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The genus Bison originated in Indochina, and was mainly a Holarctic taxon, known from the North America,
initially with Bison latifrons from the early Rancholabrean, and several other species, including the recent one B.
bison. Here a new record of Bison antiquus based on several calvaria and horn cores from Valsequillo Basin,
Puebla, Mexico is documented. Based on taxonomic characters we identify two morphologies of B. antiquus
among the studied fossils: the “antiquus” morphology and the “occidentalis” morphology. A radiocarbon age of

7151 + 70 years BP obtained from a calvarium of B. antiquus with “antiquus” morphology, representing the
youngest record in North America for this morphology, as well as the first evidence of an early Holocene record

for the species in Mexico.

1. Introduction

The genus Bison originated in Indochina during the Villafranchian,
between the Late Pliocene and Early Pleistocene (Kurtén, 1968; McDo-
nald, 1981; Martinez-Navarro et al., 2007, 2011; Khan et al., 2010;
Castanos et al.,, 2012). It fastly spread through temperate Eurasia,
reaching the Iberian Peninsula between 3.4 and 2.6 million years ago
(Ma) (Vekua, 1995; Cuenca-Bescos and Garcia, 2007; Lordkipanidze
et al., 2007; Pavia et al., 2012; Masini et al., 2013; Van der Made, 2013;
Palombo, 2016). Afterward, during the Middle Pleistocene,
B. schoetensacki evolved in Europe, and B. priscus evolved and extended
from Boreal Eurasia into Beringia between 195,000 and 135,000 years
BP (Skinner and Kaisen, 1947; Kurtén, 1968; McDonald, 1981; Shapiro
et al., 2004; Vercoutere and Guérin, 2010; Palacio et al., 2017). From
there, and during the Sangamonian, Bison entered continental North
America below 55° of latitude, and produced the first autochthonous
species, Bison latifrons, dated at 160,000 years BP (McDonald, 1981;
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Haynes, 1985; Bell et al., 2004; Shapiro et al., 2004; Froese et al., 2017).
The second wave of invasion, during the Wisconsinan, dated approxi-
mately 50,000 years BP, produced the second autochthonous species,
Bison antiquus, which was the most common in North America,
spreading across Mexico, reaching as far as Nicaragua (McDonald,
1981). Also, during this time, B. priscus entered North America along
with another allochthonous species, B. alaskensis, with the latter
reaching as far as the Basin of Mexico (Hibbard and Villa-Ramirez, 1950;
Hibbard, 1955; McDonald, 1981; Haynes, 1985; Bell et al., 2004; Sha-
piro et al., 2004).

Finally, there are five recognized Bison species for the Quaternary of
Mexico: B. alaskensis, B. antiquus, B. latifrons, and B. priscus from the Late
Pleistocene (Cope, 1884; Villada, 1903; Osborn, 1905; Skinner and
Kaisen, 1947; Hibbard and Villa-Ramirez, 1950; De Terra, 1953; Hib-
bard, 1955; Downs, 1956; Cracraft, 1968; Mooser and Dalquest, 1975;
Ferrusquia-Villafranca and Torres-Roldan, 1980; McDonald, 1981;
Alvarez, 1982; Carranza-Castaneda and Miller, 1987; Franzen, 1993,
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1994; Pichardo, 1997, 1999; Solorzano, 2002; Lucas, 2008a, 2008b;
Jiménez-Hidalgo et al., 2013; Diaz-Sibaja et al., 2018; Sanchez Salinas
et al.,, 2016), and B. bison from the Holocene, which arose from
B. antiquus between 4000 and 5000 years BP in southern Canada via a
transitional form sometimes referred as B. “occidentalis” (syn.
B. antiquus) (McDonald and Lammers, 2002; Wilson et al., 2008; Dia-
z-Sibaja et al., 2018).

