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ABSTRACT 

A sys temat ic ana lys is of an hippa rionine horse assemblage from Ma ragheh, Ira n is made. A brief o rientation t o 
systema ti c phil osoph y and info rma i superspecific charac terizati o ns of somc Old Wo rld hippa rion ines is given as a 
background to thi s work. A character sta te analysis of skull s is made, a nd has revea led five distinct species. A character 
stat e and stratigraphie trend a na lys is o f iso la ted cheek too th and postcrania l remains , with known prove nance , is also 
made . These two combined a nalyses revea l tha t the mos t resolute di sc rimina tion of hipparionine species and their 
evolutionary relationships occurs when multiple character complexes o f associated skulls, maxilla ry and mandibular 
dentitions a re made. When thi s is no t poss ible, s kulls have pro vided the best basis for discrimina ting species and their 
evolut io nary rela ti onships . Traditi onal characters o f isolated cheek teeth and pos tcranial remains a re shown here to 
offe r limited info rmation co ntent fo r hippari onine phyl ogenetic sys temati cs. The sys tematic portion of this study 
includes a comprehensive desc ription of crania I a nd postcrania l remains, and has further corroborated the distinction of 
live spec ies whi ch belong to at least three superspecific groups including: « Hipparion » gettyi sp. nov., Group I; 
Hipparion prosty /11111 (s./.) , a nd Hipparion campbelli sp. no v. , Group 3; « Hipparion » aff. 1110/davicum and «Hipparion 
?ma11he11 ·i, Group 2. These species stra tigraphie ranges a nd evoluti onary relationships are also given here and argued to 
be impo rta nt fo r establishin g future hipparionine geochrono logic co rrel a tions between a number of Eurasian late 
Miocene provinces. 

RÉS UMÉ 

Cett e étude a permis d' effec tuer une a na lyse sys tématiqu e des associa ti ons d'Hipparions récoltées à Ma ragheh en 
Iran . Une orienta tion brève ve rs la phil osophie sys tém atique et une définition informelle des groupes supraspécifiques 
pour les Hippa rions de l' Ancien Monde appa ra issent co mme une toil e de fond de ce trava il. L 'analyse de caractères 
crâ nien s a révé lé la présence de cinq espèces différentes à Maragheh. L 'analyse des ca ractéristiques morphologiques et 
des tendances stratigraphiques sur les dents iso lées et sur les res tes pos tcrâ niens , de provenance connue, a éga lement été 
i'aite. Ces deux a na lyses combinées ont révé lé que le meilleur moye n de distinguer les espèces du groupe des Hipparions et 
d'iden tifie r leurs rapports évo lutifs est de réunir les ca racté ri sti ques du crâ ne et de la dentition , inférieure et supérieure. 
Lo rsque ce la n'es t pas poss ible, les c rânes fourni ssent les meilleures ba ses po ur la d istinction des espèces et pour la 
compréhensio n de leurs ra ppo rts évo luti fs. Les carac tères class iq ues de dents iso lées et des restes pos tcrâniens offrent , 
co mme il a été dé montré da ns ce tra va il , une in fo rmation limitée pour la sys tématique ph ylogénétique des Hippario ns. 
La partie sys tématique de ce trava il co mprend une desc ripti o n claire des res tes crâniens et pos tcrâ niens et permet de 
di stinguer cinq espèces appartena nt a u moin s à tro is groupes supra spéc ifiques: « Hipparion » ge11yi n. sp. dans le Groupe 
1: « Hipparion ,. a rr. 1110/da vicum et «Hipparion » ?ma11hewi da ns le Groupe 2 ; Hipparion pro.H_v/um (s. l. ), et Hipparion 
campbelli n. sp. dans le G ro upe 3. L'étend ue stra ti graph ique de ces espèces et leurs ra pports évolutifs ont été également 
di scutés a fin de fo urnir des bases doc umentées pour des cor ré la tions géoc hro no logiq ues futures, avec les Hipparions des 
pro vinces d u Miocè ne supé ri eur d' Euras ie. 

INTRODUCTION 

The Maragheh district , Azerbaijan , Iran , has been renowned for over a century for 
its classical « Pontian » (late Miocène) large mammal fauna . In the late 19th century 
several investigators co!lected or studied the Maragheh fauna including Abich (1858), 
Brandt (1870) , Grewingk (1881) , Pohlig (1886 a, b), Kittl (1885, 1887), Rodler (1890), 
Radier and Weithofer ( 1890), Forsyth Major ( 1893). In 1904, a group of French paleon­
tologists under the direction of M . Boule made an extensive exploration and collection 
of the Maragheh district which eventually culminated in a monographie study by de 
Mecquenem ( 1924-25). 

Work on the Maragheh fauna virtually ceased until 1956 when Takai, Tokyo 
University, reinitiated studies there (Takai , 1958). In 1966 Tobien, Johannes-Gutenberg 
University , Mainz , followed ma king some small but important collections from the 
middle portion of the Maragheh section (Tobien , 1968). A Dutch and German group led 
by Erdbrink (Erdbrink et al., 1976) and another Japanese group led by Kamei (Kamei et 
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al., 1977) made further fossil collections from Maragheh's middle and upper stratigra­
phie intervals and independently collected rock samples for paleomagnetic and radio­
metric dating. 

The latest paleontologic study at Maragheh was made by the Lake Rezaiyeh 
Expedition during the Spring of 1974 and Summers of 1975 and 1976. This project 
initiated a broad range of paleontological studies including mammalian systematics, 
physical stratigraphy, sedimentology, biostratigraphy, mammalian biochronology, 
paleoecology and radiometric dating. Thus far some preliminary studies of these 
various facets of the Lake Rezaiyeh Expedition have been published (Bernor et al. , 1979; 
Bernor et al., 1980; Campbell et al., 1980). 

This manuscript presents the first detailed systematic study specifically focussed on 
the Maragheh hipparionines. The Maragheh hipparionines have been used extensively 
for biostratigraphic characterization and definition as well as geochronologic correla­
tion of the locality with other Eurasian late Miocene faunas(Bernor, 1978; Bernor et al., 
1980). Therefore, a detailed systematics, including an investigation of the evolutionary 
relationships and biogeographic distribution of species related to the Maragheh hippa­
rionines is important for refining, corroborating and elaborating upon earlier work . 
Furthermore, this work stabilizes, for the first time, our knowledge of the species 
present at Maragheh , and provides the basis for more ~esolute paleontologic and 
geologic comparisons. A recent comprehensive geological, mammalian biostratigra­
phic and zoogeographic study has preceeded this work, (Bernor, 1986), and should be 
ref erred to for further details about the se aspects of the Maragheh fauna. 

Forsten ( 1968) provided the first modern interpretation of the diversity of species at 
Maragheh by identifying three species: Hipparion primigenium, Hipparion matthewi and 
Hipparion mediterraneus dietrichi. Her species designations were largely based on size 
and proportional comparisons of cheek teeth and postcrania to other Old World 
species. Bernor et al. (1979) , Woodburne and Bernor (1980) , and Bernor et al. (1980) 
followed employing discrete morphologie characters and identified five species ranging 
so me 2.5 million years in age: Hipparion sp. Kopran, «Hipparion » cf. mediterraneum, 
Hipparion cf. prosty lum. Hipparion cf. dietrichi, and Hipparion matthewi. The authors 
found that Forsten's a na lysis was biased by her combining specimens from mixed 
stratigraphie interva ls. This had th e effect of underestimating the diversity of species; 
her method distinguished mostly size groups, not distinct morphospecies . In their 
revision of the Siwalik hipparionines , Bernor and Hussain ( 1985) further va lidated the 
Maragheh hipparionine species clusters based on morphologie attributes and expan­
ding the number of skull , dental and postcranial characters used in their analysis. 
However, their work was not intended to , and did not stabilize the Maragheh hippario­
nin e alpha systematics . 

A n um ber of studies ofrelevant Greek localities have been pursued during the last 20 
years . The Samos assemblage was studied by Sondaar (1971) who recognized four 
species on morphologie bases: Hipparion matthewi, Hipparion dietrichi, Hipparion 
proboscideum, and Hipparion sp. large . Woodburne and Bern or ( 1980) and Bern or et al. 
(1980) also employed morphologie characters in identifying as many as five species of 
Samos hipparions belonging to four superspecific groups. In addition to Sondaar's four 
species , they suggested that a second small hipparion species occurred at Samos (their 
«Hipparion » minus). Bernor and Hussain (1985) revised the earlier referral of Samos 
hipparionines to four superspecific groups, arguing that only three of these groups were 
actually valid. They did however retain the species recognized by Woodburne and 
Bern or ( 1980) a nd Bernor et al. 1980). Most recently (Koufos 1984) has published a new 
Vallesian age dwarf species , Hipparion macedoniensis, from Ravin de la Pluie, Thessalo-



176 

niki , Greece. The systema tics of this taxon will be discussed in more detail as a 
comparison to the Maragheh species « Hipparion» ?matthewi. 

Recent work on Turkish hipparionines has been published by Sondaar and Staesche 
( 1975), Sen et al. ( 1978) and Staesche and Sondaar (I 979). Evidently, very little complete 
or partial skull material was available for study, making their analyses dependant 
largely on isolated cheek tooth and postcranial materials. The authors chose to employ 
a statistical methodology which characterized phena by size and proportions. The lack 
of morphologie details in their analysis largely excludes any possibility for comparisons 
with other such work. Bernor and Hussain (1985) and Bernor (here) have demonstrated 
that when care is taken to use morphology at comparable ontogenetic stages, accurate 
species identification and phylogenetic comparisons can be made. 

This study further develops character state analyses of discrete skull, cheek tooth 
and postcranial characters , describes their variability, and records relevant mea­
surements. The measurements adhere to procedures recommended at the 1982 Ameri­
can Museum of Natural History conference on Hipparion systematics , New York. 
Furthermore , this study endeavors to study specimens from discrete stratigraphie 
intervals, avoiding the pitfalls of combining samples for statistical evaluation from 
mixed stratigraphie levels . 

The Maragheh hipparionine horses have a particular importance for local biostrati­
graphic subdivision , geochronologic correlations and understanding biogeographic 
relationships. Biostratigraphic subdivision of the Maragheh Formation has been made 
on the basis of a potential hipparionine clade including the species «Hipparion» gettyi 
n . sp. , Hipparion prostylum and Hipparion campbelli n. sp. which are described in detail 
here for the first time. In turn , the relatively large sample of hipparionines from 
Maragheh allows the opportunity to reveal the relative stability of various skull 
morphological characters that the author and other recent students of the group have 

· endeavored to develop for systematic use . The Maragheh hipparionine biostratigraphy 
is calibrated (Bernor, 1986 and here, Section D) and together with the improving 
phylogenetic framework for various clades, provides the basis for future correlations of 
the fauna with others in a number of Eurasian provinces. 

SYSTEMA TICS 

A. SYSTEMATIC PERSPECTIVE 

The last 150 years of systematic and evolutionary research on Old World hippario­
nines has produced a staggering body of literature. During the last several years, two 
apparent schools of systematic perspective have surfaced. One, a traditional school, has 
concen:1ed itself largely with defining species statistically. The other, fostered by a few 
American workers , has endeavored to reemphasize morphological attributes of the 
skull and dentition for species definition , and seek their evolutionary, biochronologic 
and zoogeographic relationships . A review of this literature has been recently given by 
Bernor and Hussain (1985). 

Bernor and Hussain (1985) have attempted to bridge the obvious hiatus between 
these two schools· of thought by combining studies of cranial and postera niai morpho­
logy with an extensive suite of measurements in a systematic, evolutionary and bio­
geographic analysis of Siwalik hipparionines. Theirs, and other recent analyses of Old 
and New W orld h ipparionine cranial and dental morphology (W oodburne and Bern or, 
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1980; MacFadden and Woodburne, 1982), have demonstrated that taxonomie groups of 
specific and superspecific rank can be erected and used for a variety of geological and 
paleobiological studies (Bernor et al., 1980; Woodburne et al., 1981; Bernor, 1984). 

This work follows earlier morphologie investigations by identifying character states 
which have proven to be reasonably consistent at comparable ontogenetic stages (i.e. 
middle wear stage adults). The analysis of morphospecies character state distributions 
allows the most resolute means of identifying evolutionary transformation series, and 
thus determining phylogenetic relationships. I depart from the use ofstatistical analyses 
alone to discover species relatedness because such analyses use distance measurements, 
not shared-derived characters. Morphologie distance studies are phenetic by definition, 
not phylogenetic, and as such, they confuse evolutionary relationships. Hipparionine 
horses are a particularly diverse group and display extensive convergence in the 
numerical characteristics commonly used . The only means of identifying homoplasies 
in this group is by comparing character states of multiples morphological complexes. 
My intention here is to further use morphologie character states to identify species and 
their evolutionary relationships. This presentation follows the earlier work cited above 
in recongnizing the validity of several superspecific groups of Old World hipparionines. 
Presently , I characterize them as follows: 

Group 1 hipparionines: 

This group contains the first species to appear in the Old World, and has a 
chronologie range spanning the early Vallesian through the media! Turolian (ca. 12-7 
ma.). Woodburne et al. (1981) have given a compelling argument for this group's origin 
from a New World late Barstovian species of Cormohipparion, C. sphenodus. While 
fundamentally agreeing with their interpretation, Bernor and Hussain (1985) question­
ed some salient details of the authors' argument. Group 1 hipparionines are the most 
primitive group of Old World hipparionines . Species of this group range from being 
medium to large sized species; preorbital bar is always long; the facial fossa is antero­
posteriorly long, its dorsoventral height is usually significantly greater than the distance 
from its ventral border to the facial-maxillary crest, it is deeply pocketed posteriorly ,or­
iented variably anteroposteriorly or anteroventrally, media! depth is usually great, the 
anterior rim may be prominent or faint, but is always present ; the lacrimal bone is 
always placed well posterior to the fossa. The nasal notch is either anterior to or above 
P2/. The cheek teeth in a middle adult wear stage have complex plications of the pre­
and postfossettes; the pli caballin is bifid or complex; the hypoglyph is usually rather 
deeply incised; the protocone is primitively either elongate or flattened lingually and 
rounded labially ; the P2/ anterostyle is elongate. The metapodials of Group 1 species 
demonstrate great interspecific variability with regards to length and robusticity. 
Species included in this group may very well prove to be paraphyletic, containingsister 
taxa of species in other recognized, and yet to be recognized superspecific groups. 

Group 2 hipparionines : 

This group con tains a number of Turolian-?Ruscinian age (ca. 10-4 ma.) eastern 
European, southwest Asian, western U.S.S.R. and Chinese hipparionines (Bernor and 
Qiu, in progress). Woodburne et al. ( 1981) have suggested an origin of this group which 
is independent of Old World Group 1 horses, citing the morphology oflate Barstovian/ 
early Clarendonian North American species Cormohipparion sphenodus as being poten­
tially ancestral to bath lineages. Alternatively, Bern or and Hussain ( 1985) have suggest­
ed that since the earliest known record of these horses is Turolian age, and Group 1 
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shares synapomorphies with Group 2 hipparionines , that an Old World Group 1 origin 
is more plausible. 

Presently , Group 2 hipparionines are characterized as being large to small sized 
species. The preorbital bar is short to very short; the facial region may have one to three 
or four distinct fossae; the preorbital fossa is usually long, the dorsoventral height 
dimension is always much grea ter than the distance between the fossa's ventral border 
and the facial-maxillary crest , it is only slightly pocketed posteriorly and oriented 
anteroventrally; media! depth varies from deep to shallow, the anterior rim may be 
prominent or faint. The Iacrimal bone is always placed close-to or invades the posterior 
edge of the fossa. The nasal notch reveals a species transformation polarity from 
slightly retracted (over the anterior border of P2/) to strongly retracted (above P4/). In 
middle a duit wear, the cheek teeth of some species have a complex plication amplitude, 
while others have a more simple plication amplitude of the pre- and postfossettes; the 
pli caballins may be double or single, the hypoglyph is usually moderately to slightly 
incised , the protocone is Iingually flattened in some species, and rounded in others. P2/ 
anterostyle may be short and rounded in some species, but is usually elongate. Post­
cranial morphology is not known by direct, unequivocal quarry associations , and like 
Group I may include a diversity of morphologies. 

Group 3 hipparionines: 

This group con tains a number ofTurolian age species (ca. 9-6 ma.) from western and 
eastern Europe, southwest and sou th Asia, and possibly North Asia. MacFadden ( 1980) 
and W oodburne et al. ( 1981) have suggested that the origin of this group is from a North 
American Iate Miocene species. Bern or and Hussain (1985) have argued for this group's 
Old W orld origin from a Group 1 species. 

Group 3 hipparionines are characterized as being medium sized species. The 
preorbital bar is moderately long. The preorbital fossa shows a distinct tendency to be 
reduced in size, and becomes absent in some species; when present, it is usually 
moderate to short in length, the dorsoventral height dimension is usually equal to the 
distance between the fossa's ventral border and the facial-maxillary crest, it is only 
slightly pocketed posteriori y, usually anteroposteriorly oriented, the ante ri or rim may 
be faint or absent. The Iacrimal bone is always placed somewhat posterior to the 
posterior rim of the fossa, never invading the latter. The nasal notch is usually only 
slightly retracted (above some part of P2/). The cheek teeth in middle adult wear show 
reduced complexity and banding thickness of the pre- and postfossettes ; the pli cabal­
lins also become simplified , being variably double or single , to persistently single in 
more advanced forms; the hypoglyph is usually only moderately deeply incised; the 
protocone is usually slightly elongate to rounded, but some primitive species may have 
lingually flattened and labially rounded protocones; P2/ anterostyle is always elongate. 
Postcranial morphology is always elongate and gracile when known. 

Group 4 hipparionines: 

Bern or and Hussain ( 1985) have recently reevaluated this « Iineage » of dwarfhippa­
rionines and concluded that they are undoubtedly a polyphyletic group. They have 
identified one small hipparionine species as being a Group 2 derivative which shares the 
characteristic short preorbital bar, typical dimensions , orientation, and slight postrior 
pocketing of the fossa , position of the lacrimal and length of the preorbital bar. This 
species is a derived Group 2 hipparionine in its reduced body size, lesser facial fossa 
media! depth , reduced cheek tooth complexity , single pli caballin and shallowly incised 
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hypoglyph in middle adult wear. The metapodials are believed to be long and slender in 
proportion (based on unassociated postcrania in several museums). 

« Cormohippario11 » (Sivalhippus) group: 

Bernor and Hussain (1985) further identified a distinct evolutionary group of 
hipparionines from the Siwaliks of« Nagri» and« Dhok Pathan» age (ca. 9.5-5 .2 ma.; 
Barry et al., 1982; MacFadden and Woodburne, 1982; Bernor and Hussain, 1985). This 
group would appear to share phyletic relationships with a Chinese species, and perhaps 
some more derived East african species. The« Cormohipparfon » (Sivalhippus) lineage is 
characterized as containing species which are medium to very large sized. The preorbit­
al bar is long to very long anteroposteriorly. The preorbital fossa is large in anteropos­
terior and dorsoventral dimensions of two species , significantly smaller in two others 
where it becomes placed high and far anteriorly on the face. An apparent advanced 
species of this lineage , « C« (S.) turkanense, reduces the fossa to a vestigial depression . 
Orientation of the fossa evolves from a primitive anteroventral to a more anteroposte­
riorly aligned state in advanced species. Concommitantly, the fossa peripheral and 
anterior rims become progressively reduced in the transformation series. The lacrimal 
bone becomes placed progressively farther posterior to the posterior rim of the fossa as 
a consequence to the fossa 's more anterior placement on the face. The nasal notch , 
when known , is ·never more than slightly retracted (above some portion of P2/). The 
cheek teeth are remarkably uniform amongst known species of this lineage, having 
complex and thickly banded plications of the pre- and postfossettes; pli caballins are 
double or complex; hypoglyphs are deeply incised; protocones are flattened lingually 
and rounded labially ; P2/ a nterostyles a re elongate. There are no reported cranial­
postcranial ske letal associations of these species , but Bernor and Hussain (1985) have 
cited the probability that at least some Siwalik species of this group had very robust 
metapodia ls and a relatively primitive postcranial morphology when compared to 
Group 3 hipparionines. 

The above information on Old World hipparionine superspecific groups is summa­
rized here in Tables la and 1 b, with an explanation for character coding given in the 
methods section. The reader is referred to Bern or and Hussain (1985) , Woorburne and 
Bernor (1980); Bernor et al. (1980), Woodburne et al. (1981), Woodburne and MacFad­
den (1982) for details leading to our current understanding of Old World hipparionine 
evolutionary relationships, and Bernor and Hussain (1985) , and Bernor (1984), concer­
ning their zoogeographic relationships. 

Abbreviatio11s and Defi11itio11s: 

AMNH . .. .. ............ Department of Vertebrate Paleontology, The American Museum of 
Natural History, New York. 

BMNH .......... Department of Paleontology, British Museum (Natural History), 
London. 

GIU .. . ....... ..... ... Geological Institute Utrecht . 
JGUM .. . .... ... .. ...... ... Institute of Paleontology, Johannes-Gutenberg Universitat , Mainz. 
KNHM .. ....... .. . . .... Naturhistorisches Museum , Vienna. 
MNHN . . . .... Museum National d'Histoire Naturelle, Paris , 
MMTT .. . ....... National Museum of Natural History, Tehran, Iran . 
Hipparionine . An informai taxonomie rank referring to equid species belonging to 

any of the following genera: Hipparion, Neohipparion, Nannippus, Cor­
mohipparion, Proboscidipparion, Sty!ohipparion, « Cormohipparion » , 

(Siva!hippus). 
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« Hipparion » ... . following MacFadden and Woodburne (1982) and Bernor and Hussain 
(1985) Old World hipparion horses with facial morphologies that differ 
from either Hipparion or Cormohipparion (includes Groups l, 2, 3, and 4 
of Woodburne and Bernor, 1980). 

Hipparion s.s. . .. .. I follow MacFadden (1980), Woodburne and Bernor (1980), Wood­
burne et al. (1980), MacFadden and Woodburne (1982), and Bernor 
and Hussain ( 1985) in restricting this nomen to a specific lineage of 
horses which have a facial fossa positioned high on the face ; the pos­
terior pocket becomes reduced and eventually lost , and confluent with 
the adjacent facial surface (includes Group 3 of Woodburne and Ber­
nor, 1980). I differ with some of the previous authors in the specific 
referrals of Hipparion s.s.; this has been the subject of considerable 
discussion in the specific referrals of Hipparion s.s. (Bernor and Hus­
sain, 1985), and will be further developed here . 

Measurements .......... . ail measurements are in millimeters. 

B. METHODS 

Crania 
Bern or and H ussain ( 1985) have outlined methods for measuring fossil hipparionine 

skulls and for doing a character state analysis on skulls. That methodology is followed 
and expanded here so that the standard measurements recently formulated at the 
American Museum Conference on Equid Systematics (Woodburne, Sondaar and 
others , in progress) may be applied. The measurements made on the skulls and 
associated maxillary and mandibular dentitions are given below (Figures 1-5). Measure­
ments and character state analysis of maxillae, mandibles, and isolated cheek teeth are 
given in Sections II. B. 1., II. B. 2, and Tables 2 and 3. A description of character states used 
follows Bernor and Hussain (1985) . 
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Fig. 1. - Measurements take n o n Hipparion sk ulls; la teral view. 
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Fig. 2. - Measurements ta ken on Hipparion sku lls; 

preorbita l fossa and adjacent stru ct ures. 

A 

B 

Fig. 3. - Measurements tak en o n Hipparion skull s; a: dorsal view: b: occ ipita l view. 
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F ig. 5. - Meas urements taken on Hipparion ma ndib les; a : la tera l view; b: anteroventral view. 

Postcrania 
The methods of measuring postcrania follow the American Museum Conference on 

Equid Systematics (Woodburne, Sondaar and others , in progress) . In addition, some 
character states of the metapodials are included following Bernor and Hussain (1985). 
Oi!scription, measurement (Figures 6-8) and character state analysis of postcrania 
collected by the Lake Rezaiyeh expedition are given in Section II. D. 3. The measure­
ments and character states are listed in Table 4. Their description is given in Section III . 
D. 3. 
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Fig. 6. - Measurements on metacarpals; a: anterior view; b: lateral view; c: distal view; d: proximal view. 
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Fig. 7 . - Measurements on meta tarsa ls; a : an te ri or view; b: la tera l view; c: dista l view; d: proxim al view. 
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C. CHARACTER STATE ANAL YSIS OF MARAGHEH HIPPARIONINE SKULLS 

The Maragheh hipparionine assemblage is good both from the standpoints of 
sample size and stratigraphie provenance. Bernor ( 1986) has shown that the UCR­
MMTT, KNHM and JGUM collections ail have close to relatively close stratigraphie 
contrai. The MNHN assemblage is believed to have been collected almost entirely from 
the middle portion of the section, but precise stratigraphie provenance was never 
recorded (Bernor, 1986). The AMNH collection has unknown provenance. The nature of 
this data set, combined with the radiometric data from Maragheh, makes it reasonable 
in some cases to closely relate the two variables of time and morphology in a biostrati­
graphic array. Therefore, phylogenetic interpretations can legitimately take into consi­
deration these two variables for hypothesis corroboration. The procedure followed 
here is to first identify phena using skull and maxillary dentition characters which have 
proven to be valid for species characterizations. The following section (D) will place 
species identified on the basis of skulls along with isolated dental and postcranial 
material of known provenance in a stratigraphie and geochronologic context (after 
Bernor, 1986). Section E will present a formai systematics of the Maragheh 
hipparionines . 

Table l lists the age of individuals and 16 additional variables used for species 
determination. This character state analysis closely follows Bernor and Hussain (1985) , 
but does include some minor expansions of individual character state categories. These 
characters were selected because they proved to be useful in discriminating the large 
suite of Group 1, 2, 3, and Siwalik species, as well as in a recent application to studies of 
Chinese Neogene hipparionines (Bernor and Qiu , in progress) . The data array presen­
ted in Table 3 includes five morphological clusters in the Maragheh assemblage. 

Cluster I includes a single specimen, KNHM-RLB 8401. This specimen has a long 
facial fossa which is egg-shaped and anteroposteriorly oriented, is moderately long 
dorsoventrally , bas deep posterior pocketing, is moderately deep medially , has a faint 
anterior rim , its peripheral outline is relatively strongly expressed, ventral border is 
regular; the preorbital bar is very. long; the lacrimal bone is placed approxima tel y 
one-half the distance from the fossa to the orbit. The nasal notch is above the most 
anterior edge of P2/. The cheek teeth have complex plications of the pre- and postfos­
settes when taking into consideration that the wear is past the middle adult stage; pli 
caballins are persistently double; hypoglyphs are moderately to deeply incised, and 
could be expected to have been somewhat deeper in middle adult wear; protocones are 
rounded with slight lingual flattening; P2/ anterostyle is elongate. This specimen is 
referred here to «Hipparion» gettyi, an advanced Group 1, or possibly primitive Group 
3 horse. 

