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“And thus, the forms of life throughout the universe become divided into groups
subordinate to groups.”

- Charles Darwin
(Origin of Species, Chapter Il, p. 59)
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Abstract

In the present thesis, the study and taxonomic determination of craniodental material
belonging to individuals of the family Bovidae, from the excavation sites PV1 and PV3 of
Pikermi - Attica, is presented. Pikermi takes its place among the most important fossil-
bearing localities for the Upper Miocene of Europe and has been extensively excavated
from the 19th century to the present day. Bovid specimens account for the vast majority of
the collected findings. The studied specimens were compared with presently described
material, belonging to taxa typical to the locality. Furthermore, detailed measurements
were taken on the available craniodental elements and then compared to sets of compa-
rative data, either measured by the author or collected from the relevant literature. Overall,
110 specimens were studied and -all but 5, which remained unidentified- were assigned to
the species Tragoportax amalthea, Miotragocerus valenciennesi, Gazella capricornis,
Oioceros rothii, Palaeoreas lindermayeri, Palaeoryx pallasi, Sporadotragus sp. and Pro-
tragelaphus skouzesi. The variability of cranial morphology for the identified material was
then discussed and cases of particular interest -such as possible indications of sexual
dimorphism, or the presence of species atypical to the locality- were pointed out. Differe-
nces in the bovid content between the two sites were also discussed in an evolutionary and
palaeoecological context. The analysis of the palaeoecological aspect was carried out with
the provisional census of individuals from the available material and its classification by
feeding habits. The results were found not to be in conflict with the prevailing palaeoenvi-
ronmental reconstructions for the locality. Lastly, comments on the palaeopathology and
possible taphonomic alteration of particular specimens were provided.

Keywords: Bovidae, Greco-Iranian, Turolian, Pikermi, Systematics, Craniodental, Osteo-
metry, Palaeobiogeography, Palaeoecology



Hepidnyn

2TV Tapovca epyacio, Topovstaletal ) LEAETN Kot 0 TAEIVOUIKOC TPOGOIOPIGUAC KPOVIO-
dovTIKoD LAKOV atdpmv tng owkoyévelag Bovidae, amd tig avackoaeikég 0éceic PV kot
PV3 tov ITikeppiov Attikng. To ITwcéppt cvykatoréyeton otig TAov onuaviikés Evpm-
naikéS amoMbopatopdpes Bécelg Tov Avrtepov Metdkatvov g Evpanng kot £xet yiver
0TOY0G EKTETAUEVOV OVOoKOPOV, amd tov 19° adva g kot onuepa. Ta Pooedn and-
TEAOVV TNV TAEOV TOALTAN 0T OpLdda amd o evprHaTa TOL £X0VV GVAAEYDEL. To VIO PEAETN
VMKO ovykpidnke pe mEPYpaPEG TG HOPPOAOYING TUMIKAOV TASIVOUIKOV OUAO®V OTI
dedopéveg Béoerg. EmmAéov, Aemtopepeic perpnoelg napdnkav oto dwwbécipua Kpovio-
dovtika ototyeio Kou €merro cuykpidnkav pe chHvoro GLYKPITIKOV dedOUEVOV, TA OTTOL,
elte peTrpndnkav eniong and tov cuyypapéa gite avacHpOnkav amd 1 owbéoun Ppi-
oypaoia. Xvvolkd, 110 deiypoto peletiOnkav kow 6Ao -mtAny 5, ta omoio mwopEREVOVY
diywg mpocdloploud- omoddOnkav oto €idn Tragoportax amalthea, Miotragocerus
valenciennesi, Gazella capricornis, Oioceros rothii, Palaeoreas lindermayeri, Palaeoryx
pallasi, Sporadotragus sp. kou Protragelaphus skouzesi. H mowiAdtnta ¢ Kpoviokng
Hop@oA0Yiag TOV VAKOV oL eeTdotnKe, cLINTNONKE GTN GUVEXELN KOl TEPUTTAOGELS LE
1010UTEPO EVOLAPEPOV -OTMG TOUVEG EVOEIEEIG PUAETIKOD SYOPPIGHOV, N 1) TOPOVGIOL [UN-
TUTIKOV €100V¢ OTIG dedouéveg BEoelg- emonuavOnkay. Alapopég oTIc avarloyieg Kot TV
KPOVIOKT] LOPPOAOYiD TOL TTEPLEYOUEVOD GE €101 avAlESH OTIS dVo BEaelg cuinthOnKav
emiong, Vo €£eMKTIKO Kol TOAOOOIKOAOYIKO Tpiopa. H maAoioouworoykn avdAivon
TPOYLOTOTOMONKE LE TOV EVOEIKTIKO VTOAOYIGUO TANBVOoU®V atOpmV amd T0 d1bécto
VMKO KO TNV KOTNYOplomoinon Tov kotd dlatpo@ikég cvvnbeles. Ta amoteAéopato dgv
€0€1Eav KAmow amOKAIoN 0md TIC EMKPATOVGES TAAOTEPPUAAOVTIKES AVAKATACKEVEG
v v epoyn. Téhog, mapaoyEdnkay TaAoaomaBoA0YIKE KOl TUPOVOLIKA GYOAOL Yo
OLYKEKPIEVQ OEtypLaTal.