Bison occidentalis was described by Lucas in 1898 from a partial skull
from Fort Yukon, Alaska. It was regarded as a separate species from
B. antiquus by several authors (e.g. Lucas, 1899; Skinner and Kaisen,
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1947), and also as a synonym of B. bison (e.g. Kurtén and Anderson,
1980). However, McDonald (1981) considered it as a subspecies of
B. antiquus, and a transitional form to B. bison. This hypothesis is
partially supported by molecular data, which points out to a transition
from B. antiquus to B. bison, through B. antiquus with the “occidentalis”
morphology between 4 and 5 Ka BP in southern Canada, nevertheless
B. a. antiquus and B. a. occidentalis are not retrieved as monophyletic
(Shapiro et al., 2004; Wilson et al., 2008). Also, “Bison occidentalis” is
shown to be a chronospecies with smaller body size than the older Bison
antiquus, a condition linked to the increase in global temperatures
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Fig. 1. Location map of the Barranca Caulapan locality, at Valsequillo Basin, Puebla, Mexico. TVB, Trans-Mexican Volcanic Belt.
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between 20 and 5 Ka BP (Martin et al., 2018). Thus, we do not consider
Bison antiquus occidentalis and B. a. antiquus as valid subspecies, and
rather a single species: Bison antiquus, with two morphologies, termed
here as “antiquus” and “occidentalis” in which the later was an evolu-
tionary grade, heavily influenced by climate change.

Some authors propose that Bison antiquus (including B. antiquus
“occidentalis”) can be synonymized with Bison bison and consider
them as subspecies (e.g. Wilson, 1974; Kurtén and Anderson, 1980).
Neverthe-less, as McDonald (1981) pointed out their horn core
morphology and dimensions can distinguish these forms. Even if they
form a big ana-genetic line that ends in B. bison (Shapiro et al., 2004;
Wilson et al., 2008; Froese et al., 2017), their ecological behavior was
completely different and is better understood if B. bison and B.
antiquus are considered as separate species (Rivals et al, 2007;
Rivals and Semprebon, 2012; Diaz-Sibaja et al., 2018). A position
supported on the basis that B. bison is monophyletic and had a single
origin (Shapiro et al., 2004; Wilson et al., 2008).

In this work, we study a fossil specimen of Bison from Valsequillo
Basin, Puebla, Mexico, constituting the first record of a Holocene Bison
antiquus with the “antiquus” morphology, which changes our under-
standing of the age of this Paleoindian occupation site, as well as the
biogeochronological and biogeographic understanding of bison
evolution.

2. Materials and methods

2.1. Study area

The fossil area of Valsequillo Basin (Fig. 1) is located in central
Mexico, within the Trans-Mexican Volcanic Belt morphotectonic prov-
ince, in the state of Puebla, southeastern Puebla city (Stevens et al.,
2012). It comprises a local fauna (sensu Woodburne, 2004) with several
Late Pleistocene localities, of which, the most important ones include
Arenillas, Atepetzingo, Hueyatlaco and Barranca Caulapan (Pichardo,
1997; Metcalfe et al., 2016). Barranca Caulapan is usually divided into
two discrete localities, Upper Caulapan (actually named Barranca Coa-
huilapa) and Lower Caulapan, separated only by a distance of 700 m
(INEGIL, 2010; Stevens et al., 2012). The fossil material of this study
comes from the Valsequillo Basin, but the exact provenance is unknown.
Only the specimen CRINAHP-0521 has a specific locality and come from
the “Lower” Barranca Caulapan (18°56.897'N, 98° 07.812'W), and not
from Barranca Coahuilapa.

2.2. Stratigraphy

The Valsequillo Quaternary deposits overlay Cretaceous rocks of the
Balsas group. The Pleistocene sediments comprises 70-100 m in four
major units: the Amomoloc lake beds (also termed Lower Lake beds), the
Xalnene tuff, the Atoyatenco lake beds (also named Upper Lake beds,
which contained the Batan Lahar, sometimes referred as a distinctive
unit), and the Valsequillo gravels at the top (Stevens et al., 2012; Met-
calfe et al., 2016). The Valsequillo gravels unit is distributed near the
Manuel Avila Camacho Dam (also known as Valsequillo reservoir, a
Ramsar site), and in the Barranca Caulapan and Barranca Coahuilapa
sites (Metcalfe et al., 2016). The sequence of Barranca Caulapan com-
prises intercalated gravels from 16 up to ~100 mm in diameter alter-
nated with massive undifferentiated sands and silts (Szabo et al., 1969;
Stevens et al., 2012).

