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DATA BASE FOR TEETH AND LIMB BONES
OF MODERN HEMIONES

par

Vera EISENMANN*, Marjan MASHKOUR**

INTRODUCTION

The members of the genus Equus may be reasonably assigned to 6 groups : Horses, Hemiones, Asses,
Mountain Zebras, Plains Zebras, and Grevy’s Zebras (Groves and Willoughby 1981). We are concerned here
with the group of Hemiones.

As their very name indicates, Hemiones are supposed to be « Half Asses ». Craniological characters
(Eisenmann 1980) were found to agree with this statement : Hemiones appear intermediate between Horses
and Asses, but closer to Asses than to Horses. When the purely morphological resemblances were checked by
a tentative cladistic approach, Hemiones remained the sister group of Asses (Eisenmann 1979b).
Chromosomal studies gave similar results (Ryder et al., 1978) ; trees based on mitochondrial DNA cleavage
maps failed to strongly discriminate the branching order of Asses and Hemiones (Matthew and Ryder 1986).
Anyway, there seems to exist a consensus as to the close relationship between Asses and Hemiones
(Oakenfull and Clegg 1998, fig. 5).

Groves and Mazak (1967) and Groves (1986) split Hemiones into two specific groups : 1. Kiangs, and
2. other Hemiones. Each group is subdivided in subspecies. There are three subspecies of E. kiang (E. k. kiang
in Western Tibet, E. k. polyodon in Southern Tibet, and E. k. holdereri in Eastern Tibet), and six subspecies of
E. hemionus (the Hemippe of Syria - E. h. hemippus -, the Onager of Persia - E. h. onager -, the Kulan of
Turkmenistan - E. . kulan -, the Khur of India - E. khur -, and the two Dziggetais of Mongolia - E. h. hemionus
- of Kazakstan, northern Mongolia, Transbaikalia, and - E. h. luteus - of southern Mongolia and adjacent
Kansu). Thus, there are nine geographical taxa. Some confusion exists about the Hemiones found near Kichik
Ulan Ussu (near Barkul, Sinkiang) which are referred to E. h. luteus by Groves and Mazak (1967), but to E. h.
hemionus by Groves (1986).

In his detailed monograph, Bannikov (1981) insists on the conspecificity of Kiangs and other
Hemiones. He quotes G.E. Grumm-Grjimailo and Prjewalski, who were not able to say to what « species » (E.
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kiang or E. hemionus) belonged the animals they have seen North-West of Nan-Shan. Moreover, he
distinguishes only eight geographical forms, which are not quite the same as those distinguished by the
precedent authors : E. h. hemionus (Mongolia), E. h. finschi (Kazakstan, very poorly known), E. h. onager
(Turkmenia, Uzbekistan, Eastern Transcaucasia, Iran (excluding the South-East), Afghanistan), E. h. khur
(Western Pakistan and Western India, South-East of Iran), E. h. hemippus (Syria), E. h. kiang (Western Tibet),
E. h. holdereri (Central and North-Eastern Tibet, Altyn-Tag, Kuku-Nor surroundings, Western Nan-Shan), and
E. h. polyodon (Sikkim, the nearby Tibet, North-East of Nepal). Bannikov observes that E. h. hemionus are closer
to E. h. kiang than to E. h. onager.

A recent detailed and beautiful monograph (G. and H. Denzau, 1999) reviews extant African Asses and
Asian Hemiones and provides numerous photographs, illustrations, and maps. This work is based not only
on bibliographical data, but also on personal studies in the wild, in particular of Onagers, Dziggetais, Kiangs,
and Khurs. The authors distinguish nine forms : E. hemionus hemionus (the Dziggetai, including E. hemionus
luteus as a synonym), the extinct E. hemionus castaneus (the Kazakhian Kulan, including E. hemionus finschi), E.
hemionus kulan, E. hemionus onager, E. hemionus khur, the extinct E. hemionus hemippus, E. kiang kiang (Western
Kiang), E. kiang holdereri (Eastern Kiang) and E. kiang polyodon (Southern Kiang). In their opinion, there is no
written proof for Bannikov’s assertion of an unclear boundary between Kiang and Dziggetai (G. and H.
Denzau, 1999, p. 22). Although the horizontal gap between the two distributions is not very big, the different
elevation and the extreme dry desert belt in between are possibly effective barriers between the two
populations. It is interesting, however, to note that G. and H. Denzau observe that Kiangs are closer to
Mongolian Dziggetais than to Indian Khurs (1999, p. 47).

