence that outcrops
on the right side of the Hdsmas rivulet near Comanesti,
corresponds to a shallow marine episode in a calm, lagoon
or bay type of basin, in which the main sediment supply was
the eroded clastic sediments carried in by the rivers from
the continent. These sediments carried the fine products of
the volcanic eruptions of the region and the micromammal
remains. The silica resulted from the eruptions and dissolved
in the brackish water of the basin. It was then incorporated
by the tiny skeletons of the planktonic diatoms that formed
the diatomite and the diatomitic shale, a major component of
the lithostratigraphic section of Coméanesti-1.

Description of the odontocete remains from Comdnesti

Cetacea BRISSON, 1762
Odontoceti FLOWER, 1867
Odontoceti indet.

UBFG.221/1, caudal vertebra of adult (Fig. 3: 1) — This is
a vertebra from the middle part of the caudal series. Both
epiphyses are ankylosed to the centrum. The vertebral
body is not foreshortened but elongated, the epiphyses are
nearly circular (depth at anterior epiphysis: 25.0 mm, width
at anterior epiphysis: 27.5 mm, length of vertebral body:
37.5 mm). In lateral view, the centrum faces are gently
convex anteriorly and posteriorly. On the ventral surface
the vertebra has distinct processes for the chevron bones
both anteriorly and posteriorly, but the posterior ones are
larger. The transverse processes are now broken away. Their
bases are set posteriorly on the vertebral body, and they were
relatively narrow. On either side, a large arterial foramen
passes through the vertebral body near the insertion of the
transverse processes. The foramen on the right side is larger
and opens slightly more anteriorly than the left one. The
neural arch is positioned anteriorly on the vertebral body,
and the neural canal is narrow.

UBFG.221/2, caudal vertebra of juvenile (Fig. 3: 2) — This
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is a small vertebra from the posterior part of the vertebral
column. Both epiphyses are missing. The vertebral body
is higher than long and laterally compressed (depth: 19.5
mm, width: 17.0 mm, length: 17.5 mm). The spine is low
and triangular, the neural canal is closed. The transverse
processes are completely reduced. One small arterial
foramen opens dorsally on either side of the vertebral body
posterior to midlength.

UBFG.224, lumbar(?) vertebra (Fig. 3: 3) — This vertebra
with somewhat eroded surfaces originates either from the
lumbar region, as concluded from the arterial depressions
forming a V-shape on the ventral surface of the bone, or
from the caudal series, as indicated by the strongly eroded
eminences on the ventral aspect of the vertebra that could
be the attachment sites of the chevron bones. The vertebral
body is slightly elongated and the epiphyses are somewhat
wider than high (depth: ca. 23.5 mm, width: ca. 26.0 mm,
length: 30.5 mm). The faint ridges on the anterior aspect of
the vertebra may indicate a missing epiphysis. The neural
canal was extremely narrow if open at all, and there is no
arterial opening on the centrum.

Discussion — The Odontoceti indet. remains from
Comanesti-1 belonged to at least two individuals, because
a caudal vertebra from the peduncle region (UBFG.221/2)
lacks both epiphyses, indicative of juvenile ontogenetic
stage, whereas a more anterior caudal vertebra (UBFG.221/
1) has fused anterior and posterior epiphyses. It is well
known that ankylosis of the vertebral epiphyses to the centra
begins at both ends of the vertebral column and progresses to
the middle in cetaceans.

A systematic identification of the vertebrae within
the Odontoceti is not possible. The lateral compression
of UBFG.221/2 is typical of the peduncle region of
cetaceans (Buchholtz & Schur, 2004). The elongated form
of UBFG.221/1 is regarded as primitive (Muizon, 1988a;
Buchholtz, 2001), as contrasted by the foreshortened caudal
vertebrae of the Middle to Late Miocene Afocetus (Barnes,
1985; Muizon, 1988b). The elongated body and the convex
centrum faces of the UBFG.221/1 vertebra are indicative of
rotation with high displacement of the neighboring vertebrae
during locomotion as pointed out by Buchholtz & Schur
(2004).

Delphinida MUIZON, 1984
Delphinoidea GRAY, 1821
Delphinoidea indet.

UBFG.225, left tympanic (Fig. 3: 4) — The tympanic is
fragmentary; only the involucrum and the inner posterior
prominence has been preserved with the base of the posterior
process and a medial fragment of the outer posterior
prominence. The involucrum has a smooth dorsal surface
and a delicately sinusoid dorsal contour. The inner posterior
prominence is narrow. There is a broad median furrow
between the inner and outer posterior prominences that
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Figure 3 - Odontocete remains from Comanesti, Romania. 1: UBFG.221/1, caudal vertebra in right lateral view (a); in posterior view (b);
and in dorsal view (c). 2: UBFG.221/2, caudal vertebra in anterior view (a) and in right lateral view (b). 3: UBFG.224, lumbar(?) vertebra
in anterior view (a) and in ventral view (b). 4: UBFG.225, left tympanic bulla in dorsal view (a) and in medial view (b). 5: UBFG.222, right
periotic in dorsal view (a); in ventral view (b); in lateral view (c); and in medial view (d). 6: UBFG.223/1, left humerus in lateral view (a);

in anterior view (b); and in dorsal view (c). 7: UBFG.223/2, right humerus in lateral view. Scale bar: 3 cm throughout Figure 3.
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Total length from anterior tip of anterior process to posterior tip of posterior process 26.0
Width across cochlear part and ventrolateral tuberosity 16.0
Width across base of cochlear part 12.3
Distance between internal auditory meatus and perilymphatic foramen 2.6
Distance between internal auditory meatus and endolymphatic foramen 4.6
Distance between endolymphatic and perilymphatic foramina 4.8

Table 1 - Measurements of the periotic of "Champsodelphis” fuchsii Brandt, 1873 from Comanesti-1, Romania (UBFG.222; in mm).

becomes progressively shallower anteriorly. The anterior lip
of the bulla is obtuse and there was no anterior bullar spine.
The total length of the tympanic bulla (measured from the
anterior lip to the inner posterior prominence) is 26.1mm.

Discussion—The sinusoid dorsal contour and the
lack of an anterior spine of the tympanic bulla are typical of
species in the Delphinoidea (Muizon, 1988a). In the lack of
more diagnostic features, the specimen can not be assigned
to any known delphinoid taxa.

Kentriodontidae SLIJPER, 1936
Kentriodontidae incertae sedis:
“Champsodelphis” fuchsii Brandt, 1873

UBFG.222, right periotic (Fig. 3: 5) — The periotic is elongate
with the anterior process projecting slightly antero-medially
and the posterior process bending slightly postero-laterally.
The cochlear part is mediolaterally small, attaches broadly
to the body, and is not tilted anteriorly. The internal auditory
meatus is narrow, almost slit-like. It is separated anteriorly
from the internal facial foramen by a bony bridge so that the
latter foramen opens outside the internal auditory meatus.
There is no crest on the posteromedial margin of the internal
auditory meatus. The perilymphatic and endolymphatic
foramina are widely separated from each other and from the
fundus of the internal auditory meatus. Between the fenestra
rotunda and the foramen perilymphaticus a prominent
eminence can be observed.

