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A new group of late Oligocene mysticetes from México

Atzcalli Ehécatl Hernandez Cisneros

ABSTRACT

The Oligocene cetacean fossil record from Mexico represents an important ele-
ment to understand the cetacean evolutionary history in the Pacific Basin. However,
our knowledge of these fossils is poor, as the specimens have not yet been properly
described. Nonetheless, recent observations on Oligocene fossils from the state of
Baja California Sur offer new ideas with regard to the cetacean taxonomic composition
and suggest a high diversity of mysticete fossils with several forms of toothless mys-
ticetes. Consequently, a new group of extinct mysticetes from the late Oligocene (Chat-
tian) of Mexico is described based on two different specimens (partial skulls), which
share a phenetically similar periotic bone. These fossils were collected from the marine
units of the San Juan Member (30 to 23 Ma) of the El Cien Formation in Baja California
Sur. Furthermore, this new group of archaic mysticetes is distinct to eomysticetid-like
animals, Mauicetus, Horopeta, and Whakakai mainly in the periotic morphology specif-
ically in: a longer and anteroposteriorly flattened compound posterior process of the
periotic, and a periotic (pars cochlearis, anterior process and body of the periotic) with
an ovoid shape in lateral and medial views. Phylogenetic analysis suggests a closer
relation to Sitsqwayk and eomysticetes than to Horopeta+Whakakai and crown Mys-
ticeti. Oligocene cetaceans from Mexico are still poorly known in terms of their paleo-
ecology and phyletic relationship. This work represents the first description of
Oligocene mysticetes from Baja California Sur and shows the potential to further
understanding of the biogeographic history of mysticetes in the Eastern Pacific.
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INTRODUCTION

The Oligocene cetacean radiation is known as
an important step in the evolution and establish-
ment of stem Mysticeti and Odontoceti, and the
development of filter-feeding and echolocation as
singular adaptations of each group, respectively
(Fordyce, 2009a, 2009b). However, knowledge of
taxonomic diversity of Oligocene cetaceans is lim-
ited mainly due to undiscovered fossils, or unpub-
lished data (Uhen and Pyenson, 2007). Hence, in
groups such as Mysticeti an important informative
gap exists regarding its estimated early diversity
during the Oligocene. This epoch is interpreted as
an inflexion point rich in taxonomical diversity, evo-
lutionary traits, and is a key to untangling relations
between stem and crown mysticetes (Whitmore
and Sanders, 1976; Fordyce, 1980, 1992, 2003).
Nevertheless, the Oligocene Mysticeti taxonomic
composition in the Pacific Ocean has increased
recently by descriptions of new species (e.g.,
Peredo and Uhen, 2016, Geisler et al., 2017). Cur-
rently there are about 28 recognized species of Oli-
gocene mysticetes, mainly aetiocetids and
eomysticetes (Hernandez-Cisneros et al., 2017), in
a range of ~33 to 24 Ma (see Marx and Fordyce,
2015), which represent a portion of the known
materials and sites (Fordyce, 2009c, 2009d).

Indeed, a place like Mexico offers an import-
ant Oligocene cetacean fossil record that is poorly
known (Barnes, 1998), but recent advances
(Hernandez-Cisneros, et al., 2017) suggest a more
complete idea on its diversity. The main Oligocene
fossiliferous area with cetaceans in Mexico is
located in the state of Baja California Sur, which is
recognized as the most important southern record
of North America, and its fossils include tooth-bear-
ing mysticetes (aetiocetids) and toothless mys-
ticetes, as well as archaic odontocetes, and
possible Kekenodon-like animals from the late Oli-
gocene of El Cien Formation and San Gregorio
Formation (Hernandez-Cisneros and Tsai, 2016;
Hernandez-Cisneros et al., 2017).

In this paper, a new taxon of mysticetes is
described based on two specimens housed in the
paleontological collection of the Museo de Historia
Natural de la Universidad Auténoma de Baja Cali-
fornia Sur. These fossils were collected from the
San Juan Member, El Cien Formation, Baja Cali-
fornia Sur, Mexico, with an estimated age of ~27
Ma, representing the first Oligocene mysticetes
described from Mexico. Both are added to the short
list of Oligocene mysticetes classified as non-
eomysticetes animals which include: Mauicetus
parki Benham, 1937, Horopeta umarere Tsai and
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Fordyce, 2015a, Whakakai waipata Tsai and
Fordyce, 2016, and Sitsqwayk cornishorum
Peredo and Uhen, 2016. In addition, these Mexi-
can fossils offer anatomical, ecological, and bio-
geographic details to the poorly known Oligocene
Chaeomysticeti in the Pacific Ocean.

MATERIAL AND METHODS

Descriptions are based on two different partial
skulls: MHN-UABCS_EcSj5/06/31 and MHN-
UABCS EcSj5/18/95. From here on MHN-UABCS
will be referred to as MU (see the complete speci-
men code in the material reference section below).
Although fossil materials are fragmentary, there is
enough morphological data to allow a reasonable
phylogenetic and taxonomic analysis. Anatomical
terms were based on Mead and Fordyce (2009),
and measurements follow Boessenecker and
Fordyce (2014) and Tsai and Fordyce (2015a). The
standard ear bone views follow Mead and Fordyce
(2009, p. 4) criteria for further comparison to the
Cetacea, e.g., dorsal view is the surface of dorsal
margin of the internal acoustic meatus. In addition,
the phrase “head of the periotic” is a new anatomi-
cal term used to easily refer to the combination of
the next anatomic elements: pars cochlearis, body
of the periotic and anterior process, and can be
considered as a compound anatomic term, which
corresponds to the anterior portion of the periotic
bone, excluding the posterior process and associ-
ated characters. Measurements are listed in Tables
1-3. Fossils were prepared using pneumatic chis-
els and hand tools; bones were glued and stabi-
lized with polyvinyl acetate. Photos were taken with
a Canon PowerShot G10 camera, and edited with
Photoshop© and CorelDraw®© software.

Cladistics analysis was performed using Marx
and Fordyce (2015) data, plus modifications from
Marx et al. (2015). Morphological characters and
matrix were taken from www.morphobank.org
(project 687). New states of character were added
in character 120, new state (5), which is a straight
and non-prominent outline of the postglenoid pro-
cess in anterior or posterior views, character 146,
new state (3), anterior process of the periotic in lat-
eral view ovoid or anteroposteriorly compressed
with an anterodorsal angle prominent as linguiform.
The latter two states were added to reflect the
autapomorphic features of the specimens. This
analysis includes Horopeta umarere and Whakakai
waipata from Tsai and Fordyce (2016) and
Sitsqwayk cornisorum (Peredo and Uhen, 2016).

