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Fig. 16: Lower cheek teeth, 1. E. kiang, ZIN 5227, P/3, 2. E. ¢f. marxi, Cullar de Baza 15730, P/3-P/4. 3. Equus ?, Livenzovka
RGU 570, P/3. 4. E. ¢f verae, Chukochya 3341-606, P/3-P/4. 5. Equus sp., Krestovka 851-74/8, P/3-M/1. 6. E. marxi paratype,
Siissenborn 1368, P/4. 7. E. granatensis, Venta Micena 3564, P/4. 8. Equus 7, Livenzovka RGU 92, M/1. 9. E. verae, Old Crow

Loc TTA, NMC 17949, M/L.

tocene. Although not perfectly preserved, it most probably
belongs to Equus. The skull is as large as that of a Grevy’s
Zebra but its proportions recall those of Hemiones (Etsen-
MANN & Kuznersova 2004). The upper cheek teeth are
plicated and have wide-based plis caballins (plate 11-7).
There are no associated lower cheek teeth but some were
referred to £. coliemensis by Lazarev (fig. 17—1). In the
lower cheek teeth, the enamel is plicated and the hypostylid
very developed on M/3. We may tentatively refer to this
group many teeth from Alaska, Yukon, and Chukochya
(including £. verae SHer 1971, 1987), E. suessenbornensis
(including Akhalkalaki, Cueva Victoria) and a few teeth
from Ethiopia (plate II-9-10). The resemblance with some
teeth from Khapry and Livenzovka is striking {plate I1--8,
14, 106; fig. 16-8). The metapodials are large and robust.

— Equus granatensis group

E. granatensis was described at Venta Micena as a sub-
species of E. stenonis (MariN 1987). Because no skull
has been found, this equid could be possibly attributed
to Allohippus, for instance to the variety present at Pirro
(b G et al. 1987). The upper cheek teeth of the Venta
Micena representative have in fact plications and small
protocones (plate [1-3-5) very similar to those shown by
the Pirro specimens. Several characters, however, distin-
guish it from Allohippus stenonis (EisEnmany 1999). In
particular, the occurence of stylids and of hemione-like
patterns in the lower check teeth strongly suggests that
E. granatensis is indeed an Eguus. The metapodials are
very slender.

To the same group belong E. hipparionocides of
Alkhalkalaki, the very poorly defined E. altidens, and the
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just better defined E. marxi of Siissenborn. Teeth and/or
metapodials of this group are found in the Forest Beds
(Trimmgham), and in Spain (Cueva Victoria, Cullar de
Baza, Huescar).

Other Early and Middle Pleistocene species:
“Zebrasses”

- unformal grouping of fossils sharing Zebra
and Ass characters,

1. E. nalatkhaensis

Undoubtedly belonging to Equus, this Mongolian species
exhibits a mosaic of Hemione, Ass, and Grevy’s zebra
characters (Eisenmann & Kuznersova 2004).

2. E. apolloniensis

Described by Kouros etal. (1997) from Apollonia, Greece,
Latest Villafranchian, it is represented by a skull incontest-
ably of Equus. The skull is slightly larger than that of £,
nalaikhaensis, with wider frontals and a shorter snout. The
upper and lower cheek teeth could be referred to an Ass.
The metapodials, however, are rather robust and resemble
E. sp. B of Nalaikha.

3. Equus sp. of Siissenborn

About 20 upper cheek teeth were found at Siissenborn.
They are somewhat smaller than those of £. suessen-
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Fig. 17: Lower cheek teeth. 1. E. coliemensis, Chukochya, TA 1721, P/2-M/1 and M/3, after Lazarev (1980). 2. E. verae, Chukochya,
PIN 3341-689, M/3. 3. K. verae, Chukochya, associated M/1 and M/3, PIN 3100-333. 4. E. verae, Old Crow, Loc. 9, NMC 32165,
M/3. 5. Equeus sp., Dry Mountains loc., Arizona, AMNH 116502, P/2-M/3, after Azzarout & Vooruies (1993).

bornensis, and morphologically different from both £
suessenbornensis and E. marxi (fig. 18). Unlike both the
latter, the Slissenborn teeth are not very hypsodont. They
are not as plicated as the teeth of £. suessenbornensis, and
their postprotoconal valley is not as deep as in the teeth of
E. marxi. They often bear two plis on the posterior border
of the prefossette, constantly in the same place. The pro-
tocone is bilobated. They are rather Zebra-like.

