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The anatomy of the Late Miocene baleen whale 
Cetotherium riabinini from Ukraine
PAVEL GOL’DIN, DMITRY STARTSEV, and TATIANA KRAKHMALNAYA

Gol’din, P., Startsev, D., and Krakhmalnaya, T. 2014. The anatomy of the Late Miocene baleen whale Cetotherium 
riabinini from Ukraine. Acta Palaeontologica Polonica 59 (4): 795–814.

We re-describe Cetotherium riabinini, a little-known baleen whale from the Late Miocene of the Eastern Paratethys 
represented by an exceptionally well-preserved skull and partial skeleton. C. riabinini is shown to be closely related 
to C. rathkii, the only other member of the genus. Cetotheriids from the Eastern Paratethys are remarkable for their 
pachyosteosclerotic postcranial skeleton, and are among the youngest known cetaceans displaying this morphology. 
C. riabinini likely followed a generalised feeding strategy combining herpetocetine-like continuous suction feeding, 
as seen in the mallard Anas platyrhynchos, and eschrichtiid-like intermittent suction feeding. This hypothesis may ex-
plain the mechanism and function of cranial kinesis in baleen whales. Many characteristics of the mysticete skull likely 
evolved as a result of cranial kinesis, thus leading to multiple instances of morphological convergence across different 
phylogenetic lineages.
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Introduction
Cetotherium, the type genus of the mysticete family Ceto-
theriidae, was described in 1843 based on its type and only 
known species, Cetotherium rathkii, itself known from just 
a single partial skull from the late Sarmatian (Late Miocene) 
of the southern part of the Taman Peninsula (north-western 
Caucasus, Russia; Fig. 1) (Rathke 1835; Brandt 1843, 1873). 
For decades, Cetotheriidae was used as a wastebasket taxon 
for dozens of possibly unrelated fossil mysticetes. However, 
recent work redefined the family as a smaller, monophyletic 
group of species related to Cetotherium (Cetotheriidae sensu 
stricto; Bouetel and Muizon 2006; Steeman 2007; Whitmore 
and Barnes 2008). Hereafter, the term Cetotheriidae is used 
in this sense.

Cetotheriids are known from the Neogene of the Atlantic, 
Pacific and Eastern Paratethys, but none except C. rathkii 
clearly belong to genus Cetotherium. In 1930, a well-pre-

served skull and associated partial skeleton (Fig. 2) was found 
near Nikolaev, south Ukraine (Fig. 1), and briefly described 
by Hofstein (1948, 1965) as C. riabinini. Here we re-describe 
C. riabinini, place it in a phylogenetic context, and discuss its 
implications for the diagnoses of Cetotherium and Cetotherii-
dae. In addition, we suggest a potential feeding strategy, based 
on the presence of rostral kinesis in this species.

Institutional abbreviations.—NMNH-P, Academician V.A.
Topachevsky Paleontological Museum of the National Mu-
seum of Natural History of the National Academy of Sciences 
of Ukraine, Kiev, Ukraine; ONU, Zoological Museum of I.I. 
Mechnikov Odessa National University, Odessa, Ukraine; 
PIN, A.A. Borisyak Paleontological Institute, Russian Acad-
emy of Sciences, Moscow, Russia; VMNH, Virginia Muse-
um of Natural History, Martinsville, Virginia, USA.

Other abbreviations.—C, cervical; Ca, caudal; T, thoracic; 
L, lumbar.

Downloaded From: https://bioone.org/journals/Acta-Palaeontologica-Polonica on 27 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



796 ACTA PALAEONTOLOGICA POLONICA 59 (4), 2014

50 cm

Material and methods
Measurements of the specimen are provided in Tables 1–4. 
With the exception of the mandibles, measurements of 
paired or bilaterally symmetrical structures were taken on 
the left side. Skeletal terminology generally follows Mead 
and Fordyce (2009) and muscular terminology is based on 
Lambertsen et al. (1995).

We performed a phylogenetic analysis based on the matrix 
of Marx (2011), excluding Aulocetus latus Kellogg, 1940, 
but including Joumocetus shimizui Kimura and Hasegawa, 
2010, Cetotherium rathkii and Cetotherium riabinini (Sup-
plementary Online Material, SOM available at http://app.pan.
pl/SOM/app59-Goldin_etal_SOM.pdf). Heuristic parsimony 
analysis of the matrix was performed using the “traditional 
search” option of TNT v. 1.1 (Goloboff et al. 2003) using 10 
000 replicates (saving 10 trees per replicate), and the results 
summarised in a strict consensus tree with zero - length branch-
es collapsed. Branch support was estimated using bootstrap 
resampling, based on 1000 replicates.

Geological setting
According to Hofstein (1948, 1965), Cetotherium riabinini 
was found in the outskirts (“okolytsi”) of the City of Niko-
laev in southern Ukraine, but the precise locality is unfortu-
nately unknown (even in 1930, Nikolaev occupied a vast area 
along the Southern Bug River). The specimen was found in 
late Sarmatian limestone (Hofstein 1948, 1965), which likely 
corresponds to the widely distributed Chersonian Formation 
and generally correlates with the early Tortonian (Nevess-
kaya et al. 2003; Radionova et al. 2012). Although Hofstein 
(1948) did not provide any data to justify his age estimate, 
outcrops exposing the Chersonian Formation are common in 
Nikolaev, and we have no reasons to dispute his assessment. 
Note that the upper boundary of the Sarmatian (sensu lato) 
of the Eastern Paratethys has been dated to as late as 9.3 Ma 
(Nevesskaya et al. 2003) or even younger (Radionova et al. 
2012), and should not be confused with the older, Middle 
Miocene Sarmatian sensu stricto of the Central Paratethys.

Systematic palaeontology
Cetacea Brisson, 1762
Mysticeti Gray, 1864
Family Cetotheriidae Brandt, 1872
Included genera: Cetotherium Brandt, 1843; Cephalotropis Cope, 1896; 
Eucetotherium Kellogg, 1931; Herpetocetus Van Beneden, 1872; Jou-
mocetus Kimura and Hasegawa, 2010; Kurdalagonus Tarasenko and 
Lopatin, 2012; Metopocetus Cope, 1896; Mixocetus Kellogg, 1934a; 
Nannocetus Kellogg, 1929; Piscobalaena Pilleri and Siber, 1989.

Emended diagnosis (modified from Bouetel and Muizon 
2006).—Toothless mysticetes characterised by (i) strongly 
telescoped facial bones, with the anterior margin of the nasal 
located at or posterior to the level of the antorbital notch, 
the ascending processes of the maxilla extending posteriorly 
to the level of the postorbital process of the frontal, and the 
combined posterior edges of the nasal, premaxilla and maxilla 
being wedge-shaped and extending almost to the tip of the 
occipital shield (X-shaped vertex); (ii) ascending process-
es of the maxillae with concave lateral margins (in dorsal 
view), contacting medially or approximating each other at 

C. riabinini

C. rathkii

Fig. 1. Map of the Black Sea region showing the type localities of Cetoth-
erium riabinini and Cetotherium rathkii.

