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Article history: The fossiliferous site at Kavakdere is one of many important late Miocene fossil mammal-
Received 7 February 2019 bearing localities in Anatolia. Previous taxonomic studies on its fauna have revealed a
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Available online 25 September 2019 now poorly documented. New comprehensive descriptions, comparisons and metric anal-

yses using all accessible Giraffidae specimens from Kavakdere suggest the co-occurrence
of five different giraffid taxa. These include Helladotherium duvernoyi, Bramatherium peri-
mense and Palaeotragus rouenii. Two different samotheriines are also identified; the smaller

Handled by Lorenro Rook

Keywords: Samotherium boissieri and the larger Alcicephalus neumayri. The latter is only known from
Sg{;;f;g;um the Turolian of Iran and North China. The occurrence of A. neumayri at Kavakdere consti-
Bramatherium tutes the first fossil record of this taxon from a western locality, suggesting a more dominant
Palaeotragus presence of Alcicephalus in the Pikermian biome.
Alcicephalus © 2019 Académie des sciences. Published by Elsevier Masson SAS. This is an open access
MNT11 article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
0/).
RESUME
Mots clés : Le site fossilifére de Kavakdere est I'une des nombreuses localités importantes d’Anatolie
Ruminants contenant des mammiféres fossiles du Miocéne supérieur. Les études taxonomiques
gzlfz‘;?g;:ﬁnm antér.ie)ures ont Tévé'Ié une pléth?r? Fle ta)sa. CFpendant. les Giraff{dae fossiles de cette
Palaeotragus localité du Turolien inférieur ont été jusqu’a présent peu documentés. De nouvelles don-
Alcicephalus nées détaillées, des comparaisons et des analyses métriques utilisant tous les spécimens de
MN11 Giraffidae accessibles de Kavakdere suggérent la co-occurrence de cinq différents taxons
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de giraffidés. Ils incluent Helladotherium duvernoyi, Bramatherium perimense et Palaeotra-
gus rouenii. Deux différents samothériinés sont aussi identifiés; le plus petit Bramatherium
boissieri et le plus grand Palaeotragus rouenii. Ce dernier n’est connu que dans le Turolien
d’Iran et de Chine du Nord. L'occurrence d’A. neumayri a Kavakdere constitue le premier
enregistrement fossile de ce taxon dans une localité occidentale, suggérant une présence
plus dominante d’Alcicephalus dans le biome pikermien.
© 2019 Académie des sciences. Publié par Elsevier Masson SAS. Cet article est publié en
Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/

4.0)).

1. Introduction

The fossiliferous site at Kavakdere constitutes one of
numerous late Miocene Anatolian fossil mammal-bearing
localities and is located approximately 65km NNW of
Ankara (Fig. 1). Previous palaeontological studies have
been conducted by Ozansoy (1965), Becker-Platen et al.
(1975), Kohler (1987), Geraads and Giile¢ (1999), Viranta
and Werdelin (2003), Sen (2017) and Koufos et al., 2018.
Ozansoy (1965) compiled the first faunal list for this site,
which was later enriched by Becker-Platen et al. (1975).
Later, Geraads and Giile¢ (1999) presented and described
a large skull of Bramatherium perimense Falconer (1845)
from the same locality. Their study was, in fact, the first
comprehensive taxonomic work on the fossil mammals
from Kavakdere, since previous studies listed only fos-
sil taxa without a comprehensive framework, descriptions
and/or illustrations. Furthermore, Viranta and Werdelin
(2003) and Koufos et al. (2018) described fossil Carnivora
from Kavakdere, adding Hyaenictitherium wongii Zdansky
(1924), Adcrocuta eximia Roth and Wagner (1854), Pseu-
daelurus cf. lorteti Gaillard (1899), and a small Carnivora
indet. to the existing faunal list. Lastly, Sen (2017) described
the first record of a large hipparionine Hippotherium
brachypus Hensel (1862), the chalicotheriid Ancylotherium
pentelici Gaudry and Lartet (1856), as well as a possible
occurrence of a new subspecies of A. eximia. Most of the
above-mentioned studies were based on collections hosted
in the Natural History Museum of Ankara (MTA). Nonethe-
less, a part of the assemblage which was collected by Dr.
Ozansoy during the 1950s is hosted in the Natural History
museum of Ege University, [zmir, Turkey (EUNHM).

