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- The lower I1 and I2 have no cups. 
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Figure 55. Ratio diagrams of A. pseudaltidens (Powers Ranch, Coleman) and E. semiplicatus (Channing) third metapodials. n=number of specimens. Data in Tables 3, 4, 6.
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Figure 56. Ratio diagrams of first phalanges of E. hydruntinus (Chokurcha II, Solenoie), Equus sp. (Conkling, Shelter), E. calobatus (Arkalon), A. pseudaltidens (Powers Ranch), and E. semiplicatus (Channing). Data in Tables 5-6.
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Figure 57. Ratio diagrams of A. pseudaltidens (Powers Ranch), E. semiplicatus (Channing), and A. francisci limb bones lengths. Data in Table 2.
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 The referred metapodials (BEG 31186-3 and 7) are long and slender but their proximal and distal ends are not so small (Figure 55). Winans (1985) gave the dimensions of a MT from Coleman, Florida (Irvingtonian) that seems close to the Powers Ranch MT dimensions.

- The posterior first phalanx also has a more developed distal end than either E. calobatus or E. semiplicatus (Figure 56 right).

- Metapodials are long relative to the femur and tibia, but not as much as at Channing (Figure 57 left). 

Althogether, these limb bones seem intermediate between those of typical stilt legged forms and extant hemiones. Their referral to the type teeth could be questioned because another upper premolar (BEG 31186-13), referred to E. littoralis, was found at the same locality. Its enamel pattern (Figure 54-3) is more consistent with what can be expected from the proportions of the limb bones but the size is too small (21.6mm). In conclusion, the association of cheek teeth absolutely not hemione-like with slender limb bones is unusual in Equus. The occurrence of a pli protostylid on P/2 and the lack of cups, however, point to an affinity with Amerhippus. If so, we have now another slender Amerhippus, beside A. francisci.

2. Amerhippus sp. of Natural Trap, Wyoming, ca 12 Ka. 

There is evidence for the presence of four species at Natural Trap: 

- a caballine represented by the upper and lower series UNSM 51079 and by a fragment of mandible UNSM 47238 with cups on the incisors;

- a large Amerhippus;

- an E. cf. conversidens;

- a small Amerhippus, to which belong most specimens. 

a. Large Amerhippus
- A badly-preserved skull (UNSM 51330) is very large (basilar length: 552mm) but rather narrow. The auditive meatus seems very small (not figured on Fig. 58). The muzzle is long and uncommonly wide. The skull, such as it appears, resembles a specimen of Amerhippus of Tarija, Bolivia (Chicago Field Museum PM 142-14). The corresponding distal articular widths of metapodials should be more than 45mm (Appendix 4).

- Cheek teeth

The associated series UNSM 56806 VY are not quite adult. The teeth are large (176mm for the lower series). The metaconids of M/1 and M/2 are elongated (and bilobated on M/1), as in some specimens from Loufangzi and from Amerhippus (Figs. 23a-b, 59). 

- This large species was vey probably slender form as shown by five humeri, one radius, three tibiae, and three third phalanges (UNSM 31447 - probably anterior; 50818 and 52567 - probably posterior; Fig. 65). According to correlations in extant slender
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species the diistal articular width of third metapodials would have been: MC11 around 45-45.5; MT11 around 44-44.5. One slender MC (UNSM 50987) probably belongs to this species (Fig. 62). The large and slender equid of Natural Trap is too poorly represented for a discussion of its proportions (Fig. 66).
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Figure 58. Ratio diagrams of Natural Trap and Tarija skulls. Data in Table 7.
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Figure 59. Associated upper and lower cheek teeth UNSM 56806 (1-3) and lower M1-M2 (4) of Amerhippus (PA Ecuador, Oil Fields).

b. Small Amerhippus
It is well represented by a mandible, without cups on the incisors (Fig. 60).

On the basis of the mandible dimensions, the skull basilar length was about 437mm (Appendix 1, 3). Probably belong to the same species the lower P2-P4 UNSM 42589.

Average dimensions of twelve MC were given by Winans (1985) but we have now the data on 49-57 MC and 58-64 MT from Natural Trap measured by one of us (JH).  There are  also  data  on  other  limb  bones.  We  will  consider  only the  gracile
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specimens. Their variation is very large. We have tried to sort them as well as we could.

[image: image6.png]



Fig. 60. Small Amerhippus from Natural Trap, NT 500NW515. 1: Lower cheek teeth. 2. Symhysis. 3: Mandible.
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Fig. 61. Small Amerhippus from Natural Trap, UNSM 42589, lower P2-P4.

