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ABSTRACT - The previously scarce fossil record of Ziphiidae (beaked whales) has greatly increased recently thanks to the serendipitous
discovery of high specimen concentrations along deep seafloors as well as to abundant inland finds from the Upper Miocene of the Pisco
Formation (East Pisco Basin, Peru). In the latter unit, ziphiid remains are indeed among the most prevalent of the whole cetacean assemblage,
being represented by four distinct genera and species plus at least two as-yet unnamed taxa. Here, we describe a fifth ziphiid genus and species
from the Pisco strata, Mamaziphius reyesi n. gen. n. sp., based on a partial cranium from mid-Tortonian (lower Upper Miocene, 9.1-9.0 Ma)
strata exposed at the locality of Cerros la Mama y la Hija. Though reminiscent of the extant genus Berardius, the holotype skull lacks two
diagnostic characters of Berardiinae, namely, an isolated rounded protuberance formed by the interparietal or frontals on the posterior part of
the vertex, and a posterior transverse narrowing of the nasals and frontals at the vertex. Our phylogenetic analysis reveals that Mamaziphius
n. gen. is nested within the crown ziphiids, as sister group of the berardiines. In addition, we introduce two new clade names within Ziphiidae,
namely, Messapicetiformes (for the so-called “Messapicetus clade ) and Vomeroziphii (for Ziphiinae + Hyperoodontinae and closely related
forms). Another fragmentary specimen from the Pisco Formation is also briefly described herein. Furthermore, a comprehensive reappraisal
of the geological age of the fossil beaked whales of Peru is provided based on new age calibrations, thus restricting the whole rich Peruvian
record of this family (including the earliest-branching ziphiid, Ninoziphius platyrostris, which comes from Pisco-equivalent strata of the
Sacaco area) to a Tortonian-Messinian interval younger than 9.10 Ma. No other inland unit worldwide preserves a record of fossil ziphiids
as abundant, diverse and chronostratigraphically well-constrained as the Pisco Formation. In view of this, the absence of Vomeroziphii from
the fossil content of the Pisco strata remains quite enigmatic.

INTRODUCTION

Nowadays, the family Ziphiidae (beaked whales)
represents the second most diverse family of cetaceans
after Delphinidae (oceanic dolphins), accounting for at
least 24 living species (MacLeod, 2018a; Yamada et al.,
2019; Carroll et al., 2021). In spite of this, due to their
deep-sea habitat, elusive behaviour and apparent low
abundance, ziphiids are one of the least known extant
groups of mammals, as well as one of the few families
of large-bodied animals for which new living species
continue to be identified and described to date (Bianucci
et al., 2008; Yamada et al., 2019; Carroll et al., 2021).
Growing up to about 12 m in total length (the maximum
body size of Berardius bairdii Stejneger, 1883; MacLeod,
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2018Db), extant ziphiids are open-sea odontocetes (toothed
whales) that feed on squid and other benthic/benthopelagic
prey items at great depths (down to more than 3000 m;
Schorr et al., 2014). This peculiar lifestyle reflects into a
number of distinctive anatomical adaptations for deep-
diving, prey detection through echolocation, and prey
capture via suction, among which are a strong reduction of
the functional dentition as well as wide, anteroposteriorly
long pterygoid sinus fossae (Heyning, 1989; Bianucci et
al., 2016b). Other typical characters of the ziphiid skeleton
include an elevated skull vertex that is anterolaterally
bordered by well-distinct premaxillary crests, a more or
less elongated rostrum, rostral bones that are often swollen
and compact (i.e., pachyosteosclerotic), and relatively
small forelimb bones; in addition, sexual dimorphism is
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well-defined in many species, mostly in the form of one or
two pairs of (sub)apical tusks that occur on the mandibles
of adult male individuals (Heyning, 1989; MacLeod &
Herman, 2004; Bianucci et al., 2016b; Marx et al., 2016).

