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Anatomy of a new cetotheriid genus and species from the Miocene of Herentals,
Belgium, and the phylogenetic and palaeobiogeographical relationships of

Cetotheriidae s.s. (Mammalia, Cetacea, Mysticeti)

Michelangelo Bisconti*

San Diego Natural History Museum, 1588 El Prado, 92101, San Diego, CA, USA

(Received 14 February 2013; accepted 3 December 2013)

Herentalia nigra gen. et sp. nov. is described and compared to other mysticetes. It belongs to Cetotheriidae s.s. and
represents one of the best-preserved cetotheriid skulls from the southern border of the North Sea. A comprehensive
phylogenetic analysis revealed that it is closely related to Nannocetus and to a Japanese Herpetocetus, suggesting that it
belongs to the subfamily Herpetocetinae. The phylogenetic analysis performed tests the recent hypothesis that Caperea
marginata belongs to Cetotheriidae. However the present results confirm that the pygmy right whale cannot be considered
a member of Cetotheriidae. The phylogenetic analysis was used as the basis for a cladistic palaeobiogeographical analysis
of Cetotheriidae that revealed that the family originated in the Pacific basin during the Burdigalian and subsequently
underwent a sequence of dispersal and vicariance events that allowed its members to enter other ocean basins. The
evolution of Cetotheriidae diversity was punctuated by two distinct phases of species originations (one in the Burdigalian
and the other in the Tortonian) that broadly correspond to a massive increase of food availability in the ocean trophic webs.

http://zoobank.org/urn:lsid:zoobank.org:pub: DB1647B0-53E9-4014-B31A-F8B063923EB4
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Introduction

In 1968, Remington Kellogg wrote a few words about a

Late Miocene mysticete skull from Herentals, Belgium

(Kellogg 1968, p. 123); he suggested that such a specimen

(which at that time was No. 5069 in the Zoological Museum

of Amsterdam) was dredged up at a depth of 20 metres; he

stated that it represented a Mesocetus skull and listed

the characters of the vertex that made it different from

Metopocetus. In the 44 years following Kellog’s paper, no

formal description has been published of this skull and only

a Masters report at the University of Groningen was done to

understand its anatomy and relationships (Bol 2000). The

specimen was found in 1958 in the vicinity of Herentals

(Flanders, Belgium) and was preserved in the collection

of B. Mulder until it became part of the palaeontological

collection of the Zoological Museum of Amsterdam

University. Recently, the skull arrived in the collections of

Naturalis (Nederlands Centrum voor Biodiversiteit) in

Leiden and maintained the same inventory number as when

it was in Amsterdam (ZMA 5069).

The specimen under analysis is represented by a partial

skull and includes the supraoccipital, parietals, partial

squamosals, part of the frontals, the vertex, the posterior

and medial elements of the rostrum, basisphenoid, part of

the vomer, fragments of the pterygoid, exoccipitals and

one periotic still articulated with the skull. The preserva-

tion is fine and anatomical details can be easily studied

and represented.

The present author had the opportunity to study the

specimen in 2001, when it was still in Amsterdam, and in

2012 at Naturalis. The specimen represents one of the

best-preserved mysticete skulls ever found in the regions

located close to the southern border of the North Sea and

provides a wealth of anatomical details to be used in com-

parisons and phylogenetic analyses of the mysticetes. In

particular, the specimen shows the typical features of

Cetotheriidae s.s. (as defined by Bouetel & De Muizon

2006; Whitmore & Barnes 2008); therefore it can be used

to provide extended comparisons with the known record

of the family and to contribute to the construction of phy-

logenetic and palaeobiogeographic hypotheses of relation-

ships of the family.

The goals of this paper are: (1) the detailed anatomical

description of the skull in comparative terms; (2) the anal-

ysis of its phylogenetic relationships; (3) the analysis of

its palaeobiogeographical relationships within the Ceto-

theriidae; and (4) to test the recent hypothesis that the

pygmy right whale Caperea marginata belongs to Ceto-

theriidae. As such, this paper represents the first attempt
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to reconstruct palaeobiogeographical relationships of

Cetotheriidae s.s. under a parsimony approach.

In this paper, the anatomical terminology is mainly from

Mead & Fordyce (2010); where necessary, Kellogg (1928)

and Miller (1923) were also used to supplement terminol-

ogy. Comparisons were made with extinct and living

mysticete taxa listed in Supplemental. In the Systematic

palaeontology section, the classification of Cetacea is

according to Geisler & Sanders (2003).

Institutional abbreviations

AMNH: American Museum of Natural History, New

York, NY, USA; ChM: The Charleston Museum,

Charleston, SC, USA; RBINS: Royal Belgian Institute of

Natural Sciences, Brussels, Belgium; ISAM: Iziko

Museum of Natural History, Cape Town, South Africa;

MCA: Museo Geologico ‘Giuseppe Cortesi,’ Cas-

tell‘Arquato, Italy; MGB: Museo Geopaleontologico

‘Giovanni Capellini’ dell’Universit�a di Bologna, Bologna,
Italy; MGPT: Museo Regionale di Scienze Naturali,

Torino, Italy;MPST: Museo Paleontologico ‘Il mare anti-

co’, Salsomaggiore Terme, Italy; MSNT: Museo di Storia

Naturale e del Territorio dell’Universit�a di Pisa, Calci,

Italy; NMB: Natuurmuseum Brabant, Tilburg, The Neth-

erlands; NMBe: Museum f€ur Naturkunde, Berlin,

Germany; NML: Naturalis (Nederlands Centrum voor

Biodiversiteit), Leiden, The Netherlands; SMNS: Staat-

liches Museum f€ur Naturkunde, Stuttgart, Germany;

USNM: United States Natural History Museum, Smithso-

nian Institution, Washington, DC, USA; ZMA: Zoolog-

isch Museum, Amsterdam, The Netherlands.

Systematic palaeontology

Mirorder Cetacea Brisson, 1762

Order Neoceti Fordyce & de Muizon, 2001

SuborderMysticeti Cope, 1891

Infraorder ChaeomysticetiMitchell, 1989

Parvorder Balaenomorpha Geisler & Sanders, 2003

Superfamily Thalassotherii Bisconti, Lambert &

Bosselaers, 2013

Family Cetotheriidae Brandt, 1872

SubfamilyHerpetocetinaeWhitmore & Barnes, 2008

Genus Herentalia nov.

Herentalia nigra sp. nov.

(Figs 1–3)

Type species. Herentalia nigra sp. nov.

Diagnosis. A Cetotheriidae s.s. that differs from Cetothe-

rium rathkii because it is larger and more robust, more-

over, it has a squamosal cleft, the anterior end of its

parietal is located more anteriorly than the posteromedial

ends of the maxillae. H. nigra differs from Metopocetus

durinasus because the posterior ends of the ascending pro-

cesses of its maxillae are rounded and not pointed; from

Piscobalaena nana because it shows a squamosal cleft

and it is much larger and robust; from Mixocetus elysius

because the premaxilla is excluded from being exposed in

dorsal view on the lateral side of the nasal; from Nannoce-

tus eremus because it is much larger and the posterior wall

of its temporal fossa is more transversely oriented than in

N. eremus; from Herpetocetus because it is much larger

and robust and has a squamosal cleft; from ‘Cetotherium’

megalophysum because it has more rounded anterior bor-

der of the supraoccipital, externally convex border of the

supraoccipital, posterior end of the premaxilla located

more anteriorly, lateral border of the nasal in contact with

maxilla and not with premaxilla.

Etymology. Herentalia is from Herentals, the locality

where the specimen was discovered; nigra, Latin, black;

refers to the black colour of the skull.

Material. ZMA 5069 (holotype) held by Naturalis

(Nederlands Centrum voor Biodiversiteit), Leiden.

Occurrence. Herentals, Flanders, Belgium. The locality

is approximately 35 km east of Antwerp. The geographi-

cal coordinates of the discovery site are unknown; here

the coordinates of Herenthals are provided for approxi-

mating the discovery site: 51� 100 3200 N and 4� 500 0600 E.
The age of the specimen is difficult to reconstruct as it

was dredged from a depth of around 20 m in the Heren-

thals area. The Belgian Geological Survey performed

about 50 drillings in the vicinity of the city of Herenthals

that were deeper than 20 m. In these drillings, the sedi-

ments from 20 m of depth invariably fall with in the Diest

Formation (Olivier Lambert, pers. comm.). Moreover,

Louwye et al. (1999) published a section near the city of

Poederlee (5 km north of Herenthals) in which the Diest

Formation is described for an extent of about 70 m, being

covered by a thin layer of the Kasterlee Formation (Messi-

nian). Louwye (2002) reinforced this conclusion. Based

on these studies, it is suggested that the specimen is from

the Diest Formation. The age of the Diest Formation

is constrained between the Tortonian and the early

Messinian, i.e. between approximately 9 and 7.6 Ma

(Louwye et al. 1999, 2007; Louwye 2002; Louwye &

Schepper 2010 and literature therein; Slupik et al. 2007).

Description
The partial skull ZMA 5069 is 554 mm in length and

480 mm in width between the posterior apices of the

lambdoidal crests. The maximum width of the complex

formed by the foramen magnum and both occipital con-

dyles is 204 mm.

