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Abstract

Fossil specimens of American mastodons (Mammut americanum) that have been recovered from fluvial sedimentary deposits of the
late Pleistocene of southeastern Hidalgo, central Mexico, are formally described. The sample includes cranial and postcranial remains
of an adult male that represents one of the most complete mastodons that have been found in Mexico, as well as a molar belonging to
an old individual. The material from Hidalgo shows the following diagnostic features of M. americanum: well-developed tusks that
curved upward; upper and lower molars with a simple occlusal pattern; last molars with four to five lophs/ids; a medial sulcus between
the lophs/ids; a scapula with a straight caudal border, a short and expanded neck, and a glenoid cavity that is oval in outline; a short
and robust humerus with a prominent epicondylar crest; a radius with a wide distal end; and an ulna with a well-developed olecranon
process and a deep trochlear notch. The dental size of the mastodon from Hidalgo is comparable to that of mastodons from the Gulf
Coastal Plain and the Great Lakes region, whereas the limb dimensions are similar to those of the Watkins Glen Mastodon from the
late Pleistocene of New York. In order to characterize the diet and habitat of the mastodons from Hidalgo, a stable carbon and oxygen
isotope analysis in tooth enamel apatite was performed. The results indicate that studied specimens were mainly C3 browsers (mean
813C isotope value of -10.06 %o) that thrived in closed habitats covered by high vegetation, such as trees (mean 3'*0 isotope value of
-4.31 %o). This information suggests the presence of closed habitats in the southeastern region of Hidalgo, during the second half of
the Pleistocene.

Keywords: mastodons, taxonomy, palacoecology, Hidalgo, central Mexico.

Resumen

Se describen formalmente ejemplares de mastodontes Americanos (Mammut americanum) recuperados de depositos sedimentarios

fluviales del Pleistoceno tardio del sureste de Hidalgo, centro de México. La muestra incluye elementos craneales y postcraneales
pertenecientes a un macho adulto, el cual representa uno de los mastodontes mas completos encontrados en México, asi como un
molar aislado perteneciente a un individuo viejo. El material de Hidalgo muestra las siguientes caracteristicas diagnosticas de M.
americanum: defensas bien desarrolladas que se curvan hacia arriba; molares superiores e inferiores con un patron oclusal simple;
ultimos molares con cuatro a cinco lofos/idos; un surco medial entre los lofos/idos, escapula con un borde caudal recto, cuello corto
y expandido, asi como con una cavidad glenoidea de forma ovalada,; humero corto y robusto con una cresta epicondilar prominente;
radio expandido en su extremo distal; y ulna con un proceso olecraneal bien desarrollado que sobresale de la didfisis, asi como con
un surco troclear profundo. El tamario de los elementos dentales del mastodonte de Hidalgo es comparable con el de mastodontes de
la Planicie Costera del Golfo y la region de los Grandes Lagos, mientras que las dimensiones de los huesos de las extremidades son
similares con las del Mastodonte Watkins Glen del Pleistoceno tardio de Nueva York. Por otra parte, se realizé un andlisis de isotopos
estables de carbono y oxigeno en esmalte dental para caracterizar la dieta y el habitat de los mastodontes de Hidalgo. Los resultados
de este andlisis indican que los ejemplares estudiados fueron ramoneadores de plantas C3 (valor promedio de 6"*C de -10.06 %o) y que
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habitaron en ambientes cerrados cubiertos por vegetacion alta, como los drboles (valor promedio de 5'*0 de -4.31 %). Esta informacion

sugiere la presencia de habitats cerrados en la region sureste de Hidalgo durante la segunda mitad del Pleistoceno.

Palabras clave: mastodontes, taxonomia, paleoecologia, Hidalgo, centro de México.

1. Introduction

The Proboscidea includes the extant elephants
(Loxodonta afiicana, L. cyclotis, and Elephas maximus)
(Macdonald, 2006) and their extinct relatives such as the
gomphotheres, mammoths, and mastodons, among others
(Rose, 2006). Proboscideans were an important component
of the late Pleistocene megafauna of North America,
including the genera Cuvieronius, Stegomastodon s.1.,
Mammuthus, and Mammut. At the end of the Pleistocene
all these taxa were monospecific except for Mammuthus,
with three to four species (Graham, 2001; Arroyo-Cabrales
etal.,2007).

