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Abstract: Rhlnocerotidae remains from western AnatoJia mostly belong to Ceratotherium neumayri (Osborn) on the basis 
of osteological andbiometrical evidence. The material comes from the known localities of ~mecAk~akoy (Ui'ak), GGlplOar 
(Canakkale). Klmk (Afyon). SalihpaJ?alar (Mugla) 1md Kemiklitepe (U!1ak). and from a previously unrecorded locality of 
t;i~eklikoy (lzmir). An earJy Turolian age (MN 11) for the material from Ci~eklikoy and middle Turolian age (MN 12) for 
the material from Kemiklitepe can be suggested. Fossils indicate that. in western Anatotia, a savanna environment with 
patches of steppe was existed during the early Late Miocene (Vallesian), and this changed into steppe with mosaics of sa
vanna during the midei!e-late Late Miocene (Turolian). 

Introduction 

Several workers have studied the Late Miocene 
faunal assemblages in western Anatolia (e.g. 
Ozansoy. 1957; Tekkaya. 1973; Beeker -Platen et 
al.,1975; Heissig. 1975a; Sara~. 1978; Atalay. 
1980). In these assemblages Rhinoeerotidae are 
represented by Ceratotherium neumayri (Osborn) of 
GeraarDs (1988). formerly known as Rhinoceros 
pachygnathus (D. neiJmayri). and ChiJotiJerium 
species (Heissig, 1975a). New specimens of C. 
neumayri have been collected from the previously 
known Miocene localities.(E~me-Akglkoy. GUlpmar, 
Klnlk, Salihpa~lar, Kemiklitepe) and from a newly 
discovered locality, Ci~eklikoy (lzmir) (Figure 1). and 
'ivestigated osteologically in a comparative way. This 

study also depends on comparisons with the bones 
)f C. neumayri (D. neumayri of Heissig. 1975a. b) 
which were collected from Turkey by Heissig 
(1975a. b) and housed in the Bayerische 
Staatsammlung fur Palaontologie und historische 
Geologie in Munich. 
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The osteological and bjometrical terms used in 

the text are according to Heissig (1972. 1976). 
Measurements are given in mm. The materials are 
Jepositedin the Natura! History Museum (lzmir). Figure 1. Localities of studied C. neumayri in western Anatolia. 

Cic;ekli k6y is the first record. 
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Ceratotnerium NeumbJ nalia) in tile Upper Miocene of Western j\natolia 

Abbreviations used in this work are: Afyon
Sand!kh-Garkm (ASG). Afyon-Sandlkh-Kmlk (ASK). Ca
nakkale-Ayvaclk-GUlpmar (CAG). Denizli-Cal-Mahmutgazi 
(DCM). !zmir-BortlOva-Ciceklikoy (IBC). Mugla-Vatagan 
-SaUhpa:;;alar (MVS). U§ak-E:;;me-Ak~akoy (UEA). U:;;ak
E:;;me-Kemiklitepe (UEK). Konya-HatunsaraY-Kayadibi 
(KHK). Fort Ternan-Kenya (FT). Halmyropotamos
Greece CH). Pikermi-Greece (P), Qued el Hamman
AIgerie (Q). 

1. Systematic paleontology 

Family : Rhinocerotidae (iray. 1821 
Subfamily : Rhinocerotinae Gray, 1821 
Tribe : Dicerotini Groves. 1983 
Genus : Ceratotherium Gray, 1867 
Type species : Ceratotherium simum (Burchell. 1817) 

, Ceratotherium neumayri (Osborn, 1900) 
Plate I, n All figures 

1862 Rhinoceros pachygnathu5 Wagner. Gaudry. p. 
177. pI. XXVI!! fig. 5. 7 

1900 AteJodus neumayri n. sp .• Osborn, p. 263 fig 16 

1975a Diceros neumayri (Osborn), Heissig. p. 145 

1975b Diceros neumayri (Osborn). Heissig. p. 140. 
p. 289 fig. 53, p. 296 fig. 56, 57. p., 381 fig. 
126-131. p .. 400 fig. 139, 140. p. 416 fig. 153. p. 
426 fig. 157. 