2.3. Radiometric dating

A sample of 2 g of bone from the trabeculae at the frontal sinus of
calvarium CRINAHP-1648 was collected. The sample was processed at
the Laboratorio de Espectrometria de Masas con Aceleradores (LEMA-
FPS05-01) at Universidad Nacional Autéonoma de México (UNAM).

The sample was cleaned using deionized water (10-18 MQ cm). Once
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dry it was pulverized and later treated using a chemical procedure with
HCI (0.5 M) at low temperature, for dissolving the mineral phase and
removing the carbonates. Gelatinization was then carried out by means
of acid treatment with HCI (0.2 M) at high temperatures. The dissolved
collagen was filtered to preserve the fibers greater than 30 KD, thus
obtaining the ultrafiltered collagen. The carbon sampled obtained was
converted to CO2 and later in pure graphite, using an Automated
Graphitization Equipment (AGEIII) of Ion Plus. A'C, 13C and '2C
analysis from graphite were carried out with an accelerator spectrom-
etry of mass. From the obtained values, the Radiocarbon Age *4C) was
calculated, given in years before of present. The Radiocarbon Age was
corrected by 8'C fractionation from the ratio of 1*C/12C in the sample.
The software package for the calibration of radiocarbon dates 96 OxCal/
ORAU with the InCall3 curve (Ramsey and Lee, 2013) was employed.
Two types of calibrated ages were obtained: age calibrated before pre-
sent (calBP), and calendar age before Christ (calBC). For each one the
most probably intervals were calculated, with a confidence level of 68%
(10) and 95% (20) (Fig. 2).

2.3.1. Nomenclatural acts

In this work, we follow the anatomical terminology and sex identi-
fication proposal by McDonald (1981). For the measurements, we follow
Skinner and Kaisen (1947) and McDonald (1981).

2.3.2. Repositories and institutional abbreviations
The specimens figured and examined in this study are deposited on
the following institutions: Centro INAH-Puebla (Instituto Nacional de
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Fig. 2. Graph that shows the determination of Carbon date for the sample
calibration with confidence intervals. The black dot is the interpolation point
into the calibration curve (blue curve). (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of
this article.)



R. Diaz-Sibaja et al.

Antropologia e Historia, Puebla) under de acronym CRINAHP, and the
Laboratorio de Arqueozoologia “M. en C. Ticul Alvarez Solérzano”,
Subdireccion de Laboratorios y Apoyo Académico del Instituto Nacional
de Antropologia e Historia (INAH).

3. Systematic paleontology

Order Ruminantia Scopoli, 1777.
Family Bovidae Gray, 1821.

Genus Bison (Hamilton-Smith, 1827).
Species Bison antiquus Leidy (1852).
Figs. 3.1 to 3.7.

3.1. Diagnosis

For the horn cores: posterior margin straight, longitudinal axis
arched, growth straight along the longitudinal axis, base symmetrical (in
cross-section: isosceles for males, circular to elliptical for females), distal
tip slightly curved upwards, length along upper curve between >175
and < 400 mm (McDonald, 1981).

3.2. Materials

CRINAHP-0521, one isolated horn core, with partial frontal bone
preserved, and complete burr; CRINAHP-0884, isolated horn core,
broken at the burr; CRINAHP-1648, one calvarium, preserving the oc-
cipital and frontal regions, with both horn cores; CRINAHP-1790, iso-
lated horn core, broken at the burr; CRINAHP-2302, one calvarium,
preserving the occipital and frontal regions, with both horn cores;
CRINAHP-2303, one calvarium, with the occipital region, the frontal
region only at the beginning of the orbits with both horn cores; INAH 66-
R-14-16, one calvarium with occipital and frontal regions preserved,
only with the right horn core.

