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JAMES HARRISON QUINN
ABSTRACT
The Equinae originated from Archaeo•
hippus and evolved through Hippodon
Leidy, which is revived to include species
formerly contained in Parahippus and
Merychippus. The revised phylogeny of
the Equinae includes three newly de
scribed genera and nine species. One spe
cies is a middle Miocene ancestor of
Equus; others are late Miocene species of

Equus and Hippotigris.
Four Miocene faunas constituting a new
faunal province are Garvin Gulley fauna,
Oakville formation; Burkeville fauna and
Cold Spring fauna, Fleming formation;
Lapara Creek fauna, Lapara member of
the Goliad formation. The four faunas are
of late lower, early and late middle, and
late upper Miocene age, respectively.

INTRODUCTION
The phylogenetic history of the living
horse Equus has long been the subject of
intensive investigation and speculation.
Yet the most meticulous study of fossil re
mains and search of known fauna! prov
inces has failed to disclose the existence of
Equus prior to late Pliocene time and has
not succeeded in conclusively relating
Equus to an ancestral form. Workers have
despaired of finding new evidence bearing
on the problem, for in recent years exami
nation of fossil-bearing areas on the North
American continent has been sufficiently
extensive to indicate that no fauna! prov
inces have been overlooked or remain to
be discovered. Although fossils of Mio
cene age from the Texas Gulf Coastal Plain
have been known for nearly a hundred
years, their true significance has not been
appreciated, and the area was never inten
sively investigated, because material was
not abundant and the remains did not re
veal significant differences from those
found elsewhere. Nevertheless, this area is
of particular importance, for it is an essen
tially unexplored fauna! province and con
tains much new material of Miocene age
1 Presented in partial fulfillment of the requirements for the
degroe of Doctor of Philosophy, The University of Texas, May,
1954.

that has a direct bearing on the ancestry of
Equus. Study of this material indicates
that current ideas concerning the ancestry
of Equus and the phylogeny of the hypso
dont horses must be revised.
The Coastal Plain material is in four
faunal zones. The exact correlation of these
is of importance to the interpretation of
the phylogeny of the horses and is one of
the major aims of this study. It has been
necessary to revise previously existing cor
relations and age dates in the light of the
new interpretation of the ancestry of
Equus and on the basis of other material
associated with the equine remains, which
is much more extensive than that which
was available to previous investigators.
Study of the Miocene mammal remains
from the Texas Coastal Plain has been
greatly facilitated by previous investiga
tions of the Miocene mammals of the
Florida peninsula by G. G. Simpson and
T. E. White. Their work has furnished a
background for the present study which
may, perhaps, be considered a continua
tion of their investigations without which
the solutions presented here could not
have been so readily obtained.

6

Bureau of Economic Geology, The University of Texas
ACKNOWLEDGMENTS

The writer is indebted to the University
of California and the Chicago Natural
History Museum for the loan of compara
tive materials, to the American Museum of
Natural History for a cast of the type of
Hippodon speciosus and photographs, to
the Museum of Comparative Zoology,
Harvard University, for material from the
Thomas Farm Quarry, Florida, and to Dr.
John F. Lance of the University of Arizona
for the loan of materials. Dr. John T.
Lonsdale, Director of the Bureau of Eco
nomic Geology, and Dr. E. H. Sellards,
Director of the Texas Memorial Museum,
granted permission to examine the col
lections in their charge. Early stages of the
research were jointly supported by the
Bureau of Economic Geology and the De
partment of Geology of The University of
Texas. The Standard Oil Company of
Texas contributed to the completion of the
study by granting a scholarship to the
author which enabled him to continue the
work and visit a number of museums to
examine type specimens.
Dr. George Gaylord Simpson examined
the collection, which was greatly appreci
ated. Dr. Simpson, Mr. Ronald K. DeFord,
Dr. H. B. Stenzel, Dr. W. Frank Blair and
Dr. Jack Myers have read the manuscript
and contributed many helpful suggestions.
The research was done under the direc
tion of Dr. John A. Wilson of the Depart
ment of Geology, The University of Texas,
to whom the author is especially indebted
for suggesting the project and for much
helpful criticism as well as unfailing
patience and staunch support in carrying
out the work.
The drawings were made by W. F. Py
burn of the Graduate School of The Uni
versity of Texas.
MATERIALS AND METHODS

The materials available for the present
study are neither abundant nor compre
hensive. Notwithstanding, they represent
nearly the sum total of all the materials
recovered from the Texas Gulf Coast Mio

cene deposits except for a collection of
Garvin Gulley fossils at the Texas Agri
cultural and Mechanical College, College
Station, and one belonging to the Uni
versity of California, Berkeley.
For the most part the materials are frag
mentary, primarily teeth. Very little as
sociated or articulated material has been
recovered. Nonetheless, the fossils are well
preserved, and much useful information
can be derived from them.
The collections belong to the Bureau
of Economic Geology, The University of
Texas, and were for the most part collected
1939--42 by the State-Wide Paleontologi
cal and Mineralogical Survey Project of
the Work Projects Administration under
the leadership of E. H. Sellards, then Di
rector of the Bureau. The collecting, clean
ing, and cataloging were done by W. P.A.
personnel under the supervision of Joseph
T. Gregory, Glen L. Evans, and William N.
McAnulty. Some materials were subse
quently collected by John A. Wilson and
still later by Wilson and Quinn.
The approximate number and cate
gories of specimens of horse remains avail
able for this study are presented below in
tabular form as is also the number of
major sites in the faunal zones.
. Table 1. Ni:mber and categories of fossils and
sites from which they were obtained.
LAPARA
CREEK

Skulls with jaws
Skulls ______ ___ ____ __
Maxilla ----- -- -·--
Jaws ____
Teeth ___ ____ ________
Metapodials ______
Sites _____________

1
2
14
45
1500
40
11

GARVIN

COLD

SPRlNC BVRKEVILLE GVLLEY

3
0
4
17
150
2
14

0
0
3
2
35
2
9

0
0
0
1
21
2
5

Fossil localities of the Coastal Plain are
scattered and separated by considerable
distances. The intervening terrain is, for
the most part, covered with forest in east
Texas and well-mantled with soil every
where. Exposures are few, and most of
them are small. Because of low relief and
comparatively shallow drainage, the verti
cal section exposed at the sites is no more
than a few feet thick and lithologic units
are difficult to trace from place to place.

Miocene Equidae, Texas Coastal Plain
Recorded sites for which fossils were
available were plotted on a large scale
work map ( 1 inch = 2 miles) . Two sites
in San Jacinto and Polk counties, Texas,
which appeared on the basis of lithology
and faunal comparisons to represent the
same stratigraphic level (at the bottom of
the Burkeville deposits) were selected as a
base for line of strike. From this a dip line
was constructed, and adjacent sites in San
Jacinto and Polk counties were projected
to this line. When tentative faunal lists
were prepared for the various sites, an
orderly faunal sequence resulted. Com
parison of specimens from other sites not
immediately adjacent to this area made it
possible to determine their position in the
section. Continued examination of the
faunas indicated three distinct units in the
earlier Miocene deposits and one of late
Miocene age.
A complete description of the entire
membership of the faunas is a task be
yond the time available for the present
study. Consequently the detailed work is
confined to a study of certain of the genera
of horses inasmuch as substantiation of
time sequences, of evolutionary trends in
the horses, and of age dates can be ob
tained from a study of this group as well
as from any other, at the same time making
available more complete data concerning
some little-known genera.
Characters of the upper cheek teeth
form the principal basis for the classifi
cation of the hypsodont horses. Despite
the fact that lower dentitions are more
common than upper dentitions, owing to
the configuration and density of the jaw
bone, characters of the lower teeth have
heretofore been little used in phylogenetic
considerations, even though it seems ob
vious that series of associated teeth afford
information not available from isolated
teeth, whether upper or lower.
It is difficult to see, except perhaps for
purely traditional reasons, why lower
dentitions have not been studied with more
care. Leidy ( 1869) based his types on
upper teeth or partial series of upper teeth.
He figured and discussed the lower teeth

7

in his collections but did not attempt to
associate lowers with uppers or to name
species on the basis of lower teeth. Nearly
all authors appear to have followed
Leidy's example. Gidley (1901) examined
the characters of the teeth used to dis
tinguish the species of Equus in order to
determine their validity and the extent to
which these might be reliable. He con·
eluded that the lower cheek teeth were of
"even less" value than the uppers in de
termining species and for that reason
omitted discussion of their characters.
Bode ( 1935) discussed "the more fre
quently used" characters but considered
the lower teeth as less useful than the
upper. Cooke (1950) very briefly con·
sidered some characters of the lower teeth
but generally agreed with the views of
Gidley. McGrew (1944) used three char·
acters of the lower teeth for the purpose
of separating the zebras, asses, and cabal
lines. Lance (1950) paid considerable at
tention to the lower dentition; he regarded
characters of the metaconid-metastylid to
be diagnostic in separating forms con·
sidered to be subgenera of Pliohippus and
suggested these characters might be of
phylogenetic value as well.
The presence of maxillaries of a large
horse in the Lapara Creek fauna display
ing certain characters reminiscent of Ca
lip pus, but not clearly referable to any
known species, led to an investigation of
the lower dentitions in a search for evi
dence concerning the affinities of this horse
independent of that provided by the upper
teeth.
In comparing lower jaws in the proper
size range with those of known genera,
and isolating specimens referable to these
genera, three lower jaws quite clearly of
a single species were selected as possibly
representing the same form as the maxil
lary. In the same manner, lower dentitions
were selected which seemed to associate
well with the upper dentitions of two
smaller forms which are members of the
genus Calippus. These did not compare
well with the large jaws which were sub
sequently found to belong to the genus
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Hippotigris, but led to further investi
gation.
Comparisons with other materials dis
closed small but consistent and apparently
fundamental differences of phylogenetic
significance in the lower dentitions of the
various groups of horses. This investi
gation indicates that the lower teeth do
prove more useful than upper teeth in de
termining phylogenetic affinities in the
hypsodont horses.
Subsequent to the completion of the
bulk of the investigation reported here, it
was found that Hopwood (1936, p. 897)
prefaced his discussion of the dental char
acters of the Pleistocene horses of Europe
and Asia with the following statement:
Experience shows that the lower cheek teeth of
horses are of more assistance in determining re
lationships than the upper; with very few ex·
ceptions they alone are considered in the notes
which follow.

The present work clearly substantiates
Hopwood's conclusion; although his dis
covery seems to have been generally ig
nored, credit for the tenet belongs to him.
Problems fundamental to procedures of
taxonomic classification have not as yet
been satisfactorily solved. One of these
concerns individual variation and associ
ation of fossil materials. It is well known
that no two individuals are precisely alike
and that divergence from the average or
mean expression may be extensive. The
range or magnitude of variation is found
by measuring the differences of given
characters in a single natural population.
The values obtained for one such pop
ulation are not necessarily applicable to
any other population or to characters
other than those for which the values were
determined. Among fossil assemblages
natural populations are difficult to recog
nize and are rarely found. Samples are
often too small to provide more than a
close estimate of the range of variation of
the population represented by the fossil
sample. Atypical materials in fossil as
semblages are often considered as vari
ants of species represented by usually
more numerous typical materials. The

premise invokes the supposition that only
a single one of a group of closely related
species may occupy a given area at a given
time.
This idea seems to be connected with the
zoological rule known as Gause's (1934)
principle which implies that only one of
a group of closely related taxonomic units
of species or lesser rank may continue to
occupy a given ecologic niche at one time.
It has not been shown that this rule can
be applied to fossil assemblages, and it is
certainly an incorrect application where
area of entombment is substituted for
ecologic niche. Even if correctly inter
preted the rule must be applied with cau
tion. In living populations ecologic bor
ders overlap and are often determined by
behavior patterns far more subtle than can
be estimated from fossil remains. Areas
of accumulation of animal bones may con
tinue to receive materials over long
periods of time during which ecologic
borders may fluctuate sufficiently to make
the areas available to several closely re
lated but at least partially incompatible
forms.
The literature concerning the hypsodont
horses is replete with accounts wherein
specimens from a single quarry, appearing
to represent several forms but not falling
into clearly separable groups, have been
lumped together in one or another con
venient species on the basis of variability
and association.
These practices have probably con
tributed to a misunderstanding of the real
affinities of the horses and at the same time
may have misled students of evolution con
cerning the time range of species and rates
and modes of speciation.
It is, then, of fundamental importance to
attempt to recognize the several groups of
horses, whether they are found associated
in the same strata and localities or not.
Perhaps the best criterion of the validity
of taxonomic units is to be found in the
demonstration of their existence through
time. That is to say, if the same phyla oc
cur through successive series of strata, it
suggests interbreeding no longer con

9
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graphic proximity. The most dependable
tool available to the paleontologist is mor
phologic similarity. Experience has taught
that degree of consistent similarity indi
cates the degree of relationship among
animals.
Factors introduced by individual varia
tion and by differential wear have been
carefully considered in this study. Mate
rials of doubtful affinity have been segre
gated rather than lumped with recogniz
able units.

tinues. Otherwise, the groupings from one
time to another time would certainly bear
no such relationship.
The several genera and species of hyp
sodont horses are so closely similar that
they can be arranged in an almost perfect
1y intergrading morphological series of
contemporaneous forms. We know such an
arrangement is not expressive of the phy
logeny of the groups, since in natural phy
logenies the arrangement must necessarily
be vertical and not horizontal.
It seems, therefore, that more accurate
understanding of the relationships and
modes of evolution in the horses is to be
sought in more exact and discriminating
segregation of the phyla. It is dangerous
to assume close or distant relationship of
individuals or species on the basis of geo·

TERMINOLOGY AND TOOTH CHARACTERS

The nomenclature used is that of Stirton
(1941) and Osborn (1907) with one
emendation and the addition of two new
names (fig. 1) .

hyc-4~:;.."'~~~~:-;JI
enf

.pp rf ---,1-\-..,._::'.!90\
pprc

mv

prf

B
A

c
FIG. 1. Nomenclature of upper and lower cheek teeth, symbols listed alphabetically. A, Calippus
franci,si, M. 2, B.E.G. no. 31183. c. commissure of protocone; h, hypocone; hg, hypoconal groove;
hy, hypostyl~ hyf, hypostylar Jossette, new term; m, mesostyle; me, metastyle; p, parastyle; pc, pli
caballin; ph, pli hypoloph; pof, postfossette; ppf, pli postfossette I and II; pprc, pli protoconule; pprf,
pli prefossette; prf, prefossette; pro, protocone; ps, prostoselene; r, rib.
B, Calippus francisi, M.
B.E.G. no. 31183. en, entoconid; enf, entollexid; fm, floor of meta
llexid : he, hypoconid; hyc, hypoconulid; me, metaconid; mf, metallexid; ms, metastylid; mv, median
valley; pl, paralophid; ps, parastylid; phc, pli hypoconid; pre, protoconid.
C, Merychippus? sp., lower cheek tooth, B.E.G. no. 4007-4. pc, pli caballinid; ps, parastylid.
All twice natural size.

Z:
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The "pli hypostyle," in accordance with
accepted practice concerning the deriva
tion of nomenclatural terms applied to
tooth characters, should be the pli hy
poloph (Osborn, 1907, p. 70 and White,
1942, pp. 18-19). The hypostyle in the
primitive hypsodont horses, and in Ar
chaeohippus blackbergi, is formed by an
upgrowth of the posterior cingulum. Ante·
rior to the hypostyle a bar (in its simplest
form) extends from the hypostyle antero·
internally toward the metaloph. Since this
bar is derived, not from the cingulum, but
from the body of the tooth, it should be
recognized as the hypoloph. In its most
complex form the hypoloph develops an
anterior inflection, the pli hypoloph, which
is directed into the postfossette, and a pos
terior inflection directed toward the lingual
termination of the hypostyle. In a few
teeth of Archaeohippus blackbergi, Hip
podon vellicans, and Nannippus sp. (fig.
2), the hypoloph is expressed as a small,
nearly perfect X. The two posterior legs of
the hypoloph are connected with the hypo
style, enclosing between them a small
enamel lake which may be called the
hypostylar fossette.
The hypostylar fossette is prominent in
the molar teeth of the Garvin Gulley,
Burkeville, and Cold Spring horses. In
later time the character had been nearly
eliminated, for it is not common in the
Lapara Creek horses and seems to be even
less so in the Pliocene forms. In the pre
molars, the postero-external portion of the
hypoloph may by failing to unite with the
hypostyle, produce what is here termed an
open hypostylar fossette .
The lower teeth of H. vellicans bear cer
tain minor plications, one of which is
prominent and common. This fold is
formed on the hypoconid external to the
metastylid and projects into the entoflexid.
It may be called the pli hypoconid. The
pli hypoconid, like the hypostylar fossette,
is a primitive character and is progressive
1y eliminated in many of the later horses,
although in some, as Asinus, Hippotigris,
and Equus, the character is still expressed.
The enamel patterns of the teeth were

D

c

B

A
FIG. 2. Configuration of hypoloph and size
gradation of upper premolars. A, Mesohippus
trigonostylus Osborn, P. 2 (redrawn from Os·
born, 1918, p. 48, fig. 27-6); B, Archaeohippus
nanus Simpson, P. 2, Thomas Farm; C, Hippo
don leonensis (Sellards), P. 2, Thomas Farm;
D, Nannippus sp., D.P.3 or 4,B.E.G. no. 31219
112, Cold Spring fauna:
All twice natural size.
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carefully inked with a very fine crow-quill
pen and the aid of a binocular microscope,
before the fossils were photographed. The
photographs were not retouched.
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P .W...........Protocon e width measured on the great
est transverse diameter of the proto
cone.
M M .......... Metaconid-metastylid measured on the
greatest anteroposterior length of the
metacon id-metastylid.

MEASUREMENTS AND ABBREVIATIONS

The measurements, which are in milli
meters, are presented in tabular form;
they do not include the cementum. The
symbols used in the tables and the loci of
the measurements are as follows:
A P ........... Antero-posterior diameter measured on
the ectoloph of the upper teeth and on
the inner border of the lower teeth
from the anterior edge of the para
lophid to the posterior edge of the
hypoconulid.
Tr.............. Transverse diameter measured from
the mesostyle to the inner border of the
protocone on the upper teeth and across
the greatest transverse diameter of the
lower teeth.
C L............ Crown length measured on the meso
style to the base of the enamel on the
upper teeth and on the metaconid
metastylid to the base of the enamel on
the lower teeth.
P L............ Protocone length measured on the
greatest antero-posterior length of the
protocone.

Materials belonging to various institu
tions are referred to in the text by their
catalog numbers and abbreviations or ini
tials as follows:
A.M............American Museum of Natural History.
New York.
B.E.G....... Bureau of Economic Geology, The Uni
versity of Texas, Austin, Texas.
F.S.G.S..... Florida State Geological Survey, Tal
lahassee, Florida.
A.N.S.P.... Academy of Natural Science of Phila
delphia, Philadelphia, Pennsylvania.
T.A.M ....... Agricultural and Mechanical College
of Texas, College Station, Texas.
T.M...........Texas Memorial Museum, Austin,
Texas.
U.Ariz.......University of Arizona, Tucson, Ari
zona.
U.Cal ........ University of California, Berkeley,
California.
U.S.N.M... United States National Museum, Wash
ington, D.C.
Y.P.M....... Yale Peabody Museum, Yale Univer
sity, New Haven, Connecticut.

Bureau of Economic Geology, The University of Texas
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SYSTEMATIC DESCRIPTION
Order PERISSODACTYLA Owen, 1841
Family EQUIDAE Gray, 1821
Subfamily ANCHITHERIINAE Osborn, 1910
Genus ARCHAEOHIPPUS Gidley, 1906

Type species.-Archaeohippus ultimus
(Cope) 1886, based on anterior portion
of skull, A.M. no. 8174, Cope Coll., from
Cottonwood Creek, Oregon; middle Mio
cene, Mascall.
Range.-Late lower to upper Miocene.
Distribution.-Atlantic and Gulf Coast
High Plains, and Pacific Coast region. '
Referred species. 2 - Archaeohippus
blackbergi (Hay) 1924.
Diagnosis.-(Condensed from Gidley,
1906, p. 385) Skull elongate; metaloph
completely united with ectoloph; proto
conule distinct; transverse diameters of
molars nearly equal to those of pre
molars; lachrymal and malar fossae well
developed; both upper and lower molari
form teeth with internal basal cingulum.
The following characters may be added to
Gidley' s list: crochet present or absent;
hypoloph triangular to cross shaped;
lower teeth with metaconid and metastylid
separated; parastylid sloping diagonally
across anterior face of teeth.
Discussion.-Gidley (1906) established
Archaeohippus for a group of small horses
which he supposed were derived from Mio
hippus of the late Oligocene. He stated,
however, that in the crescentic form of the
protoconule Archaeohippus more nearly
represents an intermediate stage between
M esohippus and M erychippus than does
Par~hip~us. Specimens of Archaeohippus
at his disposal lacked the crochet, and it
was probably for this reason that he wrote
". . . m
. some other important
.
respects it is
less directly intermediate."
Bode ( 1933 ) reviewed the generic status
of Archaeohippus and reiterated Gidley's
observation that the crochet is lacking, but
mentioned "a few small plate-like projec
.
" on a f ew teet h of A. mourningi
t ions
(Merriam) which, judged from his state
1 Sp~cies ~isled

genus
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under this heading are these transferred lo the

lhls paper.

ment, occupy the position of the crochet.
Bode did not consider A. blackbergi (Hay,
1924) or A. nanus Simpson (1932), both
of which possess the crochet, and in both
of which it varies from complete absence
to a well-developed structure. Of 23 iso
lated teeth of A. nanus and A. blackbergi
examined, 16 failed to show the crochet
present on the other 7.
The Gulf Coast species A. blackbergi
and A . nanus are older and smaller than
those of the High Plains, California and
Oregon, and the reverse of what would be
expected if the genus had been derived
from a larger form such as Parahippus.
The small size of Archaeohippus to·
gether with the retained cingula, the ar
rangement of the protocone and hypoloph,
and the incipient expression of the crochet
suggest it may have been derived from the
middle Oligocene horse Mesohippus tri
gonostylus Osborn (1918). According to
Osborn M. trigonostylus is unique among
middle Oligocene horses in having the ar
rangement of the hypoloph seen in the
hypsodont forms. In addition M. trigono
stylus has an incipient crochet and re
stricted protocone, all characters present
in Archaeohippus and suggestive of the
possible relationship of the two forms.
Archaeohippus blackbergi of the Texas
Garvin Gulley (p. 69) fauna and Archaeo
hippus nanus of the Florida Thomas
Far~ fauna were placed in synonymy by
White (1942) and referred to Parahippus
as an intermediate link between Miohippus
of the upper Oligocene and Parahippus of
the lower Miocene, both considerably
larger forms. White's conclusions appear
to have been influenced by the resemblance
of P. blackbergi (as he used the term) to
c?ntemporary _species Parahippus leonen
sis and. Parahippus barbouri (his usage).
There is ample justification for the view
that A. blackbergi represents a structural
ancestor for these species, but there is no
eviden~e that these species belong in
Parahippus. There is reasonable evidence
that these species belong in a separate
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genus, Hippodon Leidy, which is closely
related to and derived from Archaeohip
pus.
Archaeohippus blackbergi and A .
nanus, although closely related, represent
separate species. Statistical treatment of
small samples at hand indicates little or no
overlapping of the two. Archaeohippus
blackbergi is older and somewhat smaller
than A. nanus; it is perhaps slightly more
primitive, in that its characters are a little
closer to those of Hippodon than are
those of the later form. This condition
would be expected if Archaeohippus and
Hippodon were derived from a common
ancestor; A. nanus, being later, would have
diverged farther from the common ances
tor than would the older A . blackbergi.
Subfamily EQUINAE Steinmann and
Doderlein, 1890
Tribe PROTOHIPPINI Quinn, new tribe

Diagnosis.-Protocone small and round
ed to oval; parastylid sloping diagonally
across anterior face of teeth and reduced
to absent in late forms; pli caballinid ab
sent.
Included genera. - Hippodon Leidy,
Protohippus Leidy, Pliohippus Marsh, and
Hippidion Owen.
Genus HIPPODON Leidy, 1854

Type species. - Hippodon speciosus
Leidy, 1854, right lower first or second
molar, A.M. no . 465, Hall Coll., from Bi
jou Hills, South Dakota; age uncertain,
but probably upper Miocene.
Range.- Late lower Miocene to late
lower Pliocene.
Distribution.-Atlantic and Gulf Coast
and High Plains.
Referred species.-Hippodon vellicans
(Hay) 1924, Hippodon barbouri (White)
1942, Hippodon leonensis (Sellards)
1916, Hippodon gunteri (Simpson) 1930.
Diagnosis. - Premolars and molars
truncate-wedge shape with base of crowns
wide and summit of crowns narrow in the
transverse direction; external face of pre
molars slightly convex, molars slightly
concave; parastylid weak and sloping diag
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onally across anterior face of teeth; meta
conid and metastylid separated by a per
sistent valley; flexids shallow; entoconid
flattened internally; protoconid and hypo
conid sharply triangular in early species,
less so in later species; median valley ex
tended deeply between the flexids in the
premolars and the molars; no pli cabal
linid; hypoconulid prominent and wide
transversely; protocone rounded and
closely appressed to the metaloph; traces
of internal and external cingula on both
upper and lower teeth; early species super
brachydont, late species subhypsodont.
HIPPODON GUNTER! (Simpson) 1930

Pl. 1, figs. 1- 11

Type.-Upper fourth premolar, F.S.G.S.
no. V-414, from Midway, Gadsen County,
Florida; early middle Miocene, Haw
thorne formation.
Range.-Late lower and middle Mio
cene.
Distribution.-Florida and Texas Gulf
Coast.
Referred material.-Materials from the
lower part of the Burkeville fauna! zone
(p. 69 ) near Moscow, Polk County, as well
Point Blank, San Jacinto County, as well
as a lower molar and two upper teeth
from near George West, Live Oak County,
and a lower molar from an exposure known
as Sommers Pit, Washington County, are
referred to H. gunteri.
Diagnosis from Simpson (1930, p.
165) .
. . . Molars subhypsodont, about as in M.
primus. Upper cheek teeth relatively short and
broad, with strong external ridges. Protocone
relatively small, almost circular, with spur, and
united to protoconule near apex. Pli caballin
simple but normally present. One or two well de
fined folds on each side of the metaloph. Meta·
stylid feebly separated on P. 2, strongly distinct
on other lower cheek teeth. Heel of M. 3 small
and simple, elongate. Lower incisor series some
what less transverse than in M. primus.

Lower dentition.-A series of premo·
Jars, B.E.G. nos. 31057-45, 127, 1 (PL 1,
figs. 1-3) , from a deposit of clay near
Moscow, Polk County, may represent a
single individual, since they were collected

14

Bureau of Economic Geology, The University of Texas

from a small area and all are in the same
stage of wear.
A second premolar, B.E.G. no. 31057
45, is heavily cemented. It is of almost the
same dimensions as that of H. vellicans of
the Garvin Gulley fauna (Pl. l, fig. 12)
but is approximately one-third higher
crowned. The anterior projection of the
paralophid, more pronounced than in H.
vellicans, extends directly anteriorly as in
the progressive horses. The internal pro
jection of the paralophid is small and
rounded. The metaflexid is deeper than in
H. vellicans. The metaconid and metasty
lid are of nearly equal size, rounded and
separated by a sharply incised valley,
which extends half the length of the crown.
There is a small inflection of the entoflexid
at the point where the pli hypoconid nor
mally appears. The entoflexid is much
deeper than in H. vellicans. The entoconid
is restricted by a narrow commissure, is
rounded, and bears a pronounced spur.
The hypoconulid is large and triangular,
with the apex of the triangle united with
the entoconid and hypoconid. There is a
noticeable parastylid. The protoconid has
the appearance of a distorted right tri
angle. The median valley extends between
the reentrants of the flexids, a condition
that does not occur in the premolars of
Merychippus or the more progressive
forms, except intermittently, but does oc
cur in the milk dentitions of early species
of progressive horses. There is no pli cab
allinid on the second premolar, and the
hypoconid is sharply triangular.
A third premolar, B.E.G. no. 31057-127,
is well cemented. The paralophid is thick
and slightly sigmoid in the occlusal view.
The metaflexid is deep and short with a
chevron-shaped floor. The metaconid and
metastylid are large, separated and round
ed. The entoflexid is bent inward toward
the entoconid at its anterior end as in
Calippus francisi. The entoconid is large,
restricted, and bears a long outwardly di
rected spur. The hypoconulid extends far
ther inward than on P. 2 but is otherwise
much the same. The parastylid is confined

to the lower part of the crown, diminish
ing to a faint ridge on the upper part. The
protoconid is narrow transversely but re
tains a triangular appearance. The median
valley extends deeply between the flexids.
There is no pli caballinid. The hypoconid
is triangular and wider than the proto
conid. The base of the crown is much
wider transversely than the summit.
A fourth premolar, B.E.G. no. 31057-1,
is also heavily cemented. The paralophid
is thick, blunt, and somewhat curved as in
Pliohippus. The metaflexid is deep but
short. The metaconid is partially restrict
ed and separated from the metastylid by
a shallow U-shaped valley. The entoflexid
is shallow with both reentrants com
pressed. The entoconid and hypoconulid
are much as in P. 3. The parastylid per
sists nearly to the summit of the crown.
The protoconid is thicker transversely and
more angular than in P. 3. The median
valley extends deeply between the flexids
and is truncated. There is no pli caballinid.
The hypoconid is narrow antero-posterior·
ly and slightly wider than the protoconid
transversely.
A lower molar, B.E.G. no. 30904-1 (Pl.
1, fig. 5 ), the first or second, from near
George West, Live Oak County, agrees in
hypsodonty with the premolars from
southeast Texas and resembles them to
such an extent that it is distinguished as
a molar by the very shallow metaflexid,
which, after a slight amount of wear, be
comes a V-shaped notch. The tooth differs
from that of H. speciosus in being less
hypsodont and less transversely com
pressed at the summit of the crown. The
external face of the tooth is sloped to some
extent but is not concave or convex. There
is a pli hypoconid on the entoflexid. The
entoconid is flattened as in H. speciosus
but unlike it has a spur.
A lower molar, B.E.G. no . 40070-12
(Pl. 1, fig. 4), from Sommers Pit, Wash·
ington County, in the lower part of the
Cold Spring faunal zone (p. 69), appears
a little more hypsodont than the materials
from the Burkeville fauna. The Sommers
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Pit tooth is slightly smaller than that from
near George West, and, like it, is hardly
distinguishable from the premolars; yet it
more closely resembles the type of H. spe·
ciosus. There is no pli hypoconid and the
external face of the tooth is very slightly
concave in its upper part.
One of three third molars from clay
beds at Moscow, Polk County, B.E.G. no.
31057-129 (PL 1, fig. 6), has the para·
lophid rounded as in the fourth premolar.
The tooth is little worn and the metaflexid
is deep but short and sharply inflected in·
ward. The metaconid and metastylid are
widely separated and rounded. There is a
small pli hypoconid in the otherwise deep
entoflexid. The entoconid is small and
rounded. The hypoconulid is large and
rounded but has a deep groove on the in·
ner face. The parastylid is weakly ex
pressed and slopes inward across the an
terior face of the tooth. The protoconid is
larger than the hypoconid and both are
rounded. The median valley is deep and
extends between the reentrants of the
flexids.

Upper dentition.-Two second premo
lars from the bottom of the Burkeville
fauna! zone, B.E.G. nos. 31190-82 (Pl. 1,
fig. 9) and 31057-47, and a molar series
from the lower part of the Burkeville
fauna! zone, B.E.G. no. 31243-1, belong
to H. gunteri (Pl. 1, fig. IO).
The second premolars are short antero·
posteriorly. They are a little worn and
have a crown height of 13 mm. The lophs
are not connected. The ribs and styles of
the ectolophs are prominent. The fossette
borders of one of the specimens are pli
cated; on the other they are not plicated
except for a pli postfossette and pli hypo·
loph. The protocones are small and
rounded. They are attached to the proto·
selene in both specimens. The hypocones
are like the protocones. One specimen re·
tains traces of the basal internal cingulum.
The molars are considerably worn and
have a crown height of about 8 mm. They
have weak basal external cingula and
traces of the basal internal cingula. The

teeth are too worn to retain all the plica·
tions, but the pli caballin, pli pre- and
postfossettes and pli protoconule remain.
The protocones are large and rounded.
They are closely appressed to the metaloph
and do not extend farther lingually than
the hypocone. On the first and second mo·
lars the protocones are connected, but on
the third the protocone is isolated. The
hypoconal groove is closed on the first
and second molars but is open on the
third.
Upper teeth in the Cold Spring fauna
which are referable to Hippodon are not
larger than those from the Burkeville
fauna but are higher crowned (20 mm) .
Some of them have very complex enamel
patterns while others do not (Pl. 1, fig.
11).
Table 2. Measurements of Hippodon gunteri.
Referred material.

Upper Dentition
B.E .C.

AP

NO .

M. 1
M.2
M.3

31243-1

15.5
15.7
15.1
Length of molar series:
31190-82
P.2 19.4
31200-4* M.2 16.1

Tn

CL

18.5 6.5
19.0
7.0
17.2 8.0
46 mm.
15.8 11.0
13.3 19.7

PL

PW

5.9
7.0
6.0

5.9
4.8
4.4

3.4
4.4

3.5
3.3

• Specimen from upper part of Cold Spring fauoal zone.