Particularly, Mammut americanum (American mastodon)
was one of the most widespread proboscideans during the
late Pleistocene, and went extinct ca. 9000 years ago (King
and Saunders, 1984; Barnosky et al., 2004). In that age this
mastodon is known throughout North America, including
areas of Alaska, southeastern Canada, eastern United States,
northeastern and central Mexico, and a southernmost
occurrence in Honduras (Kurtén and Anderson, 1980; Lucas
and Alvarado, 1991; Saunders, 1996; Graham, 2001; Lange,
2002). It has been considered that mastodons preferred
forested areas where they browsed on twigs, leaves, and
stems (Kurtén and Anderson, 1980; Saunders, 1996; Lange,
2002).

The record of Mammut americanum from the late
Pleistocene of Mexico is less abundant in comparison to
that of Cuvieronius and Mammuthus (Polaco et al., 2001;
Arroyo-Cabrales ef al., 2007); although it is more abundant
than that of Stegomastodon, which has a record from the
state of Jalisco, western Mexico (Alberdi et al., 2009).
This mastodon has been reported in localities unevenly
distributed within the Mexican Plateau (states of Nuevo
Leo6n, Tamaulipas, Zacatecas, Aguascalientes, San Luis
Potosi, Hidalgo, México, and Puebla). The material includes
skull elements, tusks, isolated teeth, mandible elements,
and postcranial remains (Polaco ef al., 2001). However,
the available sample has not been formally described and,
in several instances, its precise precedence is unknown.

Castillo-Ceron et al. (1996) mentioned the presence of
a skull fragment and a mandible of an American mastodon,
recovered from a site located near the town of Actopan in
central Hidalgo; the authors assumed a late Pleistocene
age for the fossil-bearing unit. One of the coauthors
reported in his master's degree thesis (unpublished) a set
of specimens referable to Mammut americanum from a
locality in southeastern Hidalgo (Cabral-Perdomo, 2001);

this sample and supplementary fossil material is considered
in the present study.

In this study, a set of fossil remains belonging to
mastodons from the late Pleistocene of southeastern
Hidalgo is formally described. The material is compared
with selected specimens of American mastodons, and we
comment on some aspects of its dietary behavior and habitat
preferences.

2. Study area

The material was recovered from a locality formally
known as Ventoquipa (HGO-9:20° 00.895" N - 98°20.757"
W; 2289 m.a.s.l.), southeastern Hidalgo (Figure 1). The
specimens are from Quaternary alluvial deposits consisting
of gravel, sand, and clay deposited in a fluvial environment.

Associated fossil material from Ventoquipa (HGO-
9) includes a mandible fragment and an isolated lower
molariform referable to Equus conversidens, as well as two
vertebrae (one cervical and one lumbar) belonging to Bison
sp. The presence of Bison is indicative of a Rancholabrean
Land Mammal Age (Bell et al., 2004).

3. Materials and Methods
3.1. Studied sample and taxonomic identification

The sample includes maxillary and mandibular
fragments, and several postcranial elements belonging
to a same individual (Figure 2), as well as an isolated
upper molar. The material is housed at the Secciéon de
Macrovertebrados, Museo de Paleontologia, Universidad
Auténoma del Estado de Hidalgo, México (UAHMP), with
the numbers: UAHMP-283, and UAHMP-311.

The material was compared with specimens of Mammut
americanum reported in Olsen (1972), Harington et al.
(1974), Saunders (1996), Green (2006), Hodgson et al.
(2008), Woodman and Branstrator (2008), and Smith and
Fisher (2013).

The lexicon of Tassy (1996) is used for dental
terminology. The maximum length and width of each
tooth were measured at the occlusal surface (modified
from Corona and Alberdi, 2006: fig. 2, p. 359). The tusk
measurements are from previous works (modified from
Smith and Fisher, 2013: fig. 2, p. 344), including maximum
length, maximum tusk circumference, and circumference
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Figure 1. Index map of the study area, southeastern Hidalgo. The capital of the state, Pachuca city, and the late Pleistocene locality Ventoquipa (HGO-9)

are depicted.

of tusk each 10 cm for the first 90 cm (from tip to base).
The maximum length, proximal width, transverse width,
and distal width of each limb bone (humerus, radius, and
ulna) were measured.