The dorsal surface of the periotic is flat in lateral view and
slightly convex in anterior view. The anterior process is short
but not reduced. In dorsal view it is triangular with a rounded
tip, projecting more anteriorly than medially. In medial view,
the dorsal angle of the anterior process terminates in a tiny,
conical process that gives the anterior process a rectangular
profile, and this conus is positioned anterior to the ventral
angle.

In the ventral aspect of the periotic, the fossa for the
head of the malleus is moderately large and elliptical, the
ventrolateral tuberosity is strong. A distinct cleft separates
the cochlear part and the anterior process, which can be
observed both in the ventral and dorsal views.

The posterior process has a pentagonal articular surface
without an elongated postero-lateral tip. In lateral view, the
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posterior process has a slightly convex dorsal margin, which
closes at a wide angle with the dorsal surface of the periotic.
Measurements are given in Table 1.

UBFG.223/1, left humerus (Fig. 3: 6) — Complete humerus
in good preservational state.

The left humerus from Comanesti-1 is a slender bone. In
lateral view the shaft is broad distally as compared to the
neck region. The neck of the humerus is long, so that the
infraspinous fossa is set at a considerable distance from the
humeral head. The humeral head is small and is not shifted
laterally. The greater tubercle forms a small, distinct plateau
on the anterior margin of the proximal epiphysis. The lesser
tubercle is broad, and has an elevated area in its posterior
part. The infraspinous fossa is small and shallow, and it is
placed closer to the anterior margin than to the posterior
margin of the bone in lateral view. The posterior tuberosity is
a low eminence posterior and distal to the infraspinous fossa.
The area distal to the infraspinous fossa and the posterior
tuberosity, which was presumably the attachment area of the
deltoid muscle, is large, and slightly broader than long. The
deltoid tuberosity is not prominent, but is a small rugose area
on the anterior margin of the bone. It is positioned rather
distally, but not reaching the distal epiphysis of the humerus.
Posteriorly, the distal epiphysis of the humerus bears a small
but distinct attachment site for the olecranon process of the
ulna.

UBFG.223/2, right humerus (Fig. 3: 7) — Somewhat eroded
humerus with fractures.

The overall shape of the humerus is similar to the UBFG.223/
1 specimen, but the whole bone is more massive, and the
neck is shorter so that the infraspinous fossa is close to the
distal margin of the humeral head. The infraspinous fossa
is a small and shallow depression. The head is small and
it is shifted slightly laterally. In lateral view, the narrowest
point of the shaft is the neck just distal to the humeral head,
and from here the humerus becomes progressively broader
distally. The attachment site for the deltoid muscle is broader
than long. The deltoid tuberosity is indistinct and is placed
distally on the anterior margin of the humerus, but it does
not contact the distal epiphysis. The articulating surface
for the olecranon process of the ulna is well-marked and
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UBFG.223/1, left | UBFG.223/2, right
Total length of humerus 51.0 51.5
Anteroposterior diameter of humeral head 18.0 (19.5)
Dorsoventral diameter of humeral head 20.0 20.5
Mediolateral width of proximal epiphysis 28.0 30.0
Anteroposterior width of proximal epiphysis 20.0 22.5
Mediolateral width of humeral neck 16.5 17.5
Anteroposterior width of humeral neck 19.5 20.0
Mediolateral width of distal epiphysis 13.0 15.5
Anteroposterior width of distal epiphysis 28.0 29.0
Distance between infraspinous fossa and crista distalis 24.0 24.0

Table 2 - Measurements of the humeri of "Champsodelphis” fuchsii Brandt, 1873 from Comanesti-1, Romania (in mm; +/- 0,5 mm;

parentheses indicate estimated value).

vertical. The greater tubercle is a small but distinct eminence
anteriorly on the proximal epiphysis. The dorsal surface of
the lesser tubercle is a nearly circular plateau with a slightly
elevated posterior part.

Discussion — The periotic from Comanegti-1 shows
the characteristic rounded apex and mediolateral flattening
of the anterior process of the Delphinoidea as discussed by
Muizon (1988a). It shows marked resemblance to species of
two kentriodontid genera, Kentriodon Kellogg, 1927 and
Atocetus Muizon, 1988b.

The relative size and shape, and the rectangular
profile of the anterior process is nearly identical in UBFG.222
and in the holotype of Kentriodon pernix Kellogg, 1927
(USNM 8060). Nevertheless, the dorsal angle of the anterior
process bears a tiny eminence in the Comanesti periotic,
absent in K. pernix, which causes the dorsal angle being
situated more anteriorly than the ventral angle of the anterior
process (Fig. 3: 5c). In this respect, the Romanian periotic
resembles Atocetus iquensis Muizon, 1988b. Muizon
(1988b) regarded the more anterior position of the dorsal
angle of the anterior process as a synapomorphy of the
genus Atocetus, but a cf. Kentriodon sp. periotic from the
Miocene Sharktooth Hill Bonebed of California also shows
this feature (Barnes & Mitchell, 1984: fig. 11). The anterior
process of the UBFG.222 periotic is markedly different from
the almost rode-like anterior process of 4. iquensis and A.
nasalis (Barnes, 1985).

The posterior process of UBFG.222 has a
pentagonal articulating surface, which is more circular than
that of Atocetus and Kentriodon. The posterior process of the
Romanian periotic is bent more laterally than in Atocetus,
and is similar to K. pernix and K. obscurus (Kellogg, 1931).
In the holotype of K. pernix, the posterior process closes
with the dorsal surface of the periotic nearly at a right angle,
whereas in 4. iquensis there is a wide angle between these
two structures. In this respect, UBFG.222 is intermediate
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between Kentriodon and Atocetus.

The cochlear part of the Romanian periotic is
similar to the same structure of Afocetus in that it is joined
to the body with a broad base. It is not as circular and not as
deep medially as in the holotype of K. pernix (USNM 8060),
in the holotype and referred specimens of K. obscurus (see
Barnes & Mitchell, 1984: figs. 8, 9), and in the holotype of
Delphinodon dividum True, 1912 (USNM 7278). In contrast
to Atocetus, however, in UBFG.222 the pars cochlearis is not
flattened anteriorly.

The UBFG.222 periotic from Comanesti-1 is
identical in morphology to several periotics from other
Carpathian Basin localities, which were assigned to the
species “Champsodelphis” fuchsii Brandt, 1873, on the
basis of two incomplete skeletons including ear bones and
humeri but not skull, from the Iris Quarry at Cluj-Napoca
(Romania), by Kazar (2003) and Kazar et al. (2004). The
morphological and metric variation of these periotics is
discussed in the same papers.