Lower Dentition
B.E .C .

NO.

31057-45
31057-127
31057-1
40070-12*
31057-129

AP

TR

P.2 16.4 7.7
P.3 16.8 9.1
P.4 17.9 10.8
M.l 15.8 9.5
M.] 19.0 17.4

CL

MM

10.9
12.4
15.5
13.6
14.6

4.3
6.2
7.9
8.0
5.2

•Specimen from lower parl of Cold Spring faunal zone .

HIPPODON SPECIOSUS LeMy, 1854

Type.-Lower first or second molar,
A.M. no 465. Hall Coll., from Bijou Hills,
South Dakota; upper Miocene?
Range.-Uncertain upper Miocene and/
or lower Pliocene.

Distribution.-High Plains.
Diagnosis. - Molar truncate - wedge
shaped with base of crown transversely
wide and summit of crown transversely
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narrow; external face slightly concave;
parastylid weak and sloping diagonally
across anterior face of tooth; metaconid
and metastylid separated by a persistent
valley; fiexids shallow; entoconid flat
tened internally; protoconid and hypo·
conid triangular; median valley extended
between the fiexids; no pli caballinid; hy
poconulid prominent and wide trans
versely; tooth subhypsodont.

Lower molar.-The type of Hippodon
speciosus is a first or second slightly worn
lower molar. A brief description of a cast,
kindly provided by the American Museum
of Natural History, is included because no
previous description other than Leidy's
original citation has been made.
The paralophid is short and blunt and
directed slightly posteriorly. The meta
flexid is shallow and narrow amounting to
no more than a curved V-shaped notch.
The metaconid is a little larger than the
metastylid. Both are rounded. The ento
fiexid has both anterior and posterior re
entrants. The floor is fiat but short. The
entoconid is flattened internally and with·
out a spur. Anteriorly it approaches the
metastylid rather closely. Posteriorly it
terminates in an angular process bordered
by a sharp groove which demarcates the
inner border of the hypoconulid. The hy
poconulid protrudes internally and pos
teriorly. It is broad transversely and does
not become wider except near the base of
the crown. The parastyiid does not extend
outward from the body of the tooth as a
loop or bar as in Calippus and Merychip
pus but appears as a low sharp ridge slop
ing diagonally across the anterior face of
the tooth, so that on the occlusal surface
its configuration is similar to that of the
external border of the hypoconulid. The
protoconid is triangular but with the apex
of the triangle rounded. The median val
ley is broadly angular and penetrates
deeply between the reentrants of the
ftexids. There is no pli caballinid. The
hypoconid is more broadly triangular than
the protoconid. The external face of the
tooth is sloping and slightly concave. The

tooth is considerably wider transversely
at the base of the crown than at the sum
mit. Measurements taken from the cast are
given below:
Table 3. Measurements of Hippodon speciosus.
A.M. no. 465, Type.

M.l

or 2

AP

TR

CL

MM

17.5

8.9

17.2

8.2

Transverse diameter at base of crown: 12 mm.
DISCUSSION OF GENUS HIPPODON

Hippodon speciosus was established by
Leidy (1854) and two years later trans
ferred to Hipparion. Subsequent workers,
Osborn (1918) and Stirton (1940), have
concurred that the species is not referable
to Hipparion. The primitive characters of
the type of H. speciosus link it with the
species H. gunteri of the Burkeville fauna
of Texas and the Midway-Quincy fauna of
Florida. H. gunteri is difficult to distin
guish from H. leonensis {Sellards) and
H. barbouri (White). H. vellicans (Hay)
of the Garvin Gulley fauna is so close to
H. leonensis that White (1942) synony
mized the two species. The synonymy is
not justified if White's species H. barbouri
is valid, for H. vellicans bears a closer re
semblance to H. barbouri than to H.
leonensis; yet it appears sufficiently dis
tinct from either Florida species to war
rant retention of all three forms.
H. vellicans retains traces of the internal
cingulum of the upper and lower cheek
teeth present in A. blackbergi. There is a
great amount of variation in the enamel
patterns, size, and crown height of both
the upper and lower cheek teeth. Some
specimens are devoid of plications of the
fossettes, others are quite complex. Upper
teeth range in size from specimens a little
larger than those of A. blackbergi nearly
to the dimensions of the teeth of Parahip
pus. Generally, the smaller teeth are the
more complex and higher crowned; some
of them look like small replicas of teeth
of Calippus.
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The variability of the enamel pattern
of the upper teeth of H. vellicans is re
flected in the condition found in specimens
of Burkeville and Cold Spring age. These
range from simple to very complex pat
terns. One specimen, not figured, has a
simple pattern on the second premolar
and an exceedingly complex one on the
third molar, the intervening teeth grading
from the one condition to the other.
The upper limit of the range of Hip
podon is indicated by two specimens from
Big Spring Canyon, U. Cal. nos. 33457
and 33458. Gregory (1942) referred these
teeth to Merychippus, pointing out that
they are more primitive than those of
lower Valentine Merychippus and seem
more closely akin to middle Miocene
species. The teeth resemble those of Hip
podon so closely as to be unmistakably of
that genus.
Two teeth described and figured by
Leidy (1869, Pl. 19. figs. 25-26) from
the Niobrara River also belong to Hip
podon. The type of preservation and an
associated tooth of Protohippus indicate
they came from the lower part of the
Valentine formation, but it is possible
that they were recovered from beds higher
in the section. They could not have been
recovered from older deposits for none
older than the Valentine have been found
in that area.
Certainly some of the middle and upper
Miocene horses with very low-crowned
teeth which have been referred to Mery
chippus belong to Hippodon. Their identi
fication is beyond the scope of this paper.
Parahippus, also a short-crowned horse,
but one which does not possess the con
nected crochet, is considered a distinct and
separate genus from Hippodon and has
not been treated except for the transfer of
the Gulf Coast species from Parahippus to
Hippodon.
Genus PROTOHIPPUS Leidy, 1038

Type species.-Protohippus perditus
Leidy, 1858, based on right maxillary
with P. 4-M. 3, from the Niobrara River,
Valentine formation, near Valentine,
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Cherry County, Nebraska; lower Plio
cene, probably Burge equivalent.

Range.-Early middle Miocene to late
lower Pliocene.
Distribution.-Texas Gulf Coast and
High Plains.
Referred species.-Protohippus martini
(Hesse) 1936.
Diagnosis.-Size smaller than Pliohip
pus; ectoloph flattened, prominent styles
and ribs; fossettes large and simple, proto
cones oval and disconnected at summit of
crown in early species; pli cahallin pres
ent on premolars, weak or absent on
molars; hypoconal groove closed or
nearly closed on late species; lower cheek
teeth similar in enamel pattern to Hip
odon but larger and much higher crowned;
no malar fossa, lachrymal fossa shallow.
PROTOHIPPUS VETUS• Quinn, new species

Pl. 1, figs. 14-16

Type.-Right and left maxilla lacking
the right P. 2, B.E.G. no. 31242-71 (Pl. 1,
figs. 14, 15), from site 4. Mrs. Lila Bennet
farm, 3.5 miles west and 2 miles south of
Point Blank, San Jacinto County, Texas;
Burkeville fauna, lower middle Miocene.
Range.-Middle Miocene.

Distribution.-Texas Gulf Coast.
Diagnosis.-Vpper cheek tooth series
approximately the same length as P. per
ditus; teeth lower crowned, narrower
transversely, enamel pattern more com
plex than in P. perditus; ectoloph flat
tened with styles and ribs strongly de
veloped; protocones long-oval and dis
connected at the summit of the crowns;
pli caballin on all cheek teeth in early
stages of wear, lost with wear on molars
but not on premolars; bifurcate on some
premolars; hypostylar fossette present on
molars; lower cheek tooth pattern simi
lar to that of Hippodon; parastylid slop
ing diagonally across anterior face of
teeth.
Upper dentition.-The upper dentition
of the type of P. vetus, B.E.G. no. 31242
3 From Lalin, old, in allusion to the antiquity of the species.
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71, is only slightly worn and resembles
in a general way specimens of M erychip
pus in that the protocones are not con
nected on any but the first molar and are
provided with spurs as in Merychippus.
The affinities of the type were not sus
pected until the right maxillary was sec
tioned, whereupon it became evident the
pattern of the teeth is that of Protohippus.
The left P. 2 is short-crowned and is
heavily coated with cement, as are the
other teeth in the series. The protocone,
protoloph, ectoloph, and metaloph are not
connected at the stage of wear exhibited.
The anterior projection of the ectoloph
L<> short and blunt. The parastyle is low
and broad, as is the first rib. The meso·
style is blunt and widely angular. There
are no plications of the prefossette. The
postfossette has a small pli hypoloph and
an open hypostylar fossette. The proto
cone is round with a small externally di·
rected spur. The postprotoconal valley is
wide and rather deep. The hypocone is
oval and small. The hypoconal groove is
large and deep and partly enclosed by a
narrow forwardly-curving hypostyle.
In the third premolar the parastyle is
broad, truncated and prominent. The
mesostyle is widely angular and high. The
interstylar valleys are shallow and curved
on the slightly worn crowns, but on the
section they are flattened and prominently
ribbed. In these characters P. vetus is
more like Pliohippus than Protohippus or,
perhaps, intermediate to the two. In Plio
hippus the ribs and parastyle are reduced,
but the mesostyle is prominent. In Prato
hippus perditus and later species the para
style and ribs are prominent, but the meso·
style is narrowly triangular. The prefos
sette of P. vetus in the little worn con
dition bears a weak pli protoloph and pli
protoconule. Posteriorly, the fossette is
open into the postprotoconal valley. The
postfossette bears a pli postfossette and
pli hypoloph with an open hypostylar
fossette. The protocone is long-oval and
well separated from the hypocone. The pli
caballin is bifurcate on the left and single
on the right side. The hypocone is much

smaller than the protocone and restricted
by a large hypoconal groove. In a section
(Pl. 1, fig. 15) 7 mm below the summit
of the crown, the protocone is connected,
and the plications, except a faint pli
protoconule and pli caballin, have dis
appeared.
In the fourth premolar the pli prefos
sette and the pli protoconule enclose a
large enamel loop; otherwise the tooth is
much the same as the third premolar.
Wear has exposed the connection of the
protocone to the protoselene in the first
molar. The styles are less prominent than
in the premolars. The interstylar valleys
appear rounded as in Pliohippus and
without ribs. In the section, however, they
are broad and flattened with distinct ribs.
The only prominent folds are the pli
protoconule and pli postfossette. The
others have nearly disappeared. The pro
tocone is elongate and slightly pointed,
nearly touching the hypocone posteriorly,
a character of Pliohippus. The hypocone
is larger than in the premolars and not
restricted. The hypoconal groove closes
about 10 mm below the summit of the
crown, or about half-way between the top
and bottom.
In the second molar there is no pli
protoloph. The pli protoconule is strongly
developed, with an accessory loop, as in
the first molar. The hypostylar fossette is
large and opens into the postfossette. The
protocone is oval and bears a spur. The
hypocone is more compressed, with a large
hypoconal groove. In the section the hypo
conal groove is much reduced.
The third molar is unworn and the sec
tion cuts the tooth very near the summit
of the crown. The pli protoconule and pli
caballin are prominent. There is a double
pli postfossette and a small round hypo
stylar fossette. The protocone is small and
connected to the protoselene by a narrow
commissure. The hypocone is very small.

Lower dentition.-A single first or
second lower molar, B.E.G. no. 31242-103
(Pl. 1, fig. 16), from the same site as the
type, is referred to the species because of
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its strong resemblance to molars of Proto
hippus perditus, its dissimilarity to mo
lars of Pliohippus from the Cold Spring
fauna, and its agreement in crown diam
eter with the direction of development of
later forms.
The paralophid is blunt and straight.
The metaflexid is deep and long with a
chevron-shaped floor. The metaconid is
flattened on its external side. The meta
stylid is separated from it by a shallow,
broadly V-shaped valley and is not re
stricted by the anterior reentrant of the
entoflexid. There is a prominent p.Ji hypo
conid. Posteriorly the entoflexid is flat
tened and its floor parallels the outer
border of the entoconid, which has a long
spur directed toward the pli hypoconid.
Externally there is a shallow groove be
tween the entoconid and hypoconulid. The
hypoconulid is narrow and prominent, ex
tending backward and a little inward,
indicating that the tooth is not much worn.
The parastylid is a low ridge sloping
diagonally across the anterior face of the
tooth as in Hippodon. The protoconid and
hypoconid are narrow transversely and
rounded. The median valley extends
deeply between the reentrants of the
flexids, and there is no sign of a pli cabal
linid.
Table 4. Measurements of Protohippus vetus.
B.E.G. no. 31242-71, Type.

Upper Dentition (Left Maxillary)
AP

P.2
P.]
P .4

MI
Mj
M.]

24.l
21.0
20.4
18.7
20.0
18.5±

CL

PL

PW

16.9 23.0
20.8 29.8
20.5 34.0
19.2
18.4 30.5
10.8 34.5

5.3
6.4
6.9
7.0
6.5
6.0

3.0
3.0
2.8
3.5
2.5

TR

Length of premolar series: 65.8 mm.
Length of molar series: 57.0 mm.
Length of premolar-molar series : 120.0 mm.

Section (Right Maxillary)
P.3
P.4

M.l
M.2
M.~

AP

Tn

20.1
20.0
18.0
19.5
19.0

21.0
21.4
20.5
20.5
16.0

CL

PL

PW

6.8
7.3
7.4
7.4
6.0

4.1
4.1
4.5
4.0
2.8

B.E.G. no. 31242-103, Referred Lower
M. I or 2
AP

TR

19.2

8.0

CL

MM

27.0± 7.0

PROTOHIPPUS PERDITUS Leidy, 1858

Pl. 2; Pl. 3, fig. 1

Type. -

Protohippus perditus Leidy,

1858, right maxillary with P. 4-M. 3, U.S.
N.M. no. 619, from Niobrara River near
Fort Niobrara (Valentine), Nebraska,
probably early lower Pliocene, Burge
equivalent.
Range. - Late upper Miocene, early
lower Pliocene.
Distribution.-Texas Gulf Coast and
High Plains.

Diagnosis.-Vpper teeth strongly hyp
sodont, little curved; ectoloph flattened,
styles more prominent than in later
species; fossettes large and simple but less
so than in later species; protocones small
and oval; no pli caballin on the molars;
lower teeth with the parastylid nearly
eliminated but oriented as in Hippodon;
metaconid and metastylid small and of
nearly equal size with the metastylid
sharply restricted; flexids plicate at early
state of wear.
Upper dentition.-A right upper denti
tion, B.E.G. no. 30896-127 (Pl. 2, fig. 5),
from Bee County, Texas, Lapara Creek
fauna (p. 71), is referred to P. perditus.
The second premolar is considerably
narrower transversely than in later species
of the genus. The short and blunt anterior
projection of the ectoloph, the parastyle,
ribs, and mesostyle are much like those of
P. vetus. The fossettes are narrow trans
versely and have weak enamel folds on
their borders. There is a weak pli caballin.
The protocone is oval. The hypoconal
groove is closed insofar as determined.
The third premolar has a short wide
parastyle. The mesostyle and ribs are
prominent. The fossettes are wider than
those of the second premolar but are
also flattened transversely. There is a
weak pli protoloph and a double pli
protoconule in the prefossette and a pli

20

Bureau of Economic Geology, The University of Texas

postfossette and pli hypoloph in the post
fossette. The protocone is elongate. There
is a blunt pli caballin. The hypocone is re
stricted by the prehypoconal and hypo
conal grooves. The hypoconal groove
closes above the middle of the crown.
The fourth premolar has a more prom
inent parastyle than P. vetus or the type
of P. perditus. The hypoconal groove
closes a little lower on the crown than on
the third premolar.
The first molar has a less prominent
parastyle and a narrower mesostyle than
the premolars. The ribs remain promi
nent. The fossettes are rounded lingually
and the pli protoloph and pli hypoloph
are lost. There is no p li caballin. The hypo
cone is much smaller than on the pre
molars but similarly restricted. The hypo
conal groove is a sharp V-shaped notch
which is closed on the lower third of the
crown.
The second molar has a more reduced
parastyle and narrower mesostyle than the
first molar. The ribs are not reduced. The
hypocone is smaller and the hypoconal
groove closes a little lower on the crown.
The third molar is not sufficiently well
preserved for description.
Lower dentition.-A lower dentition,
B.E.G. no. 30896-545 (PI. 3, fig. 1), is
littl e worn but is poorly preserved.
The metaconid of the second premolar
is sharply triangular as in P. martini;
there is a small accessory pillar anterior to
the apex of the triangle which is also pres
ent on a tooth of P. martini. The meta
stylid is subrounded and restricted. The
floor of the entoflexid bears three plica
tions. The entoconid is large and bears two
opposed spurs. It is restricted by a deep in
ternal groove and a more normal external
groove. Externally the hypoconulid does
not develop a hypostylid fold .
The third premolar has a longer and
less blunt paralophid than in P. martini.
The entoflexid bears a single pli hypo
conid. The entoconid has a strong anterior
spur and appears smaller than that of P.
martini. Otherwise, this tooth in the two
forms is much the same.

The fourth premolar is similar to the
third. There is, however, a small external
ly-directed spur on the metaconid and two
plications on the entoflexid. The entoconid
bears a large spur and appears flattened
internally. The lower premolars are much
narrower transversely than are those of
P. martini.
The molar teeth in the Lapara Creek
rami, B.E.G. no. 30896-545, are too poorly
preserved for detailed description. Several
isolated teeth from various parts of the
Lapara Creek fauna provide additional
information (Pl. 2, fig. 1) .
The molars are astonishingly high
crowned and slender compared to those of
most other horses in the Lapara Creek
fauna. The paralophid is long, straight,
and blunt. The metaconid is somewhat
elongated; the metastylid is short, re
duced, and strongly deflected. The en
toconid is low and little restricted. The
hypoconulid is large and remains promi
nent throughout much of the length of the
crown as in Pliohippus. The protoconid
and hypoconid are externally rounded in
both premolars and molars and do not
show the flattening evident in P. martini.
The parastylid appears as a faint scar.
There are no accessory folds of enamel on
any of the molar teeth.
Table 5.Measurements of Protohippus perditus.

B.E.G. no. 30896-127, Upper Dentition
AP

TR

CL

PL

P.2
P.3
P. 4
M.I
M.2
M.3

25.4 18.3 27.3 5.3
21.8 20.8 34.4 6.5
22.0 21.6 41.4 7.0
19.2 21.0 31.8 7.0
20.3 20.8 40.0 7.1
18.0± ----.. 40.0
Length of premolar series : 66.5 mm.
Length of molar series: 59.4 mm.
Length of premolar-molar series: 120.0 mm.

PW

4.1
3.7
3.9
3.8
3.8

B.E.G. no. 30896-545, Lower Dentition
AP

P. 2
P.3
P.4
M.I
M.2
M.3

21.0
21.2
20.0
20.4

TR

CL

MM

9.8 27.0 7.5
10.0
10.0
10.0
8.7
8.7

6.5

Miocene Equidae, Texas Coastal Plain
B.E.G. no. 31132-400, M. "f-M.2
M. I
20.5 8.0 41.0 8.4
20.0
8.5 46.5 8.5
M. 2
Crown length of tallest upper cheek tooth, B.E.G.
no. 30936-143: 51.3 mm.
Crown length of tallest lower cheek tooth, B.E.G.
no. 3132-400: 46.5 mm.
PROTOHIPPUS MARTINI (Hesse) 1936

Pl. 3, figs. 2--4

Type.-Protohippus martini

(Hesse)
1936, left upper cheek dentition, U. Cal.
no. 32814, from Cragin quarry, sec. 3, T.
3 N., R. 25 E., Beaver County, Oklahoma;
late lower Pliocene, Clarendonian.

Referred material. - Anterior portion
of ramus, T. M. no. 255-35 (Pl. 3, fig. 3);
ramus, T. M. no. 255-34 (Pl. 3, fig. 2) ;
upper molar, T. M. no. 255-31 (Pl. 3, fig.
4) ; Clarendon beds, Donley County,
Texas.
Range.-Late lower Pliocene.
Distribution.-High Plains.
Diagnosis.-Teeth more hypsodont with
simpler enamel patterns than P. perditus;
hypoconal groove closed to nearly the
summit of the crowns.

Lower dentition.-Because the lower
dentition of P. martini has not previously
been recognized, it seems advisable to pre
sent a brief description of it here. The
paralophid of the second premolar is
rounded and forms a sharp externally di
rected angle at its juncture with the meta
flexid. The metaconid is sharply triangu
lar, the metastylid large and rounded. The
floor of the entoflexid is nearly flat and
elongate. The entoconid is large, rounded,
and has a faint spur. In somewhat worn
teeth there is almost no groove between
the entoconid and hypoconulid, and the
two form a distinctive, subrounded pillar.
The third premolar has a shortened,
thick, nearly straight paralophid directed
slightly backward internally. There is no
parastylid but a slight angularity of the
border of the protoconid marks its posi
tion. The metaconid is not restricted; the
metastylid is restricted. The intervening
valley is shallow and almost disappears
toward the base of the crown. The ento
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conid is large, rounded, and has a faint
spur. The hypoconulid is broad trans
versely, forming a strong reentrant at the
postero-external border of the hypoconid.
In late stages of wear a distinct hypostylid
fold is developed.
The fourth premolar is like the third.
The floor of the entoflexid is slightly in
flected. The tooth is little worn and thus
preserves this feature which is but weakly
developed and early lost.
Although the molars from Texas are
worn and broken, premolars associated
with molars from the Lower Ash Hollow
in Brown County, Nebraska, match those
of the Clarendon closely and do not ap·
pear to be specifically separable.
The Nebraska molars are high crowned
and comparatively slender. They appear
strikingly narrow transversely, relative to
the premolars. The paralophid is short and
blunt. The metaconid is somewhat elon
gate antero-posteriorly but is more re·
stricted than those of the premolars. The
metastylid is smaller and nearly rounded.
The intervening valley is deeper than in
the premolars. The antero-posterior length
of the column is nearly exactly that of the
premolars, and as in Pliohippus. The en
toconid is small, low, and flattened, with
out a spur. The hypoconulid in early wear
does not extend directly posteriorly in the
form of a suboval loop as in Pliohippus
but is truncated, bearing an external and
internal ridge, the external one being an
incipient hypostylid. The hypoconulid on
M. 3 is large and nearly rounded. There
is no sign of a pli caballinid on any of the
teeth.
It must be pointed out that to refer the
Clarendon and Lower Ash Hollow forms
to the species P. martini is not necessarily
to indicate that these faunas are contempo
raneous. First, with more complete mate
rials it may be possible to distinguish
some of the forms specifically or to show
progressive change in them. Second, it ap
pears that among the horses at least, evo
lution proceeds very slowly in the end
members of a long phylogenetic line, as
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this undoubtedly was. These forms are
grouped as a single species, P. martini,
because they obviously belong together in
a unit of greater or lesser category; it is
beyond the resources of this study to carry
the research further in this direction.

the ancestor of the other. Likewise, since
Protohippus is widely separated from
Merychippus (p. 63), which is a primi
tive hipparionid, there is no reason to re
tain these two in a common genus . Proto
hippus is, therefore, accorded generic rank
and is returned to its original status.

Table 6. Measur ements of Protohippus martini.
Genus PLIOHIPPUS Marsh, 1874

T. M. no. 255-31, Upp er Molar
AP

M. ~*

CL

PL

PW

20.6 19.9 28.5

TR

7.3

4.0

•Section, 18 mm below summit of crown .

T. M. no. 255-35, Lower Premolars
CL

MM

21.5 11.2
20.3 12.0
20.3 12.0 35.4

7.1
8.7
8.5

AP

P .2
P.:[
P. 4

TR

T. M. no. 255-34, Lower Dentition
P.2
20.0 10.7
5.5
P.3
18.5 11.5 18.0 8.1
P.4
20.5 11.2
8.0
M.l
17.0 9.2
M.2
9.5 31.0 6.8
M.3
23.0 9.0 38.0 7.0
Length of premolar-molar series: 120 mm.
DISCUSSION OF GENUS PROTOHIPPUS

Subsequent to Leidy's erection of Proto
hippus numerous species were added to
the genus. Some of these have been trans
ferred to Pliohippus. McGrew ( 1938)
stated that all the species of Protohippus,
except the type species, are referable to
other genera, and furthermore that the
characters of the type species are those of
Merychippus. Thus he reduced Protohip
pus to the status of a subgenus of Mery
chippus. Stirton (1940) listed 14 species
under the subgenus M. (Protohippus).
Of these Merychippus (Protohippus) in
termontanus (Merriam) 1915 and M.(P.)
mirabilis (Leidy) 1858 are referable to
Pliohippus. The others are retained in
Merychippus pending further disposition.

Protohippus is closely related to Plio
hippus in that the two have a common an
cestry in Hippodon and both retain char
acters of Hippodon. Since both genera are
found in middle Miocene deposits and can
thus be traced nearly to the point of their
origin, the one can hardly be considered

Type species.-Pliohippus pemix Marsh,
1874, skull, jaws, limb and foot bones,
Y.P.M. no. 13007, from somewhere along
the Niobrara River east of Antelope Creek,
Cherry County, Nebraska; probably late
lower Pliocene.
Range.-Middle Miocene to upper Plio
cene.
Distribution.-Gulf Coast, High Plains,
West Coast, Mexico, and Honduras.
Included species .-Pliohippus mirabilis
(Leidy) 1858, Pliohippus intermontanus
(Merriam) 1915, Pliohippus supremus
(Leidy) 1869, Pliohippus leardi Drescher,
1941, Pliohippus spectans (Cope) 1880.
Diagnosis.-Presence of malar fossa;
strongly curved upper cheek teeth; flat
tened entoconid with shallow valleys,
prominent ribs and reduced styles with the
parastyles of the premolars little or no
larger than those of the molars; small,
round to oval protocones; postprotoconal
valleys shallow; hypoconal grooves partly
closed; metaconids and metastylids round
ed, not widely separated, and nearly equal
in size; no pli caballinds; parastylids
faint and oriented as in Hippodon; proto
conids and hypoconids transversely broad
and markedly rounded; metapodials
short, lateral digits present in earlier
species but probably lost in later species.
PLIOHIPPUS CIRCULUS4 Quinn, new species

Pl. 3, figs. 5-8

Type.-Lower right cheek tooth series
with P . 4-M. 3, B.E.G. no. 31191-10 (Pl.
3, fig. 8), from 1.3 miles northwest of Cold
Spring, San Jacinto County, Texas; Cold
Spring fauna, late middle Miocene.
Range.-Middle Miocene.
' From Lalin, diminutive of circus. a small circle .

Miocene Equidae, Texas Coastal Plain
Distribution.-Gulf Coast.
Referred material.-Three upper mo
lars of the right and one of the left side
13.E.G. no. 31219-165, probably all on~
individual (Pl. 3, figs. 5-7).
Diagnosis.-Size smaller than Pliohip
pus supremus; teeth shorter crowned·
metaconid and metastylid closely a~
pressed and symmetrically rounded; meta
conid larger than metastylid; flexids
short; parastylid sloping across anterior
face of teeth and for most part reduced
to a scar; protoconid and hypoconid deep
and strongly rounded on premolars, less
so on molars; hypoconulid prominent on
premolars and with a hypostylid fold;
hypoconulid narrow, not pronounced, and
without a hypostylid fold on the molars.
Lower dentition.-The type, B.E.G. no.
31191-10, P. 4.:-M. 3, is apparentlyfrom
one individual. The fact that the hypo
conulid of the third molar has not been
exposed to wear is indicative of the youth
of the animal at the time of death. The
heavily cemented teeth are well preserved
except that the fourth premolar is some
what broken but not sufficiently to oblit
erate its characters. The teeth are a little
more than half as high crowned as those
of the Lapara Creek species P. supremus
and are proportionately smaller but are
otherwise similar.
The fourth premolar has a very short
metaflexid which is not inflected outward
at the anterior end but meets the para
lophid at a right angle. The metaconid
is symmetrically rounded and is a little
larger than the similarly shaped meta
stylid. The floor of the entoflexid slopes
inward to meet the outer border of the
metastylid at a sharp angle. The ento
conid is large, rounded, and bears a small
spur directed toward the metastylid. The
hypoconulid is narrow at the top and be
comes wide toward the base of the crown;
externally it bears a small but distinct
hypostylid. The protoconid has a weak
parastylid near the base of the crown, is
symmetrically rounded, relatively narrow
antero-posteriorly, and very broad trans
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versely. The hypoconid is not quite so
rounded as the protoconid. There is no pli
caballinid. In general the tooth appears
to be very narrow antero-posteriorly and
broad transversely.
The first molar is the most worn tooth of
the series. The metaflexid is very short and
shallow. The metaconid and metastylid
are smaller than in the premolar. The in
tervening valley is less deep and less
sharply V-shaped. The entoflexid is very
short but a little deeper than the meta
flexid. The entoconid is flattened and not
restricted; there is no groove on the lin
gual side. The hypoconulid is not sharply
distinguished and fades into the entoconid
and hypoconid somewhat as in Protohip
pus. The parastylid is weak and confined
to the base of the crown. The protoconid
is nearly as rounded as on the fourth pre
molar but smaller and not so expanded in
the transverse dimension. The median
valley is shallow and has no pli caballinid.
The hypoconid is less rounded than the
protoconid.
The second molar differs but little from
the first. It is appreciably narrower in the
transverse dimension but not appreciably
shorter antero-posteriorly.
The third molar has an elongate para
lophid extending lingually well beyond
the metaconid. The metaflexid is deep,
longer than on M. 2, and has an inwardly
bulging floor. The metaconid and meta
stylid are small, rounded, and rather
widely separated, with a broad intervening
valley. The entoconid is very small. An
teriorly, the entoflexid bears a small pli
hypoconid but otherwise is uninflected.
The hypoconulid has a V-shaped groove
near the summit on the lingual side but
is otherwise quite rounded. The proto
conid is rounded. There is no pli cabal
linid. The hypoconid is broadly tri
angular.

Referred upper teeth.-Three upper
teeth appear to belong to one individual.
Two of these, the second and third molars
of the right side, are accompanied by a
section of the maxillary bone and certainly
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belong together. The second molar was
erupted but unworn (Pl. 3, figs. 5-6). The
third tooth is a second molar of the op
posite side and is in precisely the same
stage of development. A fourth tooth is a
first molar of the left side, slightly worn
and probably belongs with the others (Pl.
3, fig. 7).
Perhaps the most noticeable charac
teristic of Pliohippus is to be found in the
reduction of the styles of the upper teeth.
The parastyle is reduced in the premolars,
producing a condition quite the reverse
of that found in most of the other genera,
where the parastyle on the premolars is
much more prominent than on the molars.
Likewise, the mesostyle in this group is
much compressed. It is difficult to de
termine the extent of variability of these
characters, but they appear to be quite de
pendable for separating Pliohippus from
Dinohippus, Hippotigris, and Equus.
The first molar of P. circulus, B.E.G.
no. 31219-165 D, is strongly curved. The
parastyle is low, narrow, and does not pro
trude anteriorly. The interstylar valleys
are shallow, nearly flat, and weakly ribbed.
The mesostyle is very narrow and low.
There is no pli protoloph. The pli
protoconule is prominent and bordered
posteriorly by an equally prominent
enamel loop, which is only slightly re
stricted by a tiny pli prefossette. There
is a second larger more external plication.
The lingual portion of the postfossette is
restricted by a large pli postfossette and
pli hypoloph. There is a small double
plication external to the pli postfossette.
The protocone is elongate, oval, slightly
pointed, and disconnected from the proto
selene at the top but provided with a spur
which connects with the protoselene a
little lower on the crown. There is a large
pli caballin. The hypocone is small and
attenuated. The hypocona] groove is re
stricted by a hypostyle which disappears
lower on the crown. The groove extends
to the base of the crown. One of the un
worn second molars were sectioned 15
mm below the summit of the crown (Pl.
3, fig. 6) . At the point of section the para

style is larger than that of the first molar
and protrudes forward. The plications
have nearly disappeared, and the proto
cone is connected not only to the proto
selene but to the hypocone as well. This
condition provides evidence that the speci
men is indeed that of an ancestral Plw
hippus, since this character is one that is
most frequently met with in the later
species of the genus.
The third molar is more fully developed
than the second, with the fossettes com
plete at the base of the crown while in the
second molars they are not. There is no
sign of a pli protoloph in this unworn
tooth as was the case with the second mo
lar. There is no pli caballin. The proto
cone becomes connected very near the
summit of the crown.
These teeth agree closely in proportion
and enamel configuration with those of P.
supremus of the Lapara Creek fauna but
are much smaller, less hypsodont, and
more curved.
Table 7. Measurements of Pliohippus circulus.

B.E.G. no. 31191-10, Type
AP

P.4
M.l
M.2

M.3

TR

CL

MM

19.8 11.0 29.0
19.0 9.0 25.0
18.5 8.4 29.8
22.0 7.0 31.5

9.0
8.0
7.7
6.7

B.E.G. no. 31219-165A, D
AP

TR

CL

PL

PW

D,M. l
A,M.f

21.5 20.0 35.7
20.0 19.9

6.5
7.8

4.0
4.1

A.M.2

18.5

7.4

(section)

38.0

PLIOHIPPUS SUPREMUS (LEIDY) 1869

Pl. 4, figs. 1-4

Type.-Vpper left P . 3 or P. 4, Coll.
A.N.S.P., from Little White River, South
Dakota; probably lower Pliocene, Burge
equivalent.
Range.- Late upper Miocene to early
lower Pliocene.