Aé&Eerg-kieona: Booedn, EAAnvo-Ipavikn, Tovpoio, [Tiképut, Zvotnuotikn, Kpaviodo-
vtkd, Ocoteopetpia, [TadaroProyewypaeia, [Tolatooworoyio
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CRANIUM & HORN-CORES MAXILLA
DAP;. Anteroposterior diameter at the horn-core fr fragmentary (used as prefixto
base along its major axis dental nomenclature)
DAP,.; Anteroposterior diameter at 7cmabove the LM Upper molar row length M1-M3
horn-core base along its major axis LP Upper premolar row length P2-P4
DT TranS\_/erse_diame_terat the horn-core base LPM Length premolars plus molars P2-M3
along its minor axis
DT,y  Transverse diameter at 7cmabove the horn- L Tooth length
core along its minor axis M Upper molars
dex Dexter P Upper premolars
Heon Height from the highest point of the W Tooth width
occipital protuberance to the lowest point INSTITUTIONS & EXHIBITIONS

of the occipital condyles

Him Height from the highest point of the occi-
pital protuberance to the lower border of
the foramen magnum

AMPG Museum of Geology &
Paleontology, Athens University

EPTP BExhibition of Palaesontological
Treasures of Pikermi

Hum H_eight fromthe highest point of the occi- MNHNP  Muséum national d°His toire
pital protuberance to the upper border of naturelle, Paris
the foramen magnum NHML Natural History Museum, London
hc Horn-core L
NHMW  Naturhistorisches Museum, Vienna
Lhe Horn-core length

NKUA National and Kapodistrian

Lanc Length fromthe anterior border of the horn- University of Athens

cores to the occipital protuberance

] RCC Rafina Cultural Centre
Ltp Length fromthe frontoparietal suture to the UNIVIE  Uni ity of Vi
occipital protuberance niversity of vienna
Lipop  Length fromthe frontoparietal to the LOCALITIES
occipitoparietal suture ALM Almyropotamos
Lpnhe Length fromthe posterior border of the CHOM  Chomateri
_ hgr_n-cores to the occipital protuberance DYT-1 Dytiko-1
sin Sinister

. . . HADJ-1 Hadjidimovo-1
Wpa:  Width of the basioccipital at the anterior

tuberosities KAL Kalimantsi
Wippe  Width of the basioccipital at the posterior MAR Maragheh
tuberosities NIK-2 Nikiti-2
Whne  Braincase width behind the horn-cores PIK Piikermi (classical locality)
Wen  Width at the occipital condyles PV1-4 Pikermi Valley 1-4
Wi Width laterally to the horn-core bases RZO Ravine de Zouaves no 5
lateral
Whem fNidth )between the horn-core bases SAM Samos
(medial) SER-2 Serefkoy-2
Whas  Width at the mastoid processes THER  Thermopigi
W, Greatest width across the orbits VAT-1 Vathylakkos-1
(frontal) OTHER

Wqq Width between the lateral edges of the
supraorbital pits

Weom  Width between the medial edges of the
supraorbital pits n Specimen count

ALT. No. Alternative number
MNI Minimum number of individuals




1. Introduction

The family Bovidae is one of the most diverse and adaptable groups of the order
Artiodactyla, which has exhibited exceptional variation in body size and structure and has
thrived and evolved into many different habitats. The Neogene period represents a crucial
step in the evolution of the bovids and particularly at about 23 Ma, when their divergence
from cervids and giraffids occurred, owing to the development of a more complex ruminant
digestive system (Castello et al., 2016). The earliest and most basal member of the family
ever recorded is the genus Eotragus, a small gazelle-like bovid, certain specimens of which
were found in Pakistan and France (Ginsburg & Heintz 1968; Solounias et al., 1995).

The climate variability of the Miocene and early geographic isolation of the two main
groups of bovids (Antilopinae and Bovinae) led to a series of large scale radiation and
dispersal events, alternating between Eurasia and Africa (Castell6 et al., 2016; Bibi et al.,
2009). The characteristics mentioned above allowed them to continue adapting to the
climatic and by extension vegetational transitions, especially during the late Miocene
(Fortelius et al., 2006). This caused a very fast diversification of the family during that
period and culminated into bovids crossing the Bering land bridge and conquering the
northern part of the American continent during the Pleistocene (Vaughan, 2015; Castelld
et al., 2016).

Despite of the earliest part of the evolutionary history of bovids being rather muddled, they
constitute one of the most successful mammal groups, due to their responsiveness to se-
lection pressures and they have given rise to a great amount of extant species. The worldwi-
de Miocene fossil record of bovids is plentiful and quite promising for the disentanglement
of their labyrinthine systematics and phylogeny.

A small part of this work is taken up by the author, with the study of the material provided
by the latest excavations in the locality of Pikermi, which is one of the richest and most
diverse Turolian reference sites in Europe, including several macromammalian groups

Bovidae (Filis et al., 2019; Roussiakis et al., 2019). The systematics of
= oo omaldiea Pikermian bovids have already shown an extensive variety of
Mtotragocerus gaudryl . . ) . . B
Palaeoryx pallasi species, which also reflects their global diversity, as previously
Protoryx carolinae | mentioned. Among the most frequent mammalian representa-

Prostrepsiceros rotundicornis| . . . . . . .
e tives found in the Pikermi locality, there are 10 bovid species

Palaeoreas lindermayeri (Fig. 1), with some of them coming into view more often (e.g.

Protragelaphus skouzesi . . . .
e e Gazella capricornis), while others more rarely (e.g. Oioceros

Gazella capricornis rothii). It is worth mentioning that of the 10 species recorded,
Fig. 1. Faunal content of the only 7 (possibly 8) appear in the studied sample and more
family Bovidae at the locality 00 antly certain finds indicate the presence of species pre-

of Pikermi (Roussiakis et al., ) i ) i
2019). viously unknown to the classical locality of Pikermi.




