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A B S T R A C T 

The locality of Volax is situated in eastern Macedonia, Greece, in a small 
karstic-tectonic basin. The Volax horse is a large-sized horse with moderately 
plicated enamel in the upper teeth, short protocone with flat lingual border, 
hypsodont teeth, slightly plicated flexids in the lower teeth, as well as short 
and robust metapodials. The dental and postcranial characters of the Volax 
horse indicate that it is a stenonoid horse with greatest similarities to the 
horse from Dafnero (Greece) and La Puebla (Spain). It is also close to 
E. s. vireti from Saint-Vallier, as well as to the hotse from Olivola and 
Matassino (Italy). The study of the Volax equid adds to our knowledge 
about the Villafranchian horses and their relationships. The age of the Volax 
locality is also discussed and a middle Villafranchian age (MN17) is propo­
sed. 
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R É S U M É 

Le gisement fossilifère de Volax se situe en Grèce, dans la Macédoine orien­
tale. Le matériel d'équidé trouvé dans ce gisement fait l'objet de ce travail. Il 
s'agit d'un équidé de grand taille, à l'émail de la denture supérieure modéré­
ment plissé, doté d'un court protocône et d'une face linguale plate, d'une 
hypsodontie assez forte. Les flexides de la denture inférieure sont légèrement 
plissés, les métapodiaux courts et robustes. Ces caractéristiques montrent de 
fortes similitudes avec E. s. vireti des gisements de Dafnero (Grèce) et de 
La Puebla (Espagne). L'équidé de Volax ressemble aussi à E. stenonis de 
Saint-Vallier, et à l'équidé d'Olivola et de Matassino (Italie). L'étude des 
équidés de Volax parfait notre connaissance des chevaux du Villafranchien et 
de leurs relations de parenté. La datation du gisement est également discu­
tée ; un âge Villafranchien moyen (MN17) peut être proposé. 
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I N T R O D U C T I O N 

T h e loca l i ty o f Volax has b e e n d i s c o v e r e d in 
1 9 6 1 b y Prof . H . J . M a r t i n i ( U n i v e r s i t y o f 
H a n n o v e r ) , w h o invest igated t he area s t u d y i n g 
t h e m a n g a n i u m d e p o s i t s a n d i n f o r m e d 
Prof. O . S i c k e n b e r g , o f t h e s a m e U n i v e r s i t y , 
abou t the n e w locality. W i t h t he permiss ion of 
Prof. M . Mi tzopou los (University of Athens) and 
Prof. G . M a r i n o s (Univers i ty of Thessa lon ik i ) , 
S i c k e n b e r g excava ted a n d co l l ec t ed a b u n d a n t 
m a t e r i a l w h i c h w a s c a r r i e d t o H a n n o v e r 
(Sickenberg 1968a) . Part of the mater ia l , inclu­
d ing the carnivores a n d the giraffids, was s tudied 
b y S i c k e n b e r g a n d t h e n s e n t b a c k t o t h e 
Universi ty of Athens (Sickenberg 1967 , 1968b) . 
T h e res t m a t e r i a l r e m a i n e d in H a n n o v e r ti l l 
1992. At tha t t ime one of us (G. Koufos) asked 
f rom the Univers i ty of H a n n o v e r to send back 
the mater ia l . T h e d i rec to r of t he l abo ra to ry in 
Hannover , Prof. Becker-Plat ten, sent back i m m e ­
diately to ou r labora tory the material in his dis­
posal. Th i s material was prepared a n d registered 
again. T h e art iodactyls (bovids a n d cervids) were 
given by G. Koufos to D . Kostopoulos a n d have 

b e e n s t u d i e d b y h i m as a p a r t o f h i s t h e s i s 
(Kostopoulos 1996) . T h e rest material , inc lud ing 
the equids , is s tudied in this article. 
T h e locality is s i tuated near the village of Volax 
abou t 11 k m nor th-wes t of D r a m a (Fig. 1) in a 
small karst ic- tectonic basin. T h e basin is filled by 
clastic sed iments be longing to two alluvial fans. 
T h e d e p o s i t s c o n s i s t o f a l t e r n a t i n g b e d s o f 
c o n g l o m e r a t e s a n d ca lcareous s a n d s t o n e s w i t h 
l e n t i c u l a r i n t e r c a l a t i o n s of ve ry h a r d ca lc i t i c -
arenaceous clays inc lud ing the fossils. Two fossi-
liferous sites have been found, referred as Lager 1 
a n d Lager 2 (Sickenberg 1968a) . Bo th sites are 
s i tuated in Leptokar ia ravine; Lager 2 is located 
at the eastern wall of the ravine and Lager 1 at 
t h e w e s t e r n wal l , a b o u t 3-5 m above Lager 2 
(Kostopoulos 1996) . T h e matr ix is very hard a n d 
the prepara t ion of the fossils qu i te difficult. T h e 
m a t e r i a l f r o m b o t h s i t e s w a s m i x e d b y 
Sickenberg and for this reason it will be referred 
as a single sample u n d e r the locality ind ica t ion 
"Volax" ( V O L ) . 

T h e Volax material includes qui te well preserved 
specimens of equids which allow a good descrip­
t i o n a n d c o m p a r i s o n w i t h t h e k n o w n 

FIG. 1. — Sketch m a p indicating t he var ious referred Villafranchian localities of Macedon ia , G r e e c e . 
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Villafranchian horses of Greece and Europe . Some 
years ago the Villafranchian equids of Greece were 
m o r e or less u n k n o w n . Recen t ly a r ich s ample 
f rom the va r ious local i t ies of M y g d o n i a bas in 
(Macedonia, Greece) has been described (Koufos 
1992; Koufos et al. in prep . ) . S o m e mater ia l of 
Villafranchian horses was also described from wes­
t e r n M a c e d o n i a , G r e e c e ( S t e e n s m a 1 9 8 8 ; 
Koufos & Kos topou los 1 9 9 3 ) . M o r e o v e r s o m e 
equids are also repor ted from the Villafranchian 
l o c a l i t y o f S e s k l o n ( T h e s s a l y , G r e e c e ) b y 
Symeonidis (1991-1992) . T h e s tudy of the Volax 
e q u i d s wi l l a d d to o u r k n o w l e d g e a b o u t t h e 
Vil lafranchian horses a n d the i r re la t ionships , as 
well as to the biostrat igraphy of Villafranchian. 
T h e descript ions a n d measurements of the ma te ­
rial are given according to t he system p roposed 
by E i s e n m a n n et al. (1988) . 

P A L A E O N T O L O G Y 

O r d e r P E R I S S O D A C T Y L A O w e n , 1848 
Family EQUIDAE Gray, 1821 
G e n u s Equus L inneaus , 1758 

Species Equus stenonis Cocch i , 1867 

Equus stenonis cf. vireti 

LOCALITY. — "Volax", V O L (= Lager 1 and 2 of 
Sickenberg 1968a), Macedonia, Greece. 

A G E . — Middle Villafranchian (late Pliocene). 

