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A bstract: The taxonomic revision of Isocetus depauwi Van 
Beneden, 1880 was carried out through the description of a 
number of specimens assigned to this species by Van Beneden 
and Abei in the last decades of the 19th and the early decades 
of the 20th centuries. After detailed comparisons with the 
published record of archaic mysticetes, the genus and species 
are considered valid despite the incompleteness and poor 
preservation of the material. Diagnostic features are found in 
the morphology of the mandibular condyle, the angular pro
cess of the dentary and the thoracic vertebrae. The new spe
cies Parietobalaena campiniana is established based on a 
partial skeleton, including most of the skull and ear bones, 
previously assigned to Isocetus depauwi by Abei. Parietobalae
na campiniana is described and compared in detail, and its 
phylogenetic relationships are assessed by a new large-scale

cladistic analysis of 246 morphological characters scored for 
46 taxa. The results support a basal position of the genus Pa
rietobalaena in the radiation of Miocene ‘cetotheres’, the 
monophyly of Balaenoidea (Neobalaenidae and Balaenidae), 
Balaenopteroidea (Eschrichtiidae and Balaenopteridae), and 
Cetotheriidae and the paraphyly of ‘cetotheres’ s. I. The new 
superfamily Thalassotherii is established based on high boot
strap support and a number of morphological characters; 
Thalassotherii includes Balaenopteridae, Eschrichtiidae, Ceto
theriidae and the basal ‘cetothere’ mysticetes with the exclu
sion of Balaenoidea, Eomysticetoidea and toothed mysticetes.

Key w ords: Belgium, Cetacea, Cetotheriidae, Isocetus dep
auwi, Miocene, Mysticeti, Parietobalaena campiniana, Thalas
sotherii.

In  1880, Van Beneden published the first description of 
Isocetus depauwi based on a few specimens from the area 
of Antwerp, Belgium, that, at that time, were not com
pletely prepared. Isocetus depauwi is a small-sized baleen 
whale (Mammalia, Cetacea, Mysticeti) from the Miocene. 
Because of its bad preservation, Van Beneden was able to 
describe only part of a skull and listed few specimens that 
he assigned to the new genus. His diagnosis was limited 
to note that the ‘apex of the skulk (whatever this means) 
was very delicate and that the anteroposterior exposition 
of the parietal at vertex was limited to 3 cm. He also 
assigned a dentary, seven cervical vertebrae, two thoracic 
vertebrae, two ribs and some unspecified limb bones to 
this genus.

In the fifth part of his Description des ossements fossiles 
des environs d ’Anvers, Van Beneden (1886) gave a more

detailed description of Isocetus depauwi and provided 
illustrations of the left dentary, a right tympanic bulla, 
seven cervical vertebrae, seven thoracic vertebrae, three 
lumbar vertebrae, a right ulna and a possible jugal bone. 
The skull mentioned in his earlier work was not illus
trated with the exception of the possible jugal.

Abei (1938) assigned a new specimen to Isocetus dep
auwi. The new material was discovered in 1913 near Kes
sel, 17 Km ESE to Antwerp; Fig. 1). In his work, he 
illustrated the left dentary in lateral, dorsal and medial 
views, and a new skull in ventral view. At the time of 
Abel’s publication, the dorsal side of the skull was still 
unprepared. He further noted that the skull mentioned by 
Van Beneden (1880, 1886) was lost. Further, comments 
on the vertebral morphology of Isocetus depauwi were 
published by Slijper (1936, p. 209).
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FIG. 1 . Geographic maps showing the localities o f discovery of 
the specimens described in the present paper. A, northern 
Belgium and southern Holland showing the geographic position 
of Antwerp. B, main localities cited in the text.

Other students assigned mysticete fossils to Isocetus 
based on the descriptions of Van Beneden and Abei. In 
fact, Zbyszewski (1953) reported a mandible of Isocetus 
depauwi from the Helvetian of Portugal, also Roth (1978) 
mentioned the presence of Isocetus depauwi from the 
Gram Formation of Denmark, and Morgan (1994) cited 
the presence of Usocetus sp. in the Agricola Fauna, Bone 
Valley Formation, Florida. The fragmentary nature of the 
type materials, however, suggests caution when assigning 
specimens to this taxon whose affinities are still unclear. 
Even so, McKenna and Bell (1997) placed Isocetus in the 
family Cetotheriidae. At the time they were publishing 
their book, there were different interpretations of Ceto
theriidae, which, in the previous decades, had acquired 
the status of a sort of taxonomic basket where all the my
sticetes lacking synapomorphies of living families were 
included (Fordyce and Barnes 1994).

In the last few years, a consensus about the status of 
this family was reached. Based on the studies of Bouetel 
and de Muizon (2006) and W hitmore and Barnes (2008), 
the family is now well diagnosed and includes mysticete 
genera displaying a long ascending process of the maxilla 
with anteriorly diverging lateral border that interdigitates

with the frontal. Phylogenetic analyses of the Mysticeti 
provided by Bouetel and de Muizon (2006), Bisconti 
(2007«, 2008) and Steeman (2007, 2009) supported the 
monophyly of a small group of mysticetes with this char
acter (and others) that are now considered to form the 
core of Cetotheriidae s.s.; these are Cetotherium rathkii 
Brandt (1873), Metopocetus durinasus Cope (1896), Her- 
petocetus transatlanticus W hitmore and Barnes (2008), 
Nannocetus eremus Kellogg (1929) and Piscohalaena nana 
Pilleri and Siber (1989).

All the other archaic mysticetes previously assigned to 
Cetotheriidae s.l. (‘cetotheres’) that lack the synapomor- 
phy described above are excluded from Cetotheriidae s.s. 
For this reason, W hitmore and Barnes (2008), in their 
taxonomic revision, included the ‘cetotheres’ in Cetothe
riidae incertae sedis (including also Isocetus) implying that 
‘cetotheres’ and Cetotheriidae form a monophyletic 
group. Uhen et al. (2008) included Isocetus in Mysticeti 
incertae sedis, paralleling the proposal of Steeman (2010) 
who suggested that the status of Isocetus and Isocetus dep
auwi will be pending until the type material is reviewed.

In the last few years, new evidence has come to light 
based on the complete preparation (realized by M. Boss.) 
of the skull described in part by Abei (1938). By means of 
this newly available material, the ear bones of this speci
men could be studied for the first time. For this reason, 
we decided to start a revision of the type material of Isoc
etus depauwi through new morphological descriptions, 
comparisons and phylogenetic analysis, in a way to 
understand the taxonomic status of the taxon and to 
investigate the phylogenetic relationships of the archaic 
‘cetothere’ mysticetes. These studies result in the recogni
tion of a new, large-scale superfamily-rank clade of my
sticetes, which includes Balaenopteridae, Eschrichtiidae, 
Cetotheriidae s.l. and s.s., but excludes Balaenidae, Neo
balaenidae, Eomysticetoidea and toothed mysticetes 
(Fig. 2). We call this clade Thalassotherii; we provide a 
diagnosis and a definition of it and discuss its importance 
in taxonomic and evolutionary terms.

Institutional abbreviations. AMNH, American Museum of N atu
ral History, New York, United States o f America; RBINS, Royal 
Belgian Institute o f  Natural Sciences, Brussels, Belgium; USNM, 
National Museum o f Natural History, Smithsonian Institution, 
W ashington D.C., United States o f America.

MATERIAL

We examined the following specimens:
1. RBINS M.396-R.370: a partial skeleton including a 

moderately well-preserved proximal part of the left 
dentary and distal part of the right dentary, a 
fragment of the left tympanic bulla, the right ulna,
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Protocetus atavus 
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Zygorhyza kochii 
Mammalodon colliveri 
Aetiocetus weltoni 
Eomysticetus whitmorei 
Micromysticetus rothauseni 
Caperea marginata 
Balaenula astensis 
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Balaenella brachyrhynus 
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Parietobalaena palmeri 
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FIG . 2 . Phylogenetic relationships of baleen-bearing mysticetes 
as determined by the cladistic analysis performed in the present 
paper. Strict consensus of 246 trees. Tree length, 912 steps; 
consistency index, 0.3849; consistency index excluding 
uninformative characters, 0.3760; rescaled consistency index, 
0.2746; homoplasy index, 0.6151; retention index, 0.7135.

a fragment of the atlas, the axis, third-to-seventh 
cervical vertebrae, seven thoracic vertebrae, eight 
lumbar vertebrae and several highly fragmented ribs. 
According to the RBINS catalogue, this is the first 
specimen that has been figured by Van Beneden 
(1886). The specimen was found during the building 
of a fortification (Fort 4) in Oude God (‘Vieux- 
Dieu’ in French), a locality in Mortsel (Antwerp 
suburbs, Belgium), in 1867.
RBINS M.399-R.4018: a skull and part of the left 
dentary, atlas, third-to-seventh cervical vertebrae, 
two thoracic vertebrae and two hyoid fragments 
(one of them is lost). The specimen was found at 
the fort of Kessel (ESE to Antwerp, Belgium) in Jan
uary 1913, and was described and figured by Abei 
(1938).

Balaenopteridae

2.

3. RBINS M.397-R.1525: an isolated right tympanic 
bulla found in Fort 4 (Oude God, Mortsel, Bel
gium), in 1867.

4. RBINS M.398-R.1526: an isolated posterior thoracic 
vertebra found in Fort 4 (Oude God, Mortsel, Bel
gium), in 1867.

5. RBINS R.1553: fragment of dentary, found in the 
area of Antwerp.

6. RBINS R.1554: isolated lumbar vertebra, found in 
the area of Antwerp.

7. RBINS R.1556: isolated axis, found in the area of 
Antwerp.

8. RBINS R .l557: isolated atlas, found in the area of 
Antwerp.

9. RBINS R .l566: isolated right scapula, found in the 
area of Antwerp.

10. RBINS R.1615: fragment of skull vertex, fragment of 
atlas, distal fragment of right premaxilla and ante
rior apex of the left dentary, found in the area of 
Antwerp.

11. RBINS R.279: skull fragment with exoccipitals, 
occipital condyles, foramen magnum and part of the 
basioccipital, found in the area of Antwerp.

12. RBINS R.357: isolated caudal vertebra, found in the 
area of Antwerp.

13. RBINS R.920: five lumbar vertebrae, found in the 
area of Antwerp.

14. Nonnumbered: one thoracic, two lumbar and two 
caudal vertebrae, found in the area of Antwerp.

Our analysis revealed that these specimens, previously 
assigned to Isocetus depauwi, are too fragmentary to be 
safely assigned to whatever mysticete taxon. For this rea
son, we consider them Mysticeti indet. Descriptions and 
interpretations of these specimens are fully provided in 
the Supporting Information published in the website of 
Palaeontology.

The following specimens were recently discovered and 
prepared by one of us (M. Boss.) and are included here 
because they are strictly related to the subject of this 
paper:
1. RBINS M.2010: isolated right periotic originating 

from Sluische Hompels (Western Scheldt estuary in 
front of Nieuwvliet, Cadzand, The Netherlands, in 
dredged sands), in 2009.

2. RBINS M. 2011: isolated left squamosal found in the 
Williotstraat (Berchem, Antwerp, Belgium), in 2010.

These specimens are fully described in the Supporting 
Information published in the website of Palaeontology. In 
the same Supporting Information are also provided the 
measurements of the specimens examined in the present 
paper (Tables S1-S8).

Anatomical terminology follows Miller (1923), Kellogg 
(1928, 1965, 1968a), Nickel et al. (1991), Fordyce (1994), 
Schalier (1999) and Mead and Fordyce (2010).
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S YSTEMATIC P A L A E O N T O L O G Y

Class M A M M A LIA  Linnaeus, 1758 

O rder CETACEA Brlsson, 1762
Suborder MYSTICETI Flower, 1864

Parvorder BALAENOMORPHA Gelsler and Sanders, 2003 

Superfam ily THALASSOTHERII superfam . nov.

Derivation o f name. Thalassos, Greek, sea; Therii, Latin, mammal 
beasts. The name recalls the title o f a historical m onograph on 
fossil cetaceans written by an im portant Italian palaeontologist 
(Portis 1885). Adjective: thalassotherian(s).

Diagnosis. In the following text, character transformations 
diagnostic for Thalassotherii new superfamily that are used 
in the cladistic analysis of the present paper are put 
between brackets (character numbers refer to the character 
list presented as Supporting Information). Diagnostic fea
tures: short longitudinal exposure of interorbital region of 
the frontal because parietal superimposes on it (character 
58: 2 —4 3); moderate transverse constriction of supraoc-
cipital (character 10 8 :-----> 0) (the symbol -  means that
the character is absent or, in other words, not developed); 
lateral borders of supraoccipital concave anterior to the
transverse constriction (character 109:-----> 0); endocranial
opening of facial canal separated from the internal acoustic 
meatus by the interposition of a thick crista transversa 
(character 129: 0 —4 1); presence of postcoronoid crest and 
fossa in dentary (character 179: 0 —4 1); postcoronoid crest 
and fossa well developed (character 180:---- > 0); m andib
ular condyle oriented posteriorly (character 188: 1 —4 2).