Rostrum. Only the posteromedial elements of the ros-

trum are preserved (Figs 1, 2); to determine the anatomi-

cal relationships of these bones, it was necessary to
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examine the skull in both dorsal and anterior views. In

anterior view, the maxilla is superimposed on the premax-

illa and obliterates it in the posteriormost portion of the

rostrum preventing observation of the premaxilla in dorsal

view. Only the arrangement of the posteromedial elements

of the rostrum can be described. The ascending process of

the maxilla borders the nasal and terminates with an inter-

digitating posterior end. The posterior end is broadly

round and is posteriorly surrounded by a subtle stripe per-

taining to the interorbital region of the frontal. No dorsal

infraorbital maxillary foramina are evident on the speci-

men but grooves are observed that were reasonably

Figure 1. Herentalia nigra gen. et sp. nov., holotype (ZMA 5069 held by Naturalis, Leiden). A, dorsal view; B, ventral view; C, right
lateral view; D, left lateral view; E, posterior view; F, anterior view. Scale bar equals 20 cm.
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continuous with maxillary foramina. The lateral border of

the ascending process of the maxilla diverges anteriorly

from the sagittal axis of the skull. The posterior end of the

ascending process terminates a few millimetres behind

the posterior end of the nasal but it is reasonable to

assume that it projected more posteriorly. In fact, articular

facets for the ascending process of the maxilla are located

posteriorly to the actual termination of that process and

that suggests that the ascending process of the maxilla

was longer than actually preserved. The articular facets

for the ascending process of the maxilla are prolonged

obliquely with respect to the sagittal axis of the skull and,

posteriorly, they contact each other. This leads us to

assume that also the ascending processes of the maxillae

were in contact posteriorly and, therefore, that the nasal

bones were totally surrounded by the maxilla along the

lateral and posterior borders. The contact between the

medial borders of the articular facets of the ascending pro-

cesses of the maxillae is 60 mm long posteriorly to the

posterior end of the nasals. Finally, given this pattern, it

can be concluded that the ascending process of the maxilla

was in contact with the parietal and excluded the frontal

from being shown in dorsal view. More laterally, the sur-

face of the maxilla is dorsally concave.

The maximum length of the ascending process of the

maxilla as preserved is 265 mm on the right side and

250 mm on the left side; the maximum width at posterior

end is 38 mm on the right side and 34 mm on the left side.

More anteriorly, the base of the ascending process is

86 mm in width on the right side and 109.5 mm on the left

side.

The nasals appear in between the medial borders of the

ascending processes of the maxilla. The nasal bone is trian-

gular in dorsal view; the nasofrontal suture is located more

anteriorly than the posterior end of the ascending process of

the maxilla. The lateral border of the nasal diverges from

the longitudinal axis of the skull anteriorly. The maximum

length of the nasals as measured along the longitudinal axis

is approximately 164 mm; the maximum width of both

nasals across the anterior border (as preserved) is 34.6 mm

and across the posterior border is 9.05 mm.

In ventral view, the maxilla appears laterally flat. The

maxillae are posteriorly separated by the interposition of

the vomer that appears as a narrow and linear bone.

The mesethmoid can be observed in anterior view. It is

dorsally roofed by the nasals. Two foramina olfactoria are

evident that are separated by a dorsoventral crest. These

foramina open on the floor of a shallow cavity.

Frontal. Only the medial portion of the frontal is pre-

served on this skull as the supraorbital processes are lost

and the interorbital region appears almost completely

obliterated because it is superimposed by the ascending

process of the maxilla. The suture of maxilla and frontal

can be observed in dorsal view. It is approximately

convex anteriorly and its anteriormost point is located

more anteriorly than the posterior end of the ascending

process of the maxilla. Anteriorly to this suture, the

medial portion of the temporal ascending crest can be

observed in both dorsal and lateral views. This crest is

continuous with the temporal crest that is located laterally

to the borders of the supraoccipital. At the cranial vertex,

the temporal ascending crest and the temporal crest nar-

row briefly to form a short lateral concavity.

The supraorbital processes of the frontal are broken off

at their emergence from the interorbital region of the fron-

tal. Only the right opening for the exit of the optical nerve

can be observed in ventral view. This resembles a foramen

whose dorsoventral and anteroposterior diameters are

around 60 mm. On the left side the same opening appears

damaged.

Parietal. The external surface of the parietal is dorsoven-

trally and anteroposteriorly concave. The supraoccipital

border of the parietal is in contact with the lateral border

of the supraoccipital and is overwhelmed by the supraoc-

cipital for most of its length. Only the posteriormost por-

tion of the parietal can be observed in dorsal view; this is

the squamosal border that projects laterally and anteriorly

forming a protruding posterior wall of the temporal fossa.

The maximum length of the parietal is 325 mm on the

right side and 285 mm on the left side; the maximum

height of the parietal is 230 mm on the right side and

182 mm on the left side.

The anterodorsal portion is medially concave and is

bordered by the temporal crest resulting from the fusion

of the ascending temporal crest evident on the frontal and

the temporal crest formed by the supraoccipital and the

parietal posteriorly. The frontal border of the parietal proj-

ects anteriorly and its anterior end terminates more anteri-

orly than the posterior end of the ascending process of the

maxilla. The coronal suture (between parietal and frontal)

is evident in lateral view and is anteriorly concave as the

middle portion of the frontal border of the parietal projects

anteriorly to interdigitate with the frontal, and the dorso-

medial corner of the coronal suture is in contact with the

posterolateral corner of the ascending process of the

maxilla.

The parietal–squamosal suture is obliquely oriented and

starts from a point located around 80 mm anterior to the

posterior apex of the lambdoid crest; it projects anteroven-

trally and laterally. Its ventralmost part is obscured due to

damage to the ventral side of the skull.

Supraoccipital. The supraoccipital is nearly triangular in

shape but its anterior border is not pointed as in other

cetotheriids. Rather, it is broadly rounded. The anterior

border is very close to the posteromedial elements of

the rostrum. The lateral border of the supraoccipital forms

the temporal crest together with the dorsal border of the

parietals. In its anterior half, the temporal crest overhangs
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the parietal and covers the medial wall of the temporal

fossa that is not visible in dorsal view. The lateral border

of the supraoccipial slightly diverges posteriorly from the

sagittal axis of the skull; more posteriorly, it diverges

more strongly to reach the posterior apex of the lambdoid

crest.

The dorsal surface of the supraoccipital is crossed by a

well-developed occipital crest running from a point

located very close to the anterior border of the bone to a

point located a few millimetres anteriorly to the keyhole

notch of the foramen magnum. Laterally to the occipital

crest, at about the middle of the supraoccipital length, two

wide and flat relieves are present that are posteriorly

delimited by crest-like walls. These relieves show anterior

fossae and represent attach sites for neck muscles. Posteri-

orly to the relieves, the posterior portion of the supraocci-

pital is concave and becomes flat approaching the

foramen magnum.

The maximum length of the supraoccipital as measured

along the sagittal axis of the skull from the roof of the

foramen magnum is 292 mm; the anterior width is

140 mm; the width at mid-length is 272 mm.

Vertex. In ZMA 5069 the vertex displays the typical

arrangement of the bones observed in other Cetotheriidae

s.s. As shown in Fig. 2, the vertex is characterized by the

presence of the posteromedial elements of the rostrum

(ascending processes of the maxillae and nasals) that

cover almost completely the interorbital region of the

frontal. In the living animal, the interorbital region of the

frontal was completely covered by the ascending pro-

cesses of the maxilla and was not exposed at the cranial

vertex. The premaxilla is also excluded from being

exposed in dorsal view because it is covered by the max-

illa. The ascending processes of the maxillae are in con-

tact posteriorly to the nasals and contact the parietal

posterolaterally. The frontal border of the parietal projects

anteriorly and reaches a point that is located more anteri-

orly than the posterior end of the ascending process of the

maxilla, thus, in this specimen the parietal, the frontal and

the maxilla are interdigitated in a complex manner. The

exposure of the parietal at the cranial vertex is limited to a

small bone slip that is 29 mm in length and 42 mm in

width; the actual exposure of the interorbital region of the

frontal is limited to a slip that is 24 mm in length.

Squamosal. Only small portions of both squamosals are

preserved that represent the posterodorsal wall of the tem-

poral fossa and project posteriorly up to the posterior apex

of the lambdoid crest. In dorsal view, the lambdoid crest

is posteriorly pointed and narrow. The parietal–squamosal

suture is obliquely oriented and its dorsal starting point is

located anteriorly to the lambdoid crest.

In ventral view, the squamosal is evident anteriorly and

laterally to the pterygoid. The foramen pseudo-ovale is

completely included within the squamosal and no cleft is

evident that joins the foramen to the pterygoid. The ven-

tral border of the foramen pseudo-ovale is located around

20 mm anteriorly and dorsally from the anterolateral bor-

der of the pterygoid. The squamosal cleft is observed on

Figure 2. Herentalia nigra gen. et sp. nov. Line drawings of the
holotype skull (ZMA 5069 held by Naturalis, Leiden). A, dorsal
view; B, ventral view. Abbreviations: asm, ascending process of
the maxilla; asn, anterior relieves on supraoccipital for attach-
ment of neck muscles; asph, alisphenoid; bdp, basioccipital
descending process; boc, basioccipital; bsph, basisphenoid; eam,
external acoustic meatus; exo, exoccipital; fm, foramen mag-
num; fp-o, foramen pseudo-ovale; fr, frontal; fr-p, frontal–parie-
tal suture; hc, hiatus cranicus; irfr, interorbital region of the
frontal; jn, jugular notch; lc, lambdoid crest; metm, mesethmoid;
n, nasal; oc, occipital condyle; p, parietal; pch, pars cochlearis of
periotic; per, periotic; ppp, posterior process of periotic; psph,
presphenoid; ptf, pterygoid fossa; pv, exposure of parietal at ver-
tex; sc, sagittal crest; sq, squamosal; sqc, squamosal cleft; sq-p,
squamosal–parietal suture; tc, temporal crest; v, vomer. Scale
bar equals 20 cm.
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both sides of the skull; it is straight and projects laterally

from the ventralmost part of the squamosal–parietal

suture.