The Siissenborn deposits are about 23 im deep and may
cover as much as 100 ka (R.-D. Kaurke and L. MauL, pers.
comm.). Climatic changes certainly occurred over this
period of time, and the conditions may have changed
from humid to dry. The very plicated teeth of E. suessen-
bornensis may be related to a moister period than the poorly

plicated ones of Equus sp. and of the Hemione-like
E. marxi. Equus sp. might have evolved from E. suessen-
bornensis.

Some lower caballoid cheek teeth have already been
illustrated and discussed by Forsten (1986). They are
large and could belong to £. mosbachensis. There are a
few other smaller teeth with the stenonine pattern shared
by some Zebras and Asses. Unlike F. marxi, the double
knot of the premolars is symmetric, rounded, and with a
pointed and well marked lingual valley. They may belong
to Equus sp.

The polymorphy in the small sample of MC III (fig.
19} also indicates the presence offgé)g{eral species. Beside
the large and flat specimens (n=3 to 0) referable fo £.

3 cm

Fig. 18: Equus sp., Sissenborn, Upper cheek teeth. 1. S 9180, P3/-M3/.2. § 9264, P3/ or P4/. 3, 89276, P3/ or P4/. 4. S 9265, M1/

or M2/, 5. 8617, M1/ or M2/.
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Fig. 19: Ratio diagram of third metacarpals. See fig. 6.

suessenbornensis and the much smaller, slender specimens
referable to E. cf. granatensis (two well preserved), there
are two other morphs. The first (n=2 to 4) is intermedi-
ate in length between the morphs of E. suessenbornensis
and E. cf. granatensis, more slender than that of E. sues-
senbornensis, and deeper in the diaphysis. The second (S
1139) is shorter than any other, robust, and could belong
to a small Caballine, or possibly to a Zebra.

Discussion and Conclusions

Palaeontological data indicate that Equus existed in Cali-
fornia, at Anza Borrego, about 2 Ma ago. Although larger,
the Californian skull resembles extant Plains Zebras as
well as their Middle Pleistocene relative, E. mauritanicus
(fig. 20). According to the illustrations (plate I-1 and 6)
adapted from Downs & MiLLERr (1994), the upper and lower
cheek teeth resemble those of Plesippus and Allohippus,
and of extant non-caballine species. They have no Hemi-
one-like character. In the late Blancan of Arizona, there
is a much smaller species (AzzaroLi & VOORFAIES 1993)
with lower cheek teeth which remind our “Sussemiones”
(fig. 17-5). Another, much larger species, with marked
Sussemiones characters (plate I-5) was found in Alaska,
probably in Pliocene deposits (over 2 Ma, A. SHER, pers.
comm.). Two groups therefore coexist since the first ap-
pearance of Equus: a Zebrass-like and a Sussemione-like.
They are contemporary with Allohippus (fig. 14). There
1s no evidence for any Caballine-like species, or at least
caballine characteristic lower cheek teeth.

The success of the “Zebrasses” is difficult to evaluate
because they are mostly defined by the lack of original
characters. The “Sussemiones” seem to have been very
successful, judging by the vast geographical distribution
from Arizona to Ethiopia, and by the chronclogical span
from about 2 Ma to about 0.5 Ma. Allohippus had a similar
distribution and a somewhat longer chronological span
(fig. 14). Sussemiones seem to have become extinct, at
least in Europe, at the time when Caballines appeared.

Judging by the tooth and limb bone morphology, the
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E. granatensis group lived and/or fed under drier condi-
tions than the E. coliemensis group. Did both groups really
coexist 7 There is no evidence of “E. coliemensis” in the
very rich sample of Venta Micena, nor of “E. granatensis™
in Chukochya. The time encompassed by the Stissenborn
deposits is very ample. Cueva Victoria may have been
equally heterogeneous. Akhalkalaki seems the only place
where both have coexisted, at least in the broad palaeon-
tological sense.

