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ABSTRACT—Using the isotopic carbon and oxygen ratios present in dental enamel, the diet and the habitat
of an individual of the Pliocene rhinoceros Teleoceras fossiger from San Francisco de los Reyes, Michoacán,
México, were inferred. The values of d13C and d18O indicate that this animal fed on C3 plants and lived in
enclosed areas similar to those found in some Florida specimens. However, because only one specimen was
analyzed, it is not possible to determine if these rhinoceroses in Mexico were specialists or generalists in
their diet.

RESUMEN—Usando las relaciones isotópicas de carbono y oxı́geno presentes en el esmalte dental, se
infiririeron la dieta y el hábitat de un individuo de rinoceronte del Plioceno Teleoceras fossiger proveniente de
San Francisco de los Reyes, Michoacán, México. Los valores de d13C y d18O indican que este animal se
alimentó de plantas C3 y vivió en zonas cerradas similar a lo hallado en algunos ejemplares de Florida. Sin
embargo, dado que se analizó un sólo ejemplar, no es posible determinar si estos rinocerontes en México eran
especialistas o generalistas en su dieta.

Teleoceras was a genus of rhinoceros (Perissodactyla,
Rhinocerotidae) that inhabited México during the Late
Hemphillian; their remains have been found in several
localities (Carranza-Castañeda, 1989, 2006). This animal
has been the subject of multiple studies to identify species
within the genus that lived in Mexico during the Late
Hemphillian. Teleoceras fossiger has been found in Chihua-
hua, Jalisco, and Hidalgo (Carranza-Castañeda, 2006;
Carbot-Chanona et al., 2009), Guanajuato (Carranza-

Castañeda and Ferrusquı́a-Villafranca, 1978), Sinaloa
(Maldonado-Köerdell, 1954), and Michoacán (Brunet,
1968). A specimen of Teleoceras guymonense was found in
Jalisco (Lucas, 2008).

In Mexico there have been no paleobiological studies
of the genus, whereas in the United States there have
been taxonomic (Prothero, 2005), ethologic (Mead,
1999; Mihlbachler, 2005), taphonomic (Voorhies, 1985),
and paleoecologic studies of this genus (MacFadden,
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1998; Ayoub and Mihlbachler, 2012). Because of the lack
of paleoecologic studies in Mexico, we inferred the diet
and habitat based on one specimen of T. fossiger, found in
San Francisco de los Reyes, Michoacán, using carbon and
oxygen stable isotopes. San Francisco de los Reyes is
located in the State of Michoacán, México, at 198460180 0N
and 100813037 0 0W and 2,650 m above sea level. The
geology of the area is dominated by Neogene (Miocene
and Pliocene) rhyolites, conglomerates, and limestone
(Brunet, 1968).

One sample of dental enamel was taken from the
fourth upper left premolar of a rhinoceros of T. fossiger,
catalogue number DP-217 from the Paleontological
Collection, Archaezoology Lab, Subdirección de Labora-
torios y Apoyo Académico, National Institute of Anthro-
pology and History (INAH), México. The sample was
processed and isotopically analyzed in the Stable Isotopes
Lab at the Instituto de Geologı́a, Universidad Nacional
Autonóma de México (UNAM).

We prepared samples following the method proposed
by Koch et al. (1997). We determined sample isotopic
ratios through assays in a Finnigan MAT 253 (Thermo
Fisher Scientific [Bremen] GmbH, Germany) mass
spectrometer with a dual inlet system and GasBench
auxiliary equipment with a GC Pal autosampler with a
temperature-controlled aluminum plate adjoined to the
mass spectrometer (Révész and Landwehr, 2002). Results
were normalized using NBS-19, NBS-18, and LSVEC and
reported as d18OVPDB and d13CVPDB using the Vienna Pee
Dee Belemnite (VPDB) scale in accordance with the
corrections described by Coplen (1988), Coplen et al.
(2006), and Werner and Brand (2001). For this tech-
nique, standard deviation was 0.2% for oxygen and 0.2%
for carbon.