The family Giraffidae constitutes a group of pecoran
ruminants, which are characterized by the presence of
bilobed canines, brachydont cheek teeth, as well as epiphy-
seal cranial appendages called ossicones (Grossman and
Solounias, 2014; Harris et al., 2010; Janis, 1987; Solounias,
1988). Giraffids exhibit a wide geographic distribution
throughout the Pikermian biome, from the early Miocene
with the appearance of the first ancestral forms of giraffids
(Arambourg, 1963; Harris et al., 2010; Solounias, 2007).
The now extinct Pikermian biome used to extend from
Spain to China and northern Africa (Danowitz et al.,
2016 and literature cited therein). During the Miocene,
giraffids were widespread across this area and, allegedly,
inhabited sclerophyllous evergreen woodlands that were
later replaced by dryer and more open habitats during the
Pliocene (Danowitz et al., 2016; Solounias et al., 1999).
Kavakdere, alongside numerous other Greek and Anatolian
localities, is considered as part of the central region of

the Pikermian biome. Herein we describe all dental and
postcranial material of Giraffidae found at Kavakdere, from
the historical fossil assemblage collected by Dr. Ozansoy.
The giraffid material is compared to fossil elements of the
respective taxa, found across the Greco-Iranian province,
and analysed using both morphological and metrical data.
These analyses segregate five different giraffid species from
Kavakdere. All taxa are thoroughly described and illus-
trated herein. Furthermore, the giraffids from Kavakdere
are discussed in a time-related biogeographic framework.

1.1. Locality and geological setting

Middle Miocene to Pleistocene fossiliferous sedimen-
tary rocks in the Sinap Tepe-Beycedere-Kavakdere area,
northwest of Ankara, central Anatolia, in the vicinity of the
towns Kazan and Cubuk, are part of the Sinap Formation
(summarized in Lunkka et al., 2003). The Sinap Formation
comprises seven members (Yellidoruk Mb, Lower Sinap
Mb, Middle Sinap Mb, Upper Sinap Mb, Beycedere Mb,
Kavakdere Mb, Igbek Mb: see Fig. 1.3 in Lunkka et al.,
2003). The basal and oldest member is the Beycedere
Mb. It is overlain by the Lower to Upper Sinap Members
and the contemporaneous Igbek Mb. The upper units of
the Sinap Members and the Igbek Mb overlap the lower
part of the successive Kavakdere Mb. All these members
are of middle to late Miocene age. The following Calta
Mb is of late Miocene to Pliocene age (see Fig. 1.3 in
Lunkka et al., 2003). Outcrops or sections in the Sinap
Tepe-Beycedere-Kavakdere area are grouped according to
their geographic position into three subareas: 1) Sinap Tepe
(incl. the sections Yellidoruk I, Yellidoruk II, Delikayincak
Tepe, and Sinap I to VI), 2) Igbek (incl. the Igbek section),
and 3) Beycedere-Kavakdere (incl. the sections Beycedere,
Kavakdere S, Kavakdere N). Sections in the Sinap Tepe
subarea are characterized by the Yellidorik and Sinap Mem-
bers, magnetostratigraphically correlated as 10.899-9.279
Ma and of early to middle Vallesian age (Kappelman et al.,
2003: Koufos et al., 2018). The Igbek subarea is character-
ized by the Igbek Mb, with an interpolated age of 9.130 Ma
and is of late Vallesian age (Kappelman et al., 2003: Koufos
etal., 2018). The sections in the Beycedere-Kavakdere sub-
area are characterized by the Beycedere and Kavakdere
Members. These are of early Turolian age, spanning a range
from 8.866 to 8.121 Ma (Kappelman et al., 2003: Koufos
et al., 2018). The giraffid collection described herein was
collected from the upper units of the Kavakdere N section
(Kavakdere Mb, see Fig. 1.7 in Lunkka et al., 2003). This
horizon is equivalent to Loc. 26 of the latest Sinap Project,
conducted by Prof. B. Alpagut during the years 1989-1995
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Fig. 1. Geographical map indicating the geographic position of the fossiliferous site Kavakdere (star) in relation to Ankara, Izmir, and Istanbul.

Fig. 1. Carte géographique indiquant la position géographique du site fossilifére de Kavakderen (étoile) en relation avec Ankara, Izmir et Istamboul.

(Kappelman et al., 2003; Sen, 2003). The sedimentary rock
section at Kavakdere N is dominated by silicified mud-
stones interbedded with marly sediments in the lower part
and coarser units in the upper half (Lunkka et al., 2003). The
fossiliferous horizon was magnetostratigraphically dated
to 8.12 Ma by Kappelman et al. (2003).

2. Materials and methods

The fossil giraffid material from AAK is stored in the
Natural History Museum of Ege University, Izmir, Turkey
(EUNHM). The present study focuses on fossil dental and
post cranial material of Giraffidae and its main goal is to
update the faunal list of AAK based on this historical collec-
tion. All material was measured using an electronic calliper,
as well as a measuring tape, for the larger specimens. Mea-
surements are given in millimetres and presented in the
respective tables. Width measurements of dental elements
were taken on the base of the crown. Statistical analyses
were achieved using the software PAST (Hammer et al.,
2001). Dental terminology follows Barmann and Réssner
(2011). Anatomical terms of postcranial elements follow
Schaller (2007), Solounias and Danowitz (2016a), and Rios
et al. (2016).

