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ABSTRACT-The Neogend&mphimachairodus coloradensis appears to be one of the most
abundant species of Machairodontine in Mexico. Hewgits fossil record is composed of
scarce, fragmented, and poorly studied materiak Menains discovered in La Plegaria
locality (late Hemphillian), in the State of Hidalgn Central Mexico, offers the
opportunity to review some morphological aspects gimylogenetic relationships of this
species within the subfamily Machairodontinae. Goservations allow us to recognize that
the material from La Plegaria looks like the papatpfA. coloradensis (DMNH EPV 207,
from the Ogallala Fm. in the western United Statds3 means, m1 with reduced talonid
and paraconid almost as large as protoconid, avdtp4oosterior cingulum. Phylogenetic
analysis confirms the relationship of La Plegael&dfwith A. coloradensis andA. alvarez;
although the last one presents autapomorphiegliff@tentiate it from others
Amphimachairodus: highly developed mandibular flange. We concluttext the material
from La Plegaria corresponds to the southernmasirdeof anA. coloradensis. This work
made it possible to review variation within thigsg@s and its morphological relationship

with M. catocopis.

Keywords: Hemphillian;Machairodus; Miocene; Pliocene; Scimitar-toothed.
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1. Introduction

In Mexico felines represent 18.2% of the currenedsity of land carnivorans (order
Carnivora Bowdich, 1821), with six species (Celsl@014). During the Neogene and
Quaternary, the feline richness was slightly défeérand included the extinct Long-toothed
felids or Machairodontines (Machairodontinae GiB,72) (Ferrusquia-Villafranca et al.,
2010; Ruiz-Ramoni et al., 2020, 2019).

Since the second half of the Neogene, Machairodestivere probably one of the
largest predators of the region (Carranza-Castaéiedla 2013; Carranza-Castafieda and
Miller, 1996; Miller and Carranza-Castafieda, 19R8iz-Ramoni et al., 2019), because of
their adaptations to hypercarnivory (Anton, 2038).its name indicates, Machairodontines
are distinguished by their hypertrophied and flagte upper canines; a homoplasy that is
shared with other non-feline mammals, such as Togliailids and Barbourofelids (Anton,
2013; Turner, 1997). But, the main features théihdehe Machairodontine group are their
small upper molars and lower canine, and the |pegastyle present in the upper third
premolar (Christiansen, 2013).

Two groups of Machairodontines have been recognizééexico: Saber-toothed
felids, with elongated upper canines in dirk-shaped Scimitar-toothed felids, with
canine slightly shorter than the previous oneswaitld a marked crenulation (Kurtén, 1952;
Wheeler, 2018, 2011). Saber-toothed belongingeaygnusSmilodon has been reported
from the Pleistocene of the Central Plateau, teer&Madre Oriental, the Trans-Mexican
Volcanic Belt, and the Yucatan Platform (Moralesjidet al., 2009; Ferrusquia-
Villafranca et al., 2010; Chatters et al., 2014hi/the Scimitar-tootheHomotherium

has been reported from the Irvingtonian NALMA (108).2 Ma) of Sonora (Lindsay,
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1984) and Jalisco (Rodriguez-de La Rosa et al.72@though the latter report is based on
a footprint.

Other Scimitar-toothed recognized in Mexic@\sphimachairodus coloradensis,
that has been reported from the Hemphillian (9.9.80Ma) and Blancan (4.8 to 1.6 Ma)
NALMAs of Baja California Sur, Jalisco, Guanajuafacatecas, and Hidalgo (Carranza-
Castafieda et al., 2013; Carranza-Castafieda aret, M#196; Guzman, 2014; Miller and
Carranza-Castafieda, 1998; Padilla, 2004). Fewestudview in detail the fossil material
of A. coloradensis from this country. Recently, the material from tate Hemphillian of
Guanajuato (Carranza-Castafieda and Miller, 1996)rerassigned to a new species of
Amphimachairodus due to the significant differencesAocoloradensis: A. alvarezi Ruiz-
Ramoni et al., 2019.