Compared with all other monodactyl equids, the E.
coliemensis group seems affected by a whole range of
excesses: largest teeth and metapodials (Ersenmann 2003),
most complicated tooth patterns, deepest vestibular val-
leys, shallowest lingual valleys, most developed stylids.
The teeth morphology suggests an “excess” of enamel
connected with an unstable pattern; the vestibular val-
leys can be either very deep or very shallow (fig. 17-3).
Gromova (1952: 92) interpreted the evolution from deep
to shallow vestibular valleys as a strengthening of the
tooth: a vestibulo-lingual ridge composed of two layers
of enamel would be more resistant filled with dentin than
filled with cement. Whatever the case, vestibulo-lingual
ridges are often well marked on both lower (plate 1-4)
and upper (plate 11-17) cheek teeth. They contrast with
the flat, grinding, occlusal surface usually observed in
Equus. Again, the pattern is not stable. On the whole, it
seems that there were various attempts to react to a new or
more pronounced stress. Hypoplasia rings on some tooth
crowns, at least at Stissenborn (fig. 21), indicate that the
individuals suffered stresses during their lifetime.

One may expect that the Equus species that precede
the differentiation of extant ones are “cocktail species™
in which modern characters are variously mixed. This
actually occurs in the Sussemiones and Zebrasses (the
only modern character that does not appear is the typical
caballine double knot). Even admitting the very early
separation of the Caballine branch proposed by molecular
biology (fig. 2), there is no palacontological gap between
this point and the branching off of the rest of the extant
species: the “gap” may be easily filled by Sussemiones
(Venta Micena, Garba IV) and Zebrasses (Nalaikha, La-
khuti IT). Since Sussemiones left no survivors, they cannot
be taken into account by molecular biology.

Palacontelogical data suggest a nearly simultaneous
appearance of all extant species, at the earliest at the
beginning of the Middle Pleistocene, excepted Hemiones
which may have differentiated a little earlier (Tologoj).
The Iate appearance of Caballines is in contradiction with
biomolecular interpretations. Perhaps, the impossibility till
recently to use an adequate cutgroup was misleading. It
would be very interesting, now that some molecular data
exist on South American equids (OrLANDO et al. 2003),
to use them as the outgroup. Whether these data concern
Amerhippus, as indicated by OrLanDo et al. (2003), or
Hippidion, to which the fossil morphology seems to point
(Wemnstock et al. 20035), they would belong to a much
closer relative than Rhinoceroses.
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Fig. 21: Hypoplasia on lower cheek
teeth, Siissenborn. 1. E. suessen-
bornensis, S 5203, P/3 or P/4. 2,
E. marxi, S 482, P/3 or P/4. 3 E.
marxi, S 9176, M/1 or M/2.
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Plate ¥
Upper and lower cheek teeth.
1: Equus sp., upper cheek series IVCM 2673, Anza Borrego, Loc. IVCM 790, after Downs & MiLLer (1994).
2: E. granatensis, lower P/2 VM 3572, Venta Micena.
3: E. granatensis, lower cheek series VM 84 C3 B9 12, Venta Micena.
4: E. suessenbornensis, lower cheek series S 9280, Siissenborn.
5. Equus sp., lower cheek series, Lost Chicken.

6: Equus sp., lower cheek series IVCM 2673, Anza Borrego, Loc. IVCM 790, after Downs & MILLER (1994).
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Plate 11
Upper cheek teeth.
1: £. livenzovensis Type L4, Livenzovka, M1/,
2: E. cf. granatensis, Sissenborn, S 4609, M1/.

3: E. granatensis, Fuensanta, 13540, M1/.

4-5: E. granatensis, Venta Micena, VM 82 1068 and VM K 11, M/ and P/.

6: E. hipparionoides Type, Akhalkalaki 100, P4/.

7. E. coliemensis Type 1A 1741, Chukochya, upper series.

8: Equus 7, Khapry RGU 391, P3/ or P4/.

9: Equus sp., Melka Kunturé, Garba [V, MK 74-7150, P3/ or P4/.
10: Equus sp., Melka Kunturé, Gomboré IT MK 73-1978, P3/.
11: E. cf. granatensis, Siissenbormn, Halle “P”, P3/ or P4/.

12: Equus 7, Livenzovka, L 1533, M1/ or M2/.

13: Equus suessenbornensis, Stissenborn, Halle “B”, M1/ or M2/.
14: Equus ?, Livenzovka, L 131, P/ or M/,

15: E. cf. verae, Chukochya Loc 26, PIN 2998-243, P/ or M/.

16: Equus 7, Livenzovka, RGU 149, M?/.

17: E. suessenbornensis, Siissenborn, S 5226, P3/ or P4/.

18: E. suessenbornensis, Sissenborn, S 4219, P4/,
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