Discussion. It will be shown in this paper that Thalasso
therii is a clade established on a num ber of synapomor- 
phies and that its recognition helps into making order in 
the phylogeny and taxonomy of baleen-bearing mystice
tes. Thalassotherii is to be intended as a superfamily-rank 
clade including several families of living and extinct 
mysticetes (Balaenopteridae, Cetotheriidae, Eschrichtiidae 
and additional stem-thalassotherian mysticetes). By the 
establishment of Thalassotherii as a new superfamily, the 
rank of Balaenopteroidea has to be changed into epi 
family. Thus, the parvorder Balaenomorpha includes three 
superfamilies: Eomysticetoidea, Balaenoidea and Thalasso
therii; Balaenoidea includes two families (Balaenidae and 
Neobalaenidae), and Thalassotherii includes three families 
at least (see above).

In the last decade, several phylogenetic analyses have 
resulted in the recognition of a large clade including 
Cetotheriidae s.s., Cetotheriidae s.l, Eschrichtiidae and 
Balaenopteridae to the exclusion of Balaenidae, Neobalae
nidae, Eomysticetoidea and toothed mysticetes (Kimura 
and Ozawa 2002; Bisconti 2005, 2007a, b, 2008, 2010;

Steeman 2007, 2009; Kimura and Hasegawa 2010; Marx 
2011). However, this large clade has never been named, 
and ambiguous terms have been used to identify the taxa 
that belong to it, but that lack the synapomorphies of 
identified families (e.g. Geisler and Luo’s (1996) archaic 
mysticetes, Uhen et al.'s (2008) Cetotheriidae s.l. and 
Fordyce and de M uizon’s (2001) ‘cetotheres’). Thalasso
therii is defined by a number of morphological characters 
related to the periotic, supraoccipital and dentary. Most 
of the species hypothetically assigned to Thalassotherii 
share the diagnostic traits listed in the diagnosis. Two 
exceptions are noteworthy: (1) the lateral border of the 
supraoccipital is different from the shared state in Peloc- 
etus, ‘Aglaocetus’ patulus, Uranocetus and haliaeetus-, (2) 
the crista transversa within the internal acoustic meatus is 
very thin making the endocranial opening of the facial 
canal very close to the depression including the tractus 
spiralis foraminosus and the foramen singulare in Peloc- 
etus, ‘Aglaocetus’ patulus, Uranocetus, haliaeetus and 
extant Balaenoptera and Megaptera species. We suggest 
that the morphology of Pelocetus, ‘A.’ patulus, Uranocetus 
and haliaeetus is the result of a seconday loss of the 
derived states in both the supraoccipital and the periotic. 
We speculate that Pelocetus, 'A.' patulus and Uranocetus 
should belong to a new thalassotherian family, but we feei 
that more morphological support is necessary to establish 
it. As far as Balaenoptera and Megaptera are concerned, it 
should be noted that the diagnostic morphology of Tha
lassotherii is observed during postnatal growth and in 
some adult individuals of Balaenoptera physalus (Bisconti 
2001; Bisconti and Bosselaers in prep.), thus confirming 
the assignment made here. In the genus Balaenoptera, the 
postcoronoid crest and fossa are present but vestigial 
(Bisconti 2010).

Definition. Thalassotherii includes Cetotheriidae s.l, Cetotherii
dae s.s., Eschrichtiidae and Balaenopteridae. In phylogenetic 
terms (Sereno 1998, 1999), Thalassotherii is defined as USNM 
187416, Balaenoptera, their last com m on ancestor and all the 
descendants o f this ancestor. Phylogenetically, the m ost basal 
named taxon o f Thalassotherii is Joumocetus shimizui Kimura 
and Hasegawa, 2010. The establishment o f Thalassotherii in the 
taxonom y o f mysticetes makes the term Cetotheriidae s.l. obso
lete because the latter and Cetotheriidae s.s. do no t form a 
monophyletic group. Cetotheriidae s.l. is to be changed into 
basal thalassotherians or thalassotherian stem group or Thalasso
therii sedis mutabilis.

Stratigraphie distribution. Based on the cladogram of Figure 2, 
we estimate the origin o f Thalassotherii to be latest Oligocene in 
age because earliest offshoots o f the other Balaenomorpha are 
from Late Oligocene -  Early Miocene. In particular, the earliest 
Balaenidae are documented from the earliest Miocene of Argen
tina (Bisconti 2003) (but see Fordyce 2002 for the discovery o f a 
late Oligocene balaenid from the New Zealand). Thalassotherians
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include the living members o f the genera Balaenoptera, Megap
tera and Eschrichtius.

Geographic distribution. Thalassotherii includes several genera (i.e. 
haliaeetus, Diorocetus, Pelocetus, Cetotheriuni, Aglaocetus, Mixoc- 
etus, Parietobalaena, Joumocetus, Titanocetus, Cophocetus, Archae- 
balaenoptera, Plesiobalaenoptera, Parabalaenoptera, Protororqualus, 
Balaenoptera, Megaptera) whose geographic distributions can be 
assessed through the geographic dataset available by Paleobiology 
Database (Uhen 2010). Based upon this dataset, the geographic 
distribution o f Thalassotherii encompasses all the world oceans.

Family INCERTAE SEDIS 

Genus ISOCETUS Van Beneden, 1880

Type species. Isocetus depauwi Van Beneden, 1880, only included 
species.

Diagnosis. As for Isocetus depauwi, only included species.

Isocetus depauw i Van Beneden, 1880 

Figures 4-12

Holotype. Van Beneden did no t designate a holotype for this spe
cies. He figured several specimens assigned to I. depawi that are 
now known as type material (Fig. 3). According to the point 73.3 
o f the Article 73 of the online version o f the International Code 
of Zoological Nomenclature (available at h ttp://w w w .nhm .ac.uk/ 
hosted-sites/iczn/code/), these are syntypes. Among them, the 
partial skeleton RBINS M.396-R.370 is the first figured specimen 
and shows sufficient diagnostic features to be used as lectotype.

Lectotype. Partial skeleton RBINS M.396-R.370, by present desig
nation.

Horizon and locality. Berchem Formation, Antwerp Sands 
Member, late Early to Middle Miocene (c. 16.5—15.2 Ma) accord
ing to Louwye et al. (2000) and Louwye (2005). The specimen 
was found in Oude God (at the time, the locality was cited in 
French as ‘Vieux-Dieu’), in the town of Mortsel, south-east sub
urbs o f Antwerp, during the building of a fortification (Fort 4), 
in 1867 (Fig. 1). The geographic coordinates o f the discovery site 
are as follows: N 51°10'23"; E 04°27'39". The associated fauna 
includes eurhinodelphinids, Squalodon, physeteroids and other 
cetaceans (e.g. Lambert 2005, 2008).

Emended diagnosis. Angular process of the dentary 
located more anteriorly than the posterior articular sur
face of the condyle; angular process dorsoventrally short; 
groove for the internal pterygoid muscle located only 
along the medial side of the dentary; mandibular condyle 
round and transversely wide; distinctive concavity poster
ior to the metapophysis in the anterior thoracic vertebrae.

Discussion. According to Abei (1938), the original skull of 
Isocetus depauwi was lost decades prior to 1938. There
fore, it is not possible to check the presence of the spe
cific characteristics that Van Beneden (1880) suggested 
were diagnostic for this taxon, namely (1) apex of the 
skull very delicate and (2) dorsal exposure of the parietal 
limited to 3 cm. Nevertheless, it is difficult to understand 
what Van Beneden meant when he stated that the skull of 
I. depauwi has a very delicate apex. In our opinion, this 
character cannot be accepted as a diagnostic feature in 
the absence of further specifications. The dorsal exposure 
of the parietal is a character observed in all the archaic 
mysticetes, being a primitive mammalian condition (Car
roll 1988). In particular, the extension of the dorsal expo
sure of the parietal is longer in Oligocene baleen-bearing 
Eomysticetoidea (Sanders and Barnes 2002a, b) and 
shorter in the subsequent radiation of thalassotherian

FIG.  3 .  Reproduction of Van Beneden’s (1886) plate 73 representing cervical and thoracic vertebrae o f  specimen RBINS M.396- 
R.370 (lectotype o f Isocetus depauwi). Upper row from left to right: seven cervical vertebrae and seven thoracic vertebrae in left lateral 
view. Lower row from left to right: atlas in anterior and posterior views, axis in anterior and posterior views, and the following three 
cervical vertebrae in anterior views. Not to scale.

http://www.nhm.ac.uk/
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FIG.  4 .  Tympanic bulla o f  the lectotype o f Isocetus depauwi 
(RBINS M.396-R. 370). A, medial view; B, posterior view; C, 
dorsal view; D, lateral view; E, anterior view; F, ventral view.
Scale bar represents 10 mm.

mysticetes. In balaenids, the parietal is superimposed by 
the supraoccipital; for this reason, it is not exposed 
between the supraoccipital and the posterior border of 
the frontal (Bisconti 2003). There is not consensus about 
the denom ination of this skull part: here we call it cranial 
vertex (or vertex) because it involves the same osteologi- 
cal features that occur at the cranial vertex of odontocetes 
according to Mead and Fordyce (2009). In balaenopterids, 
the parietal may be either exposed as a subtle stripe of 
bone which is only a few mm  in length, as in Balaenop
tera physalus Linnaeus (1758), or not exposed as in Balae
noptera siberi Pilleri (1989) and B. musculus Linnaeus 
(1758). In Cetotheriidae and Eschrichtiidae, the exposure 
of the parietal at the vertex is much reduced and the 
parietals meet along the longitudinal axis of the skull 
forming a short and laterally concave relief (Bisconti 
2008). The length of the exposure of the parietal at the 
cranial vertex can be of taxonomic interest if incorporated 
into a proportional ratio, but its absolute value should be 
regarded with caution. In fact, such a length might

depend on the ontogenetic age of the specimen or on its 
overall size. For instance, in the basal thalassotherian Pa
rietobalaena palmeri Kellogg (1924), the exposure of the 
parietal at vertex ranges from c. 20 to c. 40 m m  based on 
the ontogenetic age of the specimens (Kellogg 1924, 
1968d). For this reason, it appears inappropriate to base a 
diagnosis of a mysticete genus on such a character.

In the holotype of Isocetus depauwi, only one diagnostic 
character of Thalassotherii is preserved: the posterior ori
entation of the mandibular condyle. Moreover, the tym
panic bulla of the holotype of I. depauwi exhibits 
characters that allow to infer its placement in a radiation 
subsequent to the origin of Balaenomorpha and to 
exclude it from Balaenidae and Neobalaenidae. The pos
terior cleft (sensu Luo and Gingerich, 1999, p. 44) of the 
tympanic bulla disappears in all Balaenomorpha; in Balae
nidae and Neobalaenidae, the tympanic cavity is low and 
the bulla is roughly squared in ventral view. In basal tha
lassotherians and Eomysticetoidea, the bulla is approxi
mately pear-shaped in ventral view. The lack of the 
posterior cleft and the pear-like shape of the bulla and, 
more importantly, the morphology of the mandibular 
condyle allow assigning Isocetus depauwi to Thalassotherii. 
Additional skeletal material is needed to make more pre
cise assessments.

Description

Tympanic bulla. Only a small portion o f the left tympanic bulla 
o f the holotype is preserved (Fig. 4). It includes part o f the invo
lucrum, which is slightly rounded and bears a rather robust 
emergence o f the posterior pedicle. The dorsal bulge, located 
posteriorly on the involucrum, is weak. The dorsomedial border 
digradates anteriorly. This fragmentary bulla is 41 m m  long, and 
its maximum width is 25 m m  (Table SI).

Dentary. The partial left dentary shows a slight external curva
ture and a high dorsoventral curvature (Fig. 5). In transverse 
section, the medial surface is anteriorly convex bu t becomes flat- 
to-slightly concave approaching the coronoid process. The lateral 
surface o f the dentary is highly transversely convex. The dorsal 
surface o f the dentary is almost totally worn. The ventral border 
has a sharp and acute edge (Fig. 6). On the medial surface, the 
mylohyoidal groove is absent and the m andibular foramen is 
broken. Only the base o f the coronoid process is preserved. The 
mandibular condyle faces posteriorly and shows a wide surface, 
which is dorsoventrally and transversely convex. The condyle is 
transversely wide, projects laterally and has a concave lateral sur
face. The angular process is well separated from the condyle by a 
notch-shaped pterygoid groove that is well developed medially. 
The angular process is well developed and protrudes ventrally. It 
is oriented medially, with the condyle being located m uch more 
laterally. Measurements are provided in Table S2.

