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The phylogenetic relationships of the Elasmotherini 
(Rhinocerotidae, Mamm.)

By M ikael F ortelius and K urt H eissig:;')
With 2 figures

Abstract

A cladistic analysis of the extinct rhinoceros tribe Elasmotherini is presented, based mainly 
on dental morphology. The result is a new classification of Begertherium (formerly Hispano- 
therium) grimmi (H eissig) and Begertherium (formerly Beliajevina) tekkayai (H eissig). It is 
possible to recognize a Hispanotherium-clade and an Elasmotherium-clade at a suprageneric le
vel, but to do so formally serves no useful purpose.

Kurzfassung

Die vorliegende cladistische Analyse des ausgestorbenen Nashorn-Tribus Elasmotherini 
stützt sich vor allem auf die Gebißmorphologie. Es ergibt sich eine neue systematische Zuord
nung von Begertherium (früher Hispanotherium) grimmi (H eissig) und Begertherium (früher 
Beliajevina) tekkayai (H eissig). E s ist möglich, oberhalb der Gattungsebene einen Hispanothe- 
rz^m-Zweig und einen Elasmotherium-Zweig einander gegenüberzustellen. Es erscheint je
doch nicht zweckmäßig, daraus systematische Konsequenzen zu ziehen.

Introduction
The first attempt to establish the phylogenetic relationships of the different genera of Elas

motherini by H eissig (1974) was based mainly on the position of the horn, the degree ofhypso- 
donty and the loss of incisors. We now consider these characters less significant than special fea
tures of the dentition, partly because the subsequently discovered Ningxiatherium  is interme
diate between Iranotherium  and Elasmotherium  in horn position and morphology of the zygo
matic arch (C hen 1977). Increased hypsodonty and incisor loss are subject to parallel evolution 
and so somewhat problematic, although reversals are highly unlikely. The material available is 
certainly very incomplete, and any scheme based on it must be considered preliminary. It is ne
vertheless possible, at this stage, to present a logical and useful phylogeny of this puzzling 
group.

*) Dr. M. FORTELIUS, University of Helsinki, Dept, of Geology, Division of Geology and Paleontology, 
Snellmaninkatu 5, SF-00170 Helsinki, Finland. Prof. Dr. K. H eissig, Bayerische Staatssammlung für Pa
läontologie und historische Geologie, Richard-Wagner-Str. 10, 8000 München 2, FRG.
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Classification
Most authors (e. g. Breuning 1924, C how 1958, T henius 1969) have treated the elasmotheres 

as a subfamily Elasmotheriinae of the family Rhinocerotidae. H eissig (1972) pointed out strong 
resemblances to the extant rhinoceroses, and reduced the elasmotheres to tribal rank of the sub
family Rhinocerotinae. G roves (1983), however, divided the extant rhinoceroses into two tribes 
and argued for subfamilial ranking of the elasmotheres. In order not to inflate the number of 
rhinocerotid subfamilies we have kept the elasmotheres as tribe Elasmotherini, with the extant 
species classified at the subtribal level.

The Elasmotherini now comprise the following genera:
Elasmotherium F ischer 1808 
Sinotherium R incstrom 1923
Iranotherium  R ingstrom 1924 with the two species 1. morgani de M f.oquenf.m 1908 and I. mon-

goliense O sborn 1924
Hispanotherium C rusafont & V illalta 1947 
Begertherium Beliajeva 1971 
Caementodon H eissig 1972 
Kenyatherium A guirre & G uerin 1974 
Beliajevina H eissig 1974 
Ningxiather'ium C hen 1977 
Tesselodon Yan 1979

In our opinion the supposed elasmotherine genus Shennongtherium  H uang &  Y an 1983 be
longs to the Rhinocerotini. Kenyatherium  is excluded from the following analysis as it is based 
only on two upper premolars, not enough for useful comparison.

Characterization of the Elasmotherini
In the present classification, the Elasmotherini are the sistergroup of the Rhinocerotini 

(=  Rhinocerotini + Dicerotini sensu G roves). There are several shared characters: Strong me
dian horn(s) [1], a long mandibular symphysis [2], a double rooted dp, [3], presence of rather 
strong and narrow metacone ribs in the upper premolars, weaker and broader in the molars [4], 
and a broad articulation of the ulna with the intermediate. The last two are plesiomorphic, and 
occur in tapiroids as well.