- Five metacarpals have abnormally small widths. Possibly they were pathological or not quite mature; they were ignored. One individual (represented by right and left metacarpals) has strange proportions (UNSM 57642); it was not included in the statistics. Another (also represented by right and left metacarpals has deeper distal ends than the rest (UNSM 50987) and was referred to the large Amerhippus. The rest of gracile metacarpals (n=46-52) may be considered as a homogeneous sample (Fig. 62). The bulk of slender MC are close in size and proportions (Figure 64 left) to extant Mongolian hemiones, E. hemionus hemionus, to slender equids from Yukon and Alaska (Dawson 37: NMC 35468, 35497, 35397, Dawson unknown locality: NMC 36155); (Gold Run: NMC 13472-32), and, surprisingly enough, from Pool Branch, Florida (Winans 1985).
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Figure 62. Ratio diagram of Natural Trap slender MC III mean and range of variation (n=number of specimens) and of two other MC III. Data in Table 8.

- Three metatarsals (UNSM 50817 and 52203, very probably of the same individual, and UNSM 32818) have deeper distal ends than the rest. Another (UNSM 52327) is smaller and more robust (Fig. 63). Many are abnormally flat. They were not included in the statistics. The rest of gracile metatarsals (n=34) may be considered as a homogeneous sample. 

The bulk of slender MT of Natural Trap are also similar to extant hemiones (Figure 64 right) but with deeper proximal epiphyses and diaphyses. So are the MT of Dawson: NMC 25178-16 (associated to a posterior first phalanx NMC 24177), 25188-13, 34775-?, 35498-37, 37835-39, 35626-40) described by Harington & Clulow (1973).
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Figure 63. Ratio diagram of Natural Trap slender MT III mean and range of variation (n=number of specimens) and other MT III. Data in Table 8.

- First Phalanges (PH1)

Again several gracile specimens (UNSM 31447 - probably anterior; 50818 and 52567  -  probably posterior)  differ  from  the  bulk  and  were  referred to the  large
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Amerhippus. For the rest, means of anterior phalanges of Natural Trap and extant E. hemionus hemionus are close; those of posterior phalanges are more different (Fig. 65). 
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Figure 64. Ratio diagrams of Equus and/or Amerhippus sp. (Natural Trap, Dawson, Gold Run, Pool Branch) and E. hemionus hemionus third metapodials. Data in Tables 3, 4, 8.
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Figure 65. Ratio diagram of Natural Trap slender PH1 mean and range of variation (n=number of specimens) and other slender PH1. Data in Table 8.

- The limb bones proportions (Fig. 66) of the best represented equid of Natural Trap are not those of a  stilt-legged equid: metapodials and first phalanges are not elongated relatively to proximal bones as they are in E. pseudaltidens of Powers Ranch. The slender equid of Natural Trap had hemione-like proportions. 

c. Interpretation

- Because of several lower cheek teeth characters and of the lack of cups, we refer to Amerhippus sp. the bulk of equid remains from Natural Trap. If so, that is the third
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known slender Amerhippus. It was not a stilt-legged equid equid, its limb bones proportions being more hemione-like.

- We refer also to Amerhippus the large and slender form, much less documented but whose fragmentary skull resembles a specimen from Tarija (Bolivia).
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Figure 66. Ratio diagram of limb bones lengths and third anterior phalanx width. H: humerus, F: femur, R: radius, T: tibia, MC: third metacarpal, MT: third metatarsal, Ph1 A: first anterior phalanx, Ph1 P: first posterior phalanx, Ph3 A: third anterior phalanx. Data in Table 2.

V. INCERTAE SEDIS AND HEMIONE-LIKE EQUUS
As we have seen, stilt-legged forms are characterized by the relative lengths of their limb bones. When no information exists on the lengths of humerus, radius, femur, or tibia, it is difficult to decide whether some slender equid belonged to the stilt legged group or to hemione-like one.  

1. Equus sp. B of Leisey Shell Pit A, Florida

Hulbert (1985) described as Equus sp. B teeth and metapodials from this Irvingtonian locality (around 1.2 Ma).

 -  The muzzle was probably about 120mm long and very wide. All lower incisors have well developed cups (Fig.67).

- The upper cheek teeth have no pli caballin and long protocones; the lower cheek teeth have shallow ectoflexids and rather zebra-like double knots. Upper and lower P2 are rather short like in E. semiplicatus (Fig.68). On the basis of cheek teeth length, the
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skull basilar length was 400-450mm.
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Figure 67. Mandibular symphysis of Equus sp. B from Leisey Shell Pit A, UF 85785, adapted from Hulbert (1985).
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Figure 68. Upper and lower cheek teeth of Equus sp. B. 1: UF 80850. 2: UF 83309. Adapted from Hulbert (1985).

