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ABSTRACT. Well-preserved fossil Equidae recovered from the earliest Pliocene to middle Pleistocene
sequence in the Anza-Borrego Desert of southern California (Downs and White, 1968; Miller, 1985)
represent six different species. A small species, cf. Dinohippus sp., occurs in the earliest Pliocene (late |
Hemphillian) and later Pliocene (early to late Blancan) strata of the Imperial and Palm Spring Formations. |
A new species of a large dolichohippine, Equus (Dolichohippus) enormis, was recovered from the Vallecito |
Creek local fauna, Palm Spring Formation (transitional Blancan to Irvingtonian), the Borrego Badlands
area, Palm Spring or Ocotillo Formations (late Irvingtonian), and the lower Coyote Canyon badlands,
Ocotillo Formation (late Irvingtonian). Well-preserved crania and dentitions from late Blancan strara (late |
Arroyo Seco local fauna and early Vallecito Creek local fauna) appear morphologically intermediate
between the largest specimens of E. (Dolichohippus) simplicidens (Cope, 1892) and E. (D.) enormis and
are identified as E. (Dolichohippus) cf. E. (D.) simplicidens.

Three crania and four mandibles are referred to the caballine subgenus Equus (Equus). Equus (Equus)
species A is from the Vallecito Creek local fauna, Palm Spring Formation (late Blancan to Irvingtonian).
Equus (Equus) species B and E. (Equus) sp. indet. are from the Borrego Badlands, Palm Spring and Ocotillo
Formations (late Irvingtonian).

Morphological trends link the small cf. Dinohippus sp. to the larger Equus (Dolichohippus) cf. E. (D.)
simplicidens and thence to the large E. (D.) enormis n. sp. The dolichohippine and caballine species
constitute North American representatives of populations that migrated into Eurasia and Africa during

the late Pliocene and early Pleistocene, respectively.

INTRODUCTION

The equids described in this report were collected
from southeastern California, within the Colorado
Desert, as first named by Blake in 1858. Specifically,
they were retrieved from what is now the Anza-
Borrego Desert State Park. This park is at the west-
ern margin of the Imperial Valley, San Diego Coun-
ty, California. Geologically, the emergent north ex-
tension of the Gulf of California, today’s Imperial
Valley, is a structural trough filled with a sequence
of marine and terrestrial sediments derived from
the bordering uplands, the Colorado River delta,
and the previous northern extensions of marine
deposition in the Gulf of California. Studies of the
stratigraphy and geology of the area by Woodard
(1974), of the paleomagnetic stratigraphy by Op-
dyke et al. (1977), of the fission track data and
tectonism by Johnson et al. (1983), and of the bio-
stratigraphy by Downs and White (1968) provide
background information for this report. The
“zones” referred to in this study are lithostrati-
graphic entities, not formal or informal biostrati-
graphic zones. These and the local faunas referred
to in the locality descriptions are described in more
detail by Opdyke et al. (1977) and Downs and White
(1968).

Approximately 20,000 feet of stratified and lat-
erally gradational marine and continental sediments
were deposited in the type section area. Woodring
(1931) named the marine deposits the Imperial For-
mation and the overlying predominantly terrestrial
sediments the Palm Spring Formation. There are
approximately 12,200 feet of the Palm Spring For-
mation exposed that preserved vertebrate fossils,
but most fossil vertebrates occur in the upper 4,000
feet of the section. Fossils were collected from an
approximately 150-square-mile area, extending from
the Fish Creek and Vallecito Creek mountains
southeast to the Coyote Mountains.

Dolichohippine and caballine fossil Equus were
also collected in the Borrego Badlands and lower
Coyote Canyon of the northwestern Imperial Val-

2 B Contributions in Science, Number 440

ley. The specimens occurred in the Ocotillo For-
mation (Bartholemew, 1970) or Palm Spring For-
mation (Dibblee, 1954).

Frick (1937:202) published the first record of a
vertebrate fossil from the Anza-Borrego area—some
cervid elements from “Carrizo Creek, Southern
California” collected by Guy E. Hazen in 1936.
This area is now recorded on the Arroyo Tapiado
Quadrangle (1959) as the Carrizo Valley and Val-
lecito Creek. Frick named the fossils Odocoileus
cascensis, new species, whose limb proportions
“approximate Odocoileus hemionus AM(M)
122667 from Alberta, Canada.”

Harley Garbani of San Jacinto, California, brought
some vertebrate fossils to the Natural History Mu-
seum of Los Angeles County (LACM) in 1954 and
sought information from T. Downs. Subsequently,
Garbani provided guidance for LACM personnel
in the Anza-Borrego Desert which led to further
collecting for many more years, with annual col-
lecting permission issued by the California Depart-
ment of Parks and Recreation. Specimens now in
the collections are recorded as loans from the state
to the Natural History Museum of Los Angeles
County.

The fossil equid materials from Anza-Borrego
that are discussed in this report were formerly
housed in the Imperial Valley College Museum, El
Centro, California, and Natural History Museum
of Los Angeles County, Los Angeles, California.
The Imperial College Museum Vertebrate Pale-
ontology Collection is currently housed in the Stout
Laboratory, next to the Anza-Borrego State Park
headquarters, Post Office Box 299, Borrego Springs,
California 92004. The Anza-Borrego Desert se-
quence has yielded additional fossil equids with
probable hemionine, asinine, and Hippidion-like
affinities. These will be described in a future report.

METHODS AND MATERIALS

In the course of our study of Equus, 119 types of mea-
surements or character states were recorded from which

Downs and Miller: Late Cenozoic Equids



Metaconid

Protoconid
Paralophid

DENTAL PARTS

Metastylid
Hypoconid
Entoconid
Hypostylid

Cement

TOOTH COMPONENTS

Brotioted ’ Enamel
DENTAL FOLDS' ©fo'exs /s Postflexid Dentine
Linguaflexid Ectoflexid
Meta-isthmus

Antro-isthmus
Isthmus

DENTAL COMMISSURES

Postisthmus

Figure 1.

Dental nomenclature: a. Equus (Dolichohippus) grevyi (Oustalet, 1882); Holocene, AMNH (M) 54247,

partial P,, P,-M ; b. Equus (Dolichohippus) simplicidens Cope (1892); early Pleistocene, Nebraska, F:AM 87440, partial

P,, P,.-M;; a and b reproduced from Skinner (1972:fig. 57).

computer printouts of exploratory, two dimensional scat-
tergrams and Simpson ratio diagrams were prepared. From
these analyses we have selected the most significant fea-
tures for the discussions presented in the text, tables,
figures, and appendices.

Methods of measurement include those used in Gazin
(1936), Hibbard (1955), Gromova (1949), and Eisenmann
(1979a, b, 1981a, 1983) as well as our own additions.
They are recorded in millimeters, using dial or vernier
calipers, and were made by either of the authors.

Detailed measurements and comparisons were made
by the authors on 17 crania and mandibles of E. (D.)
simplicidens (Cope, 1892), two crania and mandibles of
E. idahoensis Merriam, 1918, eight specimens of E. (D.)
grevyi QOustalet, 1882, nine of E. (E.) przewalskii Polia-
kov, 1881, and two skeletons of E. (Equus) caballus (Lin-
naeus, 1758).

Our nomenclature for dental features primarily follows
that of Stirton (1940, 1941) and Skinner (1972); see Figures
1 and 2. The depth (or length of penetration of) the
ectoflexid in Equus lower cheek teeth was measured from
the labial border of the protoconid and hypoconid to the
lingual tip of the penetrating ectoflexid (also see Fig. 2E).
The paralophid (= parastylid) was measured from the
external labial border of the protoconid to the internal-
lingual extent of the paralophid tip. We follow Sisson and
Grossman (1964) for the skull and postcranial anatomical
terminology.

Contributions in Science, Number 440

Important measurement data were provided to us by
Melissa Winans in 1980 following her examination of
several collections from United States museums contain-
ing samples of E. (D.) simplicidens and E. (Equus) prze-
walskii.

Abbreviations and symbols used in the text, tables, and
figures are presented in Appendix A. Some measurements
not presented in the tables are presented in Appendix B.

Museum specimens cited and their acronyms are:
American Museum of Natural History (AMNH), New
York, New York; Field Museum of Nartural History
(FMNH), Chicago, lllinois; Florida State Museum (FSM),
Gainesville, Florida; Idaho State University Museum
(ISUM), Pocatello, Idaho; Imperial Valley College Mu-
seum (IVCM), El Centro, California; Muséum National
d’Histoire Naturelle (MNHN), Paris, France; National
Museum of Natural History (USNM), Washington, D.C,;
National Museums of Kenya (NMK), Nairobi, Kenya;
Natural History Museum of Los Angeles County (LACM),
California; University of California Museum of Paleon-
tology (UCMP), Berkeley, California; and the University
of Michigan Museum of Paleontology (UM), Ann Arbor,
Michigan.

The recent publication Studying Fossil Horses, volume
I: Methodology, by Eisenmann et al. (1988), was published
after we compiled data for this paper. It is impractical for
us to modify our data, and we believe that our methods
and nomenclature differ only slightly and are adequarely
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illustrated in Figures 1 and 2, or explained in our mea-
surement tables and footnotes.

Detailed locality information for all specimens de-
scribed is on file in the Section of Vertebrate Paleontol-
ogy, LACM and IVCM.

SYSTEMATICS
Class Mammalia Linnaeus, 1758

Order Perissodactyla Owen, 1848
Superfamily Equoidea Hay, 1902
Family Equidae Gray, 1821
Dinohippus Quinn, 1955

cf. Dinohippus sp.
Figures 3, 4

MATERIAL. LACM 4356, right M* from lo-
cality LACM 1656; IVCM 2257-1, right M*, IVCM
2257-2, right M?,and IVCM 2257-3, right M', from
locality IVCM 177; IVCM 1873, partial left man-
dible with I,, partial I, and P, to M;; a partial right
mandible with I,, I,, I, broken canine and partial
post-canine diastema; moderate wear on dentition
from locality IVCM 537.

LOCALITIES. LACM 1656 and IVCM 177 from
Fish Creek area, IVCM 537 from Arroyo Seco Wash,
Anza-Borrego Desert State Park, San Diego County,
California.

STRATIGRAPHY AND AGE. LACM 1656 from
“zone” 4, Imperial Formation, probable pre-Layer
Cake local fauna, late Hemphillian in age (early
Pliocene); IVCM 177 from “zones” 7-8, Imperial-
Palm Spring transitional Formations, pre- or earliest
Layer Cake local fauna, late Hemphillian to early
Blancan in age (early Pliocene); IVCM 537 from
“zone” 43, middle to upper Palm Springs Forma-
tion, late Arroyo Seco local fauna, Blancan age
(middle to late Pliocene).

The chronostratigraphic range for the Anza-Bor-
rego cf. Dinohippus sp. is approximately 3.9 Ma
or 4.0 Ma to 2.7 Ma, a total of about 1.3 million
years.

DESCRIPTION AND COMPARISONS. On the
basis of generic characters of equids outlined by
Stirton (1940), Quinn (1955), Bennett (1980), and
MacFadden (1984), it is now apparent that LACM
4356 and the more recently collected IVCM 2257-
1, 2257-2, and 2257-3 can be distinguished from
Equus by their simple enamel pattern, absence of
a protoconal heel or definitive protoconal groove,
small size, and low height of crown. The molars
resemble those of Pliohippus, from which they may
be distinguished by their relatively straight crowns,
absence of a lingual protoconal groove, and lack
of protoconal heel. Straight crowns, lack of heels,
and simple enamel pattern are characters shared
with Dinohippus, especially with the type of Dino-
hippus leidyanus (Osborn, 1918). However, the
variation of these features in Dinohippus mexican-
us in the LACM collection suggests caution should
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be exercised in identifying individual upper cheek
teeth. For the present, we shall refer to the upper
dentition as cf. Dinohippus sp.

IVCM 2257-1 is a right M'. The paracone and
metacone walls are deeply concave without ribs.
The protocone is elongate and bears a suggestion
of a lingual groove; there is no protoconal heel. A
wide isthmus connects with the protoselene; the
post-protoconal valley is deep, wide, and without
a plicaballin. There is a very small hypocone and a
shallow post-hypoconal groove. The enamel pat-
tern is simple with only two small plications in the
post-fossette. The parastyle is well developed (5.5
mm long). The mesostyle is 2.0 mm long. There is
a minimum of tooth curvature. Measurements of
IVCM 2257-1 are: AP 33 mm, TR 25.4 mm, pro-
tocone length 12.2 mm, and crown height 41.6 mm.

IVCM 2257-3 is also a right M!'. The paracone
and metacone walls are relatively straight; both the
parastyle (4.7 mm long) and mesostyle (3.9 mm
long) are deep. The enamel pattern is simple with
one pli-protoconule. The protocone is elongate with
very slight suggestion of a heel and a lingual groove;
the hypocone is small with a minute hypoconal
groove. Measurements of IVCM 2257-3 are: AP 26
mm (estimated), TR 30.2 mm, protocone length
10.9 mm, and crown height 39.1 mm.

IVCM 2257-2 is a right M?. The parastyle is nar-
row (AP 4.7 mm) and wider than the mesostyle (2.8
mm long). The styles are deep, and the walls of the
paracone and metacone are concave. There are two
small pre-fossette plications, otherwise the tooth
has a simple enamel pattern. The protocone is elon-
gate, without a lingual groove or protoconal heel.
There is a narrow and deep post-protoconal valley,
a single wide plicaballin; very slight pre-protoconal
groove; small hypocone with a very short hypo-
conal groove; and very slight tooth curvature. Mea-
surements of IVCM 2257-2 are: AP 28.2 mm, TR
29.0 mm, protocone length 10.9 mm, and crown
height 46.1 mm.

LACM 4356, a right M?, is somewhat smaller
than that of most Equus species. The protocone is
elongate without a groove or heel; it connects with
the protoselene by a narrow isthmus. The parastyle
and mesostyles appear to be narrow; the paracone
and metacone walls are concave and relatively deep.
There are two small pli-protoconules. There is no
apparent hypocone. The enamel pattern is simple,
and the tooth has very slight curvature. Measure-
ments of LACM 4356 are: AP 29 mm, TR 23 mm,
protocone length 9.6 mm, and crown height 30
mm.

IVCM 1873 comprises partial left and right man-
dibles bearing teeth (Fig. 4). The right and left first
incisors in [IVCM 1873 are complete and well worn,
with small circular cups and relatively thin external
borders; I, is much shorter mesiodistally than in
other species compared. The right I, has an elongate
cup, closely adjacent to the lingual border, and the
tooth is smaller than in other species compared (see
Table 3). Right I, is slightly worn and has a broad
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Figure 2.  A. Equus (Dolichohippus) simplicidens s.I. from Coso Mountain local fauna, LACM (CIT) 902, right I, _,
(restored from left side), moderate state of wear, occlusal view. a. infundibulum or cup, b. enamel cingulum (can become
infundibulum with wear) also referred to as recessed open “V.” B. Equus (Dolichohippus) simplicidens Cope, 1892,
LACM (CIT) 2021, from Coso Mountain local fauna California, right I,-1;, well worn, occlusal view. a. enamel, b.
nutrient canal, ¢. basal remnant of recessed open “V.” C. Equus (Equus) caballus (Linnaeus, 1758), Holocene, LACM
51575, right 1,-1,, moderate wear, occlusal view. a. enamel, b. enamel bordered infundibulum. D. Equus (Asinus),
Holocene, LACM 31132, left [,-1,, well worn occlusal view. a. infundibulum, b. recessed open “V.” E. Diagram of
lower molars, degrees of penetration of the ectoflexid into the isthmus (estimated) in right M, or M,. a. no penetration,
b. slight penetration, c. penetration; d. deep penetration, touching the linguaflexid. F. Diagram linguaflexid shape
categories of lower dentition: (1) narrow-deep, (2) broad “V,” (3) deep “U,” (4) broad “U,” (5) irregular. G. Diagram
metastylid shape categories of lower dentition: (1) rounded, (2) triangular, indented, (3) triangular, (4) oval. H. Diagram
protocone shape categories of upper dentition: (1) short, (2) moderately elongate, (2a) elongate, (3) moderately elongate
with narrow lingual groove, (4) elongate with broad lingual groove, (5) elongate with irregular lingual goove.

recessed “V” as in Dinohippus and E (D.) simplici- Edson Quarry, Kansas. MacFadden (1984:280) ob-
dens. R. H. Tedford (personal communication, served that in Dinohippus mexicanus from the Ye-
1985) has verified for us the lack of a cup in the I;  pomera local fauna of Mexico the incisors had
of the holotype of D. leidyanus, and he noted this “cement filled infundibulae.” However, in our sur-
was also true of samples of Dinohippus from the vey of the I,’s in the Yepomera collection of D.
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Table 1. Characters distinguishing subgenera of Equus from North America (based on characters commonly available
in fossil material, initially on information provided by M. F. Skinner).

Character states E(E)* E(D.)* E.(He.)* E(As.)* E.(Am.)
1: Cranial, rostral proportions: elongate, index' 0.50- S E ) S §?
0.55 or less (E). Short or broad, index 0.50-0.55
or more (5).
2. Mandibular rostral proportions: elongate, index? S E S S S

0.38-0.54 or less (E). Short or broad, index 0.50-
0.68 or more (S).

3. Orbit position: posterior to tooth row, index* 0.41- A ¥ A A A
0.58 or more (P), 0.24-0.40 or less (A).
4. Isthmus: P/2 to P/4 strong isthmus; protoconid + + + - -+

united directly to metaconid-metastylid column,
hypoconid joined to posterior part of protoconid
junction.’
S Isthmus: M /1 to M/3 strong isthmus; protoconid p” P I I | £
united to metaconid, metastylid more posteriorly
placed, lingual to metaconid-protoconid junction,
no ectoflexid penetration, index® 0.36-0.49 or less
(I). M/1, M/2, and usually M /3 ectoflexid pene-
trates and splits isthmus producing antro-, meta-,
and post-isthmus, index 0.50-0.78 or more (P).
6. Isthmus: M /1 and M /2 usually strong isthmus, pro-  — == Sl = —
toconid to metaconid, M /3 occasionally with
penetration of ectoflexid (or hypoconid-metasty-
lid union).
Linguaflexid: deep V" to deep, narrow “U” shape, B D B D D
protocone short-to-long with narrow lingual
groove (D). Usually moderate-to-broad “U”
shape, with broad or irregular lingual groove on
elongate protocone (B).
8. Incisors: 1/1 to 1/3 with infundibulum or cup, an (G ©F @2 B)2 R?
enamel surrounded pit, cement filled (C). I/1 and
1/2 with cups; 1/3 usually with a recessed, poste-
rior open “V” (O). I/1 to 1/3 without cups or
has a posterior ridge or buttons (R). 1/1 to 1/3
with deep cement filled cups, distinct lateral heel
on1/1 and I/2, ralonid on 1/3 (see subgenera dis-
cussion) (H).
9. Metapodials: long and slender; estimated indices," M M [hiz S S
metacarpal 0.13-0.18, metatarsal 0.12-0.15 (L).
Medium to long and stout; estimated indices,
metacarpal 0.19-0.22, metatarsal 0.16-0.19 (M).
Short and stout; estimated indices, metacarpal
0.23-0.24, metatarsal 0.19-0.21 (S).

E.(E.) = E. (Equus), E.(D.) = E. (Dolichohippus), E.(He.) = E. (Hemionus), E.(As.) = E. (Asinus), E.(Am.) = E.
(Amerhippus).

* Subgenera that occur at Anza-Borrego.

! Transverse width at I* divided by AP length I' to P2.

* Broad in Amerhippus, Hoffstetter (1952) as seen in illustrations and Rancho la Brea specimens. Rancho La Brea
specimens narrower than South American species.

" Transverse width at [, divided by AP length I, to P,.
* AP from juncrion of M' to M? to anterior edge of orbit divided by length of tooth row.

* This also applies to the possible subgenus E. (Onohippidion) but separates the possible subgenus E. (Hippidion),
which has a deep ectoflexid that penetrates the isthmus producing an antro-, meta-, and post-isthmus on the P, through
M,. See Methods and Figure 2E for an explanation of ectoflexid penetration. E. (Onohippidion) has a deep ectoflexid
in all the lower deciduous cheek teeth (see MacFadden and Skinner, 1979).

¢ Depth of ectoflexid divided by transverse width of tooth.
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mexicanus, we found no cup or infundibula in the
I,, and there is some evidence of an open recessed
“V.” I, of IVCM 1873 is relatively smaller than in
other species compared; a minute “button” or cap-
sule is at the base of the lingual edge of the “V”
and is worn to a circular tip.

The right canine is well developed but broken
lingually and at the tip. The pre- and post-canine
diastemata proportions seem to resemble E. (D.)
simplicidens and E. (D.) grevyi (Table 2), although
IVCM 1873 is smaller.

The external enamel walls of the hypoconid in
P, through M, are somewhat rounded or crescentic
in IVCM 1873. Similar roundness occurs in E. (D.)
simplicidens (see Gazin, 1936) and in Dinohippus
leidyanus and D. mexicanus (see Osborn, 1918;
Lance, 1950). The preserved protoconid walls of
P., M,, and M, of IVCM 1873 are crescentic. The
metaconid-metastylid anteroposterior length is
somewhat shorter than in E. (D.) simplicidens. The
metaconids of M, and M, seem to be relatively
broad as in E. (D.) enormis, new species (described
herein), and thus distinguished from E. (D.) sim-
plicidens. The metastylid of P,, M,, and M, is
rounder and smaller than in most other species of
Equus compared (see Table 3); Dinohippus mexi-
canus resembles IVCM 1873 in this respect. The
entoconid, as seen in the M, and M, of IVCM 1873,
is small as in Dinohippus. The hypostylid, partic-
ularly visible in the M, is within the size ranges of
Dinohippus, E. (D.) simplicidens, and E. (D.) grev-
yi. The isthmus connecting the hypoconid and en-
toconid in P, is relatively wide, as is somewhat true
for P, through M;. The paralophid is well devel-
oped in P, through M. The linguaflexids, seen only
in P,, M,, and M,, are “V” shaped in IVCM 1873,
thereby resembling those of Dinohippus mexican-
us, D. leidyanus, and E. (D.) simplicidens (see cat-
egories 1-2, Fig. 2F).

There is great depth of penetration of the ec-
toflexid in M, through M; it touches the entoflexid
in M, and M, and probably in M,. The ectoflexid
index in M, (length of ectoflexid divided by trans-
verse width of tooth) is 0.69, resembling E. (D.)
simplicidens (ectoflexid mean indices 0.70 to 0.71),
and contrasts with Dinohippus (probable ectoflexid
indices 0.61 in M, and 0.78 in M,, mean 0.70).

P, is relatively short in anteroposterior length
compared to other species studied; the width is not
measurable in P; through M; in IVCM 1873. The
lengths of these teeth are shorter than in E. (D.)
simplicidens (Table 3). The length of the tooth row
is estimated to be 174 mm in IVCM 1873 and thus
similar to the smallest E. (D.) simplicidens (173 mm
to 211 mm). Dinohippus mexicanus has a mean
tooth row length of 150 mm, whereas the type of
D. leidyanus measures about 165 mm. The indi-
vidual teeth of the young adult D. leidyanus and
the mature age IVCM 1873 are generally similar,
but the former has larger tooth crowns.

IVCM 1873 has an estimated mandibular rostral
length (I, to P,) of 98 mm and a transverse width
at I; of 59 mm. These parameters are estimated
because necessary supportive matrix adheres to and
covers the base of both first incisors where, like a
natural cast, it preserves the dimensions and form
of the ramus and rostrum. Two methods of mea-
surement estimates were attempted, the first from
the alveolus of P,, right side, to a point visually
estimated as the base of I,, providing an antero-
posterior length of 95 mm. The second method,
using the same point at P, but measured to the most
posterior edge of the well-preserved occlusal sur-
face of I,, which is roughly in line with the base of
the I, in other observed Equus specimens, gave an
estimate of 100 mm; the mean estimate is 98 mm.
Due to the absence of most of the left I,, width of
palate at I, could only be estimated; by measuring
from the ventral surface and by doubling the dis-
tance from the symphysis mid-point to the posterior
edge of the right alveolus of I,, we obtained an
estimated width of palate at [; of 59 mm.

We estimate a rostral index (transverse width di-
vided by length) of 0.60 for IVCM 1873. This con-
trasts with a more elongate rostrum in E. (D.) sim-
plicidens (rostral index 0.41 to 0.58) and in E. (D.)
grevyi (rostral index 0.43 to 0.50). IVCM 1873 re-
sembles the relatively short rostrum of E. (E.) prze-
walskii (rostral index 0.55 to 0.64). The holotype
cranium of Dinohippus leidyanus (Osborn, 1918)
(placed in Pliohippus by Osborn, 1918:162) is fig-
ured in Azzaroli (1982:pl. 1, figs. 1, 1a). Its cranial
rostral index was estimated to be 0.63 based on
Osborn’s figure and 0.67 using Azzaroli’s photo-

—

7 Slight to deep penetration of ectoflexids in E. (Equus), ectoflexid index 0.42-0.52, mean 0.47-0.51, estimates from
our data; also see Eisenmann (1981a:fig. 8). See Hoffstetter (1952) in regard to E. (Amerhippus), which usually has slight
penetration of the ectoflexid. According to Azzaroli (1979), asses are variable; in contrast to this see Eisenmann (1981).

* See Skinner (1972:120); applies to E. (H.) conversidens only.
’ See Eisenmann (1979a: fig. 2 or 3) and our discussion on “Burchell” zebras in our subgeneric reviews; variation occurs

in E. burchelli and E. zebra; also see Skinner (1972:118).

" E. kiang sometimes lacks cups on I, (see text p. 17).
""Proximal TR divided by greatest length.

" E. (H.) calobatus very long; E. (H.) francisi slender (Lundelius and Stevens, 1970); E. (H.) conversidens slender

(Skinner, 1972).
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Table 2. Measurements of mandibles. Taxon abbreviations used in Table 2 headings and in subsequent tables, where
applicable: E. (D.) enor. = E. (D.) enormis; E. (D.) cf. simp. = E. (D.) cf. simplicidens; E. (E.) sp. A = E. (Equus) species
A; E. (E.) sp. B = E. (Equus) species B; E. (E.) cab. = E. (Equus) caballus; E. cf. (E.) = E. cf. (Equus); E. (D.) simp. = E.
(D.) simplicidens; E. live. = E. livenzovensis®; E. sanm. = E. sanmeniensis; E. koobi. = E. koobiforensis; E. st. sl. = E.

cf. Dinohippus E. (D.) enor. E. (E.) sp. A
LACM LACM
IVCM 1873 IVCM 32 IVCM 1336 3667 4335
Length I, post. edge alveolus 556e 600 573e
to post. edge of condyle® (576-587¢)
Length rostrum, post. edge 95-100e 144e 146 154
I, to P, (ant.) (148)
Length, post. edge [, to post. 274e 362 384 376¢
M, (alveolus) (374)
Length diastema, post. edge 73.4e 112 124,138 131
I, to P, (126)
Length diastema, I, to 6.1 8.4,8.4 12.4,12.5 13.1
canine (alveolus) (11)
Length diastema, canine 61 86.1, 88.0 95 97
to P, (92)
Length M, to post. edge 58-60e 175e 150 173 143
of angle (166)
Length P, to condyle 454 386 338
(420)
Rostrum, transverse 59 67 60-67 63e
diameter at 1, greatest (64)
Rostrum, least TR at 37e 45 45
symphysis (45)
Depth mandible below M, 102 113 102
TR diameter at I, /length 0.60e 0.47¢ 0.39 0.40
from I, to P,, index (0.42)

" Includes data from Winans (personal communication, 1982).

> n = number of mandibles, not individuals.

' Estimates from photos in Teilhard de Chardin and Piveteau (1930:pl. V).

* From Teihard de Chardin and Piveteau (1930:35).
* Estimates from photo plates in Reichenau (1915).

¢ A. Azzaroli personally provided us an unpublished photograph of E. livenzovensis, mandible no. 1229, derived from
Bajgusheva; from this we estimated a 555 mm length for the mandible and rostral index of 0.43 in E. livenzovensis.

graphs, with a mean estimate of 0.65. IVCM 1873
has a similarly short rostrum to E. (E.) przewalskii
(rostral index 0.78) and E. (Asinus) (rostral index
0.69).

Cranial and mandibular indices tend to be sim-
ilar, although in general the mandible has a slightly
higher index (or a shorter rostrum); therefore, we
would judge the mandibular rostral index of D.
leidyanus to have been about 0.66, not markedly
different from 0.60 of IVCM 1823. The length of
the diastema from [, to P, in IVCM 1873 is 73 mm
and, compared with transverse width at I, of 59
mm, provides an estimated mandibular diastemal
index of 0.81. This contrasts with the much longer
diastema in E. (D.) simplicidens (mean mandibular
rostral index 0.59) and in E. (D.) grevyi (mandibular
rostral index 0.56). The figure of Dinohippus lei-
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dyanus in Osborn (1918) provides an estimated
diastemal index of about 0.83 compared to 0.81 in
IVCM 1873.

Approximately 47 mm of the ascending ramus is
preserved in IVCM 1873. We estimate the ascend-
ing ramus arises at an angle of 120° to 125° from
the horizontal axis of the tooth row. This compares
with about 120° in caballines, 130° in E. (D.) sim-
plicidens, and 135° in the type of D. leidyanus as
estimated from the drawing in Osborn (1918:pl. 30).
The mental foramen is in a position midway be-
tween the C and P,.

DISCUSSION. The M* (LACM 4356) was re-
ported by Downs and White (1968) as ?Equus, or
Pliohippus, by Opdyke et al. (1977) as cf. Pliohip-
pus, by Lindsay et al. (1980) as Pliohippus, and by
Lundelius et al. (1987:fig. 7.2) as cf. Dinohippus.

Downs and Miller: Late Cenozoic Equids



Table 2. Continued.

stenonis sensu lato; E. st. v. = E. stononis vireti; E. idaho. = E. idahoensis; E. mosb. = E. mosbachensis; E. (D.) grev.
= E. (D.) grevyi; E. (E.) przw. = E. (E.) przewalskii. A number in parentheses is the mean of the measurements given

TPt

for a taxon; if followed by an “e,” it is an estimate.

E. (E.)

sp- B E.cf. E.
IVCM IVCM
1816 3429 E. (D.) simp.’ E. idaho. E. sanm.’ E. mosb.’ E.(D.) grev.: E.(E) przw.
414-544" S515e 559¢ 452-500 399-452
n194(479) n8(470) n9(426)
115-136° 129 112e 148e 118-124 99-118
nl12(126) n6(123) n8(107)
292-343 325 292e 315-349¢ 283-302 282-296
n5(322) n4(296) n2(289)
81-117" 110, 111 94¢ 119,127¢ 89-116 78-96
n13(100) n7(104) n8(85)
5.5-13.0 8.2¢ 1.0-10.0 2.1-13
n7(7.7) n8(6.6) n4(8)
7 72-98 84¢ 79, 89¢ 68-92 74-80
n8(82) n7(78) n4(78)
165 165 136-150 156 174¢ 131-144 124-130
n7(145) n4(136) n2(127)
420 405 341-365 387e 322-340 282-305
n4(351) n4(334) n2(293)
51-67 55-62
nl3(59) n7(57)
37-41 43 58e 35-43 41-44
n4(39) n4(39) n2(43)
118 106 92-104 116e 109e 72-85 75-101
n8(98) n7(82) n2(88)
0.41-0.58 0.51 0.39,0.46 0.43-0.50 0.55-0.64
n12(0.48) n7(0.47) n8(0.61)

No description or comparison was included in these
reports. The diversity of published taxonomic ref-
erences for LACM 4356 (M?) resulted from the
information provided by T. Downs to various au-
thors before detailed studies were completed.

The teeth preserved in mandible IVCM 1873
display a diversity of characters that resemble either
Dinohippus leidyanus or early E. (D.) simplicidens
by the deep penetration of the ectoflexid in the M,
through M, a definite open recessed “V” in the I,
a “V” shaped linguaflexid, the mental foramen lo-
cated midway between the C and P,, the crescentic
shape of the external walls of the protoconid and
hypoconid, and the well-developed paralophids.

Features of IVCM 1873 shared with Dinohippus
and E. (Equus) comprise the short rostrum, the
short diastema, and possibly the more vertical slope
(120°t0 125°) of the ascending ramus. The relatively
short rostrum (0.60 index) and I, to P, diastema
contrast with the condition typical of the subgenus
E. (Dolichobippus), and the “V” or very narrow
“U” shaped linguaflexid appears to eliminate affinity
with the subgenus E. (Equus).

Distinctive features of IVCM 1873 include rel-
atively small lower incisors (especially in the I, and

Contributions in Science, Number 440

[,) and a relatively wide isthmus between the en-
toconid and the hypoconid of the cheek teeth. For
the present, it is not deemed desirable to establish
a new name for IVCM 1873. Due to a lack of
sufficient material, we tentatively refer to it as cf.
Dinobippus sp. If it indeed represents a species of
Dinohippus, this would be the latest known oc-
currence of the genus (about 2.7 Ma, middle to
late Blancan). No other specimens referred to Di-
nohippus have been recorded later than early Blan-
can, or about 4 Ma (see Lundelius et al., 1987).

Equus Linnaeus, 1758

Characterization of Some Equus Subgenera

The following comments on subgeneric character-
istics are primarily based on expertise, information,
and written comments provided by Morris F. Skin-
ner in the late 1980s and his 1972 paper, pages 117~
129. The traditional paleontological approach to
the identification of fossil Equus specimens was
based primarily on cranial and upper dental char-
acters, but included some postcranial dara. The
lower dentition was practically ignored and seldom
figured in a useable manner. Recent papers by Fi-
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Table 3. Measurements of lower dentition.

cf. Dino- EN(DYctNE(ETREA(EY
hippus E. (D.) enor. simp. sp. A sp- B
IVCM LACM IVCM LACM IVCM
IVCM 1873 IVCM 32 1336 3677 2673 4335 1816-2
Length tooth row at P,-M, 174 229 231 222 210e 190 217
alveolus (227)
I,, AP at enamel crest 13.4,13.5 17.8,18.0 16.0, 15.3¢
(16.7)
I,, TR at enamel crest 9.6,10.2 10.8,11.1 13.9,15.4e
(12.8)
I,, AP 14.5 19.7,19.8 17.8,16.7¢  16.7¢ 18.8
(18)
I3, TR 92 10.5,10.8 12.1, 14.0e 11.4 11.1
(11.8)
I,, AP 16.9 21.3,22.1 18.5,17.9 17.5
(19.4)
[ERIR 8.6 11.0, 11.7¢ 9.8,9.2 11.1
(10.6)
/C, AP ar alveolus 14.8 20.7, 20.5 177 172 1157
(18.4)
/C, TR at alveolus 9.5 16.0, 14.5 12.4,12.8 16.5
(14.4)
P,, AP at enamel crest 5245 42.1,42.6 332 362 41.8 37.5,37.8 35.1 39.0
(38)
P,, TR at enamel crest 15.8 14.3, 14.6 137138 16.6 132951 14.2 16.3
(14.7)
P, AP 28.8 383 32.2,34.0 3703 34.0, 34.2 TS 34.4
(35)
B, TR 192 19.1,194 19.4 193752055 18.0
(19.6)
PiAP 28.4 37.6 32.0, 34.1 36.5 JAUSES I 29.8 33.8
(35)
2 TR 20.2 19.2,20.4 20.6 18.4,19.0 17.0 23.5¢
(21)
M,, AP 239! 32.2 29.9,31.3 31.8 29.9,31.2 28.0 31.0
(31)
M,, TR 18.4 17.8,17.0 19:2 155551653 15.0 17e
(18)
M,, AP 24.6 33.4 31.0,31.7 32.4 29.1,30.7 27.8 30.7
(32)
M,, TR 17 15711653 18.1 17105 172 1229 1953
(17.1)
M,, AP 30.4 39.2 40.7,42.0 41.3 36.3,37.3 31%3 45.0
(41)
M,, TR 129 1575 14.7,151 16.6 15.4,15.9 13.0 16.8
(15.9)
P,, depth ectoflexid 7T 6.0 6.3,8.0 8.9 94,94 5.8 6.7
(7.3)
P,, depth ectoflexid 7.9 6.9 7.6, 8.4 9.0 8.6,9.2 7o) 9
(7.9)
M,, depth ectoflexid 10.2 8.6 8.8,8.9 i1.5 9.2,10.5 10.0 10.0e
(9.4)
M,, depth ectoflexid 957 8.9 9.1,9.4 11.0 9.5,10.7 10.0 11.2
(9.6)
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Table 3. Continued.