Other fossil remains have not yet been studiecetaid Such is the case of the fossil
remains of a Machairodontine recovered from La &liegocality, at the Hidalgo State
(Fig. 1). Padilla (2004) was the first to mentioatarial from La Plegaria that he assigned
to Machairodus (= Amphimachairodus) coloradensis. Later, Guzman (2014) described the
new material of a Machairodontine from this logaland he identified it aslachairodus
cf. M. coloradensis. In this paper, we provide a review of the taxomatfinities of the
material reported by Guzman (2014), plus new elésnetained from La Plegaria in

recent fieldwork.

2. Material and methods
The specimens described here are housed at thed@widNacional de
Paleontologia, Museo Maria del Carmen Perrilli@iM), Instituto de Geologia, UNAM,

Mexico City, Mexico.
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2.1. Locality and geological context

La Plegaria is located in the surroundings of tepé€li del Rio de Ocampo (19° 50’
N, 99°, 24’ W), in the southwest region of the 8tat Hidalgo (Fig. 1). The geology in the
region is closely related to the genesis and deweémt of the Mexican Volcanic Belt
geological province, which began during the Oligeeand evolved during episodic pulses
through the Neogene, and Pleistocene, relateceteditanic-tectonic activity (Ferrari et
al., 1999). This activity produced a wide variefyolcanic structures and trenches that led
to the development of endorheic basins, which ohetuacustrine, residual, and flux
depositsThe stratigraphic section of the La Plegaria |ldgasi about 25 m thick. At its
base, it is formed by volcanic ashes, sands, afiecamesolidated clays that constitute a
massive stratum about 13 m thick. Overlying thissnae stratum lies a volcano-
sedimentary block with well-consolidated volcanshes that alternate with a well-
consolidated whitish and greenish tuff about 50tleick. The beds deposited over this last
tuff are mainly composed of volcanic ashes, coargefine-grained sands and clays. The
fossil material described here was collected froenupper part of this sequence. The
vertebrate remains consist of mammalian bones anthbdelements found disarticulated or
fragmented, but in good state of preservation.

The faunal association of the equidannippus aztecus (Hh1-Hh4; subages of the
Hemphillian),Dinohippus mexicanus (Hh2-Hh3),Astrohippus stocki (Hh3-Hh4), and
Neohipparion eurystyle (Hh3-Hh4); the rhinoceroBeleoceras fossiger; the antilocaprid
Hexobel omeryx fricki; the camel®leiolama vera andAlforjas sp. and the peccary
Catagonus brachydontus, recovered from La Plegaria suggests a late Hdhgphage

(Hh4; Carranza-Castafieda et al., 2013). This lycedirrelates to other late Hemphillian



118 Mexican local faunas, including Rancho El Ocotendte Viejo area, Tepalcates, and

119  Rinconada, in Guanajuato, Tecolotlan and Teocatinhlalisco, Gigante and Trapiche in
120  Nayarit; and Yepdmera in Chihuahua (Carranza-Cadtait al., 2013). La Plegaria is also
121 related stratigraphically to other Hemphillian Ibfzunas from the United States (e.qg.,

122 Palmetto, Florida; Mount Eden, California; Tedfatdal., 2004).

123

124  2.2. Phylogenetic affinity

125 A Maximum Parsimony Analysis was carried out toleate the relationships

126  between the IGM 11452 to other Machairodontiness @halysis was based on the

127  proposal of Werdelin and Flink (2018) becauseldveéd us to score more craniodental
128 characters using the material available from Lag&i@. The proposal of Werdelin and

129  Flink (2018) integrates some characters originfatlyn Salesa et al. (2010), Christiansen
130  (2013), and Wallace and Hulbert (2013). Nevertl®lbased on our observations, we made
131  some changes to the original character scoréanphimachairodus giganteus and

132 Machairodus aphanistus (see Appendix A)Besides the specimen studied here, we added
133 A alvarezi, A. coloradensis, andM. catocopisto the final dataset. The final matrix is

134  therefore composed of 48 characters and 28 taxpgiigix A).