- As noted by Hulbert, metapodials resemble hemiones, and also E. hydruntinus (Fig.69).

A MT from Fossil Lake, Oregon, (UCMP 2437) and another from Ingleside Pit, Texas (BEG 30907-6) published by Quinn (1957) may belong to the same form. There again, there is some likeness with E. hydruntinus but the distal epiphyses are larger. Pending information on the other limb bones, it is impossible to say whether Equus sp. B belonged to the stilt legged group.

2. Equus sp. of Conkling and Shelter, New Mexico, Plum Point Interstadial?

Data (Table 5) were kindly provided by A. Harris. Three first phalanges, if they are anterior, compare well with two specimens belonging to E. hydruntinus (Fig.56 left).
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Fig. 69. Ratio diagrams of Equus sp. B, E. hydruntinus, and other (Fossil Lake, Ingleside Pit) third metapodials. Data in Table 3-4.

DISCUSSION AND CONCLUSIONS

1. Summary of characters

- Skull and teeth

The following table (Fig.70) summarize the main characters we used in comparing Old World Hemiones to slender New World equids.
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Fig.70. Comparison of main skull and teeth characters in hemiones and New World slender equids.

It shows that there is no New World equid presenting all Hemiones characters, the closest being E. tau and the most unlike Hemiones - A. francisci.

- Third metapodials (Fig.71)

Stilt metapodials differ from Old World extant hemiones by deep diaphyses (4) at least on MC III, relatively more narrow proximal epiphyses (5) and often by relatively larger distal articular breadths (11). By these features they resemble more E. hydruntinus. In the not-stilt-legged Amerhippus of Natural Trap (Fig.64) proximal depths are especially developed.
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- Limb segments proportions

The extreme elongation of metapodials relative to proximal bones (Fig.32, 57) has never been found yet elsewhere than in the New World. It exists since the Late Blancan and is present in A. francisci which, however, differs by its skull from other  stilt-legged equids. 
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Figure 71. Ratio diagrams of various New World slender Equus compared to Old World E. hemionus and E. hydruntinus third metapodials. Data in Tables 3, 4, 6, 8.
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2. Discussion

A recent molecular study (Weinstock et al. 2005) brings evidence supporting the endemy of all North American stilt-legged and hemione-like equids (NWSL for short). Three calibration points based on paleontological data are used for divergence date estimations: 

- 55 Ma for most recent common ancestor (MRCA) of rhinoceroses and equids,

- 3 or 4 Ma for MRCA of hippidion and NWSL,

- 1.3 Ma for the base of the caballine clade.

Old World zebras, asses, and hemiones form a basal polytomy, anterior to the node uniting hippidions, NWSL, and caballines, i.e. before 3 to 4 Ma.

From a zoological point of view, it is difficult to admit that caballines are closer to hippidions than to Old World hemiones, asses, and zebras; and even more that they interbreed with the latter after a separation of more than 3 Myr. This proximity is as astonishing as that previously found between hippidions and Old World hemiones (Orlando et al. 2003). Let us note that in that paper the studied hippidion bones were eventually (and reluctantly) assigned to Amerhippus by one of the authors (VE), precisely because of the surprise caused by the molecular results. It is also difficult to accept that there is nothing more than a convergence between NWSL and Old World hemiones. Admittedly, cursorial adaptations may develop in parallel. But the quite peculiar occlusal pattern of the lower cheek teeth, appearing now and again in New World (Fig. 72-1,3,4), and Old World equids (Fig. 72-2,5,6), looks more like a  common genetic character than a parallelism. 
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Figure 72. New and Old World lower cheek teeth. 1: Dry Mountains, AMNH 116502, P3-P4, adapted from Azzaroli & Voorhies 1993. 2: Venta Micena, VM 84 C3 B9 12. P3-P4. 3: Arkalon Gravel Pit, UMMP 29069, M1, adapted from Hibbard 1953. 4: Tarija, V 689, P4. 5: Choukoutien, IVPP-CKT 1930-5, P3 or P4. 6: E. kiang, FMNH 182, M1.

3. Conclusion

We propose that Old World hemiones, Sussemiones, Amerhippus, and NWSL have a common origin in the Late Blancan of North America (Fig.73). 

215

- Amerhippus have originated in North America, posibly from forms like AMNH 116502 of Dry Mountains, Arizona (Fig. 33-1). Some of them became slender, like the Powers Ranch A. pseudaltidens, A. francisci, and the Natural Trap Amerhippus. 

