
Snout proportions in some Eurasian hipparions 
(Mammalia, Equidae): taxonomic and functional 
implications 

Ann FORSTEN 
F i n n i s h M u s e u m of N a t u r a l H i s t o r y , 

P B 1 7 , F I N - 0 0 0 1 4 H e l s i n k i ( F i n l a n d ) 

a n n . f o r s t e n @ h e l s i n k i . f i 

KEYWORDS 
h i p p a r i o n s , 

s n o u t p r o p o r t i o n s , 
p h y l o g e n y , 

f u n c t i o n . 

Fors ten A. 1999 . — Snou t propor t ions in s o m e Euras i an hippar ions (Mammalia , Equ idae ) : 
t axonomic and functional implications. Geodiversitas 21 (2) : 2 5 5 - 2 7 8 . 

ABSTRACT 
In the hippations, length and bteadth of the snout and depth of the nasal 
opening ate not well cottelated with one another, nor with the shape and 
placement of the pteotbital fossa, recently consideted taxonomically impor­
tant in these equids. These charactets are distributed in a mosaic-like fashion 
among species, making species differentiation and phylogenetic reconstruc-
tion difficult. 

MOTS CLÉS 
h i p p a r i o n s , 

p r o p o r t i o n s d u m u s e a u , 
p h y l o g é n i e , 

i m p l i c a t i o n s f o n c t i o n n e l l e s . 

RESUME 
Les proportions du museau chez quelques hipparions (Mammalia, Equidae) 
dEurasie : implications taxonomiques et fonctionnelles. 

Chez les hipparions, la longueur et la latgeut du museau ainsi que la profon­
deur de la fosse préorbitaite ne sont pas clairement cotrelées entte elles, ni 
même avec la fotme et la position de cette fosse. Pourtant la valeut de ces 
mesutes a été récemment considérée comme ayant une signification taxono-
mique importante chez ces équidés. Ces catactères suivent une disttibution 
en mosaïque, au sein des différentes espèces considérées, et leut utilité tant 
pout la différenciation spécifique des hipparions que pour leur analyse phylo-
génétique est testteinte. 
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I N T R O D U C T I O N 

W h i l e t h e p r e o r b i t a l fossa o f t h e c h e e k h a s 

recen t ly b e e n g iven great w e i g h t in h i p p a r i o n 

taxonomy, even used for de l imi t ing "supraspeci-

fic groups" , the p ropor t ions a n d s t ruc ture of the 

s n o u t a n d the nasal o p e n i n g have largely been 

i g n o r e d . C o m p l e t e s k u l l s o f Hipparion d e 

Chr i s to l , 1 8 3 2 , are rare. M o s t often t he s n o u t 

a n d / o r the c r a n i u m are b roken off, leaving the 

midd le par t of t he skull w i t h the cheeks, t oo th 

rows a n d orbi ts preserved. T h u s there is m u c h 

less da ta o n t he snou t of Hipparion t h a n o n the 

preorbital fossa of the cheek. 

T h e func t ion of the fossa in Hipparion is still 

unsolved, a l t h o u g h there are several a l ternat ive 

hypotheses (see discussion in Serve 1927: 67 -78 ) . 

In r e c e n t e q u i d s t h e s h a l l o w fossae se rve as 

a t t a chmen t areas for levator muscles of the upper 

lip (Ellenberger & B a u m 1943 ; Zhegal lo 1978); 

the very mob i l e lips funct ion together wi th the 

incisors in gather ing food. T h e extension of the 

nasal o p e n i n g in Hipparion may reflect the deve­

l o p m e n t o f t h e n a s a l d i v e r t i c u l a e , in r e c e n t 

e q u i d s s i t u a t e d w i t h i n t h e n a s a l o p e n i n g 

( E l l e n b e r g e r & B a u m 1 9 4 3 ; b u t see G r e g o r y 

1920) . 

T h e shape of the snou t in fossil and extant herbi­

vores has recently been deba ted (e.g. Bunnel l & 

Gi l l ingham 1985; Solounias & Moel leken 1993; 

D o m p i e r r e & C h u r c h e r 1996; E i s e n m a n n 1998) 

and there have been a t t empts to interprète it eco­

logically. T h e shape of the snou t is believed to be 

dictated by the m o d e of feeding. A broad, an te­

riorly flattened snou t is in terpre ted as indicat ing 

grazing or the unselective gather ing of food near 

the g round . A nar row snout , w i th the incisors in 

a sharp arc, is in terpre ted as indica t ing browsing 

or t h e select ive g a t h e r i n g of food at d i f ferent 

he igh t s (for t he i l lus t ra t ion of e q u i d s n o u t s of 

different b read th , see E i s e n m a n n 1998 , fig. 5: 1-

10). 

In an earlier paper , I (Fors ten 1983) discussed 

the variat ion in the p lacement and shape of the 

preorbi ta l fossa in some O l d W o r l d Hipparion. 

In the present paper I will describe, compare and 

discuss t he s n o u t a n d the nasal o p e n i n g . O l d 

Wor ld h ippar ions g roup in to broad- a n d nar row-

s n o u t e d t a x a , b u t w i t h m a n y i n t e r m e d i a t e s . 

T h e r e is weak cor respondence wi th groups deli­

m i t e d o n the basis of the preorbi ta l fossa. Also 

snou t p r o p o r t i o n s a n d nasal o p e n i n g extens ion 

are o n l y weak ly cor re la ted . H o w s h o u l d these 

characters be evaluated and weighted t axonomi -

cally a n d phylogenetically? 

M E T H O D S 

In the upper jaw, snou t length was measured as 

the d i s tance f rom the p r o s t h i o n (11-11) to the 

midd le of a l ine un i t i ng the anter ior tips of P2 

( G r o m o v a 1 9 5 2 , t a b l e I, sku l l m e a s u r e 1 8 ) ; 

snou t w id th was measured as the outer dis tance 

beh ind 13-13 (Gromova's measure 40) . T h e nasal 

o p e n i n g is the distance anteriorly from between 

the premaxi l lae (no t i n c l u d i n g the u p p e r sym­

physis) posteriorly to where the nasals and pre-

maxillae/maxillae mee t (Gromova's measure 28) . 

Skull length, since se ldom measureable, was here 

s u b s t i t u t e d by the d i s t ance P 2 - a n t e r i o r r i m of 

orbi t (Gromova's measure 11), wh ich is roughly 

correlated wi th basal length. 

In the lower jaw snou t b read th was measured as 

the ou te r dis tance b e h i n d i3-i3 (Gromova 1952: 

t ab le IV, m e a s u r e 14) a n d s y m p h y s i a l l e n g t h 

anteriorly from between i l - i l posteriorly to the 

symphysial no tch (Gromova's measure 11). 

Relative snou t w i d t h is expressed in scatter dia­

g r a m s , p l o t t i n g maxi l la r s n o u t w i d t h to s n o u t 

length and m a n d i b u l a r snout w i d t h to symphy­

sial length, respectively. Snout length is related to 

skull l eng th by p l o t t i n g it to t h e d i s t ance P 2 -

orbit . Nasal o p e n i n g length is expressed b o t h as 

an absolute measure and in relation to the t oo th 

row. T h e preorbital fossa is discussed in te rms as 

in Forsten (1983) . I calculated 9 5 % equ iprobab i -

lity ellipses o n the da ta of H. schlosseri-dietrichi 

from Samos Q l a n d Samos w i t h o u t more exact 

local i ty da t a a n d of H. moldavicum G r o m o v a , 

1952 from Taraklia a n d Novoelizavetovka, using 

metrical data, t hen used the ellipses as models in 

the diagrams. I d id no t plot the specimens used 

for ca lcula t ing t he ellipses, b u t type spec imens 

are p lo t ted in bold letter abbreviat ions. 

T h e mater ia ls used a n d the ins t i tu tes in w h i c h 

a re k e p t t h e m a t e r i a l s s een a r e l i s t e d in t h e 

Append ix . 
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Snou t length 11-1 - P2-2 

I 1 1 1 1 1 1 1 1 1 

90 100 110 120 130 

FIG. 1. — Upper snou t b read th plotted to snou t length in E u r o p e a n hipparion skulls; m e a s u r e m e n t s in mm; 9 5 % equiprobabili ty 
e l l ipses ca lcula ted and d rawn on the d a t a of Hipparion schlosseri-dietrichi ( S a m o s Q1 -Andriano a n d S a m o s without exac t locality) 
a n d H. moldavicum (Tarakliya a n d Novoel izavetovka) . Plotted a r e s p e c i m e n s from the localities: Cer , C h e r e v i c h n o e ; Ch, Chimislia; 
K, Karas lar i ; M, M a r a g h e h ; ML, ML Luberon ; Mol, Molayan ; S q , Saloniki (coll. A r a m b o u r g & P u y h a u b e r t ) ; T, Tchobruch i ; Tu , 
Tudorovo ; UD, Umen Dol. Bold type abbrev ia t ions in figure depict type s p e c i m e n s : Ch , H. pregiganteum (Chisnau 4040/84) ; Mc, 
H. campbelli (Univ. California Riverside No. 13/1342) ; Mg, H. g/effy/'(Wien No. 840) ; S d , H. dietrichi(Munster S I/7); S s c h , H. schlos-
seri (Wien 1911 V 114); Ta , H. moldavicum (Moscow PIN 1256-3639) ; Tu , H. tudorovense (OGUM 1780). O b s e r v a t i o n s in pa ren ­
t h e s e s approximat ive . 

D E S C R I P T I O N 

E U R O P E A N D T H E N E A R E A S T 

Hipparions with a short and/or broad snout 
Hipparion prostylum Gerva i s , 1 8 4 9 [locali t ies: 
M t . Luberon , France; Saloniki, Greece; Karaslari 
and U m e n Do l , Macedon ia (former Yugoslavia); 
possibly M a r a g h e h , I r an ] , H. schlosseri-dietrichi 

Anton ius , 1919-(Wehr l i , 1941) [Samos w i t h o u t 
exact locali ty (Sondaa r 1 9 7 1 , pl . I I : a); Samos 
Q l , Q 4 , Q 6 ( S o n d a a r 1 9 7 1 , p l . I I : b ) ; 
V a t h y l a k k o s , P r o c h o m a - 1 , Rav in des Z o u a v e s 
(Koufos 1987 , fig. 3) , Greece; Basiboz (Forsten 
&C Garevski 1989 , pho tos 3 , 4 ) , Macedon ia ; and 
Maragheh] have a sho t t a n d broad snou t (Fig. 1 : 
u p p e t ellipse). T h e snou t is shor t also in relation 
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P2-orbit d i s t ance 

~ i 1 1 1 1 1 1 1 r 

130 140 150 160 170 

FIG. 2 . — Upper s n o u t length plotted to P2-orbit d i s t a n c e in E u r o p e a n hipparion skulls; m e a s u r e m e n t s in mm; 9 5 % equiprobability 
e l l ipses ca lcu la ted a n d d rawn on the d a t a of Hipparion schlosseri-dietrichi ( S a m o s Q1-Andr iano and S a m o s without exac t locality) 
and H. moldavicum (Tarakliya and Novoel izavetovka) . Plotted a r e s p e c i m e n s from: Cer , C e r e v i c h n o e ; C h , Chimislia; M. M a r a g h e h ; 
ML, Mt. Luberon; Mol, Molayan; S q , Saloniki; T, Tchobruchi . Bold type abbrev ia t ions in figure depic t type s p e c i m e n s : Ch , H. pregi-
ganteum; Me, H. campbelli; Mg, H. gettyi; S d , H. dietrichi; Ta, H. moldavicum; Tu , H. tudorovense. O b s e r v a t i o n s in p a r e n t h e s e s a r e 
approximat ive . 

to skull length (Fig. 2: lower ellipse) and in the 
lower jaw the s n o u t is b r o a d in relat ion to the 
length of the symphysis (Fig. 3 : uppe r ellipse). 
T h e single preorbi ta l fossa of the skull is placed 
father far in front of the orbi t . It may be faintly 

de l imi ted a n d shallow or well-defined, in either 
case m o r e or less pocketed . T h e r e is n o clear dif­
ference in skull m o r p h o l o g y between the smaller 
specimens (e.g. H. prostylum and the holo type of 
H. dietrichi, M u n s t e r SI /7) a n d the larger ones 
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FIG. 3 . — Lower snou t b read th plotted to symphys ia l length in E u r o p e a n hipparion j aws ; m e a s u r e m e n t s in mm; 9 5 % equiprobabili ty 
e l l ipses ca lcula ted and drawn on the d a t a of Hipparion schlosseri-dietrichi ( S a m o s Q1-Andr iano a n d S a m o s without exac t locality) 
a n d H. moldavicum (Tarakliya a n d Novoel izavetovka) . Plotted a r e s p e c i m e n s from: Ch , Chimislia; M, M a r a g h e h ; ML, ML Luberon; 
RZO, Ravin d e s Z o u a v e s ; T, Tchobruchi ; Tu , Tudorovo . 