Distribution.-Texas Gulf Coast and
High Plains.

Diagnosis.-Teeth less hypsodont than
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in P. pernix and transversely narrower;
protocones not always connected to proto
selenes at summit of crown.
Pliohippus supremus (Leidy) 1869 was
founded on two upper cheek teeth. Leidy
(1869, Pl. 27, fig. 4) did not characterize
the species, which he referred to Protohip
pus, other than to point out the large size
of the teeth compared with those of Proto
hippus perditus and to call attention to the
disconnected protocone of one of the spec
imens. Gidley (1907) chose this speci
men as the type of the species. He sup
posed the tooth to be a molar. Ordinarily,
the small parastylid is indicative of the
molar series in the hypsodont horses, but
in Pliohippus the parastyle of the pre
molars is reduced. The angle of attrition
of the tooth requires that it be a third or
fourth premolar. The prominent pli ca
ballin and the angle of orientation of the
protocone also indicate the tooth is a pre
molar.
Five isolated upper cheek teeth and a
lower jaw from the Lapara Creek fauna
are referred to Pliohippus supremus.
Upper teeth.-One of the upper cheek
teeth, B.E.G. no. 31081-329 (Pl. 4, fig. 3),
agrees with the type in having the isolated
protocone, curvature, flatness of the ecto
loph, reduced parastyle, narrow mesostyle,
and configuration of the fossettes. It differs
in being slightly smaller and having more
pronounced ribs. ,The pli caballin is smal
ler and the hypostyle is reduced, indicat
ing that the tooth is a molar rather than
a premolar. The angle of attrition is such
as to indicate the tooth is a first molar
rather than a second.
Four additional teeth, B.E.G. nos.
31132-284 B and D, 31132-541, and
31132-542 (Pl. 4, figs. 1, 2), are slightly
smaller than B.E.G. no. 31081-329 but
otherwise are similar. The larger tooth was
collected near the top of the Lapara beds,
the others near the base. Perhaps the spec
imens from the lower part of the Lapara
are more primitive than those from the
upper part, but the differences are slight
and cannot be positively demonstrated.
The Lapara teeth are higher crowned, less
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curved, and are wider transversely than
are those of Pliohippus mirabilis from the
lower Valentine of Nebraska, but other
wise resemble them quite closely.

Lower dentition.-The lower dentitions
of the four species P. circulus, P. mirabilis,
P. supremus, and P. pernix agree closely
in the configuration of the enamel patterns
but differ primarily in hypsodonty, in
creasing size, and increasing transverse
diameter of the crowns.
A lower jaw, B.E.G. no. 30896-502,
from the Buckner ranch site, contains the
premolars and the first and second molars.
The premolars are unerupted and the two
molars but slightly worn. The fourth pre
molar and the first molar were sectioned
15 mm below the summit of the crowns
(PI. 4, fig. 4) and are described here to
gether with other material since the lower
dentition of P. supremus has not previ
ously been treated. A lower dentition of
P. cf. pernix from the Big Spring Canyon
fauna of South Dakota, U. Cal. no. 33455,
measured and mentioned by Gregory
(1942, pp. 409 and 413), and two lower
teeth of P. mirabilis, V. Cal. no. 29204,
are at hand for comparison. Comments on
the second and third premolars are based
on P. cf. pernix, V. Cal. no. 33455 (Pl. 4,
fig. 5).
The second premolar has no parastylid;
the metaconid is a narrow, forwardly di
rected spur; the metastylid is slightly at
tenuated; the entoconid is large and
rounded with a very faint spur; the meta
flexid is directed sharply externally at its
anterior end; the entoflexid curves inward
toward the metastylid with no inflections;
the protoconid and hypoconid are well
rounded; the hypoconulid is closely ap
pressed to the hypoconid.
In the third premolar the paralophid is
broad, uninflected posteriorly, and blunt
at the tip; the metaflexid is very short and
rounds up anteriorly to meet the paralo
phid without producing an externally di
rected angle as in Dinohippus; the meta
conid and metastylid are quite rounded,
closely appressed, and with a shallow in
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tervening valley; the commissure is not
formed but the outer borders of the meta
conid and metastylid meet the slightly up
turned floor of the flexids at a sharp angle;
there is neither a parastylid nor a pli cab
allinid; the protoconid and hypoconid
are strongly rounded.
The fourth premolar of the Lapara
Creek specimen differs from that of P. cf.
pernix in its smaller size, more symmetri
cally rounded protoconid and hypoconid,
and in having a large pli hypoconid at the
summit of the crown, which is reduced to
a broad inflection at the point of section
(10 mm below the top).
The first molar is narrow transversely,
and in the little worn condition the meta
conid and metastylid are well defined.
The two are nearly symmetrically rounded
with a somewhat deeper intervening val
ley than is seen in the premolars. The
median external valley nearly meets the
internal one. There is a large pli hypo
conid and the entoconid is low and not re
stricted. The anterior external part of the
tooth is almost symmetrically rounded in
a circular arc that extends outward and
forward from the apex of the median val
ley and terminates at the tip of the para
lophid. A weak parastylid is present on
the lower part of the crown of the Pliocene
specimen (U. Cal. no. 33455), but on the
Lapara Creek tooth it is represented by a
very faint scar. In the section the flexids
are shallower, no longer restricting the
metaconid and metastylid. The entoconid
has disappeared and the protoconid and
hypoconid have become very broad. The
tooth assumes the simple pattern seen in
worn teeth of Hippodon.
The second molar is very slightly worn
but does not appear to differ materially
from the first. In view of the primitive
nature of the enamel pattern, these teeth
have astonishingly high crowns.

In general the lower molars are pro
portionately less flattened in Pliohippus
than they are in Dinohippus and are ap
preciably shorter antero-posteriorly in the
lower part of the crown.

Table 8. Measurements of Pliohippus supremus.

B.E.G.no. 31081-329
AP

P. 4?

CL

PL

PW

24.5 23.2 48.0

TR

9.4

4.4

B.E.G. no. 31132-542 (M.l), no. 31132
541 (M.~)M. 1
M. 2

23.0 22.1 44.0
22.9 22.0 39.5

8.3
6.5

4.5
4.0

P. 3?

B.E.G. no. 31132-285D
24.0 23.2 37.0 7.5

4.6

B.E.G. no. 30896-502
P. 4

M.l
M. l
M. 2

24.0 13.3 45.0±
25.0 11.0 40.0
20.7 10.8 24.0
8.5 49.0

10.2 section
10.0 occlusal
8.4 section
9.2 occlusal

Pliohippus cf. pernix, U.Cal.no. 33455
AP

P. 2
P. 3
P. 4

M.l

26.6
24.6
24.2
22.8

TR

CL

MM

13.3
8.2
15.2 35.0± 10.8
15.0 38.0± 10.5
12.2 35.0± 8.8

DISCUSSION OF GENUS PLIOHIPPUS

The genus Pliohippus was proposed by
Marsh ( 1874) for the reception of a new
form, Pliohippus pernix, distinguished by
lack of lateral digits and by deep facial
fossae. Gidley (1906) transferred two
species, Protohippus mirabilis (Leidy)
1869 and Protohippus supremus Leidy
1869, to the genus. Stirton (1940) synony
mized the species Protohippus mirabilis
with that of Merychippus (Protohippus}
perditus, which he considered to be di
rectly ancestral to Pliohippus supremus.
Both McGrew (1938) and Gregory (1942)
considered Pliohippus supremus smaller
and more primitive than Pliohippus per
nix, although closely related, and referred
specimens from the Burge fauna to Plio
hippus supremus.
That Protohippus is distinct from Plio
hippus has already been shown. Com
parison of the lower Valentine (Niobrara
River) specimens referred by Stirton
(1940) to Protohippus perditus with
Lapara Creek specimens of both Pliohip
pus and Protohippus indicates that the
lower Valentine specimens belong in the
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genus Pliohippus and are, in consideration
of their small size and shortness of crown,
more primitive than the Lapara Creek
species. They compare with Leidy's type
of Pliohippus mirabilis in size and stage
of evolutionary development and likely
belong with that species.
Nineteen species were listed in the genus
Pliohippus by Stirton (1940) . Of these

Pliohippus

( Astrohippus}

martini

(Hesse) is transferred to Protohippus and
P. ( Astrohippus) osborni (Frick) to Hip
potigris. Species with long metapodials,
reduced facial fossae, and progressive
dental patterns are transferred to a new
genus (p. 43). A number of named species
of Pliohippus are inadequately repre
sented by fossil material, and others may
not be distinguishable from one or another
of the better known species. These remain
for the present in the genus Pliohippus
pending further disposition.
Tribe CALIPPINI Quinn, new tribe

Diagnosis.-Protocones long;

hypo
conal groove more than half closed in
early forms to closed or nearly so in late
forms; parastylid parallel to external face
of protoconid and prominent on early
forms, reduced on late forms; pli cabal
linid absent.
Included genera.-Calippus Matthew
and Stirton, Astrohippus Stirton.
Genus CALIPPUS Mathew and Stirton, 1930

Type

species. - Calippus

placidus

(Leidy) 1869, left upper P. 2, U.S.N.M.
no. 621, from Niobrara River, near Fort
Niobrara (Valentine), Cherry County,
Nebraska; early? lower Pliocene.

Range.-Middle Miocene, lower Plio
cene.

Distribution.-Texas Gulf Coast and
High Plains.

Included species. -Calippus francisi
(Hay) 1924, Calip pus regulus Johnston,
1937.
Diagnosis.-Animals of small size;
cheek teeth strongly hypsodont; uppers
slightly curved; ectoloph flattened, styles
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delicate, valleys shallow and ribbed; fos
settes tranversely compressed; pli proto
loph and pli hypoloph reduced to absent;
protocone oval, elongate and directed
posterolingually, always connected with
protoselene; hypoconal groove open to
half the length of the crowns in early
species, closed or nearly closed in late
species; lower teeth with large metaconid,
metastylid small and progressively re
duced, metaconid and metastylid sep
arated, intervening valley not deep but
persistent; parastylid present but narrow
and projecting a little forward; no pli
caballinid; no protostylid on either milk
or permanent teeth.
CALIPPUS FRANCISI (Hay) 1924

Pl. 4, figs. 6, 7

Type.-Upper first molar, T.A.M. no.
2543, from Noble farm, 5 miles southeast
of Navasota, Grimes County, Texas; Cold
Spring fauna, upper middle Miocene.
Distribution.-Texas Gulf Coast.
Range.-Middle Miocene.
Diagnosis .-Smaller than C. placidus;
upper teeth slightly curved and strongly
hypsodont but shorter than later species
and expanded antero-posteriorly at sum
mit of crowns; enamel pattern more com
plex than in later species; protocones of
molars grooved at summit of crown; hypo
stylar fossette present; hypoconal groove
open about half-way down the crown on
the premolars and lower on molars; lower
teeth with prominent parastylid; pli hypo
conids present; trace of pli caballinid on
P. 2 only; hypoconulid of M. 3 with a
deep internal groove.
Description.-A number of specimens
in the Bureau of Economic Geology from
the Cold Spring area and fauna are re
ferred to C. francisi. One of these, a
maxilla with a complete cheek dentition,
B.E.G. no. 31183-63, has slightly worn and
nearly perfectly preserved teeth (Pl. 4,
fig. 7) . A lower jaw, B.E.G. no. 31183-49
(Pl. 4, fig. 6), may belong with the max
illa. Since the species has been known only
from the type, a description of the new
material is given here.

28

Bureau of Economic Geology, The University of Texas

Upper dentition.-The first upper pre·
molar of B.E.G. no. 31183-63 is obliquely
oriented, single rooted, and oval.
The second premolar has a symmetrical
anterior projection of the parastyle de·
marcated by a shallow inner groove and a
deep V-shaped outer groove. The external
rib of the parastyle is not prominent. The
mesostyle is high but broad and slightly
truncated. The interstylar ribs are mod·
erately prominent. The fossettes are
roughly rectangular but are not as nar·
row in the transverse dimension as are
those of C. optimus and the other later
species. There is a small pli protoloph in
the prefossette. The crochet is not con·
nected nor is the metaloph and ectoloph.
Posteriorly in the postfossette there is an
open hypostylar fossette. The protocone
is small, oval, and slightly pointed. There
is no pli caballin. The postprotoconal val·
ley is broad and quite deep. The hypo·
conal groove is partly restricted by a
prominent hypostyle which unites with the
hypocone just below the present stage of
wear.
The third premolar has a broad, ob
liquely-truncated parastyle which projects
well forward of the anterior face of the
tooth. The mesostyle is high and broad.
The anterior valley is deep but has a
prominent rib. The posterior valley is
shallow but also strongly ribbed. The pre·
fossette has a pli protoloph; its inner bor
der is recurved; posteriorly there is a
prominent pli protoconule and pli pre
fossette which nearly enclose a rounded
enamel lake. Externally there is a second
inflection, the pli prefossette II. The post·
fossette has only a small pli postfossette
and an open hypostylar fossette. The
protocone is very elongate and narrow and
is oriented in nearly a fore and aft di·
rection. There is a prominent pli caballin
and the postprotoconal valley is wide,
shallow, and well separated from the pre
fossette. The hypocone is long and attenu·
ated. The hypoconal groove closes just he·
low the present stage of wear.
The fourth premolar does not differ
from the third except that the pli post

fossette is double and the protocone is
larger and longer.
The first molar has greatly reduced
styles but the ribs are as prominent as in
the premolars. The prefossette has only
one inflection, the pli protoconule. The
postfossette has a pli postfossette and a pli
hypoloph. The inner border of the post·
fossette is flattened, giving it a very angu·
Jar appearance as in teeth of Astrohippus.
The protocone is smaller and shorter than
those of the adjacent teeth. There is no pli
caballin. The postprotoconal valley is nar·
row with the protocone approaching
rather closely to the hypocone. The hypo·
conal groove is not restricted by a hypo·
style and remains open about one-third of
the length of the crown. The first molar of
the specimen under description was re·
moved and sectioned at approximately the
crown height of the type of C. francisi. The
measurements given by Hay (1924) fit the
crown dimensions accurately, and the pat·
terns of the two specimens conform very
closely.
In the second molar the plications of
the fossettes are similar to those of the
fourth premolar. The protocone is long
and narrow and is definitely notched both
internally and externally, but the external
notch is the more prominent. The hypo·
cone is narrow and curved outward at the
tip to meet the hypostyle, which projects
somewhat posteriorly but not inward.
There is a small closed hypostylar fos·
sette on both the second and third molars.
The third molar is unworn. The proto·
cone is completely connected to the proto
selene and is grooved like that of the
second molar. The hypoconal groove ex
tends nearly to the base of the tooth.

Lower dentition.- A lower jaw, B.E.G.
no. 31183-49 (PL 4, fig. 6), referred to as
belonging, possibly, with the maxilla de
scribed above, retains the cheek dentition.
The teeth are in about the same stage of
wear and occlude well with those of the
maxilla.
The second premolar is much like that
of C. anatinus in size and shape. The para·
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lophid is truncated anteriorly somewhat
like Hippotigris sellardsi. The floor of the
metaflexid is bulged inward. The meta·
conid is more broadly triangular than in
C. anatinus. The metastylid is restricted
and nearly perfectly rounded. There is a
faint pli hypoconid, and the floor of the
entoflexid is otherwise nearly flat. The
entoflexid is extremely elongate. The ento·
conid is large, restricted by means of a
very narrow commissure formed pri·
marily by a deep groove between the ento
conid and hypoconulid, and bears a
prominent spur directed toward the me
dian valley. There is no parastylid and the
protoconid is markedly V-shaped as in
Hippodon vellicans. The median valley is
shallow. A slight inflection represents the
pli caballinid. The hypoconid is broadly
rounded.
The third premolar has a long thick
paralophid with an inflection of the pos
terior border as in some specimens of C.
rcgulus. There is a very slight external
angularity of the anterior border of the
metaflexid. The floor is nearly flat and pos
teriorly the metaflexid rounds up to meet
the commissure. The metaconid is rounded
and moderately restricted; the metastylid
is restricted and lobate. The intervening
valley is shallow but sharply V-shaped.
The commissure is directed slightly for
ward. The anterior part of the entoflexid
is bent inward and terminates in a small
pli hypoconid. The floor of the entoflexid
is long and straight in the later species of
Calip pus and rises rather abruptly to form
the posterior leg of the commissure. The
third premolar of this specimen was
sectioned about 10 mm below the occlusal
surface to observe possible changes in this
character. At that point the pli hypoconid
has disappeared, and the anterior part of
the entoflexid is considerably less flexed .
Posteriorly the entoflexid forms a narrow
reentrant with the outer border of the ento
conid. The entoconid is a little less re
stricted than in P. 2 but is large and has a
prominent spur. At the point of section the
spur has nearly disappeared and the ento
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conid is no longer restricted, primarily at
the expense of the groove between the ento
conid and hypoconulid. The hypoconulid
is directed inward but does not form a
prominent posterior heel on the tooth.
There is a well-defined parastylid an
teriorly on the protoconid which otherwise
is rounded. The median valley is deep and
probably is partially responsible for the
deflection of the anterior border of the
entoflexid. There is a weak inflection mark
ing the pli caballinid. The hypoconid is
broadly rounded.
The fourth premolar has no posterior
inflection of the paralophid. The median
valley is deeper than in P. 3 and the com
missure of the metaconid and metastylid
is, as a consequence, shorter, and the an
terior border of the entoflexid is likewise
more deflected. The entoconid is a little
smaller and the hypoconulid is somewhat
more prominent.
The paralophid of the first molar is
curved hack as in C. ootimus but not as in
C. anatinus where it i; straight. The meta
conid is rounded. The metastylid is slight
ly attentuated and is considerably the
smaller of the two. Both flexids are short.
The entoconid has no spur and is not re
stricted. The hypoconulid is slightly wider
tranversely than in the premolars, the re
verse of the usual situation. The para
stylid is prominent and the protoconid is
rounded. The median valley is deep, ex
tending well between the reentrants of the
flexids. There is no pli caballinid. The
hypoconid is broadly rounded as in the
previous tooth.
The second molar has a well-developed
pli hypoconid, and the median valley is
wide and extends nearly to the internal
valley. Otherwise, M.2 is much like M.l.
The third molar is but little worn. It
resembles the other molars except for the
hypoconulid which is large, rounded, and
deeply grooved on the inner side. There
is a broad, deep groove on the outer side
between the hypoconulid and hypoconid.
The hypoconulid protrudes nearly as far
externally as the hypoconid.
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Table 9. Measurements of Calippus /rancisi.

B.E.G.no. 31183-63
AP

Ta

CL

P. l
9.0 4.0 5.5
18.2 13.5 24.9
P.2
P.3
17.8 16.3 30.5
P.4
17.3 16.5 33.0
M.l
15.4 15.4 28.5
M.2
15.5 15.0 32.2
M.3
13.5 13.0 28.2
M.l
15.0 16.0 18.6
(section)
Length of premolar series : 54.9 mm.
Length of P. 2 to P. 4: 51.4 mm.
Length of P.2-to M.3~99.6 mm.
Length of m;;iar series: 45.5 mm.

PL

PW

5.2
6.4
7.4
6.1
6.5
7.5
6.4

3.1
3.1
3.0
3.1
3.0
3.5

B.E.G. no. 31183-49, Lower Dentition
AP

Ta

CL

MM

P.2
15.0 7.8 18.0 4.8
P.3
16.4 8.5 25.8 7.5
P.4
16.5 8.5 30.0 7.5
M.T
14.0 7.3 22.3 6.2
M.2
15.9 7.0 26.5 6.2
M.3
17.0 5.5 32.0 5.1
Length of premolar series: 47 mm approximately.
Length of molar series: 48 mm approximately.
Length of premolar-molar series: 94.5 mm ap·
proximately.

Discussion.-The species C. fran cisi
(Hay) 1924 was founded on a single first
molar and referred by Hay to the genus
Merychippus. Gregory (1940) was first
to notice the true affinities of the species
and to place it in the proper genus, not
withstanding that he supposed the type to
have been derived from beds of Lapara
(Goliad) age and assigned Lapara ma
terials to the species. These are described
below as new species.
Hay (1924) considered the tooth which
he made the type of C. francisi to be only
moderately worn. Comparison with the
Cold Spring specimen indicates it is a
little less than half worn away. Hay stated
the tooth is considerably curved. This ap
pearance is explained by the fact that the
base of the tooth is expanded inward in
this group of horses giving worn teeth an
appearance of strong curvature. In un
worn teeth the crowns appear little curved.
Hay considered the specimen to represent
an advanced stage, presumably owing to
the elongation and flatness of the proto
cone. The hypoconal groove is closed; it

was referred to by Hay as the hypostyle.
This species does exhibit the hypostylar
fossette in early stages of attrition, but
the type is too worn to show it. In any
event, the feature he called the hypostyle
is in reality the closed hypoconal groove.
The locality from which the type was
collected appears to he rather far updip
to fall in the upper Fleming beds, but it
is probable that some structural defor
mation of the strata is involved. Subsur
face contours drawn on the Eocene Fayette
formation (Sellards and Hendricks, 1946)
indicate the presence of a syncline in the
area. Although the fauna from the Noble
Farm is meager, Hesse (1943 ) listed
camelid and Gompotherium from there,
neither of which has been found in the
Burkeville beds. In consideration of these
factors as well as the close correspondence
of the Cold Spring specimens with the
type, it appears that the Noble Farm be
longs with the Cold Spring and not the
Burkeville beds.
CALIPPUS ANATINUS• Quinn, new opecies

PI. 5, figs. 1-19

Type.-Skull with D. P. 2-M. 1, lacking
premaxillaries an d occipital region,
B.E.G. no. 30896-173 (Pl. 5, fig. 19) from
Buckner ranch, 12 miles east of Beeville,
Bee County, Texas, west side of Blanco
Creek, 1 mile upstream from Goliad high
way bridge; Lapara Creek fauna, late
upper Miocene.

Range.-Late
lower Pliocene.

upper

Miocene,

early

Distribution.-Texas Gulf Coast and
High Plains.
Referred material. - Sixteen upper
cheek teeth and 14 lower cheek teeth (Pl.
5, figs. 1-18).
Diagnosis.-Size slightly smaller than
C. regulus; teeth transversely narrower
and less hypsodont; enamel pattern slight
ly more complex; median valley on mo·
Jars not penetrating between reentrants of
flexids.
5 From Latin , pertaining lo a duck, with reference to 1l1e
ducklike configuration of the enamel pattern of the lower
molars.
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Description.-Calippus anatinus is dis
tinguished from C. regulus on the basis of
morphologic characters that differ in de
gree but not in kind. These character dif
ferences are important and significant in
the sense that they illustrate the extent
and rate of evolutionary change in an
unquestionably direct line of descent.
The period of time involved must have
been considerable, equivalent to nearly
half the Pliocene epoch, if the age assign
ments are correct. The direction of change
was toward simpHfication of the enamel
pattern, increase in hypsodonty, and short·
ening of the median valley of the lower
molars. C. anatinus had very nearly
reached the condition of C. regulus and
perhaps the limit of possibility in all three
respects.
Skull.-The juvenile skull, B.E.G. no.
30896-173, is chosen for the type of C.
anatinus as the best single specimen avail
able for the purpose. While the teeth are
excellently preserved, the bone is not, and
but little can be distinguished concerning
the characters of the skull. The infra.
orbital foramen is positioned directly
above the middle of D. P. 3. There is no
sign of facial fossae. None "(;f the sutures
of the skull are visible. The palate is per·
fectly flat, which may be due to crushing.
However, the palate does not seem to be
deeply excavated in any of the specimens
available among the various species of
Calippus. On the whole the skull im
presses one as being very small. The entire
length from incisors to occipital condyles
could not have been much over 200 mm.
Deciduous upper dentition.-The decid
uous upper dentition consists of D. P. 2
4 on both sides. There is no D. P. 1 a;;-d
~othing indicating the presence of ahreoli
anterior to D. P. 2. M. 1 was erupted but
had not begun to 7eceiv;wear. The decid
lous teeth are high crowned and well
coated with cement. The height of the pro
tocone nearly equals that of the mesostyle,
giving the teeth a very straight-crowned
appearance. The enamel patterns are very
simple with almost no plications. There is
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a small round fossette antero-internal to
the prefossette on D. P. 2 which is present
also in C. cf. placidus. In-; less worn tooth,
B.E.G. no. 30896-419, of C. cf. placidus
this fossette is connected to the prefossette
as an external loop. The hypoconal groove
is closed and forms a similar fossette pos
teriorly in the second and third milk teeth
of C. anatinus. It remains open on D. P. 4
but closes slightly lower on the crown.
There is a minute pli caballin on all three
milk teeth.
The fossettes are very narrow trans
versely and long antero-posteriorly. None
of them are open or connected. The pro·
tocones on D. P. 2 and D. P. 3 are sharply
directed internally. They ar~ round oval
and slightly pointed; somewhat larger
than the hypocones which are directed
more posteriorly. The postprotoconal val
leys are broad and terminate abruptly
well away from the postero-internal bor
der of the prefossette. The protocone on
the third milk premolar is directed more
posteriorly as in the permanent molars
(referred material). The hypocone is also
posteriorly directed and the postproto
conal valley is quite as wide as in the pre
vious two teeth.
The ectoloph is relatively straight ex
ternally. The parastyle is very weak. The
mesostyle is stronger than the parastyle
and pointed as in the permanent teeth.
The interstylar valleys are shallow and
possess strongly developed ribs. (See p.
32 for discussion of first molar.)

Permanent upper dentition (Pl. 5, figs.
1-6, 18) .-A total of 16 permanent upper
teeth in the collection are recognized as
C. anatinus. Although 7 of these are as
sociated, as far as catalog numbers indi
cate, only 5 of the teeth might have be
longed in a single maxillary. These are
B.E.G. no. 30896-361, which includes P.;
P. 3, P. 4, M. 2, and M. 3.
I~ tw-;; left- second upper premolars,
B.E.G. no. 30896-361 E and H, the pre
and postfossettes are medially connected.
Otherwise, the smaller of the two teeth,
B.E.G. no. 30896-361 E, has a weak pli
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caballin, pli protoconule, and pli hypo
loph. The hypoconal groove is closed. In
B.E.G. no. 30896-361 H, the plications are
absent and the hypoconal groove remains
open a little farther down the crown.
A left third upper premolar, B.E.G. no.
30896-361 F, is perhaps one-fourth worn
away. The parastyle is broad and prom
inent, and the mesostyle is erect and sharp
as compared to that of C. regulus (PI. 5,
fig. 20). The interstylar valleys are
deeper but not more heavily ribbed than
are those of C. regulus. The fossettes pre
sent an unusual appearance; there are
no plications but the postero-internal
border of the prefossette forms a sharp,
rather attenuated angle pointing toward
the protocone. The antero-internal bor
der of the postfossette is also drawn out
in a sharp angle pointing toward the
internal edge of the prefossette. The fos
settes are consequently rather broad trans
versely, a character more reminiscent of
C. optimus, where the fossettes tend to be
more open, than of C. regulu5 where they
tend to be constricted. The protocone and
hypocone are not as elongate as in C. regu
lus or C. optimus. The pli caballin is more
prominent than in C. regulus. The hypo
conal groove is not quite closed at the
stage of wear.
A fourth upper premolar, B.E.G. no.
30896-3610, is unworn but was sectioned
5 mm below the summit of the crown. It
differs from the third premolar in that the
prefossette resembles that of C. regulus
more closely. The protocone is more re
stricted in its connection with the proto
selene than in teeth of C. regulus. The pli
caballin is more reduced than in the third
premolar but not as much as in C. regulus.
The tooth is strongly tapered and expands
posteriorly near the summit of the crown.
The first molar of the type specimen,
B.E.G. no. 30896-173, was removed and
sectioned 10 mm below the tip of the meso
style. This tooth was not completely de
veloped at the time of the death of the
animal; the basal plate had not formed,
and the tooth lacks about 10 mm of its
estimated full length. The tooth is some

what expanded at the top. The hypoconal
groove remains open for about 10 mm. A
small pli hypoloph is present on the un
worn tooth. The protocone is comp.Jetely
connected to the protoselene and is di
rected more posteriorly than are those of
the premolars. The tooth pattern is other
wise quite simple with no enamel inflec
tions indicated at the point of section. A
second first molar, B.E.G. no. 30896-361B,
agrees closely with the first molar of the
type except that the hypoconal groove is
closed to the summit of the crown and
there is no indication of the pli hypoloph.
The second molar, represented by
B.E.G. nos. 30896-361] and 3089-551,
is slender and high crowned in appear
ance. There is less tendency to expansion
at the tip of the crown than in the first
molar. There is a minute pli caballin which
is of interest since it is also seen on the
second molar of C. regulus and C. francisi,
but not C. optimus. A small pli proto
conule and pli hypoloph are also present
on the slightly worn tooth B.E.G. no.
30896-361]. These characters are very
feebly, and apparently intermittently, ex
pressed in C. anatinus but seem to have
been lost in C. regulus. They are of interest
only in that they indicate, by their pres
ence, the intermediate position of C. anat
inus between the earlier C. francisi and the
later C. regulus.
The third molar is represented by four
specimens, B.E.G. nos. 30896-341B and C,
30896-361C (Pl. 5, fig. 6), and 31132-501.
These teeth are slender, prismatic, and do
not expand toward the base. The enamel
pattern is very simple, with only a single
inflection in the posterior border of the
prefossette and a similar one in the pos
terior border of the postfossette in the area
occupied by the hypostylar fossette in C.
francisi. The hypoconal groove is closed
nearly to the top of the crown in two of
the specimens, but remains open nearly
to the base of the crown in the third,
B.E.G. no. 30896-341C. The posterior
border near the base of the tooth is slightly
concave in all of these specimens but not
markedly so. Expansion of the third molar
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toward the base of the tooth and develop
ment of marked concavity seem more
characteristic of Hipparivn and Pliohip
pus but are not seen in any of the species
of Calippus.