- Sussemiones possibly differentiated in Beringia as suggested by the lower cheek series found at Lost Chicken, Alaska (Fig. 33-5). They were extremely successful and dispersed into all Eurasia and Africa (Eisenmann 2006b). Only part of them (E. granatensis group) adapted to dry environments, acquiring slenderness, cursorial proportions, and relatively simple enamel pattern on the upper cheek teeth. Other (E. coliemensis group) exhibit large size and extremely complicated enamel patterns possibly related to humid conditions. 

- In North America, true stilt-legged Equus (E. calobatus, E. cf. calobatus, E. semiplicatus) originated also during the Late Blancan, as shown by the Equus of Santo Domingo. 

- Equus sp. B of Leisey does not look like a true stilt-legged equid. It may be at the origin of E. tau. 
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Figure 73. Possible relationships between New and Old World equids.

- Old World hemiones differentiated later, either from a yet unknown Beringian ancestor (not necessarily slender !), or from a North American migrant that could have resembled Equus sp. B of Leisey. The Old World hemiones may be defined, in addition to slenderness and cursorial proportions, by the shortness of the muzzle, the development  of  deep  post-protoconal  valleys  and  loss  of  pli  caballins  on the upper 
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cheek teeth. E. hydruntinus is apomorphic by microdonty, short protocones, and shallow ectoflexids on molars.

APPENDIX

When one has to deal with fossil samples where some bones or informations are missing, it may be convenient to 'guess' the missing dimensions. Although correlations between size of bones, skulls, or dentitions are not precise, they do exist and render possible some estimations.

The following scatter diagrams illustrate these correlations. They are based on extant Equus associated material.

1. Relations between basilar length of the skull and maximal length of the mandible (A) and between the skull muzzle length and the mandibular muzzle length (B).
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Appendix Fig. 1.  (A) is based on average dimensions observed in 61 E. caballus, 55 E. grevyi, 37 E. przewalskii, 59 E. zebra, 27 E. africanus, 31 E. burchelli granti, 31 E. burchelli burchelli, 28 E. hemionus kulan, and 52 E. asinus. We have added a minimum value (E. asinus) and a maximum value (E. caballus). (B) is based on 38 E. caballus, 9 E. grevyi, 35 E. przewalskii, 9 E. zebra, 9 E. africanus, 19 E. burchelli burchelli, 24 E. hemionus kulan, and 19 E. asinus.

Being based on average values, the (A) correlation is especially good: R2=0.9836. The basilar length (y) = maximal mandibular length (x) * 1.525 - 9.5315.

The (B) correlation is good enough: R2=0.893. The skull muzzle length (y) = mandibular muzzle length (x) * 1.0277 + 8.3459.

2. Relation between Basion-vomer distance and Postorbital line length.
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Appendix Fig. 2. Scatter diagram (in mm) of Basion-vomer distance versus Postorbital line length based on 32 E. grevyi, 41 E. zebra, 51 hemiones (E. hemionus and E. kiang), and 55 Horses (12 E. przewalskii and 43 E. caballus).

The correlations is not so good: R2=0.744. A rough estimation of the Basion-vomer distance is however possible. The Basion-vomer distance (y) = Postorbital line length (x) * 0.5732 + 3.236.

3. Relation between cheek teeth length and skull basilar length

The correlation is R2=0.8161. The basilar length (y) = cheek teeth length (x) * 3.8974 - 154.53. The cheek teeth length (y) = basilar length (x) * 0.2094 + 61.78.

4. Relation between metapodial distal articular width and skull basilar length.

The correlation for MC is R2=0.8153. The distal artcular width of MC (y) = basilar 

length (x) * 0.0726 + 7.4217. The basilar length (y) = distal artcular width of MC (x) * 11.227 - 0.1552. 

The correlation for MT is R2=0.8511. The distal artcular width of MT (y) = basilar 

length (x) * 0.0782 + 4.0611. The basilar length (y) = distal artcular width of MC (x) * 10.885 + 22.901. 
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Appendix Fig. 3. Scatter diagram (in mm) of skull basilar length versus cheek teeth length based on 58 E. grevyi, 19 E. zebra, 34 Asses (14 E. asinus and 20 E. africanus), and 33 hemiones  (E. hemionus and E. kiang).
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Appendix Fig. 4. Scatter diagram (in mm) of distal articular width of MC III versus skull basilar length (left) based on 24 E. grevyi, 8 E. zebra, 22 E. asinus, and 65 E. hemionus. Scatter diagram (in mm) of distal articular width of MT III (right) versus skull basilar length based 24 E. grevyi, 8 E. zebra, 21 E. asinus, and 63 E. hemionus.
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