Measurements were taken using a 3 m flexible tape
measure. In some instances, dental measurements were
taken with a digital caliper with a measuring range of 0 —
150 mm, a resolution of 0.01 mm, and an accuracy of 0.003
mm. All measurements are in mm.

The tooth wear stages were categorized as follows
(modified from Simpson and Paula-Couto (1957: table 1,
p- 137): (0) Unworn, unworn lophs/ids and pattern clearly
discernible; (1) Light wear, wear on anterior lophs/ids; (2)
Moderate wear, light wear on all lophs (ids); (3) Early late
wear, extensive wear but pattern still clear; and (4) Late
wear, severe wear and pattern partly or wholly obliterated.
The criteria for age classes (juvenile, youth, adult) are
modified from Green (2006: table 1, p. 32), considering
molar wear and tooth replacement. The shoulder height
(mm) was estimated from the length of humerus following
Harington ef al. (1974).

3.2. Stable isotope analysis

In order to characterize dietary behavior and habitat
preferences of the individual, we sampled two teeth for
3BC and 4'30 isotopic analysis. Tooth enamel flakes were
extracted and chemically treated following MacFadden
and Cerling (1996) and Koch ef al. (1997) protocols. The
samples were analyzed by using a Finnigan MAT 253 mass
spectrometer attached to a Finnigan Gas Bench II on-line
gas preparation system within the Laboratorio Universitario
de Geoquimica Isotdpica (LUGIS), Universidad Nacional
Autonoma de México. The sample was dissolved in 100 %

orthophosphoric acid at 25 °C for 54 hours to create CO,.
Isotopic values are expressed in standard 6-notation and are
reported relative to the V-PDB standard (Vienna Pee Dee
Belemnite) (after Craig, 1957).

The carbon isotope values are related to a particular
dietary preference as follows: values of 8*°C < -10 %o
indicate a diet consisting primarily of C3 plants (=
browsers); values of 8°C > -1 %o indicate a diet consisting
primarily of C4 plants (= grazers); and values of 3'*C
ranging between -1 %o and -10 %o indicate a diet consisting
of both C3/C4 plants (= mixed feeders) (Koch et al., 1992;
Quade et al., 1992; Cerling et al., 1997). The percentage of
C4 plant consumption was estimated using the mass balance
equation of Koch et al. (2004).

The oxygen isotope values were used for the
characterization of potential habitat preference. The oxygen
isotope composition in tooth enamel is mainly controlled
by the composition of ingested water and the metabolism of
a particular organism (Luz ef al., 1984; Luz and Kolodny,
1985). The water ingested by a herbivore derives from
meteoric water and from water contained in plant resources.
The meteoric water is affected by local precipitation,
temperature, and humidity, such that 8'*O values are more
positive in warmer conditions and more negative in colder
conditions (Rozanski et al., 1992). It has been shown that
leaves show an important enrichment of 6'*0 in warmer
and arid conditions (Ometto et al., 2005); thus, it should be
expected that animals of open habitats ingest plant sources
with more positive 'O, in comparison to those inhabitants
of cooler and closed habitats (Feranec and Macfadden,
2006). The oxygen isotope values were used cautiously,
considering that the composition of this element in biogenic
materials is dependent on several environmental factors.
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Figure 2. Sketch of an American mastodon (Mammut americanum) skeleton indicating recovered bones (gray) of the individual from Hidalgo (UAHMP-311).

Not to scale.

3.3. Anatomical abbreviations

C: tusk circumference each 10 cm (from tip to base);
DW: distal width; L: left; M/m: upper/lower molar; ML:
maximum length; MTC: maximum tusk circumference;
MW: maximum width; PW: proximal width; R: right; TL:
tusk length; TW: transverse width.

3.4. Other abbreviations

Ky, thousand years; my, million years; NALMA, North
American Land Mammal Age.

4. Systematic Paleontology

Order Proboscidea Illiger, 1811
Family Mammutidae Hay, 1922
Subfamily Mammutinae Hay, 1922
Genus Mammut Blumenbach, 1799

Mammut americanum Kerr, 1792
Figures 3 -9
Tables 1 — 4

4.1. Emended Diagnosis

Long and low skull with upper tusks long and curved
upward. Short-snouted (brevirostrine) mandible with lower
tusks variably persistent. Simple molariforms. A median
sulcus separates the cusps along the tooth. Last molars with
four to five lophs/ids. Body low, long, and stocky (Saunders,
1996; Lucas and Alvarado, 2010).