MATERIAL. — Maxilla with P2-M3 dex and P2-M2 
sin, VOL-203 ; P2 dex, VOL-209; P3.4 sin, VOL-
207; M 3 sin, VOL-208; mandible, VOL-202; right 
mandibular ramus with dp2-dp4, VOL-204; 5 distal 
parts of humerus, VOL-172 , 173, 174, 175, 177; 
radius, VOL-170; proximal part of radius, VOL-169; 
2 distal parts of radius, VOL-167 , 168; 2 Mc I I I , 
VOL-152, 155; proximal part of Mc I I I , VOL-157; 
2 distal parts of Mc I I I , VOL-153, 156; tibia, VOL-
162; 2 proximal parts of tibia, VOL-163, 165; 4 distal 
parts of tibia, VOL-160, 161, 164, 166; os cuboid, 
V O L - 1 9 8 ; 2 astragali, V O L - 1 6 7 , 169; 2 M t I I I , 
VOL-145, 149; 3 proximal parts of Mt I I I , VOL-144, 
146, 147; 5 distal patts of M t I I I , VOL-148 , 150, 
154, 158, 159; first anterior phalanx, VOL-183; first 
posterior phalanx, VOL-181 ; proximal part of first 
phalanx, VOL-184; 2 distal parts of first phalanx, 
VOL-182, 185; 2 second phalanges, VOL-186, 187; 
4 third phalanges, VOL-188, 189, 190, 191. 

D E S C R I P T I O N 

Maxilla and mandible 
A m a x i l l a (F ig . 2) is o n l y k n o w n w i t h b o t h 
too throws and a more or less comple te mand ib l e 
(Fig. 3) w i t h o u t the ascending ramus . T h e palate 
is relatively e longated, na r row a n d deep. T h e dis­
tance anter ior border of P2-choanae is 148 m m , 
while the palatal b read th is 73 .4 m m in front of 
P2 a n d 75 .5 m m between the posterior borders 
of P4 . T h e choanae are b road a n d their anter ior 
border is s i tuated at the midd le of M 2 . T h e facial 
crest is s t rong a n d its anter ior border is s i tuated 
above M l . T h e t o o t h r o w length is 185 m m and 
t h e l e n g t h of t h e p r e m o l a r a n d m o l a r rows is 
102 m m a n d 8 3 . 6 m m respectively. T h e index 
M o l a r l eng th x 100 /P remola r l eng th is 8 3 . 6 vs 
8 8 . 6 fo r E. s. cf. vireti ( D a f n e r o , w e s t e r n 
Macedon ia , Greece) , 84 .2 for E. s. mygdoniensis 
( G e r a k a r o u , M y g d o n i a b a s i n , M a c e d o n i a , 
G r e e c e ) , 8 4 . 1 for E. s. cf. vireti (La P u e b l a , 
Spain) , 82 .7 for E. s. vireti (Saint-Vallier, France) , 
8 0 for E. s. senezensis ( S e n e z e , F r a n c e ) a n d 
7 6 . 9 - 8 6 . 2 for E. s. stenonis f rom U . Va lda rno ; 
data from Prat (1968) , E i s e n m a n n (1980) , Privat 
Defaus ( 1 9 8 6 ) , Koufos ( 1 9 9 2 ) , a n d Koufos & 
K o s t o p o u l o s ( 1 9 9 3 ) . T h e Volax h o r s e in th i s 
charac ter is s imilar to t he s t e n o n o i d horses . In 
front of P2 there is the trace of a small s ingle-
rooted d P l . 
T h e mand ib l e is large a n d elongated wi th relati­
vely shallow hor izonta l r amus . T h e snou t is rela­
tively l ong a n d nar row; however at the incisor's 
a rea i t is w i d e . T h e s y m p h y s i s is e l o n g a t e d . 
T h e r e is n o t a n y t race o f d p i . T h e t o o t h r o w 
length is 188.5 m m , while tha t of the premolars 
a n d molars is 9 2 . 2 - 9 8 . 3 m m a n d 91 .5 m m res­
p e c t i v e l y . T h e i n d e x M o l a r l e n g t h X 1 0 0 / 
Premolar length is 93 .6 vs 92 .6 for E. s. cf. vireti 
(Dafnero, western Macedon ia , Greece) , 95 .6 for 
E. s. mygdoniensis (Gerakarou , M y g d o n i a basin, 
M a c e d o n i a , G r e e c e ) , 9 2 . 3 for E. s. senezensis 
(Seneze, France) and 90 .3 -96 .6 for E. s. stenonis 
from U . Valdarno; da ta from Prat (1968) , Privat 
De faus ( 1 9 8 6 ) , Koufos ( 1 9 9 2 ) a n d Koufos & 
Kostopoulos (1993) . 

Permanent dentition 
T h e uppe r teeth are small relatively to the skull 
w i t h s t rong mesostyle. 
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T h e fossettes are always closed a n d isolated. T h e 
enamel in their borders is slightly plicated. In the 
very w o r n teeth ( V O L - 2 0 9 ) the enamel is s imple 
and the fossettes are buccol ingual ly narrow. T h e 
pl icat ion n u m b e r is as an average five plis in the 
premolars a n d six plis in the molars . T h e p ro to -
cone is assymetrical and relatively shor t wi th flat 
l ingual border. In the premolars it is tr iangular, 
w h i l e in t h e m o l a r s it is m o r e e l o n g a t e d a n d 
elliptical. In the extremely w o r n P2 ( V O L - 2 0 9 ) 
the p r o t o c o n e is r o u n d e d . T h e shor t p r o t o c o n e 
characterizes E. stenonis (Azzaroli 1965; D e Giul i 
1 9 7 2 ) . T h e pl i caba l in is s i m p l e a n d smal l or 
r u d i m e n t a r y . T h e h y p o c o n e is e l l ip t ica l w i t h 

r o u n d e d distolabial border. T h e distal hypocona l 
groove is na r row and shallow, whi le a slight lin­
gual groove is present only in the premolars . In 
M 3 there is one isolated hypocona l islet. T h e r e 
are n o u n w o r n or l i t t le w o r n t ee th to measure 
the h y p s o d o n t y b u t f rom the available mater ial 
the teeth seem to be hypsodon t . 
T h e lower incisors are medium-sized wi th ellipti­
c a l - r o u n d e d c rowns a n d well deve loped cusps . 
T h e p a r a c o n i d is m o d e r a t e l y deve loped in p 2 . 
T h e parastylid is moderately developed; its lingual 
border does no t exceed the midd le of the meta-
conid. It is also closed from all sides, suggesting a 
"stenonine" type horse (Eisenmann 1981 , fig. 3) . 

FIG. 2 . — Equus stenonis cf. vireti, Volax, Macedon ia , G r e e c e . A, maxilla with P2-M3 dex and P2-M2 sin, VOL-203; B, right toothrow 
of t he maxilla VOL-203; C, left toothrow of t he maxilla VOL-203. 

I 644 G E O D I V E R S I T A S • 1 9 9 7 • 1 9 ( 3 ) 



Equus stenonis from middle Villafranchian of Macedonia 

T h e metaconid is rounded , the metastylid ellipti­
c a l - rounded a n d the e n t o c o n i d squar i sh in t he 
premolars and elliptical in the molars. T h e lingual 
wall of bo th metaconid and metastylid is convex. 
T h e linguaflexid is V-shaped and deep, like in the 
"stenonine" type horses (Azzaroli 1965; D e Giuli 
1972; E isenmann 1981). T h e linguaflexid is shal­
lower in the premolars than in the molars; in the 
latter it sometimes touches the ectoflexid. T h e lat­
ter is V-shaped, open and shallow in the premolars 
bu t deeper and narrower in the molars. T h e r e is a 
simple and very small rud imen ta ry pli caballinid 

which tends to disappear in the more w o rn teeth 
( m l of V O L - 2 0 8 ) . T h e enamel at the preflexid' 
borders is simple, while the postflexid has plicated 
or crenulated enamel in its buccal border. 