33

There is no indication of the pli caballinid
in C. regulus, but there is a slight in
flection near the tip of the crown of P. 2
in both C. anatinus and C. francisi. It i"S
possible that the available specimen of
C. regulus is a little too worn to have re
Lower dentition.-Seven specimens (Pl.
tained traces of the fold. The floor of the
5, figs. 7-17) from the Lapara Creek fauna
metaflexid is broad in C. anatinus and C.
are referred to Calippus anatinus; these
franci si but narrower in C. regulus. In C.
are B.E.G. nos. 30896-356, six lower cheek
francisi the floor is bowed inward but in
teeth, three of the right and three of the
C. regulus and C. anatinus it is flat. In C.
left side; 30896-402, left third premolar;
anatinus an accessory fold appears in the
30896-462, left second and third molars;
middle of the metaflexid in the right pre
30896-538, left second molar, 30896-360,
molar and in the posterior end in the left
right third and fourth premolars and an
premolar.
unworn molar; 31132-466, left second
The metaconid is triangular and not
molar; 30936, right first or second molar.
half-ovoid as it is in C. regulus and C. fran
Although the material available is not cisi. The metastylid is slightly flattened
abundant, it is ample to demonstrate the internally in agreement with the other
very close resemblance of the lower denti species of Calippus. The anterior border
tion of C. anatinus to that of C. regulus. of the entoflexid is nearly straight and di
The lower cheek teeth of C. anatinus are rected perpendicular to the floor, meeting
slightly smaller and narrower, trans it at a sharp angle which is interrupted by
versely, than are those of C. regulus. In a weak pli hypoconid; otherwise, the floor
addition, the secondary plications of the of the metaflexid is nearly flat. In C.
enamel pattern, such as the p.Ii hypoconid, regulus the second premolar, at hand, is a
are more pronounced in C. anatinus.
little too worn for favorable comparison
The second premolar, B.E.G. no. 30896 but the anterior border of the metaflexid
356 (Pl. 5, fig. 9), is slightly worn and seems to have been more rounded and
was sectioned 5 mm below the summit of with no pli hypoconid. The entoconid of
the crown. The tooth is a little smaller C. anatinus seems intermediate to that of
antero-posteriorly and considerably nar· C. francisi and C. regulus. In C. francisi
rower transversely than is that of C. regu it is separated from the hypoconid by a
lus. In this C. anatinus appears inter very narrow commissure and is produced
mediate between C. regulus and C. francisi. antero-externally into a long narrow spur.
The second premolar resembles that of C. In C. regulus the union of the hypoconid
francisi more closely than that of C. with the entoconid is not restricted and the
regulus. It is in many respects inter entoconid is nearly rounded, with little or
mediate between the two but in some ways no sign of a protuberance. The hypo
distinct from either. The tip of the para conulid of C. anatinus is very narrow and
lophid and the rather sharp V-shaped ex is directed internally.
ternal border of the protoconid resembles
A third premolar, B.E.G. no. 30896
those of C. francisi. In C. regulus the para 356C (Pl. 5, fig. 10), is very slightly
lophid is shortened and slightly truncated worn and has been sectioned 5 mm below
and the protoconid is noticeably less V the top of the crown. The tooth is appreci
shaped. There is no sign of a parastylid ably smaller and proportionately nar
on the second premolar of either C. regulus rower than the corresponding tooth of C.
or C. anatinus, but the parastylid is quite regulus. The metaconid and metastylid are
strongI y developed near the base of the separated from the protoconid and hypo
crown in C. francisi and gradually dis conid by a long narrow commissure. The
appears toward the summit of the crown. metastylid is slightly smaller than the
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metaconid but is not pointed posteriorly;
the two are not divergent. The valley be
tween them is V-shaped, shallow, and per
sistent. The floors of the entoflexid and
metaflexid are nearly flat and form a
nearly straight line. A strongly developed
pli hypoconid is present. This fold per
sists well down the crown of the tooth and
is not seen in C. regulus.
Two specimens considered to be fourth
premolars of C. anatinus are B.E.G. nos.
30896-402 (Pl. 5, fig. 11) and 30896
360E (Pl. 5, fig. 8). The latter is 8 mm
shorter than the former which appears to
be only a little worn. These teeth are un
usual in that they appear much broader
across the entoconid and hypoconid than
across the metaconid and protoconid. In
B.E.G. no. 30896-402 the anterior border
of the entoflexid bears a weak pli hypo
conid and a second much stronger inflec
tion internally near the metastylid. The
entoconid on B.E.G. no. 30896-402 has a
well-developed spur directed antero-ex
ternally. The more worn tooth of C. anati
nus, B.E.G. no. 30896-360E, bears a single
pli hypoconid. The metastylid is faintly
pointed posteriorly. The spur on the ento
conid is reduced but still visible. Other
wise, the fourth premolar is much like the
third.
The molar teeth of both C. anatinus and
C. regulus are distinguished from those of
C. optimus and C. placidus by the shape
and orientation of the metastylid and by
the isolation of the metaconid and meta
sty lid column from the protoconid and
hypoconid by means of a narrow com
missure as in the premolars. In the two
former species the metastylid in the molars
is strongly attenuated and not deflected.
The axis of the metastylid is nearly paral
lel with the long axis of the tooth. In the
two latter species the metastylid is de
flected about as the metaconid and is re
duced and attenuated in comparison with
the metaconid. As a consequence of the
degree of deflection of the metaconid and
metastylid in the various species, the val
ley between the two columns is deepest in

C. optimus and shallowest in C. anatinus
and C. regulus.
A first molar, B.E.G. no. 30896-356E
(Pl. 5, fig. 12), belongs with the pre
molars described above bearing the same
number. This tooth is slightly worn (5
mm ±) and is high crowned and slender.
The parastylid and paralophid are strongly
developed, straight and directly opposed,
intersecting the long axis of the tooth with
an internal angle of about 80°. The floor
of the metaflexid is nearly flat, bending
slightly inward. The metaconid and meta
stylid are small and of nearly equal size,
the metastylid being somewhat more at
tenuated. The intervening valley is very
shallow but extends to the base of the
crown. The columns are separated from the
protoconid and hypoconid by a narrow
commissure as in the premolars. The me
dian valley does not extend between the
reentrants of the flexids but terminates
short of them as in Astrohippus and
Asinus. The floor of the entoflexid is long
and nearly flat with two very weak inflec
tions anteriorly and an inward bend simi
lar to that of the metaflexid posteriorly.
The entoconid retains a faint spur. The
hypoconulid extends backward and inward
and is quite pronounced.
A second molar of C. anatinus. B.E.G.
no. 30896-356D (Pl. 5, fig. 13), evidently
belongs with the teeth described under the
same number above. It appears very high
crowned and slender. This tooth is nearly
unworn and was sectioned 7 mm below
the summit of the crown. The metaconid
and metastylid are separated from the
protoconid and hypoconid by a narrow
commissure as in the first molar. On the
nearly unworn occlusal surface the meta
stylid is directed posteriorly. It is very
long and constricted in the middle so that,
together with the metaconid, the column
has an appearance of three tanaential
circles of about equal size. In the ~ection
the entoconid and hypoconulid are di
rected backward and separated from the
hypoconid by a narrow commissure· the
hypoconid is strongly inflected posteriorly
so that the whole complex looks precisely
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like a cartoon of a duck. These rather
strange modifications are not noticed on
the second molar of C. regulus. There is,
however, an accessory inflection on the
internal border of the entoconid in slightly
worn teeth of this species.
A third molar, B.E.G. no. 30896-462
(Pl. 5, fig. 14), associated with a second
molar, is recognized as belonging to C.
anatinus. Both are considerably more than
half worn. The metaconid and metastylid
column of the third molar is very small.
The metastylid is much reduced and at
tenuated. The hypoconulid is quite
rounded as in C. optimus. The tooth ap
pears narrow antero-posteriorly and does
not widen posteriorly toward the base of
the crown.
Table 10. Measurements of Calippus anatinus.
B.E.G.no. 30896-173,Type
D.P.2
D.P.l_
D.P. 4
M. 1
M. 1

(sect~n)

AP

Ta

CL

PL

PW

17.5
15.5
16.0
15.0
13.0

11.0
13.0
11.5
9.0
12.0

10.0
10.0
11.0
29.0
15.0

4.0
4.8
4.6

2.7
3.0
2.9

5.0

2.0

Total length D. P. 2 to M. 1 : 64 mm.
Transverse width ;;£skull ~cross middle of M. 1 :
65mm.
D. P . 2 to anterior border of glenoid fossa: 107.3
mm.
Total greatest length of specimen: 168.0 mm.
Referred Material, Upper Dentition
B.E .G.

NO .

30896-361E P .2
30896-361H P.2
30896-361F P.3
30896-3610 P._!
30896-361B M.l
30896-361J M.~
30896-3611 M.1
30896-361C M.1!_
30896-341A M..!_
30896-341B* M.3
30896-551 M.l
30896-551 M.2
30936-354 M.l
31132-499 M.2
31132-501 M.3

-

AP

Ta

CL

PL

PW

13.7
14.5
14.7
14.5
14.6
15.0
13.2
12.5
15.5
12.0
15.0
13.9
14.5
14.8
12.3

11.1
11.5
14.2
11.8
9.0
11.2
12.7
10.8
12.0
11.5
12.7
12.0
14.5
11.5
12.0

22.5
21.1
31±
42±

3.5
3.5
4.7
5.2
5.7
5.4
5.4

2.8
2.8
2.8
3.0
2.5
2.5
2.5
2.4
2.5
2.5
2.5

39.8
32.0
28.5
34.0
23.0
33.7
38.2
37.5
37.5
9.5

5.5
4.5
5.0
5.3
5.8
5.8
5.0

2.5
2.0
2.8

Referred Material, Lower Dentition
B.E.G.

NO .

30896-356

P .2
P.3
M.f
M.2
30896-360 P.3
P .4
30896-538 M.f
30896-402 P.4
30896-462 M.2
M.3
31132-466 M.l?
30936-157 M.l?

AP

Ta

CL

13.8
13.7
14.6
14.0
13.0
13.8
12.5
14.3
10.8
13.4

7.0
7.8
6.5
6.1
7.3
7.8
6.2
7.5
6.4
5.5
6.7
6.3

26.5
34.-0
34.0
40.0
25.1
25.0
25.5
32.5
13.6
16.0
18.5
19.5

13.0

MM

4.5
6.5"
5.6
5.5
6.6
7.0
4.8
6.3
4.5
4.2
5.2
5.6

* Seelion .
CALIPPUS OPTIMUS• Quinn, new species

Pl. 6; Pl. 7, fig. 1

Type.-Facial portion of skull and
lower jaws, B.E.G. nos. 30896-528, 530
(Pl. 6, figs. 1, 4), from Buckner ranch,
Bee County, Texas (same as for C. anati
nus), Lapara Creek fauna; late upper
Miocene.
Range.-Late upper Miocene, early
lower Pliocene.
Distribution.-Texas Gulf Coast and
High Plains?
Referred material.-Upper P. 4-M. 3,
B.E.G. no. 30896-200 (Pl. 7, fig. 1) ; up
per milk dentition, B.E.G. no. 30896-187
(Pl. 6, fig. 2) ; lower milk dentition,
B.E.G. no. 30896-479 (Pl. 6, fig. 3).

Diagnosis.-Size intermediate to C.
anatinus and C. placidus; styles of upper
teeth delicate; ribs moderately prominent;
fossettes angular with some bifid and tri
fid plications; protocone shorter and hy
poconal groove more open than in C. anat
inus and C. placidus; lower molars with
reduced and deflected metastylids; me
dian valley of molars deep; parastylid
present ; pli caballinid absent; milk teeth
high crowned, heavily cemented; para
stylid present; hypostylid, protostylid and
pli caballinid absent.
Description.-The facial portion of the
skull is preserved in the type, but the bone
6

From Latin , the best, with reference to perfection of devel·

opmenl of thi s species.
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is crushed and leached so that little detail
can be seen. The anterior border of the
orbit is situated above the mesostyle of
M. 2. There is no indication of facial
foss;e.

Permanent upper dentition.-The up
per teeth of the type are well preserved
but lack most of the cement. Nothing is
preserved of the maxilla anterior to P. 2
so that presence or absence of P. 1 cannot
be determined.
The anterior projection of the second
premolar is less well defined than in C.
francisi. The mesostyle is similar hut the
anterior rib is a little more prominent and
the posterior rib a little less so. The fos
settes are narrower transversely and con
siderably longer antero-posteriorly. There
is no pli protoloph. There is a very small
triple pli protoconule and a slightly larger
pli prefossette. The postfossette is con
nected with the prefossette and is open
into the hypoconal groove. There are no
plications. The protocone is flattened
oval, small, and obliquely directed. There
is a very small pli caballin. The postpro
toconal valley is quite wide but not deep.
The hypocone closely approximates the
protocone in size, shape, and orientation.
The hypoconal groove closes about 5 mm
below the occlusal surface of the crown.
The parastyle and mesostyle of the third
premolar are high and rather blunt; the
intervening valley is deep and has a prom
inent rib as in C. francisi. The posterior
valley has a less prominent rib and is
shallow. The prefossette has no pli pro
toloph but a double pli protoconule and a
pli prefossette, the two enclosing a small
lobate lake. The postfossette has a very
long anterior horn but there are no inflec
tions. The protocone is an elongate oval
but shorter than in C. placidus and ori
ented as in the second premolar. The post
protoconal valley is wide and shallow with
only a faint inflection to mark the pli
cahallin. The hypocone is similar to the
protocone in all respects. The hypoconal
groove is enclosed by a long narrow proc
ess of the hypostyle.

The fourth premolar is like the third.
The first molar is very simple. There is
almost no isolation of the parastyle and
the mesostyle is very narrow. The fossettes
are uninffected except for a small pli post
fossette. The protocone is directed a little
more toward the hypocone than in the
premolars and is only slightly smaller.
There is no pli caballin. The hypoconal
groove is shallow and nearly eliminated.
It does not become enclosed as in the pre
molars when worn down but simply is
progressively less deeply incised so that it
disappears with wear.
The anterior valley of the ectoloph of
the second molar is much shallower than
in the first; consequently the mesostyle is
short as well as very narrow. The pre
fossette has the pli protoconule and pli
prefossette somewhat as in the fourth pre
molar. The postfossette has a pli post
fossette and a faint pli hypoloph. The pro
tocone is a little longer than on M. 1.
The hypoconal groove is deeper and tei
minates a little lower on the crown, about
two-thirds of the way to the base.
The third molar is prismatic and does
not expand posteriorly toward the base.
The external border is like that of M. 2.
The prefossette has a well-developed pll
protoconule and a triple pli prefossette.
The postfossette has a small pli postfos
sette and a moderately produced pli hy
poloph. The protocone is elongate and
flattened. The hypocone is small. The hy
poconal groove extends nearly to the base
of the crown. There is a small, posteriorly
open hypostylar fossette .
A second specimen, B.E.G. no. 30896
200 (Pl. 7, fig. 1), with P. 4 to M. 2, has
less worn teeth which preserve the inflec
tions of the enamel pattern more com
pletely than in the type. These are gen
erally similar to those of the type but are
better developed. The enamel walls are
ver y thin, and the plications are very deli
cate although rather complex; some are
bifid and others trifid. Specimens of C.
anatinus, C. regulus, and C. placidus do
not exhibit this character.
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Lower dentition.-The lower jaws be
longing with the type hear a separate cata
log number, B.E.G. no. 30896-530 (Pl. 6,
fig. 1). They were, however, collected with
the maxilla according to the field records,
where they are listed as a single specimen.
Both second premolars are missing as well
as most of the bone of the jaws. The teeth
are well preserved and are in the same
stage of wear as the uppers.
The paralophid of the third premolar
is long, nearly straight, and transversely
directed. It is narrow internally and there
is no inflection on the posterior face. The
floor of the metaflexid and entoflexid is
much as in C. anatinus. The metaconid is
more deflected than in C. anatinus and
more elongate. The metastylid is flattened
on its internal border and is more re·
stricted than the metaconid. The interven
ing valley is deep and sharply V-shaped.
The commissure is shorter than in C. anat
inus and is more transversely directed.
There is no spur on the entoconid, which
is large and not restricted. The hypoconu
lid is wider transversely than in C. anat·
inus hut does not protrude farther pos
teriorly. The protoconid has a small
sharply defined parastylid and is other
wise quite rounded. The median valley
has no pli cahallinid, is asymmetrically
V-shaped and is short. The hypoconid is
broadly rounded.
The fourth premolar is like the third.
The first molar has the paralophid
curved posteriorly at the tip. The meta
flexid is short and shallow. The meta
conid is rounded and strongly deflected.
The metastylid is little deflected and much
reduced. The intervening valley is deep
and V-shaped. The entoflexid is short and
very shallow. The entoconid is merged
with the hypoconulid, forming a rounded
pillar at the postero-internal border of
the tooth. There is a weak parastylid. The
protoconid is deep and short antero-pos
teriorly. The median valley is shaped like
those of the premolars but is long and
penetrates deeply between the reentrants
of the flexids. The hypoconid is broadly
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rounded and merges posteriorly with the
hypoconulid.
The metaconid and metastylid of the
second molar are more attenuated than
those of the first molar and the meta·
stylid is more deflected, so that the inter
vening valley is relatively very deep. The
median valley is shorter than that of M. l
and terminates more abruptly.
The third molar is less worn than the
second and has a small pli hypoconid. The
parastylid is more pronounced and the
median valley terminates more bluntly.
The hypoconulid is separated by a nar
row commissure as in C. francisi. A groove
is present on the inner side but it is so
reduced as to be almost microscopic.
DecUluous upper dentition.-A partial
maxillary, B.E.G. no. 30896-187 (Pl. 6,
fig. 2) , lacks the anterior half of the sec
ond deciduous premolar. The first molar
is present hut unworn. The deciduous teeth
are high crowned, transversely narrow,
and were well covered with cement, as in
dicated by remnants of it in the reentrants
where it has not been leached away.
The mesostyle of D. P. 2 is entire, low,
broad, and obliquely tru~ated. The pos
terior valley is shallow and has a poorly
defined rib. The postfossette is very nar
row transversely and elongate. There is a
small pli postfossette and a very small pli
hypoloph. Only the posterior part of the
protocone remains. It appears to have
been short and rounded. The hypocone is
small, elongate, and pointed. The hypo
conal groove is restricted by a blunt hypo
style and is closed about 2 mm below the
occlusal surface.
The third deciduous premolar is long
antero-posteriorly and relatively narrow
transversely. The parastyle is broad and
obliquely truncated. The anterior valley
is wide and shallow with a low, broad rib.
The mesostyle is narrower than in D. P. 2.
The posterior valley is shallow and
ribbed. The prefossette is narrow and elon
gate. There is a pli protoloph and pos
teriorly a number of minute plications in
terrupted by a small rounded enamel lake.
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The postfossette is less elongate and has
a double pli postfossette with no other pli
cations. The protocone is almost round
but is well separated from the hypocone
by a broad but shallow postprotoconal
valley. There is a minute pli caballin. The
hypocone is larger than in D. P. 2 but
flattened and pointed in the same-way.
The hypoconal groove is large and closes
about half-way down the crown. The hy
postyle is produced somewhat posteriorly
as in the fourth premolar of C. francisi.
The fourth deciduous premolar pre
sents the characteristics of the permanent
molars. The parastyle and mesostyle are
very much reduced. The protocone is
pointed at the tip and is oriented in a much
more fore and aft position. The hypoconal
groove extends nearly to the base of the
crown.
It may be of no importance but it is
nevertheless interesting to remark that, in
general, the third deciduous premolar pre
sents the characteristics of the permanent
premolar teeth and the fourth deciduous
premolar presents the characteristics of
the permanent molar teeth.

Lower deciduous dentition.-A single
lower jaw fragment with D. P. 2-M. I,
B.E.G. no. 30896-479 (Pl. 6, fig. 3), is
referred to C. optimus. The first molar
was removed and sectioned for compari
son with that of the type, with which it
agrees closely in size and in configuration
of the enamel pattern.
The paralophid of D. P. 2 is truncated
anteriorly and shaped much like P. 2 of
C. francisi. The floor of the metaflexid is
long and nearly flat. The metaconid is
large, lobate, and partially restricted. The
metastylid is elongate and directed back
ward. Both are rounded at their extremi
ties. The sharply V-shaped intervening
valley extends to the base of the tooth.
The entoflexid which curves up anteriorly
to meet the metastylid is otherwise elon
gate and uninflected. The entoconid is pe
culiar in that it does not project inter
nally but curves forward and outward, ter
minating in a blunt spur which approaches

closely to the metastylid. There is a faint
parastylid on the protoconid, which is
otherwise broadly rounded. The median
valley is shallow. There is no sign of a
pli caballinid fold. The hypoconid is half
oval. The hypoconulid is weak and is di
rected nearly transversely.
The third deciduous premolar has a
wide paralophid terminating in a sharp
tip. The posterior face bends into the
metaflexid; there is a rounded, externally
directed reentrant at the point where the
paralophid meets the floor of the meta
flexid. The floor of the metaflexid bends
slightly but is long, and posteriorly its
reentrant restricts the metaconid. The
metaconid is slightly larger and longer
than the metastylid, but both are rounded
terminally and neither is much deflected.
The entoflexid is long and straight as in
the permanent lower teeth of C. optimus.
The entoconid resembles that of D. P. 2
but is a little shorter. The parastylid is
strongly developed. The protoconid and
hypoconid are half-oval. The median val
ley is short, not reaching the reentrants of
the flexids. This appears to represent an
extremely progressive condition.
The fourth deciduous premolar differs
from the third in that the intervening val
ley is deeper and the metastylid is slightly
leaf-shaped as in the permanent teeth of
CaHppus. The median valley extends be
tween the reentrants of the flexids as in
the permanent molars but not deeply so.
Table 11. Measurements of Calippus optimus.

B.E.G. no. 30896-528 and 530, Type
Upper Dentition

P.2
P.3
P.4
M.l
M.2
M.l_

AP

Ta

17.4
16.0
15.6
13.5
15.0
14.6

14.2
16.5
16.5
14.8
14.6
13.0

CL

PL

PW

25.0
29.0
30.2
24.3
30.0
33.0

5.0
5.2
5.5
5.5
6.5
6.8

3.2
3.2
3.6
3.1
3.0
2.7

Length of premolar-molar series: 96.3 mm.
Length of premolar series: 52.0 mm.
Length of molar series: 44.0 mm.

39

Miocene Equidae, Texas Coastal Plain
Lower Dentition
CL

MM

P.3
15.3 9.2 19.0
P.4
16.1 9.2 26.0
M.l
14.0 8.2 19.5
M.2
15.4 7.8 24.0
M.3
18.2 7.4 30.0
Length of molar series: 49.7 mm.

8.8
8.5
6.4
6.6
6.6

AP

TR

B.E.G. no. 30896-200, Referred
Upper Teeth
AP

P.4
M.l
M.2

CL

PL

PW

18.0 17.2 37.5
16.1 14.3 33.4
17.5 14.7 36.5

TR

6.2
5.2
6.2

3.3
3.4
3.3

B.E.G. no. 30896-187, Referred
Deciduous Upper Dentition
AP

D.P.2
D.P.-f
D.P.4
MT

CL

PL

PW

12.2 14.4
20.4 14.6 15.3
20.3 13.0 17.8
17.0 14.0

TR

4.3
5.1
4.5

3.2
3.0
3.0

B.E.G. no. 30896-479, Referred
Deciduous Lower Dentition

D.P.2
D.P.3
D.P.4
M.l

AP

TR

CL

MM

19.0
19.7
20.5
18.5

8.3
8.2
7.5
7.0

12.0
13.0
14.5
30.0

8.5
8.5
8.3
7.3

the Lapara Creek fauna agrees closely
with premolars of C. placidus?, U. Ariz.
no. 42-A-49 (Pl. 7, figs. 4, 5), from Ains
worth, Brown County, Nebraska (Burge
equivalent of the Valentine formation).
The Lapara Creek tooth is perhaps a little
less hypsodont than the Ainsworth speci
mens, and the hypoconal groove remains
open a little farther down the crown.
A tooth from the Clarendon beds, T.M.
no. 255-12 (Pl. 7, fig. 6), Risley farm,
Donley County, Texas, which appears to
be a first molar, does not differ greatly
from the Ainsworth materials.

Deciduous upper dentition.-Three de
ciduous upper teeth of the right side and
a deciduous fourth premolar of the left
side, B.E.G. no. 30896-419 (Pl. 7, fig. 2),
appear to have belonged to one individual.
These differ from deciduous teeth assigned
to C. optimus in that they are slightly
larger, transversely wider, and have larger
protocones and more open fossettes. The
enamel walls of the teeth are thicker and
the plications less delicate than in C.
optimus.
Table 12. Measurements of Calippus cf. placidus.

B.E.G.no. 30936-160

CALJPPUS cf. PLACIDUS

Pl. 7, figs. 2-6

Type.-Left upper P. 2, U.S.N.M. no.
621, from Niobrara River near Fort Nio
brara (Valentine), Cherry County, Ne
braska; early lower Pliocene?
Range.-Late upper Miocene, early
lower Pliocene.
Distribution.-Texas Gulf Coast and
High Plains.
Referred material.-Left upper third
premolar, B.E.G. no. 30936-160 (Pl. 7,
fig. 3), Lapara Creek, Live Oak County,
Texas; upper milk dentition, B.E.G. no.
30896-419 (Pl. 7, fig. 2).
Diagnosis.-Largest of the species of
Calippus; protocone longer and plications
heavier than in the other species; upper
teeth less tapered than in C. optimus;
upper milk teeth wider transversely.
Upper dentition.-The upper P. 3 from

AP

P. 3

D.P.2
D.P.3
D.P.I

PL

PW

7.9

4.0

B.E.G.no. 30896-419
14.6 14.0 5.2
19.5 16.0 14.2 5.7
21.4 14.0 15.0 7.1

3.2
3.4
3.1

18.0

TR

CL

...... 37±

Calippus placidus, U. Ariz. no, 42-A-49

P . .§_

17.5 17.5 39.5

8.0

4.2

DISCUSSION OF GENUS CALIPPUS

The genus Calippus was proposed as a
subgenus of Protohippus by Matthew and
Stirton (1930). Later Stirton (1935) ele
vated Calippus to generic rank and in
1940 included only two species in the
genus, Calippus placidus (Leidy) and
Calippus regulus Johnston (1937). Calip
pus placidus has been considered an early
lower Pliocene species and Calippus regu
lus a late lower Pliocene species. These
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species have been used by various
authors, along with Nannippus and Astro
hippus, as examples of reversed trends in
evolution or degeneration of stature.
C. francisi of the middle Miocene Cold
Spring fauna is a little larger than C. anat
inus of the late Miocene Lapara Creek
fauna but is smaller than C. optimus of
the Lapara Creek or C. pfacidus of the
lower Pliocene. C. regulus of the late
lower Pliocene is larger than C. anatinus.
If a reversal of trend occurred in the ge·
nus Calippus it was of short duration and
only between C. francisi and C. anatinus,
provided C. francisi is taken as the direct
ancestor of C. anatinus. It is probable,
however, that C. anatinus was derived
from a slightly earlier stock than C. fran
cisi or from a closely related but smaller
contemporary form. It seems unlikely that
any reduction of size occurred in the genus
Calippus.
Astrohippus was probably derived from
C. francisi or a slightly earlier form and
has a subsequent history of increase in
size insofar as can be determined (p. 40).
The relationship of Nannippus and Ca
lippus has puzzled many workers, largely
because of the close similarity of C. pla
cidus (Leidy) and N. gratus (Leidy). The
dental morphology of N. gratus is closely
similar to that of Calippus, except for the
partially isolated protocones of N. gratus,
and it is extremely difficult to distinguish
between the two forms. Where upper teeth
of N. gratus have the protocone connected
they closely resemble those of Calippus.
The lower dentitions differ in that the
metaconid and metastylid are slightly
larger and of greater antero-posterior di·
ameter in N. gratus. On the other hand, N.
gratus and N. retrusus (Cope) 1889 differ
from other members of the genus Nan
nipus in having a closed hypoconal
groove, whereas it is completely open in
all other species of the genus. The two
species N. gratus and N. retrusus represent
a group distinct from the genus Nannippus
and closely related to Calippus (p. 42).

thew and Stirton) 1930, part of left maxil
lary with P. 2-M. 3, U. Cal. no. 30225,
from Coffee ranch quarry, 9.3 miles north
east of Miami, Hemphill County, Texas;
Hemphill fauna, middle Miocene.
Range.-Upper Miocene, middle Plio·
cene.
Distribution.-Texas Gulf Coast, Mex·
ico, southern High Plains.

Included species.-Astrohippus stocki
Lance, 1950.
Diagnosis.-Upper cheek teeth slender,
hypsodont, and straight crowned; enamel
pattern simple; fossettes transversely com
pressed and small; protocones variably
grooved internally and heeled anteriorly;
hypoconal groove closed nearly to sum
mit of crown; lower teeth with attenuated,
divergent metaconid and metastylid; on
molars metaconid and metastylid attached
by a long narrow commissure as in the
premolars; median valley not penetrating
between the reentrants of the flexids on
either premolars or molars; parastylid
present on early species, lost or nearly so
on late species.
ASTROHIPPUS CURTIVALLIS7 Quinn, new species

Pl. 7, figs. 7-9

Type.-Lower jaw fragment with P. 4
1\1. 2, B.E.G. no. 30896-196 (Pl. 7, fig. 9),
from Buckner ranch, Bee County, Texas
(same as for C. anatinus); Lapara Creek
fauna, late upper Miocene.
Range.-Late upper Miocene.
Distribution.-Texas Gulf Coast.
Referred material.-Two upper cheek
teeth (Pl. 7, figs. 7, 8).
Diagnosis.-Smaller than A. ansae;
paralophid short and thick; flexids long
and deep; metaconid and metastylid at
tenuated with metaconid longer than meta
stylid; entoconid elongate; parastylid
present; median valley of molars short·
ened; long narrow commissure between
reentrants of flexids as on premolars; pro
toconid and hypoconid flattened on mo
lars; referred upper teeth straight

Genus ASTROHIPPUS Stirton, 1940

Type species.-Astrohippus ansae (Mat

'l From Latin, curt.us, short, and vallis, valley. in reference to
the shortened median valleys of the lower molar teeth.
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crowned, slender; simple enamel pattern;
small compressed fossettes; protocone
without heel or groove.
Description.-The type of A. curtivallis
is of especial interest, for its characters
indicate close relationship with Calippus
rather than with Pliohippus or Equus.
The fourth premolar is unworn and was
sectioned 11 mm below the top of the
crown. The paralophid is short, thick, and
blunt, with no inflection on its posterior
face. There is a definite external angle at
the junction of the paralophid with the
floor of the metaflexid, which is nearly
straight and long, compared with that of
C. optimus. It forms a sharp angle with
the anterior leg of the commissure, which
is not curved as in C. optimus. The meta
conid and metastylid are about equally
restricted, nearly perfectly round, and
smaller than in C. optimus. The interven
ing valley is deep and sharply V-shaped.
The commissure is longer than in C. opti
mus and more anteriorly directed. There
is a small pli hypoconid. Otherwise, the
floor of the entoflexid is perfectly straight
and meets the entoconid with a narrow re
entrant angle. The entoconid is elongate
as in A. ansae and bears a weak spur. The
hypoconulid is narrow and curved inward
as in C. anatinus. There is a short para
stylid, which does not reach the summit of
the unworn crown, lacking about 8 mm.
The protoconid and hypoconid are about
as in C. optimus. The median valley is
short and broad.
The first molar differs from that of C.
optimus in having a considerably longer
metaflexid and a long, attenuated meta
conid which is not deflected. The meta
stylid is large and rounded rather than re
duced and attenuated as in C. anatinus and
C. optimus. The intervening valley is
broadly V-shaped and shallow. The meta
conid and metastylid are restricted from
the protoconid and hypoconid by a narrow
commissure as in C. anatinus and C. regu
lus. The median valley does not extend be
tween the reentrants of the flexids. The
protoconid and hypoconid are definitely
flattened externally.
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The paralophid of the second molar is
short, blunt, directed strongly backward,
and broadly inflected on its posterior face.
It meets the floor of the metaflexid with
a deep external inflection. The floor of the
metaflexid bulges inward and is quite
long. The metaconid and metastylid are of
nearly equal size and shape, restricted at
the base, elongate and attenuated, round
ed at the tips, and strongly deflected. The
intervening valley is deep and broadly
V-shaped. There is little change in the
shape and relationship of the components
of the column, proceeding down the
crown. The anterior reentrant of the ento
flexid approaches closely to the posterior
reentrant of the metaflexid forming a very
narrow commissure, separating the meta
conid and metastylid from the protoconid
and hypoconid. The entoflexid is very
long, shallow, and symmetrical. The ento
conid is subtriangular, with the spur de
flected inward. The hypoconulid is promi
nent and extends directly backward for
approximately 2 mm and is bent inward
at the tip. There is no indication of a hy
postylid. The parastylid is well developed
but is narrow and separated from the pro
toconid at the summit of the crown. The
protoconid is flattened but not to the ex
tent of the flattening in the hypoconid.
The median valley is short, obliquely
truncated, and forms a narrow neck, to
gether with the anterior part of the ento
flexid, which connects the hypoconid with
the protoconid. There is no sign of a pli
caballinid inflection. The hypoconid is ex
tremely compressed and elongate. Medi
ally on its external face there is a shallow
but definite groove.
The combination of characters, the un
reduced metastylid, the isolation of the
metaconid and metastylid by a narrow
commissure as in the premolars, and the
flattening of the protoconid and hypo
conid strongly suggest the relationship
with Astrohippus. Yet, the second of these
characters is found in C. anatinus and C.
regulus. The specimen is considerably
larger than C. anatinus and is excluded
from the species because of the unreduced
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metastylid in the molars. It is excluded
from C. optimus because of all three char
acters mentioned above. There is uncer
tainty regarding the lower dentition of C.
placidus, but insofar as can be determined,
the lower teeth of C. placidus are larger
than those of A. curtivallis and do not have
the shortened median valley of the molars.

Referred upper teeth.-A left P. 4,
B.E.G. no. 30936-353 (Pl. 7, fig. 7), L;.
para Creek, Live Oak County, Texas, is
tentatively referred to A. curtivallis. The
tooth is about the same size as those of
C. optimus, but it has a less complex
enamel pattern and is straighter crowned.
The fossettes are compressed as in A. an
sae. The hypoconal groove is closed to the
summit of the little-worn crown.
A second specimen, B.E.G. no . 30936-80
(Pl. 7, fig. 8), appears to be a third upper
premolar and may belong with the P. 4.
The tooth is smaller, more curved and t!l
pered, and has a more rounded protocone
than the P. 4, but the two teeth bear a
greater rese~blance to each other than
either does to any Calip pus teeth.
Table 13. Measurements of Astrohippus curti
vallis.

B.E.G. no. 30896-196, Type
AP

P. 4

M.I
M. 2

17.0
17.3
16.5

CL

MM

8.9 29.6
7.5 39.l
6.5 43.5

Ta

7.9
8.0
7.0

B.E.G. no. 30936-353
CL

PL

PW

P.4

16.8 15.5 35.0

5.5

3.0

P.~

B.E.G. no. 30936-80
15.7 14.9 27.0 4.5

3.1

AP

TR

Genus CRIPHIPPUS8 Quinn, new genus

Type species.--Criphippus gratus (Lei
dy) 1869, right upper P. 2, U.S.N.M. no
587, from Little White River, South Da
kota, probably late lower Pliocene.

Range.-Middle Miocene through lower
Pliocene.
8 From Greek, anything intricate or puzzling and horse,
hence puzzling horse, with reference to the enigmatic affinities
of the genus.