The exact relationships between all these forms are still debatable. The access to the animals is difficult,
some forms have completely disappeared, many are endangered and parked in reserves or zoos (G. and H.
Denzau, 1999). The material collected in the wild is scanty, and the corresponding information is not
altogether reliable and frequently imprecise. When osteological and biomolecular approaches are used in
parallel as in the case of the collaboration (presently in progress) initiated by the European Endangered
Species Program (Eisenmann and Shah 1996 ; Schreiber et al., 1996), they provide not quite concordant results,
possibly because they are not based on equivalent samples. Sticking to pure craniology, principal components
analyses of the 160 available skulls (personal data) show that : -Eastern Kiangs (n = 9 specimens) are larger
than Western (n=5) and Southern (n = 3); - there is no difference between E. hemionus from Northern
Mongolia (n = 3) and Southern Mongolia (n = 23) ; but, obviously , these samples are much too small. It is
more interesting to remark that skulls of Kiangs (n =35) do not differ much from skulls of Dziggetais
(n = 29) except by a slightly larger size, and that the only skulls to segregate well from all the other belong to
Khurs (n = 27).

Hemione taxa appear in our tables (Tables 1-28) and in figure 3 with codes based on an approximate
biogeographic distribution : HS (Syria), HP (Persia), HT (Turkmenistan), HI (India), HM (Mongolia) (i.e. the
initial of Hemione followed by the initial of the country) and K for Kiangs. Our schematic map of the
geographical « historic » distribution of all Hemiones (fig. 1) is mostly based on the data gathered, analysed,
and commented by Matschie (1911), Solomatin (1973), Bannikov (1981), and Denzau (1999) and localised on
the Atlas of Stielers (1908). It may be of interest, because it points precisely the type localities, and the
easternmost, northernmost and southernmost Jocalities of the distribution during the past two centuries. It
does not give precise westernmost points because it is yet unclear whether the fossil European Equus
hydruntinus was a kind of Hemione or an altogether different taxon (Eisenmann and Mashkour, 1999).
Localities corresponding to our sample are indicated in figure 2.



ORGANIZATION OF DATA

Each individual is defined by a code (see above) followed by a number. On the next two lines appear
the codes for the collection and the catalogue numbers of these collections. On the next lines appear
indications on the origin, the sex, and the age.

For instance, HS 1 is an Hemippe, bearing the number 1867.12.3.1 in the collections of the British
Museum, it comes from Syria, it is a female, middle aged.

COLLECTIONS AND THEIR CODES

France : Muséum national d’Histoire naturelle, Paris, Laboratoire d’Anatomie Comparée (AC),
Laboratoire des Mammiferes et Oiseaux (MA). Muséum d'Histoire naturelle, Lyon (LY).

Germany : Zoologisches Museum der Humboldt Universitat, Berlin (BL). Museum Koenig, Bonn (BO).
Naturmuseum und Forschungsinstitut Senckenberg, Frankfurt (FR). Zoologisches Institut und zoologisches
Museum, Hamburg (HA). Institut fiir Haustierkunde, Kiel (KI). Zoologische Sammlung des Bayerischen
Staates, Munich (MU).

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

India : material collected by Dr Nita Shah, studied at Dehra Dun (Dehra Dun).

Iran : Faculty of Sciences of the University of Tehran (FSUT).

Netherlands : Zoologisch Museum, Amsterdam (AM). Rijksmuseum van Natuurlijke Historie, Leiden
(LD).

Russia : Zoological Museum of the Moscow University (MS). Zoological Institute, St Petersburg (LG).

Switzerland : Naturhistorisches Museum, Basel (BA). Muséum d’Histoire naturelle, Genéve (GE).