135 The analysis was carried out with the free softwiadd v.1.5 (Goloboff et al.,

136 2016, 2008), employing a traditional search, usmglied weights and equal weights. In
137  both cases, the characters were treated as notivaddand we test the consistency of the
138 tree topology under different values of the conyasonstant (k)Canis lupusis considered
139  as the external group. To measure node stabiliyused the absolute frequency and

140  frequency differences arising from standard Boaps{Goloboff et al., 2008; Goloboff and

141  Catalano, 2016) based on 1,000 replicates. Conséress are presented.
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2.3. Institutional Abbreviations

AMNH , Department of Vertebrate Paleontology, Americars®um of Natural History,
New York, USA;DMNH EPV, Denver Museum of Nature & Science, Denver, UBI®,
Institut Catala de Paleontologia Miquel Crusaf@#rdanyola del Valles, Catalonia;
IGCU, Instituto de Geologia, Ciudad Universitaria, MexCity, Mexico;lGM , Coleccion
Nacional de Paleontologia, Museo Maria Del Carmamilfat, Instituto de Geologia,
Mexico, Mexico City, MexicoMPUAH , Museo de Paleontologia de la Universidad de
Hidalgo; PIK, Pikermi material at the Muséum National d'Histdwaturelle, Paris, France;
ROM, Royal Ontario Museum, Toronto, Canad@® , Toros Menalla Collection, Republic
of Chad;TMM , Texas Memorial Museum, Texas, US4, Florida Museum of Natural
History, Florida, USAUNAM, Universidad Nacional Autbnoma de Mexico, MexidtyC

Mexico.

2.4. Anatomical abbreviations
Clc, upper/lower canine; lower incisor;M/m, upper/lower mola®/p, lower
premolar. The numbers that accompany dental aldirenimeans the position of the tooth

in the dental series.

2.5. Other abbreviations

C.l., Consistency indexem., formation;k, concavity constanMa, million years;

NALMA , North American Land Mammals AgR;l., Retention index;

3. Systematic paleontology



166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

CARNIVORA Bowdich, 1821

FELIDAE Fischer von Waldheim, 1817
MACHAIRODONTINAE Gill, 1872
Amphimachairodus Kretzoi, 1929
Amphimachairodus coloradensis (Cook, 1922)

(Figs. 2-4)

Machaerodus (Heterofelis) coloradensis. Savage, 1941: 697
Machairodus coloradensis: Martin and Schultz, 1975: 56-57
Amphimachairodus coloradensis (Cook, 1922) Anton et al., 2013: 1202, 1204, 12(2%)8-

2012

3.1. Referred material

IGM 11452, a fragment of right maxilla preservirigl8, right C; isolated left P4; a
fragment of a right hemimandible preserving p4-miragment of the most anterior part of
a right hemimandible preserving i2, i3, and c;ased left i1; isolated left p4; isolated left
m1; IGM 11453, a fragment of right hemimandiblehntite alveolus of the p3 and part of
diastema; IGM 11454, right p4 incomplete; IGM 1146§ht lower canine; IGM 11456

right calcaneus.

3.2. Description
The crown of the upper incisors is acute (more thahe lower incisors), and
slightly recurved lingually. On each tooth, a ridgethe medial and lateral sides of the

crown extends from the base to the tip and endiraniaccessory cusp (Fig. 2A). On the
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lingual side of 11 and 12, the crown is encircledewell-developed V-shaped cingulum. In
the 12, the mesial cingulum shows tenuous creranatibut in the 13, the cingulum is
present only on the medial side and shows smaiutagons (Fig. 2a). The 11 is the
shortest incisor and I3 the tallest. These incisoesorganized in a parabola or strongly
arched.

The upper canine is elongated (Fig. 2B), lateradijnpressed, and slightly recurved
anteroposteriorly. The crenulation is well-develdaad observable along the anterior and
posterior tooth margins (Fig. 2b).

The isolated left P4 has a developed protoconétiposd distal to the level of the
paracone, but not at the same level as the pagg$tig. 2C). The paracone is the tallest of
the dental cusps. Smooth serrations are observbe ianterior slope of the paracone (Fig.
2c). An ectoparastyle (or ectostyle) is present irtetacone forms the extended portion of
the carnassial blade and is low-crowned relativiaéoparacone. The shearing surface of
this tooth is observed on the lingual side of thsterior crest of the paracone, and the
metacone-metastyle.