Fig. 2. Mounted skeleton of the cetotheriid baleen whale Ce-
totherium riabinini Hofstein, 1948, Late Miocene of Niko-
laev, Ukraine, NMNH-P 668/1, in lateral view. 
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their posterior apices; (iii) a dorsoventrally thickened distal 
portion of the lateral process of the maxilla; (iv) a distally 
widened supraorbital process of the frontal; (v) a shallow 
glenoid fossa; (vi) a supraoccipital shield extending no further 
anteriorly than the line joining the postorbital processes of the 
frontals; (vii) a paroccipital process extending posterior to the 
posterior edge of the occipital condyle in dorsal view; (viii) 
a transversely narrow sigmoid process of the tympanic bulla 
lacking an inflated base; (ix) a well-developed anterior pro-
cess and lateral tuberosity of the periotic; (x) a short posterior 
process of the tympanoperiotic with a flattened distal surface 
broadly exposed on the posterolateral wall of the skull; and 
(xi) a mandible having an angular process extending posterior 
to the condyle, a condyle oriented obliquely to the long axis 
of the body, and a small and laterally bent coronoid process.
Remarks.—Our diagnosis of Cetotheriidae is based on sever-
al recent phylogenetic analyses (Bouetel and Muizon 2006; 
Steeman 2007; Marx 2011), the revision of a wide range of 
material from Belgium (Steeman 2010), and (re-) descriptions 
of Herpetocetus spp. (Whitmore and Barnes 2008), Herpe-
tocetinae indet. (Boessenecker 2011), Joumocetus shimizui 
(Kimura and Hasegawa 2010) and Kurdalagonus mchedlidzei 
(Tarasenko and Lopatin 2012). Mixocetus elysius Kellogg, 
1934a matches the diagnosis of Cetotheriidae according to 
points i–iv, vi, vii, x—listed here, but the poor state of pres-
ervation of the holotype raises doubts regarding its identifi-
cation. Equally difficult to determine are the affinities of Ple-
siocetopsis hupschii Van Beneden, 1859, since the holotype 
is unavailable for study (see Steeman 2010).

Titanocetus sammarinensis (Capellini, 1901), “Mesoce-
tus” argillarius Roth, 1978, Diorocetus hiatus Kellogg, 1968 
and eschrichtiids have previously been considered to form part 
of, or be closely related to, cetotheres (Bisconti 2006, 2012; 
Steeman 2007). However, none of these taxa have a posterior 
process of the tympanoperiotic that is broadly exposed on the 
posterolateral wall of the skull. Besides cetotheres, the only 
mysticetes to show this feature are neobalaenids (Fitzgerald 
2012): Caperea marginata (Gray, 1846) and Miocaperea pul-
chra Bisconti, 2012. However, the taxonomic position of neo-
balaenids is still controversial, and they have variously been 
proposed to ally with balaenids (Steeman 2007; Ekdale et al. 
2011; Bisconti 2012; Churchill et al. 2012), balaenopteroids 
(Sasaki et al. 2005; McGowen et al. 2009; Marx 2011) or 
cetotheriids (e.g., Fordyce and Marx 2012; Marx et al. 2013). 
In addition, we note that Caperea marginata has a rectangular 
tympanic bulla in medial and lateral views, a specific trait 
shared by Aglaocetus patulus Kellogg, 1968 and other genera 
included by Steeman (2007) in the family Aglaocetidae.

Genus Cetotherium Brandt, 1843
Type species: Cetotherium rathkii Brandt, 1843; south coast of Taman 
Peninsula; Tortonian, Late Miocene of the Eastern Paratethys.
Included species: Type species and Cetotherium riabinini Hofstein, 1948.

Diagnosis (Fig. 3).—Small cetotheres (3 to 4 m long; condy-
lobasal length of skull ~1 m) differing from other members of 

the family in having a narrow rostrum, a roughly triangular 
(pointing dorsally) exposure of the posterior process of the 
tympanoperiotic on the posterolateral wall of the skull, a 
triangular occipital shield with a low and transversely wide 
external occipital crest, and a tympanic bulla as high and 
wide anteriorly as it is posteriorly; Cetotherium differs from 
all cetotheres except Kurdalagonus in having an anteropos-
teriorly short and dorsoventrally high zygomatic process of 
the squamosal and a transversely wide postglenoid process; 
differs from all cetotheres except “Cetotherium” mayeri 

Fig. 3. Comparison of the distal surface of the composite posterior pro-
cess of the tympanoperiotic in posterolateral view in two cetotheriid baleen 
whales. A. Cetotherium riabinini Hofstein, 1948, Late Miocene of Niko-
laev, Ukraine, NMNH-P 668/1. Photograph (A1), explanatory drawing 
(A2). B. Cetotherium rathkii Brandt, 1843, south coast of Taman Peninsula, 
Tortonian, Late Miocene, PIN 1840/1; inverted. 
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(sensu Riabinin 1934) in having a mandible with a straight, 
as opposed to laterally curved, distal portion; differs from 
Herpetocetus and Nannocetus in having a robust, bulbous 
paroccipital process; differs from Herpetocetus, Metopoce-
tus, and Nannocetus in having a ventrally open (as opposed 
to partially floored) facial sulcus on the posterior process of 
the periotic; differs from all cetotheriids except Eucetotheri-
um helmersenii (Brandt, 1871), Herpetocetus, and Nannoce-
tus in having the postglenoid process oriented ventrally to 
ventromedially in posterior view; differs from Herpetocetus, 
Joumocetus, Metopocetus, Nannocetus, and Piscobalaena in 
having the proximal portion of the premaxilla not covered by 
the maxilla, and ascending processes of the maxillae approx-
imating each other posteriorly without ever making contact.
Remarks.—Cetotherium has in the past been used as a waste-
basket taxon for several species not belonging to this ge-
nus. In particular, the diagnoses of Brandt (1873), Spassky 
(1954), and Mchedlidze (1970) define a wider group includ-
ing all cetotheriids.

Geographic and stratigraphic range.—Black Sea region; 
Tortonian, Late Miocene of the Eastern Paratethys.

Cetotherium riabinini Hofstein, 1948
Figs. 2–16, 18 and 19.

Type and only specimen: NMNH-P 668/1, partial skeleton including a 
nearly complete skull.
Type locality: City of Nikolaev, southern Ukraine.
Type horizon: Late Sarmatian (corresponding to the early Tortonian, 
Late Miocene) of the Eastern Paratethys (Radionova et al. 2012).

Diagnosis (Fig. 4).—Species of Cetotherium differing from 
C. rathkii in having: (i) a triangular nasal that gradually ta-
pers posteriorly (as opposed to being wedge-like and strong-
ly compressed); (ii) the anterior edge of nasal located just 
posterior to the level of the antorbital notch (not far posterior 
as in C. rathkii); (iii) an elongated posterior portion of the 
facial skull; (iv) a V-shaped, notched anterior margin of the 
palatines; (v) an angular (as opposed to gradually curved) 
anterior edge of the supraorbital process of the frontal; (vi) 
the distal portion of the postglenoid process of the squamo-
sal bent medially, protruding dorsally and posteriorly (not 
posteroventrally as in C. rathkii); (vii) a convex nuchal crest 
in dorsal view; and (viii) a sigmoid process of the tympanic 
bulla oriented slightly posteriorly (not perpendicularly to the 
long axis of the bulla as in C. rathkii).

Description
All parts of the specimen are exceptionally well preserved, 
with no signs of post-depositional deformation. The skull 
(Figs. 2, 5–7, Table 1) is about 970 mm long, which con-
stitutes approximately one third of the estimated total body 
length. In dorsal view, the rostrum is transversely narrow, 
triangular and gradually tapers along its entire length. In lat-
eral view, the rostrum is straight and directed anteroventrally 
relative to the braincase. The unfused rostral bones have been 
transversely displaced, but show no signs of distortion.

Table 1. Cranial measurements (in mm) of Cetotherium riabinini and 
Cetotherium rathkii; e, estimated.