( e . g . W i e n 1 9 1 1 V 1 1 4 , t h e h o l o t y p e o f 
H. schlosseri, and Budapest N o . 274) (Figs 1 , 2 : 
M L , a n d in bold: Sd, Ssch). T h e names schlosseri 
a n d dietrichi w e r e g i v e n t h e s a m e s p e c i e s ; 
a l t h o u g h A n t o n i u s ' n a m e "schlosseri" is o lder , 
there is some uncer ta in ty as to its validity ( inade­
q u a t e desc r ip t ion a n d i l lus t ra t ion of the type) . 
Unt i l the ques t ion as to the correct n a m e is sol­
ved, I use b o t h un i ted by a hyphen : H. schlosseri-
dietrichi. 

I n t h i s g r o u p a l s o b e l o n g s H. molayanense 
Z o u h r i , 1 9 9 2 d e s c r i b e d f r o m M o l a y a n , 
A f g h a n i s t a n ( Z o u h r i 1 9 9 2 ) . In t he t w o skulls 
seen, the snou t is shor t , b u t n o t as b road as in 
the former g roup (Zouhr i 1996 , pi. 59) (Figs 1, 
2 : M o l ) . T h e preorbi ta l fossa resembles tha t of 
t h e f o r m e r g r o u p in b e i n g sha l low, ova l -egg-
shaped, a n d s i tuated far in front of the orbi t . 

T h e above m e n t i o n e d shor t - a n d b road-snou ted 
h ippa r ions , H. prostylum, H. schlosseri-dietrichi, 
a n d H. molayanense, also have a shor t nasal open­
ing , a n t e r i o r l y e i t he r b l u n t o r soft ly p o i n t e d , 
end ing at a level well in front of P 2 . T h e nasal 
o p e n i n g is shor t also c o m p a r e d wi th snou t a n d 
sku l l l e n g t h , e x c e p t in Par i s M o l . 0 4 0 f r o m 
Molayan . 
A m o n g the skulls wi th a sho r t -b road snou t fall 
the type a n d the referred specimen of H. garedzi-
cum G a b u n i y a , 1 9 5 9 f rom U d a b n o , G e o r g i a 
(Fig. 4 : U , in bo ld) . T h e nasal o p e n i n g is short , 
end ing at a level in front of P2 b u t the preorbital 
fossa is w e l l - d e f i n e d a n d d e e p (see G a b u n i y a 
1 9 5 9 , p l . V I : 1) . O n t h e o t h e r h a n d , a m o n g 
skulls w i th a shallow preorbital fossa si tuated far 
from the orbi t can be m e n t i o n e d the spec imen 
B - 5 0 f r o m B a z a l e t i , G e o r g i a , r e f e r r e d t o as 
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FIG. 4 . — Upper snou t b read th plotted to snou t length in E u r o p e a n hipparion skulls; m e a s u r e m e n t s in mm; 9 5 % equiprobabil i ty 
e l l ipses ca lcula ted a n d drawn on the d a t a of Hipparion schlosseri-dietrichi ( S a m o s Q l - A n d r i a n o a n d S a m o s without exac t locality) 
and H. moldavicum (Tarakliya and Novoel izavetovka) . Plotted a r e s p e c i m e n s of H. matthewi (scat ter to t he left) from: B, Beluska ; 
Dyt, Dytiko (data Koufos 1988 , table 1); Q 5 , S a m o s Q 5 ; S, S a m o s without exac t locality. Plotted a lso h ippar ions in t he H. primige-
nium g r o u p ( s c a t t e r to t h e right) from: B , B e l u s k a ; VC, Vila d e C a b a l l s ; Gr , G r e b e n i k i ; N, N e s e b r ; O H , O u e d el H a m m a m ; 
Pi, Pikermi; Q 4 , S a m o s Q4 ; S, S a m o s without exac t locality; U, Udabno ; W, Inzersdorf. Bold type abbrev ia t ions in figure depict type 
s p e c i m e n s : Gr , H. giganteum ( O G U M 1 0 1 5 ) ; H o s , H. catalaunicum (BMNH 1 6 3 9 7 ) ; S m , H. matthewi ( B u d a p e s t O b / 5 5 7 ) ; 
U, H. garedzicum (Tbilisi No. 156/13) . 

H. garedzicum by Meladze (1967 , table VIII) and 
as H. molayanense by Z o u h r i (1992 , 1996) , bu t 
wh ich differs from bo th in the snou t being long 
a n d n a r r o w (Fig. 5: Bz to the far r ight in dia­
g r a m ) . T h e t y p e s k u l l o f H. tudorovense 
G a b u n i y a , 1 9 5 9 ( O G U M 1 7 8 0 ; G a b u n i y a 
1959 , pl . V: 2) f rom T u d o r o v o , Moldova , also 
has a shallow preorbi ta l fossa s i tuated relatively 
far in f ron t o f t h e o r b i t , b u t a n a r r o w s n o u t 
(Figs 1, 2: Tu, in bold) . T h e nasal o p e n i n g in B-
5 0 f r o m B a z a l e t i a n d O G U M 1 7 8 0 f r o m 
Tudorovo ends level wi th P2 . A very fragmentary 
skull (Inst, of Paleobiology, Tbilisi N o . 1 4 8 / 1 9 1 ; 
G a b u n i y a 1 9 5 9 , pl . VI : 3) f rom Kiour t ev iou l , 
50 k m no r th of Lake Urmia , Iran, the holo type 
of H. urmiense G a b u n i y a , 1 9 5 9 has a sha l low 
a n d faint fossa a n d a nasal o p e n i n g e x t e n d i n g 
level wi th P 2 - P 3 . Since the snou t is lacking and 
the orbi ts are n o t visible, the p l a c e m e n t of the 
preorbi tal fossa in relation to the orbi t a n d the 
snou t p ropor t ions are u n k n o w n . 

A relatively b road snou t is chatacter is t ic of the 
sku l l o f H. matthewi A b e l , 1 9 2 6 [ loca l i t i e s : 
Samos Q 5 (Sondaar 1 9 7 1 , PI. Ia-b) a n d Samos 
w i t h o u t exact locality data (H. nicosi Be tnor & 
Tobien , 1989) , Ravin de la Pluie , Vathylakkos , 
a n d P r o c h o m a - 1 (H. macedonicum K o u f o s , 
1984; Koufos 1987 , fig. 8), D y t i k o (H. matthe­
wi a n d H. periafricanum Villalta & Crusa fon t , 
1 9 5 7 ; K o u f o s 1 9 8 7 ) , S a l o n i k i , G r e e c e (co l l . 
A r a m b o u r g & P u y h a u b e r t ) ; P U m e n D o l a n d 
Beluska, M a c e d o n i a ; a n d Ploski Blagoevradsko 
(H. microtaton Nikolov, 1971) , Bulgaria] b u t the 
relative bread th is less than in the H. prostyluml -
schlosseri-dietrichi g roup (Figs 4 , 6: scatter to the 
left in d i a g r a m ) . In the lower jaw the s n o u t is 
m e d i u m b r o a d re la t ive t o s y m p h y s i a l l e n g t h 
(Fig. 7: scatter to the left in d iag tam) . T h e p te -
otbi tal fossa in matthewi varies from well-defined 
to a lmost absent; in some specimens from Q 5 it 
is doub le , consis t ing of a poster ior fossa p rope r 
a n d an anterior , smaller subnasal fossa (Forsten 
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FIG. 5. — Upper snou t b read th plotted to snou t length in E u r o p e a n hippar ions ; m e a s u r e m e n t s in mm; 9 5 % equiprobability e l l ipses 
ca lcu la ted and drawn on the da t a of Hipparion schlosseri-dietrichi ( S a m o s Q l - A n d r i a n o and S a m o s without exac t locality da ta ) a n d 
H. moldavicum (Tarakliya and Novoel izavetovka) . Plotted a r e s p e c i m e n s of: Hipparion verae (Gr, Grebeniki ; K, Karaslari ); H. medi-
terraneum [Bz, Bazaleti ( spec imen B-51 to t he left in d iagram) ; Dyt, Dytiko (da ta Koufos 1988 , table 1); Pi, Pikermi (data partly 
Koufos 1987, table 1)]; Hipparion s p . with a doub le fos sa (Q1 a n d ? Q 5 , S a m o s quarr ies ) ; Hipparion s p . (P, Piera) . Plotted a r e a l so 
skulls of H. proboscideum (scat ter to t he right in d iagram) from: Cer , C h e r e v i c h n o e ; RZO, Ravin d e s Z o u a v e s ; S p r , SI and Q 1 , 
S a m o s quar r i e s . T h e skull B-50 from Bazalet i with a w e a k f o s s a falls in a m o n g the s p e c i m e n s of H. proboscideum. Bold type a b b r e ­
viation in figure dep ic t s type : Gr, H. verae (OGUM 1016) . 

1983) . T h e nasal o p e n i n g in H. matthewi, like 
snou t length, varies from shor t to long or from a 
level 1 c m in front of P2 to level w i th P 3 para­
s t y l e . T h e f r a g m e n t a r y n a s a l o p e n i n g i n 
M u n c h e n 1 8 9 9 V I I 3 1 b (H. nicosi h o l o t y p e ) 
f rom Samos ex tends level w i t h P2 a n d is t hus 
c o m p a r a b l e t o t h e h o l o t y p e o f matthewi 
( B u d a p e s t O K / 5 5 7 ) , also f rom S a m o s . I n t he 
r a t h e r l o n g - s n o u t e d s p e c i m e n s w i t h a d o u b l e 
fossa from Samos Q 5 , the nasal open ing is long. 
T h e skulls o f H. matthewi f rom Q 5 resemble 
s o m e la rger skul ls w i t h a d o u b l e fossa f o u n d 
f rom S a m o s Q l - A n d r i a n o (see Fo r s t en 1 9 8 3 , 
f ig . 3 ) , p o s s i b l y a l s o f r o m S a m o s Q 5 a n d 
Gii lpinar , Turkey (Figs 5, 8: Q l , Q 5 ) ; they are 
here referred to as H. sp. (with a doub le fossa). 
T h e y have a relatively shor t -broad snou t a n d the 
nasal o p e n i n g ends level w i th P2 , b u t b o t h the 

snou t a n d the nasal o p e n i n g are longer in rela­
t ion to skull and snou t length, respectively, t han 
in H. schlosseri-dietrichi of similar size and from 
the same localities. T h i s u n n a m e d taxon seems to 
be related to the h ippar ions in the H. mediterra-
neum (Ro th & Wagner , 1855) g roup , in wh ich 
the fossa is s i tuated close to the orbi t , bu t is rare­
ly double . T h e p ropor t ions of the snou t a n d the 
d e p t h of t he nasal o p e n i n g in these spec imens 
from Samos are like in H. mediterraneum from 
Pikermi, Greece, b u t relatively broader and deep­
er, respectively, t han in the various local forms of 
H. moldavicum G r o m o v a , 1 9 5 2 from M o l d o v a 
a n d U k r a i n e , b e l o n g i n g i n t h e s a m e spec ie s 
g roup . 

