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ABSTRACT
Samotherium Major, 1888 (Giraﬃdae) is recorded from several late Miocene localities, primarily
in the Balkans, the northern Black Sea region, Anatolia, central Asia and China. The ﬁrst complete
cranial material, with several mandibular rami, and postcranials of Samotherium are described here
from the Middle Maragheh sequence in northwest Iran. The Maragheh taxon appears metrically and
morphologically similar to the smaller Samotherium taxon from the Samos Island (Greece) referred
to as S. boissieri Major, 1888, type species of the genus. These new data trigger further discussion
about the Iranian Samotherium record, including Alcicephalus Rodler & Weithofer, 1890, which was
recently resurrected as a valid genus in the Maragheh fauna. Our analysis of the material referred to
this genus indicates that Samotherium is the most likely attribution for the Maragheh A. neumayri
Rodler & Weithofer, 1890. Diﬀerences between S. boissieri and S. neumayri are more pronounced in
postcranial elements than in cranial and dental ones and need further investigation.
RÉSUMÉ
Crânes de Samotherium Major, 1888 (Giraffidae) de la faune du Miocène supérieur Maragha (Iran)
et la validité d’Alcicephalus Rodler & Weithofer, 1890.
Samotherium Major, 1888 (Giraﬃdae) a été répertorié dans plusieurs localités du Miocène supérieur,
principalement dans les Balkans, dans la région septentrionale de la mer Noire, en Anatolie, en Asie
centrale et en Chine. Les premiers crânes complets ainsi que des mandibules de Samotherium, sont
décrits ici à partir des horizons du Maragha moyen, dans le Nord-Ouest de l’Iran. Le taxon de Maragha
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est métriquement et morphologiquement similaire au taxon plus petit de Samotherium de l’île de
Samos (Grèce), appelé S. boissieri Major, 1888, espèce type du genre. Ces nouvelles données provoquent des discussions sur l’assemblage de Samotherium iranien, y compris Alcicephalus Rodler &
Weithofer, 1890 récemment ressuscité comme genre valide dans la faune de Maragha. Nos analyses
du matériel rapporté à ce genre indiquent que Samotherium est l’attribution la plus probable pour
A. neumayri Rodler & Weithofer, 1890 de Maragha. Les diﬀérences entre S. boissieri et S. neumayri
sont plus prononcées dans les éléments post-crâniens que dans les éléments crâniens et dentaires
et nécessitent un examen plus approfondi.

INTRODUCTION
Eurasian late Miocene mammal communities (also known as
the Pikermian faunas), distributed from Southern Europe and
Balkans to Afghanistan and likely China, are characterized
by a great variety of herbivore taxa, especially equids, rhinos,
bovids and giraﬃds. Giraﬃdae themselves may be represented
by up to ﬁve genera and species (e.g. Palaeotragus Gaudry,
1861, Samotherium Major, 1888, Bohlinia Matthew, 1929,
Helladotherium Gaudry, 1860) in the same local/regional faunal
context (Bernor 1984; Bohlin 1926; Bonis et al. 1992; Eronen
et al. 2009; Kaya et al. 2018; Kostopoulos 2009a; Mirzaie
Ataabadi 2010; Solounias et al. 1999, 2010), a diversity that
the family never reached before or after this period.
Among late Miocene giraﬃds, Samotherium stands as one
of the most common and widespread genera. It is known
from the Turolian of Greece, Turkey, Iraq and Iran (Geraads
1978; Kostopoulos & Saraç 2005; Koufos 2013; Solounias &
Danowitz 2016; Thomas et al. 1980), but also the northern
Black Sea region (Vangengeim & Tesakov 2013), central Asia
(Devyatkin 1981; Dmitrieva & Nesmejanov 1982; Kordikova
1998; Sotnikova et al. 1997; Tleuberdina 1988), China (Deng
et al. 2013; Hou et al. 2019; Wang et al. 2013; Zhang et al.
2013) and possibly southern Italy (Marra et al. 2011) and
Africa (Haile-Selassie 2009).
Samotherium was introduced by Forsyth-Major (1888) based
on material from Samos Island, Greece, with S. boissieri Major,
1888 as the type species by monotypy. Much later, Geraads
(1994) designated a skull from Samos in the collections of
the Natural History Museum in London (NHML M4215)
as the lectotype of the species. Bohlin (1926) described
another larger form from Samos as S. boissieri var. major and
Senyürek (1954) raised it to the species level. Geraads (1994)
provided arguments for the distinction of the two species and
designated a lectotype from Samos in the Natural History
Museum at Basel (NHB Sa29) for S. major.
More than ten species are currently ascribed to Samotherium
(e.g. Godina 2002 and references therein). However, most
of them are poorly known and might be potential synonyms
(i.e., Erdbrink 1977; Gentry et al. 1999; Kostopoulos 2009b)
and thus an overall revision is essential.
Rodler & Weithofer (1890), obviously without being aware
of the previous work of Forsyth-Major (1888), introduced
Alcicephalus Rodler & Weithofer, 1890 for the two palaeotragine
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giraﬃds recorded at Maragheh, northwest Iran; A. neumayri
Rodler & Weithofer, 1890 later became the type species
by “position precedence” (International Code Zoological
Nomenclature, Article 69A.10). Mecquenem (1924-1925),
in the ﬁrst comprehensive work on the Maragheh mammal
fauna, assigned several toothrows and postcranials to the same
species. Soon after, Bohlin (1926), in an in-depth study of
the family Giraﬃdae, suggested that Alcicephalus is a junior
synonym of Samotherium, a taxonomic decision followed
by most later scholars until Hou et al. (2014), who recently
re-introduced it as a valid genus.
Giraﬃds are important components in the late Miocene Maragheh fauna and among the ﬁrst material recorded from this site
(Bohlin 1926; Erdbrink 1976a, b, 1977, 1978; Grewingk 1881;
Kittl 1885; Parizad et al. 2019). Evidence about Samotherium is
however limited. Gunther (1896) ﬁrst reported S. boissieri from
Maragheh. Erdbrink (1976b, 1978) also referred to Samotherium
material from Maragheh, including S. boissieri, but by proposing several subspecies presented a complex view of this taxon.
Interestingly, Samotherium was absent or hardly represented in
recent comprehensive works about Maragheh (Bernor 1986;
Mirzaie Ataabadi et al.2013). Recently, Samotherium material
from old Maragheh collections has been mainly referred to
S. neumayri (i.e., Bohlin 1926; Geraads 2017; Kostopoulos
2009b, among others), but cranial material referred to this
species (see Fig. 4) is represented only by the holotype (maxilla
and orbit) partial skull and a partial braincase (Bohlin 1926;
Mecquenem 1924-1925; Rodler & Weithofer 1890). In the
most recent revision of the Maragheh giraﬃds, Solounias &
Danowitz (2016) recognized seven taxa, including Alcicephalus
and Samotherium.
Here we report the recently excavated ﬁrst complete skulls
of Samotherium from Maragheh and re-discuss the Iranian
record of the genus and its spatial and temporal range. We also
argue for the validity of Alcicephalus.
GEOLOGICAL SETTING
The Maragheh bone beds are located in the East Azarbaijan
Province, northwest Iran at the foothills of the Sahand Volcano
(Fig. 1). Maragheh and its adjacent areas in the Azarbaijan
region are characterized by repeated events of Cenozoic
volcanic activity. The late Miocene in the Maragheh basin
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FIG. 1. — Location map of the study area and fossil sites in Maragheh area: A, position of Maragheh in northwest Iran; B, location of main Maragheh fossil zones
(a, mainly Lower Maragheh sites; b, mainly Middle Maragheh sites; c, mainly Upper Maragheh sites) at the foothills of Mt Sahand (black silhouette); C, major
fossil-bearing localities (UCR-MMTT sites) and their elevations in Maragheh, and the location of Samotherium Major, 1888 site (Ruhanioon locality) of this study
(large asterisk).