Vomer. The vomer is observed in ventral view between

the medial borders of the maxillae. It appears as a narrow

and elongated bone. A fracture is located between the

emergences of the supraorbital processes of the frontal

and the posterior portion of the basicranium but affects

the ventral side of the skull only. Such a fracture

destroyed part of the vomer and made it possible for the

basisphenoid to be exposed in ventral view. The vomer

only appears posteriorly to the basisphenoid as a flat lam-

ina covering the basisphenoid–basioccipital suture

between the descending processes of the basioccipital.

Basisphenoid. The breakage of the choanae due to post-

depositional processes allowed the basisphenoid to be

exposed in ventral view. The part of the basisphenoid that

is exposed is approximately triangular; the anterior sur-

face of the bone is straight and is developed along the

transverse axis of the skull. The posterior surface is ven-

trally flat.

Pterygoid. The pterygoid is preserved in part. The ptery-

goid fossa is elongated and pear-shaped being transversely

compressed at around mid-length. The anterior border of

the pterygoid fossa is rounded but narrow. The dorsal lam-

ina is evident in ventral view.

Basioccipital. In ventral view, the basioccipital is medi-

ally flat. More laterally and ventrally, the basioccipital

crest is developed along the longitudinal axis of the skull

and forms the medial border of the hiatus cranicus. The

posterior portion of the basioccipital crest is much more

thick and wide. The maximum distance between the pos-

terior portions of the basioccipital crests is 160 mm.

Exoccipital. The occipital condyle is located laterally to

the wide foramen magnum and bears a rounded articular

surface. The articular surface of the condyle is laterally sur-

rounded by a narrow groove. The lateral surface of the

exoccipital develops laterally and posteriorly; unfortunately,

as the more external portions of the skull are broken, it is

not possible to be sure about the terminal position of the

posterolateral corner of the exoccipital and its relationships

with the glenoid fossa of the squamosal. However, the

medial portion of the external acoustic meatus is present

and is included between the paroccipital process and the

posterolateral corner of the foramen lacerus posterius.

The dorsoventral diameter of the foramen magnum is

70 mm; its transverse diameter is 65 mm. The maximum

transverse diameter of the occipital condyles is 75 mm on

the right and 80 mm on the left; their maximum antero-

posterior diameters are 133 mm on the right and 137 mm

on the left.

Hiatus cranicus. The hiatus cranicus is included

between the squamosal, the pterygoid, the basioccipital

and the exoccipital bones. The squamosal forms its lateral

border. On the right side of the skull, most of the ptery-

goid was removed by post-depositional processes; thanks

to this fact, it is possible to observe the dorsal roof of the

foramen pseudo-ovale showing that the exit of the V cra-

nial nerve is from the lateral border of the hiatus cranicus.

Such a border is externally convex. The posterolateral cor-

ner of the hiatus cranicus is marked by a concavity con-

nected with the external acoustic meatus. The medial

border of the hiatus cranicus is formed by the basioccipital

crest and is slightly convex medially. The jugular notch is

clearly evident at the posteromedial corner of the hiatus

cranicus between the external acoustic meatus and the

posterior part of the basioccipital crest. It is 21 mm in

depth and 13 mm in transverse width.

Periotic. The left periotic is still articulated with the skull

and can be observed in ventral view (Fig. 3). The posterior

process is rather thick; it is 120 mm in length and 45 mm

wide at its distal end. The posterior process is included

between the squamosal and the exoccipital and it is evi-

dent if the skull is observed in lateral view. It bears a wide

and shallow groove for the VII cranial nerve. There is a

strong compression at the emergence of the posterior pro-

cess from the central part of the periotic. The posterior

and the anterior processes of the periotic form an angle

that is slightly obtuse to each other.

The anterior process can be observed from the ventral

side of the skull. It is strongly compressed and not

twisted posteriorly. The anterior process is 60 mm in

length and its transverse diameter (as measured in the

periotic articulated with the skull) is approximately

25 mm. The parabullary ridge is sharply edged and

forms the inferior border of the medial surface that is

rather flat for most of its development. Laterally to the

posterior portion of the anterior process there is a small

fossa in the squamosal. The pars cochlearis is rounded

and only the oval window can be observed that is rather

round in shape. No other features can be determined on

this periotic.

Comparisons

Comparisons with other Cetotheriidae s.s. Herentalia

nigra can be assigned to Cetotheriidae s.s. because it

shows the following combination of characters that meets

the diagnosis of the family (Bouetel & De Muizon 2006;

Whitmore & Barnes 2008): ascending processes of the

maxillae projecting posteriorly and medially; ascending

processes of the maxillae superimposed on the posterior

portions of the premaxillae and excluding the premaxillae

from being exposed on the dorsal side of the skull; lateral

borders of ascending processes of the maxillae strongly

6 M. Bisconti
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converging posteriorly towards the sagittal axis of the

skull and forming wide lateral concavities; ascending pro-

cesses of the maxillae contacting each other posteriorly to

the nasofrontal suture; lateral borders of nasal bones

highly divergent anteriorly; interorbital region of the fron-

tal excluded from being exposed on the dorsal side of the

skull because of the superimposition of the ascending pro-

cesses of the maxillae; parietal exposure at cranial vertex

highly reduced anteroposteriorly; no sagittal crest formed

by parietals along the intertemporal region; double tempo-

ral crests at intertemporal region; transversely compressed

anterior process of the periotic.

Compared to other Cetotheriidae, Herentalia nigra dif-

fers fromMetopocetus durinasus in having rounded poste-

rior ends of the ascending processes of the maxillae rather

than triangular and pointed. Moreover, the development

of the ascending processes of the maxillae posteriorly to

the nasals is longer and the interorbital region of the fron-

tal is completely hidden by the posteromedial elements of

the rostrum.Metopocetus durinasus andMixocetus elysius

are the only Cetotheriidae s.s. in which a subtle stripe of

interorbital region of the frontal is exposed and the inter-

frontal suture can be observed posteriorly to the nasofron-

tal suture. Interestingly, M. durinasus and H. nigra share

the presence of a squamosal cleft.

Cetotherium rathkii differs from Herentalia nigra in

having a triangular anterior end of the supraoccipital and

much shorter development of the ascending processes of

the maxilla posteriorly to the nasofrontal suture (Pilleri

1986). Moreover, C. rathkii shows a pointed posterior

apex of the lambdoid crest and much more delicate occipi-

tal condyles.

Most of the dorsal roof of the skull of Herpetocetus

transatlanticus is lost (Whitmore & Barnes 2008) but,

judging from what is preserved, Herentalia nigra shows a

much stronger construction. Clear differences can be

observed in the lesser posterior projection of the exoccipi-

tal in H. nigra, in the different orientation of the posterior

wall of the temporal fossa, and in the arrangement of the

bones surrounding the foramen lacerus posterius. In fact,

in H. transatlanticus the anteroposterior axis of the ptery-

goid fossa converges towards the longitudinal axis of the

skull, in H. nigra it is parallel to such an axis; in H. trans-

atlanticus the basioccipital crests are round and obliquely

oriented with respect to the longitudinal axis of the skull,

in H. nigra they are parallel to the longitudinal axis of the

skull and have a different shape of the posterior-most

expansion.

An obvious difference between Herentalia nigra and

Herpetocetus bramblei consists of the absence of postpar-

ietal foramen in the former (Whitmore & Barnes 2008).

In Nannocetus eremus the skull seems much more deli-

cate than Herentalia nigra. The orientation of the poste-

rior wall of the temporal fossa is more posterior in N.

eremus and the supraoccipital is much wider and, as far as

it can be reconstructed from the holotype skull, it has a

rounder anterior border.

Compared to Herentalia nigra, Mixocetus elysius

shows more primitive features in exhibiting a short

interorbital region of the frontal, in the lack of contact

between the medial borders of the maxillae posteriorly to

the nasals, and in the dorsal exposure of the posterior ends

of the premaxillae between the lateral borders of the

nasals and the medial borders of the maxillae (Kellogg

1934).

Piscobalaena nana shows some similarities with Here-

ntalia nigra in the strong basioccipital crests, in the shape

of the anterior end of the supraoccipital and in the shape

and proportional length of that portion of the ascending

process of the maxilla developed posteriorly to the naso-

frontal suture (Bouetel & De Muizon 2006). However,

Piscobalaena nana differs from H. nigra in the position

of the foramen pseudo-ovale: in H. nigra the foramen

pseudo-ovale is located within the squamosal; in P. nana

it is located between squamosal and pterygoid. Moreover,

the lateral extension of the foramen lacerus posterius of P.

Figure 3. Herentalia nigra gen. et sp. nov., holotype (ZMA
5069 held by Naturalis, Leiden); right periotic still in articulation
with the skull; A, photographic representation; B, line drawing
showing interpretations of the anatomical characters. Abbrevia-
tions: ap, anterior process of the periotic; aat, anterior attach ped-
icle for the tympanic bulla; dt, dorsal tuberosity; eam, external
acoustic meatus; ow?, presumed remains of the oval window;
pat, presumed posterior attach pedicle for the tympanic; pch,
pars cochlearis; pp, posterior process; VII-g, groove for the
transit of the VII cranial nerve. Scale bar equals 50 mm.
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nana is much wider than that of H. nigra. Finally, the

anterior process of the periotic of P. nana is much thicker

than that of H. nigra and the anterior process is shorter.