E. cf.

(E)

IVCM E. (E)
3429 E. (D.) simp.' E. idaho. E. live. E. sanm.” E. koobi.’ E. (D.) grev. przw.
203 173-211 196, 204e 197-219.6° 200e 202e 160-189 175-182

n18(197) (206.9) n8(179) n9(179)
16.2-16.3 12.4-171 17.0-19.0
n7(17.7) n6(14) n4(18)
9.1-11.6 8.8-11.5 8.5-10.0
n7(10.5) n6(10.4) n4(9.2)
9.4-20.8 14.2,16.5 13.0-17.5 19.0-20.5
n8(18) né6(15.4) n4(19.7)
9.6-11.7 10.0 8.8-11.0 8.3-9.6
n8(10.4) n6(10) n4(9.0)
17.0-20.8 14.5,16.9 13.6-17.7 18.0-20.6
n6(18.5) n7(15.6) n4(19.5)
8.7-8.9 10.4 5.3-10.6 9.3-9.7
n2(8.8) n7(9.3) n4(9.5)
5.3-17.7 21.2,17.8e 16.9-22.0 3.6-14.1
n8(10.9) n7(18.4) n3(8.7)
3.0-4.1 14.6,13.3¢ 12.5-15.3 3.2-11.5
n4(3.6) n8(14.3) n4(7.5)
873 36.1-40.0 34.0-30.4 29.1-36.9 30.3-34.4
n8(37.9) n7(34) n4(33)
15:2 16.6-17.5 129,134 12.4-19.0 12.1-12.5
n10(13.7) n7(13.8) n4(12)
35.7 31.0-36.1 30.9,31.0 24.8-31.2 27.7-29.6
n10(33) n8(30) n4(29)
21.0 15.2-17.1 17.0;17:2 13.4-17.3 15.7-16.1
nl0(16) n7(15.8) n4(16)
323 28.1-34.7 29.2:294) 25.5-30.5 27.2-29.7
n10(32) n8(29) n4(28)
223 12.4-18.0 17.2,17.4 14.4-18.8 14.9-16.6
nl0(15.4) n8(16.3) n4(16)
29.4 26.1-32.2 28.0,27.7 22.0-27.6 24.6-28.4
n10(29) n8(25) n4(27)
19.4 13.7-16.2 15.1,15.2 12.9-15.4 14.2-14.7
n10(14.7) n8(14.6) n4(14.2)
30.4 28.7-33.9 28.0,22.8 23.3-28.4 23.2-29.1
n9(31.3) n8(26) n4(27)
18.1 13.4-15.8 15.0,14.1 12.2-14.7 13.6-15.0
n9(14.4) n8(12.0) n4(14.3)
40.1 32.7-35.7 32.9.33.0 22.7-32.7 28.3-30.0
n6(34.5) n8(30) n4(29)
7.7 10.2-14.0 14.3,14.4 11.0-13.6 11.3-13.4
n8(12.5) n8(12.7) n4(12.2)
8.3 5.0-8.6 7.2,6.8 5.5-7.5 4.4-6.4
nl0(7.2) n7(6.7) n4(5.5)
9.9 6.7-9.5 8.5,8.0 5.8-9.2 5.6-7.4
n9(7.7) n8(7.5) n4(6.4)
10.1 7.8-11.8 9.2,10.0 8.7e-10.8¢*  9.0-9.2¢  7.6-8.5 7.8-9.6 7.1-7.8
n9(10.4) (9.7) (9.1) (8.1) n8(8.6) n4(7.4)
10.5 8.1-11.1 7:9.9:2 9.4-19.8¢*  9.2-94¢  7.6-9.5 7.9-10.2 5.8-7.7
n8(10.3) (10.1) (9.3¢) (8.8) n8(8.6) n4(6.8)
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Table 3. Continued.

cf. Dino- E.(D.)cf. E.(E) E(E)
hippus E. (D.) enor. simp. sp. A sp.- B
IVCM LACM IVCM LACM IVCM
IVCM 1873 IVCM 32 1336 3677 2673 4335 181e6-2
M,, depth ectoflexid T2 7! 7.9,9.6 10.2 8.9,9.9 8.0 10.7
(8.7)
P;, metastylid TR sl 8.3, 8.6 8.9 P 6.9 9.8
(9.2)
P,, metastylid TR 8.7 77l 811 9 7.4,7.5 7.0 8.1
(8.7)
M,, metastylid TR 7.8 7.2,7.4 6.6 6.2,6.3 5.5 6.3
(7.3)
M,, metastylid TR 4.8e 72 6.2,6.5 7.8 6.6, 6.8 4.6 6.0
(7)
P,, metaconid TR 8.9,9.6 8.9,9.0 9.4 8.2,8.5 Tt 955
(9.0)
P,, metaconid TR 9.3 9.0,9.0 10.1 Tl Tt T 10.3
(9.6)
M,, metaconid TR 8.9 7.8,8.7 10.1 6.9,7.1 6.8 7.5¢e
(9.0)
M,, metaconid TR 7.7 73,78 8.7 7.9,6.9 6.4 8.3e
(7.9)
P, linguaflexid shape® i il 22 2 151 1 3
P,, linguaflexid shape 1 151 1,2 2 153 2 3
M,, linguaflexid shape il 1 152 3 153 7 3
M,, linguaflexid shape 155:2 152 3 1,3 3 3
P,, metastylid shape’ 20 22 2 3.3 3 ?
P,, metastylid shape 7) 2 2 353 3 ?
M., metastylid shape 2 252 1 4,4 3 ?
M., metastylid shape 2 2,2 1 4, 4 3 ?
P,, depth ectoflexid /TR 0.31 0.33,0.41 0.46 0.46,0.48 0.32
of P, (0.38)
P., depth ectoflexid /TR 0.34 0.37,0.44 0.44 0.45,0.50 0.43 0.39
of P, (0.41)
M,, depth ectoflexid /TR 0.47 0.50,0.52 0.60 0.59, 0.64 0.67 0.59
of M, (0.52)
M,, depth ectoflexid /TR 0.69¢ 0.50 0.58,0.58 0.61 0.56,0.62 0.78 0.58
of M, (0.57)
P,, TR metastylid/AP 0.24 0.25,0.26 0.21 0.26,0.27 0.25 0.28
of P, (0.25)
P., TR metastylid /AP 0.23 0.26,0.28 0.25 0.23,0.25 0.24 0.24
of P, (0.27)
M,, TR metastylid/AP 0.24 0.24,0.24 0.21 0.21,0.21 0.20 0.20
of M, (0.24)
M,, TR metastylid /AP 0.20 0.22 0.20,0.21 0.24 0.21,0.24 0.17 0.20
of M, (0.22)
P,, TR metaconid /AP 0.23 0.26,0.28 0.25 0.24,0.25 0.28 0.28
of P, (0.26)
P,, TR metaconid /AP 0.25 0.26,0.28 0.28 0.24,0.24 0.26 0.30
of P, (0.27)
M,, TR metaconid /AP 0.27 025 100:29 0.32 0.23,0.23 0.24 0.24
of M, (0.29)
M,, TR metaconid/AP 0.23 024025 027 022,02709028 027
of M, (0.25)
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Table 3. Continued.

E. cf.
(E.)
IVCM E. (E.)
3429 E. (D.) simp.' E. idaho. E. live. E. sanm.’ E. koobi.' E. (D.) grev. przw.
9.5 8.0-9.7 10.2,10.2 5.8-9.5 4,7-6.6
n6(8.5) n8(7.8) n4(60)
10.2 6.0-7.7 7.9,8.1 5.2-5.9¢* 7.6-7.6e 6.7-7.4 6.2-7.5 6.0-7.0
n9(6.8) n3(5.6) (7.6) n3(7.0) n6(6.8) n4(6.5)
10.0 4.7-7.3 71,76 5.5-5.6¢* 7.0-74¢ 6.1-7.4 5.8-7.7 5.1-6.3
n9(6.3) n3(5.5) (7.2) n3(6.9) n6(6.8) n4(5.8)
7.9 5.2-6.4 5.9-6.1 4.8-6.2¢* 6.2-6.4¢  5.0-5.7 4.8-6.5 5.0-6.0
n9(5.8) n3(5.4) (6.3) n3(5.3) n6(5.9) n4(s.5)
7.3 5.0-6.0 6.0, 6.4 4662600 B.0=6/0e 5155 57-65 5.5-6.4
n8(5.4) n3(5.1) (6.0) n3(5.3) n6(5.9) n4(6.0)
10.0 5.7-7.7 7.8,7.8 4.6-6.0¢* 7.0-8.2 6.7-6.8 6.5-7.6 7.0-7.3
n9(6.9) n3(5.3) (7.6) n3(6.7) n6(7.0) n4(7.1)
10.7 4.5-8.0 7T 3.2-6.4° 7.6-7.7¢  7.1-7.2 6.5-8.6 5.6-7.0
n9(6.4) n4(5.6) (7.6) n3(6.9) n6(7.5) n4(59)
9.5 4.7-7.6 7.0,7.6 5.3-6.1¢* 6.2-7.6¢  6.4-6.5 6.4-6.8 4.6-5.8
n9(6.3) n3(5.6) (6.9) n3(6.3) n6(6.7) n4(50)
8.0 5.5-6.1 6.8, 6.9 4.6-6.4¢* 6.4-6.4¢  5.6-5.6 5.9-6.7 3.5-6.4
n8(5.7) n3(5.6) (6.4) n2(5.6) n6(6.3) n4(4.9)
3 1(n1)3(n2)5{n1)? 202 1(n6) 4(n4)
3 1(n6)2(n2) 3,°3 2(n6)3(n2) 4(n4)
1-2 1(n4)3(n4) S o) 1(n4)2(n1)3(né6) 4(n4)
2-3 1(n4)2(n1)3(n2) 2.2 1(n2)2(n1)3{n4)4(n1) 4(n4)
3 1(n4)2(n2)3(n2) 22 1(n1)2(n3)3(n2) 4(n4)
3 1(n7)3(n2) 2,2 1(n1)2(n3)3(n2)4(n2)  2(n2)4(n2)
4 1(n6)4(n2) 2050 1(n2)2(n3)3(n3) 2(n2)4(n2)
3 1(n5)3(n1) 22 1(n3)2(n2)3(n2) 2(n2)4(n2)
0.40 0.32-0.55 0.40,0.42 0.31-0.48 0.47e 0.37-0.49 0.27-0.41
n10(0.45) n3(0.40) n7(0.42) n4(0.35)
0.44 0.41-0.61 0.45,0.46 0.38-0.60 0.54e 0.37-0.63 0.35-0.46
n9(0.49) n3(0.49) n8(0.45) n4(0.41)
0.52 0.55-0.79 0.68,0.68 0.70-0.71 0.58e 0.52-0.68 0.48-0.55
n9(0.70) n4(0.71e) n8(0.59) n4(0.51)
0.58 0.60-0.76 0.65,0.71 0.50-0.75 0.63¢ 0.55-0.73 0.41-0.53
n8(0.71) n4(0.66) n8(0.63) n4(0.47)
0.29 0.18-0.27 0.26 0.19 0.22 0.20-0.24 0.21-0.24
n6(0.19) n6(0.23) n4(0.23)
0.31 0.15-0.24 0.25 0.17 0.21 0.23 0.19-0.27 0.19-0.27
n9(20) n6(0.24) n4(20)
0.27 0.16-0.24 0.22 0.18 0.21 0.17 0.19-0.24 0.21-0.21
n9(0.20) n6(0.22) n4(0.21)
0.24 0.15-0.20 0.22 0.18 0.22 0.19 0.20-0.25 0.22-0.23
n8(0.17) n6(0.22) n4(0.23)
0.29 0.16-0.24 0.22e 0.22e 0.21 0.21-0.26 0.25-0.26
n9(0.21) n6(0.24) n4(0.25)
0.33 0.13-0.25 0.25e 0.17 0.22¢ 0.23 0.21-0.28 0.19-0.27
n9(0.20) n6(0.26) n4(0.23)
0.32 0.16-0.26 0.24¢ 0.19 0.23e 0.23 0.23-0.27 0.12-0.23
n9(0.21) n6(0.25) n4(0.20)
0.26 0.16-0.20 0.21e 0.19 0.21e 0.20 0.21-0.25 0.12-0.27
n8(0.18) n6(0.24) n4(0.19)
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senmann (1975, 1976, 1979a, b, 1981a, 1984, 1986)
have, however, greatly increased our knowledge of
methods of evaluation of cranial, mandibular, den-
tal, and postcranial elements.

The natural groupings that represent subgeneric
rankings within equid genera from the late Plio-
cene, early Pleistocene, and Holocene have re-
ceived little attention. Hoffstetter (1952) considered
characters of the lower incisors, Azzaroli (1966,
1979, 1982) and Bennett (1980) dealt with skull
shapes, lateral views of crania, and mandibles, and
Harris and Porter (1980) with postcrznial measure-
ments. Forsten (1988) separated the genus Equus
into two “‘groups’” based on the shape of the “en-
toflexids” (= linguaflexid) in lower cheek teeth.
Churcher and Richardson (1978) and Eisenmann
(1986) have also discussed subgeneric ranking.

Comparisons of the subgeneric characters that
we interpret to be useful in Equus analyses (Table
1) include proportional length of the cranium and
mandibular rostrum, location of the orbit, char-
acters of the lower incisors and lower cheek teeth,
and relative length and robustness of the metapo-
dials. Skeletal and dental parts that are most com-
monly available, or better preserved, have been em-
phasized. None of these characters can be described
in terms of presence or absence, nor are there pre-
cise metrics for any one taxon. All show variation
and mean trends. Some subgeneric groups appear
reasonably distinctive on the basis of character state
combinations. Although we are convinced of the
usefulness of subgeneric taxa, they may not have
become clearly distinguished until middle to late
Pleistocene or Holocene time (also see Azzaroli,
1979, 1982).

Skinner (1972:118) proposed that the similarities
between the living zebra, Equus grevyi, and the
North America fossil E. simplicidens justified plac-
ing them in the subgenus Dolichohippus, and that
the Pliocene E. (D.) simplicidens was ancestral to
the African E. (D.) grevyi. Churcher and Richard-
son (1978:403) stated, “The occurrence of doli-
chohippine equids in Africa by the middle to late
Pliocene would appear to preclude the latter as-
sertion,” i.e., E. (D.) simplicidens to E. (D.) grevyi
descent. Nevertheless, these authors stated that (p.
407) *“. .. the largeset E. capensis and E. oldoway-

ensis and the more complete skeletal material de-
scribed for E. simplicidens (Skinner, 1972) conform
to expectations for precursors of the modern E.

grevyi.”

Winans (1985) emphasized that, because the ho-
lotype upper check tooth of E. (D.) simplicidens
lacks adequate diagnostic features, this taxon should
be construed as a nomen dubium. She stated that
the sample representing E. (D.) shoshonensis from
Hagerman, Idaho, provides more adequate material
to characterize its “zebrine” affinity, such as the
deep penetration of the ectoflexid and presence of
P'. Berger and Howe (1987) also noted the possible
relationship of E. (D.) shoshonensis to E. (D.) grev-
yi. We refer to the Hagerman sample as E. (D.)
simplicidens, following Skinner (1972) in consid-
ering E. (D.) shoshonensis to be synonymous with
E. (D.) simplicidens.

Winans (1989:292-294) proposed five “Equus
species groups”’; these groups include: Equus sim-
plicidens, Equus scotti, Equus laurentius, Equus
francesci, and Equus alaskae.

On page 292, Winans listed, and seemed to rec-
ognize, E. simplicidens and E. shoshonensis as dis-
tinct species within her E. simplicidens “group,”
contrary to her 1985 position. As noted above we
follow Skinner (1972:119) and consider Equus (D.)
shoshonensis to be synonymous with E. (D.) sim-
plicidens. With reference to her Equus scotti group,
Winans indicated, “Site samples referred to this
group: All specimens from Rock Creek, Bautista
Creek, Grandview, Irvington, Gilliland, Pool Branch,
Port Charlotte, Vallecito, American Falls, and In-
gleside; large horses from Hay Springs, Arkalon.”

Winans may have overlooked the fact that many
of the samplings of material referred to Equus (“large
and small” or “Equus”) from the Vallecito Creek
area, in the Anza-Borrego Desert, are derived from
sediments containing the “Vallecito Creek” and
“Arroyo Seco” faunas. They were collected within
approximately 3,700 feet of stratified sediments,
ranging in age from about 2.3 Ma to 1.0 Ma;j see
Downs and White (1968) and Opdyke et al. (1977:
323).

On the basis of M. F. Skinner’s concept of Equus
grouping (personal communication and Skinner,
1972:117-125), we characterize five subgenera of

{—
Table 3. Continued.

! Includes data from the authors and Gazin (1936).

* From Bajgusheva (1798).

* From Eisenmann (1983), estimate from photo plate 5.9.
+ Estimate from Gromova (1949), line drawings.

* Estimates from Teilhard de Chardin and Piveteau (1930), photo paltes.

¢ See Figure 2F for linguaflexid shape categories.
7 See Figure 2G for metastylid shape categories.

* 1(n1),3(n2) indicates: 1 specimen, category 1; 2 specimens, category 3; etc.
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Equus in North America, including dolichohippine,
caballine, hemionine, asinine, and amerhippine (see
| Table 1).

The amerhippine horses are recorded from North
America and South America. The other subgenera
occur in North America and Eurasia. Equus (Dol-
ichohippus), Equus (Equus), Equus (Hemionus),
and Equus (Asinus) all probably occur in the Anza-
Borrego Desert of California. Equus (Hemionus)
and Equus (Asinus) will be described in a forth-
coming general account of the Anza-Borrego se-
quence.

Winans (1989:296) noted that in a relatively short
period of time (3.5 million years), the North Amer-
ican genus Equus increased from one to up to four
contemporary species, suggesting Equus was un-
dergoing the first stages of radiation. Our studies
also suggest radiation or diversification, although
we interpret this on a subgeneric level (see Table
1).

DESCRIPTIVE TERMINOLOGY
Linguaflexid Shape

The metastylid in the lower dentition of the equids
was formed by crown fission, or splitting of the
metaconid, as stated by Stirton (1941:440) in con-
trast to Osborn (1907). The variation in shape of
the metaconid-metastylid (the linguaflexid of Skin-
ner, 1972) in the Equidae may be viewed as evo-
lutionary stages that can be used as temporal in-
dicators.

Practically all the late Oligocene equids exam-
ined (Whitneyan, 30 Ma to 21.6 Ma from the Agate
Ash) have a weak cleft on the central crown of the
metaconid (see Stirton, 1941:441, fig. 9). Stirton
(1940) stated that there is a faint indication of twin-
ning or division of the two cusps, apparently de-
rived from one in Hyracotherium. This cleft, or
twinning, became more prominent as the metastylid
expanded posteriorly, with the ultimate production
of the metaconid-metastylid column.

During Oligocene through Miocene time, the
metastylid became a distinct cone by crown fission
of the metaconid in early forms such as Mesohippus
and Miohippus, and it continued to be more strong-
ly expressed in later Miocene equids such as Para-
hippus coloradensis (see Stirton, 1941:434, fig. 44),
Anchitherium Meyer, 1844, and Merychippus Lei-
dy, 1857 (Stirton, 1940:figs. 12, 19).

By late Hemingfordian time, specimens of Para-
hippus Leidy, 1858, from the Runningwater For-
mation of Nebraska (17.5 Ma) show the metaco-
nid-metastylid columns as distinct entities in which
the protoconid alone united directly with the meta-
conid of the premolars and molars. In some spec-
imens of Parahippus, the hypoconid united directly
to the split, posteriorly expanded part of the meta-
conid that had become a distinct entity, the meta-
stylid. This resulted in varying degrees of junction
and union of these separate parts by structures called
“isthmuses” (Skinner, 1972). The presence of isth-
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Figure 3. cf. Dinohippus sp.; four upper molars from
the Anza-Borrego Desert, Fish Creek area, southern Cal-
ifornia, occlusal and lingual views; (a) LACM 4356, right
M* “zone” 4, pre-Layer Cake local fauna, late Hemphil-
lian; (b) IVCM 2257-3, night M'; (¢) IVCM 2257-2, right
M?; (d) IVCM 2257-1, right M*. IVCM 2257-1-2-3 from
“zones” 7-8, early Layer Cake local fauna, transitional
late Hemphillian to early Blancan.

muses is now an important feature in the suite of
characters used to distinguish some Equus subgen-
era (see Skinner, 1972; and Table 1, herein).

Ectoflexid

The deep invagination or valley, called the ecto-
flexid by Skinner, 1972 (and see Fig. 2E) separates
the hypoconid from the protoconid on the lower
cheek teeth in some equids. There may be a cor-
relation between an increase in the amount of den-
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Figure 4.

a. cf. Dinohippus sp., from Arroyo Seco local fauna, “zones” 44-45, late Blancan, IVCM 1873, mandible,

occlusal view, with incisors. b. ¢f. Dinobippus sp., IVCM 1873, left mandible, lateral view. ¢. cf. Dinohippus sp., IVCM

1873, left P,-M,, occlusal view.

tine in the isthmuses connecting the protoconid and
hypoconid to the metaconid and metastylid and
increasing hypsodonty and a shortening of the ec-
toflexid. There is also a correlation of the length-
ening of the postflexid in the molars with shortening
of the ectoflexid, especially the M, and M, (see
Eisenmann, 1983). The molars became more rect-
angular, or more “molariform,” in E. (Asinus) and
E. (Hemionus). The apparent increased amount of
exposed enamel and dentine served to enhance the
grinding surface, probably a useful adaptation for
grazing. However, E. (D.) simplicidens, E. sanmen-
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iensis, E. (D.) grevyi, and E. (Equus) przewalskii
tend to retain the deep ectoflexid in M,, M,, and
M,. Equus (D.) enormis, new species, and E. (D.)
cf. simplicidens of this report tend slightly toward
a complete isthmus correlated with a shallow ec-
toflexid. Equus (Hemionus) and E. (Asinus) have
molars that are rectangular, with a complete isth-
mus, except that occasionally the M; in E. (H.)
conversidens (Owen, 1869) assumes the caballine
type of junction or hypoconid-metastylid junction
of Skinner (1972:120).

Recently, Forsten (1988:23-24) proposed that
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Equus can be separated into two main groups mor-
phologically, characterized by the enamel pattern
of their lower cheek teeth, particularly by the shape
and form of “divergence” of the metaconid and
metastylid. She noted stenonid equids are charac-
terized by “.. . a ‘V’ shape entoflexid between the
metaconid and metastylid and caballoid equids by
their ‘U’ shape entoflexid.” It is our belief that Equus
groupings may require consideration of cranial and
mandibular proportions (especially rostral), dental
characteristics, and metapodial proportions. Also,
we are following Skinner (1972), who referred to
the metaconid-metastylid “divergence” as the lin-
guaflexid, and not the entoflexid of Forsten (1988).
Stirton (1941:fig. 6) showed the entoflexid to be
located between the metastylid and entoconid.

Incisor Cups

The presence or absence of infundibulae, or cups,
on the lower incisors, especially I, is another char-
acter which may be used in differentiating Equus
at the subgeneric level. However, Skinner (1972:
118) stated, “The presence or lack of cups in I,
although a useful character for specific separation,
is not applicable for subgeneric separation of
equids.” Since 1972, additional studies have been
made, and it is our opinion that features such as
isthmuses, ectoflexids, linguaflexids, rostral pro-
portions, orbital and narial notch positions, meta-
podial proportions, and lower incisor cup mor-
phology may be jointly employed in subgeneric
classification.

The dominant tendency in the Equidae is for the
post-cingulum of the lower incisors to become more
hypsodont with time to form enamel-lined pits or
infundibulae (Fig. 2A-D). It is by this process that
the posterior border of the pit could become sur-
rounded by enamel. We avoid the term “commis-
sure” (Bennett, 1980:280, fig. 2E) for the open “V”
on the posterior side of the lower incisors because
this is not a junction of two parts unless the right
and left sides of an incisor are considered as such.
This is particularly true in I, and I, of the caballinid
and ass-like forms. The lack of cups such as found
in E. (Amerbippus) Hoftstetter, 1950, may also be
due to the absence of post-cingula development, a
condition observed in some early equids. The pre-
dominantly recessed cup, or open “V,” on the I;
of burros, Equus (Asinus), and long-headed zebras,
E. (Dolichohippus), is here interpreted as a failure
of the posterior part of the third incisor cingulum
to become hypsodont. We do not recognize the
occurrence of a “half-infundibulum” (Bennett, 1980:
fig. 2E).

Azzaroli (1982:92) stated, “There is no proof that
the lack of cups is a plesiomorphic feature, on the
contrary, paleontological evidence seems to indi-
cate that this is a relatively late ‘generalization.””
Eisenmann (1979a:55) noted that it is possible to
assume that the presence of cups “is a plesiomor-
phous character for the genus Equus (though an
apomorphous one for the Equidae in general).” With
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respect to the loss of cups, she stated, “This loss
is the result of a parallel evolution expressing a
common evolutive tendency rather than a synapo-
morphy.” She recorded a lack of cups in equids
from the Americas, Eurasia, and Africa.

It is possible, in our estimation, that the presence
of a cup is apomorphic, or derived, in early Equus
species such as E. simplicidens and E. idahoensis,
where a cup is beginning to form as in I;. Our studies
indicate that a lack of cups is plesiomorphic, or
primitive, in early, less hypsodont Equidae.

Most of the hemionids, E. (Hemionus) and per-
haps E. “(H.) zebra hartmanni,” have cups on I,
I,, and I,. The Mongolian kiang, E. “(H.) hem-
ionus,” also has well-developed cups on all the
incisors, but the Indian kiang, or kiang of Kutch,
E. “(H.) kiang,” lacks cups on the third incisors.
Hoffstetter (1950) was one of the first to point out
the importance of the total lack of cups on the
incisors when he established the genus Amerhippus
with the type species Equus andium, now referred
to as Equus (Amerhippus) andium. We have ob-
served numerous examples of this incisor condition
in other equids, particularly the Rancho La Brea
horse commonly known as Equus “occidentalis™
(Leidy, 18635), and here considered as E. (Amerhip-
pus) “occidentalis” (Leidy, 1865), as was also sug-
gested by Hofstetter (1950).

E. (Amerhippus) is perhaps more widespread in
North America than previously realized, although
rare in most collections. Churcher (1985) reported
the “genus” Amerhippus from the Sangamon of
Medicine Hat, Alberta, Canada. Lower jaws of a
species of E. (Amerhippus) have been found in the
late Pleistocene Sheridan Deposits of the Hay Springs
local faunas of northwest Nebraska, as well as a
smaller species from the Bondalier tuff, dated at
1.5 Ma in New Mexico (personal communication
from Skinner). Eisenmann (1975) described E. teil-
hardi from the early Pleistocene of Nihowan, Chi-
na, a species characterized by the absence of lower
incisor caps. Winans (1985:293) stated, ““All spec-
imens from Rancho La Brea . . . are referred to her
E. laurentius group.” Other included “types™ are
E. mexicanus, Hibbard, 1955, and E. midlandensis,
Quinn, 1957.

Some species of Equus have developed rather
prominent talonids on the external posterior por-
tion of the lateral incisors such as those on the
living E. (H.) hemionus. Another variant was ob-
served by Hofstetter (1950:690) when he estab-
lished the generic name Pseudoquagga for one of
the Burchell zebras in Africa. He pointed out that
Pseudoquagga, or the subgenus Equus (Pseudo-
quagga) lacks cups on the forward edge of the
blade-like lower incisors similar to the condition
found in E. (Amerbippus). However, E. (Pseudo-
quagga) has a semi-posterior “cingulum” in the
form of small, bead-like outgrowths on the pos-
terolingual side of the incisors. In 1982, T. Downs
inspected samples labeled E. “burchelli” (= E.
quagga ?babni according to Churcher, personal
communication, 1992) from the Nartional Muse-
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ums of Kenya, Nairobi. In all seven specimens, cups
were present wherever there was sufficient wear to
reveal them. The lack of cups in the lower incisors
was also noted by Cope (1892) when he proposed
the generic name Tomolabis. As emphasized above,
these varying conditions of the lower incisors do
not permit the use of the presence or absence of
the cup as a single diagnostic character. However,
in conjunction with the other characters of the
lower cheek teeth, skull, and limbs, the nature of
the cup apparently provides a useful indication of
taxonomic affinity.

Dolichocephaly

Dolichocephaly appears to have its inception in E.
(D.) simplicidens, as noted in the scattergram of
the width and length of the rostrum (Fig. 14). How-
ever, the snout of E. (D.) simplicidens ranges in
variation from a short snout (rostral index 0.60) to
a considerably elongated one (rostral index 0.43).
The short snout is a trait common in E. (Equus)
and E. (Asinus) and possibly retained from the pos-
tulated ancestral genus, Dinohippus.

The elongate versus short condition of the pre-
maxillary symphysis, rostrum, and palatal-facial re-
gion represent dolichocephalic and brachycephalic
tendencies, respectively. Dolichocephaly is ob-
served in the long-headed African zebra, E. (D.)
grevyi, and in its North American relatives E. (D.)
simplicidens and E. (D.) enormis, new species that
have been recovered from the Anza-Borrego Desert
of California; Hagerman, Idaho; Blanco, Texas;
Benson, Arizona; Las Cruces, New Mexico; and
other localities. Skinner (1972:118) interpreted a
longer, more slender rostral area to accompany lon-
ger-headedness as diagnostic characters for the sub-
genus Dolichohippus. Bennett (1980:284) noted
Equus burchelli, E. andium, E. stenonis Cocchi,
1867,and E. (A.) “occidentalis” of Rancho La Brea
also displayed dolichocephaly and possessed long
narrow snouts. However, as we interpret them, the
Rancho La Brea horse, E. burchelli, and E. andium
are not dolichohippine; their rostral indices range
from 0.56 to 0.69 for the Rancho La Brea horse,
0.61 to 0.65 for E. andium, and 0.52 to 0.55 for
Equus burchelli, as deduced from measurement of
figures in Azzaroli (1966). None of these rostral
indices suggest dolichocephaly (see Fig. 14 and Ta-
ble 1).

The position of the orbit relative to the tooth
row, particularly the M?, is also of value in deter-
mining dolichocephaly. The orbit is generally pos-
terior to the M’ in dolichohippines (Azzaroli, 1966;
Skinner, 1972). The position of the naso-maxillary
notch, or narial notch, relative to the P? is also of
some value in subgeneric character comparisons,
being deep in E. (Equus) and E. (Dolichohippus),
above the posterior edge of the P? or near the P*,
compared to being more anterior in other subgen-
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era. These features, rostrum, palate, orbit, and pos-
sibly narial notch positions, are not only useful, but
are frequently preserved in the available fossil ma-
terials. Thus, they are especially useful in judging
the degree of dolichocephaly.

Metapodial Proportions

Metapodials are relatively common in association
with cranial, mandibular, and dental elements in
fossil equids. In general, there are three types of
metapodials: (1) Medium-to-large size found in the
relatively tall dolichohippines such as E. (D.) grevyi,
E. (D.) enormis, new species, and E. livenzovensis;
this may also include E. stenonis s.l. (see Azzaroli,
1982; Eisenmann and Karchoud, 1982) and E. (E.)
caballus. (2) Elongate, or slender, metapodials as
in hemionids—especially the North American fos-
sil E. (Hemionus) calobatus (Troxell, 1915), the
small but equally slim E. (H.) francisi (Hay, 1915),
possibly E. (H.) conversidens, and the modern Asi-
atic kiang. The metatarsals of the kiang are partic-
ularly slender. (3) Short-to-stout metapodials as in
E. koobiforensis, the asses, E. (A.) scotti (Gidley,
1901), E. (A.) asinus, the non-dolichohippine ze-
bras such as E. burchelli and E. zebra, and the
amerhippines such as E. (A.) “occidentalis” and E.
(A.) andium.

There appears to be a trend toward larger skull
size and a larger postcranial skeleton in some late
Pliocene to middle Pleistocene dolichohippine and
caballine equids (see Figs. 13-17). They are larger
than modern, or non-domestic, wild Equus. This
large size is observable in E. sanmeniensts, E. liv-
enzovensis, E. mosbachensis Reichenau, 1915, and
E. (D.) enormis, new species, and probably in E.
idaboensis, E. (Equus) sp. B, and E., cf. (E.) (Equus)
sp. of this report. Our current study proposes to
show that E. (D.) simplicidens, E. livenzovensis
Bajgusheva, 1968, E. sanmeniensis Teilhard de
Chardin and Piveteau, 1930, E. koobiforensis Ei-
senmann, 1983, and possibly E. stenonis s.l. could
be potential precursors of E. (D.) grevyi.

During the Pliocene to Pleistocene, Equus spe-
cies display increasing diversity. There seem to be
some taxa or populations from North America,
Eurasia, and Africa with mixed subgeneric tenden-
cies, especially merging dolichohippine and cabal-
line characteristics—for example, E. idahoensis,
Equus cf. E. caballus (Savage, 1951) of Irvington,
and Equus. (Dolichohippus) cf. E. D. simplicidens
of Anza-Borrego in North America have a relatively
short or caballine rostral area, or usually a deep-
to-moderate penetration of the ectoflexid in the
lower molars, and usually no cup or recessed “V”
in the I,. In Eurasia, E. mosbachensis has a mod-
erately elongate rostrum, the orbit is posterior to
the M, the protocone in the upper molars is broad-
ly grooved and elongate, and the ectoflexid in the
lower molars is generally deep. However, the lin-
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guaflexid has a broad “U” shape as in the caballines
(see Fig. 2E, F for character states). All of these
equids occur in the holarctic during Plio-Pleisto-
cene time.