includes a thick sequence of volcaniclastic continental beds
known as the Maragheh Formation (Fm.). These beds seem
to be deposited on the red terrestrial sediments, which formed
after regression of the last seaways from this area in the early
Neogene (Mirzaie Ataabadi et al. 2013).
The Maragheh Fm. is a 300-m-thick sequence, and the
fossil-bearing strata are conﬁned to its lower 150 m interval
(Campbell et al. 1980; Kamei et al. 1977). The fossils have
localized concentrations within this sequence (Bernor 1986)
and they are oriented by paleo-currents (Mirzaie Ataabadi
et al. 2013). Fluvial channel ﬁlls and ﬂoodplain depositional
environments formed the fossil-bearing intervals. They include
massive silty sand and sandy silt beds, commonly exhibiting
paleosol formation. A few intercalations of laminated silts
and small pond deposits are subordinate components of these
sequences (Sakai et al. 2016).
The Maragheh Fm. consists of three litho/biostratigraphic
intervals (Campbell et al. 1980); the Lower, Middle and
Upper Maragheh. Boundaries of these three intervals were
later reﬁned by Bernor (1986) based on their distance from
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the Loose Chippings marker layer. Thus, the Lower Maragheh
is the interval ranging from −150 to −52 m from this marker
bed. A few fossil sites occur at this interval. The intervals from
−52 to −20 m from the Loose Chippings mark the Middle
Maragheh. This is the most important unit, with the bulk
of fossil material. The main fossiliferous areas in this unit
are located between the villages of Mordagh and Karaj Abad
(Fig. 1C). The Middle Maragheh was sampled by most of the
research groups of the 19th and 20th centuries. An interval
from −20 to +7 m from the Loose Chippings marker bed
deﬁnes the Upper Maragheh.
The current elevation of the Maragheh fossil sites can be
used further to distinguish these intervals. Localities with
the lowest elevations (around 1500 m) belong to the Lower
Maragheh and those with the highest altitude (more than
1800 m) belong to the Upper Maragheh. This is based on the
slight dip of the strata of the Basal Tuﬀ Fm., and consequently
the Maragheh Fm., from east to west, which caused the accumulation of sediments earlier and at lower elevations in the
western parts (Bernor 1986; Mirzaie Ataabadi et al. 2013).
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TABLE 1. — Measurements (in mm) of Samotherium cf. boissieri Major, 1888 skulls from the Maragheh Formation, NW Iran. Bold numbers refer to measurements;
(?) indicates uncertainty. Measurements: 1, P2 to the anterior border of foramen magnum; 2, P2 to the posterior margin of the orbit; 3, P2 to the middle of the
distance between the bases of the ossicones; 4, P2 to the anterior border of choane; 5, height from the alveolar level to the upper margin of the orbit; 6, maximal
breadth at the zygomatic arches; 7, breadth behind the orbits; 8, palatal breadth between the anterior end of P2; 9, palatal breadth between the posterior end of
M3; 10, height of the occipital; 11, length of the orbit; 12, breadth of the orbit; 13, length P2-M3; 14, length P2-P4; 15, length M1-M3; 16, length of P2; 17, width
of P2; 18, length of P3; 19, width of P3; 20, length of P4; 21, width of P4; 22, length of M1; 23, width of M1; 24, length of M2; 25, width of M2; 26, length of M3;
27, width of M3.

Specimen

1

2

3

4

5

6

7

8

9
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M351
M350

390

260
244

240?
260?
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109.2
140.4
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230
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74.6
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112.8

106.2? 79
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22

23

24

25
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115.5
107.9

21.8
21.1

15.2
21.9

24.2
24.9

20.4
28

24.6
23.5

23
28.9

37.1
27.7

33.5
32

42.9
37.8

29.1
39

36.3

22.8
35

M351
M350

The richly fossiliferous intervals of the Middle Maragheh
have elevations of around 1700-1800 m. Material studied
in this work comes from the Middle Maragheh horizons.
They were excavated in recent years by MMTT/DOE from
the Ruhanioon locality (N37°25’04’’, E46°17’22’’) near the
suburbs of the city of Maragheh (Figure1C). The elevation
of this site is 1689 m.
The chronological range of the Maragheh fossil localities is
9 to 7.5 Ma (Bernor 1986). An interpolation method used
by Mirzaie Ataabadi et al. (2013: table 25.2) estimate the age
of fossil localities and intervals based on their distance from
the absolute-dated Loose Chippings marker bed. Using this
method, localities with an elevation of around 1700 m (about
-70 m distance from the marker bed) have an estimated age
of 8.3 Ma. This is in agreement with the recent magnetostratigraphic studies that provided an approximate age of 8.17.7 Ma for fossil levels at 1720 m elevation ( Mirzaie Ataabadi
et al. 2016; Salminen et al. 2016). Therefore, the Maragheh
Samotherium material studied here has an estimated age of
8.0-8.3 Ma (MN11 equivalent). Among the American UCRMMTT fossil sites excavated in the 1970’s, those situated in
the Ali Abad and Dare Gorg areas are chronologically close
to the studied locations. These include MMTT 8, 23, 28, 36,
and 42 (Mirzaie Ataabadi et al. 2013; Parizad et al. 2019).

IVPP
MMTT
MNHN
NHB
NHMUK
NHMW
PRCI
UCR
MN
M, m
P, p
Mt
Mc
Ast

11

12

13

14

49.4
59.2

185
183

75.8
74.5

Institute of Vertebrate Paleontology and Paleoanthropology, Beijing;
Muze Melli Tarikh Tabeie (i.e., National Museum of
Natural History in Persian), Tehran;
Muséum national d’Histoire naturelle, Paris;
Natural History Museum, Basel;
Natural History Museum, London;
Naturhistorisches Museum, Wien;
Paleontological Research Center of Iran;
University of California, Riverside;
European Neogene land Mammal units;
Upper and lower molars;
Upper and lower premolars;
Metatarsal;
Metacarpal;
Astragalus.