It is not completely clear if ‘Cetotherium’ megalophy-

sum can be included within Cetotheriidae s.s. because it

shows several differences with the other cetotheriids. In

particular, in ‘C.’ megalophysum, the posteromedial ele-

ments of the rostrum that are interdigitated with the fron-

tal include premaxilla, maxilla and nasal; the premaxilla,

moreover, borders the lateral edge of the nasal. Amongst

the Cetotheriidae, this pattern is shown only by Mixocetus

elysius. Finally, in ‘C.’ megalophysum the posterior end

of the ascending process of the maxilla is approximately

pointed but in Cetotheriidae it is wider and, often,

rounded. Obvious differences with Herentalia nigra

include the shape of the ascending process of the maxilla

(round in H. nigra and pointed and narrow in ‘C.’ megalo-

physum), the anterior end of the supraoccipital (that is

wider and rounder in H. nigra and triangular and narrow

in ‘C.’ megalophysum), the pattern of interdigitation of

the posteromedial elements of the rostrum and the frontal

(these include the ascending process of the maxilla and

the nasal in H. nigra, and the ascending process of the

maxilla and of the premaxilla and the nasal in ‘C.’ mega-

lophysum). Interestingly, ‘C.’ megalophysum shows a

similar pattern of interdigitation of the parietal, frontal

and rostrum as that observed in H. nigra: in both these

species, in fact, the anterior end of the parietal is

located at a point that is more anterior than the posterior

end of the maxilla. Apart from this shared pattern, all the

other different features listed above strongly support the

placement of H. nigra and ‘C.’ megalophysum in

different genera. The inclusion of ‘C.’ megalophysum

in Cetotherium is not highly supported by morphology but

a comprehensive analysis of this taxon is necessary to get

a detailed assessment of this taxonomic problem; such an

assessment is outside the scopes of the present paper.

Comparisons with Caperea marginata. Two recent

papers have raised the hypothesis that the pygmy right

whale Caperea marginata belongs to Cetotheriidae s.s.

(Fordyce & Marx 2012; Marx et al. 2013); thus compari-

sons with this whale are mandatory here. Herentalia nigra

differs from Caperea marginata in most of its skull struc-

ture. The ascending process of H. nigra is typical of Ceto-

theriidae s.s.: it is long and transversely narrow, its lateral

border projects laterally forming a wide posterior concav-

ity; posteriorly, the ascending processes are in contact

behind the nasals and obliterate the interorbital region of

the frontal. In Caperea marginata the shape of the ascend-

ing process of the maxilla is subject to some individual

variation. As documented by Bisconti (2012), the ascend-

ing process of the maxilla of the pygmy right whale may

be narrowly or widely squared and may be distinctly indi-

viduated or not. In some specimens, the ascending process

may terminate posteriorly under the supraoccipital. This

is not the case of Herentalia nigra and of all the other

Cetotheriidae s.s. In Caperea marginata, the posterior

ends of the ascending processes of the maxilla do not con-

tact each other posteriorly to the nasals. Moreover, in

Cetotheriidae s.s. the premaxilla is excluded from being

visible in dorsal view at the rostrum–frontal interface

because of the posteromedial projection of the ascending

process of the maxilla. This is also the case in Herentalia

nigra. In Caperea marginata the premaxilla is clearly

evident in dorsal view and parallels the lateral border of

the nasal terminating posteriorly by insertion in the inter-

orbital region of the frontal; the latter is not obliterated by

the superimposition of long, narrow, medially and posteri-

orly directed ascending processes of the maxillae whose

lateral and medial borders diverge anteriorly rather than

being completely parallel.

In Herentalia nigra the anterior border of the parietal

reaches a point located more anteriorly than the postero-

medial ends of the contacting ascending processes of the

maxilla. This character is observed also in Balaenopteri-

dae but is absent in Caperea marginata. In the latter, in

fact, the parietal shows the same organization as that

observed in Balaenidae: it is superimposed by the supra-

occipital, it does not appear at the cranial vertex and its

frontal border is directed posteriorly and ventrally rather

then anteriorly as in H. nigra.

The vertex of Cetotheriidae s.s. is characteristic and was

recognized as such early in the history of mysticete palae-

ontology (e.g. Miller 1923; Cabrera 1926; Kellogg 1928).

The early observations are still acknowledged as valid by

many contemporary researchers (e.g. Kimura & Ozawa

2002; Bouetel & De Muizon 2006; Whitmore & Barnes

2008). In the vertex of Cetotheriidae s.s. the parietal shows

a short exposure in dorsal view; it is interposed between

the anterior end of the supraoccipital and the posterior ends

of the ascending processes of the maxilla. The anterior end

of the supraoccipital is located more posteriorly than the

anterior end of the parietal and is not in contact with the

interorbital region of the frontal. The dorsal exposure of

the vertex is bordered by a laterally concave parasagittal

crest that is continuous with the temporal crest (posteriorly)

and with the ascending temporal crest located on the supra-

orbital process of the frontal. In Herentalia nigra these fea-

tures of the vertex are clearly observed.

In Caperea marginata the vertex shows a very different

structure. As shown by Bisconti (2012), in C. marginata

the supraoccipital is partially superimposed on the interor-

bital region of the frontal and the ascending process of the

maxilla is not interposed between the supraoccipital and

the frontal. In C. marginata the parietal is not exposed at

the cranial vertex and cannot be observed in dorsal view

in juvenile or adult individuals.

The periotics of the living pygmy right whale show

a squared and short anterior process in ventral view

8 M. Bisconti
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(Ekdale et al. 2011). In Herpetocetus transatlanticus, H.

bramblei and Nannocetus eremus the anterior process is

clearly compressed, triangular and highly elongated in

ventral view (Whitmore & Barnes 2008); the same mor-

phology is observed in Herentalia nigra. In Metopocetus

durinasus the anterior process of the periotic shows less

compression but the orientation of the process is clearly

different from Caperea marginata (Kellogg 1968; Whit-

more & Barnes 2008). In Piscobalaena nana the anterior

process is anteriorly pointed and not squared (Bouetel &

De Muizon 2006).

All these observations preclude Caperea marginata

from belonging to Cetotheriidae s.s. Further considera-

tions on this point are provided in the Discussion of the

present paper.

Phylogenetic analysis

Methods
A cladistic analysis of 249 characters scored for 50 taxa

was performed to understand the phylogenetic relationships

of Herentalia nigra and to provide a hypothesis of phylo-

genetic relationships within Cetotheriidae. The outgroup

taxa included representatives of all the main mysticete radi-

ations including toothed mysticetes, Eomysticetoidea,

Balaenidae, Neobalaenidae, Cetotheriidae s.l., Eschrichtii-

dae and Balaenopteridae. Character states were unordered

and unweighted. The character/taxon matrix is presented in

the Supplemental; the matrix was treated by PAUP 4.0b10

(Swofford 2002) by tree bisection-reconnection (TBR)

algorithm to find the group of the most parsimonious trees

with 10 replicates and one tree held at each step during

stepwise addition. The resulting cladograms were assessed

by a randomization test to evaluate eventual differences (in

parsimony terms) from 10,000 cladograms sampled equi-

probably from the same matrix. Moreover, a bootstrap

analysis was made to assess the stability of the nodes found

by the TBR search. Finally, the congruence of the branch-

ing order of the most parsimonious cladograms with the

stratigraphical occurrence of the taxa was assessed by cal-

culating the stratigraphic consistency index (SCI) as

defined by Huelsenbeck (1994). Stratigraphical occurrences

of the taxa were obtained from the Paleobiology Database

and literature therein that was mainly compiled, about ceta-

ceans, by Mark Uhen (see http://paleodb.science.mq.

edu.au/cgi-bin/bridge.pl?user¼Guest&action¼displayPage&

page¼OSA_9_Cetacea).

Results
The TBR algorithm found 144 equally parsimonious trees.

The strict consensus of these trees is shown in Fig. 4 (tree

statistics are presented in the corresponding caption). The

relationships of most mysticete clades are well resolved.

Most of the relationships found are discussed elsewhere

(Bisconti 2012; Bisconti et al. 2013); in the following

text, the focus is on Cetotheriidae s.s. The clade including

the core genera of Cetotheriidae s.s. is monophyletic and

this supports the validity of the interpretation that Bouetel

& De Muizon (2006) and Whitmore & Barnes (2008)

gave of the Cetotheriidae s.s. The sister group of Cetother-

iidae s.s. is Diorocetus hiatus, a result already suggested

by Bisconti et al. (2013). The monophyly of Diorocetus þ
Cetotheriidae is supported by 12 unambiguous transfor-

mations. Cetotheriidae s.s. is the sister group of a large

clade including Eschrichtiidae, Balaenopteridae and three

extinct mysticete species (namely Cophocetus oregonen-

sis, Titanocetus sammarinensis and Aglaocetus moreni).

The monophyletic group formed by Eschrichtiidae and

Balaenopteridae corresponds to the epifamily Balaenop-

teroidea as redefined by Bisconti et al. (2013). The sister

group of the large clade including Balaenopteroidea,

Cetotheriidae s.s. and Diorocetus is Isanacetus laticepha-

lus, a broad-nosed cetothere from Japan. This taxon is

close to a clade including ‘Aglaocetus’ patulus, Pelocetus

calvertensis and Uranocetus gramensis, all broad-nosed

Miocene basal thalassotherians. The sister group of them

is Parietobalaena palmeri; more basal thalassotherians

are Joumocetus shimitzui and an unnamed taxon repre-

sented by the USNM 187416 skull.

