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A key step of the evolutionary history of Odontoceti (echolocating toothed cetaceans) is the
transition from the ancestral heterodont condition - characterized by the presence of double-
rooted cheek teeth bearing accessory denticles - to the homodont dentition displayed by most
extant odontocete species. During the last decades, new finds and the reassessment of
specimens in collections revealed an increased morphological disparity among the Oligo-
Miocene heterodont odontocetes. Based on a partly articulated skeleton from late Early
Miocene (Burdigalian, 18.8-18.0 Ma) beds of the Chilcatay Formation (Pisco Basin, Peru),
we describe a new genus and species of heterodont odontocete, Inticetus vertizi, in the new
family Inticetidae. This large dolphin is characterized, among others, by: a long and robust
rostrum bearing at least 18 teeth per quadrant; the absence of procumbent anterior teeth; many
large, broad-based accessory denticles in double-rooted posterior cheek teeth; a reduced
ornament of dental crowns; the styliform process of the jugal being markedly robust; a large
fovea epitubaria on the periotic, with a correspondingly voluminous accessory ossicle of the
tympanic bulla; and a shortened tuberculum of the malleus.

Phylogenetic analyses (with and without molecular constraint, with and without down-
weighting of homoplastic characters) yielded contrasting results, with Inticetus falling either
as a stem Odontoceti or as an early branching member of a large Platanistoidea clade.

With its large size, robust rostrum, unusual dental morphology, and the absence of
conspicuous tooth wear, Inticetus increases the morphological and ecological disparity of Late
Oligocene - Early Miocene heterodont odontocetes. Finally, this new taxon calls for caution

when attempting to identify isolated cetacean cheek teeth, even at the suborder level.

http://zoobank.org/urn:Isid:zoobank.org:pub:5B306B49-EB1B-42F9-B755-B0B05B4F938F

Keywords: Cetacea; Odontoceti; heterodont; Miocene; Burdigalian; Peru

Introduction

Most modern odontocetes (echolocating toothed cetaceans) are characterized by a roughly
homodont and polydont dentition, resulting from the progressive simplification and
multiplication of the teeth of their ancestors, in relation with major changes in predation
techniques and food processing (Fordyce 1982; Uhen 2009; Armfield et al. 2013).



Nevertheless, many Oligocene and Miocene odontocetes retain the plesiomorphic condition
of double-rooted cheek teeth bearing accessory denticles. For a long time fragmentary fossil
specimens displaying various degrees of heterodonty were generally referred to the waste-
basket family Squalodontidae, often in the genus Squalodon (Fordyce & Muizon 2001; Marx
et al. 2016; see for example the Paleobiology Database section on Squalodon, mostly
compiled by M. D. Uhen, mentioning 23 species in the genus). The discovery and description
of better-preserved specimens lead to the recognition of several other families, highlighting a
high morphological disparity and a complex evolutionary transition to crown odontocetes.
Heterodont odontocetes are now distributed in at least seven families: Agorophiidae,
Ashleycetidae, Patriocetidae, Simocetidae, Squalodontidae, Waipatiidae, and Xenorophidae
(see Whitmore & Sanders 1977; Fordyce 1981, 1994, 2002; Muizon 1991; Uhen 2008b;
Geisler et al. 2014; Sanders & Geisler 2015; Godfrey et al. 2016). Among them, only
Squalodontidae and Waipatiidae have been identified as members of the crown Odontoceti
clade, in the superfamily Platanistoidea (e.g., Muizon 1991, 1994; Fordyce 1994; Tanaka &
Fordyce 2016). However, such attributions did not yet reach a consensus (see Geisler et al.
2011; Aguirre-Fernandez & Fordyce 2014; Tanaka & Fordyce 2014; Sanders & Geisler 2015;
Godfrey et al. 2016). Furthermore, the familial affinities of several genera of heterodont and
homodont, Late Oligocene - Early Miocene odontocetes are still debated (e.g., Neosqualodon,
Papahu, Prosqualodon, and Squaloziphius), some of them even falling among stem
Odontoceti in some analyses and among crown Odontoceti in others (e.g., Muizon 1991,
Fordyce 1994; Geisler et al. 2011; Aguirre-Fernandez & Fordyce 2014; Godfrey et al. 2016;
Tanaka & Fordyce 2016; Lambert et al. 2017).

In addition to the fossil-rich beds of the late Neogene Pisco Formation, the Pisco
Basin, southern coast of Peru, includes older, marine vertebrate-bearing strata ranging from
the late Middle Eocene to the earliest Middle Miocene (Muizon & DeVries 1985; Dunbar et
al. 1990; DeVries 1998; Bianucci et al. 2016a). Dated from the latest Oligocene - earliest
Middle Miocene, the Chilcatay Formation already yielded the remains of several homodont
odontocetes (including kentriodontid-like delphinidans, physeteroids, at least two
squalodelphinids, and a member of an unnamed new family), in a relatively poorly
constrained stratigraphic context (Lambert et al. 2014, 2015; Bianucci et al. 2015). Some
years ago, the new fossil locality of Roca Negra was discovered in the southern part of the
basin, displaying vast outcrops of the Chilcatay Formation. Based on an articulated cetacean
skeleton, including the cranium with ear bones, mandibles, teeth, sternum, vertebrae, and ribs,

discovered in late Early Miocene (Burdigalian) beds of this locality, we describe a new genus



and species of large heterodont odontocete. We compare the new taxon to other forms from
the Oligocene and Early Miocene worldwide, we investigate its phylogenetic relationships,
and we discuss the impact of this new genus and species on our understanding of the stem-

crown Odontoceti transition.

Material and methods

Institutional abbreviations
MUSM: Museo de Historia Natural, Universidad Nacional Mayor de San Marco, Lima, Peru;
OU: Geology Museum, University of Otago, Dunedin, New Zealand; ZMT: Fossil mammals

catalogue, Canterbury Museum, Christchurch, New Zealand.

Anatomical terminology

For cranial anatomical terminology we generally follow Mead & Fordyce (2009) and we
mention references when other terms are preferred. The specimen described here being
markedly polydont, teeth posterior to canines are named cheek teeth (= C in the text) without
any attempt to distinguish between premolars and molars (e.g., Fordyce 1994). The
terminology for vertebrae follows Tanaka & Fordyce (2014). Due to the incompleteness of
the vertebral column, post-cervical vertebrae are tentatively identified with Roman, instead of

Arabic numbers.
Systematic palaeontology
Order Cetacea Brisson, 1762
Pelagiceti Uhen, 2008a
Neoceti Fordyce & Muizon, 2001
Suborder Odontoceti Flower, 1867
Inticetidae fam. nov.

Type genus. For now, only Inticetus gen. nov. is included in the family.

Diagnosis. As for the only included genus.



Inticetus gen. nov.

Type and only included species. Inticetus vertizi gen. et sp. nov.

Derivation of name. From Inti, the sun deity of the Inca Empire, and cetus, whale in Latin,
for the typical, subcircular and ray-like arrangement of accessory denticles in posterior cheek

teeth of MUSM 1980, reminiscent of artistic reconstructions of the rising sun.

Diagnosis. As for the only included species.

Inticetus vertizi gen. et sp. nov.
(Figs 3-25)

Holotype. MUSM 1980, partial skeleton including the cranium with ear bones, mandibles,
teeth, cervical, thoracic, lumbar, and caudal vertebrae, two sternal elements, and ribs. The
specimen was discovered by A. Suarez Vértiz in 2008; the cranium, mandibles, and a few
vertebrae were collected by a team lead by M. Urbina in February 2010; A. Altamirano, E.
Diaz, G. Bianucci, O. Lambert, C. de Muizon, K. Post, and M. Urbina collected the rest of the
skeleton on November 10, 2011.

Type locality. Roca Negra locality, Pisco Basin, 65 km SSE to the city of Ica and 2.4 km
west to the Ica River (Fig. 1). Geographic coordinates: S14°39'02.6"-W75°38'53.9"; elevation:
383 m.

Type horizon. The holotype of Inticetus vertizi MUSM 1980 was discovered in layers of the
Chilcatay Formation, the latter being dated based on diatoms, foraminifers, and molluscs from
the latest Oligocene - earliest Middle Miocene (Macharé et al. 1988; Dunbar et al. 1990;
DeVries 1998, 2001). The stratigraphic section of the Roca Negra outcrop is dominated by
fine- and medium sandstones with minor amounts of silt and two 0.2 m-thick volcanic ash
layers (Fig. 2). By combining data from silicoflagellates (Naviculopsis ponticula zone of
Bukry 1981) found in a sample located about 5.5 m above MUSM 1980, diatoms from beds
containing N. ponticula spinosa in another section of the Chilcatay Formation in the Pisco

Basin (Pampa Chilcatay; Macharé et al. 1998), and the “°Ar/**Ar dating of an ash layer just



below the erosional contact of the Chilcatay Formation with the Pisco Formation (Di Celma et
al. 2017), a time interval between 18.8 and 18.0 Ma can be provided, corresponding to the
late early Burdigalian (late Early Miocene) (see Biostratigraphy section below and Appendix
1).

Derivation of name. Honouring the discoverer of the holotype MUSM 1980, the Peruvian
artist Alvaro Suarez Vértiz.

Diagnosis. Inticetus vertizi differs from other odontocetes in the following presumed
autapomorphies: presence of a high rim around the internal acoustic meatus of the periotic;
large fovea epitubaria on the periotic with a correspondingly voluminous accessory ossicle of
the tympanic bulla and short anterior bullar facet (also present in physeteroids); shortened
tuberculum of the malleus (also present in eurhinodelphinids, physeteroids, and ziphiids);
reduced ornament of dental crowns; and relatively high number of large, broad-based
accessory denticles (up to four mesial and five distal denticles) in posterior cheek teeth (also
present in Neosqualodon). Other derived characters relevant to early odontocetes include:
bony nares being located far posterior to level of antorbital notch and roughly vertical; nasals
being proportionally anteroposteriorly short; the intertemporal constriction being most likely
absent; lower tooth count being at least 18 teeth per quadrant. Additional, probably
plesiomophic characters include: absence of a pterygoid-maxilla contact on the palate;
styliform process of the jugal being markedly robust; sutural contact of the jugal with the
zygomatic process of the squamosal being long; presence of a deep notch separating the
basioccipital crest from the falcate process of the exoccipital; posterior increase of the height

of the mandible being gradual; and incisors being not procumbent.

Description

Ontogeny

No vertebra from any region of the column could be found with a detached epiphysis. With
suture lines between centrum and epiphysis occasionally clearly visible in some thoracic,
lumbar, and anterior caudal vertebrae (intermediate between states C and D of Galatius &
Kinze 2003), we consider this individual as young to fully adult, an interpretation further
supported by the robust aspect of all cranial bones and the thick layer of cement covering

dental roots.