Scanty and fragmentary until the 2000s, the fossil
record of the beaked whales has recently been enriched
by the serendipitous trawling and long-line fishing of
high numbers of specimens (essentially skulls) from
various deep seafloor arecas worldwide (Bianucci et al.,
2007, 2008, 2013, 2023; Gol’din & Vishnyakova, 2013;
Post & Jensen, 2013; Ichishima et al., 2017; Mijan et
al., 2017; Lambert et al., 2018). Overall, such a deep-
water record has greatly expanded the past diversity
of the family Ziphiidae, shedding new light on the
fossil history of the extant subfamilies Berardiinae,
Hyperoodontinae and Ziphiinae; however, these finds are
often poorly constrained chronostratigraphically, and as
such, of somewhat limited potential for comprehensive
evolutionary, palacoecological and palaecobiogeographic
reconstructions (Lambert et al., 2023). A similar
shortcoming applies to several historical finds from
inland sites of Europe and North America that often lack
precise geographic and stratigraphic whereabouts (e.g.,
Leidy, 1877), although micropalacontological analyses of
sediment samples associated with these specimens may
result in significantly improving their chronostratigraphic
assignment (Lambert et al., 2023).

One of the leading regions for ziphiid palacontology
is the Ica Desert of southern Peru, where a cornucopia of
beaked whale fossils belonging to various taxa originates
from the Upper Miocene strata of the Pisco Formation.
Indeed, in the Pisco strata of the Ica Desert, the family
Ziphiidae is represented by as many as four distinct genera
and species, as well as by often exquisitely preserved
specimens (Bianucci & Collareta, 2022). The geologically
oldest ziphiid to have been described from these outcrops
is the mid-Tortonian Messapicetus gregarius Bianucci et
al., 2010: like its Mediterranean congener Messapicetus
longirostris Bianucci et al., 1992 (Bianucci et al., 2016a,
2019), M. gregarius features an extremely elongated
rostrum and a complete set of functional teeth. Thanks to
a high number of fairly complete specimens, M. gregarius
represents the best-known fossil beaked whale genus
(Bianucci & Collareta, 2022), one for which information is
even available with respect to sexual dimorphic variations
(skulls with larger mandibular apical tusks were tentatively
interpreted as belonging to adult males; Lambert et al.,
2010) and trophic palacoecology (the discovery of a
regurgitalite of M. gregarius suggests that, unlike its
modern relatives, this extinct ziphiid species used to feed
on epipelagic prey items, such as schooling fish; Lambert
et al., 2015). A roughly coeval form, Chimuziphius
coloradensis Bianucci et al., 2016b, is known from a
single specimen that belongs with the same set of stem-
ziphiids as M. longirostris and M. gregarius, namely, the
so-called “Messapicetus clade” (a speciose group that
went extinct during the Pliocene, when oceanic dolphins
radiated explosively to become the dominant odontocete
epipelagic predators) (Bianucci et al., 2016b). The other
ziphiid species of the Ica Desert, Nazcacetus urbinai
Lambert et al., 2009 and Chavinziphius maxillocristatus
Bianucci et al., 2016b, come from geologically younger
(uppermost Tortonian and lower Messinian, respectively)

deposits of the Pisco Formation. Whereas N. urbinai is
a small-bodied, archaic crown ziphiid provided with
a reduced upper and lower dentition as well as with a
small temporal fossa (a combination of characters that
suggests some suction feeding capabilities; Lambert et
al., 2009), C. maxillocristatus has been interpreted as
a very early-branching beaked whale, one that features
robust rostral maxillary crests and distinct alveoli on the
mandible, suggesting the retention of functional lower
teeth (Bianucci et al., 2016b). Besides the aforementioned
taxa, the occurrence of at least two additional genera of
beaked whales in the Pisco strata has been noticed based
on the observation of fragmentary, as-yet indeterminate
specimens (Bianucci et al., 2016b), whereas another early-
branching ziphiid (Ninoziphius platyrostris Muizon, 1983)
is known from Pisco-equivalent strata of the Sacaco area,
South of the Ica Desert (Muizon, 1984; Lambert et al.,
2013). Overall, the outstanding Miocene record of beaked
whales from Peru stands out as an invaluable source
of information on the palaeobiology, palacoecology,
palaeobiogeography and evolutionary history of this
family (Lambert et al., 2009, 2010, 2013, 2015; Bianucci
et al., 2010, 2016b; Ramassamy et al., 2018).