Cluster 2 includes ten individuals: KNHM-RLB 8402, 8403, 8404, A 4848; MNHN-RLB 
7914, 7915, 8001, 8002, 8003, and BMNH M3924. This group is characterized as having long 
facial fossae which are subtriangular shaped and anteroposteriorly oriented, dorsoven­
tral height is great, posterior pocketing is slight, media! depth is great, anterior rim is 
present in ail specimens with the structure preserved, fossa peripheral border outline is 
strongly to moderately well expressed, all specimens except one (BMNH M 3924) have a 
regularly contoured fossa ventral border; preorbital bar length is short to very short; the 
lacrimal bone touches or invades the posterior rim of the fossa in ail specimens which 
have the structure preserved. Nasal notch position is well preserved in only two 
individuals, and is found above the anterior border of P2/. Adult cheek teeth vary in 
fossette plication ornamentation from being rather complex and thinly banded in early 
wear (BMNH M3924) to moderately complex in middle wear (MNHN-RLB 7914 and 7915) 
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and simple in Iate wear (the remainder); pli caballin morphology is variably weakly 
bifid to single; the hypoglyph varies from being deeply to shallowly incised depending 
on the stage of wear; protocones are generally rounded in middle adult wear except for 
MNHN-RLB 7914 where they are flattened lingually; P2/ anterostyle is short and 
rounded on two specimens (BMNH M3924 and MNHN-RLB 7915), while being elongate 
on another (MNHN/RLB 8003). These specimens are referred here to «Hipparion» aff. 
moldavicum. 

Cluster 3 includes nine individuals: KNHM A4847, KNHM A4844, JGUM MB 67, 
MNHN Mar. 18, MNHN Mar. 465, MNHN Mar. 359, MNHN Mar. 71 , AMNH 27807 and 
AMNH 27809. This group is somewhat heterogeneous in some preorbital fossa character 
states, however distinguishing more than one species here is not possible. The preorbital 
fossa is shorter in this cl us ter than Cl us ter 1, it is generally egg or C - shaped with an 
anteroposterior orientation; dorsoventral height is uniformly short; posterior pocke­
ting varies from being slight to absent; media! depth is moderate to shallow; anterior 
rim is faintly expressed to absent; fossa border outline varies from being moderately to 
weakly expressed; the ventral border is consistently regular shaped; preorbital bar 
length is between 31 and 40 mm. , except in two specimens where it is greater than 41 mm. 
(MNHN 359 and AMNH 27809). The anteriormost limit of the lacrimal is Jess than 
one-half the distance from the fossa to the orbit except in one individual where it is 
about one-half the distance. The nasal notch is located from just anterior to P2/ to 
above P2/. In middle adult wear cheek teeth ail have moderately complex fossette 
plications, pli caballins are single in most cases; hypoglyphs vary from being deeply 
incised to moderately deeply incised; protocone varies from being rounded labially and 
flattened lingually to having a more rounded/elongate morphology in one specimen 
(MNHN Mar. 359). This suite of specimens is referred here to Hipparion prostylum (s.l. ). 

Cluster 4 includes three individuals: UCR-MMTT 1342, 1343, and 1291. The fossae in 
these individuals is virtually absent, so that its length , orientation, and dorsoventral 
height cannot be measured; medial depth is very shallow; there is no posterior pocke­
ting of the fossa , and no anterior rim, nor a ventral border; preorbital bar length 
consistently is in the 31-40 mm. range; the lacrimal is Jess than halfthe distance from the 
fossa posterior border to the orbit. The nasal notch is slightly retracted, being positio­
ned above P2/. In middle adult wear, the cheek teeth have moderately complex, thinly 
banded pre- and postfossettes, pli caballin morphology is single, hypoglyphs are deeply 
to moderately deeply incised; protocones are rounded; P2/ anterostyle is elongate. 
These specimens are referred to Hipparion campbelli sp. nov., an advanced Group 3 
horse. 

Cluster 5 is represented by one specimen, G.I.U. PI00-1958 . This individual is 
characterized as having a moderate length fossa which is anteroventrally oriented, 
dorsoventral height is moderate (but great when considering the small size of the 
individual) , posterior pocketing is slight, media! depth is moderate, the anterior rim is 
very faint, the fossa border outline is moderate with a regular ventral border contour; 
preorbital bar length is short; the lacrimal bone invades the posterior rim of the fossa. 
The cheek tooth ornamentation of thi s young adult (M3/'s nearly completerly erupted) 
is moderately complex, pli caballins are single, hypoglyphs are moderately deeply 
incised, protocones are somewhat elongate, P2/ anterostyle is short and rounded. This 
specimen is referred here to «Hipparion » ?mat thewi, a dwarf Group 2 horse. 
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D. CHARACTER STATE AND STRATIGRAPHIC ANALYSIS OF THE UCR-MMTTSAMPLEOF 
HIPPARIONINE CHEEK TEETH AND POSTCRANIAL REMAINS 

Bernor ( 1986) has recently reported on the mammalian biostratigraphy, geochrono­
logy and zoogeographic relationships of the Maragheh fauna. Maragheh is a typical late 
Miocene «Hipparion» chronofauna of the western European, North African, Subpara­
tethyan, Western U.S.S.R. and Chinese bioprovinces (Bernor, 1983, 1984). The fauna 
ranges from approximately 9.5 to 7 m.y. in age, and shows little change in its species 
composition, with the exception of the hipparionine horses . Figure 9 gives the stratigra­
phie ordering of the MMTT localities and hipparionine species vertical ranges. Bernor 
( 1986) has d iscussed in detail the basis for referral of various museum and university 
collections, including the hipparionine skull material described here, to the various 
stratigraph ic intervals . For a more complete discussion of the Maragheh fauna and its 
biostratigraphic, geochronologic and biostratigraphic attributes, the reader is referred 
to Bernor (1986) . 

In this section , maxillary cheek teeth, mandibular cheek teeth and postcranial 
remains not directly associated with UCR-MMTT skulls will be analysed. This analysis 
will be made in sequential stratigraphie order (from lowest to highest stratigraphie 
intervals) in an attempt to detect morphologie changes through the sequence, correlate 
as much of this sample with species recognized by skull morphology as possible, and 
evaluate the relative value of morphologie characters used by students of hipparionine 
horses . The Lake Rezaiyeh Expedition collected a number of isolated maxillary and 
mandibular cheek teeth, as well as postera niai remains of hipparionine horses. Tables 2, 
3, and 4 give the metric and character state date on this material. However, a statistical 
analysis of the material is not attempted here because of the Jack of sufficient sample 
size from any of the stratigraphie intervals sampled. The composite number of adult 
cheek teeth of any given cheek tooth class is too small (see summaries of Tables 2 and 3) 
for a valid statistical analysis to be made. This problem is compounded further by the 
even smaller number of cheek teeth per stratigraphie interval, the fact that the en tire 
sample is derived from a 2.5 m.y. age range (Campbell et al., 1980; Bern or et al., 1980), 
and that at least five distinct species have been characterized in the sequence from skull 
and associated maxillary dental morphology. 

Maxillary Cheek Teeth 

The maxillary cheek teeth and isolated jaw fragments are listed in Table I by the 
following criteria: 1/ first by stratigraphie order (lowest to highest locality); 2/ second 
by sequential tooth number of deciduous cheek teeth; i.e. dP2/ through dP4/ with 
complete jaw sequences being listed first; 3/ third by sequential tooth number of 
pemanent cheek teeth; i.e. P2/ through P4/ / again with complete jaw sequences being 
listed first. Attempts at character state and size trend analyses are confined as muchas 
possible to middle wear adult individuals because of the morphologie variability which 
occurs during the ontogeny of any given individual (after Bernor and Hussain, 1985). 

The lowest stratigraphie interval with maxillary cheek teeth is MMTT 41 (-115 meter 
interval). This level contains adult middle wear maxillary cheek teeth which have pre­
and postfossettes exhibiting moderate, although rather thickly banded plication 
amplitudes, double pli caballins, deeply incised hypoglyphs and elongate protocones. 
This constellation of characters is consistent with Group I horses generally , and 
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«Hipparion» gettyi specifically, which is known to have been collected within this 
interval at Maragheh (Bernor et al., 1980; Bernor, 1986). There is no evidence either on 
the bases of size or morphology for there having been more than one species at this level. 

The next highest stratigraphie level with hipparionine maxillary cheek teeth is 
MMTT 36 (-70 meters), which has a single adult specimen (UCR-MMTT 36/2033) that 
shows similarities in fossette plication amplitude , banding thickness, and doubling of 
the pli caballin , but has Jess deeply incised hypoglyphs and perhaps a Jess elongate 
(although not rounded) protocone. Similarly there is no evidence for more than one 
species from this level , and it is possible that «Hipparion» gettyi had a chronologie 
range which extended as high as this level. 

MMTT 11, from the -35 meter level , shows the first detectable shift in the Maragheh 
sequence of upper cheek tooth size and morphology. UCR-MMTT 11/123, an unworn lt. 
P4/, is similar in size to the MMTT 41 sample, but contains no occlusal morphologie 
information due toits unworn state. MMTT 11/67 (left Ml/) on the other hand is close in 
size to the MMTT 41 sample and shows similar morphology of pre- and postfossette 
plication amplitude and protocone elongation , but Jacks a bifid pli caballin and has 
more thinly banded enamel plications of th~ pre- and postfossettes. 

MMTT 18, -30 meter interval , has maxillary cheek teeth which represent the earliest 
known small hipparionine of the Lake Rezaiyeh Expedition sample. The right M 1/ from 
here, UCR-MMTT 18/ 1440, appears to be smaller and proportionally narrower bucco­
lingually than aider samples in the sequence. This small suite of cheek teeth (UCR­
MMTT 18/ 1598 , left dP2/ and 18/ 1438, right P3/ in addition to 18/ 1440) shows 
moderately complex , relatively thinly banded plications of pre- and postfossettes, and 
single pli caballins (I specimen only) . Hypoglyph and protocone morphology are only 
preserved in one middle adult wear stage individual , MMTT 18/ 1438 , which shows a 
deviation from stratigraphically aider cheek teeth in its shallowly incised hypoglyph 
and its more rounded protocone morphologies. 

The next highest stratigraphie interva I represented by maxillary cheek teeth is the -28 
meter interval , MMTT localities 7 and 14. These teeth can not be distinguished on size or 
visible length/width proportions from individuals found in lower stratigraphie hori­
zons , with the exception of the buccolingually narrow molar cheek tooth from MMTT 
18 . Morphologically the adult cheek teeth are characterized by having moderately 
complex, rather thinly banded plications of the pre- and postfossettes, pli caballins are 
persistently single, hypoglyphs are moderately to shallowly incised from middle to late 
wear , protocone morphology ranges from being flattened only lingually to being more 
rounded. However, none of these attributes canin themselves be used to discrimina te 
this suite of specimens as belonging to a particular Maragheh species. «Hipparion» aff. 
1110/davium, « Hipparion » prosty!um , and Hipparion campbel!i ail have maxillary cheek 
tooth dimensions and occlusal character states which overlap with this sample . 

MMTT 37, the llkhchi (=Ildtchi) locality, and 13, the Shollovand quarry, have 
yielded the next youngest suite of maxillary cheek teeth. MMTT 37 is located in the 
eastern portion of the basin and has not yet been correlated lithostratigraphically with 
the rest of the sequence. However, Bernor et al. (1979), Bernor et al. (1980), and 
Campbell et al. ( 1980) and Bernor (in press) correlated MMTT 37 most closely to MMTT 
13 on biochronologic and radiometric grounds. The MMTT 13 and 37 suite of upper 
cheek teeth represents the largest single sample in the Lake Rezaiyeh Expedition 
collection . Of this sample only three specimens appear to have size and length-width 
proportions similar to «Hipparion » ?matthewi (UCR-MMTT 27 / 2049, 37 /2081, 37 /2093); 
ail of the rest fall closely within the range of ,,Hipparion» aff. moldavicum, Hipparion 
prosty lum (s.l. ) and Hipparion campbelli. Morphologically the adult cheek teeth of this 



192 

suite of specimens can be characterized as having moderate to simple plication ampli­
tude of the pre- and postfossettes (two exceptions: MMTT 37/-- and MMTT 13/118, pli 
caballins are always single (one exception, MMTT 13/118), hypoglyph incision ranges 
from moderately deep to shallow from middle to late adult wear; protocone ranges 
from being slightly elongate to rounded from middle to late adu lt wear, is never as 
elongate as seen in the MMTT 41 suite nor is it ever flattened only lingually as seen in the 
« Cornwhipparion » (Sivalhippus) group (Bernor and Hussain, 1985). This suite of charac­
ters does not deviate from th ose observed in the Maragheh sample of« Hipparion» aff. 
moldavicum, Hipparion prostylum (s./.), and Hipparion campbelli. However, since 
MMTT 13 has apparently yie lded only one species of horse, this locality's sample, and 
presumably isochronous MMTT 37 sample, is best referred to Hipparion campbel!i. 

The size and characters exemplified in the MMTT 13 and 37 sample are seen in a 
small sample from MMTT 21 (-18 meter interval), 31 (-17 meter interval), and 25 (-12 
meter interval) with one exception . MMTT25/1635, a foal right dP2-3/, is qui te small and 
compares in size with «Hipparion » ?matthewi. The referral of ail the rest of this small 
suite of material is best made to Hipparion campbelli. 

The remainder of the maxillary cheek teeth originate from the localities: one 
specimen, UCR-MMTT 24/1732, a right Mil, cornes from the -1 meter interval ; the 
remainder, originates from MMTT26 at the +7 meter interval. There would appear to be 
two size groups represented here: UCR-MMTT 24/1732, 26/1824 and 26/1645 are smaller, 
more buccolingually narrow teeth; the remainder approximate the size seen in the 
MMTT 13 and 37 sample. Morphologically the entire sample is nearly uniform in having 
moderately complex, thinly banded plications of the pre- and postfossettes (one excep­
tion , the UCR-MMTT 26/2567 P2/ which is in early wear and shows complex plications), 
pli caballins are single (two exceptions, MMTT 26/1644's P3/ and M3/ which are faintly 
bifid); hypoglyphs vary from being deeply incised to shallowly incised depending on 
wear stage. This sample is referred somewhat equivocally here to «Hipparion» ?mat­
thewi (smaller) and Hipparion campbelli {larger). 

Mandibular Cheek Teeth 

Table 3 lists metric and character state data on UCR-MMTT mandibu lar cheek teeth 
which Jack, or can not have demonstrated associations with sku ll material. Recording 
the measurements and character states given here were recommended during the course 
of the hipparionine horse methodology conference at the AMNH in 1982. However, the 
data for this assemblage has proven to be largely useless for stratigraphie and syste­
matic analysis. In the size trend , aga in some evidence for a smaller hipparionine species 
with buccolingually rather narrow teeth is seen first in the Lake Rezaiyeh Expedition 
sample at MMTT 18 (-30 meter level) . Evidence for this smaller hipparionine is found in 
generally increasing abundance at MMTT 37 (-18 meter interpreted leve l) , then MMTT 25 
( ~12 meter level) and MMTT 24 (-1 meter level), and finally is most abundant at MMTT 26 
(+7 meter level) . These individuals are referred to «Hipparion » cf. ?matthewi based on 
their size (see hypodigm for listing of individua ls per locality). 

The trends in lower molar morphology are equally unrevealing. Ectoflexid morpho­
logy shows no clear trends, with premolars and molars showing both character states 
seemingly randomly through the sequence. Pli caballinids appear to vary from being 
expressed to rudimentary to absent throughout the sequence until the level of MMTT 37 
and 13 where they markedly diminish and then finally disappear from locality 31 (-17 
meters) upward. Ectoparastylids show an opposite trend , being absent up to the MMTT 
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7 and 14 level, then being varyingly expressed from that point upward . Both the 
linguaflexid and metaconid/metastylid character states are variably expressed through 
the sequence. 

Postcrania 

Measurements adhering to the recommendation of the AMNH hipparionine confe­
rence were taken on metapodials, astragali, and calcanea. Character states were also 
recorded for metapodials . Again, sample sizes were tao small for ail of these elements at 
each stratigraphie interval to make a statistical analysis meaningful. In the case of 
metapodials only the-30 (MMTT 20) to +7 (MMTT26) meter interval is represented. Only 
two specimens, MMTT 13/1622 (metatarsal) and MMTT 13/--e (metatarsal) that were 
complete enough for ail measurements to be made. The maximum number of astragali 
per level was 11 (MMTT 37 and 13 combined); these specimens are ail similar in size and 
are referred here to Hipparion cf. campbelli. The total number of calcanea recovered 
from the entire sequence was 15; complete specimens where ail measurements could be 
made equal five; MMTT 13 has yielded six, the largest total number of specimens for any 
given leve 1. · 

The character .state analysis on the metapodials has yielded no consistent differences 
through the short section sampled. Metatarsals and metacarpals alike are ail elongate 
and gracile. Metatarsal sagittal keels are sharply extended whereas in the metacarpals 
they vary from being sharply extended to rounded. The ventral surface of bath 
metatarsals and metacarpals vary from having a deep elongate depression to being 
shallow. The distal dorsal pit is usually deep in metatarsals and shallow in metacarpals. 
Only three metacarpals preserved the magnum/hamate angle, which varies from 142 to 
149 degrees. 

Conclusions 

The use of standard measurement and character state analyses on maxillary cheek 
teeth, mandibular cheek teeth, and postcrania has proved less resolute for species 
identification than the use of the skull character state analysis. The principal problem is 
the limited usefulness of these more traditional characters alone for accurate species 
identification and phylogenetic reconstruction. Additionally, sample sizes at Maragheh 
are too small for any given level to permit a valid statistical analysis. These problems are 
compounded at virtually ail Eurasian Turolian age deposits where as many as 3 or 4 
hipparionine species may occur sympatrically (Sen et al., 1978), and extensive interli­
neage convergence of traditionally used tooth and postcranial characters frequently 
occur. 

In this sequence, the stratigraphie ranges of« Hipparion» gettyi and «Hipparion» 
?matthewi's were recognized by isolated skeletal parts. However, the other three species 
recognized on the basis of skull morphology could not be distinguished by isolated 
specimens. Moreover, «Hipparion» gettyi was recognized on symplesiomorphic cha­
racters and «Hipparion» ?matthewi was recognized primarily on the basis of its size. 
These are woefully poor criteria for identifying species and ma king interpretive conclu­
sions. The results of this study will hopefully serve to alert those engaged in studies of 
hipparionines about the potential pitfalls of assigning species names or even referring 
isolated cheek teeth and postcranials to specific species. These skeletal elements in 
themselves simply do not yield the information content for identifying hipparionine 
species and developing a sound phylogenetic reconstruction . 
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E. SYSTEMATICS AND EVOLUTIONARY RELATIONSHIPS OF MARAGHEH 
HIPPARION INES 

Order PERISSODACTYLA OWEN, 1848 

Suborder HIPPOMORPHA WOOD, 1937 

Superfamily EQUOIDEA HA Y, 1902 
Family EQUIDAE STEINMANN and DODERLEIN, 1890 

«Hipparion » gettyi sp. nov. 

Hipparion sp. 2 Bernor . 1978. p. 62 . fig. 3b. 
Hipparion sp. 3. Bernor et al. (1979b). p. 94. fi g. I; Campbell e t al. (1980). p. 84 1. 
"Hipparion» sp. (Kopran horse) Woodburne and Bernor ( 1980), p . 1343, fig. 5d; Bernor et al. ( 1980). p. 723, fig. 8; 
Bernor a nd Hussain (1985). p. 36. fi g. 3d. 

Etymology: named after Mr. Gordon Getty, sponsor of the Lake Rezaiyeh Expedition. 
Holotype: A SKULL/ KNHM-RLB 8401, preserved by the Naturhistorisches Museum, 
Vienna. 
Type /ocality: Kopran, Maragheh. 
Age: ?Late Vallesian - Early Turolian. 

Referred specimens: KNHM-RLB 8401 skull of an old adult female with right and left 
II/-M3/ (Figure 10 here); KNHM no number, an old adult palate with right P4/-M3/ and 
left P3/-M3/; KNHM A4866, young adult female mandible with left 1/1-M/3; right 
1/1-P/2 (l/3's just erupting); UCR/MMTT, «Hipparion» cf. gettyi: 41/2224, left P/2; 
41/2464, left Ml/; 41/2211, left P4/; 41/2220, left M2/; 41/2248, left Ml/; 41/25 19, Ieft P/4; 
41/2234, left P/4; 36/2022, right dP2/; 41/2213, right dP lx; 41/2216, right dP/x; 36/2027, left 
P/2; 36/2027, left P/2; 41/2225, right M/2; 43/2489, right M/1; 43/2484, left M/1. 

Diagnosis: 
An hipparionine species with preorbital fossa anteroposteriorly long, egg-shaped 

and anteroposteriorly oriented, dorsoventrally moderately deep, with strong posterior 
pocketing, medially deep, with a faint anterior rim, and moderately expressed 
peripheral outline. The preorbital bar is long. The lacrimal bone is placed well posterior 
to the fossa. The nasal notch is placed ab ove the parastyle of P2/. Adult cheek te eth have 
complex, moderately thickly banded plications of the pre- and postfossettes, pli cabal­
lins are persistently double, hypoglyphs are deeply incised. The protocones are modera­
tely elongate and may have a slight lingual flattening. The P2/ anterostyle is elongate. 
An uncertainly associated metapodial from Kopran is slender an elongate. 

Differential Diagnosis: 
«Hipparion» gettyi differs from other Group 1 horses as follows: 

1/ lt differs from «H. » primigenium (Howenegg, Eppelsheim and Inzersdorf) in 
having a smaller skull, and presumably smaller body size; a facial fossa which is 
egg-shaped and anteroposteriorly oriented, shorter anteroposteriorly and dorsoven­
trally , anterior rim and peripheral border are Jess strongly expressed, preorbital bar is 
shorter, the nasal notch is slightly more retracted (above P2/ parastyle versus anterior to 
P2/); cheek teeth are Jess complexly plicated. Limbs are more elongate and gracile. 

2/ It differs from «Hipparion» africanum (Bou Hanifia) in that the fossa is much 
shorter anteroposteriorly, facial-maxillary crèst dimension is slightly greater (inferring 
Jess dorsoventraJ height), fossa anterior rim and peripheral border are Jess strongJy 
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expressed. The nasal notch is more retracted . The cheek teeth are less complexly 
plicated. The limbs are more elongate. 

3/ It differs from «Hipparion» catalaunicum in having a smaller skull and presuma­
bly body size; the facial fossa is much shorter anteroposterior!y, shorter dorsoventrally, 
anterior rim and peripheral border are Jess strongly expressed. The nasal notch is more 
strongly retracted (above P2/ parastyle versus anterior to P2/) . The cheek teeth have 
slightly Jess complex plications of the pre- and postfossettes. 

4/ It differs from a large Group I hipparionine, «Hipparion» sp. (Woodburne and 
Bernor , 1980; Bernor et al. , 1980) from Pikermi and Samos in having a smaller skull, and 
presumably body size; the snout is relatively shorter and narrower; facial fossa is 
slightly more anteroventrally oriented, deeper medially , and more deeply pocketed 
posteriori y. 

5/ It differs from «Hipparion » melendezi (El Lugarejo and Arroyo) in that the fossa 
bas a greater anteroposterior dimension, posterior pocketing is greater , the fossa is not 
anteroventrally oriented , medial depth is greater, preorbital bar is appreciab ly longer. 
The nasal notch is more retracted (above P2/ versus slightly anterior to P2/) . The cheek 
teeth would appear to have slightly greater _hypoglyph incisions. 

Description: 
The holotype of« Hipparion» gettyi (Figures 10 A,B) is a moderately large sized old 

female skull (KNHM-RLB 8401) with the en tire dentition present , but lacking the 
posterior portions of the orbits , zygoma, and virtually ail of the cranium. The preorbital 
fossa is relatively large; it is egg-shaped and anteroposteriorly directed, has a modera­
tely well delineated peripheral rim and a weakly expressed anterior rim; it is anteropos­
teriorly elongate, dorsoventrally and medially deep; it is placed well anterior to the or bit 
and lacrimal bone and well superior to the facial-maxillary crest; it is deeply pocketed 
posteriorly and becomes markedly narrow dorsoventrally at its anterior limit. The 
nasal bones are slightly retracted to a level above the parastyle of P2/. The snout is 
moderately long and has a very narrow premaxilla and incisive border. The canines are 
small, rounded , and peg-like in morphology . The maxillary cheek teeth are in a 
relatively late stage of wear, but still preserve a definitive occlusal morphology. P2/ has 
a moderately long anterostyle (and somewhat shorter than it would have been in middle 
adult wear) which is rounded anteriorly, and necked posterior!y. The protocone is 
generally elongate in ail of the cheek teeth, becoming serially more rounded from 
M3/-M2/-MI/ with P4/-P3/-P2/ having a similar length/width relationship. The snout is 
moderately long and has a very narrow premaxilla and incisive border. The canines are 
small, rounded, and peg-like in morphology. The maxillary cheek teeth are in a 
relatively late stage of wear, but still preserve a definitive occlusal morphology. P2/ has 
a moderately long anterostyle (and somewhat shorter than it would have been in middle 
adult wear) which is rounded anteriorly, and necked posteriorly. The protocone is 
generally elongate in ail of the cheek teeth, becoming serially more rounded from 
M3/-M2/-MI/ with P4/ -P3/-P2 having a similar length/width relationship. These diffe­
rences can be inferred as being largely wear-related. Protocone morphology in middle 
adult wear can be interpreted to have been closer to the morphology seen in M2/-M3/ 
and P4/, which is generally elongate with an occasional lingually flattened and labially 
rounded aspect. The hypoglyph's are deeply incised despite this relatively late wear 
stage. Similarly, plications of the pre- and postfossettes are thinly banded, but rather 
complex for this late stage-of-wear. Pli caballins are a lso thinly banded, and are 
persistently bifid. 
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A 

B KNHM RLB 8401 

Fig. 10. - «Hipparion» geflyi, sku ll ; a: RLB 840 1, lateral view; b: RLB 8401, occlusal view of maxillary 
dentiti on. 

A fragmentary maxilla from the Kopran collection in Vienna, KNHM no number, is 
of a very old adult individual with right P4/-M3/ and left P3/-M3/ (see Table 6 for 
measurements). The cheek teeth are all very worn, the pre- and postfossettes have lost 
ail plications, the pli caballins are absent and hypoglyphs show no incision (except for 
the M3/), due to the very advanced stage of wear. Protocones have also become rounded 
in this advanced stage of wear. 