The fragment o f right dentary is rather straight and bears one 
mental foramen (Fig. 7). The surface is almost completely worn.
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FIG.  5 .  Left dentary of the lectotype of Isocetus depauwi (RBINS M.396-R.370). A lateral view. B, dorsal view. C, medial view. Scale 
bar represents 100 mm.

The anterior end is dorsoventrally expanded, bu t transversely 
narrow. Measurements are in Table S2.

Vertebrae. The vertebral epiphyses are not fused with the bodies, 
suggesting that this partial skeleton belongs to a juvenile or sub
adult individual. The axial skeleton includes seven cervical verte
brae (C1-C7) (Figs 8 and 9), seven thoracic vertebrae (T1-T7), 
four lum bar vertebrae ( possibly L4-L6 and L8 ) and one indeter
minate vertebra. Measurements are provided in Table S3.

The atlas (C l) is only partially preserved, with the whole right 
dorsolateral corner being absent. The transverse process is short 
and stocky. The dorsolateral corner is very high. The outline of 
the neural canal is squared.

The axis (C2) has a short, stocky and flat ventral transverse 
process with a triangular lateral apex. The neural canal is oval
shaped and is 55 m m  wide and 40 m m  high (see other measure
ments in Table S3). The neural process is short and rounded. 
The anterior articular facet is convex bu t largely eroded; the pos
terior articular surface is concave. The vertebral epyphysis is 
heart-shaped.

The body of C3 is delicate and small. The dorsal and ventral 
borders o f the body are parallel; the neural canal is wide 
(59 m m  in width). Dorsal and ventral emergences o f the trans
verse processes are preserved.

The body of C4 is anteroposteriorly narrow, bu t it appears 
wider in anterior view than C3. It bears a sharp ventral keel. 
The body has an oval outline in anterior view. The emergences 
o f the transverse processes are present. The neural canal is about 
72 m m  in width.

In C5 the dorsal border o f the body is straight. The ventral 
surface bears a sharp keel. The transverse processes are delicate, 
small and flat. The neural arch bears anterior metapophyses that 
are flat and located rather laterally. The width of the neural arch 
is 64 mm, and the height (as it can be reconstructed) is 33 mm.

The ventral surface o f the body of C6 is rounded. The ventral 
transverse process is not present. The metapophyses are located 
distally on the sides o f the neural arch and are posteriorly bounded 
by distinctive concavities. C7 is almost completely destroyed.

The body of T1 is oval in anterior view (Fig. 10). The m etap
ophyses are located distally on the sides o f the neural arc and 
are posteriorly bounded by concavities. The transverse process is 
flat, short and stocky, and bears an articular facet for a single
headed rib. The neural arch is 79 m m  wide and 40 m m  (as pre
served) high.

The body o f T2 is short. The transverse processes are wide 
and flat. The transverse diameter o f the neural channel is 
67 mm. The neural arch is missing.

In T3 the neural arch is low and wide ( 30 m m  high; 66 mm 
wide). W ide metapophyses are located on the sides o f the neural 
arc; metapophyses are slightly oblique and descending externally. 
The transverse process is almost cylindrical, bearing only one 
articular facet for the head of the rib. The ventral surface o f the 
body displays a rounded keel.

T4 has similar characters as T3, bu t its transverse processes 
are broken, and the neural process is longer than that o f  T3. 
The width of the neural arc is 64 mm, and the height is 34 mm. 
A postzygapophysis is located on the emergence o f the transverse 
process.
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FIG. 6.  Transverse sections of left and right dentaries of the lectotype of Isocetus depauwi (RBINS R.396-M.370). A, schematic 
representation of left dentary. B, transverse sections of left dentary. C, schematic representation of right dentary. D, transverse sections 
of right dentary. Posterior portions are on the left side of the figure in A and B and on the right side of the figure in C and D. Thick 
lines represent the actual profiles of the bones; thin lines represent reconstructed parts. Numbers represent the distance (in mm) from 
the posterior end of the relative dentary. Abbreviations: ap, angular process; f, mandibular foramen; L, lateral; M, medial; ptg, 
pterygoid groove. Scale bars represent 100 mm.

The body of T5 is longer than that of T3, and its ventral sur
face shows a rounded keel. The width of the neural arc is 53 mm, 
and the height is 33 mm. The transverse processes are flat, short 
and stocky with articular facet for the head of the rib. The m etap
ophyses are slightly transversely extended. A wide and flat postzy
gapophysis is located on the emergence of the transverse process.

The body of T6 shows a round ventral keel. The transverse 
processes are short and stocky, and bear an articular facet for a

single-headed rib. The metapophyses show an articular facet 
located laterally. The neural arch is well preserved and is sur
m ounted by a high neural process. The width of the neural arc 
is 47 mm, and the height is 35 mm.

The body of L4 is damaged, but a sharp ventral keel is pre
served; only the emergence of the transverse processes is pre
served, showing that the processes were flat. The emergence is 
located at the middle of the lateral surface. The arch is lost.
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FIG.  8 .  Cervical vertebrae o f the lectotype of Isocetus depauwi (RBINS M.396-R.370). Upper row: anterior view; lower row: posterior 
view. A, atlas. B, axis. C-G, 3rd-to-7th cervical vertebrae. Scale bar represents 50 mm.

The lateral sides o f L5 are damaged; the transverse processes 
emerge at a similar position as in L4. In anterior view, the ou t
line o f the epyphysis is oval-shaped.

In L6 the epyphyses are no t preserved; the vertebra is frag
m entary and eroded; only part o f the body is preserved.

The ventral keel o f L8 is sharp; the lateral sides o f the body 
are highly concave. Parts o f long and flat transverse pro
cesses emerge from the middle o f the sides. The neural arch is 
not preserved. In anterior view, the outline o f the epyphysis is 
oval-shaped.

Ribs. Only a fragment o f the first rib is sufficiently well pre
served to be anatomically informative (Fig. 11). The capitulum 
is missing. The ventral part is badly damaged owing to pyrite 
decomposition. The corpus is broadly semicircular and strongly 
flattened anteroposteriorly. A few small remnants o f other frag
m entary and badly damaged ribs are preserved.

Ulna. The proximal portion o f the right ulna is preserved 
(Fig. 12). The length o f the body is 226 mm. The diaphysis is 
narrow (41 m m  in m inim um  diameter) and anteriorly convex. 
The olecranon process is squared and is 87 m m  in posterior 
height. The anteroposterior diameter o f the proximal end is 
116 mm. The proximal epiphysis is missing. The articular 
surface is 45 m m  in anteroposterior diameter and 39 m m  in 
transverse diameter.

Comparison

The partial skeleton RBINS M.396-R.370 lacks most of 
the anatomical parts usually employed for comparative 
purposes. The tympanic bulla is extremely fragmentary. It 
is not possible to know whether it had an anterolateral

FIG.  7 .  Right dentary of the lectotype of Isocetus depauwi (RBINS M.396-R. 370). A, lateral view. B, dorsal view. C, medial view. 
Scale bar represents 100 mm.
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100 mm
FIG. 9.  Cervical vertebrae of the lectotype of Isocetus depauwi 
(RBINS M.396-R. 370) in dorsal view. C1-C7 = atlas-to-7th 
cervical vertebrae; T1 = 1st thoracic vertebra.

expansion or not, and whether its opening for the Eusta
chian tube was high or low. For these reasons, it cannot 
help in the determination of the taxonomy and relation
ships of the specimen.

The proximal fragment of the dentary bears a pterygoid 
groove on its medial surface. It separates the articular sur
face of the condyle from the angular process. Other

FIG.  11 .  Rib (possibly the first) of the lectotype of Isocetus 
depauwi (RBINS M.396-R.370) in anterior view. Scale bar 
represents 100 mm.

archaic mysticetes have the pterygoid groove in a similar 
position, among them: Parietobalaena palmeri (Kellogg 
1968d), Parietobalaena sp. (Kimura et al. 1998), Thinoc-

FIG. 10 .  First-to-seventh thoracic vertebrae of the lectotype of Isocetus depauwi (RBINS M.396-R.370) in right lateral view. Anterior 
is on the right side. Scale bar represents 100 mm.
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FIG.  1 2 .  Lectotype o í Isocetus depauwi (RBINS M.396-R.370): 
proximal end and diaphysis o f ulna. Scale bar represents 
100 mm.

etus arthritus Kellogg (1969) and Diorocetus hiatus Kellogg 
(1968fr). This character is also observed in several speci
mens held by the RBINS and previously figured by Van 
Beneden (1886, pis 2, 5, 14, 19, 70).

The angular process of the dentary is located rather 
anteriorly and protrudes ventrally. Such a condition is 
observed in an indeterminate thalassotherian from Japan 
(Kimura 2002) although in that specimen the angular 
process has a more irregular shape.

The mandibular condyle appears much more rounded 
in posterior view in all the other archaic mysticetes (sensu 
Geisler and Luo 1996) and can be considered exclusive of 
this animal, representing a diagnostic feature of the 
genus. In Pelocetus calvertensis Kellogg (1965), the m an
dibular condyle is rather round and wide; the angular 
process is located anterior to the mandibular condyle and 
protrudes ventrally. However, the groove for the internal 
pterygoid muscle crosses the posterior face of the dentary 
and can be observed in lateral view. Moreover, in this 
taxon, the angular process is much smaller than the con
dyle as far as the dorsoventral diameter of the condyle 
is concerned, but it is also much more transversely 
expanded.

The presence of a distinctive concavity posterior to the 
metapophysis in the thoracic vertebrae is not observed in 
other mysticetes and is exclusive to Isocetus depauwi. In 
other mysticetes, the neural arch is smooth posterior to 
the metapophysis. This trait is considered diagnostic of 
the genus.

The specimen M.399-R.4018 was assigned to Isocetus 
depauwi by Abei (1938), although it was not completely 
prepared. The dentary of M.399-R.4018 is rather different 
from that of the lectotype of Isocetus depauwi: the condyle 
is markedly smaller and is transversely narrow and appears 
dorsoventrally elongated (Fig. 13). Moreover, the angular 
process of the dentary M.399-R.4018 is dorsoventrally 
longer than that of Isocetus depauwi. These differences 
support the inclusion of the specimen M.399-R.4018 in a 
different taxon (see below).

Discussion

The lectotype skeleton of Isocetus depauwi is largely frag
mentary. The lack of most of the anatomical parts usually 
employed for comparisons and phylogenetic inference 
makes it difficult to assess its taxonomic and phylogenetic 
affinities. The presence of some peculiar traits allows the 
formal diagnosis of the taxon, but the only suggestion of 
phylogenetic affinity is given by the position of the groove 
for the internal pterygoid muscle in the posteromedial 
side of the dentary. As stated above, such a groove occurs 
in the same position only in Diorocetus hiatus, Parietobal
aena palmeri, Parietobalaena sp. and Thinocetus arthritus, 
as well as in a series of specimens figured by Van Bene
den (1886). The taxonomy of these Van Beneden speci
mens is currently under debate, as many of them became 
nomina dubia or nomina nuda in a revision by Steeman 
(2010), based on ear bones only. A new and thorough 
study of this material (most of which is now incertae se
dis), including other skeletal elements, should be under
taken to clarify the taxonomy of these specimens and to 
base the systematic assignments on more extensive mor-
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FIG. 13 .  Comparison between posterior portions o f left 
dentary o f the lectotype o f Isocetus depauwi and the holotype of 
Parietobalaena campiniana. A, posterior part o f the left dentary 
of Isocetus depauwi in lateral view. B, posterior part o f left 
dentary o f Parietobalaena campiniana in lateral view. C, 
posterior part o f left dentary of Isocetus depauwi in posterior 
view. D, posterior part o f left dentary o f Isocetus depauwi in 
posterior view. Scale bar represents 100 mm.

phological evidence. In Diorocetus hiatus, the angular pro
cess is anteroposteriorly short and bears a round ventral 
surface; the angular process protrudes slightly posteriorly 
to the articular surface of the mandibular condyle. In Pa
rietobalaena palmeri, the angular process is strongly 
reduced anteroposteriorly and protrudes ventrally. M ore
over, in P. palmeri, the angular process is slightly poster
ior to the articular surface of the condyle, in contrast to 
the condition in Isocetus depauwi, in which the angular 
process is slightly anterior to the articular surface of the 
mandibular condyle.

In both Parietobalaena palmeri and Diorocetus hiatus, 
the angular process protrudes slightly posteriorly, resem
bling Cetotheriidae s.s. (Kellogg 1968fo, d: W hitmore and 
Barnes 2008).

The proportions of the articular surface of the m andib
ular condyle and of the angular process of Pelocetus cal
vertensis resemble the morphology observed in Isocetus 
depauwi, but the different development of the groove for 
the internal pterygoid muscle and the stronger angular 
process observed in Pelocetus support different taxonomic 
assignments.