2.1. Institutional and anatomical abbreviations

AAK: Ankara-Kavakdere; AMNH: American Museum of
Natural History; EUNHM: Natural History Museum of Ege
University, Izmir, Turkey; MTA: Natural History Museum
of Ankara, Turkey; NHB: Natural History Museum of Basel;
NHMW: Natural History Museum of Vienna; RIN: Rajabhat

Institute Nakhon, Ratchasima; SMNS: Staatliches Museum
fiir Naturkunde Stuttgart, Germany.

3. Systematic Palaeontology

Class Mammalia Linnaeus, 1758

Order Artiodactyla Owen, 1848

Family Giraffidae Gray, 1821

Subfamily Sivatheriinae Zittel, 1893

Genus Helladotherium Gaudry, 1860

Helladotherium duvernoyi (Gaudry and Lartet, 1856)

Material: PV-156, distal part of right humerus; PV-155,
left radius; PV-33, distal part of left radius; PV-154, right
metacarpal; PV-151, left tibia; PV-157, left astragalus; PV-
158, right astragalus; PV-237, right naviculocuboideum;
PV-152, right metatarsal; PV-159, proximal phalanx; PV-
160, proximal phalanx; PV-161, proximal phalanx; PV-162,
middle phalanx; PV-163, middle phalanx (Fig. 2; Table 1).

Descriptions: H. duvernoyi is represented only by post-
cranial elements of the front and hind limbs. The humerus
(PV-156; Fig. 2A) maintains the distal condyle and most of
the diaphysis, while the proximal epiphysis is absent. Medi-
ally, the teres tuberosity, for the termination of M. teres
major and M. latissimus is well pronounced, narrow and
long. The crista humeri is blunt and almost not visible.
The radial fossa is shallow but well-defined. The fossa ole-
crani is open and sub-rounded. The lateral epicondyle is
strong giving the lateral trochlea a quadrate shape, while
the medial epicondyle is weak and blunt. The distal trochlea
is asymmetrical with the medial condyle being notably
smaller. In cranial aspect, the medial condyle is interrupted
by a grove, which is positioned medio-caudally to the keel
of the trochlea.
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Two incomplete specimens of radii were recovered. PV-
155 (Fig. 2B) represents a radius-ulna with the proximal
part, as well as a large part of the diaphysis recovered,
while PV-33 (Fig. 2C) represents only the distal part of a
left radius. In proximal aspect, the medial articular sur-
face is rounded and notably smaller than the lateral one,
which shows a sub-quadrate outline. Both surfaces are
wide, slightly concave and well limited by an evident and
sharp rim. The lateral protuberance is well developed, but
not as strong as the radial tuberosity. The diaphysis is sim-
ple, with the medial and lateral surfaces running almost
parallel to each other. On the distal trochlea and in cranial
aspect, the groove for the extensor carpi radialis and the
common extensor tendon is wide and shallow. This area is
well defined by two strong crests, which run parallel to each
other from the medial plane of the scaphoid facet and the
medial plane of the lunatum facet until almost the lower
25% of the length of the radius. The lateral styloid process
is strong and more developed than the medial one. In distal
aspect, the facet for the scaphoid is deep and rounded. The
facet for the lunatum is also deep, with crests of the facet
being parallel only caudally. The surface for the pyramidal
is shallow and semi-circular. On PV-155, a large part of the
ulna is also present. The tuber olecrani is strong, extending
caudally. The processus anconeus is absent and the proces-
sus coronoideus is completely fused with the caudal plane
of the head of the radius. The incisura trochlearis is long
and wide. The proximal interosseous space between radius
and ulna is long. The lateral and medial borders of the cor-
pus ulnae are not visible, due to the strong fusion with the
radius.

The metacarpal (PV-154; Fig. 2D) is long and robust. In
palmar aspect, the medial and lateral epicondyles seem
equally developed. In dorsal and proximal aspects, how-
ever, the medial epicondyle is more developed, due to the
positioning of the facet for the trapezoideo-capitatum. This
facetis almost rectangular, while the facet for the hamatum
is sub-triangular. The epicondyles are well separated by the
open synovial fossa, which is deep and extends towards
the central trough, a common feature in members of the
Sivatheriinae. The latter is deep and concave on the upper
part of the shaft and flattens gradually towards the head of
the metacarpal. The trough is limited by two strong ridges,
with the medial ridge being notably sharper than the lateral
ridge. The head is flat, and the keels of the distal condyles
are strong and sharp in palmar aspect, getting progressively
blunter towards the dorsal side.