Milk dentition 
A u n i q u e c o m p l e t e lower mi l k t o o t h t o w w i t h 
slightly w o r n teeth is available. T h e paracon id in 
d p 2 is modera te ly developed. T h e parastyl id in 
d p 3 , 4 is well developed and closed. T h e enamel 
at t he flexid's borders is s imple , w i t h o u t plica­
t ions. T h e linguaflexid has o p e n - V shape, while 

B 
3 cm 

FIG. 3 . — Equus stenonis cf. vireti, Volax, Macedon ia , G r e e c e . A, mandib le with both too throws , VOL-202; B, left toothrow of the 
mandib le VOL-202; C, right mandibula r r a m u s with dp2 -dp4 , VOL-204; D, right milk toothrow of t he mandible VOL-204. 
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the ectoflexid is narrow, U - s h a p e d a n d touches Postcranials 
the linguaflexid. T h e me tacon id , metastyl id a n d T h e pos tc ran ia l s are few a n d b a d l y preserved , 
en tocon id are little w o r n and their shape is asym- Never theless , there are some comple t e m e t a p o -
metrical . T h e hypoconu l id is well developed; in dials, phalanges a n d some tarsals. 
d p 3 it is separated as an islet. T h e r e is n o trace of Metacarpa l s . T h e s e are shor t a n d robus t . T h e 
ectostylid. In front of d p 2 there is the alveole of a index height M c III X 100/height Radius is 66.5 
very small d p i . and suggests a short metacarpal. T h e slenderness 

E F H I 

FIG. 4 . — Equus stenonis cf. vireti, Volax, Macedon ia , G r e e c e . A, rad ius , VOL-170; B, third me taca rpa l , VOL-155; C , distal part of 
tibia, VOL-164 ; D, third m e t a t a r s a l , VOL-149 ; E, p h a l a n x I anter ior , V O L - 1 8 3 ; F, p h a l a n x I pos ter ior , V O L - 1 8 1 ; G , p h a l a n x II, 
VOL-186; H, pha lanx II, VOL-187; I, pha lanx III, VOL-189; J, pha lanx III, VOL-191 . 
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index (= distal articular breadth X 100/height) is 
2 0 . 1 , i nd i ca t ing a relatively robus t me t apod i a l . 
T h e k e e l i n d e x (= d i s t a l a r t i c u l a r b r e a d t h 
X 100 /max D A P of the keel) is 129.9, indicat ing a 
moderate ly developed keel. In the available meta­
carpals there is no fusion of the lateral metapodials 
wi th the central one, the proximal part is flattened 
and the anteroposterior diameter of the proximal 
articular facet is short. T h e suprarticular fossae are 
sharp in the anter ior face of the distal par t wi th 
various depth , while in the posterior face the keel 
is no t very high. All these features of the metacar­
pals are charac te r i s t i c for t h e s t e n o n o i d horses 
(Gromova 1949; D e Giuli 1972) . 
M e t a t a r s a l s . T h e s e are s h o r t a n d r o b u s t ; t h e 
slenderness index is 17, indica t ing a robus t meta­
tarsal. Morphological ly , in the pos ter ior surface 
of the distal par t , there are two fossae separated 
by a s l ight cres t i n d i c a t i n g a s t e n o n o i d ho r se 
( D e G i u l i 1 9 7 2 ) . In t h e s t e n o n o i d horses t he 
metatarsals relative to the metacarpals are shorter 

A PROTOCONE INDEX 

B POSTFLEXID INDEX 

5 0 T I I I 

F I G . 5 . — C o m p a r a t i v e d i a g r a m of P r o t o c o n e index (A) a n d 
Postflexid index (B) for t he tee th of var ious s t enono id h o r s e s . - , 
E. $. cf. vireti, Volax, VOL; - , E. s cf. vireti, Dafnero, G r e e c e 
(Koufos & K o s t o p o u l o s 1 9 9 3 ) ; , E. s. cf. vireti, La P u e b l a , 
S p a i n ( E i s e n m a n n 1 9 8 0 , 1 9 8 1 ) ; • , E. s. vireti, Saint-Val l ier , 
F r a n c e ( E i s e n m a n n 1 9 8 0 , 1 9 8 1 ) ; A , E. s. senezensis, S e n e z e , 
F r a n c e ( E i s e n m a n n 1 9 8 0 , 1 9 8 1 ) ; • , E. s. mygdoniensis, 
G e r a k a r o u , G r e e c e (Koufos 1 9 9 2 ) . 

( D e G i u l i 1 9 7 2 ) . T h e i n d e x h e i g h t M c I I I 
X 100 /he igh t M t III is 8 7 . 6 , vs 84 .2 for D F N , 
86 .5 for La Puebla , 87 .8 for Saint-Vallier, 86 .5 
for O l ivo l a a n d 8 7 . 5 - 8 9 for G e r a k a r o u ho r se . 
A c c o r d i n g t o t h i s c h a r a c t e r t h e Volax e q u i d 
belongs to the s t enono id horses, as this index for 
E. caballusis 82 (De Giul i 1972) . 
Astragali . T h e two available astragali from Volax 
have higher t h a n 100 index he ight of the lateral 
c o n d y l e X 1 0 0 / m a x b r e a d t h ; t h i s i n d e x is a t 
m e a n 1 0 5 for t h e Volax e q u i d , w h i l e in t h e 
caballoid popu la t ions it is 96 .3 (De Giul i 1972) . 
T h e crest d is t inguishing the facets for navicular 
a n d cubo id is very sharp a n d the facet for cubo id 
is very o b l i q u e . T h e s e t w o m o r p h o l o g i c a l fea­
tures suggest a s t enono id horse (Gromova 1949; 
D e Giul i 1972) . 
First p h a l a n g e s . T h e s e are relatively shor t a n d 
robust ; the anter ior first pha lanx is slenderer than 
t h e p o s t e r i o r o n e . T h e t r i g o n u m p h a l a n g i s is 
relatively shor t ; t he index m a x l eng th of t r igo­
n u m phalangis X 100/he igh t is 56 .1 vs 7 0 - 7 4 for 
the caballoid horses ( D e Giul i 1972) . T h u s , in 
this feature, the Volax horse is similar to the ste­
n o n o i d horses. T h e second phalanges are short , 
robus t a n d anteroposter ior ly flattened. 