Our aim here is to further enhance our current
understanding of the fossil history of Ziphiidae by
describing a new genus and species based on a newly
collected skull from a mid-Tortonian outcrop of the Pisco
Formation as well as by proposing a new age calibration
for the whole Late Miocene beaked whale record from
Peru.

MATERIAL AND METHODS

Phylogenetic analysis

The phylogenetic analysis was carried out by
modifying the matrix of Bianucci et al. (2023), which in
turn was modified from those of Bianucci et al. (2006,
2007,2016b) and Lambert et al. (2009, 2013). In this new
analysis, we considered taxa at the species level instead
of the genus level. Consequently, for the outgroups, we
replaced the genera with the respective type species or with
species for which we were able to score a greater number
of characters. For ziphiids, we included all those species
known from significant skull material, except for the
speciose genus Mesoplodon, for which we scored seven
species, including the extinct Mesoplodon posti Lambert
& Louwye, 2016 and Mesoplodon slangkopi Bianucci et
al., 2007. Furthermore, besides the new species described
herein, we added to the matrix Dagonodum mojnum
Ramassamy, 2016, which belongs to a genus not included
in our previous analyses. In total, 55 taxa were considered
in this new analysis, 49 of which belong to Ziphiidae.

Eight new characters (chars. 52-59) were added to
the analysis:

52. Dorsal margin of each premaxillary crest sloping
markedly ventrolaterally and generating an acute dorsal
profile of the vertex in anterior view: absent (0); present
(1). Cannot be scored for taxa lacking the premaxillary
crests.

53. Protuberant rostral maxillary crest medial to the
antorbital process: absent (0); present (1); very large
rostral crests converging posteromedially (2).
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54. Maxillary tubercle and prominential notch
anteromedial to the antorbital notch (modified from
Ramassamy, 2016): absent (0); present (1).

55. Protuberant vertex pointed in lateral view: absent
(0); present (1).

56. Fossa on the anterior surface of the ascending
process of the premaxilla, distinct from the premaxillary
sac fossa: absent (0); present (1).

57. Mesorostral groove dorsally closed at the level
of the antorbital notches by the joined medial margins of
the premaxillary sac fossae, forming a prominent ridge
posteriorly shifted to the left, and separating the deeply
concave anterior portions of the premaxillary sac fossae:
absent (0); present (1).

58. Half-circle-shaped anterior margin of the large
right premaxillary fossa: absent (0); present (1).

59. Narrow, deep, obliquely oriented jugular notches:
absent (0); present (1). We interpret the apparent small
jugular notch combined with an unusually distant
hypoglossal foramen observed in Mamaziphius n. gen.
as well as in two crania of Berardius arnuxii Duvernoy,
1851 and Berardius minimus Yamada et al., 2019 as due
to a partial closure of the jugular notch. Consequently, we
assign the derived state to these ziphiids as well.

Furthermore, in a few cases, the character states of
some taxa were coded differently from previous analyses.
For example, in agreement with Lambert et al. (2011) and
Acebes et al. (2022), the mesorostral ossification of the
vomer was coded as absent (char. 2[0]) in Indopacetus
and Hyperoodon.

The modified matrix includes 59 morphological
characters, 35 of which are binary, 17 multistate and
ordered, and 7 multistate and unordered (see the
Supplementary Online Material file —SOM— for the
description of characters and data matrix). The analysis
was performed with the software PAUP (v. 4.0a169;
Swofford, 2002), using the tree-bisection-reconnection
algorithm and the heuristic search option. The characters
were analysed under both equal and implied weight. The
resulting strict consensus tree was time-calibrated based
on the chronostratigraphic ranges reported by Bianucci et
al. (2016b, 2023), Ramassamy (2016), Mijan et al. (2017),
Kawatani & Kohno (2021) and Lambert et al. (2023), and
considering also the recalibrated ages of the Peruvian
fossil ziphiids as compiled in this work.