Measurement C. riabinini C. rathkii
Total skull length 970
Condylobasal length 960
Postglenoid length 930
Zygomatic width 326 333
Rostrum length 720
Length of neurocranium (measured from 
transverse line joining antorbital notches 
to the occipital condyle)

220 231e

Length of premaxilla 820
Rostrum width at ¼ of its length 95
Rostrum width at ½ of its length 112
Rostrum width at ¾ of its length 144
Distance between antorbital notches 186 165
Combined width of ascending processes 
of maxillae at their tips 36 31

Length of nasal 74 72
Distal width of nasal 12 10
Skull height at antorbital notch 114
Greatest width of nares 44 33
Distance between posterior margin of 
nasal and anteriormost point of occipital 
shield

37 25

Anteroposterior length of parietal 
exposure on skull vertex 19 15

Skull width across lateral processes of 
the maxillae 258

Skull width across preorbital processes 
of the frontals 246 244

Skull width across postorbital processes 
of the frontals 294 275e

Anteroposterior length of orbit 70 80
Minimum intertemporal width 105
Greatest length/width of temporal fossa 58/85 58/94
Distance between tip of zygomatic 
process and tip of postglenoid process 144 144

Distance between posteriormost points 
of the paroccipital processes 200 202

Distance between tip of zygomatic 
process and tip of paroccipital process 154 167

Maximum distance between outer 
margins of nuchal crests 205 222

Width/height of foramen magnum 26e/33e
Bicondylar width 86
Condylar height 55
Distance between medial margins of the 
foramina pseudovale 100 99

Distance between lateral margins of the 
basioccipital crests 75 78

Postglenoid width 185
Greatest height of neurocranium 138 126
Greatest inner length of brain cavity 150+ 108
Length of tympanic bulla 51 50
Width of tympanic bulla in ventral view 37 34e
Posterior height of tympanic bulla in 
medial view 25 26
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Skull
Premaxilla.—In dorsal view, the premaxilla is narrow trans-
versely, but slightly widens near its anterior tip (Fig. 5A). 
In lateral view, the premaxilla is elevated above the maxilla 
along most of the rostrum (Fig. 5C). Anterior to the narial 

fossa, its medial margin is transversely concave. Posterior to 
the narial fossa, the premaxillae diverge, before converging 
again and becoming narrow transversely at the level of the 
antorbital notch. The premaxilla terminates 10–15 mm ante-
rior to the posterior margin of the nasal, possibly as a result of 

2A

3A

4A

A1

2B

3B

4B

B1

5 cm

5 cm

5 cm

5 cm

Fig. 4. Comparison of the cetotheriid baleen whales Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, NMNH-P 668/1 (A) and 
Cetotherium rathkii Brandt, 1843, south coast of Taman Peninsula, Tortonian, Late Miocene, PIN 1840/1 (B). Nasals, dorsal view (A1, B1); squamosal, 
lateral view (A2, B2); squamosal, posterior view (A3, B3); palatines, ventral view (A4, B4). Arrows indicate diagnostic differences.

Downloaded From: https://bioone.org/journals/Acta-Palaeontologica-Polonica on 27 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



800 ACTA PALAEONTOLOGICA POLONICA 59 (4), 2014

post-mortem displacement. In cross section, the premaxilla 
is roughly triangular along its anteriormost part, oval along 
the most distal portion, and transversely compressed adjacent 
to the bony nares.
Maxilla.—The maxilla is slightly arched dorsoventrally (Fig. 
5C) and strongly tapers from its base to the tip of the rostrum 
in dorsal view (Fig. 5A, B). In ventral view, the palatine pro-
cess descends ventromedially and contacts the vomer medial-
ly to form a longitudinal keel. Parallel and somewhat medial 
to the lateral border of the maxilla, an alveolar groove (see 
also Bouetel and Muizon 2006) runs along the entire length of 
the rostrum (Figs. 5B, 6B). Several rows of sub-parallel, an-
teroposteriorly oriented palatal foramina and associated sulci 
occur on the anterior portion of the maxilla, before becoming 
aligned into a single row and oriented anterolaterally near the 
base of the rostrum. These palatal foramina are noticeable 
more abundant on the left side, indicating some degree of 

asymmetry. The posterior border of the infraorbital plate is in-
terrupted by a notch located at the level of the alveolar groove.

In dorsal view, the posterior third of the maxilla bears 
several dorsal infraorbital foramina (12 on the left size, 8 on 
the right), the posteriormost of which is located at the base of 
ascending process (Fig. 6A). Unlike in Piscobalaena nana, 
none of the foramina stands out for being particularly large. 
The posterolateral margin of the maxilla is concave and ter-
minates in a short, anteroposteriorly narrow lateral process 
oriented perpendicular to the longitudinal axis of the skull. 
At its apex, the lateral process of the maxilla is thickened 
dorsoventrally. Medially, it merges into the antorbital pro-
cess, which runs to the base of the ascending process (Fig. 
6A). The ascending process is anteroposteriorly elongate 
and parallel-sided, tapering only slightly anteroposteriorly. 
Posteriorly, the ascending processes approximate each other 
posterior to the nasals, but never actually come into contact.

Fig. 5. Skull of the cetotheriid baleen whale Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, NMNH-P 668/1, in dorsal (A), 
ventral (B, dashed lines indicate areas obscured by the mandibles), and lateral (C) views.

A B C

20 cm
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Nasal.—The nasal is triangular and gradually narrows pos-
teriorly. Its anterior margin is located at the level of the an-
torbital process of the maxilla, whereas the posterior margin 
aligns with the base of the postorbital process of the frontal 
(Figs. 4A, 5A, 6A).
Lacrimal, mesethmoid.—Missing.
Frontal.—The frontal is narrowly exposed on the skull vertex, 
posterior to the ascending process of the maxilla (Fig. 6A). 
The gradually descending supraorbital process of the frontal 
is oriented anterolaterally, widens distally, and has an angular 
anteromedial margin. There is a low but noticeable transverse 
crest (orbitotemporal crest?) located on the anterior half of the 
supraorbital process (Fig. 6A), as well as second, hardly visi-
ble crest running further posteriorly. The preorbital process is 

short and massive. The postorbital process is long and slender, 
oriented posterolaterally, and closely approximates the apex of 
the zygomatic process of the squamosal (Figs. 6A, 7A). The 
temporal fossa is oval in dorsal view and roughly 1.5 times 
as wide transversely as it is long anteroposteriorly. The fron-
to-parietal suture descends anteroventrally from the vertex and 
follows a zigzag pattern in lateral view (Figs. 6A, 7A).
Parietal.—The parietals are narrowly exposed on the vertex, 
where they are separated from each other by the interparietal 
(Fig. 6A). In lateral view, the parietal is about as long an-
teroposteriorly as it is high dorsoventrally, and borders the 
alisphenoid ventrally (Figs. 7A, 8). The parietal-squamosal 
suture is keeled. In lateral view, the nuchal crest is rounded 
and somewhat elevated dorsally.

Fig. 6. Neurocranium of the cetotheriid baleen whale Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, NMNH-P 668/1, in dorsal 
(A) and ventral (B) views. Photographs (A1, B1), explanatory drawings (A2, B2).
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Palatine.—In ventral view, the palatine extends anteriorly 
beyond the level of the antorbital notch, and posteriorly to 
the level of the foramen pseudovale (Fig. 6B). The later-
al margins of both palatines are damaged, but a transverse 
constriction in the posterior third of the left bone suggests a 
dumbbell shape as in Cetotherium rathkii. Together, the an-
terior margins of both palatines form a V-shaped, posteriorly 
pointing notch (Figs. 4D, 6B).
Pterygoid.—The anteroposteriorly elongate and transversely 
narrow medial lamina of the pterygoid borders the vomer 
medially, and the basioccipital crest posteriorly (Fig. 6B). 
The lateral lamina is irregularly shaped, approximating the 
lateral surface of the alisphenoid anterolaterally (Fig. 8) and 
the foramen pseudovale posterolaterally. The anteromedial 
margin of the lateral lamina is covered by the palatine (Fig. 
6B). The pterygoid sinus fossa extends anteriorly to the level 
of the foramen pseudovale and is filled with matrix, thus ob-
scuring the dorsal lamina of the pterygoid. The apex of the 
pterygoid hamulus is broken.
Vomer.—In ventral view, the vomer extends posteriorly to 
the anterior margin of the basioccipital crest and covers the 
basisphenoid-basioccipital suture. The posterior portion of 
the vomerine crest is low. Anteriorly, the vomer is poorly 

