159

OLD WORLD HEMIONES AND NEW WORLD SLENDER SPECIES 

(MAMMALIA, EQUIDAE)

by

Véra EISENMANN*, John HOWE** and Mario PICHARDO***

SOMMAIRE

                                                                                                           Page

Résumé, Abstract ...................................................................................... 160

Introduction ............................................................................................... 162

Extant and recently extinct hemiones ......................................................  164
I. Equus hemionus ................................................................................... 164

II. Equus hydruntinus .............................................................................. 168

III. Other Old world fossil hemiones ...................................................... 171
1. Tologoj, Transbaikalia .....................................................................  171

2. Binagady, Azerbaijan ....................................................................... 172

3. Kurtak, South-Central Siberia .......................................................... 175

4. Sjara-osso-gol, Ordos, Mongolia ...................................................... 175

5. Loufangzi, Huanxian, Gansu, China .................................................177

6. Yushu, Jiling, China ......................................................................... 179


7. Gulongshan Cave, Dalian, China ..................................................... 181

8. Conclusion ........................................................................................ 181

*MNHN, Département Histoire de la Terre, CP 38, UMR 5143 du CNRS, Paléobiodiversité et Paléoenvironnements, 8 rue Buffon, 75005 Paris, France, vera@mnhn.fr, vera.eisenmann@orange.fr
**Bowling Green State University, Ohio, 43403 Bowling Green, United States of America

***27 14th St., W., Minneapolis, MN 55403, United States of America

     Mots-clés: Equus, Amerhippus. Ancien Monde, Nouveau Monde. Pliocène, Pléistocène, Holocène.      


     Ostéologie, Biométrie

Key-words: Equus, Amerhippus. Old World, New World. Pliocene, Pleistocene, Holocene. Osteology, Biometry.

Palaeovertebrata, Montpellier, 2008, 36(1-4): 159-233, 73 fig., 4 append. fig., 8 tabl.

(Publié le 15 Décembre 2008)

160

Sussemiones ………………………….………………………………... 183

Stilt-legged and hemione-like equids of North America ……………… 184

I. First stilt-legged Equus ……………………………………………..…. 185

II. Large and middle sized Equus …………………………….…….. 187

1. Localities and Chronology ……………………………..….... 187

2. E. calobatus ………………………………………………......188
3. E. cf. calobatus ……………………………………………… 191


4. E. semiplicatus ………………………………………………..191

a. Rock Creek and San Diego ………………………….. 191

b. Hay Springs ………………………………………….. 192

c. Channing ……………………………………………... 193



d. Slaton ………………………………………………… 195

e. Cedazo, Mexico ……………………………………… 195

5. Conclusions ………………………………………………….  195

III. Small slender Equus ……………………………………………. 196

1. Amerhippus francisci ………………………………….…….. 196

2. Amerhippus francisci in Alaska ? ……………………….…... 198

3. E. tau …………………………………………….………….. 200

4. E. quinni …………………………………………………….  202

5. Conclusions …………………………………………………  202

IV. Slender Amerhippus ……………………………………………. 202

1. Amerhippus pseudaltidens ……………………………………. 202
2. Amerhippus sp. of Natural Trap ……………………………… 205
a. Large Amerhippus …………………………………………..  205

b. Small Amerhippus …………………………………………..  206

c. Interpretation ………………………………………………… 209

V. Incertae sedis and hemione-like Equus ………………………….  210

1. Equus sp. B of Leisey ………………………………………   210

2. Equus sp. of Conkling ………………………………………   211
Discussion and conclusions ……………………………………………  212

1. Summary of characters …………………………………………… 212

2. Discussion ………………………………………………………..  214

3. Conclusion ………………………………………………………..  216

Appendix ………………………………………………………………   216

Acknowledgements …………………………………………………….. 218

References ……………………………………………………………… 219

Annexe (Tables) ………………...……………………………………… 223

RESUME

Description morphologique et biométrique de crânes, dents et os des membres d'hémiones actuels et fossiles de l'Ancien Monde (E. hydruntinus inclus) et d'espèces sveltes ("stilt-legged" et autres) du Nouveau Monde du Pliocène à l'Holocène. Un Appendice présente des techniques qui permettent d'évaluer des dimensions manquantes à partir de données accessibles.