1.1. The family Bovidae Gray, 1821

The major diversification that bovids displayed from their
emergence to these days, is directly reflected to them
constituting 65% percent of all extant artiodactyl species
and counting over 50 genera and 130 species (Castello et
al., 2016; Kostopoulos, 2021). Many more have been
recorded in the fossil record, initially found as representa-
tives of Old World mammal faunas, with some exceptions
in North America. The Greek fossil record is undoubtedly ) _

. . . Fig. 2. Palaeoreas lindermayeri spe-
rich as well, presenting at least 52 genera and 83 valid spe-  ¢jes described in 1848 by A. Wagner
cies with an extensive temporal distribution from the early (modified from Gaudry, 1862-1867)
Middle Miocene till the latest Pleistocene and a large percentage of them have been identi-
fied in classical localities such as Pikermi (Fig. 2; Kostopoulos, 2021).

Due to their complex phylogeny, bovid taxonomic patterns are still debated, although apart
from classical morphology-based systematics, newer approaches applied such as molecular
methods help to provide more solid conclusions (Fernandez & Vrba, 2005; Solounias,
2007; Groves & Grubb, 2011). The most widely accepted bovid taxonomy, also verified
by DNA phylogeny is the following (Ropiquet, 2006; Groves & Grubb, 2011; Hassanin et
al., 2012):

Subfamily Bovinae Gray, 1821: Tribe Bovini Gray, 1821, Tribe Boselaphini Knottnerus-
Meyer, 1907, Tribe Tragelaphini Blyth, 1863.

Subfamily Antilopinae Gray, 1821: Tribe Neotragini Sclater & Thomas, 1894, Tribe
Aepycerotini Gray, 1872, Tribe Antilopini Gray, 1821, Tribe Reduncini Knottnerus-
Meyer, 1907, Tribe Hippotragini Sundevall, 1845, Tribe Alcelaphini Brooke, in Wallace,
1876, Tribe Caprini Gray, 1821, Tribe Cephalophini Blyth, 1863, Tribe Oreotragini
Pocock, 1910.

horn sheath (keratin)

bony core

cornual process

\

v

Fig. 3. Bovid skull (left), displaying horn sheath and bony core (Calamari & Fossum, 2017) and a typical
horn structure schematic medial-section (right).



It is worth mentioning that Miocene bovids traditionally belonging to the tribe Boselaphini,
have recently been placed by Bibi et al. (2009) to the newly erected tribe Tragoportacini,
based on the phylogenetic analysis of morphological characters. The present author
chooses to retain the Boselaphini association, but views the aforementioned work as pro-
@ mising -provided that further analysis and data collection on a wider scale
are pursued.

10cm

5

o

Aside from the plesiomorphic characters of Ruminantia and Pecora, the
bovids essentially are differentiated by their type of cranial appendages.
These appear as unbranched horns with continuing growth throughout the
animal’s life. Usually, both sexes feature horned skulls, which specifically
in males are more robust (Castell6 et al., 2016). In some cases, females of
some species lack horns altogether. Anatomically, horns are made up of a
bony horn-core, which normally consists of spongy bone with few exce-
ptions bearing internal sinuses, and a keratinous sheath (Fig. 3). Core develo-
pment occurs on the tip and on multiple layers, parallel to the axis of the
horn and not from the base and out towards the tip. Similarly, the sheath
grows continuously along the entire surface of the bony core following its
shape, or significantly expanding beyond the core (Janis & Scott, 1987).

Fig. 4. Aspects of a bovid cranium (Capra ibex). (a) superior view (female), (b) inferior view (female), (c)
posterior view (male) and (d) left lateral view (male) with cranial bones denoted. Abbreviations: pmax =
premaxillary, max = maxillary, nas = nasal, lac = lacrimal, jug = jugal, fro = frontal, pal = palatine, par =
parietal, tem = temporal, occ = occipital, sphc= sphenoid complex (Modified from Pales & Lambert, 1971).

10



Nt - Horn-cores are essentially a bony extension of the

& N K,, NI YT w&i}a frontal bone of the skull and are characterized by a
{ ,_."‘ T 33\ X & K 5 ]
/‘“ / b & v

e NS ALLES

B =i .= 57 variety of sizes and torsion types. From a morpho-
P2 P3 P4 M1 M2 M3 logical aspect, except for the type of cranial appenda-

oy ety LN Y %ok, N}‘ > 3, ’ % - - - - - -
%‘3'¢—"'.4:C»,;:i L NN B » ges, which are the basic distinguishing feature of the
Yoo P WA EART X . bovid family, minor differences in cranial anatomy
‘\\ /‘1\ e A v

_ e (Fig. 4) with the sister taxon Cervidae can be obser-
Fig. 5. Typical bovid tooth row of the left d. The lacrimal f hich i ld .
maxilla in occlusal (top) and buccal view veda. € lacrimal 10ssa, which 1S an oval depression
(bottom). in the lacrimal bone anteriorly to the orbit, is always
present in cervids, contrarily to bovids where it is not. In addition, cervids bear two lacrimal
foramina, which are orifices on or near the edge of the orbit, while bovids usually bear one.
Nevertheless, this appears to be a quite problematic characteristic, since the number of
foramina may vary within a species (Janis & Scott, 1987; Hillson, 1999; Groves & Grubb,
2011). In all bovids, frontal bones are a large structure with an apparent interfrontal suture,
and the frontal sinus, which is a chamber over the nasal bone extends extremely and in a
very complex manner. Parietal bones are fused together posteriorly to the horn-cores in
adult specimens and a sagittal crest is absent (Hillson, 1999; Castello et al., 2016).