preserved, but seems to have been clearly exposed on the 
ventral surface of the rostrum.
Alisphenoid.—The alisphenoid is largely covered by the 
pterygoid and squamosal. As a result, only its lateral portion 
is exposed in the temporal fossa, where it borders the parietal, 
frontal, pterygoid and squamosal (Fig. 8).
Orbitosphenoid.—In ventral view, the orbitosphenoid oc-
curs as a large, triangular element anterior to the facial canal 
(Fig. 6B).
Squamosal.—In dorsal view, the supramastoid crest is sig-
moidal and joins the nuchal crest at a right angle. The zy-
gomatic process is not aligned with the lateral border of 
the exoccipital and instead clearly separated from the lat-
ter by a distinct angle (Fig. 6A). The zygomatic process is 
directed somewhat anterolaterally, short anteroposteriorly, 
wide transversely, and uniformly high dorsoventrally, which 
makes it extremely robust compared to that of other ceto-
theriids. In lateral view, a clearly developed sternomastoid 
fossa (Bouetel and Muizon 2006) is present between the 
supramastoid crest dorsally and the posterior process of the 
periotic ventrally. Ventrally, the squamosal bears a shallow, 
anteroventrally facing glenoid fossa. The foramen pseudova-
le is almost entirely enclosed by the squamosal, and medially 
bordered by the slender, irregularly shaped falciform process 

Fig. 7. Neurocranium of the cetotheriid baleen whale Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, NMNH-P 668/1, in lateral 
(A), posterodorsal (B), and posterior (C) views. Photographs (A1, B), explanatory drawings (A2, C).
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(Fig. 6B). The postglenoid process is anteroposteriorly flat-
tened, wide transversely, and slightly twisted medially (Figs. 
4C, 6B). In lateral view, it projects posteroventrally, with a 
concave dorsal and a convex ventral border (Figs. 4B, 5C). 
The posterior portion of the postglenoid process is bent pos-
terodorsally and directed medially.
Exoccipital.—The exoccipital forms a pentagonal plate, and 
is anteroposteriorly thickened where it forms the paroccip-
ital process (Figs. 6B, 7A). A low, undulating crest extends 
horizontally from the dorsal margin of the foramen magnum. 
Ventral to the latter, a shallow fossa surrounds the occipital 
condyle, which thus appears to form a neck. The large pa-
roccipital process is made of rugose bone, teardrop-shaped 
in lateral view, and extends posteriorly beyond the level of 
the occipital condyle to form the posteriormost point of the 
skull. In dorsal view, the supramastoid and nuchal crests do 
not extend on to the paroccipital process (Fig. 6A).
Supraoccipital.—In dorsal view, the supraoccipital bone is 
sub-triangular (Figs. 6A, 7B, C) and extends anteriorly to the 
level of the temporal fossa, but not beyond the apex of the 
zygomatic process. There are no distinct tubercles. Near the 
skull vertex, the nuchal and external occipital crests join to-
gether to form an elevated area. The nuchal crest is elevated 
above the occipital shield along almost its entire length and 
slightly convex in dorsal view. The external occipital crest is 
high along its anterior portion (Fig. 7B, C) and then becomes 
lower and transversely wider, before terminating in a wide, 
flat area dorsal to the foramen magnum.
Basioccipital.—The basioccipital is trapezoidal and partially 
covered by the posterior portion of the vomer (Fig. 6B). Lat-
erally, the basioccipital contributes to the border of the cra-
nial hiatus. The basioccipital crest is large and bulbous, with 
a flattened ventral surface. A low median crest represents the 
posterior extension of the vomerine crest.
Periotic.—Both bones are unprepared and covered by matrix 
or the underlying tympanic bulla. The composite posterior 
process of the periotic and tympanic bulla is relatively short 
and bears a deep (but not tube-like) facial sulcus. The distal 
surface of the posterior process is clearly exposed on the lateral 
skull wall as a subtriangular, dorsally directed wedge, inter-
posed between the exoccipital and the squamosal (Figs. 3, 7A).
Tympanic bulla (Fig. 9).—The description is based on the right 
bulla as preserved in situ. The longitudinal axis of the bulla 
is oriented slightly anteromedially. In ventrolateral view, the 
tympanic bulla is oval or slightly kidney-shaped, whereas in 
ventral view the bone shows a markedly angular anteromedial 
corner and slightly narrows along its posterior third. The an-
terolateral portion of the ventral surface of the bulla is trans-
versely concave. The sigmoid process is straight, moderately 
long, relatively massive, evenly thickened anteroposteriorly 
along its entire length, and directed slightly posteriorly (Fig. 
9B, C). The base of the sigmoid process is located posterior to 
the centre of the bulla and not inflated, with the bone surface 
surrounding it being relatively smooth. In lateral view, the 

bulla is oval in outline. In medial view, there is a distinct but 
low medial lobe, which is separated from its lateral counterpart 
by a subtriangular median furrow (Fig. 9D–F). The lateral lobe 
extends somewhat further posteriorly than the medial one. The 
main and involucral ridges converge anteriorly.
Mandible.—The distal portion of the mandible is straight 
(i.e., not bowed laterally) (Fig. 5). The condyle is large, ele-
vated above the mandibular body, and increases in width dor-
sally (Fig. 10A, C). The dorsolateral portion of the condyle 
is twisted at an angle of 45° relative to the anteroposterior 
axis of the mandible (Fig. 10C). The angular process is mas-
sive, bulbous and somewhat extended posteriorly (Fig. 10A). 
Dorsal to the angular process, there is a notch for the internal 
pterygoid muscle located medial to the subcondylar furrow 
(Fig. 10B). The coronoid process is long anteroposteriorly, 
low dorsoventrally, and bent laterally. The postcoronoid crest 
is low. The mandibular foramen is dorsoventrally narrow 
and has a notched anterior margin. Damage to the bone has 
exposed part of the narrow mandibular canal (less than 10 
mm in diameter anterior to the base of the coronoid process). 
An alveolar groove is present along the dorsomedial surface 
of the mandible and well developed near its distal end. The 
mandibular symphysis is unfused and marked by a 25 cm 
long symphyseal groove. The latter initially runs parallel to 
the anterior edge of the mandibular body, then turns 90° and 
continues posteriorly parallel to the lower edge of the body. 
In lateral view, the mandibular body is perforated by a series 
of mental foramina aligned in a single, longitudinal row.

In cross section, the outline of the mandibular body sig-
nificantly changes anteroposteriorly (Fig. 11). The body is 
high, laterally flattened and symmetrical in the symphyseal 
area. Further posteriorly, it lowers and widens, and the dorsal 
crest flattens. Forty centimetres from the tip, the bone ac-
quires an asymmetrical profile with a convex lateral surface 
and a flat medial one. The lower edge is convex and lacks a 
ventral crest. From this point onwards, the depth of the man-

Fig. 8. Alisphenoid and adjoining bones of the cetotheriid baleen whale 
Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, 
NMNH-P 668/1, in anterolateral and slightly ventral view.
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dible gradually increases posteriorly. Seventy centimetres 
from the tip, the dorsal crest becomes sharp, and at 80 cm the 
mandible again becomes symmetrical, with rounded medial 
and lateral sides. Posterior to the coronoid process, the height 
of the mandible lowers, before rising again and reaching its 
maximum at the level of the condyle.

Measurements of the left and right mandibles reveal an 
obvious degree of asymmetry (Table 2), with the body of the 
left mandible being longer, more curved and slightly lower 
along its entire length. In addition, the proximal portion of 
the left mandible is longer, as is the base of its coronoid pro-
cess (by 10 mm). There are no traces of either pathological 
or diagenetic deformation.

