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ABSTRACT

The origin of most modern families of dolphins and porpoises has to be found during the Early to
Middle Miocene, presumably among the stock of early delphinidan forms generally attributed to the
family Kentriodontidae Slijper, 1936. The East Pisco Basin (Peru) is a major source of Miocene od-
ontocetes (echolocating toothed cetaceans), but up to now a majority of the finds originate from the
Lower Miocene Chilcatay Formation and the Upper Miocene deposits of the Pisco Formation. Apart
from the poorly known early delphinidan Zncacetus broggii Colbert, 1944, very little is known for
the Middle Miocene layers of the Pisco Formation. Based on a sample of three skulls collected from
the Langhian to Serravallian (14.7-12.6 Ma) P0 allomember of the Pisco Formation in two locali-
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INTRODUCTION

ties (Santa Rosa and Mal Paso) of the East Pisco Basin, we describe a new genus and species of early
delphinidan, Mesokentriodon protohumboldti n. gen., n. sp. Characterized by a moderately elongated
rostrum and 40 teeth per upper row, this medium-sized dolphin shares many cranial similarities with,
among others, the smaller Kentriodon pernix Kellogg, 1927, the type species of the type genus of the
family Kentriodontidae. As our phylogenetic analyses consistently recover the new taxon in a clade
that also includes K. pernix, we confidently identify it as a kentriodontid, though the content of this
family varies considerably across the various analyses using different implied weighting protocols. Our
favoured hypothesis is that kentriodontids are stem-group delphinidans whose chronostratigraphic
distribution fills a major Early to Middle Miocene time interval before the appearance of the earliest
members of the extant delphinidan lineages (Lipotidae Zhou, Qian & Li, 1978, Inioidea Muizon,
1988, and Delphinoidea Gray, 1821). This new species improves the relatively poor Middle Miocene
fossil record of cetaceans in the East Pisco Basin and highlights the potential of the lower portion of the
Pisco Formation for enhancing our understanding of the emergence of the modern delphinidan clades.

RESUME

Un nowvean dauphin kentriodontidé (Cetacea, Odontoceti, Delphinida) du Miocéne moyen du Pacifique sud-est.
Lorigine de la plupart des familles modernes de dauphins et de marsouins est a rechercher au Miocéne
inférieur & moyen, vraisemblablement parmi le stock de formes de premiers Delphinida Muizon, 1984
généralement attribuées a la famille Kentriodontidae Slijper, 1936. Le bassin de Pisco (Pérou) est une
source majeure d’odontocetes (cétacés & dents) du Miocene, mais jusqua présent, la majorité des décou-
vertes proviennent du Miocéne inférieur de la Formation Chilcatay et des dépots du Miocéne supérieur
de la Formation Pisco. A I'exception du Delphinida ancien mal connu Zncacetus broggii Colbert, 1944,
on sait trés peu de choses sur les couches du Miocéne moyen de la Formation Pisco. Sur la base d’'un
échantillon de trois crines collectés dans I'allomembre PO de la Formation Pisco, daté du Langhien au
Serravallien (14,7-12,6 Ma), dans deux localités (Santa Rosa et Mal Paso) du bassin de Pisco est, nous
décrivons un nouveau genre et une nouvelle espece de Delphinida, Mesokentriodon protohumboldsin. gen.,
n. sp. Caractérisé par un rostre modérément allongé et 40 dents par rangée supérieure, ce dauphin de
taille moyenne partage de nombreuses similitudes criniennes avec, entre autres, le plus petit Kentriodon
pernix Kellogg, 1927, I'espéce type du genre type de la famille Kentriodontidae. Comme nos analyses
phylogénétiques retrouvent systématiquement le nouveau taxon dans un clade qui inclut également
K. pernix, nous l'identifions avec confiance comme un kentriodontidé, bien que le contenu de cette
famille varie considérablement selon les diverses analyses utilisant différents protocoles de pondération
implicite. Notre hypothese privilégiée est que les kentriodontidés sont des Delphinida du groupe souche
dont la distribution chronostratigraphique remplit un intervalle de temps majeur du Miocéne inférieur
au Miocéne moyen, avant I'apparition des premiers membres des lignées de Delphinida modernes (Lipo-
tidae Zhou, Qian & Li, 1978, Inioidea Muizon, 1988, et Delphinoidea Gray, 1821). Cette nouvelle
espece améliore le registre fossile relativement pauvre des cétacés du Miocéne moyen dans le bassin de
Pisco est, et met en évidence le potentiel de la partie inférieure de la Formation Pisco pour améliorer
notre compréhension de I'émergence des clades de Delphinida modernes.

works on the subject, the phylogenetic relationships of ken-
triodontids remain highly debated and complex: this family

Delphinida is a large clade of odontocetes (echolocating
toothed whales) including most extant families of dolphins
and porpoises (with the exception of Platanistidae) and total-
ling more than 50 modern species (Wiirsig ez a/. 2018; Com-
mittee on Taxonomy 2024). While late Oligocene records
remain to be fully assessed, the origin of this clade can be
more firmly traced back to the Early Miocene, with the earli-
est members of the family Kentriodontidae (Ichishima ez 4/.
1995; Marx et al. 2016; Nobile et /. 2024). Kentriodontids
are the only delphinidans known from Lower to Middle Mio-
cene deposits, prior to the emergence of the first members of
several modern delphinidan families in Late Miocene times
(e.g., Murakami ez al. 2014; Lambert e# al. 2021; Kimura &
Hasegawa 2024). Despite a recent increase in published
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is often considered as non-monophyletic, and some of its
members have variably been recovered in different cladistic
analyses as stem delphinidans, stem delphinoids, or even as
sister-group to the lipotids and/or inioids (Muizon 1988b;
Lambert ez al. 2017; Peredo er al. 2018; Guo & Kohno
2023). Nevertheless, with their worldwide distribution and
broad range of body sizes and cranial morphologies (from
small to large size dolphins, with varying rostral proportions
and tooth counts), kentriodontids are a testament to the
first major delphinidan radiation (True 1912; Kellogg 1927;
Rensberger 1969; Barnes 1978; Muizon 1988a; Ichishima
1995; Dawson 1996; Bianucci 2001; Kazdr 2005; Lambert
etal. 2005; Salinas-Mdrquez et al. 2014; Godfrey & Lambert
2023; Kimura & Hasegawa 2019).
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Located along the southern coast of Peru, the East Pisco
Basin yielded a moderately rich record of early delphinidans.
While the oldest such finds originate from the Burdigalian
of the Chilcatay Formation (many specimens of Kentriodon
sp.; Bianucci ez al. 2018), the bulk of this record is from
the overlying Pisco Formation. The best-known Pisco spe-
cies, the small-sized Arocetus iquensis, is based on several
well-preserved specimens including subcomplete skulls
and ear bones, from basal layers of the P2 allomember
(upper Tortonian) at the locality of Cerro la Bruja; the
longirostrine Belonodelphis peruanus is more fragmentarily
known, as the holotype and only specimen includes a par-
tial cranium and mandible, the periotics, a fragmentary
tympanic bulla, and some vertebrae, and it originates from
either the base of P2 or the top of P1 (upper Tortonian),
at the same Cerro la Bruja locality as A. iquensis; similarly
based on a poorly preserved holotype, comprising a very
damaged skull with ear bones, vertebrae, ribs, part of the
sternum, and limb bones, the somewhat larger Incacetus
broggii is thought to originate from the PO allomember
(upper Langhian to Serravallian) (Colbert 1944; Muizon
1988a; Ochoa et 2l 2021; Bianucci & Collareta 2022).
The geographic origin of the latter species was traced back
by CdM to the locality of Santa Rosa (Fig. 1), where in
1987 he collected the remains of a small cetotheriid baleen
whale as well as two crania of a medium-sized early delphi-
nidan (Muizon 1988a; Marx et /. 2017). Another skull
with associated ear bones belonging to the same delphi-
nidan form was subsequently collected from PO strata at
the locality of Mal Paso.

In this work, we describe these three odontocete specimens,
compare them to other early delphinidans worldwide and
analyse their phylogenetic relationships, thus contributing
to improving the knowledge on the first radiation(s) of
these ancient relatives of nowadays” dolphins and porpoises.

MATERIAL AND METHODS

INSTITUTIONAL ABBREVIATIONS

AMNH American Museum of Natural History, New York;

CMM Calvert Marine Museum, Solomons;

IRSNB Institut royal des Sciences naturelles de Belgique,
Brussels;

LACM Natural History Museum of Los Angeles County,
Los Angeles;

MNHN Muséum national d’Histoire naturelle, Paris;

MUSM Museo de Historia Natural de la Universidad Nacional
Mayor de San Marcos, Lima;

USNM National Museum of Natural History, Smithsonian

Institution, Washington, D.C.

ANATOMICAL AND TAXONOMIC TERMINOLOGY

The terminology for cranial anatomy follows Mead &
Fordyce (2009), except when explicitly stated. As detailed
farther in the text, the family Kentriodontidae is restricted
here to a clade including taxa more closely related to Ken-
triodon pernix than to other delphinidan families. Other
early delphinidans from the Miocene that do not fall in
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Fic. 1. — Schematic map of the East Pisco Basin, modified from Marx et al.
(2017), showing the localities (red stars) where specimens of Mesokentriodon
protohumboldti n. gen., n. sp. were collected: Mal Paso for the referred speci-
men MUSM4693 and Santa Rosa for both the holotype MNHN.F.PPI1282 and
the paratype MNHN.F.PPI283. Inset: schematic map of Peru with the position
of the East Pisco Basin.

any well-defined family are cited as either ‘kentriodontids’
s.l. or early delphinidans.

PHYLOGENETIC ANALYSES

To investigate the phylogenetic relationships of the stud-
ied taxon, we modified the character-taxon matrix of Bia-
nucci et al. (2022) with the addition of the new genus and
species described here, totalling 374 characters and 149
taxa (Appendices 1-2). The parsimony analyses were per-
formed with PAUP version 4.0 (Swofford 2003). Bos tau-
rus, Hippopotamus amphibius, and Sus scrofa were selected
as outgroups. A constraint tree from Bayesian analysis of
molecular data (McGowen ez al. 2009, 2011; Geisler ez al.
2011; Appendix 3) was used as a backbone to force relation-
ships among extant cetaceans. The heuristic searches were
performed with simple taxon addition, a tree-bisection-
reconnection algorithm, and ACCTRAN optimization.
Several heuristic searches were undertaken under equal and
implied weights, using for the latter different values for K
(3, 6,9, and 12). Bootstrap and jackknife analyses using
100 replicates were run with the same settings as the ones
yielding our two preferred trees.

SYSTEMATIC PALAEONTOLOGY

Order CETACEA Brisson, 1762
Clade PELAGICETT Uhen, 2008
Clade NEOCETI Fordyce & Muizon, 2001
Suborder ODONTOCETT Flower, 1867
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Infraorder DELPHINIDA Muizon, 1984
Family KENTRIODONTIDAE Slijper, 1936

COMMENT

The content of the family Kentriodontidae remains in flux
(see discussion below). We opt here for a pragmatic solu-
tion, this clade being restricted to Kentriodon pernix, the
type species of the type genus for this family, and all other
early delphinidans more closely related to the former than
to other delphinidan families (Lipotidae Zhou, Qian & Li,
1978, Iniidae Gray, 1846, Pontoporiidae Gray, 1870, Albi-
reonidae Barnes, 1984, Odobenocetopsidae Muizon, 1993,
Monodontidae Gray, 1821, Phocoenidae Gray, 1825, and
Delphinidae Gray, 1821). In all our phylogenetic analyses
(see ‘Phylogenetic analysis’ below), the new genus and spe-
cies described herein is recovered in this clade, and it can
thus be identified as a kentriodontid.