Bovid buccal dentition is primarily hypsodont and is differentiating from the cervid or
giraffid one, which is brachydont, although reverse cases are known. Their generalized
dental formula is 0/3, 0/1, 2-3/3, 3/3 with the presence of diastema (a toothless gap anterior
to the premolars). In the upper tooth row (Fig. 5)
there are no incisors and first premolar and upper
canines are reduced or absent (Janis & Scott,
1987).

Bovids like all ruminants are notable for their
extraordinary digestive system, which has had a
crucial effect in their evolutionary path. Of course
this anatomical development is influenced by their
ecological niche and a shift in climate and vege-
tation, especially in late Miocene, when the peak
of their extensive diversification occurs. There is a
wide array of bovid genera among the Greco-Ira-
nian localities, with notable representatives being,
Miotragocerus (Fig. 6), Tragoportax, Gazella,
Oioceros, Prostrepsiceros, Protragelaphus Proto-
ryx, Palaeoryx, Palaeoreas, Sporadotragus, Skou-
fotragus, Criotherium, Nisidorcas, Mesembriace-
rus Helicoceras and Urmiatherium (Gentry et al., Fig. 6. A reconstruction of “Tragoportax ga-

1999; Kostopoulos, 2009a, 2021; Kostopoulos & dryi” (M. valenciennesi) - skull, musculature
Bernor; 2011). and life appearance (Agusti & Antén, 2002).

11



1.2. Historical background

The Pikermi locality has a distinguished palaeontological history, since numerous disco-
veries occurred there, which gave birth to the notion of a cosmopolitan Pikermian fauna.

The 19" century was a pivot point for natural sciences and palaeontology among them,
knew an age of flourishing, when Darwin and other naturalists had come to the fore and
American and European institutions carried out excavation expeditions worldwide to
unearth new material for study.

In 1836, the Scottish historian G. Finley, during a field prospecting excursion for archae-
ological remains in Mesogea basin, discovered a site of fossil-bearing red clays on the
banks of a torrent in Pikermi, known as Valanaris. His findings were granted to the
collections of the Physiographic Society of Athens and one of its founding members,
German ornithologist A. Lindermayer, collaborated with him to conduct the first exca-
vations in the site. It is worth mentioning that in 1838, a Bavarian soldier noticed glim-
mering crystals inside the cavities of some fossilized bones he found and considered them
to be diamonds. He transported the fossils to Munich, where the professor of zoology A.
Wagner acknowledged the scientific value of the specimens and identified a new genus
and species of primate, Mesopithecus pentelicus (Wagner, 1839) which was hailed as a
discovery of grave palaeontological importance (Roussiakis, 1996; Roussiakis et al.,
2019).

A multitude of excavations followed, led by natural scientists, namely J. Roth in 1852, H.
Mitzopoulos in 1853, A. Gaudry in 1855-1856 and in 1860, W. Dames in 1882, M.
Neumayer and L. V. Tausch in 1885, A. S. Woodward and Th. Skoufos in 1901, O. Abel
in 1912 (Roth & Wagner, 1854; Gaudry, 1862-67; Dames, 1883; Weithofer, 1888;
Woodward, 1901; Abel, 1922). In the years 1972 to 1980 N. Symeonidis, F. Bachmayer
and H. Zapfe also performed systematic excavations in a new nearby area, named “Cho-
materi” (Symeonidis et al., 1973; Bachmayer et al., 1982). This considerable number of
excavation expeditions enriched the natural history material of the European museum
collections on a remarkable degree and their contribution was paramount to the early steps
of the science of palaeontology. From the previously mentioned palaeontologists, A.
Gaudry cannot escape notice for his monumental monograph titled “Animaux fossils et
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Fig. 7. Views of the PV1 sit: (a) The 2018 ecvation. (b) An aspeét of a
2019). (c) Revealing a bovid maxilla next to an hipparion skull.
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géologie de I’Attique” (Gaudry, 1862-1867).

At the dawn of the 21% century, the palaeonto-
logical value of Pikermi could not be ignored.
In the year 2008, the fieldwork in Pikermi
resumed by NKUA with Professor Emeritus
G. Theodorou on the helm (Theodorou et al.,
2010, 2013). Three new sites PV1, PV3 and
PV4 (considered to be no further than a few
! meters from PV3) were discovered. The first

site is slightly younger stratigraphically than
P the other two and situated 500 m east-
il.-. southeast from the classical site. The other
":"hﬁ two sites have been assumed to be near or cor-
responding exactly to the classical site (Rous-
siakis et al., 2014). From the prospecting
expeditions of 2008 until now, the excava-
tions have become systematic (Fig. 7), mainly
focusing efforts on the PV1 site. They are car-
ried out annually and have brought more than
2000 new specimens to light (Roussiakis et
al., 2019).

The collection of the vertebrate fossil speci-
mens is broad with a great variety of species,
not only common but also rare ones. Part of
the material, is stored in the Museum of
Palaeontology and Geology (AMPG) of
NKUA, the majority is housed in the Pikermi
- - Rafina Municipality’s Urban Planning
Building (EPTP) and finally, a few specimens
are exhibited in the Rafina Cultural Center
(RCC) (Fig. 8).

Outside the scientific context, Pikermi sa-
tisfies the required criteria and deserves to be
acknowledged as a renowned geotope, as pro-
moted in Roussiakis et al. (2019). Emphasis
should be placed in highlighting and prese-

= — - _ rving its palaeontological heritage. Thus, the
Fig. 8. Museums and exhibitions housing the stu-

died material, (a) AMPG (© Vasilis Stergios 2021), cStaplisnment of a protected geopark in the
(b), (c) EPTP and (d) RCC. area, is a proposal worthy of consideration.
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1.3. Geology

The Pikermi locality is located about 20 km east of Athens (Greece) in the Mesogea basin
(Fig. 9), which is surrounded by the mountains of Penteli to the north, from which the
famous marble was extracted for the construction of the Acropolis and Hymettus to the
west. To the south lie the hills of Koropi and Markopoulos and to the east, the Euboean
gulf. There flows the Megalo Rema stream of Rafina which is formed by the contribution
of torrents that originate from Penteli and Hymettus, following a N-S direction at the
highest points and to the east at the lowest.

