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ABSTRACT - The fossil rhinoceros and hipparions from a new, Late Miocene mammalian fauna in Turkey are des- 
cribed. The scant material does not allow a specific determination of the latter. Various indices, often calculated on 
hipparion teeth and bones and believed to be phylogenetically and stratigraphically important, are critically dis- 
cussed. 
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R]~SUM]~ - Les rhinoceros et hipparions fossiles d'une nouvelle faune mammali~re du Miocene terminal de Turquie 
sont d~crits. Le mat4riel insuffisant ne permet pas la ddtermination des hipparions. Divers indices, souvent calculus 
sur les dents et sur les os d'hipparions, consid~r~s comme importants pour la phylog~nie et la stratigraphie, sont 
discut~s d'un point de vue critique. 
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I N T R O D U C T I O N  

A new mammalian faunal assemblage has been 
found in a lignite horizon of the Late Miocene 
Incesu Formation near Dtizyayla, 12 km NW of 
Hafik and 40 km NE of Sivas, Turkey (Yilmaz 1983) 
(Fig. 1). According to our observation, the fauna 
comprises Ceratotherium neumayri (OSBORN), Hip- 
parion spp, Deinotherium giganteum KAUP, Choero- 
lophodon sp., Percrocuta cf. exirnia ROTH & WAGNER, 
Oioceros sp., Helladotherium sp., and Suidae. The 
only known micromammals from the lignite are 
Apodemus sp. and Parapodemus sp. (De Bruijn eta]. 
1996: 257). Stratigraphically unspecified sand 
layers of the Incesu Fro. contain Hipparion gracile 
KAuP (a younger synonym of H. primigenium v. 
MEYER), Sus (= Microstonyx) erymanthius ROTH 8~ 
WAGNER, Gazella sp., and Giraffa sp. (Yal~inlar 
1955). 

The present note concerns Ceratotherium and the 
hipparions of the lignite horizon of the Incesu Fm. 
The fossil material  is deposited in the Natural  
History Museum, Izmir, Turkey• 

STRATIGRAPHY 

The Incesu Fro. consists of light-grey sands, 
conglomerates,  mudstones,  minor lacustr ine 
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FIGURE I - Location map of the fossil site in Dtizyayla village. 
Geological map after Poisson et al. (1995). Carte de localisation 
du site fossili]~re du village de Di~zyayla. Carte gdologique 
d'apr~s Poisson et aL (1995). 

limestone, and lignite. This unit  is considered Late 
Miocene in age (Atalay 1993; Poisson et al. 1995) 
(Fig. 2). It rests unconformably on the Hafik Fro. 
of a contradictory Cenozoic age (Atalay 1993). 

D E S C R I P T I O N  

CERATOTHERIUM NE UMAYR[ 

M a t e r i a l  - (Tabl. 1; Fig. 3): left p2 (SHD-101), right 
P~ (SHD-102), right p4 (SHD-103), left M 1 (SHD- 
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104), right and left M s (SHD-105 & -106), left M 3 
(SHD-107), left and right M2 (SHD 108 & -109), 
left Ms (SHD-110), and dental fragments. 

The dental nomenclature is according to Heissig 
(1972), the measurements  taken are according to 
Fortelius (1990). 

P~ is quadrate with an almost flat buccal wall (Fig. 
3.1). There are weak indications of paracone and 
metacone ribs.The crista is prominent, but the cro- 
chet small.The medisinus is long and oblique.The 
strong mesial cingulum extends from the parasty- 
le to the middle of the lingual surface. There are 
neither labial nor distal cingula. 

In p3~ the buccal wall of the ectoloph is flat with a 
strong paracone rib extending to the ectoloph 
crest, while the metacone rib is weak (Fig. 3.2- 
3).There is a prominent crista, a multiple crochet, 
but a small antecrochet. The medisinus entrance 
is closed. The prefossette is absent, but the post- 

Measurements on upper P2 of Csratotherium neumayri from Dfizyayla and other 
localities. 