Structured-light scanning

A 3D model of the studied specimen was obtained with
a SHINING 3D EinScan Pro HD handheld structured-
light scanner. It is freely available via Figshare at the
following internet address: http://doi.org/10.6084/
m9.figshare.25422835

Chronostratigraphy

The *Ar/*Ar ages included in our study are taken
from the absolute dating and tephra correlations reported
by Gariboldi et al. (2017) and Bosio et al. (2019, 2020a,
b). All the biostratigraphic data included herein come
from previous works (Gariboldi et al., 2017; Bosio et al.,
2020c; Di Celma et al., 2022). However, First Occurrences
(hereinafter: FO) and Last Occurrences (hereinafter:
LO) were originally calibrated to the Berggren et al.
(1995) timescale and are now referred to the Supporting

Information of Lazarus et al. (2014), which provides
recalibrations to the more recent timescale by Gradstein et
al. (2020). Consider, however, that most of the bioevents
were originally calibrated for the North and Equatorial
Pacific.

Institutional abbreviations

MNHN, Muséum National d’Histoire Naturelle,
Paris, France; MUSM, Museo de Historia Natural de la
Universidad Nacional Mayor de San Marcos, Lima, Peru.

GEOLOGICAL SETTING

Stretching along the southern coast of Peru, the
East Pisco Basin is an Andean forearc basin whose
depositional fill is currently exposed over most of the
Ica Desert thanks to the Plio-Pleistocene uplift of the
area (Macharé & Ortlieb, 1992) (Fig. 1). The East
Pisco Basin is separated from its offshore counterpart,
the West Pisco Basin, by the Coastal Cordillera; the
latter consists of a NW-trending structural high (the
Outer Shelf High) made of Precambrian to Palaecozoic
rocks (Thornburg & Kulm, 1981; Di Celma et al.,
2022). Between the middle Eocene and the ?Pliocene,
the East Pisco Basin saw marine sedimentation as
recorded by two megasequences, namely, the Palacogene
Megasequence P and the Neogene Megasequence N (Di
Celma et al., 2022) (Fig. 2). Megasequence P includes
the Eocene Paracas Formation and the Eo-Oligocene
Otuma Formation, whereas Megasequence N consists
of the largely Miocene Chilcatay and Pisco formations
(Dunbar et al., 1990; DeVries, 1998, 2017; Di Celma
et al., 2017, 2022; DeVries & Jud, 2018; Malinverno
et al., 2021).

The Pisco Formation is exposed extensively along the
lower Ica River valley, whose sides are punctuated by hills
(locally known as “cerros”) where high concentrations
of fossil vertebrates are often observed (Bianucci &
Collareta, 2022). It deposited in the semi-protected
East Pisco palaco-area during three major transgressive
cycles, hence the genesis of three unconformity-bounded,
high-order sequences or allomembers, i.e., the Middle
Miocene (Langhian-Serravallian) PO allomember, the
Upper Miocene (Tortonian) P1 allomember and the
Upper Miocene (Tortonian-Messinian) to ?Pliocene P2
allomember (Di Celma et al., 2016a, b; Gariboldi et al.,
2017; Bosio et al., 2020a, b, c; Collareta et al., 2021a)
(Figs 1-2). These sequences are characterised by a
deepening-upward trend that indicates transgression; in
turn, regressive facies successions are absent (Di Celma
etal., 2017). Each allomember starts with a transgressive
lag, generally consisting of a Glossifungites ichnofacies
covered by boulders, passing up-section to a sand-rich
shoreface division, which in turn is overlain by siltstones
or diatomaceous mudstones that indicate sedimentation
in a productive, offshore, shelfal setting (Di Celma et al.,
2018). Volcanic ash layers and dolomitised horizons are
also present (Bosio et al., 2019; Malinverno et al., 2022).