1980 Diceros pachygnathu5 (Wagner), Guerin. p. 
202, p. 265. tab. 54.55, p.327. tab.71 

1988 Ceratotherium neumayri (Osborn), Geraards. p. 
36. p. 23 fig. 5 

Materia!; Carpus. right radial CAG-l. right radial 
MVS-1 i left radial UEK-l; right intermedium CAG-2. 
right intermedium IBC-1. left intermedium MVS-
2;tarsus. right astragalus UEK-2; left calcaneus UEK-3, 
left calcaneus MVS-3; right central CAG-3. left central 
MVS-4. left central ASK-1: left tarsal-3 UEA-l; left 
tarsal-4 CAG-4. 

Radial: (GUlptnar CAG- 1. Salihpa:;;alar MVS-l. 
KemikHtepe UEK-l) 

The radial is large and deep. The proximal 
intermedium facet is deep and band-shaped. The volar 
intermedium facet is present. The carpal-2 facet is quite 
cOllvex in dorso-volar direction. These characteristics are 
of Rhinocerotini (Heissig. 1972. 1976). The radius facet 
is triangular-shaped and broad as well as deep in the 
Salihpa:;;alar and Kemiktepe bones . The radius facet of 
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the GUlp mar form is narrow. It is concave in medio
lateral direction, and tapers to the volar side. The lateral 
convexity of the radius facet is prominent. 

~'Jate I. Ceratottierium neumayri 1900) Figure 1. Left 
radial (UEK-1 ) (dorsal view) (x 03). Figure 2. Right radial 
(tvlYS~ 1) (dorsa! (x. 0.3) Figure 3. Right radial 
((:AG-1) (dorsal view) (x 0.4) Figure 4. Left intermediurn 
(MVS~2) (Iatera! view) (x OA). Figure S.Right inwrmedium 
(lB(:~ 1) (lateral view) (x 05) Figure 6. Right intermedium 
((:.I\G-2) (lateral view) (x 0.4) Figure 7. Right astragalus 
(UEK~2) view) (x 0.3) Figure 8. Right astragalus 
(UEK~2) (plantar view) (x 0.3) 

On the volar side the radial exhibits three facets 
for the intermedium. The volar intermedium facet is 
oval-shaped and unites with the proximal intermedium 
facet. The distal intermedium facet is high. The 
proximal and distal intermedium facets are spaced 
closely. 

On the.distal side there are three facets for the 
carpal-1.2,3. The carpal-1 facet is drop-shaped and 
concave in medio-Iateral direction. The carpal-2 facet 
is trapezoid-shaped and deeply concave in medio-Iateral 



direction in the Kemiklitepe and Salihpa§alar bones. 
This facet is narrow in the GOlpmar form. The carpal-
2 facet encroaches upon the volar and dorsa! surfaces. 
This facet is separated by acute and parallel ridges 
from the carpal-3 and carpal-1 facets in the Sa
lihpa§alar and Kemiklitepe bones. The ridges of the 
GOlpmar form are obtuse and become closer to each 
other toward the volar side. Thecarpal-3 facet is 
wide and concave in medio-Iateral direction. 

Plate iL Ceratotherium neumayri (Os born. 1990). FiQure 1. Left 
calcaneus (UEK-3) (dorsal view (x 0.25). FiQure 2. Left 
calcaneus (MYS-3) (dorsal view) (x 0.25). FiQure 3. Left 
central (MYS-4) (proximal view) (x 0.4). FiQure 4. RiQht 
central (CAll-3) (proximal view) (x 0.5). FiQure 5. Left 
central (ASK-1) (proximal view) (x 0.4). Figure 6. Left 
tarsal-3 (UEA-1) (proximal view) (x (5). FiQure 7. Left 
tarsal-4 (Ci\G-4) (proximal view) (.X OA). FiQure 8. Left 
tarsal-4 (t;:i\G-4) (medial view) (x OA). 

The medial tuber of the Kemiklitepe and Sa
lihpa§alar has two bulges and located toward the prox
imal side. This tuber has only one bulge in the 
Gulpmar specimen 

In the GOlpmar C. neumayri the dorsal tuber is 
very prominent and close to the lateral border. It is 
Situated in the middle part of the dorsal surface in the 
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Kemiklitepe and Salihpa§alar specimens. 

The lateral projection of the Kemiklitepe bone forms 
and elbow at right-angles to the lateral surface. It is ob
tuse and turn backwards in the GOlpmar specimen. The 
distai profile of the bone presents two arches. 