SHD KK DM P AS 

Measure 101 (Heissig 1975) NHM 

BL 30.0 29 31 33 29 

MB 38.5 35 38 39.1 

DB 40.9 39 43 38 33.6 

BH 28.1 14.3 

Measurements on upper P3 and P4 of C. neumayri from DOzyayla and other locali- 

ties. 

SHD KK DM P AS SHD UE KK DM P 

Measure 102 (Heissig 1975) NHM 103 (Heissig 1975) 

BL 38.5 33 37 34-43 38 41.4 37 42 44 38-49 

MB 55.6 49 54 45-60 53 59.2 53 57 62 55-65 
DB 46 52 48-54 50 49 50 55 53-56 
BH 42.5 (62) 16 48 (54) 71 

Measurements on upper M1 and M2 ofC neumayri from DOzyayla and other loca- 
lities. 

SHD KK DM P AS SHD SHD KK DM AK P 
Measure 104 (Heissig 1975) NHM 105 106 (Heissig 1975) 
BL 50 45 47 40-48 42 52.5 52.7 52 53 61 48-61 
MB 66.5 54 63 50-60 60 71.1 69.6 58 66 64 59-66 
DB 64.2 49 59 53-56 53 65.2 52 59 58 53-55 
BH 38.0 19 (75) 58-68 

Measurements on upper M3 of C. neumayri from Dfizyayla and other localities. 

SHD KK DM AK P AS 

Measure 107 (Heissig 1975 ) NHM 

BL 61.5 51 53 61 50-58 51 

MB 62.1 53 60 60 (43)-63 54 

DB 41 35 40 44 37-41 26 

BH 46.5 70 68 11 

L.diagonal 68 56 61 68 64-66 59 

Measurements on lower M2 and M3 of C. neumayri from Dfizyayla. 

SHD/108 SHD/109 SHD/110 
Measure 
BL 47.2 52.0 60.5 
LL 48.0 50.3 56.5 
MB 33.5 34.3 39.0 
DB 31.0 35.4 37.0 
BH 31.5 29.5 45.0 
LH 25.7 24.0 39.5 

TABLE 1 - ( B L = b a s a l  b u c c a l  l e n g t h ;  L L =  b a s a l  l i n g u a l  l e n g t h ;  
M B = b a s a l  m e d i a l  b r e a d t h ;  D B =  b a s a l  d i s t a l  b r e a d t h ;  B H =  
b u c c a l  h e i g h t ;  L H =  l i n g u a l  h e i g h t :  S H D = S i v a s - H a f i k -  
D f i z y a y l a ;  K K =  K o n y a - K a y a d i b i ;  D M =  D e n i z l i - M a h m u t g a z i ;  
A S =  A n k a r a - S i n a p ;  A K =  A f y o n - K i n i k ;  U E =  U s a k - E s m e -  
A k c a k 6 y ;  P =  P i k e r m i ;  N H M =  E g e  U n i v e r s i t y ,  N a t u r a l  H i s t o r y  
M u s e u m ,  Izmi r . ) .  

fossette is large and on P4 tr iangular  in shape. 
There is a strong mesial cingulum, extending from 
the parastyle to the middle of the lingual surface. 
There is no labial cingulum. 

In M 1-2 the buccal wall of the ectoloph is flat and 
slopes linguad (Fig. 3.4-6).There is a weak crista 
but a strong crochet, which blocks the medisinus; 
the antecrochet is small. The large and V-shaped 
medisinus shows a small cusp basally. The shelf- 
like mesial cingulum extends from the parastyle 
to the middle of the paracone; the distal cingulum 
is weakly developed and there is no labial cingu- 
lum. 
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FmURE 3 - Ceratotherium neumayri cheek teeth from D~zyayla. 1. SHD-101, left P~, occlusal view Ix 0.6]. 2. SHD 102, right P:~, occlu- 
sal view Ix 0.6]. 3. SHD 103, right P~, occlusal view [x 0.6]. 4. SHD-104, left M ~, occlusaI view [x 0.5]. 5. SHD-105, right M ~, occlu- 
sal view [x 0.5]. 6. SHD-106, left M ~, occlusal view Ix 0.5]. 7a. SHD-107, left M 3, occlusal view [x 0.5]. 7b. Same specimen, disto- 
buccal view [x 0.5]. 8. SHD-108, left M2, oeclusal view [x 0.5]. 9. SHD-109, right M,, occlusal view [x 0.5]. 10. SHD-110, left M~, occlu- 
sal view [x 0.5]. Ceratotherium neumayri, dents jugales du gisement de Dazyayla. 