Hipparions with a long snout and/or nasal opening 
E x t r e m e for its l ong a n d n a r r o w s n o u t a m o n g 
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FIG. 6. — Upper s n o u t length plotted to P2-orbit d i s t ance in E u r o p e a n hipparion skulls; m e a s u r e m e n t s in mm; 9 5 % equiprobabili ty 
e l l ipses ca lcula ted a n d d rawn on the d a t a of Hipparion schlosseri-dietrichi ( S a m o s Q1 -Andriano a n d S a m o s without exac t locality) 
and H. moldavicum (Tarakliya and Novoel izavetovka) . Plotted a r e s p e c i m e n s of H. matthewi (scat ter to the left in d iagram) from: 
B, B e l u s h k a , Q 5 a n d S, S a m o s q u a r r i e s . Plot ted a r e a l s o s p e c i m e n s of t h e H. primigenium g r o u p ( sca t t e r to t h e right) from: 
B, Beluska ; Gr, Grebeniki ; H o s , Hos ta le t s ; Hw, H ô w e n e g g ; N, Neseb r ; OH, O u e d el H a m m a m ; Pi, Pikermi; Q 4 a n d S, S a m o s quar­
ries; U, Udabno ; VC, Vila d e Caba l l s ; W, Inzersdorf. Bold type abbrev ia t ions in figure depict type s p e c i m e n s : Gr, H. giganteum; 
H o s , H. catalaunicum; S m , H. matthewi; U, H. garedzicum. 

the E u r o p e a n h i p p a r i o n s is the spec imen B-50 
f r o m Baza le t i w i t h a s h a l l o w fossa ( M e l a d z e 
1967, table VIII) (Figs 5, 8: Bz to the far r ight 
a n d t o p centre in d iagram) . Specimen B-51 from 
the same locality, bu t w i th a maximal ly develop­
ed, d o u b l e preorbi ta l fossa, has a m e d i u m long 

snou t similar in its b read th : length p ropo r t i ons 
t o t h a t i n H. moldavicum ( M e l a d z e 1 9 6 7 , 
table VII) (Figs 5, 8: Bz in centre of d iagram) . In 
b o t h s p e c i m e n s t h e s n o u t is l o n g e r t h a n in 
H. mediterraneum, and in the lower jaw (Meladze 
1967 , table IX) the symphysis is longer a n d the 
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FIG. 7. — Lower s n o u t breadth plotted to symphys ia l length in E u r o p e a n hipparion jaws ; m e a s u r e m e n t s in mm; 9 5 % equlprobability 
e l l ipses ca lcula ted a n d drawn on the d a t a of Hipparion schlosseri-dietrichi ( S a m o s Q1 -Andriano and S a m o s without exac t locality) 
and H. moldavicum (Tarakliya and Novoel izavetovka) . Plotted a r e s p e c i m e n s of H. matthewi ( sca t ter to t he left) from: B, Beluska; 
Dyt, Dytiko (data Koufos 1988 , t ab le 2); Q 5 a n d S, S a m o s quar r ies ; RPI, Ravin d e la Pluie; S q , Saloniki. Plotted a r e a l so (sca t ter to 
t he right in d iagram) not s e p a r a b l e s p e c i m e n s of h ippar ions of t he H. primigenium g roup and H. proboscideum from: Ad, S, Q1 and 
Q 5 , S a m o s q u a r r i e s ; B, B e l u s k a ; CL, C a n L l o b a t e r e s ; E, E p p e l s h e i m ; Gr , Greben ik i ; K, Karas la r i ; Kf, Kalfa; M, M a r a g h e h ; 
N, Neseb r ; OH, O u e d el H a m m a m ; Pi, Pikermi; RPI, Ravin d e la Pluie; V, Vozarzi; W, Inzersdorf and Wienerberg . Bold type a b b r e ­
viat ions in figure depict type s p e c i m e n s : S m , H. matthewi. O b s e r v a t i o n s in p a r e n t h e s e s a r e approximat ive . 

snou t narrower (Fig. 9: Bz). C o m p a r e d for their 
nasal o p e n i n g d e p t h , tha t in B-50 is absolutely 
shorter than in B - 5 1 , bu t in b o t h specimens the 
nasal open ing reaches level wi th P2 . 
Hipparion sp . f r o m P ie ra , S p a i n , h a s a we l l -
defined, pocketed, pear-shaped to r o u n d e d tr ian­
gular preorbital fossa and a long snou t in relation 
to skull length (Forsten 1968 , pi . 2) (Figs 5, 8: 
P) . For its b read th , the snou t resembles tha t in 
H. mediterraneum a n d H. verae Gabun iya , 1959 
(Fig. 5: P, Pi, G r ) . T h e nasal o p e n i n g is shor t , 
end ing from a level 2 c m in front of P2 to level 
w i th P2 paracone; it is shor t also in relat ion to 
snou t and skull length. 

Hipparion proboscideum Studer, 1911 [localities: 
Samos Q l a n d Samos w i t h o u t exact locality data 
( S t u d e r 1 9 1 1 , figs 1, 3 , 4 a ; S o n d a a r 1 9 7 1 , 
p i . I I I a - d ) , Rav in des Z o u a v e s (Koufos 1 9 8 7 , 
fig. 3) , Greece; Vozarzi a n d Karaslari, Macedon ia 
(Fors ten & Garevski 1989 , p h o t o s 1, 2) ; Valea 

S a r i i , R o m a n i a ( F o r s t e n 1 9 8 0 ) ; K a v a k d e r e , 
Turkey; a n d Cherev ichnoe , Ukra ine , (H. sp. cf. 
proboscideum Fors ten & K r a k h m a l n a y a , 1 9 9 7 , 
fig- 7 ) ] , w i t h a n a r r a n g e m e n t o f t h e d o u b l e 
preorbital fossa similar to that in spec imen B - 5 1 , 
has a na r row snou t similar to tha t in B-50, bu t 
the snou t is no t long in relation to skull length 
(Figs 5, 8: Spr, SI , Q I , R Z O , C e r ) . T h e nasal 
o p e n i n g is long a n d deep, ex tend ing from level 
w i th P 2 parastyle to P 3 mesostyle. In its snou t 
p r o p o r t i o n s H. proboscideum r e s e m b l e s t h e 
second large species f rom Samos Q l - A n d r i a n o 
and Q 4 , called H. cf. proboscideum and H. pri­
migenium (v. M e y e r , 1 8 2 9 ) ( S o n d a a r 1 9 7 1 , 
pl. I l l : e; Forsten 1983 , in Append ix teferred to 
as H. aff. brachypus Hensel) , in wh ich the single 
p teotb i ta l fossa and nasal o p e n i n g are as deep as 
in the former, bu t in which the snou t is longer in 
r e l a t i o n t o sku l l l e n g t h a n d b r o a d e r t h a n in 
H. proboscideum (Figs 4 , 6: S, Q 4 ) . T h i s taxon, 
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FIG. 8. — Upper snou t length plotted to P2-orbit d i s t ance in E u r o p e a n hipparion skulls; m e a s u r e m e n t s in mm; 9 5 % equiprobability 
e l l ipses calcula ted a n d drawn on the d a t a of Hipparion schlosseri-dietrichi ( S a m o s Q1-Andr iano a n d S a m o s without exac t locality) 
a n d H. moldavicum (Tarakliya a n d Novoel izavetovka) . Plotted a r e s p e c i m e n s of H. mediterraneum [Bz, Bazalet i ( spec imen B-51 in 
cen t re of d iagram) ; Pi, Pikermi]; H. verae (Gr, Grebeniki) ; Hipparion s p . with a doub le f o s s a ( Q 1 , S a m o s Q1); and Hipparion s p . 
(P, Piera) . Plotted a r e a l so s p e c i m e n s of H. proboscideum (scat ter to the right) from: Bz, Bazaleti ( spec imen B-50 in top-cen t re of 
d iagram) ; Cer , C h e r e v i c h n o e ; Q l , SI a n d Spr , S a m o s quar r ies ; RZO, Ravin d e Z o u a v e s . Bold type abbreviat ion in figure dep ic t s 
type : Gr, H. verae. 

similar to the large one from Pikermi (H. brachy-
pus H e n s e l , 1 8 6 2 , see K o u f o s 1 9 8 7 : p l . I l l ) 
(Figs 4 , 6: Pi) , leads over to h ippa r ions w i t h a 
most ly long snou t , compr i s ing the H. mediterra­
neum and the H. primigenium species groups. 

Hipparions with a medium long-and narrow snout 
A m e d i u m long a n d nar row snou t characterizes 
the local samples of H. moldavicum [localities: 
T a r a k l i y a , N o v o e l i z a v e t o v k a , T u d o r o v o , 
C h i m i s h l i a , C h e r e v i c h n o e , a n d C h i o b r u c h i , 
Ukra ine and Moldova , possibly Maragheh , Iran) 
( G r o m o v a 1 9 5 2 , tables I - I I I ; G a b u n i y a 1 9 5 9 , 
pis III: 2, 3 , IV: 1, 2; Watabe & Nakaya 1 9 9 1 ; 
Forsten & Krakhmalnaya 1997 , fig. 6) (Figs 1, 2: 
lower and upper ellipse, respectively)]. T h e nasal 
o p e n i n g extends from a level 1 c m in front of P2 

to P 2 mesostyle; it is shor t in relation to snou t 
a n d skull l ength . In t he lower jaw the s n o u t is 
na r row in relation to symphysial length (Fig. 3: 
lower ellipse). Hipparion moldavicum has a well-
defined, single preorbi tal fossa placed close to the 
orbit , a character which it shares wi th H. medi­
terraneum f r o m P i k e r m i , b u t has a n a r r o w e r 
snou t a n d shorter nasal open ing even taking in to 
a c c o u n t its sma l l e r skul l s ize. S imi l a r n a r r o w 
s n o u t p r o p o r t i o n s a r e f o u n d in s k u l l s f r o m 
M a r a g h e h , descr ibed as H. gettyi Bernor , 1985 
a n d / / , camp belli Bernor, 1985 (Bernor 1985) , in 
O G U M 1 7 8 0 ( t y p e o f H. tudorovense) f rom 
T u d o r o v o , a n d in t h e t y p e s k u l l ( K i s h i n e v 
4 0 4 0 / 8 4 ) of H. praegiganteum Ta rabuk in , 1967 
from Ch imish l i a , M o l d o v a (Figs 1, 2: Tu, M g , 
M c , C h , in bo ld) . T h e single preorbital fossa of 
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FIQ. 9 . — Lower snou t b read th plotted to symphysia l length in E u r o p e a n hipparion jaws ; m e a s u r e m e n t s in mm; 9 5 % equiprobability 
e l l ipses ca lcula ted a n d drawn for Hipparion mediterraneum from Pikermi and H. verae from Grebeniki . A xes a l so drawn on the d a t a 
of H. schlosseri-dietrichi ( S a m o s Q 1 - A n d r i a n o a n d S a m o s w i t h o u t e x a c t loca l i ty ) a n d H. moldavicum ( T a r a k l i y a a n d 
Novoel izavetovka) . Plotted is s ingle s p e c i m e n B-54 jaw from Bz, Bazalet i . 

these skulls is r o u n d e d t r iangular to oval, shallow 
or wi th a poster ior pocket , and si tuated modera ­
tely far from the orbit . T h e nasal open ing ends 
level wi th P2 ; it is part icularly long in relation to 
snou t and skull length in the type skulls (Wien , 
N o . 8 4 0 1 a n d B M N H 4 4 5 7 4 / c a s t o f U n i v . 
Cal i fornia Rivetside N o . 13 /1342 ) of H. gettyi 
and H, campbelli from Maragheh . Hipparion get­
tyi m a y be a younger synonym of H. tudorovense, 
w i t h wh ich it shares s imi lar s n o u t p r o p o r t i o n s 
a n d p r o p o r t i o n s b e t w e e n t h e o rb i t - fossa : P 2 -
orbi t distances, a n d similar extension of the nasal 
open ing . Hipparion campbelli may be a younger 
synonym of H. urmiense, wi th which it shares a 

similar long too th row and the extension of the 
nasal open ing (see Watabe & Nakaya 1991) . 