The peculiar morphology observed in the thoracic ver
tebrae of Isocetus depauwi resembles the morphological 
condition seen in the anterior thoracic vertebrae of Esch
richtius robustus Lilljeborg, 1861. Close inspection of the 
skeleton AMNH 34260 previously assigned to Eschrichtius 
gibbosus Erxleben (1777) revealed that the metapophysis 
of T1-T9 is located distally with respect to the neural 
arch and that a concave facet is located between the 
metapophysis and the neural arch. The distal location of 
the metapophyses resembles the vertebral morphology of 
Isocetus depauwi, but, in this species, a concave facet is 
located posteriorly to the metapophysis, not medially.

In the specimen M.399-R.4018, assigned to I. depauwi 
by Abei (1938), the mandibular condyle is much narrower 
transversely (Fig. 13); the angular process is located ven
trally under the articular surface of the condyle and is 
more rounded ventrally and more developed transversely. 
In posterior view, the dentary of the specimen RBINS 
M.399-R.4018 is substantially compressed transversely, in 
contrast to the dentary of Isocetus depauwi that is more 
transversely expanded. In the two thoracic vertebrae asso
ciated with the partial skeleton RBINS M.399-R.4018, the 
metapophyses are only partially preserved; the m etapoph
ysis of T5 is located laterally of RBINS M.399-R.4018, in 
a position similar to that of the metapophyses of Isocetus 
depauwi. However, the presence of a posterior concavity 
cannot be unambiguously confirmed.

Based on the differences observed in the dentary, we 
assign the specimen RBINS M.399-R.4018 to a different 
taxon, Parietobalaena campiniana new species, the 
description of which is provided below.

In conclusion, the fragmentary skeleton RBINS M.396- 
R.370 represents a mysticete species with peculiar charac
ters in the dentary and in the vertebral column. These 
characters allow its recognition and separate it from 
other, well diagnosed mysticete taxa. In this sense, the 
species Isocetus depauwi is retained independent from the 
bad preservation of its remains. In fact, these remains 
are not sufficient to be used in a cladistic analysis but 
are sufficient to warrant a reliable diagnosis that will be 
of great help in the recognition of other Isocetus finds 
elsewhere.

The morphology of Isocetus dentary is highly character
istic owing to the strong ventral protrusion of the angular 
process, suggesting highly active masseter and pterygoid 
muscles during feeding. The function of the wide m an
dibular condyle is still difficult to interpret.
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Genus PARIETOBALAENA Kellogg, 1924

Type species. Parietobalaena palmeri Kellogg, 1924.

Entended diagnosis o f genus. A basal thalassotherian with 
very short-to-absent ascending process of the maxilla, 
very short lateral process of the maxilla (sensu Barnes and 
McLeod 1984, p. 2), anterior end of nasal located anterior 
to the anterior border of the supraorbital process of the 
frontal, presence of a concavity in the lateral side of the 
squamosal, endocranial opening of facial canal separated 
from the foramen including the tractus spiralis foramino
sus and the foramen singulare by a wide crista transversa, 
dorsal surface of periotic strongly protruded dorsally to 
form a convex dome, short anterior process of the periot
ic, anterior process of periotic abruptly depressed anteri
orly to the central portion of the dorsal surface of the 
periotic (the dorsally convex dome).

Discussion. The following text reproduces the emended 
diagnosis that Kellogg (1968d, p. 176) published to 
replace the first diagnosis published by Kellogg (1924, pp. 
1, 2) (numbers are ours): (1) parietals meet medially to 
form a ridge between the apex of the supraoccipital shield 
and the frontals; (2) maxillary, premaxillary and nasal 
sutural contact grooves extended backward on frontals 
beyond level of preorbital angle of supraorbital process; 
(3) rostrum  tapering towards extremity; (4) transverse 
temporal crest developed on supraorbital process of fron
tal on mature skulls; (5) nasals located for most part 
anterior to level of preorbital angle of supraorbital pro
cesses; (6) zygomatic process of squamosal slender, atten
uated anteriorly and extended forward to or almost to 
elongated postorbital projection of supraorbital process of 
frontal; (7) postglenoid process directed more downward 
than backward, flattened on its posterior face and 
rounded distally; (8) occipital condyles small; (9) exocci- 
pitals directed obliquely downward and backward, with 
lateral end projecting backward beyond level of articular 
surface of condyle on adult skulls; (10) pars cochlearis of 
periotic with strongly convex dome or apex extended ven
trally; (11) a short narrow fossa of variable depth behind 
rim  of fossa for stapedial muscle and above fenestra 
rotunda and its projecting shelf extends across posterior 
face of pars labyrinthica to its cerebral face. Tympanic 
bulla and periotic resemble in some details those of ‘Id- 
iocetus’ laxatus Van Beneden (1886, pi. 54, figs 3-4); (12) 
a deep groove for attachment of internal pterygoid muscle 
present below articular surface of condyle and above 
angle on internal surface of posterior end of mandible.

After many decades of study, some of Kellogg’s charac
ters are to be questioned in the light of new observations 
of individual variation. In particular, characters (1), (2), 
(3), (4), (5), (6) and (12) are observed in several basal

thalassotherians, including Diorocetus hiatus, Pelocetus 
calvertensis, Isanacetus laticephalus Kimura and Ozawa 
(2002), and ‘Aglaocetus’ patulus Kellogg (1968c), so it can
not be considered diagnostic at the genus level. Character 
(7) is observed in Megaptera novaeangliae Brisson (1762), 
Diunatans luctoretemergo Bosselaers and Post (2010), and 
P. calvertensis. Character (8) appears too general to be 
useful for a diagnosis. Character (9) is observed in 
‘A .’ patulus, P. calvertensis, D. hiatus. Character (10) is 
observed also in P. calvertensis, I. laticephalus and A . ’ pat
ulus. A strongly convex dome is also present in Balaena 
mysticetus Linnaeus (1758) and in archaeocetes such as 
Zygorhiza kochii Reichenbach in Carus (1847) and Doru- 
don atrox Andrews (1906); it should therefore be consid
ered a primitive character of baleen-bearing mysticetes. 
However, in Parietobalaena, this character is particularly 
evident because of the strong reduction in the anterior 
process, which is highly depressed from the dorsal surface 
of the central portion of the periotic (the periotic dome). 
Similar to Parietobalaena are the periotics of Heterocetus 
affinis Van Beneden and Gervais (1868) (RBINS M.605a- 
R.301) and Idiocetus laxatus Van Beneden (1880) (RBINS 
M.727-R.61) assigned, respectively, to Parietobalaena affi
nis and P. laxata by Steeman (2010), based on ear bone 
morphology. The periotic M.605a-R.301 (elected by Stee
man (2010) to be the lectotype of Parietobalaena affinis 
together with the tympanic bulla M.605b-R.301) lacks the 
anterior process and shows a stronger convex dome with 
uniformly concave suprameatal fossa; the tympanic bulla 
differs from that of Parietobalaena palmeri because its 
posterior border is perpendicular to the long axis of the 
bulla rather than oblique and because the posteromedial 
part of the bulla is convex rather than being concave as 
in the holotype of P. palmeri. The periotic M.727-R.61 
(elected by Steeman (2010) to be the lectotype of Parieto
balaena laxata) shows a longer anterior process, a more 
triangular dome in medial view, a much longer posterior 
process and a clearly concave posterodorsal portion of the 
suprameatal area. In these respects, the periotic M.727- 
R.61 is clearly different from that of Parietobalaena pal
meri. These observations suggest that additional work is 
necessary to support the inclusion of this material within 
Parietobalaena. Given that the morphological support of 
Steeman’s (2010) revision appears scanty, we provisionally 
consider Heterocetus affinis and Idiocetus laxatus as 
valid taxa pending a revision of all the referred skeletal 
material.

Parietobalaena campiniana  sp. nov.

Figures 14-28

Derivation o f name. The specific name campiniana derives from 
the name of a region located in the NE o f Flanders (Belgium)
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FIG. 14 .  Holotype skull of Parietobalaena campiniana (RBINS 
M.399-R.4018) in dorsal view. Scale bar represents 300 mm.

and SE of the Netherlands called De Kempen (in Dutch), La 
Campine (in French) and campiña (in Latin). The village and 
the Fort of Kessel, where the holotype specimen was found, are 
located in the south-eastern part of this region.

Holotype. RBINS M.399-R.4018 (Fig. 14); a skull and part of the 
left dentary, atlas, third-to-seventh cervical vertebrae, two tho 
racic vertebrae and one hyoid fragment. Some parts of the speci
men were described and figured by Abei (1938).

Horizon and locality. The specimen was found in the Fort of 
Kessel (geographic coordinates of the site: N 51°09'02"; E 
04°37'40") in January 1913 (Fig. 1). A sample of sediment asso
ciated with the specimen was analysed by Lambert and Louwye 
(2006) for microfossils, especially dinoflagellates, to assess the 
chronostratigraphic age of this and other specimens from the 
same level. The analysis revealed that the specimen is dated from

FIG.  15 .  Schematic representation of the holotype skull of 
Parietobalaena campiniana (RBINS M.399-R.4018) in dorsal 
view. Thick lines represent actual bone profiles; broken lines are 
missing parts; grey areas represent foramina. Scale bar represents 
300 mm. Anatomical abbreviations: bocc, basioccipital; bsph, 
basisphenoid; exo, exoccipital; fin, foramen magnum; hiat, 
hiatus cranicus; iop, infraorbital process; met, mesethmoid; mx, 
maxilla; oc, occipital condyles; pai, palatine; pt, pterygoid; sop, 
supraorbital process of the frontal; sq, squamosal; v, vomer; zyg, 
zygomatic process of the squamosal.

the Middle Miocene, tentatively late Langhian to early Serraval- 
lian, between c. 15 and 13.2 Ma (Lambert and Louwye 2006).

Referred specimens. RBINS M.2010, an isolated periotic collected 
from reworked Miocene sands at the beach of the Scheldt estu
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FIG. 16 .  Skull of the holotype of Parietobalaena campiniana 
(RBINS M.399-R.4018) in ventral view. Thick lines represent 
actual bone profiles; broken lines are missing parts; grey areas 
represent foramina. Scale bar represents 300 mm.

ary in Nieuwvliet, near Cadzand, originating from Sluissche 
Hompels (N 51°26'05"; E 03°25'02") in the Western Scheldt 
estuary, The Netherlands (Riemslag 1998). RBINS M.2011, an 
isolated squamosal found in Berchem (Belgium), at a construc
tion site in the Williotstraat (N 51°11'10"; E 04°26'09"); the 
specimen was found in situ in the Antwerp Sands Member, Tur
ritella eryna horizon (late Burdigalian -  early Langhian), of the 
Berchem Formation; the age of the specimen can be constrained 
from 16.7 to 15.1 Ma according to Louwye et al. (2010).

Diagnosis o f species. Parietobalaena campiniana shares 
with P. palmeri several synapomorphies of the genus Pari
etobalaena: short lateral process of the maxilla, presence 
of a dorsal protrusion in the central portion of the periot
ic (periotic dome), anterior process of the periotic

FIG. 17 .  Schematic representation of the skull of the holotype 
of Parietobalaena campiniana (RBINS M.399-R.4018) in ventral 
view. Scale bar represents 300 mm. Anatomical abbreviations: 
bocc, basioccipital; bop, basioccipital descending process; earn, 
external acoustic meatus; exo, exoccipital; fp, foramen pseudo- 
ovale; mx, maxilla; hiat, hiatus cranicus; iop, infraorbital process 
of the frontal; jn, jugular notch; oc, occipital condyle; pai, 
palatine; pgp, postglenoid process of squamosal; ppp, posterior 
process of periotic; pt, pterygoid; sq, squamosal; v, vomer; zyg, 
zygomatic process of the squamosal.

abruptly depressed from the periotic dome. As a species 
of Parietobalaena, it differs from P. palmeri in lacking the 
ventral protrusion of the angular process of the dentary, 
in having a stronger and shorter postorbital corner of the

earn
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FIG. 18 .  Left squamosal o f the holotype o f Parietobalaena 
campiniana (RBINS M.399-R.4018), in lateral view showing the 
lateral fossa (If). Anterior is on the left side. Scale bar represents 
100 mm.

supraorbital process of the frontal and in having a longer 
and stronger supraorbital process of the frontal as a 
whole.

Description

General The skull is fragmentary; only the basicranium, the 
squamosals and parts o f the frontal, maxilla, vomer and dentary 
are preserved. The two periotics and tympanic bullae have been 
detached from the skull and prepared for study. Measurements 
are provided in the Supporting Inform ation published online in 
the website o f Palaeontology.

Premaxilla. Missing.

Maxilla. Like m ost o f the skull, the maxilla is largely fragmen
tary. The lateral border is preserved on the right side, only in 
the posterior portion o f the bone and in a few fragments located 
more anteriorly. It is elevated relative to the dorsolateral surface 
of the maxilla. The lateral process o f the maxilla is some 4 cm 
long and tapers towards its apex. It is posteriorly fused with the 
infraorbital plate, which is preserved only in part and superim 
posed dorsally by the supraorbital process o f the frontal. The 
medial border o f the maxilla is raised above the lateral surface at 
the level o f the narial fossa.