D I S C U S S I O N 

As referred in t he descr ip t ion , t he Volax eq u i d 
has denta l a n d postcranial m o r p h o l o g y a n d p ro ­
por t ions similar to those of E. stenonis. However 
there are several subspecies of E. stenonis descri­
bed from various E u r o p e a n localities. T w o well 
k n o w n subspecies are k n o w n from M a c e d o n i a : 
E. s. cf. vireti f rom t h e loca l i ty o f " D a f n e r o " 
( D F N ) , western Macedon ia , Greece (Koufos & 
Kostopoulos 1993) , a n d E. s. mygdoniensis from 
the locality of " G e r a - k a r o u - 1 " ( G E R ) , M y g d o n i a 
basin, Macedon ia , Greece (Koufos 1992) . A ste­
n o n o i d ho r se refer red as E. stenonis is k n o w n 
f r o m T h e s s a l y ( S y m e o n i d i s 1 9 9 1 - 1 9 9 2 ) . A 
small-sized s t enono id horse similar to tha t from 
G e r a k a r o u is a lso r e fe r red f r o m t h e G r e v e n a 
ba s in as E. s. cf. senezensis ( S t e e n s m a 1 9 8 8 ) . 
Besides these Greek subspecies there are several 
o thers k n o w n f rom the Vi l laf ranchian of Italy, 
France a n d Spain. T h e Volax equ id will be c o m -
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pared wi th these in order to find its relat ionships 
wi th t h e m . 
T h e Dafnero horse is a s t enono id one wh ich has 
great s imi lar i t ies w i t h t h a t f rom Volax. It is a 
l a r g e - s i z e d h o r s e w i t h m o d e r a t e l y p l i c a t e d 
enamel in the uppe r tee th (an average of six plis 
in t h e p r e m o l a r s a n d 6 .4 pl is in t h e m o l a r s ) , 
shor t p ro tocone wi th flat l ingual botder , hypso-
d o n t teeth, slightly pl icated flexids in the lower 
tee th , shor t a n d robus t me tapod ia l s (Koufos & 
K o s t o p o u l o s 1 9 9 3 ) . T h e p r o t o c o n e i n d e x 
(Fig. 5A) of Volax a n d Dafnero horse is more or 
less similar, whi le the postflexid index (Fig. 5B) 
of t he Dafnero horse is h igh , suggest ing longer 
p o s t f l e x i d . As t h e p o s t f l e x i d l e n g t h d e p e n d s 
u p o n t h e a t t r i t i on , a n d as t h e spec imens f rom 
Volax are few (1-2) , this difference is possibly no t 
valid. T h e Volax metapodia ls are very similar to 
those of Dafnero (Fig. 6A) . In t he d iagrams of 
f i g u r e 6 t h e i r l i n e s a r e p a r a l l e l t o t h o s e o f 
Dafnero horse , suggest ing similar size a n d p ro ­
por t ions . Moreover their general p ropor t ions are 
s imi la r to t h o s e of t he large s t e n o n o i d horses 
c o n f i r m i n g the i r d e t e r m i n a t i o n to E. stenonis. 
Similar results are also taken from the compar i ­
son of the first phalanges (Fig. 7 ) . T h u s the horse 
f rom Volax is s imi lar t o t h a t f rom the m i d d l e 
V i l l a f r a n c h i a n loca l i ty of D F N a n d b o t h can 
be long to the same subspecies. 
A n o t h e r s t enono id horse is k n o w n from the loca­
li ty of Sesklon (Thessaly, Greece ) . It has large 
d imens ions ; the length of the lower t o o t h r o w is 
191 m m (Symeonidis 1 9 9 1 , 1992) . T h e size of 
the first phalanges a n d astragalus are very close to 
those of the V O L equid . Unfor tuna te ly there are 
n o m e a s u r e m e n t s f rom t h e m e t a p o d i a l s for a 
compar i son w i t h the s tud ied ones; the mater ia l 
of Sesklon is still o n study. H o w e v e r f rom the 
few available da ta the Sesklon horse seems to be 
very close to those of Volax a n d Dafnero . 
T h e h o r s e o f La P u e b l a ( S p a i n ) , r e f e r r e d as 
E. s. cf. vireti, is a large-sized s t e n o n o i d horse , 
similar to t he s tudied one . T h e uppe r t o o t h r o w 
length is 191 m m (E i senmann 1980) vs 185 m m 
for t he Volax equid . T h e p r o t o c o n e index of the 
Volax equ id is s imilar to t h a t of the La Puebla 
horse; on ly the p r o t o c o n e index of P 3 a n d M 3 
f rom Volax is sma l l e r t h a n t h a t o f La P u e b l a 
(Fig . 5A) . T h e p o s t f l e x i d i n d e x of t h e Volax 

h o r s e is sma l l e r in p 4 a n d m l , 2 t h a n t h a t o f 
La Puebla (Fig. 5B). Bu t as the Volax material is 
very scanty compara t ive ly to tha t of La Puebla, 
th is d i f ference is n o t suff ic ient ly p r o v e d . T h e 
m e t a p o d i a l s a n d first p h a l a n g e s o f t h e Volax 
horse fit very well w i th those of La Puebla; their 
s ize a n d p r o p o r t i o n s a r e t h e s a m e (F ig . 6 ) . 
Moreove r the var ious indices calculated for t he 
m e t a p o d i a l s of t h e Volax h o r s e are s imi la r to 
t hose for t he La P u e b l a o n e (see d e s c r i p t i o n ) . 
Taking in accoun t all the above data , the Volax 
a n d La P u e b l a e q u i d s are s i m i l a r a n d c a n be 
de t e rmined to the same subspecies. 
T h e subspec ies E. s. vireti is k n o w n f rom t h e 
locality of Saint-Vallier (Ftance). It is larger than 

A 
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FIG. 6 . — Logarithmic ratio d i ag ram compar ing the me tapod ia l s 
of t h e Volax equid with t h o s e of E. stenonis from var ious locali­
t ies . S t a n d a r d E. hemionus onager ( E i s e n m a n n & B e c k o u c h e 
1 9 8 6 ) . - , E. s. cf. vireti, Volax, VOL; - , E. s. cf. vireti, Dafnero, 
G r e e c e ( K o u f o s & K o s t o p o u l o s 1 9 9 3 ) ; , E. s. cf. vireti, 
La P u e b l a , S p a i n ( E i s e n m a n n 1 9 7 9 ) ; • , E. s. vireti, S a i n t -
Val l ier , F r a n c e ( E i s e n m a n n 1 9 7 9 ) ; • , E. s. mygdoniensis, 
G e r a k a r o u , G r e e c e (Koufos 1 9 9 2 ) ; • E. s. stenonis, Ollvola, 
Italy (De Giuli 1 9 7 2 ) . 
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the Volax horse wi th relatively higher p ro tocone 
a n d postflexid indices except those of P2 a n d p 2 
(Fig. 5) . T h e t o o t h r o w l eng th is 1 8 2 - 1 9 6 m m 
( m e a n 1 9 7 . 5 m m ) f o r t h e u p p e r a n d 
176-199 m m (mean 190 m m ) for the lower jaw 
(Prat 1968) . T h e t o o t h r o w length of t he Volax 
horse is in to the ranges of variat ion for E. s. vireti 
b u t i ts m e a n va lues are s l i gh t l y s m a l l e r t h a n 
those of Saint-Vallier. However the metapodia l s 
of E. s. vireti have similar he ight w i th those from 
Volax bu t their p ropor t ions are larger, indica t ing 
sl ightly m o r e robus t me tapod ia l s t h a n those of 
Volax (Fig. 6 ) . T h i s difference is clearer in t he 
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F I G . 7. — Logar i thmic ratio d i a g r a m c o m p a r i n g t h e first pha­
l a n g e s of the Volax equld with t h o s e of E. stenonis from var ious 
localities. S t a n d a r d E. hemionus onager ( E i s e n m a n n & De Giuli 
1974; Dive & E i s e n m a n n 1991). - , E. s. cf. vireti, Volax, VOL; - , 
E. s. cf. vireti, Dafnero, G r e e c e (Koufos & Kos topou los 1993) ; 

, E. s. cf. vireti, La P u e b l a , S p a i n ( E i s e n m a n n 1 9 7 9 ) ; • , 
£ . s. vireti, Salnt-Valller, F r a n c e ( E i s e n m a n n 1979) . 