4.2. Description

4.2.1. Skull and upper dentition

The specimen includes the posterior-most portion of the
maxilla with the LM2-M3 and RM3. The palatine is broad
and it extends along the M3s (breadth anterior to M3 =
334 mm; breadth posterior to M3 = 214 mm) (Figure 3A).

The LM2 is broken anteriorly, the tooth is severely worn
and its occlusal surface is wholly obliterated, indicating
a late wear stage (Stage 4). The M3s are trapezoidal-like
with four and a half lophs; the pretrites and posttrites are
simple and rhomboidal in shape; a median sulcus is observed
along the first three lophs; there is a cingulum on the labial
and lingual side; all lophs show a light wear, indicating a
moderate wear stage (Stage 2) (Figure 3B).

4.2.2. Mandible and lower dentition

The mandible is broken resulting in two unequal
fragments. The right fragment includes part of the body
and the ramus, whereas the left is preserved from the
symphysis to the proximal half of the ramus (Figure 4A —
4B). The mental foramen is large, rounded, and deep; it is
located ventral to the anterior portion of the m2. The body
is robust and maintains its height along the longitudinal
axis (210 mm), although its transverse width increases
towards its posterior end (mean transverse width anterior to
m2 = 60.69 mm; mean transverse width posterior to m3 =
130.39 mm). The ramus is broad, short, and rectangular. The
articular process is short and flattened antero-posteriorly;
the coronoid process is broken. The mandibular notch is
expanded and occupies a great portion of the ramus. The
mandibular foramen is well defined, deep, and elongate-
oval in shape.
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Figure 3. Skull and upper dentition of the mastodon Mammut americanum
(UAHMP-311) from the late Pleistocene of southeastern Hidalgo, central
Mexico. Ventral view (A) of a maxillary fragment with LM2-M3 and RM3,
and occlusal view (B) of the RM3.

10 cm

The m2s have three lophids. The first lophid is severely
worn; whereas the second and third lophids show extensive
wear, indicating an early late wear stage (Stage 3). The
occlusal pattern is simple. The pretrites are triangular and
the posttrites are roughly quadrangular in shape (Figure 4C).

The m3s have four and a half lophids and are in a light
wear stage (Stage 1). The occlusal pattern of these teeth
is closely comparable to that of the upper third molars,
although the last lophid is well developed (Figure 4D). The
specimen UAHMP-283 is an isolated and severely worn
m3, its occlusal pattern is almost obliterated and only the
enamel bands of the third and fourth lophids are preserved,
the tooth is in a late wear stage (Stage 4).

4.2.3. Tusks

The sample includes sections of both right and left
tusks of the same individual; the specimens show extensive
damage along their length. The left tusk is broken into two
pieces of similar length, which comprise two-thirds of the
anterior-most portion of the element (Figure 5). The right
tusk is almost complete, although it is broken at the tip; it
is long and moderately curved upwards; and its diameter
decreases toward the tip (Figure 5, Table 1). The tusk
elements are long, robust, and circular in cross-section; they
are composed of a series of dentin fibers.

l—» Labial

Anterior

D

Figure 4. Mandible and lower dentition of the mastodon Mammut americanum (UAHMP-311) from the late Pleistocene of southeastern Hidalgo, central
Mexico. Lateral view of the right (A) and left (B) mandibular fragments, and occlusal views of the Rm2 (C) and the Rm3 (D).
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20 cm

Figure 5. Left tusk of the mastodon Mammut americanum (UAHMP-311) from the late Pleistocene of southeastern Hidalgo, central Mexico.

Tablel. Tusk measurements (mm) of a mastodon from the late Pleistocene of southeastern Hidalgo (UAHMP-311). *estimate.

Tusk TL MTC Cy Ca Cs Ceo Cy Cy Cyy
R 2392 450 332 364 368 382 368 420 450
L (broken) 2140* 406* - 290 332 376 374 380 406*

4.2.4. Postcranial elements

The sample includes associated postcranial remains
belonging to the same individual, including a scapula, limb
elements, ribs, and a vertebra (Figures 6, 7, 8 and 9).