Phylogenetic results were obtained through
T.N.T. software (Goloboff et al., 2008a) under heu-
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TABLE 1. Skull measures in mm. No data (-), maximum preserved (*), approximate measure (~).

Tlaxcallicetus sp. Tlaxcallicetus guaycurae

Cranium

Anteroposterior length *200 *270
Greatest anteroposterior length the exoccipital - 91.6
Anteroposterior length of the zygomatic process of the squamosal - *150
Byzigomatic width - ~750
Greatest transverse width of the supraoccipital - ~370
Transverse width of exoccipitals - ~248
Greatest Transverse width of occipital condyles ~125 126
Height of foramen magnum 45 40.2
Transverse width of foramen magnum ~47 ~35.2
Width of upper intercondyloid notch ~49.72 431
Width of low intercondyloid notch ~26.1 21
Transverse width of basioccipital crest, at its middle lenght 26.68 34.9
Transverse width across basioccipital crest ~64.2 ~90.3
Diameter of glenoid fossa (anterolateral-posteromedial axis) - 139.5
Diameter of glenoid fossa (posterolateral-anteromedial axis) - 118.6

ristic parsimony analysis using the 'traditional
search' option. Characters were treated under
equal weights and implied weights. A backbone
constraint tree (see Swofford, 1991) was applied
as in Geisler et al. (2011), following the molecular
tree from Gatesy et al. (2013, figure 6). Although
the implied weights method (Goloboff, 1993; Golo-
boff et al., 2008b) was considered problematic due
to its potential to produce false tree topologies (see
Congreve and Lamsdell, 2016), it was not dis-
carded taking into account consistency in cetacean
phylogeny between parsimony analysis and proba-
bilistic methods as Bayesian inference of past
studies (e.g., Geisler et al.,, 2011; Marx and
Fordyce, 2015, Marx et al., 2015). Three different
concavity constants (k = 3, 6 and 9) were used to
test phylogenetic results of implied weights analy-
sis. The latter was made taking into account the
warning about not using it conclusively to deter-
mine sister taxon relations, and under the criterion
of not discarding previous topologies from implied
weights analysis (Congreve and Lamsdell, 2016).
Only the consensus tree under k= 6 value is illus-
trated due to the fact that it is the lowest value of k,
which fits with the general tree topology from Marx
et al. (2015). Settings include a 10,000-random
stepwise-addition replicate (in Memory option), and
tree bisection reconnection (TBR) branch swap-
ping with 10 trees per replicate. An additive option
was applied as an equivalent to the ordered setting
to 25 ordered characters of Marx and Fordyce
(2015). Multiple most parsimonious trees were

summarized using strict consensus. Support val-
ues were obtained by symmetric resampling based
on 2000 replicates and reported as GC frequency
differences (Goloboff et al. 2003). Character code,
and character state maps, as well as cladistic data,
are available in Appendices 1-6. Preliminary tree
images and characters map were obtained using
Winclada software (Nixon, 2002).

Institutional Abbreviations

MHN-UABCS (MU), Museo de Historia Natural de
la Universidad Auténoma de Baja California Sur,
La Paz, Baja California Sur, Mexico.

GEOLOGICAL SETTING

Fossils MU EcSj5/06/31 and MU EcSj5/18/95
were collected from the EI Saladito locality
(24.43916 N, -110.69512 W), San Juan de la
Costa, in the west coast of Bahia de La Paz 50 km
north of La Paz, Baja California Sur, Mexico (Fig-
ure 1). Late Oligocene outcrops at San Juan de la
Costa belong to the San Juan Member, which is
one of two geological subunits of the Oligocene
age from El Cien Formation (Fischer et al., 1995;
Plata-Hernandez, 2002). The San Juan Member is
mainly composed of laminated, partly tuffaceous,
siliceous, diatomaceous or phosphatic mudstones,
partly phosphatic silt- and sandstones, granular
phosphorite, tuff and conglomerates (Fischer et al.,
1995). San Juan Member’s marine units reflect
shelf, coast, lagoon, and delta depositional envi-
ronments (Schwennicke, 1994), and several stud-
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TABLE 2. Measurements in mm of ear bones. No data (-), maximum preserved (*), approximate measure (~), not clear

(?).

TABLE 3. Measurements in mm of left thyrohyoid bone. No data (-).

Tlaxcallicetus
Tlaxcallicetus sp. guaycurae
Left bulla
Anteroposterior length *54.3 -
Greatest transverse width 447 -
Dorsoventral depth of involucrum, at anterior level to inner posterior 27.8 -
pedicle
Transversal thickness of involucrum across the anterior point of the base 28 -
of the inner posterior pedicle
Anteroposterior length of the tympanic cavity *42.4 -
Greatest transverse width of inner posterior prominence/medial lobe ~22.9 -
Greatest transverse width of outer posterior prominence/lateral lobe ~20 -
Left periotic
Greatest anteroposterior length *54 ~76.42
Anteroposterior length of the suprameatal area 7.2 -
Greatest anteroposterior length of anterior process, from anterior 22.78 ~20.7
incisures to anterior keel
Greatest length of the posterior process - ~60.8
Maximum anteroposterior length of pars cochlearis *28.74 ~29.36
Greatest length of internal acoustic meatus 16.2 -
Greatest length of aperture for the cochlear aqueduct ~3.5 ~2.5
Greatest length of aperture for the vestibular aqueduct 7.68 -
Greatest length of proximal opening of the facial canal ~4 -
Greatest length of dorsal vestibular area 8.2 -
Greatest length of fenestra rotunda - ~2.4
Greatest length of fenestra ovalis - -
Greatest length of mallear fossa - ?
Greatest length of distal opening of the facial canal - 6.4
Greatest length of stapedial muscle fossa - ?
Transverse width of base of anterior process - 10.5
Transverse width of pars cochlearis 17 ?
Transverse width of the posterior process (anteroposterior plan) - 17
Maximum transverse width of suprameatal area 10 -
Maximum transverse width of periotic, from the medial face of pars ~30.9 ?
cochlearis to lateral wall of the periotic body
Dorsoventral depth of anterior process *55 *41.3

Tlaxcallicetus sp.

Tlaxcallicetus guaycurae

Length 73
Width at middle 26.4
Thickness at middle 22.7
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FIGURE 1. Map locality, 1) state of Baja California Sur, Mexico; 2) Oligocene outcrops of San Juan Member, El Cien
Formation; 3) El Saladito and mesa El Tosoro fossilferous localities, north to San Juan de la Costa village.

ies support a tropical environment with high
productivity (Kim and Barron, 1986; Smith, 1991;
Schwennicke, 1994). San Juan Member outcrops
range ~23 to 30 Ma based on K/Ar dates using bio-
tite from a tuff bed (Hausback, 1984), diatom bio-
stratigraphy (Kim and Barron, 1986), foraminifera
biostratigraphy, zones P21 and P22, and calcare-
ous nannofossils biostratigraphy NP 24/NP 25
zones (Fischer et al., 1995).