Les fossiles discutés et/ou figurés proviennent d'Allemagne (Süssenborn), de Bolivie (Tarija), du Canada (Yukon), de Chine (Choukoutien, Gulongshan, Jiling, Loufangzi), de l'Equateur (Oil Fields), de l'Espagne (Venta Micena), de l'Ethiopie (Melka Kunturé), de France (Lunel-Viel), Grèce (Agios Georgios, Petralona), Hongrie (Dorog), Italie (Romanelli), du Mexique (Cedazo, San Josecito), de 
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Mongolie (Sjara-osso-gol), de l'ex Union Soviétique (Akhalkalaki, Binagady, Chokurcha, Chukochya, Kabazi, Kolyma, Krestovka, Kurtak, Staroselie, Tologoj), des USA (Alaska, Arkalon, Cedar Meadow, Channing, Conkling, Dry Mountains, Hay Springs, Leisey Shell Pit A, Lissie Formation, Natural Trap, Pool Branch, Powers Ranch, Rock Creek, San Diego, Santo Domingo, Seymour Formation, Shelter, Slaton, Trinity River). De nombreuses données numériques brutes ou élaborées statistiquement figurent dans les tableaux.

Il n'y a aucune preuve de l'existence d'hémiones de l'Ancien Monde dans le Nouveau ni de la présence d'équidés "stilt-legged" du Nouveau Monde dans l'Ancien. Ces derniers semblent apparaître au Blancan final (Santo Domingo, Nouveau Mexique) et sont probablement à l'origine d'E. calobatus (Arkalon, Rock Creek) et du plus petit E. semiplicatus (Channing, Rock Creek). Les espèces sveltes mais non "stilt-legged" trouvées à Natural Trap, Wyoming, il y a environ 12.000 ans appartiennent à Amerhippus. Toutes ces espèces présentent néanmoins des caractères particuliers sur les dents jugales inférieures observés aussi chez les Sussemiones (et certains hémiones) de l'Ancien Monde. 

L'Equus sp. B svelte de Leisey Pit A, Floride, vieux d'environ 1,2 Ma, Amerhippus francisci et E. tau (probablement synonyme d'E. quinni) ont une même morphologie des dents jugales inférieures mais les crânes d'A. francisci et d'E. tau, sont très differents.

Les données palaéontologiques suggèrent une origine commune pour les Sussemiones, Amerhippus et les équidés "stilt-legged" d'Amérique du Nord vers la fin du Blancan. Les hémiones de l'Ancien Monde apparaissent plus tard. 

ABSTRACT

Morphological and biometrical description of skulls, teeth, and limb bones of extant and fossil Old World hemiones (including E. hydruntinus) and of New World 'stilt-legged' and other slender species from Blancan to Holocene. An Appendix presents ways in which the approximate size of some missing bones or dimensions may be deduced from available ones.

The discussed and/or illustrated fossils were found in Bolivia (Tarija), Canada (Yukon), China (Choukoutien, Gulongshan, Jiling, Loufangzi), Ecuador (Oil Fields), Ethiopia (Melka Kunturé), France (Lunel-Viel), Germany (Süssenborn), Greece (Agios Georgios, Petralona), Hungary (Dorog), Italy (Romanelli), Mexico (Cedazo, San Josecito), Mongolia (Sjara-osso-gol), Spain (Venta Micena), ex-Soviet Union (Akhalkalaki, Binagady, Chokurcha, Chukochya, Kabazi, Kolyma, Krestovka, Kurtak, Staroselie, Tologoj), USA (Alaska, Arkalon, Cedar Meadow, Channing, Conkling, Dry Mountains, Hay Springs, Leisey Shell Pit A, Lissie Formation, Natural Trap, Pool Branch, Powers Ranch, Rock Creek, San Diego, Santo Domingo, Seymour Formation, Shelter, Slaton, Trinity River). Numerous raw or statistically elaborated data are given in Tables.

There is no evidence for existence of Old World hemiones in the New World nor of 'stilt-legged' equids in the Old World. The first 'stilt-legged' equid was found at Santo Domingo, New Mexico, and is believed to be Late Blancan. It was probably at the origin of E. calobatus (Arkalon, Rock Creek) and of the smaller E. semiplicatus (Channing, Rock Creek). Slender, but not 'stilt-legged', equids found at Natural Trap, Wyoming, ca. 12 kyr ago belong to Amerhippus. All these species share with Old World Sussemiones (and some hemiones) peculiar patterns on the lower cheek teeth.

The slender Equus sp. B of Leisey Pit A, Florida, ca. 1.2 Ma, as well as Amerhippus francisci and E. tau (probably a senior synonym of E. quinni) share conventional lower cheek teeth patterns. The skulls of A. francisci and E. tau, however, are quite different.