Hibbard (1955) described a new subgenus and
species, Equus (Hesperobippus) mexicanus from
the Tequixquiac fauna of Mexico. The subgenus is
primarily distinguished by a high degree of cranial
flexion and anteriorly flattened premaxilla of the
holotypic skull. A ramus with P,-M, is identified
as Equus cf. (Hesperohippus) mexicanus in Hib-
bard (1955:fig. 5B) and as ?Equus (Hesperohippus)
mexicanus in his table IX. The proportions of the
rostrum (based on measurements of the cranium in
Hibbard, 1955:pl. IV, fig. 1) indicate a very short
rostral index of 0.69 as in E. (Equus), E. (Asinus),
E. (Hemionus), and E. (Amerhippus). The referred
lower dentition has a broad “U” to “V” shaped
linguaflexid, non-penetration of the ectoflexid in
M,, M,, and M, and straight walls of the ectolo-
phids. In the upper dentition, the protocones are
very elongate and grooved, and the pre- and post-
fossettes have very complex enamel patterns. Hib-
bard’s material could be either E. (Hemionus) or
E. (Amerbippus) because of the shallow ectoflexid
in the molars. Without further examples of E. (H.)
mexicanus to suggest the validity of the subgeneric
characteristics, we tentatively reject the material as
a distinct subgenus of Equus.

The subgenus E. (Parastylidens) parastylidens
Mooser and Dalquest, 1975, from central Mexico
is based on lower dentition. We believe that with-
out the availability of cranial, mandibular, or rostral
features for comparison, there is insufficent basis
for a reliable subgeneric diagnosis.

A key for the subgenera of Equus is presented
below.

KEY TO SOME SUBGENERA OF EQUUS

1A Cranium and mandible rostra elongate; orbit

POSIENOT COTOOth LW . ... oceeeeee e 2
1B Cranium and mandible rostra short; orbit an-
LETOT L0 EOOTRITOW, . .. ooy sl o v 3

2 1,_, with cups; I, with recessed posterior open
“V”; ectoflexid penetrates isthmus on M, _j; deep
linguaflexid with narrow lingual groove; stout,
medium-to-long metapodials . . Dolichohippus

3A M, , with strong isthmus but no ectoflexid pen-

EEAION e i e 4
3B M, ; ectoflexid penetrates and splits isthmus
..................................... 5

4A 1, ; with cups; broad “U” shaped linguaflexid
with broad lingual groove; long and slender
mietapodialst zv s Hemionus

4B 1,, with cups but I, with recessed posterior
open “V”’; deep “V” shaped linguaflexid with
narrow lingual groove; short and stout meta-
BOdial SRR ST e S i Asinus

5 Broad “U” shaped linguaflexid with broad lin-
gual groove
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6 1, , with cups; medium-to-long and stout meta-
podialsre ol v i Lo Equus

Equus (Dolichohippus) enormis,
new species
Figures 5-17

DIAGNOSIS. About 7 percent longer cranium
and mandible than the largest Equus (Dolichohip-
pus), ranging from 616 mm to 660 mm basilar length
and 573 mm to 600 mm mandibular length; with
greater elongation of the rostrum and palate (rostral
index range 0.40 to 0.45, mean 0.43; palatal index
0.21 to 0.24, mean 0.23); orbital position posterior
to M?; adult upper incisors and lower third incisor
massive; lower third incisor without infundibulum
and with a lingual open recessed “V”; ectoflexid in
M,, M,, and M, penetrates isthmus, although with
somewhat less penetration than in E. (D.) simplici-
dens and E. (D.) grevyi; metastylid in P; and M,-
M, broad transversely, triangular to rounded an-
teriorly, with or without lingual indentation; meta-
conid broad transversely in P, and M,; radius-ulna
with a straight mid-shaft, flattened anterior surface,
and fusion of the ulna and radius distal to the fo-
ramen separating the two; relatively small meta-
carpal 3 and phalanges 1 and 3; metatarsals 3 and
4 relatively larger than in other fossil Equus except
perhaps E. livenzovensis and E. mosbachensis.

HOLOTYPE. IVCM 32 from locality IVCM 15;
partial cranium and right and left mandibles with
postcranial elements including: right distal humer-
us, nearly complete right radius-ulna, complete left
metacarpal 3 with associated articulating unciform,
magnum, trapezoid, and a proximal metacarpal 4;
phalanges 1, 2, and 3 of the manus; partial pelvis,
right femur head and shaft fragment, metatarsal 3
with portions of attached metatarsals 2 and 4 and
a phalanx 3 of the pes; mature, five to six year old
male.

PARATYPE. LACM 4338, partial cranium, with
relatively complete ventral palato-rostral area from
I' to posterior of left, post-glenoid process, dorsal
aspect from premaxillae to portions of parietals,
cast of braincase and original posterior squamosal,
mature to old age male, from locality LACM 1528.

REFERRED SPECIMENS. LACM 16815, max-
illa with partial rostrum, complete maxillary den-
tition, associated pelvis, immature, probable male,
from locality LACM 6606; LACM 3677, nearly
complete left mandible with P, to M, and right
symphysis, mature to old age male from locality
LACM 1253; IVCM 1336, complete right and left
mandibles with dentition, mature to old age male
from locality IVCM 371.

TYPE LOCALITY. IVCM 15, from Vallecito
Creek, Anza-Borrego Desert State Park, San Diego
County, California, “zone” 54, upper Palm Springs
Formation, middle Vallecito Creek local fauna, late
Blancan in age (late Pliocene), approximately 2.0
Ma.
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Figure 5. a. Equus (Dolichohippus) enormis, new species, holotype, IVCM 32-1 and IVCM 32-2, from Vallecito Creek local fauna, “zone” 54, late Blancan, palate and rostrum,
occlusal view. b. Equus (Dolichobippus) enormis, new species, IVCM 32-4, partial mandible, occlusal view.
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Figure 6. a. Equus (Dolichohippus) enormis, new species, IVCM 32-1, right upper dentition, occlusal view. b. Equus (Dolichohippus) enormis, new species, IVCM 32-4, right lower

dentition, occlusal view.



Figure 7.
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Equus (Dolichohippus) enormis, new species, holotype, IVCM 32-1 and IVCM 32-2, maxillae and rostrum,

right lateral view. Hatchured areas in this figure, and any succeeding illustrations, indicate restored material.

LOCALITIES FOR HYPODIGM. LACM 1528
(paratype) and LACM 6672 from Vallecito Creek
area; LACM 1253 from badlands east of Borrego
Springs, near “Truckhaven Trail”’; IVCM 371 from
lower Coyote Canyon badlands north of Borrego
Springs; all localities from Anza-Borrego Desert State
Park, San Diego County, California.

STRATIGRAPHY AND AGE. The holotype,
IVCM 32, is from within the type stratigraphic sec-
tion of the Palm Spring Formation, late Blancan,
“zone” 54. Approximately 2.0 to 2.1 million years
old, it predates the Olduvai Gorge sequence of East
Africa (see Opdyke et al., 1977). The paratype,
LACM 4338, from locality 1528 is from sediments
of fault block K, of the Palm Spring Formation just
south of Vallecito Creek Wash and approximately
equivalent to LACM locality 1190, “zones” 62-63
of the type stratigraphic section; the sediments and
faunal taxa are considered correlative with the late
Vallecito Creek local fauna, middle Irvingtonian
age. The referred immature palate, LACM 16815,
is from “zone” 58 at locality LACM 6606 and is
about 250 meters higher in the type section and
approximately one half million years younger than
the holotype, IVCM 32. Referred mandibles [IVCM
1336 and LACM 3677 are geographically separate,
being from about 30 miles north of the type section,
in sediments of late Irvingtonian age, possibly 0.3
Ma to 0.72 Ma.

LACM 1528 (paratype) fault block K and ap-
proximately equivalent to “zones” 62-63 of the
type section in Upper Palm Springs Formation, Val-
lecito Creek local fauna, middle Irvingtonian in age
(early-middle Pleistocene), approximately 1.0 Ma;
LACM 6606, estimated “zone” 58, Upper Palm
Springs Formation, late Vallecito Creek local fauna,
early Irvingtonian in age (early Pleistocene), ap-
proximately 1.6 Ma.

LACM 1253, Palm Springs Formation of Dibblee
(1954) or Ocotillo Formation of Bartholemew
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(1970), undescribed Borrego Badlands local fauna,
probable late Irvingtonian (middle Pleistocene), as
suggested by presence of Mammuthus Burnett,
1830, Equus (Equus), Megalonyx Harlan, 1825, cf.
Nothrotheriops, and Arctodus Leidy, 1854, among
other taxa. IVCM 371, Ocotillo Formation, un-
described Coyote Canyon badlands local fauna,
probable late Irvingtonian (middle Pleistocene), as
suggested by presence of Lepus? Linnaeus, 1758,
Equus (Dolichohippus), Equus (Hemionus) ?Eu-
ceratherium Furlong and Sinclair, 1904, Nothroth-
eriops, and Tetrameryx Lull, 1921, among other
taxa. Miller et al. (1988) presented radiometric dates
for the Fryant ash of the Coyote Canyon badlands,
ranging from 0.3 Ma to 0.72 Ma.

There is about a 2.1 Ma to 0.3 Ma range in time
or 1.8 Ma duration for the species; therefore, we
cannot assume that all specimens of the new species
are synchronous, although they are probably mor-
phologically one taxon.

ETYMOLOGY. From Latin enormis, of great
size, huge, immense.

DESCRIPTION AND COMPARISONS. There
is no single diagnostic character for the species; the
diagnosis is based on a unique combination, or
suite, of characters that is not duplicated in other
known taxa represented by comparable material.
After further collecting and study, it is possible that
the specimens referred to E. (D.) enormis might be
interpreted to represent more than one species; for
the present we interpret observed variation as in-
traspecific—in contrast to the “single tooth™ jus-
tification of some previously described species. In
the following discussion, we use Equus (Dolicho-
hippus) simplicidens as a primary standard for com-
parisons.

Cranial and mandibulae lengths in E. (D.) enor-
mis indicate generally larger size in E. (D.) enormis
than in other fossil Equus species (see Fig. 12).

Proportions of the cranial rostrum appear sig-
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nificant when comparing E. (D.) enormis with other
taxa. About 22 mm of missing bone has been re-
stored between the canines and P? in the holotype,
IVCM 32, the estimate of length of rostrum in this
specimen is based on extrapolations from mea-
surements of length between the upper canine and
P? in more complete specimens of Anza-Borrego
dolichohippines. The latter include LACM 4338,
the paratype of similar geochronologic age as IVCM
32 (middle Vallecito Creek local fauna); LACM
16815, from the late Vallecito Creek local fauna;
and specimens referred to Equus (Dolichohippus)
cf. E. (D.) simplicidens—IVCM 2673 from the ear-
ly Vallecito Creek local fauna and LACM 17614,
partial cranium of probable equivalence to the late
Arroyo Seco or early Vallecito Creek local faunas.
Using these specimens, we compared length from
upper canine to P? with the total length of the tooth
row. For LACM 4338 these two figures are 96.7
mm and 203.8 mm, respectively. As IVCM 32 has
a longer tooth row length of 217.5 mm, the pro-
portional distance for C to P? should be 103 mm
(= 217.5 x 96.7/203).

Other extrapolated estimates of C to P? for IVCM
32 are: 78 mm based on LACM 16815, 106 mm
based on LACM 17614, and 76 mm based on [VCM
2673. The mean estimate is 91 mm for IVCM 32
in C to P?. Measurements that are available in the
rostrum of IVCM 32 are: I' to I}, 42 mm; I to C,
30 mm; and the basal length of canine, 18 mm.
These dimensions plus the mean estimate for C to
P? of 91 mm provide a combined total estimate of
181 mm for the length of the rostrum of IVCM
32.

The rostrum is 175 mm long in LACM 4338 and
157 mm in LACM 16815. The estimated mean
rostral length is thus 171 mm in E. (D.) enormis.

The transverse diameter at I* is 70 mm in LACM
4338,70 mm in LACM 16815,and 79 mm in IVCM
32; the mean is 73 mm. These proportions (trans-
verse width at I’ divided by length from I' to P?)
indicate a greater elongation of the rostrum than
in other species compared (see Fig. 14). Rostral
indices of 0.44 in IVCM 32 and 0.40 in LACM
4338 seem particularly significant; the immature
specimen LACM 16815, with a rostral index of
0.45,1s closer to proportions of E. (D.) simplicidens
(mean rostral index 0.50) and E. (D.) grevyi (mean
rostral index 0.48) although outside their range of
variation (see Table 2). Equus (D.) enormis has an
estimated rostral index of 0.40 to 0.45 (mean 0.43).

Winans (1985) noted that, because of different
rates of growth in different parts, use of ratios to
compare proportions can be valid only for speci-
mens of the same ontogenetic age. IVCM 32, LACM
4338, LACM 3677, and IVCM 1336 are relatively
mature adults, but even the immature LACM 16815
(rostral index 0.45) indicates relatively long rostral
length.

The position of the anterior edge of the orbit
relative to the cheek teeth may be used as an in-
direct indication of dolichocephaly and is cited as
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a subgeneric character by Azzaroli (1966:11). The
distance from the posterior edge of the M' to the
anterior edge of the orbit in the paratype LACM
4338 is 100 mm. This compared with the mean
tooth row length of 204 mm provides an orbital
index of 0.49; in contrast, the orbital index 0.41 to
0.45 (mean 0.43) in E. (D.) simplicidens indicates
this species has a more anteriorly located orbit than
in E. (D.) enormis.

The dorsoventral depths of the cranial pre- and
post-canine diastemae of IVCM 32 are relatively
shallow compared to those of E. (D.) simplicidens,
but those of LACM 4338 and LACM 16815 are
deeper than in E. (D.) simplicidens. Comparison of
the cranial pre- and post-canine diastema length in
IVCM 32 and LACM 4338 indicates the new spe-
cies has a relatively long post-canine diastema, al-
though immature LACM 16815 is closer to E. (D.)
simplicidens and E. (D.) grevyi (see Table 2).

The depth of the mandible below M, in IVCM
32 and LACM 3677 is somewhat deeper than other
dolichohippine species (see Table 2). The lack of
the ventral margin of the mandible in IVCM 1336
precludes comparisons.

Basilar length cannot be determined in the new
species, but LACM 4338 measures 554 mm from
I' to the temporal condyle. The distance from the
temporal condyle to the foramen magnum in our
E. (D.) simplicidens sample is about 12% of the
basilar length. By using the 12% factor, we can
estimate a basilar length of 621 mm for LACM
4338.

Mandibular specimens can also assist in obtain-
ing estimates of basilar length. The estimates of
basilar length of the samples of E. (D.) simplicidens
from Hagerman, E. (D.) grevyi, and E. sanmenien-
sis are based on excellent photos from Teilhard de
Chardin and Piveteau (1930) and data from Eisen-
mann (1983). We observed the following differ-
ences between mandibular and basilar lengths: the
Hagerman sample of E. (D.) simplicidens has a dif-
ference of 41 mm to 50 mm, mean 47 mm (n = 3);
E. (D.) grevyi has an observed range of 63 mm to
75 mm, mean 68 mm (n = 5); and E. sanmeniensis
has a difference of 65 mm. The mean of these
differences between basilar and mandibular length
is 60 mm. By using the 60 mm factor, the extrap-
olated basilar lengths are 660 mm for IVCM 1336
and 633 mm for LACM 3677.

Only two-thirds of the holotype mandible [IVCM
32 is present. A crude length estimate of 556 mm
was obtained from a restoration of the mandible
using cranial and mandibular parts that were pre-
served. Addition of the 60 mm factor provides an
extrapolated 616 mm basilar length for IVCM 32.
All samples of E. (D.) enormis are estimated to
range from 616 mm to 660 mm, with a mean of
633 mm in estimated basilar length. If we exclude
IVCM 32, the estimate of the mean is 638 mm for
basilar length. This compares with 414 mm to 544
mm, mean of 479 mm, in the mandible and 514
mm to 556 mm, mean of 537 mm, in the cranial

Downs and Miller: Late Cenozoic Equids ll 23



spinbg 210zoua)) 21eT II[IN PUE SUMO(]

woQl|

N

Ofd JoquUINN] “dUIIS Ul suonnqINuo)) M +7

"MIIA [BSN[D00 ‘Gech INDVYT “adhieaed ‘sadads mou ‘suu
-40ua (snddigogo1jo(]) snnbiy *5 *MI1A [e121R] 1J2| ‘WnIULId
‘8eCH INDVT “odhrered ‘sadads mau ‘siuwoua (snddigogo
-1jo(]) snnbq *q "maia [esiop 213[dwod Apesu wniuend
‘uedue[g e[ ‘p¢  duoz, A|2ewixordde ‘eunej [ed0] y0217)
013[[BA “Y YD0[q 1nej woly ‘geey INDVT ‘adhiered said
-ads mau ‘stuions (snddiqoyoijocq) snnby e +g 3181

—

Y1 se Iej se A[101I21UE SPUIXI 1SID [BIdR) Y]

1naid (q) 3
Buial] oy ur ueys geey WOV Ul 12daap st yalou
Y L ‘suapyduars (*(]) g Ul (J PUe ;J JO duodBIdW
Ayl 2a0qe SI UOIsSUAIXd Ioudsod dyi pue ‘gecy
JNDVT Ul MO[[eys A[2ALIE[21 SI 10U [eLIeU 3y .

"8ECH INDVT Ul (A JO Jey Jouaue ay: asoddo
pue 7¢ INDAI Ul A JO 121u3d ay1 anisoddo pauonis
-0d s1 usweloy sunejed-1s0d Ay | ‘W0 12Y3 Paidl
-[e sey uoissaxdwod [e1dze] ygnoyife ‘z¢ INDAL Wt
ueyl 1omoureu 3q 01 1eadde geey NDVY'] JO sareu
Jouaisod pue arefed oy suapoyduas () q wl
UBY) JOPIM 1B SIOPIOq [eId1e] 11dY) pue uasaid a1e
s19p10q [eueu Joua1sod oy jo sdn Joudiue oy |

‘A[aoua1ue 9319AU0d G189 INDV']
Pue 7¢ INDAI Ul Y391 )3yd 3y ] ‘mO[[eys A[a1e1d
-pouu si eaxe [erefed Arefixew-1s0d 3yl ‘7¢ INDA] Y]
SIS0 INOVIT PHE SEEH INONVT UL ] i) puijaq
01 7€ INDAI Ul (] 2Y3 JO 121UdD 341 WOIJ UOISUIX
Joudiue ur L1ea Je[ixewaid ayi jo ssadoid sunefed

dy1 Buoe sa0018 Y[ "S1891 INOV'T PUe ‘8€€t
INDVT ‘7€ INDAIL Ul ] Y3 Jo 133udd 3y dusod
-do pa1ed0| puE punNOI SI USWEIOJ JAISIDUI Y |
"LL9E WOV'T
10J pauIuIdlap 3q 10UUED JUIWAINSEIW SIYY (7€
INDA] 03 parzdwod molieu A[2ANE[2I SWIAIS 9¢¢ |
INOAL ut sisydwids sepnqrpuew 3y [, "gecy INOV'1
ur os £[a1e19powr pue 7¢ NDAI ul £[[eadss ‘isnq
-01 pue peoiq A[aane[as st siskyduwi4s [erueld ay |,
‘suapyduis (1) 4 Ul WW 9¢f 01 Ww /¢
12110ys B yum paredwod geey NDVYT Ul Wil ¢/
3q 01 parewnsd s1 Yagua| [ee] ‘suapyduis (*(J)
" Ul (WW 9/4 UBIW) WW ()gf O1 WU ¢ I191I0YS
Apanep1 oy yum paredwod ojdpuod [erodwal
oY1 jo a8pa [e1dre] 1oudisod ay3 01 || wolj ww
$S ¢ saInseaw (8¢ ¢y INDV) Stusioua (*(]) snnbyq
10248 () 7
ul 7°( 03 97°( pue suapyduss (\q) q Ul LT'0 O3
970 Yam paredwod (7' ueaw) $7°0 03 17°0 29
01 parewnsd si Ya3ua| 1940 Yapim [erejed jo ouer y
“(Z 91qeL pue g1 "1 29s) ] pue ‘N jo dandunl
Y1 1k 1210welp JsidAsuen yum yidua| erefed jo
uosuedwod £q parensuowap st [eydasoydijop pue
az1s paseardu] *(¢1 81 29s) sadads surddiyoydijop
19410 10 uey 1218213 1u2d12d / 1noqe 9q 01 pajewil
-$3 a1 snuioua (“(J) snnbg 10y sYIud| Jenqipuew
pue [eweld Yyl ‘(7Lel ‘Sw[apunT) sniwayduios
sunbg 01 Pal1djol IsIoy eunej IpIsI[3u] Y1 10§
wul 919 10 SISuaA02uAY “ 10J WW ¢19 pajewn
-$3 InO sI sa1dads snnby 10j Yi3ud| 1efiseq 1sa31e]
asimIayio ayp sdeyiag (7 djqe], pue ¢ 3i) uew
-198e}] woay suaproyduis (*(]) A 10§ Yadua| refiseq



VTR
oo :

W

10cm

Contributions in Science, Number 440 Downs and Miller: Late Cenozoic Equids ll 25


imac


| e |
5cm

Figure 9. Equus (Dolichohippus) enormis, new species,
referred, LACM 16815, from Vallecito Creek local fauna,
approximately “zone™ 58, early Irvingtonian, partial im-
mature cranium, occlusal view.

center of P* in IVCM 32 and LACM 4338 and as
far as M' in LACM 16815. The infraorbital fora-
men is observable only on the left side of LACM
4338, occurring above M'. The conformation of
the middle braincase is discernable in LACM 4338,
providing an estimated transverse width of 85 mm
to 90 mm, compared to the observed range of 99
mm to 113 mm (mean 105 mm) for our sample of
E. (D.) simplicidens. The right frontals and nasals
in LACM 4338 are narrow throughout their entire
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length and slope steeply ventrally toward the ex-
panding maxilla.

Facial fossae appear to be absent from LACM
4338, which has the preorbital area preserved on
the right side. The dorsal profile of the frontal and
nasal bones (from the right side, lateral view, in
LACM 4338) is very slightly concave. The temporal
condyle (width in LACM 4338 67 mm, length 23.4
mm) is similar in shape to that of E. (D.) simplici-
dens (width 67 mm, length 23 mm).

Dimensions of individual cheek teeth, and es-
pecially the length of tooth row, provide an esti-
mate of overall size if comparisons are made with
similar stages of wear. The moderately worn adult
premolars and molars of IVCM 32 consistently ap-
proach or exceed the upper size range of any one
tooth of E. (D.) simplicidens (see Tables 3, 4). LACM
4338, of greater ontogenetic age and thus propor-
tionately smaller tooth size because of greater wear,
falls within the upper extremes of E. (D.) simplici-
dens measurements. Adult E. (D.) enormis individ-
ual tooth dimensions are closer in size to those of
E. (D.) simplicidens than are the crania, mandibles,
and some foot elements. The upper tooth series of
E. (D.) enormis, INCM 32, measures 217 mm com-
pared to 181 mm to 207 mm, mean of 195 mm, in
E.(D.) simplicidens. LACM 168135 is immature and,
with less wear on the teeth, provides the longest
upper tooth row measurement of 224 mm. The
upper tooth row of LACM 4338, an elderly spec-
imen, measures 204 mm and is within the upper
size range of E. (D.) simplicidens. The four speci-
mens of E. (D.) enormis together average 212 mm,
but without the old adult LACM 4338, they average
221 mm and exceed E. (D.) simplicidens (see Table
2) in mean length.

The lower cheek tooth row seems similar in length
to the upper tooth rows of IVCM 32, IVCM 1336,
and LACM 3677, measuring 229 mm, 231 mm, and
222 mm, respectively, with a mean of 227 mm. This
contrasts with 173 mm to 210 mm, mean of 194
mm, in E. (D.) simplicidens. Without the old adult
LACM 3677, the mean is 230 mm for the new
species (see Table 3).

The upper incisors are massive and reasonably
well represented in LACM 4338, LACM 16815
(immature), and IVCM 32. With wear, proportions
of the incisors change, becoming deeper mesiodis-
tally, as in LACM 4338. However, regardless of
state of wear, the incisors of IVCM 32 and LACM
4338, and the permanent I' in LACM 16815, are
larger than those of other species (see Table 2). The
upper incisor infundibulae, or cups, are well de-
veloped and broad in IVCM 32 and LACM 16815.
Due to wear, LACM 4338 has only a faint sugges-
tion of root canals, or nutrient canals, on its inci-
sors.

Upper canines in IVCM 32 and LACM 4338 are
large; the little worn upper canine on the right side
of [VCM 32 is broadly based, with a knife-like
cutting edge and very slight lingual curvature.

P' in [IVCM 32 is represented by an alveolus
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Figure 10. a. Equus (Dolichohippus) enormis, new species, referred, LACM 3677, from Borrego Badlands east of Borrego Springs probable, late Irvingtonian, mandible, occlusal view.
b. Equus (Dolichobippus) enormis, new species, referred, LACM 3677, left mandible, lateral view.
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Table 4. Continued.

E. (D.) enor. E. (D.) cf. simp.
IVCM 32 LACM 4338 LACM 16815 IVCM 2673 LACM 17614
M' TR protocone S50 S 6.8,7.3 4.7,5.1 6.7,6.9 6.1,6.2
(5.8)
M?* AP protocone 139,144 14.2,14.4 15.0,15.8 14.7,14.7 115751255
(14.8)
M:? TR protocone 4.3,4.5 6.0,6.1 4.8,4.8 6.4,6.5 5.5,5.6
(5.2)
P* protocone shape 853 359 553 22 Sy
P* protocone shape 2.2 3A, 3A 2A, 2A 3A, 3A
M! protocone shape 2 2A, 2A 8543 2,2 252
M? protocone shape 3A, 3A 24, 2A S 7 58
P* AP protocone/AP 0.38,0.38 0.40, 0.41 0.44, 0.45 0.38 0.36
tooth (0.41)
P* AP protocone/AP 0.41,0.47 0.48, 0.50 0.45,0.44 0.46
tooth (0.47)
M" AP protocone /AP 0.37,0.39 0.48,0.53 0.46,0.43 0.42,0.44
tooth (0.44)
M AP protocone /AP 0.44, 0.45 0.49,0.51 0.46,0.48 0.46, 0.41
tooth (0.47)

" Includes data from Gazin (1936) and specimens from [VCM, LACM, and UCMP collections.

> 207 mm in E. livenzovensis. (Nort listed in Table 4.)
‘n = number of tooth rows, not individuals.
* Deciduous teeth.

* All AP and TR measurements of tooth enamel are at crest or biting surface.

¢ See Figure 2H for shape category.

containing the root. P' was probably present in
LACM 16815. P' is well developed in all five spec-
imens of E. (D.) simplicidens compared.

P> has a pseudoparastyle, anterior to the para-
style, and appears relatively stronger in IVCM 32
and LACM 16815 than in E. (D.) simplicidens.
LACM 4338 lacks the pseudoparastyle. The para-
style, which is well developed in E. (D.) simplici-
dens, is strong in [IVCM 32 but narrow in LACM
4338. The mesostyle is broad and slightly grooved
in [IVCM 32, moderately broad with slight groove
in LACM 4338, and generally broad in E. (D.) sim-
plicidens. The metastyle is relatively broad in IVCM
32 but absent in LACM 4338. The protoloph con-
nects with the parastyle in IVCM 32 but is not
discernable in LACM 4338 or LACM 16815.

The following remarks concerning dental char-
acters refer to P* through M?, unless otherwise in-
dicated. Where the state of wear in LACM 16815
prevents comparisons, no comment will be made.

The pli-protoloph is small and progressively re-
duced in P* through M® of IVCM 32 and LACM
4338 and in M' and M? of LACM 16815. Proto-
cones are generally elongate and with narrow lin-
gual grooves in E. (D.) enormis (Fig. 2H and Table
2) in comparison to E. (D.) simplicidens. The pro-
toconal index (protoconal length compared to an-

30 B Contributions in Science, Number 440

teroposterior length) is 0.37 to 0.53 in P? through
M:? of E. (D.) enormis. Equus (D.) simplicidens has
mean protoconal indices of 0.28 to 0.44; E. (D.)
grevyi ranges from about 0.43 to 0.52 and is similar
to E. (D.) enormis (see Table 2). The generally elon-
gate protocone seems to be correlated with the
relative increase in length of the “toe” (or posterior
extension) of the protocone. P* and P* appear to
have shorter pre-protoconal grooves in [VCM 32
and LACM 4338 when compared to E. (D.) sim-
plicidens.

The parastyles are broad and slightly grooved in
P* through P* but narrow and ungrooved in M',
M2, and M of IVCM 32; teeth of LACM 4338 are
similar except there is no apparent groove in P* and
P¢. M' and M? parastyles in LACM 16815 are nar-
row without grooves.

The mesostyles are similar to the parastyles ex-
cept they are narrower in IVCM 32, but wider in
LACM 4338, when compared to E. (D.) simplici-
dens.

Complexity of the enamel pattern, the number
of plications in the pre- and post-fossettes including
the plicaballin, is determined by actual counts. The
pre- and post-fossettes, including the pli-protoloph,
tend to be complex in P* through M?, especially as
noted in IVCM 32, with a range of 9 to 13 plica-

Downs and Miller: Late Cenozoic Equids



Table 4. Continued.

E. (E) E (E)
sp. A sp. B E. cf. (E)
LACM IVCM IVCM
4335 1816-1 3429 E. (D.) simp.' E. idaho. E. (D.) grev. E. (E.) przw.
5:6, 5.7 6.3 4.8-6.4 5.3,67.1 4.7-6.5 3.7-5.3
n12(5.3) n8(5.6) n4(4.7)
13.0,13.8 19.4 15.6 11.0-15.7 161 g [ [ 12.7-14.6 13.2-14.7
nl12(13) n8(14.0) n4(14)
5.2.5.6 6.6 4.7-6.7 32, 5.3 4.1-5.5 4.1-5.0
nl2(5.8) n8(5.0) n4(4.5)
3.3 3-4 3 2n8.3n4 2.3 3ing 3n2, 4n2
3503 4.4 4 2n8.,3n4 2.2 3In8 4n2,5n2
S 3-4 2 2n8,2An2,3An2 313 2n2,3n2,3An2, 4n2 2n2,5n2
2,2 4-5 3 2An8,3n4,3An2 3A, 3A 3n4,3n2,5n2 5n4
0.31, 0.31 0.49,0.46 0.47 0.24-0.33 0.35,0.32 0.38-0.46 0.42-0.51
n12(0.28) n8(0.42) n4(0.47)
0.41, 0.35 0.52,0.55 0.56 0.23-0.43 0.36,0.36 0.41-0.48 0.34-0.50
n12(0.34) n8(0.45) n4(0.45)
0.41,0.42 0.52 0.51 0.34-0.44 0.33,0.39 0.46-0.56 0.45-0.50
n12(0.38) n8(0.52) n4(0.48)
0.47,0.49 0.60 0.51 0.32-0.48 0.40, 0.41 0.46-0.57 0.49-0.52
nl12(41) n8(0.52) n4(0.51)

tions. Equus (D.) enormis thus tends to be more
complex than E. (D.) simplicidens (5 to 11 plica-
tions). The plicaballin is well developed in [IVCM
32 and LACM 4338, and one to two pli-hypostylids
occur in the premolars and molars.

The pre-hypoconal groove is present on P? and
P* of IVCM 32, and incipient on P>-M* of LACM
4338 and on the M? of LACM 16815. The post-
hypoconal groove is deep and open on P>~-M? of
IVCM 32 and LACM 4338 and on M'? of LACM
16815. The M® of IVCM 32 is not worn sufficiently
to show development of a groove; the right M* in
LACM 4338 has the groove in the form of a fos-
sette.

All the upper and lower teeth have an abundance
of cement, both labially and lingually, and are very
hypsodont. The crown height of M? in IVCM 32
is at least 85 mm; right and left P>, 86 mm and 89
mm; right and left P4, 96 mm and 92 mm; and left
M2, 99 mm in LACM 16815. The exposed crowns
show slight degree of curvature, especially in LACM
16815. The height of crown in E. (D.) simplicidens
is 59 mm in P? of LACM 1520 and 62 mm and 82
mm in P* of [VCM #H]1.

The preserved parts of the mandible of E. (D.)
enormis mirror the relatively elongate proportions
of the cranial rostrum (see Tables 2, 4). Equus (D.)
enormis, INCM 32, IVCM 1336, and LACM 3677,
have a mandibular rostral index (length I,-P, /width
at 1) of 0.39 to 0.47, mean of 0.42, compared to
equivalent indices of 0.43 to 0.58, mean of 0.50,
in E. (D.) simplicidens. The mandibular rostral in-
dex of IVCM 32 is 0.47, which confirms our esti-
mated cranial rostral index of 0.44 for E. (D.) enor-

Contributions in Science, Number 440

mis. Behind the canines, the symphysis of IVCM
32 is narrow and deeply furrowed dorsally. The
preangular notch is broadly concave in [IVCM 32
and LACM 3677 but indeterminate in [IVCM 1336.
The mental foramen is slightly anterior to the P,
in IVCM 32 but slightly posterior to the canine in
IVCM 1336. The angle between the slope of the
anterior border of the ascending ramus and the
horizontal axis of the tooth row is estimated as
130° in IVCM 1336 and 133° in LACM 3677. This
compares with 120° to 140° in E. (D.) simplicidens,
135° to 145° in E. (D.) grevyi, and 115° in E. (E.)
przewalskii.

The lower incisors in [IVCM 32, and especially
in the I, are massive and are well preserved; they
have very elongate, clearly formed cups on I, and
I,. I, has no cup and possesses a deep to broad
recessed “V” with two pointed cusp-like cingulae
at the base of the “V.” All the incisors of [IVCM
1336 are well worn; due to advanced wear, there
is no cup on I, a minute trace of a cup is lingually
placed on I,, and a remnant of an open “V” is
clearly present on I; (Fig. 11a), with a small lingual
cusp-like cingulum at the mid-point. In LACM 3677,
the right I, is well worn, about 19 mm in height,
and lacks a cup, although a nutrient canal may be
present. I, of LACM 3677 is worn, but with a rem-
nant of a slightly developed recessed “V” (Fig. 10a).
The third incisors of E. (D.) enormis greatly resem-
ble those of E. (D.) simplicidens; however, Gazin
(1936:302) stated, ““I; is broadly open on the lingual
side and in most cases does not exhibit a lingual
stylar cup, although in a few instances a small cup
is present ....” We find no cup on the I, in our

Downs and Miller: Late Cenozoic Equids M 31
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Figure 11. a. Equus (Dolichohippus) enormis, new species, referred, IVCM 1336, from lower Coyote Canyon badlands, north of Borrego Springs, probable late Irvingtonian, right
mandible, occlusal view. b. Equus (Dolichohippus) enormis, new species, referred, IVCM 1336, right mandible, lateral view. ¢, d. Equus (Dolichohippus) enormis, new species, composite
of (¢) LACM 4338 and (d) LACM 3677.
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Figure 12.  Equus (Dolichobippus) enormis, new species, composite of (a) LACM 4338 cranium and (b) LACM 3677 mandible (not associated), left lateral view; from Figures 8b and

10b.
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Figure 13.
plicatus, data from Lundelius (1972).