On the other hand, cetacean remains are
associated with phosphorite beds and considered
allochthonous, originally belonging to shallow-
water environments (Fischer et al., 1995). In the
case of the specimens MU EcSj5/06/31 and MU
EcSj5/18/95, stratigraphic data is not available, but
field notes document they were collected from the
mine spoils at the El Saladito locality. These latter

rocks are a by-product associated with the princi-
pal mine source of phosphorite in the zone. The
mainly exploited phosphatic bed is called Humboldt
bed and many cetacean fossils are associated with
it, but it is not the only horizon rich in cetacean fos-
sils. The Humboldt bed is located around 42—-44 m
in the general stratigraphic column of San Juan
Member at San Juan de la Costa (Schwennicke,
1994). The sedimentary matrix removed from MU
EcSj5/06/31 and MU EcSj5/18/95 specimens con-
sisted mostly of grey fine sandstone and few silt-
stone, and it is similar in texture and colour to the
matrix of others fossils from the same locality
housed in the paleontological collection of MHN-
UABCS. It seems the described specimens, MU
EcSj5/06/31 and MU EcSj5/18/95, may come from
a phosphatic grey fine sandstone layer located
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around ~1 m above the Humboldt bed. This idea
was put forward based on new observations from
the neighbour outcrops at mesa El Tesoro locality
(24.47012 N, -110.69381 W), where similar speci-
mens in situ were found in this horizon (Figure 2).
Humboldt bed in mesa El Tesoro is easily found
due to mining activity and composed of granular
phosphorite. A layer of grey laminated mudstone is
located over the Humboldt bed, and above it rests
the grey phosphatic sandstone bed (Schwennicke,
1994; Fischer et al., 1995). These three horizons
have cetacean fossils that include archaic odonto-
cetes, toothed and toothless mysticetes, as well as
possibly Kekenodon-like animals (Hernandez-Cis-
neros and Tsai, 2016; Hernandez-Cisneros et al.,
2017). In addition, the Humboldt bed and the lami-
nated mudstone represent shelf deposits under
low-oxygen conditions, which are in contact with
the grey sandstone that was probably deposited in
a transitional zone between offshore and shore
face (Schwennicke, 1994). The estimate age for
the specimens MU EcSj5/06/31 and MU EcSj5/18/
95 is ~27 Ma based on the planktonic foraminifera
data correlated to P21 and P22 zones above the
Humboldt bed (see Fischer et al., 1995; Berggren
et al., 1995).

SYSTEMATIC PALEONTOLOGY

Order CETACEA Brisson, 1762
Clade NEOCETI Fordyce and de Muizon, 2001
Suborder MYSTICETI Gray, 1864
Infraorder CHAEOMYSTICETI Mitchell, 1989
Incertae familiae
Tlaxcallicetus, new genus
(Figures 3-9)

zoobank.org/620CDBE7-4B64-4815-A38F-F1CEA9A76958

Type species. Tlaxcallicetus guaycurae, new spe-
cies.

Included species. Tlaxcallicetus guaycurae (MU
EcSj5/06/31) new species, late Oligocene, Baja
California Sur, Mexico.

Diagnosis. Group of stem mysticetes character-
ized by a massive cranium. Broad supraoccipital
with a concave surface and triangular profile (Fig-
ure 3); opening of the foramen magnum with an
inverted trapezoidal outline; as well a thick zygo-
matic process, dorsoventrally and mediolaterally
(Figure 6). The posterior end of the nuchal crest is
elevated in vertical as in basilosaurids (Figure 7).
Tlaxcallicetus shows the following autapomorphic
features: i) a periotic with a long and flattened
anteroposteriorly compound posterior process
(derived feature); i) a head of the periotic (pars

cochlearis, body of the periotic and anterior pro-
cess) anteroposteriorly compressed and dorsoven-
trally expanded with ovoid form, in lateral and
medial views; iii) an anterior process transversally
thin like a lamina with an anterodorsal angle promi-
nent as a linguiform outline, which is approximately
more than twice the dorsoventral depth size of the
pars cochlearis; iv) presence of a basioccipital
crest anteroposteriorly longest and thick with a
similar profile as “J”; v) a prominent exoccipital
directed posteriorly, and dorsoventrally thick (~50
mm at posterior end) with a semicircular outline in
dorsal view; vi) and presence of a non-prominent
postglenoid process.

Tlaxcallicetus mainly differentiates from other
described Oligocene stem Mysticeti (Aetiocetidae,
Mammalodontidae, Eomysticetidae, and
Sitsqwayk, Mauicetus, Horopeta, and Whakakai) in
a periotic bone with a compound posterior process
(posterior processes of bulla and periotic fused)
and the ovoid head of the periotic. Tlaxcallicetus is
interpreted as a chaeomysticete based on the next
derived features: a compound posterior process of
the periotic; transversally widened intertemporal
constriction; and a postglenoid process of the
squamosal posteriorly directed in lateral view
(Hernandez-Cisneros et al., 2017). Thus, Tlaxcalli-
cetus is readily distinct from toothed forms (Llano-
cetidae, Mammalodontidae, Aetiocetidae) but
remnant teeth as in eomysticetids is unknown (see
Boessenecker and Fordyce, 2015a). It is largely
different from Eomysticetidae: in a zygomatic pro-
cess of squamosal with an inflated and rounded
squamosal prominence, as well as a posteriorly
divergent basioccipital crest; from Sitsqwayk cor-
nishorum, in an opening of the foramen magnum
with an inverted trapezoidal outline, presence of a
thick basioccipital crest that is laterally directed
near to or at right angle to the long axis of the skull;
from Mauicetus parki, in a deeply concave and
broad supraoccipital, a posteriorly divergent
basioccipital crest, a periotic with a vertical anterior
keel and a reduced suprameatal area; from Horop-
eta umarere and Whakakai waipata, in a deeply
concave and broad supraoccipital, an internal
acoustic meatus as a single aperture, and a
reduced suprameatal area. Tlaxcallicetus shows
several plesiomorphic features: a vertical profile of
the nuchal crest at the posterior part, a developed
superior process of the periotic, an internal acous-
tic meatus as a single aperture and a presence of a
low transverse crest, a straight medial profile of
pars cochlearis, and a presence of fovea epi-
tubaria. The latter features make Tlaxcallicetus dif-
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ferent from the crown Mysticeti (Balaenidae,
Cetotheriidae, and Balaenopteroidea, sensu Marx
and Fordyce [2015]).