The ramus of the hemimandible is straight and €e(i€éig. 2D). Although it is
incomplete, a ventral curvature is appreciatedciaiing the presence of the flange. On the
labial side, a masseteric fossa extends to theposend of the m1, and in the most
anterior part, an incomplete mental foramen isgmes

The crowns of the i2 and i3 are acute and sligtgtyirved, with the inner face to
the mouth ‘flattened’. The crowns have a laterakeasory cusp, where the right cusp is
more developed than the medial one. Crenulatiom®laserved on the medial-lateral ridge
of i3. The i3 is larger than i2. The lower canigericisiform, although slightly more

massive than i3. In this tooth, the lingual sidéletened’. The posterior and anterior
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ridges of the lower canine bear a well-developethten (Fig. 2d). As in the upper
incisors, the i2, i3, and the lower canine are pizgd in a strongly arched (Fig. 2E).

The crow of the p4 consists of one well-developespbal (protoconid) along with
two accessory cuspids, one anterior and one pos{&ig 2D-G). This premolar has a
well-differentiated posterior cingulum. There iBght serration in the crest that runs from
the tip of the main cuspid to the anterior side.

The m1 presents a very reduced talonid, whichgedwvith the trigonid just below
the protoconid and is more visible on the lingwaae (Fig. 2D—H). Martin and Schultz
(1975) differentiate between the talonid and matatof m1, but since these structures are
very simplified, we only make reference to taloriitie protoconid of m1 is taller than the
paraconid; both cuspids are blade-like. Shearinfases are present on the labial side of
the paraconid and protoconid blades. Serrationstaserved on the posterior side of the
protoconid (Fig. 2e). The anterior margin of miistly overlaps the posterior border of p4

(Fig. 2D).

3.3. Other material

IGM 11453 shows a double rooted p3 and a markestaiiza between the lower
canine and the p3 (Fig. 3A). The morphology ofltveer canine of IGM 11454 is the
same as in IGM 11452, but the serration is restlit the accessory cusps (Fig. 3C). The
p4 IGM 11454 shows the same morphology of the p&M 11452, but with the roots
slightly more closed (Fig. 3B). In the calcaneud®1456 (Fig. 4), the ectal,
sustentacular, and cuboidal articular facets atedifeerentiated; ectal and cuboidal are

more developed than sustentacular. Above the faatal and on the neck of the calcaneus,



237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

there is a prominent cleft for the astragalus. €hefa very prominent tuberosity in the left-
anterior end of the calcaneus for the calcanedioien

Before this study, Padilla (2004) reported someenmtof a Machairodontinae
from La Plegaria. The morphology of the materiableecribed complements the fossil
material reported in this work. He described al&U 12011), a left m1 (MPUAH 489)
with the same morphology of IGM 11452 (i.e., withtalonid), a p3 (IGCU 12014), and a
p4 (IGCU 12013) which in our opinion is a P3 beeatl® roots are less open compared to
the p4 of IGM 11452 and 11454 (see ‘Figure 8’ idiPa 2004), a left I3 (IGCU 12015), a
distal part of a right humerus (IGCU 12001), a roatpus V (IGCU 12002), and a
proximal part of a phalanx (IGCU 12009). About thiaterial, IGCU 12014 confirms the

presence of a double rooted p3.

3.4. Remarks

The material recovered from La Plegaria belongs teast two different
individuals. This is based on the presence of #fionhl (IGM 11452 and MPUAH 489),
and two right p4 (IGM 11452 and 1145&pr its part, IGM 11453 (fragment of the
hemimandible with the third premolar and diasted@gs not match with the hemimandible

of IGM 11452.

4. Discussion
4.1. Morphological comparisons
IGM 11452 presents a hypertrophied and lateradlitdhed upper canine, also a

lower canine less developed than upper canine.eMeasures fit with the characters of the



260  subfamily Machairodontinae and within the clade Bahairodontia (Christiansen, 2013;
261  Werdelin et al., 2010).