The famous fossiliferous beds of Pikermi from which the internationally recognized
Pikermian fauna was unearthed, are situated next to a tributary of the Megalo Rema stream,
named Valanaris (Roussiakis, 1996). In these beds, in which fossilized terrestrial verte-
brates dominate, a sequence of reddish silts is observed which is up to 30 m thick. Clastic
channels of conglomerates and sandstones are complementarily contained in these beds.

These elements make up what is known as the
Pikermi Formation (Fig. 10), which is chara-
cterized by terrestrial to alluvial Upper Miocene
sediments. The Pikermi Formation can be split
into two members. The Red Conglomeratic
Member and the Chomateri Member, which is
situated above the former (Fig. 10). The Red
Conglomeratic Member is composed of red silts
with a weak pedogenic overprint which alte-
rnate with debris flows -including clasts from
Mount Penteli. The upper Chomateri member
on the other hand, consists of an alternating
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(© GeorgiosTheodorou 2019).
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Fig. 10. Stratigraphic column of southern
Attica, including the Pikermi and Rafina
Formations (Modified from Bohme et al.,
2017).

Attica marble Pikermi Formation Pliocene to Pleistocene
l [
Mica schist Rafina Formation Holocene

Lower-limestone unit

Fig. 11. Geological map of the studied area (Modified from
Bohme et al., 2017).

series of reddish to yellowish fluvio-alluvial sedi-
ments (Bohme et al., 2017).

Fossil bone accumulations of the studied PV1 and
PV3 sites (including the classical site) are located in
the lower Red Conglomeratic Member of the Pikermi
Formation (Fig. 11 & Fig. 12; Theodorou et al., 2010;
Bohme et al, 2017). Respectively, a fossil-bearing
site named “Chomateri” corresponds to the Choma-
teri Member, situated inside a carbonate paleosol
(Symeonidis et al., 1973).

Superior to the Pikermi Formation is the concordant
Rafina formation (Fig. 9) which is characterized by
palustrine to lacustrine sediments (clay, coals, and
platy limestones) and likewise is split into two
members, the lower lacustrine and the upper palu-
strine one (Bohme et al, 2017).

The Pikermi Formation is placed discordantly above a “lower limestone unit”, which indi-
cates a palustrine to lacustrine palaeoenvironment (a system of grey marls and coals) of
Neogene Age (Bohme et al, 2017). Moving down the base of the stratigraphic column,
marbles and mica schists represent the crystalline Alpine bedrock, which emerges through
the Neogene-Quaternary deposits in isolated “stratigraphic islet” forms (Roussiakis, 1996).
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On the roof of this system of formations (Pikermi and Rafina Formations) lay concordantly
situated lacustrine beds of platy limestones, marls and conglomerates, which bear fossil
accumulations with Melanopsis cf. anceps, Melanopsis cf. costata and Planorbis sp.
Above these fossiliferous beds, a thick series of Quaternary conglomerates and sandy clays
can be found (Marinos & Symeonidis, 1973).

Moreover, in the area there are two fault systems with W-NW and N-NE orientations with
an impact on the two upper Miocene Pikermian formations (Pikermi and Rafina Forma-
tions) (Roussiakis, 1996).

East in the Rafina region, fossiliferous marine beds are located with a lateral transition into
fluvio-terrestrial sediments. They are deposited with a discordance, over the system of
upper Miocene Pikermian formations, 40 m above the sea level. This indicates that the
Pleistocene sea covered a somewhat larger area than today with a simultaneous deposition
of the marine and fluvio-terrestrial sediments laterally (Mettos, 1992). As stated by M. K.
Mitsopoulos (1949), these beds are of early Pliocene age and according to Constadinides
et al. (1992), are of early middle Pliocene.

The angle of the inclines of the Rafina shoreline are approximately 35° - 40°, while in the
innermost part of the area varies from location to location. Especially in Chomateri, the
inclinations of the beds are more gentle (Roussiakis, 1996).

red-silts of the
Red Conglomeratic_ -

\\d‘bm ﬂuvial sedlments

Frg 12. Aspect of the PV1 site. In the foreground modern fluvial sedrments of the Valanaris tributary can
be seen and a part of the Red Conglomeratic Member of the Pikermi Formation is also visible. In the
background yellowish upper Neogene to Quaternary sediments can also be seen.
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1.4. Biogeography and biostratigraphy

Due to the fact that bovids and artiodactyls in general, are very prevalent in the late Mio-
cene with numerous and distinctive species and they have proven to be very useful for
calibrating mammal biozonation for the European continental Neogene (MN-Zonation)
(Mein, 1999), thus the contribution of their study in biochronology and palaeogeography
should not be ignored.