Once we obtained a carbon isotopic value for the
sample, the value was compared with those obtained by
MacFadden and Cerling (1996). We determined the
percentage of C4 plants (%C4) consumed by using an
equation proposed by Koch et al. (2004): (100) d13Csample

= (100 - X) d13C100% C3enamel + (X) d13C100% C4enamel,
where d13Cenamel of an animal consuming a diet of 100%
C3plants is -12.6% or less and d13Cenamel of an animal
consuming a diet of 100% C4 plants is 2.4% or more. These
values correspond to those estimated before the Glacial
Maximun (Koch et al., 2004). Then, d13C and d18O values
of our specimen were plotted and compared with those
reported by MacFadden (1998) for specimens of Teleoceras
from a series of localities of Late Hemphillian age (late
Miocene to early Pliocene) in Bone Valley, Florida, USA
(Bone Valley-0, Bone Valley-Tiger Bay, Bone Valley-
Palmetto, and U Bone Valley).

The carbon isotopic value of -10% from the DP-217
individual lies within the range of values observed for
Floridian rhinos, being similar to an individual from BV
Tiger Bay (Fig. 1). The value corresponds to a diet based
predominantly in C3 plants with only 17.33% of C4 plants,

which suggests that C4 plants were not an important
component in the individual’s diet. Prothero (1998)
indicated that rhinoceros of Teleoceras were flexible in
their feeding habits, as Floridian specimens showed, with
animals that exclusively fed on C3 plants while others were
mixed feeders with an important C4 component (Mac-
Fadden, 1998). On the other hand, Ayoub and Mihlbach-
ler (2012), using mesowear and microwear assays, found
that specimens from Kansas, USA, of the same genus were
browsers. However, given that there was only one
specimen in our study, it is not advisable to generalize
that all T. fossiger in Mexico were specialists in consump-
tion of C3 plants or if there existed some mixed feeder
specimens.

On the other hand, the oxygen isotopic value d18O of
the individual DP-217 from Michoacán is -7.4%, which is
different from those exhibited by Floridian specimens
(Fig. 1) as would be expected owing to their different
ecological settings, that is, because of differences in
temperature, altitude, latitude, or amount of rainfall in
the sites where these animals lived, all of which affect the
oxygen isotopic values of the rainfall (Yann et al., 2013),
and more importantly because of their different ages.

The habitat for this individual probably was an
enclosed zone such as forest or jungle, similar to that of
some Floridian rhinoceros (Fig. 1). Also, because there
was only one study specimen, we are not concluding that
all T. fossiger from Mexico lived in enclosed zones.

Finally, we can say that the rhinoceros from San
Francisco de los Reyes was a browser as shown by the
d13C value from its dental enamel and that it lived in an
enclosed zone. However, to better understand the feeding
habits and habitat for this species in Mexico, it will be

FIG. 1—Comparisons between carbon and oxygen isotopic
values for rhinoceros from Michoacán, Mexico, and Florida,
USA. Abbreviations: SF = San Francisco de los Reyes; B = Bone
Valley O; P = BV Palmetto; T = BV Tiger Vay; U = U Bone
Valley; W = Withlacooche 4A.
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necessary to assay a large number of specimens from this
and other species within the genus Teleoceras that
inhabited the country, possibly finding any specific
ecological data depending upon the study species.

We thank Consejo de Arqueologı́a from INAH for granting
the permit to obtain the enamel sample. Also, thanks to Consejo
Nacional de Ciencia y Tecnologı́a (CONACYT no. 132620) and
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Tecnológica (PAPIIT IN104017) for support for this study and
to Laboratorio de Isótopos Estables from the Institute of
Geology, UNAM, as well as R. Puente M. for analyzing the
samples. O. Carranza-Castañeda kindly reviewed and enriched
this manuscript and I. Casar, Instituto de Fı́sica-UNAM, reviewed
the English translation.
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