262 Most dental pieces present a strong crenulatiagn @i which is a feature typically
263  described in Scimitar-toothed felids, while in Satmothed felids this crenulation is less
264  evident (Christiansen, 2013; Kurtén, 1952; Martiale 2011; Rincon et al., 2011;

265 Werdelin et al., 2010). Also, the fragments of émeéerior region of the skull show a teeth
266  arrangement into a strongly arched. It is frequeoliserved this condition in Scimitar-
267  toothed felids agimphimachairodus, Machairodus, Xenosmilus, and soméiomotherium
268  (Anton et al., 2004; Ballesio, 1963; Martin et @011), whereas in Saber-toothed, as in
269  Smilodon fatalisandS populator, the arcade is straight, aktegantereon is slightly

270  parabolic.

271 The Machairodontine from La Plegaria exhibits salvBratures resembling the
272 generaAmphimachairodus andMachairodus, as the P4 with a developed ectoparastyle, a
273 well-developed protocone, and double rooted p3igBansen, 2013; Ruiz-Ramoni et al.,
274 2019), whileHomotherium andXenosmilus do not have the P4 protocone and

275  ectoparastyle, and the p3 is reduced or absent(ettal., 2014; Martin et al., 2011b).
276 IGM 11452 is not dMachairodus because of the presence of a developed

277 mandibular flange (Fig. 2), and instead, this getness not present{Hodnett, 2010;

278  Martin and Schultz, 1975; Ruiz-Ramoni et al., 20Bihce IGM 11452 presents a

279  mandibular flange, we can relate itAmphimachairodus. Despite this, it is unknown the
280 degree development of the flange because of tigeneatary condition of the material.
281  This feature would be useful to differentiate @rfrA. alvarez, which is the

282  Amphimachairodus with the most developed flange (Ruiz-Ramoni et2419).

283  Nevertheless, other features allow to relate thgphmadogy of IGM 11452 withA.
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coloradensis and the EurasiaA. kurteni: the m1 with reduced talonid and paraconid almost
as large as protoconid, and p4 with posterior dunmgu

IGM 11452 and MPUAH 489 have a sharply reducedatdnid, a condition that
also is present iA. alvarezi, A. kurteni (PIN 2433/287) (Sotnikova, 1991), and some
specimens oA. coloradensis (see below for a detailed comparison againstsipégies). In
counterpart, irA. kabir (TM-266-02-102), and\.. giganteus (AMNH 20606, PIK 3387,

ROM 55066/cast), the m1 talonid is more develogeddn et al., 2013; Beaumont, 1978;
Peigneé et al., 2005; pers. observation). On therdthnd, the p4 posterior cingulum is
present in almost almphimachairodus, except inA. alvarezi (IGM, 6414; see Ruiz-
Ramoni et al., 2019).

A detailed comparison witA. kurteni is not made because of the lack of access to
the material, but it is considered that this congmer should be made on the scalé\of
coloradensis vs. the Eurasian material (i.A., kurteni andA. giganteus).

From a size perspective, the elements recoverkd Btegaria correspond to a
relatively large size feline, but smaller compar@dther Machairodontines (Fig. 5). It is
one of the smallegtmphimachairodus specimen described, but only for a few millimeters

about 1.04 mm respect to the second smallest spaci@M 6414 A. alvarez).

4.2. Phylogenetic affinity

According to the consensus trees obtained (FigGWl 11452 (La Plegaria felid) is
a Machairodontinae felid grouped within the cladeEamachairodontia. The topology
resulting from this group indicates that the d#éfetiation between Saber-toothed and
Scimitar-toothed is not a natural organization. (in®t monophyletic), which has also been

observed by Christiansen (2013) and Werdelin amk F2018). Under an implied weights
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analysis with a k value of 3 (Fig. 6-8), Rhizosmilodon andMachairodus are basal taxa of
Eumachairodontia, but at k 52 Machairodus is grouped nearAmphimachairodus,
Xenosmilus, and Homotherium, in a unique clade which also includes tsilodon and
Megantheron (Fig. 6D). This situation is reversed whidncatocopis andM. aphanistus are
removed in a restricted consensus (Fig. 6D’), whmobans that these taxa present an
instability within the analysis, but that it doest mffect the position of the La Plegaria felid
with respect tdA. coloradensis andA. alvarezi.