During the Upper Miocene, a great faunal exchange took place between western Asia (sub-
Paratethyan region) and the Balkan Peninsula, with a subsequent expansion into the wider
European region. Most of the time, there is no satisfactory fossil record for the determi-
nation of terrestrial mammal biozonation. Nevertheless, after extensive excavations in
several localities and the systematic study of the material in the area encompassing the
Balkans, Turkey and Iran, palaeontologists have had the opportunity to extract significant
biostratigraphic data and draw conclusions for the palaeobiogeography of the area.
However, data in some localities is not sufficient. Sometimes biostratigraphic methods
such as superposition or evolutionary stages, are not capable of producing results, therefore
dispersal events are studied using a combination of radiometric and magnetometric data,
although they suffer from the problem of timelessness. One of the cases examined in a
study of dispersal events by Koufos (2003), demonstrates that the Vallesian/Turolian
boundary can be defined by the first local appearance of the suid Microstonyx and the

Palinspastic map of the Greco-lranian region
Late Miocene

Legend
I Land
[ 1Shallow areas
[ Deep basins

Fig. 13. Greco-lIranian region (rectangular area) in the late Miocene during the Messinian Salinity Crisis
(modified from Popov et al., 2006).
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bovid Nisidorcas.

According to Bernor et al. (1996) after a series of systematic and chronologic analyses, a
significant correlation between classic Pikermian localities, such as Maragheh (Iran),
Samos (Greece) and Pikermi (Greece) within the late Miocene European MN unit system
was indicated, establishing the existence of a biogeographic province. It is marked that the
suggested provinciality is driven by palaeogeographic and palaeoenvironmental factors
and it is reported to have begun in the Vallesian. The beginning of the Vallesian
corresponds to the lower part of the Tortonian epoch and the base of the European Mammal
Zone MN 9 at 11.1 Mya (base of C5r.1n) (Steininger, 1999).

Late Miocene faunas including bovids have been confined in a temporal frame, presenting
specific attributes and along with the influence of geographic proximity on the localities
found taken into account, its provinciality has been defined. According to Bernor (1983),
Vallesian and Turolian localities in Greece, Turkey and Iran, constitute the Sub-
Paratethyan province, and for the particular area Bonis et al. (1992) proposed a Greco-
Irano-Afghane province. Fortelius et al. (1996) proposed a differentiated model of provi-
nciality, discriminating three distinct more expanded provinces, those of the Balkans,
Anatolia and Western Asia and a substantial part of their combination corresponds to the
area of interest. It has also been reported as the Greek-Iranian (Casanovas-Vilar et al.,
2005) and Eastern European/Western Asian province (Nargolwalla, 2009).

It should be noted that arguments against a cohesive biome during the late Miocene of the
Old World (Kaya et al., 2018), have been put forward by Denk et al. (2018). Fortelius et
al. (2019) respond to this by noting that while substantial differences may exist in the palae-
obotanical content between the localities of the bioprovince, faunal homogeneity is largely
preserved, on a stricter, palaeozoographical context.

Moreover, Kostopoulos (2009b), argues that the concept of the Greco-lranian province is
an oversimplification of the palaeobiogeographical regime of the region. He notes that
mammal community homogeneity is not preserved throughout its corresponding temporal
frame -with the exception of the middle Turolian and the emergence of the Pikermian
chronofauna. This faunal event is said to be controlled by climatic and physiogeographical
factors.

Despite the differing opinions on its interpretation and spatio-temporal distribution, the
Greco-Iranian bio-province (Fig. 13) -when defined as the immense sub-Paratethyan re-
gion that extended from the Balkans to Afghanistan-, certainly corresponds to the deve-
lopment and spread of the Pikermian Biome (Solounias et al., 1999).

The fossil record so far, indicates that the multitudinous and diverse family Bovidae is
widely represented in the broader region, by the presence of various tribes like Boselaphini,
Caprini, Antilopini etc.
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All of what is mentioned
FRI : above is consistent with
the work of Mirzaie Ataa-
badi (2010), that deals
with biochronological and
palaecogeographical  ap-
proaches of the Miocene
mammal faunas of We-
stern Asia. Through me-
thodologies like the analy-
sis of relative abundance
M Esvres - Marine Faluns MN5 ' Pikermi MN12 e Siwalik MN9-10  of closed and open-ada-
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® Maragheh MN 11-12 Arabia MN4-5 pted taxa and herbivore
Fig. 14. Average similarity of Western Asian chronofaunas presenting no hypsodonty, the correlati-
distinction between Pikermi and Maragheh (Mirzaie Ataabadi, 2010). on of the studied chrono-

faunas has been pointed out, setting Pikermi and Maragheh in the same provinciality (Fig.
14). On the contrary, the Pikermian chronofauna is differentiated from other Western Asian
chronofaunas like the Arabian or Siwalikan.

Remarks by a notable study (Eronen et al., 2009), which has been conducted in the wider
region with the application of climate models and hypsodonty indices as well, has con-
firmed that the biochronological context of the Pikermian Biome (Fig. 15) includes the
Vallesian and Turolian (MN9, MN10, MN11, MN12, MN13). In particular, the zenith of
the Pikermi-an chronofauna is placed on MN12 (8.0 - 6.6. Ma).
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Fig. 15. Stratigraphic scale with land mammal biozones showing Pikermian chronofauna in green (Modified
from Steininger, 1999).
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Specifically, Pikermi, which is the historical model locality that gave rise to the concept of
the homonymous chronofauna has been studied repeatedly. The latest geochronological
research conducted by Bohme et al. (2017) using sediment and isotopic analysis, magne-
tostratigraphic, orbital tuning and astrochronology methods (Fig. 16) show an age 7.27
Mya for the PV1 site and 7.33 to 7.29 Mya for the slightly older PV3 site. Thus placing
both of them neatly within the MN12 biozone, to the middle Turolian age (Roussiakis et
al., 2014).
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Fig. 16. Biomagnetostratigraphic correlation of PV1 and PV3 and astronomical tuning to insolation sea-
sonality of the Red Conglomeratic Member of Pikermi Formation (Béhme et al., 2017).
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2. Material and Methods
2.1. Material

The specimens of the material consist of an initial inorganic bone tissue fraction -as well
as dentin and enamel in the case of fossilized teeth-, which have undergone partial
diagenesis by recrystallization of biogenic hydroxylapatite and filling of the gaps with
calcite and Mn and Fe oxides. These oxide depositions cause patches of black coloration
mostly in the outer surface of the bone (Stathopoulou et al., 2003). The diagenesis that the
bone has undergone results in the retention of its external form (as well as elements of its
internal microstructure), but causes an increase in density and a loss in elasticity.