Total body length estimate

To estimate the total body length (tbl) of MUSM 1980, we used two equations provided by
Pyenson & Sponberg (2011) based on the bizygomatic width (bzw, estimated at 36 cm for
MUSM 1980): one equation established for stem Odontoceti "log(tbl) = 0.92 * (log(bzw) —
1.72) + 2.68" and the other for stem Platanistoidea "log(tbl) = 0.92 * (log(bzw) — 1.51) +
2.49". The two calculations yielded similar results for thl, 3.38 and 3.41 m. This is slightly
larger than the estimate for Prosqualodon davidis calculated by Pyenson & Sponberg (2011),
in the upper part of the range for the extant delphinid Tursiops truncatus (Wells & Scott
1999). Measurements taken in the field indicate a length of the skeleton (from the apex of the
rostrum to the last caudal vertebra) of about 4 m. Significantly higher than the values obtained
using the Pyenson & Sponberg (2011) equations, such a value could be due, at least in part, to
the slight disarticulation of the skeleton, which probably resulted in a minor shift of the skull

compared to the postcranial skeleton (see below).

Skull

The cranium and mandible underwent some degree of deformation. On the one hand, the
well-preserved rostrum and mandibles are moderately obliquely compressed, as indicated by
the dorsal part of the right premaxilla being slightly below the left premaxilla and the right
mandible being markedly lower than the left in the symphyseal region (Figs 3-5). On the other
hand, the neurocranium is dorsoventrally flattened, as indicated by the marked dorsoventral
crushing of the left orbit, temporal fossa, and mandibular ramus (Figs 4-8). In addition, the
dorsal surface of the neurocranium was exposed for some time at the surface of the outcrop.
As a consequence, bones of the facial region and supraoccipital shield are heavily worn and
partly dislocated (Fig. 3), rendering the interpretation of most sutures and other morphological
features (including the assessment of the degree of asymmetry) from these regions dubious;
this condition contrasts with the much better preservation state of the basicranium. Most of
the teeth are still in situ or only slightly shifted from their original position in alveoli; the
distance from the original position is higher in upper teeth from the right side and all the
lost/detached teeth originate from the upper jaws. The left mandibular condyle is in
connection with the left mandibular fossa of the squamosal and the left lacrimojugal complex
is slightly shifted posteroventrally (Fig. 6). The right orbit is lost and the right part of the

basicranium is severely damaged.



Cranium

General morphology. The relatively large cranium is characterized by an elongated rostrum,
making 64 per cent of the condylobasal length (Table 1). The anterior part of the rostrum is
robust and the gradual posterior widening of the latter leads to a broad rostrum base. The
upper tooth count is at least 15, as seen on the right side (three incisors, one canine, and at
least 11 cheek teeth; see details below); this is at least five teeth more than the basilosaurid
condition, corresponding thus to moderate polydonty. The mesorostral groove is widely open
at the rostrum base and the bony nares are located far (c. 135 mm) posterior to the level of the
antorbital notch. Whereas the dorsoventral extent of the temporal fossa cannot be assessed,
the fossa is anteroposteriorly long (length estimated to 140-150 mm on the left side), longer

than the partly dislocated corresponding orbit.

Premaxilla. The anterior part of the rostrum is made of the premaxillae alone (Figs 3, 4, 13-
15). Each premaxilla bears alveoli for three non-procumbent, ventrolaterally directed incisors.
The ventral margin of each premaxilla converges anterodorsomedially, and the maximum
transverse width and dorsoventral height of each premaxilla in this region is at the level of I3,
with an oblique dorsomedial to ventrolateral width of more than 44 mm on the right side (Fig.
4). Right and left premaxillae are not fused dorsomedially above the mesorostral groove, but
they were probably originally either contacting each other or only leaving a narrow medial
gap for the anterior half of the rostrum. In this region, the dorsolateral surface of each
premaxilla is pierced by a series of small to medium sized foramina (at least seven on the
right side and six on the left side), followed anteriorly by sulci of varying length. The
dorsomedialmost sulcus is the longer on each side (more than 80 mm). Visible throughout
most of the rostrum, the premaxilla-maxilla suture leaves from the ventrolateral margin of the
rostrum between I° and the upper canine in a posterodorsomedial direction; the dorsal and
lateral exposures of the premaxilla decrease thus until about mid-length of the rostrum. From
this level, each premaxilla widens gradually posteriorly. Unfortunately, the dorsal surface of
the proximal part of the rostrum is damaged, and sutures are more difficult to follow,
especially on the right side. The convex lateral margin of the left premaxilla posterior to the
level of the antorbital notch is an indication for the presence of a long and proportionally wide
premaxillary sac fossa with a roughly straight medial margin. However, no premaxillary
foramen and associated sulci could be detected. Left and right premaxillae are widely spaced
anterior to the bony nares. This wide dorsal opening of the mesorostral groove (c. 47 mm

anterior to the presphenoid) may have been be slightly exaggerated by the dorsoventral



flattening of that region of the cranium. Based on the preserved parts, each premaxilla is
proportionally transversely wide in front of the nasal and it most likely contacted the

corresponding frontal at the vertex (Fig. 3).

Maxilla. The upper surface of the maxilla is well preserved only along the anterior half of the
rostrum; its dorsal exposure gradually widens posteriorly as shown by the oblique maxilla-
premaxilla suture (Fig. 3). In this region, the lateral margin of the maxilla is marked by
notches corresponding to the spaces between maxillary alveoli housing crowns of mandibular
teeth (shallow embrasure pits). On the left side, the six anteriormost maxillary alveoli
(including the canine and five cheek teeth) extend on a length of 210 mm:; those alveoli open
ventrolaterally. A laterally located embrasure pit for the right Cs is still visible between C°
and C®, whereas the embrasure pit for C7 extends less dorsolaterally between C® and C’, and
more posterior embrasure pits (starting at Cg) are medial to the upper tooth row. In relation to
this pattern, the spacing between maxillary alveoli decreases gradually posteriorly, from a
distance of 16.4 mm between right C” and C8 to less than 3 mm between C° and CL. If
present, more posterior maxillary alveoli are hidden by the mandible.

The antorbital notch is better preserved on the left side, where it is followed
posteriorly by a wide sulcus (Fig. 3). The lateralmost part of the maxilla in the supraorbital
region is probably missing on the two sides, but less incomplete on the left. The left maxilla
reaches posteriorly the level of the occipital condyles. However, this projection posterolateral
to the supraoccipital shield is most likely exaggerated by the dorsoventral crushing of the
neurocranium. The presence of a left posterior dorsal infraorbital foramen is suspected several
centimeters posterolateral to the left premaxilla.

On the palate, the joined maxillae form a broad (transversely wider than the
anteriormost width of the palatines), roughly flat surface anterior to the palatines, well
demarcated from the more posterodorsolateral regions by posteriorly converging palatal
ridges (Fig. 5). Each maxilla is pierced by at least one palatine foramen a short distance

anterior to the anterolateral corner of the palatine.

Presphenoid. At the posterior end of the mesorostral groove, the ossified portion of the
presphenoid (= mesethmoid in many previous works; see Ichishima 2016) is short, ending c.
90 mm posterior to the level of the antorbital notch, and roughly as wide transversely as the
maximum dorsal opening of the mesorostral groove. The preserved part of the nasal septum is

surprisingly wide, broader than the adjoining narrow bony naris (Fig. 3). Such a wide



separation of the bony nares may also be linked to the dorsoventral crushing and abrasion of

this region, with the artificial exposure of a more ventral region of the septum.

Vomer. The vomer could not be detected in the mesorostral groove. Ventrally, it appears
between the maxillae from a level 60 mm anterior to the palatine, widening moderately
anteriorly (Fig. 5). Posterior to the choanae, an undulating transverse suture is interpreted as
the vomer-basisphenoid suture.

Nasal. Two small (less than 3.5 mm wide), somewhat nodular bones posterior to the nasal
septum and at a longitudinal level just posterior to the tip of the zygomatic process of the
squamosal most likely correspond to the nasals (Fig. 3). Each nasal sends a robust
anterolateral projection, seemingly more pointed on the right side. Although the posterior
portion of the nasal is dorsoventrally thin, this may be a consequence of the superficial

abrasion of the dorsal surface.

Frontal. The vertex of the cranium being too damaged, no specific features of the dorsal
exposure of the frontals can be detected, except that they may have been anteroposteriorly
longer than the nasals.

Preserved on both sides, the massive and roughly vertical postorbital process of the
frontal has a dorsoventral height greater than 37 mm (Figs 4, 6). Due to the shift of the
lacrimojugal complex and the partial preservation of the maxilla and frontal in the left
antorbital region, the anteroposterior length of the orbit cannot be estimated. There is
nevertheless no indication for a reduced size of the latter.

Palatine. The anterior portion of well-defined palatine-maxilla suture zigzags with a mean
lateral direction until the palatal ridge, where it turns abruptly posterolaterally (Fig. 5). The
anterior end of the palatine is slightly anterior to the antorbital notch and 60 mm anterior to

the tip of the pterygoid sinus fossa.

Pterygoid. Only a small part of the lateral lamina of the pterygoid may be visible on the right
side, forming the lateral wall of the pterygoid sinus fossa (Fig. 5). Considering the great
distance between the fragments of pterygoid around the fossa and the palatine-maxilla suture,
a contact between pterygoid and maxilla on the palate can be ruled out in MUSM 1980, which

differs on that point from many platanistoids (e.g., Platanista, Pomatodelphis, Squalodon, and



Zarhachis; see Muizon 1987, 1994). Anterior to the choana, the pterygoid sinus fossa is wide
and relatively long, with a maximum ventromedial to dorsolateral width of 56 mm and an
anterior tip 50 mm before the choana, just posterior to the level of the antorbital process. The
thin plates of pterygoids anterolaterally margining the choanae are partly dislocated and
slightly shifted from their original position. Although partly crushed, the medial lamina of
each pterygoid is preserved until its posterior contact with the basioccipital crest.

Lacrimal/jugal. In the left orbital region, the lacrimojugal complex is shifted
posteroventrally from its original position (Figs 4, 6). Jugal and lacrimal are probably fused,
with no suture apparent, and make a massive bone anteriorly limiting the orbit. The base of
the styliform process is wide and thick, whereas the process itself becomes thinner
posteriorly, yet retaining a great width (24 mm wide just anterior to the zygomatic process of
the squamaosal, for a thickness of 3 mm for the lateralmost part of the process). The contact

surface of the jugal with the ventral margin of the zygomatic process is long, c. 40 mm.

Supraoccipital. The outline of the fragmented and abraded dorsomedial part of the
supraoccipital shield cannot be reconstructed. Best seen in posterior view (Fig. 8), only the
ventrolateral region is partly preserved, with both temporal crests converging
anterodorsomedially, corresponding to widely posteriorly open temporal fossae.

Squamosal. In lateral view, the zygomatic process is anteriorly long; the supramastoid crest
rising slightly anterodorsally; and a bulge located at mid-length of the ventral margin
corresponds to the end of the jugal-squamosal suture (Figs 4, 6). The maximum dorsoventral
height of the process at the level of that bulge is 41 mm. Best seen in anterior view, a deep
longitudinal notch marking the anterior part of the ventral margin originally housed the
posterior part of the styliform process of the jugal. The postglenoid process is ventrally long,
with a vertical height of the squamosal at that level reaching 98 mm. Distinctly curved
anteroventrally, the apex of the process makes a robust, yet anteroposteriorly flattened blade
that ends ventrally before the level of the ventral margin of the exoccipital (Figs 6, 7). The
medial surface of the postglenoid process is slightly concave, forming a shallow depression
possibly corresponding to an extension of the tympanosquamosal recess. The posttympanic
process is not much extended anteroposteriorly and is ventrally shorter than the exoccipital.
At least one sternocephalicus fossa (see Cotton et al. 2008 for terminology) excavates the

posterolateral surface of the bone. The external acoustic meatus is relatively wide and



transversely long. Better preserved on the left side, the falciform process is a large plate

(maximum length = 45 mm) with deeply indented margins.