There is also a young adult female mandible in the Vienna collection from Kopran, 
KNHM A4866. This specimen includes the incisor and symphysial regions with left and 
right 1/1-1/3 (this last erupting), canines (erupting), most of the left mandibular corpus 
with P/2-M/3 (this last just erupted and unworn), and right corpus with P/2-M/2. The 
rami are absent on both sides of the mandible. The canines are small and peg-like, being 
about one-half erupted, and are flush against 1/3. The mental foramen is placed directly 
between posterior 1/3 and anterior P /2. P /2 anterostylid is elongate and its metastylid is 
slightly smaller than metaconid. Ectoflexids separate metastylid and metaconid in P/2 , 
and M/1-M/3, but not P/3 and P/4. Pli caballinids are completely absent. Ectoparasty­
lids are present' on P/ 3, M/1 and M/2, absent on P/2 and P/4. Linguaflexids are shallow 
on ail cheek teeth and metaconid-metastylid have a slight angular shape on P/2, white 
being rounded on P/3-M/3. 
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There are a number of maxillary and mandibular cheek teeth not associated with 
this skull from Kopran which were collected by the Lake Rezaiyeh Expedition. The 
maxillary cheek teeth are high crowned (maximum of ca. 50 mm. unworn). Protocone 
shape in early to middle adult wear is elongate, labially rounded, Iingually flattened 
with a general elongate oval shape. Plication amplitude of the pre- and postfossettes is 
relatively complex and moderately thickly banded (see Table 2). The hypocone is very 
deeply incised. The Kopran sample of mandibular cheek teeth are also relatively high 
crowned (maximum of ca.44 mm. unworn), and have a similar morphology as that 
described for KNHM A4866 (see Table 3). 

Discussion: 
Bernor ( 1978) initially referred the cheek teeth from Kopran to «Hipparion » sp. 2. 

Bernor et al. (1979b) and Campbell et al. (1980) later referred the hol otype and Kopran 
cheek teeth to «Hipparion» sp. 3 in preliminary treatments of Maragheh mammalian 
systematics and biostratigraphy. Subsequently, Woodburne and Bernor(1980, p. 1343 , 
Figure 5D, p. 1324) and Bern or et al. (1980) figured and discussed the holotype referring 
it to «Hipparion» sp . (Kopran). Most recently, Bern or and Hussain ( 1985) have figured 
(Figure 3D, p. 37) and briefly discussed the phyletic relationships of the holotype, 
referring it to «Hipparion » sp. (Kopran). In this presentation, ail prior referrals cited 
here are made synonyms of« Hipparion» gettyi. 

The occurrence of« Hipparion» gettyi at Maragheh has systematic, biostratigraphic 
and geochronologic significance. The skull (KNHM-RLB 8401) was collected by Pohlig 
from Kopran, which occurs in the lowest fossil levels of the section ( ca. 150 to 11 5 meters 
below loose chippings). The cheek teeth which are referred here to «Hipparion » cf. 
gettyi stratigraphically range from 150 to about 70 meters below loose chippings and 
have an estimated age range of approximaterly 9.5 about 8.5 million years . 

«Hipparion» gettyi is a derived Group I horse with potential Group 3 phyletic 
relationships. The confusion surrounding Group I phyletic relationships arises from 
the fact that this « group » of hipparionines is united largely by plesiomorphic charac­
ters of the facial region and maxillary dentition. They are very heterogeneous in 
postcranial morphology. « Hipparion »_gettyi is most similar to a specimen from Pikermi 
(BMNH M42603) currently displayed as part of a prepared exhibit block at the British 
Museum of Natural History bepartment of Paleontology. The Pikermi specimen does 
not differ in any significant details of size, facial fossa morphology, nasal notch 
retraction, or maxillary molar morphology and it is closely associated with slender, 
elongate metapodials which are similar to those of a KNHM specimen from Kopran. 
The Pikermi skull is tentatively referred here to «Hipparion » gettyi. 

As Group I horses, these two specimens measu~e at the lower range of variation in 
fossa length, dorsoventral height , and preorbital bar dimensions (compare with measu­
rements published by Bernor and Hussain, 1985). Also, the smaller skull size, slight 
retraction of the nasal notch , less strongly expressed peripheral border outline, reduced 
expression of the anterior rim, apparent rotation of the fossa orientation from a sharp 
anteroventral to a distinct anteroposterior orientation, its egg-shape instead of elongate 
or subtriangular shapes , its reduced banding thickness of maxillary cheek tooth pre­
and postfossettes, and elongation of metapodials are polarities divergent from ail early 
Vallesian Group I horses, and potentially could directly presage the morphology seen 
in primitive Group 3 horses. The Group I species from Arroyo and El Lugarejo (late 
Vallesian/early Turolian of Spain),« Hipparion» melendezi, is even further derived in its 
reduced fossa anteroposterior dimension , and posterior pocketing, further rotation of 
the fossa toward an anteroposterior orientation and reduced hypoglyph incision of the 
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maxillary cheek teeth. The current debate surrounding Group 3 origins and the raie that 
derived, early Turolian Group I hipparionines such as« Hipparion» gettyi and« Hippa­
rion» me/endezi might play will be raised la ter as a topic of Hipparion cf. prostylum 
phylogeny . It is sufficient to cite here that derived Group I horses, quite similar in 
morphology to primitive Group 3 horses, existed in southwestern Europe, the eastern 
Mediterranean, and southwest Asia by the early Turolian, just before the first known 
occurrence of Group 3 horses (Bernor et al. 1980; Bernor, 1984; Bernor and Hussain, 
1985). 

Hipparion prostylum (s.l.) GERVAIS, 1849 

Hipparion sp., de Christol ( 1832), p. 180. 
Hipparion proSlylum GERVAIS (1849), p. 284, Pl. 19 , figs. 1-7; Sondaar (1974), p. 296, Pl. 46 , figs . 1, 2; Skinner & 
MacFadden ( 1977}, p. 912, fig . 3a; Woodburne & Bernor (1980), p. 1329, figs. 3e , 7f, 7h-m; Bernor & Hussain ( 1985), p. 
40. fig . Ja . 
Hipparion diplostylum GERVA IS (1849) , p. 284, Pl. 19, fig . 8. 
Hipparion 111esos1ylum GERVA IS (1849) , p . 284, Pl. 19 , fig. 9. 
Hipparion gracile GAUDRY (1 873) , p . 32, Pl. V, figs. 7-10, Pl. VI a nd Pl. VII , figs. 1-11. 
Hipparion mediterraneum .ROTH & WAGNER (1855), sensu Forsten (1968) (in part) , p. 40. 

Lectotype: A partial skull , BMNH M33603, preserved by the British Museum of Natural 
I--listory . 
Type loca/ity: Mt. Luberon (= Cucuron or Mt. Luberon). 
Age: Early Media! T urolian. 
Referred specimens: Maragheh fragmentary skulls of Hipparion prostylum (s.l.): KNHM 
A4847 , KNHM A4844; JGUM MB 67; MNHN Mar. 71 , MNHN Mar. 18, MNHN Mar. 465, 
MNHN Mar. 359; AMNH 27807; AMNH 27809. 
Geographic range: France, Greece, Iran and Afghanistan. 

Diagnosis: 
An hipparionine species with preorbital fossa anteroposteriorly moderate to short 

in Iength; it is faintly egg-to C-shaped and is anteroposteriorly oriented; shallow to very 
shallow dorsoventrally , slight to no posterior pocketing, moderate to slight media) 
depth, anterior rim faint to absent, with peripheral rim moderately to weakly expressed. 
The preorbital bar is moderately long. The lacrimal bone is placed well posterior to the 
fossa. The nasal notch is placed either just anterior to or above P2/. Middle adult cheek 
teeth have moderately complex plications of the pre- and postfossetes, pli caballins are 
usually single but may occasionally be double, hypoglyphs are moderately deeply 
incised. The protocones vary somewhat in morphology, but are most commonly 
elongate and compressed labio-lingually in early wear, sometimes showing general 
rounding or rounding with slight lingual flattening. The P2/ anterostyle is elongate. 
Metapodials are slender and elongate. 

Differentia/ Diagnosis: 
Hipparion prosty lum differs from other Group 3 horses as follows: 

1/ It differs from Hipparion dietrichi in having a more distinctly developed fossa, 
with more prominent peripheral rim; media) depth and posterior pocketing is greater 
and anterior rim is better expressed in some individuals. Middle wear adult cheek teeth 
have no consistent differences , but there is a greater incidence of plication complexity of 
the pre- and postfossettes and bifid pli caballins in the type locality's sample of 
Hipparion prostylum than Hipparion dietrichi. 
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2/ The facial fossa is Jess reduced and the snout is Jess elongate and narrow, and 
nasal notch incision is slightly Jess than in Hipparion campbelli. Also, the cheek teeth 
have Jess persistently single pli caballins than Hipparion campbelli. 

Description: 
Nine partial skull specimens of Hipparion prostylum (s.l.) are present in the hypo­

digm given here. They include specimens from collections in Vienna (KNHM A4847, 
KNHM A4844) , Mainz (]GUM MB 67), Paris (MNHN Mar. 18, Mar 465, Mar. 359 and Mar. 
71) and New York (AMNH 27807 and 27809) . These are shown in Figures 6 and 7. 

KNHM A4847 (Figure 11 A)is a subadult skull which is nearly complete and includes 
right C-M3/ (M3/ is only one-half erupted), left C-P4/ and M3/, while lacking the 
incisors and their alveoli , left M2-3/ and their alveoli and the anterior nasals, posterior 
one-half of the orbits , zygoma and most of the cranium. The preorbital fossa is 
moderate sized , extending anteriorly to a level above P4/ mesostyle, is moderately deep 
dorsoventrally at its posterior end and narrows dorsoventrally towards the anterior 
end; it is egg-shaped and anteroposteriorly oriented with its anterior limit being 
up-turned; posterior pocketing is slight, but marked; media! depth is moderate compa­
red to some other individuals of the hypodigm; anterior rim is faintly present; fossa 
peripheral rim is continuous and somewhat more strongly expressed than other indivi­
duals of the hypodigm; it is well posterior to the lacrimal bone. The infraorbital 
foramen is below the anteriormost portion of the fossa and above P3/. The snout is 
moderately long , lacking incisors, but wi th large buccally convex and linguall y concave 
canines. The Pl/ is present on the right side , being rounded in its occlusal profile, and 
quite worn . P2-4/ are in an early stage of wear, and occlusal details are not yet well 
expressed. However , P2/ and P3/ show moderate complexity of the pre- and postfos­
settes and the pli caballins are distinctly single. The premolar protocones are rounded 
generally with P3/ and P4/ showing some lingual flattening due to their early stage of 
wear; and the hypoglyph is very deeply incised when exposed. The P2/ has an elongate, 
pointed anterostyle, and is necked posteriorly. The Ml/, being the first permanent 
cheek tooth do erupt and corne into full occlusion, has the most well developed occlusal 
morphology. Its protocone is rounded; its pli caballin is single; the pre- and postfos­
settes are moderate!y complex and thinly banded. The M2/ and M3/ are not worn 
enough to clearly show their adult occlusal morphology. 

I refer one palate in the Vienna collection, KNHM A4844, to Hipparion cf. prostylum. 
This specimen is a young adult with right and left P2/-M3/ (M3/ erupting), collected 
from Kara Kend (equals our MMTT !A- 1B in Middle Maragheh). Just enough of the 
facial fossa remains on both the right and left sides to reveal that it was well above (i.e. 
31 mm .) the facial maxillary crest. The infraorbital foramen is not preserved on either 
side. P2/-P4/ are in early stages of wear and somewhat eroded on the occlusal surfaces. 
However, the pre- and postfossettes are moderately complex and thinly banded; pli 
caballins are poorly preserved but appear single on right P3/ and double on right P4/; 
hypoglyphs are deeply incised on P2/ and P3/ and very deeply incised on P4/; proto­
cones are distinctly rounded labially and flattened lingually. P2/ has an elongate 
anterostyle. M 1/ and M2/ show a similar morphology to the premolars in features of 
fossettes, hypoglyphs and protocone morphologies , but pli caballins are too poorly 
preserved to exhibit any morphology. The M3/'s have not yet fully erupted, and are 
unworn. 



200 

< 
G 

Fig. 11. - Hipparion cf. pros1ylum, skulls , latera l view; a: KNHM A4847; b : JGUM MB 67; c: MNHN 
Mar. 71; d: MNHN Mar. 18; e : MNHN Mar. 465; f: MNHN Mar. 359; g: AMNH 27807; (not availab le 
for illustration: AMNH 27809) . 
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JGUM MB 67 (Figure l lb)is a well preserved male subadult skull which is also nearly 
complete, preserving right and left I 1-2/, dI3/, P2/-M2/ , with M3/ nearly completely 
erupted. The snout and nasals are complete, while only half the left orbit and none of 
the right orbit, the zygoma, nor posterior 4/5ths of the cranium are preserved. The 
preorbital fossa is only moderately long, extending anteriorly to a level above P3/ 
mesostyle. The fossa's dorsoventral dimensions, media! depth, peripheral rim morpho­
logy, shape and orientation are virtually identical to KNHM A4847. Neither the lacrimal 
sutures nor the infraorbi ta! fora men are preserved. The snout is rather short and broad 
in its dimensions. The right and left I 1/'s are fully erupted while P2/'s are just beginning 
to wear and dI3/'s are still present. The canines are partially erupted and distinctly male 
sized. The Pl/'s have disappeared. The premolars are ail erupted but are in an early 
stage of wear so that their fossette and pli caballin morphology are not yet visible. P2/'s 
protocone is elongate, while that of P3/ and P4/ show a distinct lingual flattening. The 
hypoglyph is deeply incised on P3/ and P4/. The molars are in a similarly early stage of 
wear and fossette plications are not yet visible. The pli caballins have also not yet 
appeared in the molars except in the Ml/'s where they are weakly bifid. The hypoglyphs 
are deeply incised on M 1/ and M2/, and have not yet appeared on M3/. The M 1/ and 
M2/ protocones show lingual flatten ing , while M3/ is not yet worn enough to show any 
morphological details. 

The four MNHN skull fragments show some degree of heterogeneity in their 
morphology . Two of the skulls are qui te similar to one another: MNHN-RLB 18 (Figure 

. ! Id), a nearly complete old adult skull, including right and left I3/'s and Cs/ (right 
broken), right P2/-M2/ and left P2/-M3/, and lacking right and left Il/ and 12/, nasals , 
orbits and cranium; and MNHN 359 (Figs l lf and 12a), a nearly complete adult skull , 
including right and left canines and P2/-M3/ , lacking only incisors and cranium. In both 
specimens the preorbital fossa is moderately long, anteroposteriorly oriented, dorso­
ventrally short, posterior pocketing is absent (although a distinct posterior rim is 
present) , media! depth is slight (although greater in MNHN 359 than MNHN-RLB 18), 
anterior rim is absent, and ventral border is regular. Both specimens have the lacrimal 
placed well posterior to the fossa. The nasal notch is preserved in MNHN 359 , and is 
slightly anterior to P2/. On MNHN 359 the cheek teeth have moderately complex 
plications of the pre- and postfossettes, pli caballin morphology is faintly double on 
P3/-M2/ (not visible on P2/ and M3/), P2/-P4/, and more deeply incised on Ml/-M3/; 
protocone is elongate on ail cheek teeth. P2/ anterostyle is elongate. MNHN 18's cheek 
teeth are in a very late stage of wear so that comparison with MNHN Mar. 359 is not 
really valid (see Table 10 for morphological scores). 

MNHN Mar. 465 (Figures l le and 12c)and Mar. 71 (Figures ! le and 12b) are adult 
skull fragments, the former a very old individual , the latter an adult. Both have right 
and left P2/-M3/, lacking snout, orbits and cranium. These individuals are morphologi­
cally the most extreme variants of Hipparion cf. prosty lum in their reduction of the facial 
fossa. Like other individuals, they have egg-shaped anteroposteriorly directed preorbi­
tal fossae and exhibit no essential differences other than the reduced length , dorsoven­
tral height, media! depth , expression of peripheral rim, and complete Jack of fossa 
posterior pocketing. I choose to refer these to Hipparion cf. prostylum. In many regards, 
MNHN Mar. 465's facial fossa is similar to MMTT 13 specimens of Hipparion campbelli 
except for slightly greater development. Only MNHN 71 has cheek teeth we!l enough 
preserved to comment on the morphology. The pre- and postfossettes are moderately 
complex on ail of the cheek teeth, pli caballins are faintly bifid on P3/ , P4/, M 1/, M3/, 
and single on P2/ and M2/; hypoglyphs are shallowly incised on P2-3/, moderately 
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deeply incised on P4/-M2/, and very deeply incised on M3/; protocone is elongate on ail 
of the cheek teeth. These characteristics are atypical for H. campbelfi. 

The American Museum retains two skull fragments from Maragheh referrable to 
Hipparion cf. prostylum. AMNH 27807 (Figure 1 lg) is a skull fragment of an old adult 
individual with right P3/ -M3/, left P4/ -M3/, lacking snout , cranium, and orbit. AMNH 
27809 is a subadult skull fragment with right P2/-M3/ and left P3/-M3/ (P4/ and M3/ 
emerging from crypts), lacking snout, anterior 1/2 of maxilla, right orbit and cranium. 
AMNH 27807 bas a facial fossa morphology similar to KNHM A4847 including length, 
dorsoventral height, very slight degree of pocketing, moderate media! depth, faint 
anterior rim, and moderately expressed peripheral rim, and a nearly identically shaped 
and oriented fossa. The posteriormost portion 's dorsoventral height is great compared 
to the anteriormost portion which tapers sharply anteriorly and is up-turned. The 
anteriormost portion appears to have undergone a superiorly directed rotation from a 
former , more primitive, anteroventral orientation . The facial morphology of AMNH 
27809 differs from 27807 in that the fossa of the former is shorter anteroposteriorly, 
shallower medially, and has a less pronounced peripheral border outline. The cheek 
teeth of these individuals are either too unworn (AMNH 27809) or too worn (AMNH 
27807) to preserve a definitive occlusal morphology . 

A 

8 

C 

MNHN Mar. 359 

MNHN Mar. 71 

MNHN Mar. 465 

Fig. I 2. - Hipparion cf. 
pro s ty lum, maxillary 
cheek teeth occlusal view; 
a: MNHN 359 ; b: MNHN 
Mar. 71; c: MNHN 465 . 
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Discussion: 
The systematics of Hipparion prostylum is particularly complicated. M.O.Wood­

burne's (ms) recent review of this problem is excerpted below. The genotype Hipparion 
was named by Christol (1832) for material collected from Mt. Luberon. Christol noted 
that this horse was characterized (in part) by three toes on each foot and an isolated 
protocone. In 1849, Gervais reiterated these two characteristics and further mentioned 
the occurrence of add itional stylids on lower deciduous molars. Gervais (1849) followed 
by designating three Mt. Luberon species, H. prostylum, H. dip!ostylum, and H. mesos­
ty!um, based on the position and frequency of accessory mandibular cheek tooth 
stylids. Later, Gervais (1859) reunited a il of these species into Hipparion prosty!um, 
recognizing the usual variability in these characters . Gaudry ( 1873), Osborn ( 191 8), and 
Skinner and MacFadden (1977) have followed Gervais (1859) in referring ail of the Mt. 
Luberon material to Hipparion prosty!um. Woodburne (persona ! communication) has 
noted that Gaudry (1873, Pl. 6, Fig. 1) illustrated the first material from Mt. Luberon 
which shows the morphology of the face anterior to the orbit. This specimen has been 
re-illustrated by Skinner and MacFadden (1977 , Fig. 3A). A formai type has not been 
designated by any of these authors. Sondaar ( 1974) stated that the specimen figured by 
Gervais (1859 , Pl. 19 , Fig. 2; a maxilla fragment with P3/-M2/) is the holotype of 
Hipparion prosty!um (sic, a lectotype informally designated by Sondaar, 1974). 

Sondaar (1974) noted that some postcranial elements indicate a rare second species 
of Hipparion at Mt. Luberon. Woodburne (ms .) also suggested the possibility of a rare 
second species of hipparionine horse at Mt. Luberon, which he characterized as having 
more robust metapodials and a slightly more complex plication of the upper and lower 
molars . Bernor and Hussain (1985) expanded the suite of measurements on the facial 
fossa complex originally used by Woodburne and Bernor (1980). Bernor and Hussain , 
1985 have argued for the discrimination of BMNH M22617 from other Mt. Luberon and 
Group 3 horses of Woodburne and Bernor (1980) in the dorsoventral height and 
facia l-maxill ary crest dimensions. Additionally, this specimen is more primitive than 
other Hipparion prosty!um specimens in its slight ly greater complexity of the cheek 
tooth plications and persistently bifid pli caballins. These two character states seem to 
segregate BMNH M226 l 7 from the remainder of the Hipparion prostylum sample. 

BMNH M33603 (Figure 7J; Woodburne and Bernor, 1980) is the most complete, well 
preserved adult individual of the Hipparion prosty!um sample known. It is a virtually 
complete skull with P2/-M3/, lacking the premaxilla and posteriormost cranium, and 
conformable in ail essential details with the diagnosis given here. I hesitate to remove 
BMNH M26617 from the hypodigm of Hipparion prostylum, and elect instead to refer it 
to Hipparion aff. prosty!um. I do this because it is derived in its facial morphology 
compared to the « stage-of-evolution » in derived Group I horses as exemplified by 
Hipparion gettyi (i.e. reduced posterior pocketing and less strongly outlined border ail 
around the facia l fossa). Also, I believe that BMNH M26617 represents a viable morpho­
logical predecessor of Hipparion prostylum (sensu stricto). 

At Maragheh , Hipparion prostylum (sensu !ato) is known from Tobien 's collection 
and the Vienna specimen to occur at Kara Kend, our localities IA, IB, and IC , or about 
-52 to -28 meters below loose chippings. This was perhaps the best collected of a il the 
Maragheh vertebrate loca lit ies, and it is not unreasonable to presume that other 
paleontological expeditions collected fossils specimens there. Although Mecquenem 
did not report, and presumably did not record, precise locality information, he has 
stated (1908) that he collected fossils from two closely related levels a il across the basin. 
The Group 3 horses in the MNHN collection include a range of facial morphology that 
overlaps samples of known Middle and Upper Maragheh specimens. Bernor et al. 
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{1979b ), Campbell et al., (1980), and Bernor et al. (1980) reported a potential three-part 
stage-of-evolution of hipparionine species at Maragheh: «Hipparion» gettyi -Hipparion 
sp. 4 (=Hipparion prostylum (s.l.) here) - Hipparion dietrichi (=Hipparion campbelli 
here). This viewpoint is changed here as a result of further systematic and phyletic 
studies of Eurasian hipparionines. The problems with the « stage-of-evolution » inter­
pretations of this series include the uncertainly about Group 3 origins, the morphologi­
cal limits of Hipparion prostylum, and the recognition that the Upper Maragheh 
hipparionine is a different species than Hipparion dietrichi. 

Recently, MacFadden (19°80) has reviewed Hipparion prostylum from the type loca­
lity at Mt. Luberon, and suggested a number of referrals of North American species to 
this genus and Group 3 hipparionines of Woodburne and Bernor (1980). In his hypo­
digm of Hipparion s.s., MacFadden has included Hipparion prostylum, Hipparion 
dietrichi, and Hipparion antelopinum from the Old World, and «Hipparion» tehonense 
and «Hipparion» forcei of the New World to a single generic group which he has termed 
Hipparion s.s. MacFadden (1980) has argued that because the North American members 
of the hypodigm came from demonstrably older horizons than the Old World species, 
they represent the earliest members of Hipparion s.s., and consequently that the Old 
World forms appear as the result of a second, early Turolian, emigration event from 
North America to Eurasia. Bernor and Hussain (1985) have argued that the reduction of 
the facial fossa in Old World and New World species of MacFadden's « Hipparion s.s. » 

potentially represents a phylogenetic convergence, and cite a substantial suite of 
differences in facial and maxillary dental features between the Old World and New 
World species. 

The origin of Group 3 hipparionines remains equivocal. As cited above, «Hippa­
rion» gettyi has some morphologie features which presage Group 3 hipparionines. 
These include its reduced size, preorbital bar length, dorsoventral height and facial 
maxillary crest measurements. The morphology and measurements of these features are 
within the range of variation seen in the type series of Hipparion prostylum from Mt. 
Luberon, and just slightly larger in the mean dimensions of those characters (Bern or 
and Hussain, 1985) than the Maragheh hypodigm of Hipparion prostylum (s.l.) cited 
here. «Hipparion» gettyi is clearly more primitive and Group 1-like in the greater 
posterior pocketing, length and media! depth of the fossa. The cheek teeth of Hipparion 
gettyi have greater pre- and postfossette complexity and more consistently bifid pli 
caballins than Hipparion prostylum s.l. However, the hypoglyphs of Hipparion prosty­
lum s.l. from Mt. Luberon and Maragheh retain almost the same degree of incision in 
middle to la ter adult wear. Additionally, the orientation of the preorbital fossa in 
Hipparion gettyi would appear to presage to some degree the superior rotation seen in 
KNHM A4847 and AMNH 27807. Therefore, in its total morphologie pattern of size, the 
preorbital fossa, and dental morphology, Hipparion gettyi is the closest Group I species 
to Hipparion prostylum studied by this investigator to date. 

I currently recognize four species of Group 3 hipparionines: Hipparion prostylum 
s.l., with a geographic range including France, Greece, Iran and Afghanistan; Hippa­
rion antelopinum from the Siwaliks, Hipparion dietrichi from Samos, Greece, and 
Hipparion campbelli from Iran . Hipparion prostylum (s.l.) has the greatest geographic 
distribution, and would appear to be the oldest species of bonafide Group 3 hippario­
nines. Hipparion prostylum has been used by Bernor et al. ( 1980) to correlate western 
European and eastern European Turolian age localities with Maragheh. The Middle 
Maragheh specimens (specifically KNHM A4847 and AMNH 27807) are the most primi­
tive members of the Maragheh Hipparion prostylum (s.l.) hypodigm in facial and dental 
morphology, and compare closely with the Mt. Luberon, Saloniki, and Pikermi speci-
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mens of Hipparion prostylum (Woodburne and Bern or, 1980; Bern or et al. 1980; Bern or 
and Hussain, 1985). The Kara Kend localities (UCR-MMTT IA, 1B , and IC),and hence 
Pikermi, Saloniki, and Mt. Luberon are calibrated by potassium-argon as being ca. 
8.5-8 m.y. old (Campbell et al. , 1980). 

Other specimens referrable to Hipparion prosty lum, as well as ail other Group 3 
species show various degrees of facial fossa reduction , nasal retraction , cheek tooth 
plication , pli caballin simplification , and reduction of hypoglyph incision. Hipparion 
antelopinum (sensu MacFadden and Woodburne, 1980 and Bernor and Hussain, 1985) 
first appeared ca. 9-8 ma. (Barry et al. , 1982; MacFadden and Woodburne, 1982; Bern or 
and Hussain , 1985; Hussain and Bernor, 1983). The type series has a smaller body size , 
and a facial fossa reduced in its length , dorsoventral height, and posterior pocketing. 
The type series of Hipparion ante/opinum bas further derived cheek tooth morphology 
with simplified plications of the pre- and postfossettes , single pli cab a llins , rounded 
protocones, and Jess deeply incised hypoglyphs. A n 8 million year first occurrence of , 
this species in the Siwaliks (Bernor and H ussa in , 1985) appea rs to be biochronologically 
congruous with its stage-of-evolution relative to the oldest known individuals of 
Hipparion prosty lum. 