SYSTEMATIC PALEONTOLOGY
Class MAMMALIA Linnaeus, 1758
Order ARTIODACTYLA Owen, 1848
Suborder RUMINANTIA Scopoli, 1777
Family GIRAFFIDAE Gray, 1821
Genus Samotherium Forsyth-Major, 1888
Type species Samotherium boissieri Forsyth-Major, 1888
Samotherium cf. boissieri
(Figs 2; 3; Table 1; Appendices 2; 3; 5)

MATERIAL AND METHODS
The two almost complete skulls (PRCI/M350-351), several
mandibles (PRCI/M310-313) and some postcranials (PRCI/
M312, 174, 294, 296-300) are stored in the Paleontological
Research Center of Iran in Maragheh. Cranial measurements
and descriptions follow Kostopoulos et al. (1996 and literature
therein), and Kostopoulos (2009b). All the measurements are
in millimeters. Dental and postrcranial material are presented
in the Supplementary Material.
ABBREVIATIONS
AMNH
BSPG
DOE
HMV
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American Museum of Natural History, New York;
Bayerische Staatssammlung für Paläontologie und
Geologie, Munich;
Department of Environment (environment protection
organization of Iran);
Hezheng Paleozoological Museum, Gansu;

REFERRED MATERIALS. — Two almost complete skulls (PRCI/M350351), and four mandibles (PRCI/M310-313).
PROVISIONALLY ASCRIBED MATERIALS. — Two metapodials (PRCI/
M174, 312) and six astragali (PRCI/M294, 296-300), from the
Ruhanioon locality, Maragheh, Iran.

DESCRIPTION
Two hornless skulls (PRCI/M350-351) were discovered.
The skull PRCI/M350 belongs to an older adult individual.
The back of the brain case and the premaxillary part of the
face are not preserved in this specimen (Fig. 2). The skull
PRCI/M351 is from an adult individual. It preserves most of
the skull except the premaxillary part (Fig. 3). Both skulls are
a little compressed laterally, but they preserve most of their
morphometrical features.
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FIG. 2. — Samotherium cf. boissieri Major, 1888 skull PRCI/M350 from Ruhanioon locality, Maragheh, NW Iran: A, dorsal view; B, right lateral view; C, left lateral
view; D, frontal view; E, ventral palatine view; F, enlarged occlusal view of the right tooth row. Scale bars: 10 cm.

The opisthocranium is especially short in relation to the face
(Fig. 3A, C, E). The basicranial angle (i.e., the angle between
the basicranial surface and the occlusal surface of the cheek
teeth) is around 15°. The occipital condyles are strong and
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point postero-ventrally (Fig. 3C-E). The basioccipital is short
(Fig. 3F) and triangular, with much stronger posterior than
anterior tuberosities. The paraoccipital processes are broken, but
clearly placed in front of the condyles. The foramen magnum
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A
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D

E

F

G

A-F

FIG. 3. — Samotherium cf. boissieri Major, 1888 skull PRCI/M351 from Ruhanioon locality, Maragheh, NW Iran: A, dorsal view; B, left lateral view; C, right lateral
view; D, enlarged occlusal view of the right tooth row; E, frontal view; F, caudal view; G, palatine view. Scale bars: 10 cm.

is ﬁlled with paste but seems to be quadrangular. The occipital face looks rectangular with a characteristically fan-shaped
occiput (Fig. 3D). The nuchal crest is strong, posteriorly
projected and has a median notch (Fig. 3D). The braincase
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roof is undulated in lateral aspect (Figs 2B; 3B) with a slightly
convex rostral and a concave caudal part, exaggerated by the
strong nuchal crest. Temporal crests are strong (Figs 2A; 3A);
they slightly diverge rostrally and converge caudally.
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F
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FIG. 4. — Samotherium neumayri (Rodler & Weithoffer, 1890) cranial specimens from Maragheh, NW Iran and comparison of occipital shapes. A-C, the braincase
MNHN MAR651 in: A, ventral; B, left lateral; and C, caudal view. D, drawings depicting the two types of giraffid occipital shape discussed by Hou et al. (2014);
D1, D2, the “broad occipital” type referred by Hou et al. (2014) to Alcicephalus Rodler & Weithofer, 1890; D3, D4, the “fan shaped” (or “hour-glass”) type of
D3 Samotherium boissieri Major, 1888 and D4 Palaeotragus coelophrys (Rodler & Weithoffer, 1890) (adopted from Hou et al. (2014: fig. 1 based on Chinese crania).
E, F, the holotype palate NHMW 2019/0018/0006 of S. neumayri in: E, dorsal; and F, left lateral view (courtesy of the NHMW and Ursula Göhlich). Scale bars: 10 cm.