Etymology. From tlaxcal-li (Nahuatl), which means
tortilla (‘cornbread’), a Mexican iconic food, and
refers to Tlaxcala ‘the place of tortillas’. From cetus
(Greek) that enunciates any large sea creature.
Tlaxcal-li alludes to the transversally thin anterior
process of the periotic.

General Description

Size and ontogenetic age. Body length was esti-
mated following Pyenson and Sponberg (2011)
equations for stem Mysticeti and stem Balaenopte-
ridae based on the dimension of the bizygomatic
width. This latter measure was taken using the pre-
served dimension from the midline at the condyle
to the margin of the preserved zygomatic process
in Tlaxcallicetus guaycurae (MU EcSj5/06/31). Its
estimated total length is between 6.4 and 7.7 m,
whereas Tlaxcallicetus sp. (MU EcSj5/18/95) is
fragmented but comparable in size to Tlaxcallice-
tus guaycurae under incomplete standard dimen-
sions (Hernandez-Cisneros et al., 2017). Both
specimens are considered as adults because they
present well-developed cranial sutures, although
they are not completely fused. Juvenile status is
discarded because they display a complete occipi-
tal ossification (Walsh and Berta, 2011), and occip-
ital condyles without pitted or porous surface
exhibiting no associated cartilage (Boessenecker
and Fordyce, 2015b).

Cranial topography. Tlaxcallicetus guaycurae
(MU EcSj5/06/31) has the most complete cranium
(sensu Mead and Fordyce, 2009) but lacks ros-
trum, frontal, intertemporal region, and postcranial
elements. Specimen Tlaxcallicetus sp. (MU EcSj5/
18/95) includes a broken cranium with partial por-
tions of the posterior middle part of the supraoccip-
ital, left parietal and squamosal, occipital condyles,
basioccipital, a fragment of the left thyrohyal bone
and broken left ear bones (bulla + periotic). Both
specimens show damage due to mining activity,
and diagenetic alteration is apparently absent. The
main morphological link between Tlaxcallicetus
guaycurae and Tlaxcallicetus sp. is the periotic
bone, which is phenetically similar in the ovoid
shape of the head of the periotic. Nonetheless,
Tlaxcallicetus sp. is classified as an undetermined
species due to its preservation degree. Although it
shows different features (see below) from Tlaxcalli-
cetus guaycurae, these are not enough to establish
a new species taxon or to classify as one species.

In addition, the posterior process of the peri-
otic in Tlaxcallicetus sp. is not preserved. However,
a new specimen (in field yet) recently discovered in
mesa El Tesoro locality shares a similar morphol-
ogy to Tlaxcallicetus sp. A preliminary identification
suggests affinity to Tlaxcallicetus sp. and shows a
similar periotic (Figures 2.5, 10). The similar ear
bone morphology suggests a close relationship
between both specimens described here. Note that
the ear bones are considered a good diagnostic
feature to identify Cetacea (Oishi and Hasegawa,
1994), and the periotic bones are useful for phylo-
genetic analysis as well as for recognizing groups
(Geisler and Luo, 1996; Steeman, 2010).

Tlaxcallicetus guaycurae, new species
Figures 3-8

zoobank.org/3B27C833-31FE-4DF7-9929-78E860A1EEF8

Diagnosis. The autapomorphic characters that
distinguish Tlaxcallicetus guaycurae from other
known Oligocene archaic chaeomysticetes include:
i) presence of an external occipital sulcus (new
term) on the posterior middle part of the supraoc-
cipital; i) well-developed and deeper dorsal condy-
loid fossae; iii) well-defined supracondylar septum
(new term that refers to the prominent elevation of
dorsal surface on the middle line of the foramen
magnum); iv) a prominent exoccipital posteriorly
directed farther from the posterior edge of the
occipital condyles; v) inflated and rounded squa-
mosal prominence; vi) posterior end of basioccipi-
tal crests transversally aligned to the level of the
straight postglenoid process; vii) posteriorly
exposed ventral surface of the paroccipital process
of the exoccipital; viii) postglenoid process at same
level that the ventral edge of the exoccipital, lateral
view; ix) half-moon shaped fenestra rotunda; and
x) a flattened anteroposteriorly compound posterior
process.

Etymology. The specific name guaycurae (Lati-
nized) recognizes the ‘Guaycura’ indigenous group
that lived throughout the municipality of La Paz,
Baja California Sur, region where the holotype was
found.

Material. Tlaxcallicetus guaycurae is known only
from the holotype, MHN-UABCS_EcSj5/06/31,
which includes a partial cranium without rostrum,
mandibles and postcranial bones. The best-pre-
served fragments of Tlaxcallicetus gquaycurae
include a left broken zygomatic process of squa-
mosal, a well preserved left squamosal fossa, a
glenoid fossa, a supraoccipital without apical por-
tion, occipital condyles, left part of the exoccipital,
basioccipital, and an almost complete left periotic
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FIGURE 3. Tlaxcallicetus guaycurae (MU EcSj5/06/31), cranium, dorsal view.

bone. Specimen was collected by G. Gonzalez-

Barba, December 1, 1991.
Type locality. El Saladito (mine spoils), San Juan
de la Costa, La Paz, Baja California Sur, Mexico
(24.43916 N, -110.69512 W). See details in Figure
1.
Horizon. From a phosphatic grey fine sandstone
bed ~1 m above the Humboldt bed at the general
stratigraphic column (Figure 2) of San Juan de la

Costa (Schwennicke, 1994).
Age. Late Oligocene, ~27 Ma based on the plank-

tonic foraminifera (see above).