Hipparion dietrichi and Hipparion campbe!li similarl y are progressively derived in 
facial and cheek tooth morphology. Hipparion dietrichi's facia l fos sa is reduced to a 
distinct depression with no posterior or peripheral rim , and Hipparion campbel/i bas no 
depression , but a small , distinct posterior fossa rim . The nasal no tches are slightly 
retracted to a level above P2/. The cheek teeth of both species are simplified compa red 
to Hipparion prosty lum in their reduced plication frequ ency of the p re- a nd pos tfos­
settes , single pli caballins , rounded protocones, and reduced hypoglyph incision. 
Hipparion campbelli is yet more derived than Hipparion dietrichi in its lengthened and 
narrowed snout. A 7 m.y. age for Hipparion die tri chi and Hipparion campbelli (Bernor et 
al. , 1980) is also congruous with the evolutionary interpretations cited here. 

While the origin of Group 3 hipparionines is uncertain, the pattern and chronology 
of their distribution allow for some interesting evolutionary and zoogeographic inter­
pretations. One could reasonably predict that a Group 3 hipparionine species first 
appeared in the northern Mediterranean and southwest Asian area circa 9 million years 
ago . This hypothetical species, and subsequent derivative of the Group 3 lineage, 
apparently evolved to a medium sized species with reduced to absent facial fossae , 
simplified cheek teeth, and elongate metapodials. The interval between 9 and 6 million 
years ago (or Jess?) time in these sectors of Eurasia has been characterized by Bernor 
(1983 and 1984) as a time of maximum transgression of so-called « Pontian » large 
mammal faunas . Th!! distribution and biochronology of Group 3 hipparionines suggest 
that western Europe , the eastern Mediterranean, southwest Asia and the Siwaliks were 
not in continuous contact, but that episodic immigrations between these sectors occur­
red. If Group 3 hipparionines are monophyletic , as it currently appears, then one can 
perhaps deduce that a primitive Group 3 hipparionine species intermediate in morpho­
logy to «Hipparion» gettyi, and Hipparion prostylum appeared in the Mediterranean 
-southwest Asian area, transgressed the en tire known range of Group 3 hipparionines in 
a relative ly short interva l of time , and subsequently evolved vicariantly, as distinct 
species . The facial fossa and cheek tooth structures of Group 3 species appear to have 
been destabalized from more primitive Group 1 patterns, and were progressively lost 
and/or simplified. The virtually continuous morphoclinal change in these features of 
the facial fossa make drawing species limits difficult , and in the case of Maragheh 
Hipparion prosty lum (s.l. ), the morphological limits used here are admittedly somewhat 
extended. 
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Hipparion campbelli sp. nov. 

Hipparion die1richi WEHRLI ( 1941). sensu Bernor ( 1978), p. 50 , fig . 2; Bernor el al. ( 1979b), p. 94; Woodburne & Bernor 
( 1980). p. 1344, figs. 7a . 7b; Ca mpbell el al. ( 1980), p. 841 ; Bernor e l al. ( 1980)(in part), p. 724, fig. 8; Bernor & Hussain 
( 1985). p. 40, fig. Sc. 

Etymology: named after Professor Bernard G. Campbell, Director of the Lake 
Rezaiyeh Expedition. 
Holotype: A skull, MMTT 13/ 1342 (Figure 13a), an with associated lower jaw, UCR­
MMTT 13/ 1341 (Figure 15a), preserved at the Department ofEarth Sciences, University 
of California, Riverside. 
Type Loca/ity: Shollovend, Upper Maragheh , Iran. 
Age: Late Turolian, ca . 7 m.y. 

Referred Specimens: UCR-MMTT skull material referred to Hipparion campbe!li: 
13/ 1342 adult female skull with left and right P2/-M3/; 13/1343 , juvenile skull with _right 
and left Il-2/, dPl -4/, Ml/; 13/1291 , juvenile skull fragment with right and left dP2-4/, 
Ml-2/ and left Pl/; 13/ 1333,juvenile palate fragment with left dP3-4/, Ml-2/ and right 
dP4/, M 1-2/. UCR-MMTT mandible material associated with the above skulls referred to 
Hipparion campbelli: MMTT 13/1341 , adult mandible with right and left 1/1 - M/3; 
13/1736, old adult mandible with right and left 1/1 - M/3 ; 13/2353 ,juvenile mandible with 
right and left dP/2-4; 13/ 1289, juvenile mandible with right and left dP/2-4 and M/1. 
UCR-MMTT material referred to Hipparion cf. campbel!i: 13/84, right Ml/; 13/86, right 
P3 or 4/; 13/85, left Ml/; 13/ 1224, right mandibular fragment with P/2-3; 13/1270, left 
Ml/; 13/1347, juvenile palate with right and left dP2-3/; 13/1349, left M2/; 13/1392, right 
P2/; 13/ 1404, left maxillary cheek tooth; 13/1414, right mandibular cheek tooth; 13/ 1452, 
left dP4/ with erupting P4/; 13/ 1497, right M/1 ; 13/ 1500, dP3-4/; 13/ 1502, mandibular 
cheek tooth fragment; 13/ 1503 , left P3/; 13/ 1516, right dP/ 4; 26/ 1572, right M2/; 13/1719, 
left dP3 or 4/; 13/ 1727, left M/2; 13/2353, right ma ndible with dP/2-4 and left mandible 
with dP/2-3; 13/2475, left maxillary fragment with P2-4/; 31/1900, left P2/ - M3/; 3712427, 
left mandible with dP2-4/; 37/2096, left P2/; 37/2421 , right P2/ unerupted; 13/1993, right 
P3/; 37/2088, right P2/; 13/2233 , right M2/; 37/2068, right Ml/; 31/1856, left M2/; 13/2264, 
right dP3/ ; 37/2392, left P /2-M/1; 37/2391 , left P2/-M 1/; 37/2756, right P2/; 37 /2264, right 
dP3/; 37/2391, left P2/-Ml/; 37/2556, right P2/; 37/2397, right P3/; 31/1894, right P3/. 

Geographic Range: Iran. 

Diagnosis: . 
An hipparionine species with a long slender snout; preorb1tal fossa markedly 

reduced , egg-shaped and anteroposteriorly directed, with a small vestigial posterior rim 
and slight media) depression; preorbital bar moderately long; lacrimal bone placed well 
posterior to the fossa; nasal notch placed above mesostyl_e of P2/; mid~le "."ear adult 
maxillary cheek teeth have moderately complex and very thmly banded phcat10ns of the 
pre- and postfossettes, pli caballins are single, h~poglyphs are m?derately deeply 
incised; protocones are oval shaped; P2/ anterostyle 1s elongate; mand1bles are elongate 
with a slender symphysial region; canines are placed immediate ly distal to 1/3, mental 
foramen is placed approximately 1/2 the distance between 1/3 and P/2; in middle adult 
wear P/2 anterostylid is elongate, ectoflexids do not separate metastylids and metaco­
nids in the premolars, but do in the molars; pli caballinids and ectoparastylids are 
abse nt; linguaflexids are shallow; metaconids and metastylids are rounded; metapo­
dials are slender and elongate. 
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Differential diagnosis: Refer to H. prostylum differential diagnosis. 

Description: 
Hipparion campbel!i is the most abundantly represented hipparionine species in the 

Lake Rezaiyeh Expedition sample. The most complete specimen is the holotype, a 
female skull UCR-MMTT 13/1342. MMTT 13 has also yielded juvenile skulls of varying 
completeness (UCR-MMTT 13/1343, 13/ 1291 , and 13/ 1333). A number of jaw fragments 
including UCR-MMTT 13/1341, 13/ 1289, 13/2352, and 13/1726 as well as isolated teeth of 
Hipparion campbelli are included within the UCR-MMTT sample. Postcranial material 
associated with Hipparion campbelli in bonafide quarry samples is not abundant, but 
substantial enough to show that this species had elongate and gracile metapodials. 

The adult female skull, UCR-MMTT 13/ 1342 (Figures 13A, 14a), is moderate size and 
nearly complete except for the occipital portion of the cranium, the anteriormost nasal 
bones, left 13/ and C. The snout is long and has a narrow incisive border. The preorbital 
fossa is moderately distant from the orbit, occupies a position high on the maxi lia, has a 
faint egg-shape and anteroposterior orientation, but is clearly vestigial; it is short 
anteroposteriorly and dorsoventrally, shallow medially, and has a very small vestigial 
posterior rim, and no posterior pocketing. There is no anterior rim, but rather the fossa 
is completely confluent anteriorly with the maxilla. The infraorbital foramen is large 
and located anteroventrally to the fossa and above the interstitial contact of P3/-P4/. 
The incisor region is very narrow and 13/ is not completely erupted. The right canine is 
small, and has a rounded peg-like morphology. The cheek teeth are elongate with the 
premolars somewhat larger than the molars. The P2/ has a well developed, long, and 
rounded anterostyle; the enamel plications are on ly faintly expressed but show mode-

A B 
UCR·MMTT 13/1343 

UCR-MMTT 1311333 

C UCR-MMTT 13/ 1291 

Fig. 13. - Hipparion campbelli. skulls, lateral view; a: UCR-MMTT 13/ 1342; b: UCR-MMTT 13/ 1343 
(sl ightly ob liquely oriented) ; c: UCR-MMTT 13/ 1291; d: UCR-MMTT 13/1333. 



208 

rate complexity; the hypoglyph is moderately incised; the protocone is aval shaped. P3/ 
and P4/ a lso have faintly delimited , thinly banded enamel plications; the posterior 
borders of the prefossettes are just touching the anterior borders of the postfossettes; 
the hypoglyphs are moderately deeply incised; the protocones are slightly aval, with 
each having a «vestigial» anterolabial enamel pli. The Ml/ and M2/ are substantially 
smaller and more square-shaped; the fossette enamel plications are faintly expressed, 
but have a moderate amplitude; the hypoglyphs are moderately deeply incised; the 
protocones are round. M3/ is not completely erupted, with only its anterior one-half 
ha ving begun to wear, and therefore the occlusal topography is not yet well expressed. 
Pli caballins are single on ail of the cheek teeth. 

UCR-MMTT 13/1343 (Figures 13b , 14b), is ajuvenile female skull with right and left 
Il-2/, canine alveoli, dP2-4/, Ml/; 13/ and M2/ are slightly exposed in theircrypts. Bath 
zygomatic arches are missing, but otherwise the skull is virtually complete. This 
specimen is very similar to the adult female skull, UCR-MMTT 13/1342, and was very 
closely associated with it in the Shollovend Quarry. The preorbital fossa is identical in 
morphology to UCR-MMTT 13/1342. The lacrimal is well delimited and clearly lies 
posterior to the preorbital fossa. The infraorbital foramen is large , located anteroven­
tral to the preorbital fossa and above dP3/, whose lingual border is partially exposed in 

B 

C 
.....__.___. 

D 

UCR-MMTT 13/ 1342 

UCR-MMTT 13/1343 

UCR-MMTT 13/1291 

UCR-MMTT 13/1333 

Fig . 14. - Hipparion 
campbelli, skulls, occlusal 
view; a: UCR-MMTT 
13/1342; b : UCR-MMTT 
13/1341; c: UCR-MMTT 
13/1291 ; d: UCR-MMTT 
13/1333. 
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the maxillary wall. The incisor region is very narrow and 13/ is still unerupted. The 
canines are missing, but their alveoli are perf ectly preserved and suggest that these teeth 
were small and rounded. dP2-4/ are very worn and show no complexity of the pre- and 
postfossettes; the protocone is round on ail of these and connected with the protoloph 
on dP2-3/; the hypocones are very shallowly incised. The anterostyle of dP2/ is as in the 
adult female, UCR-MMTT 13/1342. Ml/ is tao unworn to illustrate clear occlusal 
morphology. 

A third specimen, UCR-MMTT 13/1291 (Figures 13c, 14c), from the Shollovend 
quarry, is a juvenile skull fragment with right and left dP2-4/ and M 1/ present. The 
posterior border of the orbits , the cranium , nasals and premaxillary regions are absent. 
Details of the preorbital fossa are identical to other aformentioned crania of this 
species. DP2/'s pre- and postfossettes plications are simple due to their advanced stage 
of wear, whereas dP3-4/ and M 1/ are moderately complex; ail cheek teeth have single pli 
caballins; hypoglyph incisions are shallow on dP2-4/ and deep on Ml/ (wear related 
differences); protocone is rounded on dP2-4/ while not yet worn on Ml/. 

UCR-MMTT 13/1333 (Figures 13d, 14d), also found in the Shollovend Quarry , is a 
palate fragment with left dP3-4/, Ml-2/ and right dP4/, Ml-2. This specimen is referred to 
Hipparion campbelli based principally on the size and length/width proportions of the 
teeth . DP3/ has a rounded protocone while dP4/'s protocone is more elongate and Ml/ 
is elongate and flattened; these intra-indi vidual differences can be largely attributed to 
their various stages of tooth wear. Pre- and postfossette plications of dP3-4/ are 
moderate and their pli caballins are complex ; Ml/'s pli caballin is clearly single ; 
hypoglyph incisure is slight on dP3/ and moderate on dP4/. Occlusal topography is not 
well enough expressed yet on M 1/ or M2/ (erupting) to illustra te details of the hypo­
glyph and fossette morphology. 

A 

B UCR-MMTT 13/ 1341 

Fig . 15. - Hipparion campbelli, mandibular cheek teeth UCR-MMTT 13/ 1341 ; a : lat eral view; b: 
occlusal view . 
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A number of mandibles were closely associated with the skulls and skull fragments 
in the Shollovend quarry . Associations cited here have been determined by proximity in 
the quarry , comparable eruption and closeness of occlusion between maxillary and 
mandibular dentitions . UCR-MMTT associations are interpreted to be as follows: 
mandible 13/1341 (Figures 15a,b) with skull 13/1342; mandible 13/1289 with skull 
13/1333; mandible 13/2353 with palate 13/1291. A fourth mandible, 13/1736, belongs to 
an old individual. 

UCR-MMTT l 3/ 1341 is a nearly complete mandible missing the superior 2/3rds of the 
ascending ramus; also, the mandible is broken just posterior to the canines . As with the 
maxillary dentition, 13/ and M3/ are still not completely erupted. The diastema is 
elongate, the canines are small, rounded, and peglike , and placed immediately distal to 
I/3. The premolars are quite elongate and substantially larger than the molars. P/2 
mirrors P2/ in its strongly extended and anteriorly rounded anterostylid. The mental 
foramen is slightly closer to P /2 than I/3; P/2's anterostylid is elonga te and its metastylid 
is larger than the metaconid; ectoflexid does not separate metastylid and metaconid; pli 
caballinid is absent; ectoparastylid is absent; linguaflexid is shallow and broadly 
opened buccally; metaconid and metastylid have a slight ly angular contour. P/3 and P/4 
are identica l in occlusal morphology to P/2 except that the metastylid and metaconid 
are rounded . M/ 1-3 show seria l size reduction in both length and width measurements, 
and they differ from P/2-4 in that the metastylid and metaconid are separated by the 
ectoflexid . In details of p li caba llinid, ectoparastylid , linguaflexid and metaconid/me­
tastylid morphology, M/1-3 are identical to P/3-4. 

UCR-MMTT 13/2353 is a juveni le anterior mandible with left dP /2-3 and right dP /2-4. 
Although not entirely preserved , snout length would appear to be elongate; the teeth are 
highly worn, but preserve some morphological features . DP/2's anterostylid is elongate; 
metastylid is approximately equal in size to the metaconid; ectoflexid does not separate 
metastylid and metaconid; pli caballinid is rudimentary to absent; ectoparastylids are 
round shaped; dP/3 and dP/4 have an occlusal morphology identical to dP/2; ectometas­
tylids occur on ail of the premolars. 

UCR-MMTT 13/ 1289 is a juvenile mandible fragment with left dP/2-4, M/1 and M/2 
(erupting) and right dP/2-4 , M/1 . DP/2 has an elongate anterostylid; metastylid is 
slightly smaller than metaconid; ectoflexid does not separate the metastylid and meta­
conid; pli caballin id is absent, ectoparastylid is absent; linguaflexid is shallow; meta­
conid and metastylid are rounded. DP/3 is similar in occlusal morphology to dP/2 
except that it has a large ectoparastylid. DP/4 differs from dP/2 and 3 in that the 
ectoflexid separates metastylid and metaconid and the linguaflexid is U-shaped; as seen 
in dP/3, the ectoparastylid is present. Ali of the dP/'s have prominent ectometastylids 
buccally. M/1 is just beginning to wear and its morpho logy includes an ectoflexid which 
does not yet separate the metaconid and metastylid; it has a simple pli caballinid; 
ectoparastylid is absent ; linguaflexid is U-shaped; metaconid and metastylid are 
angular-shaped. 

UCR-MMTT 13/ 1736 is a mandible of a very old adult which includes right and left 
Ill - I/3, canine roots and P/2 - M/3. The cheek teeth are very worn, but some 
morphological features are preserved. The canine is placed just posterior to I/3, the 
snout is elongate and slender, the mental foramen is intermediate in position between 
I/3 and P/2 . P/2 anterostylid is shortened due to wear; the metastylid is larger than the 
metaconid; ectoflexid does not separate metastylid and metaconid; pli caballinid is 
absent; ectoparastylid is absent; linguaflexid is shallow; metaconid and metastylid are 
angular shaped. P/3 and P/4 are identical in morphology to P/2 except for the lingua­
flexids which are V-shaped. M/1 resembles P/3 and P/4 in morphology, differing only in 
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that the ectoflexid separates the metastylid and metaconid, and the linguaflexid is 
V-shaped. M/ 2 differs from M/1 only in that the linguaflexid is U-shaped; M/3 does not 
preserve the linguaflexid on either side of the mandible. 

Discussion: 
Hipparion campbelli has previously been referred to Hipparion dietrichi by Bernor 

(1978), Bernor et al. (1979) , Woodburne and Bernor (1980) , Campbell et al. (1980); and 
Hipparion cf. dietrichi by Bern or et al. ( I 980) and Bern or and H ussain ( I 985). The known 
stratigraphie range of this species is restricted to the uppermost Maragheh horizons, 
although it is possible it could occur somewhat lower in the section. The Shollovend 
quarry specimens are recognized as a species distinct from Hipparion dietrichi principal­
ly because of the more slender elongate snout, and a preorbital fossa which is more 
restricted, egg-shaped, and consistently shallower in its media! dimension. Hipparion 
campbe!li also differs consistently from Hipparion dietrichi in having a shallower, more 
restricted facia l fossa depression .. Definitive data on cheek tooth morphology is not 
currently available for Hipparion dietrichi, making comparisons with Hipparion camp­
belli impossible. As cited earlier, Hipparion campbelli most probably evolved from a 
local population of Hipparion prosty lum (s.l.). Bernor et al. (1980) once suggested that 
Hipparion dietrichi (=Hipparion dietrichi from Samos + Hipparion campbe!li from 
Upper Maragheh) might have been ancestral to the East African Iate Miocene hippario­
nine, « Hipparion» turkanense , because of their mutual Joss of the facial fossa. Bernor 
and Hussain (1985) have since presented evidence for facial fossa Joss in multiple 
lineages of Old World a nd New World hipparionines and consequently rejected the 
purported phylogenetic relationship between advanced Group 3 horses and « Hippa­
rion» turkanense. Rather , the au th ors have suggested that «Hipparion » turkanense may 
be an advanced species of their « Cormohipparion » (Sivalhippus) group. 

« Hipparion » aff. moldavicum 

Hipparion medi1crranc11111 ROTH & WAGNER ( 1855): smsu Forsten ( 1968) (in part). p. 40 . 
Hipparion species 1. Bernor ( 1978). fig . 3a : Bernor er al. ( 1979b) . p. 94 . 
Hipparion species 2. Bern or (1978 ). fig . 3b. 
Hipparion 111cdi11•1Tam·11111. Campbe ll cl al. ( 1980). p . 841: Bernor cl al. ( 1980). p. 728 . fig . 8: Bernor & Hussain ( 1985). p. 
39. l'ig. 4b . 
« Hipparion » sp. Gp. 2. Woodburne & Berno r (1980). p. 1329 , fi gs. 6a-d . 

Holotype: P.I.N. n° 1256-3639, Academy of Sciences Paleontological Institute of the 
U.S.S.R. , figured by Gromova, 1952, Figures 1-3 . 
Type Locality: Tarkalia , Repub lic of Moldavia , District of Benderi , U.S.S .R. 
Age: Meotian (= Media) Turolian, MN 12, of Mein , 1975, 1979). 

Referred Specime11s (Maragheh only): BMNH M3924, skull fragment, BMNH M3925 , 
skull fragment; KNHM A4848, left maxillary fragment with P2/ -M3/; KNHM-RLB 8403, 
right maxillary fragment with P2/ - M3/ ; KNHM 8404, left maxillary fragment with 
dP2-4/ , Ml/: MNHN-RLB 7914, sku ll fragment; MNHN-RLB 7915, skull fragment; 
MNHN-RLB 8001, skull fragment; MNHN-RLB 8002, skull fragment; MNHN-RLB 8003, 
skull fragment; MNHN-RLB 8004, skull fragment . 

Geogl'aphic ra11ge : western U.S.S.R. and southwest Asia . 
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Diag11osis (Translated from Gromova , 1952: 154-155): 
Medium size, basal length of cranium = 271-273 mm .; length ofcheek teeth = 121-141 

mm. ; muzzle elongate; index of orbital-facial length = 67; index of anatomical axes= 
214.6 . Frontals narrow, width index= about 38.2; fronto-basal index= 261 .4 mm. Dental 
series short; index of length to basal width = 33.5; to the premolars, 41.2 - 46.8; 
diastemato-dentary index = 66 .1 - 28 .9. Upper molars large relative to premolars; 
molar-premolar index= 82.4-91. A single preorbital fossa , very long and elevated , index 
of position relative to orbit =26.6 - 37.8; relative to the facial crest, 16.7 -64.3 . Nasal notch 
moderately deep, its posterior border is at the levei of, or slightly anterior to, the 
anterior border of P2/. The diastema is well developed, its index is 60.4- 77. Protocone is 
short and wide, length index of P3/ -M2/ in little or moderately worn individuals is 20.7 -
37 .5, in very worn teeth, 25 - 43.3 ; index of form in the same conditions 42.8 - 78 .3 and 57.1 
- 92.3. Ename! plication is moderate in upper cheek teeth, on the posterior wail of the 
prefossette and anterior wall of the postfossette; when P3,4/ and M 1,2/ are very worn or 
moderately worn they have 3.5 -6.5 to 9.5 plis . Cheek teeth have a height-length index on 
P3,4/ of 156 - 195 .5; on M 1-3, 204.3 - 232.5; on P / 3-4 and M/ 1-2 159 - 200 . A double knot of 
the Hipparion type. External depression in lower cheek teeth deep, complementary 
elements litt le developed. The islette occupies the anterior portion of the 13/ crown . The 
postcranials are gracile and elongate; index of width in the iower articulation relative to 
the width of MC III, 14.5 - 16.3; to the iength of MT III, 12.4 - 14.2. Metapodial length 
relative to width: MT/ T = 74.4 . Lateral digits are moderately developed; moderate 
indicies of lower extremities diameters MC II and IV to MC III , 75 .8 - MT II and IV to MT 
III, 66.8; mode rate indicies of length of the first phalanges of the lateral digits to th ose of 
the anterior median digits , 58.2; posterior 53 .8. Extremities recurved to the level of 
articulations ; moderate index of the pisiform bone 114.3 mm.; anterior 3rd phalanx 
narrow; length-width index of posterior 3rd phalanx 71.4 - 86.6. 

Eme11ded diag11osis: A medium sized hipparionine with an eiongate snout. Preorbital 
fossa single, subtriangular shaped, anteroposteriorly oriented and elongate , dorsoven­
trally and media li y deep, with slight posterior pocketing and a distinct anterior rim , and 
strongly expressed peripheral outline. The preorbital bar is short. The lacrimal bone 
invades the posterior edge of the preorbital fossa. The nasal notch is incised at a level 
either just above the anterior edge of P2/, or slightly anterior toit. Middle wear adult 
cheek teeth have moderately complex plications of the pre- and postfossettes, proto­
cones are generally rounded , but show lingual flattening in some individuals. P2/ 
anterostyle is usually elongate , but can be short and rounded in some individuals. 

Differe11tial diag11osis: The «Hipparion» moldavicum type series described and figured 
by Gromova ( 1952, not seen by Bern or) differs from other Group 2 horses (sensu Bernor 
and Hussain, 1985) as follows: 

1/ It differs slightly from « Hipparion» aff. moldavicum from Maragheh ( described 
below) in apparently having a more elongate snout (only one Maragheh specimen, 
BMNH M3924, has the snout preserved), a slightly greater range of variation for fossa 
length (68-85 mm . versus 63 .5-79.9 mm.), dorsoventral height (41-60 mm. versus 42 .0 - 54 .9 
mm.), preorbital bar length (20.5-28 mm . versus 23.6-29 .8 mm.) and facial maxillary crest 
(10-28.5 mm. versus 12.2-21.5 mm.). However, the Maragheh specimens are closest to the 
type series of « Hipparion» moldavicum in these measurements , the presence of a single 
large anteroventrally oriented fossa, absence of an intermediate fossa between the 
preorbital and buccinator fossae , degree of nasal notch retraction, cheek tooth plica­
tion amplitude (a s described by Gromova, 1952), and likely postcranial morphology. 
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2/ It differs from the Pikermi species «Hipparion» mediterraneum (Bern or and 
Hussain, 1985) in greater dorsoventral height of the preorbital fossa; the preorbital bar 
and facial maxillary crest measurements overlap the Pikermi horse's range, but include 
individuals who have longer dimensions; there is no intermediate fossa. 

3/ It differs from «Hipparion» proboscideum from Samos in being consistently 
smaller; metrically, the preorbital bar overlaps, but has individuals which usually have 
longer absolu te size dimensions of P.O.B.; the nasal notch is significantly Jess retracted 
(above P2/ versus above P3/); it lacks a distinctive intermediate fossa between the 
preorbital and buccinator fossae. However, the type series of« Hipparion» mo!davicum 
and «Hipparion» proboscideum share close similarities in their lengthened snout, 
extreme fossa length and dorsoventral height , and low range of facial-maxillary crest 
measurements. 

Description: 
There are a number of moderately well preserved partial skulls of «Hipparion» 

mo!davicum from Maragheh preserved in the British Museum (Nat. Hist.) , London, the 
Kaiserlisches Naturhistorisches Museum, Vienna, and the Museum National d'Histoire 
Naturelle, Paris. BMNH M3924 (Figure 16a, 17a), the most completely preserved indivi­
dual of this suite, is a moderate sized sub-adult male skull with C's (erupting), and P2/ -
M2/ (right M3/ erupting). Other than the incisor crowns, a portion of the nasals, 
posterior orbits, zygomatic arches , and a majority of the cranium, this specimen is 
complete. The preorbital fossa is long , subtriangular shaped, anteroposteriorly orien­
t,ed, dorsoventrally deep, slightly pocketed posteriori y, medially very deep with distinct , 
concentrically shaped pits, has an anterior rim and moderately strongly expressed 
peripheral rim. The preorbital bar is short and the lacrimal bone clearly invades the 
posterior rim of the fossa. The nasal notch is retracted to a Ievel above P2/ parastyle. 
The infraorbital foramen is placed above the posterior portion of P3/ and just inf erior 
to the anteroventral rim of the fossa. The cheek teeth are only moderately high 
crowned, and the Ieft cheek tooth series has been sectioned to show occlusal morpho­
Iogy in a la ter, more mature stage of wear. Ail of the éheek teeth have rather complex, 
thinly banded plications of the pre- and postfossettes , irregularly shaped bifid pli 
caballins (P2/ - M 1/), hypoglyphs are deeply (P2/ - P4/) to moderately deeply (M 1/) 
incised, protocones are rounded to elongate shaped (P2/ - M2/); P2/ anterostyle is short 
and rounded. The muzzle is moderate length and slender in proportion. Another BMNH 
specimen, M3925 is a very poorly preserved adult skull fragment with Ieft M3/ that 
preserves a similar facial fossa morphology, but is otherwise too poorly preserved to be 
characterized. 