The tibia is represented by an almost complete speci-
men (PV-151; Fig. 2E) with the proximal extremity being
absent. The diaphysis is simple and slightly bent. In cranial

aspect, the shaft is smooth and there is only a small groove
noted towards the proximal end of the tibia, which would
lead to the extensor groove. Caudally, the shaft is more
ornamented, with a very long popliteal line originating
from the distal epiphysis and running through the whole
shaft, parallel to the weak curve of the tibia. Additional long
muscular lines can be seen towards the lateral margin of the
shaft. The medial malleolus is strongly developed. In distal
aspect, the facets for the astragalus are parallel, with the
lateral one being slightly larger.

Two astragali of Helladotherium have been recovered
(PV-157, PV-158; Fig. 2F). In dorsal aspect, the lateral ridge
of the trochlea is very strong. The medial ridge is notably
thinner, leading to a blunt lip on the medial margin. The
medial bulge at the collum tali is fairly developed and
rounded. The head is slightly asymmetrical, with the lateral
trochlea being somewhat bigger than the medial trochlea.
The groove of the trochlea is open, following the slight
curve of the lateral ridge. The ventral articular surface is
almost square in shape, with the medial margininterrupted
by a distinct medial scala. The proximal triangular fossa
is deep and well defined. The distal intracephalic fossa is
very weak and the medial scala very prominent, a common
feature observed in Helladotherium.

The naviculocuboideum (PV-237; Fig. 2G) is large and
oval shaped in proximal view. The astragalar facets are
parallel, with the lateral one being notably longer. The
lateral peak is short and blunt. The calcaneal facet is
long and extends almost behind the lateral peak, as in all
Sivatheriinae. In distal aspect, the facet for the metatarsal
is sub-triangular. The facet for the external cuneiform
is almost as big as the metatarsal facet and it is sub-
rectangular in shape. The facet for the medial cuneiform
is much smaller, oval shaped and well separated from the
medial cuneiform facet by a sharp crest.

The metatarsal (PV-152; Fig. 2H) is long and complete,
revealing all distinctive features. In proximal view, the facet
for the naviculocuboideum is long and is sub-rectangularly
shaped. The facet for the external cuneiform is slightly
larger and the facet for the medial cuneiform is small and
rounded. In plantar view, the epicondyles are all strong and
well separated. The dorsal head of the lateral epicondyle is
rounded and robust. The ventral head of the lateral epi-
condyle is broken, and it seems to be as developed as the
dorsal head, but less extended laterally. The medial epi-
condyle is generally stronger and more robust. The ventral
head is very strong, leading to the blunt medial ridge of the
central trough. The pygmaios is absent. On the distal epi-
physis, the keels of the medial and the lateral condyles are
strong and equally developed in plantar and dorsal aspect.

Fig. 2. Fossil post-cranial material of Helladotherium duvernoyi from Kavakdere. A: PV-156, distal part of right humerus; B: PV-155, left radius; C: PV-33,
distal part of left radius, (i) cranial view and (ii) distal view; D: PV-154, right metacarpal, (i) dorsal view and (ii) proximal view; E: PV-151, left tibia,
(i) cranial view and (ii) caudal view; F: PV-157, left astragalus, (i) dorsal view, (ii) lateral view, (iii) medial view and (iv) plantar view; G: PV-237, right
naviculocuboideum, (i) proximal view and (ii) distal view; H: PV-152, right metatarsal, (i) dorsal view, (ii) plantar view and (iii) proximal view; I: PV-159,
first phalanx, (i) dorsal view and (ii) lateral view; J: PV-162, second phalanx, (i) dorsal view and (ii) plantar view. The scale equals 20 centimetres.

Fig. 2. Matériel post-cranien fossile d’Helladotherium duvernoyi de Kavakdere. A : PV-156, partie distal d’humérus droit ; B : PV-155, radius gauche ; C : PV-
33, partie distale de radius gauche, vues cranienne (i) et distale (ii) ; D : PV-154, métacarpien droit, vues dorsale (i) et proximale (ii) ; E : PV-151, tibia gauche,
vues cranienne (i) et caudale (ii) ; F : PV-157, astragale gauche, vues dorsale (i), latérale (ii), médiale (iii) et plantaire (iv) ; G : PV-237, naviculocuboideum,
vues proximale (i) et distale (ii) ; H : PV-152, métatarse droit ; vues dorsale (i), plantaire (ii) et proximale (iii) ; I : PV-159, premiére phalange, vue dorsale
(i) et latérale (ii) ; ] : PV-162, seconde phalange, vues dorsale (i) et plantaire (ii). Echelle =20 cm.