Cranial and mandibular lengths compared (for abbreviations and symbols, see Appendix A). (1) E. com-

sample of E. (D.) simplicidens, but the above no-
tation by Gazin emphasizes the need for caution in
noting the presence of the recessed “V.” The vari-
ability in this character is documented by Eisen-
mann (1979a) and Azzaroli (1979).

The lower left canine of IVCM 32 is broad, or
rounded, at the basal outline and flattened dorsally
with wear and possibly due, in part, to restoration.
The canine in IVCM 1336 is unworn, somewhat
pointed, and narrower at the base than in IVCM
32. The lower right canine is broken distally in
LACM 3677 but preserved in its broad rounded
base. Cement covers the unworn surfaces of the
incisors and canines in the new species.

34 B Contributions in Science, Number 440

The pre- and post-canine mandibular diastemae
vary in absolute size within the sample of E. (D.)
enormis but seem to be similar to E. (D.) simplici-
dens in proportions, with the post-canine diastemia
being much longer than the pre-canine diastema.
The right post-canine diastema is fractured in [IVCM
32 and is somewhat shorter than in [IVCM 1336
and LACM 3677. However, the fractured margins
of the mental foramen openings and sediment-filled
inner canal of the foramen are well seen in IVCM
32 and do not distort rostral proportions. A portion
of the lingual flange, the juncture of the right and
left symphysis, occurs at the fracture. All three spec-
imens have appreciably longer pre- and post-canine

Downs and Miller: Late Cenozoic Equids
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tographs in Azzaroli (1966, 1979) for P, G, Mo, Ca, Q, B, A, Sh, h.

lengths than E. (D.) simplicidens specimens but are and LACM 3677 the P, is of greater size than in E.
similar in proportion (see Table 2). (D.) simplicidens. P; through M, in IVCM 32 and

The P, in IVCM 1336 is unusually small, within LACM 3677 tend to be longer and wider than in
the range of E. (D.) simplicidens, but in IVCM 32 E. (D.) simplicidens, but P,, P,, and M, of IVCM

36 @ Contributions in Science, Number 440 Downs and Miller: Late Cenozoic Equids
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Figure 17. Mertatarsal 3 length compared with proximal transverse width (for abbreviations and symbols, see Appendix A
for A, h, G, P, Ch, and f and from Eisenmann (1979b) for St. (2) K, based on E. cf. E. koobiforensis of Eisenmann (1983).

8 from Eisenmann (1979b) for Mo and St.
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1336 have a proportionally greater transverse di-
ameter (Table 3). The protoconid of the P, is broad-
ly united with the inflated paralophid. The paralo-
phids of P, through M, in E. (D.) enormis specimens
IVCM 32, IVCM 1336, and LACM 3677 appear
to be relatively short compared to other species of
Equus (including E. (D.) simplicidens, E. (D.) grev-
yi, and E. (Equus)) (see Table 2). Length of the
paralophid compared to the transverse diameter of
the tooth gives a paralophid index with a mean of
0.70 in E. (D.) enormis versus a mean of 0.75 in E.
(D.) simplicidens.

The parastylid is rarely present in P, through M,
although it does occur in LACM 3677 on P, and
M,, and a fraction of the broken stylid is present
on P,.

As in most other Equus species, E. (D.) enormis
consistently has a shallow ectoflexid in P, and P,.
In contrast, M, and M, have moderately deep to
deep penetration of the ectoflexids. The greater the
penetration, the less extensive is the isthmus con-
necting the protoconid and hypoconid to the meta-
conid and metastylid. Eisenmann (1981a) empha-
sized that the length of the postflexid also reflects
the degree of ectoflexid penetration; the shorter the
postflexid, the longer the ectoflexid. Very deep pen-
etration allows the ectoflexid to touch the labial
extension of the linguaflexid as in E. (D.) simplici-
dens and E. (D.) grevyi (Skinner, 1972).

IVCM 1336 has slight penetration of the ecto-
flexid in the M,, greater penetration in M,, and
deep penetration in M;; LACM 3677 has very deep
penetration in M, ,, even in its advanced state of
wear. It is suggested that the norm, at least in the
holotype, IVCM 32, and referred specimen IVCM
1336, is a relatively shallow or moderate penetra-
tion in M, and M,; expressed in the index of depth
(depth ectoflexid /transverse width of tooth) of 0.47
to 0.58, mean of 0.52, compared with deeper pen-
etration in both E. (D.) simplicidens (0.55 to 0.79,
mean 0.71) and E. (D.) grevyi (0.52 to 0.73, mean
0.63; Table 3). In conjunction with the develop-
ment of the ectoflexid, the antero-isthmus connects
with the metaconid from the protoconid and the
post-isthmus connects posteriorly from the hypo-
conid to the metastylid in all specimens of M,, M,,
and M, in E. (D.) enormis.

The linguaflexid in all the lower cheek teeth is
consistently either “V” or deep to narrow “U”
shaped (categories 1-3, Fig. 2F) but is less deep in
P, of both E. (D.) enormis and E. (D.) simplicidens.

The protoconid and hypoconid morphology of
E. (D.) enormis is similar to that of E. (D.) simplici-
dens despite the overall greater size of E. (D.) enor-
mis. The outer walls of the protoconid and hy-
poconid of E. (D.) enormis, especially IVCM 32,
resemble those of Equus in being relatively straight
in both premolars and molars. In IVCM 1336 and
LACM 3677, the premolar walls are straight, but
the molars, especially those of LACM 3677, retain
a suggestion of crescent shape, or roundness, as is
typical of early Dinohippus and Pliohippus and
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occasionally seen in E. (D.) simplicidens (see Figs.
10 and 11, IVCM 3677 and LACM 1336, respec-
tively).

The entoconid of E. (D.) enormis is slightly nar-
rower than in E. (D.) simplicidens, especially in the
molars, except for M, of LACM 3677, in which
the entoconid is somewhat wider. In comparing the
width of the entoconid with the width of the tooth,
the mean entoconid index of E. (D.) enormis pre-
molars is 0.41, and in the molars it is 0.37; in E.
(D.) simplicidens the mean for the premolars is 0.42
and that for the molars is 0.38.

The metaconid is relatively broad transversely in
the premolars and molars. Comparing transverse
diameter of the metaconid with the anterior-pos-
terior diameter of the tooth, the premolars and
molars of E. (D.) enormis both have metaconid
indices with a mean of 0.27; mean metaconid in-
dices for E. (D.) simplicidens are 0.21 for the pre-
molars and 0.20 for the molars (Table 3).

The metastylid in the P,, M,, and M, differs from
that of E. (D.) simplicidens in being relatively broad
transversely, generally triangular, and bulbous or
rounded anteriorly with or without a lingual in-
dentation (see character states 1-2, Fig. 2G, and
Table 3). The ratio of the transverse width of meta-
stylid compared with the length of tooth provides
metastylid indices of 0.25 for the premolars and a
mean of 0.23 for the molars, compared with the
metastylid indices of 0.20 and 0.19, respectively, in
E. (D.) simplicidens.

In all specimens of E. (D.) enormis, the hypostylid
is relatively small compared to large specimens of
E. (D.) simplicidens and E. (D.) grevyi, especially
in the M, and M, and also in the P, and P, of IVCM
32 and LACM 3677. It is greatly extended poste-
riorly in the M, of E. (D.) enormis.

The postflexid is longer than the preflexid in the
premolars. Both flexids have simpler enamel
boundaries, without plications, compared to some
specimens of E. (D.) simplicidens.

The plicaballinid is rudimentary, when present,
especially in the premolars and M,, in contrast to
the strong plicaballinid development in the P, and
P, of E. (D.) simplicidens. The transverse diameter
of the isthmus between the entoconid and the hy-
poconid may be slightly narrow in P, but otherwise
variable in E. (D.) enormis.

All lower dentitions of E. (D.) enormis have
abundant cement deposited lingually and labially.

The right distal humerus, IVCM 32-9, has its
shaft broken away at the distal edge of the teres
tuberosity. The distal end has an articular width of
84.5 mm, wider than most samples of E. (D.) sim-
plicidens (width 61 mm to 91 mm, mean 83 mm).

The right radius/ulna, IVCM 32-8, is relatively
complete; it is larger in articular length and distal
articular width than in E. (D.) simplicidens (see
Table 5). The ulna is strongly fused to the shaft of
the radius. Distal to the foramen separating the
proximal radius and ulna, there is no remnant of a
line of separation in contrast to the condition in
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living E. (Dolichohippus), in which, according to
Skinner (1972:118), the ulna is a distinct entity for
the entire length of the radius.

Compared to figures of E. (D.) simplicidens in
Gazin (1936), a specimen of E. (D.) simplicidens
(LACM 123729), and a modern E. (E.) caballus,
the shaft of the radius in IVCM 32-8 is straighter
(in lateral view) between the proximal ridge above
the distal articular condylar area and a point 200
mm above the glenoid cavity of the radius. The
anterior surface of the shaft is somewhat flattened
medial-laterally. This is in contrast to the more
curving and convex anterior surface of the other
Equus radii observed. Photographs of E. livenzo-
vensis, radius L 611, provided to us by A. Azzaroli
(personal communication, 1984) suggest this has a
straighter, perhaps more flattened shaft, compara-
ble to that of E. (D.) enormis. The internal surface
of the olecranon in IVCM 32-8 is relatively flat
compared to those of E. (D.) simplicidens and mod-
ern Equus.

Equus (D.) enormis complete left unciform
(IVCM 32-23) is as large as that of modern Equus,
but is possibly longer proximo-distally than in E.
(D.) simplicidens. The length is 26.3 mm and width
30.7 mm with an unciform index of 0.86; this is
within the range of 0.75 to 0.96 for E. (D.) sim-
plicidens and 0.72 to 0.93 in modern Equus. The
posterior-internal process is moderately developed
in IVCM 32-23, as in E. (D.) simplicidens. The facet
for the cuneiform is slightly concave, less so than
in E. (D.) simplicidens or modern Equus. There is
full contact of the facet of the unciform that ar-
ticulates with Mc II; this is similar to modern Equus
but possibly in contrast with E. (D.) simplicidens
(see Gazin 1936:311). These characteristics may
prove diagnostic if confirmed in more samples of
the unciform in E. (D.) enormis.

The magnum (IVCM 32-20) is 49.5 mm in trans-
verse width, larger than in the sample of E. (D.)
simplicidens (42.2 mm to 46.4 mm) and nearly as
large as in modern Equus (48.3 mm to 50.4 mm).
Comparisons of width with depth (49.5 mm and
449 mm, respectively) in IVCM 32-20 provide a
magnum index of 0.91. Two specimens of modern
Equus have magnum indices of 0.91 and 0.94, and
this index ranges from 0.89 to 0.94 in E. (D.) sim-
plicidens. The surface for the articulation of the
lunar is moderately constricted between the ante-
rior and posterior portions in [IVCM 32-20 and is,
perhaps, relatively broader than in E. (D.) simplici-
dens. The posterior distal facet that articulates with
Mc Il is relatively broad in IVCM 32-20. The width
of the posterior distal facet compared with the
greatest width of the magnum gives a distal facet
index of 0.52 in [IVCM 32-20, 0.40 to 0.44 in E.
(D.) simplicidens, and 0.41 and 0.44 in two speci-
mens of modern Equus. This could be a distin-
guishing feature; it awaits confirmation from fur-
ther sampling of E. (D.) enormis.

The left trapezoid (IVCM 32-24) is slightly larger
than in five E. (D.) simplicidens specimens. IVCM
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32-24 is 26.8 mm in anterior—-posterior width and
20.4 mm in proximo-distal depth, in contrast with
widths of 23.3 mm to 25.6 mm and depths of 18.5
mm to 20.8 mm in E. (D.) simplicidens. The di-
mensions are proportionally distinct, E. (D.) enor-
mis (IVCM 32-24) with a trapezoid index of 0.76
compared to 0.79 to 0.81 in E. (D.) simplicidens.
A modern Equus caballus specimen has a trapezoid
index of 0.83.

There is no indication of a facet for the trapezium
in the IVCM 32-24 trapezoid. This contrasts with
E. (D.) simplicidens that usually has the facet (Ga-
zin, 1936:309). IVCM 32-24 is similar to E. (E.)
caballus in the frequent absence of such a facet
(Gazin, 1936:309). The facet for the articulation of
the trapezoid with the medial posterior edge of Mc
[l is relatively short (4.0 mm) compared to E. (D.)
simplicidens and modern E. (E.) caballus. Facet
width compared to the greatest anterior—posterior
trapezoid width provides a facet index of 0.15 in
IVCM 32-24; 0.27 and 0.36 in two specimens of
E. (E.) caballus and 0.17 to0 0.29 in E. (D.) simplici-
dens. This feature could be diagnostic if confirmed
in other specimens of E. (D.) enormis.

A complete left third metacarpal (IVCM 32-12)
was collected with associated unciform (IVCM 32-
33), magnum (IVCM 32-20), trapezoid (IVCM 32-
24), and proximal Mc IV (IVCM 32-22). IVCM 32-
12 Mc Il is larger (length 269 mm, proximal width
56 mm) than examined samples of E. (D.) simplici-
dens, the latter with mean length of 243 mm and
mean width of 51 mm. When comparing proximal
width with length, the ratio is 0.21, which closely
resembles that for E. (D.) simplicidens, mean ratio
of 0.20 (see Fig. 16 and Table $).

A comparison of dimensions of the shaft index
of the third metacarpal (IVCM 32-12) (width 39.3
mm, depth 32.2 mm) provides a shaft index of 0.82
in E. (D.) enormis. Equus (D.) simplicidens and E.
(D.) grevyi have mean indices of 0.78 and 0.84,
respectively, suggesting similarity to IVCM 32-12.

The facet of Mc III (IVCM 32-12) that articulates
with the anterior proximal facet of the Mc II is
10.6 mm in length compared to the smaller range
of 4.6 mm to 7.1 mm in E. (D.) simplicidens and
5.5 mm to 5.7 mm in a recent sample of E. (E.)
caballus. The length of this facet compared with
the greatest length of the metacarpal shows, for
IVCM 32-12, a facet index of 0.04, compared with
0.02 t0 0.03 in E. (D.) simplicidens.

A left Mc IV (IVCM 32-22 proximal portion) is
articulated with the left unciform and left Mc 111
Mc IV (IVCM 32-22) measures 24.2 mm in prox-
imal depth and 56.7 mm in proximal width. In
Equus (D.) simplicidens, metacarpal IV (LACM
121361) is 23 mm in depth and 54 mm in proximal
width; depth compared with the proximal width of
Mc IV of IVCM 32-12 gives a ratio of 0.43 and
equals 0.43 in E. (D.) simplicidens. The same depth/
width ratio is 0.39 in a modern specimen of E. (E.)
caballus (LACM 1079) that has a Mc IV of 63.6
mm width and 25 mm depth. This suggests a similar
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degree of development of Mc IV in E. (D.) enormis
and E. (D.) simplicidens compared with the lesser
development in modern Equus and would confirm
Skinner’s (1972) comment that “metapodials of E.
(Dolichohippus) are heavy and have less reduced
laterals than other subgeneric groups of Equus.”

Eisenmann and Karchoud (1982:fig. 12) dem-
onstrated a method of comparing the basicranial
length with length of the metacarpals in Equus spe-
cies (see Fig. 18). The basicranial length is 616 mm
and metacarpal length 269 mm in IVCM 32, yield-
ing a basicranial /metacarpal index of 0.44. This
compares with the means of 537 mm basicranial
length and 243 mm metacarpal length in E. (D.)
simplicidens and a basicranial /metacarpal index of
0.45. The metacarpal in E. (D.) enormis is perhaps
relatively shorter than in E. (D.) simplicidens (see
Fig. 18), but not significantly so.

A complete phalanx 1 (left manus of IVCM 32-
13) is assumed to be a part of an articulating set
consisting of Mc Il (IVCM 32-12), phalanx 2 (IVCM
32-16), and phalanx 3 (IVCM 32-19). The proximal
extremity of phalanx 1 is restored, but its overall
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length is estimated to be 92 mm. The estimated
greatest proximal width is 56.6 mm, derived from
actual measurement of one-half the transverse width
(28.3 mm). IVCM 32-13 length compared with
proximal width provides a ratio of 0.62, which is
near that for E. (D.) simplicidens (range 0.53 to
0.62). The scar for attachment of the middle distal
sesamoid ligament of phalanx 1 varies in location
below the proximal end of the phalanx in species
of Equus. In E. (D.) simplicidens, the tip of the scar
is near the mid-point of the shaft with an index of
0.56 to 0.61 compared with an index of 0.66 in
IVCM 32-13, in which the scar is closer to the distal
end of the phalanx. IVCM 32-13 is of medium size
and relatively narrow compared to most larger
Equus species. When comparing the basilar length
of 616 mm in [IVCM 32 and the length of 92 mm
for phalanx 1 in IVCM 32-13, we derive a basilar
length/phalanx length index of 0.15. In E. (D.)
simplicidens, mean basilar length is 537 mm and
mean phalanx 1 length 86 mm; the ratio is 0.16.
This suggests only a slightly shorter phalanx 1 length
in E. (D.) enormis.
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A nearly complete left phalanx 2 of a manus
(IVCM 32-16) lacks the antero-proximal edge of
its shaft and has a slight cavity on the medial distal
area. The distinction between the intermediate pha-
langes of the manus and pes is not easily defined.
[VCM 32-16 (manus) is slightly broader than IVCM
32-14 (pes); IVCM 32-16 (manus) measures 53.1
mm long and 57.1 mm wide, with a length/width
ratio of 0.93. IVCM 32-14 (pes) is 52.9 mm long
and 54.9 mm wide, with a ratio of 0.96. IVCM 36-
16 (manus) is similar to phalanx 2 (manus) of E.
(D.) simplicidens with a length /width ratio of 0.96.
IVCM 32-14 (pes), with a length/width ratio of
0.96, is not significantly different from phalanx 2
(pes) of E. (D.) simplicidens (length/width ratio
1.02; see Gazin, 1936). Phalanx 2 of the manus
(IVCM 32-16) is larger than other compared species
of E. (Dolichohippus), except perhaps E. livenzo-
vensis, with a range in length of 48 mm to 53 mm
and in width of 55.5 mm to 60.5 mm.

A phalanx 3 of the manus (IVCM 32-19) artic-
ulates with the left phalanx 2 (IVCM 32-16). IVCM
32-19 is 74.2 mm wide and 68 mm long, compared
with §9.3 mm to 68.7 mm width and 56.5 mm to
64.3 mm length in the smaller sized E. (D.) simplici-
dens. The width /length ratio of 0.92 for IVCM 32-
19 can be compared to that of E. (D.) simplicidens,
which is slightly slimmer with a mean length /width
ratio of 0.96 (Table 7). The basilar length of 616
mm in the cranium of IVCM 32, compared with
phalanx 3 (IVCM 32-19) width of 74 mm, provides
a basilar length /phalanx width index of 0.12, show-
ing no difference from E. (D.) simplicidens, which
also has an index of 0.12.

Willoughby (1974:figs. 22, 23) described the cross-
section and plantar surfaces of the hooves of horses.
The shape of the plantar surface of IVCM 32-19
resembles the “Arabian horse,” Equus (Equus) ca-
ballus (Willoughby, 1974:fig. 22b), in that it has a
relatively wide “V” shaped surface corresponding
to the outline of the elastic pad or “frog.” The “V”
shape is narrower in E. (D.) grevyi (Willoughby,
1974:fig. 23e) and E. (E.) przewalskii.

A partial pelvis is associated with the cranium
LACM 16815 referred to E. (D.) enormis. The ilium
on the left side (viewed from the anterior) can be
used to judge the possible height of the iliac crest.
Groves and Willoughby (1981:328) stated, “The
horse pelvis is low and broad, that of the others
high and narrow (table 1), although the range in
Burchell’s and Grevy’s zebras marginally overlaps
that for horses.” LACM 16815 is moderately high;
in dorsal view it presents a relatively high arch or
border in the area of the sciatic notch. The shaft
of the ilium of LACM 16815 ascends dorsally, sim-
ilar to that of E. (D.) grevyi (LACM 1598) and E.
(A.) asinus (LACM 31132), whereas the border
seems to be more broadly arched in E. (E.) prze-
walskii and Recent E. (E.) caballus.

Three partial pelves of E. (D.) simplicidens from
the LACM collection preserve the ascending or
high ilium crest and indicate a somewhat abrupt
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dorsal ascent or direction of the ilium as in E. grevyi
(LACM 1598).

The pelvis associated with LACM 16815 has an
acetabulum measuring 69 mm in diameter and is
larger than the 62 mm to 63 mm diameters of ac-
etabula of E. (D.) simplicidens but smaller than the
77 mm diameter in E. livenzovensis. Willoughby
(1974:60) and Groves and Willoughby (1981:329)
provided a method of estimating a pelvic index: the
height of the ilium (H) divided by the bi-iliac width
(E). Equus (D.) enormis (LACM 16815) is estimated
to be 165 mm high (H) and 460 mm wide (E) with
a resulting pelvic index of 0.36. This compares with
data derived from Groves and Willoughby (1981:
table 2): pelvic indices of 0.26 to 0.38 in E. (E.)
caballus and 0.39 1o 0.45 in E. (D.) grevyi. Equus
(D.) enormis is intermediate between E. (D.) grevyi
and E. (E.) caballus. A mounted skeleton of E. (D.)
simplicidens from the Hagerman fauna is much like
E. (D.) enormis.

The femur is represented by a fragment of shaft
(IVCM 32-10) and a separate head (IVCM 32-11).
The head is 64 mm in diameter. The mid-shaft
measures 46.4 mm in width. This contrasts with
the smaller head diameter of E. (D.) simplicidens,
55.3 mm, and 42 mm for the mid-shaft width for
this species.

A third metatarsal (IVCM 32-15) includes at-
tached proximal portions of metatarsals Il and IV.
Mt III is larger than that of E. (D.) simplicidens
but similar in proportions; [IVCM 32-15 is 308 mm
long and 56 mm in proximal width, yielding a ratio
of 0.18 in E. (D.) enormis. This is identical to E.
(D.) simplicidens (see Fig. 17 and Table 6). The
same appears true for comparisons of length and
distal width. The mid-shaft of IVCM 32-15 seems
wider than most modern and fossil species; it mea-
sures 39.3 mm in width and 34.4 mm in depth.
However, it resembles the Mt I1I of E. mosbachen-
sis with means of 41 mm width and 38 mm depth.
Eisenmann and Karchoud (1982) noted the facet
for the cuboid in Mt IlIl, located on the external
lateral articular surface, tends to be smaller in “fos-
sils.” We find no significant difference in size of the
facet in species studied, including E. (D.) enormis.

The left phalanx 3 (IVCM 32-18) represents the
only phalanx of the pes found associated with other
skeletal parts of E. (D.) enormis. The slope of the
anterior surface of this phalanx is vertically inclined
and more convex than that of the manus. The length-
to-width ratios are nearly identical (0.92 manus,
0.91 pes). The plantar surface IVCM 32-18 is slight-
ly more “V” shaped than that of the manus.

The comparison of cranial length with metatarsal
length in E. (D.) enormis shows a slightly shorter
(proportionally) metatarsal relative to cranial length
than in E. (D.) simplicidens. IVCM 32 cranial length,
616 mm, compared with metatarsal 3 length of 308
mm gives a cranial metatarsal length index of 0.50
compared with a mean index of 0.51 in E. (D.)
simplicidens.

The reduced metatarsals I and IV of IVCM 32-
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Table 6. Measurements of metatarsal 3.

E. (D)
enor.
IVCM E. (D)
32-15 simp. E. sanm.’ E. live? E. mosb.’ E. (D.) grev.’ E.(E.) przw.’
Greatest length 308 260-285 282-303 297, 338e 292-322 253.3-281.5 234-272
n48(274) n29(293e) n42(308.5) n21(266.5) n18(254.7)
Great. art. length 308 270-282
n7(276)
Great. prox. AP 50 48¢
diameter
Great. prox. TR 56 47-54 50-58 58e 56-64 47-53 46.5-52.5
diameter n47(50) n29(54e) n49(59.7) n21(50.2) n17(48.9)
Great. distal TR 50 43-47 46-53 54-55e 53-59.5 43-47.2 42.5-48.1
diameter n7(46) 53 n3(54) n27(56.9) n21(45.4) nl17(45.3)
Great. distal AP 39 34-37 39-41e 40-48.5 34.5-39 32-38
diameter n7(36) n2(40) n27(43.9) n21(36.5) nl17(34.8)
Mid-shaft AP 34 29-37 34.5-41.5 28.5-34.0 26-30
diameter n48(32) n62(38.2) n21(31.3) n18(28)
Mid-shaft TR 39 30-37 35-38 36-39¢ 37.5-44.5 28.5-34 26.5-31.5
diameter n48(33) n29(36.5) n3(37) n62(41) n21(31.3) n18(29.8)
Art. facet for 52 42-47 51-57.5 47-53 46.5-52.5
ecto. TR n45(45) n29(53.8) n21(50.2) n15(48.9)
Prox. TR /length 0.18 0.18 0.18 0.18 0.19 0.19 0.19
(index)

' From Teilhard de Chardin and Piveteau (1930), mean as in Table 6.
* Based on estimates from photographs provided by A. Azzaroli in 1985.

* Based on Eisenmann (1979b:tables 2, 6, 11).

15 were found associated with the proximal end
of Mt IIIl. Mt Il (IVCM 32-15) is well developed
(the distal end is missing) but with a preserved length
of 112 mm, 21.7 mm depth, and 13 mm width
compared with 23 mm in depth, and 14.5 mm width
in one specimen of E. (D.) simplicidens. The fourth
metatarsal (IVCM 32-15) is 119 mm long, 32.2 mm
deep, and 23.0 mm wide compared with 18.5 mm
deep and 17.6 mm wide, respectively, in E. (D.)
simplicidens.

The third metatarsal of Equus (D.) enormis is
larger than that of E. (D.) simplicidens and mod-
erately slim. In conjunction with diagnostic features
of the cranium and the mandible, the sizes and
proportions of the metatarsals may help distinguish
E. (D.) enormis from several other Equus species
(Table 6).

The standing height of E. (D.) enormis can be
estimated by following the method of Willoughby
(1974:ig. 240). In Willoughby’s chart of propor-
tions, he defined chest height as the distance from
the proximal articular surface of the radius to the
plantar surface of phalanx 3. We estimate chest
height in E. (D.) enormis by aligning the available
elements of the forelimb: right radius and left trap-
ezoid, magnum, unciform, metacarpals IIl and IV,
and phalanges. In order to compensate for the miss-
ing first row of carpals, we used the largest left
scaphoid (30.5 mm proximo-distal diameter length)
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from our sample of ten specimens of E. (D.) sim-
plicidens from Hagerman. Equus (D.) enormis has
an estimated standing height at the chest of 807
mm. Using Willoughby (1974:table 30) and the per-
centage of withers height (52.9) in E. (D.) grevyi,
the apparent closest extant relative of E. (D.) enor-
mis, we calculate IVCM 32 to have an estimated
height at the withers of 1,526 mm.

The estimated 1,526 mm for E. (D.) enormis
compares with withers heights listed in Willoughby
(1974:tables 31, 35) as follows: E. (D.) grevyi 1,355
mm to 1,396 mm, mean 1,376 mm; E. (E.) prze-
walskii 1,194 mm to 1,283 mm, mean 1,239 mm;
E.(A.) “occidentalis” of Rancho La Brea 1,470 mm;
E. (D.) simplicidens (LACM mount) 1,411 mm;
Equus caballus (thoroughbred) 1,608 mm; (Arab)
1,503 mm; (percheron) 1,676 mm; and (draft horse)
1,591 mm. By using some isolated specimens of the
radius-ulna and foot elements of E. (D.) simplici-
dens, LACM 121361, we calculate a chest height
of 723 mm and a withers height of 1,368 mm for
E. (D.) simplicidens from Hagerman. Bajgusheva
(1978) recorded a withers height of 1,750 mm for
E. livenzovensis.

It appears the new species stood slightly higher
at the withers than either the extinct La Brea or
extant Arab horse, but less tall than the modern
draft, thoroughbred, or percheron horse or the ex-
tinct E. livenzovensis. Equus mosbachensis, with
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a radius length of 383 mm and metacarpal mean
length of 261 mm, compared with E. (D.) enormis,
381 mm and 269 mm, respectively, suggests these
species were similar in height at their withers.

SPECIES RELATIONSHIPS. Equus (D.) enor-
mis may be distinguished from species of the fol-
lowing subgenera because of their proportionately
short rostrum and palate: E. (Asinus), E. (Hemio-
nus), E. (Amerhippus), E. (Pseudoquagga), and E.
(Hippotigris). Some species of E. (Equus) also have
comparably short rostra and palates.

North American dolichohippine or caballine spe-
cies, to which E. (D.) enormis may be related, are:
E. (D.) simplicidens (including E. (D.) shoshonen-
sis), E. (D.) cf. simplicidens, from Vallecito Creek
local fauna (this paper); E. (D.) cf. simplicidens,
from Las Tunas, Baja California (Miller, 1980); E.
giganteus, Gidley, 1901, from Texas; E. idahoensis
from Idaho and California; E. (Parastylidens) para-
stylidens from Mexico; and E. cf. caballus, Irving-
ton local fauna of California.

Possibly similar species from outside North
America include: E. sanmeniensis, E. teilhardi, and
E. huanghoensis from China; E. livenzovensis from
Russia; E. namadicus Falconer and Cautley, 1849,
E. sivalensis Falconer and Cautley, 1849, from In-
dia and E. tabeti Arambourg, 1970, from North
Africa; E. stenonis Cocchi, 1867, and E. steblini
Azzaroli, 1965, from Eurasia; E. siussenbornensis
Wust, 1901, and E. mosbachensis Reichenau, 1915,
from Germany; and E. koobiforensis, E. capensis
Broom, 1909, E. oldowayensis Hopwood, 1937,
E. numidicus Pomel, 1897, and E. mauritanicus
Pomel, 1897, from Africa.

1. Equus(D.) cf. simplicidens of Vallecito Creek
Local Fauna, This Paper. During the analysis of
dolichohippine specimens, we consistently noted a
separation of certain individuals: IVCM 2673, a
complete cranium with a set of lower dentition,
and LACM 17614, a partial cranium with maxillary
dental series. Attributes of specimens IVCM 2673
and LACM 17614 cluster in intermediate position
between E. (D.) enormis and E. (D.) simplicidens.
The rostrum is shorter in E. (D.) cf. simplicidens
with rostral indices of 0.53 in [IVCM 2673 and 0.49
in LACM 17614, compared with 0.40 to 0.45 in E.
(D.) enormis. IVCM 2673 and LACM 17614 are
nearer E. (D.) simplicidens that has a range of 0.43
to 0.60 for the rostral index. IVCM 2673 has a
slightly shallower narial notch than in E. (D.) enor-
mis. The basilar length in the cranium is 568 mm
in IVCM 2673, less than the estimated lengths of
616 mm to 660 mm of E. (D.) enormis but greater
than in E. (D.) simplicidens (see Fig. 13). The upper
tooth row lengths are less than in E. (D.) enormis.
These and other dimensions of IVCM 2673 are
consistently smaller than E. (D.) enormis and slight-
ly larger than E. (D.) simplicidens (see Tables 2, 3,
8, 9). The length from I' to the temporal condyle
i 500 mm in the cranium of IVCM 2673 and 512
mm in LACM 17614, compared to 554 mm in E.
(D.) enormis LACM 4338. The facial length of
IVCM 2673 is 434 mm and estimated as 475 mm
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Table 7. Measurements of terminal.phalanx.
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Table 8. Cranial and foot proportions.

E. (D.)
cf.
E.(D.)  simp.
enor. IVCM E. (D) E. E: E.
IVCM 32 2673 simp. E. live. sanm.  koobi. st. v.  E. mosb.
Basicranial length 616e 568 514-556 551-615e 580 S 550 575e
(537) (583e)
Mc III length 269 229-256 256-300 283 1[5EN 2492 272
(243) (272)
Mc III length / 0.44 0.45-0.46 0.48 0.49 0.34 0.45 0.49
basicranial length (0.45)
Proximal phalanx 92e 98 86e 99 86 95
length
Proximal phalanx/ BT 0.17 0.16e 0.16 0.15 0.17
basicranial length
Distal phalanx width 74 62e 76 78 83
Distal phalanx /basi- 0.12 0.12¢ 0.13-0.14 0.13 0.14

cranial length

' Based on data from Eisenmann (1983).
* Based on data from Eisenmann (1979b).

in LACM 4338 of E. (D.) enormis, while the mean
is 423 mm in E. (D.) simplicidens. A phalanx 1
associated with IVCM 2673 is much larger, with a
length of 97.8 mm and proximal width of 67.7 mm
compared to 92 mm and 56.6 mm in E. (D.) enor-
mis.

2. Equus (D.) cf. simplicidens from Las Tunas,
Baja California. As described by Miller (1980), this
material shows dolichohippine affinity. The lower
cheek teeth fall within the size range of E. (D.)
simplicidens and are smaller in some individuals.
An estimated mandibular tooth row length of 185
mm for the Las Tunas horse is considerably less
than this dimension in specimens of E. (D.) enormis.
The ectoflexids are deep in the Las Tunas horse,
within the ectoflexid index range of 0.64 to 0.72
for the molars of E. (D.) simplicidens, and deeper
than E. (D.) enormis (see Table 3). The metastylid
is relatively small, with constricted, or pinched, pos-
terior external portions as in E. (D.) simplicidens.
All of these features of the Las Tunas horse serve
to distinguish it from E. (D.) enormis.

3. Equus giganteus from Southwest Texas. Based
on one upper tooth, E. giganteus has been reported
to be the largest known Equus. Hibbard and
Dalquest (1966:33) believed the type (USNM 8616)
is a P* and not an M? contra Gidley (1901). Gidley
noted, “The relatively small area of the cement
lakes or fossettes mark it as distinct™; however, this
character appears to be variable in Equus species.
The dimensions of the holotype of E. giganteus are
41.5 mm in length and 36 mm in width at the
moderately worn occlusal surface; comparable di-
mensions at the level of an artificially cut cross-
section are 40 mm by 39 mm. Equus giganteus is
possibly of a similar state of wear as IVCM 32; its
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P* measures 38.3 mm by 35.3 mm. A maxilla from
an undetermined species of Equus from Anza-Bor-
rego, LACM 4337, has a P* measuring 38 mm by
36 mm. Hibbard and Dalquest (1966) referred two
teeth, P* (39 mm by 36 mm) and M' (36 mm by
35.3 mm), from the Seymour Formation, Gilliland
local fauna of Texas (Irvingtonian age), to E. gi-
ganteus. Eisenmann (1983:176) cited an upper pre-
molar of E. capensis from southern Africa, mea-
suring 35 mm by 35 mm, as having “no match in
the North and East African Plio-Pleistocene and
Middle Pleistocene equid material I have seen.”
Equus sanmeniensis described by Teilhard de
Chardin and Piveteau (1930) has a P° that is 34 mm
in length.