In most divergent characters the Elasmotherini are apomorphic with respect to the Rhino
cerotini. The only autapomorphy of the extant rhinoceroses is the molarization of the upper 
premolars [5], while the elasmotheres as a group are plesiomorphic for this character. The basic 
elasmothere character complex includes the following elements: elongation of the metastyle of 
upper molars [6], a hypoconid demarcated buccally by distinct vertical grooves in the lower 
molars [8], a strong protocone constriction of the upper molars [7], the loss of the posterior 
articulation of radial and intermediate in the carpus [9] and a shortened collum astragali [10]. 
Characters [6] and [8] are unequivocal, but a constricted protocone has evolved in several rhino
cerotid lineages, usually in association with other characters reflecting increased wear tolerance. 
The earliest known true rhinoceroses nevertheless exhibit a very weak distal protocone fold, in 
the manner of the extant species, so the strong constriction may be an autapomorphy of the 
Elasmotherini. The loss of posterior articulations in the carpus has also occured several times 
within the family, always in combination with other changes towards increased cursoriality.
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This is in marked contrast to the Rhinocerotini, in which an additional posterior articulation is 
developed between the ulnar and the intermediate.

History of the Elasmotherini
Most of the middle Miocene elasmotheres appear to be closely related. Given the nature of 

the available material they can be separated only on the basis of special traits of the dentition. 
Only a few specimens from the middle Miocene show similarities to upper Miocene and later 
forms. Two probable autapomorphies of the mainly middle Miocene Hispanotherium-clade 
are a short metaloph in the upper molars [11] and a strong pseudhypocone in the upper premo
lars [12]. The pseudhypocone in the p3-4 of the mainly stratigraphically later Elasmotherium- 
clade forms only a thin, angled wall [28], It is probable that a pseudhypocone had not yet sepa
rated from the protocone at the time of divergence, in which case both conditions would be 
apomorphic. Shortening of the metaloph may also have occurred in the upper molars of some 
species of the Elasmotherium-chde. Premolar reduction [29] is highly characteristic of the Elas- 
motherium-clade, but is not seen in the Hispanotherium-clade. There is a general tendency for 
the metaloph of p3-4 to turn towards distolingual and straighten, changing its originally semilu
nar occlusal outline. This state seems to have evolved in parallel several times, including at the 
base of the Elasmotberium-clade [27].

One common character of the Hispanotherium-clade is the deep postfossette of the upper 
premolars. In Caementodon and Hispanotherium  it has lost the lingual part and so the primitive 
semilunar shape, and has become triangular [13]. Both genera include the cingula in the increa
sing height of the crown [14], They reach only a partial hypsodonty of the ectoloph [15]. In 
Caementodon the ribs of the ectoloph are flat [16]. Hispanotherium  reaches larger size but re
mains morphologically more primitive.

The genus Begertberium forms another branch of this group. The ectoloph of upper teeth is 
not curved and the teeth are subhypsodont [18]. The premolars are at least as high as the molars 
[19]. This is one of the lineages where the incisors are lost, but a general tendency of incisor re
duction is seen in the whole tribe. Even the most primitive forms had only small, triangular lo
wer incisors and equally small, conical upper ones. Wear facets are evidence that these incisors 
were still functional, however. Begertberium tekkayai probably lacked incisors [21], whereas 
B. horissiaki and B. grimmi retained strongly reduced ones [20]. Begertberium had postfosset
tes of the primitive, semilunate shape. The mesial cingulum is high on the upper premolars but 
low on the molars, whereas the distal cingulum is high on both [23]. These characters unite the 
species B. grimmi, which was placed in Hispanotherium  by H f.issig (1974), with B. horissiaki 
B eliajeva 1971. B. grimmi is derived in the more frontal position of the horn [24] and the shor
ter nasals [25]. B. tekkayai is primitive in its more shallow postfossette, but advanced in its (pro
bable) loss of incisors.

The Elasmotberium-clade
All the genera of this group seem to form simple side branches of one lineage, leading to the 