Distribution.-Texas Gulf Coast and
High Plains.
Diagnosis.-Slightly larger than Calip
pus; protocones oval and connected to
partly disconnected; hypoconal groove
closed nearly to summit of crowns; para
stylid present; pli caballinid absent or
vestigial.
GRIPHIPPUS species

A skull and lower jaw, B.E.G. no.
31183-41 (not figured), from near Good
rich, Polk County, late middle Miocene,
Cold Spring fauna, is referred to Grip
hippus. The skull and jaw belonged to a
young animal with a milk dentition and
the first molars erupted but unworn. The
molars are larger and shorter crowned
than those of Calippus francisi. In the
configuration of the enamel pattern they
resemble teeth of Griphippus gratus.
Nonetheless the protocones are connected
to the summit of the crowns. A number of
isolated upper teeth from the Cold Spring
fauna, all with connected protocones, ap·
pear to belong to the same species. It was
at first supposed the material belonged to
a form intermediate to Calippus and Nan
nippus, but it seems more reasonable that
the Cold Spring species descended from
the same stock as Calippus and is ancestral
to G. gratus and G. retrusus.
A number of upper teeth and five lower
jaws from the Lapara Creek fauna, late
upper Miocene, appear to belong to Grip
hippus. The upper teeth, like those of the
Cold Spring fauna, are shorter crowned
than are teeth of Calip pus. The protocones
are, however, partially disconnected and
except for their smaller size and shorter
crown height the Lapara Creek teeth com·
pare closely with those of G. gratus.

Discussion.-Leidy (1869) considered
C. gratus a Hipparion. He was concerned
about the similar appearance of teeth of
C. placidus which he placed in Protohip
pus and was not certain they did not be
long to G. gratus. This problem has con
tinued to puzzle taxonomists. The obvious
resemblance of G. gratus and Calippus
has seemed to be outweighed by the dis
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junct protocone of G. gratus which fur
nished the basis for including the species
in the Hipparion group. Although G.
species of the Cold Spring fauna is not
represented by sufficient material to estab
lish beyond question its position as a
direct ancestor of later species of Grip
hippus, there is little or no reason to sup
pose otherwise. It is to be hoped better
material will become available and a more
complete study will be possible in the near
future.
Tribe EQUINI Quinn, new tribe

Diagnosis.- Upper teeth with heavy
styles and deep valleys; pli protoloph
usually present; protocones elongate,
usually grooved and heeled, connected to
protoselene throughout in late forms,
partly unconnected in early forms; hypo
conal groove open or nearl y so; lower
teeth flattened transverse Iy; parasty lid
present in early forms, lost in late forms ;
pli caballinid on any or all lower cheek
teeth when present.
Included genera.-Hippotigris Smith;
Asinus Frisch; Equus Linnaeus.
Genus DINOHIPPUS9 Quinn, new genus

Type species.-Dinohippus leidyanus
(Osborn) 1918, skeleton, A.M. no. 17724,
from upper Snake Creek beds, Sioux
County, Nebraska; Hemphillian, middle
Pliocene.
Range.-Late Miocene, middle Pliocene.
Distribution.-High Plains, Texas Gulf
Coast.
Included species.- Dinohippus inter·
polatus (Cope) 1893.
Diagnosis.-Size large; fossae not
deeply excavated, malar fossa small or
absent; up-per teeth mildly curved, styles
heavy with deep valleys; pli protoloph
present ; preprotoconal groove deep,
p-rotocone elongate a n d sometimes
grooved internally on premolars, post
protoconal groove deep; hypoconal
groove closed at about middle of crown
and terminating at tip of hypocone; lower
teeth transversely compressed; metaconid
9

From Greek, deinos , power £ul ; hippos, h orse.
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large and unrestricted, metastylid small
and restricted; flexids large and deep;
median valley deeply excavated on mo
lars; hypo conulid of third molar grooved;
parastylid weak; no pli caballinid ; meta
tarsals long (240 to 265 mm).
DINOHIPPUS SUBVENUS 10 Quinn, new species

Pl. 8, figs. 1-8

T ype. - Right lower jaw lacking
symphysis and ascending ramus, B.E.G.
no. 31132-333 (Pl. 8, fig. 8), from Bridge
estate, 2.1 miles east and 1 mile south of
Normanna, Bee County, Texas. Fossils
occur in heavy cross-bedded sands inter
bedded with buff calcareous clays exposed
along a small arroyo about 0.5 mile west
and 0.25 mile south of the farmhouse;
Lapara Creek fauna, late upper Miocene.
Range.-Late upper Miocene.

Distribution.-Texas Gulf Coast.
Diagnosis.- Length of lower cheek
tooth series equal to that of D. inter
polatus; transverse diameter approxi
mately the same; metaconid, metastylid
and entoconid smaller and less closely ap
pressed to protoconid and hypoconid;
hypoconulid of third molar deeply
grooved internally; upper cheek teeth
similar in size to those of D. interpolatus
at summit of crowns but much more
tapered, more curved, less hypsodont;
styles heavy but less so than in D. inter
polatus; enamel pattern similar; ramus
considerably more slender.
Rarnus.- The type lower jaw, B.E.G.
no . 31132-333, lacks the anterior part of
the symphysis and the ascending ramus.
The lower border is broken and partly
missing, but otherwise the specimen is
well preserved. The jaw is more slender
than those of two specimens of the middle
Pliocene D. interpolatus, B.E.G. no.
30937-2 and B.E.G. no . 30937-3 (Pl. 8,
fig. 10), both fr om deposi ts 10 mil es
northeast of McLean, Gray County, Texas,
and that of a cast of D. interpolatus, U.
Cal. no. 30731, from the Hemphill beds,
Donley County, Texas. The smallest of the
10 From Lalin subvenire, to come under.
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three, B.E.G. 30937-3, compares closely
with the type of D. subvenus.
The symphysis appears slightly longer
than in D. interpolatus and aoout 8 mm
longer than in Pliohippus cf. pernix. The
alveolus indicates that the missing canine
was large. There is no sign of P. 1.

Lower dentition.-The second premolar
is long, narrowly triangular, and mod
erately cemented. The paralophid is long
with no parastylid. The metaflexid is deep,
short antero-posteriorly, and sharply
angular at both ends. The metaconid is
small and broadly triangular as in Proto
hip pus perditus. The metastylid is re
stricted at the base, deflected, and sym
metrically leaf-shaped. The entoflexid is
long and meets the posterior leg of the
commissure at an almost perfect right
angle. Posteriorly it forms a loop re
stricted by a small spur near the base of
the large, rounded, and unrestricted ento
conid. The hypoconulid is narrow and
bears a trace of a hypostylid. The hypo
conid is broadly rounded but distinctly
flattened externally. There is no pli cabal
linid on any of the teeth.
The third premolar bears a small para
stylid. The paralophid is straight and
blunt with a straight anterior border, not
curved as in Pliohippus. The metaflexid
is longer than in the previous tooth and
has a stronger antero-external angle. The
posterior border is recurved so that the
metaconid is partly open as in Pliohippus.
(In Hippotigris sellardsi and H. claren
donensis the posterior border of the meta
flexid curves inward toward the valley be
tween the metaconid and metastylid to
the extent that the anterior column may
be more restricted than the posterior.)
The metastylid is rounded and about half
the size of the metaconid. The anterior
border of the entoflexid sweeps out and
back from the metastylid so th~t the com
missure appears long and slanted for
ward. The floor of the entoflexid is weakly
chevron-shaped and meets the entoconid in
a small backwardly-directed loop. The
entoconid is large and rounded with no

spur. The hypoconulid is a little more
pronounced than on P. 2.
The metaconid of the fourth premolar
is considerably smaller and is more re
stricted than that of the third. The antero·
external angle of the metaflexid is con·
siderably more developed. The commis·
sure is narrower and the entoconid is
smaller and has a spur. The antero-ex
ternal border of the protoconid does not
bear a parastylid but it is strongly angular.
The protoconid and hypoconid appear
slightly flattened externally.
The first molar, relative to the fourth
premolar, is long antero-posteriorly and
compressed transversely. The paralophid
is thin and curved. The metaflexid is
shorter and not as deep as in the pre·
molars. Both the metaconid and meta
stylid are slightly flattened and elongate.
The metaconid is the larger and is less de
flected. The metastylid is slightly pointed:
The intervening valley is shallow and
sharply V-shaped. The entoflexid is short
and nearly symmetrical. The entoconid is
a little flattened internally but otherwise
rounded and without a spur. The proto
conid is rounded and short antero-pos·
teriorly. The median valley is deeply ex·
tended between the flexids. The hypoconid
is somewhat flattened. The hypoconulid is
narrower transversely than in the pre
molars.
The second molar is similar to the first
hut is perhaps slightly smaller. The meta·
conid and metastylid are decidedly
shorter antero-posteriorly.
The third molar is damaged. There is
a small pli hypoconid on the anterior
border of the entoflexid; otherwise, the
tooth is much like the other molars except
for an exceedingly elongate hypoconulid.
On its internal face the hypoconulid is
deeply grooved in its upper part. The
Hemphill species is similar in the elon·
gation of the hypoconulid, although the
third molar is much reduced in size com·
pared to the Lapara Creek species and the
hypoconulid is relatively shorter. The
groove is closed but still distinctly visible.
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In both specimens the hypoconulid is
transversely flattened.
Upper dentition.-The referred upper
teeth are much less hyposodont (from 15
to 20 mm) than those of D. interpolatus
and a little more curved. They are con·
siderably more tapered from top to bottom
of the crowns. Whereas the unworn or
slightly worn teeth have nearly the same
occlusal dimensions as those of D. inter
polatus, they become rapidly smaller with
wear so that they have a general appear
ance of being smaller teeth.
The parastyles on the premolars are
strongly developed as in H. sellardsi but
do not protrude so far anteriorly. The
mesostyles are high and widely angular.
The interstylar valleys are concave with
no ribs. The fossettes are large and quite
rounded on their lingual borders. Some,
hut not all , have a small pli protoloph.
There is a well-developed pli protoconule
and usually a pli postfossette. The prnto
cones are directed strongI y inward and
tend to have the shape of a wooden shoe.
Many specimens have an accessory fold of
the commissure protruding into the post
protoconal valley. The valley penetrates
deeply, posterior to a usually slender pli
caballin, extending beyond the lingual
borders of the fossettes, as in D. interpo
latus and the recent horses and asses. The
hypoconal groove closes rather high on the
crowns in both premolars and molars. The
nature of closure of this groove gives the
best available "spot check" character of
Dinohippus. At the point of closure the
hypostyle overlaps the tip of the hypocone
so that the groove terminates on the very
postero-internal border of the tooth (Pl.
8, fig. 7) . In every other genus available
for comparison the hypoconal groove ex
tends straight down the crown, whether it
closes high or low on the tooth, and does
not swing lingually onto the tip of the
hypocone.
The molars have distinctly narrower
styles than the premolars. The valleys are
less deeply excavated and there is a
greater tendency for the retention of ribs,
especially in the posterior valley. There

appears to be no pli protoloph. There is
little or no development of the pli cabal
lin. The protocone does not appear to
unite near the base of the crown with the
hypocone. Even on the third molar the
hypoconal groove appears to close well
above the base of the crown.
Table 14. M easurements of Dinohippus sub
venus.

B.E.G. no. 31132-333, Type
Right Lower Jaw
AP

TR

CL

MM

P.2
28.1 12.7 28.0
8.5
P.3
23.5 14.0 37.0 11.0
P.4
24.0 14.0 45.0 10.0
M.f
24.0 12.0 38.5 10.0
M.2
23.3 11.0 45.3 9.3
M.3
28.5 10.8 45.5
Length of premolar series: 78.0 mm.
Length of molar series: 77.0 mm.
Length of premolar-molar series: 155.0 mm.
Depth of ramus anterior to M.3: 70.5 mm.
Depth of ramus anterior to P. 3: 49.6 mm.
Length of symphysis: 26.5 mm.

Upper Dentition
B.E.G.

NO.

AP

TR

Premolars (3rd and 4th)
31132-24
26.5
31132-41
27.5 27±
26.1 26.1
31132-190
26.5 28.0
31132-267
26.1 24.5
31132-435
Molars Ost or 2nd)
27.0 26.5
30936-158
26.7 26.0
31081-625
Molars (3rd)
31170-86
25.0 21.7

CL

PL

PW

44.7
57.0
56.7
34.0
58.0

8.5
9.3
8.0

5.0
5.0
4.5

47.5
53.0

7.8
8.3

5.4
5.3

45.2

11.l

4.0

DISCUSSION OF GENUS DINOHIPPUS

The Hemphill species D. interpolatus
has been considered an advanced form
approaching Equus s. 1. in tooth char
acters. Lower Pliocene species of the
group have not previously been recog
nized, and it has been supposed D. inter
polatus was derived from a lower Pliocene
species of Pliohippus considered to rep
resent a less progressive stage in the evo
lution of these horses.
Three specimens of Dinohippus from
the Couch ranch, Blanco Canyon, Crosby
County, Texas, type locality of the lower
Pliocene Couch formation (Evans, 1949,
pp. 5-6) were tentatively identified by
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Meade (Evans, 1949) as belonging to
Pliohippus pachyops (Cope). Of these
specimens T.M. no. 947-4 (Pl. 8, fig. 9)
compares fairly closely with D. subvenus
and D. interpolatus. T.M. no. 947-6, not
figured, a crushed maxillary with little
worn teeth, has the characters of Dino
hi ppus. A skeleton, T.M. no. 947-2, has
the elongate metatarsals (251 mm) but
the teeth are too worn for comparison. The
second and fourth metapodials are present
with the articulated feet. The distal ends
of these are expanded somewhat, but there
is no sign of the lateral digits and the
animal was probably monodactyl. A
metatarsus from the Lapara Creek fauna
compares closely in size and proportions
with this material except that the distal
end of the second and fourth metatarsals
have well-defined articulations for the
lateral digits.

Dinohippus appears to have had a com
mon ancestry with Equus, Hippotigris,
and Asinus. The upper teeth resemble
those of Eoequus wilsoni, and Dinohippus
may well represent the least progressive
of the several genera derived from or near
the middle Miocene genus Eoequus.
Genus HIPPOTIGRIS Smith, 1841

Type species. ( Oustalet) 1882.

Hippotigris

grevyi

Included species.-Hippotigris osborni
(Frick) 1921, Hippotigris simplicidens
(Cope) 1893, Hippotigris stenonis ( Coc
chi) 1867, Hippotigris capensis (Broom)
1909, Hippotigris robustus (Pomel) 1853,
Hippotigris shoshonensis (Gidley) 1930,
Hippotigris burchelli (Gray) 1824, Hip
potigris zebra (Linnaeus) 1758.
Diagnosis.-Lower milk dentition with
parastylids and hypostylids; permanent
lower dentition with deflected metaconid
and metastylid, intervening valley deep
and sharply V-shaped; median valley on
molars penetrating between reentrants of
flexids which are widely separated and do
not form a definite commissure as in the
premolars; protocones of upper teeth
roughly triangular.

HIPPOTIGRIS SELLARDSJll Quinn, new species

Pl. 9, figs. 1, 2

Type.-Maxilla with upper cheek den
tition, B.E.G. no. 30896-503, from Buck
ner ranch, Bee County, Texas; Lapara
Creek fauna, late upper Miocene.
Range.-Vpper Miocene.
Distribution.-Texas Gulf Coast.
Referred material.-Three lower jaws,
ten upper and lower cheek teeth.
Diagnosis.-Size slightly smaller than
H. burchelli; upper teeth slightly curved;
styles heavy, valleys deep and concave,
weakly ribbed; protocones detached at
summit of crown, elongate, triangular;
postprotoconal valleys shallow; lower
teeth with large elongate metaconid and
reduced, leaf-shaped metastylid, com
missure of premolars connected with both;
median valley on molars penetrating not
deeply between reentrants of the flexids;
parastylid prominent; little or no indi
cation of a pli caballinid.
Up per dentition.-The type specimen,
B.E.G. no. 30896-503 (Pl. 9, fig. 1), con
sists of a set of upper cheek teeth, con
tained in a crushed maxillary, the bone of
which is almost completely gone. The
slightly worn teeth are nearly devoid of
cement, which has been dissolved away on
the exterior surfaces. The second premolar
of the type specimen has a weak parastyle,
a very strong anterior interstylar rib, and
a strong mesostyle. The posterior inter
stylar rib is also pronounced. The meta
style, much as in the Cape zebras, is more
prominent than is usual in Equus or H.
shoshonensis. The anterior border of the
tooth is less attenuated than in H. sho
shonensis but it is similarly restricted.
In the tooth B.E.G. no. 31132-132, there
is a small, nearly enclosed fossette, an
terior to the prefossette as in H. sho
shonensis (Gazin, 1936, p. 397, fig. 21).
The pre- and postfossettes are connected,
and the small enamel fold projecting from
11 Named for Dr. E. H. Sellards. Director of the Texas Me·
morial Museum, who initiated the p-rojecl of lhe State Wide
Mineralogical and Paleontological Survey of the Work Projects
Admiaislralion responsible for collecLion and preparation of the
specimens forming the basis of this paper.
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the ectoloph toward the metaloph seen in
Gazin's figures is present on the speci·
mens of H. sellardsi. The pli prefossette is
bifurcate; the pli postfossette is single.
The fossettes are narrow transversely and
sub-rectangular. The protocone is rounded
in the type and narrowly restricted. The
pli caballin is weak. The hypocone is
large, pointed at the tip, and restricted by
a prehypoconal groove as in H. sho
shonensis. The hypoconal groove is open
to 12 mm from the base of the crown in
the type and about the same in the referred
specimen.
The third premolar of H. sellardsi has
a very pronounced parastyle. The meso
style is high and wide and the interstylar
valleys are deep, flattened, and have weak
ribs. Both fossettes are flattened on their
lingual borders. There is a weak pli proto
loph on the prefossette and a strong pli
protoconule and pli prefossette isolating
an enamel lake between them as in some
teeth of Equus. The postfossette bears a
strong pli postfossette with a weaker sec
ond plication external to it. There is a
weak pli hypoloph. The protocone, nar
rowly restricted by a deep preprotoconal
groove, is round-oval, not concave lin
gually but protruding anterior to the com
missure, with a very slight indication of a
heel. The postprotoconal valley is narrow.
The pli caballin is well developed; it is
wide, blunt, and almost rectangular. The
hypocone is like that of P. 2 and the hypo
conal groove terminates at ~bout the same
point.
The fourth premolar differs but little
from the third; its plications are a little
less strongly developed although the tooth
is less worn than the third premolar. The
protocone of the fourth premolar is much
restricted, indicating that it was separated
at the top of the crown, and that the tooth
is only slightly worn.
The styles on the first molar are weaker
than are those on the premolars. The inter
stylar ribs are a little more prominent
than those of the second and third pre
molars. The pli protoloph has dis
appeared, hut otherwise the plications
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agree with those of the premolars, except
that they are less strongly developed and
there is no pli caballin. The protocone is
narrower and pointed sharply at the tip,
which approaches closely to the hypocone.
Anteriorly there is a weak hut sharply
angular heel on the protocone as in H.
shoshonenis. The lingual border of the
protocone is nearly flat, giving it a
uniquely triangular appearance, strikingly
like those of H. osborni (Frick, 1921).
The hypocone is directed more posteriorly
and does not protrude as far lingually as
does the protocone. The hypoconal groove
terminates as in the premolars on both the
first and second molars but extends to the
base of the third molar.
The second molar is much like the first.
Neither of them bears a pli caballin.
The third molar has the same plications
as the others. The protocone is not con
nected to the protoselene, as the tooth is
only slightly worn. There is a faint pli
caballin. Posteriorly there is a groove ex·
ternal to the hypoconal groove which ap
pears to represent the primitive hypo
stylar fossette. The tooth is not expanded
toward the base, and the posterior border
is concave but not deeply so.

Lower dentition.-Three lower jaws and
eight isolated teeth, collected from dif
ferent levels of the Lapara Creek fauna,
are recognized as belonging to H. sel
lardsi. The lower teeth of this form are
readily separable from those of other
groups by three 5triking characteristics.
Of these, retention of a strongly developed
parastylid is perhaps most noticeable. The
sharply pointed or leaf-shaped metastylid
and the elongate-lobate metaconid in the
molars are hardly less arresting. In the
late forms the parastylid is lost or nearly
so, but the resemblance of the metaconid
and metastylid pattern in H. sellardsi is
unmistakably preserved in H. osborni, H.
shoshonensis, and the African zebras.
The second premolar in B.E.G. no.
30896-541 (Pl. 9, fig. 2), a lower jaw
with a complete, moderately worn den
tition, is sharply triangular and truncated
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anteriorly. It resembles the second pre
molars of A. mexicanus (p. 52) and
H. shoshonensis; in both of these, how
ever, the tip of the tooth bears a narrow
projection. The paralophid is large and
rounded as in H. shoshonensis. There is a
weak parastylid as in the recent zebras
and some specimens of Equus. The meta
conid is relatively large and distinct. The
metastylid is strongly leaf-shaped. The
entoconid is very large and rounded with
a spur oriented as in H. shoshonensis. In
the hipparions this spur tends to point
forward and inward toward the metastylid,
and the entoconid tends to be narrow
transversely and long antero-posteriorly,
crowding very closely to the metastylid.
In Pliohippus the entoconid is much as in
Hippotigris, but the space between the
entoconid and metastylid is much greater.
Hippotigris approaches the hipparions
in this particular.
In the third premolar the paralophid
differs from that of H. shoshonensis in its
greater length. Both species have a similar
inflection on the posterior border of the
paralophid. There is a strongly developed
parastylid which is progressively lost in
later species. The metaconid and meta
stylid are subequal. The intervening val
ley is sharply V-shaped as in H. sho
shonensis. A noticeable difference between
the lower premolars of H. sellardsi and
later forms is found in the shape of the
entoflexid. In H. sellardsi the antero-ex
ternal border of the entoflexid is broadly
rounded, and the floor of the entoflexid,
posteriorly, is recurved so that the whole
presents a reversed sigmoid appearance.
In H. shoshonensis the floor of the ento
flexid is nearly flat, much as in Calippus
and Dinohippus. The protoconid and hy·
poconid are quite rounded in H. sellardsi
with only a faint suggestion of flattening.
Although no pli caballinid is seen on the
premolars or any teeth of the three lower
jaws referred to this form, some of the
less worn, isolated molars have a weak pli
caballinid inflection.
The fourth premolar does not differ
materially from the third.

The first molar differs from the pre
molars in its narrower transverse width,
shorter antero-posterior length of the
metaconid and metastylid, elongation of
the metaconid, reduction of the metastylid,
greatly reduced entoconid, and consider
ably greater space between the entoconid
and metastylid. The median valley extends
between the reentrants of the flexids but
not deeply so, resembling the Cape zebras
in this respect but not H. shoshonensis or
H. grevyi.
The metaconid of the second molar is
elongate and attenuate. This tooth bears a
striking resemblance to a tooth figured by
Frick (1921, p. 393, fig. 128) as Pliohip
pus osborni, insofar as the metaconid and
metastylid are concerned. The same con
figuration of the metaconid and metastylid
is also illustrated in H. shoshonensis
(Gazin, 1936, p. 303, fig. 22).
The third molar is generally similar to
the others except for the hypoconulid,
which is restricted from the entoconid by
means of a deep external groove and a
shallower, more posterior internal groove.
Table 15. Measurements of Hippotigris sel
lardsi. B.E.G. no. 30896-503, Type.

B.E.G. no. 30896-503, Type
Upper Dentition
AP

TR

CL

PL

PW

P. 2
P.3
P.4

25.5 20.3 32.0 6.4 4.7
23.5 22.5 39.6 7.2 4.4
23.0 22.0 46.5 7.8 4.7
M.l
20.5 20.7 39.5 7.7 4.7
M.2
21.4 19.9 46.4 8.2 4.6
M.3
22.0 17.4 45.3 8.3 3.8
Length of premolar series: 69.3 mm.
Length of molar series: 63.5 mm.
Length of premolar-molar series: 133± mm.

B.E.G. no. 30896-541, Lower Dentition
AP

Ta

CL

MM

P.2
23.7 14.5 14.5 10.1
P.3
21.4 14.8 21.0 11.8
P.4
21.1 14.7 29.0 11.3
M.l
19.5 12.0 24.0 9.6
M. 2
20.0 11.5 28.5 9.3
M.3
24.3 10.0 34.0 8.7
Length of premolar series: 69.3 mm.
Length of molar series: 66.2 mm.
Length of premolar-molar series: 137.0 mm.
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the entoflexid of H. sellardsi. Anteriorly its
border is interrupted by a small pli hypo
Type.-Right lower jaw with dentition, conid, which appears in teeth of H. sho
lacking P. 2, T.M. no. 255-29 (Pl. 9, fig. shonensis. The entoconid is slightly flat
5), from Adam Risley farm, southeast of tened lingually and more elongate antero
Goldston, Donley County, Texas, near posteriorly than in H. sellardsi. There is a
B.E.G. locality no. 30974; Clarendon strongly developed spur on the entoconid;
this spur is deflected lingually toward the
fauna, lower Pliocone.
metastylid. On the whole the entoconid in
Range.-Lower Pliocene.
H. clarendonensis is smaller than that of
Distribution.-High Plains.
H. sellardsi and tends to be restricted
Referred material.-Lower right M. 2, from the hypoconulid by deepening of the
intervening valley, a condition character
T.M. no. 255-7.
istic of the zebras. There is a prominent
Diagnosis.-Length of tooth row simi
parastylid not separated from the proto
lar to that of H. sellardsi, transverse diam
conid at the stage of wear of the teeth. The
eter of teeth less than that of H. sellardsi;
protoconid is rounded and the hypoconid
ramus considerably deeper; metaconid
is slightly flattened; the transverse di
and entoconid more restricted; antero
ameter of the teeth is considerably less
external angle of metaflexid deeper; pli
than in H. sellardsi. The median valley is
caballinid on M. 3; parastylids retained
shallow with no pli caballinid.
on all teeth.
The fourth premolar differs from the
Description. - Both the ascending third in that the metastylid is more typi
ramus and the anterior portions of the cally leaf-shaped. The entoconid is not
type jaw are missing. The length of the flattened lingually and the spur is much
tooth row is approximately equal to that reduced and is directed buccally.
of H. sellardsi. The depth of the ramus of
The paralophid of the first molar is
H. clarendonensis is about 15 mm greater narrow and curved back toward the meta
than that of H. sellardsi at the anterior conid. The metaconid is deflected lingually
border of the first molar. This increase of and is elongate as is common in the zebras.
depth of the ramus in H. clarendonensis The metastylid is strongly deflected lin
is no doubt indicative of the greater hypso gually; the intervening valley is deep and
donty of H. clarendonensis. It represents sharply V-shaped. The entoconid is small,
the most apparent difference between the widely separated from the metastylid, and
earlier and the later species.
is not elongate as in the later zebras. There
The paralophid of the third premolar is a well-developed parastylid; the proto
does not extend as far lingually as in H. conid and hypoconid are not flattened
sellardsi; it protrudes more strongly into buccally. There is no pli caballinid on the
the metaflexid. In both these characters first molar. The median valley is short
JI. clarendonensis is intermediate between and does not extend deeply between the
H. sellardsi and the later zebras, in which flexids.
The second molar is much like the first.
the paralophid is even shorter and pro
trudes more into the metaflexid. The meta The metaconid is perhaps slightly more
conid and metastylid in H. clarendonensis elongate and the entoconid is quite cer
is shorter antero-posteriorly than it is in tainly so. A referred specimen, T.M. no.
any of the specimens of H. sellardsi. The 25517, bears a weak pli caballinid, and
metastylid has the characteristic leaf the parastylid is separated from the proto
shape but less distinctly than in H. sel conid at the top.
The third molar is peculiar in having a
lardsi. In shape the entoflexid is inter
mediate between the earlier and later long, antero-externally directed process
forms; it is shallower transversely than on the metaconid. There is a distinct pli
HIPPOTIGRIS CLARENDONENSIS Quinn, new s pecies

Pl. 9, fig. 5
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caballinid and pli hypoconid. Internally
the hypoconulid is restricted by a deep
groove characteristic of Equus.
A partial lower dentition from the
Burge quarry, Valentine, Nebraska, U.
Cal. no. 32240 (Pl. 9, fig. 4), appears to
be intermediate between H. sellardsi and
H. clarendonensis. The configuration of
the enamel pattern resembles that of the
latter more closely than the former. The
transverse width of the teeth is inter
mediate between the two. The anterior
border of the second premolar is truncated
precisely as in H. sellardsi, and similarly
the tooth bears a parastylid. Unfortu
nately, the Burge specimen is so broken
that the depth of the jaw cannot be as·
certained.
Table 16. M easurements of Hippotigris claren
donensis.

T.M. no. 255-29, Type, Lower Jaw and
Dentition (Clarendon)
AP

TR

CL

MM

P.2
P.3
P.4

22.8 12.4 33.5± 10.0
33.5 12.5 37.5± 10.2
M.l
22.5 10.8
9.2
M.2
23.5 10.2
9.0
26.0 8.6 41.0 9.7
M.3
Length of molar series: 71.2 mm.
Depth of ram us at anterior border of M. l: 63.5
mm.
U.Cal. no. 32240, Partial Dentition (Burge)

P. 2
25.0 12.2 29•
22.8 13.2 38*
P. 3
22.2 13.1 42*
P. 4
M. l
22.0 11.0 37•
Length of premolar series: 70.5 mm.

6.4
11.1
11.0
8.8

• Estimated.

HIPPOTIGRIS PARASTYLUS" Quinn, new species

PI. 9, fig. 3

Type.-Left ramus, B.E.G. no. 31132
459 (Pl. 9, fig. 3), from Bridge estate, 2.1
miles east and 1 mile south of Normanna,
Bee County, Texas; Lapara Creek fauna,
late upper Miocene.
Range.-Late upper Miocene.
Distribution.-Texas Gulf Coast.
Diagnosis.-Larger than H. sellardsi;
12

With reference to the parastyle which is strongly develope:d .

commissure of lower premolars arises
from metaconid, which is directed
strongly anteriorly and extremely long;
antero-external angle of metaflexid prom
inent; median valley penetrating more
deeply between the reentrants of flexids
than in H. sellardsi; hypoconulid of third
molar elongate.

Description.-The tooth pattern of H.
parastylus is closely similar to that of a
lower jaw (Stirton, 1939) from the late
Hemingfordian Pinole beds of California,
referred by Stirton (1952) to Pliohippus
coalingensis. The Pinole jaw is much
larger than that of H. parastylus, espe
cially in the transverse diameter of the pre
molars, and lacks the pronounced para
stylid. A peculiar character of these speci
mens is a long, forwardly slanting com
missure on the premolars, which arises
entirely from the metaconid. Both H. para
stylus and the Pinole horse have a pli
hypoconid.
Lower dentition.-The third premolar
is damaged anteriorly, but the posterior
face of the paralophid is preserved, to
gether with the posterior face of the pro
nounced parastylid. The posterior face of
the paralophid bends slightly into the
metaflexid as in H. shoshonensis. The
metaconid is more elongate in H. para
stylus than in the Pinole jaw; the restric
tion of the metastylid is about the same.
The commissure is very long and narrow,
slanted strongly forward, and connected
entirely with the metaconid, as in H.
grevyi. The entoconid is restricted by a
deep internal groove but not to the extent
seen in the Pinole specimen. The hypo
conulid bears a very narrow and long in
wardly projecting process, characteristic
of H. grevyi and H. shoshonensis. There is
little or no development of the hypostylid.
The protoconid and hypoconid are
rounded in H. parastylus in contrast to
their flattened faces in the later forms.
The fourth premolar differs from the
third in that the inner face of the para
lophid is straight and slanted forward, in
contrast to species of Pliohippus and Dino
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hippus where the paralophid slants back
or is pointed directly inward. The antero
external angle of the metaAexid is pro
duced outward quite strongly but is
rounded rather than sharply angular as in
H. grevyi and Equus. There is a single
inflection of the anterior border of the
entoflexid in contrast to a triple one in the
Pinole specimen. There is little or no sign
of the pli cahallinid. The entoconid bears
a long spur as in the Pinole specimen.
The first molar is badly damaged. The
metaconid is attenuate and extremely
elongate. The metastylid is short and de
flected.
The second molar is complete. The para
lophid is short in contrast to Pliohi,ppus
and Dinohippus and a little curved but
directed forward so that there is a wide
space between it and the metaconid. The
floor of the metaAexid is bowed nearly
symmetrically inward as in H. claren
donensis. The metaconid is much more
elongate and attenuate than in H. claren
donensis or H. sellardsi, but similarly,
the metastylid is small and deflected. The
median valley, however, penetrates much
more deeply between the Aexids. The elon
gate metaconid of H. parastylus resembles
that of H. osborni (Frick, 1921). The
entoAexid bears a small pli hypoconid and
is otherwise nearly straight. The ento
conid is small and not restricted. The
hypoconulid is narrow and directed
postero-internally. The anterior border of
the protoconid is symmetrically rounded
but interrupted by a prominent parastylid.
The median valley is deep and directed
forward as in the Pinole specimen. The
hypoconid is broadly rounded and com
pressed but not flattened.
The third molar of H. parastylus was
sectioned and compared with Merriam's
(1915) figure of a third molar associated
with the type of P. coalingenis, which is
a fourth upper premolar. The third molars
agree closely, except for the parastylid
and a lingual groove on the hypoconulid
of H. parastylus. There is no assurance
that the lower tooth described by Mer

riam belongs with his type, and he did
not so place it.
Table 17. Measurements of Hippotigris para
stylus.

B.E.G. no. 31132-459, Type
AP

TR

CL*

MM

P.3
P.4
M.l
M.2
M.3

12.7 32
12.0
25.0 12.1 33
12.0
23.2 11.l 35
10.5
10.1
24.6 9.9 40
28.5 9.4 44
9.5
Length of molar series : 80 mm approximately.

* Crown

lenglhs are approximate .