Four skull fragments of« Hipparion» moldavicum are preserved by the Kaiserlisches 
Naturhistorisches Museum, Vienna, including: KNHM-RLB 8402, KNHM A4848, 
KNHM-RLB 8403, KNHM-RLB 8404. KNHM-RLB 8402 was collected from Ketschawa 
(=our localities !A , IB, I from Middle Maragheh) and is a palate fragment of a very old 
adult containing only right P2/ - M3/, right preorbital bar and the ventral 2/3rds of the 
facial fossa. The fossa is large , subtriangular shaped and anteroposteriorly oriented, 
anteroposteriorly elongate, dorsoventrally deep, slightly pocketed posteriorly. 
medially deep , anterior rim has been Iost as has the majority of the peripheral rim. The 
preorbital bar is distinctly short and the lacrimal bone can be seen invading the 
posterior rim of the fossa . The cheek teeth are very worn simplifying fossette and pli 
caballin morphology. Therefore, fossettes have become simple in their plication a mpli­
tude on P2/ - Ml/, while remaining modera te on M2/ - M3/ . Pli caballin morphology is 
single on P2/ - P4/, and M2/, double on M3/, and not preserved on M 1/. Hypoglyphs are 
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obliterated on P2/ - P4/, shallowly incised on Ml/ - M2/, and moderately deeply incised 
on M3/. P2/ anterostyle is elongate. 

KNHM A4848 (Figure 16b) was collected from Zad Baschi and is a maxillary 
fragment of a very old adult with left P2/ - M3/, right P3/, P4/ - M3/ and the ventral 
border of the left facial fossa. Enough of the ventral portion of the facial fossa is present 
to reveal that it was dorsoventrally deep (closely approaches the facial maxillary crest) , 

A BMNH M3924 a-

. ~;),,, ,;.\,)~~ 
KNHM·RLB 8404 / 

MNHN•ALB Hl 1 ◄ 

MNHN· RLB 8001 

_ .. ······ t ···( 
(___/ - .. "-

··-___..I 

MNHN-RLB 8002 

Fig. 16. - «Hipparion » aff. mo/dm'icum. skulls. lateral view; a: BMNH M3924: b: KNHM A4848: c: 
KNHM-RLB 8403: d: KNHM-RLB 8404: e: MNHM-RLB 7914; f: MNHN-RLB 7915: g: MNHN-RLB 
8001: h: MNHN-RLB 8002: i: MNHN-RLB 8003: (unfigured specimens: BMNH M3925 . MNHN-RLB 
8004). 
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it was slightly pocketed posteriorly, and was medially deep. The cheek teeth are as worn 
as in KNHM-RLB 8402, and have similarly obliterated details of the fossettes and pli 
caballins. The pre- and post fossettes of P2/ - Ml/ retain no topographie details while 
M2-3/ show moderate complexity. The pli caballin is complete ly worn on P2/, while 
being single on P3/ - M3/. The hypoglyph is absent on P2/ - P4/, shallowly incised on M li 
and M2/, and moderately deeply incised on M3/. The protocone is round on ail of the 
cheek teeth . The P2/ anterostyle is elongate. 

KNHM-RLB 8403 (Figure 16c) was collected from Ketschawa and is an o lder adult 
right maxilla fragment with P2/ - M3/ and the ventral border of the facial fossa. Once 
aga in enough of the ventral portion of the facial fossa is present to reveal that it was 
dorsoventrally deep (c losely approaches the facial maxillary crest), it was slightly 
pocketed posteriorly, and was medially deep. Details of the cheek teeth are better 
preserved than the previous two KNHM specimens. Pre- and postfossettes are thinly 
banded and moderately complex on ail cheek teeth. Pli caballins are double on P3/ -
M2/, single on M3/, and not preserved on P2/. Hypoglyphs are moderately deeply 
incised on P2/ and M3/ and shallowly incised on P3/ - M2/. The protocone is rounded on 
P2/ - M3/. The P2/ anterostyle is elongate. 

KNHM-RLB 8404 (Figure 16d) was also collected from Ketschawa and is a juvenile 
left maxilla fragment with dP2-4/, Ml/ Uust erupted and unworn). The facial fossa is 
preserved just as in KNHM-RLB 8403 and has the same morphological attributes. Pre­
and postfossette plications are preserved well enough on dP2-4/ to reveal a thinly 
banded and moderately complex morphology . Only dP3/'s pli caballin is preserved, and 
it is double. The hypoglyph is shallowly incised on dP2-4/ and not yet present on M li 
(due to early stage of wear). The protocone is rounded on dP2-3/ and elongate on dP4/ -
Ml/. The P2/ anterostyle is elongate. 

An old adult mandible from Zad Baschi in the Vienna collection, KNHM A4845, 
compares closely in size, occlusion and preservation mottling to the left maxillary 
fragment KNHM A4848. KNHM A4845 consists of a right fragmentary mandible with 
P/2 - M/3 , and a left mandible fragment with P/2 - M/1. This specimen is important 
because it is the only known Maragheh mandible which can be referred with reasonable 
certainly to «Hipparion» aff. moldavicum. In this specimen the cheek teeth are generally 
large and rather square in occlusal outline. The premolar ectoflexids do not separate 
metastylid/ metaconid , pli caballinids are not present, ectoparastylids are absent on 
P/2-3 and present on P/4, linguaflexid is shallow on P/2 and V-shaped cin P/3-4, 
metaconids/metastyl id s are round on ail of the premolars , ail molar ectoflexids sepa­
rate metaconids and metastylids, pli caballinids are absent on ail molars, ectoparasty­
lids are absent on M/1 and present on M/3, linguaflexids are U-shaped on ail molars, 
and metaconids/ metastylids are angular on a li molars. P /2 anterostylid is elonga te. The 
cheek tee th of the smaller Group 2 species «Hipparion » ma tthewi contrast strongly with 
these in their smaller size , more labio-lingually compressed cheek tooth morphology, 
which consistently lack ectoparastylids and have more consistently rounded metaco­
nids/metastylids (see description below of« Hipparion» matthewi). 

There are five relatively well preserved skulls of« Hipparion» aff. moldavicum in the 
Museum National d'Histoire Naturelle, Paris, ail unnumbered. Bernor and Hussain 
(1985) have referred these to the following numbers: MNHN-RLB 7914, 7915, 8101, 8102, 
and 8103. MNHN-RLB 7914 (Figures 16e and 17b) is a large adult individual skull lacking 
snout and cranium, and with a right and left P3/ - M3/ preserved. The fossa is large, 
subtriangular shaped , anteroposteriorly long, dorsoventrally deep , slightly pocketed 
posteriorly, medially deep , has a distinct anterior rim, and a strongly expressed periphe­
ral border. The preorbital bar is short and the lacrimal bone invades the posterior rim of 
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the fossa. The cheek teeth have relatively complex, thinly banded plications of the pre­
and postfossettes, the pli caballins are single on P3/ - Ml/ and faintly double on M2-3/, 
hypoglyphs are shallowly incised on P3-4/ and moderately deeply incised on M 1-3/; P3/ 
protocone is rounded while P4/ - M3/ protocone is lingually flattened. 

A BMNH M3924 

B MNHN- RLB 7914 

C MNHN-RLB 7915 

D MNHN-RLB 8003 

Fig. 17 . - « Hippàrion » aff. moldavicum. maxillary cheek teeth occlusal view; a: BMNH M3924 (sectioned 
cheek teeth) ; b: MNHN-RLB 7914; c: MNHN-RLB 7915; d : MNHN-RLB 8003. 

MNHN-RLB 7915 (Figures 16f and 17c) is a smaller adult fragment, lacking snout, 
cranium and the right one-half of the maxi lia and orbit, but preserving the entire Ieft 
cheek tooth dentition, nasal bone, and ail but the most posterior aspect of the orbit. The 
preorbital fossa is virtually identical in its morphology and dimensions to MNHN-RLB 
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7914; the preorbi ta! bar is slightly shorter; the nasal notch is less retracted , to a leve l just 
anterior to P2/. The cheek teeth a re less worn than MNHN-RLB 7914, but show 
approximately the same degree of plication complexity and pli caballin rnorphology. 
The protocones are distinctly more rounded than MNHN-RLB 7914, and hypoglyph 
incision is uniformly moderate. MNHN-RLB 8001, 8002, 8003 are preserved similarly to 
MNHN-RLB 79 14; 800 1 has right and left P3/ - M3/; 8002 (MNHN 466) has right and left 
P2/ - M3/; 8003 bas right and left P2/ - M3/. Their facial fossae are ail quite similar to 
MNHN-RLB 7914 and 7915 in morphology, and size. The nasal notches are not preser­
ved; the preorbital bars ail have the same dimensions as the otherMaragheh specimens 
referred to this taxon; the lacrimal bone of 8001 is as seen in MNHN-RLB 7914 and 79 15. 
MNHN-RLB 8001(Figure 16g), 8002(Figure 16h), and 8003 (Figures !6i and 17d) are ail old 
adult in_dividuals with details of the cheek teeth tao worn for valid morphological 
companson. 

This suite of fossils exhibits a moderate range of variation in cheek tooth size. The 
relevant measurements in Tables 15 and 16 may underemphasize this observation 
because the specimens with larger , more squarely shaped teeth (MNHN-RLB 79 14, 8001, 
8002, 8003, 8004, KNHM-RLB 8402, 8403, 8404 and KNHM A4848 and A4845) are a il in 
relatively late stages of wear while the smaller specimens (BMNH M3924 and MNHN 
7915) are young adults in an early stage of wear. It is possible that these two size 
groupings, which are admittedly not well differentiated, presage a local evolutionary 
divergence in the Maragheh Group 2 hipparionines. 

Discussion: 
Woodburne and Bernor (1980) first recognized that Group 2 hipparionines constitu­

ted a superspecific group . Later, Woodburne et al. (1981) suggested that Group 1 and 
Group 2 hipparionines may have been derived as distinct lineages from a North 
American late Barstovian-early C larendonian age species close to Cormohipparion 
sphenodus. They cited the shared-derived characteristic of a subtriangular shaped , 
anteroventrally oriented preorbital fossa found in ail of these hipparionines . The 
authors further posited that these two groups became increasingly distinct from one 
another by Group I becoming larger, increasing its cheek tooth fossette complexity , 
attaining a wider preorbital bar, and diminishing the strength of the an terior rim. 
Group 2, they believed, retained a relatively smaller size and lesser dental complexity. 
The length of the preorbital bar was reduced, and the preorbital fossa migrated more 
posteriori y. 

Bern or and Hussain ( 1985) disagreed with this interpretation and argued for a direct 
derivation of Group 2 horses from a Group I species morphologically very close to 
«Hipparion» primigenium. They reported the presence of complex plications and 
multiple pli caballins in middle adult wear cheek teeth of Hipparion proboscideum and 
Hipparion mediterraneum. Furthermore, they reported that Group 2 hipparionines 
show close simi larities to Hipparion primigenium in preorbital fossa size, shape , ail 
metric dimensions , orientation, strong development of its anterior rim, and large 
dorsoventral height relative to the facial maxillary crest dimensions. Bernor and 
Hussain (1985) considered these to be synapomorphies between Groups I and 2 Old 
World hipparionines, and not necessarily related (in toto) to Cormohipparion 
sphenodus. 

Group 2 hipparionines are united, and are morphologically derived relative to 
Group I horses, in the markedly reduced posterior pocketing of the facial fossa, 
shortened preorbital bar with lacrimal invading the posterior border of the fossa, 
somewhat reduced cheek tooth ornamentation (but still substantially more complex 
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than seen in Cormohipparion sphenodus), less deeply incised hypoglyphs, and rounding 
of protocones. Hipparion moldavicum from Tarkalia, Hipparion aff. moldavicum from 
Maragheh, and Hipparion mediterraneum from Pikermi, are close to one another 
morphologically, but differ in some distinct morphological details. Hipparionprobosci­
deum is quite derived in its morphology compared to these other taxa. 

In many regards, the MNHN-RLB specimens are the least evolutionarily derived 
Group 2 hipparionines. In these specimens, the skull size is reduced relative to 
«Hipparion» primigenium, the preorbital bar shows a relatively high range of variability 
in its length (30-24 mm.), compared to other Group 2 species. However, preorbital bar 
length is markedly reduced compared to ail Group 1 species. The fossa is subtriangular 
shaped as in «Hipparion» primigenium , but its ·anterior aspect has undergone a slight 
upward rotation compared to the more primitive dorsoventral one. The nasal notch is 
either anterior to , or above the anterior one-half of P2/. The cheek teeth are less 
complex, have rounded protocones and less incised hypoglyphs than Group I species, 
but retain bifid pli caballins in some individuals, and have moderately complex plica­
tions of the pre- and postfossettes. Postcrania of the Maragheh sample can not be 
assigned with any reasonable degree of certainty because of the lack ofreported quarry 
associations . 

«Hipparion» aff. moldavicum is closely allied wiih the type series of Hipparion 
moldavicum in the similarly slight degree of nasal notch retraction, dimensions of the 
preorbital fossa, apparent lack of an intermediate fossa, cheek tooth morphology and 
dimensions . The type series of Hipparion moldavicum have very long snouts, which may 
foreshadow «Hipparion» proboscideum. None of the MNHN-RLB specimens have a 
preserved snout , making comparisons impossible. However, BMNH M3924 has the 
snout preserved, and it is substantially shorter and narrower than Hipparion moldavi­
cum, and clearly can not be included in that species . The type series of Hipparion 
moldavicum shows a similar range of variability in preorbital bar length to the Mara­
gheh sample. 

The Pikermi Group 2 hipparionine species has been ref erred to Hipparion mediterra­
neum by Woodburne and Bernor (1980), Bernor et al. (1980), and Bernor and Hussain 
(1985). Wagner (1850: Figure IX) originally figured a specimen from Pikermi with this 
morphology, and referred it to Equus primigenium. Roth and Wagner (1855:438) later 
described this specimen and referred it to Hipparion gracile var. mediterraneum. Later, 
Hensel (1860) recognized this Pikermi hipparionine as a distinct species, Hipparion 
mediterraneum. Unfortunately the holotype of Hipparion mediterraneum can not be 
located , and is believed to have been destroyed by allied bombing of the Munich 
Museum during World War II . A very fine skull with articulated mandible from 
Pikermi, seemingly identical in morphology to the figured holotype, currently exists in 
the Museum National d'Histoire Naturelle, MNHN Pik. 259. Thïs specimen was figured 
by Gaudr~ ( 1867: Pl. 35, Figure 1) and referred to Hipparion gracile. I believe that it is the 
most suitable candidate for a neotype of «Hipparion» mediterraneum. 

The Pikermi type series of Hipparion mediterraneum differs from Hipparion moldavi­
cum and Hipparion aff. moldavicum in its slightly greater retraction of the nasal notch, 
and presence of a distinct intermediate fossa. Gromova (1952) also reports that the 
Pikermi species has more robust metapodials. I have personally seen no metapodials 
from Pikermi such as the one that Gromova (1952) has described and figured for 
Hipparion mo/davicum. «Hipparion» mediterraneum also diff ers from the Maragheh 
hypodigm of« Hipparion» aff. mo!davicum in the consistently shorter dimensions of the 
preorbital bar. In this dimension, and in the morphological details of the preorbital 
fossa including size, shape , presence of strong anterior rim, presence of a distinct 
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intermediate fossa, and retraction of nasal notch, Hipparion moldavicum potentially 
foreshadows «Hipparion» mediterraneum in morphology. 

«Hipparion» proboscideum is the most derived Group 2 hipparionine presently 
reported in its strongly developed preorbital, intermediate, and buccinator fossae, very 
elongate snout, and strong retraction of the nasal notch. This species retains relatively 
complexly plicated pre- and postfossettes and bifid pli caballins in middle adult wear. 
Protocones tend to be rounded and hypoglyphs are usually not deeply incised in middle 
adul t wear. Morphologies cited in both the type series of« Hipparion» moldavicum and 
«Hipparion» mediterraneum foreshadow features seen in «Hipparion» proboscideum. 

The stratigraphie range of «Hipparion» aff. mo!davicum at Maragheh is not well 
documented. The MNHN sample is believed to be derived largely from the middle 
portion of the section (Mecquenem, 1908) and the maxillary fragments housed by the 
Naturhistorisches Museum, Vienna, have provenance data indicating their collection 
from Ketschawa (=Kara Kend , Kerjawa, and our localities IA, 18, and lC), also 
indicative of a Middle Maragheh age range. Therefore, the known stratigraphie range 
of this taxon is approximately-52 meters to - 28 meters below the loose chippings marker 
bed. The calibrated radiometric range would be 8.5 to around 8 million years. 

Group 2 hipparionines apparently first occur in the media! Turolian (=MN 12 of 
Mein, 1975, 1979; MN 12a of Bern or, 1983, and Bernor, 1985), ca. 9-8 ma., and are known 
to occur in the eastern Mediterranean and southwest Asia as late as 7 or Jess million 
years ago (uppermost Maragheh and Samos). They range from the eastern Mediterra­
nean as far eastward as Iran, and northward to the western U.S.S.R. Recent investiga­
tions of the American Museum and Uppsala Chinese Neogene collections by Bernor 
bas revealed that a diverse assemblage ofTurolian-Ruscinian (and potentially younger) 
Group 2-like species occurred in China. This assemblage is currently under study by 
Bern or and Qiu . The mode of their zoogeographic differentiation is not ascertainable at 
this time because of the need for a thorough systematic and phyletic study. 

«Hipparion» ?matthewi KORMOS , 1911 

Referred specimens: «Hipparion» ?matthewi: KNHM-RLB 8405 , left mandible fragment 
with P/2 - M/2; KNHM-RLB 8407, right mandible with M/1-2; KNHM-RLB 8408, left 
mandible with M/1-2; KNHM-RLB 8408, left mandible with M/1-2; KNHM A4837, meta­
carpal. G.I.U. PI00-1958 (cast) , skull fragment with right and left P2/-M3/; UCR-MMTT 
numbers referred to «Hipparion» cf. ?matthewi: 18/1438, right P2/; 18/1447, left dP3/; 
*18/1443, left dP3/; 18/1440, right Ml/; 37/2089, left dP3/; 37/2093, left P4/; 37/2049, right 
Ml/; 25/1635, unerupted dP2-3/; 24/1732, right Ml/; 24/1682, right calcaneum; 26/1828, 
right dPx/; 26/2563 , left dP/2; 26/2562, left dP/3; 26/1874, left P4/; 261827, right P/3 ; 
26/1645, left Ml-2/, right M2/; 26/1591 , right M/2; 26/1640, left M/2; 26/1677, left 
astragalus; 26/1682 , right calcaneum; *26/1684, articulated distal left metapodial, astra­
galus, navicular. 
*Specimens currently held in Tehran . Iran . 

Geographic Range: Greece, Iran, ?Turkey, ?Southwest U.S.S.R. 
Diagnosis: not given due to the uncertainty of the Holotype's morphology. 

Description: 
Paul Sondaar presented the University of California, Riverside, with a cast ofa skull 

fragment ofa small sub-adult hipparionine horse, G.I.U. PI00-1958 (figs. 18a,b)collected 
from an unknown locality at Maragheh. This specimen lacks the nasals, snout and cranium, but 
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the cheek teeth and preorbital fossa regions are intact . The fossa is anteroposteriorly moderately 
long, subtriangular shaped and anteroposteriorly oriented, dorsoventrally moderately deep, 
only very slightly pocketed posteriori y, medially shallow, the anterior rim very faintly expressed, 
fossa peripheral border outline is moderately strong. The preorbital bar is short and the anterior 
portion of the lacrimal invades the posterior rim of the fossa. The cheek teeth are ail small, 
elongate, and buccolingually narrow; pre- and postfossette plications are preserved on P2/ -
M2/ and are relatively simple in amplitude; pli caballins are preserved on P3/, Ml/ and 
M2/ and are single; hypoglyphs are preserved on P2/ - P4/ and are deeply incised as well 
as M 1/ which is shallowly incised; protocone is preserved on P2/, P3/ and M li and has a 
rounded morphology while being flattened lingually on M2/. 

A 

B 
GIU P 100-1958 

Fig. 18 . - «Hipparion» 
cf. ?ma11he11'i. sku ll GIU 
PI00-1958:a: latera lview: 
b: maxillary check teeth 
occlusa l view. 

Severa! isolated maxillary cheek teeth are referred here to «Hipparion» cf. ?mat­
thewi . They share a number of morphological features including: relatively buccolin­
gually narrow and anteroposteriorly elongate; posterior border of the prefossette and 
anterior border of the postfossette are the heaviest plicated, protocone is rounded or 
flattened lingually until late wear, hypoglyph is moderately deep, and boucle prefos­
sette is prominent and rounded. This suite of characters compare closely with the G.I. U. 
PI00-1958 skull fragment described here . Measurements of individual cheek teeth are 
included in Table 18 . 
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Mandibular cheek teeth (Figure J 9a,b) are Jess certainly characterized since man y of 
their character states are common to hipparionine species found throughout the 
stratigraphie sequence. lndividual mandibular cheek teeth of the Lake Rezaiyeh Expe­
dition sample referred to «Hipparion» cf. ?matthewi are consistently small, buccolin­
gually narrow and anteroposteriorly elongate; they tend not to have pli caballinids; 
ectoflexids tend not to separate metastylid and metaconid in the premolars, while doing 
so in the molars; ectoparastylids are rare; linguaflexids and metaconid/metastylid 
shapes are variable. These features are best preserved in a fragmentary mandible with 
P/4 - M/3, MMTT 26/1573. 