Discussion — Although UBFG.223 is a left and
a right humerus, their somewhat different morphology
indicates that they belonged to two individuals. The
UBFG.223/1 humerus has a more elongated neck region
where the infraspinous fossa is at a considerably greater
distance from the distal border of the humeral head. Also,
the humeral head appears smaller than in the other specimen,
as a consequence of the complete lack of lateral shifting of
the humeral head in UBFG.223/1.

The two isolated humeri from Comanesti-1 most
probably represent a delphinoid species, because they do
not show characteristics of the humeri in non-delphinoid
groups (for more detail on recent groups see Benke, 1993;
and on many fossil groups Kazar & Bohaska, in press), and
because of the distal shift of the deltoid tuberosity, which
is a general tendency in the Delphinoidea (see Muizon,
1988a). Known representatives of the Odobenocetopsidae
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Atzgersdorf, Vienna
Hernals, Vienna
Nussdorf, Vienna

Bruck a.d. Leitha
Danitz-puszta, near Pécs
Iris-quarry, Cluj-Napoca
Comanesti
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Figure 4 - Geographical distribution of the records of ”Champsodelphis” fuchsii Brandt, 1873. A, Main areas of occurrence as indicated
by the black dots; C: Caucasus, CB: Carpathian Basin, M: Moldavia. B, The Carpathian Basin localities (Austria, Hungary, Romania). For

more detail see the text.

and the Monodontidae have much larger, more robust, and
more elongated humeri; the Albireonidae is characterized
by anteroposteriorly expanded limb elements; and in the
known Phocoenidae and Delphinidae the deltoid tuberosity
reaches the distal epiphysis of the humerus distally (Barnes,
1984; Muizon, 1988a; Muizon & Domning, 2002). The
Kentriodontidae is a morphologically diverse group of
Late Oligocene to Late Miocene delphinoids, which is
phylogenetically probably paraphyletic (e.g. Muizon, 1984,
1988a).

The known humeri of kentriodontid species often
have a more or less elongated shaft, which does not get wide
distally; the humeral head can be moderately shifted laterally;
the greater and lesser tubercles are well-marked; and the
deltoid tuberosity is usually situated centrodistally on the
anterior margin (for a short overview see Kazar & Venczel,
2003). In contrast to this general morphology, the humerus
of Atocetus iquensis is relatively shorter, has a laterally
shifted humeral head, and the reduced deltoid tuberosity
nearly reaches the distal end of the anterior margin (MNHN
PPI 114; Muizon, 1988b). A small delphinoid from Oradea
(Romania) has an even smaller and more compact humerus,
with well-marked muscle attachment sites (Kentriodontidae
indet., unnamed n. sp. of Kazar & Venczel, 2003).

The Comanesti-1 humeri are very close in
morphology to both A. iquensis and the unnamed
kentriodontid of Kazar & Venczel (2003). UBFG.223/1

differs from A. iquensis in the lack of lateral shifting of
the humeral head, and in having a more elongated neck.
Both humeri from Comanesti-1 differ from the Peruvian
species in the presence of an articular facet for the olecranon
process of the ulna. They differ from the humerus of the
Kentriodontidae n. sp. of Kazar & Venczel (2003) in their
greater size, and relatively more elongated shafts.

The UBFG.223/1 and 223/2 humeri from
Comanesti-1 belong to a morphotype that was described
on the basis of several hundreds of isolated humeri from
Danitz-puszta, Hungary, as well as from humeri attached to
partial skeletons from Vienna Basin localities (preliminary
description and discussion of the morphological variation
in Kazar, 2003). Because the holotype partial skeleton of
“Champsodelphis”  fuchsii (NHMW 1859.XXVIIL.6.m)
contains a humerus of the same morphotype, all isolated
humeri were assigned to this species by Kazar (2003).

“Champsodelphis” fuchsii was described on the
basis of a partial skeleton from the so called “Hernalser
Tegel” deposit (Suess, 1862) of Nussdorf-Heiligenstadt,
Vienna, and questionably referred to the genus
Champsodelphis by Brandt (1873). For a more detailed
discussion on the taxonomy of the species see Kazar et al.
(2004: 183). The type species of Champsodelphis Gervais,
1848 is C. macrogenius (=macrognathus) Gervais, 1848,
which is based on a mandible fragment. Because this is
insufficient material for diagnosing an odontocete, Muzion
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(1988c¢) regarded Champsodelphis as an Odontoceti incertae
sedis, restricted to its type species.

The periotics and humeri referred to “C.” fuchsii
above and elsewhere (Kazar, 2003; Kazar et al., 2004) show
that this species is a member of the Delphinoidea, and can be
included in the grade family Kentriodontidae. The periotic
of “C.” fuchsii is close in morphology to Kentriodon and
Atocetus, and the humerus shows marked similarities to
Atocetus iquensis. However, the morphological resemblance
of the humerus of “C.” fuchsii to A. fuchsii does not
necessarily indicate phylogenetic relationship, as limb
bones can be subjected to homoplasy. Kazar et al. (2004)
questionably transferred “Champsodelphis” fuchsii to the
genus Atocetus, but in the present concept, in the lack of
more diagnostic cranial material, we retain the species name
“Champsodelphis” fuchsii.

Paleobiogeography

As mentioned above, the holotype of
“Champsodelphis” fuchsii comes from the Sarmatian of
NuBdorf-Heiligenstadt, Vienna. On the basis of ear bones
and humeri, this species was recognized at a number of other
Sarmatian localities in the Carpathian Basin: Atzgersdorfand
Hernals in Vienna; Bruck an der Leitha in the Vienna Basin;
Danitz-puszta near Pécs, south Hungary; the Iris-quarry in
Cluj-Napoca, Romania (Kazar, 2003; Kazar et al., 2004); as
well as Comdnesti-1 in Romania (present paper).

Besides the above mentioned localities,
“Champsodelphis” fuchsii has also been reported from
outside the Carpathian Basin: from Moldavia and the
Caucasus. Macarovici & Oescu (1942) and Ionesi & Galan
(1988) identified the species from Chisinau (=Kishinev) and
Darabani, respectively, whereas Macarovici & Zaharia (1967)
mentioned the occurrence of “Champsodelphis” cf. fuchsii
from three further Sarmatian sensu lato localities of the
Moldavian Platform. From the middle Sarmatian sensu lato
of Armavir, Northern Caucasus, Mchedlidze (1960, 1964)
described several postcranial elements of an odontocete that
he referred to as Champsodelphis cf. fuchsii.

Figure =4  shows the occurrences of
“Champsodelphis” fuchsii including the above mentioned
records. It must be noted, however, that the Moldavian
reports were based on vertebrae only (Macarovici & Oescu,
1942; Macarovici & Zaharia, 1967; Ionesi & Galan, 1988),
which are not highly diagnostic in cetaceans (Fordyce &
Muizon, 2001).

Figure 5 - The Paratethys and the Mediterranean seas during the
early Sarmatian sensu stricto (late Middle Miocene). Redrawn after
Rogl (1998). Encircled area: Central Paratethys.