624 A. Xdfis et al. / C. R. Palevol 18 (2019) 619-642

Table 1

Measurements of post-cranial elements of Helladotherium duvernoyi from Kavakdere. Sin: left; Dex: right; TD: transverse diameter; APD: antero-posterior
diameter; L: length; prox: proximal; dia: diaphysis; dis: distal; d: width of the ulnar articulation surface; lat: lateral; med: medial; Hmax: maximum height;
H1: Height of the cubonavicular on the level of the medial astragalar surface; H2: Height of the cubonavicular on the level of the lateral astragalar surface.
All measurements given in millimetres.

Tableau 1

Mesures des éléments post-craniens d’Helladotherium duvernoyi de Kavakdere. Sin : gauche ; Dex : droite ; TD : diamétre transversal ; APD : diamétre
antéro-postérieur ; L : longueur ; prox : proximal ; dia : diaphyse ; dis : distal ; d : largeur de la surface articulaire de I'ulna ; lat : latéral ; med : médial ;
Hmax : hauteur maximum ; H1 : hauteur du cubonaviculaire au niveau de la surface médiale de I'astragale ; H2 : hauteur du cubonaviculaiure au niveau
de la surface latérale de I'astragale. Toutes les mesures sont en millimeétres.

Humerus

Inv. Number Taxon Sin/Dex TDdia APDdia Tddis APDdis
PV-156 Helladotherium duvernoyi dex 75.16 76.6 141.71 135.86

Radius-Ulna

Inv. Number Taxon Sin/Dex d TDprox APDprox TDdia APDdia TDdis APDdis
PV-155 Helladotherium duvernoyi sin 76.86 153.25 80.18 81.36 80.93
PV-33 Helladotherium duvernoyi sin 102.42 73.02

Metacarpus

Inv. Number Taxon Sin/Dex L TDprox APDprox TDdia APDdia Tddis APDdis
PV-154 Helladotherium duvernoyi dex 415.2 101.73 67.33 57.82 50.56 98.77 62.78

Tibia

Inv. Number Taxon Sin/Dex TDdia APDdia TDdis APDdis
PV-151 Helladotherium duvernoyi sin 70.52 53.78 110.08 80.03

Astragalus

Inv. Number Taxon Sin/Dex Llat Lmed TDprox TDdis
PV-157 Helladotherium duvernoyi sin 110.26 90.89 69.77 69.7
PV-158 Helladotherium duvernoyi dex 114.51 99.48 80.95 76.58

Naviculocuboideum

Inv. Number Taxon Sin/Dex TD APDmed APDmax Hmax H1 H2
PV-237 Helladotherium duvernoyi dex 88.66 71.62 92.3 64.07 25.18 33.26

Metatarsus

Inv. Number Taxon Sin/Dex L TDprox APDprox TDdia APDdia TDdis APDdis
PV-152 Helladotherium duvernoyi dex 432.44 78.02 76.54 42.52 48.08 79.34 48.72

Phalanx 1

Inv. Number Taxon L TDprox APDprox TDdis APDdis
PV-159 Helladotherium duvernoyi 108.32 47 50.82 45.46 36.2
PV-160 Helladotherium duvernoyi 108.54 45.36 47.36 40.11 32.34
PV-161 Helladotherium duvernoyi 107.56 48.47 52.83 42.77 33.2

Phalanx 2

Inv. Number Taxon L TDprox APDprox TDdis APDdis
PV-162 Helladotherium duvernoyi 62.23 42.73 45.82 39.44 46.82
PV-163 Helladotherium duvernoyi 58.82 42.6 4541 39.61 46.49

The proximal phalanx (PV-159, PV-160, PV-161; Fig. 21)
is robust. The medial and lateral margins of the body are
almost parallel to each other, since the base and the head
of the phalanx are only slightly extended mediolaterally.
On the articular fovea, the medial articular facet is well
separated by the larger lateral articular facet by a distinct
trough. In lateral and medial view, the palmar tubercles
are strong and long, typical for the taxon. The head of the

phalanx is asymmetrical, with the medial trochlea being
slightly bigger than the lateral trochlea.

The middle phalanx (PV-162, PV-163; Fig. 2]) is
short, with an almost flat palmar surface and a
strongly convex plantar margin. The palmar tubercles
are robust and postero-dorsally extended. The medial
and lateral keels of the distal epiphysis are sharp and
well-defined.