The preparation process can be divided into 4 stages: cleaning, assembly/fixation, comple-
tion with aesthetic restoration and specimen numeration and storage. The specimens are
processed by predominantly mechanical means.

The first mandatory action of the cleaning process is the removal of a large volume of
relatively cohesive material. Tools such as the Dremel rotary cutter/sander with a silicon
carbide tip (Fig. 17) are used for this purpose (Palmer, 1989; Green, 2001) and a combina-
tion of hammer with chisels of various sizes when bone durability is ensured (Rixon, 1976;
Sohl, 1989). The work continues with the Dremel oscillating scriber with a stainless steel
tip, stainless steel jeweler’s needles (F. Dick scriber No. 656) and dental picks (Palmer,
1989; Sohl, 1989; Green, 2001) as well as tweezers and scalpels (Fig. 18). Frequent
washing with water is also crucial for the processing of the specimens. Brushes, water
sprayer or wet sponges of various sizes are used to remove loose sediment (Fig. 18). This
phase of treatment requires patience and careful movements to remove the superficial
sediment, to such an extent that the external structure of the bone is fully visible.

Adhesives are also used during the sample processing. Some bones may have been broken
~ or shattered, or they may simply have been assessed as
fragile and in need of fixation (Converse, 1989). General
purpose adhesive is used for bonding fragments and
Paraloid B-72 solution for filling cracks and stabilizing
brittle material. Adhesives which provide sufficient
bonding strength but allow subsequent detachment for
observation, completion or sampling, are preferred.

When necessary, after cleaning, bonding and fixation of the
fragments, the next step is the completion of the areas of
the bone where material loss is observed. This stage is

Fig. 17. Removing a large volume . . . . .
ofgcohesive Sedim%m fm?n a bovig carried out, either for aesthetic restoration of the specimen

skull, using the rotary tool. -if it is to be exhibited in a showcase- or for bone reinforce-
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Fig. 18. (a) Hand tools (from left to right): hammers, brushes, dental picks, scalpel, jeweler's needle and
tweezers. (b) Adhesives and washing tools. Paraloid B-72 solution, its solvent, acetone and syringes for its
application, general purpose glue (yellow tube), water sprayer, toothbrush, dropper and sponges.

ment by filling its cracks and gaps, if there is a lack of stability. In the present work two
methods of completion were performed. The first concerned the mixing of acrylic resin
Paraloid B-72 with a very fine-grained sediment forming a thin paste suitable for filling
the gaps, and the second the use of Polyfilla, a common material used extensively in
restoration of ceramic objects in the field of conservation of antiquities, as well (Podany,
1994).

The final procedure of the preparation process is the numeration of the fossil samples and
their storage. The number given is unique to each bone and ensures that it will not be lost
or confused with a similar one (Brunton et al. 1985). Drawing ink is used between two
coats of Paraloid B-72 solution in a relatively low concentration, to achieve durability over
time. For storing the specimens, boxes with foam or cotton filling are selected (Green,
2001).

Most of the material used in this study, was prepared by the author. A valuable contribution
to the preparation of the material was made by colleague Panagiotis Filis. Furthermore a
few specimens were prepared by Stamatis Kirdis. The preparation work was carried out
under the supervision of Dr. Socrates Roussiakis and numerous specimens were processed
to select the 110 ones that met the requirements to be studied (Appendix I1.A). The studied
material collected during the new excavation series in the PV1-4 sites of Pikermi (Attica)
for nearly the last 10 years. The excavations were performed under contract between the
municipality of Rafina-Pikermi and the NKUA, and are titled “Evtomopndg, cmotikn
GLALOYT ATOAMOOUEVOV OVO-UEIOKAVIKOV ONAAGTIKGOV Kot GAA®V amoAbopdtov amd v
guplTEPN YopaKTnpPopévn meployn tov Anpov Pagnvag - TTiceppiov” (KA 70/3/12977)
and the scientific supervisor is Dr. George Theodorou, complemented by Dr. Socrates
Roussiakis as assistant scientific supervisor. Part of the studied bovid material from the
PV1 site along with all the specimens from PV3 and PV4 are stored in the collection of the
AMPG of the NKUA and rest of the PV1 material belong to the EPTP. Measurements of
the material from Pikermi (Greece), Samos (Greece) and Maragheh (Iran) belonging to the
collections of the NHMW and UNIVIE, which were taken by the author, as well as, measu-
rements from the relevant literature, were used for comparisons (Appendix I1.C).
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2.2. Methodology

The taxonomical determination of the studied material was based on the description of its
qualitative morphological characteristics, the measurement of quantitative ones and its
subsequent comparison with already described specimens and related literature.

Measurements were performed on material -selected on the basis of adequate preservation
and completeness-, which consists of relatively complete and partial skulls with or without
horn-cores and/or maxillae, as well as individual horn-cores and maxillae with at least a
partial tooth row. All measurements of the skulls and teeth were taken with a digital caliper
and are given in millimeters to the nearest decimal place (at 0.1 mm precision). In cases
were some degree of wear or damage prevented measurements from being taken with
absolute accuracy, the best possible approximation is given in parentheses.