M a is t r iangular  in shape (Fig. 3.7a-b). The buccal 
wall of the ectometaloph is flat with a prominent 
paracone rib. The metacone has a bulge at the 
base; it is fiat towards the top. There is a strong 
crochet. The medisinus entrance is open. There is 
a shelf-like mesial cingulum at least 19 mm high, 
but  no labial cingulum. 

In M1.2 the protoconid and hypoconid buccal walls 
are rounded (Fig. 3.8-9). In cross-section the trigo- 
nid and talonid basins are U- to V-shaped, respec- 
tively. The entrance of the trigonid basin is narrow 
and V-shaped, it is close to the base of the 
tooth.There is a very faint mesial cingulum, a 
weak distal cingulum, but  neither labial nor lin- 
gual cingula. 

M3 resembles M~.2 (Fig. 3.10), but  the distal cingu- 
lum is more pronounced. There is a sharply inflec- 
ted hypolophid. 

The Ceratotherium teeth from Dtizyayla resemble 
those from the Turolian of Kinik, Mahmutgazi 
(Heissig 1975), and Pikermi (Geraads 1988) in size 
and hypsodonty, in the weak inclination of the 
paracone and metacone ribs, in the presence of a 
crochet, and in the strongly developed mesial cin- 
gulum. They are larger than the teeth from the 
Vallesian of Esme AkCakt~y or Sinap (Tabl. 1). The 
teeth are rugose and devoid of cement. The high 
crowns and flat buccal surface of the teeth indica- 
te tha t  C. neumayri was a grazer (Heissig 1975, 
1996). 

Ceratotherium neumayri occurs from the Vallesi 
an of Esme Ak~aktiy (Heissig 1975), Cobanpinar 
(Ozansoy 1965), and Sinap (Sara~ 1994), to and 
including the Turolian of Kinik, Mahmutgazi,  
Kemiklitepe, Kayadibi, and Gtilpinar (Heissig 
1975, 1996; Geraads 1994; Kaya 1994), and Piker- 
mi, Samos, Pentalophos-1,  and Maragheh  
(Geraads 1988; Geraads & Koufos 1990). Its stra- 
tigraphic range includes mammal ian  zones lV[N 9 
to MN 13 (Heissig 1996). The Ceratotheriurn mate- 
rial from Anatolia indicates a single lineage that  
increased in body size (Heissig 1975, 1996; Kaya 
1994). Ceratotherium neumayri from Dtizyayla is 
large (Tabl. 1), corresponding in size to the 
Turolian forms, supporting a Turolian age of the 
find. 

HIPPARION SPR 

The Hipparion sample from Dtizyayla consists of 
isolated teeth and a few fragmentary limb bones. 
Incomplete and scarce, it is difficult to identify to 
species. The material  appears to belong to two, 
possibly three, different species, but  because of 
overlap in size the taxa are difficult to sort out. 
The peripheral teeth (upper and lower P2 and 
M3), when plotted in scattergrams on their basal 
width to basal length (measured at the neck of the 
tooth, not 1 cm above the neck), seem to form two 
swarms of observations: a swarm of more common, 
large specimens and another of a few small speci- 
mens. However, intermediate specimens are indi- 
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cated among the teeth as well as among the few 
limb bones. 