As we failed to consistently recover any subfamilies (or
families in the superfamily Kentriodontoidea) as supported
instead by previous studies (e.g., Barnes 1978; Muizon 1988b;
Guo & Kohno 2023), we do not further comment on the
definition and content of such subclades, following on that
matter Lambert ez 2/. (2017) and Peredo et al. (2018).

Genus Mesokentriodon n. gen.

urn:lsid:zoobank.org:act:4303C2FE-40A9-4DEA-917C-C980F24F9AOE

"TYPE AND ONLY SPECIES. — Mesokentriodon protohumboldtin. gen., n. sp.

ETYMOLOGY. — ‘meso’ from Ancient Greek pnécog, intermediate,
and ‘kentriodon’ for the type genus of the family Kentriodontidae,
the new genus and species described here being intermediate in size
between e.g. the smaller Kentriodon pernix and the larger Macro-
kentriodon morani.

DIAGNOSIS. — As for the type species.

Mesokentriodon protohumboldti n. sp.
(Figs 2-13; Tables 1; 2; Appendices 1-5)

urn:lsid:zoobank.org:act:5F4D65A5-BA8F-4008-BFBB-EE855D670BBA

TYPE MATERIAL. — Holotype. Peru ¢ 1 specimen (a subcomplete
cranium lacking part of the right orbit, part of the basicranium,
the ear bones, and teeth); East Pisco Basin, Santa Rosa locality;
14°47°22.97S, 75°30°22.5”W; Pisco Formation, PO allomember;
Langhian to Serravallian (Middle Miocene); VII.1978; C. de Mui-
zon leg.; MNHN[MNHN.EPPI282].

Paratype. Peru ¢ 1 specimen (a cranium lacking parts of a 55 mm-
long section of the rostrum, part of the palate, of the basicranium,
and of the occipital shield, as well as all the ear bones and teeth);
same data as for the holotype; MNHN[MNHN.EPPI283].

TYPE LOCALITY. — Santa Rosa, East Pisco Basin, Peru; approximate
geographic coordinates: 14°47°22.9”S, 75°30°22.5”W (Fig. 1). This
is the type locality of the cetotheriid mysticete Tiucetus rosae (Marx
et al. 2017) and, possibly, the early delphinidan Incacetus broggii
(Colbert 1944; Muizon 1988a).

28

TYPE HORIZON AND AGE. — Pisco Formation, PO allomember,
including the Santa Rosa vertebrate level (Muizon 1988a). The
PO allomember constitutes the lowest unit of the Pisco Forma-
tion (Di Celma ez al. 2017; Bosio er al. 2020b). Once poorly
constrained to a broad interval between 18 and 9.5 Ma (Bosio
et al. 2020a), it is now dated to the Middle Miocene (Langhian
to Serravallian) by means of Strontium Isotope (87Sr/86Sr) Stra-
tigraphy on mollusk and barnacle shells, carbonate nodules,
and shark teeth (yielding an age of 14.7-12.6 Ma at the site of
Mal Paso; Bosio er al. 2020a; 2022), as well as through diatom
biostratigraphy (yielding an age of 14.2-12.9 Ma at the site of
Cerro Tiza; Malinverno ez al. 2025).

OTHER REFERRED SPECIMEN. — Peru ¢ 1 specimen (skull including
the highly damaged cranium and left mandible, the subcomplete
left periotic, part of the left tympanic bulla, and teeth); East Pisco
Basin, Mal Paso locality (Fig. 1); 14°34°49.17S, 75°40°10.4™\¥;
Pisco Formation, P0 allomember; Langhian to Serravallian (Mid-
dle Miocene); MUSM [MUSM4693].

This specimen was illustrated on site with field number MLP5
in Collareta et al. (2021b: fig. 4G, H). See also DeVries et al.
(2006), Di Celma et al. (2017), and Collareta er al. (2021a,
2023) for stratigraphic and palacontological information on the
Mal Paso locality.

ETYMOLOGY. — ‘proto’ from Ancient Grek mpwrto (first, before)
and ‘humboldti’ for the Humboldt Current, flowing along the
western coast of South America. The Middle Miocene strata of
the Pisco Formation from where the new species originates have
been proposed to precede the full establishment of the Humboldt
Current Ecosystem in this region (see Bosio ez a/. 2020b; Col-
lareta et al. 2021b).

DiaGNosIs. — With a bizygomatic width ranging between more
than 164 mm and 200 mm, this medium-sized early delphinidan
can be distinguished from other Miocene delphinidan species
generally placed in the family Kentriodontidae by the following
unique combination of characters: moderately elongated rostrum
making about 67 % of condylobasal length; 40 teeth per upper
row (37 maxillary teeth and 3 premaxillary teeth); diameter of
maxillary alveoli ranging between 5.5 and 7.0 mm at mid-length
of rostrum; broad dorsal opening of mesorostral groove along
whole rostrum; width of dorsal exposure of maxilla at rostrum
base subequal to width of premaxilla at the same level; V-shaped
antorbital notch drawing angle of 45-50°; rounded ventral outline
of preorbital region; vertical and slender postorbital process of
frontal; premaxillary foramen located at level of the antorbital
notches; at least three dorsal infraorbital foramina per side in
antorbital region; presphenoid not reaching dorsally level of an-
teromedial edge of premaxillary sac fossa; pterygoid sinus fossa
extending anterior to level of antorbital notches; well-defined fossa
in frontal for postorbital lobe of pterygoid sinus; convex dorsal
outline of vertex in lateral view; deep vertical notch along ante-
rior margin of nasal; anterolateral projection of nasal anteriorly
longer than anteromedial tip; moderately deep internasal fossa;
maximum length of frontal on vertex shorter than maximum
length of nasal; absence of contact between premaxilla and frontal
on vertex; posterior part of vertex transversely broader than bony
nares; short but well-defined external occipital crest; temporal
fossa slightly longer than high, with roof of fossa reaching dorsal
level intermediate between those of orbit and vertex; well-defined
anterodorsal angle on anterior process of periotic more posterior
than anteroventral tip thereof; broad anterior incisure; tear drop-
shaped internal auditory meatus; much reduced superior process of
the periotic (nearly absent in medial view); and poorly posteriorly
extended posterior process of the periotic (posterodorsal margin
making an angle of about 110° with long axis of bone in lateral
view). See below for a more detailed comparisons with nominal
species of early delphinidans from the Miocene.
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ANATOMICAL DESCRIPTION

The description of the cranium is mostly based on
MNHN.EPPI282 (holotype) and MNHN.EPPI283 (para-
type), the two best-preserved specimens. Both crania lack
some parts of the orbits, palate, and basicranium, and some
regions could not be fully prepared due to the combination
of a hardened entombing sediment and fractured and/or
very delicate underlying bones. Combining elements of
the right and left sides of these two specimens allows for
the description of nearly all cranial parts, except for some
missing portions of the pterygoids, of the basioccipital,
and of the exoccipitals, as well as the ear bones and teeth,
which are only preserved in MUSM4693. In turn, the
cranium and mandible of the latter specimen are much
more damaged. Consequently, only cranial measurements
are provided herein for MUSM4693, together with the
detailed description of the periotic, the partial tympanic,
and one detached tooth. Very similar cranial dimension
(Table 1) and cranial morphology strongly support the
referral of this specimen to the species Mesokentriodon
protohumboldti n. gen., n. sp.

Ontogenetic stage

None of the three studied specimens preserves postcranial
parts, hence the lack of information on the degree of verte-
bral epiphyseal fusion. The three crania display robust and
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well-ossified bones, as well as well-defined dental alveoli,
and we could not find any indication of fully open cranial
sutures, though the suture lines of the interparietal with the
parietals and occipital remain visible in the holotype (see
below). Cranial dimensions are generally slightly smaller
in the paratype, compared to the two other specimens
(Table 1), but no clues for an earlier ontogenetic stage could
be found. The detached tooth associated to MUSM4693
does not display any significant apical wear and its pulp
cavity is nearly closed by dentine. All things considered the
three specimens are interpreted as representing subadult to
adult individuals (Perrin 1975; Perrin & Myrick 1980).

General morphology of the cranium

Bizygomatic width ranges between more than 164 mm and
200 mm, corresponding to an odontocete in the cranial size
range of the modern common dolphin, Delphinus delphis.
The rostrum is moderately elongated, making 66-67.5 %
of the condylobasal length (Table 1), a ratio falling within
the ‘longirostrine’ category of McCurry & Pyenson (2019).
While the cross section of the rostrum at mid-length is as
high as wide in both the holotype and the paratype, the
anterior tip of the rostrum is slightly wider in the paratype.
The mesorostral groove is broadly dorsally open (though
slightly less so in the holotype and MUSM4693), with the
maximum opening being located a short distance anterior to
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TaBLE 1. — Cranial measurements (in mm) of Mesokentriodon protohumboldti n. gen., n. sp. MNHN.F.PPI282, MNHN.F.PPI283, and MUSM4693. Abbreviations:

+, incomplete; e, estimate; -, no data; (r), right side, (1), left side.

MNHN.F.PPI282 MNHN.F.PPI283 MUSM
(holotype) (paratype) 4693

condylobasal length +480 +440 +417
rostrum length 324 292 +279
width of rostrum at mid-length 33 29 -
height of rostrum at mid-length 33.5 29 -
width of premaxillae at rostrum mid-length 27 24 -
distance from rostrum tip to anterior end of palatine 286 253 -
length of upper alveolar row 286(1)/288(r) 264(r) -
number of upper alveoli per row 40 - -
distance between last left and right maxillary alveoli 66 60 -
maximum width of dorsal opening of mesorostral groove 10.5 13 11
distance between premaxillae at anterior margin of bony nares 3 5 e4.5
width of rostrum at base e104 91 104
height of rostrum at base 48 44 -
width of premaxillae at rostrum base 59 47 53.5
width of right premaxilla at rostrum base 24.5 19.5 e24.5
width of left premaxilla at rostrum base 25 21.5 e22
preorbital width +174 164.5 e182
postorbital width e182 +161 €196
bizygomatic width e186 +164 €200
maximum width of premaxillae in facial region 70.5 61 66
width of right premaxillary sac fossa 33 28 -
width of left premaxillary sac fossa 33 31.5 -
orbit length (left) e57 e54.5 e54
anteroposterior length of temporal fossa (left) 89 - 86
dorsoventral height of temporal fossa 67 e65 e70
maximum width of bony nares 29 27 e27
minimum width across ascending processes of premaxillae 63.5 56 -
maximum width of premaxillae at anterior margin of vertex 66 61 -
maximum width of nasals 49 44.5 -
maximum length of nasals 33 +24 -
length of median suture between nasals 15 ell -
minimum distance between maxillae across vertex 43 36 e35
minimum distance between temporal crests across occipital shield 78.5 - 77.5
distance between anterior tip of zygomatic process and ventral tip of postglenoid 59.5 +55 e50

process
width of mandibular fossa 26 - -
width of occipital condyles e74 - -
left periotic total length - - +24.8
left periotic mediolateral width - - 17.8
left periotic dorsoventral thickness - - 10.8
length of anterior process of left periotic - - 7.3
length of pars cochlearis of left periotic (from anterior margin to anterior margin of - - 9.1

fenestra rotunda)
dorsoventral thickness of pars cochlearis (from anterior margin to medial margin of - - 8.7

internal acoustic meatus)
distance between fenestra rotunda and tip of anterior process - - 16.8
distance between distal opening of facial canal and tip of anterior process - - 12.9
maximum dorsoventral thickness of involucrum of left tympanic bulla (in anterior half) - - 8.6

the level of the antorbital notches, at about the anterior tip
of the anteromedial sulcus (Figs 2, 3, 10A). In lateral view
the ventral margin of the rostrum is convex for most of its
length, while the dorsal margin is roughly rectilinear. Only
complete in the holotype, the upper alveolar series include
40 alveoli each (Fig. 6). In lateral view, the facial region is
moderately concave, with a gradual rise (that is somewhat
steeper in the holotype) towards the vertex (Figs 4, 5, 10B).
The vertex is located at about the same anteroposterior
level as the postorbital process. Medial sutures between
the bones exposed at the vertex (i.e., nasals and frontals)
are situated along the midline (a character best seen in the
holotype), and the right and left premaxillary sac fossae
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are either equal or subequal in width, thus implying little
to no facial asymmetry. The minimum transverse width
of the vertex is observed across the frontals; it is greater
than the width of the bony nares. The temporal fossa is
only slightly longer than high, with the roof reaching a
dorsal level intermediate between those of the orbit and
vertex in the three specimens. Making the posterior edge
of the temporal fossa, the nuchal crest extends behind the
posterior surface of the occipital shield. The nuchal and
temporal crests are modestly developed, i.c., low and thin
in cross section. Both the occipital shield and the medial
wall of the temporal fossa are convex, thus testifying to an
inflated endocranial cavity.