metatarsals. T h e first pha lanx of E. s. vireti is also 
larger t h a n tha t of Volax (Fig. 7) . Cons ide r ing all 
these characters the Volax equ id has great simila­
rities w i th the type material of E. s. vireti b u t it is 
sl ightly smaller w i t h sl ightly s lenderer m e t a p o ­
dials. 
T h e typ ica l subspec ies E. s. stenonis is k n o w n 
f r o m t h e a r e a o f T u s c a n y , I t a l y ( V a l d a r n o , 
Olivola , Matass ino) . A good descr ip t ion of this 
subspecies is given for the material of Olivola and 
M a t a s s i n o by D e Giu l i ( 1 9 7 2 ) . T h e t o o t h - r o w 
l e n g t h is 1 8 7 - 1 8 9 m m for t h e u p p e r a n d 
194-195 m m for the lower jaw; these values are 
close to those of the Volax sample . T h e me tapo ­
dials from Olivola have slightly larger d imens ions 
t h a n t h o s e o f Volax , D a f n e r o a n d La P u e b l a , 
s i t u a t e d b e t w e e n t h e m a n d E. s. vireti f r o m 
Saint-Vallier (Fig. 6) . T h e maximal d iamete r of 
the articular facet for the os m a g n u m in M c III is 
significantly longer in the Olivola sample t h a n in 
the others (measurement 7 in Fig. 6A). T h e dia-
physis is wider in the Olivola metatarsals than in 
t h e o t h e r horses ( m e a s u r e m e n t 3 in Fig. 6 B ) . 
E. s. stenonis is no t very different from R. s. vireti; 
their skull size is similar bu t E. s. stenonis has lon­
ger metapodials (Azzaroli 1990) . T h e compar ison 
o f t he m e t a p o d i a l s (Fig. 6) suggests t h a t the i r 
general p ropor t ions are very similar. 
All t h e E u r o p e a n subspec ies o f E. stenonis are 
based on differences in the size a n d propor t ions 
r ep resen t ing geographica l a n d / o r chronologica l 
var ie t ies . S o m e t i m e s t h e few available o r frag­
m e n t a r y material canno t allow a good statistical 
analysis evidencing some differences. T h r e e pos­
sibilities can be proposed for these large horses of 
the e n d of Pliocene: (a) to represent a single sub­
species of K stenonis w i th local varieties; (b) to 
represent two subspecies, E. s. vireti (La Puebla, 
D a f n e r o , Volax) a n d E. s. stenonis ( V a l d a r n o , 
Olivola, Matass ino) ; a n d (c) t o inc lude Dafnero , 
Volax a n d La Puebla to a n e w subspecies . T h e 
first hypo thes i s seems to be t he m o s t p robab l e 
b u t since I have no t seen all this material I can­
n o t s u p p o r t it at t h e m o m e n t ; a m o n o g r a p h y 
revising all European s t enono id horses is necessa­
ry in o rde r to clarify their re la t ionships a n d to 
define the valuable species a n d subspecies. 
F r o m the Vil lafranchian localities of M y g d o n i a 
basin (Macedonia , Greece), a s tenonoid horse has 
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been descr ibed as E. s. mygdoniensis; t he be t te r 
sample is tha t of the locality of "Geraka rou 1", 
G E R (Koufos 1992) . E. s. mygdoniensis is smaller, 
w i t h relat ively s l ende re r m e t a p o d i a l s t h a n t h e 
Volax horse. T h e t o o t h r o w length is 173.5 m m 
for the upper and 167.8 m m for the lower jaw vs 
185 m m and 188.5 m m for the Volax horse res­
pectively. T h e slenderness index is 18.6 for M c III 
and 15.9 for M t III, whi le in the Volax horse it is 
respectively 20.1 a n d 17. T h e metapodials of the 
Gerakarou horse have more or less similar height 
b u t the i r relative p r o p o r t i o n s are q u i t e smal ler 
t h a n t hose o f t h e s t u d i e d e q u i d (Fig. 6 ) . T h e 
horse found in t he locality of Livakos (Grevena 
b a s i n ) a n d d e s c r i b e d as E. s. cf. senezensis 
(Steensma 1988) is smaller than that of Volax a n d 
closer to E. s. mygdoniensis (Koufos 1992) . 
C o n c e r n i n g all the above m e n t i o n e d descriptive 
a n d compara t ive data, the Volax horse belongs to 
E. stenonis a n d has greatest similarities w i th the 
forms f rom D a f n e r o a n d La Pueb la . It is also 
close to E. s. vireti f rom Saint-Valuer. It has as 
we l l s o m e s i m i l a r i t i e s t o E. s. stenonis f r o m 
Olivóla a n d Matass ino . T h u s , the Volax horse is 
referred as E. s. cf. vireti. 

B I O C H R O N O L O G Y 

T h e Volax horse belongs to the large-sized s teno-
n o i d h o r s e s w h i c h a p p e a r e d a t t h e e n d o f 
Pl iocene. T h e oldest representat ive of Equus in 
E u r o p e is E. livenzovensis whi le the first appea-
rence of the genus in Eurasia has been dated at 
a b o u t 2 . 5 M a ( L i n d s a y et al. 1 9 8 0 ; 
B o n a d o n n a & Alberdi 1987) . E. stenonis inc lud­
ing t h e la te P l i o c e n e - e a r l y P l e i s t o c e n e ho r ses 
w i t h several fo rms , a l lowed the subd iv i s ion o f 
t h a t t i m e s p a n ( B o n a d o n n a & A l b e r d i 1 9 8 7 ; 
Azzaroli 1990) . T h e Volax horse has some simila­
r i t ies w i t h E. s. vireti f rom Sain t -Val l ie r . T h e 
S a i n t - V a l l i e r l o c a l i t y h a s b e e n d a t e d t o l a t e 
P l i o c e n e , M N 1 7 ( M e i n 1 9 9 0 ) . A c c o r d i n g t o 
T o r r e et al. ( 1 9 9 2 ) t h e S a i n t - V a l l i e r l o c a l i t y 
belongs to the Saint-Vallier Faunal U n i t corres­
p o n d i n g to t h e e n d o f m i d d l e Vi l l a f r anch ian . 
T h e h o r s e o f Volax is ve ry s i m i l a r t o t h a t o f 
D a f n e r o (Greece) a n d La Pueb la (Spa in ) . T h e 
D a f n e r o l o c a l i t y h a s b e e n d a t e d t o m i d d l e 

F A U N A V O L D F N P U E S T V 

Macaca cf. florentina s p . + 
Paradolichopithecus 

arvernensis + 
Anancus arvernensis + 
Archidiskodon meriodionalis + + 
Elephan t idae indet. + 
Nyctereutes megamastoides + + + + 
Vulpes alopecoides + + + 
Vulpes praecorsac + 
Canis cf. falconeri + 
Canis etruscus 
Ursus etruscus + + + 
Bosdagius felinus + 
Pliohyaena perrieri + + 
Pliohyaena brevirostris 
Baranogale helblngi cf. + 
Chasmaporthetes lunensis + + + 
Megantereon megantereon + + + 
Lynx issiodorensis ? + 
Acinonyx pardinensis + + 
Panthera schaubi cf. + 
Panthera gombaszoegensis 
Meles thorali + 
Enhydrictis ardea + 
Homotherium sainzelli + 
Homotherium crenatidens 
Equus stenonis vireti cf. cf. cf. + 
Equus stenonis stenonis 
Dicerorhinus etruscus + + 
Rhinocero t idae indet. + 
Sus strozzii 
Mitilanotherium martinii + + 
Eucladoceros senezensis + + + + 
Eucladoceros dicranios 
"Cervus" philisi + + + + 
Croizetoceros ramosus + + + 
Leptobos stenometopon + 
Leprobos etruscus 
Leptobos cf. 
Gazellospira torticornis cf. + + + 
Gallogoral meneghina + cf. cf. + 
Gazella bouvraini n . sp . sp . + 
Gazella borbonica + + 
Procamptoceras brivatense ? s p . 
Antilopinae indet. + 

F I G 8. — Fauna l list: V O , Volax ( S l c k e n b e r g 1967 , 1 9 6 8 a , b ; 
K o s t o p o u l o s 1 9 9 6 ) ; D F N , D a f n e r o (Koufos 1 9 9 3 ; Koufos & 
Kos topou los 1 9 9 3 , 1997 ; Kos topou los 1996) ; P U E , La P u e b l a 
(Agui r re & M o r a l e s 1 9 9 0 ) ; S T V , S a i n t - V a l l i e r (He in t z et al. 
1974) ; O L I , Olivola. 