Judging from the length of the lateral process o f the maxilla 
and from the orientation o f the posterior-m ost border o f the 
maxilla, the lateral edge of the maxilla was mainly elongated along 
the midline in dorsal view and the rostrum  was narrow at the base 
(anterior to the emergence o f the lateral process o f the maxilla).

Even if the premaxilla is entirely missing, in baleen-bearing 
mysticetes, the premaxilla is lodged in an elongated cavity 
included between the maxillae along the midline o f the skull 
(Figs 14 and 15). The lateral border o f this cavity is parallel to 
the lateral border o f the premaxilla. In the skull M399/R. 4018, 
the lateral edge of the cavity that holds the premaxilla is well 
preserved from the narial fossa to the anterior end of the ros
trum  (as preserved), indicating that the lateral border o f the pre
maxilla was straight anterior to the narial fossa.

It is no t possible to assess the total length o f the rostrum  
because the anterior ends o f the premaxilla and o f the maxilla are 
missing. Moreover, it is impossible to describe the posteromedial 
corner o f  the maxilla because that part is missing. The dorsal sur
face o f the maxilla is so damaged that it is impossible to assess 
the total num ber o f the maxillary foramina unambiguously.

In ventral view, the medial border o f the maxilla forms a ven
tral convexity holding the vomer (Figs 16 and 17). This convex
ity has a transversely rounded surface. In the ventral surface of 
the maxilla, a series o f longitudinally oriented grooves for the 
vasculature o f the baleen are located close to the ventromedial 
convexity, and a series o f grooves oriented laterally and anteri
orly are located more laterally.

Vomer. Part o f the vomer is preserved under the narial fossa. 
The posterodorsal end o f the vomer is attached to the presphe
noid, forming two ascending laminae; the ethm oid was probably 
originally wedged between them, bu t it is lost. The vomer is 
strongly concave with a rounded dorsal surface. In ventral view, 
its posterior end is covered by the palatines for most o f its exten
sion. The vomerine crest projects posteriorly along the longitudi
nal axis o f the skull and separates the choanae. The plate o f the 
vomer from which the vomerine crest projects terminates slightly 
posteriorly to the anteromedial corner o f the hiatus cranicus.

Palatine. Both palatines are preserved (Figs 16 and 17). The 
anterior border is oriented obliquely to the longitudinal axis of 
the skull, with its anteromedial corner being located more ante
riorly than the posterolateral corner. The posterior border is 
substantially parallel to the anterior border. Measurements are 
reported in Table S4.

Frontal. Only the right supraorbital process o f the frontal is pre
served (Figs 14 and 15). It is rather broad and has a slightly 
convex dorsal surface. The temporal ascending crest is nearly 
absent being reduced and rounded. It is visible only near the 
postorbital corner. The orbit is low, long and uniformly 
rounded. The preorbital process is laterally short and rounded. 
The postorbital com er protrudes m uch more laterally than the 
preorbital corner. The anterior border o f the supraorbital p ro
cess o f the frontal is remarkably concave in its medial half 
(viewed dorsally); the posterior border is slightly concave and 
forms a concavity medial and posterior to the narrow and pro
truding postorbital corner.

M ost o f the ventral surface o f the supraorbital process o f the 
frontal is occupied by an anteroposteriorly concave surface, 
which extends laterally (Figs 16 and 17). The anterior border of 
this surface is sharply edged and bears an anterior notch a few 
centimetre medial to the orbit.

Nasal, lacrimal, jugal, parietal, interparietal. Missing.

Squamosal. The anterior-m ost portion and the mediodorsal part 
o f the squamosal are not preserved. The zygomatic process of 
the squamosal is elongated and transversely narrow; its anterior 
end is narrow and rounded. The dorsal edge o f the zygomatic 
process o f the squamosal is transversely rounded. In lateral view, 
the dorsal edge o f the zygomatic process is straight and horizon-
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Sq eam jn oc bocc bop exo  ppp pgp
FIG.  1 9 .  Basicranium of the holotype o f Parietobalaena campiniana (RBINS M.399-R.4018) in ventral view (left side) with left 
periotic still in articulation. A, photograph plate. B, schematic representation. N ot to scale. Anatomical abbreviations: aped, anterior 
pedicle for attach with tympanic bulla; boc, basioccipital; bop, basioccipital descending process; eam, external acoustic meatus; exo, 
exoccipital; fp, foramen pseudo-ovale; fpo, falciform process o f squamosal; hiat, hiatus cranicus; jn, jugular notch; oc, occipitaal 
condyle; pai, palatine; pgp, postglenoid process o f squamosal; ppp, posterior process o f periotic; prom , prom ontorium ; pt, pterygoid; 
ptf, pterygoid fossa; sq, squamosal; v, vomer.

tai (Fig. 18). The secondary squamosal fossa is absent. The lat
eral surface of the zygomatic process o f the squamosal is only 
slightly divergent from the longitudinal axis o f the skull. In lat
eral view, the ventral border o f the zygomatic process o f  the 
squamosal forms a wide concavity corresponding to the glenoid 
fossa o f the squamosal. On both sides o f the skull, laterally to 
the zygomatic process o f the squamosal, there is an additional 
concavity located on the lateral surface o f the squamosal 
(Fig. 18). We term  it lateral zygomatic concavity (new term).

The postglenoid process is located more ventrally than the ven
tral surface o f the zygomatic process o f the squamosal and is

elongated transversely. The glenoid fossa o f the squamosal is, 
thus, wider posteriorly. The postglenoid process is thick dorsally; 
it is oriented slightly ventrally and posteriorly ( the posterior wall 
is inclined about 5 degrees with respect to the vertical plane). Dis
tally and medially it tapers forming a sharp medioventral crest.

The lateral squamosal crest is located above the postglenoid 
process. It is thin, blade-like and distinctly everted, overhanging 
the sternomastoid fossa posteriorly. Medially and dorsally, the 
crest is broken. Therefore, it is no t clear whether it is continuous 
and whether it was in contact with the lambdoid crest. The ster
nom astoid crest is deep, medially and laterally long, more
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FIG.  2 0 .  Right periotic o f the holotype of Parietobalaena campiniana (RBINS M.399-R.4018) w ithout posterior process. A 
posterolateral view. B, lateral view. C, posterior view. D, ventral view. E, medial view. F, posteromedial view. G, dorsal view, 
anterior view. Scale bar represents 10 mm. Specimen coated with am m onium  chloryde.
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FIG. 2 1 . Right periotic of the holotype of Parietobalaena campiniana (RBINS M.399-R.4018): schematic representation. A, lateral 
view. B, posterior view. C, medial view. D, ventral view. Not to scale. Anatomical abbreviations: ap, anterior process of periotic; app, 
anterior pedicle for articulation with tympanic bulla; ctpp, caudal process; dridge, dorsolateral ridge; elf, endolymphatic foramen; fc, 
fenestra cochleae; fhm, fossa for the head of the malleus; fs, facial nerve sulcus; fsm, stylomastoid fossa; fv, fenestra vestibuli; gtt, 
groove for tensor tympani; iam, internal acoustic meatus; pc, pars cochlearis; plf, perilymphatic foramen; pppc, broken emergence of 
posterior process of periotic; prg, prom ontorial groove; pyd, pyramidal process; Vll-cran, endocranial foramen for cranial nerve VII 
(Facial); Vll-lat, groove for lateral transit of cranial nerve VII (Facial).

pronounced medially and anteriorly pointed in lateral view. Pos
teriorly, it is in close proximity with another sharp thin crest, 
dorsal to the suture between the posterior process of the periotic 
and the external acoustic meatus.

From a dorsal point of view, the squamosal does not bulge 
into the temporal fossa. The dorsal part of the squamosal is 
missing and the basicranial structures can be seen in dorsal view 
owing to the wide fractures of the squamosal.

The posterior edge of the external acoustic meatus is formed 
by a thin crest, which is located close to the anterior surface of 
the posterior process of the periotic (postmeatal crest sensu Ford
yce 1994). This crest protrudes into the cranial hiatus medially

and dorsally and appears as a small, pointed, triangular lamina 
that covers a small part of the ventral surface of the periotic pos- 
terolaterally to the anterior process, slightly anterior to the level 
of the oval window. The ventromedial surface, anterior to the 
external acoustic meatus, is elongated anteroposteriorly and 
slightly concave.

Occipital The supraoccipital is totally missing. The exoccipital is 
flat and vertically oriented. The posterior wall of the paroccipital 
process of the exoccipital is oriented obliquely (from a point 
located anteromedially to a point located posterolaterally). The 
posterolateral corner of the exoccipital is located very medially
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FIG. 2 2 . Right tympanic bulla o f the holotype of 
Parietobalaena campiniana (RBINS M.399-R-4018). A, lateral 
view (upside down). B, anterior view. C, dorsal view (anterior 
end on the left side). D, ventral view. E, posterior view. F, 
medial view. Scale bar represents 10 mm. Specimen coated with 
am m onium  chloryde.

relative to the postglenoid process o f the squamosal; it strongly 
protrudes posteriorly. The occipital condyles are slightly poster
ior to the lateral paroccipital processes. The occipital condyles 
are clearly separated from the paroccipital process by a groove 
whose surface is smooth. The condyles are hemispherical in pos
terior view; their ventral comers are m uch closer to each other 
than their dorsal corners. Only the ventral border o f the fora
men m agnum  is preserved; it is round and rather wide. In dorsal 
view, the condyles are flat-to-slightly convex. In ventral view, the 
basioccipital is short, wide and squared. In ventral view, it is 
slightly convex along both the longitudinal and the transverse 
axes o f the skull. The descending process o f the basioccipital is 
only a low and wide relief making contact with the posteromedi
al portion of the pterygoid. It is rounded-to-oval, and its ventral 
surface is rather rough.

Basicranium. The presphenoid is widely separated from the basi- 
sphenoid (Figs 14 and 15). It is short and wide and has a convex 
dorsal surface. It is located medially and posteriorly relative to

the supraorbital process o f the frontal. The basisphenoid is m uch 
longer and squared, and its ventral surface is longitudinally con
cave. Its anterior border is elevated at the middle o f the bone 
forming the anterior edge of the sella turcica. The latter is only 
a slight concavity on the dorsal surface of the bone. The alisphe- 
noid is short and protrudes from the anterolateral corner o f the 
basisphenoid. The lateral extremity o f the alisphenoid is super
imposed on the pterygoid. Probably, this portion was exposed in 
the temporal fossa. The alisphenoid forms the anterior border of 
the hiatus cranicus in dorsal view.

The hiatus cranicus is broadly triangular (Fig. 19). The ante
rior border is rounded and rather wide; the posterolateral border 
is rounded and wide; the posteromedial corner is more acute. 
The lateral border is nearly parallel to the ventral edge o f the 
posterior wall o f the temporal fossa, and it is only a few milli
metre posterior to it. The lateral and medial borders o f the basi- 
capsular fissures are straight. The anterior portion o f the fissure 
is included within the pterygoid sinus fossa o f which a part 
remains.

The posterior process o f the periotic is still in situ, and its 
anterior end is located at the posterolateral corner o f  the basi- 
capsular fissure, slightly posterior to the external acoustic meatus 
(Fig. 19). The latter is a rather narrow inverse V-shaped groove, 
which is 13.5 m m  in anteroposterior diameter. It tapers laterally. 
The external acoustic meatus is located posterior to the postgle
noid process o f the squamosal.

In ventral view, the pterygoid forms a wide and long curve; it 
bears only a poorly developed ventral lamina, which is not large 
enough to cover the dorsal surface o f the pterygoid sinus fossa. 
The foramen ‘pseudo-ovale’ is located between the squamosal 
and the pterygoid; it is elliptical.

Periotic. The rather short posterior process is still in situ and 
makes contact with the squamosal-exoccipital suture (Figs 20 
and 21). It becomes slightly larger posteriorly and has a rounded 
posterior end. Its ventral surface is crossed by a long channel for 
the facial nerve (VII). Its ventral surface is transversely convex, 
and its length approaches the length o f the anterior process and 
the dorsal portion of the periotic itself. The stylomastoid fossa is 
shallow, wide and ventromedially restricted by a low and 
rounded crest located at the anterior border o f the posterior 
process. The posterior process tapers posteriorly, and its lateral 
surface forms an angle o f 45 degrees with the anteroposterior 
axis o f the periotic.

The anterior process is short, thick and broadly triangular in 
dorsal view; anteriorly, it is rounded. It is clearly separated from 
the central portion of the periotic by a fissure oriented dorsolat- 
erally (Figs 20 and 21). It shows a strong posterior elevation, 
which makes contact with the rounded dorsal surface in cranial 
view. This surface bulges strongly. Dorsally, the bulge is pachy- 
osteosclerotic. The anterior pedicle for the tympanic bulla is an
teroposteriorly short and transversely oriented. The suprameatal 
area is very high. Its dorsomedial border is rounded and pro
trudes cranially. More ventrally, the suprameatal area is concave 
and smooth.