Figure 4. Phylogenetic relationships of Mysticeti considered in
the present work: strict consensus of 144 equally parsimonious
trees. Tree statistics: tree length, 951 steps; consistency index
(CI), 0.3754; retention index (RI), 0.7166; homoplasy index
(HI), 0.6246; rescaled consistency index (RCI), 0.269. See text
for methods.
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The strict consensus tree is more parsimonious than

10,000 trees generated equiprobably from the same

matrix. In this sense, the phylogenetic signal present in

this cladogram is significantly different from chance (p <
0.0001).

The intra-family relationships of Cetotheriidae s.s. are

well resolved. Mixocetus elysius is the earliest diverging

Cetotheriidae s.s. due to the structure of its vertex where

premaxillaries reach the posterolateral corner of the nasals

medially to the maxillaries, and where the posterior ends

of the ascending processes of the maxillaries do not meet

posteriorly to the nasals; this prevents the complete oblit-

eration of the interorbital region of the frontal in this

taxon. Many authors warned that the reconstruction of

this whale made by Kellogg (1934) is unreliable due to

the bad preservation of the specimen. However, the pic-

tures published in that paper allow recognition of pre-

served and reconstructed parts and, for this reason, in this

paper, Marx (2011) was followed in using this taxon in

the phylogenetic analysis.

Mixocetus elysius is the sister group of Cetotherium

rathkii and all the other Cetotheriidae s.s. The placement

of C. rathkii is due to the plesiomorphic condition of its

squamosal, displaying a short zygomatic process with a

scarcely concave glenoid fossa and with a postglenoid

process not reduced transversely.

Cetotherium rathkii is the sister group of a large clade

including two sub-clades: one includes Piscobalaena nana

and Metopocetus durinasus and the other includes what

corresponds to the Herpetocetinae family defined by Whit-

more & Barnes (2008) and including Herentalia nigra.

The close relationship of Piscobalaena nana and Metopo-

cetus durinasus is rather surprising as Metopocetus shows

posterior ends of the ascending processes of the maxilla

that do not meet posteriorly to the nasals and a subtle dor-

sal exposure of the interorbital region of the frontal.

The monophyly of Piscobalaena nana andMetopocetus

durinasus is based on seven synapomorphies; however

only one synapomorphy is unambiguous (Character Con-

sistency Index ¼ 1.0), that is character 142 (presence of a

round dorsal tuberosity in the periotic). Three species of

Herpetocetus form a clade (Herpetocetus transatlanticus,

H. scaldiensis and H. bramblei). From the results of this

paper, the genus Herpetocetus should be restricted to

these species only. The Japanese Herpetocetus skeleton

published by Oishi et al. (1985) is more closely related to

Nannocetus eremus and Herentalia nigra. The support for

the monophyly of H. nigra and the Japanese Herpetocetus

is scanty and consists in six synapomorphies but only two

of them are unambiguous. These correspond to character

81 (squamosal cleft present) and 82 (squamosal cleft

straight). As these characters independently evolved in

the Balaenopteroidea lineage, both of them have

CI < 1.0. Nannocetus eremus is the sister group of the

clade formed by H. nigra and the Japanese Herpetocetus.

The present results confirm the monophyly of the sub-

family Herpetocetinae Whitmore & Barnes (2008). Such

a family includes all the species of Herpetocetus

described up to now: H. transatlanticus, H. bramblei, H.

scaldiensis, the Japanese Herpetocetus skeleton (Oishi

et al. 1985), plus Nannocetus eremus and Herentalia

nigra. The placement of Herentalia nigra within Herpeto-

cetinae is due to the peculiar morphology of its ascending

temporal crest (character 52 that is reconstructed as an

unambiguous transformation occurring in Cetotheriidae s.

s. by PAUP with a CI ¼ 0.429), the position of the naso-

frontal suture (character 57 which is unambiguous for

Cetotheriidae s.s. with a CI ¼ 0.25), and the compressed

anterior process of the periotic (character 149, unambigu-

ous for Cetotheriidae s.s. with a CI ¼ 0.2).

The degree of agreement between the branching order

of the taxa and their stratigraphical occurrence was

assessed by the SCI. The assessment was done only by

calculating the SCI for Cetotheriidae s.s. As in the part of

the cladogram dealing with Cetotheriidae, there are six

stratigraphically consistent nodes and three stratigraphi-

cally inconsistent nodes, with SCI ¼ 0.66. The maximum

agreement between the branching order and the strati-

graphical ages of the specimens is SCI ¼ 1.0 and the mini-

mum agreement is SCI ¼ 0.0. The present value suggests

that a number of ghost lineages must be assumed to obtain

a complete support for the phylogenetic hypothesis pre-

sented here. In this sense, it is suggested that more taxa

should be found to fully represent the diversity of Ceto-

theriidae. Judging from the tree presented in Fig. 5, ghost

lineages are expected to be found to explain the origin of

Herpetocetinae, and the evolution of Mixocetus, Cetothe-

rium and Piscobalaena.

The stratigraphically inconsistent nodes are represented

by the sister-group relationship of Herpetocetus transat-

lanticus and the clade formed by H. scaldiensis and H.

bramblei (both older than H. transatlanticus) and by the

relative placements of Cetotherium rathkii and Mixocetus

elysius that are estimated as being too young to be the sis-

ter groups of the large clade including Piscobalaena,Mix-

ocetus, Nannocetus, Herentalia and Herpetocetus (Fig. 5).

In the present analysis, Caperea marginata was found to

be the sister group of Balaenidae. The analysis of the char-

acters scored for the taxa used in this paper does not support

the claim that Caperea marginata belongs within the Ceto-

theriidae s.s. (Fordyce & Marx 2012; Marx et al. 2013), or

the close relationship of Caperea marginata and Balaenop-

teridae found by Marx (2011).

In the 50% majority rule-strict consensus tree (Fig. 6),

the monophyly of Cetotheriidae s.s. is confirmed with a

bootstrap support value of 100. In this clade, the mono-

phyly of the subfamily Herpetocetinae received a support

value of 75 with the inclusion of Herentalia nigra, Herpe-

tocetus and Nannocetus. Confirming the results of previ-

ous works, Caperea marginata is excluded from

10 M. Bisconti
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Cetotheriidae s.s. being the sister taxon of Balaenidae

with a support value of 100. Cetotheriidae s.s., Eschrich-

tiidae and Balaenopteridae are monophyletic clades

included within Thalassotherii. They are part of a thalas-

sotherian sub-clade including also Titanocetus sammari-

nensis, Aglaocetus moreni, Cophocetus oregonensis and

Diorocetus hiatus. Such a sub-clade received a bootstrap

support value of 75. The bootstrap support value of Tha-

lassotherii was 100. A tree in which Caperea marginata is

monophyletic with Cetotheriidae s.s. received a bootstrap

support of less than 5%.

Palaeobiogeographical analysis

Methods
The hypothesis of phylogenetic relationships of Cetother-

iidae s.s., as resulting from the phylogenetic analysis per-

formed in this paper (Figs 4, 6), was used as the starting

point for the first attempt to provide a hypothesis of palae-

obiogeographical relationships of the family assisted by a

computer-aided cladistic study. The method used was the

secondary Brooks parsimony analysis (BPA) as defined

by Brooks et al. (2001).

Areas of occurrence of the taxa used in the phyloge-

netic analysis are listed in Supplemental Table S1. They

were obtained from the Paleobiology Database available

at http://www.paleodb.org and mostly compiled by Mark

Uhen. The data were analysed by PAUP 4.10b (Swofford

2002) with TBR algorithm to search the most parsimoni-

ous area cladograms.

The branching order displayed by the cladogram in

Fig. 4 represents a case in point that can be explored by

the secondary BPA in order to generate a hypothesis of

palaeobiogeographical relationships between areas based

on a phylogeny in which single areas occur more than one

time. In Supplemental Table S2, this is evident. It is, in

fact, clear that the genus Diorocetus (that is the sister

group of Cetotheriidae s.s.) is distributed in the North

Pacific, North Atlantic and Paratethys; the North Pacific is

the area of occurrence of Mixocetus elysius, Herpetocetus

sp. (Japan), Nannocetus eremus and Herpetocetus bram-

blei; the North Sea is the area of occurrence of Herentalia

nigra and Herpetocetus scaldiensis; the North Atlantic is

the area of occurrence of Herpetocetus transatlanticus

and Metopocetus durinasus; the Paratethys is the area of

occurrence of Diorocetus and Cetotherium rathkei. This

distribution suggests a sort of reticulate history of the

areas in question.

The secondary BPA allows the study of hypotheses of

reticulated histories (Brooks et al. 2001); this means that

the secondary BPA is able to elucidate palaeobiogeo-

graphical patterns in which one area occurred more than

one time in the area cladogram. The starting point of the

secondary BPA is the hypothesis of phylogenetic relation-

ships of Cetotheriidae s.s. (Fig. 4). A matrix listing the

geographical distributions of the species in the areas of

occurrence, the species that inhabit them, and the binary

code representing those species and their phylogenetic

relationships is provided in Supplemental Table S2. This

matrix was generated by following the detailed method

provided by Brooks et al. (2001). Given that some species

occur in the same area, the secondary BPA allows treat-

ment of such an area as if it represented many areas: one

area for each species inhabiting it. Supplemental Table S2

represents the matrix for the secondary BPA (see Brooks

et al. 2001 for the method to generate such a matrix). The

matrix was cladistically analysed using PAUP 4.0b10

(Swofford 2002) to generate an area cladogram represent-

ing the relationships between the areas as they can be

reconstructed by the phylogenetic relationships of

Cetotheriidae s.s. presented in this work. Fitch’s (1971)

parsimony was then used to reconstruct ancestral palaeo-

biogeographical states at nodes in order to provide a

hypothesis of palaeobiogeographical history of the family.