GEODIVERSITAS ¢ 2026 * 48 (3)


http://coldb.mnhn.fr/catalognumber/mnhn/f/PPI282
http://coldb.mnhn.fr/catalognumber/mnhn/f/PPI283
http://coldb.mnhn.fr/catalognumber/mnhn/f/PPI282
http://coldb.mnhn.fr/catalognumber/mnhn/f/PPI283

New kentriodontid from the Middle Miocene of Peru ¢

premaxillary sac fossa
partial zygomatic process — v preorbital process of frontal
bony nares lacrimal

antorbital notch
/ . . .
dorsal infraorbital foramina

mesorostral groove

nasal

frontal

external occipital crest

internasal fossa
maxilla

nuchal crest .
anteromedial sulcus

premaxillary foramen
posteromedial sulcus

low maxillary crests

crest on premaxilla

vertical notch
anterolateral spine .
partial postorbital process—"

Fic. 3. — Cranium of Mesokentriodon protohumboldti n. gen., n. sp. MNHN.F.PPI283 (paratype) in dorsal view with explanatory line drawing. Grey shading for
hardened sediment; hatching for main break surfaces; dashed lines for more tentative interpretations of sutures and edges. Scale bar: 100 mm.

nuchal crest — _ nasal
occipital shield— ‘ premaxillary sac fossa
iy posterolateral sulcus
antorbital notch

premaxilla-maxilla suture
in narrow sulcus

premaxilla

temporal fossa

temporal crest\. 2

supramastoid crest

partial occipital condyl

lateral lamina of palatine

. & pterygoid sinus fossa
external auditory meatus—_ ¥~ postorbital process

postglenoid process zygomatic process

sternocephalicus fossa

neurocranium rostrum

Fic. 4. — Cranium of Mesokentriodon protohumboldti n. gen., n. sp. MNHN.F.PPI282 (holotype) in right lateral view with explanatory line drawing. Grey shading
for hardened sediment; hatching for main break surfaces; dashed lines for more tentative interpretations of sutures. Scale bar: 100 mm. Photos: Olivier Lambert.

GEODIVERSITAS * 2026 * 48 (3) 31


http://coldb.mnhn.fr/catalognumber/mnhn/f/PPI283
http://coldb.mnhn.fr/catalognumber/mnhn/f/PPI282

» Lambert O. et al.

nasal

premaxillary sac fossa

antorbital notch

PR E A

palatine

frontal
alisphenoid

medial lamina of pterygoid

ventral carotid
foramen

lacrimal

preorbital process
lateral lamina of palatine

pterygoid sinus fossa
lateral lamina of palatine

premaxillary sac fossa

maxilla

nasal

Eustachian notch -/

partial postorbital process
partial zygomatic process

Fic. 5. — Cranium of Mesokentriodon protohumboldti n. gen., n. sp. MNHN.F.PPI283 (paratype) in right (A) and left (B, without the anterior part of the rostrum)
lateral view. Dashed lines for main sutures and bone edges. Scale bars: 100 mm. Photos: Olivier Lambert.

Premaxilla

The anterior apex of the rostrum is comprised of the premax-
illae alone. The maxilla-premaxilla suture can be followed on
the left side of the holotype until 22 mm posterior to the tip
of the rostrum, where it turns abruptly ventrally. Only three
upper alveoli are found in the premaxilla. The first premax-
illary alveolus is only slightly larger than the two others, a
feature best seen in the paratype, where the outline of the
tip of the rostrum in ventral view is more rectangular than
in the holotype. This first alveolus is directed more anteri-
orly than the others, being possibly subhorizontal in both
the holotype and paratype (though alveolar walls are too
poortly preserved for a precise assessment of the direction).
The first upper incisor may thus have been procumbent, but
without reaching the size of the apical upper tusks seen in
the holotype of Kentriodon pernix (Kellogg 1927).

Along the lateral surface of the rostrum, the maxilla-pre-
maxilla suture runs into a narrow sulcus, which broadens
locally at levels where a small dorsal infraorbital foramen is
probably present (though covered by sediment) and followed
anteriorly by a larger sulcus (Figs 4; 5). In dorsal view, the
premaxilla is wider than the maxilla before the level of the
antorbital notch (Figs 2; 3, 10A). At this level, both bones are
subequal in width in the holotype and MUSM4693, while
the right premaxilla is narrower than the right maxilla in
the paratype, making about 75 per cent of the width of the
latter. At the level of the antorbital notch, the lateral margin
of each premaxilla is only slightly constricted in correspond-
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ence to a main dorsal infraorbital foramen that pierces the
adjacent maxilla just lateral to the premaxilla-maxilla suture
(see below). The transversely narrow premaxillary foramen
(13 mm-long in the holotype) is also located at this anter-
oposterior level in the three specimens. The 40 mm-long
anteromedial sulcus laterally defines a transversely concave
prenarial triangle with an irregular surface ornamented
by thin longitudinal crests and grooves. The broad and
well-defined posteromedial sulcus raises obliquely towards
the markedly elevated anteromedial edge of the premaxil-
lary sac fossa. Right and left anteromedial edges are at a
short distance to each other (more so in the holotype, see
Table 1), nearly completely closing the U-shaped bony nares
anteromedially. Each premaxillary sac fossa is only slightly
concave transversely, a feature that is locally accentuated by
the elevation of the medial edge thereof. Each fossa is also
only slightly concave anteroposteriorly. The dorsal surface of
the fossa is elevated compared to the lateral suture with the
maxilla, being separated from the latter by a 7 to 11 mm-
high lateral wall. Best developed in the holotype, this wall
is excavated by a shallow posterolateral sulcus that vanishes
at about mid-length of the bony nares. The lateral margin
of the ascending process of the premaxilla is constricted
before thickening laterally and anterodorsally to form a
transversely directed (in dorsal view) and lateroventrally
sloping (in anterior view) small crest (Figs 2-3). This crest
shortly overhangs the more ventral part of the bone in all
the specimens, being reminiscent of the transversely directed
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premaxillary crest in some ziphiids (e.g., the modern Berardius
spp.). This crest broadly contacts the anterolateral margin
of the nasal. It is separated from the high medial edge of
the maxilla along the vertex by a curved, deep, and narrow
sulcus. A transverse line joining the blunt posterior ends of
the right and left premaxillae is at the same anteroposterior
level as the posteromedial edge of the bony nares.

Maxilla

The lateral margin of the maxilla is made of spongy bone
in the region just anterior to the antorbital notch, making
the distinction between bone and hardened sediment —
and as such, mechanical preparation of the fossil — locally
challenging. The outline of the maxillary flange is therefore
difficult to describe; it is interpreted as somewhat laterally
convex, dorsoventrally thick, and only little elevated dor-
sally compared to the slightly transversely concave more
median region of the maxilla. The antorbital notch is deep
(12-15 mm) and V-shaped in the three specimens, drawing
an angle of 45°-50° in dorsal view (Figs 2, 3, 10A). Several
small dorsal infraorbital foramina (at least two on each side
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in the holotype and at least three on the right side and two
on the left in the paratype) open anteriorly just lateral to the
maxilla-premaxilla suture in the posterior third of the ros-
trum. A major dorsal infraorbital foramen (diameter ranging
between 5 and 7 mm) opens anteriorly to anterolaterally on
cach side of the holotype and paratype, at about the same
level as the premaxillary foramen, at a very short distance
(1.5 to 2 mm) from the maxilla-premaxilla suture. A second
large foramen (diameter ranging between 4 and 6 mm) is
located posterolaterally on both sides of MNHN.EPPI282
and MNHN.EPPI283, and it opens laterally. On the left
side of the paratype, a smaller (diameter of 3 mm) fora-
men is observed between the two main foramina, while the
holotype also includes a smaller (2 to 2.5 mm) foramen, but
posterior to the second main foramen, seen on both maxil-
lae. The posteriormost dorsal infraorbital foramen is found
at the center of the ascending process, posterior to the level
of the postorbital process. Its diameter ranges from 5 to
7.5 mm, and the broad sulcus that leaves posterolaterally
from this foramen is partly bisected by a shallow crest on

the right side of both the holotype and paratype. The dorsal
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surface of the maxilla in the antorbital region is only slightly
more elevated than the medial portion of this bone, a fea-
ture that is more developed in the paratype. Better defined
in the latter specimen, two low and thin maxillary crests,
run parallel 9-10 mm from each other, in a posterolateral
direction, from this poorly elevated region. Their course is
more difficult to follow in the area dorsal to the temporal
fossa, but they can be distinguished along the anterior flank
of the nuchal crest, likely corresponding to separate origin
areas for the facial muscles (possibly, the pars anteroexter-
nus and pars anterointernus, see Heyning 1989). No dorsal
exposure of the maxilla medial to the premaxilla could be
detected along the bony nares and/or the posterior part of
the mesorostral groove.

Along the vertex, the medial edge of the maxilla is abruptly
elevated dorsally and dorsolaterally, reaching roughly the
same dorsal level as the nasal, and markedly overhanging
the more ventral part of the maxilla, providing thus this
region with a pinched aspect in posterodorsal view. This
edge of the maxilla is anteroposteriorly longer in the para-
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type (29.5 mm on the left side vs 26 mm on the holotype),
corresponding to a longer vertex compared to the holotype.
The posterior edge of the maxilla is damaged in both the
holotype and paratype, but the preserved parts indicate a
narrow exposure of the frontal between the maxilla and the
interparietal or parietal on the anterior flank of the nuchal
crest. Each maxilla reaches a level that is distinctly posterior
to the anteromedial part of the nuchal crest, giving a deeply
sigmoidal outline to the anterodorsal margin of the occipital
shield in dorsal view.