Vertebral column
Four cervical, 10 thoracic, 8 lumbar and 19 caudal vertebrae 
have been preserved (Figs. 12–14, Table 3), leading us to a 
total estimate of 46 or 47 (C7, T12, L8, Ca19–Ca20). Except 
for the cervicals, all of the vertebrae and their associated ribs 
show well-developed pachyosteosclerosis (see also Hofstein 
1948). The epiphyses of C7 and all of the thoracic, lumbar 
and anterior caudal vertebrae are unfused. In Ca12–Ca17, the 

epiphyses are fused, with the anterior suture having become 
partially obliterated in Ca12.
Cervical vertebrae.—C4–C7 are separate, with no signs of 
intervertebral fusion. The centra are subrectangular in outline 
and bear wide, slightly curved neural arches with low neural 
spines. Posterior to C4, the transverse processes are oriented 
anterolaterally. In C4, the symmetrical diapophysis and para-
pophysis connect laterally to form a transverse foramen. In 
C5, only the bases of the transverse processes have been pre-
served. In C6, the diapophysis is thickened and oriented ven-
trally, whereas the equally thickened parapophysis is short 
and oriented laterally. In C7, only the thick and transversely 
wide diapophysis is present. The prezygapophyses are gener-
ally small and the postzygapophyses underdeveloped, which 
is relatively unusual among mysticetes and may be a result 
of individual age variation.
Thoracic vertebrae.—Judging from available descriptions of 
Piscobalaena nana (Bouetel and Muizon 2006) and “Cetoth-
erium” aff. mayeri (Spassky 1954), the thoracic vertebrae ap-
pear to have been mounted out of order (Figs. 13A, 15). Five 
complete vertebrae form part of the mounted skeleton, with 
the fragmented remains of a further 5 having been recon-

Fig. 9. Right tympanic bulla of the cetotheriid baleen whale Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, NMNH-P 668/1, 
in ventral (A), ventrolateral (B), anterolateral (C), ventromedial (D), medial (E), and posterior (F) views.
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structed using plaster. The anteriormost two vertebrae appear 
to be missing. Facets on the centra for the articulation with 
the rib capitula are present on the first three of the preserved 
vertebrae (TA–TC), here interpreted as T3, T4 or 5, and T7 
or 8, respectively (Fig. 15). A small metapophysis occurs 
on the anterior margin of the transverse process of TA. On 
the subsequent vertebrae, the metapophyses increase in size 
and migrate medially, approaching the base of the transverse 
process and, ultimately, the neural arch.
Lumbar vertebrae.—All lumbar vertebrae (8 in total) ap-
pear to have been preserved. The centra are oval in anterior 

Fig. 10. Proximal portion of the right mandible of the cetotheriid baleen 
whale Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, 
Ukraine, NMNH-P 668/1, in lateral (A), dorsomedial (B), and posterior 
(C) views.

Table 2. Measurements (in mm) of the mandible of Cetotherium riabinini.

Measurement Left Right
Total length, measured in a straight line 920 935
Total length, measured along the lateral margin 970 945
Height at the coronoid process 68 71
Length from the posterior end of the coronoid 
process to the condyle 44 46

Length of the base of the coronoid process 102 92
Height of the coronoid process 52 48+
Height at the condyle and angular process 86 84+
Height at the distal end 40 40
Height at 10 cm from the distal end 50 50
Height at 20 cm from the distal end 39 46
Height at 30 cm from the distal end 42 45
Height at 40 cm from the distal end 45 48
Height at 50 cm from the distal end 50 49
Height at 60 cm from the distal end 53 56
Height at 70 cm from the distal end 55 56
Maximum width 46.5 48

Fig. 11. Cross sections of the right mandible of the cetotheriid baleen whale 
Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, 
NMNH-P 668/1, located 10–80 cm posterior to the distal end of the bone. 
For each cross section, the medial margin of the mandible is on the right.

Table 3. Measurements (in mm) of the vertebrae of Cetotherium ria-
binini.

Vertebra Centrum 
length

Centrum 
width

Centrum 
height

Total 
height

Combined width 
across transverse 

processes
C4 8 54 40 125
C5 8 50 45 79+
C6 8 46 125
C7 10 49 48 87 119
TB 26 56 48 113.5 109
TC 31 58 45 124 105
TD 45 70 44 131 121
TE 31 62 42 119 136
TF 39 72 48 124 169
L1 40 69 48 129 204
L2 42.5 66 48 137 204
L3 42.5 68 50 153 212
L4 44 73 51 150 215
L5 44 74 48 135 209
L6 50 83 55 135 206
L7 50.5 78 60 137 200
L8 56 78 57 138 198
Ca1 58 81 61 139 180
Ca2 55 78 63 – 169
Ca3 58 77 63 – 153
Ca4 58 72 63 127 138
Ca5 56 69 64 113 110
Ca6 57 68 71 104 91
Ca7 60 60 68 92 75
Ca8 55 54 63 79 62
Ca9 55 48 56 69 53
Ca10 48 45 53 61 –
Ca11 39 43 46 52 –
Ca12 29 41 43 43 –
Ca13 24 41 31 – –
Ca14 24 36 29 – –
Ca15 24 35 23 – –
Ca16 20 29 23 – –
Ca17 18 24 18 – –
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view and flattened dorsoventrally, with height: width ratios 
of 0.65–0.76 (Table 3). L1–L3 are characterised by postero-
ventrally oriented, narrow (but long) transverse processes, 
high and posteriorly inclined spinal processes, and massive, 
laterally compressed metapophyses. In L4, the transverse 
process is oriented laterally, before becoming oriented an-
terolaterally from L5 onwards (Fig. 13A). In L1–L4, and 
especially L2–L3, the anterior margin of the spinal process 
is markedly concave (Fig. 13B). Posterior to L4, the spinal 
process develops a straight anterior edge and becomes wider 
anteroposteriorly, as well as more posteriorly inclined.
Caudal vertebrae.—19 caudal vertebrae have been preserved 
(Fig. 14). Ca1 differs from the posteriormost lumbar vertebra 
in having paired ventral processes for a chevron bone, as well 
as a shortened transverse process. The bases of the meta-
pophyses converge anterior to the neural arch. Ca2 and Ca3 
have a square transverse process, which is separated from the 
centrum by a deep groove in dorsal and anterior view (Fig. 
13A); the same groove occurs posteriorly on Ca4. Unlike in 
most other mysticetes, including “Cetotherium” mayeri-like 

whales from the Eastern Paratethys and Piscobalaena nana, 
there are no vertical foramina perforating the transverse pro-
cess of any of the caudal vertebrae (Brandt 1873; Spassky 
1954; Bouetel and Muizon 2006).

Along Ca4–Ca10, the metapophyses, neural arches, and 
spinal and transverse processes gradually reduce in size, 
with the latter completely disappearing posterior to Ca7. 
The centra narrow transversely along their posterior por-
tions, giving them the shape of a flattened cone in dorsal 
view. In Ca11, the centrum shortens abruptly, thus losing its 
conical shape. The neural arch is absent, and the metapoph-
ysis is small. From Ca12 onwards, the vertebrae are roughly 
spherical and irregular in shape. From Ca13 onwards, the 
vertebrae are divided into an anterior and a posterior half by 
a transverse groove. Posterior to Ca13, the spinal process 
completely disappears (Fig. 14). Although the posteriormost 
caudal vertebrae are often missing, the presence of 7 short-
ened posterior vertebrae with no obvious processes, which 
in living mysticetes correspond to the fluke region, implies 
that the vertebral column of Cetotherium riabinini is essen-
tially complete.

Fig. 12. Selected vertebrae of the cetotheriid baleen whale Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, NMNH-P 668/1, in 
anterior views: C4 (A), C5 (B), C7 (C), L7 (D). Photograph (D), explanatory drawings (A–C).
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Fig. 13. Vertebrae forming part of the torso (sensu Buchholtz 2001) of the cetotheriid baleen whale Cetotherium riabinini Hofstein, 1948, Late Miocene 
of Nikolaev, Ukraine, NMNH-P 668/1, in dorsal (A) and lateral (B) views.