The upper margin of the external auditory meatus is below
the lower orbital level (Fig. 3C). The alveolar level is subparallel to the naso-parietal one (Figs 2; 3C, E). The zygomatic
arches run parasagittally. The frontals are wide and slightly
concave. Extended lachrymal sinuses form a small hump in
the rostro-dorsal part of the orbit, at the level of the frontolachrymal suture (Figs 2; 3C, E). The nasals are elongated and
thin. Their widened posterior part is placed above the M2-M3
level (Figs 2A; 3A). A small ethmoidal ﬁssure is formed by the
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nasal, lachrymal and maxillary bones. Its posterior margin is
placed above M1-M2 (Fig. 3C, E). A triangular lachrymal
depression, with an anterior limit above P3/P4, is deﬁned
by the nasals, and a blunt crest running obliquely from the
fronto-lachrymal area (Figs 2; 3C, E). A slightly developed
facial crest extends up to M1 (Figs 2; 3C, E). The infraorbital
foramen opens above and slightly in front of P2 (Fig. 3C).
The orbit is round and its upper half is above the nasal level
(Figs 2; 3C, E) having an elevated “periscopic” position.
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The anterior margin of the orbit is placed above the posterior lobe of M3 (Figs 2; 3C, E). The supraorbital process of
the frontals is well developed and extended (Figs 2A; 3A).
The thickness of the frontals is about 20 mm at the orbital
region. The choanae are open, “V”-shaped, and extend
rostrally to the middle of M3 and anterior to the lateral
indentations of the palate (Fig. 3F).
The length of the upper toothrow ranges from 183 to 185 mm
(n = 2) with a premolar/molar length ratio of 65.6-69.0
(Figs 2F; 3G). The p2-m3 length is 189-190 mm with a lower
premolar/molar length ratio from 58 to 63 (mean = 60.5, n = 4).
Detailed morphological descriptions of the upper dentition,
mandibles and lower dentition (Appendix 2) are provided in
the Supplementary Material (Appendix 1). Descriptions and
measurements of the postcranials (Appendix 5) provisionally
associated with the studied cranial material are also given
in the Supplementary Material (Appendix 1).
COMPARISON
The cranial, dental and postcranial morphology and proportions
of the studied material preclude ascription to Sivatheriinae:
with much larger size, larger premolars compared to the molars,
unmolarized p3, more massive metapodials; or Giraﬃnae:
comparatively shorter braincase, domed nasals, more complex
dental morphology, dolichopodial limbs; suggesting aﬃliations to Palaeotraginae (Hamilton 1978; Geraads 1986).
The two studied skulls are determined as females because of
the absence of ossicones and related bumps on the frontals.
As seen in specimens from Greece, Turkey, Iran and China,
“hornless” females are rather common within the subfamily
Palaeotraginae, although occasional thin ossicones on females
sometimes occur (Bohlin 1926; Kostopoulos 2009b).
Three palaeotragine genera are reported from Maragheh:
Palaeotragus, Samotherium and Alcicephalus (Bohlin 1926;
Mecquenem 1924-1925; Solounias & Danowitz 2016).
The backward position of the orbit, the large toothrow and
especially the large molars, the short upper premolar row
compared to the molars, the strong paracone and metacone
pillars, the weak metastyle, the non-constricted lingually
protocone, the presence of a medial spur on the mesial ﬂange
of the hypocone on the upper molars, the undistinguished
paracone and metacone on the upper premolars, the short
diastema compared to the toothrow (p2-m3) length (length
ratio well below 1), and the reduced talonid of the lower p3
and p4, diﬀerentiate the studied crania and mandibles from
the similar-sized Palaeotragus coelophrys (Rodler & Weithofer,
1890) from Maragheh (Bohlin 1926; Geraads 1986, 1994;
Hamilton 1978; Kostopoulos 2009b).
Alcicephalus versus Samotherium
Recent revisions have revived the debate over the validity
of the genus Alcicephalus, originally introduced by Rodler &
Weithofer (1890) for the large Maragheh samothere. According to Hou et al. (2014), the occipital of Alcicephalus does
not form a protruding backward shelf as in Samotherium and
Palaeotragus, lying on the same ﬂattened or slightly concave
surface along with the mastoids. This morphology is mainly
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observed on two Chinese crania from Gansu ascribed to
Alcicephalus (NS 20 HMV 0948 and NS 8 HMV 0947;
see Hou et al. 2014: ﬁg. 1 and ﬁg. 4D1, D2). However,
Hou et al. (2014: 92) recognized a similar occipital pattern
on a braincase from Maragheh, referred to the same taxon
[specimen MNHN MAR651, Fig. 4A-C, originally described
and illustrated by Mecquenem (1924-1925: pl. II, ﬁg. 3)
as Camelopardalis attica Gaudry & Lartet, 1856 and incorrectly listed as MNHN MAR681 by Hou et al. (2014) and
Solounias & Danowitz (2016);]. Because MNHN MAR651
is widely accepted as conspeciﬁc with the holotype palate
of A. neumayri [NHMW 2019/0018/0006, Fig. 4E, F, previously reported as NHMW A4903 and incorrectly listed
as MNHNW A4960 by Solounias & Danowitz (2016)],
Hou et al. (2014) suggested Alcicephalus is a distinct genus,
admitting however the similarities with Samotherium in size
and morphology. These specimens (MNHN MAR651 and
NHMW 2019/0018/0006; Fig. 4) together with some isolated ossicones, dentitions, and postcranials from Maragheh
(stored in NHMW, MNHN Paris, MMTT Iran, AMNH
New York, and BSPG Munich) contributed to the hypodigm
of A. neumayri in Solounias & Danowitz (2016), and allowed
these authors to provide a composite reconstruction of its
skull (idem: ﬁg. 5). In distinction of Samotherium, Alcicephalus is also reported as having a notably small masseteric fossa,
inward curved ossicones, low mandibular ramus, and short
lamina and lack of a dorsal tubercle on the atlas (Hou et al.
2014; Solounias & Danowitz 2016).
In our view, the occipital of MNHN MAR651 clearly
shows a protruding fan-shaped shelf placed on a more caudal
level than the mastoids (Fig. 4C), similar to Samotherium and
Palaeotragus (Fig. 4D3, D4) and in contrast to the Chinese
crania (Fig. 4D1, D2) studied by Hou et al. (2014). The basicranial morphology of the specimen (Fig. 4A) is also completely
compatible to that of Samotherium from Samos and China.
Furthermore, we were not able to trace any signiﬁcant diﬀerence in the degree of masseteric fossa development between
the badly preserved NHMW 2019/0018/0006 (Fig. 4E, F)
and most Samotherium crania from Samos or in the depth
of the mandible (with the height of the mandible between
p4-m1 nearly equal to the length of m3). The inward curvature of the ossicones does not seem to be a valid character
for genus distinction, as for instance, ossicones of the closely
related Palaeotragus may be quite variable depending on the
species (Athanassiou 2014; Bohlin 1926). Hence, cranial,
mandibular and dental features of the Maragheh material are
consistent with the characteristics of the genus Samotherium
and not suﬃcient for the re-establishment of Alcicephalus.
As a consequence the generic attribution of the Gansu crania
studied by Hou et al. (2014) needs reconsideration.
Cranial comparisons among Samotherium boissieri,
S. neumayri and S. major
Several scholars suggested synonymizing S. neumayri (Rodler &
Weithofer, 1890) with S. boissieri Major, 1888 or S. major
Bohlin, 1926 (Erdbrink 1978; Gentry et al. 1999). Although
cranial and dental size and morphology of S. neumayri are
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FIG. 5. — Scatter diagram, comparing the dental parameters of Samotherium cf. boissieri Major, 1888 (×) and S. neumayri (Rodler & Weithoffer, 1890) (▲) from
Maragheh, Iran with S. boissieri (blue ) and S. major Bohlin, 1926 (red ) from Samos, Greece. Horizontal and vertical axis represent dental measurements
in millimeters. Samos data after Kostopoulos (2009b). A, Upper dentition: A1 (LP2-P4/LM1-M3); A2 (LP2-M3/LM1-M3); A3 (LP2-M3/LP2-P4). Maragheh specimens
(PRCI/M350 - 351). B, Lower dentition: B1 (Lp2-p4/Lm1-m3); B2 (Lp2-m3/Lm1-m3); B3 (Lp2-m3/Lp2-p4). Maragheh specimens (PRCI/M310 - 313).

quite similar to those of S. boissieri (Fig. 5A, B). Postcranials
from Maragheh referred to S. neumayri appear proportionally intermediate between those of S. boissieri and S. major
(Geraads 2017; Hou et al. 2014; Kostopoulos 2009b; Rios
et al. 2017; Solounias & Danowitz 2016; Appendix 6) and
therefore are in favor of its distinction as a separate species.
Although generic disparity is suggested for S. boissieri and
S. major (Solounias 2007), data support the presence of two
distinct species (Geraads 1994; Kostopoulos 2009b; Rios
et al. 2017). Samotherium boissieri, S. neumayri and S. major
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share the large size and the long-pointed frontal appendages
(unknown in S. neumayri), the reduction of the posterior lobe
of p4, the relatively elongate p2, the short premolar row, and
the large and rather massive limbs (Geraads 1986; Hamilton
1978; Kostopoulos 2009b).
The elevated “periscopic” position of the orbit is more
developed in S. boissieri than in S. major. It means that while
half of the orbit is placed above the upper surface of the nasal
level in S. boissieri, only ⅓ of the orbit exceeds this level
in S. major. In addition, the orbit is more posteriorly placed
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FIG. 6. — Line diagram comparing the skulls of Samotherium cf. boissieri Major, 1888 from Maragheh, Iran (PRCI/M350 - 351), with S. boissieri (S. b.) and S. major
Bohlin, 1926 (S. m.) from Samos, Greece. Horizontal axis represents skull measurements (M1-15 as described below) and the vertical axis is the corresponding
values in millimeters. Samos data and measurements after Kostopoulos (2009b). Numbers: 1, length from the midpoint between the anterior margin of the orbits
to the nuchal crest; 2, width of the braincase; 3, maximum width at the posterodorsal corner of the orbits; 4, bi-condyle width; 6, length from basion to the back
of M3; 7, length from basion to the front of P2; 8, width at the posterior tuberosities of the basioccipital; 9, width at the anterior tuberosities of the basioccipital;
13, max width of the nuchal crest; 14, length from basion to the anterior margin of the choane; 15, horizontal diameter of the orbit.