The radials of C. neumayri from KemikIitepe and 
Salihpa§alar closely agree with the radial of D. pa
chygnathus from Pikermi (Gaudry. 1862; Gueril1. 
1980) in shape as well as size. C. neumayri is larger 
than Dicerorhinus primaevus Arambourg (Arambourg. 
1959) from Qued el Hamman (Table 1). 

C. neumayri differs from Aceratherini and Elas
motherini. In Aceratherini, a deep groove is present on 
the dorsal surface above the carpal-2 facet. and the 
volar intermedium facet is absent as in Elasmotherini 
(Van and Heissig. 1986; Heissig. 1976). In Elas
motherini the distal intermedium facet is small (Heis
sig. 1976). 

The Kemiklitepe and Salihpa§alar specimens re
semble Rhinocerotini type 1 from Nagri and Chinji ($i
walik~Pakistan) which has a large carpal"2 facet and 
parallel ridges of the distal facets. On the other hand 
these ridges become closer to each other toward the 
volar side in the GQlpmar form as in D. neumayri 
from E§me -Ak~akoy (Heissig. 1975b) and in Rhin
ocerotini type 2 from Chinji (Heissig. 1972). C. neu
mayri is more like the recent Dicerorhinus sumatren
sis (Fischer) in which lateral height is equal to medial 
height (Hooner, 1971). 

Intermedium: (GQlpmar C;AG-2. Salihpa§alar MYS-
2. Ci~eklikoy IBC-1) 

The iotermedium articulates with the ulna volarly. 
The carpal-4 facet is deep and concave. These char
acteristics belong to Rhinocerotini (Heissig, 1972). 
The radius facet has the shape of a half cylinder, 
and tapers to the medial side in the Salihpa§alar 
bone. This facet encroaches upon the dorsal surface. 
The radius facet from Salihpa§alar has a volar ap
pendix. which is absent in the GUlpmar and 
C;i~eklikoy bones. 

On the medial side there are three facets for the 
radial. The proximal radial facet is drop-shaped and 
slightly convex in dorso-volar direction in the Sa
lihpa§alar form. This facet is far from the volar radial 
facet in the GQlpmar bone. The volar radial facet is 
oval -shaped and flat. and meets distally the carpal-3 
facet in the Salihpa§alar specimen. It is isolated in the 
GQlpmar and Ci~eklikoy bones. The distal radial facet 
is semioval-shaped and high. 
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Ceratotherium t,c ~~. Mammalia) in ttle Upper Miocene of Westem Anatolia 

~-~----~---------------------------~ 

UEK-l MY5-1 CAG-1 UEA 

a) Maximum width 86 82 (71)1 
b) Lateral height 62 59 49 
c) Medial height 61 60 
d) Middle height 46 47 43 39 
e) Maximum diameter 65 55 (48) 
f} Widthldiameter of the 

radius. facet 54J58 52152 47/47 
g) Width/diameter of the 

carpal· I facet 10121 14127 11/-
h) Width/diameter of the 

the carpal-2 facet 38f33 32136 25/- 32131 
I) Width/diameter of the 

carpal·3 facet 33132 ·131 281- 31/34 
bla 0.72 0.71 0.69 

1) D. neumayri (Heis.s.ig. 1975b); 2) D. pachygnathus (Guerln.l980); 
3) D. primaevus (Arambourg. 1959) 

On the lateral side there are two facets for the ul
nar. which are spaced closely. The proximal ulnar facet 
is small. The distal ulnar facet is deep. lobe-shaped 
and transversely concave in the Salihpa~alar and GOI
pmarbones. This facet is high in the ~i~eklikoy speci
men. The distal ulnar facet is equal in dorso-volar di
ameter to that of the carpal-4 facet. 

The distal surface of the bone is divided into the 
facets for the carpal-3 and carpal-4. In the Sa
lihpa~lar intermedium the division is nearly trans
verse. It is diagonal in the GOlpmar and ~i~eklikoy 

bones. 

The volar process is flat and square-shaped. 

The dorsal surface is triangular-shaped in the 
GOlpmar and C;i~eklikoy bones and quadrate-shaped in 
the Salihpa~alar form. 

The intermedlum of C. neumayri from Salihpa~alar 
resembles that of D. neumayri from Mahmutgazi 
(Heissig. 1975b) and D. pachygnathu5 (Gaudry. 