Hipparions with a medium long and broad snout 
Al though similar in the shape a n d p lacement of 
the preorbital fossa, H. mediterraneum (Pikermi 
a n d D y t i k o , G r e e c e , K o u f o s 1 9 8 7 , p is I, I I ; 
Koufos 1988, pis 1, 2; possibly Maragheh , Iran, 
and Bazaleti, Georgia) has a broader snou t than 
H. moldavicum, a l though over lapping the latter 
in s n o u t p r o p o r t i o n s (Figs 5, 8: Pi, D y t ) . T h e 
nasal open ing is deeper, reaching level wi th P2 , 
even wi th P 2 - P 3 . 
Hipparion verae from Greben ik i , Mo ldova , has 
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d rawn on the d a t a of Hipparion schlosseri-dietrichi ( S a m o s Q l - A n d r i a n o a n d S a m o s without e x a c t locality) a n d H. moldavicum 
(Tarakliya and Novoel izavetovka) . Abbreviat ions: C C C , C h a n g Chia C h u a n g a n d 2 miles W of C h a n g Chia C h u a n g ; CMK, C h e n g 
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T a o T s u n ; So r , Sor; Sw , Siwaliks; YM, Young Mu Kou; 30 , Loc. 30; 4 3 , Loc. 4 3 ; 44 , Loc. 44 ; 49 , Loc. 49 ; 70 , Loc. 70; 7 3 , Loc. 7 3 ; 
109 , Loc. 109. Bold type abbrev ia t ions in figure depic t the t ypes : 49 , H. plocodus Sefve , 1927 (Uppsa la No.3824) ; 30 , H. fossatum 
Sefve, 1927 (Uppsa la No. 3821) ; Lant , H. weihoense Liu, Li & Zhai, 1978 (IVPP V 3113 .1) ; P s , Proboscidipparion sinense Sefve 
(Uppsa la No. 3 9 2 5 & 3926) . 

snou t p ropor t ions resembling those of H. medi-
terraneum (Gabun iya 1959 , pis II: 1, 3 , III : 1, 
VII I : 2) (Figs 5, 8: Gr, Pi). In the lower jaw of 
bo th forms the snou t is b road in relation to the 
l eng th of t he symphys i s (Fig. 9: Gr, Pi) , even 
resembling the jaws of the H. prostylumlschlosseri-
dietrichi c o m p l e x . Hipparion verae has a diffe­
rently shaped and placed preorbital fossa and the 
nasal o p e n i n g is shallower than in H. mediterra-
neum, reaching from a level 2-1 c m in front of 
P2 to P2 mesostyle. Like in the latter, the preor­
bital fossa is occasionally double . 
In skulls from Basiboz, U m e n Dol and Karaslari 
( M a c e d o n i a , fo rmer Yugoslavia) , referred to as 

H. verae in Forsten & Garevski (1989 , pho tos 5-
7) , the preorbital fossa spills in to the fossa bucci­
nator, in some cases forming an isolated, anter ior 
subnasal fossa level wi th P2 . In these specimens 
the p lacement , shape a n d d e p t h of the preorbital 
fossa varies, as does the dep th of the nasal ope­
n ing (ending from 1 cm in front of P2 to level 
wi th P2 paracone) . T h e snou t is m e d i u m broad 
in two measureable specimens ( P M M Kar 8 6 / 7 3 
and Kar 2 0 3 / 7 3 ) , be longing ei ther to this species 
or to H. prostyluml schlosseri-dietrichi (Fig. 5: K). 

Hipparions lacking a preorbital fossa 
T h e earliest k n o w n Hipparion in Europe lacking 
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FIG. 1 1 . — Upper snou t length plotted to P2-orbit d i s t a n c e in Asiatic h ippar ions ; m e a s u r e m e n t s in mm. For c o m p a r i s o n a r e d rawn 
the a x e s ca lcu la ted on the d a t a of Hipparion schlosseri-dietrichi ( S a m o s Q1-Andr iano a n d S a m o s without exac t locality) a n d H. mol­
davicum (Tarakl iya a n d N o v o e l i z a v e t o v k a ) . For a b b r e v i a t i o n s s e e F igure 10 . Bold t y p e a b b r e v i a t i o n s in figure dep ic t t y p e s : 
Hd, H. dermatorhinum (Uppsa la No. 3872) ; Lant , Hipparion weihoensis; P s , Proboscidipparion sinense; 30 , H. fossatum. 

a preorbital fossa is H. platygenys Gromova , 1952 
from the Meo t i an of Tarakliya (Gromova 1952 , 
table IV) . Its u p p e r s n o u t is u n k n o w n , b u t in 
three lower snouts the symphysis is long a n d the 
s n o u t m e d i u m b road in the measureable speci­
m e n s . G r o m o v a ( 1 9 5 2 ) referred t h e s p e c i m e n 
P I N 1 2 5 6 - 3 6 3 4 t o H. s p . o r H. platygenys. 
Hipparion platygenys may be a jun io r s y n o n y m of 
H. hippidiodus Sefve, 1 9 2 7 f r o m C h i n a (see 
below). 

F r o m the P l iocene is k n o w n Proboscidipparion 
rocinantis (Hernandez -Pacheco) from Villaroya, 
Spain, a n d Kvabebi , Georgia , lacking or wi th a 
f a in t ly d e f i n e d p t e o t b i t a l fossa. T h i s spec ies 
represents the dental ly advanced caballoid h ippa­
r i o n s , r e f e r a b l e t o a g e n u s o f t h e i r o w n : 
Proboscidipparion Sefve, 1 9 2 7 (Fors ten 1 9 9 7 ) . 
T h e snou t of the skull and jaws from Villaroya is 
long a n d m e d i u m broad; that of the skull from 
Kvabebi (Vekua 1972 , Ris. 2 7 - 2 8 , tables XVII I , 
XIX) is shor t a n d b road . T h e nasal o p e n i n g is 
shor t , end ing in front of or level wi th P2 , respec­
tively. Proboscidipparion rocinantis is also found 
in C h i n a a n d Mongol ia , where spec imens t e n d 
to have a na r row snou t (see below). 

The H i p p a r i o n pr imigenium^ra«y5 
A m o n g the early (Vallesian) forms of this g roup 
represented by skulls wi th snouts are the h ippa­
rions from Vila de Caballs a n d Hostale ts , Spain 
{H. catalaunicum P i r l o t , 1 9 5 6 ; P i r l o t 1 9 5 6 , 
pl. V) ; Hôwenegg , G e t m a n y ; Inze t sdor f Austria; 
Nesebr, Bulgaria (H. presulcatum Nikolov, 1971 
a n d H. nesebricum Bakalov & Niko lov , 1 9 6 2 ; 
Nikolov 1 9 7 1 , table I: 1, l a ) ; Kalfa a n d Braila, 
M o l d o v a (H. sarmaticum L u n g u , 1 9 7 3 ; L u n g u 
1 9 7 3 , Ris. 1, table I); a n d O u e d el H a m m a m , 
Algeria (H. africanum A t a m b o u r g , 1959) ; later 
(Turolian) forms are found at U d a b n o , Georgia 
(H. garedzicum G a b u n i y a , 1 9 5 9 , p l . V I : 1) ; 
Samos Q l - A n d r i a n o a n d Q 4 (H. cf. probosci­
deum Sondaar 1 9 7 1 , pi. Hie; here H. aff. brachy-
pus), P i k e r m i (H. brachypus K o u f o s , 1 9 8 7 , 
pl. I l l ) , a n d Grebenik i (H. giganteum Gromova , 
1 9 5 2 , t a b l e X I I ) , e v i d e n t l y a l so a t B e l u s k a , 
Karas lar i , a n d Vozarzi , M a c e d o n i a . W h i l e t h e 
early forms have a t r iangular or oval fossa, in the 
latet forms the fossa is pear-shaped. T h e snou t is 
long a n d broad (Figs 4 , 6) , b u t the length of the 
nasal o p e n i n g varies cons ide rab ly b e t w e e n the 
local samples. It is very shallow in the specimens 
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FIG. 12. — Lower snou t b read th plotted to symphys ia l length in Asiatic hipparion j aws ; m e a s u r e m e n t s in mm. Abbreviat ions a s in 
Figure 10, in addition to Htc , Hipparion tchicoicum; T s , Tan Tsun ; 12, Loc. 12; 52 , Loc. 52 ; 7 1 , Loc. 7 1 ; 110, Loc. 110. Bold type 
abbrev ia t ions in figure depict t ypes : P s , Proboscidipparion sinense; 30 , Hipparion fossatum. 

f rom H o s t a l e t s ( e n d i n g 3 c m in f ront of P 2 ) , 
Inzersdorf (3-2 cm) , Kalfa (2-1 cm) , H ô w e n e g g 
(3-1 cm) , U d a b n o and Grebenik i (from 1-2 c m 
in front of P2 to P2 anter ior t ip); m e d i u m deep 
from Vila de Caballs (level wi th P2 anter ior t ip) , 
O u e d el H a m m a m (just in f ront of P2 to P 2 
paracone) , and Nesebr (P2 mesostyle); and deep 
in t h e skul ls f rom P i k e r m i ( P 2 m e s o s t y l e - P 3 
paracone) a n d Samos Q l - A n d r i a n o (level w i th 
P 3 ) . Hipparion garedzicum f rom U d a b n o (see 
above ) differs f r o m t h e res t o f t h e g r o u p in 
h a v i n g a s h o r t s n o u t r e l a t ive t o skul l l e n g t h 
(Figs 4 , 6: U , in bold) . 

I n t h e l o w e t j a w t h e s n o u t is b r o a d in t w o 
( M N H N 89 , 143), na r row in a thi rd ( M N H N 
98) of the jaws from O u e d el H a m m a m ; it is also 
b r o a d in t h e jaw (Univ . T h e s s a l o n i k i , RP1-1) 
i r o m Ravin de la P lu ie , Greece , referred to as 
H. primigenium (Koufos 1986) , a n d from C a n 
Llobateres (Fig. 7: O H , RPI , C L ) . In the o the r 
local samples in this g roup the lower snou t tends 
to be nar row and the symphysis long, par t iculat-
ly in the large forms from Pikermi , Samos , a n d 
Grebeniki . 

ASIA 

Hipparions with a short and broad snout 
T h e r e are few h i p p a r i o n s in Asia w i t h as p r o ­
nounced ly shor t and broad a snou t as the m e m ­
bers of the H. prostylumlschlosseri-dietrichi g roup . 
Mos t Asiatic h ippar ions , e.g. all the Chinese spe­
cies kep t in Uppsala descr ibed by Sefve (1927) 
a n d t h e m a j o r i t y o f t h e s p e c i m e n s in t h e 
A M N H , have a na r row snou t (Figs 10, 12). As 
for snou t length in relation to the dis tance P 2 -
o r b i t , t h e r e are b o t h l o n g a n d s h o r t - s n o u t e d 
forms (Fig. 11). T h e confo rmat ion of the nasal 
o p e n i n g a n d t h e nasa l s s h o w g r e a t v a r i a t i o n 
a m o n g the finds, as does the pteorbi ta l fossa. 
A s k u l l ( N e w Y o r k , A M N H 1 9 7 6 1 ) f r o m 
0.5 mile sou th-wes t of D h o k Pa than , Pakistan, 
called H. antelopinum Falconer & Cautley, 1847 
( M a t t h e w 1929) , has a m e d i u m long bu t broad 
s n o u t (Figs 10, 1 1 : Sw) a n d a small , a l t h o u g h 
pos te r io r ly d e e p , p reorb i ta l fossa p laced far in 
front of the orbi t . T h e nasal o p e n i n g ends at a 
level 1 c m in front of P2 and is shor t also in rela­
t ion to snou t and skull length. T h e species repre­
sen ted by this skull seems to be a vicar of the 
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E u r o p e a n - N e a r Eas te rn H. prostyluml schlosseri-
dietrichi g roup m e n t i o n e d above. 
F rom C h a n g Ch ia C h u a n g , Shanxi , C h i n a , there 
are two skulls ( A M N H 44-B 4 2 1 juv. and 44 -B 
427) in which the snou t is qu i te broad (Fig. 10: 
C C C ) . T h e preorbital fossa, s i tuated far from the 
o rb i t , is smal l a n d o v a l - p e a r s h a p e d ; t he nasal 
o p e n i n g a p p e a r s s h o r t . F r o m 2 mi les wes t of 
C h a n g C h i a C h u a n g , t h e r e a r e t w o s k u l l s 
( A M N H 21-B 38 and 25 -B 49) , the one wi th a 
b road , the o the r wi th a na r row snou t (Fig. 10: 
C C C ) ; the snou t is also shor t in relation to skull 
l e n g t h (Fig. 1 1: C C C ) . T h e nasa l o p e n i n g is 
anteriorly po in ted a n d deep, ex tending level wi th 
P2 m e t a c o n e - P 3 mesos ty le . T h e d e e p fossa is 
s i t u a t e d c lo se t o t h e o r b i t . O f t h e s e s k u l l s , 
A M N H 21-B 3 8 wi th a nasal o p e n i n g ex tending 
level w i t h P 3 mesostyle, resembles the pecul iar 
C h i n e s e H. licenti Q i u , H u a n g & G u o , 1 9 8 7 
( Q i u et al. 1 9 8 7 , pis IX, XII ) (Bei j ing, I V P P 
T H P 2 0 7 6 4 , 2 0 7 6 7 , 2 0 7 6 9 juv. a n d L o n d o n , 
B M N H 44577 /cas t of F :AM 125708) , characte­
r ized by its s t r o n g l y r e t r a c t e d nasal o p e n i n g , 
reaching level wi th M l mesostyle, bu t evidently 
u n r e d u c e d nasa l s . T h e s n o u t in H. licenti is 
k n o w n only in B M N H 4 4 5 7 7 a n d is rather long 
and m e d i u m broad (Figs 10, 11 : HI) . T h e pre­
orbital fossa is doub le , the poster ior one s i tuated 
close to the orbi t ( Q i u et al. 1987 , fig. 26 ) . 
A skull from N a n H a o Hs ia ( A M N H 35-B 255) 
has a m e d i u m long and broad upper snou t , b u t 
the snou t of the jaw of the same specimen is nar­
row (Figs 10-12 : N H H ) . T h e nasal o p e n i n g is 
v e r y s h o r t , e n d i n g 2 c m in f r o n t o f P 2 ; t h e 
p r e o r b i t a l fossa is p e a r - s h a p e d . A skul l f rom 
Hs iao Ku Po ( A M N H 53-B 641) resembles the 
previous o n e in having a b road snou t (Fig. 10: 
H K P ) , very s h o r t nasal o p e n i n g , a n d a pea r -
shaped preorbital fossa. 