Results
The results of the secondary BPA applied to the hypothe-

sis of phylogenetic relationships of Cetotheriidae s.s. of

the present work are presented in Fig. 7. The reconstruc-

tion of ancestral palaeobiogeographical states at nodes

made by Fitch’s (1971) parsimony shows that Cetotherii-

dae s.s. originated in the North Pacific basin. Then, the

group dispersed to the South Pacific, North Atlantic,

North Pacific and Paratethys, where it gave rise to

Figure 5. Phylogenetic relationships of Cetotheriidae s.s. plotted
against the subdivisions of the Miocene and Pliocene. The phylo-
genetic relationships are drawn from the tree presented in Figure 4.
Thick lines represent known ranges of extinct taxa; thin lines are
inferred stratigraphical ranges. Ages of the taxa are provided in
the Online Supplementary Material and are derived from the
Paleobiology Database. It is to be noted that in this figure, Dioro-
cetus includes D. hiatus, D. shobarensis, and the German speci-
mens assigned to Diorocetus by Hampe & Ritsche (2011); the
stratigraphical range of Diorocetus represents the entire strati-
graphical range of the genus as represented by these three species.
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different lineages. The group inhabiting the South Pacific,

North Atlantic and North Pacific split into two main

clades: one with a widespread distribution (South Pacific

and North Atlantic) and one with a North Pacific distribu-

tion. The North Pacific lineage split into two clades: one

remaining in the North Pacific and another dispersing into

the North Sea. The widespread clade underwent a history

of vicariance resulting in the splitting of the clade into a

sub-clade inhabiting the North Atlantic and a sub-clade

inhabiting the North Pacific and the North Sea.

Combining the phylogenetic relationships of Cetother-

iidae s.s. as depicted against the time subdivisions of the

Neogene in Fig. 5 and the palaeobiogeographical results

allows reconstruction of the timing of the major evolu-

tionary events that have affected the group (Fig. 7). From

the present analyses, the origin of Cetotheriidae s.s.

occurred in the North Pacific probably during the early

Burdigalian. During the late Burdigalian, Cetotheriidae s.

s. expanded their range by dispersing into the Paratethys,

South Pacific and North Atlantic. The North Pacific was

the area from which a new wave of dispersal started in the

Serravallian or in the early Tortonian that led to the subse-

quent origin and evolution of Herpetocetinae including

Nannocetus and Herpetocetus. This represents a major

vicariance event that separated the common ancestor of

Herpetocetinae from the other Cetotheriidae s.s. Such a

common ancestor (that is implied from the phylogenetic

hypothesis presented in this work) dispersed from the

North Pacific to the North Sea during the Tortonian, giv-

ing rise to Herentalia nigra. Finally, during the Tortonian,

an additional vicariance event occurred that split the

genus Herpetocetus into three different species: one

Figure 6. Phylogenetic relationships of Mysticeti found in the present work: 50% majority rule-strict consensus bootstrap tree. Numbers
above the branches are bootstrap support values.
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inhabiting the North Atlantic, one inhabiting the North

Sea, and one inhabiting the North Pacific.

Discussion

Monophyly versus paraphyly of Cetotheriidae
For a long time, the name Cetotheriidae has been used as a

taxonomic wastebasket to include all the fossil mysticetes

that do not belong to the living families (Fordyce & De

Muizon 2001). Bouetel & De Muizon (2006) have

restricted the meaning of the name Cetotheriidae to

include Piscobalaena, Cetotherium, Mixocetus, Metopo-

cetus and Herpetocetus. This conclusion was supported

also by Bisconti (2008, 2011) and Bisconti et al. (2013).

In a subsequent paper, Whitmore & Barnes (2008)

extended the concept of Cetotheriidae to include also a

number of mysticetes whose relationships are less clear

(i.e. Mesocetus, Aglaocetus, Parietobalaena, Diorocetus,

Pelocetus, Cophocetus, etc.). They included all these taxa

within Cetotheriidae and created two subfamilies: the sub-

family Cetotherinae was created to include Cetotherium,

Metopocetus, Amphicetus, Heterocetus, Mesocetus, Ceph-

alotropis, Mixocetus and Plesiocetopsis; the subfamily

Herpetocetinae was created to include Herpetocetus and

Nannocetus. They assigned to Cetotheriidae incertae sedis

a wealth of mysticetes (Aglaocetus, Cophocetus, Dioroce-

tus, Halicetus, Idiocetus, Imerocetus, Isocetus,

Parietobalaena, Pelocetus, Periplocetus, Pinocetus, Thi-

nocetus and Tiphyocetus).

It must be remarked that the conclusions of Whitmore

& Barnes (2008) were not supported by parsimony analy-

ses to confirm the monophyly of Cetotheriidae to the

exclusion of the other formally established mysticete fam-

ilies. These authors listed diagnostic features of the subdi-

visions of Cetotheriidae they were suggesting but they did

not test the diagnostic power of these characters amongst

the whole Mysticeti. This makes their conclusions provi-

sional as the necessary support has to be provided by a

computer-assisted parsimony analysis.

Several parsimony analyses of the mysticetes have

appeared in the last few years. Recently, the works of

Dem�er�e et al. (2008) and Kimura & Hasegawa (2010)

supported the monophyly of both Cetotheriidae s.l. (sensu

Kimura & Hasegawa 2010) and Cetotheriidae s.s. (follow-

ing Bouetel & De Muizon 2006). However, it must be said

that these works included a small sample of the cetothere

diversity (both included only eight taxa against 11 taxa of

Bouetel & De Muizon 2006; 17 taxa of Steeman 2007; 21

taxa of Marx 2010; 15 taxa of Bisconti 2011; and 21 taxa

of the present work) thus it is scarcely possible that they

represent correct phylogenetic relationships in the absence

of the character combinations possessed by the many taxa

that they did not include in their works.

Another group of authors did not find support for the

monophyly of Cetotheriidae s.l. but did find support for

the monophyly of Cetotheriidae s.s. Bouetel & De Muizon

(2006), in fact, supported the monophyly of a small group

of mysticetes including Mixocetus, Nannocetus, Cetothe-

rium, Metopocetus, Herpetocetus and Piscobalaena; they

called this group Cetotheriidae sensu stricto. Other ceto-

theres were found to be more closely related to Eschrich-

tiidae, Balaenopteridae and Balaenidae than to

Cetotheriidae s.s. These were called Mysticeti incertae

sedis by Uhen et al. (2008) and Cetotheriidae incertae

sedis by Whitmore & Barnes (2008).

Steeman (2007) found support for a group including

Cetotherium rathkii, Piscobalaena nana, Metopocetus

durinasus and an unnamed specimen (USNM 182962) to

the exclusion of the other cetotheres (sensu Kimura &

Hasegawa 2010). This group broadly corresponded to the

Cetotheriidae s.s. of Bouetel & De Muizon (2006). Bis-

conti (2007, 2008) found similar support for the mono-

phyly of a group formed by Cetotherium rathkei,

Metopocetus durinasus and Mixocetus elysius that he

called Cetotherium-like mysticetes. Bisconti (2011)

included also Piscobalaena nana in a new phylogenetic

analysis and found that it is monophyletic with the other

Cetotherium-like mysticetes, thus concluding that this

group (Cetotherium þ Metopocetus þ Mixocetus þ Pis-

cobalaena) corresponds to Cetotheriidae s.s. More details

on this conclusion are provided by Bisconti et al. (2013).

Also in the study of Marx (2010) a high support for such a

Figure 7. Palaeobiogeographical relationships of Cetotheriidae
s.s. as resulting from the secondary Brooks parsimony analysis
based on the cladogram presented in Figure 4. States at nodes
are reconstructed through the application of Fitch’s (1971)
parsimony.
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clade is found with the additional inclusion of Pinocetus

polonicus, Cephalotrophis nectus, Metopocetus vandellii,

Cetotherium megalophysum and Aulocetus latus.

All these works and the present one support the mono-

phyly of Cetotheriidae s.s. but do not support the mono-

phyly of Cetotheriidae s.l. of Kimura & Hasegawa (2010)

and Cetotheriidae incertae sedis of Whitmore & Barnes

(2008).

In conclusion, following the computer-assisted phylo-

genetic analyses of the present work and the studies of

Bouetel & De Muizon (2006), Steeman (2007), Bisconti

(2007, 2008, 2011; Bisconti et al. 2013) and Marx

(2010), Cetotheriidae s.l. is paraphyletic and has to be

rejected and Cetotheriidae s.s. is monophyletic and has to

be maintained. Here it is proposed to equal Cetotheriidae

s.s. with Cetotheriidae; Cetotheriidae is thus restricted to

include Mixocetus elysius, Cetotherium rathkei, Metopo-

cetus durinasus, Piscobalaena nana, Nannocetus eremus,

Herpetocetus bramblei, Herpetocetus transatlanticus,

Herpetocetus from Japan, and Herentalia nigra. Bisconti

et al. (2013) proposed a peculiar taxonomic solution to

solve the problematic situation of all those taxa previously

included within Cetotheriidae s.l. Further discussion on

this point is provided in that paper.

In the present work, the group formed by Diorocetus þ
Cetotheriidae is the sister group of a large mysticete clade

including Balaenopteridae and Eschrichtiidae (¼ Balae-

nopteroidea) and some advanced thalassotherians (Copho-

cetus oregonensis, Titanocetus sammarinensis and

Aglaocetus moreni).