Tchek Republic - National Museum (Natural History), Praha (PR).

United States of America : Field Museum of Natural History, Chicago (CH). Museum of Comparative
Zoology, Harvard University, Cambridge (MCZ). American Museum of Natural History, New York (NY).
Smithsonian Institution, Washington (WA). Peabody Museum, Yale (YA).

ORIGIN, SEX, AGE

When possible, a more or less precise locality of collection is given, either by its name (Badkhyz
reserve) or by its geographical coordinates (36°N 55°E). A nickname (Ortiz) or studbook number of a Zoo
animal, when known, is specified. Sex is noted when it is known. Ages are either given in years (when they
are known or when they can be estimated in subadults), not specified for unknown middle-aged specimens,
or specified as « Old » (according to the state of the dentition). Juvenile, subadult and very worn dentitions
were not measured.

COMMENTS ON THE DATA AND SAMPLES

A cursorial look at the data tables suffices to show their shortcomings. Data may be lacking not
only because some teeth or bones were missing, or damaged, or pathological, but also because the
measurements were not taken; it is the case of some proximal limb bones (for example in Hamburg
collections) for which, due to lack of time, only the maximal lengths were measured. Also, during the thirty



years of data collecting, several new measurements were added ; the corresponding blanks could not always
be filled.

However, the major problem concerns the samples themselves. In a general way, collections include
more isolated skulls than complete skeletons, therefore data on limb bones are poor.

They are dramatically few for Khurs and Hemippes. In Khurs, they can possibly be augmented because
the Khurs are extant. But in the case of the extinct Hemippes, our data base may only be augmented by the
addition of the specimens preserved in Vienna (Austria) which we have not yet seen.

Onagers and Kulans exemplify other problems. Nearly all Kulans come from the Badkhyz reserve in
Turkmenistan : they have lived in the wild, the skeletons are few, and the restricted geographic origin may
possibly cause an artificial homogenization (it is the same for the Khurs which nearly all come from the Kutch
reserve). On the other hand, nearly all Onagers are zoo-bred specimens : the skeletons are relatively
numerous, but both skulls and limb bones suffer from age and zoo conditions ; the variation may appear
larger than it was in a normal population. Denzau (1999, p. 108) remarks that it has never been clarified
whether the Onagers of Southwest Iran differ from those further Northeast, and if so, the larger variation of
Onager samples might also be due to this reason.

For Dziggetais and Kiangs, yet other difficulties arise. Apart from the difficulty of tracing their exact
origin, the samples are not balanced : we have no skeletons at all of « northern Mongolia-Transbaikalia »

Dziggetais or of « southern » Kiangs.

COMMENTS ON THE MEASUREMENTS

Measurements are always in millimetres (Plates 1-4)

TEETH

Teeth measurements are neither precise nor utterly reliable, in part because of individual variations
mostly (but not only) due to wear. Various methods have been proposed to neutralize the effect of wear but
neither is satisfactory. In particular, measurements systematically taken at 1 or 2 cm from the roots do not
describe the same stage of wear for all equids : in moderately hypsodont form, the crown may still function
normally (with a more or less normal enamel pattern) while in animals with very high crowns no enamel at
all is left at that level, and one may wonder whether the teeth could be of any use. In practice, we recommend
the following ways to deal with the problem : not to take in account very worn specimens ; when possible,
section and/or measure at mid-crown ; when teeth are included in maxilla or mandibles, the inevitable
occlusal measurements should be « adapted ». For example, for upper cheek teeth, the relation between
length of the protocone and occlusal size is better expressed not by the classic protocone index (protocone
length versus occlusal length) but by relating the protocone length to the mean of occlusal length and breadth.
This is possible, because there is a relatively good compensation between the two values during wear (young
teeth tend to be long and narrow, worn teeth tend to be short and broad). This cannot be done for lower cheek
teeth, because the compensation between length and breadth is not as simple, and because the length of the
double knot and of the postflexid vary much more than the protocone length. In that case, we recommend
even more caution in the choice of data : for lower cheek teeth, measurements may only be meaningful if they

concern middle-worn specimens.



