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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. Dinobippus 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 strata (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-
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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
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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 Oustalet, 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.
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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 Natural History
(FMNH), Chicago, Illinois; 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 adequately
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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 M2, and [VCM 2257-3, right M', from
locality IVCM 177; IVCM 1873, partial left man-
dible with 1,, partial [, and P, to M;; a partial right
mandible with [,, 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 Dinobippus, 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. Dinobippus 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 1s a right M2, 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 M3, 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,-I;, well worn, occlusal view. a. enamel, b.
nutrient canal, c. basal remnant of recessed open “V.” C. Equus (Equus) caballus (Linnaeus, 1758), Holocene, LACM
51575, right I,-1,, moderate wear, occlusal view. a. enamel, b. enamel bordered infundibulum. D. Equus (Asinus),
Holocene, LACM 31132, left I,-I;, 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-
dens. R. H. Tedford (personal communication,
1985) has verified for us the lack of a cup in the I,
of the holotype of D. leidyanus, and he noted this
was also true of samples of Dinohippus from the
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Edson Quarry, Kansas. MacFadden (1984:280) ob-
served that in Dinohippus mexicanus from the Ye-
pomera local fauna of Mexico the incisors had
“cement filled infundibulae.” However, in our sur-
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 & S S §?
0.55 or less (E). Short or broad, index 0.50-0.55
or more (S).
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 P A A A
g 0.58 or more (P), 0.24-0.40 or less (A).
4. Isthmus: P/2 to P/4 strong isthmus; protoconid -+ I I 4= -

united directly to metaconid-metastylid column,
hypoconid joined to posterior part of protoconid
junction.’
S. Isthmus: M /1 to M /3 strong isthmus; protoconid P7 P I I p7
united to metaconid, metastylid more posteriorly
placed, lingual to metaconid-protoconid junction,
no ectoflexid penetration, index® 0.36-0.49 or less
(). 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-  — - +8 - =
toconid to metaconid, M /3 occasionally with
penetration of ectoflexid (or hypoconid-metasty-
lid union).
7. 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 C® o C’, H* o R®
enamel surrounded pit, cement filled (C). /1 and
1/2 with cups; 1/3 usually with a recessed, poste-
rior open “V”’ (O). 1/1 to 1/3 without cups or
has a posterior ridge or buttons (R). I/1 to /3
with deep cement filled cups, distinct lateral heel
on /1 and 1/2, talonid on 1/3 (see subgenera dis-
cussion) (H).
9. Metapodials: long and slender; estimated indices.! M M L2
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).

N
w

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 P>.

* 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 I, divided by AP length I, to P..
* AP from junction 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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