Fig. 14. Caudal vertebrae of the cetotheriid baleen whale Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, NMNH-P 668/1, in 
dorsal (A) and lateral (B, C) views.
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Ribs.—Hofstein (1948, 1965) reported that 11 pairs of ribs 
had been preserved, (it is unclear whether all of them were 
present on both sides), with 9 of them being complete. Many 
of the ribs are fragmentary and re-modelled, making it diffi-
cult to describe them accurately. However, there are at least 
8 to 9 right ribs and 3 left ribs present in the mounted skele-
ton. The first one or two pairs are absent, which corresponds 
to the absence of the first two thoracic vertebrae. Almost 
all of the ribs are extensively thickened. The anteriormost 
rib is shortened and curved, and followed by a series of 
sickle-shaped anterior ribs with well-developed capitula and 
small tubercula. The central ribs are sigmoidal in lateral view 
(“spiral” according to Hofstein 1948) (Fig. 15). The capitula 
are absent on the three posteriormost ribs (two according to 
Hofstein 1948, 1965). The last rib is sickle-shaped, and short-
er and thinner than any of the others. None of the preserved 
ribs show any evidence of articulation with the sternum.

Forelimb
Scapula.—The scapula is roughly triangular, fan-shaped, and 
relatively short anteroposteriorly (Fig. 16, Table 4). The ante-
rior margin is blunt and rounded, while the posterior margin 
is elongated. The robust acromion is rounded anteriorly and 
forms a sharp angle with the anterior margin of the scapular 
blade. The coracoid process is robust, but short, and slightly 
curves towards the acromion. The spine is reduced, flattened 
and shifted anteriorly. The portion of the scapula bearing 
the glenoid cavity is slightly concave medially. A low ridge 
bordering the infraspinous fossa posteriorly is developed on 
the lateral surface of the posteriormost portion of the scapular 
blade, and in particular near the glenoid cavity.
Humerus.—The humerus is flattened and dumbbell-shaped 
in lateral view (Fig. 16, Table 4). The posterior edge of the 
shaft is shorter than the anterior one as a result of the exten-
sive development of the ulnar facet at the distal epiphysis. 
Both the greater and lesser tubercles are well developed, and 

divided by a shallow furrow. Only the distal epiphysis of the 
left humerus is fused to the shaft.
Radius.—The radius is transversely flattened and slightly 
curved anteriorly in lateral view (Fig. 16, Table 4). Both of the 
distal epiphyses are fused, unlike their proximal counterparts.
Ulna.—The ulna is transversely flattened and sigmoidal in 
lateral view. The olecranon is well developed and proximally 
elongated (Fig. 16, Table 4). Only the distal epiphyses are 
fused to the shaft.
Carpus, metacarpus, and phalanges.—According to Hof-
stein (1965), the carpals, metacarpals and most of phalanges 
have not been preserved. In the mounted skeleton, it is diffi-
cult to distinguish genuine bones from those remodelled for 
display. As far as can be told, the metacarpals and proximal 
phalanges are dumbbell-shaped, while the distal phalanges 
are elongated and conical.
Pelvis and hindlimb.—According to Hofstein (1948, 1965), 
both of the pelvic bones and femora were found with the 
skeleton. Unfortunately, both elements are currently missing. 
As noticed by Hofstein (1965: 26), the pelvic bones were 
elongated, while the femora “looked like oval plates”, with a 
diameter of up to 5 cm.
Remarks.—Unlike the adult holotype of Cetotherium rathkii, 
that of C. riabinini represents a juvenile or sub-adult. Never-
theless, we consider it unlikely that the morphological differ-
ences between them are simply the result of ontogenetic vari-
ation. In living baleen whales, the orientation of the squamosal 
generally does not change during ontogeny (PG, personal 
observation). By contrast, the zygomatic process can expand 
during growth—at least in living odontocetes. In this light, the 
ontogenetically young C. riabinini seems more anatomically 
“adult” (peramorphic) than C. rathkii, with differences in the 
morphology of the squamosal (and, possibly, the facial region) 
likely reflecting the specific anatomy of the jaw attachment.

“Cetotherium” klinderi, another Neogene fossil mysticete 
known from the Black Sea region, was mainly defined based 
on the distinctive anatomy of a tympanic bulla from Chișinău 

Fig. 15. Ribs of the cetotheriid baleen whale Cetotherium riabinini Hofstein, 
1948, Late Miocene of Nikolaev, Ukraine, NMNH-P 668/1, in right lateral 
view; x denotes actually preserved (as opposed to remodelled) bones.
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Table 4. Measurements (in mm) of the forelimb of Cetotherium riabinini.

Length of scapula 148
Height of scapula 212
Length of humerus 122
Proximal width of humerus 68
Minimum width of humerus 47
Distal width of humerus 61
Length of anterior margin of radius 175
Length of posterior margin of radius 138
Proximal width of radius 38
Distal width of radius 42
Length of anterior margin of ulna 149
Length of posterior margin of ulna 176
Proximal width of ulna 38
Distal width of ulna 48
Length of olecranon 52

Downloaded From: https://bioone.org/journals/Acta-Palaeontologica-Polonica on 27 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



GOL’DIN ET AL.—LATE MIOCENE BALEEN WHALE FROM UKRAINE 809

(Kishinev), Moldova. The latter clearly differs from that of 
other species of Cetotherium in having a widened posterior 
portion in medial view, as well as a strongly inflated invo-
lucrum (Brandt 1873: pl. 12: 4). “C.” klinderi can thus be 
excluded as a potential senior synonym of C. riabinini. Note 
that a second specimen of “C.” klinderi from Nikolaev re-
ported by Brandt (1873) is not available for study at present, 
and has possibly been lost.

Geographic and stratigraphic range.—Type locality and 
horizon only.

Discussion
Anatomy of the ribs and vertebral column.—Pachyos-
teosclerosis of the vertebrae and ribs is an archaic cetacean 
trait found in archaeocetes and early mysticetes (Buffrénil et 
al. 1990; Gray et al. 2007). One of the youngest occurrences 
of cetacean pachyosteosclerosis outside the Eastern Para-
tethys is represented by Diorocetus hiatus from the Middle 
Miocene (Beatty and Dooley 2009). Pachyosteosclerosis is 
less developed in cf. Metopocetus sp. VMNH 1782 (Beatty 
and Dooley 2009) of the same age, and completely absent in 
the Late Miocene Piscobalaena nana (Bouetel and Muizon 
2006). By contrast, strong postcranial pachyosteosclerosis 
characterises all of the Late Miocene whales from the Eastern 
Paratethys, including Cetotherium priscum, “Cetotherium” 
klinderi, Eucetotherium helmersenii, “Cetotherium” may-
eri, and “Cetotherium” aff. mayeri (Brandt 1873; Hofstein 
1948; Spassky 1954). The living Caperea marginata also 
has pachyostotic, but not osteosclerotic ribs. Nevertheless, 
Cetotherium riabinini and Caperea marginata are at least 
superficially similar in having wide, sigmoidal ribs which 
partially overlap to form a solid lateral wall of the rib cage 
(Bisconti 2012).

The vertebrae of Cetotherium riabinini are relatively 
small compared with those of other Neogene mysticetes, 
including cetotheriids such as Piscobalaena nana and “Ce-
totherium” aff. mayeri (Bouetel and Muizon 2006; Spassky 
1954). In terms of their shape, the cervical vertebrae of C. 
riabinini resemble those of P. nana (Bouetel and Muizon 
2006), while the thoracic and lumbar vertebrae are similar 
to those of both P. nana and “Cetotherium” mayeri (Brandt 
1873). The posteriormost (12th) thoracic vertebra of C. ria-
binini is most similar to the 10th vertebra of P. nana (Bouetel 
and Muizon 2006: fig. 21). The number of lumbar vertebrae 
of Cetotherium riabinini is the smallest of any mysticete 
except Caperea marginata (Buchholtz 2011). Similarly, the 
total number of caudal vertebrae appears to be unusually low 
(but similar to living Caperea marginata and Balaenoptera 
acutorostrata), whereas the number of thoracic vertebrae 
resembles that of other mysticetes (True 1904; Buchholtz 
2007, 2011). This may indicate parallel meristic reduction of 
the lumbar and caudal series, implying neocete modularity 
(Buchholtz 2007, 2011).