All the 37 alveoli for maxillary teeth counted on each side
of the holotype correspond to single-rooted teeth (Fig. 6).
The transverse diameter of the anterior alveoli ranges from
4.5 to 5 mm in the paratype and from 6 to 6.5 mm in the
holotype. The corresponding interalveolar septa are high,
well-defined, and 1 to 2 mm long. In the better-preserved
holotype, the alveoli from the mid-part of the rostrum have
a transverse diameter of 6.5 to 7 mm (slightly smaller in the
paratype), with generally longer (1.5 to 3 mm) septa in the
holotype (contra 1 to 1.5 mm-long septa in the paratype;
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Fig. 7). The diameter of the alveoli decreases posteriorly,
with the last alveoli having a diameter of 4.5 to 5 mm in
the holotype. The last five alveoli gradually detach from
the lateral margin of the rostrum. Only partly visible in the
holotype, the vomerine trough is deep and narrow along the
median third of the rostrum length. The maxilla-premaxilla
sutures are visible along the flanks of the trough, diverging
anterolaterally and reaching the medial margin of the alveolar
row. Only a few palatine foramina are visible: a small one,
1.5 mm in diameter, is found 23 mm anterior to the tip of the
right palatine of the holotype, and at least another is found
along the palatine-maxilla suture on both sides of the same
specimen. The ventral surface of the maxilla is transversely
concave in the area between the posterior tract of the alveolar
series and the palatine. This depressed area may indicate the
presence of an anterior sinus, though the outline of such a
depression at the rostrum base does not always correspond to
the outline of the anterior sinus in extant delphinidans (see
Fraser & Purves 1960).
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Palatine

In both the holotype and paratype, the anterior tip of the
palatine reaches a level anterior to the last posterior maxillary
alveolus (Figs 6-7). The tips of the right and left palatines are
distant from each other, the maxilla-palatine sutures drawing a
W-shaped outline. From this tip, the suture runs posterolater-
ally for a short distance, before turning anterolaterally, making
asecondary anterior projection before running posteriorly and
posteromedially. The constriction of the palatine resulting from
this posteromedial direction of the suture is maximal at the level
of the antorbital notch. From there, the suture leaves poste-
rolaterally towards the medial edge of the ventral infraorbital
foramen. This region features a large and deep depression that
marks the dorsalmost portion of the outer surface of the lateral
lamina of the palatine. We interpret this depression as part of
the site of origin for the pterygoideus internus muscle, based on
topological similarities with extant delphinids (Seagars 1982).
The narrow anterior part of the pterygoid sinus fossa extends
in the palatine until a level just posterior to the last maxillary
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alveolus, thus well anterior to the level of the antorbital notch,
in the three specimens. The lateral lamina of the palatine is
high (35 mm from the medial edge of the ventral infraorbital
foramen to the ventromedial edge of the lamina) and extends
posterolaterally until the level of the anterior edge of the frontal
groove, posterior to mid-orbit length.

Prerygoid

The whole hamular region of the pterygoid is lost in both the
holotype and the paratype, buta section in the pterygoid just
anterior to the choana in the paratype indicates that at least
the posteromedial base of the hamular process was relatively
robust (Fig. 7). Similarly, no trace of the lateral lamina of the
pterygoid could be found. This bone is preserved along the
medial wall of the pterygoid sinus fossa, only covering the
palatine for less than half the distance between the choana and
the anterior apex of the pterygoid sinus fossa. Better preserved
on the paratype, the medial lamina of the pterygoid extends
as a thin plate for at least half the length of the basioccipital
basin. In this region, the base of the lateral surface of the medial
lamina is excavated by a shallow fossa, starting 10 mm anterior
to the ventral carotid foramen, which likely corresponds to an
extension of the peribullary/pterygoid sinus fossae.

Jugal

The base of the slender styliform process of the jugal is pos-
teromedial to the antorbital notch (Figs 6-7). The sutures with
both the maxilla (anteromedially) and the lacrimal (posteri-
orly) can be distinguished at least locally. The jugal is thus
not fully fused with the lacrimal, though the lateral portion
of their contact is hidden by sediment.
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Lacrimal

In lateral view the lacrimal underlies the preorbital process
of the frontal as a thick (up to 7.5 mm) oblique plate that
contributes to the robust and ventrally rounded outline of this
region, a feature that is visible in the three specimens (Figs 4,
5, 10B). In ventral view, the lacrimal-maxilla suture is directed
posteromedially towards the posterior edge of the antorbital
fossa, where its outline is more difficult to follow. The lateral
margin of the ventral infraorbital foramen is interpreted as
being made by the lacrimal. The ventral surface of the lacrimal
makes more than one third of the total ventral surface of the
orbit. Posterolateral to the base of the styliform process, this
surface is depressed, forming a distinct lacrimo-maxillary fossa.

Nasal

The nasals are much transversely wider than the bony nares
and slightly wider than the exposure of frontals on the vertex
in the holotype, paratype, and MUSM4693; they occupy
a dorsal surface greater than that of the frontals (Figs 2-3,
10A). Due to a shorter exposure of the frontals in the holo-
type compared to the paratype, the nasals reach posteriorly
a level closer (5.5 mm) to the occipital shield in the former
specimen. The highest point of the nasals is only slightly
higher than the frontals. A well-defined internasal fossa that
slopes anteroventrally excavates the medial third of both
nasals (Figs 2-3, 8A, 9A). This internasal fossa is deeper in
the holotype. The high anterior margin of each nasal is cut
by a deep vertical notch, which defines an anterolateral spine
of the nasal extending anteriorly along the medial edge of the
ascending process of the premaxilla. The spine is longer on the
holotype, with a tip at least 9 mm anterior to the anteriorly

GEODIVERSITAS ¢ 2026 * 48 (3)


http://coldb.mnhn.fr/catalognumber/mnhn/f/PPI283

—— zygomatic process

premaxillary sac fossa
g _~ antorbital notch

bony nares

nuchal crest
occipital shield

preorbital process

postorbital process

maxilla

mesorostral groove

premaxillary foramina

New kentriodontid from the Middle Miocene of Peru 4

premaxilla

C verte

occipital shield

temporal fossa

foramen
magnum

zygomatic process
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tos: Olivier Lambert.

convex anteromedial edge of the nasal. The dorsal surface of
the spine is roughly flat, and slopes anteroventrally and slightly
medially. Best seen in the holotype, the joined nasal-frontal
sutures display a complex, interdigitated outline, drawing a
widely open V that points forwards in their medial portion,
while the lateralmost part of the suture is roughly laterally
directed. In the paratype, the joined sutures display a more
regularly convex outline in their medial part.

Frontal

On the vertex, the exposed dorsal surface of the frontals is
transversely convex and irregular, marked by numerous thin
grooves and crests (Figs 2-3). Anteroposteriorly shorter in the
holotype, the frontals are separated in the latter specimen by a
deep and narrow (4 mm wide) fossa for most of their medial
margin. Such a fossa, which is absent in the paratype, may
testify to a subsequently lost separate center of ossification,
possibly corresponding to a vestigial anterior median inter-
parietal (Roston ez /. 2023), an interpretation that should be
tested with a CT scan across the vertex region. The internasal
fossa does not invade the frontals. The posterior margin of
the frontals on the vertex, along the nuchal crest, is slightly
anteriorly convex (more distinctly so in the holotype).

Best preserved on the paratype, the robust preorbital pro-
cess is triangular in lateral view, with a swollen lateral surface
that is also seen in MUSM4693 (Figs 4-5, 10B). Its ventral
extent (17 mm on the left side of the paratype) reaches not
far from the dorsoventral level of the tip of the postorbital
process, giving to the dorsal outline of the highly arched orbit
a semi-elliptical shape. Only complete on the right side of
the holotype, the postorbital process is long (31 mm), slender
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(with an anteroposterior thickness of 4.5 mm at 6 mm from
the tip), and subvertical, only displaying a slight anteroven-
tral curve of the apical portion. The tip of this process is at a
close distance (no more than 2 mm) from the anterodorsal
margin of the zygomatic process of the squamosal. None of
these two parts display any indication (e.g., a fossa or a crest)
for a contact, and the condition observed in the holotype is
thought to represent the original relationship between the
frontal and the squamosal, given the similar position and
direction of the nearly complete postorbital process on the
left side of the paratype and the lack of any clue for deforma-
tion in this area (consider the regular outline of the temporal
fossa and of the occipital shield in the holotype). In ventral
view, the infratemporal crest is well defined, and somewhat
more acute in its medial portion in the holotype (Figs 6-7).
Observed in both specimens, the fossa for the postorbital
lobe of the pterygoid sinus is anteroposteriorly broader in
the paratype, in which it probably partly crossed through
the infratemporal crest. A shallower fossa with poorly defined
edges is detected between the frontal groove and the antorbi-
tal fossa, only shortly invading the lacrimal; it is tentatively
interpreted as the fossa for the preorbital lobe of the pterygoid
sinus. Anterior to the infratemporal crest, the ventral surface
of the frontal groove is pierced by several tiny foramina, some
of which may correspond to ethmoidal foramina (or, for the
more lateral, to foramina for the frontal diploic vein); on
the right side of the holotype, four foramina are detected
between the infratemporal crest and the thin oblique plate
of the orbitosphenoid that makes the anteromedial margin
of the frontal groove. The posteriorly pointed, transversely
concave ventral surface of the roof of the temporal fossa is
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made by the frontal alone, the interdigitated frontal-parietal
suture following the dorsomedial corner of the temporal fossa
in a posterolateral direction. Best seen on the right side of the
paratype, this suture reaches the highest point of the temporal
fossa before turning dorsally along the nuchal crest (Fig. 5A).

Vomer

Due to the presence of indurated sediment in the mesorostral
groove and part of the vomerine trough in both the holotype
and paratype, as well as to the damaged state of the basicra-
nium in the former specimen, the vomer is only visible in the
basioccipital basin of the latter, extending posteriorly for the
same distance as the medial lamina of the pterygoid (Fig. 7).

Parietal and interparietal

Combining the right side of the paratype for the frontal-parietal
suture and the right side of the holotype for the squamosal-
parietal suture, the parietal makes most of the medial wall of
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the temporal fossa (Figs 4; 5A). This surface is anteroposteri-
orly and, to a lesser degree, dorsoventrally convex. In ventral
view, a narrow stripe of parietal is visible posterior to the
alisphenoid and medial to the squamosal on the basicranium
of the holotype, being partly covered by sediment (Fig. 6).
On the better-preserved occipital shield of the holotype,
the parietals may contribute to the dorsolateral portions of
the shield as small triangular exposures (longest side of each
triangle approximately 15 mm long) (Figs 2; 8B). Medial to
this triangle, a dorsal stripe of the shield displays an irregular
surface that contrasts with the smooth surface more poster-
oventrally. The limit between the irregular and smooth surfaces
is marked by a small step, with an outline that is reminiscent
of the interparietal-occipital suture identified for example in
Tursiops truncatus (Mead & Fordyce, 2009, fig. 5). This dor-
sal region with thicker bone is thus interpreted here as being
formed by the interparietal. A roughly similar separation is
locally found on the right side of the paratype (Fig. 3). In the
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holotype, medial to the proposed suture between the parietal
and interparietal, the corner of the interparietal bears a small
prominence, most likely for neck muscle attachment. Medially,
the interparietal of the holotype and MUSM4693 is marked
by a thin but prominent external occipital crest, starting on
the nuchal crest and extending posteroventrally for a short
distance on the occipital (Figs 2, 8B, 10C). Though lower, a
similar crest is present on the paratype. Lateral to the crest, the
occipital shield is transversely and anteroposteriorly concave.

Supraoccipital

Just posteroventral to the external occipital crest, the occipital
shield becomes markedly convex transversely and anteropos-
teriorly in all specimens. Further posteroventrally, a longitu-
dinal groove broadens and deepens down to a short distance
to the foramen magnum, separating two posteriorly bulging
areas (Figs 2; 3; 8B; 10C). The right and left temporal crests
converge slightly ventromedially until a level 20 mm above
the foramen magnum, thus providing the occipital shield
with a pinched aspect in posterior view.