MYS-2 t;AG-2 IBt;-1 ASG 

a) Maximum diameter 74 72 721 
b) Dorsal width 59 56 43 (57) 
c) Dorsal height 52 59 57 57 
d) Width/diameter of the 

radius. facet 49/49 ./38 ·139 -/40 
e) Width/diameter of the 

carpal·4 facet 31/48 33142 30/40 30139 
bla 0.79 0.77 0.79 

1) D. neumayti (Heis.s.ig. 1975b); 2) D. pachygnathus (Guerin. 1980) 
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P Q Table i. Biometric values of radial of 
Rhinocerotinae lJEK, MYS. 

85.52 61 3 CAG. C. neumayri (this study), 
62.25 

55 

56.25 

52.75/49.75 

0.72 

1982; Guer!n. 1980) in shape as well as size (Table 
2). C. neumayrj from GOlpmar and Ci~eklik6y co
incides with that of Oarkm described by (He!sslg. 
1975b). 

The materials studied differ from Aceratherini and 
Teleoceratini. In Aceratherini the dorsal surface is nar
row, the carpal-4 facet is shallow. the ulnar facets are 
far from each other, and the articulation of the ulna 
with the intermedium is absent (Yan and Heissig. 
1986; Heissig. 1989). In Te!eoceratini the distal ulnar 
facet is small (Heissig. 1972). 

Astragalus: (Kemiklitepe UEK-2) 

The astragalus is much broader than high. The cal
caneus facet-2 is large. The lateral part of the troch· 
lea extends farther proxima fly and distally than the 
medial part of the trochlea. The above characteristics 
belong to Rhinocerotini (Heissig. 1972). The fibula 
facet becomes narrower towards the proximal side. 
The axis of the trochlea is nearly straight. 

Dt;M 

801 

58 

·/42 

37/47 

p 

752 

53.5 
50 

0.71 

T<Jt,ie 2. 810metric values 
intermediufl1 of Dicerotlni 
MYS, C/\G. 1St;:. C. 
(tills study). 



The calcaneus facet-l is quadrate-shaped and deep
ly concave proximally. and extends half the height of 
the astragalus. Distally it forms a protruding right
angle bend corresponding to the astragalus facet-1 on 
the calcaneus. The calcaneus facet-2 is oval-shaped and 
situated vertically. The calcaneus facet-3 Is more el
ongated. 

The tarsal-4 facet is shoe-shaped and transversely 
deep. It is oblique in pOSition. dorsally convex. and 
plantarly extremely concave. The central facet is trap
ezoid-shaped and convex in dorso-plantar direction. 
and concave in medio-Iateral direction. 

The KemikHtepe astragalus is similar to D. neu
mayri from Kmlk and Mahmutgazi (Heissig, 1975b) in 
shape as well as size. and larger than Paradieeros mu
kirii HooUer from Fort Ternan (HooUer. 1968), Die
erorhinus orientaJis (Schlosser) from Halmyropotamos 
(Melentis. 1970) and D. primaevus (Arambourg. 
1959) (Table 3). 

The Kemiklitepe C. neumayri differs from Elas
motherini. Teleoceratini and Aceratherini. In Elas
motherini the tarsal-4 facet is convex in all direction, 
and the calcaneus facet-2 is small and generally joins 
the calcaneus facet-3 (Heissig. 1976). In Teleoceratini 
the astragalus is flat and large (Heissig. 1972). In Ac
eratherlni the astragalus is low and the axis of the 
tronchlea is oblique (Yan and Heissig. 1986). 

Calcaneus:(Salihpa§alar MYS-3. Kemiklitepe UEK-3) 

The calcaneus is massive. The processus calcaneus 
is short. A small fibula and a large tibia facets join the 
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astragalus facet-l. These characteristics are of Rhin
ocerotini (Heissig. 1972). The tuber calcanei forms 
dorsally a wide hump which tapers medially. Behind 
this hump are situated lateral, medial and proximal ru
gosities. The medial rugosities are stronger than the 
lateral ones. 

Proximally the astragalus facet-l forms a pro
truding right-angle bend corresponding to the deeply 
concave calcaneus facet-l on the astragalus. This facet 
is concave dlstally, and has a dlstal appendix in the Sa
lihpa~alar bone. The astragalus facet-2, which is oval
shaped and concave. occupies almost the entire sus
tentaculum tall. It is separated from the calcaneus fac
et-1 by a narrow and deep groove. The astragalus 
facet-3 is drop-shaped and long. The sustentaculum 
taB forms an elbow at right-angles with the medial 
side of the bone. 