Paleontological data suggest a common origin of Amerhippus, Sussemiones, and 'stilt-legged' equids during the late Blancan. Old World hemiones seem to have differentiated later.
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INTRODUCTION

Paleontological and biomolecular data agree on a clear separation between caballines and the rest of extant Equus. According to molecular biology, this separation was quite old (about 2Ma ago); paleontology does not support such a date since the oldest known caballines are only about 0.7 Myr old (Eisenmann 2006b). 

According to both paleontology and molecular biology, the extant hemiones of the Old World were the next group to branch off the common stem, possibly about 1Myr ago (Oakenfull et al. 2000; Eisenmann 2006b). Given the general history of equids, the emergence of hemiones may, at least as a working hypothesis, be sought in North America. 

The purpose of this paper is to bring together the information now available to us on what were the Old and New World hemiones and hemione-like forms, and to what extent they may have been related. We give as many photographs and diagrams as possible in order to show, rather than describe, what we have observed. The quality of our photographs and  reproductions of photographs is often poor but we trust that they provide enough information to atone for their defects.

We will begin by the Old World extant forms in order to give a good basis for the subsequent comparisons with fossils of the Old and New Worlds. Because of the too frequent lack of association between fossil skulls, teeth, and limb bones, a certain amount of guessing about what fits with what is necessary. To justify our guesses we have used scatter diagrams comparing various bone measurements in extant species of Equus for which associations are certain. They will be found in the Appendix.

Abbreviations for collections:

AC, MA: Laboratoire d'Anatomie Comparée, des Mammifères et Oiseaux du MNHN, Paris, France.

AMNH, FAM: American Museum of Natural History, New York, USA. 

BEG: Bureau of Economic Geology, University of Texas

BM: British Museum (Natural History), London, Great Britain. 

FC: Fauna Cedazo, Mooser private collection, Mexico

FM, PM: Field Museum, Chicago, USA. 

IA: Geological Institute, Iakutsk, Russia. 

IGM: Instituto Geologico, Mexico.

IVPP: Institute of Vertebrate Paleontology and Paleoanthropology, Beijing, China. 

KU: Kansas University, USA.

LACM: County Museum, Los Angeles, USA. 

MGU: Zoological Museum of the Moscow University, Moscow, Russia. 
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NMC: National Museums, Ottawa, Canada.

PA: Laboratoire de Paléontologie du Muséum national d'Histoire naturelle du MNHN, Paris, France. 

PIN: Paleontological Institute, Moscow, Russia. 

PMYU: Paleontological Museum of Yale University, USA.

RGU: University of Rostov Museum, Russia.

S: Süssenborn, Forschungsstation für Quartärpaläontologie, Weimar

SI: Severtsov Institute, Moscow, Russia. 

SMUMP: Southern Methodist University Museum of Paleontology, USA.

TAMU: Texas Agricultural and Mechanical University, USA.

TB: Tbilisi, Georgia, 

TMM: Texas Memorial Museum, USA.  

UCMP: University of California Paleontological Museum, Berkeley, USA.

UF: University of Florida, Gainesville, USA.

UMMP: University of Michigan, Paleontological Museum, Ann Arbor, USA. 

UNSM: University of Nebraska State Museum, Lincoln, USA. 

USNM: Smithsonian Institution, Washington, USA.

VM: Venta Micena, Institut "Miguel Crusafont", Sabadell, Spain.

ZIN: Zoological Institute, St Petersburg, Russia. 

Abbreviations used in tables for data origin:

AA: Azzaroli 1998

AA & MV: Azzaroli & Voorhies 1993

AH: Arthur Harris, pers. comm.

BS et al.: Slaughter et al. 1962

CH: Hibbard 1953

CH 1955: Hibbard 1955

CH & DT: Hibbard & Taylor 1960

EL & MS: Lundelius & Stevens 1970

GM: Gabriella Mangano, pers. comm.

HO: Osborn 1929

JH: John Howe

JQ: Quinn 1957

MS: Skinner 1942
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MW: Melissa Winans 1985

OH: Hay 1915

OM & WD: Mooser & Dalquest 1975

RH: Hulbert 1995

VE: V. Eisenmann

WD: Dalquest 1967

WD & JH: Dalquest & Hughes 1965

ZX et al.: Zhou et al. 1990

EXTANT AND RECENTLY EXTINCT HEMIONES

I. EQUUS HEMIONUS

The geographic distribution of the hemione specific group extends, or recently extended, from China to Syria (Denzau & Denzau 1999; Eisenmann & Mashkour 2000; Schreiber et al. 2000). The smallest subspecies was the hemippe, E. hemionus hemippus of Syria (HS for short); it disappeared in the second half of the 19th century. The largest subspecies or species is the kiang, inhabiting Tibet (K for short). The other subspecies are the dzzigetaj, E. hemionus hemionus of Mongolia (HM), the kulan, E. hemionus kulan of Turkmenistan (HT), the khur, E. hemionus khur of India (HI), and the onager, E. hemionus onager of Iran (HP). Detailed data on cheek teeth and limb bones were published by Eisenmann & Mashkour (2000). HO stands for specimens without certain geographical provenance.