Hipparion elegans Gromova , 1952 from Pavlodar, 
K a z a k h s t a n , r e s e m b l e s s o m e H. matthewi in 
hav ing a relatively b road uppe r snou t (Fig. 10: 
Pv), as well as in the p lacement and shape of the 
single preorbital fossa (Gromova 1952 , table V; 
Forsten 1983 , fig. 4 ) . T h e nasal o p e n i n g seems 
shor t , ex tending from 1 c m in front, to the an te­
rior t ip , of P2 . T h e five measureable lower jaws 
cor respond to those of some H. matthewi in the 
snou t being nar row (Fig. 12: Pv). Th i s species is 

Fig. 13. — A, upper snou t of H. dermatorhinum, showing d e e p 
nasa l open ing a n d long, low snout ; holotype, Uppsa la No. 3872 , 
subadu l t (after Sefve 1927, table I: 1); B, upper snou t of H. mol­
davicum, showing med ium d e e p nasa l open ing a n d snout ; holo­
type , PIN 1256 /3639 (after G r o m o v a 1952, table I: 3); C, upper 
snou t of H. giganteum, showing very shor t nasa l open ing ; holo­
type , O G U 1 0 1 5 (after G r o m o v a 1952 , t ab l e 12 : 2). Drawings 
not to s ca l e . 

an Asiatic vicar of the dwarf H. matthewi, from 
wh ich it differs in the m o r p h o l o g y of its tee th 
and in the p ropor t ions of its l imb bones . 

Hipparions with a narrow snout 
E x t r e m e a m o n g the Asia t ic h i p p a r i o n s w i t h a 
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long a n d na r row snou t is H. tchicoicum Ivaniev, 
1966 (Qiu et al. 1987, pl . XII I ) ; the snou t is nar­
row also in the lower jaw and the symphysis long 
(Fig. 12: H t c ) . T h e nasal o p e n i n g is very short , 
end ing at a level a lmost 2 c m in front of P2 ; it is 
shor t also in relation to snou t length. T h e large 
preorbital fossa is evidently s i tuated close to the 
orbi t (orbit no t visible). 

Hipparion dermatorhinum Sefve, 1 9 2 7 f r o m 
C h i n a has a long snout in relation to skull length, 
a n d the s n o u t is low a n d n a r r o w (Sefve 1 9 2 7 , 
t ab l e I: 1-3; Q i u et al. 1 9 8 7 , pis X L I , X L I I ) 
(Figs 10, 1 1 : H d ) . In the lower jaw the snou t is 
s i m i l a r l y n a r r o w a n d t h e s y m p h y s i s l o n g 
(Fig. 12: H d ) . T h e nasal o p e n i n g is re t rac ted , 
reaching level wi th P 3 , it is long also in relation 
to snou t and skull length; the nasals ate u n r e d u c ­
ed. T h e preorbital fossa is well-defined b u t shal­
low. 

A n u p p e r s n o u t f rom Sor, Tadzh ik i s tan , shows 
t h e p r e s e n c e o f a d o u b l e p r e o r b i t a l fossa 
( Z h e g a l l o 1 9 7 8 , Ris . 7 3 ) . T h e n a r r o w s n o u t 
(Fig. 10: Sor), the nasal o p e n i n g extension, a n d 
the d o u b l e fossa closely r e semble t hose in t he 
spec imen B-51 from Bazaleti. 

Hipparions lacking a preorbital fossa 
A s k u l l ( P I N 2 4 3 3 - 3 6 0 ) f r o m K a l m a k p a i , 
Kazakhstan, referred to as H. hippidiodus because 
i t l a c k s a p r e o r b i t a l fossa ( Z h e g a l l o 1 9 7 8 , 
Ris. 6 1 ) , has a long, na r row s n o u t b u t m a y be 
l a t e r a l l y c r u s h e d , s i n c e a s e c o n d s p e c i m e n 
( P I N 2 4 3 3 - 4 6 0 ) f rom the s a m e local i ty has a 
m e d i u m broad snou t (Figs 10, 11 : Kp) . In b o t h 
specimens the nasal o p e n i n g ends level w i th the 
m e t a c o n e of P 2 . Or ig ina l ly H. hippidiodus was 
d e s c r i b e d f r o m L o c . 1 1 5 , K i n g y a n g , C h i n a 
(Sefve 1 9 2 7 ; F o r s t e n 1 9 6 8 , p i . 3 ; Q i u et al. 
1987 , pl. XXXVIII ) ; its snou t is u n k n o w n . 
Skul l s from Kh i rg i s N u r - 2 , M o n g o l i a , ca l led 
H. mogoicum Zhegal lo (Zhegallo 1978) , also lack 
a fossa. T h e snou t in the measureable specimen 
is m e d i u m b r o a d l ike in P I N 2 4 3 3 - 4 6 0 f rom 
Kalmakpai , bu t shorter (Fig. 10: K N ) . T h e nasal 
o p e n i n g reaches level wi th P2 mesostyle. 
Ch inese h ippa r ions be long ing in the species or 
species g roup Proboscidipparion rocinantis-houfe-
nense (Hernandez-Pacheco) - (Te i lha rd & Young, 
1931) wi th advanced, caballoid cheek teeth and 

lacking a preorbital fossa (see above), have a long 
snou t in relation to skull length and the snou t is 
n a r r o w ( Q i u et al. 1 9 8 7 , pis V I , V I I ; Fo r s t en 
1997 , fig. 7) (Figs 10, 1 1 : H r ) ; also the snou t of 
the lower jaw is na r row (Fig. 12: H r ) . T h e nasal 
o p e n i n g is short , ex tending from 0.5 c m in front 
of P2 , to level w i th P2 pa tacone . 
T h e r e are four skulls o f t he two (?) species of 
typical Proboscidipparion, P. sinense Sefve (Sefve 
1 9 2 7 , t a b l e V I : 2 2 - 2 4 , V I I ) a n d "pater" 
M a t s u m o t o , 1 9 2 7 ( Q i u et al 1 9 8 7 , pis I - IV) . 
T h e s n o u t is r a t h e r s h o r t in r e l a t i on t o skul l 
length a n d nar row (Figs 10, 11 : Pp , Ps a n d Ps in 
bo ld ) . Also the symphys is is shor t , t ak ing in to 
accoun t the size of the jaw, and the snou t is nar­
row (Fig. 12: Ps and Ps in bold) . T h e nasal ope­
n i n g is e n o r m o u s l y r e t r ac t ed , e x t e n d i n g f rom 
level w i t h M l m e t a c o n e to M 2 mesostyle, a n d 
the nasals are reduced and foreshortened. T h e r e 
is no fossa. 

D I S C U S S I O N 

P H Y L O G E N E T I C A N D F U N C T I O N A L 

C O N S I D E R A T I O N S 

T h e r e are differences be tween local forms (spe­
cies, subspecies, local popula t ions) of h ippa t ions 
for the p ropor t ions of the snou t and the exten­
s ion o f t h e nasal o p e n i n g , b u t w i t h i n a local 
form these characters are qui te stable. Characters 
of the snou t a n d nasal open ing occur in co mb i ­
na t ion wi th different shapes and p lacement , even 
absence, of the preorbi ta l fossa. S n o u t b read th : 
l eng th p r o p o r t i o n s are n o t cor re la ted w i t h t he 
extension of the nasal open ing . H o w to del imi t 
species and suptaspecific groups w h e n characters 
o f t h e s n o u t , nasa l o p e n i n g a n d n a s a l s , a n d 
pteorbi ta l fossa are d is t r ibuted mosaic-like, as are 
characters of the tee th a n d l i m b - b o n e size a n d 
p ropor t ions? W h a t d o these characters a n d the 
differences between forms signify? D o they have 
phylogenet ic a n d functional significance? W h i c h 
c h a r a c t e r s s h o u l d b e g i v e n m o r e , w h i c h less 
w e i g h t w h e n p h y l o g e n i e s a r e d i s c u s s e d a n d 
reconst tucted? H o w to de t e rmine which charac­
ters are p r imi t ive , w h i c h der ived, i.e. m o r p h o -
cline polarities? 

T h e h i p p a r i o n s (Hipparion, Proboscidipparion 
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Sefve , 1 9 2 7 , Neohipparion G i d l e y , 1 9 0 3 , 
Nannippus M a t t h e w , 1926 , a n d Pseudhipparion 
A m e g h i n o , 1904) can be dis t inguished from the 
ancestral merychippines on the basis of the cheek 
t e e t h in t h e lower jaw, p a r t i c u l a r l y t h e lower 
molars . T h e lower molars of the merych ipp ines 
re ta in a p r imi t ive , low d o u b l e k n o t w i t h l i t t le 
d i f f e r e n t i a t e d a n d r o u n d e d m e t a c o n i d a n d 
m e t a s t y l i d l o o p s , w h i l e in t h e h i p p a r i o n s t h e 
loops of the mola r doub le kno t are well differen­
tiated, thus advanced . All Eurasian a n d African 
h ippa r ions are t rue h ippa r ions , w i th well-diffe­
rent ia ted loops of the doub le k n o t of the lower 
molars , indicat ing dispersal to the O l d W o r l d at 
a stage w h e n the dental pa t te rn already had be­
c o m e modern ized . 