The internal acoustic meatus, the endocranial opening for the 
facial canal and the endolymphatic foramen form a triangular 
pattern. The endocranial opening for the facial canal is oval. The



B IS CO N TI  E T  AL. :  I S OCET US  AN D ‘C E T O T H E R E ’ MYSTICETE P H YL OGE NY 115

FIG.  2 3 .  Left dentary of the holotype of Parietobalaena campiniana (RBINS M.399-R.4018). A, lateral view. B, dorsal view. C, medial 
view. Scale bar represents 100 mm.

endolymphatic foramen is long, deep and slit-like (being 
compressed along the anterodorsal-posteroventral axis). The 
internal acoustic meatus includes the tractus spiralis foraminosus 
and the exit for the vestibulocochlear (VIII) nerve. The meatus 
is separated from the endocranial opening o f the facial canal by 
a 5.5-mm-wide crista transversa and is separated from the endo
lymphatic foramen by a 7.5-mm-wide pyramidal process. The 
endocranial opening o f the facial canal (for the cranial nerve 
VII) is located more dorsally and anteriorly. It is connected to 
the anterodorsal rim of the internal acoustic meatus by a groove 
running over a wide crista transversa. The endocranial opening 
of the facial canal is oval, small (maximum diameter about 
3 mm) and tube-like. The perilymphatic foramen is very small 
and point-like. The endolymphatic foramen is separated from 
the round window. The round window is oval in outline; it is 
medially straight and lateromedially compressed. The oval win
dow is rather wide and oval-shaped.

The lateral opening of the facial canal is small; it opens at the 
level o f the anterior edge o f the oval window. The facial sulcus 
is wide and deep, and is separated from the fossa for the stape
dial muscle by a fine septum. The ventral surface o f the periotic, 
lateral to the pars cochlearis, is sm ooth and substantially feature
less. The mallear fossa is shallow. The stylomastoid fossa is deep, 
lateromedially short, well roofed and with a narrow floor ( 3 mm 
wide). Its surface is smooth; the fossa is dorsoventrally low and 
mediolaterally short. The pars cochlearis is neither transversely 
nor anteroposteriorly elongated. In lateral view, it is trapezoidal. 
The prom ontorial groove is irregular, mediolaterally wide, deep

and prom inent. It runs all over the length of the ventral prom 
ontorial surface. Anteriorly it is restricted by a fine crest; posteri
orly it is open and ends just dorsally to the round window. Its 
surface is rough and irregular. The tensor tympani groove is 
present bu t rather weak and continues anteroventrally on the 
surface o f the anterior process; it shallows anteroventrally and 
widens anteromedially.

Tympanic bulla. Both tympanic bullae have been detached from 
the skull for study (Figs 22 and 23). The left bulla is markedly 
smaller than the right one. The bulla is short relative to its 
width. The bulla is substantially rounded, it is small, and its sur
face is very sm ooth and featureless. M ost o f the lateral and ven
tral walls are missing. The anterolateral corner o f  the bulla does 
not protrude laterally, and thus, the bulla is pear-shaped (Van 
Beneden’s ‘pyruliform’ bulla). The opening for the Eustachian 
tube is rather low and transversely wide. The pedicle for the 
attachm ent o f the posterior process o f the periotic is slender and 
is located posteriorly. The tympanic cavity is deep and wide 
anteriorly. The medial border is nearly straight. The involucrum 
is rather high and robust posteriorly, sloping gradually and nar
rowing anteriorly. The medial keel is absent except for a weak, 
rounded crest on the posterior wall. Medially, the bulla is 
strongly rounded dorsoventrally.

Dentary. A proximal fragment o f the left dentary is preserved 
(Fig. 24). It includes the m andibular condyle, the coronoid p ro
cess and part o f the ramus. Measurements are in Table S2. The
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FIG.  2 4 .  Transverse sections of the left dentary of the holotype of Parietobalaena campiniana (RBINS M.399-R.4018). Upper row: 
schematic representation of left dentary; lower row, transverse sections. Thick lines represent actual bone profiles. Numbers represent 
distances from the posterior apex. Scale bar represents 100 mm. Abbreviations: Ap, angular process; L, lateral; M, medial; Ptg, 
pterygoid groove.

condyle is damaged on the lateral and dorsal sides. Its articular 
surface faces posteriorly and slightly dorsally. Its anterodorsal 
corner is higher than the dorsal border of the dentary between 
the condyle and the coronoid process. The angular process is 
approximately squared and projects slightly ventrally. It is sepa
rated from the condyle by a medial groove, which faces medially. 
The coronoid process is not m uch higher than the condyle. It 
bears a boss at its base. The dentary has a postcoronoid crest 
and fossa. The coronoid crest is short. The lateral surface of the 
ramus is convex transversely ventrally and anteriorly to the coro
noid process. The ramus is rather straight along both anteropos
terior and dorsoventral axes. The medial surface of the dentary 
is convex transversely (Pig. 25). The ventral border of the den
tary is transversely rounded. The mandibular foramen is wide 
and apparently triangular. There is no mylohyoidal groove. The 
gingival foramina are located along the dorsal border, which is 
sharply edged. Only one mental foramen is preserved.

Hyoid. A small part of a hyoid bone is preserved (Pig. 26). It is 
probably a stylohyoid element showing a dorsoventrally convex 
surface and externally rounded borders.

Vertebrae. The atlas, four cervical and two thoracic vertebrae are 
preserved (Pig. 27). The atlas (C l) is well preserved. It is rather 
wide. The lateral process is high, very short, stocky and laterally 
convex. The posterior articular facets are dorsoventrally flat and 
transversely convex. The ventral border is flat with an anterior 
notch located between the anterior articular facets. These facets

are highly concave. The third cervical vertebra is strongly dam 
aged.

The fourth cervical vertebra is characterized by short and deli
cate ventral transverse processes; the epyphyses are smaller than 
the centrum. There are no remains of the arch and of the dorsal 
transverse processes. The centrum of the sixth vertebra is oval; 
there are no ventral transverse processes preserved and only a 
part of one dorsal transverse process is preserved.

The neural arch of the seventh cervical vertebra is low and 
wide. The dorsal transverse processes are short, dorsoventrally 
flat. There are no ventral transverse processes. The vertebral ep
yphysis is remarkably smaller than the body.

FIG. 2 5 . Hyoid fragment? of the holotype of Parietobalaena 
campiniana (RBINS M.399-R.4018). Scale bar represents 10 mm.
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FIG.  2 6 .  Cervical vertebrae o f the holotype o f Parietobalaena campiniana (RBINS M.399-R.4018). Upper row: anterior views; lower 
row: posterior views. A, atlas. B-F, 3rd-7th cervical vertebrae. Scale bar represents 100 mm.

The fifth thoracic vertebra has a centrum  with a straight dor
sal border and a round ventral border bearing a rounded keel 
along the midline (Fig. 28). The transverse processes are short 
and stocky and display an articular facet for a single-headed 
rib. The transverse processes emerge from the sides o f the 
neural arch. The neural process is squared and does not bear 
metapophyses.

The seventh thoracic vertebra has broadly the same character
istics as the fifth, bu t shows metapophyses with a lateral facet; 
the presence of a concavity posterior to the metapophysis is 
ambiguous owing to poor preservation. Measurements are pro
vided in Table S5.

Comparisons

Rostrum. In Parietobalaena campiniana, the lateral process 
of the maxilla is short and slightly higher than the pos
terolateral surface of the maxilla. In Cetotheriidae and 
Eschrichtiidae, the lateral process of the maxilla forms a 
rounded antorbital notch with an anterior concavity, a 
typical character of these families as observed in Piscobal- 
aena nana, Mixocetus elysius Kellogg (1934), Cetotherium 
rathkii and Eschrichtius robustus (True 1904; Packard et al. 
1934; Pilleri 1986; Bouetel and de Muizon 2006). In Dio
rocetus hiatus, the anterior edge of the lateral process of 
the maxilla forms a distinctive and extended incisure on 
the posterolateral surface of the maxilla (Kellogg 1968fo). 
In Pelocetus calvertensis, Aglaocetus patulus and haliaeetus 
laticephalus, the lateral process is relatively short and dis
tally narrow as in P. campiniana, whereas in m odern Bal
aenopteridae, Balaenidae and Neobalaenidae, the lateral 
process is very long. In Parietobalaena palmeri and Tita- 
nocetus sammarinensis Bisconti (2006), the lateral process 
is strongly reduced-to-absent (Kellogg 1968d; Bisconti 
2006). The lateral process of the maxilla of P. campiniana 
closely resembles that of Aglaocetus moretii Kellogg 
(1934«) as the general shape of the rostrum does.

Frontal. The posterior border of the supraorbital pro
cess of the frontal of P. campiniana is nearly straight, 
and the anterior border is highly concave and the post
orbital process is well developed and long. The supraor
bital process of at least one specimen assigned to 
Diorocetus hiatus (USNM 16783) exhibits all these char
acters. Isanacetus laticephalus also shares these features, 
but in this species, the postorbital corner is not pro
truding externally as observed in P. campiniana and 
D. hiatus.

Squamosal. In dorsal view, the zygomatic process of the 
squamosal of P. campiniana is slightly divergent from the 
longitudinal axis of the skull, and its lateral surface is 
straight. This condition is observed in most archaic ‘ce- 
totheres’ (Aglaocetus moretii, Pelocetus calvertensis, Aglaoc
etus patulus, Diorocetus hiatus, Parietobalaena palmeri) 
and in adult Piscobalaena nana. Cophocetus oregonensis 
Kellogg (1934fo) Mixocetus elysius, Cetotherium rathkii and 
Herpetocetus transatlanticus have the lateral border of the 
zygomatic process of the squamosal parallel to the longi
tudinal axis of the skull, as well as living Balaenopteridae 
(with the exception of Megaptera and Balaenoptera mus
culus) and Eschrichtius robustus.

The zygomatic process of the squamosal of P. campini- 
ana is elongated and narrow in lateral view, and the gle
noid fossa of the squamosal is continuously curved. 
Cetotheriidae and Eschrichtiidae have a flat glenoid fossa 
of the squamosal with the exception of Herpetocetus and 
Piscobalaena (Bouetel and de Muizon 2006; W hitmore 
and Barnes 2008). Among early ‘cetotheres’, the glenoid 
fossa of the squamosal is flat in Titanocetus, Isanacetus 
and in a Japanese Parietobalaena sp. (Kimura et a í 1998; 
Kimura and Ozawa 2002; Bisconti 2006). In these taxa, 
the glenoid fossa of the squamosal is oblique because the 
postglenoid process protrudes more ventrally than the 
zygomatic process. In Parietobalaena palmeri and Dioroc-
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FIG.  2 7 .  Thoracic vertebrae o f the holotype o f Parietobalaena campiniana (RBINS M.399-R.4018). A, fifth thoracic vertebra. B, 
seventh thoracic vertebra. Scale bar represents 100 mm.

etus hiatus, the zygomatic process is nearly horizontal and 
the postglenoid process nearly vertical; the glenoid fossa 
forms a right angle in lateral view. In these species, the 
zygomatic process is extremely subtle and elongate resem
bling very closely that of basilosaurids.

In P. campiniana, the foramen ‘pseudo-ovale’ is located 
between the squamosal and the pterygoid as it is observed 
in Piscobalaena nana and Isanacetus laticephalus. In Peloc
etus calvertensis, Cophocetus oregonensis, Aglaocetus moretii, 
Mixocetus elysius, Diorocetus hiatus, Parietobalaena palmeri
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Thalassotherii

E Protocetus atavus 
Georgiacetus vogtlensis 
Dorudon atrox

 Zygorhyza kochii
 Mammalodon coiliveri
—  Aetiocetus weltoni

C Eomysticetus whitmorei 
Micromysticetus 
Caperea marginata 
Balaenula astensis 
Eubalaena glacialis 
Balaena mysticetus 
Balaenella brachyrhynus

C Pelocetus calvertensis 
Aglaocetus’ patulus

—  Isanacetus laticephalus
—  Uranocetus gramensis
I—  Parietobalaena palmeri 
1—  Parietobalaena campiniana
—  Aglaocetus moreni
—  Titanocetus sammarinensis
—  Cophocetus oregonensis
—  Diorocetus hiatus
—  Joumocetus shimizui
—  USNM 187416  

Mixocetus elysius 
Cetotherium rathkei 
Piscobalaena nana 
Metopocetus durinasus 
Archaeschrichtius ruggieroi 
Eschrichtioides gastaldii 
Eschrichtius robustus 
Archaebalaenoptera castriarquati 
Parabalaenoptera baulinensis

_6j—  Plesiobalaenoptera quarantellii 
i—  Megaptera novaeangliae
— Balaenoptera physalus
— Balaenoptera musculus 

Balaenoptera edeni
— Balaenoptera borealis
— Balaenoptera acutorostrata 

m—  ‘Balaenoptera’ siberi
i—  Diunatans luctoretemergo

‘Plesiocetus’ cortesi i var. portisi 
Protororqualus cuvieri 
‘Megaptera’ hubachi

FIG. 2 8 . Result of bootstrap analysis: 50 per cent-majority-rule 
consensus tree showing principal mysticete groups and the clade 
Thalassotherii. Tree length, 1070 steps; consistency index (Cl), 
0.328; homoplasy index (HI), 0.672; Cl excluding uninformative 
characters, 0.3198; rescaled Cl, 0.2076; HI excluding 
uninformative characters, 0.6802; retention index, 0.6328.

and Aglaocetus patulus, the foramen ‘pseudo-ovale’ is 
located posterior to the bifurcation of the falciform and 
the glenoid processes of the squamosal and is suturally 
connected with the squamosal-pterygoid suture.