In spite of size differences between the small hemippe and the other, quite larger  hemiones, the resemblances between extant hemione skulls is evident (Fig.1). 

The limb bones and their proportions are also similar (Fig.2 left). 

But the variability of cheek teeth is very large. On the upper cheek teeth (Fig.3), the protocone length and shape may be quite different, even within the same subspecies: short or long (Fig.3-1 and 2); lingually convex (Fig.3-1) or concave (Fig.3-3). The pli caballin is rare but may occur (P4/ on Fig.3-4). The most constant character seems to be the depth of the post-protocone valley, but it may not be expressed (M1/ on Fig.3-1, P3/ on Fig.3-4).
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Figure 1. Ratio diagrams of extant hemione skulls. Measurements (16-32) are described in Table 1. Subspecies abbreviations (HP-HS) are explained in the text. The shaded area represents the range of variation in n = 30 E. hemionus onager.
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Figure 2. Ratio diagrams of limb bones lengths: humerus (H), femur (F), radius (R), tibia (T), third metacarpal (MC), third metatarsal (MT), anterior first phalanx (Ph I A), posterior first phalanx (Ph I P). Measurements in Table 2. Subspecies abbreviations (HP-HS) explained in the text.

On the lower cheek teeth (Fig.4), the vestibular groove can be pointed just like in an ass (Fig.4-1), or caballoid (P/4 on Fig.4-2); it may also exhibit the kind of "bridge" described in wild asses by Groves, 1966 (Fig.4-3). The metastylid may be rounded (Fg.4-1) or pointed (Fig.4-5, 6)). Usually the ectoflexid is shallow even in molars, but it may penetrate the isthmus of the double knot (M/1 on Fig.4-2). A shallow linguaflexid (P/3 and P/4 of Fig.4-4 and 5), although far from constant is the only character that is not frequently found in other extant Equus. 

The lower incisors always have cups (Eisenmann 1979).

Limb bones are always slender but there are some differences not only in size but also in proportions (Fig.5). The slenderest (3 relative to 1) MC III are those of the
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hemippe (HS); kiangs (K) are distally wider at the supra-articular tuberosities (10). 

The same features are observed on the MT III. Moreover, hemippes have flatter diaphyses (4). The samples are very poor, however, and we are still unable to give a good graph for khur metapodials. 

[image: image3.png]



Figure 3. Occlusal views of upper P3-M2 of some extant hemiones. 1: E. h. khur, BM 1940-358. 2: E. h. khur, BM 1946-594. 3: E. h. kulan, MGU 74787. 4: E. kiang, MGU 151314.
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Figure 4. Occlusal views of lower P3-M2 of some extant hemiones. 1: E. h. khur, BM 1940-358. 2: E. h. hemionus, AMNH 57201. 3: E. h. hemionus, MGU 43233. 4: E. h. hemionus, MGU 100535. 5: E. h. no origin, AMNH 60345. 6: E. h. kulan, MGU 74802.
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Figure 5. Ratio diagrams of extant hemiones third metacarpals (MC III) and metatarsals (MT III). Measurements (1-14) explained in Table 3-4. Data in Eisenmann & Mashkour (2000).

II. EQUUS HYDRUNTINUS
We know now that the recently extinct E. hydruntinus is closely related to extant hemiones (Orlando et al. 2006) but distinct (Burke et al. 2003), differing from them mostly by the skull and by the cheek teeth (Eisenmann & Mashkour 1999). The oldest E. hydruntinus was found at Lunel-Viel France (Bonifay 1991), and is believed to be ca 300 Ka old. E. hydruntinus survived into the Holocene and may perhaps even been present in historical times in Portugal (Antunes 2006). The best-preserved skull from the Late Pleistocene of Crimea (Fig.6) is remarkable by its wide muzzle (17, 17bis) and by its very short naso-incisival notch (31).

Most characteristic of E. hydruntinus are the short protocones of the upper cheek teeth and the deep ectoflexids of the lower molars (Fig.7).