Basisphenoid. A posteriorly convex suture halfway between the vomer and the posterior end
of the basioccipital crest in the basioccipital basin is tentatively interpreted as the

basisphenoid-basioccipital suture (Figs 5, 7).

Basioccipital. Low anteriorly, the relatively thin ventral margin of the basioccipital crest rises
abruptly posteroventrolaterally. The ventralmost part of the crest is anteroposteriorly short,
smoothly curving posterolaterally and then posteromedially. The crest is separated from the
falcate process of the exoccipital by a deep oblique notch (Figs 7, 8). Left and right crests

diverge markedly, limiting a widely posteroventrally open basioccipital basin.

Exoccipital. Posteromedial to the posttympanic process of the squamosal, the exoccipital is
bulky. In ventral view, the cylinder-shaped paroccipital process of the exoccipital is robust,
with transverse and anteroposterior diameters of the left process of 61.0 and 41.5 mm,
respectively (Fig. 7). The ventral surface of the process bears a similarly large articulation
facet for the stylohyal. The anterior surface of the process lacks any paroccipital concavity for
the posterior sinus. As in basilosaurids, the falcate process of the exoccipital is distinct from
the basioccipital crest; it is shorter ventrally than the latter. A vestigial falcate process of the
exoccipital is described in a few stem physeteroids, much more reduced than in MUSM 1980
(Lambert et al. 2016). Best preserved on the right side, the jugular notch is wide and
somewhat proportionally deeper, with an oval outline in posterior view. The occipital

condyles are robust, with a short condylar neck.

Periotic. Only the right periotic of MUSM 1980 could be observed (Fig. 9; Table 1), as the
left is still in situ, dorsal to the corresponding tympanic bulla attached to the basicranium. The
right periotic is nearly complete; only some small fragments are missing at the apex of the
posterior process and along the ventral surface of the anterior process just anterior to the
fovea epitubaria. The facial sulcus could not be completely prepared, due to the presence of
the stapes lying in the sulcus, posterolateral to the fenestra vestibuli (= fenestra ovalis).

The ventral surface of the anterior process is excavated by a vast and deep fovea
epitubaria, housing the large, detached accessory ossicle of the tympanic bulla (see below).

The fovea epitubaria is defined (1) laterally by an acute, thin crest, (2) medially by a slightly



more robust crest, (3) posteriorly by the high anterior margin of the mallear fossa, and (4)
anteriorly by a prominent tuberosity. This tuberosity is margined laterally by a shallow groove
just medial to the acute crest mentioned above. Most likely housing part of the outer lip of the
tympanic, this groove turns anteromedially around the tuberosity and is followed by a small,
roughly circular fossa (transverse diameter 3.2 mm) interpreted as a very small anterior bullar
facet, as observed in many physeteroids. The roughly flat ventrolateral surface of the anterior
process is exposed in ventral view, marked by a series of thin grooves (at least nine); posterior
grooves are transversely oriented whereas more anterior grooves are anterolaterally and then
anteriorly directed. No conspicuous parabullary sulcus (sensu Tanaka & Fordyce 2014) could
be identified in this region. This ventrolateral surface is separated from the lateral tuberosity
by a wider, shallow groove, probably corresponding to the anterolateral sulcus described in
Simocetus (Fordyce 2002; anteroexternal sulcus sensu Tanaka & Fordyce 2014). However, it
should be noted that the posterolateral part of the parabullary sulcus has been illustrated as
nearly continuous with the anteroexternal sulcus in some odontocetes (see Tanaka & Fordyce
2016), making the distinction between these two features more difficult to define.

In medial view, the anteroventral apex of the anterior process is markedly projected
ventrally as compared to the proximal part of the process. The medial surface of the process is
weakly concave in the area dorsal to the prominent tuberosity.

In lateral view, the apex of the anterior process is clearly inflated as compared to its
base, which is markedly constricted on its dorsolateral surface just anterior to the lateral
tuberosity (level of anteroexternal sulcus). This feature is partly related to the presence of a
wide, obliquely oriented depression on the dorsal surface of the bone, separating the anterior
process from the pars cochlearis. The anterodorsal region of the anterior process is prominent,
but no anterodorsal angle is observed (area smoothly rounded in lateral view).

As a result of its complex morphology, the outline of the transverse section of the
anterior process changes markedly along its longitudinal axis: this section is distinctly
mediolaterally wider than dorsoventrally high at its base (17.4 vs. 11.0 mm), roughly as
mediolaterally wide as dorsoventrally high at mid-length (14.0 vs. 13.0 mm), and much
dorsoventrally high than mediolaterally wide in its anterior section. A small tubercle
(transverse diameter 3.3 mm) is located medioventrally at the contact between anterior
process and pars cochlearis, anteroventral to the cerebral opening for the facial canal (Fig.
9B). It is followed anterodorsally by a short (5.0 mm) crest.

The large, subrectangular ventral surface of the lateral tuberosity is flat to slightly

concave. Whereas the lateral surface of the tuberosity is only separated from the lateral



margin of the anterior process by a smooth concavity in ventral view, the posteroventral
margin of the tuberosity has an angular border with the moderately deep hiatus
epitympanicus. The vast, oval, and posteromedioventrally facing mallear fossa has a
maximum diameter of c. 7 mm. The well-defined fossa incudis has a maximum diameter of c.
2 mm. It is separated from the mallear fossa by another small (maximum diameter of c. 2
mm), shallower, and anteroventrolaterally facing depression. This small fossa matches well
the shape and position of the submallear fossa described between the mallear fossa, the fossa
incudis, and the ventral opening of the facial canal (= secondary facial foramen) in the New
Zealand platanistoids Awamokoa tokarahi and Waipatia maerewhenua by Tanaka & Fordyce
(2017). Posterior to the fossa incudis is a prominent small tubercle corresponding to the
anterior end of the posterior bullar facet.

The anterior margin of the ventral opening of the facial canal is slightly anterior to the
anterior margin of the fenestra vestibuli. The outline of the fenestra vestibuli is oval. The
stapedius muscle fossa is dorsally deep, but it does not excavate the medial surface of the
posterior process. Between the hiatus epitympanicus and the anterolateral surface of the
posterior process, a thick, oblique ridge extends in an anteromedial direction. Marked by a
series of thin grooves, this ridge probably corresponds to a low articular rim (see Muizon
1987, 1994). Although a small break surface limits the posterolateral extent of this ridge, a
hook-like articular process was most likely not present.

Whereas the long axis of the posterior process is directed posteroventrolaterally, the
surface of the posterior bullar facet is roughly flat, lacking any longitudinal concavity (a
feature observed for example in ziphiids) and any transverse convexity (a feature observed in
physeteroids). The surface of the proximal region is marked by four to five shallow grooves,
barely reaching half the length of the process. In medial view, the dorsal margin of the
posterior process curves smoothly posteroventrally. The distal portion of this margin is keeled
for at least 14 mm, displaying a triangular transverse section.

In ventral view, the pars cochlearis is proportionally wide and only moderately
medially elevated, not taking account of the high rim defining part of the internal acoustic
meatus (IAM); its outline is generally rounded, except for a barely marked posteromedial
angle. Ventral to the ventral wall of the IAM, the dorsoventrally wide (9.0 mm) medial
surface of the pars cochlearis is nearly flat. The fenestra cochleae (= fenestra rotunda) is
renifom to crescent shaped, with a first groove leaving dorsally from the lateralmost tip and a
second groove leaving dorsomedially from the medialmost tip. Between the fenestra cochleae

and the stapedius muscle fossa, a thick bar of bone extends anteriorly along the ventromedial



edge of the fenestra vestibuli and floors the medial edge of the stapedius muscle fossa. This
crest represents the crista interfenestralis as identified by O'Leary (2010), which is generally
well developed in cetaceans. As mentioned by Mead & Fordyce (2009, p. 115) "in Tursiops
... the crista interfenestralis merges back into the indistinct caudal tympanic process™. The
structure labelled as "cochlear crest” by Fordyce (2002, fig. 15) and "caudal tympanic
process" by Tanaka & Fordyce (2015b, fig. 13) is the posterior extension of the crista
interfenestralis and corresponds to the lateral caudal tympanic process as defined by MacPhee
(1981, p.17-18). As described by O'Leary (2010), the caudal tympanic process of cetaceans is
a mediolaterally broad and low thickening on the posterodorsal edge of the fenestra cochleae
and represents the medial caudal tympanic process (MacPhee, 1981, p. 17 and fig. 2; Muizon
et al. 2015, figs. 37-39, 50). The medial caudal tympanic process is generally low or absent in
odontocetes. In Inticetus, however, the posterodorsolateral edge of the fenestra cochleae is
bordered by a thick ridge, which extends posterodorsally and which is separated from the
crista interfenestralis. We interpret this ridge as a medial caudal tympanic process. The lateral
caudal tympanic process (sensu MacPhee 1981, fig. 2), which, in cetaceans, merges with the
posterior extension of the crista interfenestralis, is poorly developed in Inticetus: the crista
interfenestralis lacks a distinct posteroventral angle and only bears a tiny spine directed
posteroventrolaterally above the stapedius muscle fossa.

The small and transversely elongated aperture for the cochlear canaliculus (= cochlear
aqueduct) (2.5 x 1.2 mm) opens mediodorsally, but is more ventral than the ventromedial
margin of the IAM. Its dorsal margin is part of a prominent area between this aperture and the
aperture for the vestibular aqueduct (= endolymphatic duct). Much larger (4.6 x 2.7 mm), the
latter is closer to the IAM. In the 1AM, the large and anteriorly pointed opening for the facial
canal (3.5 mm of diameter) is more anterior than the tractus spiralis foraminosus, giving the
IAM an anterolaterally elongated outline. The thick transverse crest separating the opening
for the facial canal from the tractus spiralis foraminosus is moderately elevated, distinctly
lower than the surrounding dorsal surface of the periotic.

On the anterior flank of the transverse crest, posterior to the dorsal aperture of the
facial canal, is a small, circular depressed area, which probably represents the anterior meatal
pit, variably present in Tursiops (Mead & Fordyce 2009, p.112 and fig. 25). On the posterior
edge of the transverse crest is a large foramen singulare, which was apparently partly open
posteriorly. The margins of the IAM form a high rim, thick at its base, around the tractus
spiralis foraminosus; such a tube-like mediodorsal extension of the tractus differs from the

cochlear spine observed in the ziphiids Berardius and Ninoziphius, both for its shape and



position. A similar condition is observed in Remingtonocetus and several protocetids (e.g.,
Carolinacetus and Georgiacetus; Geisler et al. 2005), as well as in the tooth-bearing
mysticete Mammalodon (Fitzgerald 2010, fig. 23b); this character may thus be primitive
among neocetes, although it is not present in basilosaurids (see Kellogg 1936; Luo &
Gingerich 1999) and other archaic odontocetes for which this region is observable (Park et al.
2016; pers. obs.).