The  Central  European  occurrences  of
“Champsodelphis” fuchsii are from the Carpathian Basin
(including the Vienna Basin), which is the territory of the
Early to Late Miocene Central Paratethys Sea (Fig. 5). The
Moldavian and Caucasian records indicate that the same
species inhabited the Eastern Paratethys as well, suggesting
that these two seas formed a single zoogeographical unit
during the Sarmatian.

The Sarmatian Marine Mammal Event

Marine mammals in the Central Paratethys —
Cetaceans in the Central Paratethys Sea had three main
invasion events. Squalodontid odontocetes, primitive sperm
whales, and possible eurhinodelphinid remains have been
reported from a few Eggenburgian (Early Miocene, ca. 20.5-
18.3 Ma according to Rogl, 1998) localities in north Hungary
and south Slovakia (Bockh, 1899; Koch, 1903, 1904; Holec
et al., 1995; Kazar, 2003). A completely new cetacean fauna
including baleen whales, sperm whales, and kentriodontid
dolphins appeared in the middle Badenian (early Middle
Miocene, ca. 14.7-13.6 Ma, Rogl et al., 2002; Harzhauser et
al., 2003) of Austria and Hungary (Kadi¢, 1904; Papp, 1905;
Kazar, 2002, 2003). Finally, a large number of Sarmatian
(late Middle Miocene) localities yielded numerous remains
of mysticetes and odontocetes (e.g. Brandt, 1873; Kellogg,
1925; Kazar, 2003; and Table 3).

The earliest phocid seals in the Central Paratethys
are from the Badenian (14.8 Ma; early Middle Miocene) of
the Bonanza and Sandberg localities at Devinska Nova Ves
(Zapfe, 1937; Holec et al., 1987; Fejfar, 1990; Koretsky &
Holec, 2002). A somewhat larger number of phocid fossils
originate from lower and middle Sarmatian localities of the
Central Paratethys, and represent a taxonomically different
fauna from that of the Badenian (Briihl, 1860; Toula,
1898; Kretzoi, 1941a). The Danitz-puszta locality in south
Hungary yielded marine mammals of Sarmatian, possibly
also of Badenian age (Kazar, 2001, 2003). The phocids of
this locality are probably of the Sarmatian (Koretsky, 2001).

Sirenians were in the Central Paratethys during
the Eocene, as represented by the numerous localities in the
Trans-Danubian Central Mountain, north Hungary and in the
Transylvanian Basin. Sea cows have recorded occurrences
from the Oligocene as well (Kretzoi, 1941b; for an overview
of Eocene finds see Kordos, 2002). A new sirenian fauna
appeared in the Central Paratethys during the early to middle
Badenian (Kretzoi, 1951; Kordos, 1985, 1992). No sirenians
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Name of locality Stratigraphy

Source

Atzgersdorf, Vienna (Austria) upper Ervilia Zone

Papp (1956)

Hernals, Vienna (Austria) Mohrensternia Zone

Schmid (1974)

Nussdorf-Heiligenstadt, Vienna (Austria) | Mohrensternia Zone

Papp (1956)

Bruck a.d. Leitha, Vienna Basin (Austria) Mohrensternia Zone

Papp (1956)

Bruckneudorf, Vienna Basin (Austria) lower Sarmatian

Harzhauser, pers. comm. (2004)

Loretto, Vienna Basin (Austria) Mohrensternia Zone

Harzhauser, pers. comm. (2004)

Bad Sauerbrunn, Vienna Basin (Austria) upper Ervilia Zone

Steininger & Thenius (1964)

Holic (Slovakia)

Holic Formation; lower Sarmatian

Vass (2002)

Kovacsszéndja, Mecsek Mt. (Hungary) lower Sarmatian

Kazar (2003)

Kozard, Nograd County (Hungary)

Kozard Formation; lower Sarmatian

Hamor (1998)

Iris Quarry, Cluj-Napoca (Romania)

upper Volhynian; lower Sarmatian

Mészaros et al. (1991)

Tidsad-2, Oradea (Romania)

Volhynian (MN7); lower Sarmatian

Hir et al. (2001); Kazar & Venczel (2003)

Cominesti-1 (Romania)

upper Volhynian; lower Sarmatian

Istocescu (1971); Istocescu & Istocescu
(1974); Steininger et al. (1996)

Table 3 - Stratigraphy of the Sarmatian odontocete localities of the Carpathian Basin, including the Vienna Basin. For a stratigraphic

correlation, see Fig. 6. A number of other Carpathian Basin localities yielded odontocete remains of Sarmatian age, but their exact

stratigraphic position is unknown. These are as follows: Budafok, Budapest-Kébanya, Danitz-puszta, Pécs-Vasas, Hird, Pécsvarad,

Himeshaza, Radoboj, Podsused, Daruvar, and Pakrac.

are known from younger deposits in the Central Paratethys
(Kordos, 1985).

Marine mammals in the Eastern Paratethys — The
known record of Miocene Cetacea of the Eastern Paratethys
mainly derives from Sarmatian sensu lato (Volhynian,
Bessarabian, and Khersonian) localities of northern
Caucasus, Azerbajdzhan, western Gorgia, Mangyshlak,
and Moldavia. To mention only the most important finds,
the holotype skull of Microphocoena podolica Kudrin
& Tatarinov, 1965 was found in Sarmatian sensu lato
deposits of western Ukraina. The incomplete holotype
skull of Sarmatodelphis moldavicus Kirpichnikov, 1954 of
Moldavia is of Bessarabian age (Macarovici & Oescu, 1942;
Simionescu, 1943), whereas the single known specimen of
Leptodelphis stavropolitanus Kirpichnikov, 1954 is from
the middle Sarmatian sensu lato of Stavropol, south Russia.
Imerodelphis thabagarii Mchedlidze, 1959 is a badly
preserved articulated skeleton from the lower Sarmatian
sensu lato of the Caucasus.

Isolated cetacean material is known from the
Sarmatian sensu lato of Moldavia (Macarovici & Oescu,
1942; Macarovici & Zaharia, 1967; Ionesi & Galan, 1988)
and the Caucasus (Dombrovskij, 1927; Mchedlidze, 1960,
1964). Importantly, some of the species of the Carpathian
Basin are represented in the Caucasus as well. Notably
Pachyacanthus spp., Acrodelphis letochae (Brandt, 1873),
and “Champsodelphis” fuchsii, all three described from the
Vienna Basin and reported from several other Austrian and

ORYCTOS vol. 6, 2006

Hungarian localities (Kazar, 2003; Kazar et al., 2004; for a
discussion on the taxonomic status of Acrodelphis letochae
see Kazar, 2003: 91-92), were reported from the Caucasus as
well (Dombrovskij, 1927; Mchedlidze, 1960, 1964; Pilleri,
1986: 30-31).

A large number of Eastern Paratethyan localities
yielded the remains of phocid seals from Romania, Moldavia,
Russia, Ukraina, Azerbajdzhan, and Kazakhstan. The age of
the localities covers the entire Sarmatian sensu lato of the
Eastern Paratethys (Simionescu, 1925; Grigorescu, 1976;
Ray, 1976; Repenning et al., 1979; Koretsky, 2001; Koretsky
& Grigorescu, 2002).