DISCUSSION OF GENUS HIPPOTIGRIS

The morphologic similarity of the
zebras, asses, and horses has led more
conservative taxonomists to group the
three forms within the single genus Equus.
Other workers have insisted from time to
time on recognition of the three forms as
distinct genera. Addition of a fourth
group, the New World species distin
guished as Plesippus (Matthew, 1924),
has not provided a solution to the problem.
Boule (1899) considered the Old World
Pleistocene species Equus stenonis Cocchi
as representing in part the zebras and in
part the horses. He thought E. stenonis to
be a zebra closely ancestral to H. burchelli
with associated variant forms which grade
imperceptibly into Equus. Hopwood
(l 936, p. 909) expressed the opinion that
the known members of the zebra group
could not have been ancestral to the horse
because both groups occur side by side in
the lower Pleistocene beds of both Europe
and Asia. McGrew (1944) stated that the
Blancan horse Plesippus cannot be sep
arated super-specifically from the African
Hippotigris, and that Plesippus is there
fore a synonym of Hippotigris. Subse
quent workers have been reluctant to ac
cept these views, since they would in effect
deprive Equus of a late common ancestry
with the zebras and a phyletic connection
with the Pliocene genera. Recognition of
Miocene ancestors for Equus as well as
Hippotigris disarms the argument that
Equus and Hippotigris must have been de
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rived from Plesippus, which in turn must
have been derived from Pliohippus.
The recent zebras H. burchelli and H.
zebra of South Africa, sometimes re
ferred to as the Cape zebras, are morpho
logically distinct from H. grevyi, the equa·
torial zebra, in color pattern, behavior,
and in size. There are certain minor dif
ferences in the dental morphology such as
to permit distinction of the two groups. In
general the enamel pattern of the upper
teeth of H. grevyi is more Equus-like; in
the lower premolar teeth the commissure
of the metaconid and metastylid arises
from the metaconid as in Equus, but the
median valley on the molars extends
deeply betwe.en the reentrants of the
flexids. This is also true of the Cape zebras,
but the median valley does not extend as
deeply as in H. grevyi, and the commis
sure on the premolars arises equally from
the metaconid and metastylid.
The American Pleistocene species H.
simplicidens is not distinguishable from
H. capensis of Africa or H. robustus of
Europe and Asia, insofar as is indicated
by published information and in con
sideration of taxonomic criteria commonly
used for classification of related groups.
Comparison of the dentitions of H. grevyi
with those of H. shoshonensis fails to dis·
close morphologic differences of the mag
nitude employed in separating other
species of the genus.
There appear to be, therefore, at least
three recognizable sub-groups in the genus
Hippotigris. It is not intended here to
establish three such groups, but merely to
point out the indicated relationships of
the members of the genus.
The Pleistocene and recent members of
Hippotigris represent a segment of a far
longer phylogenetic history. This is at
least partly borne out by H. sellardsi and
H. parastylus of the Lapara Creek, for H.
sellardsi seems to belong with the Cape
zebra group and H. parastylus with the
ll. grevyi group, the relationships indi·
cating an initial divergence of these forms
in late Miocene time. Among the lower

Pliocene species referable to the genus,
H. osborni appears to belong with the
Cape zebras but seems less close to them
morphologically than does H. sellardsi.
Stirton's Pinole specimen seems to be in·
termediate between H. parastylus and H.
shoshonensis. The similarity of H. sho
shonensis to H. grevyi and the apparent
identity of H. simplicidens, H. capensis,
and H. robustus are indicative of an evo~
lutionary change far slower than would be
necessary for the divergence of the zebras
and horses in Pleistocene time. These two
factors, evidence of early divergence sup·
ported by H. sellardsi and H. parastylus,
combined with the close similarity of some
New and Old World Pleistocene and Re
cent forms, furnish a strong hypothesis
that the apparent similarity of the Pleisto·
cene and Recent zebras and horses is to be
explained by much slower and more
closely parallel evolution than has pre
viously been supposed.
The Pliocene and Miocene species here
assigned to Hippotigris are more primi
tive than the Pleistocene and Recent
species. On the one hand, it may be that
the earlier group could and should be
separated generically from the later. On
the other hand, there is something to be
said for recognizing the vertical relation
ships of the earlier and later forms. Less
confusion and certainly a smaller number
of taxonomic categories should result
from extending the vertical range of a
genus as far as may be feasible.
Genus ASINUS Frisch, 1775

Included species.-Asinus mexicanus
(Lance) 1950, Asinus cumminsi (Cope)
1893, Asinus francisi (Hay) 1915.
Range.-Late Miocene, Recent.
Distribution. World.

North

America,

Old

Diagnosis.-Lower milk dentition with
parastylids and hypostylids weak or ab·
sent; lower permanent dentition with an·
terior border of metaflexid produced out·
ward in a deep sharp angle exceeding
either Equus or Hippotigris; metaconid
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directed inward and then forward, elon
gate and flattened internally, metastylid
deflected, restricted, and rounded inter
vening valley V-shaped as in the' zebras
but less deeply so; entoconid rounded and
restricted; hypoconulid prominent and
with a hypostylid; pli caballinid present;
median valley of molars variably
shortened and not protruding beyond the
reentrants of the flexids which form a short
narrow commissure; upper permanent
teeth with small fossettes; small enamel
inflections; protocones excessively flat
tened and concave internally in late
species; metapodials slender.
Discussion.-Vseful criteria for sep
arating the zebras and horses are the pres
ence of parastylids and hypostylids in the
milk dentition and a V-shaped groove be
tween the metaconid and metastylid of the
zebras as opposed to a U-shaped groove
and the lack of parastylids and hyp<>
stylids in the milk dentitions of the horses.
In respect to these criteria, Asinus is inter
mediate to the horses and zebras (McGrew
1944). Nonetheless Asinus appears to re
semble Equus more than Hippotigris in
the enamel patterns of the lower teeth ex
cept for the V-shaped groove of the meta
conid and metastylid. Certain species,
mainly Pleistocene, which do not clearly
belong to either Equus or Hippotigris but
express these intermediate characters are
thus referable to Asinus.
The upper teeth of Asinus are dis
tinguished by a square appearance of the
occlusal surface of all but the second pre
molar and the third molar. Externally the
styles are lower and the valleys shallower
than in either Equus or Hippotigris. The
fossettes appear smaller and the plications
of the fossettes are delicate in that they
do not protrude so far into the fossettes
as in Hippotigris and Equus. In most
specimens the protocone is much com
pressed transversely and deeply concave
internally.
The lower cheek teeth are distinguish
able by the deep, sharp angle of the antero
external border of the metaflexid; the
tendency for the metaconid to be deflected

53

at its base and then projected anterior! y;
the combination of the V-shaped groove
between the metaconid and metastylid and
the shortened median valley on the molars.
The lower milk dentition has the para
stylid and hypostylid less pronounced
than in Hippotigris and on most teeth con
fined to the lower part of the crowns.
A single lower premolar, B.E.G. no.
31132-496 (Pl. 9, fig. 6), from the Lapara
beds, Normanna, Bee County, Texas, ap·
pears referahle to Asinus. This specimen
is considerably larger than any others in
the Lapara Creek fauna and resembles A.
mexicanus. The metaconid and metastylid
are much smaller than in A. mexicanus,
and the anterior angle of the metaflexid is
less pronounced. The tooth differs from
those of Dinohippus, which approach it
most closely in size, in its more flattened
protoconid and hypoconid and the re
tention of a fairly prominent parastylid.

If all the material illustrated by Lance
(1950) belongs to Asinus mexicanus, it
presents characters of both the zebras and
asses. Some of the milk lower dentitions
have parastylids and hypostylids and
others do not. Some of the lower molars
have shortened median valleys and others
do not. Since some of the specimens of A.
mexicanus are thus specialized beyond the
condition found in any Pleistocene zebra,
it seems that the less specialized specimens
are to be considered as retaining primitive
characters or that the fauna is mixed and
some of the material rep·resents Hippo
tigris. Lance pointed out the fauna con
tains two forms, one of which has longer
metapodials than the other. In consider
ation of the correspondence of the enamel
pattern of the upper teeth with later mem
bers of Asinus, together with the charac
ters discussed above, reference of A. mexi
canus to the genus appears justified.
Among the American Pleistocene horses
A sinus francisi (Hay, 1915) perhaps
agrees most closely with the Old World
species. A. cumminsi of the Blanco differs
from H. simplicidens in its smaller size
and in its shortened median valley.
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Genus EOEQUUS Quinn, new genus

Type species.-Eoequus wilsoni Quinn,
new species, skull, B.E.G. no. 31183-30;
mandible, B.E.G. no. 31183-37; left P. 2,
B.E.G. no. 31183-66, believed to represent
one individual, from 3 miles northwest of
Goodrich, Polk County, Texas; Cold
Spring fauna, late middle Miocene.
Range.-Middle Miocene.

Distribution.-Texas Gulf Coast.
Diagnosis.-Same as for the species.
EOEQUUS WILSONI" Quinn, new species

Pis. 10-13

Type.-Skull and mandible with dis
associated P. 2, B.E.G. nos. 31183-30 37
66 respectively (Pls. 10-13).
' '

Diagnosis.-Size large; teeth robust
and heavily cemented, high crowned, mod
erately curved; styles pronounced, valleys
deep, ribs reduced; fossettes large with
pli protoloph and pli hypoloph; proto
cones elongate, heeled anteriorly, grooved
lingually, oriented with long axis of tooth
row, disconnected at summit of crowns but
with long spurs connecting as narrow com
missures about 10 mm below unworn sum
mit of crowns; lower teeth with unequal
metaconids and metastylids; protoconids
and hypoconids slightly flattened; in
cipient pli caballinids on all teeth; para
stylids on all teeth.
Description.-The skull of the type
lacks only the first and second incisors.
The third is in place but unerupted. The
cheek teeth are in the wear stage of an
animal about four years old.
In general the skull of E. wilsoni is
shorter and broader, proportionately, than
is that of Equus. The anterior border of the
orbit is situated above the anterior face of
M. ~· a little more forwardly placed than
in Equus. The transverse midline of the
skull in Equus falls across the hypocone of
the second molar, while in Eoequus it
falls across the hypocone of the first mo
lar. The total length of the cheek tooth
row amounts to about 35 percent of the
13 Named for Dr. John A. Wilson, Departmenl 6( Geology
The University of Texas, Austin, Texas.
'

length of the skull in Equus, in Eoequus
wilsoni, 40 percent. The teeth of E. wilsoni
are proportionately larger than those of

Equus.
The facial region in the type is crushed
vertically, obscuring the area of the lach
rymal fossa, which appears to have been
rather deep. There is evidently no malar
fossa.

Up per dentition.-The first and second
incisors are missing, but the two third in
cisors are present and at the point of
eruption. These are evidently short
crowned, because they are oriented almost
transversely in the premaxillary. The teeth
appear large, the antero-posterior diameter
nearly equalling that of an unworn third
incisor of Equus. The occlusal surface is
reniform with a small notch or groove near
the postero-internal border. There is no
heel on the third incisor as in Equus.
No canine was found, but a probable
alveolus for the deciduous canine is pres
ent. The bone on the left side is broken
away so that if the permanent tooth were
present it should be visible within the
maxillary bone; the fact that it is not in
dicates the animal was a female.
The first pi"emolars are missing in the
type. The bone is damaged so that former
presence of the teeth cannot be definitely
determined.
The second premolar bears, on the an
terior border of the ectoloph, a long at
tenuated process as in Equus. Although
this process has no analogue on the suc
ceeding teeth, it has not been separately
named. It belongs with the ectoloph and
is an anterior projection of the parastyle.
A similar process is seen in Equus and
Hippotigris.
The parastylar ridge is not prominent.
The rib, between it and the mesostyle, is
well developed as in H. sellardsi. The
mesostyle is low and rather broad. The
posterior valley is shallow but not ribbed.
The lophs and cones are not connected at
the present stage of wear, and the enamel
pattern is simple. The pli protoloph is well
developed as is the pli caballin. There is a
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short spur on the otherwise rounded proto
cone. The hypoconal groove extends
nearly to the base of the tooth.
The third premolar is remarkably high
crowned and robust. The parastyle is very
heavy. The mesostyle is high. The anterior
valley is concave and deep; the posterior
valley is shallow and wider and both are
without ribs. The fossettes are large and
not completely closed. In the prefossette
there is a pli protoloph, a bifurcate pli
protoconule, and a large pli prefossette.
The postfossette contains a pli postfossette
and pli hypoloph. The protocone is elon
gate, heeled anteriorly, concave internally,
obliquely pointed posteriorly, oriented
with the long axis of the tooth row, and
bears a long narrow spur directly trans
versely. The pli caballin is large. The hy
pocone is restricted by a prehypoconal
groove. It is concave internally with the
posterior end directed inward. The hypo
conal groove is large and partly enclosed
by a hypostyle which unites with the hypo
cone somewhat more than half-way to the
base of the crown.
The third premolar of the right side was
removed from the skull and sectioned at
the point of union of the protoconal spur
and the protoselene, which is ab<mt 8 mm
below the summit of the crown. The sec
tion (Pl. 11, fig. 3) clearly indicates the
Equus-like configuration of the enamel
pattern of the tooth. The shape and orien
tation of the protocone are especially
striking.
The fourth premolar does not differ
appreciably from the third except that the
protocone connects a little higher and the
hypoconal groove is closed a little lower
on the crown.
The parastyle and mesostyle of the first
molar are narrower than on the premolars.
The valleys are a little shallower, with a
weak rib in the posterior one. The pre·
fossette has no pli protoloph but a strongly
developed pli protoconule. The postfos
sette bears a strong pli postfossette and pli
hypoloph. These restrict the lingual por
tion of the postfossette into a subrounded
loop characteristic of the pattern in Equus.

SS

The protocone is elongate, narrow trans
versely, pointed posteriorly, and with a
feeble, angular, anterior heel. Lingually
the column is flattened but not concave as
in the third and fourth premolars. Con
nection is made with the protoselene by
means of a narrow commissure. The pli
caballin is large and persistent. The hypo
cone is elongate and flattened lingually.
The hypoconal groove is partially ob
structed by a thick, short hypostyle which
does not unite with the hypocone. In this
E. wilsoni agrees very nearly with the con
dition described by Gazin (1936, p. 299)
for H. shoshonensis.
The second molar differs from the first
in having a pli protoloph and a pli pre
fossette which, with the pli protoconule,
tends to isolate a large enamel loop. Pos
teriorly an open hypostylar fossette is re
tained. The hypostyle does not project into
the hypoconal groove. The protocone is
slightly concave lingually and longer
antero-posteriorly than is that of the first
molar. It does not bear a heel anteriorly
but the border is rather angular.
The third molar is unworn but com
pletely formed. The ectoloph is more
strongly ribbed than on the previous teeth.
The plications ·appear similar to those of
the second molar. The protocone is un
worn and markedly grooved on its lingual
face. There is no hypostylar fossette and
the hypoconal groove is restricted by the
hypostyle but remains open to the base of
the crown.

Lower jaw and dentition.-The lower
jaw is long and slender, its ventral border
moderately curved anteriorly and not
deeply incurved below the posterior mo
lars. The bone at the border of the angle
is thin, a little incurved, and rises to meet
the condyle in a nearly straight line. Pos
terior to the third molar the ascending
ramus curves steeply but not abruptly up
ward. The coronoid is broad and probably
short, but this is not conclusively determi
nable, for the dorsal end is missing. The
jaw is not unlike that of a specimen of
Equus of similar age, except that there is no
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broad flange on the internal border of the
angle.
The teeth do not resemble those of Equu~
in detail, but they possess all the structures
to be found in Equus. They are heavily ce
mented, larger and more hypsodont than
any others in the Cold Spring fauna, and
all bear an incipient pli caballinid.
The second premolar has a narrow an
terior projection as in Hippotigris and
Equus. There is a pronounced parastylid
externally and a small rounded paralophid
internally. The metaflexid is rather long;
its floor is sharply chevron-shaped. The
metaconid is small and has an antero-ex
ternal spur; it touches the posterior por
tion of the protoconid but is not fused. The
metastylid is roughly rounded and is con
nected to the metaconid by a narrow isth
mus. The entoflexid is interrupted anteri
orly by a prominent pli hypoconid and
posteriorly by a similar enamel inflection.
The hypoconid appears to be greatly ex
tended lingually; at its posterior end it is
deflected forward and terminates in a pos
teriorly directed swelling. Anteriorly a nar
row bar is directed toward the median val
ley and is attached to the hypoconid; this
represents the entoconid and its anteriorly
directed spur. The hypoconulid is a flat
tened, detached column. A little lower on
the crown the entoconid is expanded and
the spur is reduced. The deflected portion
of the hypoconid becomes a narrow com
missure connecting the entoconid to the
now fused hypoconulid and hypoconid.
The protoconid is asymmetrically triangu
lar. There is a weak but well-defined pli
caballinid in the median valley. The hypo
conid is distinctly flattened .
The third premolar has a prominent
paralophid, which is sharply pointed at the
lingual edge and not posteriorly curved.
There is a prominent but narrow parasty·
lid which lacks 10 mm of reaching the
summit of the crown. The posterior border
of the paralophid is not inflected and meets
the chevron-shaped floor of the metaflexid
at a sharp angle. The metaconid is flattened
and attenuated anteriorly and approaches
the paralophid. The metastylid is strongly

constricted at its juncture with the meta
conid and is shaped much as in Equus. The
intervening valley bears a very faint lin
qually directed enamel inflection. In a con
temporary specimen considered to belong
to N eohipparion this fold is large. Other
wise the intervening valley is broad and
rather rounded and becomes quite shallow
toward the base of the tooth. The meta
conid and metastylid are attached to the
posterior end of the protoconid by means
of a long narrow commissure which bears
a very weak enamel plication on its ante·
rior face. This plication is found in Equus
and Hippotigris and is strongly expressed
in the hipparions. It does not appear to
occur in Pliohippus, Protohippus, Calip
pus, or Griphippus. The protoconid is
slightly flattened externally. It is not at
tached to the hypoconid more than half
way down the crown. There is a weak pli
caballinid opposite a pli hypoconid. Pos
teriorly there is a similar fold extending
into the entoflexid. The hypoconid is
broadly rounded but is very slightly flat
tened externally.
In the fourth premolar the paralophid at
the summit of the crown is very thin. The
protoconid and hypoconid are noticeably
flattened, and although they are not con
nected medially, the hypoconid does not
extend as far toward the metastylid as it
does on P. 3.
The first molar has a short, posteriorly
curving paralophid which joins the floor
of the metaflexid with a rounded border
much as in Hippotigris sellardsi and H.
shoshonensis. The parastylid reaches the
summit of the crown at the stage of wear
exhibited. The metaconid is short and
rounded. The metastylid is slightly atten
uate and considerably the smaller of the
two . Both are deflected as in Hippotigris
with a deep V-shaped intervening valley.
There is a well-defined pli hypoconid as in
some specimens of Recent Equus; other
wise the entoflexid has a nearly flat floor
much like that of Hippotigris. The hypo
conulid is prominent as in Hippotigris.
The protoconid and hypoconid are round
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ed but not prominent, so that the tooth ap
pears quite narrow transversely. There is
a weak pli caballinid, and the median val
ley extends well inward between the flex
ids, nearly reaching the internal valley be
tween the metaconid and the metastylid.
The two limbs of the loop near its end
are closely appressed and do not present a
broad angle as in N eohipparion and Plio
hippus.
The second molar is much like the first.
The paralophid is slightly inflected near
its juncture with the floor of the metaflex
id, which is chevron-shaped as in Hippo
tigris and Equus but relatively less
elongate. The metaconid and metastylid
are narrower antero-posteriorly than in the
previous tooth; the distance between the
entoconid and metastylid is somewhat
greater. The pli hypoconid is more pro
nounced, as is the pli caballinid.
The third molar is unworn. Probably
the most significant characteristic of this
tooth is the development of the hypoconu
lid. The external groove between the hy
poconid and hypoconulid is very deeply
incised as in Equus, where it is perhaps
more prominent than in any other genus.
Table 18. Measurements of Eoequus wilsoni.

B.E.G.no.31183-30,Type
Upper Dentition and Skull
AP

TR

CL

PL

PW

P .2
25.3 18.6 35.5 4.8 3.2
25.2 23.0 43.7 7.3 3.2
P.3
P.4
24.0 22.5 45.3 6.5 3.5
M. f
22.2 21.0
7.4 3.7
7.8 3.0
M.2
21.7 20.5
8.8
M.3
20.0
Length of premolar series: 71.0 mm.
Length of molar series: 62.6 mm.
Length of premolar-molar series: 135 mm.
Length of skull anterior border I. 3 to occipital
condyle: 325.0 mm.

Greatest width of skull across zygoma: 132 mm
approximately.

B.E.G.no.31183-37,66,Type
Lower Dentition and Ramus
AP

P.2
P. 3
P.4
M.T
M.2
M. 3

21.l
22.4
21.5
21.5
21.2
22.8

CL

MM

10.3 32•
11.5 32.0
11.2
9.0
7.5
7.1

5.8
10.5
10.5
8.8
8.1
6.8

TH
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Length of premolar series: 66.5 mm.
Length of molar series: 66.0 mm.
Length of premolar-molar series: 135.0 mm.
Depth of ramus below anterior edge M. i : 53.0
mm.
Height of ascending ramus to condyle: 141.0 mm.
Greatest width of angle: 88.5 mm.

* Approximately.
DISCUSSION OF GENUS EOEQUUS

Matthew and Stirton (1930) briefly de
scribed the hypothetical ancestor of Equus
as a form combining the progressive char
actors of Pliohippus and N eohipparion.
Eoequus wilsoni nearly fits this descrip
tion. The contemporary Pliohippus circu
lus and an undescribed Hipparion are not
easily distinguishable from E. wilsoni.
Relationship with Pliohippus is excluded
by the presence of the parastylid in E.
wilsoni, whereas it is nearly eliminated and
differently oriented in Pliohippus.

Hipparion is not well represented in the
Cold Spring fauna. There is, however, a
worn milk dentition with the unerupted
permanent teeth, B.E.G. no. 31219-230 and
31219-43, a maxillary and lower jaws
which appear to have belonged to one in
dividual. The protocones of the permanent
premolars are rounded and pointed at the
top. They are connected to the protoselenes
lower on the crowns than in E. wilsoni.
The spurs of the protocones approach
closely to the protoselenes at the summit of
the crowns, but farther down they are re
duced and the protocones bend inward,
away from the protoselenes. This arrange
ment is found in the undescribed Lapara
Creek Hipparion where spurs are present
at the top of the protocones. The lower
milk teeth have well-developed proto
stylids. The lower permanent teeth have
anterio-posteriorly longer metaconid and
metastylid columns than E. wilsoni.
Whether these specimens represent H ippa
rion s.s. or Neohipparion has not been de
termined.
It is not surprising that the dental char
acters of the Cold Spring Hipparion and
E. wilsoni are closely similar. In spite of
the long-held concept that Equus could not
have been derived from Hipparion or
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Neohipparion, there is nothing to preclude
a common ancestry. Insofar as the dental
characters are concerned Equus is more
like N eohipparion than Pliohippus, except
for the connected protocone.
Eoequus wilsoni illustrates the general
stage of evolution of the Cold Spring horses
remarkably well. The premolars resemble
those of the primitive horses of the middle
and upper Miocene in the disconnected
lophs and cones. At the same time the well
separated metaconid and metastylid with
their persistent internal valley, the flat
tened protoconid and hypoconid and the
Hippotigris-like lower molars, as well as
the remarkably developed hypsodonty, are
progressive characters.
Obviously, the primitive characters in
dicate the early phylogenetic position of
E. wilsoni, whereas the progressive charac
ters preclude placing it in Merychippus. In
these same progressive characters, E. wil
soni is more Equus-like than are Dinohip
pus and Hippotigris of the Lapara Creek.
It seems probable on the one hand that the
middle Miocene progenitors of Dinohippus
and Hippotigris would have been more
primitive than E. wilsoni. On the other
hand it is possible that the type of E. wil
soni represents the progressive component
of a variable population which gave rise
to the genera of the Equini. Nonetheless,
Eoequus is surely directly ancestral to
Equus, and the name is given in recogni
tion of this relationship.
Genus EQUUS Linnaeus, 17 58

Type species.-Equus caballus Lin
naeus, 1758.

Range.-Late Miocene, Recent.
Distribution. - Eurasia,

North

and

South America.

Diagnosis.-Large horses with complex
permanent upper cheek teeth; styles of
ectoloph high and thick, valleys deep and
concave; protocones elongate and trans
versely compressed, internally concave but
not as markedly as in A sinus; lower per
manent teeth with long, crescentic meta
conids and metastylids, intervening va!Ieys

U-shaped; lower molars with short median
valleys not penetrating between the reen
trants of the flexids as deeply as in Hippo
tigris. In Old World species the median
valley reaches the reentrants of the flexids
but does not penetrate as deeply as in Hip
potigris; lower milk dentition without
parastylids and hypostylids.
EQUUS LAPARENSIS Quinn, new species

Pl. 14, figs. 1-3

Type.-Vpper

left premolar series,
B.E.G. no. 30896-195 (Pl. 14, fig. 1), from
Buckner ranch, Bee County, Texas; Lapara
Creek fauna.

Range.-Late upper Miocene.
Distribution.-Texas Gulf Coast.
Referred material.-Lower P. 2, B.E.G.
no. 30896-553 (Pl. 14, fig. 2) ; lower P. 4,
B.E.G. no. 30896-454 (Pl. 14, fig. 3).

Diagnosis.-Vpper teeth smaller than
H. sellardsi, curvature similar, styles less
pronounced; fossettes large with pli proto
loph and pli hypoloph; protocones at
tached by long narrow commissure, elon
gate, heeled anteriorly, grooved lingually,
pointed posteriorly, oriented with long
axis of tooth row; lower teeth with meta·
conid, metastylid, and entoconid as in
Recent Equus, parastylid and pli cabal
linid present; protoconid and hypoconid
flattened and concave externally.

Upper dentition.-The type of E. lapa
rensis is an upper premolar series with the
teeth slightly worn. The bone of the maxil
lary is dissolved away, but the teeth were
evidently found in juxtaposition and are
of one individual. Externally the teeth are
devoid of cement, which, like the bone,
has been dissolved away except for rem·
nants in the less accessible reentrants and
in the enamel lakes.
The second premolar is more strongly
curved than are those of Protohippus
perditus or Hippotigris sellardsi. The an
terior projection of the ectoloph is slightly
more attenuate than in the other two
genera. The parastyle is weaker than in H.
sellardsi and stronger than in P. perditus.
The first interstylar rib bears the same re
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lationship in the three forms. The meso
style is delicate in E. laparensis and is
bifurcate at the top of the crown, as in
Recent Equus. The second interstylar rib
is perhaps slightly more pronounced than
in P. perditus. The metastyle is weak in
all three forms. The fossettes are com
parable, character for character, with
those of Recent Equus caballus. The an·
terior border of the prefossette bears an
externally projecting inflection which
reaches the outer enamel wall of the pro
toloph at the point of connection with the
ectoloph. Above and below there is a pair
of internally projecting inflections, which
in Recent Equus unite lower on the crown
to form the pli p.rotoloph. At the point
where the metaloph and ectoloph unite
there is an opposed pair of inflections pro
jecting anteriorly and posteriorly into the
respective fossettes. The posterior one is
the pli postfossette; the anterior one is
the pli prefossette. Posteriorly there is a
small pli hypoloph. Anterior to the proto
cone the protoloph is rather strongly
curved on its internal border and termi
nates in a deep preprotoconal groove. The
protocone is smaller than on the succeed
ing teeth but is similar to them in shape
and orientation. It is nearly aligned with
the long axis of the tooth, deviating about
10°; it is convex externally, sharply
pointed posteriorly, but with a discernible
groove lingually, and extends somewhat
anterior to the commissure. In nearly all
of the zebras and Asinus the protocone of
the second premolar is rounded . In Equus
it is elongate, pointed, and has an anterior
heel. The postprotoconal valley is wide
and interrupted by a small, sharply
pointed pli caballin which persists un·
diminished for some distance down the
crown (about 10 mm, as far as it could be
traced without sectioning the tooth). Pos
terior to the pli caballin the border of the
metaloph is convex and directed inward
as well as backward, meeting the hypocone
with a rather pronounced prehypoconal
groove as in Recent Equus and the zebras.
The hypocone is similar in shape to the
protocone but is oriented more in line with
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the long axis of the tooth row and directed
externally at its posterior end. The hypo
conal groove is deep, sharply restricting
the hypocone, and is partly enclosed by
the hypostyle which meets the tip of the
hypocone, enclosing the groove a little
below the middle of the crown. In this
particular, E. laparensis does not agree
with most members of the genus.
The parastyle on the third premolar is
less than half as broad and does not pro·
trude forward as in H. sellardsi. The suc
ceeding valley is shallow and ribbed. The
mesostyle is short and blunt; the posterior
valley is much like the anterior. The ribs
are more pronounced than in H. sellardsi
or any other member of Hippotigris . The
metastyle is about as in H. sellardsi. The
prefossette is not quite closed anteriorly,
indicating the tooth is only slightly worn.
There is a small pli protoloph; the pli
protoconule and pli prefossette form a
small enamel loop between them. The
postfossette bears a small double inflection
external to a large pli postfossette. Pos
teriorly there is a small pli hypoloph. The
internal borders of both fossettes are com
pressed and slightly concave as in Recent
Equus but not later zebras, which, as a
rule, have a compressed prefossette but
more rounded postfossette. The protoloph
is rounded and meets the protocone in a
rather deep groove. The protocone is
oriented almost parallel with the axis of
the tooth row and is narrow transversely
and pointed posteriorly. The lingual face
is nearly flat and definitely grooved. The
protocone is connected to the protoselene
by a narrow, transversely directed com
missure. Anteriorly there is a sharp an
gular heel on the protocone. The post
protoconal valley is interrupted by a
large pli caballin; posteriorly the valley
approaches the prefossette more closely
than in H. sellardsi. The hypocone is con
siderably shorter than the protocone. The
hypostyle is less pronounced than in the
previous tooth and the hypoconal groove
extends to within 10 mm of the base of the
crown.
The fourth premolar differs from the
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third in that there is a small, posteriorly
directed inflection of the protoconal com
missure, and the tip of the protocone is
turned slightly outward toward the hypo
cone which is smaller than that of P. 3.

Lower dentition.-Two lower teeth in
the collection appear to belong to E. la
parensis. One of these, a P. 4, B.E.G. no.
30896-454 (Pl. 14, fig. 3), is strikingly
like teeth of Recent Equus except for its
smaller size and presence of a parastylid.
The tooth is slightly worn. The paralophid
is thick initially but becomes thin and
curves a little backward at its inner edge.
On the posterior face a small inflection is
directed toward the metaconid. The meta
flexid has a sharp antero-external border,
is long, and slightly inflected inward in
the middle. Posteriorly it curves a little
outward as in Recent Equus. The reentrant
formed with the metaconid is quite nar
row; consequently the metaconid is not
much restricted at its juncture with the
metastylid and the commissure. The meta
conid is otherwise very elongate and de
flected strongly. It is indented near its
antero-internal end opposite which it
bends into the metaflexid as in Recent
Equus. The metaconid is more strongly
deflected than is the metastylid but meets
it in a wide U-shaped valley, the pattern
of which is, perhaps, approached by
Neohipparion leptode but is not otherwise
seen except in Equus. The metastylid rep
resents a considerable elongation of the
leaf shape seen in H. sellardsi. The an
terior border of the entoflexid approaches
closely to the reentrant of the metaflexid
at the same level so that the commissure
is narrow, short, and almost exactly trans·
versely directed. The floor of the ento
flexid is nearly flat. Anteriorly it termi
nates in a series of tiny folds, the outer of
which represents a double pli hypoconid
and the inner, just below the base of the
metastylid, represents a fold seen in H.
shoshonensis and some of the neohip
parions (not N. eurystyle). Posteriorly
the floor of the entoflexid is farther sepa·
rated from the entoconid than in N. lep

tode and N. eurystyle. The entoconid is
separated about 1.5 mm from the meta
stylid. It is short antero-posteriorly and
broad transversely and bears a strong
spur near the base which projects toward
the floor of the entoflexid. In N. eurstyle
the entoconid is narrow transversely, very
long antero-posteriorly, and has the spur
directed inward toward, and perhaps
touching, the metastylid. The hypoconulid
of E. laparensis is more like that of the
zebra than that of Recent Equus, for it is
broad transversely, and on the lingual
edge the groove between it and the ento
conid tends to disappear lower on the
crown. Externally, the hypoconulid bears
a well-developed hypostylid. The hypo
stylid is well developed also in Asinus but
not quite as definitely as in E. laparensis.
Two specimens of Recent Equus show
rudiments of the hypostylid. The proto
conid has a weak parastylid; posteriorly,
the external face of the protoconid is com·
pletely flattened but not concave. The
angle formed between the face of the pro
toconid and the median valley is not more
rounded than in some specimens of Recent
Equus. The median valley is very shallow
and the posterior limb bears a small pli
caballinid. The hypoconid is concave ex
ternally throughout its length; the furrow
gradually deepens toward the base of the
crown. The external face of the hypo
conid forms, with the posterior face, a
sharpI y defined shoulder.
A second premolar, B.E.G. no. 30896
533 (Pl. 14, fig. 2), is referred to E.
laparensis. Anteriorly, it bears a para
stylid and a flattened protoconid. Pos
teriorly, the hypoconid is concave as in
the fourth premolar and there is a dis
tinct hypostylid. Nearly half the tooth is
worn away, but traces of the pli caballinid
and the pli hypoconid remain. The ento
conid is large and rounded and approaches
closely to the metastylid. This specimen
does not agree with Asinus, which appears
to lack the parastylid on the second pre
molar.
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Table 19. Measurements of Equus laparensis.
B.E.G. no. 30896-195, Type.
Upper Premolar Dentition
PL

PW

29.4 18.8 38.0 5.6
P.3
22.0 20.5 45.7 7.2
P.4
21.6 19.3 43.0 8.0
Length of premolar series: 67.5 mm.