Villafranchian (zone M N 1 7 a of M e i n 1990 ; or 
M N Q 1 7 of G u e r i n 1990) , (Koufos et al. 1 9 9 1 ; 
K o u f o s 1 9 9 3 ; K o u f o s & K o s t o p o u l o s 1 9 9 3 ; 
K o s t o p o u l o s & K o u f o s 1 9 9 4 ; K o s t o p o u l o s 
1996) . T h e locality of La Puebla is also da ted to 
midd le Villafranchian, M N 1 7 a n d is considered 
slightly younger than that of Saint-Vallier (Mein 
1990) . Taking in to account the above m e n t i o n e d 
similari t ies of t he Volax horse w i t h those from 
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S i m p s o n ' s Index VOL DFN PUE STV OL 

VOL 100 100 75 62 77 63 85 63 39 31 
D F N 100 100 91 69 83 69 41 23 
PUE 100 100 86 90 57 35 
STV 100 100 88 4 5 
OLI 100 100 

Pickford's Index VOL DFN PUE STV OLI 

VOL 0 0 8 19 8 2 3 8 5 63 4 3 52 
D F N 0 0 4 18 10 14 41 65 
PUE 0 0 6 3 13 4 3 
STV 0 0 4 36 
OLI 0 0 

FIG. 9 . — Fauna l similarities Indices of S i m p s o n a n d Pickford, ca lcu la ted for the localities of figure 8. T h e left n u m b e r is at gene r i c 
level a n d the right n u m b e r at specific level. 

the o ther localities, a similar age can be p roposed 
for the locality of Volax. 
T h e m a t e r i a l c o l l e c t e d f r o m Volax h a s b e e n 
de t e rmined by Sickenberg (1967 , 1968a, b) a n d 
the fol lowing species are referred: Megantereon 
megantereon megantereon, Nyctereutes megamas-
toides megamastoides, Vulpes praecorsac, Bosdagius 

felinus, Felts (Lynx) issiodorensis?, Macedonithe-
rium martinii, Leptobos s p . , Nemorhedus s p . , 
Gazella sp . , Gazellospira sp . , Didermoceros sp . , 
Equus (Allohippus) sp . a n d Proboscidea i n d e t . , 
whi le an earliest Pleistocene age has been p r o p o ­
sed. However the presence of Nyctereutes in the 
Volax fauna suggests an older age; the genus has 
been replaced by Canis at t he beg inn ing of late 
V i l l a f r a n c h i a n ( T o r r e et al. 1 9 9 2 ) . T h u s t h e 
Vo lax f a u n a m u s t be o l d e r t h a n E a r l y P le i s ­
tocene . T h e recent s tudy of the bovids a n d cer-
vids f rom Volax (Fig. 8) a n d the i r c o m p a r i s o n 
w i t h t h o s e o f t h e o t h e r G r e e k a n d E u r o p e a n 
local i t ies sugges t also a m i d d l e V i l l a f r anch ian 
( M N 1 7 a ) age ( K o s t o p o u l o s & K o u f o s 1 9 9 4 ; 
Kostopoulos 1996) . Th i s age confirms the above 
m e n t i o n e d age p roposed for the s tudied equid . 
As it was referred before, t he Volax equid is simi­
lar or has s imilar i t ies w i t h t h a t f rom D a f n e r o , 
La Puebla, Saint-Vallier a n d Olivola. A compar i ­
son of the whole fauna from Volax wi th those of 
t h e above m e n t i o n e d local i t ies is necessary to 
establish these s imi lar i t ies .The faunal c o m p o s i ­
t i o n o f V o l a x is s i m i l a r t o t h a t o f D a f n e r o , 
La Puebla a n d Saint-Vallier (Fig. 8). T h e simila­

ri ty i ndex of S i m p s o n is h igh , b o t h in gener ic 
a n d specific level, wh i l e t h e d i s t ance i n d e x of 
Pickford is small (Fig. 9) , ind ica t ing s t rong fau­
na l s imi l a r i t i e s . T h e di f ferences in t h e fauna l 
compos i t ion are referred in the absence of some 
small carnivores (Fig. 8) , wh ich are difficult to be 
preserved p re - a n d p o s t - m o r t e m . T a x o n o m i c a l 
p rob lems cause also some differences in the com­
p o s i t i o n o f t h e f auna . T h e u r s i d Bosdagius is 
k n o w n only from Volax a n d possibly represents a 
form of the genus Ursus. 

However the Olivola fauna differs m o r e from the 
o thers a n d seems to be younger . T h e S i m p s o n 
i n d e x is smal l a n d t h e P ick fo rd i n d e x is h i g h 
b o t h in generic a n d specific level ind ica t ing the 
d i f f e r en t i a t i on o f t h e O l i v o l a f auna f rom t h e 
o thers (Fig. 9) . T h e presence of Canis etruscus, 
Pliohyaena brevirostris a n d Panthera gombaszoe-
gensis i nd i ca t e s a y o u n g e r age for t h e O l i v o l a 
fauna. As m e n t i o n e d before, Canis etruscus cor­
r e sponds t o t he b e g i n n i n g of early P le i s tocene 
(Torre et al. 1 9 9 2 ) . T h e large-sized Pliohyaena 
brevirostris a p p e a r e d i n E u r o p e a t e a r l y 
Pleistocene in Olivola fauna (Torre et al. 1992) . 
Howeve r , in Greece , this species has a p p e a r e d 
ea r l i e r i n t h e G e r a k a r o u f a u n a , w h e r e it was 
f o u n d t o g e t h e r w i t h Pliohyaena perrieri. T h e 
Gerakarou fauna has been da ted at the t ransi t ion 
b e t w e e n P l i o c e n e / P l e i s t o c e n e ( K o u f o s 1 9 9 2 ; 
Kostopoulos 1996) . Panthera gombaszoegensis also 
characterizes the beg inn ing of late Villafranchian 
(Azzarol i et al. 1 9 8 8 ) a n d its p r e s e n c e in t h e 
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Olivola fauna indicates a younger age t h a n tha t 

of Volax, Dafne ro , La Puebla a n d Saint-Vallier. 

In t h e las t t w o loca l i t i e s t h e m o r e p r i m i t i v e 

Panthera schaubi is present . T h e Volax fauna pre­

serves m o r e pr imit ive characters a n d corresponds 

t o S a i n t - V a l l i e r F a u n a l U n i t o f T o r r e et al. 