in S. major than in S. boissieri (Kostopoulos 2009b). In all these
respects the new samothere material from Maragheh is closer
to S. boissieri than to S. major. Comparison with S. neumayri
is restricted to the holotype palate NHMW 2019/0018/0006,
which is seriously damaged at the orbito-nasal area (pers. obs.
and Rodler & Weithofer 1890: taf. II, ﬁg. 2). However, the
orbit appears to have a quite advanced elevated “periscopic”
position and its anterior edge is above the M3 (Fig. 4E, F),
similarly with the studied crania. The lachrymal depression
in S. major is much wider and longer than in S. boissieri and
the new Maragheh crania. The ethmoidal ﬁssure is deﬁned by
the same bone elements in both taxa, but it is much smaller
in S. major. The posterior margin of this ﬁssure is above the
M3 in this species, but above M1-M2 in S. boissieri and in
the new Maragheh crania. Unfortunately, these features are
not securely recognizable in the holotype of S. neumayri.
In S. boissieri and the new Maragheh specimens the choanae
are open “V”-shaped, reaching the middle of M3. Whilst
in S. major it is U-shaped, invading farther anteriorly (until
the anterior border of M3). In S. neumayri the choanae open
slightly behind the lateral indentations, in contrast to the studied material (MAR 350-351; Figs. 2D; 3F), where the lateral
indentations are retracted at the distal edge of M3 and the
choanae open anterior to them, reaching the middle of M3.
The paroccipital processes in S. major have a more vertical
position than in S. boissieri and S. neumayri. They reach below
the condyle level, whereas the basioccipital is also longer in
S. major but with a similar structure. In opisthocranial features the studied Maragheh crania more resemble S. boissieri
and S. neumayri than S. major. Metrical skull characters of
the new Maragheh specimens are generally smaller than
those of S. major and closer to S. boissieri and S. neumayri
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(Figs 5; 6). The general shape and outline of the mandible
is similar between S. major and S. boissieri. However, the
ventral proﬁle of the horizontal ramus is more open “S”
shaped in S. boissieri and in the Maragheh specimens studied
here than in S. major. No complete mandible of S. neumayri
is known for comparison.
Dental comparisons of Samotherium boissieri, S. neumayri
and S. major
The tooth morphology of S. boissieri is generally similar to that
of S. major and S. neumayri and a distinction is diﬃcult, given
that great morphological variability observed in samotheres
(e.g. Bohlin 1926; Kostopoulos 2009b). The upper and lower
dental metrical features (length of premolar to molar row, and
length of tooth row to length of premolar and molar row)
of the studied Maragheh samotheres are smaller than those
of S. major and within the range of S. boissieri, but also close
to the known values for S. neumayri (Fig. 5). An investigation
of dental diﬀerences between the similar-sized S. boissieri from
Samos and S. neumayri from old Maragheh collections (MNHN,
NHMW, MMTT) is attempted. The comparison focuses on
the lower premolar morphology considered by some authors
to be more diagnostic (e.g. Geraads 1978, 1994; Hamilton
1978). It should be noted, however, that the sample is just
indicative (n = 8-12) and that old Maragheh collections do not
always have precise stratigraphic provenience, meaning that
there is a risk that the sample considered here as representing
S. neumayri may contain specimens of diﬀerent dating (and
possibly species taxonomy).
Similar to S. boissieri and diﬀerent from S. neumayri (but
observations based only on the MNHN MAR 528 mandible
and an uncatalogued p4-m3 series in NHMW), the studied
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lower molars have a weakly expressed parastylid and more
triangular-shaped hypoconid (instead of strong parastylid and
highly convex and wide hypoconid in S. neumayri). In two
of the four available mandibles bearing the second premolar
(Appendix 4A-B), the p2 length represents 80.5-84.5% of
the p3 length. In S. boissieri from Samos, the p2 to p3 length
ratio ranges from 75.2-85.5 (n = 5), whereas in S. neumayri
the p2 appears relatively shorter (70.7-72.0%; n = 2). In all
studied samples the p3 length represents about 80-90% of
the p4 length, whereas the talonid to trigonid length ratio of
p4 ranges from 30 to 48% (n = 10), though a p4 in NHMW
shows an even shorter talonid (26%). There are three main
morphotypes of p3: those in which the metaconid fuses earlier
with the entoconid than with the paraconid (type I), those
in which the metaconid fuses earlier with the paraconid than
with the entoconid (type II), and those with a fully molarized
lingual wall even from unworn stage (type III). The last type
appears in every one of the studied samples and usually these
p3s look like perfect copies of the corresponding p4s. Type I
of p3 rather characterizes S. boissieri from Samos and it also
occurs in two out of the three studied p3s (Appendix 4).
Type II appears in one of the two known p3s attributed to
S. neumayri (MNHN MAR528), and the other (uncatalogued
specimen in NHMW) represents type III.
All three p4s from the Ruhanioon locality show a short
hypoconid-entostylid complex associated with a short and
almost mesio-distally arranged entoconid, sometimes leaving
the posterior valley open distally (type 1). Four of the ﬁve
p4s of S. neumayri known to us show an elongated entoconid and a long continuous hypoconid-entostylid complex,
closing the posterior valley (type 2). The ﬁfth p4 follows
type 1. In S. boissieri from Samos there are variants of both
morphotypes (Kostopoulos 2009b: ﬁg. 8). All three p4s from
the Ruhanioon locality show a strong parastylid resembling
S. neumayri more than S. boissieri.
DISCUSSION
In agreement with Bohlin (1926), our study reveals that
cranial and dental features of the Maragheh samothere are
clearly within the range of distinctive characters of the genus
Samotherium and thus the revival of the genus Alcicelaphus
seems unnecessary. In contrast to Solounias & Danowitz
(2016) and Xaﬁs et al. (2019), we suggest that particular postcranial features and proportions of the Maragheh samothere
are applicable only at the species level.
The cranial material from Maragheh described herein is
morphometrically compatible with both S. boissieri and S. neumayri. The diﬀerences of these species are more pronounced
in postcranial elements than in cranial and dental ones, and
need further investigation. The only cranial diﬀerence we
detected between the studied crania and S. neumayri concerns
the deepness and overall outline of the choanae. However,
it is clearly not enough for secure conclusions. Dentally, the
studied samothere material better approaches S. boissieri than
S. neumayri, though distinction based on dental features is not
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always straightforward. The studied postcranials (if indeed of
the same taxon or partly at least; see Comparison in Appendices), suggest that the studied crania may be associated with
relatively small skeletal elements within the range of variation
of S. boissieri from Samos and less robust than those ascribed
to S. neumayri (Appendix 6). Hence, taking into account all
the information available, we refer the Samotherium from the