3.4
3.4
3.2

AP

T•

CL

P. 2

Referred Material
B.E .G.

30896-533
30896-454

AP

P.2
P. 4

TR

CL

MM

22.0 10.8 21.3 7.7
21.5 12.3 41.8 13.5
EQUUS species

PI. 14, fig. 4

A maxilla with the deciduous dentition
and M. 1 of the left side, B.E.G. no. 30896
188 (Pl. 14, fig. 4), Buckner ranch, Bee
County, Texas, Lapara Creek fauna, is
referred to the genus Equus; the appli
cation of a species name is held in abey
ance, pending the recovery of better ma
terial.
The deciduous teeth are relatively high
crowned although they have an appear
ance of being considerably worn. All the
lophs and cones are connected and the
fossettes are closed. The teeth are broad
transversely and not compressed; the
enamel patterns are very simple. The first
molar is not worn, indicating the milk
teeth are less than one-third worn away.
In general, the deciduous teeth resemble
those of H. shoshonensis but have slightly
more Equus-like protocones and more
pronounced ribs on the ectoloph. Also, in
H. shoshonensis there is a tendency for
the fossettes to remain open ( Gazin, 1936,
p. 300).
The second deciduous premolar has an
inwardly directed anterior projection of
the parastyle with a shallow excavation
of its inner border, indicating a more re
duced P. 1 than is found in Hippotigris.
The exter;al projection of the parastyle is
low and broad. The anterior valley is wide
and slightly concave but interrupted by a
low broad rib. The mesostyle is high, blunt
and truncate at the tip. The posterior val
ley is narrow, shallow, and has a weak rib.
There is a narrow metastyle, but it is more
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pronounced than in H. shoshonensis. An
terior to the prefossette there is a small
enclosed lake which commonly occurs in
Hippotigris, Equus, and Calippus. The
prefossette is less compressed than in H.
shoshonensis and less angular. There is a
pli protoconule and a smaller pli pre
fossette. The postfossette is uninflected.
The protocone is narrow and elongate but
there is no internal groove. The postproto
conal valley is broad and shallow with a
weak pli caballin. The area around the
hypocone is damaged, but the hypoconal
groove appears to remain open part way
down the crown.
The ectoloph of the third deciduous pre
molar is damaged. The valleys are broad
ly concave with very weak ribs. The para
style is broad, prominent, and obliquely
truncate. The mesostyle is high and blunt.
The prefossette is widely separated from
the anterior border of the tooth as in H.
shoshonensis (Gazin, 1936, p. 300). There
i>" a faint pli protoloph and a well-de
veloped pli protoconule and bifurcate pli
prefossette. The inner border of the pre
fossette is rounded. The postfossette is
smaller than the prefossette and has no
plications. Anteriorly, the protocone is
restricted by a deep preprotoconal groove.
The protocone is nearly oval and is ori
ented with the fore and aft axis of the
tooth. The postprotoconal valley is wide
and shallow and has only a faintly indi
cated pli caballin. The area of the hypo
cone is badly damaged but the tip of the
hypocone is rounded and the hypoconal
groove appears to have extended about
half-way to the base of the crown. The
hypostyle appears to be directed pos
teriorly.
The fourth deciduous premolar has a
less prominent parastyle than the third.
The valleys are almost flat, with weak ribs.
The mesostyle is narrow. The metastyle
is small but well defined. The prefossette
has a pli protoconule and pli prefossette
partially enclosing an enamel loop. The
prefossette is not compressed transversely
and the inner border is rounded. The
postfossette is more compressed than the
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prefossette. The posterior border of the
tooth is but little worn. There is a pli
hypoloph and an open hypostylar fossette.
The protocone is directed fore and aft. It is
a flattened oval which has a pronounced
heel anteriorly, and is separated from the
protoselene by a narrow, transversely di
rected commissure. The postprotoconal
valley is shallow and has a small pli
cahallin. The protocone approaches more
closely to the metaloph than in the pre
viously described teeth. The hypocone is
narrow and curved outward at the tip as
in Recent Equus. The hypoconal groove is
broad, deep, and open nearly to the base of
the crown. The hypostyle is blunt and di
rected backward, so that it does not re
strict the hypoconal groove.
The first molar lacks the posterior half
of the ectoloph. The tooth is unworn, hut
the cement is nearly all leached away so
that its characters can he observed. The
parastyle is high and prominent hut nar
row antero-posteriorly. The anterior val·
ley is broad and quite deep. The rib is
prominent near the summit of the crown
hut flattens out and nearly disappears
lower on the crown. There is no pli proto
loph in the prefossette, hut a very prom
inent pli protoconule as in E. wilsoni.
There is a double pli prefossette, and be
tween the plications a large enamel loop,
also as in E. wilsoni. The postfossette has
a pli postfossette and a large pli hypo
loph. The protocone is directed fore and
aft. It has a rounded heel anteriorly and
is rather deeply grooved lingually. The
postprotoconal valley is deep and has a
small pli cahallin. The hypocone is di
rected inward initially hut curves hack
and outward in a symmetrical arc. The
hypoconal groove is large and open as
far as the tooth is developed. The hypo
style is broken away. The first molar is
straight crowned insofar as it is developed.
It is much larger than the premolars of E.
laparensis, and for this reason E. species
is excluded from E. laparensis. There is a
strong resemblance between the first mo
lar of E. species and the first molar of
Eoequus wilsoni, likewise, with molar

teeth of Dinohippus; despite the resem
blances, the grooving of the protocone and
the straightness of the crown exclude E.
species from Dinohippus.
A lower jaw with the complete cheek
dentition, B.E.G. no. 30896-480 from the
Buckner ranch, is of uncertain relation
ship but is illustrated for purposes of com
parison (Pl. 14, fig. 5). This dentition
resembles that of N. leptode to some ex
tent. The fourth premolar is much like
that of E. laparensis (Pl. 14, fig. 3). It
differs in having a shorter, flatter, and less
divergent metaconid and metastylid and
less flattened protoconid and hypoconid.
This specimen does not seem to belong
with either the N. leptode group or with
E. laparensis, hut it is closer to the latter.
Table 20. Measurements of Equus species.
B.E.G. no. 30896-188.
AP

TR

CL

PL

PW

31.7 18.5 14.4 6.2 3.3
27.0 20.0 15.7 6.5 4.2
27.0 17.5 18.5 6.9 3.7
29.0± 16.2 40.0± 8.4
M.}
Length of deciduous premolar series: 84.5 mm.
D.P.2
D. P.3
D.P.4

DISCUSSION OF GENUS EQUUS

A great number of species from both the
New World and the Old have been placed
in the genus Equus. There is little general
agreement concerning the characters of the
genus except that the components of the
dentition are highly variable and the
dental characters have little value for de
termining the validity of the many named
species. Savage (1951) recognized six,
and possibly seven, species of Equus of
the New World, although he suggested two
of the species might be plesippines. One of
these is Equus tau (Owen) with which Sav
age synonymized Equus francisi Hay.
There is little direct evidence for this
synonymy. It seems preferable to retain
Hay's species until better information con
cerning E. tau is available. In any event
E. francisi Hay belongs in the genus Asinus
(p . 52). The second of the species, Equus
giganteus, belongs in Equus as nearly as
can be determined.
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Of five remaining species listed by Sav
age (1951) one is E. cf. caballus. Hay
(1930) stated E. caballus had not been
positively identified as a fossil ih North
America. Nonetheless, some American
Pleistocene species such as E. niobrarensis
Hay (1913) of the Hay Springs beds,
Nebraska, have the long median valley of
the molars found in E. caballus.
Many of the Pleistocene horses of the
Texas Gulf Coastal Plain have the median
valley of the molars approximately equal
to those of the premolars. In all the lower
cheek teeth, including the milk dentition,
the median valley does not reach the re
entrants of the ftexids. In E. caballus the
median valley does not extend as deeply
between the ftexids as in Hippotigris, but
it does reach the reentrants and penetrates
between them to varying degrees.
The American Pleistocene horses with
the short median valley appear to consti
tute a group distinguishable from E. ca·
ballus and perhaps, concomitantly, from
Old World Equus.
Tribe HIPPARIO NINI Quinn, new tribe

Diagnosis.-Vpper teeth with pli proto
loph and pli hypoloph; protocone discon
nected; hypoconal groove open to base of
crowns; metaconid and metastylid elon
gate antero-posteriorly and not strongly
divergent; parastylid present on all genera
except in late stages; pli caballinid con
fined to premolars (except N. eurystyle
and related species) ; protostylid present
on milk teeth.
Included genera.-Merychippus Leidy,
Neohipparion Gidley, Hipparion Christo!,
Nannippus Matthew.
Genus MER YCHIPPUS?

Pl. 1, fig. 13

A lower cheek tooth, B.E.G. no. 40071-4,
is believed to have been collected from de
posits of Oakville age, about half a mile
from the Garvin Gulley area.
This tooth (fig. 1-C; Pl. 1, fig. 13) re
sembles lower milk teeth of late Miocene or
early Pliocene horses. It is smaller and
higher crowned than any milk teeth of the
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Cold Spring horses. At the same time it is
much too low crowned to be a permanent
tooth of the hypsodont horses of later than
Garvin Gulley age. The transverse diame
ter of the base of the tooth is considerably
less than that of the premolars of Hippo
don vellicans and probably less than that
of the molars, although two teeth in the
California collection from Garvin Gulley
approach it in the transverse diameter of
the base of the crowns.
The parastylid is erect and prominent
as in the Hipparionini. The metaconid and
metastylid are elongate and well separated.
The entoconid bears a long spur as in milk
teeth of the Hipparionini. The posterior
part of the tooth is missing. The proto
conid and hypoconid are rounded. The
median valley is deep and has a small but
distinct pli caballinid, not found in the
teeth of H. vellicans.
The age of the tooth is questioned be
cause of its resemblance to milk teeth of
the later horses. If it is a permanent tooth
of Garvin Gulley age such a resemblance
is to be expected, since in many ways milk
teeth retain primitive characteristics.
A second consideration favoring the con
clusion for the Garvin Gulley age of the
tooth is found in the probable division of
the hypsodont horses into two major
groups. The Protohippini seem to be di
rectly derived from Garvin Gulley Hip
podon. The Calippini, Equini, and Hip
parionini appear to have stemmed from a
form that was separated from Hippodon at
an earlier date, in which case the Garvin
Gulley ancestor for this group could have
been such a form as is represented by the
tooth in question. It seems probable this is
true, and the tooth belongs to the perma
nent cheek dentition of a form directly
ancestral to the Calippini, Equini, and
Hipparionini, and earlier derived from
Hippodon, or with Hippodon from Ar
chaeohippus.
Tentatively the form represented by the
tooth is referred to Merychippus for the
reason that Merychippus is the least pro
gressive genus in the group and perhaps
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more nearly retains the ancestral charac
teristics. More exact definition must await
more complete and better documented ma
terial.
Table 21. Measurements of Merychippus?

B.E.G. no. 40071-4.
AP

M.?

CL

MM

6.5 13.2

7.8

TR

Discussion.-The concept of the genus
Merychippus as an all inclusive taxonomic
category containing the middle and upper
Miocene sub-hypsodont horses has become
firmly entrenched in paleontological liter
ature. No less firmly entrenched is the
concept that upper Miocene species of
Merychippus gave rise to the Pliocene
hypsodont horses. The conditions respon
sible for the development of these con
clusions were: the type of Merychippus,
being two deciduous upper teeth, was not

diagnostic; Miocene materials which could
not be referred to M erychippus on the
broad basis of the indefinite type previ
ously had not been found.
A complete deciduous dentition, B.E.G.
no. 31242-84 from the lower part of the
Burkeville fauna, compares more closely
with the type of Merychippus insignis than
any other known specimen. The Burkeville
dentition includes the upper and lower first
molars and these clearly belong to a hip
parionid. Otherwise, materials positively
referable to Merychippus have not been
recognized in the Burkeville, Cold Spring,
or Lapara Creek faunas. It seems that
M erychippus may have developed on the
High Plains from a migrant Burkeville an
cestor whose indigenous components on
the Gulf Coast gave rise to the Hippari
onini. It may thus be postulated that Mery
chippus is a valid genus but is restricted
to the hipparionid-like late Miocene group.
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PHYLOGENY AND EVOLUTION

Phylogeny.-The fund of knowledge
concerning the phyletic development of the
Equinae is considerably increased by in·
formation supplied by the Gulf Coast
faunas. The new material indicates that
most of the hypsodont genera originated
during middle Miocene time (fig. 3). They
seem to have arisen not simultaneously,
but in two steps: the first established su
pergeneric units, here designated as tribes,
and the second following closely, but in
dependently, in the various tribes estab
lished the classic genera and, perhaps at
the same time, all or most of the species
lines within the genera. The verti cal ranges
of these genera are much extended, ap
proximately doubling the range of the so
called Pliocene genera and increasing that
of the Pleistocene genera many times. In
effect, the calculated rates of evolution are
much reduced. This is even more evident
at the species level than at the genus level.
Some species or species lines existed a very
long time and can be traced nearly to the
point of their origin, where they are ex
pected to intergrade with other lines and
with a common progenitor. In some fea
tures such as size and degree of hypso·
donty the lines do intergrade, but in the
characters which serve to distinguish the
species or species lines they do not inter
grade. For example, the configuration of
the enamel patterns of the teeth of the ear
liest Protohippus (of Burkeville age) re
mains protohippine and does not inter
grade with Hippodon , the ancestral form,
but only approaches Hippodon in charac
ter. The oldest material of Pliohippus, ex
cept for size, is no more like that of Proto
hippus than are the lower Pliocene mate
rials. Nevertheless, these two phyla must
both have diverged from Hippodon and at
nearly the same time.
The lack of, or failure to find, inter
grades at the point of divergence of phy
letic lines, one of the most vexing of all
the problems faced by the student of evolu
tion, is directly connected with the prob

!em of how species are established and with
the phenomenon of evolutionary explo
sions or supposed sporadic acceleration of
rates of evolution.
Mutation and gene recombination, to
gether with selection, have been shown
fairly conclusively to be the major tools of
evolution. The mechanism of diversifica
tion on the one hand, and unification on
the other, must therefore be the product
of the operation of these same factors, pro
ducing at the same time in closely related
taxonomic groups, stabilization in some
phyletic units and disintegration in others.
It is reasonable to suppose selection
works toward the modification of the geno
type and under uniform conditions, over
long periods of time, should promote grad·
ual and continuous alterations in the geno
type. If the conditions are not uniform
from place to place and from time to time,
selection would tend to force modification
of the populations correspondingly, and
thus induce the development of a new gen
otype for each environmental situation,
and contribute to genetic variations within
the population. Genetic variation within a
species population appears to depend on
the size, distribution, and age of that popu
lation. It is the product of mutation, gene
recombination, and any other inheritable
factor capable of altering the genetic con
stitution of the individual, combined with
the uneven spread of the alterations
through the population. It would seem that
the more widely distributed the population
the more frequ ently these alterations might
be produced and the less likely that they
mi ght become evenly distributed, since
distribution depends directly on the fre
quency of gene exchange throughout the
population. Theoretically, as long as gene
exchange continues between the subpopu
lations, the population must continue to
exist as a single species. It seems possible
that the magnitude of genetic variability
could become very great, so that very small
physical interruptions might cause the
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breakdown of gene exchange between sec·
tions of such a population. In any event,
if a highly variable population were to be
split into small segments, or if, through
unfavorable circumstances, large parts of
the population were decimated, leaving
small isolated fragments in the more fav
orable areas, these could, by greatly in·
creased inbreeding, quickly assimilate and
stabilize their genetic inheritance, recon
structing the phenotype sufficiently to es
tablish isolating mechanisms and emerge
eventually as new phylogenetic units. The
morphologic differences between these
units would depend directly on the nature,
degree, and distribution of genetic varia
bility in the ancestral population. Again,
theoretically, some fragments of the parent
population might have differed less than
others and would emerge as closely related
or closely similar potential species; frag
ments more widely differentiated, for in
stance, from the extremes and the mean of
the parent population might emerge with
such different morphologic characters as to
be of generic or higher distinction on the
basis of morphologic criteria. Once the
new units are established, the processes of
stabilization mi ght continue for a long
while. It seems probable that some seg
ments might be split off the parent popula
tion at different times with or without the
breakup of the body as a whole. These
might become stabilized and exist along·
side the parent population, continuing
with little change through a p eriod of dis
ruption of the parent population. It also
seems probable that, if some of the seg
ments were sufficiently large, readjustment
might be followed by secondary disruption
into smaller units, with ultimate stabili
zation.
A series of events such as these could
account for the apparent sudden appear
ance of new phylogenetic units without ob
servable intergrades and without involv
ing an acceleration of evolutionary proc
esses. Such a mechanism would operate
within the limits imposed and would not
violate any of the laws of genetic behavior
as they are currently understood.

Evolution.-The patterns of evolution
of the major structures of the teeth of the
Equinae (fig. 4) indicate that some fea
tures may be influenced by selection and
others by inherited genetic trends. Osten
sible directionalism of evolution in the
hypsodont horses may be determined by
the nature of these genetic trends as well
as by selection.
Features which appear to be directly in·
fluenced by selection, such as hypsodonty
and size as indicated by the dimensions of
the teeth, are disinguished by uniform de
velopment and constant improvement in a
given direction. In every species line there
is progressive increase in hypsodonty so
that the average crown height of later
members is greater than that of earlier
members in the same line. Tooth dimen
sions may remain nearly constant or in
crease gradually, but there is no indica
tion of retrogression, except under such
special circumstances as dwarfism, ob
served in some island populations; possi
bly Pliohippus hondurensis Olson and Mc
Grew ( 1941) is a dwarf species. Progres·
sive decrease in size of Nannippus and
Calippus has been suggested by Stirton
( 1940) and others and has been cited as
an example of retrogression (Romer,
1949). Nevertheless, within the single spe
cies lines of these genera, the earlier forms
are smaller than the later ones, and the
genera themselves are derived from still
smaller forms of Hippodon and Archaeo
hippus, which about equals its M esohip
pus? progenitor in size (fi g. 2).
Features influenced by genetic trends
are characterized by failure to develop
completely and by non-uniform expres
sion. This is perhaps best illustrated by
the morphologic history of the protocone.
Primitively, the protocone arises in con
junction with, and as a part of, the proto
loph. The two structures began to sep
arate through development of the post
protoconal groove and separated more
or less completely through development
of the preprotoconal groove, which be
came prominent with the inception of
hypsodonty. The primitive condition for
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the hyposodont horses. therefore, was
partial disconnection of the protocone,
resulting from a long-continued trend in
that direction. Most of the middle Mio
cene phyla exhibit this condition. One
group, the Calippini, provide an exception
in having the protocone completely con
nected, or very nearly so, seemingly a re·
version to the primitive condition. One
phylum of the Calippini, the genus Grip
hippus, continued the trend toward iso
lation of the protocones, although they
were connected in the Cold Spring species,
so that when the genus disappeared at the
end of lower Pliocene time the protocones
were disconnected half-way or more down
the crowns in most teeth, although con
nected protocones appeared sporadically
on some teeth.
The genus Merychippus appears to
have nearly retained the ancestral con
dition of partly disconnected protocones.
The Protohippini and Equini developed
connected protocones and the Hipparion
ini developed disconnected protocones.
Among the horses with connected proto
cones, teeth are occasionally found that
have the protocones disconnected at the
summit of the crown. Among genera hav
ing disconnected protocones, some teeth

having connected protocones are found.
There seems to have been no survival
value in one condition or the other.
Loss of the parastylid of the lower teeth
appears also to have resulted from an in
herited trend. The parastylid, which arises
from the anterior border of the cingulum,
may be considered as an altered remnant
of that structure. The trend toward elim·
ination of the parastylid may have had its
inception in the elimination of the cingu
lum, which became mechanically dis
advantageous because of the mode of
eruption and development of hyposodont
teeth.
The trend toward shortening the median
valley of the lower premolars began early
in the history of the hypsodont horses.
Considerably later, at different times, the
same trend appeared in the molars of long
disjunct phyla.
The ostensibly independent trends to
ward modification or elimination of fea
tures in the teeth seems best explained
by the assumption that these trends are
inherited from the common ancestry and
are delayed in their expression. It must
otherwise be supposed the trends are in
dependently acquired, perhaps through
the operation of recurring mutations.

BIOSTRATIGRAPHY
The Miocene deposits of the Texas Gulf
Coastal Plain crop out in a belt about
twenty miles wide, extending from the
Sabine River in the east to the Rio Grande
in the west, roughly parallel with and
about 75 miles inland from the present
coast line. The beds dip seaward at about
half a degree, or from 40 to 50 feet to the
mile. The western and eastern halves of
the area, divided at the Brazos River, are
referred to as southwest Texas and south
east Texas.
In southwest Texas the sedimentary
rocks of the Miocene-Pliocene sequence
have coarser grain size and differ in other
ways from those in southeast Texas. These
differences have led to a separate naming
of the same formations in the two areas.
In southeast Texas the undifferentiated
Miocene-Pliocene sequence was desig
nated the Fleming formation (Kennedy,
1892; Stenzel, Turner, Hesse, 1944). In
southwest Texas the partly equivalent
Miocene-Pliocene section was named the
Oakville division by Dumble (1894, p.
557) who stated,
As I now understand this division the base is
found at La Grange Bluff, described by Penrose,
and it embraces beds from which the fossils
came which were reported by Shumard (1860)
and determined by Leidy (1869) .

The fossils referred to were collected in
the area around Old Washington on the
Brazos River, Washington County, Texas.
Dumble's statement seems clearly to con
stitute the choice of La Grange Bluff as
the type locality of the Oakville, and it
should be so considered.
Dumble also recognized a stratigraphic
division overlying the Oakville, which
he did not name. He designated beds un
conformably overlying the unnamed di
vision as the Lapara division and those
above the Lapara as the Lagarto division.
The Lapara division was made a mem
ber of the Goliad formation, reported by
Plummer (1933), who at the same time
applied the term Lagarto to Dumble's un
named division, for the reason that al

though the deposits had been mistakenly
supposed to be a continuation of the La
garto division, they should continue to be
known by that name (Tables 22, 23).
Such problems as these concerning the
stratigraphy of the Miocene-Pliocene sec
tion of the Texas Gulf Coastal Plain are
yet to be settled but are not, properly,
within the province of this investigation.
In order to avoid conflict and confusion
with regard to the existing stratigraphic
nomenclature, it is thought advisable to
present the paleontological aspects of the
problem by means of faunal zones rather
than by means of lithologic map units
(fig. 5).
NAMES OF FAUNAS

The term Oakville fauna was proposed
(Quinn, 1952) to designate the fauna con
tained in typical Oakville deposits of the
Coastal Plain. It seems preferable to dis
tinguish between biostratigraphic and
stratigraphic units; therefore, the fauna
of the Oakville formation may be called
the Garvin Gulley fauna after one of the
more prolific collecting sites, north of
Navasota, Washington County, Texas.
The undifferentiated Fleming formation
of southeast Texas has furnished two
faunas, the lower of which may be called
the Burkeville fauna; it is contained in
beds of clay named the Burkeville beds
by Veatch (1902) . These deposits are rep
resented in southwest Texas by the section
which has been called the Lagarto and was
designated the Lagarto formation by
Plummer (1933). The fauna of the upper
part of the Fleming formation may be
called the Cold Spring fauna from fossil
sites in the vicinity of Cold Spring, San
Jacinto County, Texas.
The Lapara division of Dumble (1894)
was subsequently included in the Goliad
formation, and the Lapara fauna has been
called the Goliad fauna (Quinn, 1952). It
should be remarked that the Goliad for
mation contains a middle Plicocene fauna
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TABLE 22. STRATIGRAPHIC POSITION OF TEXAS GULF COAST FAUNAS
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in its upper member, the Labahia. No
mammals have been recovered from the
middle member of the Goliad, the Lagarto
Creek member of Plummer (1933). which
may be of lower Pliocene age. To avoid
misunderstanding, it is necessary, there
fore, to redesignate the fauna formerly
called the Goliad fauna (Quinn, 1952) as
the Lapara Creek fauna. That of the Laba
hia member may be called the Labahia
Mission fauna.

1940). Fossil mammals of the Lapara
fauna have been recovered at the surface
in Live Oak, Bee, and Goliad counties and
from wells at Palangana dome in Duval
County and from the Saratoga field in
Hardin County (Plummer, 1933, p. 748).
The Lapara member of the Goliad for
mation has not been recognized at the
surface in southeast Texas, since it is
there nearly or completely covered by
overlapping Pleistocene deposits.

AREAL ExTENT OF FAUNAS

DISTINGUISHING CHARACTERISTICS

The Garvin Gulley fauna is derived
from the Oakville sandstone which un
conformably overlies the Catahoula for
mation and is about 200 feet thick. The
fossils have, for the most part, been re
covered from the middle of the sandstone.
The fauna has been collected from various
sites between Huntsville, Walker County,
and La Grange, Fayette County. No fos
sils of the same age have been found
either east of Huntsville or west of La
Grange.
The Burkeville fauna is derived from a
sequence of interbedded clay and silt 500
or more feet thick that conformably over
lies the Oakville sandstone. Most of the
fossils have been recovered from the basal
half of the sequence. There are some
bodies of channel sand in the section,
probably in the upper part, which have
yielded a few specimens. The fauna has
been traced from Burkeville, Newton
County, in the east, to George West, Live
Oak County, in the west.
The Cold Spring fauna is contained in
beds of clay, silt, and sandstone. Most of
the fossils have been recovered from
stream-channel sand occurring in sporadic
lenses throughout the upper Fleming beds,
which are more than 200 feet thick. The
fauna has been traced from Polk County,
in southeast Texas, to the Rio Grande in
southwest Texas.
The Lapara deposits are predominantly
sandstone and conglomerate some 200 feet
thick. The fossils occur in channel sand
and at one place, the Buckner ranch site,
a basin or pond environment (Sellards,

OF THE FAUNAS

The Garvin Gulley fauna is distin
guished by four genera of horses with
brachydont or low-crowned teeth, An
chitherium, Hypohippus, Archaeohippus,
and Hippodon. Of these Archaeohippus
blackbergi (Hay) is perhaps the most
distinctive because of its small size. Hip
podon vellicans (Hay) is larger and is
a common component of the fauna, but
the others are rare. A camel, Oxydactylus,
is common and useful, for it does not sur
vive into the Burkeville fauna. Daphae
nodon, a characteristic lower Miocene
dog, is also found in the Garvin Gulley
fauna.
The Burkeville fauna is distinguished
by the lack of camels 14 and brachydont
horses and by the appearance of horses
with hypsodont teeth, a large, long-leg
ged rhinoceros, and Floridatragulus. Of
the hypsodont horses Hippodon gunteri
(Simpson) appears most distinctive, but
it persists into the succeeding Cold Spring
fauna.
The Cold Spring fauna is distinguished
by the first appearance of proboscideans,
Alticamelus, Procamelus, and Teleoceras.
The Oakville and Burkeville rhinoceroses
are not well represented, and T eleoceras
may also have been among the members
of these faunas. The others are probably
immigrant forms. The Cold Spring horses
are considerably advanced over the Burke
ville forms and are recognizable by their
more hypsodont teeth. One or more of the
u. Hesse (1940) listed a camel from Burkeville, but since no
camel bones have otherwise been recovered from the Burkevill_.
launa, the identification is believed lo be in error.
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shorter crowned Burkeville horses sur
vived into the Cold Spring fauna.
The Lapara Creek fauna is distin
guished from the Cold Spring fauna by a
wide hiatus and a considerably advanced
stage of evolution, wherein the con
stituents have acquired the appearance of
the lower Pliocene forms. There is only
one rhinoceros, Teleoceras proterus
(Leidy). There are no Merychippine
horses, but Hypohippus is present. Other
wise, all the horses are fully hypsodont.
Immigrant animals such as Merycodus,
Protolabis, Megatylopus, Ramoceras, and
TABLE

24.

Talpa appear. There are two probosid
eans, a small form probably related to
the Cold Spring species and a large form,
Gompotherium buckneri (Sellards) 1940,
which may have been an immigrant.
AGE AND CORRELATION

The chief difficulty in determining the
ages of the Gulf Coast faunas has been
the fact that the faunas are new. It has
not been possible to work out satisfac
torily the identity of the entire constitu
ency of the faunas involved, but tentative
lists have been prepared and are pre
sented in Table 24.

FAUNAL LIST OF MIOCENE TEXAS GULF COAST FAUNAS
GARVIN GULLEY

BURKEVILLE

COLD SPRINC

TALPIDAE

LAPARA CREEK

Taipa

MYLAGAULIDAE

Mylagaulus

CASTORIDAE

Monosaulax

LEPORIDAE

Paleolagus

PROCYONIDAE

Procyon id

Procyonid

CANIDAE

Tomarctus
Daphaenodon
Amphicyon

Tomarctus

Mylagaulus

Lepus?

Aelurodon
francisi
Amphicyon

Aelurodon
taxoides
Pliocyon

GOMPHOTHERIIDAE

Gomphotherium

Gomphotherium
buckneri
Gomphotherium
cf. productus

MERYCOIDODONTIDAE Merychyus

Ticholeptus
rileyi

Ustatochoerus

Hesperhys

Prosthenops

Procamelus
Alticamelus

Procamelus
Alticamelus
Protolabis
Megatylopus
Pliauchenia

TAYASSUIDAE

Floridachoerus

CAMELIDAE

Oxydactylus
brevidontus
(?) Oxydactylus
Aoridanus

HYPERTRAGULIDAE

Dyseohyus

Floridatragulus

PROTOCERATIDAE

Synthetoceras
rileyi
Syndyoceras

Synthetoceras
Syndyoceras

Synthetoceras
francisi

Synthetoceras

CERVIDAE

Dromomeryx

Dromomeryx

Dromomeryx
Machaeromeryx

Dromomeryx
Pseudoceras
Merycodus
Ramoceros

RHINOCEROTIDAE

Diceratherium

Aphelops
meridanus
Aphelops?

Diceratherium
Teleoceras
Peraceras?