Another characteristic is the microdonty (Fig.8). Compared to the length of metapodials (Mc1 and Mt1), the dimensions of P3/-P4/ (Psize) and of M1/-M2/ (Msize) are small except in the oldest form of Lunel-Viel. The small size of the protocones (Pprot. and Mprot.) is also well illustrated on Fig.8.

Samples are at all times very poor, so that the limb segments proportions are somewhat uncertain. It seems, however, that the MT III of E. hydruntinus are longer relative to the MC III than in extant hemiones as shown by the ratio diagram (Fig.2 right) and the scatter diagram (Fig.9). The Sjara-osso-gol material will be discussed later. 

There were certainly several subspecies of E. hydruntinus (Fig. 10). The best-represented are the smallest (and probably the oldest) E. hydruntinus minor of Lunel Viel (Bonifay 1991), one of the largest  - E. hydruntinus petraloniensis (Tsoukala 1991), and the type E. hydruntinus hydruntinus of Romanelli (Stehlin & Graziosi 1935).
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Figure 6. Ratio diagrams of Kabazi E. hydruntinus skull. Measurements are given in Table 1.
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Figure 7. Upper (1) and lower (2) cheek teeth of E. hydruntinus (Agios Georgios, SGK 76 and 574, University of Thessaloniki, Laboratoty of Geology and Palaeontology).
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Figure 8. Ratio diagrams comparing length of third metacarpals (Mc1) and metatarsals (Mt1), size of upper premolars (P) and molars (M), and protocone length of upper premolars (Pprot.) and molars (Mprot.) in extant hemiones (K, HM, HT, HI, HS; data in Eisenmann & Mashkour 2000), fossil hemione (Tologoj), and E. hydruntinus (Dorog, Staroselie, Lunel-Viel).
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Figure 9. Scatter diagram of third metatarsal (MT III) and metacarpals (MC III) lengths in extant hemiones and E. hydruntinus.
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Figure 10. Ratio diagrams of E. hydruntinus third metacarpals (MC III) and metatarsals (MT III). Measurements in Tables 3-4. n=number of specimens

The size of MC and MT III is similar in E. hydruntinus and extant hemiones. But on the average, the MC III and MT III  of E. hydruntinus (Fig.11 left) are more robust (3 relative to 1) than in hemiones, and deeper in the diaphysis (4). Data in Eisenmann & Maskour 2000 and in Tables 3-4.
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Fig.11. Ratio diagrams comparing E. hydruntinus and E. hemionus third metacarpals (MC III) and metatarsals (MT III). Measurements in Tables 3-4. n=number of specimens.

III. OTHER OLD WORLD FOSSIL HEMIONES

According to the genetic studies of Oakenfull et al. (2000), the first hemiones of the Old World differentiated about 1 Ma. Some fossils, possibly slightly younger, were found in Transbaikalia (Vogt et al. 1995).

1. Tologoj, Transbaikalia

On the upper cheek teeth the protocones are rather small; the lower cheek teeth resemble extant hemiones: shallow linguaflexid on P/3, elongated metaconids (Fig.12).

Although much larger, the third metapodials of Tologoj resemble more in their proportions E. hydruntinus than extant hemiones (Fig.13).

But unlike recent E. hydruntinus, there is no microdonty and the protocones are not as small as in E. hydruntinus (Fig.8).

Thus, the hemione of Tologoj seems somehow intermediate between E. hydruntinus and the extant hemiones.
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Fig.12. Upper (PIN 729) and lower cheek teeth (PIN 2193) of Tologoj.
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Fig.13. Ratio diagrams of Tologoj third metacarpals (MC III) and metatarsals (MT III). Measurements in Tables 3-4. n=number of specimens

2. Binagady, Azerbaijan

A new subspecies of hemione, Equus hemionus binagadensis, was described by Eisenmann and Mashkour (1999) from the final Riss or the Riss-Würm of Binagady, near Baku. There are several well-preserved fragments of adult skulls and mandibles and one juvenile (about one year old) skull. We have not seen the juvenile skull but Gadjiev (1953) gave some dimensions which enable us to guess their probable adult size (following the technique described in Eisenmann and Geraads (2007). 

The skull is small, the muzzle is very short, and the distance between Basion and posterior border of vomer is longer than usual in extant hemiones (Figs.14- 15). The skull is certainly different both from E. hemionus (Fig.1) and E. hydruntinus (Fig.6). Actually, it may even belong to a true species, rather than only a subspecies of hemione. The skull from Jiling will be discussed later.

The upper cheek teeth vary in size and protocone length but all have deep postprotoconal valleys and no pli caballin (Fig.16). Most lower cheek teeth resemble those of asses: deep linguaflexids and shallow ectoflexids (Fig. 16-5).