( 1 9 9 2 ) . T h e s e fauna l s imi lar i t ies o f t h e Volax 

material w i th the o the r localities reflect also age 

s imilar i t ies a n d a m i d d l e Vi l l a f ranch ian age is 

p roposed for the locality of Volax. 
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A P P E N D I X 

M E A S U R E M E N T S A N D S T A T I S T I C S 

Mandible VOL-202 VOL-204* 

2 - 1 5 6 _ 

3 95 .2 -
4 91 .5 -

5 188 .5 110.5 
7 70 -

10 110 57 .7 

11 79 .5 -
12 63 .7 37 .2 
13 9 3 -
14 {24} -
16 140 

TABLE 1. — Equus stenonis cf. virati, Volax, Macedon ia , G r e e c e . 
M a n d i b l e . *, V O L - 2 0 4 is a h e m i m a n d i b l e with milk t e e t h . 2 , 
muzz le length: middle of t he line connec t ing the anterior b o r d e r s 
of p2 to a point s i tua ted b e t w e e n the two ¡1; 3 , p remolar length 
(alveolar); 4, molar length (alveolar); 5, toothrow length (alveo­
lar); 7, muzz l e b read th : b read th at t he pos ter ior b o r d e r s of ¡3; 
10, height of t he jaw behind m 3 ; 11, idem b e t w e e n p4 a n d ml ; 
12, idem in front of p2 ; 13 , symphys i s length; 14, minimal b read th 
of t he s y m p h y s i s ; 16, length of d i a s t e m a p2-l3 . 

VOL-203 VOL-209 
d e x s in 

P2 Lo 41 .8 39 .6 4 1 . 3 
Bo 27 .8 28 .0 28 .2 

Lp 6.8 6.3 6.4 
Bp 5.7 5.4 5.8 
PI 16.3 15.9 15.5 

P 3 Lo 30 .4 30 .8 -

Bo 27 .3 28 .7 -

Lp 7.7 7.6 -

Bp 6.0 5.4 • 

PI 25 .3 24 .7 -

P4 Lo 29 .5 2 9 . 8 -

Bo - 2 9 . 5 -

LP - 9.4 -

Bp - 5.2 -
PI - 3 1 . 5 -

M1 Lo 26 .4 29 .0 
Bo 29 .2 

Lp - 8.4 
Bp - 5.0 
PI - 29 .0 

M2 Lo 26 .9 {30.4} 
Bo - 27 .4 

Lp 9.6 -
Bp 4.4 -

PI 35 .7 -

M3 Lo 31 .4 
Bo 23 .3 -

Lp 10.0 -
Bp 3.3 -
PI 31 .8 -

TABLE 2. — Equus stenonis cf. vireti, Volax, Macedon ia , G r e e c e . 
Upper p e r m a n e n t c h e e k t ee th . Lo, occlusal length; Bo , occ lusa l 
b read th ; Lp, p ro tocone length; Bp, p ro tocone b read th ; PI, proto-
c o n e index. 
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VOL-202 
d e x s in 

p2 Lo 3 7 . 5 3 6 . 5 
Bo ant . 14.2 13.1 
Bo post . 16 .7 17.0 
Lprfl 9.0 9.0 
Lptfl 15.0 13.5 
IF 4 0 . 0 37 .0 

p3 Lo 31 .2 31 .2 
Bo ant . 17.7 18.4 
Bo pos t . 17.4 19.0 
Lprfl 9.4 9.8 
Lptfl 12.4 13.4 
IF 39 .7 42 .9 

p4 Lo 3 0 . 5 29 .6 
Bo ant . 17.0 17.8 
Bo post . 17.4 19.0 
Lprfl 9.4 9.2 
Lptfl 12.2 12.6 
IF 4 0 . 0 42 .6 

ml Lo 28 .0 27 .7 
Bo ant . 17.4 17.0 
Bo pos t . 16.8 18.2 
Lprfl 7.6 7.8 
Lptfl 9.0 9.8 
IF 32.1 35 .4 

m2 Lo - 30 .0 
Bo ant . - 16.2 
Bo post . 
Lprfl 7.8 
Lptfl - 10.1 
IF - 33 .7 

m 3 Lo - 33 .3 
Bo ant . - 15.8 
Bo post . - 13.6 
Lprfl - 7.4 
Lptfl - 9.4 
IF - 28 .2 

TABLE 3 . — Equus stenoni cf. vireti, Volax, Macedon ia , G r e e c e . 
Lower p e r m a n e n t c h e e k t e e t h . Lo, o c c l u s a l l eng th ; B o ant . , 
anter ior occlusal b read th ; B o post . , poster ior occlusal b read th ; 
Lprfl, preflexld l eng th ; Lptfl, postf lexid l eng th ; IF, postf lexid 
index. 

H u m e r u s n X min m a x s V 

3 2 3 7 . 0 5 36 .5 37 .6 0 .78 2 .10 
4 2 45 .60 44 .9 46 .3 0.99 2 .17 
7 2 8 2 . 5 0 81.0 84 .0 2.12 2 .57 
8 4 87 .53 85.2 89 .6 2 .35 2 .69 
9 3 50 .17 47 .2 52 .7 2.78 5.53 
10 1 4 0 . 0 0 - - - -
11 3 4 4 . 7 3 43.1 46 .5 1.70 3.81 

TABLE 4. — Equus stenonis cf. vireti, Volax, Macedon ia , G r e e c e . 
H u m e r u s . 3 , minimal b read th (oblique); 4 , d i ame te r pe rpend icu­
lar to a n d at t he level of 3 ; 7, maximal b read th of t he t rochlea; 
8, distal maximal d e p t h ; 9, maximal t roch lea r height (medial ) ; 
10, minimal t rochlear height (in t he middle); 1 1 , t rochlear height 
at t he sagit tal c res t (nea r t he condyle) . 
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R a d i u s n X min m a x s V 

1 1 3 6 2 . 8 0 _ _ 

2 1 3 4 3 . 0 0 - - - -
3 3 4 4 . 1 0 43 .9 44 .4 0.26 0.60 
4 3 30 .50 28 .5 33 .0 2 .29 7.51 
5 1 75 .70 - - - -
6 1 [36] • - - -
7 1 8 0 . 9 0 - - - -
8 2 65 .95 65 .4 66 .5 0 .78 1.18 
9 1 39 .30 - - - -
10 2 7 8 . 6 5 78.1 79 .2 - -
11 2 2 5 . 5 0 25 .0 26 .0 - -
12 1 16.90 • • -

TABLE 5. — Equus stenoni cf. vireti, Volax, Macedon ia , G r e e c e . 
Rad ius . 1, maximal length; 2, medial length; 3 , minimal b read th 
of d iaphys i s ; 4 , DAP of t he d iaphys i s at t he level of 3 ; 5, proxi­
mal a r t icu lar b r e a d t h ; 6, p roximal a r t icu lar DAP; 7, p roximal 
maximal b r e a d t h ; 8, dis tal ar t icular b r e a d t h ; 9, dis tal ar t icular 
DAP; 10 , distal maximal b r ead th ; 11 , d i a m e t e r of t he art icular 
facet for navicular; 12, idem for t r iquetrum. 