Scapula. The element is subtriangular and flattened
latero-medially. The dorsal border is broken anteriorly,
although it is slightly curved posteriorly. The cranial border
is concave ventrally. The caudal border is straight. Almost
the entire supraspinous fossa is broken, and only the base,
which is short, is preserved. The infraspinous fossa is broad
and expanded antero-ventrally. The neck is short, robust, and
unconstricted (ML =210 mm). The supraglenoid tubercle is
relatively prominent and its surface is roughly trapezoidal.
The glenoid cavity is elongate-oval, transversely wide, and
deep. The spine, the acromion and mid-spinous process are
not preserved (Figure 6).

Humerus. The element is stout and it is longer than it is
wide (Figure 7). At the proximal end, the humeral head is
large and rounded, the neck is incipient, and the tubercles
are not preserved. The diaphysis is proportionally short
and robust; it is shorter below the deltoid tuberosity and its
widest section is across the lateral epicondylar crest. The
deltoid tuberosity is partially broken and protrudes antero-
laterally, whereas the lateral epicondylar crest is prominent
and protrudes postero-laterally. The radial fossa is well
developed and it is elongate-oval in shape. At the distal end,
the capitulum is shorter than the trochlea, although both
are similar in width; these articular surfaces are separated
by a shallow groove. The olecranon fossa is semicircular.
The lateral epicondyle is flattened and its surface is roughly
similar to an isosceles triangle. The medial epicondyle is
poorly preserved and its surface is suboval in shape.

Ulna. At the proximal epiphysis, the olecranon process is
rounded and it is strongly curved postero-laterally, whereas

the anconeal process protrudes anteriorly. The trochlear
notch is wide and semicircular. The coronoid process is
large, circular, and protrudes antero-medially; the radial
notch is small, narrow, and protrudes antero-laterally. The
coronoid process and the radial notch are separated by a deep
and wide groove. The diaphysis is long and maintains its
width along the shaft. The distal epiphysis is not preserved
(Figure 8A — 8A’).

Radius. About 75 % of the element is preserved,
including a great portion of the diaphysis and the distal
epiphysis (Figure 8B — 8B’). The diaphysis is slender at
the proximal region and widens towards its distal end,
it is flat latero-medially and curves laterally towards the
proximal end. The articular surface for the ulna is flat and
triangular, occupying about 50 % of the preserved diaphysis.
At the distal end, the styloid process is oval, rounded, and
prominent; it is separated from the diaphysis by a deep
groove. The articular surface for the scaphoid occupies the
greater portion of the distal end and its surface is roughly
trapezoidal. The articular surface for the lunar is smaller
and it is broken antero-medially.

Ribs. The sample consists of two rib fragments (Figure
9A). One fragment includes about two-thirds of the rib; the
body is relatively straight and flattened latero-medially;
it shows a shallow groove and its width is constant. The
other fragment is cylindrical at its proximal portion and
it is flattened at the distal end. Considering the shape and
size of these elements it is probable that they belong to the
last set of ribs.

Vertebra. The sample includes the body of a thoracic
vertebra (Figure 9B), which shows an oval anterior surface
and a roughly triangular posterior surface; the element is
widened ventrally.
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Figure 6. Postcranial remains of the mastodon Mammut americanum
(UAHMP-311) from the late Pleistocene of southeastern Hidalgo, central
Mexico. Lateral (A) and ventral (B) views of a right scapula.

4.3. Age and sex categories

The mandible belonging to the partial skeleton
catalogued as UAHMP-311 has the second and third molars
erupted, indicating an adult individual (Age Class 6 sensu
Green, 2006). The specimen UAHMP-283, an isolated m3,
is severely worn; thus, the position and stage of wear are
indicative of an old individual.

The tusk size and the anterior mandibular height
are features that have been used for establishing sexual
dimorphism in American mastodons, revealing that
males are usually larger than females (Green, 2006;
Smith and Fisher, 2013). The mean mandibular height of
UAHMP-311 (210 mm) is within the observed range for
adult male specimens of Mammut americanum from several
Rancholabrean localities of Florida (200 — 225 mm) (Green,
2006: fig. 11, p. 48).

The maximum tusk circumference of UAHMP-311 (ca.
450 mm) is comparable to that of the specimen I12SE-113,
a tusk of an American mastodon housed at the Buffalo
Museum of Science; however the specimen from Hidalgo

is 25 % larger. The tusk length of the sample from Hidalgo
(2392 mm) is intermediate between several male specimens
of Mammut americanum from post-Last Glacial Maximum
of the Great Lakes Region, USA (Smith and Fisher, 2013:
table 5, p. 351). Hence, the partial skeleton from Hidalgo
is considered an adult male individual.