The dorsal process forms a low dome with a tip 10 mm distant from the aperture for
the vestibular aqueduct in a posterolateral direction. A small foramen along the lateral surface
of the dome may correspond to the posteroexternal foramen identified medial to the incipient
articular rim in Waipatia (Fordyce 1994). Medial to the top of the dorsal process is another

small opening, possibly a foramen too.

Tympanic bulla. The left tympanic bulla was kept in situ in the basicranium, where it is
probably somewhat anterodorsally shifted from its original position (Figs 5, 7); a few
measurements were taken on this side (Table 1), but most observations come from the
detached right tympanic (Fig. 10). The latter is nearly complete: only fragments of the outer
lip, dorsomedial fragments of the sigmoid process, the anterior part of the posterior process,
and a tiny part of the incipient anterior spine are missing. The accessory ossicle is detached
from the outer lip. In addition, the region of the sigmoid process is slightly crushed over the
conical process and the anterior part of the outer lip is shifted slightly medially and separated
from the posterior part of the lip by a vertical break.

In ventral view, inner and outer posterior prominences have the same posterior extent;
the inner prominence is more pointed and somewhat narrower. A slight and rather irregular
ventral keel marks the ventral surface of the latter, extending anteriorly on c. two-fifths of the
length of the bone. The median furrow is broad and proportionally shallow for its whole
extent, being barely visible 8 mm from the anterior tip of the bone. Based on the observation
of the dorsoventrally thin anterior section, the anterior spine was most likely incipient,
forming a narrow and thin plate associated to a distinct anterolateral concavity.

In medial view, the ventral margin of the involucrum is convex and somewhat
irregular, with a slight notch at the posterior fourth of its length. The dorsal margin rises
abruptly from the incipient anterior spine, reaching a shelf that rises only slightly
posterodorsally. The medial and dorsal surfaces of the involucrum are crossed by a series of

transverse grooves. In dorsal view, one of these grooves corresponds to a clear step at the



anterior third of the length of the bone, but this abrupt transverse widening is not visible in
medial view.

In lateral view, although the outer lip is somewhat damaged its original dorsal extent
was not much greater than the preserved condition. The lateral furrow is partly obscured by
hardened sediment. The sigmoid process is located high along the outer lip and its
posteroventral margin makes a smooth open curve, lacking any posteroventral corner. Partly
hidden by the sigmoid process, the conical process is massive and transversely much wider
than the preserved part of the sigmoid process. In posterior view, the elliptical foramen is
widely open and vertically elongated.

On the posterior process, the surface of the facet for the posterior process of the
periotic faces posteromediodorsally. Its medial region is marked by a wide and proportionally
shallow, posterolaterally directed groove, perfectly matching a low ridge in the medial part of
the posterior bullar facet of the periotic. On the lateral part of the posterior process, either
some small fragments of the basicranium are attached (possibly elements of the posterior
meatal crest), or the surface of contact with the basicranium is damaged.

The detached accessory ossicle is large, dorsoventrally flattened, and slightly
elongated (maximum length of 13.0 mm, including a fragment of outer lip attached,
maximum transverse width of 11.5 mm, and maximum dorsoventral thickness of 6.6 mm)
(Fig. 9). Its outline is subcircular in ventral view (without the fragment of outer lip) and oval

in medial view. Positioned on the periotic, it projects anteromedioventrally.

Malleus. Apart from fragments of the anterior and posterior facets for the incus and the distal
part of the anterior process, the right malleus of MUSM 1980 is finely preserved (Fig. 11).
Total height in posteroventromedial view is 8.0 mm, including 5.1 mm for the articular head
(bearing the facets for the incus). The tuberculum is thus markedly reduced compared to other
odontocetes except eurhinodelphinids, physeteroids, and ziphiids (Muizon 1985; Lambert
2005; Bianucci et al. 2010). Maximum width of the bone across the articular head is 6.8 mm,
including 4.9 mm for the joined anterior and posterior facets. The posterior facet is slightly
higher and transversely narrower than the anterior facet. On the same side as the anterior
facet, the tuberculum bears the well-defined muscular process (for insertion of tendon for
muscle tensor tympani); the latter is lower than the manubrium (the vertical being taken along
the line separating anterior and posterior facets), a condition reminiscent of platanistoids (e.g.,

Notocetus, Pomatodelphis, and Squalodelphis; Muizon 1985, 1987) and differing from



delphinidans, physeteroids, and ziphiids. At the top of the tuberculum, the manubrium makes

a massive cone. The base of the broken anterior process is high relative to the posterior facet.

Stapes. The small bone preserved in the facial sulcus of the right periotic posterolateral to the
fenestra vestibuli is most likely the right stapes (Fig. 9). Apart from the oval umbo visible in

anteroventral view, no further morphological features can be observed.

Mandibles

Although the symphyseal portion of the two mandibles is finely preserved, due to
dorsoventral compression both rami are more fragmented and, for the better-preserved left
ramus, partly obscured by the lacrimojugal complex and squamosal. As a result, the dorsal
outline of the ramus could not be reconstructed.

The long symphyseal portion of the mandible makes 44 per cent of the total length,
ending at a level between Csand C7 (Fig. 5; Table 1). Right and left mandibles are not
ankylosed and the flat ventral part of the symphyseal surface is visible along the ventrally
shifted right mandible. In lateral view the ventral margin of the mandible makes a straight line
for most of its length, rising abruptly anterodorsally from the level of 2. The ventromedial
margin of each mandible is marked by a longitudinal crest for 30 mm distally. Numerous
mental foramina are observed on each side, followed anteriorly by sulci; a total of about 13-
14 foramina are counted on the right side, with anterior foramina concentrated along the
ventral margin of the bone and more posterior foramina rising posterodorsally. Mental
foramina extend posteriorly beyond the level of C!%, as seen on the right side.

Matching tooth counts on the upper jaw, alveoli for three lower incisors and one
canine are identified, with 1, being located anterior to I*. Posterior to the lower canine, alveoli
for right cheek teeth C1-Co are visible in lateral view (Fig. 4), whereas alveoli for right C7-C14
are visible in medial view. The total lower tooth count is thus at least 18 teeth. The alveolus
for 11 opens dorsally and slightly anteriorly, but it does not correspond to a procumbent tooth.
Alveoli for more other teeth open dorsally and slightly laterally. Whereas anterior lower teeth
are widely spaced, alternating with upper teeth, spacing decreases from the level of C7; from
Cs to Cu4, interalveolar space is highly reduced, with crowns of succeeding teeth nearly
contacting each other. Although the left angular process is fragmented and tilted under the
mandibular condyle, its extent indicates that the condyle was originally at some distance from
the ventral margin of the mandible, differing on this point from physeteroids. The mandibular

condyle is robust; its marked lateral projection (27 mm) may have been exaggerated due to



partial dislocation. The outline of the left coronoid process is visible in medial view. This
process rises only gradually and moderately posterodorsally. The anterior and anterodorsal
margin of the enlarged mandibular foramen is preserved on both sides.

Teeth
As detailed above, the upper dental formula is three incisors, one canine, and more than 11
cheek teeth, totalling more than 15 teeth, and the lower dental formula is three incisors, one

canine, and at least 14 cheek teeth, totalling at least 18 teeth.

Incisors. The right 1! is detached (Fig. 12A-F) and all other incisors are in situ in the
premaxillae and mandibles (Figs 13-15). All incisors are moderately curved, with the root
projecting distolingually; for in situ teeth the long axis of the crown is approximately vertical.
The root is considerably longer than the crown (Table 2). The height of the conical crown
increases slightly posteriorly along the incisor row and the mesiodistal diameter at crown base
is slightly greater in upper incisors as compared to lower incisors. When available, the
labiolingual diameter at crown base is lower than the mesiodistal diameter. The crown of all
the incisors bears a clear mesial carina; the distal carina is less distinct, constituted by a
slightly higher longitudinal ridge as compared to the rest of the crown. None of the carinae is
serrated. All surfaces of the nearly smooth enameled crown are ornamented by slightly
undulating, low longitudinal ridges. In I*, the ornamentation is slightly more conspicuous
along the lingual and distolingual surfaces and towards crown base, most likely due to
differential abrasion wear.

Along a break section close to the root-crown boundary of right 12, a thick layer of
cement (c. 0.5 mm) is measured. Additionally, the root of right and left 1* is marked by a

distinct mesial bulge close to the root-crown boundary.

Canines. The right upper canine is detached, with the lingual surface damaged (Fig. 12G-L)
and all other canines are in situ in the maxillae and mandibles (Figs 13-15). The root of the
right upper canine is proportionally slightly shorter, stockier than the root of I*. No significant
size differences are noted for canine crowns as compared to incisors, and the labiolingual
diameter at crown base is similarly lesser than the mesiodistal diameter (Table 2). As in

incisors, the mesial carina is somewhat more conspicuous than the distal carina.



Cheek teeth. Anteriormost cheek teeth do not differ significantly from canines. From C! and
Cy, the maximum mesiodistal diameter in the crown base region increases gradually
posteriorly, with the maximum size attained in C° (C!! incomplete) and Cs (decrease of size
in C10 and next lower teeth partly obscured). In a similar way, the height of the crown
increases until C° (more posterior upper cheek teeth obscured) and, in a less regular way
along the lower row, until C1o (C11 obscured) (Table 2). For the better observable lower tooth
rows, the mesiodistal diameter at crown base becomes greater than crown height in the
interval between Cs and Co, with a ratio between the two measurements of 0.94 in Cs, 1.72 in
Co, and 1.60 in Cao.

Along the upper tooth row, a tiny accessory denticle may have occurred at the base of
the distal carina of C* (area slightly damaged) (Fig. 14). On the left C® (better-preserved than
the right; Fig. 15), a slight bulge at the base of the mesial carina bears two tiny denticles,
whereas the widened base of the distal carina bears about six tiny denticles. The base of the
mesial carina of C® bears at least one small denticle, whereas at least three distinctly larger
accessory denticles, decreasing in size towards crown base, are observed along the distal
carina (Table 2). As in the next cheek teeth of the upper tooth row, these large and
labiolingually robust accessory denticles display a mesiodistally broad base and these
considerably increase the labial/lingual surface of the proportionally wide crown. The
condition in C’ is nearly identical to C®, with two-three tiny denticles along the mesial carina
and three larger accessory denticles along the distal carina (Fig. 16); a tiny denticle is
observed at the base of distal carina of the most apical of these distal accessory denticles. The
mesial carina of C8 bears three large accessory denticles, with one tiny denticle at the base of
the medial carina of the two basalmost accessory denticles, and the distal carina bears at least
three large accessory denticles. In C°, three large accessory denticles are present along the
mesial carina, and at least two along the distal carina (base damaged). In C°, three accessory
denticles are visible along the mesial carina: the basalmost is smaller and an additional mesial
denticle may be present before the apical denticle. At least two accessory denticles are present
along the distal carina (apex of the tooth obscured by the mandible). C!! is nearly completely
hidden by the mandible. Only the labial surface of the crown is available for these upper
cheek teeth; no cingulum or other labial ornamentations are present. Only the lower part of
the roots of upper cheek teeth is visible. C3 is single-rooted, and although a partial separation
of mesial and distal roots by a longitudinal groove appears in C*, we could not identify the

level at which two apically separated roots appear.