Ruhanioon locality to Samotherium cf. boissieri.
Apart from Samotherium neumayri and Palaeotragus coelophrys, Solounias & Danowitz (2016) recognized both
S. boissieri and S. major at Maragheh. The occurrence of
S. major in Maragheh is based on two astragali and a metatarsal (Solounias & Danowitz 2016: 498). Nevertheless, two
of the three mentioned specimens (the astragalus MNHN
MAR838 and the metatarsal MNHN MAR571) are in our
opinion indistinguishable from other S. neumayri postcranials
in the MNHN Paris collection (Appendix 6A, C). Material
attributed by the same authors to S. boissieri is in our opinion questionable because it may represent (or be mixed with)
P. coelophrys (e.g. Geraads 2017: ﬁg. 3). Xaﬁs et al. (2019) also
record S. boissieri and S. neumayri together in Kavakdere, central Anatolia. Nevertheless, the two specimens (an astragalus
and a calcaneum) ascribed by these authors to S. boissieri are
metrically indistinguishable and morphologically closer to a
large Palaeotragus (as shown by the concave plantar edge of
the calcaneal body, the protruding and pointed tuber calcis,
the absence of a notch between the proximal edge of the articular surface for the cuvonavicular and the distal edge of the
plantar surface of the calcaneum, the straight lateral margin
of the astragalus without a notch, the strong medio-plantar
projection of the medial trochlear ridge of the astragalus, the
very weak distal intracephalic fossa, and the less oblique medial
ridge). Hence, the apparent coexistence of S. neumayri with
either S. boissieri or S. major is debatable.
The new data provided in this study together with recent
data by Hou et al. (2019) and previous data from Greece and
Turkey (Geraads 1994; Kostopoulos 2009b and references
therein) suggest that S. boissieri was a widespread giraﬃd
taxon mainly distributed from western Anatolia to China,
and possibly to southern Italy and Africa. The Greek, Turkish
and Iranian records indicate an early Turolian equivalent age
for this taxon (Geraads 1994; Kostopoulos 2009b; Mirzaie
Ataabadi et al. 2013). S. boissieri from the LinxiaBasin in China
(Hou et al. 2019) comes from the Liushu Formation that spans
most of the Vallesian and the lower half of the Turolian (Deng
et al. 2013; Qiu et al. 2013). Although a better age estimate
is not currently available (Zhang Zhaoqun pers. com. 2019),
rough contemporaneity between S. boissieri from China and
Central-West Asia cannot be excluded. The mid-late Turolian
record of S. boissieri from Taraklia (Vangenheim & Tesakov
2013) is debatable. Godina (2002) refers the atlas and axis
of the Taraklia samothere to a new taxon, S. borissiaki, but
according to her remarks the specimens are similar in size
to the larger samothere from Samos.
The timing of Samotherium’s emergence and its origin are
still unknown, although there is consensus among authors
about the closest relationships with Palaeotragus (Bohlin 1926;
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Geraads 1986; Solounias 2007). Deng et al. (2013) record
Samotherium sp. from the late Vallesian equivalent Dashengou
fauna in Linxia Basin, whereas Vangenheim & Tesakov (2013)
report Samotherium sp. from the late MN9- MN10 faunas
of Berislav, Staraya Kubanka and Novoukrainka in the north
shores of the Black Sea. It is therefore possible that Samotherium
arises during Vallesian from the Palaeotragus stock. But, since
the monophyly of the genus is rather unlikely (e.g. Geraads
1986; Rios et al. 2017), its appearance may have taken place
in parallel in eastern and western Asia. With these doubts,
it is diﬃcult to see if the rather simultaneous appearance of
S. boissieri in Iran, China, and western Anatolia represents a
single dispersal event, as it looks at ﬁrst glance, even though the
taxon originates from northeast Asia or northern Paratethys.
In each of these geographic sectors (North Black Sea, Iran,
China, western Anatolia), Samotherium is represented in later
times by larger species (S. eminens, S. neumayri, S. sinense,
and S. major respectively) in an asynchronous sequence
from early to late Turolian age. Although in Samos early and
later Samotherium appear to represent a morphocline (Kostopoulos 2009b), it is not easy to identify this morphocline
in other regions. The morphological similarities between the
new S. cf. boissieri material described here and S. neumayri,
decrease the taxonomic distance between these two species
and may also be in favor of a second cline in Iran and surroundings. Nevertheless, the available data are still insuﬃcient
for safe conclusions. An alternative hypothesis would be that
specimens at present attributed to S. neumayri (including
Chinese samples) do not really represent a distinct species but
an Asiatic variation inside the S. boissieri-S. major sequence.
Samotherium neumayri from Kavakdere (Xaﬁs et al. 2019)
may favor this option.
Research on fossil giraﬃd paleodiet using several methods
show a high dietary heterogeneity among the Turolian taxa.
Samotherium major was likely a grazer, Palaeotragus spp.,
S. neumayri and S. boissieri were seasonal mixed feeders while
Bohlinia attica and Helladotherium duvernoyi were browsers
(Danowitz et al. 2016; Merceron et al. 2018; Solounias et al.
2000, 2010, 2013). These data suggest that grazing, mixed
feeding, and browsing took place in the forest and woodland
environments of the Eurasian late Miocene. The presence
of S. cf. boissieri and Bohlinia attica (Parizad et al. 2019) in
the Ruhanioon locality and the abundance of mixed feeding taxa among Maragheh giraﬃds suggest a signiﬁcantly
wooded environment of Maragheh, as suggested by previous
studies (Bernor et al. 2014; Mirzaie Ataabadi et al. 2013;
Yamada et al. 2016).
CONCLUSIONS
The ﬁrst skulls of Samotherium attributed to S. cf. boissieri
were reported from the Maragheh bone beds of northwest
Iran. The skulls are hornless with a well-developed periscopic
position of the orbits. The occiput is caudo-dorsally projected
and fan-shaped. A well-deﬁned lachrymal depression is present. This material signiﬁcantly enriches what is known from
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this genus in Maragheh and leads us to re-discuss its presence
in the area, as well as the validity of Alcicephalus. Our study
of Maragheh materials recently referred to Alcicephalus does
not conﬁrm this assignment and suggests that Samotherium is
a better attribution for the Maragheh Alcicephalus neumayri.
The occurrence of S. cf. boissieri in Maragheh is chronologically similar to or slightly older than that of Samos (MN11)
and roughly contemporaneous with S. boissieri from China.
The available data allow us to suggest an early Turolian panAsian dispersal of S. boissieri, which likely represents the
ancestral stock of several later Eurasian samotheres of larger
body mass. However, further investigation is needed to proof
the taxonomic validity of S. neumayri and to understand its
meaning within the S. boissieri – S. major/S. sinensis sequence.
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APPENDICES  SUPPLEMENTARY MATERIAL.
APPENDIX 1. — Complementary description of dental and postcranial material. First Samotherium Major, 1888 (Giraffidae) skulls from the late Miocene Maragheh
fauna (Iran) and the validity of Alcicephalus Rodler & Weithofer, 1890.