4.4. Size

We used the humerus length - shoulder height ratio
to characterize the size of the specimen UAHMP-311,
considering that humerus length represents about 36 %
of the shoulder height (see Harington et al., 1974). The
estimated shoulder height of the mastodon from Hidalgo is
2445 mm, which is comparable to the Whitfield Mastodon
(2450 mm) (New York) and the Peale Mastodon (2389 mm)
(New York), and it is smaller than the Denver Mastodon
(Indiana) (2700 mm) and the Warren Mastodon (New
York) (2635 mm); all these specimens are male individuals.
However, the mastodon from Hidalgo is larger than the
Overmyer Mastodon (Indiana) (2302 mm) and the Neath
Mastodon (Wisconsin) (2300 mm), which are female
individuals (Woodman and Branstrator, 2008: table 2,
p-134). We provide additional evidence that males are
usually larger than females.

4.5. Referred material

Ventoquipa (HGO-9): UAHMP-283, an isolated m3;
UAHMP-311 (a partial skeleton), maxillary fragment with
LM2-M3 and RM3, broken mandible with L/Rm2s and L/
Rm3s, two incomplete tusks, R scapula, R humerus, R ulna,
R radius, two rib fragments, a vertebra fragment.

4.6. Age and occurrence

The earliest records of Mammut americanum are from
Blancan sites in the Pacific Northwest and Florida. It is
known from the Irvingtonian of Nebraska, Maryland,
Pennsylvania, and Florida (Kurtén and Anderson, 1980).
During the Rancholabrean its distribution spread throughout
North America from Alaska to central Mexico (Saunders,
1996). There is an isolated record from the Pleistocene of
Central America in Honduras (Lucas and Alvarado, 1991).

5. Discussion
5.1. Taxonomic assessment

The taxonomic identity of American mastodons has
been mainly based on its tusk configuration and dental
morphology. On this regard, the sample from Hidalgo
shows several diagnostic features of Mammut americanum,
including well-developed tusks that curved upward, upper
and lower molars with a simple occlusal pattern, M3/m3s
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Figure 7. Limb elements of the mastodon Mammut americanum (UAHMP-311) from the late Pleistocene of southeastern Hidalgo, central Mexico. Anterior
(A), posterior (B), medial (C), and lateral (D) views of a right humerus.

10 cm

Figure 8. Limb elements of the mastodon Mammut americanum (UAHMP-311) from the late Pleistocene of southeastern Hidalgo, central Mexico. Lateral
(A) and anterior (A”) views of a right ulna, and lateral (B) and anterior (B”) views of a right radius.
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Figure 9. Postcranial remains of the mastodon Mammut americanum
(UAHMP-311) from the late Pleistocene of southeastern Hidalgo, central
Mexico. Rib fragments (A) and the body of a thoracic vertebra (B).

with four to five lophs/ids, and a medial sulcus between the
lophs/ids (Kurtén and Anderson, 1980; Saunders, 1996).

We compared the dental size of upper and lower molars
of the mastodon from Hidalgo with selected specimens of
Mammut americanum from the late Pleistocene of the Great
Lakes and the Gulf Coastal Plain. The dental size of the M3s
from Hidalgo is close to the lower limit of the observed
range for last molars of mastodons from Florida (Aucilla
River and Wacassa River localities) and the Trolinger
Spring site in Missouri; however, it is smaller than that
observed in mastodons from localities of the Great Lakes
region (Table 2). The length of the lower molars of Hidalgo
is close to or within the range of mastodon molars from
the late Pleistocene of Indiana and Missouri, although the
studied specimens are narrower than the compared datasets
(Table 3). The observed differences can be the result of
intraspecific variation probably related to age, sex, and/or
geographic variation.