In Parietobalaena campiniana, the posterolateral corner 
of the temporal fossa is rather acute resembling that of 
Cetotheriidae (with the exception of Piscobalaena nana). 
In Cetotheriidae, the squamosal bulges into the temporal

fossa, forming an outer convexity medial to the zygomatic 
process; in the other archaic ‘cetotheres’, the ventral 
border of the posterior wall of the temporal fossa is 
uniformly convex, forming a wide concavity only 
approaching the emergence of the zygomatic process.

Periotic. The periotic of Parietobalaena campiniana differs 
from that of Pelocetus calvertensis, Isanacetus laticephalus, 
Cophocetus oregonensis, ‘Aulocetus’ calaritanus Capellini 
(1899), Idiocetus longifrons Van Beneden (1880) (RBINS 
M.719-R.769), Mesocetus latifrons Van Beneden (1880) 
(RBINS M.567-R.198), in that the endocranial opening for 
the Facial canal is well separated from the internal acoustic 
meatus and is prolonged into a long and narrow fossa that 
reaches the anterodorsal border of the internal acoustic 
meatus. Parietobalaena campiniana shares this trait with 
Mesocetus longirostris (RBINS M.548-R.1539), Amphioetus 
later Van Beneden (1880) (M.575-R.313), Heterocetus affi
nis (RBINS M.605-R.301), Parietobalaena palmeri, Dioroc
etus hiatus, Herpetocetus scaldiensis, H. transatlanticus,
H. bramblei, Piscobalaena nana and Metopocetus durinasus. 
This character is also observed in the periotic of newborn 
living balaenopterids (Bisconti 2001) and is part of the 
intraspecific variation in the living fin whale, Balaenoptera 
physalus (Bisconti and Bosselaers pers. obs.).

In Herpetocetus scaldiensis, H. transatlanticus, H. bramb
lei, Metopocetus durinasus and Piscobalaena nana (Ceto
theriidae), the dorsomedial border of the suprameatal 
area is rounded and rather high; this character is shared 
with Parietobalaena campiniana, Amphioetus later (M.598) 
and Idiocetus laxatus (RBINS M.712). However, in 
P. campiniana, the dorsal surface of the periotic is 
strongly elevated and forms a high dome. The superior 
surface of the anterior process descends anteriorly from 
this dome. The anterior process of P. campiniana is short 
and resembles that of Parietobalaena palmeri and Heteroc
etus affinis (RBINS M.605a).

The dorsal surface of the periotic of P. campiniana 
reaches its highest point anteriorly to the endocranial 
opening of the facial canal. Whereas in P. calvertensis,
I. laticephalus, ‘A.’ calaritanus and H. affinis (RBINS 
M.605b), the highest point of the superior surface is 
located on the exactly dorsally to the internal acoustic 
meatus, whereas it is located more anteriorly in Mesocetus 
longirostris (RBINS M.548), M. latifrons (RBINS M.567), 
Diorocetus hiatus, Thinocetus arthritus, Piscobalaena nana, 
Metopocetus durinasus, Herpetocetus transatlanticus and 
Amphioetus later (M.598).

Discussion

The comparative and the phylogenetic analysis (see 
below) show that the specimens RBINS M.399-R.4018,
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RBINS M.2010 and RBINS M.2011 are morphologically 
very similar to Parietobalaena palmeri. This supports their 
inclusion within the genus Parietobalaena. The Belgian 
specimen differs from P. palmeri substantially in the 
structure and robustness of the supraorbital process of 
the frontal and the morphology of the angular process of 
the dentary. In fact, in RBINS M.399-R.4018, the postor
bital corner is much stronger and does not project clearly 
posteriorly as seen in P. palmeri. Moreover, the supraor
bital process of the frontal is longitudinally longer and 
more robust than that of P. palmeri. Given that the 
degree of intraspecific morphological variation in these 
features has been well figured by Kellogg (1968d), the 
observed differences can be regarded as diagnostic of 
genetic differences supporting our view that RBINS 
M.309/R. 4018 is a different species of Parietobalaena, 
namely P. campiniana. We will discuss more about this 
species in the phylogenetic analysis section.

P H Y L O G E N E T IC  ANALY SIS

Goals

The taxonomic revision of Isocetus depauwi and the dis
covery of a new mysticete taxon in the Miocene of the 
southern North Sea provide new material for a detailed 
study of the phylogenetic relationships of fossil mystice- 
tes, especially the basal thalassotherians. In this paper, we 
present a new, detailed morphological analysis of mystice
te phylogeny with the following goals: (1) to understand 
the phylogenetic relationships of Parietobalaena campini
ana-, (2) to test the hypothesis of monophyly of Cetothe- 
riidae s.s. and Cetotheriidae s.l. sensu W hitmore and 
Barnes (2008) and Kimura and Hasegawa (2010), (3) to 
understand the relationships of the m odern mysticete 
families and the archaic cetotheriids and ‘cetotheres’, and 
(4) to assess the degree of agreement of the branching 
order and the stratigraphie occurrence of the taxa 
included in the analysis.

Material

Our analysis is based on the comparative study of a num 
ber of recent and fossil specimens representing all the 
known mysticete radiations (see Supporting Information 
published online in the website of Palaeontology for a 
complete list of the examined specimens, character list 
and matrix). The inform ation gathered from these speci
mens is supplemented by taxa for which detailed descrip
tions are available in the scientific literature as provided 
in the online Supplementary Information. In total, we 
scored character states for 46 taxa, including four out

group species (the archaeocetes Protocetus atavus Fraas 
(1904), Georgiacetus vogtlensis Hulbert et a í (1996) Doru- 
don atrox and Zygorhiza kochii) and 42 ingroup mysticete 
species. We also included in our analysis the specimen 
USNM 187416 from the Calvert Formation, Bed 13 at 
Parker Creek, Maryland, previously assigned to Parieto
balaena palmeri.

Methods

The 246 characters used in the present phylogenetic anal
ysis were mainly selected based on the morphology of the 
skeleton (244) and the baleen (2). Character states were 
selected on the basis of our observations and of previous 
studies (McLeod et al. 1993; Geisler and Luo 1996, 1998; 
Bisconti 2000, 2005, 2007a, b, 2008; Sanders and Barnes 
2002a, b-, Kimura and Ozawa 2002; Geisler and Sanders 
2003; Deméré et al. 2005, 2008; Steeman 2007, 2010). The 
character list is presented in the online Supporting Infor
mation, together with the matrix used in the phylogenetic 
analysis.

The matrix was treated by PAUP 4.0b 10 (Swofford 
2002); character states were unordered and unweighted 
under the ACCTRAN character states optimization. The 
tree-bisection-reconnection (TBR) algorithm, with one 
tree being held at each step during stepwise addition, was 
used to find the most parsimonious cladograms. Charac
ter support at nodes was assessed by a bootstrap analysis 
with 1000 replicates. A randomization test was performed 
to evaluate the distance of the cladograms resulting from 
the TBR search and 10 000 cladograms sampled equi- 
probably from all the possible cladograms deriving from 
the matrix.

To evaluate the degree of agreement of the branching 
order of the cladograms resulting from TBR search and 
the stratigraphie occurrence of the taxa, the stratigraphie 
consistency index (SCI) of Huelsenbeck (1994) was calcu
lated (see Bisconti 2007a, b, 2008 for a discussion on the 
SCI). Stratigraphie data were obtained mainly from the 
Paleobiology Database compiled by Uhen (2010).

Results

The TBR search resulted in 216 trees whose strict consen
sus is presented in Figure 2 (tree statistics are provided in 
the corresponding caption). These results confirm the 
monophyly of Mysticeti Flower, 1864, Chaeomysticeti 
Mitchell (1989), Balaenomorpha Geisler and Sanders 
(2003), Eomysticetoidea Sanders and Barnes (2002b), Bala- 
enoidea Gray (1825), Balaenidae Gray (1825), Eschrichtii
dae Ellerman and Morrison-Scott (1951), Balaenopteridae 
Gray (1864) and Cetotheriidae Brandt (1872). The assem-
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blage including Cetotheriidae and basal thalassotherians 
(the latter include Jouniocetus shimizui, Parietobalaena pal
meri, Parietobalaena campiniana, Diorocetus hiatus, Peloc- 
etus calvertensis, Uranocetus gramensis Steeman (2009), 
‘Aglaocetus’ patulus, Isanacetus laticephalus) is paraphyletic.

The genus ‘Aglaocetus’ is polyphyletic because the two 
species ‘Aglaocetus’ patulus and Aglaocetus moretii do not 
form a clade. This conclusion supports the polyphyly of 
Aglaocetus found by Marx (2011). For these reasons, and 
for priority reasons, we conclude that a new generic name 
is necessary for Aglaocetus’ patulus.

In the branching order of the cladogram (Fig. 2), 
Eomysticetoidea is the sister group of Balaenomorpha. 
The most basal branching Balaenomorpha are Balaenoi- 
dea (Balaenidae and Neobalaenidae) and basal thalasso
therians including Joumocetus shimizui, Parietobalaena 
palmeri and P. campiniana. Parietobalaena campiniana 
and P. palmeri form a monophyletic clade. Broad-nosed 
thalassotherians including Pelocetus calvertensis, Aglaoc
etus’ patulus and Uranocetus gramensis form a m onophy
letic group that is the sister group of Isanacetus 
laticephalus and the other more derived mysticetes. Isa
nacetus laticephalus is the sister group of a wide radiation 
of mysticetes including Cetotheriidae, Eschrichtiidae, 
Balaenopteridae and advanced thalassotherians such as 
Cophocetus oregonensis, Titanocetus sammarinensis and 
Aglaocetus moretii. Diorocetus hiatus is the sister group of 
Cetotheriidae (including Cetotherium rathkii, Metopocetus 
durinasus, Piscobalaena nana and Mixocetus elysius). We 
maintain Diorocetus hiatus outside Cetotheriidae because 
it lacks key characters of this family such as the strongly 
protruded posteromedial corners of the maxilla and the 
morphology of the vertex. Eschrichtiidae is the sister 
group of Balaenopteridae, confirming previous studies 
(Deméré et al. 2005; Marx 2011) and contra Bisconti 
(2007«, b, 2008) and Steeman (2007).

The randomization test showed that the length of the 
trees resulting from the TBR search was significantly 
lower (tree length = 912 steps) than the mean length of 
10 000 cladograms sampled equiprobably from all the 
trees that can be generated from the matrix (mean 
length = 2009.79 steps) (p < 0.0001).

The SCI of the strict consensus tree of Figure 2 is 
0.545. This low value depends in large part on the lack of 
resolution in the balaenopterid clade (only four clades are 
present instead of 12). This lowers the num ber of clades 
that can be evaluated in stratigraphie terms. The number 
of stratigraphically consistent nodes is 24 on a total of 44 
expected nodes.

The consistency index, retention index and homoplasy 
index all suggest that high levels of homoplasy are present 
in the phylogeny of Figure 2. This observation is con
firmed by the 50 per cent-majority-rule strict consensus 
tree presented in Figure 28 where most of the clades col

lapsed into unresolved polytomies. High bootstrap values 
(from 80 to 100 per cent) are recorded for Mysticeti 
(95 per cent), Chaeomysticeti (98 per cent), Balaenomor
pha (100 per cent), Balaenoidea (99 per cent), Balaenidae 
(98 per cent) and Balaenopteridae (87 per cent). Thalas- 
sotherii was slightly below the threshold, having a boot
strap support value of 79 per cent. Cetotheriidae and 
Eschrichtiidae received lower support values (61 and 
58 per cent, respectively). The monophyly of Eschrichtii
dae + Balaenopteridae was supported by a value of 63 per 
cent; despite the low value, the bootstrap analysis sup
ported the validity of Balaenopteroidea sensu Deméré 
et al. (2005) including Eschrichtiidae + Balaenopteridae. 
A value of 76 per cent was found to support the m ono
phyly of the Pelocetus calvertensis + ‘Aglaocetus’ patulus 
clade. Also in the bootstrap tree, Parietobalaena campini- 
ana forms a clade with P. palmeri (81 per cent).