The tarsal-4 facet is trapezium~shaped. curved me
dially and concave in dorso-plantar direction. 

The calcaneus of C. neumayri closely agrees with 
those of D. neumayri from Mahmutgazi and Garkln 
(Heissig.1975b) in shape as well as size. C. neumayri 
is larger than P. mukirii (HooUer. 1968) and D. pri
maevus (Arambourg. 1959) (Table 4). 

The relevant bones differ from ACeratherinae and 
Elasmotherini. In Aceratherinae the tibia facet is gener
ally absent and the fibula facet is large (Heissig. 
1972). In Elasmotherini the plantar rugosities below 
the tuber calcanei are strongly developed (Heissig. 
1976). 

~~-----~---~-----~----~--~--.----------.~-----~--¥------------~-.---~--------.-------.---~~----~ 

UEK-2 ASK-2 Dt;M-l FT H Q 
-.--.----------~----- --.------
a) Maximum width 108 1031 1031 70-81 2 

b) Width of the trochlea 96 98 97 63-75 6r 
c) Middle diameter 53 53 54 
d) Distai width 83 87 90 57-69 85 
e) Height/width of the 

calcaneus facet-1 49/55 57/53 52/60 45144 
f) Heightlwidth of the 

calcaneus facet·2 42132 44/34 39126 47139 
g) Lateral height 96 96 92 59-69 78 
h) Medial height 83 83 82 60-74 76 
J) Middle height 71 78 73 
i) Width of the fibula 

facet above/below 09/17 08122 06J22 
h/a 0.76 0.80 0.79 0.85/0.91 

1) D. neumayri (Heissig, 1975b); 2) P. mukitii (Hoojjer, 1968); 3) D. orientalis (Melentis, 
1970); 4) D. primaevus (Arambourg, 1959). 

904 

79 

0.87 

Table 3. Biometric values of astragalus of 
Rhinocerotinae.UEK, 
C neumayri (this study). 
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Ceratotherium Neumayri (Rhinocerotidae. Mammalia) in the Upper Miocene of Western Anatolia 

al Maximum height 
b) Widthof the 

MYS-3 UEK-3 

153 

sustentaculum 98 92 
c) Articular height 85 86 
d) Width/diameter of the 

tuber calcanei 67/80 
e) Width/diameter of the 

corpus 55nl 54/68 
f) Widthllength of the 

tarsal-4 facet -154 46/47 
b/a 0.64 

D~M 

14i 

96 
75 

52179 

41/63 

36153 
0.65 

ASG 

151 1 

116 
86 

64/80 

50/68 

36/53 
0.76 

IT Q 

55-60 76 

39-41/51-61 -

25-27/39-64 -
0.52-0.52 0.57 

Table 4. Biometric Values of calcaneus of 
Rhinocerotlnae. MYS. UEK 
C. neumayri (this study). 

1) D. neumayri (Heissig. 1975b); 2) P. mukirii (Hooijer, 1968) 3) D. primaevus (Arambourg, 
1959). 

Central: (GOlpmar CAG-3. Salihpa~lar MYS-4, 
Kmlk ASK-l) 

The bone is quadrate-shaped and transversely deep
er than wide. The astragalus facet is saddle-shaped 
and slightly concave transversely. 

The tarsal-l facet is semioval-shaped and bent 
plantarly. The tarsal-2 facet is', circular. and has a 
poorly developed concavity on the medial side in the 
Salihpa§alar material. It is quadrate-shaped in the Kl
mk specimen. The tarsal-3 facet is triangular-shaped. 
and forms a weak wavy structure. 

There is a single, undivided facet for the tarsal-4 
on the lateral side. The tarsal-4 facet unites proximatly 
with the astragalus facet and distally with the tarsal-3 
facet. This facet is dorsally narrow and plantarly wide 
in the GOlpmar bone. The plantar part of the tarsal-4 
facet is constricted in the middle part of the Klmk and 
Salihpa§alar bones. In these bones the dorsal part of 
the tarsal-4 facet joins the tarsal-3 facet. The lateral 

incision is shallow in the Salihpa§alar and Klmk speci
mens. It divides the tarsal-3 facet into two unequal 
parts. The plantar part is narrow and shows tapering 
in the plantar direction. The dorsal part is rounded 
and wide. The lateral incision is not distinct in the 
GOlpmar form. 