Diorocetus is not included within Cetotheriidae

because it lacks most of the synapomorphies of this group,

including the long and posteriorly converging ascending

processes of the maxilla, the peculiar shape of the coronal

suture and of the exposure of the parietal at the cranial

vertex. The clade formed by Diorocetus and Cetotheriidae

is not named here because several new basal thalassother-

ian taxa are under description that could change the topol-

ogy presented here; therefore, the stability of this

relationship has to be tested further. Moreover, in the

bootstrap tree (Fig. 6), Diorocetus hiatus, Aglaocetus mor-

eni, Cophocetus oregonensis and Titanocetus sammari-

nensis all collapse into an unresolved node including also

Cetotheriidae and Balaenopteroidea. This means that the

morphological support for the sister group relationships

presented in Fig. 4 is still scanty and the correct sequence

of sister groups should be regarded as provisional. For

these reasons, here it is preferred not to assign new names

the Diorocetus hiatus þ Cetotheriidae clade and the

Aglaocetus moreni þ Cophocetus oregonensis þ Titano-

cetus sammarinensis þ Balaenopteroidea clade.

In previous works, both Bisconti (2008) and Steeman

(2007) found support for the monophyly of Cetotheriidae

þ Eschrichtiidae but this relationship is dismissed here

(see also Bisconti 2011, 2012; Bisconti et al. 2013). Most

of the characters used to support such a clade are found

here to be synapomorphies of the large Cetotheriidae þ
Eschrichtiidae þ Balaenopteridae þ Titanocetus þ
Cophocetus þ Aglaocetus moreni clade. These include

the posterolateral projections of the exoccipitals and the

strong attach sites for neck muscles on the supraoccipital,

characters found to be symplesiomorphic for this large

group.

The monophyly of the clade formed by Eschrichtiidae

þ Balaenopteridae is supported by several works (includ-

ing this one; Marx 2010; Bisconti 2008, 2011; Bisconti

et al. 2013). Such a clade corresponds to Balaenopteroi-

dea. The monophyly of Cophocetus, Titanocetus, Aglao-

cetus patulus and Balaenopteroidea is supported by three

unambiguous transformations and several ambiguous

transformations: these are characters 40(1!0), 67(–!0)

and 105(1!0). All these characters are reversals and have

a CI < 1.0. They include the secondary development of

large posterior border of the nasal, the longitudinal short-

ening of the postorbital constriction and the lack of an

occipital crest on the supraoccipital.

Mixocetus elysius is a crucial taxon as it is represented

by Kellogg (1934) with plesiomorphic characters for

Cetotheriidae such as posterior elongation of the premax-

illa that is interposed between the nasal and the medial

border of the ascending process of the maxilla, and the

lack of complete obliteration of the interorbital region of

the frontal by the posteromedial elements of the rostrum

in dorsal view. From the present analysis, it is possible to

subdivide Cetotheriidae into four subclades: one including

Mixocetus, one including Cetotherium rathkii, one includ-

ing Piscobalaena þMetopocetus, and the last correspond-

ing to Herpetocetinae (including Nannocetus,

Herpetocetus and Herentalia). A more comprehensive

phylogenetic analysis is necessary to support these clades

and eventually give them subfamily names. Such taxa as

Mesocetus, Heterocetus and Idiocetus represented by

material in Van Beneden’s type collection at the RBINS

have to be taxonomically redefined. Steeman (2010) pro-

vided a first step in this direction as she analysed the taxo-

nomic importance of the ear bones of these taxa but many

additional skeletal parts are available that should be taken

into account in a taxonomic revision of these taxa from

the North Sea.

Is Caperea marginata a cetotheriid sensu stricto?
Whitmore & Barnes (2008) provided a morphological def-

inition of Cetotheriidae Brandt, 1872. Such a definition is

in broad accordance with the early studies of mysticete

taxonomy, anatomy and evolution (Miller 1923; Cabrera

1926; Kellogg 1928, 1934) and with recent computer-

assisted cladistic analyses of the relationships of baleen

whales (Kimura & Ozawa 2002; Dem�er�e et al. 2005;

Bouetel & De Muizon 2006; Steeman 2007; Bisconti
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2007, 2011; Marx 2010; Bisconti et al. 2013). In this diag-

nosis, the principal criterion adopted to distinguish Ceto-

theriidae from all the other mysticetes is about the

organization of the cranial and rostral bones on the skull

vault. Whitmore & Barnes (2008, p. 143) wrote that Ceto-

theriidae is:

A family of Mysticeti differing from Llanocetidae, Aetio-
cetidae and Mammalodontidae by lacking teeth in adult-
hood; differing from Balaenopteridae, Eschrichtiidae,
Neobalaenidae, and Balaenidae by having crania with rel-
atively long intertemporal region, orbits far anterior rela-
tive to braincase, and posterior extremities of rostral
bones (maxillae, premaxillae, and nasals) extending pos-
teriorly on the dorsal surface of the cranium between the
paired frontal bones in a manner that forms a triangular
wedge centered on the sagittal axis of the cranium; differ-
ing from Balaenopteridae and Eschrichtiidae by having
supraorbital processes of frontals that descend gradually
ventrolaterally from the cranial vertex; differing from
balaenopteridae, Neobalaenidae, and Balaenidae by hav-
ing parietals widely exposed in the dorsal and lateral sur-
faces of the intertemporal region, and by having temporal
fossae open dorsally rather than being overhung by the
margins of the occipital shield.

The recent claim that Caperea marginata belongs to

Cetotheriidae s.s. conflicts with the above morphological

interpretation (Fordyce & Marx 2012; Marx et al. 2013).

If Caperea marginata belongs within Cetotheriidae s.s.

then this means that at least 15 characters of this taxon

evolved convergently with Balaenidae, starting from a

cetotheriid morphotype. These characters are the follow-

ing: (1) massive elongation of supraoccipital; (2) supraoc-

cipital covering the parietal and excluding the parietal to

be exposed in dorsal view; (3) anterior end of supraoccipi-

tal covering the posterior portion of the interorbital region

of the frontal; (4) parietal not extending anteriorly to the

posteromedial elements of the rostrum; (5) short ascend-

ing process of the maxilla that may be squared in some

individuals; (6) premaxilla evident laterally to the nasal;

(7) lack of parietal exposure at cranial vertex; (8) develop-

ment of a concave posterior wall of the temporal fossa; (9)

zygomatic process of the squamosal strongly shortened;

(10) low tympanic cavity; (11) low conical process of the

tympanic bulla; (12) dorsoventrally oriented mandibular

condyle; (13) presence of a depression or a groove for

mylohyoidal muscle on the medial side of the dentary;

(14) fusion of cervical vertebrae; and (15) long baleen.

Despite the effort made to decipher the relationships of

Caperea marginata, the origin and evolution of the pecu-

liar anatomy of this whale are still scarcely understood

and the hypotheses proposed to interpret its phylogenetic

relationships are not completely satisfactory. Bisconti

(2012) supported the traditional view that Caperea mar-

ginata is the sister taxon of Balaenidae and together with

Balaenidae forms the superfamily Balaenoidea. This

hypothesis is also supported by the present work, and

predicts that some of the characters used by Fordyce &

Marx (2012) to ally C. marginata with Cetotheriidae (i.e.

the shape and topological relationships of the ascending

process of the maxilla, and the lateral outline of the skull)

should be reinterpreted in the light of a fuller understand-

ing of morphological variation in Balaenidae. However,

the Balaenoidea hypothesis implies that some balaenop-

terid-like characters have been acquired by C. marginata

in parallel with Balaenopteridae; these are elongated scap-

ula, long radius and ulna, dorsal fin, and, according to

Baker (1985 and literature therein), a couple of ventral

throat grooves. However, it is easier to accept the homo-

plasy shown by the acquisition of a few balaenopterid-

like characters than that shown by the parallel evolution

of 15 balaenid characters as in the Fordyce & Marx

(2012) hypothesis.

Apart from the above considerations, it must be

remarked that some of the characters adopted by Fordyce

& Marx (2012) have to be interpreted in different ways.

In the following text, some of these characters are

rediscussed.

The tympanic bulla of Caperea marginata was fully

illustrated by Bisconti (2012, fig. 20, p. 902) and that of

Herpetocetus transatlanticus was fully illustrated by

Whitmore & Barnes (2008, fig. 16, p. 156). Comparing

these sets of illustrations, it is clear that the tympanic bulla

of H. transatlanticus is pear-shaped in that it lacks the

anterolateral expansion that is typical of other mysticetes

including Balaenopteridae, Balaenidae, Caperea margin-

ata and other basal thalassotherians (e.g. ‘Aulocetus’ cal-

aritanus; see Bisconti 2010). Such an anterolateral

expansion is developed into three different ways in differ-

ent mysticete lineages. Bisconti (2010) discussed the mor-

phology of this trait in detail. Caperea marginata and

Balaenidae share the morphology of this character that is

not present in Herpetocetus. Fordyce & Marx (2012)

stated that the conical process of Caperea marginata and

Herpetocetus transatlanticus is low; this is doubtless true

but the morphology is different in that the dorsal edge of

this process is flat in C. marginata and convex in H. trans-

atlanticus; the morphology observed in C. marginata is

shared with Balaenidae and not with Cetotheriidae. A

comparison of the sets of illustrations provided by Bis-

conti (2012) and Whitmore & Barnes (2008) reveals that

the bullae of H. transatlanticus and C. marginata are very

different in dorsal and lateral view. In lateral view, the

bulla of C. marginata is dorsoventrally compressed (char-

acter shared with Balaenidae) and that of H. transatlanti-

cus is high. This means that the height of the tympanic

cavity of C. marginata is reduced (character shared with

Balaenidae) and that of H. transatlanticus is not reduced.