D I S C U S S I O N

Phylogenetic relationships of archaic mysticetes

The phylogenetic relationships of archaic ‘cetothere’ my
sticetes are a hot topic. Different studies resulted in the 
wealth of solutions reviewed by Kimura and Hasegawa
(2010). The osteology of these mysticetes is difficult to 
interpret in evolutionary terms because ‘cetotheres’ have 
been largely identified as those mysticetes that do not 
exhibit the apomorphies of the living families and became 
a taxonomic basket lacking clear defining characters 
(Fordyce and de Muizon 2001).

In the effort to clarify the diversity and taxonomy of 
these whales, the results of some authors (Bouetel and de 
M uizon 2006; Steeman 2007; Bisconti 2008; W hitmore 
and Barnes 2008) converged towards the definition of a 
peculiar group of archaic mysticetes (i.e. Cetotheriidae 
s.s.) which exhibit long ascending process of the maxilla 
obliterating the interorbital region of the frontal, anteri
orly diverging lateral borders of the ascending process of 
the maxilla, short and relatively wide parietal exposure at 
vertex, short supraorbital process of the frontal, anteriorly 
concave antorbital notch and strong protrusion of squa
mosal into the temporal fossa. It is widely accepted that 
Cetotheriidae s.s. includes Cetotherium rathkii, Metopoc
etus durinasus, Nannocetus eremus Kellogg (1929), Mixoc
etus elysius, Herpetocetus scaldiensis, H. transatlanticus, 
H. bramblei W hitmore and Barnes (2008), and Piscobalae
na nana (Bouetel and de Muizon, 2006; W hitmore and 
Barnes, 2008).

The so-called Cetotheriidae incertae sedis by W hitmore 
and Barnes (2008) and Mysticeti incertae sedis by Uhen 
et a í  (2008) include well-preserved mysticetes such as Isa
nacetus laticephalus, Parietobalaena palmeri, Diorocetus
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hiatus, Pelocetus calvertensis, Aglaocetus moretii, Aglaoc
etus’ patulus, Cophocetus oregonensis and Titanocetus 
sammarinensis (according to Bisconti 2006). These ‘cetot- 
heres’ have been variously included in phylogenetic analy
ses by Kimura and Ozawa (2002), Deméré et al. (2005, 
2008), Bouetel and de Muizon (2006), Steeman (2007), 
Bisconti (2008), Kimura and Hasegawa (2010), and Marx 
(2011) with two main results: in one result, these ‘cetot- 
heres’ represent a paraphyletic assemblage (Kimura and 
Ozawa 2001; Deméré et al. 2005; Bouetel and de Muizon 
2006; Bisconti 2008; Marx 2011); in a variant of this 
result, they form a number of family- or subfamily-rank 
clades (Steeman 2007); in the other result, they form a 
monophyletic group.

To overcome this problem, we performed a phyloge
netic analysis based on one of the most comprehensive 
osteological analyses of the mysticetes ever attempted up 
to now. Our conclusion supports the monophyly of Ceto
theriidae and the paraphyletic status of the other ‘cetot- 
heres’. Contrary to Steeman’s (2007) results, we did not 
find morphological support for Pelocetidae, Aglaocetidae 
and Diorocetidae; our results confirms the analysis per
formed by Marx (2011) that did not find support for the 
systematic revisions of Steeman (2007). Rather, we found 
support for a clade formed by broad-nosed ‘cetotheres’ 
only, including Pelocetus calvertensis, Aglaocetus’ patulus 
and Uranocetus gramensis. Also Marx (2011), in one of 
his analyses, found a clade including Pelocetus and Ura
nocetus. These mysticetes share a transversely narrow 
crista transversa, making it very close the endocranial 
opening of the facial canal and cavity with tractus spiralis 
foraminosus and foramen singulare. Our results suggest 
that this character should be interpreted as a unique 
reversal occurring in this lineage. They also share wide 
maxillae and a long lateral process of the maxilla. Peloc
etus and A . ’ patulus share the lack of a sagittal crest on 
the vertex-exposed parietal and straight lateral borders 
of the supraoccipital in dorsal view. However, we con
sider the support and bootstrap confirmation too low to 
name the clade. Support for Pelocetidae, Aglaocetidae and 
Diorocetidae sensu Steeman (2007) was lacking also from 
the bootstrap results. Because we were unable to find such 
a support, we must consider these families nom ina dubia.

We found a high bootstrap support value (79 per cent) 
for a wide group including Eschrichtiidae, Cetotheriidae,

Balaenopteridae and all the ‘cetotheres’; we name this 
clade Thalassotherii and present the morphological sup
port for it. Two distinct morphological transformations 
occurred within Thalassotherii that changed the primitive 
conditions of the group in two smaller clades included 
within it: ( 1 ) the evolution of highly interdigitated vertex 
through posterior projection of posteromedial elements of 
the rostrum  on the interorbital region of the frontal 
(Cetotheriidae, Eschrichtiidae and Balaenopteridae) and 
(2) the secondary inclusion of the endocranial opening of 
the facial canal within the internal acoustic meatus as 
seen in Balaenopteridae and in the clade including Peloc
etus calvertensis, Uranocetus gramensis and Aglaocetus’ 
patulus.

From our results, Eschrichtiidae is the sister group of 
Balaenopteridae and Cetotheriidae is the sister group of 
Eschrichtiidae; this result is in accord with Deméré et al. 
(2005) and Marx (2011) but it is contra Bisconti (2007«, b, 
2008, 2010) and Steeman (2007). Eschrichtiidae and Balae
nopteridae share the suite of morphological characters pre
sented in Table 1 and their monophyly is confirmed also 
by the bootstrap analysis of Figure 28 (63 per cent). The 
sister group of Eschrichtiidae and Balaenopteridae should 
be searched among advanced thalassotherians similar to 
Cophocetus oregonensis, Aglaocetus moretii and Titanocetus 
sammarinensis. Our results suggest that Cetotheriidae 
(both s.s. and s.l.) is not sister group of Caperea + Balae- 
nopteroidea, a result found by Marx (2011). The position 
of Caperea is still controversial as confirmed by the results 
published recently by Marx (2011) and Geisler et a í 
(2011). In the latter study, Caperea is the sister group of 
Balaenidae only in the morphological partition of the data
set, but it is more closely related to Balaenopteridae and 
Eschrichtiidae if gene sequences are taken into account. 
Our results confirm the traditional view of Caperea as clo
sely related to Balaenidae.

In conclusion, we did not find support for the super
family Cetotherioidea Steeman (2007) (including Cetotherii
dae, Eschrichtiidae, Cetotherium megalophysum, Mixocetus 
and ‘Mesocetus’ argillarius).

Our results are in broad agreement with the recent 
large-scale analysis published by Marx (2011), which 
found most of the clades that we found, including Thalas
sotherii. In Marx’s (2011) results, ‘cetotheres’ are para
phyletic and Cetotheriidae are monophyletic. Details of

TABLE 1. Morphological support for Balaenopteroidea sensu Deméré et a l  ( 2005 ) including Eschrichtiidae and Balaenopteridae. 

Transformation Apom orphy description

Character 21 ( 0 —> 1 ) Lateral border o f  ascending process and posterior border o f maxilla form a approximately right o r acute angle
Character 46 (1 —» 2 ) Supraorbital process o f frontal abruptly depressed from interorbital region of frontal
Character 50 (1 —» 2 ) Posterior orientation o f anterior border o f supraorbital process o f frontal
Character 51 (1 —» 2 ) Ascending temporal crest reduced to a line
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the phylogenetic relationships are different; among these 
differences, the most striking is the sister group relation
ship of Caperea marginata Gray (1864) with Balaenopteri
dae, which makes the Balaenoidea paraphyletic and the 
basal position of Diorocetus hiatus in the whole thalasso- 
therian radiation. Marx (2011) analysed 150 morphologi
cal characters in 55 taxa while we analysed 246 characters 
in 46 taxa focusing on osteology. In future studies, we 
will try to include as many taxa as Marx in our data 
matrix, which covered the morphological variation of my
sticetes in a fuller way.

Our study and the one of Marx’s (2011) were the most 
inclusive phylogenetic works on mysticetes and retrieved 
similar topologies. This suggests that the inclusion of 
more characters and more taxa in large-scale phylogenetic 
analyses of the mysticetes should converge towards topol
ogies similar to those published in the present work and 
in Marx (2011). Our results differ from those of Marx
(2011) in the following points: (1) we found a m orpho
logically primitive cetothere group including Joumocetus 
and Parietobalaena, a monophyletic group including Pe
locetus, Uranocetus, ‘Aglaocetus’ patulus (Marx found that 
Pelocetus and Uranocetus are closely related together with 
‘Aglaocetus’ moretii)-, (2) we found that Diorocetus hiatus 
is the sister taxon of Cetotheriidae s.s. (Marx found that 
D. hiatus is the most basal thalassotherian species); (3) we 
found that three advanced cetotheriid s.l. species (Titanoc
etus sammarinensis, ‘Aglaocetus’ moretii and Cophocetus or
egonensis) were closely related to Balaenopteroidea (Marx 
found that these three species are basal in the radiation of 
Thalassotherii; (4) we found that Caperea marginata is 
closely related to Balaenidae (Marx found it is more clo
sely related to Balaenopteroidea); (5) we found different 
arrangement of branches in the balaenopterid lineage (in 
particular, in our study, Parabalaenoptera is a basal ba
laenopterid species, and ‘Balaenoptera’ siberi is not related 
to B. musculus). We expect that the inclusion of the new 
taxa currently under description will help in resolving 
these conflicts in the next few years.

Phylogenetic relationships of Parietobalaena campiniana

The TBR algorithm found that Parietobalaena campiniana 
and Parietobalaena palmeri form a monophyletic group 
highly supported by the bootstrap analysis. This clade 
(coincident with the genus Parietobalaena) is supported 
by character 9 (0 —4 1) (lateral process of maxilla short - 
to-absent), 91 (0 —4 1) (presence of a lateral fossa on the 
squamosal) and 146 (0 —4 1) (anterior process of periotic 
very short-to-absent).

The presence of Parietobalaena in southern North Sea 
was suggested also by Steeman (2010) based on a taxo
nomic revision of the ‘cetotheres’ from Belgium. Steeman

(2010) founded her conclusion on the basis of ear bone 
morphology of other specimens and substantially dis
carded all the other available evidence. It is true that the 
thalassotherian species described by Van Beneden are lar
gely fragmentary, and, in most cases, they are not useful 
for accurate descriptions and taxonomy. However, in 
some cases, skull portions and postcranial elements may 
be informative enough to allow a reliable taxonomic 
assignment. Therefore, they should be taken into consid
eration at least until one demonstrates they are anatom i
cally and taxonomically uninformative. In our opinion, 
the discussion on the species established by Van Beneden 
should include all the available evidence. For this reason, 
we still retain the taxa established by that Belgian palae
ontologist at the genus level until a complete taxonomic 
revision is made. As far as the genus Parietobalaena is 
concerned, in the discussion of the emended diagnosis of 
this genus we state that Belgian Parietobalaena-like forms 
(i.e. Heterocetus affinis and ‘Idiocetus’ laxatus) display 
morphological characters that make their inclusion in the 
genus Parietobalaena at least questionable. A complete 
revision of the Belgian ‘cetotheres’ is thus necessary to 
circumvent this impasse.

The genus Parietobalaena is known from the Early Mio
cene of Maryland (W hitmore 1994), Japan (Kimura et al. 
1998) and the southern North Sea. It shows a northern 
distribution that includes the North Atlantic and at least 
the western North Pacific. More detailed taxonomic revi
sion of Miocene thalassotherians and more comprehensive 
phylogenetic analysis are necessary to get a better under
standing of the palaeobiogeography of this genus.

C O N C L U S I O N S

The taxonomic revision of Isocetus depauwi provided a 
wealth of new information on the taxonomy and phylog- 
eny of mysticetes. In fact, we found enough morphologi
cal data to support the validity of Isocetus, but additional 
material is necessary to better assess its phylogenetic rela
tionships. In the process of the revision, we discovered 
the new species Parietobalaena campiniana based on a 
partial skeleton previously assigned to I. depauwi. This is 
the first find of Parietobalaena in the southern North Sea 
based on material from different parts of the skeleton.

The new data obtained in the present revision, together 
with a new and thorough analysis of the skeletal m orphol
ogy of mysticetes, provided the basis for a new, large-scale 
phylogenetic study of baleen-bearing whales, which 
resulted in the discovery of a large superfamily-rank clade 
that we named Thalassotherii that includes Cetotheriidae 
s.l, Cetotheriidae s.s., Eschrichtiidae and Balaenopteridae. 
The new clade is diagnosed by characters observed in the 
ear bones, the supraoccipital and the dentary.
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