LIMB BONES

The system of measurements presented here has evolved since the previous proposals (Eisenmann
1979a, 1986 ; Eisenmann et al. 1988). Accordingly, we give another set of illustrations for each limb bone.
Even though complete limb bones are rare in an archaeozoological context, total lengths are interesting to
evaluate segment proportions. In relation to that point, we want to stress the importance of distinguishing
anterior and posterior first phalanges : various equids have not the same ratios between these two bones.
Actually, first phalanges are a good example of the fact that imprecise and arduous measurements may still
be of value : supratuberosital and infratuberosital lengths are difficult to measure, but their relation is

discriminant.

CONCLUSIONS

Figure 3 is a ratio diagram (Simpson, 1941) comparing the average maximal lengths of humerus (H),
femur (F), radius (R), tibia (T) third metacarpal (MC), third metatarsal (MT), first anterior phalanx (Phl A),
first posterior phalanx (Phl P), to the average maximal breadth of the third anterior phalanx (PhIII A 4) and
to the average protocone lengths and occlusal sizes of upper P3P4 and M1M2. Note, that we use the average

mean of occlusal length and breadth.

Figure 3 shows that the main differences between Hemiones are size-related. All variables belonging
to Kiangs, Dziggetais, and Kulans are larger than the corresponding variables of Onagers — our reference zero
line ; all the variables corresponding to the Hemippes are smaller ; Khurs are intermediate. Hemippes are so
much smaller than the other subspecies that there would be room for another subspecies in between. It is
interesting to note that the fossil (black square in fig. 2) E. hemionus binagadensis (Eisenmann and Mashkour,
1999) fills in this size gap (fig. 3 : BNG).

The relative size of different bones and teeth are not altogether identical for all Hemiones. Dziggetais
exhibit relatively short proximal segments (Humerus, Femur, Radius, and Tibia) in comparison to distal (MC

III, MT 11, PhI A and P). They appear thus more « cursorial » than the other Hemiones.

The next obvious but perhaps not significant difference is in the third phalanges : they are relatively
wide in Kiangs and Kulans, relatively narrow in Dziggetais, Khurs, and Hemippes (and in E. hemionus
binagadensis). Relatively wide third phalanges may be an adaptation to soft ground (snow or sand) : snow
and/or sand are indeed part of the environment for Kiangs (Groves, 1974, 91-92) and Kulans (Bannikov, 1981,
36, 41-42). But Bannikov (1981, 40) states that the biotopes are similar for Kulans and Dziggetais ; and G. and
H. Denzau (1999, 45) illustrate a very impressive Dziggetai sand track. Accordingly, one would rather expect

Dziggetais to have as wide third phalanges as Kiangs and Kulans. Our samples are, however, very small.

Figure 3 shows also that the average dimensions of the upper cheek teeth (occlusal size and protocone

length) are closer than the average dimensions of the limb bones, with the exception of Hemippes.

Eventually, this data base may prove useful to compare not only different taxa inside the group of

Hemiones, but also Hemiones in general to other equids, in particular to Horses, and true Asses.
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TABLE CAPTIONS

Table 1-7 : Upper and Lower Cheek Teeth.

Table 8-10 : Humerus and Radius.

Table 11-14 : Metapodials.

Table 15-18 : First Anterior and Posterior Phalanges.

Table 19-21 : Second and Third Anterior and Posterior Phalanges.
Table 22-24 : Femur and Tibia.

Table 25 : Femur, Tibia, Talus and Calcaneum.

Table 26-28 : Talus and Calcaneum.

FIGURE CAPTIONS

Figure 1 : Schematic map of the historic distribution of Hemiones. Type localities : A-Q. Extreme historic
localities : 1-25.

Figure 2 : Provenance for data presented in Tables 1-28. Asterisks : modern Hemiones. Black square : the
Middle Pleistocene Equus hemionus binagadensis.

Figure 3 : Ratio diagram comparing sizes of limb bones and upper cheek teeth in modern and fossil
Hemiones. Codes and explanation in the text.