The new ziphiid specimen investigated in the
present paper originates from the locality of Cerros la
Mama y la Hija, where both P1 and a basal portion of
P2 are exposed (Esperante & Poma, 2015; Di Celma
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Fig. 1 - (color online) Geographic and geological setting. a) Simplified geological map of the investigated exposures of the Pisco Formation in
the Ocucaje area, including the type locality of the holotype of Mamaziphius reyesi n. gen. n. sp. (MUSM 4687) and all other localities where
remains of Ziphiidae have been recorded (see Figs 2 and 8 for stratigraphic sections showing the position of these fossils). b) Location of the
investigated area along the southern coast of Peru. ¢) Legend of the geological map (a) and satellite image (d). d) Satellite image (obtained
under open license from Google Earth) showing the geographic position of the M. reyesi n. gen. n. sp. holotype and other nearby cetacean

skeletons reported in the stratigraphic log of Fig. 2c.

et al., 2017; Bosio et al., 2020c, 2021; Collareta et al.,
2021b; DeVries et al., 2021; Di Celma et al., 2022;
Bosio, 2023) (Figs 1-2). Here, a few cetacean fossils
occur in P1 strata; most such fossils belong to Mysticeti
(baleen-bearing whales), and specifically to the family
Cetotheriidae, whereas our specimen represents the

only local occurrence of Odontoceti (toothed whales)
as well as the sole cetacean find from the diatomaceous
part of the local succession (Figs 1d, 2¢c). Two detailed
stratigraphic sections were measured along the eastern and
western flanks of the hill, respectively, and an integrated
chronostratigraphic framework was established based
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Fig. 2 - (color online) a) Schematic stratigraphic column of the Cenozoic succession exposed in the East Pisco Basin. b) Simplified
stratigraphic log of Cerros la Mama y la Hija West reporting the stratigraphic positions of an ash layer (MH-T4) dated by “’Ar/*?Ar and of the
diatom biostratigraphic events. ¢) Simplified stratigraphic log of Cerros la Mama y la Hija East showing the exact position of the holotype
of Mamaziphius reyesi n. gen. n. sp. (MUSM 4687) in the P1 allomember of the Pisco Formation. d) Legend of the stratigraphic sections in

panels (b) and (c).

on diatom biostratigraphy, calculated “°Ar/*Ar ages and
short-distance lithostratigraphic correlations (Fig. 2).
Discovered between a sandy horizon just above the First
Occurrence of Koizumia tatsunokuchiensis (Koizumi,
1972) Yanagisawa, 1994 and the Last Occurrence of
Lithodesmium reynoldsii Barron, 1976, both of which
are valuable biostratigraphic markers, our new ziphiid
fossil dates back to between 9.1 and 9.0 Ma (Lazarus et
al., 2014).

SYSTEMATIC PALAEONTOLOGY

CETACEA Brisson, 1762
ObponNTOCETI Flower, 1867
Z1PHIIDAE Gray, 1850

Mamaziphius n. gen.

Type and only known species - Mamaziphius reyesi n.
gen. n. sp. (by original designation).

Etymology - from the name of the “cerro” (= hill)
where the holotype and only known specimen was
found. Indeed, the holotype originates from the larger
(“Mama”, meaning “mother” in Spanish) of a pair of
“cerros” known as “la Mama y la Hija” (= “the Mother
and the Daughter”).

Diagnosis - Same as for the species until other species
are described.

Mamaziphius reyesi n. sp.
(Figs 3-6; Tab. 1)

2021 Ziphiidae indet. - Bosio et al., Table S1 (Supporting
Information file).

2021b Ziphiidae indet. - COLLARETA et al., Table S1 (Supplementary
Material file).

Holotype - MUSM 4687, a partial cranium lacking
most of the rostrum, the zygomatic processes of the
squamosal, the occipital condyles and the ear bones.