Along the lower tooth row, a distinct widening is observed at the base of the crown in
C», Cs, and C4, with mesioventral and distoventral bulges of the enamel becoming larger
posteriorly (Figs 14, 15). In Cs, the base of the mesial carina may bear a tiny denticle; a
better-defined, larger denticle is present at the base of the distal carina, possibly bearing
several tiny denticles as suggested by the observation of several longitudinal ridges in this
area. Several tiny denticles are most likely present at the base of the mesial carina of Cg, and
one larger accessory denticle bears about four tiny denticles at the base of the distal carina.
The crown of the right C7 is partly hidden in labial view, but shows at least two large
accessory denticles along the distal carina. Better seen in lingual view (Fig. 17), Cg bears
three large accessory denticles along the mesial carina and four along the distal carina, with
an additional smaller denticle at the base. As for posterior upper cheek teeth, the broad-based
large denticles increase the labial/lingual surface of the crown; a line passing through the
apices of succeding denticles gives a broadly open ogival outline. The mesial carina of Cg
bears an additional smaller denticle at the base of the mesial carina, and five denticles along
the distal carina. Four denticles are present along the mesial carina of Cio, and five along the
distal carina. Partly obscured by Cio, the mesial carina of C11 bears at least three denticles,
whereas five denticles are present along the distal carina. In both C12 and Css3, the distal carina
bears at least three denticles.

The labial surface of C1-C7 and the lingual surface of Cs-Ci13 lack any indication of a
cingulum; only fine, shallow longitudinal ridges are observed.
As for upper cheek teeth, roots are only partly visible. A slight depression between mesial and
distal roots appears in C4; the groove separating the two roots is deeper in Cs, with a
mesiodistally broader exposure of the roots; lower cheek teeth are probably double-rooted
from Ce (more conspicuous in Cy).

None of the upper and lower teeth displays unambiguous wear facets; when preserved,
the apex of the crown and accessory denticles is intact; only the fine longitudinal grooves
ornamenting the labial and lingual surfaces of teeth are occasionally slightly attenuated, most

likely due to abrasion.

Vertebrae

The preservation state of the vertebrae is in general not good; due to a long period of exposure
at the surface, many processes and even parts of centra were worn away. Furthermore, part of
the vertebrae display clues for post-burial deformation, which leads to some degree of

uncertainty for the measurements. The vertebral series is most likely not complete. The



posterior half portion of the vertebral column was still nearly perfectly articulated in the field.
Consequently, for this part it was easy to reconstruct the original position of the vertebrae.
Instead, the anterior half portion was partly disarticulated prior to collection and the original
sequence was tentatively reconstructed after measuring and comparing the vertebrae.
Therefore, the sequence as presented here and in Table 3 for thoracics (Thl, Thll, ...), lumbars
(Lul, Lull, ...), and caudals (Cal, Call, ...) should be considered as tentative (and therefore
indicated with Roman numbers instead of Arabic numbers).

Cervicals. Only the right side of the atlas is preserved, including the anterior and posterior
articular facets, the transverse processes, and part of the neural arch (Fig. 18). The maximum
anteroposterior length as preserved is 59 mm; the maximum height of the posterior articular
facet is 55 mm. The dorsal transverse process is not as well preserved as the ventral process;
both processes were most likely not much elongated with a roughly similar lateral extent.
Atlas and axis were not ankylosed.

The right side and the ventral portion of the free axis are preserved in a single block together
with cervicals C3-C5 (Fig. 19). The maximum anteroposterior length of the axis as preserved
is 41 mm; the maximum width is estimated at 142 mm. The transverse process forms a
dorsoventrally high, subrectangular and posterolaterally projected plate, pierced by a small
vertebrarterial canal (maximum diameter = 6.0 mm). The partly preserved odontoid process is
robust.

The somewhat more pointed transverse process of C3 is slightly longer than the
transverse process of the axis. Both the dorsal and ventral transverse processes of C4 are
incomplete; it cannot be ascertained if the large vertebrarterial canal (maximum diameter = at
least 19 mm) was originally laterally closed in the latter. The ventral transverse process of C5
curves laterodorsally and most likely originally joined the dorsal process. C6 and C7 are
preserved together. The dorsoventrally thin, blade-like ventral transverse process of C6 is
long (58 mm along its anterior surface) and directed ventrolateroposteriorly; its apex is
moderately thickened. The centrum of C6 and C7 is transversely wider than dorsoventrally
high. C7 probably lacks a genuine lower transverse process, only retaining a proportionally

short prominence; its dorsal transverse process is a thin, incompletely preserved plate.

Thoracics. Eleven vertebrae are identified as thoracics. The centrum length and height
gradually increase posteriorly, with the transverse process becoming lower along the centrum

in the posteriormost thoracics (Table 3). With proportions of the epiphyses close to the last



cervicals, Thl is probably the first thoracic, bearing a transverse process projected far
posterolaterodorsally (Fig. 20). The neural arch is only well preserved in ThlV, with an
anteroposteriorly long neural spine, probably somewhat posteriorly projected. The transverse
process of ThIV is higher than the floor of the neural canal and extends far anteriorly, bearing
a large fovea for the articulation of the rib. ThX and ThXI are most likely close to the

thoracic-lumbar transition, with ThXI only tentatively identified as a thoracic.

Lumbars. Nine lumbars are identified. When available, the centrum length is generally
longer than in thoracics (Table 3). Most lumbars are too fragmentary to allow an informative
description; only the ventral portion of the centrum is partly preserved in several of them,
sometimes with the broad base of the transverse process (Fig. 21). The ventral surface of the

centrum is marked by a medial keel in several lumbars (e.g., LuVII and LuVIII).

Caudals. Seventeen caudals are identified (Cal-CaXVII). The facets for the chevron (hemal
arch) are barely marked in Cal, which is probably close to the lumbar-caudal transition. The
centrum length decreases gradually posteriorly, with a more abrupt reduction from CaXI
(Table 3; Fig. 22). Centrum height is greater than length at least in the CaVII1-CaX section;
those caudals may correspond to the tail stock, supporting the laterally compressed peduncle
region (Buchholtz & Schur 2004). The length of the transverse process is strongly reduced
from CaVII; from the same level, the base of the transverse process is pierced by a vertical
vertebrarterial canal. The transverse process is roughly absent in CalX, only making a low
and thick crest, also pierced by a vertical canal. A second, oblique foramen leaves from the
ventral side of this crest, reaching the ventromedial surface of the centrum, a condition also
observed in CaX. The much shorter centrum of CaXI remains dorsoventrally higher than
transversely wide.

The five posteriormost caudals (CaXI11-CaXVII1) are markedly wider than long or
high, corresponding to the fluke region. The lateral surface of these last caudals is incised by a
deep longitudinal notch, separating dorsal and lateral swollen regions. On the ventral surface,
a depressed medial region is separated by two longitudinal crests; the latter are medial to the
vertical vertebrarterial canals. CaXVI and CaXVII were found in tight connection and could

not be separated.

Changes in proportions of vertebral centra along the vertebral column. Plotting the

dimensions of the vertebral centrum of the best-preserved vertebrae in charts allows



visualizing changes in the proportions of the centra along the vertebral column (see Buchholtz
2001). Although many vertebrae are missing or too incomplete to be measured (resulting in
artificially steeper slopes for all the curves), when combining central length, width and height
in a single chart (Fig. 23) the result for Inticetus vertizi contrasts markedly with the
basilosaurid Cynthiacetus peruvianus, the latter showing a more gradual, parallel increase for
all the dimensions of the centra towards the posterior lumbars and anterior caudals (Martinez-
Céceres et al. 2017). Among extant cetaceans, the pattern in I. vertizi is more similar to the
beluga Delphinapterus leucas (see Buchholtz 2001, fig. 5c), characterized by proportionally
long posterior thoracics and lumbars. Similarities are even stronger with the large Middle
Miocene delphinidan Hadrodelphis calvertense (see Buccholtz 2001, fig. 7e). The latter
displays a similar increase of the width of cervicals (slightly more posterior in MUSM 1980)
and a high peak for the length of posterior lumbars. The available dimensions of the centra
match thus well the anatomical pattern 2 as defined by Buchholtz (2001), suggesting a greater
flexibility in the anterior torso for I. vertizi, more similar to extant Inioidea, Lipotidae,
Monodontidae, and Ziphiidae. Finally, similarities with the tooth-bearing mysticete Aetiocetus
cotylalveus (Buchholtz 2001, fig. 7c) suggest that the condition of I. vertizi could be relatively

close to the ancestral neocete condition.

Sternum. Two elements of the sternum are preserved, the manubrium and the second
sternebra (Fig. 24). The considerably dorsoventrally flattened manubrium (as compared to
basilosaurids, see Uhen 2004; Martinez-Céceres et al. 2017) is 163 mm long (maximum
anteroposterior length), for a sagittal length of 110 mm and an estimated maximum width of
132 mm. A groove separating the right and left parts is visible on the dorsal and ventral
surfaces. The two posterior articular surfaces (for intersternebral cartilage) are slightly
dorsoventrally thickened (12-13 mm), compared to the generally thin aspect of all other
edges, and separated by a 21 mm deep V-shaped notch. A posteromedial bulge is also
observed on the ventral surface, thicker on the left side. The anterolateral region is also
slightly thickened.

The Y-shaped second sternebra is smaller, with a maximum anteroposterior length of 91 mm,
a sagittal length of 80 mm, and an estimated maximum width of 84 mm, and even more
slender than the manubrium. The anterior margin is smoothly concave and the anterolateral
region is barely thickened. The posterior surface of articulation is regularly convex and
slightly dorsoventrally thickened. Apart from an opening in the centre of the bone, no trace of

a sagittal suture is visible.



Ribs. Many rib fragments are preserved, but most are poorly informative. The proximal part
of a left anterior rib is well preserved, being widened and flat. Other fragments, either with

the articular region or with a slightly more complete body, are illustrated in Figure 25.

Comparison

Inticetus vertizi differs from most other odontocete lineages in a series of skull characters; the
most striking differences concern the ear bones and teeth (ornamentation and number and
shape of accessory denticles in cheek teeth, see below). Among the ear bone differences, the
shortened tuberculum of the malleus is only shared with eurhinodelphinids, physeteroids, and
ziphiids (Muizon 1985; Bianucci et al. 2010), and the large fovea epitubaria with a
correspondingly voluminous accessory ossicle and short anterior bullar facet is seen to a
roughly similar extent in physeteroids (e.g., Bianucci & Landini 2006; Lambert et al. 2016).
However, Inticetus differs from all these clades in being heterodont. It further lacks the main
cranial synapomorphies of eurhinodelphinids (extreme elongation of the edentulous
premaxillary part of the rostrum; e.g., Abel 1901; Lambert 2005), physeteroids (vast
supracranial basin and high asymmetry of the bony nares and surrounding bones; e.g., Muizon
1991; Heyning 1997; Lambert et al. 2016), and ziphiids (high vertex with transverse
premaxillary crests and pterygoid sinus fossa extending anteriorly beyond the level of the
antorbital notch and ventrally beyond the ventralmost level of the basicranium; e.g., Lambert
et al. 2013; Bianucci et al. 2016b).