The teeth are morphologically uniform, rather low- 
crowned (crown mesostyle/metaconid height in litt- 
le worn p3-4 <47 mm, M1-2 47 mm, and M3 43-46 mm), 
with a low to high plication count and single to four- 
branched pli caballin (total number of visible plica- 
tions on the occlusal surface, including plis cabal- 
lins, range in P3-M2 14-35 plications), and a modera- 
te to long protocone (range in P3-M2 5.7-9.3 ram), in 
p2 often with an anterior tip reaching towards the 
protoconule. The hypocone is but slightly or not at 
all indented lingually. A hypostylar lake may occur 
(left M 1-2, SHD-52). In the premolars the parastyle 
may be grooved, the mesostyle barely so; in the 
molars the styles are simple or the parastyle barely 
grooved at the top (Fig. 4.1-3). The prefossette may 
open into the postprotoconal groove and the fos- 
settes may be confluent; this is more common in the 
premolars, especially p2, in early wear. The few 
lower cheek teeth are typically hipparionid (Fig. 4.4- 
5), with a variable protostylid and occasional ectos- 
tylid (M1-2 SHD-35, -36; M3 SHD-24). The ectoflexid 
may be deep in the premolars (SHD-30, -31), seldom 
shallow in the molars (little worn M3, SHD-24). 

Several small fossil samples from a number of Tur- 
kish localities comprising Hipparion are kept in the 
Dept. of Paleoanthropology, University of Ankara, 
Turkey. Although mentioned in the literature, the 
faunas of these localities have not been fully analy- 
sed. The localities represented are: Kuyutarla, Ak- 
kirma, GSkdere, and Kii~iik Yozgat near Elmadag 
(see Tschachtli 1942; Senyiirek 1952, 1953; Erol 

4 

FIGURE 4 - Hipparion sp. cheek teeth from Diizyayla [x 1.3]. 1. 
SHD-49, left upper M1-2, occlusal view. 2. SHD-38, right upper 
P3-4, occlusal view. 3. SHD-50, right upper Ml-2, occlusal view. 
4. SHD-32, right lower M1-2, occlusal view. 5. SHD-28, left lower 
P 3-4, occlusal view. Dents jugales du gisement de Di~zyayla. 

1957); Yassi~ren and Kayin~ak (Sinap, Ankara) (see 
Ozansoy 1955), ~obanpinar (Ankara, Evci) (Ozan- 
soy 1961); .. Kizilasma, Taskinpasa and Pasabagi 
(Kayseri, Urgiip) (see Senyiirek 1952 footnote, 
1953). As in the material from Dt~zyayla, the Hippa- 
rion samples from these localities, referred to as H. 
gracile, mainly consist of isolated teeth and a few 
bones; in some cases the samples are unfortunately 
evidently mixed. Larger samples, e.g. from Esme 
Ak~akby, Kayadibi, Kinik, and Garkin, have been 
described by Staesche & Sondaar (1979), from 
Kemiklitepe by Koufos & Kostopoulos (1994), and 
from Gfilpinar by Kaya (1982) and Forsten & Kaya 
(1995). Common to all the samples is the uncertain 
taxonomic status of the hipparions represented in 
them, due to the presence of several species difficult 
to separate objectively. Even the large samples from 
the classical quarries on Samos, representing skulls 
and limb bones commonly referred to and used for 
comparison, have not been definitely identified as to 
species. 

By plotting the teeth and limb bones in scatter- 
grams, we tried to compare the sample from 
Diizyayla with the materials mentioned above. We 
here presume the presence of two differently sized 
taxa in the sample. 

On their basal breadth plotted to length the per- 
ipheral cheek teeth (upper and lower P2, SHD-I, - 
3, -2, -4, -6, -7, -8, -9, and SHD-22; upper and lower 
M3, SHD-13, -14,-16,-17, -18, -19, -20, and SHD- 
23, -24, -74) group together with the large speciw 
mens from Kemiklitepe, GSkdere, Kii~iik Yozgat, 
Akkirma, Kizilasma, and ~oban Pinar. A single 
upper P2 (SHD-5; basal 1.24.4 ram, basal br. < 16.5 
mm) is small, even approaching the teeth of the 
dwarf species Hipparion matthewi ABEL in size. 
The rest of the cheek teeth do not group together 
into different size categories; they span the whole 
range for all measured characters (Tabl. 2,3). 