Description
Parietal. A small posterior part of parietals is pre-
served. The surface is concave and fused to the
squamosal. No foramina or other important charac-
ters are seen (Figures 3, 5, 7). The parietal/squa-
mosal suture obliquely descends over the anterior
portion of the squamosal fossa. Its contact with the
sphenoid bone is not well defined; the suture is
dorsally and posteriorly convex, close to the nuchal
crest, and apparently, the parietal forms most of the
nuchal crest together with the supraoccipital.
Supraoccipital. The apex of the supraoccipital is
broken, and the nuchal crests are practically
eroded. A small preserved anterior portion sug-
gests that the anteromedial surface of the supraoc-

9
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FIGURE 4. Tlaxcallicetus guaycurae (MU EcSj5/06/31), cranium, ventral view.

cipital was elevated relative to the posteromedial
part, and may have had a triangular profile in dor-
sal view (Figure 3). The nuchal crest is dorsally
convex and ventrally concave on the parietosqua-
mosal surface, and overhangs the squamosal
fossa. Its posterior part turns down over the exoc-
cipital/squamosal suture, and an inflexion defines
the origin of the eroded supramastoid crest, which
extended laterally over the exoccipital/squamosal
contact. It does not follow a continuous path over
the dorsal surface of the zygomatic process. The

10

nuchal crest runs posteriorly directed and falls into
a vertical profile as in the basilosaurids. The poste-
rior middle part of the supraoccipital is depressed
(Figure 6). Its surface is smooth and flat (slightly
convex) with a sagittal oval sulcus (external occipi-
tal sulcus) in the middle anterior part of the flat sur-
face. The external occipital sulcus is around 5 mm
deeper, and is unique for Tlaxcallicetus guaycurae
(Figure 9.3). No other known mysticete has one.
This sulcus is probably a reinforcement of the
epaxial muscle for feeding proposes maintaining a
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FIGURE 5. Tlaxcallicetus guaycurae (MU EcSj5/06/31), cranium, frontal view.

strong atlantooccipital joint associated to the rectus
capitis dorsalis major and the rectus capitis dorsa-
lis minor (see Bouetel, 2005; Evans and de
Lahunta, 2013).

Exoccipital. Posteriorly, the supraoccipital meets
the exoccipital (Figures 3, 6). Dorsal to the occipital
condyles, a particularly deep, rounded, and well-
developed dorsal condyloid fossa appears. This
feature is present in other Oligocene primitive mys-
ticetes as a shallow depression; for example, in
eomysticetids (Boessenecker and Fordyce, 2014),
or some aetiocetids (Barnes et al., 1995) but
apparently, it is also present in many cetaceans
and provides a room for movements of the atlas
(Mead and Fordyce, 2009). Between the condyloid
fossae, a well-defined and prominent supracondy-

lar septum is present. It is not certain if the latter is
common in cetaceans with deeper dorsal condyloid
fossae; however, a tenuous form of this septum is
seen in some fossils (e.g., Eomysticetus whit-
morei). Laterally, the exoccipital is located posterior
to the squamosal; it is prominent and posteriorly
directed towards the posterior edge of the occipital
condyles. This pronounced extension is dorsoven-
trally thick (~50 mm at its posterior end). From a
dorsal view, it has a semicircular outline, and the
dorsal surface is slightly concave. This feature is
unique in Tlaxcallicetus. Ventrally, the paroccipital
process in the exoccipital is thick (~30 mm anter-
posterioly) and is exposed posteroventrally. Appar-
ently, its surface has a broad attachment area for
the abductor digastric muscle (see El Adli and

1
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FIGURE 6. Tlaxcallicetus guaycurae (MU EcSj5/06/31), cranium, posterior view.

Deméré, 2015). The jugular notch is open widely
between the exoccipital and basioccipital crest. A
hypoglossal foramen is situated near to the poste-
rior end of the basioccipital crest and opens into
the jugular notch.

Basioccipital. The basioccipital forms the cranial
base (Figure 4)-basilar part (sensu Fitzgerald,
2010). It is smooth medially and becomes flat to
slightly convex dorsally. Anteriorly, it is fused to the
basisphenoid and ventrally overlaps to the poste-
rior end of vomer (nasal plates fragment). Ventro-
laterally, the basilar part extends forming a
prominent and thick basioccipital crest with a

12

slightly eroded convex surface. Basioccipital crest
is long and bulbous, mediolaterally and dorsoven-
trally thickened, as in all mysticetes (Fitzgerald,
2010). The crest curves laterally in a right angle at
the level of the postglenoid process. The entire
crest extends between the middle part of the ptery-
goid sinus fossa and postglenoid process. lts lat-
eral margin is concave and forms part of the
pterygoid sinus fossa, and the blunt apex margin-
ally overhangs the head of the periotic as well as
over the periotic fossa. Moreover, the crest is trans-
versally thick, around ~35 mm, near its posterior tip
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FIGURE 7. Tlaxcallicetus guaycurae (MU EcSj5/06/31), cranium, lateral view.

end. This latter feature also distinguishes it from  and transversally broad. A rounded and inflated
Tlaxcallicetus sp. squamosal prominence rules the lateral surface of
Squamosal bone. The dorsal squamosal surface the squamosal fossa at the medial part of the base
meets the posterior part of the parietal, and both of the zygomatic process of the squamosal. The
form the concave space of the squamosal fossa base of the zygomatic process is transversally
(Figure 3, 5). The fossa is anteroposteriorly short  wide and posteriorly fused into the exoccipital. The
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FIGURE 8. Tlaxcallicetus guaycurae (MU EcSj5/06/31), ear region (1) with the left periotic bone (2-4), ventral view.
Pars cochlearis (3), posteromedial view.
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FIGURE 9. Detailed features of Tlaxcallicetus guaycurae (MU EcSj5/06/31), (1) pitted edge in the glenoid fossa that
suggest a fibrocartilaginous joint; (2) inflated and rounded squamosal prominence; (3) external occipital sulcus on the

posterior middle part of the supraoccipital.

supramastoid crest is broken, it is laterally directed
and continues between the nuchal crest and exoc-
cipital joint but is not present over the zygomatic
process. Dorsolaterally and next to the squamosal
prominence occurs a broad sternocephalicus fossa
with a flat to slightly convex surface. Its oval area is
limited by a blunt and thin ridge. Ventrally, the post-
glenoid process is exposed on the posterolateral
margin of the base of zygomatic process. The apex
of the zygomatic process is broken but in the ante-
rior view can be seen a round transverse section
that suggests a conical shape (Figure 5). The left
glenoid fossa is broad and concave. Its outline is
nearly semicircular with the anterolateral margin
marked by a visible pitted surface (Figure 9.1).
These pits could imply the presence of a possible
non-synovial and fibrocartilaginous joint, similar to
the one in balaenopterids (Lambertsen et al.,
1995). Posteriorly, the glenoid fossa is limited by a
perpendicular and straight postglenoid process
(relative to the sagittal axis), which is aligned to the

14

rear of the basioccipital crest. The postglenoid pro-
cess is relatively thick in lateral view and postero-
ventrally directed. Thus, it is different from the
anteriorly curving postglenoid process present in
archaic tooth-bearing mysticetes as the aetiocetids
(Barnes et al., 1995) or the eomysticetids (Sanders
and Barnes, 2002a, 2002b, Boessenecker and
Fordyce, 2015a, 2015b). Also, it is small and not
prominent ventrally or posteriorly, and is aligned
ventrally to the paroccipital process of the exoccipi-
tal. Posteriorly to the postglenoid process, a broad
postglenoid notch opens. Inside, the external
acoustic meatus is mediolaterally long and rela-
tively narrow anteroposteriorly, between the ante-
rior and posterior meatal crests of the squamosal.
Medially to the glenoid fossa, the falciform process
is broken. The pterygoid sinus fossa is a deep cav-
ity with an ovoid shape and anterolaterally, the
foramen ovale canal crosses the pterygoid sinus
fossa. A small and indistinct fossa for sigmoid pro-
cess is also present near the spiny process of the
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FIGURE 10. Ear region and left periotic comparison between Tlaxcallicetus species, ventral view. Tlaxcallicetus sp.
(MU EcSj5/18/95) (1-2), Tlaxcallicetus guaycurae (MU EcSj5/06/31) (3-4), and specimen found at mesa El Tesoro,

Tlaxcallicetus sp., field observation (5-6).

squamosal. The left periotic is in situ and practi-
cally complete within the periotic fossa.