Compared to other heterodont odontocetes, the teeth of Inticetus differ from many taxa
(e.g., Agorophius, Patriocetus, Simocetus, Squalodon, and Waipatia) in the reduced
ornamentation of the crown (no cingulum and low longitudinal ridges), the relatively high
number of large, broad-based accessory denticles (up to four mesial and five distal denticles),
and the less triangular outline of the crown in posterior cheek teeth. The best match for the
morphology of cheek teeth is with the poorly known Neosqualodon, from the Early Miocene
of Italy (see Dal Piaz 1904; Fabiani 1949; Rothausen 1968; G. B. pers. obs.). However,
MUSM 1980 differs from Neosqualodon in: its much larger size, with larger teeth; the
styliform process of its jugal being markedly more robust; the posterior increase of the height
of the mandible being less abrupt; its lower tooth count; incisors being not procumbent; and

the number of accessory denticles in posterior cheek teeth being higher. Unfortunately, only



fragmentary ear bones were figured for one specimen of Neosqualodon gastaldii (Capellini
1881) and these ear bones could not be later found in the Bologna collection.

Another poorly known taxon is Kekenodon onamata Hector, 1881 from the Late
Oligocene of New Zealand. It has been referred to archaeocetes (Kellogg 1936; Fordyce
2004; Clementz et al. 2014), or to basal toothed mysticetes (Fordyce and Muizon, 2001). The
holotype of this taxon consists in several isolated teeth, a fragment of lower jaw, a tympanic
and a periotic apparently belonging to the same individual. Among the seven teeth illustrated
by Hector (1881), five of them are double-rooted, triangular, and bear up to four broad-based
accessory denticles. In this respect, they resemble the posterior cheek teeth of Inticetus (Cg to
C11). However, they distinctly differ from Inticetus in the following features: they are c. 30%
larger, they have higher crowns, they do not present anteroposterior asymmetry (in lateral
view), and their enamel apparently bears marked longitudinal ridges. The periotic figured by
Hector resembles that of Inticetus in its large fovea epitubaria and the large ventrolateral
tuberosity. The tympanic of Kekenodon essentially differs from that of Inticetus in its inner
posterior prominence being wider than the outer prominence, while it is narrower in Inticetus.
An undescribed, subcomplete skull recently attributed to Kekenodon sp. (Clementz et al.
2014) differs markedly from Inticetus, retaining many plesiomorphic features as compared to
neocetes.

Among more fragmentarily known cetacean taxa, several isolated teeth display
similarities with posterior cheek teeth of Inticetus. The species Phococetus vasconum is based
on a single cheek tooth from the Burdigalian of Saint-Médart-en-Jalle, SW France (Delfortrie
1873; Kellogg 1936), a locality that also yielded the holotype of the squalodelphinid
Medocinia tetragorhina, isolated odontocete teeth, and many fish remains (Delfortrie 1872,
1875; Priem 1914; Muizon 1988). With four mesial and five distal broad-based denticles,
relatively smooth enamel, a mesiodistal length of the crown of 35.5 mm (as measured on a
cast; Kellogg, 1936), and a long isthmus between mesial and distal roots, this tooth strongly
resembles Cg.100f MUSM 1980. The only difference we could note is the proportionally
higher crown in P. vasconum. The latter was earlier proposed as an archaeocete (Kellogg
1936), possibly a kekenodontid archaeocete (Uhen 2008b; Fitzgerald 2010), and an enigmatic
probable mysticete (Fordyce & Barnes 1994). Based on the morphological similarities and
shared Burdigalian age, we think that systematic affinities of P. vasconum with Inticetus
cannot be ruled out.

With its smooth enamel and relatively large accessory denticles, an isolated cheek

tooth from Late Oligocene deposits of Australia identified as Squalodon gambierensis



(Glaessner 1955; Pledge & Rothausen 1977) displays similarities with posterior cheek teeth of
MUSM 1980, for example Cg. This Australian tooth has been attributed to a kekenodontid
archaeocete (Fordyce 2004; Fitzgerald 2010).

The marked dental similarities of the heterodont odontocete Inticetus with fragmentary
remains tentatively attributed to non-odontocete cetaceans urges us to be cautious in the
identification of isolated cetacean cheek teeth from the Oligocene-early Miocene. In several
cases those may not be diagnostic at the suborder level (e.g., Geisler et al. in press).

In addition to the differences mentioned above at the level of ear bones and cheek
teeth, Inticetus differs from the stem odontocete families Agorophiidae, Ashleycetidae,
Mirocetidae, Simocetidae, and Xenorophidae (see Fordyce 2002; Uhen 2008b; Sanders &
Geisler 2015; Geisler et al. 2014; Churchill et al. 2016; Godfrey et al. 2016) in: its larger size,
the bony nares being located far posterior to level of antorbital notch and roughly vertical, the
nasals being anteroposteriorly shorter, and the intertemporal constriction being most likely
absent.

It further differs from Squalodontidae (see Kellogg 1923; Pilleri 1985; Muizon 1991;
Dooley 2005) in: the absence of a pterygoid-maxilla contact on the palate, the styliform
process of jugal being markedly more robust, the sutural contact of the jugal with the
zygomatic process of the squamosal being longer, the presence of a deep notch separating the
basioccipital crest from the falcate process of the exoccipital, the presence of a high rim
around the internal acoustic meatus, and the incisors being not procumbent, with the crown
being not fluted.

It further differs from Patriocetidae (see Dubrovo & Sanders 2000) in: its larger size,
the bony nares being located far posterior to level of antorbital notch, the intertemporal
constriction being most likely absent, and the zygomatic process of squamosal being
proportionally shorter.

It further differs from Waipatia (see Fordyce 1994; Tanaka & Fordyce 2015a) in: its
larger size, the styliform process of jugal being markedly more robust, the presence of a high
rim around the internal acoustic meatus, the posterior increase of the height of the mandible
being less abrupt; the incisors being not procumbent, and the presence of mesial denticles on
upper and lower posterior cheek teeth.

It shares with Papahu (see Aguirre-Fernandez & Fordyce 2014) the large fovea
epitubaria with a correspondingly short anterior bullar facet (although more marked in

MUSM 1980), but it differs from this homodont odontocete in: its larger size, the styliform



process of jugal being markedly more robust, an unconspicuous parabullary sulcus on the
periotic, and the posterior increase of the height of the mandible being less abrupt.

Although Inticetus shares with Prosqualodon davidis a voluminous accessory ossicle,
it further differs from Prosqualodon spp. (see Lydekker 1893; True 1909; Flynn 1948) in: the
rostrum being proportionally longer, the posterior increase of the height of the mandible being
less abrupt, a higher tooth count (compared to P. davidis), incisors being not procumbent, and
the reduced ornamentation of the tooth crowns.

Phylogeny

To investigate the phylogenetic relationships of Inticetus vertizi we coded the specimen
MUSM 1980 in the matrix of Tanaka & Fordyce (2016) (see list of morphological characters
and character-taxon matrix as online Supplemental material). Note that as compared to this
previous analysis, the Operational Taxonomic Unit OU 22125 is now named Awamokoa
tokarahi (following Tanaka & Fordyce 2017). Four heuristic searches were performed using
Paup 4.0 (Swofford 2001), with the protocetid Georgiacetus vogtlensis and the basilosaurid
Zygorhiza kochii as outgroups, all characters treated as unordered, TBR branch swapping, and
ACCTRAN optimization: (analysis 1) with equally weighted characters and no molecular
constraint; (analysis 2) with down-weighted homoplastic characters, following the method of
Goloboff (1993) with the constant k = 3 and no molecular constraint; (analysis 3) with equally
weighted characters and with a backbone molecular constraint taken from the analysis of
McGowen et al. (2009), as performed by Tanaka & Fordyce (2016), and (analysis 4) with

down-weighted homoplastic characters and with a backbone molecular constraint.

Results
Analysis 1 resulted in 6480 most parsimonious trees with tree length 1828; CI 0.24; RI 0.64;
the strict consensus is shown in Figure 26. Analysis 2 resulted in 9 most parsimonious trees
with CI 0.24; R1 0.64; the strict consensus is partly shown in Figure 27A (without details for
the clade Delphinida). Analysis 3 resulted in 135 most parsimonious trees with tree length
1914; C1 0.23; RI 0.62; the strict consensus is partly shown in Figure 27B. Analysis 4 resulted
in 9 most parsimonious trees with CI 0.23; RI 0.62; the strict consensus is partly shown in
Figure 27C.

Without any molecular constraint, analyses 1 and 2 identify the superfamily

Platanistoidea as the most stemward crown odontocete clade, with Physeteroidea and



Ziphiidae forming a more crownward clade, itself sister-group to Delphinida. The content of
Platanistoidea differs in these two analyses: in the analysis with equally weighted characters
(analysis 1) it only includes Squalodon, Prosqualodon, a monophyletic Squalodelphinidae
and a monophyletic Platanistidae, with Inticetus and a clade including Otekaikea and
Waipatia being the last stem odontocete lineages to branch off, whereas in the analysis with
down-weighted homoplastic characters (analysis 2) Platanistoidea also includes Inticetus,
Otekaikea and Waipatia, and Squalodelphinidae is paraphyletic.

The molecular constraint (in analyses 3 and 4) places Physeteroidea as the first stem
odontocete clade to branch off, followed by Platanistoidea and Ziphiidae. Here again the
content of Platanistoidea differs if homoplastic characters are down-weighted or not. In the
analysis with equally weighted characters (analysis 3), it only includes Platanistidae, a
paraphyletic Squalodelphinidae, OU 22670 and Papahu sp. ZMT 73, with Inticetus, Waipatia,
and Otekaikea forming a clade stemward to the successive branches of Squalodon,
Prosqualodon, and Physeteroidea. In the analysis with down-weighted homoplastic characters
(analysis 4), Platanistoidea makes a much larger clade, also including Prosqualodon +
Squalodon, Inticetus, Otekaikea, and Waipatia, but not Papahu sp. ZMT 73.

Discussion

Down-weighting homoplastic characters has a profound impact on both the content of the
superfamily Platanistoidea and the relationships of Inticetus; indeed, in the two analyses with
equally weighted characters (analyses 1 and 3, without and with a molecular constraint), the
clade Platanistoidea is less inclusive and Inticetus falls as a stem odontocete. Interestingly, the
two analyses with down-weighted homoplastic characters (analyses 2 and 4) resulted in a
larger clade Platanistoidea, which includes Platanistidae, Squalodelphinidae, Inticetus,
Otekaikea, Squalodon, and Waipatia. The only difference between the two results is the
position of Prosqualodon, which is either a stem taxon to Platanistoidea (analysis 2) or
included in the Platanistoidea (analysis 4). Therefore, down-weighting homoplastic characters
tends to tighten the clade Platanistoidea, and in both cases Inticetus is included in the
superfamily.