PLATE CAPTIONS

Plate 1 : Lower and Upper Cheek Teeth, Humerus and Radius.
Plate 2 : Femur and Tibia.

Plate 3 : Third Metapodials, Calcaneum and Talus.

Plate 4 : First, second and third Phalanges.
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Figure 3- Ratio diagram comparing sizes of limb bones
and upper cheek teeth in modern and fossil Hemiones.
Codes and explanation in the text.
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HUMERUS

1. Greatest length

2. Posterior length

3. Smallest breadth

4. Proximal breadth

5. Proximal depth

6. Distal articular breadth
7. Distal medial depth

8. Medial height of trochlea
9. Smallest height of trochlea
10. Condylar height

11. Lateral condylar height

L. Length

B. Breadth

LP. Length of the protocone
LDK. Length of the double knot
LPF. Length of the postflexid

UPPER CHEEK TEETH

' LOWER CHEEK TEETH

RADIUS

1. Greatest length

2. Lateral length

3. Smallest breadth

4. Proximal breadth

5. Proximal articular breadth
6. Proximal articular depth

7. Distal breadth

8. Distal articular breadth

9. Greatest distal articular depth
10. Breadth of radial condyle
11. Breadth of ulnar condyle

a- dorsal view b- lateral view
c- distal view d- proximal view

Plate 1 - Lower and Upper Cheek Teeth, Humerus and Radius
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FEMUR

. Greatest length

. Medial length

. Smallest breadth

. Proximal breadth

. Proximal depth

. Depth of the caput femoris
. Distal breadth

. Distal articular breadth

. Distal medial depth

WOk WN—

a- anterior view
b- medial view
c- proximal end, caudal view

TIBIA

1. Greatest length
2. Lateral length
3. Smallest breadth
4. Smallest depth
5. Proximal breadth
6. Proximal depth
7. Distal breadth

8. Distal depth

9. Length of fossa digitalis
10. Breadth of fossa digitalis

a- dorsal view

b- lateral view

c- distal view

d- proximal view

Plate 2 - Femur and Tibia
16



THIRD METAPODIALS

1. Greatest length
3. Breadth at midshaft
4. Depth at midshaft
5. Proximal breadth
6. Proximal articular depth
7. Diameter of articular facet
for Os carpale and tarsale 111
8. Diameter of articular facet for Os tarsale [V
10. Distal supra-articular breadth
11. Distal articular breadth
12. Depth of sagittal keel
13. Smallest depth of medial condyle
14. Greatest depth of medial condyle

a- dorsal view

" b- lateral view
c- metacarpal proximal view
d- metatarsal proximal view
e- distal view

CALCANEUM
1. Greatest length
2. Length of proximal part
3. Smallest breadth
4. Proximal breadth
5. Proximal depth
6. Distal depth
7. Greatest breadth
8. Diameter of articular facet

a- dorsal view
b- medial view

TALUS

1. Greatest length, orthogonal
1bis. Greatest length, oblique
2. Medial length of the trochlea
3. Greatest breadth

4. Trochlear breadth

5. Distal articular breadth

6. Distal articular depth

7. Medial depth

a- dorsal view
- b- medial view
¢- distal view

Plate 3 - Third Metapodials , Calcaneum and Talus
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1. -
2! ;
FIRST PHALANX SECOND PHALANGES
a- dorsal view b- plantar view a- dorsal view b- lateral view c¢- proximal view
c- lateral view d- proximal view THIRD PHALANGES
a- dorsoproximal view
b- side view
PHI& I PHII
1. Greatest length 6. Distal articular breadth
2. Anterior length
3. Smallest breadth
4. Proximal breadth PH 11T
5. Proximal depth 1. Anterior length
6. Distal supra-articular breadth ' 2. Greatest anteroposterior diameter
7. Greatest length of trigonum phalangis 3. Height
10. Medial supra-tuberosital length 4. Greatest breadth
12. Medial infra-tuberosital length 5. Articular anteroposterior diameter
14. Distal articular breadth 6. Articular breadth

7. Distal circumference
Codes 1 to 5 identical for first and second phalanges

Plate 4 - First, second and third Phalanges
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