In all the analyses carried out, IGM 11452 is gedi@mong Scimitar-toothed
felids, that are defined by a long and bladelike(lBg. 6A). In contrast, the more derived
Saber-toothed felines are defined by several synapghies that allow recognizing that the
material La Plegaria does not belong to this grampade of the upper incisors slightly
parabolic, upper canines dirk-shape, size of theshaikt relative to hemimandible length,
and extreme p4 distal lean.

Under equal weights (Fig. 6B), all membersAofiphimachairodus, including IGM
11452, form a monophyletic clade together wiKenosmilus and Homotherium.
Amphimachairodus differs from Xenosmilus and Homotherium by the degree of
development of the P4 protocone. Using implied WisgA. giganteus is located as an
external group of Amphimachairodus, Xenosmilus, Homotherium, Smilodon, and
Megantereon (Fig. 6A). This relationship is maintained whigh catocopis was added (Fig.
6C). However, in this case, the topology of the -Bmmachairodontia, specifically the
cladePanthera andLynx, is located unexpectedly beldWetailurus spp. In all topologies
obtained with k = 3 (Fig. 6AC), M. aphanistus forms a paraphyletic clade with the rest of

the Eumachairodontia. A similar case resulted ftbe analysis of Christiansen (2013),



331 where this taxon should be considered as part ef ¢lade Amphimachairodus,
332 Homotherium, andXenosmilus.

333 In any case, La Plegaria felid forms a polytomyluding A. coloradensis andA.
334 alvarezi. IGM 11452 is defined by the non-existent p4 dian.A. alvarez differs by the
335 large mandibular flange and the mandibular fossaitetion posterior to the carnassial
336 (ml). Interestingly, the only difference betweerM@1452 andA. coloradensis is the p4
337 distal lean. InA. coloradensis can be nonexistent (ch.48 in 0) and slight (cln48), while
338 in IGM 11452 is only nonexistent. This allows tonsa@ered IGM 11452 within the
339  variability of A. coloradensis.

340

341  4.3. Variation in Amphimachairodus coloraden®is

342 In a review of the material assignedAmphi machairodus coloradensis (Cook,

343 1922), itis clear that the presence of talonithihis quite variable (Fig. 7). Some

344  specimens present a very small or absent m1 talamdphotype a’), while other

345 specimens have a well-developed m1 talonid (mogg®ob’). IGM 11452 could be

346  included in the morphotype a’, resembling the parafA. coloradensis (DMNH EPV

347  207) and the specimen from Ash Hollow Fm. (NebraskdSM 25510 (Martin and

348  Schultz, 1975). This morphology was also obsermddPUAH 489 (see Padilla, 2004).
349  Nevertheless, unlike mo#t coloradensis revised, the orientation of the cuspids of the
350 molar and premolar of IGM 11452 is perpendiculathi® corpus of the hemimandible (Fig.
351  2D). In the specimen TMM 41261-9 from Coffee Raf®igallala Fm., Texas), the

352  posterior lean of the cusps is very evident, budMNH EPV 207 (from Colorado) there is

353  practically no inclination.
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Historically, Martin and Schultz (1975), Hodnetd(®), and Antén et al. (2013),
point out thatA. coloradensisis often confused witMachairodus catocopis (Cope, 1887),
especially in specimens lacking the anterior-mastipn of the hemimandible (avoiding to
discern the degree of development of mandibulagia. Burt (1931), Dalquest (1969),
Matthew (1924), and Mawby (1965) described matéreah Nebraska and Texas, which
assigns toM. catocopis. Martin and Schultz (1975¢xpose that the material described by
these authors as &h catocopis must be consideredl coloradensis. A. coloradensis,
unlike M. catocopis, has an m1 paraconid almost as large as protoemwich developed
mandibular flange. Even when is not the main gb#&he present contribution, we consider
that under the description of Martin and Schul@78), the taxonomy of the specimens
DMNH EPV 208, 209, and 210 (Fig. 7) from the Odallem., western United States, must

be revised as they might belong\o catocopis.