The lateral projection is short and obtuse in the 
Salihpa§alar and Kmlk specimens. That from GOlpmar 
is long and sharp. 

The dorsal surface of the bone is smooth. The me
dia-dorsal tuber is band-shaped, and continues along 
the medial surface. The media-plantar tuber is well de
veloped in theSalihpa~lar specimen. 

The central of C. neumayri from Gi.ilpmar appears 
to correspond with that of D. neumayri from Kay
adibi (Heissig, 1975b) in shape as wen as size. The 
Salihpa§alar and Klmk specimens are similar to D. neu
mayri from Mahmutgazi (Heisslg. 1975b). The rel
evant bones are larger than D. pachygnathus and D. 
orientalis (Guerin, 1980; Melentis, 1970) (Table 5). 

--~~-------~~----

MYS-4 ASK-l ~AG-3 KHK Dt;;M P H 
---~-----

a) Makixum width 67 55 61 601 661 49.52 523 

b) Posterior width 55 52 52 
c) Maximum diameter 72 61 59 62 66 65 65 
d) Dorsal height 29 27 25 32 27 25 
e) Plantar height 35 27 41 33 30 32 
f) Middle height 24 22 24 26 23 24 
g) Width/diameter 

of the tarsal-3 facet 51/56 49154 41/- 52152 45/53 
h Width/diameter 

of the proximal 
surface 62151 50143 55/46 61148 64/47 
die 0.40 0.44 0.42 0.51 0.40 .0.38 

1) D.neumayri (Heissig. 1975b); 2) D. pachygnathus (Guerin. 1980); 3) D. orientalis 
(Melentis. 1970). 
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Table 5. Blometric values of central of 
Rhinocerotlnae. MYS. t\SK. 
Q'IG. C. neumayr (this study). 



C. neumayri differs from ChiJatherium inter-
medium (Lydekker) from Dhok Pathan (Siwalik) and 
Dicerarhinus scheiermacheri (Kaup) from Montredon 
(Guerin. 1980). In C. intermedium the lateral in
cision is deep (Heissig. 1972). In D. scheiermacheri 
the lateral border of the proximal surface is fiat. C. 
neumayri differs from Sansan Hoploaceratherium tet
radactyJum (Lartet) which is characterized by the 
presence of a central of semilunar-shaped (Ginsburg 
and Heissig, 1989). 

Tarsal-3 (E$me-Ak~ak6y UEA-l) 

The bone has slightly convex proximal and distal 
facets. There is no metatarsaHV facet. These char
acteristics compare with Rhinocerotini (Helssig. 1972). 
The tarsal-3 is triangular-shaped. high and as broad as 
deep. The central facet is triangular-shaped. The later
al incision is shallow and situated in the middle of the 
lateral border of the central facet. 

On the medial side there are two distal facets for 
the metatarsal-II and one proximal facet for the tarsal-
2. The metatarsal-I! facets are spaced closely. The dor
sal one is concave and the plantar one is convex. 
These facets are equal, oval-shaped and separated 
from the metatarsal-Ill facet by an acute ridge. The 
tarsal-2 facet is more elongated. and widens towards 
the plantar side. It is anteriorly convex and posteriorly 
concave. 

On the lateral side there are two facets for the 
tarsal-4. The plantar one is oval-shaped. large and 
convex. The dorsal one is small and convex. There is a 
protuberance between the proximal and distal lateral 
incisions. 

The metatarsal-Ill facet forms a weakly developed, 
wavy and convex swell. The lateral incision is shallow 
and divides the lateral border of metatarsal-Ill facet 
into two unequal parts. 

The dorsal surface is high and roughened. It bears 
a lot of foraminas in the middle part. 