The articular breadth of five distal metapodial frag- 
ments (SHD-82, -83, -84, -85, -86) varies between 
38.1 mm and 42.6 mm, one specimen (SHD-88) 
measures 33.5 ram. The larger bones are compa- 
rable to the large ones from Sinap, Kii~iik Yozgat, 
GSkdere, Kuyutarla, Gtilpinar, and Kemiklitepe. 
The small specimen resembles metapodials from 
Gtilpinar, referred to as H. schlosseri-dietrichi 
ANTO•IUs-(WEHRLI) (Forsten & Kaya 1995). In the 
MT III distal fragment (SHD-82) the keel is promi- 
nent: at an articular breadth of 39.5 mm, the keel 
diameter measures 38.8 mm. The fragment may be 
compressed laterally. A proximal MT III (SHD-81), 
with a mid-shaft width of approx. 28.7 mm, may 
belong to either size category; a facet for the inner 
cuneiform is present. 

The astragali (SHD-75, -76) may represent two 
taxa: SHD-75 is medium-sized, resembling those 
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tooth and measure N range mean 
P2 basal length 6 28.3-34.1 31.2+.86 

basal breadth 8 20.1-24.6 22.7+.54 
P3-4 basal length 13 20.8-26.0 22.6+.40 

basal breadth 13 21.5-25.9 24.2+.42 
M1-2 basal length 16 19.0-21.4 20.2+.20 

basal breadth 16 21.1-24.7 22.9+.33 
M3 basal length 7 20.7-23.7 21.9+.34 

basal breadth 6 19.8-21.9 20.6+.30 

TABLE 2 - S t a t i s t i c s  on t h e  u p p e r  cheek  t e e t h  ofHipparion sp. 
f rom Dt izyayla  (in ram.). Donn~es statistiques sur les dents 
jugales sup~rieures dT I i ppa r i on  sp. de Dazyayla. 

too th  a n d  m e a s u r e  N r a n g e  m e a n  
P2 b a s a l  l e n g t h  1 28.1 

b a s a l  b r e a d t h  1 16.2 
P3-4 b a s a l  l e n g t h  6 20.8-25.7 23.0+.67 

b a s a l  b r e a d t h  6 12.9-16.5 14.6+.48 
M1-2 ba sa l  l e n g t h  6 18.5-22.3 20.9+.55 

ba sa l  b r e a d t h  6 12.8-14.5 13.5+.23 
M3 basa l  l e n g t h  3 26.3-30.8 28.5+1.1 

ba sa l  b r e a d t h  3 11.0-11.7 11.3+.17 

TABLE 3 - S t a t i s t i c s  on t he  lower cheek  t e e t h  of Hipparion sp. 
f rom Dt izyayla  (in ram).  Donn~es statistiques sur les dents 
jugales infdrieures d ' H i p p a r i o n  sp. de Diizyayla. 

from Gfilpinar, Kfi~fik Yozgat, Kayin~ak, and 
G6kdere, while SHD-76, although badly damaged, 
seems distally as broad as the largest bones from 
Gttlpinar, Kemiklitepe, even ~alta. It may be ante- 
re-posteriorly distorted, however. 

The phalanges (two proximal phalanges, SHD-89, 
-93; three second phalanges, SHD-90, -91, -95) are 
medium-sized and comparable to those from 
GSkdere, Kizilasma, Sinap, and Gt~lpinar; SHD- 
93, a proximal fragment, is smaller, but  still inside 
the range of the medium-sized hipparions. The 
velar l igamental scars of the proximal phalanges 
are typical of Hipparion, with a short V-scar, a 
rugose central scar, and distal sublimis scars (see 
Camp & Smith 1942, Figs 29,30). 