Type locality - Cerros la Mama y la Hija, East Pisco
Basin, 60 km South of the town of Ica, southern coast of
Peru (Fig. 1). Geographic coordinates: 14°35°58.45” S,
75°40°55.15” W; 535 m above sea level.

Type horizon and age - Pisco Formation, P1
allomember, Late Miocene. The age of the type horizon
is constrained to the 9.1-9.0 Ma time interval (Tortonian)
(see above and Fig. 2 for more details).

Diagnosis - Mamaziphius n. gen. belongs to Ziphiidae
by having a wide hamular fossa of the pterygoid sinus that
extends anteriorly on the palatal surface of the rostrum
and a narrow jugular notch combined with an unusually
distant hypoglossal foramen that we interpret to be
homologous with the deeper, obliquely oriented jugular
notch shared by all ziphiids. Furthermore, Mamaziphius
n. gen. exhibits a large dorsal infraorbital foramen near
the base of the rostrum as observed in many (but not all)
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Fig. 3 - (color online) Cranium of Mamaziphius reyesi n. gen. n. sp. (MUSM 4687, holotype) in dorsal view; photograph (al) and corresponding
schematic drawing (a2). Linear hatching indicates broken surfaces, crosshatching indicates superficial wear; dark brown indicates areas

covered by sediment. Scale bar = 10 cm.

ziphiids. Among Ziphiidae, Mamaziphius n. gen. shares
with Archaeoziphius, Berardius (including “Berardius”
kobayashii Kawatani & Kohno, 2021) and Microberardius
(all of which form the clade Berardiinae) a supraoccipital
that does not reach the level of the vertex dorsally; an
ascending process of the premaxilla that is slightly concave
in lateral view; and a moderate vertex elevation. However,
Mamaziphius n. gen. differs from the berardiines by lacking
two distinctive synapomorphies of this clade: an isolated

rounded protuberance, formed by the interparietal or
frontals, on the posterior part of the vertex; and a posterior
transverse narrowing of the nasals and frontals at the
vertex. Moreover, Mamaziphius n. gen. further differs from
the extant species of Berardius by having shorter maxillary
crests that do not extend on the rostrum and temporal fossae
that are more anteroposteriorly elongated. Mamaziphius
n. gen. differs from all members of Messapicetiformes
(new clade defined below) as the mesorostral groove is
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Condylobasal length +495
Length of rostrum +240
Length of neurocranium +275
Width of rostrum base at level antorbital notch 195
Width of premaxillae at level antorbital notch 68
Preorbital width of skull 159%2 = 318
Postorbital width of skull 160%2 = 320
Length of orbit 77
Length of temporal fossa 126
Height of temporal fossa 63
Total width of premaxillary sac fossae 117
Maximum width of right premaxillary sac fossa 57
Maximum width of left premaxillary sac fossa 47
Width of bony nares 50
Tranverse diameter right dorsal infraorbital foramen 23
Longitudinal diameter right dorsal infraorbital 12
foramen

Tranverse diameter left dorsal infraorbital foramen 17
Longitudinal diameter left dorsal infraorbital 19

foramen

Tab. 1 - Measurements (in mm) of the cranium of Mamaziphius
reyesi n. gen. n. sp. (MUSM 4687, holotype) (modified from
Bianucci et al., 2007). Abbreviations: e, estimate; +, nearly complete.

not closed by a dorsomedial contact of the premaxillae as
well as by the lack of a pachyosteosclerotic development
of the premaxillae on the rostrum. Mamaziphius n. gen.
differs from most members of Vomeroziphii (new clade
defined below) as the mesorostral groove is not filled by
the mesorostral ossification of the vomer (though this
character is absent or less developed in adult females of
extant vomeroziphiids).

Etymology - The species name honors Julio Cesar
Reyes Robles, the eminent Peruvian cetologist who
described the extant ziphiid species Mesoplodon
peruvianus Reyes et al., 1991 (see also Reyes & Van
Waerebeek, 2018).