5. Conclusions

Padilla (2004) and Guzman (2014) originally indéchthat La Plegaria feline was
more related té&\mphimachairodus coloradensis. Guzman (2014) presented some doubts
about this assignment, but here, under a morele@taview and comparison with other
specimens, we confirm that this felid materiahis southernmost record of this species in
North America and the smallest specimen. We fohatlthis fossil material falls within
the morphological variability of the specimens gsed to this species, which was already
noticed or mentioned by previous authors. Phylogiea@alysis confirmshe observations
made on this material and indicates that this sgewas closely related to the

contemporanA. alvarez.
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Appendix A. Phylogenetic matrix modified from Werdelin and Ki{2018)

Canis_lupus 0000000000000000000001010000000000000000000
Cryptoprocta_ferox 10001201111??20001111?1?1000002001000101000
Amphimachairodus_giganteus 02221211111?1112121110111111111101111111[1,0]11011
Dinofelis_barlowi 10011211111110121211201?1111111011110011?000
Dinofelis_cristatus 10011211111100121211201011101110?11100111000
Dinofelis_petteri 12011211111110121211201111101110211100111000
Homotherium_crenatidens 0222122111113110221121111112101121111111021
Homotherum_latidens 022212211111311022112111111P101121111111021
Homotherium_serum 0222122111113210221121111111101121111111021
Machairodus_aphanistus 0221121111100111221110A¢1111101111121110111011
Megantereon_cultridens 13021221111?1031121120001112001101121111122




529 Megantereon_falconeri 13021221111?1031121120001112001101121111122

530 Megantereon_whitei 13021221111?2231121120001112001101121111132

531 Metailurus_major 21011211111?200112211100111111 1101131 100111070

532 Metailurus_parvulus 21011211111110122211100111101010101100111070

533 Nimravides_pedionomus 210112011111001012111000202???7?20?10010?000

534 Promegantereon_ogygia 2101121111110011121110011201011101100111000

535 Smilodon_fatalis 1312121121102112221120101111110182111111132

536 Smilodon_populator 131212?12110211222112010111R001112111111132

537 Xenosmilus_hodsonae 0222132171103230221120111112101121111111031

538 Panthera_leo 20001211111000111211101011111110100@PD12000

539 Lynx_rufus 2000121111110210221110101111112000?2211D000

540 Rhizosmilodon_fitae 2??12???2?2????2?2?2?7?11201?PRP2772 2712112701

541 Smilodon_gracilis 13121211?110201?221120101111 008 2111117122

542 Amphimachairodus_coloradensis ??????1111101?10PRUNP111?7?72?7?12??11111?1[1,0]
543 Amphimachairodus_alvarezi  0222??11111???????11PD9A2????7???2??2?01??11
544 Amphimachairodus_LaPlegaria 02221211111????2?2?2?221200??2?27?2????2??1?201??10
545 Machairodus_catocopis 0221121111101???221110?7011131?11??110017010

546

547 Changes in the score with respect to the origing@sal of Werdelin and Flink
548  (2018).Amphimachairodus giganteus, ch. 7: from 2 to 1; ch. 15: from 2 to 1; ch. 2@rfr0
549 to 0,1; ch. 33: ? to 1; ch. 43: from 1 to 0,1; 4R. from O to 1Machairodus aphanistus, ch.
550 1:from 2 to O; ch. 3: from 1 to 2; ch. 12: fromo?0; ch. 17: from 1 to 2; ch. 24: from ? to
551  0,1; ch. 34: from O to 1, ch. 38: from ? to 2.