Of the Sirenia, a few rib fragments from the
Paleogene of Romania were described by Grigorescu (1967).
The taxonomic position of “Manatus maeoticus” Eichwald,
1850 from the Sarmatian of Kerch, Moldavia, is questionable
(Koretsky, 2001). No other sirenian remains are known from
the Eastern Paratethys to date (Domning, 1996).

The Sarmatian Marine Mammal Event (Fig. 6) — The
lack of faunal continuity between the Badenian and Sarmatian
marine mammals points to two independent invasions of the
Central Paratethys. The first occurred during the early or
middle Badenian, and the second during the Sarmatian. This
is also supported by the fact that the Badenian forms are not
known from Sarmatian localities (Brandt, 1873; Gorjanovi¢-
Kramberger, 1892; Abel, 1899; Pia & Sickenberg, 1934;
Simionescu, 1931; Grigorescu, 1976; Koretsky, 2001).

During the early Badenian, the Central Paratethys
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Figure 6 - The Sarmatian Marine Mammal Event (SMME). The high number of marine mammal remains from lower Sarmatian localities

in the Carpathian Basin (including the Vienna Basin) and the Eastern Paratethys indicate a marine mammal event during the Sarmatian

(black area). This invasion of various phocid seals, mysticetes, and odontocetes followed the disappearance of marine mammals in the

Central Paratethys in the late Badenian, and covers the Mohrensternia Zone, the lower and upper Ervilia Zones of the Central Paratethys.

The symbols to the right represent the invasion of phocid seals, odontocetes, and mysticetes from the east. The stratigraphic correlation is

derived from Harzhauser & Piller (2004).

Sea maintained a southwest passage from the Mediterranean
(Rogl, 1999). The general Serravallian regression of
the Mediterranean may have caused the closure of the
Mediterranean—Central Paratethyan connection by the
end of the Badenian, and thereby the so called Middle
Miocene Paratethys “salinity crisis” (Rogl et al., 1978).
Most stenohaline-marine mollusk species became extinct
in the Central Paratethys, in spite of the broad connection
between the Eastern Paratethys and the Indopacific Ocean at
that time (Rogl, 1998). Although the “Trans-Tethyan Trench
Corridor” in Slovenia has never re-established, in the early
Sarmatian the Central Paratethys gained connection to the
World Ocean through the Eastern Paratethys again, the
latter being connected to the Mediterranean through narrow
marine straits in present-day Anatolia (Rogl, 1998).

By the end of the Badenian, marine mammals
became largely or entirely extinct in the Central Paratethys.
Their absence might be due to the incompleteness of

the fossil record in general. This can be explained by
the lack of proper conditions for fossilization during the
late Badenian, or by subsequent erosion of the deposits.
Nevertheless, the complete replacement of Badeian taxa in
the Sarmatian suggests that the late Badenian changes in
salinity and circulation patterns did have a major impact on
the abundance of marine mammals. The new pinnipedian
and cetacean fauna invaded the Carpathian Basin through
the Eastern Paratethys, but their origin is probably Atlanto-
Mediterranean. The great abundance of taxa and individuals
of the newly appearing marine mammals of the Central
Paratethys, particularly small odontocetes, leads to the
recognition of a Sarmatian Marine Mammal Event (SMME).
The SMME covers the Mohrensternia Zone, and the lower
and upper Ervilia Zones of the Central Paratethys. This can
be correlated with the Volhynian of the Eastern Paratethys

(Fig. 6).

63



ACKNOWLEDGMENTS

The present study was enabled by the late Costin
Radulescu. The authors are indebted to David Bohaska
(USNM), Vlad Codrea and Matyas Vremir (MBT), Gudrun
Hock and Ortwin Schultz (NHMW), Doris Nagel (UW),
and Christian de Muizon (MNHN) for facilitating access to
comparative material in their care. This work has benefitted
from fruitful discussions with Laszlo Kordos (MAFI) and
Mathias Harzhauser (NHMW). The critical comments
of Lawrence G. Barnes (Natural History Museum of Los
Angeles County) and Ella Hoch (Geologisk Museum,
Copenhagen) greatly improved the manuscript.

REFERENCES

Abel, O. 1899. Untersuchungen {iber die fossilen
Platanistiden des Wiener Beckens. Denkschriften der
mathematisch-naturwissenschaftlichen  Classe  der
Kaiserlichen Akademie der Wissenschaften, 68: 839-
874.

Barnes, L. G. 1984. Fossil odontocetes (Mammalia: Cetacea)
from the Almejas Formation, Isla Cedros, Mexico.
Paleobios, 42: 1-46.

Barnes, L. G. 1985. The Late Miocene dolphin,
Pithanodelphis Abel, 1905 (Cetacea: Kentriodontidae)
from California. Contributions in Science, Natural
History Museum of Los Angeles County, 367: 1-27.

Barnes, L. G. & Mitchell, E. 1984. Kentriodon obscurus
(Kellogg, 1931), a fossil dolphin (Mammalia:
Kentriodontidae) from the Miocene Sharktooth Hill
Bonebed in California. Contributions in Science,
Natural History Museum of Los Angeles County, 353:
1-23.

Benke, H. 1993. Investigations on the osteology and the
functional morphology of the flipper of whales and
dolphins (Cetacea). Investigations on Cetacea, 24: 9-
252.

Bockh, H. 1899. Orca semseyi, eine neue Orca-Art aus dem
unteren Miozdn von Salgétarjan. Mittheilungen aus
dem Jahrbuche der kgl. Ungarischen Geologischen
Anstalt, 13: 105-107, Taf. 13.

Brandt, J. F. 1873. Untersuchungen {iiber die fossilen
und subfossilen Cetaceen Europa’s. Mémoires de
I’Académie Impériale des Sciences de St.-Pétersbourg,
7¢ série, 22 (1): 1-361, 34 pls.

Brisson, M. J. 1762. Le regnum animale in classes
IX distributum, sive synopsis methodica sistens
generalem animalium distributionem in classes IX,
& duarum primarum classium, quadrupedum scilicet
& cetaceorum, particularem dibvisionem in ordines,
sectiones, genera & species. T. Haak, Paris, 296 pp.

Briihl, C. B. 1860. Phoca holitschensis, der fossile Phocafuss
des Pester Universitits-Museums, ein Unicum.
Mittheilungen aus dem K. K. Zoologischen Institute
der Universitdt Pest, 2: 1-17.

ORYCTOS vol. 6, 2006

Buchholtz, E. A. 2001. Vertebral osteology and swimming
style in living and fossil whales (Order: Cetacea).
Journal of Zoology, London, 253: 175-190.

Buchholtz, E. A. & Schur, S. A. 2004. Vertebral osteology
in Delphinidae (Cetacea). Zoological Journal of the
Linnean Society, 140: 383-401.