Orbitosphenoid and alisphenoid

In both the holotype and paratype, a single large oval open-
ing occurs posteromedial to the frontal groove (Figs 6-7); it
does not allow for distinguishing between the optic foramen,
the inferior and superior orbital fissures, and the foramen
rotundum. As the edges of this confluent opening are all
very thin, the differences between the holotype and para-
type with respect to its outline (e.g., the opening is more
extended anterolaterally in the paratype) are most likely not
meaningful. Though the frontal-orbitosphenoid suture is dif-
ficult to follow in this region, the latter bone is at least partly
preserved in both specimens as a thin, oblique plate making
the anteromedial wall of the frontal groove and extending
posteromedially along the anterior edge of the large conflu-
ent opening. The frontal-alisphenoid suture is easier to fol-
low, zig-zagging posterodorsally for a short distance on the
medial wall of the temporal fossa up to the frontal-parietal
suture. The alisphenoid extends farther anterodorsally in the
holotype, reaching the posteromedial margin of the fossa for
the postorbital lobe of the pterygoid sinus. The alisphenoid
is exposed as a narrow stripe in the temporal fossa, and this
part of the bone is separated from its basicranium part by a
thin anterior extension of the subtemporal crest (Fig. 7B).
Medioventral to this crest, the ventrolaterally facing surface
of the alisphenoid is irregularly concave. Along the posterior
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margin of the alisphenoid, the large foramen ovale (6 mm of
diameter in the paratype) appears to be confluent with the
cranial hiatus (see below). The path for the mandibular nerve
is broad and well-defined for about 10 mm, passing laterally
dorsal to the tip of the falciform process.

Squamosal
The best-preserved squamosal is the right one of the holotype
(Fig. 4). The relatively robust (for an early delphinidan) and
moderately elongated zygomatic process is directed antero-
dorsally. In lateral view, the dorsoventrally high (21 mm)
anterior margin of this process is subvertical. It draws an
angle of about 90 degrees with the ventral margin, mak-
ing an angular anteroventral corner, while the anterodorsal
corner is more rounded. The maximum transverse width
of this part of the zygomatic process is 26 mm, taken dor-
sally. The transversely broad dorsal margin of the process
is approximately rectilinear in lateral view, being followed
posteriorly by a slight elevation of the supramastoid crest.
The thinner ventral margin of the zygomatic process is also
roughly rectilinear. It bears an 8 mm-long anteroventral
prominence that corresponds to the contact surface with
the styliform process of the jugal. The lateral surface of the
zygomatic process is covered by small tubercles, as observed
in several inioids (e.g., the extinct Brujadelphis ankylorostris
and the extant /nia spp.; Lambert ez al. 2017). The post-
glenoid process is robust, with an anteroposterior length
of 11 mm and a mediolateral width of 10.5 mm. Its apex
reaches a level more ventral than the posttympanic process,
but dorsal to the apex of the paroccipital process. In postero-
lateral view, the posttympanic process is broad, the external
auditory meatus being 18 mm distant from the exoccipital.
The subcircular sternocephalicus fossa is deep but does not
extend anteriorly past the level of the external auditory
meatus, thus facing posterolaterally. Though its anterior part
remains filled by sediment, the squamosal fossa — making
the floor of the temporal fossa (not to be confused with the
squamosal fossa on the periotic of some mysticetes; Mead &
Fordyce 2009) — is transversely broad (more than 26 mm)
and deep, with a marked anteroventral slope of its surface.
Like the rest of the medial wall of the temporal fossa, the
squamosal plate is anteroposteriorly convex. In this region,
the parietal-squamosal suture rises for 28 mm dorsal to the
level of the supramastoid crest.

In ventral view, the mandibular fossa is transversely wide
(26 mm), and it faces anteriorly and slightly ventrally
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(Fig. 6). The tympanosquamosal recess is vast, extending
dorsal to the medial edge of the mandibular fossa, deeply
excavating the medial surface of the postglenoid process,
where it extends nearly as far as the ventral apex of the
latter (also seen in MUSM4693). The recess reaches the
ventromedial surface of the zygomatic process anterior to
the mandibular fossa, at least 9 mm anterior to the level of
the anterior edge of the squamosal fossa. In its main medial
region, the floor of the recess is irregular, being covered with
small, deeper fossae. The plate-like falciform process bears a
pointed, narrow anteroventromedial projection with a length
of 12.5 mm (taken from the anteromedial margin of the
tympanosquamosal recess) in the holotype. Together with
the shape of the lateral lamina of the palatine (see above),
this condition of the falciform process suggests that, like in
most other delphinidans (e.g. Muizon, 1988b), there was
no contact between the lateral lamina of the pterygoid (that
would be lost in these two specimens) and the squamosal at
this level. On the narrow external auditory meatus (2 mm
wide at mid-length in the holotype), the anterior meatal
crest appears to be higher than the posterior meatal crest,
though this region is not optimally prepared. The spiny
process is interpreted as ending 27 mm medial to the outer
opening of the meatus.

Exoccipital

Only the upper part of the right occipital condyle is pre-
served in the holotype (Figs 4, 8B), showing a moderately
well-defined (i.e. short but distinct) neck. Based on the
natural endocast, the foramen magnum should have been
wider (more than 33 mm) than high (26 mm), oval in
outline, and with an only slight dorsomedial elevation (i.e.
no distinct opisthion). The dorsal condyloid fossa is very
deep, extending up to 10 mm anterior to the anterolateral
edge of the condyle. Only partly preserved on the right side
of the holotype, the more lateral part of the exoccipital is
directed anterolaterally, being overhung by the temporal/
supramastoid crest. Also incomplete, the ventral margin
of the exoccipital was originally anterior to the level of
the occipital condyle and reached more ventrally than the
postglenoid process.

Basioccipital and basisphenoid

Only the anterodorsal portions of the basioccipital crests are
preserved in the paratype (Fig. 7). Their section is transversely
thin. The left and right crests are 51 mm distant from each
other anteriorly. The jugular notch is partly preserved on
the right side of the holotype; its anterior section is broad
and U-shaped. Dorsolateral to the basioccipital crest, the
basioccipital contributes to the partial closure of the space
in between the foramen ovale and the cranial hiatus (best
seen on the left side of the paratype). With a transverse
diameter of 2 mm, the ventral carotid foramen is 10 mm
anteromedial to the foramen ovale along the lateral surface
of the basioccipital crest, just posteromedial to the oblique
suture between the medial lamina of the pterygoid and the
basisphenoid.
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Periotic

The left periotic of MUSM4693 is well preserved, only miss-
ing most of the posterior bullar facet and the distalmost part
of the posterior process and displaying a couple of fractures
across the whole bone with minimum to no displacement
and some slight damage to the anterior portion of the lateral
tuberosity (Fig. 11). The accessory ossicle of the tympanic
is preserved attached in the fovea epitubaria and the partial
stapes is held in situ in the fenestra ovalis (see below). The
periotic has a length of more than 24.8 mm (see all dimen-
sions in Table 1). Based on the dorsal outline of the posterior
process in lateral view, the size of the break cross section, and
the general shape similarities with the periotic of Kentriodon
pernix USNM 8060 (Kellogg 1927, plate 3), the total length
probably did not exceed 25.3 mm.

The anterior process is shorter than the pars cochlearis. At
mid-length, it is slightly dorsoventrally thicker than medi-
olaterally wide (not taking into account the accessory ossicle).
In ventral view (Fig. 11A), it turns regularly anteromedially,
with slightly convex medial wall of the parabullary ridge.
The anteroventral tip of the anterior process bears a few
small tubercles that make its outline locally somewhat more
robust. In medial view (Fig. 11B), the anterodorsal angle is
prominent, with an angle of 120° between the rectilinear dor-
sal and anterior margins. The anterodorsal angle is posterior
to the level of the anteroventral tip of the process. Best seen
in dorsal view (Fig. 11D), as it is partly hidden by the acces-
sory ossicle in ventral view, the anterior incisure is broad and
U-shaped, the medial surface of the anterior process being well
removed from the anterior surface of the pars cochlearis. In
lateral view (Fig. 11C), the surface of the anterior process is
slightly depressed just dorsal to the recurved parabullary ridge.

The pars cochlearis is proportionally high in the medial
direction and moderately tilted anteriorly in ventral view. Its
anteromedial margin is more angular than its posteromedial
margin. The ventral and medial surfaces of the pars cochlearis
are regularly convex, with no trace of a median promonto-
rial groove. In medial view, the pars cochlearis has a nearly
flat dorsal outline, corresponding to the medial edge of the
internal auditory meatus (IAM), and its long axis in this view
is oblique, directed anteriorly and slightly anterodorsally. The
maximum ventral bulging is located anterior to the fenestra
rotunda. The latter is large, with a diameter of 2.8 mm and
a semi-circular outline. Its mediodorsal corner is followed
mediodorsally by a shallow, short sulcus. The aperture for
the cochlear aqueduct is small and roughly circular (diameter
1.5 mm), opening dorsomedioposteriorly at a short distance
(1 mm) from the IAM. More distant from the IAM (2.8 mm),
the aperture for the endolymphatic duct has similar dimen-
sions (maximum diameter 1.4 mm), is slightly dorsoventrally
flattened and opens posterolaterodorsally, being followed by
a broad groove for 3 mm towards the posterodorsal corner of
the periotic (= dorsal tuberosity in Mead & Fordyce 2009).
The IAM is vast, occupying a large part of the dorsal surface
of the pars cochlearis, and tear-shaped, extending as a deep,
U-shaped sulcus up to the anterolateral limit of the pars
cochlearis (Fig. 11D, G). The anteromedial edge of the IAM
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is more rounded in section than the acute posterolateral edge.
The tractus spiralis foraminosus and the area cribrosa media
(see Orliac er al. 2020 for terminology, as well as Ichishima
et al. 2021 for an alternative set of anatomical terms) are
separated from the laterally located area cribrosa superior
(singular foramen in Mead & Fordyce 2009) by a thin crista
transversa (or transverse crest). The latter is much narrower,
but similar in height to the perpendicular crest, which sepa-
rates the area cribrosa superior from the anterolaterally located
internal opening of the facial canal. The top surface of the
broad (about 1 mm wide) perpendicular crest is excavated
by a shallow fossa. The internal opening of the facial canal
is more anterior than the tractus spiralis foraminosus, but
does not reach the anterolateral corner of the pars cochlearis,
which is excavated by the U-shaped sulcus that leaves from
this opening. Posterolateral to the IAM, the superior process
is barely developed, only projecting 1.5 mm dorsal to the level
of the medial margin of the IAM and displaying a nearly flac
(only slightly convex) dorsal outline in medial view, without
any distinct crest.

The fenestra ovalis (with the in situ partial stapes) has an oval
outline, with an anteromedially directed long axis (Fig. 11A).
Posterior to the fenestra ovalis, the lateral caudal tympanic
process (sensu Lambert ez /. 2018) is barely defined; the
medial edge of the fossa for the stapedial muscle undulates
slightly, without any distinct lateral projection. The fossa for
the stapedial muscle is broad (2.6 mm) and extends posteri-
orly to the incomplete posteromedial margin of the posterior
process, being separated from the facial sulcus by a low, thin
oblique ridge. From this ridge, the short facial sulcus turns
anterolaterally and then anteriorly to the distal opening of the
facial canal. The latter is anterior to the level of the fenestra
ovalis. Dorsal to the posterior end of the fossa for the stapedial
muscle, the posteromedial surface of the posterior process is
excavated by a shallow but well-defined stylomastoid fossa, with
a dorsoventral diameter of about 3 mm. In medial view, the
dorsal margin of the posterior process turns abruptly poster-
oventrally, indicating a short main part of the posterior process.
The posterior break surface of this process (Fig. 11E) suggests
that the dorsoventrally thin posterior tip of the process and
the posterior bullar facet should have turned posteroventrally
to some extent, as e.g. in Kentriodon pernix USNM 8060.
The lateral tuberosity is anteroposteriorly long (8 mm) but
projects only little laterally. Consequently, the epitympanic
hiatus is shallow (at least with respect to its anterior wall, as
the posterior wall is incomplete, due to the missing posterior
bullar facet). The broad (mediolateral diameter 3.1 mm) and
shallow mallear fossa faces ventrally and slightly medially. The
fossa incudis could not be detected, but is thought to have
been lost together with the posterior bullar facet.