A 

B 

~~~ 
UCR-MMTT 26/1573 

Fig. 19. - «Hipparion » cf. ?matthC'11'i, ma ndi ­
ble fragment UCR-MMTT 26/ 1573; a : lai erai 
view; b: occ lusal view. 

A recent review of the Vienna collection has revealed a suite of small lower .cheek 
teeth and a small metacarpal referrable to «Hipparion» cf. ?matthewi. The mandibular 
remains include KNHM-RLB 8405, 8406, 8407 and 8408 (assigned by Bernor) from 
Kopran II (uppermost Kopran?). KNHM-RLB 8405 is an adult left mandible fragment 
with P/2 - M/2. The cheek teeth are small and have an elongate, somewhat bucco­
lingually compressed occlusal profile. Ectoflexids do not separate metastylids/meta­
conids on the premolars while they do so on the molars. Pli caballinids are absent on ail 
of the cheek teeth; linguaflexids are shallow on P/2, U-shaped on P/3 - M/1 and 
V-shaped on M/2; metaconids and metastylids are rounded on ail of the cheek teeth . 
KNHM-RLB 8406 is an adult left mandible with P/4 - M/2. The cheek teeth have a 
somewhat more squared occlusal outline than KNHM-RLB 8405 because of their more 
advanced stage of wear. Ectoflexids separate metaconid and metastylid in ail of the 
cheek teeth; pli caballinids and ectoparastylids are as in 8405; linguaflexids are ail 
U-shaped; metaconids/metastylids are rounded . KNHM-RLB 8407, a right mandible 
with M/1-2, and KNHM-RLB 8408, a left mandible with M/1-2 are both old adults and 
have square-shaped occlusal outlines. Their morphological attributes for M/1 and M/2 
are identical to those of KNHM-RLB 8406. 
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The Ilkhchi metacarpal , KNHM A4837, is complete. It is the smallest complete 
metacarpal that I have seen from Maragheh. It is relatively elongate and very gracile in 
shape, the sagittal keel is relatively sharply extended for a metacarpal, the ventral 
surface is deeply set between two ridges; the distal dorsal pit is very deep, accentuated by 
a raised proximal rim which would have given a sharper contact with the proximal first 
phalanx during dorsiflexion of the manus; magnum/ hamate angle is 143 degrees. 

Discussion: 
The nom en Hipparion matthewi bas traditionally been used for dwarf species from 

later Turolian levels of the eastern Mediterranean , southwest Asia, and the western 
U .S.S.R. Bernor's ( 1978) original assignment of the small hipparionine material from 
Maragheh to Hipparion matthewi was based primarily on a size comparison of the Lake 
Rezaiyeh collection's fragmentary jaws , teeth, and postcrania to a very well preserved 
skull from Samos housed in the Naturhistoriches Museum, Vienna (KNHM A4742; 
Bernor and Hussain, 1985 , Figure 6A). Bernor et al. (1980) cited this example as having 
a facial morphology similar to Group 3 hipparionines. Woodburne and Bernor (1980) 
also noted that some small hipparionines commonly referred to Hipparion matthewi 
show facial morphologies similar to Group 2 hipparionines . Bern or and Hussain ( 1985) 
discussed this problem further and concluded that the Maragheh skull fragment (G .LU. 
P 100-1958) and severa I skull fragments f rom Samos show a Group 2-like facial morpho­
logy. Characters they cited as showing Group 2 affinities include: short preorbital bar, 
relatively large dimensions of fossa length and dorsoventral height, slight posterior 
pocketing, lacrimal invading the posterior edge of the facial fossa. 

«Hipparion » cf. ?matthewi is derived compared to other Group 2 species in its 
greatly reduced size , lesser facial fossa medial depth, reduced cheek tooth complexity, 
pli caballin single, hypoglyph more shallowly incised. The metapodials from Samos and 
Maragheh reveal that the small horses from these localities had elongate and very 
slender metapodials. A number of small horses with different facial morphologies is 
most probably indicative of extensive convergence amongst late Miocene dwarf hippa­
rionines. Bernor (1984) and Bernor and Hussain (1985) have cited the occurrence of 
potentially distinct lineages of small late Miocene hipparionines from Spain, North 
Africa, East Africa and the eastern Mediterranean - southwest Asia. 

Recently , Koufos ( 1984) has described a new Vallesian age species of hipparionine, 
Hipparion macedoniensis, from Ravin de la Pluie of the Lower Axios Valley, Greece. 
This i_s a remarkable report, since dwarf hipparionines are generally accepted as first 
occurring in the media! Turolian (Sen et al.; 1978; Bern or et al. , 1980). Morphologically, 
Koufos ( 1984) cites H. macedoniensis small size, short mandibular symphysis , elongate 
snout, high enamel plication frequency, confluent fossettes in the P2/ , elliptical and free 
protocone, well developed deciduous premolar ectostylids, a well developed protostylid 
and longer molar than premolar series. The size characteristics of this purported taxon 
are indeed on the small size, but it should be noted that the holotype's (RPL-21) P/2-M/3 
length dimension would fall within the lower range of variability of medium sized 
hipparion species (such as« Hipparion» moldavicum, here) . Koufos ( 1984) does not cite 
the holotype's stage of wear, but it would appear to be somewhat advanced, which may 
account in part for the small size. 

More disturbing is the choice of characters used to distinguish Hipparion macedo­
niensis. Characters such as: short mandibular symphysis and elongate snout are not 
compared with a series of species which have controlled stratigraphie or a quarry 
population context, making these characters of dubious value. The citation of high 
enamel plication of the maxillary cheek teeth are not supported by Koufos ( 1984) Figure 
4a, rather this figure reveals commonly derived cheek tooth conditions of moderately 
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complex enamel plications , moderate to shallowly incised hypoglyphs , ostensibly single 
pli caba llins and rounded protocones. The occurrence of confluent fossettes in the P2/ 
and well developed deciduous premolar ectostylids are distributed throughout so many 
different hipparionine species as to make these useless characters. The longer molar 
than premolar series length dimension is difficult to evaluate because of its possible 
wear-relatedness. 

The age of this species is based on a biochronologic, nota radiometric or magnetos­
tratigraphic calibration. Koufos ( 1984:309) cites the cooccurrence of Progonomys catha­
lai , Adcrocuta eximia !eporyncha, Hipparion primigenium and Decennatherium pachecoi 
as indicating a Vallesian age for the fauna. The Adcrocuta would appear to be a new 
subspecies, but its relationships to the typical Turolian species have not been detailed so 
that this age can be properly evaluated. The nomen Hipparion primigenium has been 
inappropriately extended to taxa ranging throughout the Vallesian and Turolian. 
Koufos ( 1984) has not sufficiently characterized his concept of this species for one to 
pursue a pertinent commentary. Progonomys cathalai is usually found in Vallesian 
levels , but has also been found to occur in horizons as late as early Ruscinian age of 
North Africa (Bernor and Pavlakis, in press). A later, Turolian occurrence of this 
taxon can not be ruled out. This leaves the giraffid Decennatherium pachecoi, a taxon 
common to the Spanish Vallesian, but also known from Maragheh levels dating 8.5 - 8 
m.y. (Erdbrink, 1976; Bernor , 1986). There would appearto bequestionableevidenceof 
both a morphologie and stratigraphie nature to support Koufos ( 1984) daim of a 
Vallesian age dwarf hipparionine species from Ravin de la Pluie. 

In contrast , sma ll hipparionine species are first certainly known to occur at Mara­
gheh in the Lake Rezaiyeh Expedition sample about 35 meters below loose chippings, 
and become more abundant towards the top of the section. They are not well represen­
ted by fossil material , but an inferred chronologie range of7.5 to under 7 m.y. has been 
made (Campbell et al., 1980; Bernor et al. , 1980). Their age corresponds closely with 
Samos, Greece, and a number ofTurkish localities which also have small hipparionines 
(Sen et al. 1978). A recent review of Maragheh hipparionine materials in the KNHM has 
revealed the occurrence of« Hipparion» matthewi sized individuals from Kopran II. The 
stra tigraphic provenance of Kopran II is not certain, but may potentially be as low as -70 
meters, which would make the KNHM sample the oldest presently known ( 8.5 m.y.) of 
any locality of the Subparatethyan Province (sensu Bernor, 1983, 1985). 

Koufos ( 1984) report of a smaller hipparionine from Greece is an important contri­
bution to our understanding of trhe evolutionary radiation of small hipparionine 
horses. His study, and this report of a potentially earlier first occurrence of small 
hipparionines at Maragheh than previously thought, suggests the possibility of an early 
Turolian, if not la test Vallesian first appearance of dwarf hipparionines in the Subpara­
tethyan Province. It appears that Group 2 (sensu Bernor and Hussain 1985 and Bernor, 
here) included a dwarf species that ranged from Greece eastwards as far as Iran, and 
northward into the western U.S.S.R. However, it is notcertain that the Ravin de la Pluie 
species and «Hipparion» ?matthewi from Maragheh are identical species, or even 
members of the same clade. 
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SUMMARY 

The Maragheh hipparionines are a diverse assemblage representing at least three 
superspecific taxonomie groups. A character state analysis of twentyfive Maragheh 
skulls and skull fragments with a detailed systematic comparison to twenty other 
Eurasian and African hipparionine species was made in the identification and characte­
rization of five species: «Hipparion» gettyi sp . nov. Hipparion prostylum (s.l. ), Hippa­
rion campbelli sp. nov. «Hipparion » aff. moldavicum and «Hipparion» ?matthewi. 
Postcranial morphology is known from direct quarry associations in only two species 
(Hipparion prostylum - Mainz collection , and Hipparion campbelli, Lake Rezaiyeh 
Expedition sample) , inferred from museum and field studies in two others ( « Hippa­
rion» gettyi and «Hipparion » ?matthewi); and inferred by previous studies of one 
species («Hipparion » aff. moldavicum ; Gromova, 1952). An analysis of individual cheek 
teeth with close stratigraphie contrai has allowed the recognition of« Hipparion» gettyi , 
«Hipparion » ?matthewi, but not the clear differentiation of Hipparion prosty lum from 
Hipparion campbelli nor the distinction of « Hipparion » moldavicum. The characteriza­
tion of each hipparionine species is as follows: 

1/ «Hipparion» gettyi is a medium sized advanced Group I horse with a well 
d eveloped facial fossa placed well anterior to the orbit and lacrimal bone, complex 
enamel ornamentation of the cheek tooth pre- and postfossettes, double pli caballin, 
and elongate slender metapodials. Stratigraphically, this species is known to occur in 
the lowest Maragheh levels (within the -150 m. to-70 m. interval). «Hipparion » gettyi 
has uncertain evolutionary relationships with later Turolian species, but is believed to 
closely approximate the ancestral condition for Group 3 species. 

2/ Hipparion prostylum (s.l.) is a medium sized Group 3 horse with a small facial 
fossa set well anterior to the orbit and lacrimal bone. It has moderately complex 
ornamentation of the pre- and postfossettes, variable pli caballin morphology, and 
elongate-slender metapodials. Stratigraphically this species is known to occur in the 
Middle Maragheh levels (within the -52 m. to -28 m. interval). Hipparion prosty !um is 
be lieved to be a good pot en tial ancestor for the younger species Hipparion dietrich i and 
Hipparion campbelli. 

3/ Hipparion campbe!li is a medium sized advanced Group 3 horse with an elongate 
and slender snout, no facial fossa (except for a slight media! depression and vestigial 
posterior rim) , thinly banded but moderately complex ornamentation of the cheek teeth 
pre- and postfossettes , single pli caballin , and elongate-slender metapodials. Stratigra­
phically this species is known to occur in the Shollovend quarry(-18 meter leve l) and has 
an interpreted stratigraphie range of-28 m. to +7 m. Evolutionarily it is the most derived 
Group 3 horse currently recognized. 

4/ «Hipparion » aff. moldavicum is a medium sized, primitive Group 2 hipparionine 
which has a large well developed preorbital fossa set close to the orbit and with the 
lacrimal bone invading its posterior border; cheek teeth pre- and postfossettes are 
moderately complex, and the pli caballins are usually bifid in middle adult wear. 
Stratigraphically, this species is known to occur in the Midd le Maragheh levels (within 
the -52 to -28 meter interval) . «Hipparion » aff. moldavicum morphologically represents a 
good potential ancestor to ail other Group 2 hipparionines including «Hipparion» 
?matthewi, «Hipparion » mediterraneum, and «Hipparion » proboscideum and perhaps 
multiple species of Chinese Group 2 hipparionines. 
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5/ « Hipparion» ?matthewiis a small sized Group 2 hipparionine which has a weakl y 
developed preorbi ta! fossa set close to the orbit and with the lacrimal bone invading its 
posterior border; cheek tooth pre- and postfossettes are moderately complex and pli 
caballins are single in middle adult wear. Stratigraphically, this species is known to 
occur within the -35 m. to +7 m. interval. 
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TABLE la 
CHARACTER STAGE ANAL YSIS OF HIPPARIONINE HORSE SKULLS - SUMMARY: GROUPS 

1, 2, 3 AND "CORMOHIPPARION" (SlVALHlPPUS) 

Definition of symbols used in the characterstate analysis: 
1/ Age: 1 = foal; 2 = juvenile; 3 = adult; 4 = old. 
2/ Length of fossa: 70+ = o; 60-69 = +; 50-59 = *; 40 - 49 = -; 40 = --
3/ Fossa orientat ion: Subtriangular anteroventral = +; subtriangular anteroposterior = *; egg-shaped 

anteroposterior = -; C-shaped anteroposterior = o; vestigial to absent= x. 
4/ Fossa dorsoventral height: 50+ = +; 40-49 = *; 39-30 = -; less than 30 = o . 
5/ Fossa posterior pocketing: pocketed = +; slightly pocketed = *; unpocketed = -. 
6/ Fossa media! depth: deep = + ; moderate = *; shallow = -. 
7 / Anterior rim: present = + ; faint = *; not present = -. 
8/ Fossa border outline: strong = + ; moderate = *; weak = -. 
9/ Fossa's ventral border irregular: yes = + ; no=-. 

10/ Preorbital bar length: 41 + = o; 31-40 = + ; 25-30 = *; less than 25 = -. 
11/ Anteriormost limit of lacrimal: touching or invading posterior rim of fossa = + ; Jess than 1/ 2 the 

distance from fossa to orbit = *; 1/2 the distance of more from fossa to orbit = -. 
12/ Nasal notch position: anterior to P2/ = +; above P2/ = *; above P3/ = -; posterior to P3/ = o. 
13/ Cheek tooth fossette ornamentation: complex = + ; moderate = *; simple= -. 
14/ Pli caballin morphology: double=+; single=-. 
15/ Hypoglyph: deeply incised = +; moderately incised = *; shallowly incised = - . 
16/ Protocone: rounded = +; flattened only lingually = *; elongate = -. 
17 / P2/ anterostyle: elongate = +; short and rounded = -. 

NA = not applicable . 
RM = rock matrix obscuring structure's morphology. 

Use of character states: 
Table 1, and subsequent tables that record character states may include multiple symbols separated by / . This indicates 
that nota single, but multiple states are observed forthat particularcharacter. Also ,some characters may be recorded by 
double symbols, such as character state 2 for "T-r'. caralaunicum, which indicates that the length of the preorbital fossa is 
much longer than 70 mm. The symbol ? before a character state reveals uncertainty about the state's morphology. The 
symbol ? is used to indicate approximate morphology of a state. Wherever possible, cheek tooth character states are 
recorded only for middle stage-of-wear adults , to avoid ontogenetic biasing of the data. Likewise, facial fossa 
morphology is determined for adult individuals only, wherever possible. In column 1, the symbol-'s means multiple 
individuals of the species under consideration were known of the particular ageclass. In column 15 , the symbol & means 
that more than one character state was known for the species under consideration . 

N 
N 
00 



SPECIMEN Nb 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 1 10 1 11 I 12 1 13 I 14 1 15 1 16 1 17 

GROUP 1 

· 1 • "B. " pri.migenium 1 3 1 0 1 - 1 + 1 + 1 + 1 + 1 + 1 - 1 0 1 - 1 * 1 + 1 + 1 +&/* 1 - 1 +/-
Howenegg 

2. "H." afriaanum 3 0 + @- 1 + 1 + 1 + 1 + 1 - 1 0 1 ?- 1 ? 1 + 1 ?+ 1 ?+/* 1 ?- 1 + 
Bou Hanifia 

3 . "B. " aataZauniaum 3 00 + * 1 + 1 + 1 + 1 + 1 - 1 0 1 - 1 + 1 + 1 + 1 ?+/* 1 - 1 + 
Hostalets Superior 

4 . "H. " me Zendezi 1 4 1 + 1 - 1 * 1 + 1 ?* 1 - 1 * 1 - 1 + 1 ?* 1 ? 1 + 1 + 1 * 1 + 1 + 

Spain 

5. "B." sp. Pikermi 3'5 0/fj+ - +/0 

0 / + 1 ?* 11+1*-I 1 1 1 +/- 1 1 

N 

6. "B." sp. Samos 3' 5 +/0 - - * + + * - + + + + N 
V:, 

GROUP 2 ---
1 3 ' 5 1 0/+ 1 1 +/ * 1 1 1 1 +/* 1 -/+ 1 */- 1 1 +/* 1 - /* 1 - /+ 1 -/* 1 l -1+ 7. "B." cf. moldaviaum - * + + + + 

? Middle Maragheh 

8. "B." medi terraneum 3'5 0/@- 1 - 1 * 1 * 1 +?* 1 ♦ 1 + 1 - 1 -, --1 + l+'*'*I - 1 - 1 - 1 + 1 ? 
Pikermi 

9. "B." probosaideum 3'5 0/00 - +/@- */- 1 + 1 + 1 + 1 - 1 - 1 ++/+ 1 - 1 * 1 - 1 - 1 + 1 + 

Samos 

JO. "B." ?matthebli 3'5 - ?- /+ 0 * 1 + 1 - 1 * 1 - 1 - 1 + 1 ? 1 - 1 - l•&•/- , + 

Samos 

TABLE I a 



SPECIMEN Nb 1 

1 

2 3 4 5 6 1 7 1 8 1 9 1 10 1 11 I 12 1 13 1 14 1 15 1 16 1 17 

GROUP 3 

11. H. prost;ylwn 3'5 -/@* + 0 * * 1 - 1 * 1 - 1 + 1 * 1 + 1 * 1 +/- 1 +&+/* 1 + 1 + 
Mt Lubéron 

12. H. cf. prostylwn 2 * + 0 *I- •/- l -J •/- 1 _ 1 • 1 - 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 
Pikermi 

13 . H. cf. prost;ylwn 3'5 -- !- + 0/00 *!+/- -/+/- /?+/ *I- 1 +/- l++ /+,01 * !+/+/* 1 - 1 - !*/+/+ 1+/*/- 1 + 
Mi ddle Maragheh 

14 . H. cf . prostylum 1 3'5 1 - !+ +/-1 0 \*1- &-\*1- &- \+1- &-\ *&*1-I - 1 + 1 *I- '*&+/* ' */? 1 ? !+ &+/* 1 +/* 1 + 
Middle Maragheh 

15. B. campbelli 1 3'5 1 NA 1 NA 1 NA 1 - 1 - 1 - 1 -- 1 NA 1 + 1 * 1 * 1 * 1 - 1 */+ 1 + 1 + 
Upper Maragheh 

16. H. dietrichi 1 3'5 1 1 
- 1-&-/* 1 - 1 

-
1 

- 1 */- 1 - 1 
0 1 ? /* 1 

~A 

1 ?* 1 
-

1 */+ 1+&+/* 1 + 
1 

N 
Samos w 

0 

17 . B. antelopinum 1 2/3 1 ? ?- 1 ? 1 ?* 1 - 1 ? 1 - 1 - 1 ? 1 ? 1 ? 1 * 1 - 1 * 1 +/-
Middle Siwaliks 

SIWALIK "C." (S.) GROUP 

18. "C ." (S.) theobaldi 3 00 - + + ++ + ++ - ? 1 ?- 1 ? 1 + 1 + 1 + 1 * 1 + 
Middle Siwaliks 

19. "C." (S. J sp. 3 or- -
* ? * * * - ? 1 ? ? 1 + 1 + 1 + 1 

* 
1 + 

Middle Siwaliks 

20. "C." (S.) perimense 3'5 *I - +/- - /0 *I- *I- *I - * +/- ++ 1 - 1 +/* 1 + 1 + 1 + 1 * 1 + 