UEA-l KHK ASG 

a) Maximum width 53 521 611 
b) Maximum diameter 50 51 (55) 
c) Dorsal height 27 29 30 
d) Plantar height 30 31 
e) Middle height 25 26 28 
f) Width/diameter of the 

central facet 51150 48149 55/-
g) Width/diameter of the 

metatarsal-Ill facet 53147 52141 61/44 
cia 0.54 0.55 OA9 

H 
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The E§me-Ak~k6y bone closely resembles D. neu
mayri from Kayadibi (Heissig. 1975b). but it is less 
small. C. neumayri is larger than D. orientalis and D. 
primaevus (Melentis. 1970; Arambourg. 1959). (Table 
6). The tarsal-3 of C. neumayri is similar to Rhin
ocerotini type I from Chil1ii which has equal and 
rounded metatarsal-I! facets (Heissig. 1972). C. neu
mayri also resembles Dicerorhinus leakeyi HooUer 
from Rusinga (Kenya), however. in D. /eakeyi the 
width (55) is nearly twice the dorsal height (27) 
(Hooiler, 1966). If compared with ChiIotherfum from 
Shans! (China), in the latter the width (44) is nearly 
three times the height (15) (Ringstr6m. 1924). 

Tar5al-4: (GUlpmar CAG-4) 

The bone is high. The plantar tuber is strongly de
veloped, and turn laterally. The matatarsaHV facet is 
slightly deep. The plantar central facet is not isolated. 
These characteristics belong to Rhinocerotini (Heissig. 
1972). The proximal surface consists of two facets for 
the astragalus and calcaneus. The astragalus facet is 
kidney-shaped and concave in all directions. Its plantar 
border rises gradually. The calcaneus facet is kidney
shaped, concave transversely and convex laterally. 
These facets are equal in width and depth. A shallow 
groove separates these facets. The groove extends 
obliquely than transversely, and is located in the mid
dle part of the proximal surface. 

On the medial side the dorsal central facet is nar
row. band-shaped and convex. The plantar central is 
tongue-shaped and concave. The dorsal tarsal-3 facet 
is large, semioval-shaped and separated from the met
atarsaHV facet by an acute ridge. The plantar tarsal-3 
facet is small. The metatarsal-HI facet is absent. 

The metatarsal-IV facet is triangular-shaped and 
separated from the plantar tuber bya deep groove. 

The GOlpmar bone fits on D. neumayri from Gar
km (Heissig, 1975b). It is smaller than the Mah
mutgazi specimen (Heissig. 1975b) and larger than P. 
mukirii and D. primaevus (Table 7). 

Q Table 6. Biometric values of tarsal-] of 
Rhinocerotinae. UEA. 

532 
53 

533 
60 

C. neumayri (this study). 

25 21.5 

42148 

51147 
OA7 OAO 

1) D. nel.imayri (Heissig. 1975b); 2) D. orientalis (Melentis. 1970); 3) D. prjmaevus (Arambourg.1959). 
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<;,AG-4 

a) Maximum diameter 67 
b) Dorsal width 54 
c) Plantar width 49 
d) Dorsal height 44 
e) Plantar height 61 
f) Width/diameter of the 

proximal surface 47/44 
g) Width/diameter of the 

astragalus facet 23/43 
h) Width/diameter of the 

calcaneus facet 24/44 
I) Widthldiameteraf the 

metatarsal-IV facet 45/41 
dIb 0.81 

ASG ~M 

731 771 

44 44 
55 58 
43 47 
69 68 

47/- 51!-

24/47 24152 

35/49 30150 

43/37 43/41 
0.97 1.06 

FT 

642 

41 

Q 

43 48 

1.041.23 

Table 7. Biometric values of tarsal-4 of 
Rhinocerotinae. c;AG. 
C. neumayri (this study). 

1) D. neumayri (Heissig. 1975b); 2) P.mukirii (Hootler,l968); 3) D. primaevus (Arambourg. 
1959). 

The tarsal-4 of C. neumayri differs from Elas
motherini. In Elasmotherini. except for Caemontodon 
oettingenae Heissig from Chinji. the calcaneus facet 
does not extend to the lateral surface (Heissig. 1976). 
C. neumayri differs from Brachypotherium perimense 
(Falconer and Cautley) from Dhok Pathan (Siwalik) 
and Aprotodon fatehjangense (Pilgrim) from Chiflii. In 
B. perimense the plantar central facet is isolated, the 
metatarsal-IV facet is deep. and the dorsal surface is 
flat. In A. fatehjangense the astragalus facet is larger 
than the calcaneus facet. and the central facet joins 
the dorsal tarsal-3 facet (Heissig. 1972). 