A molecular constraint was applied for the two analyses performed by Tanaka &
Fordyce (2016); those can thus only be compared to analyses 3 and 4. Interestingly, the
inclusion of Inticetus in analysis 3 "attracts' Otekaikea, Prosqualodon, Squalodon, and
Waipatia outside the Platanistoidea clade, and even outside the crown Odontoceti, a result

that is not found in any of Tanaka & Fordyce's results. Nevertheless, Prosqualodon,



Squalodon, and in some cases Waipatia fell outside crown Odontoceti in several past
phylogenetic analyses (e.g., Geisler et al. 2011, 2014; Aguirre-Fernadndez & Fordyce 2014;
Tanaka & Fordyce 2014, 2015b; Sanders & Geisler 2015; Godfrey et al. 2016). Analysis 4
yields a general topology similar to the analysis of Tanaka & Fordyce (2016) with down-
weighted homoplastic characters, meaning that in this case, reducing the impact of
homoplastic characters tends to stabilize a topology when new taxa are added.

Based on our different results, there is no consensus about the phylogenetic
relationships of Inticetus. It is either a stem odontocete more crownward than Agorophius and
Patriocetus (in a separate lineage or in a clade with Otekaikea and Waipatia), or a crown
odontocete branching off relatively early in a large Platanistoidea clade. In all our analyses,
Inticetus is close to the node defining crown Odontoceti, and its most recurrent phylogenetic
affinities are with (1) Otekaikea and Waipatia, either as sister-groups or as successive
branches, and (2) Squalodon, as successive branches in two analyses (in one case with
Prosqualodon as sister-group to Squalodon). However, Inticetus does not match any of the
families, or genera from undetermined families, of Oligocene and Miocene odontocetes,
displaying morphological features departing markedly from any other known taxon, including
Squalodontidae and Waipatiidae. Because it differs strikingly from all the other heterodont
odontocetes (see comparison above), and although the generally highly diagnostic facial
region, including the vertex, is not optimally preserved in the holotype and only known
specimen, we think that the diagnostic features of Inticetus should lead to the erection of a

higher rank taxon, the new family Inticetidae.

Geological context, biostratigraphy and taphonomy

Geological context

The Meso-Cenozoic tectonics of the Peruvian margin was controlled by the oblique
subduction of the oceanic Nazca-Farallon Plate beneath the continental South American Plate.
This resulted in a composite transform-convergent margin characterized by normal and strike-
slip faults that formed a number of extensional and pull apart basins along the western margin
of Peru (e.g., Thornburg & Kulm 1981; Ledn et al. 2008; Zufiga-Rivero et al. 2010). The
Cenozoic stratigraphy of the Pisco Basin in southern Peru consists of Eocene to Pliocene
nearshore and shelf sediments that occur in repetitive successions and are separated by basin-
wide, conglomerate-mantled unconformities (Dunbar et al. 1990; DeVries 1998). Based on

the currently existing stratigraphic framework, the basin fill comprises the middle to upper



Eocene Paracas Formation, the uppermost Eocene to lower Oligocene Otuma Formation, the
uppermost Oligocene to middle Miocene Chilcatay Formation, and the upper Miocene to
Pliocene Pisco Formation (DeVries et al. 2006).

The Roca Negra locality is along the western side of the Ica River valley, where the
Chilcatay Formation consists of two main sediment units separated by an intraformational
unconformity. The lower unit includes a sub-horizontal package of medium- to fine-grained
sandstones and siltstones that underlie and, locally, landward interfinger (from southwest to
northeast) with a seaward-dipping clinoformed package of coarse-grained biocalcarenites.
This lower unit is unconformably overlain by a fining-upward unit composed of basal
sandstones gradually overlain by massive siltstones. An ash layer sampled in the fine-grained
unit of the Chilcatay Formation, just 1 m below the erosional contact with the overlying Pisco
Formation, yielded a “°Ar/**Ar age of 17.99 + 0.10 Ma (Di Celma et al. 2017).

Biostratigraphy

The Chilcatay sedimentary succession exposed in the locality of MUSM 1980 (Roca Negra)
is part of the sub-horizontal package of sandstones and siltstones occurring in the lower
portion of the lower unit. Most of the samples recovered for biostratigraphic analysis along
the measured section had a lithogenic composition. Sample PN2 (see Fig. 2) contained a well
preserved siliceous assemblage (see Appendix 1). Silicoflagellates were rare but yielded a
diverse assemblage, represented, in order of abundance, by Naviculopsis obtusarca,
Distephanopsis crux subsp. scutulata, Corbisema triacantha, N. ponticula subsp. ponticula,
N. obtusarca var. acicula and Naviculopsis sp. 2 (described by Cisielsky 1991 from the Early
Miocene of the sub-Antarctic South Atlantic). Accordingly, this assemblage is assigned to the
Naviculopsis ponticula zone of Bukry (1981), correlated by Bukry (1982) to the coccolith
Sphenolithus belemnos Zone at DSDP Site 495 offshore Guatemala, that, in turn, has been
dated between 19 and 18 Ma (Bukry, 1982), early Burdigalian. Bukry (1985) described this
biozone across the equatorial Pacific and showed that it is dominated sequentially by N.
obtusarca, N. contraria, and N. ponticula var. spinosa. In our sample, given the dominance of
the former and the absence of the latter two species, we can speculate that it is located in the
lower part of the N. ponticula biozone. Macharé et al. (1998) indicated the presence of N.
ponticula spinosa in one sample (84407) at the Pampa Chilcatay section, along with a diatom
assemblage including Triceratium pileus, Thalassiosira fraga, and Th. spinosa; according to
Barron (1985), this diatom assemblage indicates an age of 18.8 to 17.9 Ma. N. ponticula is
otherwise reported from the eastern Equatorial Pacific (Engel & McCartney 1990), the eastern



Equatorial Atlantic (Schellpeper & Watkins 1998), and outcrops of the temperate North
Atlantic (Wetmore & Andrews 1991).

Taphonomy

Although the fossil skeleton MUSM 1980 was only partly articulated, all the bones were
found associated, roughly near their original anatomical position, and with the axial skeleton
(both the forelimbs are lost) forming on the whole an arc (Fig. 28). The disarticulation mainly
concerns the ribcage (thoracic vertebrae, ribs, and sternal bones). Except for slight
displacement due to wind for exposed bones included in soft, uncemented sediment, most
disarticulation probably occurred before the burial of the skeleton and could be due to: 1)
collapse of the ribcage after decomposition of soft tissues, 2) explosion resulting from the
accumulation of gases generated during the decay of the carcass, 3) water currents on the sea
bottom, or 4) scavenging by sharks and other marine vertebrates. This last possibility is
strongly supported by the finding on the one side of three isolated shark teeth near the bones
of the odontocete and, on the other side, of shark bite marks along the rostrum of the cranium
and along the left mandible. Discovered near the sternum and near the anteriormost lumbar
vertebrae, the shark teeth belong to three distinct species already recorded in the late Miocene
strata of the Pisco Formation: Cosmopolitodus hastalis, Galeocerdo aduncus, and
Pysogaleous contortus, (Muizon & DeVries 1985; Collareta et al. 2017; Landini et al. 2017).
Considering the trophic spectrum of the extant relatives of these sharks, and/or of other
similar extant sharks (Klymley 1994; Long & Jones 1996; Heithaus 2001; Curtis et al. 2006),
it is reasonable to suggest that these teeth indicate the partial consumption of the carcass by
sharks of these three species. Such an occurrence is relatively common during the excavation
of fossil cetacean skeletons and it was also well documented for a whale skeleton from the
Pisco Formation (Takakuwa 2014).

Most of the bite marks are observed in the left dorsolateral side of the rostrum. They consist
in some pseudo-parallel incisions about 2 cm long. These shallow grooves lacking serrated
margins could correspond to scraping marks caused by one or more sharks biting the carcass
of the odontocete. Scavenging, rather than active predation, is supported by the fact that the
incisions are not deep, in relatively small number, and located in a portion of the skeleton
(skull and mandibles) usually not damaged during a shark attack. Indeed, data about the well-
documented feeding behaviour of the extant white shark Carcharodon carcharias indicate
that sharks usually do not target the head region of dolphins in order to avoid sonar detection

(Long & Jones 1996). For this reason a direct predation, conceivable for other fossil



odontocetes with several deep shark bites in the ribcage region (Cigala Fugosi 1992, Bianucci
et al. 2010), cannot be proposed for the fossil examined here. Scavenging by sharks could
also explain the absence of both forelimbs, possibly removed when the carcass was still
floating, or after it sank to the seafloor (Shafer 1972; Bianucci & Gingerich 2011). Re-
floating of the carcass, due to a buildup of gases during initial decomposition (Shafer 1972),
did most likely not occur, or for only a short time, before it sank to the bottom, considering
the preservation of the mandibles firmly articulated to the cranium, of most of the teeth inside

their alveoli, and of the last caudal vertebrae.

General discussion and conclusions

With such unusual tooth morphology, the feeding ecology of Inticetus is worth briefly
discussing. First, among heterodont odontocetes the general outline of the long and robust
rostrum is most similar to Squalodon, contrasting with the much shorter rostrum of
Prosqualodon and the more slender rostrum of e.g. Waipatia. Combined with strong, but not
procumbent, conical anterior teeth, this condition suggests the ability to grasp relatively large
prey with the incisors, canines, and anterior cheek teeth, as proposed for at least part of the
basilosaurids (Uhen 2004; Snively et al. 2015). However, contrasting with basilosaurids
(Uhen 2004; Fahlke et al. 2013), the absence of conspicuous attritional tooth wear facets in
cheek teeth may indicate only a limited use of the posterior dentition for processing food
(namely cutting or tearing larger prey in smaller pieces), a hypothesis further supported by the
highly reduced ornamentation of tooth crowns. Furthermore, the enlarged, broad-based
accessory denticles displayed by the closely spaced posterior cheek teeth leads to a better
closure of the lateral wall of the posterior buccal cavity. Differing from most other heterodont
odontocetes, such a condition may correspond to higher suction-feeding abilities, with rigid
lateral walls of the cavity allowing the production of higher intraoral pressure during suction
and with broad dental crowns allowing the retention of food items when water is expelled
laterally from the cavity during the recovery phase (see Werth 2006). A similar conclusion
has been experimentally confirmed for pinnipeds showing enlarged accessory denticles in
cheek teeth (Hocking et al. 2013).

In addition to its dental morphology, Inticetus differs from many other Late Oligocene
- Early Miocene odontocetes in its larger body size; except from the larger, homodont
physeteroids Diaphorocetus poucheti and Idiorophus patagonicus (Moreno 1892; Lydekker

1894), Inticetus is only in the same size category as Phoberodon arctirostris, Prosqualodon



spp. and the homodont Macrodelphinus kelloggi (Lydekker 1893; Flynn 1948; Cabrera 1926;
Wilson 1935).

Combining the skull morphology, dental features, and size of Inticetus, this heterodont
odontocete further increases the morphological disparity of Late Oligocene - Early Miocene
odontocetes; it most likely occupied a relatively specific ecological niche.

From a phylogenetic viewpoint, the relationships of Inticetus are not fully resolved,
this new taxon being either a stem odontocete or an early diverging platanistoid. The addition
of other Late Oligocene - Early Miocene heterodont odontocetes to the analysed sample and
the reassessment of Prosqualodon spp. and the family Squalodontidae may prove useful to
further characterize the stem-to-crown odontocete transition.