In the h ippar ions , a short snou t and shor t nasal 
o p e n i n g c o u l d be c o n s i d e r e d p r i m i t i v e , s ince 
t h e y cha rac t e r i ze t h e m e r y c h i p p i n e ances to r s , 
e.g. "Neohipparion coloradense" ( o r i g i n a l l y of 
O s b o r n , 1 9 1 8 ) f r o m t h e ea r ly B a r s t o v i a n o f 
Boulder Quarry , Nebraska, a n d late Barstovian of 
N E Co lo rado (MacFadden 1984, figs 52 , 54 , 58 , 
59) , and "Cormohipparion" goorisi M a c F a d d e n & 
Skinner, 1981 from the late Barstovian of Trini ty 
River Pit 1, Texas ( M a c F a d d e n 1984 , figs 1 2 1 , 
123) . O n the o ther hand , if a shor t -broad snou t 
in a h i p p a r i o n is an a d a p t a t i o n to g raz ing , it 
should be considered a late, advanced character, 
s i n c e g r a z i n g e v o l v e d w i t h t h e s p r e a d o f c4 
grasses abou t 7-5 M a ago ( C e d i n g et al. 1993) . 
S o m e m e r y c h i p p i n e s , a l t h o u g h denta l ly p r i m i ­
t i v e , a l r e a d y h a d a r a t h e r l o n g s n o u t , e.g. 
"Eoequus" wilsoni Q u i n n , 1955 ( Q u i n n 1 9 5 5 , 
pis 10: 1-3, 1 1 : 1-3, 12, 13) , w h i c h a l t h o u g h 
larger is p robably closely related to "Hipparion" 
shirleyi M a c F a d d e n , 1984 (both are from Texas 
and Barstovian in age; M a c F a d d e n 1984, figs 2 8 , 
29) . O n the o the r hand , some N o r t h Amer ican 
h ippar ions or near -h ippar ions , a l though dental ly 
advanced, retained a shor t snou t and nasal open­
i n g , e .g. "Neohipparion affiné" ( o r i g i n a l l y o f 
Leidy , 1 8 6 9 ) f r o m t h e l a t e C l a r e n d o n i a n o f 
U p p e r Mi l l e r Q u a r r y , N e b r a s k a ( M a c F a d d e n 
1984, fig. 63) , "Cormohipparion" sphenodus (ori­
ginally of C o p e , 1885) from the Valent inian of 
Rai lway/Railroad Quarry , Nebraska (MacFadden 
1 9 8 4 , figs 1 2 4 , 1 2 6 ) , a n d "Cormohipparion" 
occidentale (originally of Leidy, 1856) from the 

late C la rendon ian of Gidley Hor se Quarry , Texas 
(MacFadden 1984, figs 133 , 136) . T h e bread th 
of t he s n o u t in re la t ion to s n o u t l eng th is n o t 
given in these horses. 
T h e nasal o p e n i n g in the N o r t h Amer ican h ippa­
r ions d o e s n o t e x t e n d p o s t e r i o r l y b e y o n d t h e 
level of P2 , bu t often ends at a level 1-4 cm in 
f r o n t o f P 2 ( M a c F a d d e n 1 9 8 4 , t a b l e 1 ) . 
A l t h o u g h in t he Euras ian h i p p a r i o n s t he nasal 
o p e n i n g m a y b e e q u a l l y s h o r t , e .g . in ea r ly 
H. primigenium, the snou t is generally longer in 
r e l a t i on t o skul l l e n g t h . In t h e H. prostyluml 
schlosseri-dietrichi g r o u p bo th the nasal o p e n i n g 
a n d snou t are short . In the Eurasian h ippar ions a 
deep nasal o p e n i n g , pos te r ior ly e x t e n d i n g to a 
level beyond P2 , has evolved several t imes and in 
c o m b i n a t i o n w i t h d i f f e r e n t l y s h a p e d , e v e n 
a b s e n t , p r e o r b i t a l f o s s a e , e .g . i n t h e l a r g e 
Hipparion f r o m S a m o s Q l - A n d r i a n o a n d 
Pikermi , in H. proboscideum, H. licenti, H. der-
matorhinum, a n d Proboscidipparion sinense. T h e 
deep nasal open ing in some h ippar ions has given 
rise to hypotheses that these horses had a tapir­
l i k e p r o b o s c i s (Se fve 1 9 2 7 ; S o l o u n i a s & 
D a w s o n - S a u n d e r s 1 9 8 8 ) . In e x t a n t m a m m a l s 
w i t h a l e n g t h e n e d nose , e.g. t ap i r s , e l e p h a n t s , 
saiga a n d dik diks, the nasal bones are foreshorte­
n e d , t h u s a l l o w i n g m o b i l i t y o f t h e n o s e 
(Macdona ld 1984) . In mos t of the k n o w n h ippa­
rions wi th an exceptionally deep nasal open ing , 
t h e nasa l s a re n o r m a l l y l o n g . O n l y in s o m e 
Proboscidipparion {sinense a n d "pater") are t he 
nasals reduced in length, the nasal open ing bet­
ween the premaxillas is narrowly slit-like, and the 
u p p e r symphys i s long . Sole a m o n g the h i p p a ­
r ions the s n o u t in these Proboscidipparion does 
resemble that in a tapir (Sefve 1927) . However, 
the deep nasal o p e n i n g and foreshor tened nasal 
b o n e s in these Proboscidipparion also resemble 
those in a moose , Alces alces (L innaeus , 1758) , 
which has n o proboscis bu t a large overhanging 
upper lip. Extant horses, which have a modera ­
tely d e e p nasal o p e n i n g a n d long nasals , have 
v e r y m o b i l e l i p s . T h e h i p p a r i o n s may , t o a 
varying degree, also have had mobi le lips useful 
for ga ther ing grass or browse. 
In the ex tan t horses t he d iver t iculae nasi form 
b l ind sacks in connec t ion wi th the nostrils a n d 
occupy the nasal o p e n i n g (Ellenberger & Baum 
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1 9 4 3 ; b u t see Grego ry 1 9 2 0 ) . T h e longer a n d 

wider the nasal open ing , the more r o o m for the 

d iver t icu lae . A c c o r d i n g to G r e g o r y (1920) t he 

d ive r t i cu lae in ex t an t Equus (L innaeus , 1758) 

part ly occupy the shallow subnasal (= preorbital) 

fossa. In the h ippar ions nasal o p e n i n g extension 

and deve lopmen t of the fossa are n o t correlated. 

Well-developed a n d posteriorly deep in the large 

h i p p a r i o n s f r o m S a m o s Q l - A d r i a n o a n d 

Pikermi , the fossa is small and s i tuated far from 

t h e n o s t r i l s in H. licenti, a n d is a b s e n t i n 

Proboscidipparion sinense a n d "pater". T h e diver­

ticulae comprise the vomeronasal organ wi th sen­

s o r y p a t h w a y s t o t h e h y p o t h a l a m u s . T h e 

v o m e r o n a s a l o r g a n is be l ieved to be invo lved 

wi th the "flehmen", i.e olfactotial tast ing of fero-

mones (Estes 1972) , and wi th certain low vocali­

zations. 

T h e genetally na r row snou t in O l d Wor ld h ippa­

rions m a y have to d o w i t h these horses hav ing 

been chiefly browsers or mixed-feeders (Hayek et 

al. 1 9 9 1 ) . C a n d i d a t e s for t h e g t a z i n g n i c h e 

w o u l d b e t h e b t o a d - s n o u t e d f o r m s i n t h e 

H. prostylum/schlosseri-dietrichi c o m p l e x a n d 

H. antelopinum. E i s e n m a n n ( 1 9 9 8 ) t e c e n t l y 

p l o t t e d least d i a s t e m a l b r e a d t h to s y m p h y s i a l 

length in jaws of O l d W o r l d h ippar ions . She dif­

fe ren t i a ted s p e c i m e n s w i t h a b r o a d a n d those 

wi th a na r row jaw (E i senmann 1998 , figs 3 , 4) 

and discussed jaw p ropor t ions a n d incisor mor ­

pho logy in relation to m o d e of feeding (whethe t 

grazing or browsing) . W i t h a few exceptions he t 

d i a g r a m s c o r r e s p o n d to m i n e , p l o t t i n g lower 

s n o u t w i d t h to symphys ia l l eng th . T h e excep­

tions are specimens probably wrongly identified, 

e .g . i n h e r f i g u r e 3 N o . 7 , 8 a r e e v i d e n t l y 

H. verae n o t giganteum, a n d N o . 9 is n o t 

H. mediterraneum. 

T A X O N O M I C C O N S I D E R A T I O N S 

I n h i p p a r i o n t a x o n o m y a n d p h y l o g e n y , t h e 

preorbi tal fossa is often given m o r e weight than 

o t h e r c h a r a c t e r s , s o m e t i m e s even a t t h e n e a r 

exclusion of o t h e t charactets (see E i s e n m a n n et 

al. 1987) . Solely o n the alleged resemblance of 

t h e fossa , t h e n a r r o w - s n o u t e d H. gettyi (= 

H. tudorovense}) a n d H. campbelli ( = 

H. urmienseï) w i t h a long nasal o p e n i n g ate said 

to be the ancestor a n d descendant , tespectively, 

of t h e s h o r t a n d b r o a d - s n o u t e d H. prostylum 

with a shor t nasal open ing (Bernor et al. 1996) . 

T h e m e m b e r s in t h e H. prostylum/schlosseri-

dietrichi g roup are believed to have given rise to 

h i p p a r i o n s lacking a p t e o t b i t a l fossa, a l t h o u g h 

thete are no signs tha t the fossa did disappear in 

this g roup . Hipparion hippidioduslplatygenys from 

Tarakliya, the eatliest k n o w n h ippar ion lacking a 

fossa, has a m e d i u m b road s n o u t a n d is of the 

same age as the m e m b e r s in the former g r o u p , 

wh i l e t h e h i p p a r i o n s f rom Khi rg i s N u r - 2 a n d 

Kalmakpai , also lacking a fossa, may be younger. 

T h e i r nasal o p e n i n g is deep a n d long . O n the 

supposed s imilar i ty of the fossa t he l ong - snou­

ted, large h ippa r ion from Samos Q l - A n d r i a n o , 

wi th a deep a n d long nasal open ing , is referred to 

as H. giganteum (Bernor et al. 1996) , t he type 

fo rm of w h i c h has a ve ty sho r t nasal o p e n i n g . 

O n the o ther h a n d , H. macedonicum is believed 

to represent a species different from H. matthewi 

(Koufos 1 9 8 6 ; B e r n o r et al. 1 9 9 6 ) , a l t h o u g h 

identical to that species in skull and jaw m o r p h o ­

logy, m e t a p o d i a l size a n d p r o p o r t i o n s , a n d in 

p r o t o c o n a l l e n g t h a n d p l i c a t i o n c o u n t of its 

tee th . S o m e of these conf l ic t ing ident i f icat ions 

s e e m to have b e e n d i c t a t e d by t h e p r e s u m e d 

strat igraphie pos i t ion of the find, ra ther t h a n by 

its morphology . However , s t ra t igraphie pos i t ion 

is no t a t axonomic character. 

H I P P A R I O N M U L T I P L E D I S P E R S A L ? 

O l d Wor ld H i p p a r i o n has been t h o u g h t to repre­

sen t m u l t i p l e d ispersa ls f rom N o r t h A m e r i c a . 

Th i s idea was also based on preorbital fossa m o r ­

phology, ignor ing the m o r p h o l o g y of the cheek 

teeth a n d snout , and the faunal evidence against 

m u l t i p l e e q u i d d i spe r sa l . In t h e M i o c e n e the 

N o t t h Amer ican equ id fauna was diverse, c o m ­

pris ing anchi ther i ines , para-merychippines , pl io-

h ippines , and h ippar ions , often several genera of 

each g r o u p in the same faunas (Forsten 1989) . 

O f t h e a n c h i t h e r i i n e s o n l y Anchitherium 

v. Meyer, 1834 dispersed to the O l d Wor ld , n o n e 

of the para-merychippines or p l iohippines m a d e 

it, a n d there is no evidence that m o r e than one 

h i p p a r i o n successfully crossed the Bering in te t -

c o n t i n e n t a l c o n n e c t i o n . N o n e o f t h e t yp i ca l 

N o r t h A m e t i c a n h i p p a r i o n i d ( s u b ) g e n e r a 

Pseudhipparion, Neohipparion, or Nannippus has 

272 G E O D I V E R S I T A S • 1 9 9 9 • 21 (2) 



Snout proportions in some Eurasian hipparions 

ever been found in the O l d Wor ld . Ne i the r has 
any o f t h e several Eu ras i an h i p p a r i o n s w i t h a 
deep nasal o p e n i n g ever been f o u n d in N o r t h 
America . 