MC III n x min m a x s V 

1 2 2 4 1 . 4 5 236 .4 2 4 6 . 5 -
2 1 2 4 1 . 7 0 2 4 1 . 7 2 4 1 . 7 - -
3 2 3 5 . 8 5 35 .5 36 .2 - -
4 2 2 8 . 7 0 28 .3 29.1 - -
5 1 5 2 . 0 0 - - - -
6 1 3 3 . 8 0 - - - -
7 1 4 4 . 0 0 - - - -
8 1 17 .00 - - - -
9 1 7 .50 - - -

10 3 4 8 . 9 3 47 .4 50 .0 1.12 2 .27 
11 4 4 8 . 5 5 47 .4 49 .7 1.10 2 .27 
12 3 35 .80 33 .9 37 .2 1.39 3.90 
13 3 2 7 . 5 3 27 .0 27 .9 0 .38 1.40 
14 4 30 .18 29.1 31 .5 0.91 3 .03 
16 2 8.00 7.5 8.5 - -

TABLE 6. — Equus stenonis cf. vireti, Volax, Macedon ia , G r e e c e . 
Third m e t a c a r p a l . 1, maximal length; 2, internal length; 3 , b r ead ­
th of t he d iaphys i s (in t he middle); 4, DAP, idem a t t he level of 3; 
5, proximal articular b r ead th ; 6, proximal articular DAP; 7, maxi­
mal d i a m e t e r of the articular facet for o s m a g n u m ; 8, d i a m e t e r of 
t he anter ior facet for h a m a t u m ; 9, d i ame te r of t he articular facet 
for Mc II; 10 , distal maximal supra-ar t icu lar b r ead th ; 11 , distal 
maximal articular b read th ; 12, distal maximal DAP of t he keel ; 
13 , distal minimal DAP of t h e lateral condy le ; 14, distal maximal 
DAP of t he medial condyle ; 16, d i ame te r for t he articular facet 
for Mc III. 

Tibia n X min m a x s V 

3 3 4 6 . 8 0 45 .4 47 .7 1.00 2 .14 
4 3 3 2 . 6 3 31 .3 3 3 . 5 0.96 2 .93 
5 1 74.1 - - -
6 1 61.1 - - -
7 3 7 1 . 2 3 68 .5 75 .9 3.32 4 .66 
8 3 4 7 . 0 0 44 .3 49 .2 2 .03 4 .32 
9 1 17.0 - - -

TABLE 7. — Equus stenonis cf. vireti, Volax, Macedon ia , G r e e c e . 
Tibia. 3 , minimal b read th of t he d iaphys i s ; 4 , DAP of the d iaphy­
s i s at t h e level of 3 ; 5, proximal maximal b r ead th ; 6, proximal 
m a x i m a l d e p t h ; 7, m a x i m a l d is ta l b r e a d t h ; 8, m a x i m a l d is ta l 
DAP; 9, length of t he f o s s a digitalis. 

A s t r a g a l u s VOL-196 VOL-197 

1 _ 65 .8 
2 - [63.2] 
3 30 .6 2 8 . 8 
4 66 64 .7 
5 51 .3 [55.5] 
6 36 3 4 . 5 
7 4 8 . 5 51 

TABLE 8. — Equus stenonis cf. vireti, Volax, Macedon ia , G r e e c e . 
A s t r a g a l u s . 1, maximal length (height) : articulation su r f ace for 
navicular- top of the internal condyle ; 2, maximal d i ame te r of t he 
internal c o n d y l e ; 3 , t r o c h l e a r b r e a d t h : midd le of t h e in ternal -
middle of t he external condy le s ; 4, maximal b read th (in projec­
t i o n ) ; 5 , d i s t a l a r t i c u l a r b r e a d t h ; 6 , d i s t a l a r t i c u l a r D A P ; 
7, maximal DAP of t he Internal condyle . 
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Mt III n X min m a x s V 

1 2 2 7 5 . 5 0 2 7 0 . 0 281 . . 

3 5 35 .60 33 .7 37 .3 1.31 3 .68 
4 5 32 .94 31 .4 34 .6 1.14 3.46 
5 3 4 9 . 8 0 47 .0 52 2 .55 5.13 
6 2 38 .25 38 .0 38 .5 - -
7 2 4 7 . 5 0 47 .4 47 .6 - -

8 5 11.50 10.7 11.9 0.47 4 .12 
9 1 6.4 - - - -
10 6 4 8 . 7 0 47 .3 50 1.11 2 .29 
11 6 4 7 . 6 5 46 .2 49 .5 1.31 2 .75 
12 7 36 .44 3 4 . 5 37 .9 1.16 3.2 
13 6 26 .72 25 .4 27 .5 0.82 3 .08 
14 5 30 .94 29 .3 31 .7 0.97 3.12 

TABLE 9. — Equus stenonis cf. vireti, Volax, Macedon ia , G r e e c e . 
Third me ta ta r sa l . 1, maximal length; 3 , b r ead th of t he d laphys i s 
(in t he middle); 4, DAP idem a t t he level of 3 ; 5, proximal articu­
lar b r ead th ; 6, proximal articular DAP; 7, maximal d i a m e t e r of 
the articular facet for t he cuneiform; 8, d i a m e t e r of t he articular 
face t for cubo id ; 9, idem for cune i fo rm II; 10 , dis tal max ima l 
s u p r a - a r t i c u l a r b r e a d t h ; 1 1 , d is ta l m a x i m a l a r t icu lar b r e a d t h ; 
12, distal maximal DAP of t h e keel ; 13 , distal minimal DAP of 
the lateral condyle ; 14, distal maximal DAP of the medial con­
dyle . 

Pha lanx I VOL-181 VOL-182 VOL-183 VOL-184 VOL-185 

78.4 
71.4 
32 .5 
55 .7 
37 .0 
44.1 
42.1 
23 .7 
42 .0 

43.0 

84 .6 
74.9 
33 .5 
54.2 
37 .4 
46 .2 
45 .0 
24 .4 
50.1 

44 .7 
29 .3 

81 .8 

34 .2 
54 .6 

47.1 
46 .4 
25.2 
4 5 . 5 

T A B L E 1 0 . — Equus stenonis cf. vireti, V o l a x , M a c e d o n i a , 
G r e e c e . Firs t p h a l a n x of t h e third digit . 1, m a x i m a l l e n g t h ; 
2, anter ior length: middle of t he proximal articular facet-middle of 
the distal facet; 3 , minimal b read th of t he d iaphys i s ; 4, proximal 
b read th ; 5, proximal DAP; 6, distal b read th at t he tuberos i t ies ; 
7, d is ta l ar t icular b r e a d t h ; 8, dis tal ar t icular DAP; 9, minimal 
length of t he tr igonum pha lang i s . 

Pha lanx II VOL-186 VOL-187 

1 48 .6 46 .7 
2 34 .3 33 .2 
3 45 .4 45 .2 
4 53 .8 52.2 
5 33 .6 32 .7 
6 4 9 . 5 48.1 

T A B L E 1 1 . — Equus stenonis cf. vireti, V o l a x , M a c e d o n i a , 
G r e e c e . S e c o n d p h a l a n x of t h e third digit. 1, maximal length ; 
2, anter ior length ( a s In t he first pha lanx) ; 3 , minimal b read th of 
the d i a p h y s i s ; 4 , maximal proximal b r e a d t h ; 5, proximal DAP; 
6, distal articular maximal b r ead th . 

Pha lanx III VOL-188 VOL-189 VOL-190 VOL-191 

1 5 7 . 3 4 7 . 8 55 .7 
2 4 7 . 8 50 .5 - 49 .8 
3 67 .3 67 .3 - -
6 37.1 41 .4 38 .8 4 0 . 8 

T A B L E 1 2 . — Equus stenonis cf. vireti, V o l a x , M a c e d o n i a , 
G r e e c e . Third pha lanx of t he third digit. 1, length from the p o s t e ­
rior e d g e of t h e a r t i c u l a r s u r f a c e to t h e t ip of t h e p h a l a n x ; 
2, anterior length; 3 , maximal b read th ; 6, maximal height. 
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