A. Xdfis et al. / C. R. Palevol 18 (2019) 619-642 625

100:

90

80

APDprox (mm)

70

60 Ra

120 130 140 150 160 170 180 190
TDprox (mm)

100

90

APDdis (mm)
o0
S

70

Ti
100 110 120 130
TDdis (mm)

60
Bl

140

TDprox (mm)
2

o
S

o
(=}

70
390 410 430 450 470

Length (mm)

90

TDprox (mm)
o0
(=]

70
o Mt
420 440 460 480 500

Length (mm)

Fig. 3. Dispersion plots showing the relative size of limb bones of Helladotherium duvernoyi from Kavakdere. The light grey areas represent the Samotherium
major morphospaces. The dark grey areas represent the Helladotherium duvernoyi morphospaces. Circle points represent the Kavakdere specimens. Hu:
humerus; Mc: metacarpus; Ti: tibia; Mt: metatarsus; TD: transverse diameter; APD: antero-posterior diameter; prox: proximal; dis: distal. All measurements
given in millimetres (data from Bohlin, 1926; Geraads, 1994; Iliopoulos, 2003; Kostopoulos, 2009; personal data of AX).

Fig. 3. Diagramme des relevés montrant la taille relative des os des membres d’Helladotherium duvernoyi de Kavakdere. Les zones en gris clair représentent
les morpho-espaces de Samotherium major, les zones en gris foncé ceux d'Helladotherium duvernoyi. Les cercles noirs représentent les échantillons de
Kavakdere. HU : humérus ; Mc : métacarpien ; Mt : métatarsien ; TD ; diamétre transversal ; APD : diamétre antéro-postérieur ; prox : proximal ; dis :
distal. Toutes les mesures sont en millimétres (données d’aprés Bohlin, 1926 ; Geraads, 1994 ; Iliopoulos, 2003 ; Kostopoulos, 2009 ; données personnelles

de AX).

Comparisons and remarks: Helladotherium duvernoyi
constitutes one of the most common large-sized Miocene
giraffids. The stratigraphic origin of the earliest collection
from the type locality of Pikermi, described by Gaudry
(1860), is unknown. Therefore, there is no designated
holotype. However, all the sivatheres of the type locality
belong to the same species, and therefore, the assignment
of a lectotype is unnecessary (Geraads et al., 2005). Hel-
ladotherium duvernoyi is the only species assigned to the
genus and it appears in several localities of the Greco-
Iranian province, from MN9 to MN13 (Athanassiou, 2002;
Bonis et al., 1992; Iliopoulos, 2003; Kostopoulos, 2009;
Kostopoulos and Koufos, 2006; Kostopoulos and Sarag,
2005; Kostopoulos et al., 1996, 2003, 2009; Koufos, 1990,
2006; Koufos et al., 2009; Marinos and Symeonidis, 1974;
Solounias, 1981a, 1981b).

Although in the studied collection dental remains
of H. duvernoyi are completely absent, a collection of

fore and hind-limb specimens can clearly distinct this
taxon from other large Miocene giraffids, such as Samoth-
erium Forsyth-Major (1888) and Bramatherium Falconer
(1845). Morphological differences of post-cranial elements
of H. duvernoyi, Samotherium boissieri, S. major and Bra-
matherium megacephalum were given by Kostopoulos
(2009), Rios et al. (2016), and Solounias and Danowitz
(2016a).

Due to the scarcity of the fossil material, there is no obvi-
ous sexual dimorphism detected within Helladotherium
from Kavakdere. However, metrical comparison with spec-
imens from other fossiliferous sites reveal the relative size
of the large sivathere from Kavakdere. Following Roussiakis
and Iliopoulos (2004), we compared ratios between the
proximal and distal epiphyses of all post-cranial long bones
(radius, metacarpus, tibia and metatarsus), from various
fossiliferous localities, where the size variation is more
prominent (Fig. 3). In all cases, the Kavakdere specimens
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plot very close to the morphospaces of Samotherium major,
suggesting a relatively small size of H. duvernoyi.

Genus Bramatherium Falconer, 1845
Bramatherium perimense (Falconer, 1845)

Material: PV-150, left metatarsal; PV-153, left
metatarsal; PV-236, proximal phalanx (Fig. 4; Table 2).

Descriptions: The fossil material of B. perimense is lim-
ited to two metatarsals, as well as a proximal phalanx. The
metatarsus (PV-150, PV-153; Fig. 4A-B) is very long and
robust. Proximally, the surface for the naviculocuboideum
is oval to kidney-shaped since the palmar rim of the sur-
face bends notably towards the synovial fossa. The surface
for the external cuneiform is long and slightly larger than
the surface for the naviculocuboideum, with an almost
rectangle semi-circular shape. The surface for the medial
cuneiformis small, with the palmar rim being slightly bifur-
cated. Between these two surfaces, an additional small
triangle-shaped articular surface can be noted. This surface
is on the same level as the cuneiform surfaces and repre-
sents the remnant of the lateral fifth metatarsal. In plantar
view, the epicondyles are all strong and well-separated. The
dorsal head of the lateral epicondyle is rounded, bearing a
small bony protuberance proximally. The ventral head of
the lateral epicondyle is long and thin, leading to the lateral
ridge of the central trough. The medial epicondyle is gener-
ally stronger and more robust. The ventral head is blunt but
very strong, leading to the blunt medial ridge of the central
trough. Between the medial and lateral epicondyles there
is a weak but visible spindle-shaped pygmaios, which is
slightly elevating above the surface of the basis. The cen-
tral trough is somewhat shallow, and it flattens towards the
distal shaft. On the distal epiphysis, the keels of the medial
and the lateral condyles are strong and equally developed
in plantar and dorsal aspect.