If we are to regard tooth size only, we might
refer E. (D.) enormis to E. giganteus, as it approx-
imates that size range. Savage (1951) and Howe
(1970) regarded E. giganteus as possibly or prob-
ably “Plesippus,” inferring that large size with a
relatively short protocone suggests a dolichohip-
pine (= Plesippus) afhnity. Howe (1961), in an un-
published thesis, refers a mandible and limb ele-
ments to E. (P.) giganteus, apparently using size as
a basis.

The palate, rostrum, and face of E. (D.) enormis,
particularly LACM 4338, a mature adult cranium,
are long compared to those of other species. How-
ever, LACM 4338 has a relatively small tooth row
length of 203 mm compared to the ontogenetically
younger IVCM 32 that is 220 mm in length. The
tooth row of LACM 4338 is within the size range
of some of the larger crania of the smaller E. (D.)
simplicidens in which the length of the upper tooth
row ranges from 181 mm to 207 mm; the lower,
173 mm to 210 mm. The overall cranial and man-

Downs and Miller: Late Cenozoic Equids



dibular size ot E. (D.) simplicidens is smaller than
that of E. (D.) enormis, E. sanmeniensis, or E.
koobiforensis (see Tables 2, 4). Hence, the size of
a single tooth, such as that of E. giganteus, may
not accurately reflect the size of the cranium, and
in the absence of other diagnostic features of the
cranium, mandible, and foot elements, we cannot
justify referring the Anza-Borrego material to E.
giganteus.

4. Equus idahoensis Merriam, 1918. This spe-
cies was originally based on Equus dental material
from the Grand View local fauna of Idaho. Schultz
(1936) described and figured the upper and lower
dentition of LACM (CIT) 892 from Jackass Butte
near Grand View, Idaho (see our new illustrations
of the cranium and mandible, Fig. 19a, b). Shotwell
(1970) described University of Oregon specimen
16369. Azzaroli (1982) and Conrad (1980) have de-
scribed additional material that differentiates the
species from E. (D.) simplicidens, although Skinner
(personal communication, 1981) considered E. ida-
hoensis to be synonymous with E. (D.) simplicidens
and Winans (1985) designated the latter species a
nomen dubium. We consider E. idaboensis as a
valid species possessing both early dolichohippine
and E. (Equus) features.

Dolichohippine characters of E. idahoensis are:
vestigial preorbital fossa; relatively short protocone
with distinct narrow lingual groove; ectoflexid with
deep penetration in the M, and M, (ectoflexid index
0.65 to 0.71); broad but “V” shaped linguaflexids;
and a recessed open “V” on I;, with the enamel
borders of the posterior-lateral cingulum starting
to close medially in I,. Shotwell (1970) recorded
the presence of a parastylid on the adult lower
premolars in E. idahoensis; the parastylid is not
prominent in the first and second molars but is well
developed on M.

Characteristics of E. idahoensis that are typical
of the subgenus Equus include: a very short but
broad rostrum, estimated rostral index of 0.57 to
0.66; a broad palate, palatal index 0.34; shallow
narial notch; and anterior position of the orbit above
the parastyle of M. The combination of short ros-
trum and palate, anterior orbit and shallow narial
notch, deep ectoflexid in M, and M,, semi-recessed
“V”in I, cups on I, and [,, and broad “V” of the
linguaflexid precludes affinity with E. (Asinus), E.
(Hemionus), E. (Amerhippus), and E. (Dolichohip-
pus).

Azzaroli (1982) published photographs of a par-
tial cranium (AMNH 68-261) from Indio Hills, Cal-
ifornia (not from Beaumont, as reported by Azza-
roli). Brief descriptions of this and other fossils
examined from Idaho, Nevada, Arizona, and New
Mexico were also provided. He determined the
specimens were E. idahoensis, suggesting the spe-
cies to be “transitional” between E. (D.) simplici-
dens and “the more advanced true horses.” He
noted these specimens have, among other charac-
ters, a shallow narial notch (LACM (CIT) 892 shows
the notch to be above the parastyle) but no evidence
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of a preorbital fossa, although there is a deep naso-
maxillary pit (Azzaroli, 1982:79).

Metapodials referred to E. idahoensis by Shot-
well (1970) are as large as, or larger than, those of
E. (D.) enormis, and they are relatively broader.
The metacarpal of E. idahoensis has a mean length
of 265 mm and a length-to-width ratio of 0.22 to
0.23, compared to 0.21 in E. (D.) enormis (Fig. 16).
Measurements of the distal articular width of the
humerus in E. idahoensis range from 81 mm to 91
mm, mean of 81 mm, compared with 84.5 mm in
E. (D.) enormis, indicating overlap in size. We pro-
vide further comment on E. idahoensis relation-
ships in our discussion of E. (Equus) sp. A.

5. Equus (Parastylidens) parastylidens Mooser
and Dalquest, 1975. The parastylid has been used
by Mooser (1959), Mooser and Dalquest (1975),
and Dalquest (1978) to characterize the species and
subgenus, Equus (Parastylidens) parastylidens.
They described deep ectoflexids on M, through M,
and zebrine (their term) characteristics in E. (P.)
parastylidens. They also suggested a convergence
in the occurrence of a parastylid with E. burchelli
of Africa. Gazin (1936:303, fig. 22) showed that E.
(D.) simplicidens has a parastylid on M, of USNM
12456 and noted, “In a few instances in P; ... a
slight style is seen extending outward from the an-
tero-external angle of the tooth, called herein a
parastylid.” A parastylid is present in E. (D.) enor-
mis (LACM 3677) on P, and M, (Fig. 10a).

Eisenmann (1976) reviewed the occurrence of the
parastylid (protostylid of Eisenmann) in Recent and
fossil species. She recorded the high frequency of
occurrences in the dP, and P, of E. grevyi as well
as frequent development in the dP, and dP, in E.
zebra, E. burchelli, and E. hemionus of the Old
World and in P, and P, of E. andium and E. in-
sulatus of South America. Hoffstetter (1952) also
noted the presence of parastylids in a number of
specimens of E. andium (= Amerhippus). The use-
fulness of a parastylid as a diagnostic feature is
questionable and may invalidate E. (Parastylidens)
parastylidens as a taxon.

The holotype and referred specimen of E. (P.)
parastylidens consists of two partial mandibles
bearing P,-M;. No rostral or cranial remains are
described. This prevents an adequate comparison
with better represented species such as E. (D.) sim-
plicidens, E. idahoensis, or E. (D.) enormis. Ac-
cording to strict nomenclatural procedure, E. (D.)
parastylidens could be synonymized with E. (D.)
simplicidens or E. idahoensis because they appear
to share a common character, a parastylid, in the
lower dentition. The limited material representing
E.(P.) parastylidens is insufficient to distinguish this
taxon from previously described species of the sub-
genera Equus and Dolichobippus.

6. Equus cf. caballus from the Irvingtonian Lo-
cal Fauna (Stirton, 1939; Savage, 1951). This may
represent an unnamed species distinguished by a
suite of caballine, dolichohippine, and asinine fea-
tures. However, the variation in the form of the
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Table 9. Continued.

EAE)S S EAE) E. cf.
E. (D.) enor. E. (D.) cf. simp.’ sp- A sp. B (E.)
LACM LACM IVCM LACM LACM IVCM IVCM
IVCM 32 4338 16815 2673 17614 4335 1816 3429
Supraoccipital index crest TR 0.91
over DV diameter
Cranial flexion or angle in de- 35°-40° 35°-40° 10°-12¢°

grees

' For methods of extrapolation of basilar lengths, see text description and comparison of E. (D.) enormis.

* Includes measurements, by the authors, of specimens from Hagerman local fauna of the following institutions: LACM,
IVCM, AMNH, FMNH, FSM, ISUM, UCMP, UM, USNM, and some data provided by M. Winans (personal com-

munication, 1982).
* Includes data from Gazin (1936).
* Data from Eisenmann (1983:table 5.10).

* Estimates by us from photos of the horse originally referred to as E. stenonis cf. major by Gromova (1949) and the
type of E. livenzovensis Bajgusheva, 1968. Unpublished photo prints were provided by A. Azzaroli (from Bajgusheva)

in January 1985.
¢ Estimated from photograph in Eisenmann (1983).
7 Estimated from photographs in Reichenau (1915).

lower I, occlusal surface in the Irvingtonian sample
suggests the possibility that more than one subgenus
of Equus was preserved at the Irvingtonian locality.
Specimens of E. (D.) grevyi from Kenya, examined
by T. Downs in 1982 at the National Museum,
Nairobi, demonstrated variability in the structure
of I;: there was a recessed “V” in three specimens,
and a cup present without a recessed “V” in two
other specimens from the Nairobi collections. The
degree of variability in this feature and the effects
of tooth wear were discussed by Eisenmann (1979a).
Our recent examination of unfigured specimens in
the University of California Museum of Paleon-
tology, Berkeley, and study of material published
by Stirton (1939) and Savage (1951) indicate that
Irvington Equus is distinct from E. (D.) enormis
and E. (D.) simplicidens because it has a short to
broad rostrum, rostral index of 0.66 (see Fig. 14),
that lacks a preorbital fossa; an elongate protocone
with a moderate to broad lingual groove in pre-
molars and molars; a “U” or broad “U” shaped
linguaflexid; and a triangular metastylid, only slight-
ly indented lingually. In these features there is a
close resemblance to E. (Equus). There is resem-
blance also to IVCM 32 of E. (D.) enormis, or
possibly to E. (Asinus), in the moderate depth of
penetration of the ectoflexid of M,, M,, and M,.
An [rvingtonian specimen, UCMP 38585, that seems
to occlude naturally with the figured palate and
rostrum of UCMP 38571 (Savage, 1951) bears a
recessed “V” on I,. In contrast, a well-preserved
specimen collected after 1951, UCMP 128286, has
a cup on the I, with a talonid and slight lingual
indentation.

The presence of a short rostrum and square muz-
zle, with tendencies toward penetration of the ec-
toflexid and broad linguaflexid, indicate a *“cabal-
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line’” character state in this Irvingtonian horse. For
the present, we continue to refer to it as E. cf.
caballus and suggest afhinity with E. idahoensis and
E. (Equus) sp. A, LACM 4335 (see discussion on
E. (Equus) sp. A).

7. Equus livenzovensis Bajgusheva, 1978: Az-
zaroli (1982:83) reviewed the status of this species
represented by two skulls from the late Pliocene
of Russia. One is from Khapry near the Sea of Azov,
previously referred to E. stenonis cf. major by Gro-
mova (1949). Viret (1954) renamed the original E.
stenonis major Boule, 1893, as E. bressanus, but
the original material is fragmentary and “inade-
quately known” according to Azzaroli (1982). The
second skull is from the Livenzovoka quarry near
Rostov-on-Don and is described by Bajgusheva
(1968) as E. livenzovensis. Bajgusheva (1971) later
referred the Rostov skull to E. cf. bressanus Viret,
1954. In 1978, she again figured and redescribed
the Rostov skull, reattributing it to E. livenzovensis.
Azzaroli (1982:83) stated that E. livenzovensis is
extremely close to E. (D.) simplicidens as best he
could judge from the incomplete skull material. He
thought it to be larger than E. namadicus Falconer
and Cautley, 1849, or E. stenonis. The nomencla-
torial complexities of this problem are beyond the
scope of this investigation; therefore, we shall fol-
low Azzaroli and refer to the Khapry and Rostov
specimens as E. livenzovensis.

The lengths of the Khapry and Rostov crania of
E. livenzovensis are 580 mm and 642 mm, respec-
tively (see Gromova, 1949; Bajgusheva, 1978), fig-
ures that are probably based on condylar length. A
check of measurements of basilar and condylar
lengths in several samples of E. (D.) simplicidens
suggests about a 2.05% difference in the two mea-
surements. The Livenzovoka cranium is missing a
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Table 9. Continued.

E. cf.

E. (D) E. E cab. E.(D.) E(E)
simp. live.s sanm. E. koobi. E.st.sl.  E. idaho. (Irv)  E. mosb. grev. przw.
0.62-0.80 1.20-1.28 0.97-1.15
n5(0.74) n4(1.23) (1.06)
20°-27° 30° 23° 19°-20e°  28°-3(° 10°-18°

(24°)

portion of the rostrum in the restoration published
by Bajgusheva (1978). An unpublished photograph
of the mandible of E. livenzovensis (number L229)
was provided to us by A. Azzaroli through the cour-
tesy of V. Bajgusheva. We estimate (from the pho-
tograph, lateral view) the mandibular length to be
555 mm for L229, and by adding 60 mm we arrive
at a 615-mm basilar length for the Livenzovoka
cranium. Estimates were also made from Bajgushe-
va’s (1978) figured restoration and tend to agree
with the 615-mm figure for basilar length.

Our estimated length for the Khapry skull is based
on photographs in Gromova (1949). The rostrum
is partly restored and thus can provide only a crude
estimate of basilar length, that is, 551 mm. The
mean basilar length of the two E. livenzovensis
skulls is estimated to be 583 mm. The mean lengths
of both the upper and lower tooth rows are 207
mm (Bajgusheva, 1978). The cranium from Khapry
has an estimated rostral length of 170 mm and
width of 73 mm, with a rostral index of 0.43. This
is within the range of E. (D.) enormis (rostral index
0.40 to 0.45) and E. (D.) simplicidens (rostral index
0.43 to 0.55) (see also Fig. 14 and Table 2). Due to
the absence of the P? in the Livenzovoka skull, it
is possible to obtain only a crude estimate of the
rostral length. The estimated rostral index is 0.39
based on measurements taken from a photograph
provided by Azzaroli. Further indication of the
elongate rostrum in E. livenzovensis is shown in
the unpublished photograph, provided by A. Az-
zaroli, of the occlusal view of the Livenzovoka
mandible 1.229. Estimated dimensions of length
from I, to P, and width at I, provide a ratio index
of 0.43.

The palate, as determined in the Khapry cranium,
1s 335 mm in length and 90 mm in width with a
palatal index of 0.27. It is broader than in E. (D.)
enormis with a palatal index range of 0.21 to 0.24.
The orbit is considerably posterior to the M? in E.
livenzovensis (see pl. 1 in Gromova, 1949) and the
orbital index is 0.46, compared to 0.49 in E. (D.)
enormis.

Postcranial specimens referred to E. livenzoven-
sis are not certainly associated with diagnostic cra-
nial and mandibular material. However, assuming
the assignation of the postcranial elements is cor-
rect, they present further evidence of relationship
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to E. (D.) enormis. Equus livenzovensis is generally
similar to E. (D.) enormis in distal articular width
of the humerus (81 mm to 86 mm); radius-ulna
length (382 mm to 385 mm) with a straight and
flattened shaft and similar proportions; size of the
head of the femur (63.5 mm); and width of the
acetabulum (72 mm).

Features that distinguish E. livenzovensis from
E. (D.) enormis include: a well-developed naso-
maxillary pit as observed by Azzaroli (1982:83) in
the Khapry skull; somewhat smaller cranium and
mandible; slightly deeper narial notch; deeper ec-
toflexids in M, and M, touching the linguaflexids;
narrower metastylids and metaconids in P, through
M;; slightly longer and wider metacarpal with a
length/width ratio of 0.22 to 0.21; longer and
slightly broader phalanx 1 with a length /width ra-
tio of 0.66 compared to 0.62 in E. (D.) enormis; a
broader phalanx 2 with a length /width ratio of 0.85
compared to 0.93 and 0.96 in E. (D.) enormis; slightly
wider manus phalanx 3 with a width of 76 mm, a
length of 67 mm, and a length /width ratio of 0.88
in contrast to0 0.96 in E. (D.) enormis; and relatively
longer third metatarsal (see Figs. 13, 16, 17 and
Tables 5-9).

The comparison of mean basilar length (583 mm)
to mean Mt III length (273 mm) provides a mean
basilar length /Mt Il index of 0.47 in E. livenzoven-
sis. Equus (D.) enormis, with an index of 0.44, has
a relatively smaller metacarpal length compared to
the basilar length than the more normal trend in
E. livenzovensis (see Fig. 18 and Table 8). Propor-
tional differences are also suggested by the basilar
length /phalanx 1 index—0.16 for E. livenzovensis
and 0.15 for E. (D.) enormis. Comparison of basilar
length with phalanx 3 width indicates a relatively
wider phalanx 3 (index 0.13 to 0.14) in E. livenzo-
vensis compared to 0.12 in E. (D.) enormis. How-
ever, of all the dolichohippine species investigated,
E. livenzovensis of Russia seems to show greatest
similarity to E. (D.) enormis.

8. Equus sanmeniensis Teilhard de Chardin and
Piveteau, 1930. This species from the Nihowan Ba-
sin of Hebei Province, China, is of late Pliocene or
early Pleistocene age. The original hypodigm in-
cluded a cranium with attached mandible, two sep-
arate mandibles, palate, and many other elements.
Eisenmann (1975) described a new species, Equus

Downs and Miller: Late Cenozoic Equids M 51



OFF I2quinN] ‘92udIdg Ul suoningliiuo) @S

spmbg o10zoua)) 1e] HII[IN pue sumo(




teilhardi, based on some specimens formerly as-
signed to E. sanmeniensis. She selected a mandible
(MNHN) NIH 001 (see Teilhard de Chardin and
Piveteau, 1930:pl. IV, fig. 2), as the holotype, and
as referred specimens the palate-maxillary series (pl.
V, fig. 2), a milk upper dental series (pl. VII, fig. 1),
and diverse postcranial bones including a metatarsal
(MNHN) NIH 017. This species is discussed below.
Eisenmann (1975:pl. 1V, figs. 1, 1a, b) also redefined
E. sanmeniensis and established a lectotype, a cra-
nium with attached mandible MNHN NIH 002.
The mandible was not figured in occlusal view by
Teilhard de Chardin and Piveteau (1930). Eisen-
mann’s paralectotype is a mandible (Teilhard de
Chardin and Piveteau, 1930:pl. V, figs. 1, 1a). The
material and species of E. sanmeniensis recognized
by Eisenmann, and by the original describers Teil-
hard de Chardin and Piveteau, show significant re-
semblance to E. (D.) enormis in several features.
The rostral proportional index is 0.42 compared to
0.42 for E. (D.) enormis (Fig. 14 and Table 2). The
palatal proportion (index 0.21) is near E. (D.) en-
ormis (Table 2 and Fig. 15). The protocone is mod-
erately elongate with a well-developed groove, and
the ectoflexid penetrates the isthmus in M,, M,,
and M, (but more deeply than in E. (D.) enormis);
the linguaflexid is “V” shaped (categories 1-2) in
P, through M,; the radius-ulna is of similar size,
although slightly wider; metatarsal Il is nearly equal
to E. (D.) enormis in size, with a possible range in
length of 282 mm to 303 mm, mean of 293 mm,
and proximal width 50 mm to 58 mm, mean of 54
mm (Table 6).

E. sanmeniensis differs from E. (D.) enormis in:
lesser basilar length, 580 mm according to Eisen-
mann (1983) or 585 mm in the original description
by Teilhard de Chardin and Piveteau (1930); lesser
cranial rostral length of 153 mm (see Fig. 14); narial
notch extending slightly more posterior in position
above the posterior edge of P?; shorter tooth rows,
198 mm upper, 200 mm lower (see Tables 2, 3, 9);
lesser mandibular length of 515 mm, as measured
from the photograph in pl. IV, fig. 1a of Teilhard
de Chardin and Piveteau (1930); presence of cups
on [, through I, with no apparent lingual groove
on I;; deeper ectoflexids that touch the linguaflexids
in M,, M,, and M;; possibly narrower metastylid
and metaconid (see Table 3) in P; through M,;
slightly greater distal width of the humerus, mea-
suring 88 mm and 95 mm; slightly wider radius-
ulna (distal width compared with articular length,
ratios of 0.20 and 0.21 compared t0 0.19 in E. (D.)
enormis); metacarpal Ill, based on maximum and
minimum dimensions only, perhaps exceeds E. (D.)
enormis in size (length 255 mm to 283 mm and
width 62 mm to 64 mm); metacarpal Il also slightly

wider in proportions of length and proximal width
with ratios of 0.23 to 0.24 (Table § and Fig. 16);
phalanx 1 proportions of length and width, ratio
of 0.72; and manus phalanx 3 length /width ratio
is 0.81 indicating relatively wider phalanges in E.
sanmeniensis (see Tables 7, 8).

The basilar length of 580 mm and Mt III max-
imum length of 283 mm provide a basilar length/
Mt III index of 0.49, compared to 0.44 in E. (D.)
enormis (also see Fig. 18). Phalanx 3 width of 78
mm compared to basilar length provides an index
of 0.13 compared with 0.12 in E. (D.) enormis.
Equus sanmeniensis thus appears to have a rela-
tively longer metacarpal and wider phalanx 3 in
proportion to cranial length when compared to E.
(D.) enormis. Phalanx 1 of E. sanmeniensis is rel-
atively wide (width 62 mm, length 86 mm, ratio
0.72) compared to E. (D.) enormis (ratio 0.62; see
Tables 5, 7).

Azzaroli (1982:87) noted that E. sanmeniensis
closely resembles E. grevyi and E. koobiforensis.
At that time, E. koobiforensis had not been for-
mally described but had been discussed by Eisen-
mann (1980). Azzaroli also considered the above
three species a “natural homogeneous assemblage”
with E. namadicus and E. stenonis representing a
specialized branch of the group and all possibly
derived from E. simplicidens. Azzaroli (1987) con-
sidered E. stenonis, E. namadicus, and E. sivalensis
Falconer and Cautley, 1849, a specialized evolu-
tionary branch.

It appears to us that E. sanmentensis, E. koobifo-
rensis,and E. (D.) cf. simplicidens of Vallecito Creek
are morphologically intermediate between the small
species E. (D.) simplicidens and E. (D.) grevyi and
the larger species E. (D.) enormis and E. livenzov-
ensis.

9. Equus teilhardi Eisenmann, 1975, from Ni-
howan, China. As noted above, this species is based
on material originally referred by Eisenmann (1975)
to E. sanmeniensis. She considered the mandible
to be distinctive in the absence of cups in the in-
cisors; large size, lower tooth row length (180 mm);
stenonine lower teeth and penetration of the ec-
toflexids enough to touch the linguaflexids. The
absence of cups in all the incisors, small size, and
very deep penetration of the ectoflexids in M,, M,,
and M, would indicate distinction from E. (D.)
enormis. We judge from the illustration that there
is a possible lingual indentation of the third lower
incisors.

10. Equus huanghoensis Chow and Lieu, 1959.
Chow and Chow (1965) discussed this species from
the Sanmen District. The holotype is based on up-
per cheek teeth P? through M*. Chow and Chow
suggested that E. huanghoensis differs from E. san-

L

Figgre 19. a. Equus idahoensis Merriam, 1918, LACM (CIT) 892, from Grandview local fauna of Idaho, late Blancan,
partial cranium, occlusal view. b. Equus idahoensis LACM (CIT) 892, partial right and left mandible, occlusal view.
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meniensts in having cheek teeth with short and
more lingually placed hypocone, and very thin and
fine, moderately plicated pre- and post-fossette bor-
ders. They suggested these characters appeared to
indicate that the teeth are in general more primi-
tively constructed than those of E. sanmeniensis.
Nevertheless, they noted that the validity of the
species had yet to be ratified by more adequate
materials.

The limited fossil material representing E.
huanghoensis precludes definitive comparison with
E. (D.) enormis or other fossil species. The mor-
phology of the protocone and the tooth size sug-
gests similarity to E. (D.) simplicidens and distinc-
tion from E. (D.) enormis, particularly in lesser tooth
size and possibly in simpler enamel pattern in E.
huanghoensis.

11. Equus koobiforensis Eisenmann, 1983. Ei-
senmann (1983:178) stated this species, from the
Plio-Pleistocene of northern Kenya, is based on a
complete cranium “approaching the size of E. san-
meniensis of China. Palate relatively long with re-
spect to the muzzle. Upper cheek teeth with deep
postprotoconal valleys and relatively small proto-
cones.” The basilar length is 577 mm compared to
an estimated mean length of 633 mm in E. (D.)
enormis (see Fig. 13). We estimate the rostral index
proportions to be similar (0.44; see Fig. 14). The
orbital index is 0.53 in E. koobiforensis, indicating
a more posterior position of the orbit than in E.
(D.) enormis. The palate is relatively elongate, as
in E. (D.) enormis, with a palatal index of 0.23.
The rostral and palatal proportions suggest doli-
chohippine affinity.

The narial notch position is estimated to be above
the posterior portion of the P>, much as in E. (D.)
enormis. The protocones are small and relatively
short with protoconal indices of 0.26 to 0.42 in P°
through M?, based on data in Eisenmann (1983).
This compares with a mean range of 0.41 to 0.47 in
E. (D.) enormis (see Table 2). Infundibulae, or cups,
are present on all the lower incisors of KNMER
1582 of E. koobiforensis according to Eisenmann
(1983:181), in contrast with absence of a cup in [,
in E. (D.) enormis. Tooth row length is 202 mm in
the uppers, compared to a mean of 212 mm in E.
(D.) enormis.

Eisenmann referred to the “occasionally shal-
low” ectoflexids on M, of E. koobiforensis, and
we note that they are also characteristic of both E.
(D.) enormis and E. (D.) cf. simplicidens from Val-
lecito Creek. Azzaroli (1982:87) stated that E. koo-
biforensts has a “shallow but distinct naso-maxil-
lary pit” and this is apparent in plate 5.6A of
Eisenmann (1983). This feature is present in E. (D.)
simplicidens and absent in E. (D.) enormis.

Comparison of metapodials of the two species
suggests distinct differences in size and proportions,
especially in the third metacarpal (see Figs. 16, 17
and Table 8). This is based on Eisenmann’s (1983:
178) conclusion that at least three complete speci-
mens can be identified as Equus cf. E. koobiforen-
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sis. No metapodials were specifically associated with
crania or mandibles (J. M. Harris, personal com-
munication, 1991). Mt III, KNM-ER 1276, mea-
sures 199 mm in length and 33 mm in proximal
width with a length /width ratio of 0.17, compared
with a 0.21 ratio in E. (D.) enormis, indicating a
slimmer and much shorter Mt Il in E. cf. E. koobi-
forensis (Fig. 17). The metatarsals measure 287.5
mm and 52 mm in length and width, respectively,
with a 0.18 length /width ratio in KNMER 5358
and 266 mm and 49 mm in length and width, re-
spectively, with a ratio of 0.18 in KNMER 1275G.
Metatarsals 3 are smaller, though similar in pro-
portions to E. (D.) enormis (see Fig. 17). When
comparing the length of cranium and the length of
Mc III (see Eisenmann, 1983, and our Fig. 18), E.
cf. E. koobiforensis shows some similarity to E.
(D.) enormis in the relatively short metacarpal. The
third metatarsals are similar to E. (D.) erormis in
the ratio of length of metatarsal relative to the
cranial length (0.46 to 0.50) compared to 0.49 in
E. (D.) enormis. There are several other postcranial
elements that Eisenmann considered to be E. cf. E.
koobiforensis. She provided the following dimen-
sions: humerus, distal width 77 mm; radius, distal
width 60 mm to 62 mm; phalanx 1, manus, length
88 mm, pes 78 mm, and phalanx 2 length, 46 mm
to 88 mm. These and the cranial dimensions are all
smaller than in E. (D.) enormis.

Other Plio-Pleistocene Equus species from Af-
rica display some resemblances to E. (D.) enormis.
Equus numidicus from North Africa (Pomel, 1897)
has large metapodials, but it is distinct in having
short protocones with protoconal indices of 0.34
in premolars and 0.36 in the molars and possibly
shallow ectoflexids in the lower molars. Equus ol-
dowayensis Hopwood, 1937, from East Africa has
large metapodials and elongate protocones; how-
ever, it has a small cranium (349 mm) with a tooth
row length of 177 mm, and the ectoflexid is shallow
on M,. Equus capensis Broom, 1909, from south-
ern Africa is perhaps as large as E. (D.) enormis and
has deep ectoflexids on M, and M, but has a short
rostrum. Equus mauritanicus Pomel, 1897, from
North Africa, has a short rostrum, with a 0.61 ros-
tral index, shallow ectoflexids on the molars, and
it rarely has a cup on I,. Churcher (personal com-
munication, 1992) indicates E. mauritanicus is
questionably quagga-like. Equus tabeti Arambourg,
1970, from North Africa usually has small teeth
with short protocones and deep ectoflexids and
slender metapodials.

12. Equus stenonis Cocchi, 1867, of Eurasia. This
species is regarded by some as primitively dolicho-
hippine (Bennett, 1980; Sher, 1971; and others).
However, Skinner (in private communication to Az-
zaroli, Azzaroli, 1982:84), Azzaroli (1982, 1987),
and Eisenmann (1979b, 1983) all question this. Skin-
ner in particular noted (in Azzaroli, 1982) that the
shallow ectoflexids of E. stenonis distinguish it from
E. (Dolichohippus). However, Azzaroli (1979) be-
lieved the ectoflexid varies from shallow to deep
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in samples of E. stenonis. Our studies of some North
American late Pliocene to early Pleistocene samples
of dolichohippines show such variability. Perhaps
this exemplifies the occasional trend toward a less-
ening of the depth of the ectoflexid in postulated
descendants of E. (D.) simplicidens, as noted in our
description of E. (D.) enormis and comments on
E. namadicus. Equus stenonis has a moderately
elongate rostrum compared to E. (D.) enormis (Fig.
14). With the use of data from Eisenmann (1983:
table 5.10), we find E. stenonis vireti has a rostral
index of 0.48 and E. stenonis senezensis a rostral
index of 0.51.

A photograph of E. stenonis in Azzaroli (1982:
pl. IV, figs. 2, 2a) allows an estimate of rostral index
of 0.53 for AMNH cranium 60-B 719 from Fan
Tsuan, Shanxi Province, China. The orbit is pos-
terior to the M?, with an orbital index of 0.51 that
indicates more posterior position than in E. (D.)
enormis (orbital index 0.49). The narial notch is
deep, usually above the junction of P? and P°. The
protocones, as Eisenmann (1983) diagnosed, are rel-
atively small (see Azzaroli, 1982:figs. 7, 8; and es-
pecially, 1987:fig. 1). There is no cup on the I;
instead, there is a recessed “V”* that is closing (see
Azzaroli, 1965:pl. 1V, fig. 1a). The naso-maxillary
fossa is present according to Azzaroli (1982). These
characters suggest dolichohippine affinity.

Equus stenonis is distinguished from E. (D.) enor-
mis by having a slightly shorter rostrum, much
shorter protocones, presence of a naso-maxillary
fossa (Azzaroli, 1982, 1987), and smaller size with
an estimated 501 mm mandibular length and 535
mm to 550 mm basilar length (see Eisenmann, 1983:
table 5.10, and our Table 2 and Fig. 18). Data from
Eisenmann (1979¢, 1982, and, particularly, 1983) and
our Figures 16 and 17 show that the metacarpals
and metatarsals tend to be relatively wider and
shorter in E. stenonis than in E. (D.) enormis. We
base this primarily on E. stenonis vireti and E. steno-
nis senezensis.

The comparison of cranial and metacarpal lengths
in Eisenmann (1982:fig. 12 and table 10) indicates
a tendency in E. (D.) enormis and E. stenonis to-
ward small metacarpals relative to cranial length
(see our Fig. 18); we estimate a ratio of 0.42 for E.
stenonis.

Azzaroli (1965:pl. IX, figs. 1, 1a) illustrates a ma-
nus phalanx 3 in life-size photographs. He assigned
the specimen in figures 1 and 1a to E. stenonis, and
the one in figure 3 to E. steblini. Both species re-
semble E. przewalskii and E. (D.) simplicidens in
proportions; E. stenonis has a much smaller and
somewhat slimmer phalanx 3 (length 59 mm, width
59 mm) than E. (D.) enormis (Table 7).

13. Equus stehlini Azzaroli, 1965. Azzaroli (1965,
1966) considered this species to be asinine in many
features. Later (Azzaroli, 1979, 1982, 1987), he
opined that E. stehlini and E. stenonis shared “apo-
morphic” features, such as the possession of a deep
narial notch, and primitive features (e.g., the pres-
ence of a facial fossa). Equus steblini possesses deep
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ectoflexids in the lower molars (Azzaroli, 1982). All
of the incisors show cups on an old male, and none
on the I, of a young male (Azzaroli, 1965:pl. 1V,
figs. 4, 55 1987:201). The apparent shortness of the
rostrum (estimated rostral index 0.60; Azzaroli,
1965:pl. III) and the I*-P* diastemal-rostral index
of 0.67 suggest caballine or asinine rather than dol-
ichohippine relationships and distinguish E. stehlini
from E. (D.) enormis and E. stenonis. However,
the orbit is positioned much posterior to the M? in
E. steblini, and the narial notch is deep, both of
which are dolichohippine characters.

Azzaroli (1965) showed there are problems in
recognizing postcranial elements belonging to E.
steblini. However, phalanx 3 is probably E. steblini
(as identified by Azzaroli) and is very small (see his
fig. 23) compared to all samples recorded by us.
The proportion of the hoofs figured by Azzaroli
(1965:pl. IX, fig. 2) show a length/width ratio of
0.92 in E. steblini that is nearly identical to the E.
(D.) enormis phalanx 3 length /width ratio of 0.91
in the pes and 0.92 in the manus.

The metapodials interpreted as E. steblini range
in length from 189 mm in Mc Ill to 254 mm in Mt
Il and are smaller than the E. (D.) enormis speci-
mens (269 mm and 308 mm). Measurements of the
figured metapodials (Azzaroli, 1965:pl. VIII) pro-
vide length/width ratios of 0.25 for the relatively
broad metacarpal compared to 0.21 in E. (D.) enor-
mis but similarity in a length/width ratio of 0.18
for the metatarsal in both E. stehlini and E. (D.)
enormis.

E. steblini possesses a mixture of dolichohippine
and caballine features. The short rostrum, cupped
lower incisors, and broad metapodials seem cabal-
line, but the position of the orbit, deep narial notch,
and deep ectoflexids suggest dolichohippine affinity
and exclude relationship to E. (Asinus).

14. Equus siissenbornensis Wust, 1901, Middle
Pleistocene of Eurasia. This species is closely re-
lated to E. verae Sher, 1971, according to Azzaroli
(1982:95) and may be a descendant of E. stenonis
or E. sanmeniensis, although he stated “the ques-
tion cannot be solved with the present fossil rec-
ord.” Equus sussenbornensis is as large as E. (D.)
enormis in some elements. Gromova (1949:fig. 22)
figured a lower dental series (P,-M,) in which deep
ectoflexids touch the linguaflexids on M, and M,;
this distinguishes E. stssenbornensis from E. (D.)
enormis. Equus sissenbornensis has very complex
pre- and postflexids in P, through M,. The lingua-
flexids are “V” to semi-wide “V” or category 2-4
(Fig. 2F) and the protocones of P, and M, are elon-
gate and rather deeply grooved, category 3 (Fig.
2H). A third metatarsal measures 301 mm in length
by 60 mm in proximal width, nearly equal to E.
(D.) enormis but proportionately wider (see Fig. 17).
Phalanx 1 of E. stissenbornensis is much larger and
wider than that of E. (D.) enormis but equal to or
only slightly larger than those of E. livenzovensis
and E. mosbachensis. The above features suggest
general dolichohippine affinities or possibly cabal-
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line for E. stissenbornensis, in turn indicating a later
Pliocene or early to mid-Pleistocene Equus in Eur-
asia that parallels the development of large doli-
chohippines in North America.