Total body length estimate - By inserting the
postorbital width of the Mamaziphius reyesin. gen. n. sp.
holotype skull (about 320 mm) in the equation proposed
by Bianucci et al. (2008) for ziphiids we obtained a body
length estimate of 4.165 m, a size value that is slightly
smaller than that of the extant Blainville’s beaked whale,
Mesoplodon densirostris de Blainville, 1817 (Ross, 1984).

Description -

General cranial morphology - The preserved portion
of'the rostrum is relatively narrow, exhibiting an oval cross
section at the preserved anterior end (the transverse width

to height ratio approximates 0.70). The well-preserved right
margin of the posterior part of the rostrum indicates the
absence of a maxillary tubercle and associated prominential
notch. The dorsal surface of the neurocranium lacks any
clear asymmetry, as the right and left premaxillary sac
fossae have nearly the same transverse width (see below),
and both the external nares and the right and left nasals
are roughly symmetrical with respect to the sagittal
plane. Despite some degree of abrasion on the vertex, the
missing portion is estimated to be less than 1 cm thick, thus
confirming the moderate elevation of the cranium compared
to most other beaked whales. Specifically, the ratio between
the vertical distance from the dorsal margin of the rostrum
to the top of the vertex and the width of the premaxillary
sac fossae falls between 0.80-0.90, a moderately high
value, yet still lower than typically observed in the extant
beaked whales. The degree of elongation of the temporal
fossa (the ratio between the horizontal length of the fossa
and the total length of the neurocranium is about 0.42)
aligns closely with Chavinziphius (0.41); it is lower than
observed in the functional tooth-bearing Messapicetus
(0.52-0.54) and Tasmacetus (0.48), and much higher than
observed in the almost edentulous Berardius, Hyperoodon,
Mesoplodon, and Ziphius (ratio close to 0.30). In light
of these comparisons, and given the apparent absence
of an alveolar groove in the preserved rostrum portion,
one can hypothesise that Mamaziphius n. gen., akin to
Chavinziphius, may have retained an intermediate, reduced
dentition, thus resembling some physeteroids with small yet
functional upper teeth along a shortened upper tooth row.

Maxilla - The dorsal maxillary surface of the preserved
posterior portion of the rostrum features a longitudinal
depression that deepens posteriorly, reaching a single
dorsal infraorbital foramen bordered laterally by a
prominent maxillary crest (Fig. 3). This foramen is notably
large and displays a circular outline (diameter 2 cm)
when viewed anteriorly (Fig. 5a). A similar configuration
is also observed in Berardius (including “Berardius”
kobayashii) and Tasmacetus. The presence of a prominent
maxillary crest medial to the antorbital notch is a derived
character shared by Mamaziphius n. gen. with many
but not all ziphiids (for example it is absent in most
members of Messapicetiformes, Nazcacetus, and many
species of Mesoplodon). However, the maxillary crest of
Mamaziphus does not extend anteriorly on the rostrum (a
clear difference with Chavinziphius and the extant species
of Berardius, which display an elevated rostral maxillary
crest). As already mentioned, there are no traces of distinct
alveoli or an alveolar groove on the palatal surface of the
preserved proximal portion of the rostrum (Fig. 5b).

Premaxilla - In dorsal view, the premaxillae are
transversely narrow on the rostrum, their lateral margins
being parallel to each other as well as to the main axis of
the skull for most of the length of the preserved portion
of the rostrum (Fig. 3). These margins weakly diverge
posteriorly, yet their transverse distance at the rostrum base
accounts for just 28% of the overall rostrum width. Among
other ziphiids, such a limited transverse distance between
the lateral margins of the premaxillae at the rostrum
base (<30% of the rostrum width) is observed in most
hyperoodontines as well as in Choneziphius, Imucetus, and
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Fig. 4 - (color online) Cranium of Mamaziphius reyesi n. gen. n. sp. (MUSM 4687, holotype) in left (al, a2) and right (b) lateral views;
photographs (al, b) and corresponding schematic drawing (a2). Linear h