MATERIAL AND METHODS
Mandibular and dental measurements, and teeth nomenclature follow Kostopoulos et al. (1996 and literature therein),
and Kostopoulos (2009b, 2016). Astragalar and metapodial
morphology follow Rios et al. (2016), and Solounias &
Danowitz (2016). All the measurements are in millimeters.
SYSTEMATIC PALEONTOLOGY
Class MAMMALIA Linnaeus, 1758
Order ARTIODACTYLA Owen, 1848
Suborder RUMINANTIA Scopoli, 1777
Family GIRAFFIDAE Gray, 1821
Genus Samotherium Forsyth-Major, 1888
Samotherium cf. boissieri
(Appendices 2-5)
REFERRED MATERIALS. — Upper toothrows of cranial specimens
PRCI/M350, PRCI/M351, and four mandibles (PRCI/M310-313)
PROVISIONALLY ASCRIBED. — Two metapodials (PRCI/M174, 312),
and six astragali (PRCI/M294, 296-300).
SITE. — Ruhanioon locality, Maragheh, Iran.

DESCRIPTIONS
Upper dentition
The P2-M3 length ranges between 183 mm (PRCI/M350) and
185 mm (PRCI/M351) (Table 1), with a premolar/molar ratio
of 65.6 and 69.0, respectively. P2 and P3 are lingually rounded
without evidence of a protocone-hypocone distinction. P3 compared to P2 has a stronger parastyle and a weaker metastyle, but
none of them shows distinction of paracone from metacone.
A hypoconal fold (spur) is present on both the P2 and P3. P4 is
similar to P3, but much wider with strong parastyle and metastyle
(Figs 2F; 3D). It has an almost ﬂat and oblique lingual wall.
The molars, especially M2 and M3, are characterized by
strong styles and paracone pillar. Well developed buccal and
thin lingual cingula, and weak basal pillars attached to the distal
lobe are present (Figs 2F; 3D). The protocone is more projected
lingually than the hypocone, but none of them appears lingually
constricted. On the less worn specimen (PRCI/M351) the
mesial ﬂange of the hypocone of M2 and M3 shows a small
spur. It contacts the distal ﬂange of the protocone, whereas the
labial end of the mesial hypoconal ﬂange contacts the distolingual part of the paracone. The enamel is ﬁnely rippled.
Mandibles and lower dentition
The preserved mandibles represent individuals ranging in age
from young adult to old. The studied material includes: two right
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mandibular rami with p2-m3 (PRCI/M312, Appendix 4B;
PRCI/M311, Appendix 4D), and two left mandibular rami
with p2-m3 (PRCI/M310, Appendix 4C; PRCI/M313,
Appendix 4A). The mental foramen is visible in some of the
specimens. It opens about 50 mm in front of p2, suggesting
the diastema is shorter than the check teeth row (Appendix 2).
The horizontal ramus has a concave ventral proﬁle between
the mental foramen and the p2 (Appendix 4A1, A2, B1,
B2, C1, C2, D1, D2). The mandibles have a generally wide
angle, which slightly projects postero-ventrally. The vertical
part of the ramus is not preserved, but in PRCI/M313-312
(Appendix 4A, B), the anterior margin of the ascending ramus
behind the m3 forms a 60-70° angle with the alveolar level.
The pterygoid and the masseteric fossae are shallow and slightly
marked in some specimens. The p2-m3 length ranges between
189-190 mm (Appendix 2). The lower premolar/molar ratio
ranges from 58 to 63 (mean = 60.5, n = 4).
The p2 is simple and long, representing 80-90% of the p3
length. An antero-lingual stylid is well developed and distinct.
The entoconid, entostylid, hypoconid, and parastylid are
well-developed on p2. The metaconid is present and centrally
placed. It is rounded, and independent. The paraconid is absent.
The p3 is molarized though the metaconid and the paraconid
remain independent till advanced wear stage (Appendix 4A
(3), B (3), C (3)). Buccally, the hypoconid is clearly distinct
from the protoconid but not much projected. The parastylid
is strong. The entoconid is obliquely placed. The p4 looks
like a large version of p3 but the paraconid and the metaconid
are fully merged (Appendix 4A3, B3, C3). Connection of the
postmetacristid and entoconid is visible with wear. Both the
p3 and p4 show a reduced talonid compared to the trigonid
Appendix 4A3, B3, C3).
The molars are simple, moderately wide, with well-marked
paraconid and weak parastylid and metastylid (Appendix 4A3,
B3, C3). The longer anterior and wider posterior lobes are
well developed and separated by a deep labial notch. The third
lobe of m3 is round to elliptical shaped in occlusal view, single
cuspid and arranged along the longitudinal axis of the tooth.
Postcranials
A few postcranials from Ruhanioon locality are provisionally associated with the cranial material described above
(Appendix 5). The material includes a metacarpal (PRCI/M174,
Appendix 5D-F), a metatarsal (PRCI/M312, Appendix 5A-C),
and six astragalii (PRCI/M294, 296-300, Appendix 5G-R).
Measurements are provided in Appendix 3. The medial and
lateral epicondyles (sensu Rios et al. 2016: ﬁg. 1) of Maragheh metacarpal are subequal but asymmetrical. There is
a groove in the center of the medial epicondyle, while the
lateral one has an oblique groove. The metatarsals also possess
asymmetrical proximal epicondyles. The medial epicondyle
is broad and a groove split it into two surfaces. It is shorter
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than the lateral epicondyle, which is conﬁned and rounded.
An oval-shaped body, which protrudes proximally, is wedged
between epicondyles. A central trough with medium depth
is present on the shaft of metapodials, deﬁned by a rounded
medial ridge, and a sharp lateral one. The keels of the distal
condyles also extend into the distal shaft.
The trochlea of the astragalus shows a higher and thicker
lateral proximal edge than the medial one. The central fossa
is large, as high as wide. The distal intracephalic fossa is large
and rather deep laterally. The medial surface of the collum tali
bears a prominent crest. The medial side of the distal astragalar head is more massive than the lateral one. The trochlea
distinguishes laterally from the head by a clear notch.
POSTCRANIAL COMPARISON AND DISCUSSION
By their absolute size, the studied metapodials and astragali
are clearly smaller than those of Samotherium major from
Samos and smaller than postcranials ascribed to S. neumayri
from Maragheh (based on postcranial collection in MNHN.
Paris) (Appendix 6). They fall well within the range of variation of Samotherium boissieri Major, 1888 from Samos
and Palaeotragus coelophrys Rodler & Weithofer, 1890 from
Maragheh (based on postcranial collection in MNHN. Paris)
(Appendix 6). Postcranial distinction between the two latter
palaeotragine taxa is, however, much more delicate and proportionally infeasible. As the presence of Palaeotragus coelophrys in Ruhanioon locality is more than expected, though
not yet conﬁrmed by cranial or dental material, we focus our
comparison on some morphological features that may serve
discriminating postcranials of these two taxa.
In both the metacarpal and the metatarsal from Ruhanioon
locality in Maragheh, the passage from the distal diaphysis to
distal epiphysis is rather abrupt forming a clear “neck” feature
that gives to the distal epiphysis a more rectangular shape in
both anterior and posterior views. Though variability exists,
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metapodials of S. boissieri in NHMUK show the same pattern.
Metapodials of Palaeotragus rouenii Gaudry, 1861 and largesized Palaeotragus ascribed to P. ex. gr. coelophrys (including
two specimens in MNHN. Paris collection and the specimen
NHMUK M4711 from Maragheh identiﬁed as P. coelophrys)
show a more evenly transition from the distal diaphysis to the
distal epiphysis and thus a more triangular outline.
As in S. boissieri, most of the studied astragali show a strong
distal intracephalic fossa, oblique medial ridge, and a clear
lateral notch on the lateral dorsal edge. A sharp medial scala
and a well-marked angle between the lateral ridge of the
trochlea and the lateral distal head of the astragalus also exist.
The specimen PRCI /M297 (Appendix 5K, Q) is the one in
which most of these features are not apparent. In a restricted
but indicative sample of large-sized Palaeotragus astragali from
several institutions (including a few Maragheh specimens), the
lateral edge of the dossal surface is fairly straight and the notch
much less expressed. The distal intracephalic fossa is weak, and
the medial ridge runs along the very medial edge of the ventral
side. The medial scala is weaker. Although most of the above
mentioned postcranial diﬀerences have to be cross-checked
based on a large sample, they indicate that the majority of the
studied postcranials better match S. boissieri than P. coelophrys.
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APPENDIX 2. — Measurements (in mm) of Samotherium cf. boissieri Major, 1888 mandibles from the Maragheh Formation, NW Iran. Bold numbers refer to measurements, (c.) indicates approximately. Measurements: 1, length from the angle: Gonion caudal-Infradentale; 2, length of the diastema: oral border of the alveolus
of p2- mental foramen; 3, length from the most aboral point of the alveolus behind m3- mental foramen; 4, length of the tooth row (p2-m3), measured along the
alveoli on the buccal side; 5, length of the premolar row (p2-p4), measured along the alveoli on the buccal side; 6, length of the molar row (m1-m3), measured
along the alveoli on the buccal side; 7, height of the mandible behind m3 from the most aboral point of the alveolus on the buccal side; 8, height of the mandible
in front of p2; 9, ventral width of the mandibular corpus in front of p2; 10, ventral width of the mandibular corpus behind m3; 11, transverse (mediolateral) diameter
of the mandibular condyle; 12, Length of p2; 13, Width of p2; 14, Length of p3; 15, Width of p3; 16, Length of p4; 17, Width of p4; 18, Length of m1; 19; Width
of m1; 20, Length of m2; 21, Width of m2; 22, Length of m3, 23, Width of m3.