15. Equus mosbachensis Reichenau 19185, Early
Pleistocene of Germany. Azzaroli (1966) considered
this species to be caballine, as did Gromova (1949),
Eisenmann (1979b, 1980, 1981a), and Eisenmann et
al. (1985). Preliminary examination, particularly with
reference to checking the cranial-rostral elongation
and depth of the ectoflexids in M, and M,, indicates
some resemblances to the large E. (D.) enormis, E.
sanmeniensis, and E. livenzovensis. This is appar-
ent in the estimated rostral index of 0.41 to 0.51
(mean 0.48) obtained from measuring photographs
of the Landsantalt Berlin and the Mainz Museum
specimens (Reichenau, 1915). Eisenmann et al.
(1985:159) provided measurements of three addi-
tional referred specimens of E. mosbachensis s.l.
from Mosbach, Arago, and Lunel-V in Europe.
From their data, we derive rostral indices of 0.48,
0.50, and 0.57, with a mean of 0.51. This contrasts
with the more elongate rostrum in large dolicho-
hippines. Equus mosbachensis has the following
caballine characteristics: palatal proportion with es-
timated palatal index of 0.34; narial notch mod-
erately deep to shallow and aligned with the me-
sostyle of P?; and the orbit near M?, with an orbital
index of 0.45 compared with 0.46 to 0.49 in E. (D.)
enormis, E. sanmeniensis, and E. livenzovensis.
Some restoration has taken place in the basicranial
area, although the angle of cranial flexion in E.
mosbachensis is estimated to be 19° to 20° com-
pared to a roughly estimated 35° to 40° in specimen
LACM 4338 of E. (D.) enormis. Condylar length
is estimated by Azzaroli to be 605 mm, and we
estimate basilar length to be 575 mm in E. mos-
bachensis. The frontal profile is straight, as clearly
seen in the photograph in Reichenau (1915). Eisen-
mann (1979a, 1981a) concluded the upper dentition
is caballine. The lower incisors usually have cups,
with occasional indentation on I;, and the lingu-
aflexids are caballine in their broad “U” shape. The
ectoflexids on M, and M, are “‘generally deep,” thus
either dolichohippine or caballine.

The metacarpals and metatarsals (Figs. 16, 17)
and possibly phalanx 3 of E. mosbachensis show
similarity to E. (D.) enormis in length; however, E.
(D.) enormis is slightly more slender in the meta-
podials and phalanx 3 (Table 7). The humerus of
E. mosbachensis has a range in distal width of 88
mm to 94 mm, and the radius a range in length of
381 mm to 383 mm and in distal width of 74 mm
to 75 mm—all somewhat larger than in E. (D.)
enormis. One specimen of phalanx 1 in E. mosbach-
ensis i1s 55 mm in proximal width and 90 mm in
length; another 62 mm by 95 mm. The smaller of
the two is near E. (D.) enormis in size; the larger
is more like E. livenzovensis or Recent Equus (see
Table 5).

Equus mosbachensis appears caballine in most
cranial, mandibular, dental, and postcranial fea-
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tures and tends to resemble dolichohippines in depth
of penetration of the ectoflexid and slightly resem-
bles dolichohippines in rostral proportions. Equus
mosbachensis may represent the earliest represen-
tative of the subgenus (Equus) in Europe at 0.7 Ma
to 0.9 Ma, despite possible dispersal of this sub-
genus from North America as early as 1.9 Ma to
2.0 Ma.

16. Equus sivalensis Falconer and Cautley, 1849.
This species, from the Siwalik Hills of India, was
considered “ass-like” by Lydekker (1882) and per-
haps allied to E. namadicus and E. stenonis ac-
cording to Azzaroli (1982:88, 1987). Azzaroli (1982:
88) noted that “Lydekker drew attention on the
occurrence of medium-sized specimens with a short
rostrum among Siwalik fossils, it is natural to refer
these specimens to E. sivalensis, as Lydekker ac-
tually did.” The holotype is without a rostrum;
however, Azzaroli (1982:fig. 6) produced a com-
posite drawing from which we estimate rostral length
to be 128 mm. The orbit, based on a photograph
in Azzaroli (1982:pl. 4), is dolichohippine in pos-
terior position relative to M?, with an orbital index
of 0.40. The narial notch is deep and located slightly
posterior to the P2

The upper tooth row is 123 mm long according
to Azzaroli. These features suggest E. sivalensis is
smaller than E. (D.) enormis and probably not dol-
ichohippine in rostral proportions. A figure of E.
sivalensis in Gromova (1949:85) shows “Equus-
like” protocones, with anteriorly extended heels.
However, a skull referred to E. sivalensis by Sahni
and Khan (1961) and figured by Azzaroli (1982:fig.
8¢) has an elongated protocone in the left upper
molars but a very short protocone, with anterior
extension of the heels, on the right M*. The pro-
tocone shape in the right dental series 1s almost like
that of Dinohippus. The drawing was made from
a photograph of a very old individual and perhaps
some detail was lost (Azzaroli, personal commu-
nication, 1984).

Gromova (1949) stated that the lower incisors all
have complete cups, as seen in Falconer’s figures.
Lower cheek teeth (P,, M,, and M,) referred to E.
sivalensis by Gromova (1949:835, fig. 25) and Col-
bert (1935:fig. 71) (M,, M,, and M,) definitely in-
dicate shallow ectoflexids, which suggest asinine
affinity. The linguaflexids are “V”’ shaped and thus
asinine or dolichohippine in character.

The third metacarpal in E. sivalensis measures
254 mm in length and 56.4 mm in width, with a
length /width ratio of 0.23, indicating a shorter and
broader Mc III than in E. (D.) enormis. The distal
dimensions of the Mc Il seem closer, with a length
of 38 mm and width of 48 mm in Equus sivalensis
compared to 38.7 mm and 50.7 mm, respectively,
in E. (D.) enormis.

The orbital position and “V”* shaped linguaflexid
resemble E. (D.) enormis and other dolichohip-
pines. Shallow ectoflexids on the molars are typical
of the subgenus E. asinus, again demonstrating a
composite of different subgeneric characters in a
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single taxon of the Plio-Pleistocene. The short snout,
presence of cups on the incisors, shallow ectoflex-
ids, and short, wide Mc III are features that differ-
entiate E. sivalensis from E. (D.) enormis.

17. Equus namadicus Falconer and Cautley,
1849, of Namada Valley, India. Whereas Azzaroli
(1982, 1987) noted that E. namadicus has an elon-
gate rostrum, we interpret Azzaroli’s restorations
of this species (Azzaroli 1982:figs. 2, 3) to yield a
rostral index of 0.58 for E. namadicus, thereby
indicating a short rostrum. Azzaroli described a long
diastema between the incisors and the premolars,
deep indentation of the narial notch, well-devel-
oped naso-maxillary pit, relatively elongate proto-
cone, with a broad to irregular groove, and shallow
ectoflexids in the lower molars. Although the size,
the diastema length, and the naso-maxillary pit of
E. namadicus resemble those of E. (D.) simplici-
dens, the accuracy of restoration of the snout may
be questionable. Caballine or asinine features of E.
namadicus include the relatively short rostrum, the
elongate, irregularly grooved protocone, and the
shallow ectoflexids in the lower molars. The shal-
low ectoflexid of E. namadicus is interpreted as a
derived condition by Azzaroli (1982:84), and we
suggest a similar interpretation of this character in
E. (D.) enormis. Equus namadicus has the orbit
posterior to the M, which is a dolichohippine fea-
ture. As in other Plio-Pleistocene Equus species, E.
namadicus possesses a combination of caballine,
asinine, and dolichohippine characters.

DISCUSSION. The new fossil dolichohippine
described as E. (D.) enormis is referable to the genus
Equus because of the following attributes (see Stir-
ton, 1940): large size, probable absence of facial
fossae, high-crowned teeth (89 mm to 99 mm),
connection of the protocone to the metaselene,
protocones elongate and grooved lingually with an
anterior heel, relatively complex fossettes, meta-
conid-metastylid separated to the base of the tooth
by a distinctive groove, and monodactyl feet.

The new species qualifies as a member of the
subgenus Dolichohippus (see Table 1) because of
a very elongate rostrum and palate; large cranium;
positioning of the orbit much posterior to M’
moderately deep to deep penetration of the ecto-
flexid without a single, full isthmus connecting the
protoconid-hypoconid to the metaconid-metasty-
lid on M,, M,, and M; when sufficiently worn; a
narrow to broad “V” shape linguaflexid on P,
through M;; and relatively large metapodials and
laterals, especially metacarpal 4. It does not con-
form to the usual dolichohippine character of sep-
aration of the ulna from the radius; however, Con-
rad (1980) also noted that the radius and ulna are
not separate in five specimens of Equus (Dolicho-
 hippus) simplicidens from Hagerman, Idaho.

The decision to name a few species of Equus is
done with considerable apprehension. The litera-
'~ ture contains a number of generic names for Equuss-
like forms living between the late Pliocene and the
Holocene (there are over 45 specific and subspecific
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names); many such taxa are based on single teeth,
or partial dentitions, or even limbs, with no con-
sideration of individual or chronological variation.
Savage (1951) made a good start toward rectifying
the problem when he employed the designation
nomen vanum for some of the fossil species.

Winans (1989:262) presented a comprehensive
characterization of five “Equus species groups,” al-
though she has not seemingly treated them as tax-
onomic entities. She stated, “it is unclear whether
these groups represent species or some higher-level
groups.” She intended to consider qualitative char-
acters in future work. We consider the size and
quality of the fossil sample of Anza-Borrego ma-
terial warrants formal description as a new fossil
species. If we are in error, it would, perhaps, be a
greater error to assign the material to a known
species. In addition to E. (D.) enormis, there are
morphologically smaller representatives of E. (Dol-
ichobhippus) in the Anza-Borrego sequence, all of
which appear related to the living E. (D.) grevyi of
Africa and the Plio-Pleistocene dolichohippines of
North America, Eurasia, and Africa. The five spec-
imens of the new species Equus (D.) enormis seem
distinguishable from other dolichohippine species
of the late Cenozoic by virtue of their cranial size,
greater elongation of the rostrum, and relatively
small front feet. Equus (D.) enormis most closely
resembles E. livenzovensis and E. sanmeniensis of
Eurasia, particularly in cranial and mandibular fea-
tures.

Long-headed Equus species may be grouped on
the basis of proportional lengths of the third meta-
carpal and phalanx 1. Equus (D.) enormis, E. steno-
nis vireti, and E. koobiforensis have relatively small
third metacarpals (see Fig. 18), the latter species
apparently displaying more extreme reduction in
third metacarpal length than any other Equus spe-
cies. In contrast, E. livenzovensis, E. mosbachensis,
and E. sanmeniensis have proportionately longer
third metacarpals.

The ratio of phalanx 1 length to cranial length
indicates proportionately small front feet in E. (D.)
enormis and E. sanmeniensis compared with the
slightly longer proximal phalanges of E. livenzoven-
sis, E. mosbachensis, and E. (D.) cf. simplicidens
(IVCM 2673). The ratio of phalanx 3 width to
cranial length indicates that E. (D.) enormis and E.
(D.) simplicidens have relatively narrower terminal
phalanges than E. livenzovensis or E. sanmeniensis.

Equus (Dolichohippus) simplicidens
Cope, 1892

Equus (Dolichohippus),
cf. E. (D.) simplicidens
Figures 20, 21a, 23a

REFERRED MATERIAL. IVCM 2673, excel-
lently preserved nearly complete cranium with right
and left lower dentition, P, through M, of a mature
male, from locality IVCM 790; LACM 17614, pri-
marily ventral (palatal) portion of a cranium of a
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young adult, probable female from locality LACM
66156.
LOCALITIES. IVCM 790 and LACM 66156
from Vallecito Creek, Anza-Borrego Desert State
Park, San Diego County, California.
STRATIGRAPHY AND AGE. [IVCM 790, fault
“block A,” adjacent to the type section, probable
equivalent to “zones” 50-51, upper Palm Spring
Formation, early Vallecito Creek local fauna, late
Blancan (late Pliocene) in age. LACM 66156: same
as for IVCM 2673 except from the approximate
level of “zones” 46-47, fault “block D,” Arroyo
Seco to early Vallecito Creek local faunal transi-
tion, late Blancan (late Pliocene) in age.
DESCRIPTION AND COMPARISON. The
premaxillae of IVCM 2673 are relatively broad and
the rostrum moderately short with a rostral index
of 0.53 (see Fig. 14). LACM 17614 is more elongate
(with rostral index of 0.49). IVCM 2673 and LACM
17614 fall within the range of rostral proportions
of E. (D.) simplicidens.
Palatal proportions in IVCM 2673 and LACM
17614 resemble those of E. (D.) simplicidens, es-
pecially the larger specimens of the Hagerman sam-
ple (see Fig. 15 and Table 2). The palate in LACM
17614 is slightly compressed but well preserved.
The width of the palate at the junction of M? and
M:? of IVCM 2673 is estimated to be 74 mm, and
the palate is slightly elongate as indicated in an
estimated palatal index of 0.24. The palatal index
is 0.26 in LACM 17614, compared with palatal
index means of 0.23 for E. (D.) enormis and 0.28
for E. (D.) simplicidens, indicating palatal propor-
tions intermediate between E. (D.) enormis and E.
(D.) simplicidens.
E. (D.) cf. simplicidens, E. sanmeniensis, E.
(Equus) przewalskii, E. (D.) simplicidens, E. (D.)
grevyi, and E. (D.) enormis all have similar ratios
for length of palate /rostral length, but E. (D.) enor-
mis is largest in overall size. As emphasized by Ei-
senmann (1983) in her diagnosis, E. koobiforensis
is distinctive by having a relatively longer palate
compared to its rostral length.
We estimate [IVCM 2673 to be 600 mm to 610
mm in vertex length. Specimens of E. (D.) simplici-
dens from the Hagerman local fauna range from
521 mm to 620 mm (Gazin, 1936:table 1); Winans
(1985) showed a range of 561 mm to 624 mm.
Basilar length of 568 mm seems a reasonably ac-
curate estimate for IVCM 2673; this is larger than
the maximum 556 mm from our LACM sample of
E. (D.) simplicidens but less than the minimum
~estimates of 616 mm for E. (D.) enormis. Equus
mosbachensis, E. sanmeniensis, E. livenzovensis,

E. koobiforensis, and IVCM 2673 are all similar in
size (see Fig. 13).

The ratio of frontal width (greatest transverse
width at the posterior border of the orbits) to the
basilar length provides a cephalic index of 0.37 for
IVCM 2673. This is similar to cephalic indices ob-
tained for E. (D.) simplicidens (0.40 to 0.42), E.
(D.) grevyi (0.38 to 0.40), and E. sanmeniensis (0.38).
Equus (E.) przewalskii specimens yielded compa-
rable indices of 0.42 and 0.45, whereas Equus (As-
inus) mexicanus has an index of 0.45.

IVCM 2673 is generally similar to other complete
crania in the ratio of facial length (429 mm) com-
pared to basilar length (568 mm), with a facial/
basilar index of 0.76. Mean facial /basilar indices
are 0.78 for E. (D.) simplicidens from Hagerman,
0.77in E. (D.) grevyi, 0.75 in E. sanmeniensis (from
a photo), and 0.75 in E. (E.) przewalskii.

The condylar-cephalic index (transverse width
across the temporal condyles (194 mm) divided by
basilar length (568 mm)) for E. (D.) cf. simplicidens
IVCM 2673 is 0.34. This suggests a proportionately
more elongate cranium than in E. (D.) simplicidens
(mean 0.40), E. grevyi (0.39), or perhaps E. san-
meniensis (estimated as 0.36).

The distance from I' to the posterior border of
the temporal condyle is 500 mm in both of the
Anza-Borrego specimens attributed to E. (D.) cf.
simplicidens, IVCM 2763 and LACM 17614. The
equivalent distance in E. (D.) enormis, LACM 4338,
is 554 mm. The ratio of this dimension to rostral
length provides an index of 0.28 for both IVCM
2673 and LACM 17614; these indices are thus sim-
ilar to those of E. (D.) grevyi (mean 0.29) and E.
(D.) simplicidens (mean 0.28) but smaller than in
Equus (D.) enormis, LACM 4338 (index 0.32), E.
sanmeniensis (index 0.30), and E. koobiforensis (in-
dex 0.30).

The length of diastema from I’ to P? of IVCM
2673 and LACM 17614 is within the upper range
observed for E. (D.) simplicidens but considerably
less than that of adults of E. (D.) enormis (see Table
2). The length from I’ to P?, compared with the
rostral width at I, provides a rostral width index
of 0.65 in IVCM 2673, similar to the mean obtained
for E. (D.) simplicidens of 0.64. However, the ros-
tral width index of 0.59 for LACM 17614 is nearer
those of E. (D.) enormis (mean 0.54), and E. (D.)
grevyi (mean 0.56).

The circular incisive foramen of E. (D.) cf. sim-
plicidens (IVCM 2673) is located opposite the cen-
ter of I), as in E. (D.) enormis, E. (D.) grevyi, E.
(E.) przewalskii, and E. (D.) simplicidens, but in E.
(D.) simplicidens this foramen is more ovate. The

| S
. Figure 21.

a. Equus (Dolichohippus), cf. E. (D.) simplicidens, LACM 17614, from fault block A, transitional Arroyo

| Seco_ to Vallecito Creek local faunas, at approximately “zones™ 46-47, middle to late Blancan, about three fourths of
cranium, occlusal view. b. Equus (Equus) sp. A, LACM 4335, from fault block A, Vallecito Creek local faunas
| approximately “zones” 56-57 transitional late Blancan early Irvingtonian, partial cranium, occlusal view.

|
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Figure 22,
4335, partial left mandible, lateral view.

b

a. Equus (Equus) sp. A, LACM 4335, partial left mandible, occlusal view. b. Equus (Equus) sp. A, LACM

anterior extension of the grooves along the palatine
process of the premaxilla reaches the posterior edge
of I’ as in other species. The post-palatine foramen
is opposite M? in IVCM 2673 and LACM 17614,
as in most Equus species, but in E. (D.) enormis it
is opposite M? (LACM 4338) or M? (IVCM 32).
The hamuli of the pterygoids in IVCM 2673 are
both perfectly preserved; they are broadly trian-
gular, with the apex ventrally directed, as in E. (E.)
przewalskii. This structure is variable in the sample
we surveyed of E. (D.) grevyi, but generally the
apex is narrow and curved laterally in comparison
with the straight (dorsoventral) hamulus of IVCM
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2673. Because of its fragility, this feature is not
preserved on most fossil specimens.

The basisphenoid and especially the basioccipital
are unusually narrow in [IVCM 2673. The transverse
width is 19.8 mm, compared with 27 mm to 33
mm for E. (D.) simplicidens or 28 mm to 31 mm
in E. (D.) grevyi. Gazin (1936:294-295) described
the Hagerman E. (D.) simplicidens basisphenoid
and basioccipital as “broad and generally rounded

ventrally. In some old individuals of E. (E.) caballus,
the basioccipital is noticeably narrow and sharply |

constricted along the median line.” A specimen of

Recent E. (A.) asinus (LACM 31132) is also narrow
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in this region (16.0 mm), as is that of E. (E.) prze-
walskii.

The temporal condyle is complete in IVCM 2673
and preserved on the right side of LACM 17614;
both specimens are broad compared to E. (D.) sim-
plicidens, E. (D.) enormis, E. (D.) grevyi, or E.
(Equus). Generally, IVCM 2673 and LACM 4338
have more robust post-glenoid processes than does
E. (D.) simplicidens.

The anterior extension, or length, of the occipital
condyle is unusually great, 58 mm in [IVCM 2673
(the only Anza-Borrego specimen that preserves the
condyle). In other extant and fossil specimens mea-
sured, the range in length is 42 mm to 53 mm. The
greatest transverse diameter of the condyle is 84.3
mm in [VCM 2673; comparable measurements
consist of 83 mm for E. (D.) simplicidens (LACM
1863), 79 mm to 82 mm for E. (D.) grevyi, and 75
mm to 83 mm for E. (E.) przewalskii.

The glenoid fossa of IVCM 2673 is deep, but
not excessively so compared to E. (D.) simplicidens,
E. (D.) grevyi, or E. (D.) enormis (LACM 4338).
The fossa is not preserved in LACM 17614.

Although tooth row alignment appears to be par-
allel, this is partially due to lateral compression of
IVCM 2673. The pre- and post-canine diastemae
of E. (D.) enormis appear proportionately longer
in adult [IVCM 32 and LACM 4338 than in any
other compared fossil or Recent samples, including
IVCM 2673. In contrast, E. (D.) przewalskii ap-
pears to have considerably shorter diastemae (see
Table 2).

From a lateral view, the outstanding feature of
IVCM 2673 is the “cranio-facial” angle or flexion.
Gazin (1936:294) noted for E. (D.) simplicidens
“the greater angle between the basicranial and bas-
ifacial axes than in modern species.” Hibbard (1955)
described the character of the flexion in a variety
of ways: “occiput-vertex angle” (after Osborn, 1912),
“posterior facies of occipital condyles,” “axis,” and
“frontal plane.” These are all ways of describing
the ventral deflection of the cranial area from the
anterior edge of the basisphenoid, posteriorly along
this cranial axis, relative to the anterior-posterior
axis of the prebasisphenoidal part of the cranium.
Bennett (1980) also discussed this character in de-
tail, with graphic comparisons. We attempted to
measure or estimate the angle of flexion at the in-
tersection of the plane of the basisphenoid-occip-
ital axis and the palatal-horizontal axis and ob-
tained the following deflection angles: E. (D.)
simplicidens, 20° to 27% E. (D.) cf. simplicidens
(IVCM 2673), 35° to 40°% and E. (D.) grevyi, 27° to
30°. These contrast with E. (E.) przewalskii, 10° to
18° and E. (Asinus), including E. (Asinus) mexi-
canus, with a range of 20° to 28°. The angle for
the holotype of E. (D.) enormis (IVCM 32) cannot
be measured, but the paratype, LACM 4338, pre-
serves the tip of the ventral extension of the post-
glenoid process. Its position relative to the palatal-
frontal line is influenced by the flexion of the cranial
axis (the greater the flexion, the more ventral the
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process). The tip of the process is nearly in line with
the horizontal axis of the maxillary tooth row and
the approximate palatal axis in E. (D.) cf. simplici-
dens (IVCM 2673) and in E. (D.) enormis (LACM
4338). In contrast, E. (E.) przewalskii has the post-
glenoid process dorsal to the tooth row axis and
indicates less flexion than the dolichohippines and
possibly the asinines.

The pre- and post-canine dorsoventral depths of
the rostrum suggest that IVCM 2673 is intermediate
between E. (D.) simplicidens and E. (D.) enormis
in cranial rostrum proportions.

The narial notch of IVCM 2673 is located above
the center of P, as in E. (D.) grevyi and in illus-
trations of other zebras and asses provided by Az-
zaroli (1966). LACM 4338, E. (D.) enormis, has the
notch over the P? metacone. This contrasts with
the position of the notch opposite the anterior edge
of the P* or the junction of the P? and P’ in E. (D.)
simplicidens. The infraorbital foramen in E. (D.)
cf. simplicidens, E. (D.) simplicidens, and E. (D.)
grevyi is positioned dorsal to the junction of P*and
M!'. In E. (D.) enormis and one specimen (LACM
1511) of E. (D.) simplicidens, the foramen is op-
posite M'.

The facial crest is opposite the junction of P* and
M'in IVCM 2763 and LACM 17614. In most spec-
imens examined of E. (D.) simplicidens, E. (D.)
enormis (IVCM 32 and LACM 4338), and E. (E.)
przewalskii, the crest is more anteriorly located,
opposite the center of P*. The facial crest of E. (D.)
grevyi appears to be positioned opposite M'.

There is a suggestion of a facial fossa in E. (D.)
ct. simplicidens, IVCM 2673, on the right maxilla-
lacrimal area in front of the orbirt, but this is not
as extensive as the fossa of E. (D.) simplicidens.
Azzaroli referred to specimens he identified as E.
idahoensis as having “small but rather deep naso-
maxillary pit.” Our specimen of E. idahoensis
(LACM (CIT) 892) may have a vestigial fossa. The
shallow fossa in IVCM 2673 may indicate athnity
with E. (D.) simplicidens and E. idahoensis. The
supraorbital foramen in IVCM 2673 is positioned
near the posterior edge of the postorbital bar, which
is also generally true of E. (D.) simplicidens.

The postorbital bar and zygomatic arch of IVCM
2763 are massive (see Fig. 20b). The transverse width
of the zygomatic arch anterior to the temporal con-
dyle is 24 mm, and its dorsoventral depth is 38.5
mm. The transverse width of the postorbital bar is
27.7 mm (see Table 2). The zygomatic arch is 24
mm wide and 37 mm deep in E. (D.) enormis (LACM
4338).

Bennett (1980:fig. 3B) has established a basis for
comparing the mastoid-paramastoid process and
temporal in terms of a closed to open fan character
state. Our samples of E. (D.) simplicidens (IVCM
H1, LACM 1863 and 1511) fitted her 1, 1-2, closed
fan category. Equus (D.) cf. simplicidens falls in
the categories 1-2. Our sampling of E. (D.) grevyi
ranges from category 2 to 3. We generally agree
with Bennett on a 3, or open fan category, for E.
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(E.) przewalskii. IVCM 2673 is thus similar to E.
(D.) simplicidens and E. (Asinus) in the mastoid
complex.

The dorsal profiles, in lateral view, of the frontal
and nasal bones are distinctive in being concave in
E. (D.) simplicidens and E. (D.) grevyi (see Gazin,
1936). The frontals are markedly straight in E. (E.)
przewalskii (see Azzaroli, 1982:79). IVCM 2673 is
slightly concave on the better preserved left side
and LACM 4338 of E. (D.) enormis is slightly con-
cave on the right side. In photos it appears that E.
sanmeniensis is deeply concave and E. koobiforen-
sis is slightly so. Thus, Equus (D.) cf. simplicidens,
E. (D.) enormis, and E. koobiforensis are all similar
in displaying a slight concaviry.

Without exception, dolichohippines, including
IVCM 2673, characteristically have the anterior
border of the orbit located behind the tooth row
in contrast to Equus (E.) przewalskii and E. (Asi-
nus), as noted by Azzaroli (1966). The orbit is 95
mm posterior to the M'-M? juncture in I[VCM
2673, which has a mean tooth row length of 199
mm; proportions of these measurements provide
an orbital index of 0.48, compared to 0.49 in E.
(D.) enormis. The mean orbital index is 0.43 for E.
(D.) simplicidens and 0.34 for E. (E.) przewalskii
(see Table 2).

The premaxillary bones have a gradual anteriorly
downward slope in IVCM 2673, as is true of other
species examined except for E. (H.) mexicanus, in
which the premaxillae are flattened anteriorly.

The orbit shape or index (dorsoventral and an-
teroposterior diameters) is measurable in [VCM
2673 and can be estimated for LACM 4338, para-
type of E. (D.) enormis. The orbital shape index is
0.68 and 0.75, respectively, in the two skulls. This
contrasts with a 0.75 to 0.98 observed range in
orbital shape index for other species examined.
IVCM 2673 may be more ovate, anteroposteriorly,
but this may be due to dorsoventral compression
in preservation. Recent specimens observed, E. (D.)
grevyi, E. (E.) przewalskii, and E. (E.) caballus,
were free of distortion and are more circular (0.83
to 0.94).

The braincase measures 89 mm in greatest trans-
verse diameter in [IVCM 2673. This compares with
the estimated range of 85 mm to 106 mm in E. (D.)
enormis. The ratio of braincase width to basilar
length gives a braincase index of 0.16 for IVCM
2673, suggesting it is narrow compared with a 0.22
braincase index for E. (D.) simplicidens (LACM
1863).

The upper incisors are best preserved in LACM
17614. In this specimen, the incisors appear close
in size to examples of E. (D.) enormis, although
due to the variation in tooth wear this is difficult
to confirm. The one available I* in [VCM 2673 is
similar to the larger E. (D.) enormis (see Table 2).
The I' in IVCM 2673 and right and left I' in LACM
17614 have narrow, elongate cups. LACM 17614
left I' has a relatively broad “U” shaped labial groove
in the enamel. A small talonid, or heel, is present
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on the posterior labial corner of the right I'. Both
first incisors are wider than deep, but their dimen-
sions differ considerably (see Table 2) resembling
E.(D.) enormis and E. (D.) simplicidens. I* of LACM
17614 has elongate cups, relatively smooth labial
enamel on the right 12, and a poorly developed
talonid; the cup on the I’ of IVCM 2673 is com-
parably smaller than that of LACM 17614 but pos-
sesses a broad talonid. The I* dimensions in both
specimens are close to the size of E. (D.) enormis.
I in LACM 17614 is unworn, but with wear the
dimensions would be close to E. (D.) enormis.

The upper canines in IVCM 2673 are as large as
those of the paratype of E. (D.) enormis (LACM
4338) but smaller than those of the holotype (IVCM
32). The canines of E. (D.) simplicidens and E. (D.)
grevyi average smaller than in E. (D.) cf. simplici-
dens. The canine for IVCM 2673 measures 17 mm
by 11 mmy; its basal outline is oval anteroposteriorly,
and its tip is missing.

A minute P' (5 mm by § mm) is present on the
left side of LACM 17614 and is located anterior
to the “pseudoparastyle” of P, instead of lingually
as in other Equus species examined. There is no
evidence for a P! on IVCM 2673.

The mean lengths of the tooth rows in IVCM
2673 (198 mm) and LACM 17614 (200 mm) are
well within the range of E. (D.) simplicidens (189
mm to 207 mm) and close to LACM 4338 (204
mm). Both LACM 4338 and [VCM 2673 have rel-
atively small tooth size and tooth row length com-
pared to cranial size. An isolated tooth of E. (D.)
cf. simplicidens would be considered within the
size range of E. (D.) simplicidens, especially young
adults.

The protocones of P* through M* in both spec-
imens of E. (D.) cf. simplicidens are relatively elon-
gate with protoconid indices 0.36 to 0.48, as in E.
(D.) enormisand E. (E.) przewalskii. The protocone
of P* is short and with a slight lingual groove in
IVCM 2673 and LACM 17614, resembling that of
the paratype of E. (D.) enormis LACM 4338. Gen-
erally, the protocones are larger in the cheek teeth
of IVCM 2673 than in LACM 17614 because LACM
17614 is a younger animal and less worn. The pro-
tocone in E. (D.) cf. simplicidens is elongate but
does not have the broad “U” shape of the lingual
groove characteristic of E. (Equus); the pre- and
post-protoconal grooves are deep.

The “pseudoparastyle” in P? is large and rounded
anteriorly in IVCM 2673 but more pointed in LACM
17614. It resembles the “‘pseudoparastyle” of E.
(D.) enormis rather than the less developed “pseu-
doparastyle” of E. (D.) simplicidens. The parastyle
in P2 is poorly developed in IVCM 2673 but more
prominent in LACM 17614, approximating that of
E. (D.) simplicidens. The parastyle is broad with
slight grooving in P* and P4, as in other Equus
species. In M' through M?, the parastyle is narrow
with convex walls exteriorly as in other Equus spe-
cies. The mesostyle in P? through P¢ is broad and
straight-edged, except P* of LACM 17614. In M!
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through M, it is narrower than in the premolars
and not grooved.

The protoloph of P? narrowly connects with the
parastyle, as in E. (D.) simplicidens. The pli-pro-
toloph is well developed in P* and P4, especially in
LACM 17614, but much reduced in M' through
M:®. There are two plications in the pli-protoloph
of the right P* of both specimens, as in E. (D.)
simplicidens and E. (D.) enormis. The plicaballin
is well developed in P* and P* to very rudimentary,
or absent, in M! and M?2. This characteristic might
be distinctive, although it is difficult to determine
the category “‘rudimentary” or “absent” in some
specimens such as in LACM 45382 of E. (D.) grevyi.
There are one to two pli-protoconules in the pre-
molars; usually one in the molars. The pli-hypo-
styles are absent, rudimentary, or one, in all molars
and premolars of E. (D.) cf. simplicidens. This char-
acter varies in all species examined.

Total plications in P* and P* of IVCM 2673 and
LACM 17614 range from 7 to 15, respectively,
similar to the observed complexity in E. (D.) enor-
mis and extant E. (D.) grevyi or E. (E.) przewalskii.
The plications in M' and M? number 5 to 10, as in
E. (D.) simplicidens and other Equus species. How-
ever, it is worth noting that LACM 17614, a young
adult, shows a higher plication count in the cheek
teeth than in the mature adult paratype of E. (D.)
enormis, LACM 4338, and, as in E. (D.) enormis,
the pli-, pre-, and post-fossettes provide the bulk
of plications in the total count.

The pre-hypoconal groove is present on P? and
P* of both specimens of E. (D.) cf. simplicidens. It
is present on the P of LACM 17614 but absent
from P*~-M? of IVCM 2673 or M' and M? of LACM
17614, and seems to disappear with wear. This fea-
ture is not common in E. (D.) simplicidens. The
post-hypoconal groove is well developed in the P?
through M2 in both E. (D.) cf. simplicidens speci-
mens. [t becomes a small lake in M? of IVCM 2673,
but M* is unworn in LACM 17614.

Cement is especially heavy on the external and
internal walls of the cheek teeth in IVCM 2673 but
slightly less so in LACM 17614. The external walls
of the paracones are deeply convex throughout P*
through M? and slightly deeper than in E. (D.) sim-
plicidens; this character in Equus (D.) enormis var-
ies from deep in IVCM 32 to shallow or interme-
diate in LACM 4338. The crown height range is
80 mm to 99 mm in the premolars of LACM 17614.

The lower dentition in IVCM 2673 consists of
P, through M,. Only fragments of the ramus are
preserved. The estimated lower tooth row length,
taken at the “probable” alveolar line, is 210 mm,
equivalent to the largest Hagerman example of E.
(D.) simplicidens, less than E. (D.) enormis speci-
mens, but greater than in E. sanmeniensis and E.
koobiforensis (Table 3). Individual tooth measure-
ments of [VCM 2673 generally fall within the range
of variation of large specimens of E. (D.) simplici-
dens (Table 3).

The protoconid unites broadly with the parasty-
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lid in right P, on IVCM 2673. The paralophid in
P, through M,, although somewhat damaged, seems
relatively short compared with tooth width in P,
(paralophid index 0.71), long in P, (paralophid in-
dex mean 0.76), and short in M, (paralophid index
0.73). These proportions suggest closer similarity
to E. (D.) enormis than to E. (D.) simplicidens. The
parastylid is not present in P, and not determinable
because of damage in the remaining cheek teeth.
The ectoflexid penetration in M, and M, is mod-
erately deep (mean ectoflexid index 0.60) and in-
termediate between E. (D.) enormis and E. (D.)
simplicidens, with mean ectoflexid indices of 0.54
and 0.71, respectively. The isthmuses, anterior and
posterior to the ectoflexid, are extremely narrow
in M, and scarcely exist in M, or M;, due to the
development of the ectoflexid. The ectoflexid does
not touch the linguaflexid in M,-M;. The lingua-
flexid is consistently “V” shaped (category 2) in P,
and “V” to deep “U” shaped (categories 1-3) in
M, ,, corresponding to the normal shape in other
dolichohippines.