C O N C L U S I O N S 

It is dangerous to base h ippa r ion taxonomy, sys-
temat ics a n d phylogeny, a n d hypo theses a b o u t 
i n t e r con t inen t a l dispersal , o n single characters , 
e.g. o n the preorbital fossa alone (E isenmann et 
ai 1 9 8 7 ) . Skulls are rare , m o s t fossil s amp le s 
consist of isolated teeth a n d l imb bones , wh ich 
in mult ispecies samples m a y be diff icul t / impos­
s ible to ob j ec t ive ly c o u p l e w i t h t h e skul l s or 
identify to species. T h e m o r e characters that are 
taken in to account , the more difficult is the deli­
mi t a t ion of species and lineages, because of the 
m o s a i c c o m b i n a t i o n o f c h a r a c t e r s ( see a l so 
E i senmann 1998) . I believe that genera of equids 
should be characterized on their cheek teeth, par­
t icu la r ly o n the cheek t ee th of t he lower jaw. 
W i t h i n a genus occur subgroups (species groups , 
in some cases w o r t h y of subgener ic separat ion) , 
wh ich somet imes can be c i rcumscr ibed on seve­
ral characters in c o m m o n , e.g. plication c o u n t of 
the upper cheek teeth, p ropor t ions of the l imbs, 
preorbi tal fossa morphology, and snou t p ropo r ­
t i o n s . M a n y finds c a n n o t be p l aced w i t h i n a 
s ingle s u b g r o u p , as they share cha rac te r s w i t h 
several. T h e r e is no reason w h y the p reo rb i t a l 
fossa shou ld have pr ior i ty in d e t e r m i n i n g s u b ­
g r o u p m e m b e r s h i p , b u t n e i t h e r has a n y o t h e r 
character. Reference to species or species g roup 
shou ld be based, if possible, on the h o l o m o r p h 
of the find. 

Strat igraphie provenance is no t a t axonomic cha­
racter . S t r a t i g r a p h i e s c h e m e s , u s i n g species of 
fossil horses as markers , should be regarded wi th 
suspicion. M o r e often than no t they are idealized 
and do no t truly reflect the t ime range of the fos­
sil species, wh ich often occur at an earlier da te 
a n d / o r survive for a longer t ime than p resuppo­
sed by the schemes . Subject ive "morpho log ica l 
t r e n d s " , o f t e n c o n s c i o u s l y o r u n c o n s c i o u s l y 
constructed to fit and /or to suppor t alleged strati-
graphic successions, are equally suspicious. 
Fossil equids should no t be forced to fit a strati­

g raphy , b u t s h o u l d be ob jec t ive ly i n t e r p r e t e d 
against the background of stratigraphy. 

A c k n o w l e d g e m e n t s 
M y sincere thanks are due the curators and care­
takers of t he fossil co l lec t ions s tud i ed for this 
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A P P E N D I X 

List of h ippa r ion specimens used in this paper . 
Listed are on ly spec imens , w h i c h have y ie lded 
measurements on the upper a n d / o r lower snou t . 
Listed are n o t spec imens lacking or w i t h frag­
m e n t a r y snou t , a l t h o u g h represent ing the same 

Hipparion sp. 
(with double preorbital fossa), not named. 

L O C A L I T Y . — Samos Q l (and Q5?) and Samos 
without exact locality data. 

A C E . — Turolian. 

M A T E R I A L S . — Samos: ( A M N H 20628 , probably 
20599, 22908, 94905 & no No., all Q l ) five skulls, 
(AMNH 94906 & no No., Q l ) skull and jaw, possi­
bly also ( A M N H 20786 & 22912, Q5) ; (SMF no 
N o . and possibly no No. ) two jaws; Geological 
Museum, Lausanne (No. 151, 610, 843, Andriano) 
three jaws; Carnegie Museum, Pittsburgh (No. 2126) 
a jaw. 
H. matthewi or H. sp (with a double fossa): Samos 
(AMNH 22928, Q5) jaw; (SMF no No.) two jaws; 
( M N H N 1955-1 73) a jaw. 
H. sp. (with double fossa) or H. schlosseri-dietrichi: 
Samos (AMNH 20651, 20721 & no No., Q l ; No. 
10733) four jaws; Geol. Mus., Lausanne (Nos. 78 & 
1031, Andriano) two jaws; Nat. Hist. Mus., Vienna 
(1911 V 135) a jaw. 

Hipparion sp. 

not named, not H. mediterraneum. 

L O C A L I T Y . — Piera, Spain. 

A G E . — Turolian. 
M A T E R I A L S . — I n s t i t u t P a l é o n t o l o g i e D r . 
M. Crusafont, Sabadell (IPS.P 6359 , 6360, 6365 , 
6372, and two specimens without a readable number) 
skulls. 

Hipparion africanum Arambourg, 1959 

T Y P E LOCALITY. — Oued el Hammam, Algeria. 

A G E . — Vallesian. 

M A T E R I A L S . — ( M N H N 141 & no visible No.) two 
skulls, ( M N H N 89, 98, 143) three jaws. 

Hipparion antelopinum Falconer & Cautley, 1847 

TYPE L O C A L I T Y . — Potwar Plateau, Siwaliks, Pakistan. 

A C E . — Turolian. 

M A T E R I A L . — (AMNH 19761) a skull. 

species, from the same localities, a n d present in 
t h e s a m e c o l l e c t i o n s . W h e n s t u d i e d in t h e 
1960-ties, mos t collections were still inadequa te ­
ly filed, as reflected by the frequent lack of col­
lection number s . 

Hipparion brachypus Hensel, 1862 

T Y P E L O C A L I T Y . — Pikermi, Greece. 

A G E . — Turolian. 

M A T E R I A L S . — Pikermi: British Museum of Natural 
History, London ( B M N H unreadable No.) skull, 
( B M N H 1 1 2 1 1 , 1 1 2 1 3 & 11217) t h r ee jaws; 
( M N H N no No.) skull, ( M N H N 31 & three speci­
mens w i t h o u t a n u m b e r ) four jaws; Geologica l 
Institute, Gôttingen (no No.) skull; Swedish Museum 
of N a t u r a l H i s t o r y , S t o c k h o l m (no N o . ) jaw; 
H u m b o l d t M u s e u m , Berlin (no No.) skull; Yale 
Peabody Museum of Natural History (No. 11768) 
skull with jaw. 
In addition: Natural History Museum, Basel (PK 89) 
a jaw of either H. brachypus or H. mediterraneum. 
H. aff. brachypus: Samos: ( A M N H 22838 , Q4) a 
skull, possibly (AMNH 22912 & 22922, Q5); (SMF 
4707) a skull, (SMF no No. ) a jaw; GeoL Inst . , 
Budapest (OK 425) a jaw; Nat. Hist. Mus., Vienna 
(No. 1911 V 118) a skull; Geol. Inst., Lausanne (No. 
7 3 & 148 , A n d r i a n o ) skul l & jaw, ( N o . 175 , 
A n d r i a n o ) a jaw; Hess i sches L a n d e s m u s e u m , 
Darmstadt (Ss 45) a jaw. — Beluska, Macedonia (for­
mer Yugoslavia): Prirodnjacki Muzej, Beograd (PM 
2791) jaw. — Karaslari, Macedonia: (PMM 193/73) 
jaw. — Maragheh, Iran: ( M N H N 561) a jaw. 
H. aff. brachypus or H. proboscideum: Samos: (AMNH 
2 0 6 4 0 , Q l ) a jaw; Ins t , of Geol . & Pa leon to l . , 
Miinster (Si/no No.) a jaw. 

Hipparion catalaunicum Pirlot, 1956 

T Y P E L O C A L I T Y . — Hostalets de Pierola, Spain. 

A G E . — Vallesian. 

M A T E R I A L S . — ( B M N H 16397, type H. catalau­
nicum) a skull. 

Hipparion dermatorhinum Sefve, 1927 

T Y P E L O C A L I T Y . — Loc. 30, Bao De, Shanxi, China. 

A C E . — Turolian. 

M A T E R I A L S . — Loc. 30: Paleontol. Inst., Uppsala (M 
3872, type) skull. — Huang Lu Kou, China (AMNH 
41-L 310) skull and jaw. — Bao De, Shanxi, China: 
(IVPP no No.) skull and jaw, (IVPP 8243?) skull and 
jaw, (IVPP no No.) jaw. 
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Hipparion elegans Gromova, 1952 

TYPE L O C A L I T Y . — Pavlodar, Kazakhstan. 

A G E . — Tutolian. 

M A T E R I A L S . — (PIN no visible No.) a skull, (PIN 
2346-2479, -2516, -4883, 2413-2847, -2864) five 
jaws. 

Hipparion garedzicum Gabuniya, 1959 

T Y P E L O C A L I T Y . — Udabno, Geotgia. 

A G E . — Late Vallesian-Early Tutolian. 

M A T E R I A L S . — Musei Gmsii , Tbilisi (156/13 type 
H. garedzicum & 270/34) two skulls. 

Hipparion giganteum Gtomova, 1952 

T Y P E L O C A L I T Y . — Gtebeniki, Moldova. 

A G E . — Early Meotian/Late Vallesian/Eatly Tutolian. 

M A T E R I A L S . — ( O G U 1012/2, 1015 type & 1017) 
three skulls, ( O G U 1018) skull and jaw, ( O G U 
unreadable No.) a jaw. 
In addition O G U 908, a skull, is intermediate bet­
ween H. verae and H. giganteum. 

Hipparion hippidiodus Sefve, 1927 

T Y P E L O C A L I T Y . — Loc. 115, King Yang Hsien , 
Gansu, China. 

A G E . — 'Turolian. 

M A T E R I A L S . — Kalmakpai, Kazakhstan: (PIN 2433-
340, -360, -340) three skulls. 

Hipparion licenti Qiu, Huang & Guo, 1987 

T Y P E L O C A L I T Y . — Sianhotsun, Tchangkou, Yushe, 
Shanxi, China. 

A G E . — Ruscinian. 

M A T E R I A L . — ( B M N H 44577, cast F:AM 125708) 
skull. 

Hipparion matthewi Abel, 1926 

T Y P E L O C A L I T Y . — Samos without exact locality data. 

A G E . — Late Vallesian to and including Turolian. 

M A T E R I A L S . — Samos, Greece: ( A M N H 22907 & 
22936, Q5) two skulls, (AMNH no No., Q5) a jaw; 
(SMF 4710 & no No.) two skulls, (SMF no No.) a 
jaw; Nat. Hist. Mus., Vienna (no No.) a skull; British 
M u s e u m of N a t u t a l H i s t o t y , L o n d o n ( B M N H 
1 4 0 7 1 , cast of type) skul l & jaw; G e o l . In s t . , 
Budapest (OK 557, type of H. matthewi) skull and 
jaw. — Ravin de P lu ie , G t e e c e : U n i v e t s i t y of 
Thessaloniki (RP1-21 type H. macedonicum Koufos & 
RP1-36) two jaws. — Beluska, Macedonia (fotmet 

Yugoslavia): Pr i todnjacki Muze j , Beograde (PM 
2659/197 & 2751) two jaws. 

Hipparion mediterraneum (Roth & Wagnet, 1855) 

T Y P E L O C A L I T Y . — Piketmi, Greece. 

A G E . — Tutolian. 

M A T E R I A L S . — P i k e t m i ( B M N H 11215) jaw; 
( M N H N no No.) skull and jaw, ( M N H N 514-31 & 
no No.) two jaws; Nat. Hist. Mus., Vienna (no No.) a 
skul l , (no N o . ) a s u b a d u l t jaw; U n i v e t s i t y of 
California Museum, Berkeley (UCM 63422) a jaw; 
US National Museum, Washington, D.C. (No. 267) 
a jaw; Swedish M u s e u m of N a t u t a l H i s t o t y , 
Stockholm (no No.) two jaws; Geological Institute of 
the Univetsity, Gôtt ingen (no No.) a jaw; Natutal 
History Museum, Stuttgart (no No.) jaw to skull. 
H. cf. mediterraneum: Bazaleti, Geotgia: Institute of 
Paleobiology, Tbilisi (B-51) skull, (B-54) a jaw. — 
Matagheh, Iran: ( M N H N no No.) a jaw; Nat. Hist. 
Museum, Vienna (no No. , Ketchawa) jaw; National 
Museum, Ptaha (no No.) jaw. 

Hipparion mogoicum Zhegallo, 1978 

T Y P E L O C A L I T Y . — Khitgis Nur, Mongolia. 

A C E . — Turolian. 

M A T E R I A L S . — Khirgis Nur: (PIN 3222-193 type & 
no No.) two skulls. 

Hipparion molayanense Zouhri, 1992 

T Y P E L O C A L I T Y . — Molayan, Afghanistan. 

A G E . — Tutolian. 

M A T E R I A L S . — ( M N H N Mo 040 & 1758) two skulls. 

Hipparion moldavicum Gtomova, 1952 

T Y P E L O C A L I T Y . — Tarakliya, Moldova. 

A G E . — Meotian/Tutolian. 