Tympanic bulla

Preserved in situ within the fovea epitubaria of the periotic,
the detached left accessory ossicle is 7.3 mm long anteroposte-
riorly and 4.3 mm wide mediolaterally (Fig. 11A). Anteriorly,
it reaches a level 2.6 mm posterior to the anteroventral tip of
the anterior process of the periotic.
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Fic. 13. — Detached posterior lower right tooth of Mesokentriodon protohum-
boldti n. gen., n. sp. MUSM4693 in mesial (A), lingual (B), and distal (C) view.
Scale bar: 10 mm. Photos: Olivier Lambert.

The main preserved part of the left tympanic (preserved length
= 27 mm) is the involucrum, which only lacks its anterior tip
(Fig. 12). At about mid-length of the bone, the involucrum
is 9.5 mm thick dorsoventrally. Its dorsal and ventral margins
are subparallel for most of its length, except for a moderate
anteroventral slope of the dorsal margin in the anteriormost
5 mm. The inner posterior prominence has a regularly rounded
outline in medial view, with no distinct corner. In dorsal view,
the medial margin of the tympanic is convex along its poste-
rior half, transitioning anteriorly to a slightly concave region
that is further followed by the convex anteriormost part. The
maximum mediolateral width of the involucrum (10.6 mm)
is found in its posterior region, just anterior to the partly pre-
served inner pedicle. From that level, the lateral margin of the
involucrum gradually turns anteromedially, with a thickness
decreasing down to 5 mm at the preserved anterior tip. In ven-
tral view, the inner posterior prominence is narrow (5-6 mm)
and laterally margined by a deep median furrow (Fig. 12C).
Only partly preserved, the latter extends for at least two thirds
of the preserved length of the tympanic.

Stapes

The basal part of the stapes, which is kept in situ in the
fenestra ovalis, has an oval outline (the long axis is 2.3 mm
long) (Fig. 11A). It is proposed that the stapes broke across
the anterior crus, possibly at the level of a vestigial stapedial
foramen.

Teeth

One subcomplete detached tooth of MUSM4693, interpreted
as a posterior lower right tooth based on the crown-to-root
proportion, crown curvature, and root curvature (see below),
has been prepared and is described here (Fig. 13). Only
missing the tip of the root, it is 19.6 mm long, including a
7.8 mm-long crown. Labiolingual and mesiodistal diameters
at the crown base are 4.3 and >4.0 mm, respectively. The
crown is curved apicolingually, with a slight bulge on the
lingual surface, just above the root-crown boundary. The thin
(0.2 mm, measured along a minor break surface) enamel layer
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Fic. 14. — Periotic, malleus, incus, tympanic bulla, and teeth of Incacetus broggii AMNH32656 (holotype): right periotic in ventral (A), medial (B), posterior (C),
lateral (D), dorsal (E), and dorsomedial (F) views; right malleus in posteromedial view (G); right incus in medial view (H); two detached posterior teeth in mesial or
distal view (I); right tympanic in medial (J), ventral (K), and lateral (L) views. Scale bars: A-F, I-L, 10 mm; G, H, 5 mm. Photos: Olivier Lambert.

is consistently smooth. The root is roughly rectilinear. While
no apical wear facet could be detected, shallow wear surfaces
along the distal and mesiolabial surfaces of the crown likely
witness the occlusion with the preceding and succeeding
upper teeth. The pulp cavity is nearly completely filled, with
only a tiny (0.1 mm) opening observed at the center of the
cross section of the tip of the root.

Several broken upper teeth are preserved in situ in the region
of the left upper alveolar series about 160 mm anterior to the
level of the antorbital notch in MUSM4693 (Fig. 10B). Their

diameter at the crown base is 4.5 mm.

COMPARISONS

Affinities with early delphinidans generally referred to the
family Kentriodontidae are supported by the following com-
bination of characters: lack of contact between premaxilla and
frontal on the vertex, retention of a broad contact between
premaxilla and nasal, knob-like posterior end of the premaxilla,
presence of an internasal fossa and of a vertical notch along
the anterior margin of the nasal, absence of an anterior bul-
lar facet on the periotic, and subrectangular outline of the
anterior process of the periotic in lateral view (Barnes 1985;
Muizon 1988b; Lambert e# al. 2005; see also Lambert ez 4.
2017; Peredo eral. 2018; Kimura & Hasegawa 2019; Guo &
Kohno 2023 for the debated phylogenetic relationships and
possible non-monophyly of this family).
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Within this large group of Miocene dolphins, Mesokentriodon
protohumboldti n. gen., n. sp. is considerably smaller (using
the bizygomatic width and/or the width of the occipital con-
dyles as body size proxies) than Cammackacetus hazenorum,
Hadrodelphis calvertensis, Kampholophos serrulus, Lophocetus
calvertensis, Macrokentriodon morani, Miminiacetus pappus,
Platysvercus ugonis, and Wimahl chinookensis. The largest spe-
cies C. hazenorum, H. calvertensis, Mi. pappus, and Ma. morani
also display higher temporal crests and larger temporal fossae
compared to M. protohumboldti n. gen., n. sp.

Among the small to medium-size early delphinidans, it dif-
fers from Atocetus spp., Leptodelphis stavropolitanus, Lophocetus
repenningi, Pithanodelphis cornutus, Sarmatodelphis moldavicus,
and Sophianaecetus commenticus in the more limited transverse
‘pinching’ of the posterior part of the vertex, resulting in the
exposure of the frontals on the vertex being broader than the
bony nares (also a difference with the larger H. calvertensis,
L. calvertensis, and Mi. pappus).

Because the holotype and only known specimen of Incace-
tus broggii AMNH 32656 was discovered in the same region
of the East Pisco Basin, and presumably in the same beds of
the Pisco Formation (the “Santa Rosa vertebrate level”, PO
allomember), as the holotype and paratype of M. protohum-
boldti n. gen., n. sp. (Colbert 1944; Muizon 1988a; Marx
et al. 2017), a more detailed comparison with this poorly
known early delphinidan species is provided here. While the
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dimensions of the preserved teeth are similar, the cranium
is considerably smaller in M. protohumboldti n. gen., n. sp.,
as demonstrated by the smaller transverse diameter of the
mesorostral groove (26 mm at a level 155 mm anterior to
nasals in /. broggii, contra 20 mm at a level 160 mm anterior
to nasals in the paratype of M. protohumboldsi n. gen., n. sp.),
the smaller width of the left bony naris (at least 18 mm in
1. broggii, measured on the endocast of the naris, contra less
than 14.5 mm in M. protohumboldti n. gen., n. sp.), the shorter
horizontal distance between the bony nares and the occipital
condyles (estimated at 114 mm in . broggii, contra 82 mm
in MNHN.EPPI282), and the shorter distance between the
posterolateral margins of the basioccipital crests (101 mm in
1. broggii, contra no more than 82 mm in M. protohumboldti
n. gen., n. sp.). The periotic of M. protohumboldti n. gen.,
n. sp. MUSM4693 differs from I broggii (Fig. 14) in the
anteroposteriorly shorter pars cochlearis, the longer anterior
process, and the smaller dorsoventral thickness (Tables 1; 2).
Furthermore, the anterior process is less medially and ventrally
deflected, the anterodorsal angle on the anterior process is
better defined, the superior process is more reduced, the aper-
ture for the cochlear aqueduct is larger, and the epitympanic
hiatus is shallower. Finally, on the tympanic the involucrum
is dorsoventrally thinner in M. protohumboldsi n. gen., n. sp.
(Figs 11, 14; Tables 1, 2).

Originating from younger levels of the Pisco Formation
in Cerro la Bruja (Cerro la Bruja vertebrate level, base of
allomember P2 or possibly top of P1, see Di Celma et al.
2017), the early delphinidan Belonodelphis peruanus displays a
nasal that is roughly similar in outline to the nasals of M. pro-
tohumboldti n. gen., n. sp. (Muizon 1988a). However, the
rostrum of M. protohumboldti n. gen., n. sp. is considerably
shorter, its tooth count is much lower, the dorsal exposure
of the maxilla at the rostrum base is broader, the posterior
process of the periotic is shorter (best seen in lateral view),
the anterodorsal angle on the anterior process is more acute,
and the dorsal outline of the periotic is roughly flat instead
of distinctly convex.

Mesokentriodon protohumboldti n. gen., n. sp. differs from
the late Early Miocene species Rudicetus squalodontoides in the
higher tooth count, smaller dental alveoli, the premaxillary
foramen being located at the level of the antorbital notch,
the anteriorly longer pterygoid sinus fossa, the presence of
a vertical notch along the anterior margin of the nasal, the
nasals being larger compared to the frontals on the vertex, the
posterior part of the vertex being wider than the bony nares,
and the zygomatic process of the squamosal being shorter.

It differs from the Early to early Middle Miocene species
Brevirostrodelphis dividus (previously Delphinodon dividum)
in the longer rostrum, the higher tooth count, the wider
dorsal opening of the mesorostral groove along the whole
rostrum, the narrower antorbital notch, the anteriorly longer
pterygoid sinus fossa, the marked step between the lateral
margin of the premaxillary sac fossa and the maxilla, the
narrower ascending process of the premaxilla, the dorsally
higher vertex, the anteromedially shorter nasals with a deeper
internasal fossa, the transversely broader posterior part of the
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TaBLE 2. — Measurements (in mm) of the right periotic, tympanic bulla, malleus,
and incus of Incacetus broggii AMNH32656 (holotype).

Incacetus broggii

AMNH32656

mediolateral width of periotic 17.6
dorsoventral thickness of periotic 131
length of anterior process of periotic e6.2
length of pars cochlearis (from anterior margin 115
to anterior margin of fenestra rotunda)

total length of tympanic bulla (without posterior 33.8

process)

maximum width of tympanic bulla 17.6
maximum dorsoventral thickness of involucrum 9.8
maximum height of malleus in posteromedial view 6.1
maximum width of malleus in posteromedial view 3.8
maximum heigh of incus 2.9

vertex, the anterodorsal angle of the periotic being posterior
to the anteroventral tip of the anterior process, the broader
anterior incisure, the more reduced superior process, the tear
drop-shaped internal auditory meatus, the more medially
located aperture for the cochlear aqueduct, and the shal-
lower stylomastoid fossa.

It differs from the late Middle Miocene species Zagicetus
joneti in the proportionally shorter rostrum, the higher count
of maxillary teeth, the wider dorsal opening of the mesoros-
tral groove along the whole rostrum, the V-shaped antorbital
notch, the less anteriorly pointed antorbital region in dorsal
view, the rounded ventral outline of the preorbital region in
lateral view, the premaxillary foramen being located at the
level of the antorbital notch, the broader dorsal exposure of
the maxilla at rostrum base, and the convex dorsal surface
of the vertex in lateral view.

It differs from the late Middle Miocene species Wesz-
morelandelphis tacheroni in the larger alveoli for maxillary
teeth, the slightly transversely narrower and dorsally higher
vertex, the less dorsally inflated nasals, the more oblique
suture between nasal and frontal on the vertex, with the
lateral part of each nasal being distinctly anteroposteriorly
longer than the medial part, the more sigmoidal outline
of the nuchal crest in dorsal view, and the dorsoventrally
higher temporal fossa.