The protoconid and hypoconid widths of P,
through M; in IVCM 2673 consistently resemble
those of E. (D.) enormis rather than the smaller E.
(D.) simplicidens, E. (D.) grevyi, and E. (E.) prze-
walskii. The labial borders, or walls, of the pro-
toconid and hypoconid are relatively straight or
non-crescentic as in most E. (D.) simplicidens and
Recent Equus species. In P, through M,, the trans-
verse width of the entoconid, compared with the
transverse width of the tooth, suggests a relatively
narrow entoconid as in E. {(D.) enormis. The meta-
conid transverse width compared with tooth length
indicates that, as in E. (D.) ennormis, the metaconid
in IVCM 2673 is relatively broader than that of E.
(D.) simplicidens. The metaconid indices for P,-
M, of IVCM 2673 are 0.23 to 0.26; those for E.
(D.) simplicidens are 0.18 to 0.21 and for E. (D.)
enormis are (.26 to 0.28 (see Table 3).

The metastylid shape in P,~M, resembles that of
E. (D.) enormis but is even closer to Equus cf. E.
caballus from Irvington (see Fig. 2G, categories 3-
4, and Table 3). The metastylid indices (width of
metastylid versus tooth length: 0.21 to 0.26) again
suggest intermediate status between E. (D.) enormis
(0.22t0 0.26) and E. (D.) simplicidens (0.17 to 0.20)
(Table 3). The hypostylid in the P,-M, of IVCM
2673 may not be accurately described because of
its worn state but is relatively small and perhaps
intermediate in proportions between E. (D.) enor-
mis and the larger E. (D.) simplicidens.

The postflexid is longer than the preflexid in the
P,-M; of IVCM 2673, generally with simple enamel
patterns although P, and P, are slightly crenulate;
the postflexids in P,, M,, and M, are similar to E.
(D.) enormis (LACM 3677 and IVCM 1336). Equtus
(D.) cf. simplicidens has rudimentary to well-de-
veloped plicaballinids in P, ,, as in E. (D.) enormis
and E. (D.) simplicidens. The plicaballinid of M,-
M, in IVCM 2673 and E. (D.) enormis is more
developed than in E. (D.) simplicidens. The isthmus
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connecting the hypoconid with the entoconid is
variable in E. (D.) enormis and E. (D.) simplicidens;
IVCM 2673 may be distinguished tentatively by its
more consistently narrow isthmus in at least P, and
M, ,. All the lower teeth of E. (D.) cf. simplicidens
have an abundance of cement. The height of the
crown in [IVCM 2673 ranges from 61 mm in P, to
75 mm in M,.

A nearly complete phalanx 1 found associated
with the skull (IVCM 2673) is unusually large and
relatively broad; its proximal width is 67 mm and
length 98 mm with a length/width index of 0.68
compared to the holotype of E. (D.) enormis (IVGCM
32), which has a proximal width of 57 mm, length
of 92 mm, and length/width index of 0.62. The
phalanx of IVCM 2673 is similar to E. caballus, E.
sanmeniensis, E. livenzovensis, and E. stissenbor-
nensis. However, the position of the tip of the scar
for the attachment of the middle distal sesamoid
ligaments is located at mid-shaft, similar to E. (D.)
simplicidens and less distal than in E. (D.) enormis.

DISCUSSION. Comparison of approximately 60
characters of the cranium and lower dentition (prin-
cipally from IVCM 2673) indicates that E. (D.) cf.
simplicidens resembles Equus (Equus) in features
such as a relatively short rostrum (rostral index
0.53) and shallow position of the narial notch (op-
posite center of P?), broadly triangular hamuli, and
a narrow basisphenoid and basioccipital. However,
its overall size (intermediate between E. (D.) sim-
plicidens and E. (D.) enormis), the elongate palatal
proportions, considerable cranial flexion, slightly
concave frontals, orbit posterior to the posterior
edge of the M?, the closed “fan” of the paramas-
toid-mastoid complex, robust zygomatic arch,
moderate depth of the ectoflexid, and “V” to deep,
narrow “U” shaped linguaflexid all suggest affinity
with E. (Dolichohippus). IVCM 2673 seems mor-
phologically intermediate between E. (D.) simplici-
dens and E. (D.) enormis. LACM 17614 is less com-
plete but has characters in which it more closely
resembles E. (D.) simplicidens than does IVCM
2673, including tooth size (rostral index 0.49); pal-
ata index (0.27); and ratio of 0.28 for the distance
from I' to the temporal condyle compared with
rostral length. The unusually large phalanx 1 as-
sociated with IVCM 2673 seems distinctive, but its
scar for the sesamoid is in position similar to that
in E. (D.) simplicidens. It is possible that LACM
16714 may be systematically distinct from chrono-
logically younger IVCM 2673. For the present, we
shall refer both specimens to E. (D.) cf. simplici-
dens.

Equus (Equus) species A
Figures 21b, 22, 23b, ¢

MATERIAL. LACM 4335, partial cranium and
mandible of a mature female with the following
associated postcranial elements: right proximal and
distal humerus, proximal scapula, right distal radius,
right and left partial innominates, proximal femur,
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proximal left tibia, and approximately 4th cervical
through 15th thoracic vertebrae, from locality
LACM 1558.

LOCALITY. LACM locality 1558 Vallecito
Creek area, Anza-Borrego Desert State Park, San
Diego County, California.

STRATIGRAPHY AND AGE. Fault “block A,”
adjacent to the type section and approximately
equivalent to “zone” 56, upper Palm Spring For-
mation, Vallecito Creek local fauna, late Blancan
(late Pliocene) to early Irvingtonian (early Pleisto-
cene).

DESCRIPTION AND COMPARISONS. In
LACM 4335, the estimated length between I' and
the posterior edge of the temporal condyle (418
mm) is similar to E. (E.) przewalskii (411 mm to
428 mm), longer than in Dinohippus leidyanus (es-
timated as 366 mm) but shorter than in E. (D.)
simplicidens (455 mm to 490 mm) or E. (D.) grevyi
(437 mm to 454 mm). The length of the upper tooth
row is 183 mm in LACM 4335 and, hence, longer
than in Dinohippus leidyanus (161 mm) or D. mex-
icanus (147 mm to 163 mm). The lower tooth row
artains a length of 190 mm versus 165 mm in D.
leidyanus (holotype) or 150 mm to 165 mm in D.
mexicanus. Lengths of the upper and lower tooth
row of LACM 4335 lie within the observed ranges
of E. (D.) simplicidens (181 mm to 207 mm upper,
173 mm to 211 mm lower) and E. (D.) grevyi (167
mm to 186 mm upper, 160 mm to 189 mm lower)
and are larger than in E. (E.) przewalskii (175 mm
to 180 mm upper, 175 mm to 182 mm lower) but
smaller than in E. idahoensis (194 mm to 196 mm
upper, 196 mm to 204 mm lower).

Estimation of basicranial length is hampered by
crushing of the ventral mid-cranium. We interpret
a length for LACM 4335 of 465 mm to 470 mm,
which would be shorter than the smallest E. (D.)
simplicidens (514 mm) but longer than in Dino-
hippus (410 mm estimate) and within the range of
E. (E.) przewalskii (439 mm to 496 mm). The cra-
nial rostral index of 0.65 most closely resembles
Dinobippus(0.65), E. idahoensis LACM 892 (0.66),
or E. (E.) przewalskii (0.50 to 0.60).

The palate has a length of 244 mm and width of
85 mm, providing a palatal index of 0.35. This index
is a little larger than that of E. (D.) simplicidens
(0.26 to 0.33) but of comparable size to E. prze-
walskii (0.31 to 0.34) and E. idahoensis, LACM
892 (0.34).

The angle of deflection of the cranium is possibly
greater in LACM 4335 than in E. (E.) przewalskii
but less than in E. (D.) simplicidens. The orbit lies
in an anterior position above the paracone of M?,
providing an orbital index of 0.28 compared to E.
idahoensis (estimated at 0.20), Dinohippus (0.32),
and E. (Equus) (estimated at 0.34).

The protocone of the premolars and molars is
moderately elongate with a well-developed heel and
slight groove, resembling that of E. (Equus) or E.
(D.) simplicidens. The length of the protocone
compared with its width provides indices that range
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Figure 23. a. Equus (Dolichohippus), cf. E. (D.) simplicidens, IVCM 2673, left upper dentition, occlusal view. b. Equus (Equus) sp. A, LACM 4335, left upper dentition, occlusal
view. ¢. Equus (Equus) sp. A, LACM 4335, left lower dentition, occlusal view.



between 0.31 in P* and 0.47 in M? in LACM 4335;
comparison of this range with mean ranges of 0.45
to 0.51 in E. (Equus) przewalskii, 0.32 to 0.41 in
E. idahoensis, and 0.28 to 0.41 in E. (D.) simplici-
dens suggests a slightly closer similarity to E. (D.)
simplicidens and E. idahoensis (see Fig. 19a, b).

The mandible has a slight preangular concavity,
and the ascending ramus tends to slope slightly
posteriorly with an estimated angle of 123°as in E.
idahoensis, less than in E. (D.) simplicidens (120°
to 140°) and E. (D.) grevyi (135° to 145°) but prob-
ably not as vertically orientated as in E. (Equus) or
E. (Asinus) (115° to 124°).

The lower dentition strongly resembles those of
E.(D.) simplicidens and E. idahoensis in the narrow
“V” shaped linguaflexid with a deep ectoflexid in
M, and M, (see Table 3). This contrasts with a
broad “U” shaped linguaflexid and moderately deep
ectoflexid (ectoflexid index 0.41 to 0.55) of E.
(Equus) przewalskii. The metastylids in P, through
M, are smaller than the metaconids and triangular
in shape, with a very slight lingual groove, much as
in E. (D.) simplicidens except that the metaconid
and metastylid are more widely spaced in LACM
4335.

The combined anteroposterior length of thoracic
vertebrae 1 through 8 in LACM 4335 is 350 mm.
Assuming an original total of 18 thoracic vertebrae,
and that each of the ten missing posterior thoracics
were about 1 to 2 mm longer than the anterior
eight, we estimate an original thoracic vertebral
length of approximately 720 mm. This compares
with the estimate of 760 mm to 910 mm (mean 801
mm) for E. (D.) simplicidens (see Gazin, 1936).

The head of the right humerus of LACM 4335
measures 78 mm in articular transverse width, 79
mm in articular length, and 81 mm for greatest
width including the medial tuberosity or process.
The articular width is close to the observed range
of 88 mm to 107 mm for E. (D.) simplicidens. The
distal end of this humerus has a greatest articular
width of 79.5 mm, which lies within the range of
76 mm to 85 mm for E. (D.) simplicidens. The
proximal radius, with distal articular width of 69
mm, is wider than in E. (D.) simplicidens (width 60
mm to 66 mm) and close to that of E. livenzovensis
(width 70 mm) and E. (D.) enormis (width 71 mm)
but narrower than in E. sanmeniensis (width 72
mm to 79 mm) or E. mosbachensis (width 74 mm
to 75 mm).

The pelvis of LACM 4335 is represented by right
and left sides, with less distortion on the right side,
and includes a nearly complete ilium with crest,
tuber sacrale, lateral border, complete acetabulum,
and portions of the ischium. Comparison of the
height of the two ilia with the bi-iliac width indi-
cates LACM 4335 has moderately high or steep ilia
with an iliac index of 0.39 and an intermediate
position between E. (D.) grevyi (iliac index 0.39 to
0.47), and E. (E.) przewalskii (iliac index 0.31 to
0.37) (see Groves and Willoughby, 1981:table 2).
The acetabulum measures 64 mm in anteroposte-
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rior diameter, smaller than in E. (D.) enormis, LACM
16815 (69 mm), and close to that of E. (D.) simplici-
dens (62 mm to 63 mm).

The head of the femur of LACM 4335 has a
width of 60 mm, exceeding the 55 mm width of
E. (D.) simplicidens but being less than that ob-
served for E. livenzovensis (64 mm) or E. (D.) enor-
mis (64 mm). The proximal left tibia measures an
estimated 97 mm in width from the median condyle
to the tuberosity; this is within the range of E. (D.)
simplicidens (97 mm to 105 mm).

DISCUSSION. LACM 4335 may be distin-
guished from species of E. (Asinus) by the extreme
depth of the ectoflexids in M, and M, and from E.
(Hemionus) species by the narrow “V” shaped lin-
guaflexids and deep ectoflexids. LACM 4335 is dis-
tinct from E. (Dolichohippus) species because of
its broad cranial rostrum and palate, and the an-
terior position of its orbit, although resembling dol-
ichohippines in the deep ectoflexids and “V” shaped
linguaflexids of M, and M,. The angle of the as-
cending ramus appears to be intermediate between
E. (Equus) and E. (Dolichohippus).

LACM 4335 resembles Dinohippus in rostral
proportions, position of the orbit, deep ectoflexids
on M, and M,, and very slight posterior slope of
the ascending ramus but may be distinguished from
Dinohippus by its greater size, greater elongation
of the heel of the protocone, and less rounded
protoconid-metaconid enamel walls.

We consider LACM 4335 may be related to E.
idahoensis because of the broad rostral and palatal
proportions, orbital position over M?, and similar
deep penetration of the ectoflexids on M, and M,.
The short rostrum and palate, location of the orbit
over M?, widening of the lingual protoconal groove
in P°*-M*, and comparable size to modern E. (E.)
przewalskii suggest a relationship to E. (Equus)
przewalskii or perhaps a precursor within the sub-
genus E. (Equus).

LACM 4335 has a distinctive combination of a
caballine-like short rostrum and palate intermixed
with dolichohippine dental and postcranial features
such as deep penetration of the ectoflexid of the
M, and M,, wide “V” of the linguaflexid, high iliac
index, and possibly relatively short thoracic verte-
bral series. We will not name a new species based
on limited material but instead identify it as Equus
(Equus) sp. A.

Equus (Equus) sp. A and E. idahoensis are both
characterized by a broad rostrum and palate, orbit
over the M?, deep ectoflexids, and “V” shaped lin-
guaflexid. Of the various subgenera we currently
recognize, they appear most closely related to E.
(Equus). Equus idahoensis may, as in E. (Equus)
sp. A, represent the earliest E. (Equus) in North
America at 2.34 Ma, late Blancan age. The distinc-
tive combination of features shared by LACM 4335
and E. idahoensis might merit subgeneric rank if
more material were available.

Equus cf. caballus of the Irvington local fauna,
with its broad rostrum, variable penetration of the
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ectoflexids in M'*, and broad “V” to broad “U”
shaped linguaflexids, is a possible candidate for such
a new group. However, the lack of homogeneity
in the samples of E. cf. caballus from Irvington,
suggesting the presence of more than one species,
would argue against its inclusion prior to further
study.

Equus (Equus) sp. A (LACM 4335) is found in
the Palm Spring Formation, earliest Irvingtonian
age, Vallecito Creek local fauna and from fault
block B, possibly equivalent to “zone” 56 or 57 of
the Anza-Borrego sequence. This suggests a tran-
sitional late Pliocene to early Pleistocene occur-
rence of E. (Equus) or pre-E. (Equus) in the type
area of the Vallecito Creek local fauna in North
America.

Equus (Equus) species B
Figures 24-26

MATERIAL. IVCM 1816-1, partial cranium, and
IVCM 1816-2, right mandible, mature, possible
male, from locality IVCM 516.

LOCALITY. Badlands east of Borrego Springs,
Anza-Borrego Desert State Park, San Diego County,
California.

STRATIGRAPHY AND AGE. Palm Spring or
Ocotillo Formation (see reference to E. (D.) enor-
mis, LACM 3677), probable late Irvingtonian age
(middle Pleistocene).

DESCRIPTION AND COMPARISONS. [VCM
1816-1-2 is a large equid (see Tables 2, 9). The
cranial rostrum in IVCM 1816-1 is short (rostral
index 0.60) compared to all dolichohippines and
resembles those of E. (E.) przewalskii (rostral index
0.50 to 0.60) and E. mosbachensis (rostral index
0.51 to 0.54). IVCM 1816-1 is slightly more elon-
gate in its broad rostrum than E. idahoensis (rostral
index 0.57 to 0.65) or E. (Equus) sp. A (LACM
4335) (rostral index 0.68) (see Fig. 14). The cranial
symphysis is massive with greatest width of 86 mm
at I’ and the least width 60 mm, contrasting with
70 mm to 79 mm and 54 mm to 60 mm, respec-
tively, in E. (D.) enormis or 53 mm to 79 mm and
S5 mmto 73 mmin E. (D.) simplicidens. The dorsal
incisive foramen opening is large, and the right and
left anterior premaxillae are robust. The supraor-
bital foramen is at a median position on the post-
orbital bar. The zygomatic arch is robust, with a
32.8 mm dorsoventral depth anterior to the tem-
poral condyle compared to 32 mm to 37 mm in E.
(D.) enormis (IVCM 32) or to 24 mm to 37 mm,
mean of 32 mm, in E. (D.) simplicidens.

The dorsal-most margin of the zygomatic arch
is approximately in line with the dorsal margin of
the orbit, suggesting less cranial flexion in IVCM
1816-1 than in E. (D.) simplicidens (see Gazin, 1936:
pls. (24-26), because the zygomatic dorsal margin
is much below the dorsal margin of the orbit in E.
(D.) simplicidens. The zygomatic arch is slightly
below the margin of the orbit in E. (E.) przewalskii
(see Azzaroli, 1966:pl. 8).
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The orbit in IVCM 1816-1 is 22 mm posterior
to M?, and the orbital index is estimated to be 0.51,
compared with 0.41 to 0.45 in E. (D.) simplicidens,
0.34 in E. (Equus) przewalskii, 0.45 estimate in E.
mosbachensis, and 0.45 to 0.58 in E. (D.) grevyi.
IVCM 1816-1 is probably dolichohippine in the
posterior position of its orbit, which was probably
circular in outline although now partially restored.

The facial crest extends to about the junction of
M'and P4, as in E. (D.) enormis, E. (E.) przewalskii,
and E. (D.) simplicidens. A very shallow outline of
a preorbital fossa extends 75 mm in anteroposterior
length and 57 mm in dorsoventral depth and is
located about 44 mm in front of the orbit; it is
comparable in development to that of Dinohippus
mexicanus (see MacFadden, 1984:fig. 1) and may
be interpreted as a probable lacrimal-maxillary pre-
orbital fossa comparable to that of E. idahoensis
(LACM (CIT) 892).

In ventral aspect, the incisive foramen of IVCM
1816-1 is in position opposite the center of I’; two
large right and left foramina occur opposite the
anterior edge of I' and slightly posterior to the
incisive foramina.

The diastema from I’ to P? is relatively short,
averaging 121 mm from I’ to P? and being 86 mm
wide at I, providing a diastema index of 0.71. This
index compares well with proportions of 0.66 to
0.72 in E. idahoensis, 0.72 to 0.79 in E. (E.) prze-
walskii, and possibly 0.82 to 0.84 in E. (Equus) sp.
A (LACM 4335). Equus mosbachensis appears to
be considerably longer in its diastemal proportions,
with an index of 0.57, as is E. (D.) enormis (diaste-
mal index 0.47 to 0.58).

The roof of the palate is missing from opposite
the anterior tip of the maxillary palatine grooves
to the parastyle of P it is slightly distorted by
longitudinal fractures that allow for 2-3 mm over-
lap, thus measuring 71 mm at the P?-P° junction.
Other transverse widths are not distorted. The pal-
ate is moderately wide at the M>~M? junction; the
length from I' to the anterior border of the pos-
terior nares is 330 mm and width at M?-M? is 85
mm, with a palatal index of 0.26 to 0.28. This
approaches the mean palatal index of 0.28 in E.
(D.) simplicidens and is less than the wider palate
of E. (E.) przewalskii (mean palatal index 0.32), E.
idahoensis (palatal index 0.34), E. (Equus) sp. A
(LACM 4335) (palatal index 0.35), or E. mosbach-
ensis (palatal index 0.34). The palatal proportions
show greatest resemblance to the more elongate
dolichohippine E. livenzovensis, to E. koobiforen-
sis, and possibly to E. (D.) enormis (see Fig. 15).
The maxillary palatine roof is relatively flat with a
15-mm cavity (missing bone) on the right and left
sides. The right anterior palatine foramen is op-
posite the center of M?, and the left foramen is not
developed; the location resembles that of E. (D.)
enormis (LACM 4338), E. (D.) cf. simplicidens
(IVCM 2673), and most of E. (E.) przewalskii com-
pared in the LACM collection and in Azzaroli (1966:
pl. XLIV). Equus (D.) simplicidens, the holotype
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Figure 24. a. Equus (Equus) sp. B, IVCM 1816-1, from Borrego Badlands, east of Borrego Springs, probable late Irvingtonian, partial cranium, right lateral view. b. Equus (Equus) sp.
B, IVCM 1816-1, partial cranium, occlusal view.
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Figure 25.
1816-2, right lower dentition, occlusal view.

a. Equus (Equus) sp. B, IVCM 1816-1, left upper dentition, occlusal view. b. Equus (Equus) sp. B, IVCM

of E. (D.) enormis (IVCM 32); E. (Equus) sp. A
(LACM 4335), E. idahoensis and E. mosbachensis
have the foramen opposite M*.

The palatine fissure, or anterior border of the
posterior nares, is opposite the center of M® in
IVCM 1816-1 as in LACM 4338 of E. (D.) enormis.
All other specimens of Equus examined have the
opening more anterior, opposite M2,

The partial right I is large, at least 15.6 mm wide,
and lies within the range of E. (D.) enormis. The
base of the right canine measures about 11.0 mm
mesiodistally and 7.7 mm buccolingually. Located
28 mm behind I’ and 84 mm in front of P2, it is
similar in shape and position to E. idahoensis and
E. (E.) przewalskii. The left canine did not develop
in this specimen. The right P>+ and the left P>-M?
are present. The individual cheek teeth are of sim-

(ilar or larger size than those of E. (D.) enormis, E.
(D.) cf. simplicidens, E. idahoensis, and E. (Equus)
sp. A (LACM 4335) (see Table 2). The teeth are
well worn, and M' retains no enamel pattern. All
the cheek teeth probably had wide styles, although
they are complete only in the left M! and M2, The
- pre-protoconal groove is shallow in P? but deep in
- P*-M?, which in turn produces the well-developed
heel or anterior protoconal extension, typical of
advanced Equus. The protocone in P* through M?
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is relatively elongate; the protoconal index range
of 0.47 to 0.61, mean of 0.52, contrasts with rel-
atively short protocones, as denoted by protoconal
index ranges in E. (D.) simplicidens of 0.28 to0 0.41,
in E. (Equus) sp. A of 0.31 to 0.47, or in E. ida-
hoensis of 0.32 to 0.41. Equus (E.) przewalskii is
similar to IVCM 1816-1 with protoconal indices
of 0.45 to 0.51. The protoconal groove is shallow
and wide in P? (right and left, categories 3-4, of Fig.
2H); it is deeper and broadly “U” shaped in P*
(category 4) and even more so in P*; the protoconal
groove of M' is shorter and narrow (category 3),
and M’ has a very elongate protocone and very
slight groove (near category 2a). These features
characterize E. (Equus) species, as in E. mosbach-
ensis and E. (E.) caballus s.I. There is a small pli-
caballin in P>+, but none in M'2, There are two
plications in the post-fossette of P2, one to three
in the post-fossette of P*. The fossette pattern is
anomalous in P* in that the pre- and post-fossette
seem to be merged as one unit with 4 plications.
The hypocone is round in outline with a deep post-
hypoconal groove in the P*, P*, and M? and itis a
shallow groove in M!'. The pre-hypoconal groove
is shallow in P* and P* and barely discernable in P*
and M'.

The right horizontal ramus of IVCM 1816-2 is
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deep dorsoventrally, 118 mm below M, compared
to the maximum of 113 mm observed in E. (D.)
enormis (LACM 3677), 109 mm in E. mosbachensis
(see Gromova, 1949), or 116 mm in E. idahoensis.
The mandible is 420 mm long from P, to the con-
dyle versus 454 mm long in E. (D.) enormis (IVCM
1336) and 387 mm long in E. mosbachensis. The
estimated dorsoventral distance from the posterior
edge of the M, to the greatest posterior extent of
the angle is 165 mm and indicates great depth of
the mandible, as in E. (D.) enormis (150 mm to 175
mm) and E. mosbachensis (an estimated 174 mm).
The mandible is distinctive in the deep concavity
of its mandibular notch.

The enamel pattern of the lower dentition is well
preserved. The linguaflexid is similar to E. (Equus)—
a broad “U” shape, categorized in Figure 2F as
follows: P, (5), P; (3-4), P, (4), M, (3), and M, ; (3-
4). Equus mosbachensis is similar to IVCM 1816-
2 and perhaps more caballine-like (see pls. Il and
IV in Reichenau, 1915). The ectoflexid barely pen-
etrates the isthmus in the M, of IVCM 1816-2 but
definitely does so in M, and M;. The walls of the
ectolophids (protoconid-hypoconid) are relatively
straight. The metastylid is smaller than the meta-
conid in P,-M; and more rounded than triangular
in shape (Fig. 2G, category 1 or 4). The entoconid
is round and relatively large.

DISCUSSION. Distinguishing features of IVCM
1816-1-2 are the combination of relatively elongate
palate, the posterior position of the orbit, the pos-
terior nares position opposite M’, probable close
alignment of the orbit and zygomatic arch corre-
lated with slight cranial flexion, shortness of the
diastema between I* and P2, deepness of the man-
dibular notch concavity, and depth of the mandible.

IVCM 1816-1-2 is distinct from E. (Asinus) and
E. (Hemionus) species on the basis of probable
larger size, the presence of vestigial lacrimal fossae,
relatively deep ectoflexids, and relatively broad “U”
shaped entoflexids and protoconal grooves. [IVCM
1816-1-2 differs from E. (Dolichohippus) by its short
rostrum, broad “U” shaped linguaflexid, and broad
protoconal groove, but dolichohippine traits are
suggested in the posterior location of the orbit,
possible vestigial preorbital fossa, and somewhat
elongate palate.

IVCM 1816-1-2 most closely resembles species
of the subgenus E. (Equus) because of a combi-
nation of features: large size; short rostral propor-
tions; probable horizontal alignment of the dorsal
margin of the orbit and zygomatic arch (reflecting
little cranial flexion); short diastema between I* and
P2; elongate protocone; moderate depth of the ec-
toflexid; broad linguaflexid and broad protoconal
groove; and relatively vertical ascending ramus.

The relatively posterior position of the orbit, ves-
tigial lacrimal fossa, broad protoconal groove,
moderately deep ectoflexid, and broad linguaflexid
suggest particular afhinity with E. mosbachensis of
Eurasia. Equus idahoensis, E. (Equus) sp. A (LACM
4335), and, to some extent, E. cf. caballus of Ir-
vington differ from IVCM 1816-1-2 by having broad
rostra and teeth with deep ectoflexids and narrow
“V” shaped linguaflexids.

The possession of E. (Equus) subgeneric traits in
IVCM 1816-1-2 from the Borrego Badlands ap-
pears to confirm the presence of this subgenus in
North America during probable late Irvingtonian
time.

Equus cf. Equus (Equus) species
Figures 27-29

MATERIAL. IVCM 3429, basicranium and right
and left partial dentaries with cheek teeth; mature,
possible six year old male, from locality IVCM
1034.

LOCALITY. Badlands east of Borrego Springs,
Anza-Borrego Desert State Park, San Diego County,
California.

STRATIGRAPHY AND AGE. Palm Spring For-
marion (see reference to E. (D.) enormis LACM
3677), probable late Irvingtonian age (middle Pleis-
tocene).

DESCRIPTION AND COMPARISONS. The
large size of IVCM 3429 is indicated by its cranial
width at the posterior edge of the orbit of 235 mm
and at the external edge of the temporal condyles
of 224 mm. Equus (D.) enormis (LACM 4338), in
comparison, is estimated to have a frontal width
of 208 mm and E. koobiforensis of 225 mm.

The estimated basisphenoid width in [IVCM 3429
is 29 mm, comparing with a mean of 29 mm in E.
(D.) simplicidens, 30 mm in E. (D.) grevyi, and 19.8
mm in E. (D.) cf. simplicidens (IVCM 2673).

The occipital condyle in IVCM 3429 is well pre-
served and wide, 92 mm versus 82 mm in E. (D.)
simplicidens (IVCM H1). The anterior extensions
of the condyle (transverse width 35 mm) are robust
compared to specimens of E. (D.) simplicidens and
E. (D.) cf. simplicidens.

The zygomatic arch is elongate and massive in
dorsoventral height, 32.2 mm to 34.7 mm tall and
20 mm wide, compared to that of E. (D.) simplici-
dens (32 mm high), but comparatively less massive
than E. (D.) cf. simplicidens (IVCM 2673), which
is 38.5 mm high and 27 m wide.

Viewed from the left side, the orbit of [IVCM
3429 is relatively posterior in position with an or-
bital index of 0.45, much as in E. (D.) simplicidens
(orbital index 0.41 to 0.45) or E. mosbachensis

—

Figure 26.
2, right mandible, lateral view.
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a. Equus (Equus) sp. B, IVCM 1816-2, right mandible, occlusal view. b. Equus (Equus) sp. B, IVCM 1816-
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Figure 27. a. Equus cf. E. (Equus), IVCM 3429, from Borrego Badlands east of Borrego Springs, probable late Irvingtonian, right P,-M,, occlusal view. b. Equus cf. E. (Equus), IVCM
3429, partial right mandible, lateral view.
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Figure 28. a. Equus cf. E. (Equus), IVCM 3429, partial right maxilla with P’-M?, occlusal view. b. Equus cf. E.

| (Equus), IVCM 3429, partial cranium, left lateral view.

(0.46). This contrasts with E. (E.) przewalskii (or-
bital index 0.34) and E. idahoensis (0.20). Based on
the outline of its posterior half, the orbit appears
to have been spherical.
. In lateral and posterior profile (Figs. 28b, 29b),
the sagittal crest of IVCM 3429 is tall and more
' prominent than in E. (D.) simplicidens and prob-
. ably similar to E. (D.) cf. simplicidens (e.g., IVCM
2673). The dorsal profile of the braincase is ap-
| proximately on the same level as the most dorsal
. margin of the orbit, whereas in E. (D.) simplicidens
and in IVCM 2673 the braincase lies below the
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level of the orbit. The dorsal margin of the zygo-
matic arch in IVCM 3429 is very nearly in line with
the dorsal margin of the orbit, in contrast to the
more ventral zygomatic arch in E. (D.) simplicidens,
indicating a lesser degree of cranial flexion (esti-
mated at 10° to 20°), a non-dolichohippine trait.
In dorsal view, the crista temporalis of IVCM
3429 is broad as in Bennett’s (1980:fig. 3A, 2) il-
lustrations of E. (E.) caballus. The external auditory
meatus is positioned near the glenoid fossa but
directed somewhat laterally. This does not seem to
be attributable to any of Bennett’s (1980) catego-
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Figure 29.

partial cranium, posterior view.

b

a. Equus cf. E. (Equus), IVCM 3429, partial cranium, dorsal view. b. Equus cf. E. (Equus), IVCM 3429,

ries; however, E. (E.) przewalskii specimens ex-
amined and the “other E. (Equus)” in the diagram
of Bennett (1980:fig. 3A, 2) seem similar to IVCM
3429 (see Fig. 28b).

The right mastoid region in IVCM 3429 is com-
plete and demonstrates a slightly open fan condi-
tion (see Fig. 28b, left side) as in E. (Equus) of
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Bennett (1980:fig. 3B, 3) and similar to E. (D.) cf.
simplicidens IVCM 2673, although not as closed
as in E. (D.) simplicidens or Dinohippus (Bennett,
1980:fig. 3B, 1). The paramastoid appears to be
broad anteroposteriorly and the mastoid mor-
phology tends to be similar to E. (Equus).

The supraoccipital crest, viewed dorsally in [IVCM
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3429 (Fig. 29a), has its lateral margins aligned par-
allel to the anteroposterior axis and flared only
anteriorly, as in figure 3A2 of Bennett (1980), thus
resembling E. (Equus), rather than the short, flared,
and non-parallel crest of E. (D.) simplicidens.

The posterior view of the cranium in [IVCM 3429
(Fig. 29Db) presents an unusually high, square, and
narrow outline of the supraoccipital crest (see Ben-
nett, 1980:fig. 4B), somewhat as in E. (Equus). The
dorsoventral height, from nuchal crest to dorsal
rim of the foramen magnum, is 85 mm and exceeds
all other taxa measured (55 mm to 79 mm; see Table
2). The profile is somewhat like that in Bennett
(1980:fig. 4B, solid line) but narrow as in her figure
4A, solid line. The width of the crest divided by
height is 0.91 in IVCM 3429, contrasting with oc-
cipital crest indices of 0.62 mm to 0.80 mm in E.
(D.) simplicidens, 1.20 to 1.28 in E. (D.) grevyi,
and 0.97 to 1.15 in E. (E.) przewalskii. The illus-
tration of the crest of E. mosbachensis in Rei-
chenau (1915) does not permit exact measurement
but appears to provide an occipital crest index of
about 0.81. Of the species mentioned above, E.
(Equus) przewalskii would seem the most similar
to IVCM 3429. The crest morphology may be a
distinctive feature and is possibly associated with a
relatively large cranium. When viewed from the
posterior, the dorsal profile of the frontals, pari-
etals, postorbitals, and braincase are not visible (see
Bennett, 1980:fig. 4B, solid line), and the IVCM
3429 situation 1s not illustrated in Bennett, although
E. (Equus) has a general likeness (see our Fig. 29b).

The maxillary cheek tooth series is well pre-
served, measuring 203 mm in length. Individual teeth
(P* through M?) range in length from 28 mm to 34
mm, compared with 30 mm to 37 mm in E. (D.)
enormis, 29 mm to 32 mm in E. (D.) simplicidens,
and 29 mm to 37 mm in E. (Equus) sp. B (IVCM
1816-1). The styles are wide in P?~M?, with grooves
in P>+, Plications occur as follows: pre-fossettes
one; pli-protoconule one in P?~-M?; and pli-post-
fossettes two in P>, four in M!, and two in M2,
There is a small plicaballin on P* and M® but none
on the other upper teeth. The protocone has a deep
pre-protoconal groove in P4 and M?*7, but it is
shallow in P> and M'. The post-protoconal groove
is deep in all the uppers. The protoconal groove
has the following shape variations (see Fig. 2H): P2
(1), P+ (3-4), M! (2), M2 (3A), and M3 (2); however,
it is overall suggestive of the broad “U” shape typ-
ical of Equus.