Specimen

1

M310
M311
M312
M313
M310
M311
M312
M313

2

3

4

5

6

7

8

9

10

c. 84.7
97.7

275
300

425

c.103

298

189
190
190
190

71.2
73.5
69.4
69.5

118.8
116.3
115.3
118.5

73.1
c. 84.7
77.7
81.4

45.5
49.7
46
46.5

17.7
20.4
21.1
18.9

18.2
27.6
20.9
22.4

13

14

15

16

17

18

19

20

21

22

23

11.2

23.7
25.6
25
23.8

15.9
16.6
15.5
16

23.7

18.3

25
25.1

19
20.4

37
32.5
34.7
31.9

23.5
22.5
25.5
23.2

41.5
40
42
41

23.1
24.6
24.7
24.3

55.3
54
49.5
55.3

20.4
25.4
21.2
23.1

11.6
9.5

11

12
21

c.110
c.125

19
17.5

APPENDIX 3. — Measurements (in mm) of provisionally Samotherium cf. boissieri Major, 1888 postcranials from the Maragheh Formation, NW Iran. Bold numbers
refer to measurements. M312 (Mt), M174 (Mc), M294-300 (Ast). Measurements: 1, total length; 2, transverse diameter of the proximal end; 3, antero-posterior
diameter of the proximal end; 4, transverse diameter of the diaphysis; 5, antero-posterior diameter of the diaphysis; 6, transverse diameter of the distal end;
7, antero-posterior diameter of the distal end; 8, lateral length of astragalus; 9, medial length of astragalus; 10, distal transverse diameter of the astragalus.

Specimen 1

2

3

4

5

6

7

M312
M174
M294
M296
M297
M298
M299
M300

67.5
74.5

63.5
51.8

40.5
43.8

50.5
38.5

76.3
88.8

41.2
48.5

375
360
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8

9

10

81.2
83.5
80
84.2
86.9
83.5

72
74
71.2
75.2
77.3
73.6

52.7
55
49.8
57
58.3
57
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A1

B1

A2

B2

A3

B3

C1

D1

C2

D2

C3

D3

APPENDIX 4. — Samotherium cf. boissieri Major, 1888 (PRCI/M310-313) mandibles from Ruhanioon locality, Maragheh, NW Iran. M313: A1, labial; A2, lingual;
and A3, occlusal views. M312: B1, lingual; B2, labial; B3, occlusal views. M310: C1, labial; C2, lingual; C3, occlusal views. M311: D1, lingual; D2, labial; and
D3, occlusal views. Scale bars: 10 cm.
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A
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C

D
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F

G

H

I

J

K

L

M

N

O

P

Q

R

APPENDIX 5. — Samotherium cf. boissieri Major, 1888 (PRCI/M174, 294, 296-300, 312) postcranials from Ruhanioon locality, Maragheh, NW Iran. A, Posterior;
B, lateral; and C, anterior view of metatarsus M312. D, Anterior; E, lateral; and F, posterior view of metacarpus M174. Dorsal views of astragali: G, M299; H, M298;
I, M296; J, M294; K, M297; and L, M300. And plantar views of astragali: M, M299; N, M298; O, M296; P, M294; Q, M297; and R, M300. Scale bars: 10 cm.
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APPENDIX 6. — Scatter diagram comparing: A, the metatarsal; B, the metacarpal; and C, astragali proportions of Samotherium cf. boissieri Major, 1888 (×)
and S. neumayri Rodler & Weithofer, 1890 (▲) from Maragheh, Iran with S. boissieri (blue ) and S. major Bohlin, 1926 (red ) from Samos, Greece, and Palaeotragus coelophrys Rodler & Weithofer, 1890 (●) from MNHN collection. Horizontal and the vertical axis represent measurements in millimeters. Abbreviations:
TL, total length; TD dis., distal transverse diameter; L lat, lateral length. Maragheh specimens (×); Mt: PRCI/M312 in A; Mc: PRCI/M174 in B; Ast: M294-300
in C; and (+) MNHN MAR 571 in A; MNHN MAR 838 in C. Samos data after Kostopoulos (2009b).
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