










































182 BULLETIN of the FLORIDA MUSEUM OF NATURAL HISTORY Vol. 43 (5) 

vertebrose animals. London Med. Repository Rev. 
15:296-310. 

Hulbert, R. C. 1988. Cormohipparion and Hipparion 
(Mammalia, Perissodactyla, Equidae) from the late 
Neogene of Florida. Bull. FI. State Mus., BioI. Sci. 
33:229-338. 

_____ 1989. Phylogenetic interrelationships of 
North American late Neogene Equinae. In The 
Evolution of Perissodactyls, D. R. Prothero and R. 
M. Schoch, eds. Pp. l76-196. Oxford Univ. Press, 
New York. 

_____ 1990. The taxonomic status of Hipparion 
minus Sellards, 1916 (Mammalia, Equidae). Jour. 
Paleontol. 64:855-856. 

_____ 1992. A checklist of the fossil vertebrates 
of Florida. Papers FI. Paleontol. 6:1-35. 

__________ 1993 . Late Miocene Nannippus 
(Mammalia: Perissodactyla) from Florida, with 
description of the smallest hipparionine horse. Jour. 
Vert. Paleontol. 13:350-366. 

_____ 1996. The ancestry of the horse. In Horses 

through Time, S. L. Olsen, ed. Pp. 11-35. Roberts 
Rinehart Publishers, Boulder, Colorado. 

Kelly, T. S. 1998. New middle Miocene equid crania 
from California and their implications for the 
phylogeny of the Equini. Nat. Hist. Mus. Los Angeles 
Co., Contrib. Sci. 473:1-43. 

Lance, J. F. 1950. Paleontologfa y estratigraffa del 
Plioceno de Yep6mera, Estado de Chihuahua-I" 
parte: Equidos, excepto Neohipparion. lost. Geol., 
Univ. Aut6noma Mexico, Bol. 54: 1-81. 

Lindsay, E . H., Opdyke, N. D., and N. M. Johnson. 1984. 
Blancan-Hemphillian land mammal ages and late 
Cenozoic dispersal events. Ann. Rev. Earth Planet. 
Sci. 12:445-488. 

Linnaeus, C. 1758. Systema Naturae per Regna Tria 
Naturae, Secundum Classes, Ordines, Genrea, 
Species cum Characteribus Differentis Synonymis 
Locis. Edita decima, reformata. Laurenti Salvii, 

Stockholm I, 824 pp. 
MacFadden, B. J. 1984. Astrohippus and Dinohippus 

from the Yep6mera Local Fauna (Hemphill ian , 

Mexico) and implications for the phylogeny of one
toed horses . Jour. Vert. Paleontol. 4:273-283. 

_____ 1986. Late Hemphillian monodactyl horses 
(Mammalia, Equidae) from the Bone Valley 
Formation of central Florida. Jour. Paleontol. 
60:466-475. 

_____ 1989. Dental character variation in 

paleopopulations and morphospecies offossil horses 
and extant analogs. In The Evolution of 
Perissodactyls. D. R. Prothero and R. M. Schoch 
(eds.), Pp. 128-141. Oxford Univ. Press, New York: 

_____ 1992. Fossil horses: Systematics, Paleo
biology, and Evolution of the Family Equidae. 
Cambridge Univ. Press, New York. 369 pp. 

____ , Solounias, N., and T. E. Cerling. 1999. 
Ancient diets , ecology, and extinction of 5 million

year-old horses from Florida. Science 283:824-827. 
Marsh, O. C. 1879. Polydactyle horses, recent and 

extinct. Amer. Jour. Sci. 17:499-505 
Matthew, W. D. 1924a. Third contribution to the Snake 

Creek Fauna. Bull. Amer. Mus. Nat. Hist. 50:59-210. 
_____ 1924b. A new link in the ancestry of the 

horse. Amer. Mus. Novitates 131: 1-2. 
_____ 1926. The evolution of the horse. A record 

and its interpretation. Quart. Rev. BioI. 1: 139-185. 
____ , and R. A. Stirton. 1930. Equidae from the 

Pliocene of Texas. Univ. California Pub., Bull. Dept. 
Geol. Sci. 19:349-396. 

Merriam, J. C. 1918. New mammals from the Idaho 
Formation. Univ. California Pub. , Bull. Dept. Geol. 
Sci. 10: 523-530. 

Mooser, O. 1958. La fauna "Cedazo" del Pleistoceno en 
Aguascalientes. Anales lost. BioI. Mexico 29:409-452. 

_____ 1965. Una nueva especie de equido del 
genero Protohippus del Plioceno medio de la Mesa 
Central de Mexico. Anales Inst. BioI. Mexico 
35:157-158. 

____ 1968. Fossil Equidae from the middle 
Pliocene of the Central Plateau of Mexico. 
Southwestern Naturalist 13: 1-12. 

_____ 1973. Pliocene horses of the Ocote local 
fauna, central plateau of Mexico. Southwestern 
Naturalist 18:257-268. 

Osborn, H. F. 1912. Craniometry of the Equidae. Mem. 
Amer. Mus. Nat. Hist. 3:55-100. 

____ 1918. Equidae of the Oligocene, Miocene, and 

Pliocene of North America. Iconographic type revision. 
Mem. Amer. Mus. Nat. Hist. (n.s.) 2:1-326. 