The hypocone is rounded and well developed in
P24, smaller in M'-2, but absent in M®; the post-
hypoconal groove is shallow in P2, moderately deep
in P*#, and shallow in M'-2, The protocone is elon-
gate in P°-M? with a protoconal index of 0.47 to
0.56, compared with the much shorter protocone
in E. (D.) simplicidens (protoconal index 0.28 to
0.41) and the moderately long protocone of E. (E.)
przewalskii (0.45 to 0.51) and E. (D.) enormis (0.41
to 0.46) (see Table 2).

The mandible in IVCM 3429 is deep, reaching
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106 mm below M,, which is near the mean of 107
mm for E. (D.) enormis and 109 mm estimate for
E. mosbachensis but greater than the mean of 88
mm in E. (E.) przewalskii or the mean of 98 mm
in E. (D.) simplicidens (see Table 2). The distance
from M, to the posterior extremity of the angle is
165 mm, close to that in E. (D.) enormis and E.
mosbachensis (see Table 2). The preangular notch
is deeply concave. The ascendng ramus is relatively
vertical (approximately 130°) compared to the more
posterior slope in E. (D.) enormis (130° to 133°), in
E. (D.) simplicidens (120° to 140°), and in E. (D.)
grevyi (135° to 145°). IVCM 3429 resembles but is
less strongly vertical than E. (E.) przewalskii, for |
which this angle is estimated to be 115°.

The enamel pattern of P, through M; is well
preserved in [IVCM 3429. The ectoflexids do not
penetrate the isthmusin P,-M, (the ectoflexid index
is 0.52 in M, ), but there is moderate penetration in
M, (index 0.58) and M, (index 0.54). This pattern
is most similar to the ectoflexid indices of 0.52 to
0.57in M, , of E. (D.) enormis, 0.51 to 0.47 for E.
(E.) przewalskii, and apparently moderate penetra-
tion in E. mosbachensis; it contrasts with greater
penetration in E. (D.) simplicidens (index 0.76 to
0.71). The linguaflexid varies from a broad “V” to
moderately broad “U,” as in Figure 2F, with P, (2),
P, (3-4), M, (1-2), M, (3), and M, (2) being only
slightly closer to a caballine than dolichohippine
pattern. The walls of the protoconid and hypoconid
are straight in the premolars but slightly rounded
in the molars. The metaconid and metastylid are
large in P,-P.. The metastylid is smaller than the
metaconid in M, ;. The tooth row length of 203
mm is larger than in E. idahoensis and E. (E.) prze-
walskii, smaller than in E. (D.) enormis, and close
to that in E. (D.) simplicidens (Table 2).

DISCUSSION. It is unlikely that IVCM 3429
could be assigned to E. (Asinus) because of the
moderately deep ectoflexids, M,-M, with broad
“U” shaped linguaflexids, protoconal grooves on
the upper teeth, posterior position of the orbit, and
the moderately open “fan” of the mastoid area.
IVCM 3429 differs from E. (Dolichohippus) in the
“U” shaped linguaflexids and narrow protoconal
grooves, the fan shaped mastoid area, and lesser
flexion of the basicranium. However, there is re-
semblance to E. (D.) simplicidens in the depth of
the ectoflexid and posterior position of the orbit.
IVCM 3429 resembles E. (D.) enormis in overall
size and ectoflexid penetration.

IVCM 3429 is similar to E. (Equus) in its mod-
erate cranial flexion, slightly open mastoid fan, rel-
atively high supraoccipital crest with square profile,
low postorbital and frontal profile, dorsal position
of the zygomatic arch near the level of the dorsal
margin of the orbit, relatively vertical ascending
ramus, the possession of a broad linguaflexid and
protoconal groove, and moderate penetration of
the ectoflexid in M,~M,. IVCM 3429 exceeds most
E. (Equus) species in actual height of the supraoc-
cipital crest.

Downs and Miller: Late Cenozoic Equids M 77



E. ct. (Equus) (IVCM 3429) resembles Equus
mosbachensis in posterior position of the orbit,
probable high sagittal crest, relatively high supraoc-
cipital crest, probable low profile of the frontals,
“U” shaped linguaflexid and protoconal groove,
and moderately deep ectoflexids in M,-M,.

Except for the posterior position of the orbit,
IVCM 3429 would seem most likely to be allied
with the subgenus E. (Equus). It may be as large as
E. idahoensis and is larger than E. (Equus) sp. A
(LACM 4335). However, E. idahoensis and E.
(Equus) sp. A have very broad rostra, orbits that
are much more anteriorly positioned above the M?,
narrow “V” shaped linguaflexids, and deep ecto-
flexids. Estimates of the critical rostral proportions
of IVCM 3429 cannot be made due to absence of
the key elements.

IVCM 3429 seems distinctive in its low frontal
and parietal profile, relatively high occipital and
sagittal crest, massive zygomatic arch, posterior po-
sition of the orbit, wide frontals, slightly caballine
linguaflexids, and protoconal grooves. The appar-
ent combination of dolichohippine and caballine
features again demonstrates the occurrence of early
Equus populations in which typical subgeneric traits
are not clearly distinguishable. For the present, we
refer to IVCM 3429 as E. cf. Equus (Equus) sp.
primarily because of the absence of diagnostic, sub-
generic characters of the rostrum.

SUMMARY

The earliest records of the Equidae in the Anza-
Borrego sequence comprise five isolated upper cheek
teeth and one partial mandible that are probably
attributable to Dinobippus. The teeth occur at
“zones” 4-7, about 4.0 Ma, late Hemphillian to
early Blancan, and the mandibles at a much higher
level, “zone” 43(e), approximately 2.6 Ma to 2.7
Ma. We have concluded that the teeth are not
Equus or Pliobippus, as previously reported by
Downs and White (1968), but refer to them as cf.
Dinohippus. The mandible, [VCM 1873, also iden-
tified as cf. Dinohippus, is from a late Blancan
horizon and hence younger than any specimens pre-
viously attributed to Dinohippus.

Our study of fossil Equus is primarily concerned
with species and events of the late Pliocene to mid-
dle Pleistocene in North America. We have at-
tempted comparisons with adequately representa-
tive fossil material from other North American
samples and material of comparable age from the
Old World. Our understanding of the Old World
occurrences of Equus is based on information in
the literature, supplementary photographs, and per-
sonal comment from other workers. The subgenera
Equus, Dolichohippus, Hemionus, Asinus, and
Amerhippus are discussed and defined on the basis
of cranial, mandibular, dental, and metapodial
characteristics (see Table 3). Many fossil species
appear to display different combinations of sub-
generic characters. Nevertheless, we have found the
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assignment of specimens to subgenera of Equus to
be useful for interpreting the samples retrieved from
Anza-Borrego and elsewhere in North America and
the Old World.

MORPHOLOGIC TRENDS

When viewed from a stratigraphic perspective, the
anatomical differences between equid specimens
from the Anza-Borrego succession reveal sequential
morphological changes that are shared by other
North American and Old World species. The Anza-
Borrego material thus contributes to our under-
standing of equid evolution during the late Ceno-
zoic era. The species we have examined appear to
cluster in seven apparently natural groups.

1. Smallsize Equidae with short cranial and man-
dibular rostra; presence of preorbital fossa; open,
recessed “V” in I;; deep ectoflexid in M, _;; “V”
shaped linguaflexids; and short protocone with ab-
sence of or slight development of heels. This in-
cludes the genus Dinohippus and Anza-Borrego
material referred to as cf. Dinohippus. Specimens
identified as E. (D.) cf. E. (Dolichohippus) simplici-
dens from the late Pliocene Las Tunas local fauna
of Baja California, Mexico, by Miller (1980) appear
to be dolichohippine, although not far removed
from dinohippine morphology. These smaller equids
range from late Hemphillian to late Blancan, or
early to late Pliocene, of the New World (see Fig.
31):

2. Small to medium size dolichohippine Equus
with elongate to moderately short rostra (rostral
index 0.43 to 0.60) and moderately short palate;
anterior edge of orbit usually posterior to M?; vari-
ably developed preorbital fossa; narial notch deep
to slightly shallow; lateral profile of frontals con-
cave; strong cranial flexion (dorsal margin of zy-
gomatic arch ventral relative to dorsal margin of
orbit); protocone usually short; usually open re-
cessed “V” in I;; moderate to usually deep pene-
tration of ectoflexid in lower molars; “V” shaped
linguaflexid; and metapodials short and slim to wide.
This includes E. (D.) simplicidens of North Amer-
ica and E. (D.) grevyi of Africa. Compared with E.
(D.) simplicidens, E. (D.) grevyi has a slightly more
elongate rostrum, more elongate protocone, I, with
recessed “V” or with cup, no preorbital fossae, and
wide metapodials. These dolichohippines range
from Early Blancan or Pliocene to early Irvington-
ian or early Pleistocene of the New World and early
Pleistocene to Recent in the Old World.

3. The Eurasian Equus stenonis: medium to large
size, with a moderately long dolichohippine rostral
index of 0.48 to 0.51 and moderately long palatal
index of 0.24 to 0.26; orbit posterior to M*; pre-
orbital fossae present; deep narial notch; concave
frontal profile; probably strong cranial flexion; short
protocone; I, with open “V” or closing to form a
cup; ectoflexid shallow to deep penetration; “V”
shaped linguaflexid; short to wide metapodials; and
short and moderately slender proximal and inter-
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frontal profile; moderately deep narial notch; strong
cranial flexion (dorsal margin of zygomatic ventral
to dorsal margin of orbit); moderately short pro-
tocone; moderate to deep penetration of ectoflexid;
“V” shaped to slightly broad linguaflexid; and large,
wide phalanx 1. This includes Equus (D.) cf. sim-
plicidens from Anza-Borrego (IVCM 2673 and
LACM 17614). LACM 17614 is more typically dol-
ichohippine than the stratigraphically younger [VCM
2673, which, though probably dolichohippine, re-
sembles the subgenus Equus in the shortness of its
rostrum, anterior position of orbit, and rather
straight frontal profile. These two specimens could
be interpreted as phyletically intermediate between
Equus (D.) simplicidens and the larger, new species
E. (D.) enormis of Anza-Borrego and as remotely
ancestral to the caballines. They range through late
Blancan or late Pliocene of the Anza-Borrego area,
California.

5. The largest dolichohippines with very long
rostra (rostral index 0.40 to 0.45) and long palate
(palatal index 0.21 to 0.27); extremely posterior
position of orbits; moderate development of pre-
orbital fossa (except for E. (D.) enormis); straight
to concave frontal profile; short to long grooved
protocone; open recessed “V” or with cup in L;
moderate to deep penetration of ectoflexids; “V”
shaped linguaflexids; long and wide metapodials
(not stiit-like); and large, moderately wide to broad
hooves. The following large dolichohippines pos-
sess these shared features and appear to be members
of the subgenus Dolichohippus: E. livenzovensis,
E. sanmeniensis, and E. koobiforensis of the Old
World and the new species E. (Dolichohippus)
enormis of the New World (see Fig. 31). They range
from latest Blancan to late Irvingtonian or late Plio-
cene to middle Pleistocene of the New World and
late Pliocene to earliest Pleistocene of the Old
World.

6. The early caballine E. (Equus) with short to
moderately long rostrum (rostral index 0.48 to 0.65);
short palate (palatal index 0.26 to 0.34); orbit usu-
ally above but occasionally posterior to M?*; pre-
orbital fossae slight to absent; relatively straight
frontal profile; moderately deep to shallow narial
notch; moderate cranial flexion; dorsal margin of
zygomatic arch generally in line with dorsal margin
of orbit; protocone moderately elongate with mod-
erate to broad groove (categories 3-4, Fig. 2H); [,
with open recessed “V,” closing “V”* or cup with
lingual groove; moderate to deep ectoflexid on M, _;;
linguaflexid moderately narrow “V” shaped to broad
“U” shaped (categories 3-4, Fig. 2F); generally large,

wide metapodials; and large proximal and terminal
phalanges (see Fig. 30 for dolichohippine and ca-
balline cranial comparisons).

Within these early caballines, two groups of E.
(Equus) may be distinguished. Group 1 is charac-
terized by a very broad rostrum (rostral index 0.57
to 0.68) and broad palate (palatal index 0.34 to
0.35), anterior position of the orbit, deep ectoflexid,
and “V” shaped linguaflexid and is represented by
E. idahoensis s.l., E. (Equus) sp. A (LACM 4335),
and possibly E. cf. caballus of the Irvington local
fauna. The strictly New World caballine Group 1
may appear in the late Pliocene and become extinct
by early Pleistocene.

Group 2 is characterized by short rostra (rostral
index 0.44 to 0.60) and short palate (palatal index
0.26 to 0.34), posterior orbital position, moderately
deep ectoflexid, broad “V” to broad “U” shaped
linguaflexid, and protoconal groove and is repre-
sented by E. (Equus) sp. B (IVCM 1816-1 and IVCM
1816-2), possibly E. cf. (Equus) (IVCM 3429), and
E. mosbachensis, and perhaps some later species
from the Old World. Group 2 may appear in middle
to late Pleistocene in North America and occurs in
the Old World from about middle Pleistocene, pos-
sibly continuing on to the present day.

7. The “true” Equus, or caballine E. (E.) prze-
walskii and E. (E.) caballus, have a short rostrum
(rostral index 0.50 to 0.60); broad or short palate;
orbit above or near M’; preorbital fossa absent;
frontal profile straight; deep to moderately deep
narial notch; cranial flexion very slight; dorsal mar-
gins of zygomatic arch and orbit in line; protocone
usually long with broad groove (categories 2-3, Fig.
2H); I, usually with cup; moderate penetration of
the ectoflexid; broad “V” shaped to broad “U”
shaped linguaflexid; short to large, or wide, meta-
podials; and large to medium size, narrow hooves.
These “true” caballines range from late Pleistocene
to modern time in the Old World for E. (E.) prze-
walskii (Kurtén, 1968), and to very late Pleistocene
of the Old and New World for E. (E.) caballus.

PALEOENVIRONMENT

The sediments and invertebrate faunas of the Im-
perial Formation and Palm Spring Formation con-
firm an occasional extension of the Gulf of Cali-
fornia into the Imperial Basin, including the
Anza-Borrego Desert area (see Downs and Wood-
ard, 1961; Woodard, 1974). This was also the time
of the beginning of the Peninsular Range uplift,
with resultant erosion and deposition, providing the

—

dispersal event. (7) Azzaroli (1983:123) “‘end Villafranchian event,” 0.9 Ma to 1.0 Ma, compared with 1.9 Ma of Lindsay
et al. (1980). (8) Churcher and Richardson (1978) indicated a range of early Pleistocene to Recent for E. (D.) grevyi in
Africa. (9) The source for 0.98 Ma, 3.41 Ma, 3.86 Ma, and 4.08 Ma dates, Johnson et al. (1983); for 3.48 Ma, Lundelius
et al. (1987). (10) We are not attempting to include the later Pleistocene E. (E.) caballus or other species in the New
World. (11) Specimens above this line are from the Borrego Badlands; those below are from the Anza-Borrego type

section.
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terrestrial sediments in which the vertebrate fossils
were preserved (Dibblee, 1954).

Axelrod (1979:67) summarized a paleobotanical
history of the Sonoran Desert including the Anza-
Borrego area: “Semideserts probably attained max-
imum area under the mild, dry climate of the Mid-
dle Pliocene (5 to 7 Ma), being interrupted by oak-
conifer woodland, grassland, thorn forest, and pos-
sibly by local desert patches. Reduced in area during
the moist late Pliocene and the Pleistocene pluvials,
a full regional desert environment first appeared
only during the interglacials and now has its greatest
extent under a dry climate whose severity has not
previously been equalled.”

There is evidence of major cooling in the North
Pacific about 2.5 Ma to 2.4 Ma according to Re-
penning et al. (1987). These authors also indicated
there was warming of the northern hemisphere at
2 Ma (see Fig. 31). Axelrod’s “moist Pliocene” would
approximately coincide with Repenning’s begin-
ning of cooling in the North Pacific at about 2.5
Ma to 2.4 Ma.

Remeika et al. (1988:183) reported the occur-
rence of petrified wood in the lower Palm Spring
Formation (approximately 3.8 Ma to about 2.6 Ma),
representing “‘temperate hardwood trees,” identi-
fied as the laurel (Umbellularia), poplar or willow
(Populus or Salix), and the walnut (Juglans). They
noted this reflects “a temperate climate with ocean
influence and predominantly winter rainfall.”

Howard (1963) described fossil birds from the
late Arroyo Seco to late Vallecito Creek local fau-
nas (late Pliocene to early Pleistocene) of the Anza-
Borrego area. About 50 percent of the birds rep-
resent aquatic habits, either fresh or marine waters.

The general mammalian faunal sequence indi-
cates relatively equable climatic conditions through
late Pliocene to middle Pleistocene of the Anza-
Borrego area. Extremes of cool or warm temper-
atures cannot be implied (see Downs and White,
1968).

The teeth of cf. Dinohippus sp. are smaller than
those of Equus. It was present in the Anza-Borrego
area from approximately 3.9 Ma to 4.0 Ma during
the late Hemphillian (early Pliocene) to possibly
late Blancan (late Pliocene about 2.6 Ma). Although
cf. Dinohippus sp. was of small size, it had high
crowned grinding teeth adapted for grazing, which
implies the presence of grasslands.

Temperatures were probably cooling at about
2.5 Ma (middle to late Blancan) when the dolicho-
hippine, E. (D.) cf. simplicidens, is recorded in Anza-
Borrego. This species and Equus (D.) enormis, E.
(Equus) sp., and E. cf. (Equus) sp. described in this
report were all relatively large horses compared to
other fossil and Recent species and all had hyp-
sodont or very high crowned teeth.

Eisenmann (1985:57-58) stated, “The robustness
of the metapodials and, to a lesser degree, the num-
ber of enamel plications on the upper cheek provide
some information on the environment of modern
species of Equus: the relatively slender hemionines,
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asses and Grevy’s zebras lived in more arid condi-
tions than the stouter horses, plain zebras and
mountain zebras.” Scott (1987) noted that limb el-
ements, including metapodials in living species, were
elongated in arid habitat species, shortened in
mountain zebras and intermediate in other species.

Equus (D.) enormis was a large horse with an
elongate cranium, a moderately complex dental
pattern, and moderately stout metapodials (see Figs.
16, 17). Churcher (1982) and Willoughby (1974)
noted that E. (D.) grevyi, which we consider to be
the modern relative of E. (D.) enormis, inhabits
arid, somewhat barren plains with short grasses in
East Africa. Pocock (1910) described E. (D.) grevyi
as having a deep and short neck with its “head
correspondingly long and heavy, so that the mouth
may reach the ground for grazing.” Eisenmann et
al. (1985) commented on muzzle length compared
with “maxillary diastema” and mandibular length,
especially in Equus mosbachensis. They concluded
(1985:157) that perhaps differences in muzzle length
in species of caballine horses “could result from
climatic adaptations (Allen’s law accounting for
short muzzles) possibly leading to more or less per-
fect speciations.” Allen’s rule states that extremities
or appendages are relatively shorter in cooler cli-
mates (see Ross, 1974). The modern Grevy’s zebra,
with elongate rostrum, lives in a warm to temperate
environment, perhaps following Allen’s rule. Equus
(D.) enormis is first recorded about 2 Ma, during
possible warming of the environment (Fig. 31).

Forsten (1988) reviewed ecological implications
of middle Pleistocene replacement of “stenonid”
and “caballoid” horses in Eurasia and Africa. She
discussed possible sympatry between “small selec-
tive grazers and large unspecialized ones,” consid-
ering behavioral attributes along with the limb bone
and dental variables.

The sampling of Equus from our Anza-Borrego
type section does not support sympatry of ecolog-
ically “selective species.” The most likely sympatric
occurrence is in the Borrego Badlands area of late
[rvingtonian (middle Pleistocene) time where we
have cranial and mandibular specimens of the large
E. (D.) enormis and large E. (Equus). There are no
apparent postcranial elements associated with these
records that might assist in ecological implications.

PALEOBIOGEOGRAPHY

Our interpretations of the geochronology and stra-
tigraphy in the Anza-Borrego area are based on
faunal analysis (Downs and White, 1968), magne-
tostratigraphy (Opdyke et al., 1977), and fission track
dating (Johnson et al., 1983). With these studies
and the present descriptions of Equus, we can hy-
pothesize on the paleobiogeographic implications.
Azzaroli (1982:74) stated, “The oldest representa-
tive of Equus is E. (Dolichohippus) simplicidens,
an animal of large size that lived in North America
between the middle Pliocene and the early Pleis-
tocene. Still in the Pliocene this lineage migrated
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to the Old World with E. livenzovensis and differ-
entiated into several species, all of large size.” He
stated further, on page 74, “It is also suggested that
horses (E. caballus, E. przewalskii, E. scotti, E.
lambei and others) may have been derived from E.
simplicidens through the North American E. ida-
hoensis, while the origin of the asinine group (asses,
hemiones and related taxa), though attested in North
America at an early date, is still obscure.” However,
Azzaroli (1982:95) later stated, “Horses and asses
(including hemiones) immigrated independently
from North America at the close of the Villafran-
chian.”

The sample of Equus (D.) simplicidens from the
early Blancan, Hagerman local fauna of Idaho, is
about 3.48 Ma or early to middle Pliocene (see
Neville et al., 1979; Lundelius et al., 1987). Con-
vincing arguments for rapid dispersal of land mam-
mals have been summarized by Repenning (1967),
Savage (1977), Lindsay et al. (1980), Savage and
Russell (1983), and Azzaroli (1982, 1983). Lindsay
et al. (1980) proposed dispersal events at 3.7 Ma,
2.6 Ma, and 1.9 Ma (see this paper, Fig. 31) when
access by way of the Bering Land Bridge was pos-
sible between North America and the Old World.

Azzaroli (1983) presented arguments for modi-
fication and additions to events discussed by Lind-
say et al. (1980). He proposed an “Elephant-Equus”
event that could be 0.3 Ma to 0.4 Ma older than
the 2.6 Ma event of Lindsay et al. (1980), thus
indicating a possible 2.9 Ma to 3.0 Ma for a dis-
persal time. He also recognized a “Wolf” event as
occurring at 1.7 Ma, in contrast to 1.9 Ma of Lind-
say et al. (1980; see Fig. 31). Azzaroli et al. (1988)
designated the “Elephant-Equus” event at about
2.5 Ma to 2.6 Ma.

The latest probable date for the first dispersal
event is about 2.6 Ma, since E. livenzovensis occurs
in Eurasia in the late Pliocene (Azzaroli, 1982) and
E. koobiforensis first occurs in Africa at a little less
than 2.3 Ma (J. M. Harris, personal communica-
tion, 1988; Harris et al., 1988:27-33, fig. 2, G Mem-
ber). There is no evidence to support Equus dis-
persal at the earliest time, 3.7 Ma, suggested by
Lindsay et al. (1980). Unless earlier occurrences are
discovered in the Old World, we assume that 2.6
Ma to 3.0 Ma is the most likely dispersal time.
Woodburne and MacFadden (1982:323) indicated
that Equus arrived in the Siwaliks at about 3 Ma.
Lindsay et al. (1980) proposed the dispersal of Equus
into Eurasia at the 2.6 Ma event and about 1.9 Ma
for entry of Equus into Africa. Eisenmann (1981a)
cited a 2.0 Ma date for the occurrence of Equus
in Africa. The probable subgeneric relationship of
the Equus they discuss is not stipulated by these
authors. We have concluded that E. koobiforensis
is probably dolichohippine. It has been reported to
occur in Africa from 1.8 Ma to slightly less than
2.3 Ma (see Harris et al., 1988).

The occurrence of E. koobiforensis in Africa af-
ter 2.3 Ma seems to contradict the assumption of
Lindsay et al. (1980) that “Equus did not enter
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Africa during the 2.6 mya. dispersal event.” Equus
(Dolichohippus), as we interpret it, apparently dis-
persed from Eurasia to Africa before 2.0 Ma and
perhaps during or after the 2.6 Ma to 3.0 Ma dis-
persal events.

It thus appears that there was diversification of
large dolichohippines from the stem North Amer-
ican species E. (D.) simplicidens resulting in Old
World species such as E. livenzovensis, E. stenonis,
E. sanmeniensis, E. koobiforensis, and ultimately
the Pleistocene to Holocene species E. (D.) grevyi
(see Fig. 31 and our species comparisons). The larg-
er dolichohippines of the Old World and the large
E. (D.) enormis and E. (D.) cf. simplicidens (IVCM
2673 and LACM 17614) from North America seem
to have evolved in parallel from E. (D.) simplicidens
during the same time interval (from about 3.0 Ma
or 2.6 Ma to 1.6 Ma). There is a remote possibility
that E. (D.) enormis could have been derived from
a species like the Eurasian E. livenzovensis, E. san-
meniensis, or E. stenonis by way of a dispersal from
Eurasia to North America during the 1.9 Ma to 2.0
Ma dispersal event. However, evidence for a mor-
phologically intermediate form in North Ameri-
ca—E. (D.) cf. simplicidens IVCM 2673 and LACM
17614) in Anza-Borrego between 2.1 Ma and 2.3
Ma—seems to argue against immigration of this
stock from Eurasia.

Equus (Equus), the caballine or “true horse,”
does not appear in Eurasia before the 1.9 Ma to
2.0 Ma dispersal event (see Fig. 31). However, Az-
zaroli interpreted his “End Villafranchian event,”
dated between 1.0 Ma and 0.9 Ma, as the time the
“True horses (Equus caballus or Equus ferus) and
a primitive ass (Equus altidens) immigrated from
North America and dispersed rapidly over Eurasia”
(Azzaroli, 1979, 1982, 1983:123-124). Lindsay et
al. (1980) dated the mammalian dispersal event when
Equus entered Africa and Mammuthus arrived in
North America at 1.9 Ma (they did not designate
the Equus subgenus), but their hypothesis was pro-
posed before it became evident that E. koobiforen-
sis appeared in Africa about 2.3 Ma (see Harris et
al., 1988).

Hibbard et al. (1965:table 2) recorded Equus
(Equus) from the early Irvingtonian (or late Kansan)
to late Pleistocene in North America. Repenning
(1985) referred to “caballine Equus™ as part of an
“invasion” of North America at 2.0 Ma.

Dalquest (1978:196) discussed the occurrence of
Equus (Equus) in North America and stated, “A
lower jaw from a Pleistocene deposit in Aguasca-
lientes, Mexico, was referred to Equus caballus
(Mooser and Dalquest, 1975). On this specimen,
the ectoflexids are broad and relatively deep on all
three molars. They enter into the metaconid-meta-
stylid isthmus, but not deeply so: this is a common,
but not extreme, condition in E. caballus and E.
(Dolichobippus). It is also the condition sometimes
seen in the M, rarely the M,, of aberrant specimens
of Asinus. I now think that this fossil represents an
extreme variant of Asinus excelsus (Leidy, 1858)
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that is unique in having an M, like the M, of true
Equus. Linguaflexids are broadly ‘U’ shaped.”
Dalquest (1978:196) also opined, “No probable an-
cestor of Equus (Equus) is apparent in the American
Hemphillian or Blancan horses. Probably true Equus
never did occur in the New World. Presumably it
originated in Asia from immigrant Dinohippus or
Equus (Dolichohippus).”

A decision on the subgeneric identity of the spec-
imen from Aguascalientes, Mexico, described by
Mooser and Dalquest (1975) is not realistic on the
basis of the molar dentition only. Moderately deep
ectoflexids do occur in E. (Equus) and E. (Doli-
chohippus), but we believe it is rare that E. (Asinus)
would have penetration of the ectoflexids.

If the combinations of characters of the cranium
and mandible of E. (Equus) subgenus as defined in
this report are valid, and if our interpretation of
the morphology of E. (Equus) sp. A (LACM 4335),
E. (Equus) sp. B (IVCM 1816-1 and IVCM 1816-
2), probably Equus idahoensis, and E. cf. (Equus)
(IVCM 3429) is accepted, it is apparent that true
Equus (Equus)-like horses could have occurred in
western North America before Recent time.

The discrepancy between the 1.0 Ma and 0.9 Ma
estimate of Azzaroli (1983) for the Equus dispersal
event compared to that of 1.9 Ma to 2.0 Ma by
Lindsay et al. (1980) and Eisenmann (1981a) is sig-
nificant. We prefer the 1.9 Ma to 2.0 Ma estimate
because we believe our E. (Equus) sp. A (LACM
4335) provides evidence for E. (Equus) in the North
American Vallecito Creek local fauna at about 1.9
Mato 2.0 Ma, and we consider E. idahoensis (+2.34
Ma) as probably belonging to the subgenus Equus.
A late Pliocene to early Pleistocene dispersal of E.
(Equus) could have been from North America to
Eurasia and then to Africa during the 1.9 Ma to
2.0 Ma dispersal event. Azzaroli (1982:93) stated
that horses immigrated from North America at the
close of the Villafranchian. Churcher and Richard-
son (1978:403) stated that “remains identified as
deriving from true horses (E. (Equus) spp.) in Africa
are recorded from deposits of late Pliocene deposits
of North Africa and from deposits of early to late
Pleistocene in East and South Africa,” but their
subsequent discussion of African fossil specimens
is limited to species of the subgenera Dolichohip-
pus, Hippotigris, and Asinus. They questioned the
record, according to Churcher (personal commu-
nication, 1992).

It i1s certainly feasible for the Equus dispersal
event to have taken place within the interval of
time between 1.9 Ma and 2.0 Ma. With reference
to living animals, Kurtén (1957:217) stated, “An
unchecked spread of some 1000 kilometers in a
century would seem a moderate estimate for most
larger animals.” Savage and Russell (1983:6) sur-
mised that ‘“‘assuming no special restraints, a mam-
malian species might extend its geographic range
from the Bering Straits to western Europe in about
1,000 years.” The initial migration of the genus
Equus must have taken place prior to 2.0 Ma, given
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the apparent presence of dolichohippine zebras in
the late Pliocene of East and North Africa. The
possibility of a second migratory wave of equids at
about 1.9 Ma, this time involving the subgenus
Equus, that may have resulted in the establishment
of the hippotigrine quagga, plains, and mountain
zebras in sub-Saharan Africa, is an interesting ram-
ification of our study of the Anza-Borrego equid
material.

CONCLUSIONS

The Anza-Borrego Desert local faunas provide ev-
idence that:

1. Dinohippine, dolichohippine, and caballine
fossil Equidae occurred in the earliest Pliocene to
middle Pleistocene sequence of sediments of the
Anza-Borrego Desert State Park, San Diego County,
southeastern California.

2. ct. Dinohippus sp. is represented at horizons
of earliest Pliocene (late Hemphillian) and late Plio-
cene (late Blancan) age. cf. Dinohippus sp. may be
morphologically intermediate between Dinohippus
(last occurring at localities of early Blancan age)
and E. (D.) simplicidens.

3. Morphological features characterizing the
subgenera of Equus, Dolichobippus, Hemionus,
Asinus, and Amerhippus are presented.

4. The new species Equus (Dolichohippus) enor-
mis occurs in the Palm Spring and Ocotillo For-
mations, late Pliocene (late Blancan) to middle
Pleistocene (late Irvingtonian), 2.0 Ma to 0.5 Ma.

5. Equus(D.) enormis displays morphologic sim-
ilarities to E. (D.) simplicidens of North America,
E. livenzovensis of Russia, E. sanmeniensis of Chi-
na, E. koobiforensis of Africa, possibly E. stenonis
of Eurasia, and modern E. (D.) grevyi of Africa.

6. Three specimens of Equus (D.) cf. simplici-
dens from latest Arroyo Seco and early Vallecito
Creek local faunas may be morphologically inter-
mediate between E. (D.) simplicidens and E. (D.)
enormis.

7. Three crania and four mandibles from the
Vallecito Creek local fauna and the Borrego Bad-
lands area are referable to the caballine subgenus
E. (Equus), possibly representing three species and
indicating probable origin of “true” Equus in North
America and its subsequent migration to Eurasia
and Africa about 1.9 Ma to 2.0 Ma.
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~ Equus (Equus) or probable caballines of the
New World, Group 1

°ccce Eauus (Equus) or probable caballines of the
New and the Old World, Group 2

TIME FACTORS

ANA 2.3 + 0.4 Ma, fission track date from zircons
of tuff (Johnson et al., 1983)

s Gradational time change or “boundary™

(® 1.9, 2.6, 3.7 Ma; dispersal events of Lindsay
et al. (1980); also see Figure 31, footnotes 5,
6,and 7

APPENDIX B
ADDITIONAL MEASUREMENTS

Cranial measurements not included in Table 2.

Length from mid-line connecting posterior edge
of orbits to occipital crest, IVCM 2673, 175 mm.
Length of orbit, IVCM 2673, 63 mm; LACM 4338,
53 mm (estimated). Dorsoventral depth of orbit,
IVCM 2673, 43 mm; LACM 4338, 40 mm. Dor-
soventral depth of premaxillae at pre-canine, [VCM
32, 31.4 mm; IVCM 2673, 41 mm; LACM 4338,
44 mm. Dorsoventral depth of premaxilla posterior
to canine, IVCM 2673, 48 mm; LACM 4338, 46
mm; LACM 16815, 47 mm. Greatest cranial trans-
verse width at temporal condyles, [VCM 2673, 193.5
mm; IVCM 3429, 222 mm (estimated). Greatest
transverse width of palate at junction of P*-M!,
IVCM 3429, 66.2 mm; IVCM 32, 78 mm. Basi-
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sphenoid-basioccipital transverse width, IVCM
2673, 19.8 mm. Temporal condyle anterior-pos-
terior length, IVCM 2673, (right) 25 mm, (left) 26
mm; LACM 4338, 23.4 mm; LACM 17614, 26 mm.
Transverse width zygomatic arch, anterior to tem-
poral condyle, IVCM 2673, 24 mm; IVCM 3429,
20 mm; LACM 4338, 24 mm. Least transverse width
of orbital bar (jugal-zygomatic), [IVCM 2673, (right)
27.2 mm, (left) 27.2 mm. Frontal width divided by
basilar length, IVCM 2673, index 0.37. Facial length
divided by basilar length, IVCM 2673, index 0.76.
Cranial length divided by basilar length, IVCM 2673,
index 0.31. Cranial flexion or angle, IVCM 2673,
35° to 40° (estimated); LACM 4338, 35° to 40° (es-
timated). Temporal condyle to I1 divided by cra-
nial-rostral length, [IVCM 2673, index 0.28; LACM
17614, 0.28. Dorsoventral depth of orbit divided
by anterior-posterior length of orbit, IVCM 2673,
index 0.68. Braincase transverse width divided by
basilar length, IVCM 2673, index 0.16. Diastema
between I’ and posterior nares divided by transverse
width at I;, IVCM 32, 0.58; IVCM 2673, 0.65;
LACM 4338, 0.47; LACM 16815, 0.57; LACM
17614, 0.59.

Humerus measurements not included in Table 6,
IVCM 32 only.

Greatest distal, anterior-posterior diameter of
shaft, proximal to medial condyle, 44.7 mm; great-
est proximal distal diameter at medial condyle, 54.4
mm; greatest anterior posterior diameter at lateral
condyle, 62.8 mm; greatest proximal distal diameter
at lateral condyle, 48.2 mm.
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