It differs from the Middle Miocene species Herbeinodelphis
nancei in the larger size, the lower tooth count, the more
medially curved and more pointed (in lateral view) anterior
process of the periotic, the more reduced superior process,
and the much less posteriorly extended posterior process
of the periotic.

It differs from the Middle Miocene species Pictodelphis
kidwellae in the larger size, the wider dorsal opening of the
mesorostral groove along the whole rostrum, the dorsally
lower presphenoid anterior to the bony nares, the dorsoven-
trally thinner lateral margin of the rostrum at its base, the
proportionally broader nasals, the shallower internasal fossa,
and the less pointed projection of the frontals in between
the nasals on the vertex.

In addition to its smaller size, it differs from the late
Early Miocene species Platysvercus ugonis in the premaxil-

43


http://coldb.mnhn.fr/catalognumber/mnhn/f/PPI282

» Lambert O. et al.

Ediscetus osbornei

Squalodon calvertensis

Waipatia maerewhenua
— Papahu taitapu
ChM PV4961

Physeteroidea

74— Otekaikea marplesi
68— Otekaikea huata

Xiphiacetus bossi
Orycterocetus crocodilinus
Physeter macrocephalus
Kogia breviceps
Parapontoporia sternbergi
Platanista gangetica
Notocetus vanbenedeni
Zarhachis flagellator
Zarhinocetus errabundus
Ninoziphius platyrostris

Yaquinacetus meadi
78,
66]52
/ 6:

57,

. . - Berardius bairdli
B ( Kentriodontidae . o o B " i Tasmacetus shepherdi
Brevirostrodelphis dividus Ziphiidae —| 95, Ziphius cavirostris
\ Kentriodon diusinus 97— Mesoplodon europaeus
Kentriodon schneideri L | Brevirostrodelphis dividus
Kentriodon nakajimai Lophocetus calvertensis
Kentriodon pernix 74— Kampholophos serrulus
Mesokentriodon protohumboldti n. gen., n. sp. 5 Wimahl chinookensis
Kentriodon obscurus Mesokentriodon protohumboldti
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Fic. 15. — Phylogenetic relationships of Mesokentriodon protohumboldti n. gen., n. sp. with other early delphinidans: A, single most parsimonious tree resulting
from the heuristic search based on the morphological matrix with the deletion of 45 taxa for which most of the periotic scores are lacking, with implied weights
(K =3) and with a molecular constraint as a backbone. Tree length = 4294; Cl = 0.17; Rl = 0.48. Mysticeti and early stem Odontoceti are omitted and Delphinoidea
is collapsed for clarity (see complete tree in Appendix 4). The positions of Arimidelphis sorbinii (sister group to Lipotes vexillifer) and Parapontoporia sternbergi
(sister group to Platanista gangetica) are extremely unlikely, as the former is a delphinid (Bianucci 2005) and the latter a lipotid (Muizon 1988b), as confirmed in
many other analyses (including some in Appendix 4). B, early delphinidan part of the single most parsimonious tree resulting from the heuristic search based on
the morphological matrix with the addition of five ‘kentriodontid’ s.I. species for which most of the periotic scores are lacking, with implied weights (K = 12) and
with a molecular constraint as a backbone (see complete tree in Appendix 4). Tree length = 4353; Cl = 0.17; Rl = 0.48. Bootstrap and jackknife support values
higher than 50 are shown respectively above and below the corresponding nodes.

lary foramen being located at the level of the antorbital
notch, the transversely wider vertex, the nasal being higher
than the frontal on the vertex, the presence of an internasal
fossa, the occipital shield being projected anteromedially,
the anteriorly much longer pterygoid sinus fossa, the more
slender zygomatic process in lateral view, and the dorsally
higher temporal fossa.

In addition to its smaller size, it differs from the Early
Miocene species Wimahl chinookensis in the higher tooth
count, the absence of contact between the premaxillae above
the mesorostral groove, the broader antorbital notch, the
frontals being longer on the vertex, the proportionally shorter
anterior process of the periotic, the anterodorsal angle of
the periotic being posterior to the anteroventral tip of the
anterior process, and the more voluminous pars cochlearis.
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In addition to its smaller size, it differs from the Middle
Miocene species Kampholophos serrulus in the larger distance
between premaxillae above the mesorostral groove in the
anterior part of the rostrum, the much lower temporal crests,
the dorsally lower temporal fossa not reaching the level of
the vertex, the proportionally broader occipital shield, the
more anteriorly tilted pars cochlearis with a subvertical
anterior margin in ventral view, and the less posteriorly
extended posterior process of the periotic.

Among species of Kentriodon, M. protohumboldti n. gen.,
n. sp. shares striking similarities with the late Early to
Middle Miocene type species Kentriodon pernix in terms
of the tooth count, morphology of the facial area, vertex,
and zygomatic process of the squamosal, giving the impres-
sion of an enlarged version of that species. The cranium of
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M. protohumboldti n. gen., n. sp. is indeed larger (see Kel-
logg 1927, p. 22), with a proportionally longer rostrum and
larger teeth. It further differs in the more rounded ventral
outline of the preorbital region, the more rounded outline
of the nasal-frontal sutures on the vertex, and the higher
external occipital crest. The periotic is also very similar, only
differing in the somewhat dorsoventrally thicker anterior
process, more pointed anterodorsal angle, and more reduced
superior process.

It differs from the early Middle Miocene Kentriodon
obscurus LACM 21256 (see comments on the taxonomic
status of this species in Nobile ez al. 2024, where the refer-
ral of the cranium LACM 21256 to the same species as the
isolated type periotic is questioned) in the larger size, larger
alveoli for maxillary teeth, broader antorbital notches, and
the higher number of dorsal infraorbital foramina in the
antorbital region.

It differs from the Middle Miocene Kentriodon hobetsu in
the larger size, the anteriorly longer pterygoid sinus fossa,
the transversely broader posterior part of the vertex, and
the broader anteromedial projection of the occipital shield.

It differs from the poorly preserved holotype cranium of
the Early to Middle Miocene Kentriodon schneideri in the
anteriorly longer pterygoid sinus fossa, the dorsally lower
presphenoid anterior to the bony nares, the shorter anterome-
dial projection of frontals between nasals, the more slender
postorbital process of the frontal, a well-defined fossa for
the postorbital lobe of the pterygoid sinus, and the more
sigmoidal outline of the nuchal crest in dorsal view.

It differs from the late Middle to early Late Miocene ‘Ken-
triodon’ hoepfneri (see comments on the systematic affinities
of this taxon in Nobile ez a/. 2024) in the roughly vertical
postorbital process of the frontal, the anteromedial edge of
the nasal being shorter than the anterolateral projection, the
less medially projected anterior process of the periotic with
a broader anterior incisure, the anterodorsal angle being
posterior to the anteroventral tip of the anterior process,
the more reduced superior process, and the less posteriorly
extended posterior process.

It differs from the Middle Miocene Kentriodon diunsinus
in the larger size, the proportionally longer rostrum, the
probably higher tooth count, the premaxillary foramen being
located at the level of the antorbital notch, the absence of a
contact between premaxilla and frontal on the vertex, each
frontal on the vertex not being longer than wide, and the
posteriorly much shorter external occipital crest.

It differs from the late Middle to early Late Miocene
Kentriodon nakajimai in the larger and more closely spaced
maxillary alveoli, the premaxillary foramen being located
at the level of the antorbital notch, the less defined max-
illary crest, the less anteromedially pointed frontals on
the vertex, the dorsoventrally thicker anterior process of
the periotic with a better-defined anterodorsal angle, the
more voluminous pars cochlearis, and the less posteriorly
extended posterior process.

It differs from the late Early to early Middle Miocene

Kentriodon sugawarai in the somewhat smaller size, the
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dorsoventrally thicker preorbital process, the nasal being
higher than the frontal on the vertex, the presence of an
internasal fossa, the nasal being distant from the nuchal
crest, the rounded anterior outline of the occipital shield
in dorsal view, the anteriorly much longer pterygoid sinus
fossa, the proportionally shorter anterior process of the
periotic, and the more voluminous pars cochlearis.
Finally, the maxillary alveoli are proportionally larger
than in all species of Kentriodon for which this character is
known (see Nobile ez al. 2024; fig. 9), with a ratio between
the alveolar diameter and preorbital width of the cranium
ranging between 0.033 and 0.036 in the paratype.

PHYLOGENETIC ANALYSES

As for previous analyses based on an eatlier version of this
matrix, preliminary tests revealed a high volatility for many
odontocete taxa, especially those for which no ear bones could
be scored. For a first series of analyses (implied weights with
various values of K and equal weights), we deleted 45 taxa
for which a majority of codings are missing for the periotic.
In some of the analyses (implied weights with K = 3, 12;
equal weights), part of the kentriodontids s. I. (including
Mesokentriodon protohumboldti n. gen., n. sp.) are recovered
as stem delphinidans, while in other analyses (K = 6, 9), most
‘kentriodontids’ s.l. fall in a clade that also includes lipotids
and inioids. M. protohumboldti n. gen., n. sp. is consist-
ently found in a clade with the three species of Kentriodon
(Kentriodon nakajimai, Kentriodon obscurus, and Kentriodon
pernix) retained for this first round of analyses (K = 3, 6, 9,
12; equal weights), this clade being either sister-group to a
clade including Lophocetus calvertensis, Kampholophos ser-
rulus, and Wimahl chinookensis (K = 3, 6, 9), or branching
after Brevirostrodelphis dividus and before a clade including
Ka. serrulus and W, chinookensis (K = 12; equal weights) (see
Fig. 15A for part of the tree with K = 3 and Appendix 4 for
all complete trees).

For a second set of analyses, we added five early delphinidan
taxa that were originally deleted due to the lack of scores for
the periotic, namely, Kentriodon diusinus, Kentriodon schnei-
deri, Pithanodelphis cornutus, Tagicetus joneti, and Rudicetus
squalodontoides. In one of the analyses (K = 12), part of the
‘kentriodontids’ s.l. (including M. protohumboldti n. gen.,
n. sp.) are recovered as stem delphinidans; in another analysis
(K = 6), most ‘kentriodontids’ s.l. are recovered as stem del-
phinoids; and in two other analyses (K = 3; equal weights),
most ‘kentriodontids’s.. fall in clade thatalso includes lipotids
and inioids. In a last analysis (K = 9), relationships of ‘ken-
triodontids’ s.l. are very unlikely, as part of them are recovered
as stem odontocetes and others branch after physeteroids and
before ziphiids; the results of this analysis are thus not further
commented. M. protohumboldsi n. gen., n. sp. is either (i)
sister-group to K. schneideri + K. obscurus, in a clade that also
includes 7. joneti and P cornutus (K = 3), or (ii) sister-group to
1 joneti in a clade that also includes K. pernix, K., and K. sch-
neideri (K = 6), or (iii) sister-group to a clade that includes
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K. obscurus, P cornutus, and T. joneti, in a larger clade with
K pernix, K. nakjimai, K. schneideri, and K. diusinus (K = 12),
or (iv) in an unresolved polytomy with K. pernix, K. nakajimai,
K. schneideri, and a clade that includes K. obscurus, K. diusinus,
and R. squalodontoides (equal weights) (see Fig. 15B for part of
the tree with K = 12 and Appendix 4 for all complete trees).