Olsen (1972) recognized that postcranial remains of
Mammut americanum show some particular features. As in
mastodons, the scapula of UAHMP-311 shows a straight
caudal border, a short and expanded neck, and a glenoid
cavity that is oval in outline (Olsen, 1972; Hodgson ef al.,
2008). The limb elements of the individual from Hidalgo
resemble those of American mastodons in several aspects:
the humerus by having a short and robust diaphysis and a
prominent epicondylar crest; the radius by having a robust
and wide distal end; and the ulna by having a well-developed
olecranon process that protrudes from the diaphysis, and a

Table 2. Comparison of maximum length and width (mm) of M3s of
the mastodon from Hidalgo (UAHMP-311) and selected specimens of
Mammut americanum from the late Pleistocene of the Gulf Coastal Plain
and the Great Lakes region. The mean, observed range, and sample size
(in parenthesis) are indicated. Data are from 'Green (2006) and *Woodman
and Branstrator (2008).

M3
ML MW
México
Ventoquipa, Hidalgo 158 83
— 82-83
(n=2) (n=2)
Florida'

Aucilla River 181 101
160-197 87-110
n=9) (n=9)

Wacassa River 169 89

--- 84-95
n=1) (n=3)
Michigan2 209 105
184-244 96-118
n=17) (n=06)
Indiana’ 185 99
165-199 92-109
n=9) (n=9)
Missouri’

Boney Spring 192 99
170-216 91-111
(n=28) (n=133)

Trolinger Spring 179 93
162-187 80-101
(n=106) (n=218)

deep trochlear notch (Olsen, 1972; Hodgson et al., 2008).
The length/width ratio (= 4.0) of limb bones of
UAHMP-311 suggests stocky and robust forelimbs. It has
been shown that limb bones of Mammut are usually shorter
and more robust than those of Mammuthus and modern
elephants (Hodgson et al., 2008); this condition is observed
in the studied specimens. The sizes of the limb bones of
the mastodon of Hidalgo are comparable to those of the
Watkins Glen Mastodon and larger to those of the Overmyer
Mastodon (Table 4); differences may be due to sex variation,
considering that the latter individual is a female.

5.2. Dietary behavior and habitat preferences

The 38C isotope values of Mammut americanum from
Hidalgo vary from -11.87 %o to -8.25 %o and with a mean
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value of -10.06 %o. The mean relative percentage of C4
plants is of about 16 % with maximum and minimum
values of 28.3 % and 4.20 %, respectively. The observed
data are indicative of a diet mainly consisting of C3 plants,
which in turn is related to a browsing dietary behavior. It
should be stated that gastrointestinal contents, palynological
associations, phytolithic analysis, carbon isotopic analyses,
and microwear analysis have shown that Mammut
americanum was mainly a browser (Green ef al., 2005 and
references therein). The isotopic values and percent of C4
plants consumed by the American Mastodon of Hidalgo
are comparable to those observed in several populations
of mastodons from the Pleistocene of Florida (Koch ef al.,
1998: table 1, p. 126). Thus, we provide additional evidence
regarding the feeding behavior of this mastodon, indicating
a focused-feeding strategy equivalent to that of C3 browsers.

The 8'%0 isotope values vary from -4.44 %o to -4.18
%o with a mean value of -4.31 %o. These negative values
suggest that M. americanum from Hidalgo developed in a
closed habitat. It has been shown that American mastodons
preferred temperate woodland areas (Kurtén and Anderson,
1980; Green et al., 2005; Woodman and Branstrator, 2008).
The data of oxygen isotope values for the mastodon from
Hidalgo are suggestive of a comparable habitat, and provide
information on the presence of closed environments in
southeastern sector of Hidalgo during the late Pleistocene,
covered by high vegetation such as trees.

6. Conclusions

A collection of fossil material referable to Mammut
americanum from the late Pleistocene (Rancholabrean) of
Hidalgo is formally described. The sample includes a partial
skeleton of an adult male individual, which represents one
of the most complete mastodons from the late Pleistocene
of Mexico; in addition, an isolated tooth of an old individual
is reported.

The size and proportions of the dental elements
from Hidalgo are similar to those observed in samples
of mastodons from the late Pleistocene of Gulf Coastal
Plain and the Great Lakes region. The estimated size of
the American mastodon of Hidalgo is near to that of the
Whitfield Mastodon and the Peale Mastodon, both male
individuals from the Pleistocene of New York.

The 6'*C and 3'®0 isotope values indicate that the
American mastodon from Hidalgo was mainly a C3 browser
that thrived in temperate closed habitats covered by high
vegetation, such as trees, hence, suggesting the presence of
forested areas in southeastern Hidalgo during the second
half of the Pleistocene.
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