Further, the posterior border of the tympanic bulla of H.

transatlanticus is characterized by protruding posterome-

dial and posterolateral corners and shows a bilobated

shape in dorsal view. The posterior border of the tympanic
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bulla of C. marginata is continuously convex and is not

bilobated.

Fordyce & Marx (2012) stated that C. marginata and H.

transatlanticus share a continuous lateral skull border,

referring to the lateral border of the skull from the anterior

end of the zygomatic process of the squamosal to the pos-

terolateral end of the squamosal. In C. marginata this part

of the skull is convex and its anterior end converges ante-

riorly toward the longitudinal axis of the skull; in H.

transatlanticus this portion is straight and anteriorly

diverging from the longitudinal axis of the skull. There-

fore, it is not possible to accept the hypothesis that C.

marginata and H. transatlanticus share this character

state.

Fordyce & Marx (2012) claimed that in juvenile C.

marginata the ascending process of the maxilla is posteri-

orly squared and parallel-sided, resembling that of Ceto-

theriidae in contrast to what is observed in Balaenidae. In

adult Balaenidae, in fact, the ascending process of the

maxilla is hardly distinguished from the remaining por-

tions of the posterior border of the maxilla as it is very

wide and short. However, in a very juvenile Balaena mys-

ticetus specimen housed in NML (inventory number:

RGM 31161), the ascending process of the maxilla is pos-

teriorly squared and parallel-sided. The specimen is under

description by the present author and its morphology will

be detailed elsewhere. Moreover, in Balaenella brachyr-

hynus the ascending process of the maxilla is well defined

and broadly squared posteriorly (Bisconti 2005). Based on

these observations, the morphology exhibited by the

ascending process of the maxilla of Caperea marginata is

closer to that observed in at least some balaenids. Such a

morphology is never observed in Cetotheriidae. Thus,

here it is concluded that the ascending process of the max-

illa should be coded in the same way in Balaenidae and C.

marginata as these taxa show the same morphology and

the same topological relationships of this anatomical

structure.

Based on these observations, it is concluded that the

results of the analysis of Fordyce & Marx (2012) are not

supported by the morphological evidence that they pro-

vided as this evidence has to be interpreted in different

ways. It is thus not possible to accept their conclusion that

C. marginata is to be included in Cetotheriidae s.s. Addi-

tional discussions on this topics will be provided

elsewhere.

Marx (2010) suggested that Caperea marginata is more

closely related to Balaenopteridae than to Balaenidae; his

hypothesis is more in agreement with molecular results

(Sasaki et al. 2005; Nikaido et al. 2006). It implies that

the balaenid-like characters of the pygmy right whale are

independently acquired. These characters include the

topological relationships of the supraoccipital with the

parietal and the frontal, the shape of the tympanic bulla

and the low tympanic cavity, the presence of a groove for

mylohyoidal muscle in the dentary, the long baleen, the

dorsoventrally oriented mandibular condyle and the

fusion of the cervical vertebrae. This hypothesis cannot be

accepted based on the present results because the Balae-

noidea hypothesis is still more parsimonious and, as such,

has to be preferred.

The hypothesis that Caperea marginata is a cetother-

iid s.s. cannot be accepted. Forthcoming papers on the

anatomy and relationships of other Cetotheriidae taxa

together with a comprehensive analysis of the morpho-

logical variation of Balaenoidea (in part already

published in Bisconti 2012) will test the robustness of

the traditional hypothesis of relationships of Caperea

marginata and its relationships to Cetotheriidae,

Balaenopteridae and Balaenidae.

Palaeobiogeography and evolution of

Cetotheriidae
In this paper, the palaeobiogeographical relationships of

Cetotheriidae have been investigated for the first time

with a computer-assisted cladistic approach. Very few

attempts to quantitatively investigate the biogeography of

mysticetes have been performed in the past and none has

been undertaken on extinct mysticetes in the last decades.

A part of a Capellini’s (1875) paper deals with the distri-

bution of cetotheres in Europe and this represents, to the

knowledge of the present writer, the first attempt to

assess the palaeobiogeographical relationships of extinct

mysticetes. Capellini observed that the mysticete faunas

of the Pliocene of Italy, Austria and Russia were rather

different despite the similar molluscs and land plants of

these places. Capellini observed also that the mysticete

faunas of Italy, Austria and Russia were more closely

related to the exclusion of the fauna from the North Sea.

These observations pointed to close biogeographical rela-

tionships of the mysticetes inhabiting the Mediterranean

and Paratethys.

Capellini had a different idea of what Pliocene is and he

included within his ‘Cetotherii’ (archaic Italian translation

of Cetotheriidae) also taxa that are now considered more

closely related to Balaenopteridae (Dem�er�e et al. 2005;

Bisconti 2011). Currently, no Cetotheriidae is described

from Italy or other countries from the Mediterranean basin

(with the exception of fragmentary materials from Spain;

see Pilleri 1990). A recently discovered and beautifully

preserved Cetotheriidae skull from the Late Miocene of

northern Italy is under description by the present author

(Bisconti in prep.) and will be added to the phylogenetic

dataset to improve the resolution of the branching order of

Cetotheriidae and to understand the role played by the

Mediterranean in the evolution of this family.

The results of the present work (see above and Figs 4,

7) suggest that Cetotheriidae originated in the northern

Pacific realm in the Early Miocene, possibly in the
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Burdigalian or the late Aquitanian. Unfortunately, there is

no record of Cetotheriidae s.s. from the earliest Miocene,

therefore this conclusion has to be considered as an infer-

ence generated from the cladistic results presented here.

Subsequently, Cetotheriidae expanded its biogeographical

range by invading several ocean basins (i.e. Paratethys,

North Atlantic, South Pacific); subsequent vicariance

events led to the origin of (1) Cetotherium rathkii, (2) the

clade including Piscobalaena and Metopocetus, and (3)

the ancestor of Herpetocetinae. The radiation of Herpeto-

cetinae followed the origin of this subfamily in the north-

ern Pacific and continued by dispersals into the North Sea

and North Atlantic in the Serravallian or early Tortonian.

Marx & Uhen (2010) searched for a relationship

between mysticete diversity and diatom diversity in the

Neogene. They observed that in the Burdigalian there was

a peak in diatom diversity that was not linked to a signifi-

cant increase in mysticete diversity. The phylogenetic

results of the present study suggest that during the Burdi-

galian there was a major event of range expansion in

Cetotheriidae that led to the origin of different cetotheriid

lineages. Those lineages are not represented in the Burdi-

galian fossil record but their presence is predicted by the

present phylogenetic analysis. Thus, the first expansion of

the biogeographical range of Cetotheriidae should have

occurred during a major increase in diatom diversity.

Even stronger is the peak registered in the diatom

record during the Serravallian. This peak occurred at a

time when a high mysticete diversity is observed (Marx &

Uhen 2010). In this case, the peak is coincident with the

implied origin of Herpetocetinae and its range expansion

from the North Pacific.

Steeman (2009) performed a sophisticated molecule-

based phylogenetic analysis of cetaceans and found that

major pulses in cetacean speciation rates should have

occurred from �20 to �15 Ma and from �12 to �5 Ma.

The results of the present work is in broad accordance

with these findings as the first episode of speciation

rate increase corresponds with the implied origin of

Cetotheriidae in the Burdigalian (20.43–15.97 Ma), and

the second is very close to the second important evolu-

tionary event in the phylogeny of Cetotheriidae, i.e. the

origin and radiation of Herpetocetinae. In the present

work, this event is supposed to have occurred in the Serra-

vallian (13.82–11.62 Ma). Thus, if the results of the pres-

ent work are confirmed by further studies, the

evolutionary history of Cetotheriidae should follow the

general trends of the evolutionary history of Cetacea as a

whole, as it can be described by cumulative analysis of

diversity already performed by Marx & Uhen (2010) and

Steeman (2009).

However, the results of the present work could be

deceptive because: (1) some problematic taxa have not

been included in the phylogenetic dataset because their

taxonomic status is not still completely clear; (2) data

from the southern hemisphere are largely lacking even if

several specimens exist that have to be studied; and (3)

new specimens under study could change the present phy-

logenetic results. The present results should be considered

as a working hypothesis to be tested against the inclusion

of more taxa into the phylogenetic analysis they are based

on.

The inclusion of more taxa in the next phylogenetic

analyses will increase the likelihood of the cladograms

being correct and will allow more accurate reconstruc-

tions of the evolutionary history of Cetotheriidae.

Conclusions

Herentalia nigra gen. et sp. nov. is described and com-

pared with other mysticete taxa. It belongs to Cetotherii-

dae s.s. Its phylogenetic relationships have been

investigated through a comprehensive cladistic analysis

revealing that it is closely related to a Japanese Herpeto-

cetus and to Nannocetus. The hypothesis that Caperea

marginata belongs to Cetotheriidae s.s. cannot be

accepted. The phylogenetic results were used to undertake

a cladistic palaeobiogeographical analysis of Cetotherii-

dae. The results of this analysis are that Cetotheriidae

originated in the Pacific during the Early Miocene. Their

distribution was affected by dispersal and vicariance

events and the pattern of their diversity followed distinct

peaks in food abundance: one in the Early Miocene (Bur-

digalian) and the other in the Late Miocene (Tortonian).
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