Middle Siwaliks 

TABLE I a (cont.) 



TABLE lb 
CHARACTER STATE ANALYSIS OF HIPPARIONINE HORSE SKULLS FROM MARAGHEH, 

IRAN. 

SPECIMEN Nb 

1 

1 

1 *2* 
1 

3 

1 

4 

1 

5 

1 *;_ 1 

7 

1 

8 

1 

9 

1 

10 

1 

11 

1 ~2 
1 

13 

1 

14 
1 15 1 16 1 

13. KNHM A4847 Middle 2+ X 0 * * * - + * NA ? +(i) +/* 1 
Maragheh 

14. KNHM A4844 Middle 1 3- 1 NA 1 NA 1 NA 1 NA 1 ?*/- 1 NA 1 NA 1 - 1 NA 1 NA 1 NA 1 * 1 +/- 1 + 1 * 1 

Maragheh 

15. JGUM MB 67 Middle 1 3- 1 * 1 - 1 - 1 * 1 * 1 - 1 * 1 - 1 + 1 NA 1 +/* 1 NA INA/+ 1 +/++ 1 */- 1 
Maragheh 

16. MNHN Mar. 18 Middle 4 - - 0 - - - - - @+-+ - NA * - *I+ .,, 
Maragheh 

@o a).. @-17. MNHN Mar. 465 Middle 4 @* - - - - - - NA NA NA NA NA 
Maragheh 

18. MNHN Mar. 359 Middle 3 + 1 - 1 - 1 - 1 - 1 - 1 */- 1 - 1 0 1 * 1 + 1 * 1 +/- 1 */+ 1 +/- 1 
Maragheh 

19. MNHN Mar. 71 Middle 1 3 1 NA 1 NA 1 0 1 - 1 - 1 - 1 -- 1 - 1 @o 1 * 1 NA 1 * 1 +/- 1 */+ 1 +/- 1 
Maragheh 

20. AMNH 27807 4 + - - *I- * * * - + ? NA 

21. AMNH 27809 2+ NA - - *I- * * * - 0 * NA 

22. UCR-MMI'T 1342 Upper 3 - X NA - - - - NA + * * 1 * 1 - 1 •/+ 1 + 1 
Maragheh 

23. UCR-MMI'T 1343 Upper 1 2 1 - 1 X 1 NA 1 - 1 -- 1 - 1 - 1 NA 1 + 1 * 1 * 1 NA 1 NA 1 NA 1 NA 1 
Maragheh 

24. UCR-MMI'T 1291 Upper 1 2 1 - 1 X 1 NA 1 - 1- 1 - 1 - 1 NA 1 + 1 ? l·NA 1 NA 1 NA 1 NA 1 NA 1 
Maragheh 

17 

+ 

+ 

+ 

+ 

1 
N 
\.,.) 

+ 

+ 

.. 

+ 

+ 

+ 



SPE CIMEN Nb 1 1 1 2 3 4 5 6 7 8 9 10 11 
1 1*2 113 l 14 

! 
15 

1 

16 l 17 

1. KNHM un- numb . Lower 4 

1 

+ X - + +/* * * - 0 -!* +! * + + + + 
Maragheh 

2. MNHN/RLB 7914 ?Middle 3 0 * + * + + + - * ?+ INA 1 * / + 1-,+ 1+1•1- , * 1 NA 
Maragheh 

3. MNHN / RLB 7915 ?Middle 1 3 1 0 1 * 1 ** 1 * 1 + 1 + 1 + 1 - 1 - 1 + 1 + 1 * 1 - 1 * 1 + 
Maragheh 

4. MNHN / RLB 8001 ?Middle 4 0 * ** * + + + - * + NA - +/- 1 - 1 + 1 NA 
Maragheh 

5 . MNHN 466/RLB 8002 4 0 * * * + + + - * + NA - +! - 1 - 1 +/* 1 NA 
Middle Maragheh 

6. MNHN/ RLB 8003 ?Middle 4 + * @•• * + + * - @* ?+ ?+/* - - -,, + 

1 

+ 
Maragheh' 

1 

N 
(.,.J 

7. KNHM/ RLB 8402 Middle 4 @++ -!• 
N 

* NA * + NA NA - + NA NA NA NA + + 
Maragheh 

8. KNHM A4848 Zad Baschi 

1 

4 

1: 1 
NA 

1 
NA 

1 
* 

1 NA 1 NA 

1 

NA 

1 

-

1: 
1 NA 1 NA 

1 

NA 1:: 1 

NA 1 + 1 + 

9. KNHM/ RLB 8403 Middle 3+ NA NA NA NA NA NA NA NA NA * - 1 + 1 + 
Maragheh 

10. KNHM/RLB 8404 Middle 1 2 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 * 1 NA 1 NA 1 + 1 + 
Maragheh 

11 . BMNH M3924 1 3- 1 + 1 * 1 * 1 * 1 + 1 + 1 * 1 + 1 * + * *I+ + * / + 1 +/-

12. GIU PI00- 1958 1 2+ 1 * 1 - 1 - 1 */- 1 •!- 1 •!- 1 •!- 1 - 1 •/- + ? * - * +/-

TABLE I b(cont.) 
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TABLE 2 
MEASUREMENTS AND OBSERVATIONS ON ISOLATED MAXILLARY CHEEK TEETH. 

Legend: 
e leme nt - tooth. 
length - a = length at occlusa l surface. 

- b = length 10 m m above base of tooth . 
width - a = width a t occlusa l surface. 

- b = width 10 mm above base of tooth. 
height MES/MCD - MST: he ight at mesostyle (in maxi llary dentition) / metaconid - metastylid (in 
mandibular den tition). 
height protocone - height at lingua l surface of protocone. 
Pli - p li caballin morphology: doub le or multiple = +; si ngle = -. 
Foss - fossette plication frequency: complex = +; moderate = *; simple = -. 
Hyp - hypoglyph morphology: deeply incised = +; moderately incised = *; shallowly incised = -. 
Pr - protocone morpho logy: rounded = +; flattened on ly lingually = *; elongate = -. 
P2/ - P/2 anterostyle: elongate = +; short and rounded = -. 
MEC/MES - metaconid/metastylid shape: rounded = +; angular = -. 
ECT - p remolar and molar ectoflexids: separates metaconid / metastylid = +; does not separa te metaconid/ 
metastylid = -. 
LING - linguafle xid (enamel projecti o n between metaconid and metastylid) : U-shaped = +; V-shaped = -. 
NA - not applicab le. 

~PECIMEN AND AGE ELEMENT LENGTII WIDTH HEIGllT FOSS PLI HYP PR P2 

41 / 2519 (2) (unernpted) lt. p2 24. 9 45.8 + 
31,. 9 22.3 

111 / 21, 77 (1) rt. 
p/1 20 . 7 23.4 1,9 ,8 * + +. 

27. 1 22 . J 

41 / 221 1 (J) lt. p/1 21. 2 21. 2 59.6 +/ * + ++ 
25.9 26.4 

4 1/248 7 (2) lt . p4 25 . J 21, .o 4 7. 1 
27.4 24.3 

4 1/2464 (2) rt. Hl 22.) 23.J 51. 6 ++ 
21,. 4 19.7 

4 1/ 2248 (2) lt. Hl 

26 . 8 19. 7 

t,1 / 221,4 (7.) rt. ~? 20 . 6 21. 1 58.7 
24,2 19.2 

41/2220 (2) lt. M2 20. 1 21 .8 @51.7 H 

23.7 22.0 

41/222 1 (!,) rt. M2 20.2 21. 2 19. 7 * * - / + 
22.0 23.2 

4 1/ 2227 (f,) rt. M3 2.1.8 21 .8 21 .8 •!-
21,,1, 21. 3 

/tJ / 251fi (lo) rt. Hl 22 . 6 70.7 1 7. 1 * + + 
23.0 20.2 
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SPECIMEN AND AGE 1 ELEMENT! LENGTHj WIDTH I HEIGHT 1 FOSS 1 PLI 1 HYP 1 PR 1 P2 1 

3f, /2022 (2) rt. dP
2 

40.3 

3fi/2033 (3) rt. H2 24.0 18.6 35.7 1• + • 
23.7 23.0 

3/ 712 rt. H2 20.4 21. 2 49 . 7 
21, . 1 19.4 

11/123 l t. p4 23.9 21. 8 51. 1 
27.4 21. 6 

11/67 (3) lt. Hl 19 . 7 21. 5 51.8 •• 
18/1598 (2) lt. dP 2 

16. 1 • !- + + 
38.5 21 .8 

18/1438 ( 4) rt. p2 30. 1 22. 1 25.8 +/ • +/ -
.11 .6 24.0 

18/1440 (3) r.t. Ml 20.5 44.1, • 
?. 1 • 7 

1/12 (4) lt. p2 211 .9 13 .o 23.6 
25.6 13. 7 

;' /211,5 (3+) lt. p3 23.5 25.2 26 , 6 • !- • 
25.4 7.7. 4 

7/2144 (1,) lt. p) 20.2 23.9 22. 7 • • 
21. 7 24.6 

7/70 (3) l t. 1'4 23. 1, 23.8 29.2 • •• +/-
24.9 23.3 

7/1992 (2) (unerupted) rt. M 1 22. 7 19.9 44.6 
22.8 17 .5 

14/1527 (2) l t. dPx 25.2 20.9 14.6 • + 

14/1561 (2) lt. dPJ 26.9 18.5 18.2 1- ++ 

111 / 153 7 ( 1,) l t. p3 22.6 211. 1 25.2 1- + 
22. 3 25.3 

11 0/2 214 (2+) r.t. Hz 19.0 7.1. 2 55.3 + 
23.0 20.7 

37/2059 ( 1) rt. dPx 25 .8 21 .5 20.5 
27.8 17.8 

37/2056 (2) l t. dPX 27. 1 20, 1 21 .3 

37/2421 (2) rt. dP2 35 . 5 20.8 20.0 

37/2079 (2) rt. dP3 211.5 2 1. 4 21. 1 + • 
or dP 11 28.2 19. 7 

37 / 2043 (2) 3 26.2 22.2 21. 2 rt. dP 
4 or dP 28.6 17.8 

TABLE 2 (co nt.) 
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SPECIMEN AND AGE 1 ELEMENT! LENGTHI WI DTH j ttEIGHT 1 F0SS I PLI 
1 

HYP 1 PR 1 P2 1 

37/2391 (3) lt P2MI 

p~p4 82,5 
p2 33.0 21 .6 41, 7 + 
p3 25,8 21., 2 38.8 • • + 
p4 24.6 25. 1 35,6 • • + 
Ml 25.5 2),2 41.8 • • + 

37/2556 rt. p2 30.6 36.3 • !- • +/- + 
33, 1 22.7 

37/2246 (2) lt. p2 22.6 21,, l 25,2 1- + 
22.3 25.3 

37/2089 (/,) J t. p3 17, !I 21. 2 18./, 

37 /2571 (3) rt. p3 20,2 20.6 31.3 • • 
20,5 21.5 

37/2398 (3) rt. p3 22,2 23.4 39.4 

)7/2397 (1) rt. p) 21.0 2),4 39.9 • 
26 .2 24.4 

37 / -- (4) 1 t . r'• 21 .0 21 . 7 21.5 +! • • +/-
22,2 22.6 

37 /2093 lt , pl• 20.5 22.6 18.5 • • +/-

37/2572 (2) lt. p4 22. 1 22.8 20,6 

37 /2049 (3) rt, Ml 20, 1 20.9 28.6 • • + 
21. 2 22.2 

37/2210 (3) lt. M2 19.6 22,3 56.9 + 
26,3 21. 9 

37/2105 (4) lt. M) 21. 6 20,3 12.6 • + 

37 /2072 ( 4) lt. M3 21. 9 19.9 21. 2 • • 
21. 2 18 ,6 

37/2180 (2) rt. M3 20,2 18.9 43. J 
18.8 16.2 

37/2069 (3) rt. MJ 19 .8 20,0 18,5 • + 
22.0 

37/2051 (2+) lt, MJ 21, .o 18.0 44.6 
21.5 15.1 

13/1347 (2) ,ilate 
/ d p2-3 

dP 2 
35.7 19 ,6 20.7 

dr 3 
30.7 18.8 

TABLE 2 (cont.) 
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srEC U,[N AND AGE 1 ELEMENrj LENGrn j 111om j 11E1G11T j FOSS 1 PLI 1 ltYP 
1 

PR 
1 

P2 
1 

IJ/1728 ( 1) t, di 35,6 22.3 19.5 
34,7 19,3 

IJ/1503 t. dP'' 29.2 21. A 14. 7 * ~-

13/ 1719 (2) ) 
10. ,. 2). 1 20,fl • t. dP t, + 

or dP 

25/1631 (1) lt. dPx 29, 1, 22,5 27 .4 
34.7 18.7 

25/1635 (1) (11nerupted, 2 rt. clr 
3 1mall hlppftr!on) -dr 

c1r2 21!.5 14 .5 17.9 

dP3 21. 9 13.4 

21,/1723 (J) (typicAl rt, Hl 18.0 20.3 t,t,. 4 " + 
"Tl," mattl,,-,,,i) 22,0 19,2 

26/2562 ( 1) 1 t. c!P4 21,, 1 19,4 21 .6 
26.3 15.4 

2fi/ 1 (,1,1, ( 1) 2 
rt. ,r -

(unArtlcnlntf'cl) H 

r2 2J.·5 IA.5 25.7 " • + 

rJ 
21.0 

20,3 19.5 26.9 " ♦ * + 

p'• 
23.2 21. 7 
21. 9 23. 7 31,. 8 * 

,.,_ 
+ 

Hl 
21,. J 25.4 
IR.2 22.7 Jl.8 * " ♦ 

i? 
11. 3 23.8 
IA.6 21. 5 31 .6 * ,. + 

H1 20.2 20. 1 31, .o * + + 
22.0 19.3 

26/2',fi] 2 ( 2+) t.l -
(unArtlculnted) H 

p2 28.1 19.6 38.9 ♦ + •I-

PJ 
31. 3 23.5 
23.4 21.6 46.6 + 

,. ,_ 
pt, 

26. 1 25.5 
52,3 ♦ • ! -

Hl 
25.6 24,5 
21.0 47.0 * ♦ 

H2 
23.6 24.1 
20,5 21. 2 .52,3 ♦ " 

M3 
24.4 21. 2 
20.6 18, 7 49,.5 
22.0 16.6 

26/2570 rt, p2 26.8 21, 3 7.0 

26/2532 (3) lt, p3 18.7 18,7 44, 1 

26/1823 (3) lt, p4 18.3 21. 3 35.6 " + 
20.7 21,3 

TABLE 2 (cont.) 
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SPECIMEN AND AGE 1 ELEMENT! LENGTHI WI DTH I HEIGHT 1 FOSS l PLI 
1 

HYP 
1 

PR 
1 

P2 
1 

13/2475 (4) 1 t. max. 
rag. 
ith 
2_p4 

P2-P4 80.9 
p2 34.2 22.4 1 7. 5 + 
p3 24.7 25.4 20.3 
p4 21. 9 24.8 21. 7 

13/199.3 (4+) rt. p3 24.1 23.6 17.4 + 

13/1374 (4+) rt. p3 19.9 15 . 1 + 

13/1993 (4) rt. p3 24.4 26. 1 14.5 

13/l503a (2) lt. p3 @55.8 
30.4 28.4 

13/1503b (2) lt. p3 30.4 27.9 

13/86 (4) 3 20.8 15.2 24.7 rt, P 
4 or P 24.2 25.9 

13/118 (3+) rt. p4 @20 . 0 32. 7 ++ + * + 

13/1270 (2) lt. Ml 22. 1 22,6 58 , 9 

13/84 ( 3) lt. Ml 22.6 22.2 43.5 ** ** + 
25, 2 23,2 

13/85 (2) lt. Ml 22,6 22, 1 47.5 * + * 
13/1623 (3) rt. Ml 22,5 23.0 48. 7 * * 24.8 24.0 

13/ 118 rt. M2 19.8 20.9 41.5 * * + 
21.2 

13/1715 (4) rt. M3 21 . 9 25,4 * + 
24.3 20.8 

13/1498 (2+) rt, M3 22,0 18.5 5 1.0 
22 . 7 17. 1 

13/2233 (2+) rt. M3 22.2 19,2 60.8 

21/165 1 (3) lt. p4 21.6 22.6 44.7 * * +/ -
22.7 21 ,8 

31/1 984 (3) rt. p3 21. 2 22.2 31.8 * * + 
24.7 24,4 

26/1824 (3) lt . P'· 17. 6 19. 7 30.5 * * + 
19.0 19.9 

26/ 1646 (2) 1 t . p4 

22,3 19. 1 

TABLE 2 (cont.) 
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SPECIMEN AND AGE 1 ELEMENT! LENGTHI Wl DTH I HEIGHT 1 F0SS PLI HYP PR P2 
1 

26/ 1822 (3) lt. Ml 19.4 21 .4 34.6 * * + 
21.7 22.6 

26/1826 (4) lt. Ml 16 .1 20.6 16.2 * * + 

26/1645 (2+) lt. Ml 18 .3 20.4 42.5 * + 

M2 
22.2 19.0 

lt. 19 .5 19 .4 49.5 * 
M3 

22. 1 16.2 
lt. 19 .2 18.9 

26/ 1618 (4+) lt. M3 22.1 19.9 10.0 

26/2561 (3) rt. M3 20.9 18 .3 36.8 * + 
19 . 7 18.0 

TABLE 2 (cont.) 

TABLE 2 (Annex) 
NUMBER OF PERMANENT MAXILLARY CHEEK TEETH PER STRATIGRAPHIC INTERVAL. 

L0CALITIES BY STRATIGRAPHIC 

LEVEL 

24, 26 

21, 31, 25 

37, 13 

7, 14, 40 

1, 18 

3 

0 

4 

0 

2 

3 5 

10 or 11 6 or 7 

2 

0 0 

-------------------------------- --------- ---------
3, 11 0 0 

-------------------------------- --------- ---------
36 

41 

T0TALS 

0 

10 

0 

0 

0 

3 

16 or 17 17 or 18 

5 

0 

5 

0 

0 

2 

14 

3 

0 

2 

0 

3 

10 

5 

0 

8 

0 

0 

0 

2 

16 



TABLE 3 
MEASUREMENTS AND OBSERVA TI ONS ON MANDIBLES AND INDIVIDU AL MANDIBULAR 

CHEEK TEETH IN THE LAKE REZAIYEH EXPEDITION SAMPLE. 

Legend: 
Eleme nt = element . 
Length = 1st measurement: length 10 mm . above base; 2nd meas urement: at occlusal level. 
Widlh = 1 si measuremen1: leng1 h 10 mm . above base; 2nd mea surement: al occlusal level. 
Heighl = height taken at metaconid/ metastylid to base of roots. 
CAN. POS. = canine position: closer to I/3 than P/ 2 = + ; close r to P/2 than I/3: -. 
SNT. LNGT = relative sno ut length: P/2 - I/ 1 dimension greater than P/2 - M/3 dimensio n:+; P/2 - I/1 
dimension less than P/2 - M/3 dimension: -. 
MENT. FORM . = mental foramen position: closer to Ile than P/2: + ; closer to P/2 than I/3: -. 
P/ 2 ANT. = P/2 anterostylid: ro unded : +; elongate: -. 
ECT. FLX. = premolar a nd molar ectoflexids: separates metaconid/metastylid : +; does not separate 
metaconid/metastylid: -. 
PLI = pli caballinid : complex: + ; rudimentary to single: *; a bsent: -. 
ECT.PAR. = ectoparastylids: present: +;absent : -. 

N 
w 
\.Cl 



SPECIMEN AND AGE ELEMENT LENGTH WIDTH HEIGHT CAN. SNT. MENT. 
POS. LNGT. FORM. 

24.3 12.9 38.1 
43/2496 (3) rt. P2 27.0 13 . 0 

43/2484 (2+) lt. M1 21.4 12.8 41.2 
25.4 13.4 

43/2489 (4) rt. M1 
40.2 

24 .8 14.2 

41 / 2216 (2) rt. dP 16.3 
X 

31.4 12. 7 

41/2216 (2) rt . dP 16.3 
X 3 J.4 12. 7 

4 1/2213 (2) dP 27. 5 14.4 13.2 
X 

41/2224 (4) lt. Pz 26. 0 16.8 
27.2 15.2 

41/2218 lt. P2 31. 8 16.0 

41/2234 (3) l t . P4 
40.6 

27. 1 18.2 

41 / 2245 (3) lt. P4 24 . 2 42.4 
24.9 15.4 

41/2478 lt. M1 21.4 47 . 9 
25 . 1 12 . 2 

4 1 /2509 lt. M1 21. 1 13. 3 14.0 
22. 0 15.5 

TABLE 3 

Pz Pz ECT. PLI 
ANT. MET. FLX. 

-

+ -

+ -

- - - -

- + - -

- * 

+ ** 

+ * 

- -

ECT. LING. 
PAR. FLEX. 

-

- * 

- + 

- + 

- + 

- -

- -

- -

- * 

MEC. 
MSTD 

-

+ 

+/-

+ 

+ 

+ 

-

-

+ 

N 
~ 
0 



SPECIMEN AND AGE ELEMENT LENGTH WIDTH HEIGHT CAN. SNT. 
POS. LNGT. 

41/2225 (2+) rt. M2 19.5 12.3 43.7 
26.3 13.9 

44/2494 (3) lt. Pz 23.5 13.3 37.8 
28. 1 11. 9 

44/2481 (3) lt. p4 22.9 13. 1 57.5 
26.3 12.6 

23/1647 lt. P 4 24.8 15.5 39.2 
26 .3 17.8 

23/1647 (3 ) lt. P 4 
25.4 15.9 39.9 
26.8 19. 1 

36/2027 (4) lt. P 4 27 .1 13.6 19.5 
28.0 15.0 

I-B/39 (2) rt. mandible with dP2-M 1, M, in crypt 

dPZ-4 95.3 

dP
2 

34.9 12.6 

dP
3 

28.1 14.4 

dP4 31.5 13.0 

Ml 28.6 19.5 

1/12 lt. P2 
24.2 12.6 26 .2 
25.8 11.0 

1/13 lt. P 4 22.4 14.2 45.3 
24 .4 14.2 

1/548 (2+) lt. M3 
25.2 10.9 40.8 
71 _ '-1 10.4 

TABLE 3 (cont.) 

MENT . Pz Pz ECT. PLI 
FORM. ANT. MET. FLX. 

- -

- + -

- * 

- + 

-
+ -
+ -
+ -
- -

- * 

ECT. LING. 
PAR. FLEX. 

- -

- com-
plex 

- * 

- + 

+ -
+ * 
- -
- + 

- * 

- + 

MEC. 
MSTD 

+ 

-

+ 

-
-
-
-
+ 

-

-

N 
+=-



SPECIMEN AND AGE ELEMENT LENGTH WIDTH HEI GHT CAN. SNT. MENT. 
P0S. LNGT. F0RM. 

2/ (3) lt. M2 23.5 12.8 

4/ 108 (3) rt. M
1 

22.3 12.8 36.2 
24.7 11.5 

18/1 447 (2) lt. dP3 
27 . 0 11.2 10.0 

18/1443 (2) lt. dP 
3 

25.6 13.2 7.8 

18/1441 (3) lt . M
1 

@35 
23 . 4 14.5 

18/1437 (3) l t. M
1 

23.0 25.4 

20/1706 (2) rt. dP4 
14.6 

32 . 8 13.8 

20/ 1696 (3) lt. M
2 

19 . 4 11.4 36.2 
23.0 9.9 

7/ 1991 (3) lt. p 2-M2 

p2-4 79.9 

Pz 28 . 6 17.6 

7/2242 (3) rt. P2-4 82.6 

p2 26.4 14.7 29.2 
29.3 18 . 5 

p3 24.9 15 . 0 37.5 
26.3 20.6 

P4 23.2 

TABLE 3 (cont.) 

Pz Pz ECT. PLI 
ANT. MET. FLX . 

+ ?* 

+ -

+ + 

+ + 

- * 

+ * 

+ + 

- * + 

- + - * 

- * 

- * 

ECT. LING. 
PAR. FLEX. 

- * 

- + 

+ + 

- + 

- + 

- * 

- -

* -

- + 

- + 

- + 

MEC. 
MSTD 

+/-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-
-

N 
~ 
N 



SPECIMEN AND AGE ELEMENT LENGTH WlDTH HEIGHT CAN. SNT. 
POS. LNGT. 

7/2241 (3) rt. Ml - 2 

Ml 35.7 
24.J 16.3 

M2 42. 1 
24.5 14 .2 

7/2318 (4) lt. M
3 

11 . 3 
29.9 13 . 6 

7/1957 (3) rt. M
3 

21 .0 12.7 56.3 
27 .0 12.2 

14/1562 (4) lt. p2 9.5 
24.0 13.4 

14/1557 (4) lt. P2 
23.8 13 . 2 10.0 

14s/1542 (3) lt. M1 20.4 12.7 42.2 
23.4 13.8 

14w/1546 (3) rc. M3 22. 7 13.9 52.8 
29. 1 13.2 

14/1547 (4) rt. M
3 

25. 1 17.5 14 .7 

40/2228 (3) lt . P2 25. 1 13.0 33.6 
28.6 13 . 2 

40/22 15 (3) rt. P 4 21. 9 13.2 45 . 0 
25.3 14. 7 

TABL E 3 (cont.) 

MENT. Pz Pz ECT. PLI 
FORM. ANT. MET. FLX. 

+ -

+ -

+ + 

- -

+ + + -

+ + + -

+ -

+ 

- + -

- ** 

ECT. LING. 
PAR. FLEX. 

- + 

- + 

+ + 

- + 

- + 

- + 

- + 

+ -

- + 

- + 

MEC. 
MSTD 

-
-

-

-

+ 

+ 

+ 

-

+ 

+ 

tv 

""" l;.I 



SPECIMEN AND AGE ELEMENT LENGTH WIDTH HEIGITT CAN. SNT. MENT. 
POS. LNGT. FORM. 

40/2226 (3) rt. M1 20.6 11.6 43.8 
24.3 13.0 

40/2240 (3) rt. M
2 

19.9 13.2 39.3 
23.9 13.8 

37/2427 (1) lt. mandible with dP2_4 
dP2 31. 2 12.7 

dP3 
28.8 12.9 

dP4 33.6 12.0 

37/2084 (1) rt. dP3 
10.5 

29.4 23.4 

37 /2065 (2) rt. dP 3 
7.2 

28.5 13.4 

37/2416 (1) rt. dP3 28.4 12.0 

37 /2071 (3+) rt. P2 13.6 26.9 
23.7 12.4 

37/2076 (3) lt. p2 25.0 13.0 30 . l 
27.5 15 . 2 

37 /2083 (3) lt. P 2 
24.3 13. 1 29.4 
27. 1 13.7 

37/2088 (3) rt. P2 26.4 12.5 29.2 
27.8 14.2 

37/2066 (3) rt. P4 
23.0 14.9 36.8 
74.~ 16.8 

TABLE 3 (cont.) 

Pz Pz ECT. PLI 
ANT. MET. FLX. 

+ -

- + 

- -
+ -

+ -

- -

* - -

- * - * 

- + + * 

- * - * 

- -

ECT. LING. 
PAR. FLEX. 

- + 

- + 

-
- * 
- * 
- * 

- + 

- + 

- + 

- + 

- * 

- + 

- + 

MEC. 
MSTD 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

-

+ 

+ 

N 
~ 
~ 



SPECIMEN AND AGE ELEMENT LENGTH IIIDTH HEIGHT CAN. SNT. MENT. 
POS. LNGT. FORM. 

37/2398 (3) lt. P4_ 29.9 

37/2179 (3) lt. P 4 
33.5 

37/2068 (3) rt. P4 
47. 1 

37/2043 (3) lt . M1 
50.0 

13/2353 (2) anterior · 
lt. dP2_ " iP 

2
_

4 
and 

rt . dP2_, 

dP2 6.8 

dP3 5.2 

dP4 5 .8 

13 /1 224 (3) rt. P2-3 

Pz 9.2 

p3 9.6 

13/ 2265 (1) 1 t. dP 
2 

13/1516 (2) rt. dP4 
16.5 

13/1728 (2) lt. dP 2 
19. 7 

13/118 (4) rt. P2 
13.4 

24.4 14 . 5 

TA BLE 3 (cont. ) 

Pz Pz ECT. PLI 
ANT. MET. FLX. 

+ -

- * 

- -

+ ?* 

- * -
- -

+ + - -

ECT. LING. 
PAR. FLEX. 

- * 

- * 

- -

- * 

+ + 

+ + 

- -

MEC. 
MSTD 

+ 

-

+ 

+ 

+ 

-

+/ -

N 
~ 
VI 



SPECIMEN AND AGE ELEMENT LENGTH WIDTH HEIGHT CAN. SNT. MENT. 
POS. LNGT. FORM. 

13/1497 (3) rt, M
1 

20.5 14. 1 39.6 
24. 1 17 .6 

13/1349 (3) lt. M
2 

19. 7 13. 0 38.1 
22.0 14 . 8 

13/1439 (3) lt. M2 
19. 0 13.0 36.4 
22.3 15 .0 

13/1727 (3) lt. M
2 

21. 2 36 . 8 
23.2 12. 7 

31/1854 (2) lt. dP2 
34. 1 14. 5 10.8 

31/1900 (3) t. P2-M3 

p2- 4 75.5 

Ml - 3 76.8 

Pz 26.0 14 . 8 

p3 25.2 16. 5 34.5 

p4 23.4 13.7 34.1 

Ml 24 . 5 17.5 

M2 23.3 13 . 7 38. 0 

M3 26. 1 11. 1 

31 /1916 (4+) lt. mandib l e fragmen t wi t h P2- M2 
P2- P4 65.3 

p2 26.4 11 . 7 9.2 

P3 18.8 13.6 6.7 

P4 21. 1 14 . 2 9.5 

TABLE 3 (co nt.) 

Pz Pz ECT. PLI 
ANT. MET. FLX. 

- -

- -

+ -

- -

- + - -
- -
+ -
- -
+ -
+ -

- + + 

+ 

+ 

ECT. LING. 
PAR. FLEX. 

- + 

- -

- * 

+ + 

- + 

- + 

- -
- + 

- * 
- * 

+ -
-

+ -

MEC. 
MSTD 

-

-

-

+ 

+/-

+/-

+ 

+ 

+ 

+ 

+ 

+ 

-

tv 
-+>-

°' 



SPEC IMEN AND AGE ELEl'IENT LENGTH WIDTH HEIGHT CAN. SNT. MENT. 
POS. LNGT. FORM. 

31/1916 (cont.) 17.7 12 . 4 5.2 

19.7 11. 9 5 . 9 

31/2165 (3) '.ble with P3- M
3 

70.3 

25.8 19.2 

25.7 18.5 , 
21.6 15.2 

23.6 14. 1 

24 .6 13.0 

31/1806 (3) 
@27 10.6 

31/1892 (4+) 13.6 
25.3 12.4 

25/1674 (1) 83.9 

31. 1 10.2 

26.5 11. 1 

26.7 9.9 

25/1610 (1) 16. 6 
32 13. 7 

25/1612 (4) 22 .0 
27 .2 14 .7 

?'i/1/;1? (4) 
2 

25 . 8 13.4 22.6 

TABLE 3 (cont.) 

Pz Pz ECT. PLI 
ANT. MET. FLX. 

-
-

- -
- -
+ -
+ -
+ -
- -

- -

- * -

ECT. LING. 
PAR. FLEX. 

+ -
+ -

- + 

- + 

* 
* 

- + 

- + 

+ + 

- -

MEC. 
MSTD 

* 
* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+/ -

1v 
.p. 
--.J 



SPECIMEN AND AGE ELEMENT LENGTH WIDTH HEIGl:IT CAN. SNT. 
P0S. LNGT. 

25/1637 (4) rt. M
3 

16.7 
26.6 12.2 

25/1636 (4) rt. M
3 

25.8 10.6 
25.0 12.5 

25/1613 (3) rt. M
3 

23.6 10.0 32.9 
21. 7 10.8 

25/1607 (4) rt. M
3 

26.6 11. 1 19.7 

22/1636 (4) lower lt. 24.6 17. 9 
cheek tooth 

24/1640 (3) lt. M2 19.8 16.5 39.7 
22.7 9.4 

38/2175 (2+) rt. P2 25.8 12. 1 
27.8 13.6 

38/2173 (3) rt . M2 
20.3 12.0 38.7 
25.4 13.0 

26/1580 (2) rt. dP2 
28.5 7.8 10.7 

26/1530 rt. dP2 28.5 10.0 

26/2563 (2) lt. dP2 
10. 1 

29.1 10.6 

26/1828 (2) rt. dP 4 7.0 
24.9 13. 1 

TABLE 3 (rnnt.) 

MENT. Pz Pz ECT. PLI 
FORM. ANT. MET. FLX. 

+ -

+ -

+ -

+ 

- + - * 

+ -