Vomer/ Alisphenoid/ Pterygoid. Some fragments
of the alisphenoid, vomer, and pterygoid are pre-
served. The pterygoid is lateral to the posterior end
of the vomer (nasal plates) but is broken. Appar-
ently, the pterygoid forms part of the foramen
ovale, and a thin medial lamina of the pterygoid is
preserved. Alisphenoid is fused laterally to the
pterygoid and represents just a portion of the ven-
tral surface of the braincase. The nasal plates of
vomer are wide transversally and are divided by an
eroded vomerine crest.

Periotic. The periotic is the best diagnostic feature
of Tlaxcallicetus. In Tlaxcallicetus guaycurae, the

periotic is basically complete, but the dorsal sur-
face (internal acoustic meatus, suprameatal area,
superior process, the aperture to the vestibular
aqueduct, and the cochlear aqueduct) is not visible
(Figure 8). However, it is anatomically similar to the
Tlaxcallicetus sp. (MU EcSj5/18/95), left periotic
(Figure 10). The anterior process of the periotic is
transversally narrow (~10.5 mm as maximum at
the base near the fovea epituvaria), and very thin
dorsally. The anterior keel is vertical. The antero-
dorsal angle and the anteroventral angle are bro-
ken. In the posteriomedial wall of the anterior
process and anterior to pars cochlearis, a marked
anterior incisure is present. Ventrally, the incisural
flange is eroded. Posteriorly to the broken antero-
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ventral angle, a rectangular and narrow fovea epi-
tubaria appears. The adjacent mallear fossa is
poorly preserved but looks rounded, concave with
a well-defined margin, and oriented posteroven-
trally. The lateral tuberosity is not complete but the
fragments suggest that it is blunt and indistinct;
posteriorly, the fossa incudis is eroded. The fenes-
tra ovalis is broken and nearly elliptical, oriented
ventrally and located anteromedial to the distal
opening of the facial canal. The fossa for the stape-
dius muscle is anteroposteriorly long, finishing in
the stylomastoid fossa. The pars cochlearis is bro-
ken in its ventromedial surface, without evidence of
an anterointernal angle or a median promontorial
groove. The cochlea is exposed ventrally. Posteri-
orly, the fenestra rotunda is preserved as a half-
moon groove and ventrally, the caudal tympanic
process has a low profile with a blunt margin (Fig-
ure 8.3). The head of the periotic is connected by a
cylindrical neck to the posterior process. On the
dorsomedial surface between the posterior part of
the pars cochlearis and the posterior process, a
prominent depression of the stylomastoid fossa is
present. The tympanic and periotic posterior pro-
cesses are fused and form a compound posterior
process oriented in a right angle to the axis of the
anterior process. It is flattened anteroposteriorly.
Near the neck and closer to the posterior margin of
the posterior process, a transversally short facial
nerve sulcus appears.

Tlaxcallicetus sp.
Figures 11-21

broken
nuchal crest

Diagnosis. Tlaxcallicetus sp. is different from oth-
ers known Oligocene archaic chaeomysticetes
(eomysticetids, Sitsqwayk cornishorum, Mauicetus
parki, Whakakai waipata, and Horopeta umarere)
because it presents a long, thick, and posterolater-
ally directed J-shaped basioccipital crest. It also
has an inverted trapezoidal foramen magnum
opening, a periotic ovoid head with a transversally
narrow anterior process similar to a lamina, and a
prominent anterodorsal angle. Tlaxcallicetus sp.
differs from Tlaxcallicetus guaycurae in the follow-
ing autapomorphic features: a slender basioccipital
crests (~22.5 mm width near its posterior end)
directed posterolaterally in obtuse angle >90° and
aligned to the medial part of the paroccipital pro-
cess of the exoccipital. Moreover, the plain surface
behind the foramen magnum suggests that it lacks
an external occipital sulcus, and also lacks a dorsal
condyloid fossa and a supracondylar septum. How-
ever, both specimens share general features, but
the main observable autapomorphic feature is the
presence of a periotic ovoid head with a trans-
versely thin anterior process.

Material. MHN-UABCS_EcSj5/18/95, partial cra-
nium with both broken left periotic and bulla, and
fragment of left thyrohyal and fragmentary bones.
Collected by G. Gonzalez-Barba, May 4, 1994.
Type locality, horizon and age. The same as
Tlaxcallicetus guaycurae (see above).

Description

Skull. A fragment of the cranium is preserved as
well as a piece of the hyoid bone (left thyrohyal).

anterior

parietal

medial

FIGURE 11. Tlaxcallicetus sp. (MU EcSj5/18/95), cranium, dorsal view.

16



PALAEO-ELECTRONICA.ORG

pterygoid sinus
fossa

anterior
A

wial

basioccipital

crest broken periotic

bone

occipital condyle:

FIGURE 12. Tlaxcallicetus sp. (MU EcSj5/18/95), cranium, ventral view.