Thus, we could not find a consensus for the phylogenetic
relationships of M. prorohumboldti n. gen., n. sp., and
although some analyses reveal closer relationships with
some species of Kentriodon, others point to affinities with
other species outside Kentriodon (e.g., P cornutus, R. squalo-
dontoides, and T. joneti). Nonetheless, our results suggest
that M. protohumboldti n. gen., n. sp. can be confidently
assigned to the family Kentriodontidae as defined above.

The content of the monophyletic family Kentriodontidae
varies extensively from one analysis to the other, with seven
to 12 species being included depending on the analysis set-
tings (Appendix 4): 11 species comprise this family in the
analysis with K = 3, excluding B. dividus (stem delphinidan),
Miminiacetus pappus (lipotid), Hadrodelphis calvertensis,
Macrokentriodon morani, and Atocetus spp. (later-branching
stem inioids); 12 species in the analysis with K = 6, excluding
M. pappus and Ma. morani (stem delphinidans), H. calverten-
sis (stem to Lipotidae + Inioidea), P cornutus and Arocerus
spp. (later branching stem delphinoids); eight species in the
analysis with K = 12, excluding B. dividus (earlier branching
stem delphinidan), Ka. serrulus and W, chinookensis (later-
branching stem delphinidans), Mi. pappus, Ma. morani, and
H. calvertensis (stem to Lipotidae + Inioidea), and Arocetus
spp. (stem delphinoids); seven species in the analysis with
equal weights, excluding M. pappus, Ma. morani, H. cal-
vertensis, B. dividus, P cornutus, and L. calvertensis (stem
delphinidans), 7. joneti, Ka. serrulus, and W. chinookensis
(earlier branching stem to Lipotidae + Inioidea), and Atoce-
tus spp. (later branching stem to Lipotidae + Inioidea).
The five species of Kentriodon included in our second set
of analyses do not form a monophyletic group in any of
our trees; the most exclusive clade containing these five
species also contains at least one (R. squalodontoides, with
equal weights) to five (for example Ka. serrulus, M. proto-
humboldti n. gen., n. sp., R. squalodontoides, T. joneti, and
W, chinookensis, with K = 3) other species.

It should be noted that except for some relationships
(i.c. sister group relationship between Arocetus iquensis and
Atocetus nasalis as well as between Kampholophos serrulus
and Wimahl chinookensis), bootstrap and jackknife support
values are lower than 50 for most nodes among ‘kentrio-
dontids’ s.l. (Fig. 15). The proposed relationships should
thus be treated with caution.

DISCUSSION AND CONCLUSIONS

The newly described early delphinidan species Mesokentriodon
protohumboldtin. gen., n. sp., from the Middle Miocene of
the southeastern Pacific, shares many general similarities in
terms of cranial anatomy with Kentriodon pernix, from the
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late Early to Middle Miocene of the North Adantic (Kellogg
1927; Godfrey & Lambert 2023), which represents the type
species of the type genus of the family Kentriodontidae.
That said, the former species is markedly larger than the
latter (bizygomatic width at least 31 % larger than in the
K. pernix referred specimen USNM 10670 and width of
occipital condyles about 54 % larger than in the K. pernix
holotype USNM 8060). Furthermore, close relationships
of M. protohumboldti n. gen., n. sp. with species outside the
genus Kentriodon (namely, Pithanodelphis cornutus, Rudicetus
squalodontoides, and Tagicetus joneti) are recovered by some
of our phylogenetic analyses. We contend that the lack of
consensus for the content of the genus Kentriodon (see above)
and the absence of clear genus-level synapomorphies (see
Barnes & Mitchell 1984; Whitmore & Kaltenbach 2008;
Kazdr & Hampe 2014; Kimura & Hasegawa 2019; Guo &
Kohno 2021; Nobile ez al. 2024) requires authors to use
special caution when placing other species, particularly
those with a distinctly larger size compared to K. pernix,
in this species-rich genus. We thus refer the new Peruvian
species to a distinct, newly established genus, and anticipate
that the description of more material (especially ear bones,
but possibly also postcranial elements) for species either
previously referred to Kentriodon or closely related thereof
may stabilize the phylogenetic relationships and allow for
a more robust diagnosis of this genus.

The close phylogenetic relationship of M. protohumboldti
n. gen., n. sp. with K. pernix (and several other species of
Kentriodon) retrieved in all our analyses allows us to identify
the new species as a member of the family Kentriodontidae.
The content of this clade varies broadly from one analysis
to the other: in addition to five species of Kentriodon and
M. protohumboldti n. gen., n. sp., Tagicetus joneti falls in
this family in three of our analyses, and the same holds
true for Kampholophos serrulus, Lophocetus calvertensis,
Pithanodelphis cornutus, Rudicetus squalodontoides, and
Wimahl chinookensis in two of the analyses run with the
larger taxonomic sampling. None of the kentriodontid
subfamilies (or kentriodontoid families) that have been
proposed in various past studies (e.g., Barnes & Mitchell
1984; Muizon 1988b; Kazdr & Grigorescu 2005; Guo &
Kohno 2023) are consistently recovered in our analyses.

Higher-rank phylogenetic relationships between ‘ken-
triodontids’ s.I. and other delphinidans remain unsettled.
As in several previous works (Lambert ez a/. 2017; Peredo
et al. 2018), our favoured hypothesis is the one with part
of the ‘kentriodontids” s.l. (including among others Ken-
triodon spp. and M. protohumboldti n. gen., n. sp.) as stem
delphinidans. Indeed, such a topology fills a major gap
(spanning the Early to Middle Miocene) in the fossil record
of delphinidans, while other topologies (i.e., those with
most ‘kentriodontids’ s.]. recovered as more closely related
to cither the lipotids, inioids, or delphinoids) imply a long
ghost lineage cither before the crown delphinoids or before
the clade including lipotids and inioids.

The new species can be distinguished from Incacetus broggii
based on both cranial dimensions and periotic morphology,
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thus revealing the presence of a second medium-size early
delphinidan in the Middle Miocene PO allomember of the
Pisco Formation. More complete specimens of 1. broggii
remain to be discovered to further investigate the affinities
of this poorly known species (Muizon 1988a). Proposed
to forerun the full establishment of the modern Humboldt
Current Ecosystem (Bosio ez al. 2020b; Collareta ez al.
2021b), this lower part of the Pisco Formation fills a gap
between the Early Miocene Chilcatay Formation, which
yielded abundant remains of Kentriodon sp. (Bianucci ez al.
2018), and the Late Miocene part of the Pisco Formation,
which yielded ‘kentriodontid’ s.l. species with a more
derived morphology of the vertex (Arocetus iquensis) and
of the rostrum (the longirostrine Belonodelphis peruanus)
(Muizon 1988a). More prospection in PO localities may thus
further contribute to our understanding of the emergence of
the different delphinidan clades as well as of their eventual
success in nowadays’ marine and freshwater ecosystems.
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ApPENDIX 1. — List of characters used in the phylogenetic analyses, taken from Bianucci et al. (2022). https://doi.org/10.7934/P6149
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APPENDIX 4. — Single most parsimonious tree or strict consensus tree resulting from the heuristic search with different settings, namely equal weights and implied
weights with K =3, 6, 9, and 12, for two sets of taxa, a first with 45 taxa deleted for which most of the periotic scores are lacking and a second with only 40 taxa

deleted (five ‘kentriodontids’ s.I. added). https://doi.org/10.7934/P6149

APPENDIX 5. — List of genus and species names cited in the text with authorship and year.

Arimidelphis Bianucci, 2005
Arimidelphis sorbinii Bianucci, 2005
Atocetus Muizon, 1988
Atocetus iquensis Muizon, 1988
Atocetus nasalis (Barnes, 1985)
Belonodelphis Muizon, 1988
Belonodelphis peruanus Muizon, 1988
Berardius Duvernoy, 1851
Bos Linnaeus, 1758
Bos taurus Linnaeus, 1758
Brevirostrodelphis Godfrey & Lambert, 2023
Brevirostrodelphis dividus (True, 1912) (Brevirostrodelphis
dividum in Godfrey & Lambert 2023, corrected here to
B. dividus for gender agreement of species latinized adjec-
tive with genus name, following ICZN article 31.2)
Brujadelphis Lambert, Bianucci, Urbina & Geisler, 2017
Brujadelphis ankylorostris Lambert, Bianucci, Urbina &
Geisler, 2017
Cammackacetus Godfrey & Lambert, 2023
Cammackacetus hazenorum Godfrey & Lambert, 2023
Delphinus Linnaeus, 1758
Delphinus delphis Linnaeus, 1758
Hadrodelphis Kellogg, 1966
Hadyrodelphis calvertensis Kellogg, 1966 (Hadrodelphis cal-
vertense in Kellogg, 1966, corrected here to H. calvertensis
for gender agreement of species latinized adjective with
genus name, following ICZN article 31.2)
Herbeinodelphis Godfrey & Lambert, 2023
Herbeinodelphis nancei Godfrey & Lambert, 2023
Hippopotamus Linnaeus, 1758
Hippopotamus amphibius Linnaeus, 1758
Incacetus Colbert, 1944
Incacetus broggii Colbert, 1944
Inia d’ Orbigny, 1834
Kampholophos Rensberger, 1969
Kampholophos serrulus Rensberger, 1969
Kentriodon Kellogg, 1927
Kentriodon diusinus Salinas-Mdrquez, Barnes, Flores-Tru-
jillo & Aranda-Manteca, 2014
Kentriodon hobetsu Ichishima, 1995
‘Kentriodon’ hoepfneri Kazir & Hampe, 2014 (see Nobile
etal. 2024 for comments on the systematic affinities of this
species)
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Kentriodon nakajimai Kimura & Hasegawa, 2019

Kentriodon ‘obscurus’ (Kellogg, 1931) (see Nobile e al. 2024

for comments on the systematic affinities of this species)

Kentriodon pernix Kellogg, 1927

Kentriodon schneideri Whitmore & Kaltenbach, 2008

Kentriodon sugawarai Guo & Kohno, 2021
Leptodelphis Kirpichnikov, 1954

Leptodelphis stavropolitanus Kirpichnikov, 1954
Lophocetus Cope, 1867

Lophocetus calvertensis (Harlan, 1842)

Lophocetus repenningi Barnes, 1978
Macrokentriodon Dawson, 1996

Macrokentriodon morani Dawson, 1996
Miminiacetus Godfrey & Lambert, 2023

Miminiacetus pappus (Kellogg, 1955)
Parapontoporia Barnes, 1984

Parapontoporia sternbergi (Gregory & Kellogg, 1927)
Pictodelphis Godfrey & Lambert, 2023

Pictodelphis kidwellae Godfrey & Lambert, 2023
Pithanodelphis Abel, 1905

Pithanodelphis cornutus (du Bus, 1872)
Platysvercus Guo & Kohno, 2023

Platysvercus ugonis Guo & Kohno, 2023
Rudicetus Bianucci, 2001

Rudicetus squalodontoides (Capellini, 1878)
Sarmatodelphis Kirpichnikov, 1954

Sarmatodelphis moldavicus Kirpichnikov, 1954
Sophianaecetus Kazar, 2006

Sophianaecetus commenticus (Kazdr, 2005)
Sus Linnaeus, 1758

Sus scrofa Linnaeus, 1758
Tagicetus Lambert, Estevens & Smith, 2005

Tagicetus joneti Lambert, Estevens & Smith, 2005
Tursiops Gervais, 1855

Tursiops truncatus (Montagu, 1821)
Westmorelandelphis Godfrey & Lambert, 2023

Westmorelandelphis tacheroni Godfrey & Lambert, 2023
Wimahl Peredo, Uhen & Nelson, 2018

Wimahl chinookensis Peredo, Uhen & Nelson, 2018
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