Dombrovskij, B. 1927. Deux trouvailles de restes de Cétacés
fossiles du genre Pachyacanthus Brndt. dans le Caucase.
Travaux du Musée Géologique prés I’Académie des
Sciences de ['URSS, 2: 1-39. [In Russian.]

Domning, D. P. 1996. Bibliography and Index of the Sirenia
and Desmostylia. Smithsonian Contributions to
Paleobiology, 80: 1-611.

Eichwald, C. E. I. Von. 1850. Paleontologiya Rossii.
Opisanie molassovoi i namyvnoi formatsii Rossii, po
obraztsam’ khraniashchimsia v’ Muze’ Imperatorskoi
Medikokhirurgicheskoi Akademii, St. Petersburg,
Eduard Pratz. p. 174. [In Russian.]

Fejfar, O. 1990. The Neogene VP sites of Czechoslovakia: A
contribution to the Neogene terrestric biostratigraphy
of Europe based on Rodents; pp. 211-236. In Lindsay,
E.H., Fahlbusch, V. & Mein, P. (eds.) European
Neogene Mammal Chronology. Plenum Press, New
York.

Feru, M., Radulesco, C. & Samson, P. 1980. La faune
de Micromammiféres du Miocéne de Comanesti
(dép.d’Arad). Travaux de [’Institut de Spéologie
«Emile Racovitzay, 19: 171-190.

Flower, W. H. 1867. Description of the skeleton of Inia
geoffrensis and of the skull of Pontoporia blainvillii,
with remarks on the systematic position of these
animals in the order Cetacea. Tramsactions of the
Zoological Society of London, 6: 87-116.

Flower, W. H. 1870. An introduction to the osteology of the
mammalia. Macmillan & Co., London, 382 pp.

Fordyce, R. E. & Muizon, C. De. 2001. Evolutionary history
of cetaceans: a review; pp. 169-233. In Mazin, J.-M.
& Buffrénil, V. De (eds.) Secondary Adaptation of
Tetrapods to Life in Water. Dr. Friedrich Pfeil Verlag,
Miinchen.

Gervais, P. 1848. Zoologie et paléontologie frangaises
(animaux vertebrés) ou nouvelles recherches sur les
animaux vivants et fossiles de la France. Paris, vol. 1,
271 pp.

Gorjanovi¢-Kramberger, D. 1892. O fosilnih Cetaceih
Hrvatske i Kranjske. Rad Jugoslavenske Akademije
Znanosti i Umjetnosti, 111: 1-21.

Gray, J.E. 1821. On the Natural Arrangement of Vertebrose
Animals. London Medical Repository, 15 (1): 296-
310.

Grigorescu, D. 1967. Asupra prezentei unor fragmente
scheletice de Sirenide din Paleogenul de la Albesti-
Muscel. [La présence de quelques fragments
squelettiques de Siréniens au Paléogene d’Albesti-
Muscel.] Analele Universitatii Bucuresti, 16 (1): 73-78.
[In Romanian, with abstract in French.]

64



Grigorescu, D. 1976. Paratethyan seals. Systematic Zoology,
25:407-419.

Hamor, G. 1998. A magyarorszagi miocén rétegtana; pp. 437-
452. In Bérezi, 1. & Jambor, A. (eds.) Magyarorszig
geoldgiai képzédményeinek rétegtana. MAFI-MOL,
Budapest.

Harzhauser, M., Mandic, O. & Zuschin, M. 2003. Changes
in Paratethyan marine molluscs at the Early/Middle
Miocene transition: diversity, palacogeography and
palaeoclimate. Acta Geologica Polonica, 53: 323-339.

Harzhauser, M. & Piller, W. E. 2004. The Early Sarmatian and
hidden seaway changes. Courier Forschungsinstitut
Senckenberg, 246: 89-112.

Hir, J., Kdkay, J. & Venczel, M. 2001. Middle Miocene
molluscs and Microvertebrata from Tasad (Bihor
County, Romania). Acta Paleontologica Romaniae, 5
(3): 161-172.

Holec, P., Klembara, J. & Meszaros, S. 1987. Discovery
of new fauna of marine and terrestrial vertebrates in
Devinska Nova Ves. Geologicky Zbornik. Geologica
Carpathica, 38 (3): 349-356.

Holec, P.; Hornacek, M. & Sykora, M. 1995. Lower Miocene
shark (Chondrichthyes, Elasmobranchii) and whale
faunas (Mammalia, Cetacea) near Mucin, Southern
Slovakia. Geologické Prace, 100: 37-52.

ITonesi, B. & Galan, V. 1988. Contributions a la connaissence
des cétacés fossiles du sarmatien de la Plate-Forme
Moldave. Analele Stiintifice ale Universitatii “Al. 1
Cuza” din lasi, Iib Geologie-Geografie, 34: 31-33.

Istocescu, D. 1971. Studiul geologic al sectorului vestic
al Bazinului Crisului alb si al ramei Muntilor Codru
si Highis. Studii technice si Economice, Institutul de
Geologie si Geofizica, Bucuresti, ser. J, 8: 1-201.

Istocescu, D. & Istocescu, F. 1974. Consideratii geologice
asupra depozitelor neogene ale Bazinului Crisurilor.
Studii si Cercetdri Geologice, Geofizice, Geografice,
ser. Geologie, Bucuresti, 19: 115-128.

Kadi¢, O. 1904. Die systematische Stellung des Urwals von
Borbolya. Foldtani Kozlony, 34: 288-295.

Kasuya, T. 1973. Systematic consideration of recent toothed
whales based on the morphology of tympano-periotic
bone. Scientific Reports of the Whales Research
Institute, 25: 1-103.

Kazar, E. 2001. A Danitz-pusztai tengeri emldsfauna kora.
[The age of the marine mammalian fauna of Danitz-
puszta.] Magyar Oslénytani Vindorgyiilés, 2001,
Pécsvarad, Abstracts: p. 21, Magyarhoni Foldtani
Tarsulat Oslénytani-Rétegtani Szakosztaly, Budapest.
[In Hungarian.]

Kazar, E. 2002. Revised phylogeny of the Physeteridae
(Mammalia: Cetacea) in the light of Placoziphius
Van Beneden, 1869 and Aulophyseter Kellogg, 1927.
Bulletin de I’Institut Royal des Sciences Naturelles de
Belgique, sér. Sciences de la Terre, 172: 151-170.

Kazar, E. 2003. Miocén fogascet-leletek (Cetacea:
Odontoceti) a Karpat-medencében. [Miocene toothed

ORYCTOS vol. 6, 2006

whales (Cetacea: Odontoceti) in the Carpathian Basin.]
Unpublished Ph.D. dissertation, Eotvos Lorand
University, Budapest, 344 pp. [In Hungarian, with
abstract in English.]

Kazar, E. & Bohaska, D. in press. Toothed whale (Mammalia:
Cetacea: Odontoceti) limb bones of the Lee Creek
Mine, North Carolina. Smithsonian Contributions
to Paleobiology. Smithsonian Institutions Press,
Washigton D.C.