Finally, from a taxonomic perspective, the description of an unusual morphotype of
odontocete cheek teeth, sharing similarities with the dentition of a few other, non-odontocete
fossil cetaceans, urges the need for caution in the identification of isolated cetacean teeth,

even at the suborder level.

Supplemental material

Supplemental material for the phylogenetic analysis, including the character-taxon matrix and

the constraint tree based on molecular analysis is available online at doi: ...
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Appendix 1. List of silicoflagellate taxa from sample PN2.

Corbisema triacantha (Ehrenberg 1844) Hanna 1931

Distephanopsis crux subsp. scutulata (Bukry) Desikachary & Prema 1996
Naviculopsis obtusarca Bukry 1978 (DSDP44-37)

N. obtusarca Bukry var. acicula Bukry 1985

N. ponticula subsp. ponticula (Ehrenberg) Bukry 1982

Naviculopsis sp. 2 Cisielsky 1991



Table captions

Table 1. Measurements (in mm) of the skull of Inticetus vertizi MUSM 1980 (holotype). e

estimate, + incomplete, - missing data.

Table 2. Measurements (in mm) and number of accessory denticles for the upper and lower

teeth of Inticetus vertizi MUSM 1980 (holotype). e estimate, + incomplete, - missing data.

Table 3. Measurements (in mm) of the vertebrae of Inticetus vertizi MUSM 1980 (holotype).
e estimate, + incomplete, ++ very incomplete, - missing data. Roman numbers for post-

cervical vertebrae indicate that the identification is only tentative.

Figure captions

Figure 1. Map of the northern part of the Pisco Basin, southern coast of Peru, indicating
several fossil-rich localities of the Pisco Formation (Cerro Colorado, Cerro los Quesos, and
Cerro la Bruja) and Chilcatay Formation (Roca Negra, Ullujaya, and Zamaca). Roca Negra
(black star) is the locality where Inticetus vertizi MUSM 1980 (holotype) was found.
Modified from Lambert et al. (2014).

Planned for column width.

Figure 2. Stratigraphic column of part of the lower unit of the Chilcatay Formation in the
Roca Negra locality, providing the relative position of Inticetus vertizi MUSM 1980
(holotype) and of the sample PN2 having yielded a biostratigraphically informative
silicoflagellate assemblage (Early Miocene, late early Burdigalian).

Planned for column width.

Figure 3. Cranium and mandibles of Inticetus vertizi MUSM 1980 (holotype). A, dorsal view;
B, corresponding explanatory line drawing; C, detail of the posterior part with a different

lighting. Scale bars equal 200 mm.



Figure 4. Cranium and mandibles of Inticetus vertizi MUSM 1980 (holotype). A, left lateral

view; B, corresponding explanatory line drawing. Scale bar equals 200 mm.

Figure 5. Cranium and mandibles of Inticetus vertizi MUSM 1980 (holotype). A, ventral

view; B, corresponding explanatory line drawing. Scale bar equals 200 mm.

Figure 6. Cranium and mandibles of Inticetus vertizi MUSM 1980 (holotype). A, detail of the
neurocranium region in left lateral view; B, corresponding explanatory line drawing. Scale bar

equals 100 mm.

Figure 7. Cranium and mandibles of Inticetus vertizi MUSM 1980 (holotype). A, detail of the
left side of the basicranium in ventrolateral view; B, corresponding explanatory line drawing.

Grey areas for sediment; hatched areas for broken surfaces. Scale bar equals 100 mm.

Figure 8. Cranium of Inticetus vertizi MUSM 1980 (holotype) in posterior view. Scale bar

equals 100 mm.

Figure 9. Right periotic of Inticetus vertizi MUSM 1980 (holotype). A, ventral view; B,
corresponding explanatory line drawing; C, ventral view with accessory ossicle removed; D,
medial view; E, dorsomedial and slightly anterior view; F, corresponding explanatory line
drawing; G, dorsal view; H, lateral view. Abbreviations: crista interfen, crista interfenestralis;
lateral ctp; lateral caudal tympanic process; medial ctp, medial caudal tympanic process. Grey
areas for main openings; hatched areas for broken surfaces. Periotic whitened with

ammonium chloride. Scale bar equals 30 mm.

Figure 10. Right tympanic bulla of Inticetus vertizi MUSM 1980 (holotype). A, medial view;
B, corresponding explanatory line drawing; C, ventral view; D, dorsal view; E, lateral view;
F, corresponding explanatory line drawing; G, posterior view; H, anterior view. Grey areas
for sediment; hatched areas for broken surfaces. Tympanic whitened with ammonium

chloride. Scale bar equals 30 mm.

Figure 11. Right malleus of Inticetus vertizi MUSM 1980 (holotype). A, explanatory line
drawing in posteromedial view; B, corresponding photo; C, posteroventrolateral view. Scale

bar equals 2 mm.



Figure 12. Detached upper teeth of Inticetus vertizi MUSM 1980 (holotype). A-F, right It in
labial (A), lingual (B), mesial (C), and distal (D) view, and detail of the crown in distolingual
(E) and mesiolingual (F) view; G-L, right canine in labial (G), lingual (H), mesial (1), and
distal (J) view, and detail of the crown in distolingual (K) and mesial (L) view. Scale bar

equals 10 mm.

Figure 13. Cranium and mandibles of Inticetus vertizi MUSM 1980 (holotype). Detail of the
anterior part of the rostrum and mandible in oblique right anterolateral and slightly dorsal
view, showing upper and lower anterior teeth. For the size of elements, refer to more
orthogonal views.

Planned for column width.

Figure 14. Cranium and mandibles of Inticetus vertizi MUSM 1980 (holotype). A, detail of
the anterior part of the rostrum and mandible in right lateral view; B, corresponding
explanatory line drawing; C-E, enlarged views of anterior cheek teeth and incisors. Scale bar

for A-B equals 100 mm.

Figure 15. Cranium and mandibles of Inticetus vertizi MUSM 1980 (holotype). A, detail of
the anterior part of the rostrum and mandible in left lateral view; B-E, enlarged views of
incisors, upper canine, and anterior cheek teeth C, and C®; F, detail of the accessory denticles

on the distal carina of C®. Scale bar for A equals 100 mm.

Figure 16. Cranium and mandibles of Inticetus vertizi MUSM 1980 (holotype). A, detail of
the posterior part of the rostrum and mandible in right lateral view, with anterior part of the
rostrum removed; B-D, detail of cheek teeth C°, C8 C’, and Cs. Scale bar for A equals 50

mm.

Figure 17. Cranium and mandibles of Inticetus vertizi MUSM 1980 (holotype). A, detail of
the posterior part of the right lower quadrant including cheek teeth Cs.12, in medial view; B,

corresponding explanatory line drawing. Scale bar equals 50 mm.

Figure 18. Fragment of the atlas of Inticetus vertizi MUSM 1980 (holotype). A, anterior

view; B, posterior view. Scale bar equals 20 mm.



Figure 19. Axis and cervicals C3-C7 of Inticetus vertizi MUSM 1980 (holotype). A-D, axis
and C3-C5 in anterior view (A), corresponding explanatory line drawing (B), right
anterodorsolateral (C), and ventral (D) view; E-F, C6-C7 in anterior (E) and ventral (F) view.

Scale bar equals 20 mm.

Figure 20. Thoracic vertebrae of Inticetus vertizi MUSM 1980 (holotype). A-B, Thl in
posterior (A) and dorsal (B) view; C-D, Thll in anterior (C) and left lateral (D) view; E, Thlll
in anterior/posterior view; F, ThIV in right lateral view; G, ThIV-VI in a single block with a
rib fragments; H-J, ThVII in posterior (H), right lateral (1), and dorsal (J) view; K, ThIXin
right lateral view; L-M, ThXI in anterior/posterior (L) and lateral (M) view. Scale bar equals

20 mm.

Figure 21. Lumbar vertebrae of Inticetus vertizi MUSM 1980 (holotype). A, Lulll in ventral
view; B, LuVI in dorsal view; C, LuVIlI in ventral view; D-E, LuVIII in ventral (D) and
anterior/posterior (E) view; F, LulX in ventral view. Scale bar equals 20 mm.

Planned for column width.

Figure 22. Caudal vertebrae of Inticetus vertizi MUSM 1980 (holotype). A, Cal in ventral
view; B, Call in ventral view; C, Calll in ventral view; D, CaVI in ?right lateral view; E,
CaVll in ?left lateral view; F, CaVIIl in ?left lateral view; G, CalX in lateral view; H, CaX in
lateral view; 1-J, CaXIl in anterior/posterior (1) and lateral (J) view; K-M, CaXIll in
anterior/posterior (K), lateral (L), and ventral (M) view; N-O, CaXIII in anterior/posterior (N)
and ?ventral (O) view; P-Q, CaXIV in anterior/posterior (P) and ?ventral (Q) view; R-S,
CaXV in anterior/posterior (R) and ?ventral (S) view; T, CaXVI in anterior view; U-V,
CaXVI + CaXVll in left lateral (U) and ventral (V) view. Scale bar equals 20 mm.

Figure 23. Chart showing changes in the dimensions (in mm) of vertebral central (hamely
length, height and width) along the vertebral column of Inticetus vertizi MUSM 1980
(holotype). Numbers on the horizontal axis correspond to a sequence from cervical C3 on the
left to the last preserved caudals on the right, as listed in Table 3. Some vertebrae could be
missing and several centra were too incomplete to be measured for one or more of their

dimensions.



Figure 24. Sternum of Inticetus vertizi MUSM 1980 (holotype). A-B, manubrium in dorsal
(A), ventral (B), and right lateral (C) view; D-F, second sternebra in ?dorsal (D), ?ventral (E),
and anterior (F) view. Scale bar equals 20 mm.

Figure 25. Ribs of Inticetus vertizi MUSM 1980 (holotype). The rib fragments are organized
in an anteroposterior sequence from the lower part of the figure to the top, except for the two
lower distal fragments. Scale bar equals 50 mm.

Figure 26. Strict consensus tree for the phylogenetic analysis with equally weighted
characters and without molecular constraint (analysis 1), resulting in the placement of
Inticetus vertizi as a stem Odontoceti.

Figure 27. Alternative relationships of Inticetus vertizi resulting from other phylogenetic
analyses. A, strict consensus tree for the analysis with down-weighted homoplastic characters
and without molecular constraint (analysis 2), placing I. vertizi in a large Platanistoidea clade;
B, strict consensus tree for the analysis with equally weighted homoplastic characters and
with molecular constraint (analysis 3), placing I. vertizi as a stem Odontoceti; C, strict
consensus tree for the analysis with down-weighted homoplastic characters and with
molecular constraint (analysis 4), placing 1. vertizi in a large Platanistoidea clade.

Figure 28. Schematic drawing showing the position of the partly articulated skeleton of
Inticetus vertizi MUSM 1980 (holotype) as found in the field, together with three shark teeth
(black triangles). Detail photograph and interpretive drawing of the rostrum and mandible of
MUSM 1980 in left lateral view, with shallow shark bite marks indicated. Scale bar for the
skeleton equals 500 mm, scale bar for detail of the rostrum and mandible equals 50 mm, and

scale bars for shark teeth equal 10 mm.
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