552

553  Figure captions

554

555  Figure 1. La Plegaria locality, near Tepeji del Rio de Ocantfidalgo State, Mexico.

556

557  Figure 2. Amphimachairodus coloradensis from La Plegaria. IGM 11452, right maxilla
558 in buccal (left), occlusal (middle), and linguabft) view.B, right upper canine in lateral
559  view. C, left upper fourth premolar in lingual (left), bzad (middle), and occlusal (right)
560 view. D, fragment of a right lower hemimandible in latgigb), medial (middle), and

561 occlusal view (down); in lateral and medial vievapreciated the ventral projection of the
562  horizontal branch that indicates the presenceeflnge E, anterior part of a right

563 hemimandible in occlusal (left), buccal (middlenddingual view (right)F, left first
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580

581

582

583

584

585

586

587

incisor in lateral(left) and lingual (right) vieva, left lower fourth premolar in buccal (up)
and lingual (down) viewH, left first lower molar in buccal (up) and lingualown). The
serration details of some teeth are shown in bah Q0.5), ¢ (bar: 5 mm), d, and e (bar: 1

mm).

Figure 3. Amphimachairodus coloradensis from La PlegariaA, IGM 11453, fragment of
the hemimandible with the third premolar and diasteB, IGM 11454, right lower fourth
premolar in lingual (left) and buccal (right) vie@, IGM 11455, right lower canine in

lingual (left) and buccal (right) view; serration the accessory cusp in lingual view.

Figure 4.1GM 11456, right calcaneus.

Figure 5. Scatter plot comparing the size of the first lowerlar (m1) of

Amphimachairodus coloradensis from La Plegaria to other Machairodontines.

Figure 6. Phylogenetic relationships of the La Plegaria fedidther Machairodontines.,
Strict consensus from 15 trees (993810 steps) zedlysing traditional search trees with
implied weights; black squares mark the nodes whgmapomorphies are listed (character
and status); C.I: 0.560, R.I: 0.788. Strict consensus from 8 trees (130 steps) andlyze
using a shear tree based on equal weights; CA70F.1: 0.798. In ‘A’ and ‘B’

Machairodus catocopis was excluded from the analysi3, Strict consensus from 15 trees
(1055595 steps) analyzed using traditional seaegstwith implied weights and including
in the analysid. catocopis; C.I: 0.556, R.1: 0.783. The concavity constargdifor these

analyses was k = B, Strict consensus from 6 trees (107732 stepsyaedlusing
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traditional search trees with implied weights anthw = 52; C.1: 0.560, R.I: 0.78%’,
restricted consensus from ‘D’ when is removiMgcatocopis andM. aphanistus; only the
clade Eumachairodontia is shown. Supports of thadires are symmetric resampling.
Gray taxa are the non-Eumachairodontia felids sAdf characters taken from Werdelin

and Flink (2018) is shown in Appendix A.

Figure 7. Mandibular teeth of specimens assignedrtyphimachairodus coloradensis.
Morphotypes: a’, absence or poorly developed ndntd| b’, presence of m1 talonid.
Note: DMNH EPV 208, 209 and 210 differ from theghasis of the species given by
Martin and Schultz (1975), on the contrary, areametated tdVachairodus catocopis: m1
protoconid higher than paraconid, and present igl@onsidered metaconid by Martin and
Schultz [1975]). Photographs obtained in the ctibbes web sites of Denver Museum of
Nature & Science (DMNH EPV), Florida Museum of NafiuHistory (UF), and A. Rincén

(TMM).

Tables

Table 1.Dental measurements (in mm)Axfphimachairodus coloradensis from La

Plegaria. *Alveolus.

11 12 13 Cl P4

L W L w L w L w L w
IGM 1145Z-Right 9.7 7.C 10.C  9.€ 104 12.& 261 115 38.2 15.1

i2 i3 cl p3 p4 ml

L W L w L W L L w L W
IGM 11452-Right 7.2 5.9 7.4 8.9 120 87 253 104 265 101
IGM 11452-Left 253 104 26.1 104
IGM 11453 10.1* 6.4*
IGM 11455 123 85
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Highlights
* Amphimachairodus coloradensis was present during the Neogene at Central Mexico.

* Amphimachairodus coloradensis was a Scimitar-toothed felid phylogenetically related to
A. alvarez.

* La Plegaria locality (Hidalgo State) hosted the southernmost record of an
Amphimachairodus coloradensis.

* Although Amphimachairodus coloradensis is morphologically confused with
Machairodus catocopis, some differences separate them: e.g., m1 talonid and mandibular
flange.
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