3.3. Description

CRINAHP-1648, CRINHAP-2302, CRINHAP-2303, and INAH 66-R-
14-16 are calvaria with both horn core bases, only INAH 66-R-14-16
lacks the left horn core. All of these have the usual Bison morphology:
the horn core bases emerging at right angle with respect to the longi-
tudinal skull axis, those bases do not rise from the plane of the frontals,
which are wide and flattened; the posterior occipital region is robust and
have robust and wide occipital condyles; finally the margin of the orbits,
present in CRINHAP-2302, CRINHAP-2303, and INAH 66-R-14-16,
show a tube-like orbit (Lucas, 1899; Skinner and Kaisen, 1947; McDo-
nald, 1981). All of these morphological characters excludes the possi-
bility that some of these calvaria belong to the genus Bos, as traditionally
defined.

The horn cores present in the calvaria also display a typical Bison
morphology: large, robust, and are not curved anteriorly (McDonald,
1981). Also, these specimens along with the isolated horn cores (CRI-
NAHP-0884, CRINAHP-1790, and CRINAHP-0521) show a typical Bison
antiquus morphology: a symmetrical horn core base about dorso-ventral
axis, the posterior margin is straight, the growth, as well as the striae on
the surface of the horns are straight along an arched longitudinal axis
(McDonald, 1981). This morphology differs from Bison priscus and
B. alaskensis, other recognized Late Pleistocene to Early Holocene Bison
species in North America. Bison priscus and B. alaskensis have horn cores
with asymmetrical bases (isosceles in cross-section), with a sinuous
posterior margin, and the growth as well as the striae along the horn
core longitudinal axis are spiraled (McDonald, 1981). The
antero-posterior margin of the horn cores present in the calvaria are
nearly parallel with the frontal plane, while in B. priscus and
B. alaskensis, this plane is rotated forward with respect of the frontal
plane (McDonald, 1981). All of these leads us to assign the Valsequillo
fossil bison of this study to B. antiquus.
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4. Results

We analyzed four calvaria and three isolated horn cores. The calvaria
CRINAHP-1648 (Fig. 3.1), CRINAHP-2302 (Fig. 3.2), CRINAHP-2303
(Fig. 3.3), and INAH 66-R-14-16 (Fig. 3.7) belonged to adult males.
Only one horn core, CRINAHP-0884, belonged to a female (Fig. 3.4),
while CRINAHP-1790 (Fig. 3.5), and CRINAHP-0521 (Fig. 3.6) were
males (McDonald, 1981).

We found two morphologies in Bison specimens examined (antiquus
and occidentalis), although they belong to the same species, Bison
antiquus. CRINAHP-1648, CRINAHP-2302, and CRINAHP-2303
calvaria, as well as CRINAHP-0884, and CRINAHP-1790 horn cores
belong to the “antiquus” morphology. While the INAH 66-R-14-16
calvarium and the CRINAHP-0521 horn core were assigned to the
“occidentalis” morphology (McDonald, 1981; Frison, 1998). A
morphometric summary of these calvaria, as well as literature with
means of both morphologies (i.e. “antiquus” and “occidentalis”) are
presented in Table 1.

A radiocarbon age of 7151 + 70 years BP for CRINAHP-1648
calvarium was obtained. This age places this specimen at the Middle
Holocene, within the Northgrippian Stage, and within the Santarosean
North American Land Mammal Age (NALMA) (Barnosky et al., 2014).
We were not able to date other specimens on this study since we were
unable to obtain collagen from them.

5. Discussion
5.1. The Bison of valsequillo

The Bison antiquus morphologies (i.e. antiquus and occidentalis) can
be distinguished based on morphology (McDonald, 1981; Frison, 1998).
The specimens INAH66-R-14-16 and CRINAHP-0521 were assigned to
the “occidentalis” morphology due to their characteristics, which in-
cludes smaller, slender, posteriorly directed horn cores, with a curved
tip which has a circular to elliptical cross-section, with a posterior
margin straight or slightly concave, and with a reduction or total lack of
the dorsal groove (Lucas, 1899; Skinner and Kaisen, 1947; McDonald,
1981). The rest of the fossil remains in this study were assigned to the
“antiquus” morphology, which consists in larger horn cores, directed at
approximately 90° from the middle line of the frontals, the tip is trian-
gular to cordiform in cross-section, their posterior margin is straight,
and have a well-developed dorsal groove (McDonald, 1981).