The proximal phalanx (PV-236; Fig. 4C) is very long and
robust. The medial and lateral margins of the corpus are
only slightly concave. On the articular fovea, a deep trough
is separating the medial from the larger lateral articular
facet. The palmar tubercles are long, covering approxi-
mately the upper 40% of the phalanx. The head is strongly
asymmetrical and has almost the same width as the corpus.

Comparisons and remarks: Bramatherium, including the
synonymous genera Hydaspitherium Lydekker (1876) and
Vishnutherium Lydekker (1876), constitutes a widespread
upper Miocene sivatherine. The taxon has been reported
from numerous Asian localities in Thailand, Myanmar,
India, Pakistan, United Arab Emirates and Turkey (Antoine
et al., 2013; Bhatti et al.,, 2012; Bibi et al., 2013; Brunet
et al., 1981; Colbert, 1935; Gaur et al., 1985; Gentry, 2003;
Geraads and Giileg, 1999; Khan et al., 2014; Lewis, 1939;
Lydekker, 1878; Matthew, 1929; Nishioka et al., 2014; Raza
etal.,2002; Sehgal, 2015; Sehgal and Nanda, 2002a, 2002b;
Welcomme et al., 1997). However, the determination of
the taxon has been almost solely based on cranial and
dental characters, while post cranial elements are rarely
described.

Bramatherium is no stranger to the fossiliferous hori-
zons at Kavakdere, since it was the first taxon to be

comprehensively described from the locality (Geraads and
Giileg, 1999). The authors of this study also included a brief
description of a humerus and a metatarsus. Later, new com-
parative studies focused on metatarsals and astragali, gave
a better image and understanding of the osteology of the
taxon (Rios et al., 2016; Solounias and Danowitz, 2016a),
especially in comparison to H. duvernoyi, since the two taxa
have been considered synonymous in the past (Matthew,
1929). Nevertheless, the osteological differences between
most post cranial skeletal elements of the different Bra-
matherium species are still unclear.

The three species recognized are B. perimense, B. mega-
cephalum Lydekker (1876), and B. grande Lydekker (1876),
with the latter circumscription based solely on den-
tal material. The post cranial long bones, and especially
the metapodials of Helladotherium and Bramatherium
exhibit a high metrical overlapping (Solounias, 2007;
Fig. 5). Therefore, metrical comparison alone, cannot pro-
vide a conclusive taxonomic interpretation. Nevertheless,
metatarsals of H. duvernoyi and B. megacephalum differ in
many ways, with B. megacephalum having an additional dis-
tinct pygmaios, as well as a remainder of the lateral fifth
metapodial, which are absent in H. duvernoyi (Rios et al.,
2016).

The above-described metatarsals both exhibit the gen-
eral sivatherine characters. However, both PV-150 and
PV-153 have a small but distinct pygmaios as well as a
remnant of the lateral fifth metatarsal. A metatarsal of
Bramatherium sp. from Thailand (RIN 794; Nishioka et al.,
2014: Fig. 4) demonstrates all the above-mentioned char-
acters, but the pygmaios is notably more prominent than
in the Kavakdere specimens, putting RIN 794 closer to
B. megacephalum (AMNH 19688; Rios et al., 2016: Fig. 8).
In addition, the irregularly shaped surface for the medial
cuneiform in the Kavakdere metatarsalia, as opposed to
the perfectly rounded surface of H. duvernoyi, fits closer
to the almost heart-shaped medial cuneiform surface of
B. megacephalum (Rios et al., 2016). This surface is not visi-
ble in the Thai (RIN 794) specimens due to the attachment
of the naviculocuboideum at the basis of the metatarsal.
Metrically, PV-150 comprises the longest Bramatherium
metatarsal ever recorded. It appears approximately 10%
longer and 14% and 20% wider in the anteroposterior diam-
eters of the proximal and distal epiphysis, respectively,
than in PV-153. This size difference could be attributed to
sexual dimorphism, as noticed in long post cranial bones of
Helladotherium duvernoyi and Bohlinia attica, Gaudry and
Lartet (1856) (Roussiakis and Iliopoulos, 2004). Bramath-
erium shows a wide metatarsal length fluctuation (Fig. 6A).
On a species level though, it becomes clear that B. peri-
mense is generally larger than B. megacephalum (Fig. 6B),
which can also be observed in dental measurements (Lewis,
1939).