While the small number of elongated lumbar and anterior 
caudal vertebrae of Cetotherium riabinini may point to a 
relatively flexible torso (sensu Buchholtz 2001), the lack of 
vascular foramina in the caudals may correlate with a stiff 
tail. The latter likely bore large flukes, as indicated by the 
relatively long distal portion of the caudal series. The heavy 
pachyosteosclerotic skeleton likely resulted in a relatively 
low degree of overall manoeuvrability, especially given the 
relatively small body size. Taken together, the postcranial 
skeleton of C. riabinini thus considerably differs from that 
of most other mysticetes, and may instead be functionally 
analogous to that of sirenians (Buffrénil et al. 2010).

Fig. 16. Left forelimb of the cetotheriid baleen whale Cetotherium riabini-
ni Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, NMNH-P 668/1, in 
lateral view.
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Phylogeny.—Our phylogenetic analysis resulted in 9 most 
parsimonious trees of 386 steps (CI = 0.55, RI = 0.85) (Fig. 
17), and confirms the monophyly of both the genus Cetotheri-
um (comprising C. rathkii and C. riabinini) and Cetotheriidae 
as a whole, with Mixocetus elysius and Joumocetus shimizui 
as its basalmost members. While both species of Cetotheri-
um share an anteriorly widened tympanic bulla, Cetotheri-
idae are united by (i) an anterolaterally oriented antorbital 
process of the maxilla; (ii) a posteriorly shifted premaxilla, 
maxilla and parietal; and (iii) an expanded distal surface of 
the compound posterior process of the tympanoperiotic (see 
also Marx 2011). Considering Herpetocetus spp. to be the 
most derived and J. shimizui and M. elysius as the basalmost 
cetotheriids, we conclude that Cetotherium combines both 
primitive and derived traits, with a predominance of primitive 
characteristics. Primitive traits include the morphology of the 
exoccipital and the posterior portion of the maxilla, as well as 
the transversely oriented postglenoid process. By contrast, the 
narrow rostrum, the transversely compressed lateral portion 
of the squamosal, and the triangular occipital shield bearing a 
low external occipital crest likely represent derived features.

Previous cladistic studies (Bouetel and Muizon 2006; 
Steeman 2007; Bisconti 2008, 2012; Marx 2011, Fordyce 
and Marx 2012) have disagreed on the detailed interrelation-
ship of cetotheres. Our study adds to a considerable number 
of described cetotheres ranging from the late Middle Miocene 
to the Pliocene, with some of the oldest confirmed cetothe-
riids known from the middle Sarmatian (late Middle Mio-
cene; Nevesskaya et al. 2003) of the Eastern Paratethys (e.g., 
Brandt 1873; Kellogg 1929; Riabinin 1934; Spassky 1954; 
Mchedlidze 1964; Bouetel and Muizon 2006; Whitmore and 
Barnes 2008; Boessenecker 2011). These records show that 
a taxonomically diverse Northern Hemisphere cetothere fau-
na already existed during the Tortonian and possibly even 
Serravallian, thus likely placing the initial diversification of 
cetotheres into or prior to the early Middle Miocene (see also 
Fordyce and Marx 2012). There are currently no described ce-
tothere-like taxa from this period, and we expect that settling 
the question of cetothere interrelationships will likely have to 
await the discovery of these earliest members of the family.

Feeding strategy.—While some previous studies suggested 
a similar feeding strategy for cetotheriids and balaenopterids 
(e.g., Bouetel 2005), most interpreted cetotheres to have fol-
lowed a more unique path (Kimura 2002, 2005, 2006, 2008, 
2012; El Adli and Boessenecker 2011). Living balaenopterids 
feed by engulfing vast quantities of water and prey using an 
expanded oral cavity (throat pouch). This process involves 
rotation of the considerably curved mandibles around three 
separate axes, as well as fixation of the closed lower jaw by 
means of a cam articulation between the coronoid process of 
the mandible and the infraorbital plate of the maxilla (Carte 
and Macalister 1868; Beauregard 1882; Schulte 1916; Lam-
bertsen 1983; Lambertsen et al. 1995; Lambertsen and Hintz 
2004; Arnold et al. 2005).

Although superficially similar to balaenopterids in hav-

ing both a laterally curved coronoid process and rostral bones 
interdigitating with the frontals, the following features likely 
prevented Cetotherium riabinini from rorqual-like gulp feed-
ing: (i) the narrow rostrum, as well as the straight distal por-
tion and rounded ventral crest of the mandible, indicate that 
the oral cavity was narrow and the throat pouch either small 
or altogether absent (Pivorunas 1977; Kimura 2002); (ii) the 
posterodorsal orientation of the mandibular condyle and the 
shallow glenoid fossa of the squamosal limit the possible 
degree of rotation of the mandibles, and restrict the opening 
of the mouth; and (iii) the low coronoid process suggests that 
the cam articulation of the mandible with the maxilla was 
either absent or less effective than in balaenopterids.

Many of the features seemingly preventing cetotheres 
from gulp feeding make them similar to suction-feeding ce-
taceans, in particular the grey whale Eschrichtius robustus 
(Lilljeborg, 1861) (Ray and Schevill 1974; Johnston and Ber-
ta 2011). However, suction feeding in the latter is associated 
with the presence of an arched rostrum and a well-developed 
pterygoid muscle, as suggested by the robust pterygoid ha-
muli (Johnston and Berta 2011). By contrast, the rostrum 
is straight and the hamuli gracile in C. riabinini, indicating 
that other suction-feeding animals may provide better mod-
els (Sanderson and Wassersug 1993). Filter-feeding ducks 
(Anatidae), such as the mallard Anas platyrhynchos, take 
in water and food with frequent, vertical movements of the 
lower jaw (Zweers 1974; Dawson et al. 2011). This process 
involves movement of the maxilla, quadrate, jugal, palatine 
and nasal, as well as the bending of the upper jaw at the 
naso-frontal hinge, owing to coupled kinesis of the skull 
bones (Bock 1964). Pendular movements of the quadrate, 
which itself is connected to the coronoid process, allow both 
the upper and lower jaws to move at a high rate. Thus, this 
feeding strategy requires continuous effort, unlike the inter-

Fig. 17. Strict consensus of the 9 most parsimonious trees (386 steps, CI 
= 0.55, RI = 0.85) arising from the phylogenetic analysis. Numbers below 
branches indicate bootstrap support values.
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mittent suction feeding employed by some teleost fishes and 
eschrichtiids (Sanderson and Wassersug 1993).

Previous studies remarked on the potentially analogous 
feeding strategies of cetotheres and anatids, pointing out the 
similarity of the well-developed, posteriorly extended angu-
lar process in cetotheres and the large retroangular process 
in ducks (Kimura 2002, 2006, 2008). We agree with this 
assessment, which we believe is further corroborated by the 
presence of a well-developed paroccipital process and a mas-
sive lateral process of the maxilla (the latter being function-
ally analogous to the lacrimal in the mallard) in Cetotherium 
riabinini. Specifically, the angular and paroccipital processes 
may have served as attachment sites for a well-developed m. 
depressor mandibulae, analogous to the digastric muscle of 
other mammals (Schulte 1916). The mandible, aided by its 
own weight to overcome water resistance, would first have 
been lowered by the action of the m. depressor mandibulae, 
and the lifted up again by the superficial masseter attached 
to the massive lateral process of the maxilla. An extreme 
example of such a feeding mode may be found in Herpeto-
cetus, in which the mandible could probably only move in a 
vertical direction as a result of the transverse compression 
and rotation of the postglenoid process.