Teleoceras
proterus
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GARVIN GULLEY

EQUIDAE

Hypohippus
Merychippus?
Anchitherium
navasotae
Parahippus
texanus
Archaeohippus
blackbergi
Hippodon
vellicans

BURKEVILLE

Hippodtm
gunteri
Merychippus?
Protohippus
vetus

The Garvin Gulley fauna is of late
lower Miocene age, slightly earlier than
the Thomas Farm fauna of Florida and
probably equivalent to the upper part of
the marine Tampa formation. Elements
of the Thomas Farm fauna agree closely
with those of the Garvin Gulley fauna ex
cept that the Garvin Gulley species seem
to be slightly smaller and more primitive
than the Thomas Farm forms. Species
such as A. blackbergi of the Garvin Gulley
and A. nanus of the Thomas Farm re
semble each other sufficiently to have been
placed in synonymy (White, 1942). White
likewise synonymized H. vellicans of the
Garvin Gulley and H. leonensis (Sellards)
oftheThomas Farm; although these forms
actually are distinct, their close resem
blance is indicative of the relationship of
the two faunas. Synthetoceras ( Prosynthe
toceras) douglasi White from the Thomas
Farm fauna was compared by White
(1947) with the Cold Spring species S.
francisi Frick (1937) but not with Syn-

COLD SPRING

Hippodon sp.
Merychippus
Protohippus
Pliohippus
circulus
Eoequus
wilsoni
Nannippus
Hipparion or
Neohipparion
Calippus
francisi
Griphippus sp.
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Hypohippus
Protohippus
perditus
Pliohippus
supremus
Dinohippus
subvenus
Hippotigris
sellardsi
Hippotigris
parastylus
Equus
laparensis
Equus sp.
Neohipparion
coloradense
Hipparion
Nannippus
ingenuum
Nannippus
tehonensis
Calippus
anatinus
Calippus
optimus
Calippus cf.
placidus
Astrohippus
curtivallis
Griphippus sp.

thetoceras rileyi Frick ( 1937) from Aiken
Hill in the vicinity of Huntsville, Walker
County, Texas. S. rileyi is found in the
Garvin Gulley fauna. This species is the
earliest; it is small and has the shortest
crowned teeth of a group which forms a
phylogenetic series proceeding from S.
rileyi of the Garvin Gulley fauna through
S. douglasi of the Thomas Farm fauna, an
unnamed species of the Burkeville fauna,
and S. francisi of the Cold Spring fauna.
S. francisi gave rise to a much larger form
of the Lapara Creek fauna and to S. tri
cornutus Stirton of the Pliocene Clarendon
fauna. Oreodonts lacking in the Florida
fauna are represented in the Garvin Gulley
by a small Merychyus. Diceratherium,
Oxydactylus (other than "O." floridanus
Simpson, which is not Oxydactylus) , a
felid, and perhaps other forms occur in
the Garvin Gulley that are not reported
from Florida. The camels referred by
Hay (1924) to Procamelus are referable
to Oxydactylus and do not appear to be
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separable from 0. brachydontus Peterson.
The horses seem, on the whole, to be rather
sharply distinct, as do the carnivores. The
Diceratherium materials from the Garvin
Gulley are insufficient for purposes of
correlation. In any event, there is nothing
in the Garvin Gulley fauna indicative of
an age later than lower Miocene.
The Burkeville fauna is younger than
that of the Garvin Gulley. The hiatus be
tween the two faunas is evidently the re
flection of a lack of material from the
upper part of the Oakville deposits, for
there is no indication of an unconformity
between the deposits containing the Garvin
Gulley and Burkeville faunas. The Burke
ville fauna resembles the "advanced"
component of the Thomas Farm fauna and
perhaps more closely the Midway and
Quincy faunas of Simpson (1930, 1932).
Comparison of the Texas and Florida sec
tions appears to lend strength to the view
that the Thomas Farm fauna is older than
the Midway-Quincy of Simpson (1930,
1932) and belongs with the Tampa for
mation. An invertebrate fauna from the
lower Fleming clay near the base of the
section was referred to the Hawthorne
formation (Stenzel, Turner, Hesse, 1944).
The correspondence between the terres
trial faunas of the two areas and the in
vertebrate faunas of the Burkeville beds
and Hawthorne formation suggests the
possibility of such a relationship, although
the Thomas Farm fauna may be suf
ficiently younger than the Garvin Gulley
fauna to have lived in Hawthorne rather
than Tampa time.
The Burkeville fauna may not cor
respond directly to any of the High Plains
or West Coast faunas except that it seems
to have provided the stock of Merychippus
and Hippodon that appear in both areas
in middle Miocene time and should, there
fore, be equivalent to or slightly earlier
than the High Plains and western faunas
in which these forms first appear. There
is some ambiguity in the above statement,
inasmuch as it has not been determined
which, if any, of the High Plains and
western middle Miocene horses are refer

able to Hippodon; it is beyond the scope
of the present work to make such an ex
amination. Nonetheless, it seems clear that
Jlippodon as well as Merychippus con
tributed to the northern and western mid
dle Miocene faunas. For some unexplained
reason, descendants of the Gulf Coast
stocks, segregated elsewhere than with the
parent stock, tended to become static and
to remain so. The type species of Hip
podon is a little larger and is somewhat
more hypsodont than the Burkeville
species H. gunteri (Simpson), but it has
otherwise developed no progressive char
acters. In the same manner the Burkeville
Merychippus seems to have evolved very
rapidly on the Gulf Coast and to have de
veloped the characteristics of the Hip
parion group by Cold Spring time. The
type species, which oddly enough was de
rived from the same deposits (Bijou Hills,
South Dakota) as that of Jlippodon, is
little advanced over the Burkeville form.
Although materials of this genus closely
resembles those of the hipparions it seems
evident that Merychippus did not evolve
beyond the primitive stage. The Bijou
Hills fauna contains M erycodus and is
probably of upper Miocene or lower Plio
cene age, certainly much later than the
Burkeville.
The Cold Spring fauna is represented
by more numerous and more nearly com
plete materials than the two earlier faunas.
The indigenous components appear to
have no counterparts elsewhere except for
the Calvert material (Gazin and Collins,
1950), which corresponds with the Cold
Spring fauna insofar as the proboscideans
are concerned. No large rhinoceroses have
been found in the Cold Spring fauna, but
a form similar to that mentioned by Gazin
and Collins (1950) does occur in the
Burkeville fauna. The Calvert Merychip
pus lower premolar, U.S.N.M. no. 12032
( Gazin and Collins, 1950), is neither
higher crowned nor more advanced than
related Cold Spring specimens. U.S.N.M.
no. 18430 appears to belong to Hippodon.
It is not larger than the Burkeville speci
mens, but it is slightly higher crowned and
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has an elongate metaconid more nearly
like that of H. speciosus.
The Cold Spring Diceratherium is rep
resented by skulls, jaws, and limb bones.
Although the measurements of these ma
terials fall well within the range of the
genus, no known species is indicated. The
specimens appear to belong to a form
somewhat advanced over typical lower
Miocene species. A skull, jaws, and limb
bones of a small rhinoceros no larger than
Diceratherium, but with characters of
Teleoceras including the reduced number
of cheek teeth, suggest a primitive but
direct ancestor to the upper Miocene and
Pliocene species. A Cold Spring oreodont,
Ticholeptus rileyi, is said by Schultz and
Falkenbach ( 1941), to resemble Lower
Snake Creek forms. A skull and jaws of
Machaeromeryx from the upper part of
the deposits containing the Cold Spring
fauna is larger than the lower Miocene
type species M. tragulus (Matthew, 1926)
but does not appear appreciably more
hypsodont. The horses of the Cold Spring
seem unrelated to any forms other than
those from the Calvert formation. The
age of the Cold Spring fauna must there
fore be evaluated by the relative evo
lutionary position of the fauna with re
gard to the Burkeville fauna, which is
certainly older, and with regard to the
Lapara Creek fauna, which is certainly
younger. In this respect the Cold Spring
fauna is clearly much closer to the Burke
ville fauna than to the Lapara Creek
fauna and seems to be approximately late
middle Miocene age.
The Lapara Creek fauna is correlated
with the Alachua (Bone Valley) fauna of
Florida because of the presence of Nan
nippus ingenuum (Leidy) and Teleoceras
proterus in both faunas. The Florida
Teleoceras proterus is slightly smaller
than that from the Lapara Creek fauna,
but the differences seem insufficient to war
rant recognition of more than a sub·
specific category for the Lapara Creek
form. An age slightly older than that of
the Lapara Creek fauna is indicated for
the Alachua (Bone Valley) fauna. A Mio
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cene rather than a Pliocene age assign
ment for the Alachua (Bone Valley) fauna
is in agreement with the views expressed
by Kellogg (1924) that the marine mam
mals of the Alachua (Bone Valley) fauna
are not of later age than upper Miocene.
T. proterus has not been directly com
pared with Burge material, where almost
no remains of Teleoceras have been found,
but it differs considerably from the Ains
worth, Nebraska, materials referred by
Matthew (1932, pp. 436-437) to T. fos
siger. The exact stratigraphic position -0f
the Ainsworth material is not known. It
is lower than that of the Lower Ash Hollow
fauna (of the Valentine formation) and
may be equivalent to the Burge fauna.
That the Lapara Creek fauna is older than
the Burge fauna is indicated by direct
comparison of specimens of Protohippus,
Hippotigris, and Calippus. The amount
of time separation is difficult to determine
because the available Burge sample is in
adequate for statistical comparison. In
general, the North Texas-Clarendon and
Nebraska-Lower Ash Hollow horses are
readily distinguishable from their Lapara
Creek relatives by virtue -0f the much
greater degree of hypsodonty in the north
ern forms, but the Lapara Creek horse,
Calippus anatinus, is barely distinguish·
able from C. regulus of the Clarendon
fauna. At the same time the Burge Hip
potigris is closer to H. clarendonensis than
to H. sellardsi of the Lapara Creek. Syn
thetoceras tricornutus of the Clarendon is
little advanced over the Lapara Creek
form, judged from comparative sizes. The
Lapara Creek Synthetoceras is represented
by a few teeth, a partial horn, and a meta
tarsal, all of which are of nearly the same
size as those of S. tricornutus. There is no
doubt that the evolutionary rates and
stages among the different species in late
Miocene and early Pliocene time are not
comparable. There is also no doubt that
species could and did exist sufficiently
long, as such, to have transcended pro
vincial age boundaries. In consideration
of this factor, and because exact com
parisons of Burge and Lapara Creek forms
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could not generally be made, several of
the Lapara Creek forms are, in this paper,
referred to the Burge species. In spite of
this, the conclusion that the Burge and
Lapara Creek are exactly synchronous is
not warranted. Some of the forms re
ferred to Burge species will, no doubt,
with better comparative materials, be
separable; others undoubtedly will not.
There is a question as to the advisability
of drawing the Miocene-Pliocene bound
ary between the deposits containing the
Burge and Lapara Creek faunas. If the
long-held thesis is correct that the "Plio
cene" horses suddenly replaced Merychip
pus in the central and western regions,
and if this event is taken as the beginning
of Pliocene time, as advocated by McGrew
and Meade (1938) and others, there is
ample justification for assigning the La
para Creek to the Miocene, since the La
para Creek must have furnished the
stock that replaced Merychippus in the
north and west at that time.

Areal distribution of fossil sites.-0£ the
principal sites referred to in this paper
from which collections have been made, 27
are plotted on a generalized map of the
Texas Gulf Coastal Plain (fig. 5). The lo
cality numbers of the Bureau of Economic
Geology, The University of Texas, are

recorded on all specimens. These numbers
are accompanied by locality data so that
information regarding the precise areas
concerned is a matter of record that may
be obtained from the Bureau. The locali
ties are indicated on the map by numbers
as shown in Table 25.
Table 25. Areal distribution of fossil faunas.
MAP

NO.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

B.E.G.

NO.

31160
31087
31057
31183
31200
31219
31191
31243
31190
31242
30873
40071
40070
31272
40067
40068
31259
31278
31273
31262
30896
31132
31081
31170
30936
30904
31089
30895

COUNTY

Newton
Tyler
Polk
Polk
Polk
San Jacinto
San Jacinto
San Jacinto
San Jacinto
San Jacinto
Walker
Grimes
Grimes
Washington
Washington
Washington
Fayette
Fayette
Lavaca
DeWitt
Bee
Bee
Bee
Bee
Live Oak
Live Oak
Duval
Goliad

LOCATION

Near Burkeville
Near Town Bluff
Near Moscow
Near Goodrich
Near Goodrich
Near Cold Spring
Near Cold Spring
Near Point Blank
Near Point Blank
Near Point Blank
Aiken Hill
Near Navasota
Sommers Pit
Near Chapel Hill
Hidalgo Bluff
Near Carmine
Near La Grange
Near Amandsville
Near Shiner
Near Concrete
Near Berclair
Near Normanna
Near Berclair
Near Normanna
Near George West
Near George West
Palangana dome
Goliad State Park
Saratoga field
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SUMMARY AND CONCLUSIONS
Fossil remains of horses numbering
1,844 separate specimens from 39 locali
ties in the Texas Gulf Coastal Plain were
studied for this paper.
Although characters of the upper cheek
teeth form the principal basis for the classi
fication of hypsodont horses, the lower
cheek teeth are more useful in determin
ing relationships. This conclusion substan
tiates that of Hopwood ( 1936) , and the
phylogeny presented here depends to con
siderable extent on information obtained
from examination of lower dentitions.
The zoological rule known as Gause's
(1934) principle, which implies that only
one of a group of closely related taxonomic
units of species or lesser rank may con
tinue to occupy a given ecologic niche,
must be applied to fossil assemblages with
considerable reservation. It certainly can
not be used if the area of entombment is
substituted for ecologic niche.
The validity of paleontological species
is, perhaps, best demonstrated by their ex
istence through time, for their indicated
independence suggests that interbreeding
no longer continues.
The terminology applied to the tooth
characters is that of Osborn ( 1907) and
Stirton (1941) with one emendation and
the addition of two new names. The term
pli hypostyle is changed to pli hypoloph.
The small fossette formed by the union
of posteriorly directed plications of the
hypoloph with the posterior cingulum is
named the hypostylar f ossette. The plica
tion of the lower teeth, which is formed
on the hypoconid external to the metastylid
and projects into the entoflexid, is termed
the pli hypoconid.
Archaeohippus, not Parahippus and
Miohippus, is the phylogenetic link be
tween Mesohippus and the hypsodont
horses. Two species, A. blackbergi (Hay)
and A. nanus Simpson of Texas and Flor
ida, respectively, are the smallest and old
est of the known archaeohippines and

structurally nearest to the hypsodont
horses.
Genus Hippodon Leidy is revived for
the most primitive group of hypsodont
horses. Although the type of Hippodon
speciosus Leidy has long been considered
indeterminate, for it is a single lower molar
tooth, the difficulty has been one of lack
of understanding of the significance of
characters of the lower teeth rather than
lack of diagnostic structure in the type
specimen. Many of the High Plains middle
Miocene horses now assigned to Merychip
pus may belong in Hippodon, but it has
not been possible to study them. Hippodon
seems to have survived, on the High
Plains, well into lower Pliocene time, as
attested by two teeth from the Big Spring
Canyon quarry in South Dakota. Hiopo
don is represented in the late lower Mio
cene Garvin Gulley fauna by H. vellicans
(Hay), in the Thomas Farm fauna of
Florida by H. barbouri (White), H. leon
ensis (Sellards), and H. gunteri (Simp
son), and in the Burkeville fauna by H.
gunteri. Hippodon is present in the Cold
Spring fauna but absent in the Lapara
Creek fauna.
The subgenus Merychippus (Protohip
pus) of Stirton 1940) is removed from
Merychippus and reelevated to generic
rank. Protohippus appears to have di
verged directly from Hippodon vellicans
and is closely related to Pliohippus, where
as Merychippus, insofar as can be deter
mined from M. insignis Leidy, is a hip
parionid. Species of Protohippus of Burke
ville, Cold Spring, Lapara Creek, and
Clarendon ages are described or their de
scriptions amplified.
Protohippus is generically separated
from Pliohippus, because the two groups
display consistent differences and co-ex
isted from middle Miocene time until Pro
tohippus disappeared in late lower Plio
cene time. Protohippus is not the ancestor
of Pliohippus, but both diverged, perhaps
simultaneously, from Hippodon.
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The genus Pliohippus is restricted to spe·
cies with deep facial fossae, short meta·
podials, and simple enamel patterns in the
teeth. These in general are the so-called
lower Pliocene species as opposed to the
progressive middle Pliocene species, which
are placed in a new genus. Pliohippus s.s.
continued into the middle Pliocene and
presumably beyond, for this genus is an·
cestral to Hippidion of South America.
The three genera Hippodon, Protohip·
pus, and Pliohippus are placed in the tribe
Protohippini in recognition of their phylo
genetic relationship.
The tribe Calippini is proposed for three
genera, one of which is new, which had not
previously been placed together. One of
these, Calippus Matthew and Stirton
(1930) is represented in the Cold Spring
fauna by C. francisi (Hay) and in the
Lapara Creek fauna by three species, C.
anatinus, C. optimus, and C. cf. placidus
(Leidy) . All three species occur in early
lower Pliocene faunas, but only C. placidus
has been described. C. regulus of the Clar
endon beds is a direct descendant of C.
anatinus and differs in being a little larger
and more hypsodont. A larger undescribed
contemporary species probably is a de·
scendant of C. placidus, or possibly is ref
erable to C. placidus, since the strati
graphic position of the type of C. placidus
has not been positively determined, as the
type specimen is not sufficiently diagnostic.
The concept that Calippus evolved from
a larger to a smaller form has been based
on the supposition that C. placidus is an
cestral to C. regulus. The belief that Calip
pus was retrogressive in this respect must
be abandoned, since species of Calippus
smaller than C. regulus coexisted with C.
placidus and even earlier in late Miocene
time with C. cf. placidus.
The fact that the middle Miocene species
C. francisi is larger than C. regulus does
not substantiate progressive reduction in
size. If this concept were true, the late
Miocene species C. anatinus would neces
sarily be larger than C. regulus. It seems
more likely that C. anatinus diverged ear·
lier than in Cold Spring time or that C.

79

francisi contained smaller individuals as
well as larger ones such as the type speci·
men.
A partial lower jaw in the Lapara Creek
fauna has the characters of the lower den
tition of Astrohippus, which is removed
from a position as a subgenus of Pliohip
pus and elevated to generic rank. Astro·
hippus is related to and diverged from or
had a common ancestry with Calippus.
Species formerly grouped with Nannip·
pus on the basis of the unconnected proto·
cone and small size of the teeth and closely
similar to Calippus are placed in a new
genus Griphippus. The species are G.
gratus (Leidy) and G. retrusus (Cope).
Griphippus is distinguished from Nannip
pus in that the middle Miocene form has
the protocone connected as in Calippus
and never as completely disconnected (in
later species) as in Nannippus, and in the
fact that the hypoconal groove is partly
closed in early species, closed in late spe·
cies. There are other differences as well,
but these are the most conspicuous.
The tribe Equini is established for
Equus and closely related genera. Two
middle Pliocene species formerly placed
with Pliohippus, together with a new spe
cies from the Lapara Creek fauna and un
described lower Pliocene material, are
placed in a new genus Dinohippus. Hereto·
fore D. interpolatus (Cope) and D. leidy
anus (Osborn) had been considered as
probably in the line of ancestry of Equus;
however, Dinohippus is a contemporary of
early species of Equus and is not in the
direct line of ancestry.
The problem of whether or not Equus,
Asinus, and Hippotigris are generically
distinct has been debated for well over 100
years. The Lapara Creek species of Equus
and Hippotigris and probably Asinus as
well, should help to settle this controversy.
These phyla have been distinct since late
Miocene time, and perhaps even longer,
and must surely represent separate genera.
There appear to be three subgeneric groups
in Hippotigris and at least two in Equus, a
condition which requires generic status for
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the two groups for taxonomic reasons if
for no other.
The Equini are represented in Cold
Spring time by a new genus Eoequus,
which is treated as the ancestor for the sub
sequent genera. Nevertheless the type of
the genus and species Eoequus wilsoni
seems more nearly directly ancestral to
Equus than the other genera of the Equini,
because the characters of the teeth are
more progressive or more Equus-Iike than
are those of Dinohippus or Hippotigris of
the Lapara Creek.
The tribe Hipparionini is established
for the four genera Merychipp·us Leidy,
Hipparion Christo!, Nannippus Matthew,
and Neohipparion Gidley. Merychippus
as such is not represented in the Texas
Gulf Coast Miocene faunas, but a complete
milk dentition with unerupted permanent
teeth in place, including both upper and
lower jaws, from the lower part of the
Burkeville fauna combines the characters
of the milk dentition of the type of Mery
chippus insignis Leidy with the characters
of the permanent teeth of the hipparions.
This form is ancestral to the hipparions,
or an early Hipparion, and appears to be
ancestral to Merychippus as well.
Addition of the Gulf Coast Miocene
forms to the phyla of hypsodont horses
greatly extends the range of most of the
genera and many of the species and indi
cates the genera diverged in middle Mio
cene time. The relatively sudden appear
ance of the phyla coupled with the lack of
intergrades leads to the supposition that
the phyla were established by major
radiation.
The Miocene Gulf Coast deposits con
tain fossil remains of a large number of
terrestrial animals which collectively
represent a new fauna! province of the

North American continent. This faunal
province is divisible into four faunas.
The oldest of these is the Garvin Gulley
fauna. It is of late lower Miocene age,
slightly older than the Thomas Farm
fauna of Florida, and may be correlated
with the upper part of the Tampa for
mation. Archaeohippus blackbergi, Hippo
don vellicans, and Synthetoceros (Pro
synthetoceras} rileyi, and Daphaenodon
are distinguishing fossils.
The succeeding Burkeville fauna is
younger than that of the Thomas Farm
and apparently is more nearly equivalent
t0 the Midway-Quincy faunas of Simpson.
Marine fossils of the Burkeville cor
respond to those of the Florida Hawthorne
formation of middle Miocene age. The
Burkeville appears to be of early middle
Miocene age. No true brachydont horses,
camels, proboscideans, or teleocerine
rhinos have been recognized in the fauna.
The distinguishing fossils are Hippodon
gunteri, Synthetoceras ( Prosynthetoceras}
species, Floridatragulus, and Aphelops
meridanus.
The Cold Spring fauna is younger than
the Burkeville and is of late middle Mio
cene age. Distinguishing fossils are Plio
hippus, Calippus, Nannippus, Neohip
parion or Hip;parion, Eoequus, Syntheo
toceras ( Prosynthetoceras} francisi, Tele
oceras, Alticamelus, and proboscideans.
The Lapara Creek fauna is of slightly
later age than the Alachua (Bone Valley)
of Florida and probably older than the
Burge fauna of the Valentine formation.
The Lapara Creek fauna is considered to
be of late upper Miocene age. It contains
all, or nearly all, the recognized genera
of Pliocene and later horses, as well as
some forms directly connected with lower
Pliocene species.
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PLATE 1
All figures approximately natural size
FIGURES-

PACE

1- 11. Hippodon gunteri (Simpson)
. .. .... ..... .... ........ ................. ....... ..... .....
l. Lower P. 2, occlusal view, B.E.G. no. 31057-45.
2. Lower P. 3, occlusal view, B.E.G. no. 31057-127.
3. Lower P. 4, occlusal view, B.E.G. no. 31057-1.
4. Lower M. l, occlusal view, B.E.G. no. 40070-12.
5. Lower M. 1, occlusal view, B.E.G. no. 30904-1.
6. Lower M. 3, occlusal view, B.E.G. no. 31057- 129.
7. Same as figure 3, anterior view.
8. Same as figure 2, external view.
9. Upper P. 2, occlusal view, B.E.G. no. 31190-82.
10. Upper M. 1-3, occlusal view, B.E.G. no. 31243- 1.
11. Upper M. 2, occlusal view, B.E.G. no. 31200-4, from the Cold Spring fauna.
12. Hippodon vellicans (Hay). Lower molar, anterior view, B.E.G. no. 31084-59
13. Merychippus? Lower molar, anterior view, B.E.G. no. 40071-4
... ......... ... ..... ...
14-16. Protohippus vetus Quinn ...
.. .......
14. Upper left maxillary, occlusal view, B.E.G. no. 31242-71, type.
15. Upper right maxillary, same individual, section 7 mm. below summit of crown.
16. Lower M. 1 or 2, external and occlusal views, B.E.G. no. 31242- 103.
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PLATE 2
Protohippus perditus Leidy
(p. 19)
All figures approximately natural size
FIGURES

1.
2.
3.
4.
5.

Lower molar, occlusal and external views, B.E.G. no. 31132-400.
Lower molar, occlusal and external views, U. Ariz. no. 42-A-49, Burge equivalent.
Upper M. 2, posterior view, B.E.G. no. 31132-24B.
Upper M. 2, occlusal view, U. Ariz. no. 42-A-49, Burge equivalent.
Upper cheek tooth series, occlusal and external views, B.E.G. no. 30896-127.
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PLATE 3
All figures approximately natural size
FIGURES-

1. Protohippus perditus Leidy. Lower cheek dentition of one individual, occlusal view,
____ ____ __ __ ___ __ _ ___
B.E.G. no. 30896--545 _ __ ______
2-4. Protohippus martini (Hesse) ----- --------------------------- --------- ____ ----------------2. Lower left cheek dentition, occlusal view, T.M. no. 255-34, Clarendon beds.
3. Lower left premolar series, occlusal views, T.M. no. 255-35, Clarendon beds.
4. Upper molar, section 10 mm. below summit of crown, occlusal view, T.M.
no. 255-31, Clarendon beds.
5-8. Pliohippus circulus Quinn. n. sp. ____ ______________
____ _
______ ___
5. Upper M. 2, occlusal view of unworn tooth, B.E.G. no. 31219-165A.
6. Upper M. 2, of figure 5, section 15 mm. below summit of crown, occlusal
view, B.E.G. no. 31219-165A.
7. Upper M. 1, occlusal and anterior views, B.E.G. no. 31219-1650.
8. Lower P . 4-M. 3, occlusal and external views, B.E.G. no. 31191-10, type.
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PLATE 4
All figures approximately natural size

FrcuaEs-

PACE

1-4. Pliohippus supremus (Leidy) _______ _____ --- -----
- - ----· -- -·· ··- --------- -- ·- 24
1. Upper M. 2, occlusal view, B.E.G. no. 31132- 541.
2. Upper M. 1, occlusal view, B.E.G. no. 31132-542.
3. Upper M. 1, occlusal view, B.E.G. no. 31081-329.
4. Lower P. 4--M. 1, section 15 mm. below summit of crown, occlusal view,
B.E.G. no. 30896-502.
5. Pliohippus cf. pernix Marsh. Lower jaw fragment with P. 2-M. 1, occlusal view,
25
U. Cal. no. 33455, Big Spring Canyon, South Dakota -----------------------------------27
6-7. Calippus francisi (Hay) ------ -· ·--·----------------- ·----··------------ -- -. ····--------·--·--------6. Lower jaw fragment with P. 2-M. 3, occlusal view, B.E.G. no. 31183-49.
7. Maxilla, occlusal and external views, B.E.G. no. 31183--{)3.

88

Bureau of Ecorwmic Geology, The University of Texas

PLATE 5
All figures approximately natural size
FIGURES

PACE

1-19. Calippus anatinus Quinn, n. sp.
-- -- --- ----- -- -- ------ --------- -- ---- .
-- ---- --- -- ······-· ·· - 30
1. Upper P. 2, occlusal view, B.E.G. no. 30896-361H.
2. Upper P. 3, occlusal view, B.E.G. no. 30896-361F.
3. Upper P. 4, occlusal view, section 5 mm. below summit of crown, B.E.G.
no. 30896-361D.
4. Upper M. 1, occlusal view, section 10 mm. below summit of crown, B.E.G.
no. 30896-3618.
5. Upper M. 2, occlusal view, B.E.G. no. 30896-3611.
6. Upper M. 3, occlusal view, B.E.G. no. 30896-361C.
7. Low.er P. 3, occlusal view, reversed, B.E.G. no. 30896-3600.
8. Lower P. 4, occlusal view, reversed, B.E.G. no. 30896-360E.
9. Lower P. 2, occlusal view, section 5 mm. below summit of crown, B.E.G.
no. 30896-356.
10. Lower P. 3, occlusal view, section 5 mm. below summit of crown, reversed,
B.E.G. no. 30896-356C.
11. Lower P. 4, occlusal view, B.E.G. no. 30896-402.
12. Lower M. 1, occlusal view, B.E.G. no. 30896-356E.
13. Lower M. 2, occlusal view, section 7 mm. below summit of crown, B.E.G.
no. 30896-3560.
14. Lower M. 3, occlusal view, B.E.G. no. 30896-462.
15. Lower M. 1?, occlusal view, reversed, B.E.G. no. 30936-157.
16. Lower M. 1?, occlusal view, B.E.G. no. 31132-466.
17. Lower M. 1, occlusal view, B.E.G. no. 30896-538.
18. Upper M. 2, posterior view, reversed, B.E.G. no. 30896-3611.
19. Skull with deciduous dentition, ventral view with section of left M. 1,
B.E.G. no. 30896-173, type.
20. Calippus regulus Johnston. Upper P. 4, posterior view, T.M. no. 255-96, Clarendon beds
32
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PLATE 6

Calippus optimus Quinn, n. sp.
(p. 35)
All figures approximately natural size
FICURES

1. Lower jaw fragment with P. 3-M. 3, occlusal view, B.E.G. no. 30896-530, type.
(same individual as no. 30896-528) .
2. Deciduous upper cheek dentition, D.P. 2, posterior part to M. 1, occlusal view,
B.E.G. no. 30896-187.
3. Deciduous lower cheek dentition, D.P. 2-M. I, occlusal view with section of M. 1,
B.E.G. 3089~79.
4. Maxilla, occlusal and external views, B.E.G. no. 30896-528, type.
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PLATE 7
All figures approximately natural size
FIGURF.S-

1. Calippus optimus Ouinn, n. sp. ..... __ __
..
__ ____ ____ _____ __ ____ --- ---------- --- --- ---- Upper P. 4-M. 3, occlusal and external views, B.E.G. no. 30896--200.
2, 3. Calippus cf. placidus .. ..
_____ __ . _
_______ ______ _
2. Upper D.P. 2-D.P. 4, occlusal view, B.E.G. no. 30896--419.
3. Upper P. 3, occlusal view, B.E.G. no. 30936--160.
4, 5. Calippus placidus (Leidy) .
_ ___ __ _
4. Upper P. 3, occlusal view, U. Ariz. no. 42-A-49.
5. Upper molar, occlusal view, U. Ariz. no. 42-A-49.
6. Calippus placidus? (Leidy)
Upper M. 1, occlusal view, T.M. no. 255-12, Clarendon beds.
7-9. Astrohippus curtivallis Quinn, n. sp. _'"--- _
7. Upper P. 4, occlusal view, B.E.G. no. 30936--353.
8. Upper P. 3, occlusal view, B.E.G. no. 30936--80.
9. Jaw fragment with P. 4-M. 2. P. 4 sectioned 10 mm. below summit of crown,
occlusal view, B.E.G. no. 30896--196, type.
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PLATE 8
All figures approximately natural size
FIGURES-

1-8. Dinohippus subvenus Quinn, n. sp.
... ... ... .. . ...
1. Upper third or fourth premolar, occlusal view, B.E.G. no. 21132- 190.
2. Upper third or fourth premolar, occlusal view, B.E.G. no. 31132-435.
3. Upper third or fourth premolar, occlusal view, B.E.G. no. 31081-625.
4. Upper first or second molar, occlusal view, B.E.G. no. 30936-158.
5. Lower M. 3, occlusal view, B.E.G. no. 30936-61.
6. Lower M. 1, occlusal view, B.E.G. no. 31132-39.
7. Upper P. 3, postero-internal view with hypostyle outlined to indicate
closure of the hypostylar groove, B.E.G. no. 31132-24.
8. Lower jaw with P. 2-M. 3, occlusal view, B.E.G. no. 31132- 333, type.
9. Dinohippus sp. ......
.... ..........
. .. . ... . .... ................. ... .
.. .....
Lower jaw with P. 2-4 and M. 2- 3, occlusal view, reversed, T.M. no 947-4,
Couch formation, lower Pliocene, Crosby County, Texas.
10. Dinohippus interpolatus (Cope)
.. ..... ....................
____ _ ------------ ------------ ... .
Lower jaw with P. 2- M. 3, occlusal view, B.E.G. no. 30937- 3, middle Pliocene,
Gray County, Texas.
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PLATE 9
All figures xl.02
PACE
F1cuREs46
1-2. Hippotigris sellardsi Quinn, n. sp. ........ ..... ..............
1. Upper P. 2-M. 3, occlusal and external views, B.E.G. no. 30896-503, type.
2. Lower jaw with P. 2-M. 3, occlusal view, B.E.G. no. 30896-541.
........ 50
3. Hippotigris parastylus Quinn, n. sp................... ........... ....... .... ·····-·····················
Lower jaw fragment with P. 3-M. 3, and section of M. 3, occlusal view, B.E.G.
.
. _no. 31~32-459, type.
4. Hippotigns species ........... ........................ ., . ............................ ....................... ...
50
Lower jaw fragment with P. 2-M. 1, occlusal view, U. Cal. no. 32240, Burge,
Valentine formation, lower Pliocene.
5. Hippotigris clarendonensis Quinn, n. sp. ..............
......................... ............... ..... 49
Lower jaw fragment with P. 3-M. 3, occlusal view, reversed, T.M. no. 255-29,
Clarendon beds, lower Pliocene, Donley County, Texas, type.
6. Asinus? species ........ ............. .. ... .......... ... ........... ......... .. .......... .. ... .................... ..... ........ ...... ...... ..... 53
Lower premolar, occlusal view, B.E.G. no. 31132-496.
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PLATE 10
Eoequus wilsoni Quinn, n. gen. and n. sp.
(p. 54)

All figures approximately natural size
FccuRES
1. Upper right cheek dentition, occlusal view, B.E.G. no. 31183- 30, type.
2. Upper and lower left cheek dentition, external view, B.E.G. no. 31183-30, type;
31183--37, believed to belong with the type; 31183-66, second lower premolar
believed to belong with 31183-37.
3. Lower left jaw with P. 2-M. 3, occlusal view, B.E.G. no. 31183-37, 66.
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PLATE 11
Eoequus wilsoni Quinn, n. gen. and n. sp.
Ip. 54)
fICURES

1. Skull, ventral view, B.E.G. no. 31183-30, type. Two-thirds natural size.
2. Lower jaws, dorsal view, B.E.G. nos. 31183-37, 66, believed to belong with type.
Two-thirds natural size.
3. Upper M. 3, occlusal view, section, type. Enlarged to 1.85.
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PLATE 12
Eoequus wilsoni Quinn, n. gen. and n. sp.
(p. 54)

Skull an<l jaws, lateral view, B.E.G. nos. 31183-30, 37, 66, type and associated jaws.
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PLATE 13
Eoequus wilsoni Quinn, n. gen. and n. sp.
(p. 54)

Skull, dorsal view, B.E.G. no. 31183-30, type.
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PLATE 14
All figures approximately natural size

FrcuRES1-3. Equus laparensis Quinn, n. sp. .

...... ........... .. .......................... .
1. Upper premolar series, occlusal view, B.E.G. no. 30896-195, type.
2. Lower P. 2, occlusal view, B.E.G. no. 30896-553.
3. Lower P. 4, occlusal view, B.E.G. no. 30896-454.
4. Equus species _
..... ................... . ...... .. ........ ........ .................. ..
Maxilla, left D.P. 2-M. 1, right D.P. 2-4, occlusal view, B.E.G. no. 30896-188.
5. Equus or Neohipparion sp. ................ ... ...
.. .. .. .................... ............ .
Lower dentition, occlusal view, B.E.G. no. 30896-480.
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