It is noticeable that the INAH 66-R-14-16 has a non-traditional
morphology among the “occidentalis” morphology, with horn cores
placed high above the frontals, resembling those or the northern
B. priscus (Skinner and Kaisen, 1947), a species previously reported at
Valsequillo Basin (Guenther, 1968; Pichardo, 1997). Nevertheless, the
horn core INAH 66-R-14-16 lacks the morphology of B. priscus, which
includes an asymmetrical base, posterior margin sinuous, and a spiraled
growth axis (McDonald, 1981). Thus, all the Bison remains from Valse-
quillo Basin studied in this work belong to B. antiquus.

The differences observed between these fossil remains are in accor-
dance with the morphological variation of Bison antiquus occurring in
the same deposits (e.g. Wilson et al., 2008). Also, this supports the idea
that “Bison antiquus occidentalis” is not a valid species or subspecies, and
rather, a transitional ecotype, leading to Bison (McDonald and Lammers,
2002; Shapiro et al., 2004; Wilson et al., 2008).

Another possibility is that fossil Valsequillo bison in this study might
belong to different stratigraphic levels, with differences in the climate,
thus producing the observed morphological patterns. This is supported
not only by the morphological adaptability of Bison antiquus (Martin
et al., 2018), but also by the adaptability and morphological disparity
observed in the modern Bison. This species was previously believed to
have two different subspecies: B. b. bison, the plains bison, and B. b.
athabascae, the wood bison (e.g. Van Zyll de Jong, 1986; McDonald,
1981). These were shown to have different ecological behaviors
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Fig. 3. Cranial elements of Bison antiquus from Valsequillo Basin, Puebla, Mexico. Bison antiquus “antiquus” morphology: (1) CRINAHP-1648, (2) CRINHAP-2302,
and (3) CRINHAP-2303, calvaria with both horn cores; (4) CRINAHP-0884 and (5) CRINAHP-1790, isolated horn cores. Bison antiquus “occidentalis” morphology: (6)
CRINAHP-0521 isolated horn core; (7) INAH 66-R-14-16, calvarium with the right horn core. Scale bar = 10 cm.

Table 1

Bison antiquus calvaria morphometry summary. (1) Spread of horn cores, tip to
tip; (2) Horn core length, upper curve, tip to burr; (3) Straight line distance, tip
to burr, dorsal horn core; (4) Minimum circumference, horn-core base.
B. antiquus “antiquus” (N [1] = 77, N [2] = 86, N [3] = 81, N [4] = 89) and
“occidentalis” (N [1] = 27, N [2] = 32, N [3] = 30, N [4] = 38) measurements
from McDonald (1981). All measurements in millimeters.

Collection number 1 2 3 4
CRINAHP-1648 858 323 266 315
CRINAHP-2277 869 268 198 296
CRINAHP-2276 686 301 209 317
INAH 66-R-14-16 - 265 207 252
CRINAHP-0884 - 210 220 -
CRINAHP-1790 - 325 250 285
CRINAHP-0521 - 275 214 297
B. antiquus “antiquus” 870 + 279.2 + 249.7 + 324.4 +
(males) 13.7 6.2 5.3 5.3
B. antiquus “antiquus” 669.5 £ 202.9 + 190.1 £5 209+33
(females) 15.9 5.1
B. antiquus “occidentalis” 779.3 £ 277.8 + 248.1 + 300.3 +
(males) 8.8 4.2 3.5 2.9
B. antiquus “occidentalis” 614.4 + 197.1 + 1829 + 191.5 +
(females) 14.2 4.4 3.5 2.7
Bison (males) 603.9 + 190.7 + 172.4 + 255.4 +
3.9 2.1 1.9 1.6
Bison (females) 451 + 6.6 1241+3 1711+ 162.1 +
2.7 1.9

(Guthrie, 1990). Nevertheless, the subspecies status of the wood bison
was challenged, and it was suggested it was merely an ecomorph (Geist,
1991). This idea was further explored with genetic data, leading to the
conclusion that the modern wood bison represent a locally adapted
variety of B. bison that had interbreed with the few remaining ancient
wood bison, and thus, was not a valid subspecies (Groves and Grubb,
2011). If this is the case with Valsequillo’s fossil bison, remains should
be further explored with more detailed stratigraphic works and paleo-
ecological inferences, such as stable isotopes and dental wear.