Tlaxcallicetus sp. partial cranium's size is compara-
ble to Tlaxcallicetus guaycurae. The fragment dis-
plays a dorsal posterior part of the supraoccipital, a
fragmentary posterior exoccipital piece, an incom-
plete ventral basioccipital as well as a fragment of
the left ear. From a lateral view (left side), fractions
of the parietal and the squamosal can be observed
(Figure 11). The supraoccipital piece is smooth
with a flat to slightly convex surface, and presents
a concave profile from a posterior stand-up point.
The incomplete squamosal fossa in Tlaxcallicetus
sp. is similar to the anteroposteriorly short and
transversally broad squamosal fossa of Tlaxcallice-
tus guaycurae. The parietal/squamosal suture is
the same as in the Tlaxcallicetus guaycurae, and

the broken nuchal crest has a vertical profile in the
rear. Posteriorly, the supraoccipital fuses with the
exoccipital, and lacks a well-defined supracondylar
septum. The left occipital condyle is relatively thick
(37.5 mm). Under the occipital condyle, the exoc-
cipital flows into the left basioccipital crest, and the
jugular notch is more or less conserved. The
basioccipital is mostly broken. Only a long and nar-
row left basioccipital crest with an eroded surface
is preserved. Anteromedially, the crest forms the
margin of the broken pterygoid sinus fossa. The
apex of the basioccipital crest is bulbous and pos-
terolaterally extends in an obtuse angle >90°. The
pterygoid sinus fossa is deep but anteriorly incom-
plete. The foramen ovale is not preserved (Figure

squamosal
fossa

basioccipital

basioccipital crest

FIGURE 13. Tlaxcallicetus sp. (MU EcSj5/18/95), cranium, frontal view.
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FIGURE 14. Tlaxcallicetus sp. (MU EcSj5/18/95), cranium, posterior view.

12), and the falciform process is broken.

Periotic. Only a fragment of the left periotic is pre-
served including a piece of the pars cochlearis, the
body of periotic, and the anterior process (Figures
16-18). The head of the periotic has an ovoid
shape, anteroposteriorly compressed and dorso-
ventrally deep. It rests on the periotic fossa and
apparently was not firmly ankylosed to the squa-
mosal. However, the linguiform anterodorsal angle
is close to the squamosal wall through a thin lam-
ina of bone. The anterior process is dorsoventrally
deep (total estimate ~75 mm); more than twice the

dorsal

posterior

depth of the pars cochlearis in Whakakai waipata,
Horopeta umarere, and Mauicetus parki. It consti-
tutes a transversally thin lamina (between ~10.5
mm at the base and ~0.5 mm on the top). The
anterior process has an ovoid outline with a vertical
anterior keel. Both, the anterodorsal angle and the
anteroventral angle are broken, and nearly all of
the superior process is eroded. The anterior inci-
sure marks the limit between the pars cochlearis
and the anterior process, and is slightly vertical.
Above of the anterior incisure a small hiatus Fal-
lopii is present. From a lateral view, the periotic

broken

basioccipital
crest

FIGURE 15. Tlaxcallicetus sp. (MU EcSj5/18/95), cranium, lateral view.
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FIGURE 17. Left periotic, Tlaxcallicetus sp. (MU EcSj5/18/95), medial (1), lateral (2), ventral (3), dorsal (4), posterior
(5), and anterior (6) views.
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FIGURE 18. Left periotic, Tlaxcallicetus sp. (MU EcSj5/18/95), closer view of internal acoustic meatus, dorsal view.

body's wall surface is smooth with some vertical
small creases near the broad and indistinct antero-
external sulcus. The pars cochlearis has a square-
rectangular outline with a prominent and blunt
anterointernal angle (Figure 16.4, 17.4). The
suprameatal area is small and compressed half-
way through the internal acoustic meatus, the
aperture for vestibular aqueduct, and the medial
posterior sulcus. The internal acoustic meatus is
anterolaterally directed, oval, and deep, and its
anterior margin is overhanging the facial canal.
The spiral cribriform tract is a broad opening in the
bottom of the internal acoustic meatus. On its lat-
eral wall a stepped foramen singulare, as well as a
medium-size facial canal are present. The former
is isolated by a low transverse crest. On the poste-
rior surface of the pars cochlearis, an oval aperture
for vestibular aqueduct can be observed. Also,
another medially minuscule aperture of the
cochlear aqueduct is present. Below to the broken
posterodorsal angle, a broad medial posterior sul-
cus is present. On the posterior margin of the pars
cochlearis, an incomplete stylomastoid fossa is
preserved as a depressed surface.

Bulla. Only the left bulla is preserved, and diag-
nostic details from the dorsal region are missing
(Figure 19-20). It is compressed dorsoventrally. In
a dorsal view, the bulla has a rectangular-ovoid
profile with a straight medial margin, and its ante-
rior border obliquely truncated. The tympanic cavity
extends anteroposteriorly. The involucrum is dor-
soventrally thick posteriorly and becomes narrow

anteriorly; with fine creases covering its middle
part. Medially, the involucrum is posteriorly bulbous
with a low anterior portion separated by a step. The
involucral ridge extends anteroposteriorly closer to
the ventral margin. From a ventral view, it meets
the medial edge of the bulla. Dorsally, the base of
the inner posterior pedicle is broken and located
near the posterior edge. The outer lip is broken.
From a ventral view, the outer posterior and inner
posterior prominences are not well defined and are
separated by an interprominental notch; a shallow
median furrow extends from it.

Thyrohyoid. The proximal portion of the left thyro-
hyoid is preserved (Figure 21). In its cross section,
it is cylindrical and thick. The anterior end was
attached (not fused) to the posterolateral face of
the basihyoid. This was inferred based on the oval
pitted surface of a possible cartilaginous joint.

PHYLOGENETIC ANALYSIS

As a result of the cladistic analysis two con-
sensus trees were obtained: the first is a consen-
sus tree from 260 parsimonious trees under equal
weights, and the second is a result from three par-
simonious trees under implied weights, k= 6 (Fig-
ure 22). Both consensus trees were simplified
focused on the Tlaxcallicetus' position. For a more
complete analysis on Mysticeti phylogeny, see
Marx and Fordyce (2015). Total characters coded
for Tlaxcallicetus guaycurae represent 33.8% (92/
272) of the total matrix and for Tlaxcallicetus sp.
are 34.9% (95/272).
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FIGURE 19. Left bulla with anatomical terms, Tlaxcallicetus sp. (MU EcSj5/18/95), ventral (1), dorsal (2), lateral (3),

medial (4), posterior (5), and anterior (6) views.

Tlaxcallicetus had low support as a taxon
under equal weights (37%) and is poorly supported
under implied weights (57%). Furthermore, Tlax-
callicetus’ phyletic relation is constant in both trees
as a sister taxon between Sitsqwayk and Eomys-
ticetidae but lies within different polytomies.
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Although it shares a same branch with Sitsqwayk
under implied weights, this can be considered as
an artefact arrangement (see Congreve and Lams-
dell, 2016). This branch is supported by two non-
homoplasious characters: straight and non-promi-
nent outline of the postglenoid process in an ante-
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10 mm
|

FIGURE 20. Left bulla, Tlaxcallicetus sp. (MU EcSj5/18/95), ventral (1), dorsal (2), lateral (3), medial (4), posterior

(5), and anterior (6) views.

rior or posterior view (120/5); as well as an anterior
process of periotic in lateral view, ovoid or antero-
posteriorly compressed with a prominent antero-
dorsal angle in linguiform shape (146/3). These
latter characters are autapomorphies for Tlaxcalli-
cetus and are unknown in Sitsqwayk. Note these
autapomorphic characters are not reflected in
equal weights results.