latest and most derived genus Elasmotberium. A major characteristic of the whole clade is the 
allometric increase of molar size, and corresponding premolar reduction. In Beliajevina cauca- 
sica (B orissiak 1935) the toothrow retains plesiomorphic proportions. This is the most primitive 
member of the clade, with one single good apomorphy: the straight hypolophid of the lower
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Fig. 1: Cladogram of the Elasmotherini, with the Rhinocerotini (inch Dicerotini) as outgroup.
Characters: 1. Strong median horn(s), 2. long mandibular symphysis, 3. double rooted P,, 4. rather strong 
metacone ribs in upper premolars, weaker ones in molars, 5. molarization of P3-4 to semi- or paramolari- 
form stade, 6. metastyle of M1“2 elongate, 7. protocone of upper molars constricted, 8. hypoconid of lower 
molars conical, 9. posterior articulation of radial and intermediate lost, 10. collum astragali short, 11. meta- 
loph of upper molars short, 12. pseudhypocone of upper premolars strong, 13. postfossette of upper premo
lars reduced lingually, deep labially, 14. cingula of upper teeth high, 15. partial hypsodonty, 16. outer wall 
of upper teeth curved, ribs flattened, 17. bigger size, 18. subhypsodont teeth, 19. upper molars equal in 
height with premolars, 20. incisors reduced, 21 (independently twice), incisors lost, 22. postfossette of up
per premolars deep but still semilunate, 23. posterior cingulum of upper teeth high, anterior only in premo
lars, 24. horn shifted backwards, 25. nasals short, 26., ??, 27. metaloph of P3-4 directed backwards, 28. lin
gual posterior edge of the same teeth formed by a thin wall, 29. premolars reduced in size and height com
pared with molars, 30. hypolophid of lower molars nearly straight backwards, 31. metaloph of P2 directed 
backwards, 32. ??, 33. deep groove between metacone and metastyle of upper molars, 34. very high zygoma
tic arch, 35. nasal notch retracted, 36. dentition shifted forward relative to cranium, 37. nasal septum ossi
fied, 38. upper molars with strong crista, 39. ??, 40. upper premolars finally molarized, 41. cheekteeth root
less, evergrowing, prismatic.

molars, which in m3 is hardly turned towards lingual at all [30]. The metaloph of p2 is still direc
ted towards lingual, in contrast to Tesselodon YAN 1979, which shares a backwards directed 
metaloph of p2 with all later members of the clade [31]. Tesselodon is known only by its upper 
cheek dentition. Thus presence of incisors and shape of lower molars are indeterminate, and no 
autapomorphies are known.
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The oldest form to show the characteristic skull modifications of this clade is Iranotherium  
R ingstróm 1924. In the dentition it shares a deep vertical groove between metacone and meta
style of the upper molars [33] and incisors loss with later forms. The curiously inflated zygoma
tic arches with their hornbase-like pads rising high above the skull roof [34] constitute a striking 
autapomorphy of this genus. Iranotherium  is similar to Ningxiatherium  C hen  1977 in the naso- 
terminal position of its horn and in the lateral projection of the anterior rim of its orbit. The zy
gomatic arch of Ningxiatherium  is slender, however, and probably plesiomorphic with respect 
to Iranotherium. Probable derived characters of Ningxiatherium  are a forwards shift of the 
dentition relative to the orbit [36], the deep narial incision [35], and the ossification of the nasal 
septum [37]. Ningxiatherium  is very dolichocephalic, but the polarity of this character is diffi
cult to determine. Sinotherium  and Elasmotherium  are both markedly brachycephalic, with a 
single frontal horn base. A synapomorphy of these genera ist the strong and branching crista 
of the upper molars [38]. The premolars are also relatively reduced in size but molarized in both 
[40]. Elasmotherium is the only known rhinocerotoid to develop hypselodont molars [41], and 
was the last member of the tribe, becoming extinct in the late Pleistocene. Sinotherium, on the 
other hand, lacks good apomorphies.

History and dispersal of elasmotheres
The earliest elasmotheres are represented only by some tiny brachydont teeth from the lower 

Miocene Bugti beds of Pakistan, referred by H eissig (1972) to Caementodon. Rhinocerotini of

Fig. 2: Historical arrangement of the elasmotherine clades and the outgroup Rhinocerotini. * Real occur
rence in the fossil record.
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this small size are unknown. This form shows no sign of increasing crown height, but traces of 
coronal cement are suggestive. The only character in common with Caementodon oettingenae 
from the middle Miocene of the Siwaliks is the lengthening of the metastyle in the upper Molars 
(F orster- C ooper 1934, p. 602, pi. 65, fig. 26,28 — 30). This, however, indicates that the Elasmo- 
therium-chde, which lacks this derived charakter, had already split off at that time.

In the middle Miocene the elasmotheres reached their widest range and highest diversity 
(Fig. 2). The center of origin appears to be Central Asia, but they were also present on the In
dian subcontinent as well as in Spain. In the upper Miocene the tribe was mainly restricted to 
Central and Eastern Asia, with some survivors of Caementodon in the Siwaliks and the isolated 
occurrence of Kenyatherium  in Africa. In the Plio-Pleistocene their range contracted further, 
with Elasmotherium itself occurring mainly in Central and Northern Asia. Towards the end of 
their history elasmotheres briefly appeared in Western Europe. D uvernoy (1855) described a 
skull fragment of Elasmotherium from the Rhine valley as “Stereoceros galli”.
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