Owen, R. 1848. Description of teeth and portions of jaws 
of two anthracotheroid quadripeds (Hyopotamus 
vectianus and H . bovinus) discovered by the 
Marchioness of Hastings in the Eocene deposits on 
the N. W. coast ofthe Isle of Wight, with an attempt 
to develop Cuvier's idea of the classification of 
pachyderms by the number of toes. Quart. Jour. Geol. 
Soc. 5:380-383. 



MacFADDEN and CARRANZA-CASTANEDA: Cranium of Dinohippus mexicanus and the origin of Equus 183 

Quinn, J. H. 1955. Miocene Equidae of the Texas Gulf 
Coastal Plain. Univ. Texas Bur. Econ. Geol. 5516:1-
102. 

Prado, J. and M. T. Alberdi. 1996. A cladistic analysis 
of the horses of the Tribe Equini. Palaeontology 
39:663-680. 

Repenning, C. A., Weasma, T. R, and G. R Scott. 1995. 
The early Pliocene (latest Blancan-earliest 
Irvingtonian) Froman Ferry Fauna and history of 
the Glenns Ferry Formation, southwestern Idaho. 
U. S. Geol. Surv. Bull. 2105:86 pp. 

Schultz, G. (ed.) 1977. Guidebook: Field conference on 
late Cenozoic biostratigraphy of the Texas panhandle 
and adjacent Oklahoma, August 4-6, 1977. Kilgore 
Research Center, Spec. Pub. 1, West Texas State 
Univ., Canyon, Texas, 160 pp. 

Sellards, E. H. 1916. Fossil vertebrates from Florida. A 
new Miocene fauna , new Pliocene species, the 
Pleistocene fauna. Florida Geol. Survey, 8th Ann. 
Report, pp. 87-119. 

Skinner, M. F. and F. W. Johnson. 1984. Tertiary 
stratigraphy and the Frick Collection of fossil 
vertebrates from north-central Nebraska. Bull. Amer. 
Mus. Nat. Hist. 178:215-368. 

____ " and C. W. Hibbard. 1972. Early Pleistocene 
pre-glacial and glacial rocks and faunas of north-central 

Nebraska. Bull. Amer .. Mus. Nat. Hist. 148:1-148. 
, and B. J. MacFadden. 1977. Cormo

hipparion n. gen. (Mammalia, Equidae) from the 
North American Miocene (Barstovian
Clarendonian). Jour. Paleontol. 51 :912-926. 

_____ , and B. E. Taylor. 1967. A revision of the 
geology and paleontology of the Bijou Hills, South 
Dakota. Amer. Mus. Novitates 2300:1-53. 

Stirton, R. A. 1940. Phylogeny of North American 
Equidae. Univ. California Pub., Bull. Dept. Geol. 
Sci. 25:165-198. 

____ , 1942. Comments on the origin and generic 
status ofEquus. Journal of Paleontology. 16:627-637. 

Tedford, R H., Skinner, M. E, Fields, R W., Rensberger, 
J. M., Whistler, D. P., Galusha, T., Taylor, B. E., 
Macdonald, J. R, and S. D. Webb. 1987. Faunal 
succession and biochronology of the Arikareean 
through Hemphillian interval (late Oligocene through 
earliest Pliocene epochs) in North America. In 
Cenozoic Mammals of North America: 
Geochronology and Biostratigraphy. M. O. 
Woodburne, ed. pp. 153-210, Univ. California Press, 
Berkeley. 

Webb, S. D. 1969. The Burge and Minnechaduza 
Clarendonian mammalian faunas of north-central 
Nebraska. Univ. California Pub. Geol. Sci. 78:1-191. 



184 BULLETIN of the FLORIDA MUSEUM OF NATURAL HISTORY Vol. 43 (5) 

APPENDIX 
Practical method for determining the radius 

of tooth curvature 

As is now well established, the evolution of transverse 
curvature of upper cheek teeth (CURV; Fig. 1) is of 
principal importance in distinguishing late Cenozoic 
horses and their phylogenetic interrelationships, in this 
case, the transition from D. interpolatus (and D. 
leidyanus), to D. mexican us, to primitive Equus. As 
described by Skinner and Taylor (1967), a practical 
method for measuring this character was developed with 
a characteristically simple, decidedly "low-tech" method 
by M.P. and S.M. Skinner of the AMNH. Oftentimes, 
simpler is better and intuitively obvious to the practical
minded, and such is the case here. The Skinners produced 
both: (1) a series of stiff cards (made of oak-tag), each 
having one curve (or in some cases two or three curves 

for the smaller curvatures) cut out with radii of curvatures 
varying from 10 to 310 mm (Fig. AI, left), and (2) a 
glass plate with the equivalent (to those of the cards) 
curves defined by increasing radii of curvature (Fig. AI, 
right). In either ofthese cases, the researcher can take a 
particular tooth and slide it up or down along the glass 
plate, or determine the best fit from the cards, so that the 
curvature can be determined. Also, the oak-tag cards can 
be used for teeth still in maxilla and crania. The method 
works wonderfully, and produces measured data that can 
be quantified and statistically analyzed, as was done 
above (Table 2). Both the "prototypes" described here 
are available for use on the second "Horse" Floor in the 
Frick Collection at the AMNH. 
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Figure A I. Card cutouts (left) and glass plate (right) used to measure radius of curvature (CURY) of the upper eheek teeth of 
fossil horses. 
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