ECT. LING. 
PAR. FLEX. 

- * 

- -

- -

- * 

- -

- + 

MEC. 
MSTD 

+ 

+ 

+ 

+ 

+/-

+ 

N 
~ 
00 



SPECIMEN AND AGE ELEMENT LENGTH WIDTH HE!GHT CAN. SNT. MENT. Pz Pz 
POS . LNGT. FORM. ANT. MET. 

26/1568 (4+) 
" 25. 1 13 . 5 

19 .6 15.0 

18.4 15.5 10.0 

26/15 73 (3) ible with P4-M
3 

22.3 12.8 

20.9 12.9 

18.6 11.0 

22.3 9.6 

26/2557 (4+) 2 
18.5 13.6 5 . 8 

l 6. 1 12.8 

16.9 11. 7 

26/ 1640 (3) 20.6 10.3 21.6 

26/1591 (3) 18.6 12 . 1 35.8 
22.2 12.3 

26/1591 (3) 21.4 12.0 31.4 

26/1590 (3) 17.0 12.4 49.4 
25.8 11.5 

26/ 1576 (3) 24 . 5 10.8 33.3 

26/1586 (4+) 8.7 
3 

25.0 11.8 

TABLE 3 (end) 

ECT. PLI ECT. 
FLX. PAR. 

- - -
- - -
- - -

+ - -

- - -
- - -
- - -
+ - -

+ - -

- - + 

+ - -
+ - -

LING. 
FLEX. 

-
-
-

* 

+ 

+ 

+ 

* 

+ 

* 

* 
-

MEC. 
MSTD 

+ 

+/-

-

+ 

+ 

+ 

+ 

+/-

+ 

-

+ 

+ 

N 
~ 

'° 
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TABLE 3 (Annex I) 
SUMMARY OF THE NUMBER OF PERMANENT MANDIBULAR CHEEK TEETH PER 

STRATIGRAPHIC INTERVAL. 

STRATIGRAPHIC INTERVAL p2 P3 P4 M1 M2 M3 

24, 38, 26 2 2 3 3 7 3 

1------------------------- --- ---i---- --- -- ----
21, 31, 25 4 3 3 3 3 7 

~----------------------- --- ---1---- --- -- ----
37, 13 5 0 4 2 3 0 

------------------------ --- ---~--- --- -- .,_ ___ 
7' 14, 14w, 40 7 1 1 3 2 4 

1------------------------- --- ---1---- --- ---i.----
4, IB, 1, 2' 18, 20 1 0 1 3 2 1 .,_ _______________________ 

--- ---1---- --- ---i-----
23, 36 0 0 3 0 0 0 
---------------------- --- ---1---- --- ---1-----
41 , 44 3 0 3 2 1 0 

------------------------ --- --- ~--- --- ---t-----
43 1 0 0 2 0 0 

TOTALS 23 6 18 18 18 15 
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TABLE 3 (Annex 2) 
VAR IAB ILITY IN PERMANENT MANDIB ULAR CHEE K TOOTH CHARACTER ST ATES PER 

STRATIGRAPH IC INTERVAL. 

STRATIGRAPHIC INTERVAL ECT . FLX . 

24 , 38, 26 

3 1 , 25 , 22 

37, 13 

7 , 14, 14w, 40 

4, IB, 1, 2, 18 , 20 

23, 36 

4 1, 44 

p : -
s 

Ms: -, + 

p : - , + 
B 

M : -,+ 
s 

p : -
s 

M : + 
s 

p : 
s 

M: 
B 

p : 
s 

M : 
s 

-,+ 

- ,+ 

PLI. ECT. PAR. LI NG. FLX. MEC . MSTD. 

- * , 

- * ' 

-,* , ** , + 

- ,+ 

- * ' 
- * ' 

-,** 

- * ' 

+ (o ne ) 

-,+ 

-,+ 

-,+ 

- -' 
- * ' 
-,+ 

-,+ 

-,*,+ 

0,*,+ 

-,*,+ 

-,*,+ 

-,*,+ 

-,+ 

-,+ 

*,+ 

-,* , + 

- ,+ 

-,* 

+,+ / , 

- , + 

- / +,+ 

-,*,+ 

-,+ 

-,+ 

-----------
-,+ 

- , + 

- , + 

-,+ / - , -

+ 

- , + 

+ 

----------------------- ---------- -------- --------- ---------- -----------
43 

+,* + ,+ /-
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TABLE 4 
MEASUREMENTS AND CHARACTER STATE ANALYSIS OF METAPODIALS AND 

MEASUREMENTS OF ASTRAGALI AND CALCANEA 
IN THE LAKE REZAIYEH EXPEDITION SAMPLE. 

Legend : 
l - 14 = measurements of AMNH Hipparionine Conference. 
LGT. = Length: elongate: +; short = -. 
SDIAM. = shaft diameter: gracile: +; robust = -. 
SAG. KEEL = metatarsa l distal sagitta l keel: sharp extended crest: +; flat and rounded : -. 
VENT. SURF. = ventral surface: deep: +; sha ll ow: -. 
DIST. PIT = deep: +; shallow: -. 
MAG/HAM = magnum/ hamate angle (metacarpals): slight: +; great: - . 
LING. FLEX. = lin guaflexid (enamel projection between metaconid and metastylid): shallow: +; U­
shaped: *: V-shaped: -. 
MCD/MSTD = metaconid/ metastylid shape: rounded: +; angular: -. 

~ 1 2 3 4 5 6 7 
n 

41/2492 52.5 52.5 48.8 25.4 37.9 30.9 44.0 

44 / 2566 26.3 42.0 30,5 

3/48 53.6 55.4 25.0 42.3 33.0 44.8 

4/107 48.0 49.3 47.4 24.6 

7/1913 58.5 59.0 50.3 30.6 45.2 36.4 50 .3 

14/1522 55.0 53.2 55.5 33.5 46,6 

37/2415 46.4 45.6 42.8 20.1 36.0 36.0 39.2 

13/ __ a 48.7 48.3 44.4 19.6 33.3 27 .1 48.3 

13/ b 47.5 45.6 43.3 21.3 35.0 27.0 38.6 

13/1731 47.8 45.0 41.8 20.9 35 . 1 27.7 36 . 1 

13/1366 48.7 48.8 46.9 21.2 37.0 28.8 40.6 

13 / 1189 54.6 54.3 52.4 24.0 43.7 30.0 54.5 

13 / 1228 51. 2 26.2 40.8 30.6 

13/2321 49.2 49.0 43.2 18 . 7 34.0 29. 1 48.0 

13/1274 49.5 49.4 46. 1 21.1 36.8 27 .8 39.8 

13/2548 46.9 45.9 44.6 22.8 34 .6 28.6 36.6 

13/ 50.9 50.8 48.6 20.9 37.3 31.2 50,8 --
25/1687 49.5 49,5 50.0 20.9 37.7 29.5 42.3 

39/2375 52.7 47.8 50.3 23.0 28.6 40.5 

26 / 2565 40.0 41 .6 40.8 19. 3 31.5 23. 1 32.7 

26/1677 40.0 40.7 39.2 18.5 32.8 29.5 33.7 

26/1581 50.8 50. 7 48.6 21.0 39.0 29.5 42.6 

TABLE 4 (ASTRAGALI) 
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~· 1 2 3 4 5 6 7 
n 

41/2002 19,0 30.0 41.1 

I- A/1840 35.6 17.4 45.6 

3/ 49 102 65.0 g44.7 20.5 27.0 42 . ç 42.3 

4/107 @37 .1 @15.5 39.1 

4/1524 20 . 0 47 . 9 

14/1553 42.7 42.9 

13/ f 102 .3 45 . 2 17 . 4 30.3 42.8 42.2 -
13/ 1194 31.0 40.3 

13/1385 97 . 9 67 . 5 37.3 15 . 5 25 . 3 41. 1 41.0 

13/ d 96 . 5 66 . 0 38.7 15.3 28.3 38.C 40 . 3 -
13/964 32. 1 39.C 

13/ C -
31 /1 919 37.9 42 . 0 

47/ 81. 9 54. 1 37.3 17 .4 25. 7 35 . 5 38 . 0 -
26/1882 81 .3 54. 2 29 . 4 15 . 7 23.7 32 . C 33 .8 

T A BLE 4 (CALCANEA) 
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SPECIMEN 1 2 3 4 5 6 7 8 9 10 11 

20/1692 (MP) 28.3 

14/1525 (MP) 31.5 

37/2428 (MP) 35.5 34.8 

13/ 120 (MP) 33.6 32.6 

31/1899 (MP) 28.2 28.0 

39/2373 (MP) 25.4 25.7 

39/2382 (MP) 27.9 

39/2371 (MP) 32.7 32.9 

26/1821 (MP) 28.1 25.9 

20/1698 (MT) 31.8 30 .6 

7/2302 (MT) 39.4 33. 1 35.7 10. 1 5.5 

7/2314 (MT) 38.3 34.0 33.4 11. 1 6.7 

7/2147 (MY) 41.8 31.3 35 . 8 10.1 5.0 

13/1380 (MT) 20.4 21.0 

13/1384 (MT) 22.2 25.4 

13/1378 (MC) 24 .6 22.5 32. 7 33.4 

13/1622 (MT) 254. 1 253.4 23.2 25.0 37.3 31.0 33.7 12.3 4.9 33.5 31.6 

13/ 1156 (MT) 30.7 31.8 

13/RLB 26 30.9 33.5 

13/ e (MT) 252.7 248.2 23.6 24.2 34.3 28.4 31.1 10.1 4.9 30.7 31.7 

39/2374 (MT) 33.9 24 .5 30.3 7.7 5.1 

39/2372 (MT) 36.6 33.0 34.9 7.3 6.7 

26/1681 (MT) 35 . 1 29.8 32.5 7.6 5.3 

20/1657 (MC) 30 .8 31.0 

20/1655 (MC) · 32.0 31 .o 
7/1997 (MC) 43.0 34.9 

7/1995 (MC) 38.4 36.6 

14/1529 (MC) 39 . 4 37. 1 

37/2194 (MC) 25. 7 21. 9 38. 7 23.0 29.5 10.8 5.7 
8.9 

37/2040 (MC) 37.8 26.3 33.0 10.0 6. 1 

--
13/ 1154 (MC) 37.6 23.6 30.7 8.9 5. 1 

7,6 

TABLE 4 (METAPODIALS) 
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LGT. SDIAM SAG VENT DIST MAG/ 
12 13 14 KEEL SURF PIT HAM 

20.5 23.7 + 

28.9 23.7 25.2 + 

31.4 24. 1 26.8 + - ++ 

@24 21. 3 25. 0 + ? 

26. 1 21.0 22.7 + - + 

23.0 28.2 20.6 + - + 

26 . 6 20.5 20.2 + - + 

27.2 22.3 22.2 + + -
24.4 21. 6 23.5 + + 

30.0 24.1 25.9 + -
- /+ 

-

+ + -/+ 

+ + -
27.4 23.7 25.3 + + + + -
28 . 9 23.7 26. 0 + + + - -+-

23.3 26.8 + - + 

30 . 0 23 . 4 26.7 + - + 

28.4 22.3 26 . 6 + + + - + 

+ 

+ 

+ 

26.3 22.0 22. 1 -
27.9 23.5 24.5 ·-/+ -

+ 

29.6 23.4 27.3 + 

30.4 25.9 26.7 - - -
+ + + 149° 

148 ° 

142° 

TABL E 4 (e nd) 
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TABLE 5 
SKULL MEASUREMENTS OF "HIPPARION" GE7TYJ, KOPRAN, LOWER MARAGHEH, 

SPECIMEN KNHM-RLB 8401 (ADULT). 

Measurement Measurement 

I 101 . 9 20 NA 

2 ~105 .o 21 NA 

3 NA 22 NA 

4 NA 23 NA 

5 NA 24 NA 

6 NA 25 88.2 

7 76.0 26 NA 

8 62.1 27 NA 

9 137.8 28 @45 

10 NA 29 NA 

11 NA 30 127.4 

12 NA 31 133.7 

13 NA 32 44.0 

14 33.6 33 67.8 

15 40.0 34 69.8 

16 NA 35 39.3 

17 NA 36 29.9 

18 NA 37 32.0 

19 NA 38 56.0 
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TABLE 6 
MEASUREMENTS AND OBSERVATIONS ON MAXILLAE AND MAXILLARY CHEEK TEETH 

OF " HIPPAR ION" GETTY!. 

SPECIMEN AND AGE ELE MENT LENGTH WIDTH HEIGHT F0SS PLI HYP PR PZ 

KNHM-RLB 8401 ( 4) rt, p2 31. 1 23.6 23.2 +/* + + - + 
p3 24.2 26.8 22. 1 +/* + + -
p4 22,0 26.2 23.7 +/ * + + -
Ml 21.3 26. 0 20 .7 +/ • + + -
M2 20.3 24.7 21.6 +/* + + -
M3 18 .9 21. 2 +/ * + + -

KNHM - RLB 84 - rt. p4 24.3 27. 1 13.0 NA NA NA -
Ml 19 .9 24.6 7 .3 NA NA NA -
M2 20.5 24.4 10.0 NA NA NA -
M3 25 . 6 21.8 9.5 NA NA NA -

MI-M3 66.8 

KNHM-RLB lt. M1-M3 58.3 
p3 24.4 24 . 9 10 . 5 NA NA NA - / + 
p4 22 . 1 25. 0 10.5 NA NA NA - /+ 
Ml 17 .4 24, 9 12 .2 NA NA NA - / + 
M2 19 .5 23.4 10 .0 NA NA NA - / + 
M3 22 . 1 21. 9 8.2 NA NA NA - ! + 

TABLE 7 
MEASUREMENTS ON MANDIBLE OF "HIPPARION ' GETTY!. SPECIM EN KNMH A4846. 

Measurement Measurement 

1 NA 8 NA 

2 104.9 9 NA 

3 @86.5 10 NA 

4 76.7 11 69.6 

5 164.5 12 NA 

6 NA 13 72.5 

7 44.6 14 30 . 5 



TABLE 8 
MEASUREMENTS AND OBSERVA TI ONS ON MANDIBLE AND INDrVIDUAL MANDIBULAR 

CHEEK TEETH OF "HIPPARION' GETTYI, SPECIMEN KNMH 4866, 
MANDIBLE WITH rt. I/I -I/3, C, P/2, l. I/l-I/3, C, P/2-M/3. 

SPECIMEN AND AGE ELEMENT LENGTH WIDTH HEIGHT CAN. SNT. MENT. Pz Pz ECT. PLI 
POS. LNGT. FORM. ANT. MET. FLX. 

KNHM A4866 lt. p 2-M3 164.5 

MANDIBLE WITH RIGHT P2-P4 @86.5 

IÎ - 13, C, P2 ; M
1
-M

3 
76.7 

LEFT IÎ-I), C, P2-M3 p2 29.4 13.5 NA + -
p3 28.3 16.6 NA - -
p4 27.5 16 .4 NA - -
Ml 25.2 14.5 NA + -
M2 25.9 12.8 NA + -

ECT. 
PAR . 

-
+ 

-
+ 

+ 

M3 24.7 10.4 56.5 NA NA NA 

LING. 
FLEX. 

+ 

+ 

+ 

+ 

+ 

NA 

MEC. 
MSTD 

-
+ 

+ 

+ 

+ 

NA 

N 
V, 
00 
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TABLE 9 
SKULL MEASUREM ENTS OF HIPPARION PROSTYLUM. 

KN HM KNHM JGUM MNHM MNHM MN HM AMNH AMNH 
Measurement A4847 A4844 MB 67 Mar. 18 Mar. 465 Mar. 359 27807 27809 

3- 3- 3 3 4 3 3 
-

1 44.0 104.2 90.6 

2 107.9 102.5 @103 .S 114 .5 

3 

4 

5 

6 

7 83.5 88.0 83.7 7 1. 5 66.4 78.6 64.8 

8 70.4 68.4 66.2 64 .8 55.8 65.5 

9 148. 2 152.6 147.3 134.3 122.4 14 3. 7 

10 47. 1 

11 32.8 36 . 5 

12 39. 1 40.7 @31. 2 

13 @60 70.0 63.7 42.9 66.9 

14 30.8 36 . 9 36.0 59.7 

15 56 .2 52. 5 

16 

17 

18 

19 

20 

21 

22 

23 290.8 

24 

25 86 . 2 76.4 

26 99.8 

27 

28 @52.0 58.3 

29 @47.0 53.0 49.6 

30 123.9 

31 130 137 .8 157. 2 

32 36.5 36. 1 g39 46.4 38 
33 62.0 57 . 0 46.8 62.7 46.4 
34 61 .4 

35 37.4 35. 1 27.9 36.0 28.0 
36 28.4 31. 5 31. 3 37.0 40.3 43.S 38 . 7 
37 39.S 

38 51. 5 49.7 41. 4 64.3 46.8 
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TABLE 10 
MEASUREMENTS AND OBSERVATIONS ON MAXILLAE AND INDIVIDUAL MAXILLARY 

CHEEK TEETH OF HIPPARION PROSTYLUM. 

SPECIMEN AN D AGE ELEMENT LENGTH WIDTH HEI GHT F0SS PLI HYP PR P2 

KNIDI A4847 (3-) p2 33.5 25. 1 @37 * - + - + 
p3 26.4 27. 0 * - + 
p4 23.4 24.8 * NA NA * 
Ml 23.3 23.3 * - + -
M2 @23.8 22.4 * - + -
M3 25.0 NA * 

KNIDI A4844 (3-) p2 35.4 25.9 @35 * NA + * 
p3 28. 1 27. 6 * + + * 
p4 24.9 27. 0 * + + * 
Ml 23.2 23.4 * NA + NA 
M2 24. 0 22. 5 * NA + * 
M3 21.5 NA NA NA NA NA 

MB 67 (3-) p2 33.0 24. 1 41. 6 NA NA + - + 
p3 27.5 26.4 NA NA ++ * 
p4 25. 5 25. 1 NA NA ++ * 
Ml 23.7 24.2 NA + + -
M2 24. 1 22. 1 NA NA ++ -
M3 19.8 15.8 NA NA NA NA 

MNHN Mar. 18 (3) p2 26.7 22.0 13.5 NA NA NA NA + 
p3 22 . 8 24.2 NA NA * -
p4 21.0 24.5 •!- - * -
Ml 19. 7 25. 0 NA - * -
M2 20. 1 24. 1 NA - * + 

M3 24.3 22.0 • ! - 7 + -
MNHN Mar . 465 (4) p2 27.2 20.0 8.3 NA NA NA NA 

p3 19.9 24.4 6.1 NA NA NA NA 
p4 17.9 23. 1 10 . 1 NA NA NA NA 
Ml 16.5 23. 8 6.8 NA NA NA NA 
M2 16. 7 22 . 9 7.6 NA NA NA NA 
M3 19. 9 22. 0 NA NA NA NA 

MNHN Mar. 359 p2 31 .2 21.8 * NA * - + 
p3 25. 7 25.2 * + * -
p4 23. 1 24.9 * + * -
Ml 21. 0 23 .9 * ?+ + -
M2 21.6 23.3 * + + -

21 .5 19.8 * NA + 
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TABLE 11 
SKULL MEASUREMENTS OF HIPPARION CAMPBELL!. 

UCR-MMTT UCR-MMTT UCR-MMTT UCR-MMTT UCR-MMTT UCR-MMTT 
Measu rement 13/1342 13/1343 13/1291 Measurement 13/1342 13/1343 13/1291 

3 2 2 3 2 2 

1 107. 2 105,5 20 

2 111 . 6 95. 7 104 21 

3 91. 2 92.2 22 85.6 

4 84.0 23 295.0 289.0 

5 174 ,6 24 @150 

6 371 ,8 25 @89 83.8 

7 87. 1 91. 1 92.0 26 94.9 87 .3 

8 68.3 27 7.0 

9 154.3 28 50 , 5 55 .5 

10 60,0 29 49.8 40.0 

11 25.0 28. 7 30 145,6 @151. 7 

12 26.6 32.5 33.7 31 120,2 116 .8 
13 44.3 48.6 53.5 32 34,0 35.6 A33 
14 29.8 28.6 33 59.4 4 7 .2 

15 39.8 @40 ,5 34 53.4 

16 70.9 35 40.0 30.9 @31 .2 

17 96. 2 36 36,8 30,0 @32 

18 123.8 114 . 2 37 55.7 @28,3 

19 138. 4 38 61. 2 49.0 48.2 
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TABLE 12 
MEASUREMENTS AND OBSERVATIONS ON MAXILLAE AND INDIVIDUAL MAXILLARY 

CHEEK TEETH OF HIPPARION CAMPBELL/. 

SPECIMEN AND AGE ELEMENT LENGTH Wll>TH HEI GHT FOSS PLI HYP PR P2 

13/1 342 (3) p2 34. 8 23. 1 @41 * - ** - + 
p3 26.8 26. 0 * - * -
p4 26.9 25. 1 • - • -
Ml 22.3 22.3 * - * -
M2 24. 4 21.6 * - * -
M3 21. 2 16.9 

13 /1 343 (2) dP2 36.2 22.3 - - + + 

dP3 27.3 23.9 - - + 

dP4 28 . 0 22. 8 - - + 
Ml 27.5 21. 0 

13 / 1291 dP2 39. 0 21.4 - - - + + 

dP3 26.9 24.8 * - - + 

dP4 27.2 24.0 * - - + 
Ml 26.8 23.3 * - + 

13/ 1333 (2) dP3 27.3 25.2 • + - + 

dP4 26.9 23.9 * + * -
Ml 24. 4 22.3 - -
M2 48.8 



SPECIMEN AND AGE 

MMTT 13//1341 (3) 

MMTT 13/1376 (4+) 

MMTT 13/2353 (2) 

MMTT 13/1289 (2) 

TABLE 13 
MEASUREMENTS AND OBSERVATIONS ON MANDrBLES AND JNDIVJDUAL MANDIBULAR 

CHEEK TEETH OF HIPPARION CAMPBELL!. 

ELEMENT LENGTH WIDTH HEIGHT CAN. SNT. MENT. Pz Pz ECT. PLI 
POS. LNGT. FORM. ANT. MET. FLX. 

I 1- M3 
+ + -

p2 29.6 15.7 - - - -
p3 27. 1 15.4 - -

p4 26.6 15.6 - -

Ml 23.6 11. 7 + -

M2 23.5 11.4 + -
M3 23.7 8.9 + -

r 1-M
3 

+ + * 

p2 26.8 14.3 + - - -
p3 20.9 17.8 - -
p4 21.0 18.2 - -
Ml 17.2 15.2 + -
M2 17.3 14.6 + -
M3 26.2 11. 7 + -

dP2-4 ?+ ?+ ?* 

dP2 33.3 13.2 - * - -
dP3 25.0 14.3 - -
dP4 25 .2 15.4 - -

dP2-4' Ml 
dP2 30.7 15.0 - + - -
dP3 24.8 15.6 - -

dP4 27.3 14.2 + -
M, 26.9 11.6 - -

ECT. LING. 
PAR. FLEX. 

- + 

- + 

- + 

- + 

- + 

- + 

- + 

- -
- -
- * 

- * 

-

- + 

- + 

- + 

- + 

+ + 

+ * 

- -

MEC. 
MSTD 

-
+ 

+ 

+ 

+ 

+ 

-
-

-
-

-
-

+ 

+ 

+ 

+ 

+ 

-

N 

°' w 
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TABLE 14 
MEASUREMENTS ON SKULLS OF "HIPPARION" AFF. MOLDAV!CUM. 

KNHM KNHM KNHM KNHM KNHM KNHM KNHM KNHM KNHM KNHM KNHM 
Measurement -RLB A4848 -RLB -RLB -RLB -RLB -RLB -RLB -RLB -RLB 

8402 8403 8404 7914 7915 8001 8402 8403 8404 3924 
(4) (4) (3+) (2) (3+) (3) (4) (4) (4+) (3) (3-) 

1 li)91 

2 @96.5 

3 

4 

5 

6 

7 69 . 1 75.1 69.9 81. 7 69 .8 li)74 70.5 87.7 80.3 

8 58.0 64.6 59.6 69.8 58.1 60.5 61.3 57 .o 66.3 

9 126.3 138 .8 120.0 127.3 134 126.6 141 .3 

10 

Il 

12 @22 

13 @52 . 7 56.4 @56.7 57 .5 51.2 

14 29.4 

15 41.3 
16 

17 

18 

19 

20 

21 

22 

23 271 .8 

24 

25 85.9 77.5 

26 

27 

28 @57 @53 49.3 lil57 g48 
29 51 .5 50.5 g44.4 51.8 g46.5 lil5o 
30 111 .5 
31 139.5 132.2 
32 24 .5 29.2 23.6 25.1 29.8 lil 24 25.8 
33 @68 77.9 79.9 71.6 74.0 7 63.5 64.4 
34 69.6 61.1 
35 54,2 51 .9 46.7 ~46,5 lil42 48.5 
36 12 . 2 16.3 16.8 11.1 21. 1 19.0 16.5 ~21.5 @ 18.5 lil21 .2 
37 38.4 43.1 39.3 
38 35.5 50.0 48.5 43.3 46.4 g33 46.0 
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TABLE 15 
MEASUREMENTS AND OBSERVATIONS ON MAXILLAE AND INDIVIDUAL MAXILLARY 

CHEEK TEETH OF "HIPPARION" AFF. MOLDAV!CUM. 

SPECIMEN AND AGE ELEMENT LENGTH WIDTH HEIGHT FOSS PLI HYP PR P2 

BMNH 3924 (3-) 2 
32. 1 24.4 37.7 • + NA + -rt. P 

p3 25.0 26.6 @43,3 +/* + + -
p4 23.7 25. 1 +/* +· + -
Ml 22.7 23.6 +/• + * -
M2 23, 1 23.5 @44 +!• - NA * 

lt, M3 @23,0 14.9 NA NA NA NA 

KNHM-RLB 8402 (4) rt. p2 28. 1 21 .9 - - NA + + 
p3 20.9 23.4 - - NA -
p4 20,2 24. 1 - - NA -
Ml 16,8 21. 9 - NA NA -
M2 18 , 3 21. 1 * - - -
M3 21.4 19.8 • + - -

KNHM A4848 (4+) lt. p2 30 , 6 24.0 NA NA NA - + 
p3 22,8 27 . 5 25.2 NA - NA -
p4 23.0 29 . 0 14.6 NA - NA -
Ml 20.1 25.9 NA - - -
M2 20.4 23.8 * - - -
M3 26.0 22.4 * - * -

KNHM-RLB 8403 (4) rt. p2 27.9 22. 1 * NA * + + 
p3 21. 7 24.0 * + - + 
p4 20. 1 23.5, * + - + 
Ml 19.4 21. 1 * + - + 
M2 19. 1 20.8 * + - + 
M3 20. 1 18 .5 * - * + 

KNHM-RLB 8404 (2) lt. dP
2 

32. 1 22,5 * - + + 

dP3 29 . 5 23,0 * + - + 

dP4 25.5 21.6 * NA - -
Ml 24.5 20.7 NA NA NA -

MNHN-RLB 7914 (3+) rt. p3 26,3 26.9 * - - + 
p4 23.9 25.7 * - - * 
Ml 23. 1 24.9 * - * * 
M2 22 . 7 23.7 • + * * 
M3 24.8 20.8 * + + • ! -
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SPECIMEN AND AGE ELEMENT LENGTH WI0TH HEIGHT F0SS PLI HYP PR PZ 

MNHN-RLB 7915 (3) lt. p2 26.4 21.0 25.3 * - * + 
p3 22. 1 23.0 + - * + 
p4 21.2 22.4 * - * + 
Ml . 16 .3 21 .2 * - * + 
M2 19 .4 20.6 * NA * + 
M3 20. 1 18.3 * - * + 

MNHN-RLB 8001 (4) lt. p3 22. 1 24.2 19.7 NA +· - + 
p4 19.9 24.5 21 .o NA + - -
Ml 19.1 23.5 NA - - + 
M2 20.0 21.9 NA NA * -
M3 21. 0 19.8 NA NA * -

MNHN-RLB 8002 (4) rt. p2 NA 23.3 * - - + NA 
p3 23.0 25 . 0 * + - + 
p4 21.6 25.4 * + - + 
Ml 20.6 21 .8 * - - + 
M2 20.8 22. 1 * - * + 
M3 21.5 20.0 * - * + 

MNHN-RLB 8003 (4) lt. p2 28.5 22.5 - - NA + + 
p3 21. 2 24.7 - - !+ NA + 
p4 19.7 24.0 - - /+ - + 
Ml 18.2 23.3 - - NA + 
M2 18.4 22.4 - - - + 

M3 20.0 19.9 - - * + 

TABLE 15 (cont . & end) 



SPECIMEN AND AGE 

KNHM A4845 (3+) 

TABLE 16 
MEASUREMENTS AND OBSERVATIONS ON MANDIBLES AND INDIVIDU AL MANDIBULAR 

CHEEK TEETH OF "HIPPARION'' AFF. MOLDA VI CUM. 

ELEMENT LENGTH WIDTH HEIGHT CAN. SNT. MENT. Pz Pz ECT. PLI ECT. 
POS. LNGT. FORM. ANT. MET . FLX. PAR. 

p:t. p 2- M3 165 . 8 NA NA NA 

P2-P4 85.6 

Ml - M3 81. 7 - - -
p2 32.0 I 7. 7 - - -
p3 27.3 19.8 - - + 

p4 26.4 2 I. I + - -
Ml 26.4 17.9 + - -
M2 26 .5 17.5 + - -
M3 31.2 15.5 + - + 

LING. 
FLEX. 

+ 

-
-
* 
* 
* 
* 

MEC. 
MSTD 

+ 

+ 

+ 

-
-
-
-

N 
0\ 
-...) 
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TABLEI7 
SKULL MEASUREMENTS OF "HIPPARION" ?MATTHEW!, SPECIMEN G. I. U. P- 100/ 1958 (2 +). 

Measurement Measurement 

1 20 

2 @92 21 

3 22 

4 23 

5 24 

6 25 

7 66.9 26 

8 @5 5 _5 27 

9 @121 .9 28 

10 29 

11 30 

12 31 

13 41. 9 32 26.9 

14 33 58.1 

15 34 ?48.4 

16 35 35 .6 

17 36 22.5 

18 37 ?30 .5 

19 38 44.6 

TABLE 18 
MEASUREMENTS AND OBSERVATIONS ON MAXILLARY AND INDIVIDUAL MAX ILLARY 

CHEEK TEETH OF "HIPPAR ION" 7MA7THEWJ, SPECIMEN G.l.U. P- I00/ 1958. 

SPE CIMEN AND AGE ELEMENT LENG TH WIDTH HEIGHT FOSS PLI HY P PR P2 

p2 25.9 18.5 - + + 
p3 21.8 20.3 - - + + 
p4 19.B 19,7 - + 
Ml 21. 1 19.3 - - - + 

M2 19.6 17. 1 - - * 
M3 



SPECIMEN AND AGE 

KNHM-RLB 8405 (3) 

KNHM-RLB 8406 (3) 

KNm!-RLB 8407 

KNHM-RLB 8408 

1 

KNHM A4837 205.1 
(MC) 

TABLEI9 
MEASUREMENTS AND OBSERVATIONS ON MANDIBLES AND INDIVIDU AL MANDIBULAR 

CHEEK TEETH OF "HIPPARION' ?MATTHEW!. 

2 

ELEMENT LENGTH WIDTH HEIGHT CAN. SNT. MENT. P2 P2 ECT. PLI 
POS. LNGT. FORM. ANT. MET. FLX. 

lt. P2-P4 68.4 NA NA NA - * 
p2 24.7 13.6 - -
p3 21.4 14.7 - -
p4 21.2 14.6 - -
Ml 20.5 13.7 + -
M2 20.5 12.5 + -

~t. P4-M2 NA NA NA NA NA 

p4 19.4 14.4 @30 + -
Ml 16.7 12.7 + -
M2 17.4 11.5 + -

rt. M1_2 NA NA NA NA NA 

Ml 18.2 13.5 @21.5 + -
M2 18.4 12.7 + -

lt. M1_2 NA NA NA NA NA 

Ml 17.6 14.5 @14.0 + -
M2 18. 1 13. 1 @15.1 + -

TABLE 20 
MEASUREMENTS AND CHARACTER STATE ANALYSIS ON THE METAPODIALS OF 

"HIPPARION" ?MATTHEW!. 

3 4 5 6 7 8 9 10 11 12 13 14 LGT SDIAM SAG KEEL VENT SURF 

198.4 22.5 20.0 33.5 24.0 128.5 19.3 3.3 31.2 29.6 24.9 20.6 22.9 + ++ +/- + 

ECT. LING. MEC. 
PAR. FLEX. l'ISTD 

- + .. 
- * + 

- * + 

- * + 

- - + 

- * + 

- * + 

- * + 

- * + 

- * + 

- NA + 

- NA + 

DIST PIT MAG/HAM 

++ 143 

N 
0\ 

'° 