Kazar, E. & Venczel, M. 2003. Kentriodontid remains
(Cetacea: Odontoceti) from the Middle Miocene of
Bihor County, Romania. Nymphaea, Folia naturae
Bihariae, 30: 39-66.

Kazar, E., Vremir, M. & Codrea, V. 2004. Dolphin remains
(Cetacea: Odontoceti) from the Middle Miocene of
Cluj-Napoca, Romania; pp. 179-189. In Codrea, V.,
Petrescu, 1. & P. Dica (eds.) Acta Palaeontologica
Romaniae, 4: Cluj-Napoca.

Kellogg, R. 1925. The relationships of the Tertiary
cetaceans of Jugo-Slavia to those of eastern
North America. Exemplar E Xeniis Goranjovi
-Krambergerianis, Zagreb, pp. 1-8.

Kellogg, R. 1927. Kentriodon pernix, a Miocene porpoise
from Maryland. Proceedings of the United States
National Museum, 69 (19): 1-55, pls. 1-14.

Kellogg, R. 1931. Pelagic mammals from the Temblor
Formation of the Kern River region, California.
Proceedings of the California Academy of Sciences,
Ser. 4, 19 (12): 217-397.

Kirpichnikov, A. A. 1954. Two new dolphin genera from the
Sarmatian of the USSR. Akademiya Nauk SSSR, Trudy
Paleontologitseskogo Instituta, 47: 181-193.

Koch, A. 1903. Tarn6écz im Komitat Nograd, als neuer,
reicher Fundort fossiler Haifischzdhne. Foldtani
Kozlony, 33: 139-164, Taf. 1-2.

Koch, A. 1904. Fossile Haifischzdhne und Saugetierreste
von FelsGesztergaly, im Komitate Nograd. Foldtani
Kozlony, 34: 260-273, Taf. 1.

Kordos, L. 1985. Terrestrial vertebrate remains from the
Eggenburgian to Sarmatian of Hungary: Biozonation
and stratigraphic correlation. Magyar Allami Féldtani
Intézet Evi Jelentése az 1983. évrdl: 157-165. [In
Hungarian, with abstract in English.]

Kordos, L. 1992. Magyarorszag harmad- és negyediddszaki
eml6sfaundjanak  fejlédése  és  biokronologidja.
[Evolution and biochronology of Tertiary and
Quaternary mammalian faunas of Hungary.] D.Sc.
Theses, Budapest. 104 pp. + appendix. [In Hungarian.]

Kordos, L. 2002. Eocene sea cows (Sirenia, Mammalia) from
Hungary. Fragmenta Palaeontologica Hungarica, 20:
43-48.

Koretsky, I. A. 2001. Morphology and systematics of
Miocene Phocinae (Mammalia: Carnivora) from
Paratethys and the North Atlantic region. Geologica
Hungarica ser. Palaeontologica, 54: 1-109.

Koretsky, I. A. & Grigorescu, D. 2002. The fossil monk

65



seal Pontophoca sarmatica (Alekseev) (Mammalia:
Phocidae: Monachinae) from the Miocene of Eastern
Europe; pp. 149-162. In Emry, R. J. (ed.) Cenozoic
Mammals of Land and Sea: Tributes to the Career
of Clayton E. Ray. Smithsonian Contributions to
Paleobiology, 93. Smithsonian Institutions Press,
Washigton D.C.

Koretsky, I. A. & Holec, P. 2002. A primitive seal
(Mammalia: Phocidae) from the early Middle Miocene
of Central Paratethys; pp. 163-178. In Emry, R. J. (ed.)
Cenozoic Mammals of Land and Sea: Tributes to the
Career of Clayton E. Ray. Smithsonian Contributions
to Paleobiology, 93. Smithsonian Institutions Press,
Washigton D.C.

Kretzoi, M. 1941a. Seechund-Reste aus dem Sarmat von Erd
bei Budapest. Foldtani Kozlény, 71 (7-12): 350-356.

Kretzoi, M. 1941b. Sirenavus hungaricus n.g. n.sp., ein
neuer Prorastomide aus dem Mitteleozdn (Lutetium)
von Fels6galla in Ungarn. Annales Historico-Naturales
Musei Nationalis Hungarici (Min. Geol. Pal.), 34: 146-
156.

Kretzoi, M. 1951. Neuer Sirenen-Typus aus dem ungarischen
Miozén. Foldtani Kozlony, 81: 438-441.

Kudrin, L. N. & Tatarinov, K. A. 1965. [On the Miocene
delphinids from the Western Ukraine.] Palaeontological
Jurnal, Moskau, 4: 68-74. [In Russian.]

Luo, Z. & Marsh, K. 1996. Petrosal (periotic) and inner ear
of a Pliocene kogiine whale (Kogiinae, Odontoceti):
implications on relationships and hearing evolution of
toothed whales. Journal of Vertebrate Paleontology, 16
(2): 328-348.

Macarovici, N. & Oescu, C.V. 1942. Quelques vertébrés
fossiles trouvés dans les calcaires récifales de Chigindu
(Bessarabie). Analele Academiei Romane Memoriile
Sectiunii Stiintifice, 27: 351-382.

Macarovici, N. & Zaharia, N. 1967. Asupra unor mamifere
fosile din sarmatianul Podisului Moldovenesc.
Buletinul Societatii de Stiinte Geologice din R. S.
Romania, 10: 217-227.

Mchedlidze, G. A. 1959. Iskopaemyi del’fin Imerodelphis
thabagarii iz sarmata okrestnostei Zestafoni. [The
fossil dolphin [Imerodelphis thabagarii from the
Sarmatian Formations in the neighborhood of
Zestafon.] Soobshcheniya Akademia Nauk Gruzinskoi
SSSR, 23 (6): 687-694. [In Russian.]

Mchedlidze, G. A. 1960. Ostatki iskopaemykh del’finov
iz sarmatskikh otlozhenii okrestnostei g. Armavira.
[Remains of fossil dolphins from the middle Sarmatian
deposits in the vicinity of Armavir.] Soobshcheniya
Akademia Nauk Gruzinskoi SSSR, 24 (4): 429-434. [In
Georgian.]

Mchedlidze, G. A. 1964. Iskopaemye Kitoobraznye Kavkaza.
Akademiya Nauk Gruzinskoi SSSR, Metsniereba
Publishers, Tbilisi. [Fossil Cetacea of the Caucasus.
Translated from Russian. Amerind Publishing Co. Pvt.
Ltd., New Delhi, 1988, 124 pp., 20 pls.]

ORYCTOS vol. 6, 2006

Mészaros, N., Petrescu, I. & Marza, 1. 1991. Contributions
to the study of the Miocene Formations bearing
volcanic tuff from the Colina “Iris” Quarry (Cluj-
Napoca); In Marza, 1. (ed.) The Volcanic Tuffs from
the Transylvanian Basin. Geological Formations of
Transylvania, Romania, 3: 55-61.