It appears  tha t  from Dt~zyayla there  are a 
medium-to small Hipparion species and a large 
one; the lat ter  seems the more common of the two. 
The taxonomic status of the two species from 
Dfizyayla is not clear and we therefore leave them 
as Hipparion sp. 

D I S C U S S I O N  

De Bruijn et al. (1996, Fig. 20.2; Table 20.1), on the 
basis of the two murines, place the lignite fauna 
from Dfizyayla in mammal  zone MN 12 or Middle 
Turolian. A Turolian age is supported also by the 
large Ceratotherium neumayri, by the presence of 
Helladotherium, and by sporomorph data from the 
lignite of Dt~zyayla (in prep.). Mammal zone MN 
12 is spanned by the classical faunas of Samos 

(Q1, Q4, and Q5; Mein 1990) with H. matthewi, H. 
schlosseri-dietrichi, H. sp. with a double preorbita] 
fossa, H. (aft. brachypus HENSEL), and H. probosci- 
deum STUDER, all characterized on their skulls, 
while the taxonomic status of the limb bones in 
most cases is unknown.  Hipparion sp. from 
Dtizyayla, represented only by isolated teeth and 
fragmentary limb bones, cannot be compared with 
the species above. 

Certain indices, calculated on the cheek teeth 
(hypsodonty and protoconal index) and limb bones 
(metapodial keel index) of Hipparion, are believed 
to have increased orthogenetically (unidirectional- 
ly and progressively) and therefore to indicate the 
evolutionary level of these horses and to be useful 
for the relative dating of finds (Sen et al. 1978; 
Staesche & Sondaar 1979; Koufos & Kostopoules 
1994; but  see Forsten 1981, 1982). Notwith-  
standing the late stratigraphic age of the fauna, 
the hypsodonty  index (P3-M2 10 x crown 
height:basal  length) in the hipparion(s) from 
Dttzyayla does not impress: the observed range in 
unworn or little worn p3-~ is 18.7-21, in P3.4 19.1, 
and in M1-2 20.9. These values are comparable to 
those of Vallesian forms (Forsten 1978). The proto- 
tonal index (P3-M2 100 x protoconal length: occlu- 
sal length) has an observed range of 21.2-39.7 (p3- 

mean 25.9, M 1-2 mean 30.9). Within this range fall 
most Old World Hipparion, the stratigraphically 
early as well as the late ones. 

The keel index (100 x distal keel diameter:distal  
articular breadth) of three MC III from Diizyayla 
varies between 76.3-82.1 (mean 79.9). This range 
is included in the MC range of the hipparions from 
the Vallesian of HSwenegg (H. primigeniurn, MC 
range 69.6-83.6) and Santiga (H. sp., 75.6-81.1), 
from the Turolian of Piera (H. sp., 72.3-84.1) and 
Arquillo (La Fontana and Valdecebro) (H. grorno- 
vae VILLALTA & CRUSAFONT, 75.1-84.8), from the 
latest Miocene of Polgardi (H. primigenium, 72.95- 
82.6), and from the Pliocene of ~al ta  (H. of. cras- 
sum GERVAIS, 72.9-80.6). The keel index range of 
MC III from Dtizyayla is even comprised in the 
range of Equus sp. (72.6-81.1) from the Middle 
Pleistocene of Lunel Viel. 

None of the three indices (the hypsodonty, protoco- 
ne, and keel index), believed to be phylogenetical- 
ly and stratigraphically significant, gives any 
clues whether  as to the stage of evolution or the 
relative age of the hipparions from Diizyayla. The 
indices, evidently, cannot (and should not) be used 
for dating faunas with hipparions as they do not 
show progressive, orthogenetic increase (Forsten 
1982). 

A c k n o w l e d g e m e n t s  - We t h a n k  E n g i n  Merie  (Un iv e r s i t y  of  
I s t anbu l )  a n d  Zeki  A ta l ay  (M.T.A.  Sivas)  for t he i r  v a l u a b l e  
he lp  in s u p p l y i n g  t he  m a t e r i a l  a n d  geological  da ta .  
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