5.2. The age of Bison antiquus and the Valsequillo fossil site

There are several dubious ages attributed to B. antiquus, with no
cranial material associated or obtained with non-diagnostic fossil re-
mains (e.g. Nielsen et al., 1984). The youngest of those ages comes from
Anchorage, Alaska, with a radiocarbon age of 470 + 90 years BP for a
horn sheath identified ambiguously as B. antiquus “occidentalis” (Har-
ington, 2003).

One of the youngest non-ambiguous records of B. antiquus with the
“antiquus” morphology comes from Rancho La Brea, with a radiocarbon
age of 10,900 + 240 years BP (Marcus and Berger, 1984). On the other
hand, the youngest records of B. antiquus with the “occidentalis”

morphology comes from Hughes Bog, lowa, with a radiocarbon age of
5640 years BP (McDonald, 1981), and from Kenora, Ontario, with a
radiocarbon age of 4270 + 65 years BP (McDonald and Lammers, 2002).

The CRINAHP-1648 calvarium and its radiocarbon age of 7151 + 70
years BP represent the youngest record for the B. antiquus “antiquus”
morphology in North America. Also, it suggests that a new minimal
radiocarbon age for the megafaunal species in the Valsequillo Basin can
be established. As this age is based on one specimen, more studies are
required in order to confirm the minimal age of the Valsequillo local
fauna.

At Valsequillo Basin, the previously reported minimum age for
B. antiquus was 9150 + 500 years BP (McDonald, 1981). Nevertheless,
McDonald (1981) assigned this age for both B. antiquus morphologies
(Tables 24 and 28 in McDonald, 1981). This age was not obtained from
bone samples, but from a gastropod radiocarbon sample (W-1898) at the
“lower” Barranca Caulapan site (Szabo et al., 1969). Afterward, this age
was assigned to the Valsequillo “Faunal zone I”, in association with
typical Late Pleistocene megafaunal species, excluding Bison and bifacial
stone tools (Pichardo, 1997). Bison was believed to belong to the “Faunal
zone II”, dated at Barranca Caulapan with a radiocarbon age obtained
also from snails of 21,850 + 850 years BP, and the presence of unifacial
stone tools (Szabo et al., 1969; Pichardo, 1997, 1999). Nevertheless, we
found Bison antiquus at the proposed “Faunal zone I”, demonstrating that
it is not an index taxon as previously proposed by Pichardo (1997,
1999). Thus, the Barranca Caulapan site has ages ranging from >35,000
(Szabo et al., 1969; Metcalfe et al., 2016) to 7151 (this work) years BP.
And until a controlled stratigraphic work is done with the stone tools,
there is no certainty of the age of those human-produced elements (see
an extensive revision for the datings at Valsequillo at Gonzalez et al.,
2017).

6. Conclusions

The fossil bison of the Valsequillo Basin includes only one species,
Bison antiquus, with two different morphologies: (1) B. antiquus “anti-
quus” and (2) B. antiquus “occidentalis”. A calvarium of B. antiquus
“antiquus” morphology (CRINAHP-1648) was dated at 7151 + 70 years
BP, which is the youngest age for any previously reported Bison antiquus
from Mexico, and it is the youngest “antiquus” morphology in North
America. This age provides a new minimum age for the fossil area of
Valsequillo Basin, and raises questions about the ages previously re-
ported for stone tools from this Paleoindian site. Further detailed
stratigraphic and radiometric studies are required in this area to clarify
the temporal ranges of its extinct fauna and human occupation dates.

The presence of two morphologies of Bison antiquus at Valsequillo
Basin suggests that other previously recognized species such as B. priscus
were in fact, B. antiquus specimens. This high degree of horncore vari-
ation also suggests that a more detailed study of the ages and
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stratigraphy of these, and other specimens are required to confirm that
the two chronospecies (regarded in this work as antiquus and occidentalis
morphologies) were present at different times in the Valsequillo Basin.
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