Occurrences: C. neumayri which is known in the 
Late Miocene faunas. is widely spread in western An
atolia (e.g. Kmlk. GOlpmar. Salihpa~lar). Samos. Pi
kermi. Saloniki, Pentalophos-1 (Greece) and Maragha 
(Iran) (Heissig. 1975a; Arambourg and Piveteau. 
1929; Bernor. 1978; Geraads 1988; Geraards and 

Koufos. 1990; Kaya. 1991). However. its early oc
currence in Turkey is in early Vallesian E;;;me-Ak~k6y 
(MN 9). The Ci~eklikoy fauna is in early Turolian age 
(MN 11). on the basis of fauna! eVidence other than 
C. neumayrt A middle Turolian age (MN 12) for the 
Kemiklitepe fauna can be suggested on the grounds of 
the characteristics of C. neumayri. and other ele
ments. 

The correlation chart of the Late Miocene fauna 
with C. neumayri is shown in Figure 2. The time 
scale is to Steininger et at p 989}. 

Paleoecology 

During the Late Miocene time most of the Middle 
Miocene genus and species were extinct and replaced . 
primarily by Ceratotherium, ChiJotherium. Hipparion 
and Ancylotherium. 

Geologic Tethys Faunal Units 
(Fahlbusch. 
1976) 

Mammal Faunal 
Zones 

FaunaGrOllp5 This report Figure 2. Correlation chart for the Late 
Miocene mammalian 

-5 

-10 

20 

time (m.y.) Stages 
(Mein. 1975) 

Messinian 13 

Tortonian 

Turolian 12 

Vallesian 

11 

10 
9 

(BeckBr-Platen 
etal. 1975) with C. neumayri. 

Amasya 
KInII<: 

Klmk Salih~!ar 

Kemiklitepe 
Garkm 

Gtilpmar 
Kayadibi r;:iglklikoy 



In the Vallesian fauna of E~me-Ak~akoy. An
chltherium sp. Chaficotherium cf. goldfussi Kaup, 
Hipparion ankyranum Ozansoy. Chifotherium (Sub
chilotherium) intermedium (LydekJ<er) and Ch. (Ac
erorhinus) zernovi (Borissiak) (Ozansoy. 1957; Heis
sig. 1975a; Staesche and Sondaar. 1979). whiCh 
accompany C. neumayri. indicate savanna (open 
woodJand)-steppe conditions. 

In the Turolian faunas C. neumayri occurs together 
with other Perissodactyla elements. such as H. matthewi 
Abe!, H. medfterraneum Hensel. Ancylotherium pentel
icum Gaudry and Lartet. Ch. (Ch.) habereri (Schlosser) 
and Ch. (Ch.) schlosseri (Weber) (Heissig, 1975a; At
alay, 1980; Kaya. 1986. 1991). whiCh as a whole point 
to steppe environment with patches of savanna. 

It seems that during the Turolian there was no sig
nificant barrier that would result in an isolation of C. 
neumayri. This compares with the uniform dis
tribution of Hipparion species, such as H. matthewi, 
H. mediterraneum. and A. pentelicum. 

The habitat of e. neumayri is open country and 
shrub (Heissig. 1 975a). Teeth of this form are highly 
crowned, and the buccal surface of the teeth is 
smooth. These characteristics indicate that e. neu
mayri fed with hard grass, i.e. it is a grazing form. 

e. neumayri. as a predominating element in all the 
above faunas, suggests that a savanna environment 
with patches of steppe existed during the early Late 
Miocene (VatIesian). During the middle-late Late Mi
ocene (Turolian), this changed into a steppe with mo
saics of savanna. 

The implied Turolian environmental conditions are 
compatible with a dry and cool climate of this age 
suggested by Akyol and AkgOn (1990). on the basis 
of palinological and floral evidence. 

Qesults 

C. neumayri from the lower Vallesian of E~me
,\k~k6y (MN 9) is characterized by small sized and 
'ximitive forms. 

In the early Turolian GUlpmar and Ci~eklikoy (MN 
1 1) faunas C. neumayri is represented by small-to 
medium-sized forms. It coincides with the forms of 
Garktn (Afyon) and Kayadibi (Konya) faunas described 
by Heissig (1975b). 

C. neumayri in the middle Turolian Kmlk, Sa
lihpa~alar and Kemiklitepe (MN 12) faunas is a !arge
Sized form. The highest evolution level of this species 

is middle Turolian. It corresponds to the elements of 
the Mahmutgazi (DenizIi) (Heissig, 1975b) and Pikermi 
(Greece) faunas. 
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