In general, the trees’ topology is close to that
obtained by Marx and Fordyce (2015). Results
support poorly Tlaxcallicetus as a taxon in both
phylogenetic tests. The crown Mysticeti, which
“includes all the extant species and all the descen-
dants of the most recent common ancestor of living
Mysticeti” (Tsai and Fordyce, 2016), is gathered
into the following groups: Balaenidae, Cetotherii-
dae, and Balaenopteriodea. Stem groups as Llano-
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proximal

FIGURE 21. Left thyrohyoid, Tlaxcallicetus sp. (MU EcSj5/18/95), dorsal (1), anterior (2), and posterior (3) views.

cetidae, Mammalodontidae, and Eomysticetidae
are equable. Horopeta and Whakakai conserved
its positioning near the crown similar to the analy-
sis of Tsai and Fordyce (2016), Mauicetus exhibits
an ambiguous position among the stem- and crown
Mysticeti, and Sitsqwayk is still near to Eomys-
ticetidae (Peredo and Uhen, 2016) but now beside
Tlaxcallicetus.

DISCUSSION AND CONCLUSION

Like Mauicetus, Whakakai, Horopeta, and
Sitsqwayk, Tlaxcallicetus is an ancient group of
extinct mysticetes from the late Oligocene, ~27 Ma.
Data suggest that Tlaxcallicetus was contempora-
neous with the latter Oligocene mysticetes but lim-
ited by regions, as well as sympatric in the
Northwest of Mexico with other late Oligocene
cetaceans, including aetiocetids, eomysticetids,
archaic odontocetes, and kekenodontid-like ani-
mals (Barnes, 1998; Hernandez-Cisneros and
Tsai, 2016; Hernandez-Cisneros et al, 2017). Thus,
it can be considered as a part of the multiple relict
forms of filter-feeders mysticetes that were com-
mon during late Oligocene (Marx and Fordyce,
2015), which derived from different factors such as
evolutionary development (Fordyce and de Mui-
zon, 2001; Fitzgerald, 2010; Tsai and Fordyce,
2014a, 2014b, 2015b), sympatric speciation events
(Clementz et al., 2014), and niche partition (Tsai
and Ando, 2015) into heterogeneous environment
with varied food sources (Fordyce, 2003; Steeman
et al, 2009; Marx and Uhen, 2010). This framework
fits the Oligocene mysticetes diversity recorded in
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Baja California Sur. Interestingly, Tlaxcallicetus
belongs to a set of at least ~12 to 14 unnamed dis-
tinct morphotypes of early chaeomysticetes recog-
nized for Baja California Sur in the fossil record,
which lived in a high productivity, tropical/subtropi-
cal environment (Hernandez-Cisneros et al.,
2017).

Besides, Oligocene cetacean fossils in Mex-
ico offer a reference point to understand distribu-
tion patterns taking into account the feasible
influence of Central America Seaway as a migra-
tion passage between the Pacific and Atlantic
oceans. Furthermore, it is possible that speciation
events could have occurred in this geographic
space that might connect several early cetacean
populations.

On the other hand, Tlaxcallicetus contrasts
morphologically to the known Oligocene Chaeo-
mysticeti forms, mainly in the periotic bone, which
is highly different from others Oligocene mysticetes
(see Tsai and Fordyce, 2016). However, absence
of morphological data associated to rostrum and
mandibles limits interpretation of feeding mecha-
nisms and ecological traits. It is not clear whether
Tlaxcallicetus was a specialized mysticete by its
peculiar morphology, or able to feed as rorquals,
via a hypothesized fibrocartilaginous joint between
the dentary and the glenoid fossa, indicated by the
pitted surface on the fossa’s edge (Figure 9). Per-
haps the broad paroccipital process present in
Tlaxcallicetus guaycurae associated to a possible
digastric muscle, represents a clue of some feed-
ing behaviour through benthic suction or skimming
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FIGURE 22. Philogenetic position of Tlaxcallicetus. 1) Under equal weights, consensus tree recovered from 260 par-
simonious trees (1327 steps, consistency index Cl= 0.246, retention index RI= 0.686, rescaled consistency index
RCI= 0.168756, tree total length 1474). 2) Under implied weights: k= 6, consensus tree from 3 parsimonious trees
(85.63773 steps, Cl=0.271, RI= 0.724, RCI= 0.196204, tree total length 1338. Black squares mark unequivocal char-
acters that support the different groups (see legend). Support branch belongs only to those clades with 50% or more

consistency. Dashed lines suggest a probable inclusion of taxa in clade.
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(Bouetel, 2005; EI Adli and Deméré, 2015), or both.
Moreover, the morphological information gap about
stem mysticetes as Tlaxcallicetus leaves unclear
the phylogenetic relations between stem-ward
Chaeomyticeti (Tsai and Fordyce, 2015a, 2015b,
2016), as well its phyletic connection through Mio-
cene mysticetes fauna. In conclusion, Tlaxcallice-
tus represents a new form of stem mysticete from
the North Pacific Ocean. It is also the first formally
described Oligocene mysticete from Mexico, and
the southernmost record for this time period in
North America.
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APPENDIX 1.

NEXUS file. All appendices are online at palaeo-electronica.org/content/2018/2147-oligocene-
mysticetes-from-mexico.

APPENDIX 2.

Character map, equal weights analysis. Character map, implied weights analysis (k=6). All
appendices are online at palaeo-electronica.org/content/2018/2147-oligocene-mysticetes-from-
mexico.

APPENDIX 3.
Phylogenetic arrangement under implied weights analysis (k=3). All appendices are online at
palaeo-electronica.org/content/2018/2147-oligocene-mysticetes-from-mexico.

APPENDIX 4.

Phylogenetic relation of Tlaxcallicetus. Equal weights analysis, strict consensus of 260 equally
parsimonious trees. Tree length is 1474. The number in each branch denotes the branch length.
All appendices are online at palaeo-electronica.org/content/2018/2147-oligocene-mysticetes-
from-mexico.

APPENDIX 5.

Phylogenetic relation of Tlaxcallicetus. Implied weights analysis (k=6), strict consensus of three
equally parsimonious trees. Tree length is 1338. The number in each branch denotes the branch
length. All appendices are online at palaeo-electronica.org/content/2018/2147-oligocene-mys-
ticetes-from-mexico.

APPENDIX 6.

Backbone constraint tree data. All appendices are online at palaeo-electronica.org/content/2018/
2147-oligocene-mysticetes-from-mexico.
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