M A T E R I A L S . — Tatakliya: Paleontological Institute & 
Museum, Moscow (PIN 1256-2922 , -3639 type, 
-3647, -3648 & no No.) five skulls, (PIN 1256-3619, 
-3620, -3638, -3641 , -3642, -3643, -3700, -4189, 
-4191, -6605, -6944, -7027 & four without a num­
ber) jaws. — Novoelizavetovka, Ukta ine : ( O G U 
1233, 1306, 1307, 1313, 1314, 1459, 3369, 3371) 
skulls, (OGU 1394-95, 1401, 1403, 1404) jaws. — 
C h e t e v i c h n o e , U k r a i n e : D e p t . P a l e o n t o l . & 
Paleontol. Mus., Kiev: (No. 45-2665, -3849, -3925) 
three skulls. — Tchobruchi, Moldova: (OGU 3081) 
skull, ( O G U 3078) two jaws; Mus. Ofdzonikidze, 
Moscow (No. 2080 & no No.) two jaws, (No. 2026 
& 2 0 8 1 ) a skul l a n d jaw may be e i t h e t f rom 
Tchobruchi or Grebeniki. 
H. aff. moldavicum: Novaya Emetovka-2, Ukraine: 

276 G E O D I V E R S I T A S • 1 9 9 9 • 21 (2) 



Snout proportions in some Eurasian hipparions 

Dept. Paleontol. & Paleontol. Mus., Kiev (No. 25-
2 4 3 9 , - 2 9 2 3 , - 3 0 0 5 , - 3 2 0 0 , - 3 3 1 0 ) skul l s . — 
C h i m i s h l i a , M o l d o v a : I n s t i t u t e of G e o l o g y & 
Paleontology, Univ. Bucharest (No. 66/(378), 378a 
& no No . ) three skulls, (no No . ) jaw; Regional 
Museum, Chisnau (No. 44040/79 & -/81) jaws. — 
Maragheh, Iran: (BMNH 3924) skull; ( M N H N three 
specimens without No.) three jaws; Nat. Hist. Mus. 
Vienna (no No., Kopran & Ketchawa) two jaws. 

Hipparionplatygenys Gromova, 1952 
(Pyounger synonym of H. hippidiodus Sefve 1927). 

T Y P E L O C A L I T Y . — Tarakliya, Moldova. 

A C E . — Meotian/Turolian. 

M A T E R I A L S . — (PIN 1256-2942, -3634 & no No.) 
three jaws. 

Hipparion praegiganteum Tarabukin, 1967 

T Y P E L O C A L I T Y . — Chimishlia, Moldova. 

A G E . — Meotian/Turolian. 

M A T E R I A L S . — Regional Museum, Chisnau (No. 
4040/84, type) skull, (No. 4040/83) jaw. 

Hipparion primigenium (v. Meyer, 1829) 

T Y P E L O C A L I T Y . — Eppelsheim, Germany. 

A G E . — Vallesian. 

M A T E R I A L S . — Eppelsheim: Geol. Inst., Budapest 
(OK 22) a jaw. — Hôwenegg, Germany: Humboldt 
M u s e u m , Ber l in (no N o . , cast) skul l and jaw; 
Hessisches Landesmuseum, Darmstadt (Hô 58/VI) 
skull and jaw, (Ho. 54B) a jaw. — Vila de Caballs, 
Spain: (IPS no No.) skull and jaw. — Can Llobateres, 
Spain: (IPS no No.) jaw. — Inzersdorf, Austria: 
Natural History Museum, Vienna (SK 1346 & no 
N o . ) two skul l s , ( N o . 1875 VI 5) a jaw. — 
Wienerberg, Austria: Nat . Hist . Museum, Vienna 
(1842 LVII 11) a jaw. — Prottes, Austria: Geological 
I n s t i t u t e , Un iv . of V ienna ( N o . 958) a jaw. — 
Baltavar, Hungary: Geol. Inst., Budapest (No. 90) a 
jaw; Natural History Museum, Budapest (No. 319b, 
390, 391) three jaws. — Nesebr, Bulgaria: Geological 
Institute, Univ. Sofia (No. 130) skull, (No. 40, 133 & 
no No.) three jaws. 

Hipparion proboscideum Studer, 1911 

T Y P E L O C A L I T Y . — Samos without exact locality data. 

A C E . — Turolian. 

M A T E R I A L S . — Samos: (AMNH 20771, Q l , A M N H 
20772, QIs) two skulls; (SMF 4706, 4708 , 4709) 
three skulls; (SI/4) a skull, (possibly SI/208) a jaw; 
(possibly B M N H 4359) a jaw. — Ravin des Zouaves: 
Univ. Thessaloniki (RZO-60) skull. 

H. sp. (cf. proboscideum): Cherevichnoe, Ukraine: 
Dept . Paleontol. & Paleontological Museum, Kiev 
(No. 45-2664, -4282) two skulls. 
H. proboscideum or H. sp. (with double fossa), Samos: 
(SI/277) a jaw. 

Hipparion prostylum Gervais, 1849 

T Y P E L O C A L I T Y . — Mt. Lébéron, France. 

A C E . — Turolian. 

M A T E R I A L S . — Faculté des Sciences, Lyon (no No.) a 
skull with jaw; Faculté des Sciences, Montpellier (no 
No.) a lower snout. 

Hipparion prostylumlH. schlosseri-dietrichi 
an entity not well defined, resembling both species. 

T Y P E L O C A L I T Y . — None , but present in southern 
Macedonia (former Yugoslavia) and northern Greece, 
possibly also in Maragheh, Iran. 

A C E . — Turolian. 

M A T E R I A L S . — Saloniki, Greece: (Coll. Arambourg & 
Puyhaubert) Muséum National d'Histoire Naturelle, 
Paris ( M N H N 1919-8) two skulls, ( M N H N 1911-
23) a jaw. — Ravin des Zouaves, Greece: University 
of Thessaloniki ( R Z O - 7 6 , -105 , -145, -154) four 
jaws. — Karaslari, Macedonia (former Yugoslavia): 
Prirodonaucen Muzej na Makedonija, Skopje (PMM 
8 6 / 7 3 , 9 3 / 7 3 subadul t & 203 /73) skulls, ( P M M 
410/73) a jaw. 
In addition: Umen Dol, Macedonia, (PMM 99/60) a 
skull of e i ther H. matthewi or H. prostyluml H. 
schlosseri-dietrichi. — Maragheh, Iran: ( M N H N three 
specimens without No.) three skulls. 

Hipparion sarmaticum Lungu, 1973 

T Y P E L O C A L I T Y . — Kalfa, Moldova. 

A G E . — Middle Sarmatian/Vallesian. 

M A T E R I A L S . — Kalfa: Tiraspol Pedinstitut, formerly 
Tiraspol, now Chisnau (no No.) five jaws. — Braila, 
Moldova: (PIN 646-12) a skull. 

Hipparion schlosseri-dietrichi 
Antonius, 1919-(Wehrii, 1941) 
Both names were given evidently the same species; 
Antonius' name is older, but possibly not valid (des­
cription incomplete, type not figured). Wehrli used 
the genus name Hemihipparion. 

T Y P E L O C A L I T Y . — Samos without exact locality data. 

A G E . — Turolian. 

M A T E R I A L S . — Samos, Greece: American Museum of 
Natural History, New York (AMNH 20596, 20598, 
20608, 20692, 20997 & two without number, all 
Samos Q l ) seven skulls, ( A M N H 20603 , 20650 , 
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20655 , 20667, 22787, all Q l ) five jaws, ( A M N H 
22860 , Q 4 & no No . , ?Q4) two skulls, ( A M N H 
22990, Q6) skull; Senckenbetg Museum, Ftankfutt 
(SMF no No.) three jaws; Natutal History Museum, 
Vienna (No. 1911 V 114, type H. schlosseri); possibly 
Geological In s t i t u t e , Budapes t ( N o . 274) skull; 
Institute of Geology & Paleontology, Miinster (SI/7, 
type Hemihipparion dietrichi & SI/28) two skulls, pos­
sibly (SI/236) a jaw; Teylets Museum, Haarlem (No. 
15470 & no No.) two skulls; Geological Museum, 
Lausanne (No . 132) skull, ( N o . 84 & 195 from 
Samos, Andriano) two jaws; Univetsi ty of Texas-
Austin, But. Econ. Geol. (No. 40275 cast of C M N H 
P. 12868) skull. — Matagheh, Iran: Nat. Hist. Mus. 
Vienna (no No., Koptan) jaw. 

Hipparion tchicoicum Ivanjev, 1966 

T Y P E L O C A L I T Y . — Beregovaya, Russia. 

A G E . — Villafranchian. 

M A T E R I A L S . — Shamar, Mongolia: (PIN 3381-53) 
jaw. — Peihaitsun, Matsegou, Yushe, China: (IVPP 
T H P 1 9 0 0 9 & 19013) skul l a n d j aw. — Y i d -
jouantsun, Yushe, China (IVPP T H P 10302) jaw. 

Hipparion tudorovense Gabuniya, 1959 

T Y P E L O C A L I T Y . — Tudorovo, Moldova. 

A G E . — Meotian/Tutolian. 

M A T E R I A L S . — ( O G U 1780 type H. tudorovense) a 
skull, (OGU 906, 1783 & no No.) three jaws. 

Hipparion verae Gabuniya, 1979 
(originally H. gromovae Gab. 1959, preoccupied by 
H. gromovae Villalta & Ctusafont, 1957) 

T Y P E L O C A L I T Y . — Grebeniki, Moldova. 

A G E . — Early Meotian/Late Vallesian/Eatly Turolian. 

M A T E R I A L S . — Greben ik i : Univers i ty of Odessa 
Museum, Odessa (OGU 916, 917, 1012/1 & 1016 
type) four skulls, ( O G U 889, 897, 898, 905, 1016, 
1 4 6 2 & no N o . ) seven jaws; D e p a r t m e n t of 
Paleontology & Paleontological Museum, Kiev (No. 

4 0 8 - 4 7 & 4 0 8 - 1 1 4 ) two jaws; M u s e u m O r d z o -
nikidze, Moscow (Nos. 2027, 2051, 2079 & no No.) 
four jaws, ( N o . 2 0 6 1 ) a skul l , said to be from 
Tchobruchi, resembles H. verae. 
H. aff. verae: Beluska, Macedonia (former Yugoslavia): 
(PM 2660/196) skull, (PM 2743/195) jaw. 

Proboscidipparion "pater" Matsumoto, 1927 

T Y P E L O C A L I T Y . — unknown. 

AGE. — Ruscinian-Villafranchian. 

M A T E R I A L S . — Nihetsun, Yushe, China: (IVPP T H P 
20763) skull, (IVPP T H P 30756) jaw. — Loc. 26, 
Peihaitsun, Yushe, China (IVPP T H P 14312 lecto-
type) skull and jaw. 

Proboscidipparion rocinantis 
(Hetnandez-Pacheco, 1921) 

T Y P E L O C A L I T Y . — Puebla de Almotadiet, Spain. 

AGE. — Villafranchian. 
M A T E R I A L S . — Villaroya, Spain: (IPS 2085) a skull, 
(IPS V 196, unreadable No. & no No.) three jaws. — 
Kvabebi, Georgia: Inst. Paleobiol., Tbilisi (K-48) a 
skull . — Shamat , Mongo l i a : (P IN 9 7 0 / 2 0 8 6 ) a 
jaw. — Peihaitsun, Matsekou, Yushe, Shanxi, China: 
I n s t i t u t e of V e r t e b r a t e P a l e o n t o l o g y & Pa leo ­
anthropology, Beijing (IVPP T H P 10331 & 10508) 
skull, skull and jaw, (IVPP T H P 10097) a jaw. — 
Yinkiangtsun, Yushe, China (IVPP T H P 10733) 

skull and jaw. — Hsi Chwang/Hsiao Chuang, Shanxi, 
China (AMNH 96-B 1031) skull and jaw, (AMNH 
64-B 815) skull. 

Proboscidipparion sinense Sefve, 1927 

T Y P E L O C A L I T Y . — M i e n C h i h Hs ien , L a n k o u , 
Henan, China. 

A C E . — Villafranchian. 

M A T E R I A L S . — Mien Chih Hsien: Paleontological 
Institute, Univ. Uppsala (M 3925 & 3926 type) skull 
and jaw. — Yushe, Shanxi, China: Beijing Natural 
History Museum (no No.) skull and jaw. 
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