Muizon, C. De. 1984. Les vertébrés fossiles de la Formation
Pisco (Pérou) I1. Les Odontocétes (Cetacea, Mammalia)
du Pliocene inférieur de Sud-Sacaco. Travaux de
UInstitut Francais d’Etudes Andines, 27, Mémoire n°
50, Paris, 188 pp.

Muizon, C. De. 1988a. Les relations phylogénétiques
des Delphinida (Cetacea, Mammalia). Annales de
Paléontologie, 74 (4): 159-227.

Muizon, C. De. 1988b. Les vertébrés fossiles de Ia
Formation Pisco (Pérou) I1I. Les Odontocetes (Cetacea,
Mammalia) du Miocene. Travaux de I’Institut Frangais
d’Etudes Andines, 42, Mémoire n° 78, Paris, 244 pp.

Muizon, C. De. 1988c. Le polyphylétisme des Acrodelphidae,
Odontocétes longirostres du Mioceéne européen.
Bulletin du Muséum National d’Histoire Naturelle,
Paris, sec. C, 4¢ sér., 10 (1): 31-88.

Muizon, C. De. & Domning, D. P. 2002. The anatomy
of Odobenocetops (Delphinoidea, Mammalia), the
walrus-like dolphin from the Pliocene of Peru and its
palaeobiological implications. Zoological Journal of
the Linnean Society, 134: 423-452.

Papp, A. 1956. Fazies und Gliederung des Sarmats im Wiener
Becken. Mitteilungen der Geologischen Gesellschaft in
Wien, 47: 1-97.

Papp, K. 1905. Heterodelphis leiodontus nova forma aus den

miozdnen Schichten des Komitates Sopron in Ungarn.

Mitteilungen aus dem Jahrbuche der kgl. Ungarischen

Geologischen Anstalt, 14: 23-27, Taf. 5-6.

J. & Sickenberg, O. 1934. Katalog der in den

Osterreichischen Sammlungen befindlichen

Sdugetierreste des Jungtertiéirs Osterreichs und der

Randgebiete. Denkschrifien des Naturhistorischen

Museums in Wien, 4: 1-544.

Pilleri, G. 1986. Beobachtungen an den fossilen Cetaceen des
Kaukasus. Hirnanatomisches Institut der Universitét
Bern, Ostermundigen, 40 pp., 26 pls.

Ray, C. E. 1976. Geography of phocid evolution. Systematic
Zoology, 25 (4): 391-406.

Repenning, C. A., Ray, C. E. & Grigorescu, D. 1979.
Pinniped biogeography; pp. 357-369. In Gray, J. &
Boucot, A. J. (eds.) Historical Biogeography, Plate
Tectonics, and the Changing Environment. Oregon
State University Press.

Rogl, F. 1998. Palacogeographic considerations for
Mediterranean and Paratethys seaways (Oligocene to
Miocene). Annalen des Naturhistorischen Museums in
Wien, 99A: 279-310.

Rogl, F. 1999. Oligocene and Miocene palacogeography
and stratigraphy of the Circum-Mediterranean Region;
pp- 485-500. In Whybrow, P. J. & Hill, A. (eds.) Fossil

Pia,

66



Vertebrates of Arabia. Yale University Press, New
Haven.

Rogl, F., Steininger, F. & Miiller, C. 1978. Middle Miocene
salinity crisis and paleogeography of the Paratethys
(Middle and Eastern Europe). Initial Reports of the
Deep Sea Drilling Project, 42 (1): 985-990.

Rogl, F., Spezzaferri, S. & Coric, S. 2002. Micropaleontology
and biostratigraphy of the Karpathian-Badenian
transition (Early-Middle Miocene Boundary) in Austria
(Central Paratethys). Courier Forschungsinstitut
Senckenberg, 237: 47-67.

Rommel, S. A. 1990. Osteology of the bottlenose dolphin;
pp- 29-49. In Leatherwood, S. & Reeves, R. R. (eds.)
The bottlenose dolphin. Academic Press, San Diego,
CA.

Schmid, M. E. 1974. Faziostratotypus: Hernalser Tegel,
Wien XVII, Hernals, Wiener Becken, Osterreich;
pp. 168-170. In Papp, A.; Marinescu, F. & Senes,
J. (eds.) M5 Sarmatien. Chronostratigraphie und
Neostratotypen. Miozéin der Zentralen Paratethys IV.
VEDA, Bratislava.

Simionescu, I. 1925. Foci fosile din Sarmaticul de la
Chiginau. Memoriile Sectiunii Stiintifice. Academia
Romdna, ser. 3, 3 (4): 179-191.

Simionescu, 1. 1931. Mamifere marine din Sarmaticul dela
Balcic. Mammiféres marins du Sarmatien de Balcic
(Roumanie). Memoriile Sectiunii Stiintifice. Academia
Romana, ser. 3, 8(2): 145-157. [In Romanian, with
abstract in French.]

Simionescu, 1. 1943. Sur un delphinide Sarmatien de
Roumanie. Bulletin de la Section Scientifique.
Académie Roumaine, 25: 40-43.

Slijper, E. J. 1936. Die Cetaceen vergleichend-anatomisch
und systematisch. Capita Zoologica, 7: 1-590.

Steininger, F. & Thenius, E. 1964. Eine Wirbeltierfauna
aus dem Sarmat (Ober-Miozdn) von Sauerbrunn
(Burgenland).  Mitteilungen  der  Geologischen
Gesellschaft in Wien, 57 (2): 449-467.

Steininger, F., Berggren, W. A.; Kent, D. V., Bernor, R.L.,
Sen, S. & Agusti, J. 1996. Circum-Mediterranean
Neogene (Miocene and Pliocene) Marine-Continental
Chronologic Correlations of European Mammal Units;
pp.7-46. In Bernor, R. L.; Fahlbusch, V. & Mittmann,
H-W. (eds.) The Evolution of Western Eurasian
Neogene Mammal Faunas. Columbia University Press,
New York.

Suess, E. 1862. Der Boden der Stadt Wien. W. Braumiiller,
Wien, 326 pp.

Toula, F. 1898. Phoca vindobonensis n. sp. von Nussdorf
in Wien. Beitrdge zur Paldontologie und Geologie
Osterreich-Ungarns und des Orients. Mittheilungen
des Paldontologischen Instituts der Universitit Wien,
11 (2): 47-70.

True, F. W. 1912. Description of a new fossil porpoise of the
genus Delphinodon from the Miocene Formation of
Maryland. Journal of the Academy of Natural Sciences

ORYCTOS vol. 6, 2006

of Philadelphia, 2" ser., 15: 165-194, pls. 17-26.

Vass, D. 2002. Lithostratigraphy of Western Carpathians:
Neogene and Buda Paleogene. Statny geologicky ustav
Dionyza Stira, Bratislava, Slovak Republic, 202 pp.

Zapfe, H. 1937. Ein bemerkenswerter Phocidenfund aus dem
Torton des Wiener-Beckens. Verhandlungen der K. K.
Zoologisch-botanischen Gesellschaft, Vienna, 86-87:
271-276.

67



ORYCTOS vol. 6, 2006

68