First phalanges of Bramatherium are reported and
illustrated by Colbert (1935) and they share the general
sivatherine characters, such as a very long and thick
corpus and strong palmar tubercles (Kostopoulos, 2009).
The Kavakdere specimen also possesses these characters.
However, the fact that PV-236 is much bigger than the
rest of the recovered sivatherine phalanges, and it has a
notably longer and more robust palmar tubercles than
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Fig. 4. Fossil post-cranial material of Bramatherium perimense from Kavakdere. A: PV-150, left metatarsal, (i) dorsal and (ii) plantar aspect; B: PV-153, left
metatarsal, (i) dorsal and (ii) plantar aspect; C: PV-236, first phalanx, (i) dorsal and (ii) lateral aspect. The scale equals 20 centimetres.
Fig. 4. Matériel post-cranien fossile Bramatherium perimense de Kavakdere. A : PV-150, métatarsien gauche, aspects dorsal (i) et plantaire (ii) ; B : PV-153,
métatarsien gauche, aspects dorsal (i) et plantaire (ii) ; ¢ : PV-236, premiére phalange, aspects dorsal (i) et lateral (ii). Echelle =20 cm.
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Table 2

Measurements of post-cranial elements of Bramatherium perimense from Kavakdere. Sin: left; Dex: right; L: length; APD: antero-posterior diameter; TD:
transverse diameter; prox: proximal; dia: diaphysis; dis: distal. All measurements given in millimetres.

Tableau 2

Mesures des éléments post-craniens de Bramatherium perimense de Kavakdere. Sin : gauche ; Dex : droite ; L : longueur ; APD : diamétre antéro-postérieur ;
TD : diamétre transversal ; prox : proximal ; dia : diaphysis ; dis : distal. Toutes les mesures sont en millimétres.

Metatarsus
Inv. Number Taxon Sin/Dex L TDprox APDprox TDdia APDdia TDdis APDdis
PV-150 Bramatherium perimense sin 486.9 93.76 94.9 56.85 61.03 100.8 60.15
PV-153 Bramatherium perimense sin 442.83 85.67 83.04 49.04 50.12 86.19 55.76
Phalanx 1
Inv. Number Taxon L TDprox APDprox TDdis APDdis
PV-236 Bramatherium perimense 123.54 54.89 61.79 53.14 40.04
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Fig.5. Scatter diagram of the total length versus the transverse diameter of the diaphysis of the metatarsals of Bramatherium perimense from Kavakdere (dark
points). Light grey area represents the morphospace of Helladotherium. Dark grey area represents the morphospace of Bramatherium. The measurements
are given in millimetres (data from Iliopoulos, 2003; Kostopoulos, 2009; Nishioka et al., 2014; Rios et al., 2016; personal data of AX).

Fig. 5. Diagramme de dispersion de la longueur totale en fonction du diamétre transversal de la diaphyse des métatarsiens de Bramatherium perimense
de Kavakdere (points noirs). La zone en gris clair représente le morpho-espace d’Helladotherium, la zone en gris foncé celui de Bramatherium. Les mesures
sont fournies en millimétres (données d’lliopoulos, 2003 ; Nishioka et al., 2014 ; Rios et al., 2016 ; données personnelles de AX).

in H. duvernoyi, suggest that it belongs to the larger
B. perimense instead of the smaller H. duvernoyi.

Subfamily Palaeotraginae Pilgrim, 1911
Genus Palaeotragus Gaudry, 1861
Palaeotragus rouenii (Gaudry, 1861)

Material: PV-176, right mandible with d3-m1; PV-244,
left naviculocuboideum; PV-226, proximal phalanx (Fig. 7;
Table 3).

Descriptions: Dental elements of P. rouenii from
Kavakdere are only represented by a mandible bearing
deciduous dentition (PV-176; Fig. 7A). The clade is short
and thin, and the second deciduous premolar is broken. The
d3 is long and strongly molarized. The anterior conid and
anterior stylid are big and almost equally developed, with

the latter being slightly stronger. The anterolabial cristid is
large, projecting antero-labially, creating a small crescent
surface, in occlusal aspect. The mesolingual and mesolabial
conids are the largest cusps and they are well-separated by
a transverse fossa. The mesolingual conid carries a strong
fold, which is projecting postero-lingually, within the fossa.
The posterolabial and posterolingual conids are isolated
and separated from each other by a very thin and long fossa
with a posterolingual direction. Both conids are strongly
developed. Cingula and stylids are completely absent.

The d4 is long with very well-defined ectostylids. All
lobes are simpl