The comparison of cetotheres to filter-feeding ducks may 
also, at least in part, help to explain the occurrence of cranial 
kinesis in mysticetes (e.g., Deméré and Berta 2008). Similar 
to the kinetic arrangement of the skull bones in the mallard, 
the premaxilla, maxilla, lacrimal, jugal, and palatine of Ceto-
therium riabinini are only loosely connected both with each 
other and with the neurocranium, with the posteriorly shifted 
vomer potentially guiding their longitudinal movements. In 
addition, the posteriorly convergent ascending processes of 
the maxillae resemble the contacting maxillae and nasals of 
the mallard, and the jugal and lacrimal of mysticetes occupy 
positions similar to those of the quadrate and jugal of birds. 
However, C. riabinini markedly differs from the mallard in 
other aspects of its skull architecture, such as the structure of 
the mandibular condyle and its narrow rostrum (although it 
should be noted that the rostra of other cetotheriids are con-
siderably wider). In addition, some anatine-like anatomical 
traits, such as a double coronoid process (Bisconti 2008) 
occur in eschrichtiids instead of cetotheres, thus implying 
that an anatine-like morphology may be indicative of both 
continuous and intermittent suction feeding strategies.

Other distinct anatomical traits of C. riabinini may also 
potentially be explained by its feeding strategy. Thus, the rel-
atively small occipital shield for the attachment of the neck 
muscles (as opposed to balaenids, Caperea and, to some de-
gree, balaenopterids, and eschrichtiids) indicates a reduced 
need to fix the head during feeding and, together with the en-
larged basioccipital crests for the attachment of the well-de-
veloped m. longus capitis and m. rectus capitis anticus minor 
(Schulte 1916), suggests a relatively high level of neck flexi-
bility. This conclusion is further supported by the presence of 
unfused cervical vertebrae bearing well-developed crests for 
the attachment of the neck musculature. In addition, the ros-

trum of C. riabinini is oriented somewhat ventrally (with no 
signs of pathological or diagenetic deformation), as becomes 
obvious when the skull is compared to that of Piscobalaena 
nana (Fig. 18). In small odontocetes following a benthic 
feeding strategy, such as Sotalia (Monteiro-Filho et al. 2002) 
and Phocoena (Galatius and Gol’din 2011; Galatius et al. 
2011), a ventrally deflected rostrum may aid in the search for 
prey using echolocation, although it is possible that it may 
also be involved in suction feeding behaviour.

In the case of C. riabinini, feeding with a ventrally-point-
ing rostrum would likely have been ineffective. Equally, feed-
ing with the rostrum lifted to a horizontal position might have 
been hindered by water resistance. It is thus possible that 
C. riabinini was feeding on its side, like lateralised feeding 
balaenopterids (Tershy and Wiley 1992) or suction-feeding 
grey whales (Ray and Schevill 1974; Woodward and Winn 
2006). This may be reflected in the asymmetry of the man-
dibles and palatal nutrient foramina, and fits well with the 
presence of pachyosteosclerosis, which is commonly consid-
ered to be an adaptation for buoyancy control (Buffrénil et 
al. 1990; Gray et al. 2007) and benthic feeding (Beatty and 
Dooley 2009). Note that a similar, lateralised benthic feed-
ing behaviour has also been suggested for Diorocetus hiatus 
(Beatty and Dooley 2009). This feeding strategy, combined 
with a slow-swimming lifestyle, could have been effective 
in areas with a high abundance of food. Interestingly, all 
published records of cetotheriids have been reported from 
areas of high primary productivity, including the Iberian Pen-
insula (Vandelli 1831), the North Sea (Van Beneden 1872), 
the East Coast of the United States (Cope 1896), California 
(Kellogg 1929; Whitmore and Barnes 2008), Peru (Bouetel 
and Muizon 2006) and Japan (Kimura and Hasegawa 2010). 
Similarly, the Eastern Paratethys of the Sarmatian age was 
highly productive (as are the present-day Sea of Azov and 
the northern Black Sea), as indicated by abundant biogenic 
sedimentation (Radionova et al. 2012).

Finally, some aspects of the morphology of C. riabinini, 
and indeed cetotheres as a whole, that might provide further 

Fig. 18. Comparison of the lateral skull profile of the cetotheriid baleen 
whales Piscobalaena nana (redrawn from Bouetel and Muizon 2006, in-
verted) and Cetotherium riabinini. The images are aligned based on trian-
gles connecting the exoccipital-petrotympanic-squamosal, squamosal-pa-
rietal-supraoccipital and supraoccipital-parietal (interparietal) sutures. Not 
to scale.
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insights into feeding behaviour remain largely unknown. 
Most important among these are the morphology of the jugal 
and the hyoid bones. In both the mallard and suction-feeding 
cetaceans, the laryngeal musculature and the hyoid apparatus 
are well developed (MacLeod et al. 2007; Werth 2007), and 
in suction-feeding cetaceans the stylohyals are considerably 
curved (Johnston and Berta 2011). We thus hypothesise that 
future discoveries of complete sets of cetothere hyoid bones 
might reveal them to be both large and, possibly, of a rela-
tively unusual shape.

Conclusions
C. riabinini is a distinct species of Cetotherium known from 
a virtually complete skeleton from the early Tortonian of the 
Eastern Paratethys. The presence of a reduced number of 
lumbar and caudal vertebrae may indicate a parallel reduc-
tion in the length of two series, and thus neocete modularity. 
Similar to the living grey whale, C. riabinini was likely a 
lateralised, benthic suction feeder, and may have employed a 
feeding strategy analogous to the continuous suction feeding 
of the mallard—although the possibility of eschrichtiid-like 
intermittent suction feeding cannot be excluded. Convergent 
evolution driven by similar feeding strategies may partly 
explain the difficulties in reconstructing mysticete interrela-
tionships above the family level, as many of the characters 
commonly used in phylogenetic analyses may have evolved 
independently several times. This factor should be taken into 
account in future phylogenetic studies.

Note added in proofs
After the paper was accepted for the publication, an ad-
ditional search revealed hitherto unavailable fragments at 
NMNH-P. Below, we provide a brief description (Fig. 19) 
and discussion.

Hyoid.—Only the fused basihyal and thyrohyals are pre-
served. There is no sign of any suture between these ele-
ments. Except for a slight degree of pachyosteosclerosis, 
this hyoid resembles that of Piscobalaena nana (see Bouetel 
and Muizon 2006). The thyrohyals are robust, stick-like and 
oval in cross section. Their maximum width (span between 
posterior cornuas) is 127 mm. The anterodorsal cornuas are 
underdeveloped, implying that the ceratohyals may have 
been developed as separate bones (as in some odontocetes: 
see Reidenberg and Laitman 1994).
Sternum.—The sternum is a dorsoventrally flattened, heart-
shaped bone showing bilateral asymmetry (the right side 
being wider), with a maximum width of 75 mm and a max-
imum height of 78 mm. The morphology of this bone is 
unique among cetaceans, differing from balaenopterids in 
lacking an elongate posterior process, and from balaenids in 
having a pointed, rather than blunt, posterior edge. The anat-
omy of the cetotheriid sternum is largely unknown, except 
for a specimen forming part of a postcranial skeleton from 
Nikolaev referable to Cetotherium klinderi. This specimen 
was originally described by Brandt (1871, 1873) and is now 
unavailable for study. However, its unusual shape seems to 
have been virtually identical to that of C. riabinini.
Chevron bones.—In total, we discovered seven bones, all 
of which vary markedly in shape depending on their original 
position: the anterior bones are high (resulting in a triangular 
outline in lateral view), whereas the posteriormost bones are 
low, but long.
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Fig. 19. Hyoid, sternum, and chevron bones of the cetotheriid baleen whale 
Cetotherium riabinini Hofstein, 1948, Late Miocene of Nikolaev, Ukraine, 
NMNH-P 668/1, hyoid in ventral (A) and anterodorsal (B) views, sternum 
in ventral view (C), chevron bones in left lateral view (D).
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