For the plotting of horn-core outlines, the usage of a profile meter was considered but was
ultimately discarded for the usage of soldering wire. Soldering wire offers the advantage
of plotting an entire outline, while granting the pliability and lack of elasticity not
commonly found in metal wires. The selection of indicative representatives of each species
for the horn-core profile plotting, was based on the preservation status of the specimens.

Data analysis and plotting were carried out with the use of PAST (Hammer et al., 2001).
Illustrations and images were created and processed in the Inkscape, Gimp and Procreate
software platforms. Google Earth Pro 7.3.4. was also used for satellite images. Photograph
sources which have no reference, belong to the author’s personal archive.

Terminology and Measurements of Craniodental Elements

Cranial measurements (Fig. 19, 20) generally follow von den Dreisch (1976) with the ne-
cessary expansions and modifications dictated by the relevant literature (e.g. Roussiakis,
1996; Kostopoulos, 2009a) Cranial terminology (Fig. 4) follows Clarence et al. (1970) and
Gentry (1992). It should be mentioned that the term pedicle, which is often found in related
literature, was replaced by the term cornual process (Clarence et al., 1970) to highlight the
difference between it and the similar but not identical structure found in cervid skulls.

Various bovid species can exhibit either straight horns or twisted in some manner. The
degree of horn curvature along their long axis varies. Also, twisted horns come equipped
with one or more keels. When attempting to describe the attribute of horn twist, one is
faced with some degree of disagreement within the literature (Gentry, 1968; Roussiakis,
1996, 2003; Kostopoulos, 2014; Kostopoulos & Soubise, 2018) as to what exactly consti-
tutes “torsion” and “spiraling”. To remedy this, torsion is rigorously defined as the number
of rotations of the horn-core body along the axis of development of the horn per unit of
length and spiraling as the relative diameter of rotation. Thusly, horn-cores can be
categorized as loosely or tightly torsioned (or “twisted”) as well as openly or closely
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spiraled. The closest observed degree of spiraling can be referred to as “simple twisting”.
Additionally, the direction of rotation is equally significant and can be described as
heteronymous or normal when the left horn-core exhibits counterclockwise rotation and as
homonymous or reverse when the left horn-core exhibits clockwise rotation in superior
view, looking from tip to base.

In the case of Tragoportax amalthea and Miotragocerus valenciennesi, the antero-posterior
diameter (DAPx) at the horn-core base is taken along the major axis of the cross-section
perpendicular to the axis of development of the horn, which is also tangent to the posterior
edge of the horn-core base. Respectively, the transverse diameter (DThc) is taken along the
corresponding minor axis. This exception is in place due to the great variability (probably
dependent on age) of the extension of the horn-core base to the frontal, in individuals
belonging to these two species.

Yet another important disclaimer to make is that in the case of Oioceros rothii, DAPxre-

(b)

Fig. 19. Cranial measurements in (a) anterior and (b) left lateral view (abbreviations in p.7).

24



fers to the maximal diameter of the horn core, which is not only non-parallel to the sagittal
plane (as is in the case of Tragoportax amalthea for example) but rather tends to be
perpendicular to it. Accordingly, DT -being the minimal diameter of the horn-core- tends
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to orientate itself towards the sagittal
plane. Thusly, this nomenclature is,
in the opinion of the author, rather
misleading for this particular case
and void of any descriptive power. It
is retained though, for the sake of
correspondence with the relevant li-

terature. _-__
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Fig. 20. Cranial measurements in (a) posterior, (b) inferior (basicranium) and (c) superior view (abbrevia-

tions in p.7).



In the case of the Gazella capricornis, one more measurement is taken at 7cm from the
horn-core base.

Dental measurements (Fig. 22) were taken according to Heintz (1970) and teeth elements
terminology (Fig. 21) used, by Heintz (1970), Gentry (1992), Gentry et al. (1999) and
Barmann & Rossner (2011). In order to avoid confusion when comparing data with related
literature, it must be stated that upper case letters are deliberately used for upper premolars
and molars (as opposed to lower case for lower teeth) even if mandibular teeth are absent
in this study.

Apart from the measurements of the total length of premolar and/or molar tooth row (Fig.
22), teeth were individually measured for their antero-posterior length and transverse
width. In particular, length was taken at the occlusal surface and width at the crown base.
These measurements usually vary with tooth wear, but in that way greater accessibility of
the measured features and a lesser chance of error are offered. Taking the length at the
alveolar surface of a tooth, might seem more accurate in theory, but in practice it shows
weak accuracy due to the close proximity or contact of the measured tooth with its
neighbors.

In the case of paired maxillae, teeth measurements are taken on the side which exhibits the
best preservation. If both sides are equally well-preserved, then the right side is chosen.
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Fig. 21. Terminology of tooth crown elements in ruminants. (a) Upper second molar and (b) upper third
premolar (Modified from Gentry et al., 1999).

Fig. 22. (a) Maxillar measurements in buccal view and (b) dental measurements in occlusal view.
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3. Systematics

Order ARTIODACTYLA Owen, 1848
Suborder RUMINANTIA Scopoli, 1777
Infraorder PECORA Flower, 1883
Family BOVIDAE Gray, 1821
Subfamily BOVINAE Gill, 1872

Tribe BOSELAPHINI Simpson, 1945
Genus Tragoportax Pilgrim, 1937

3.1. Tragoportax amalthea (Roth & Wagner, 1854)

Material

PV3/2018 frontlet with nearly complete horn-cores (the horn-core tips are missing),
PV1/2215 frontlet with a part of the facial area and maxillae (right: P3-M3 and left: P2-
M3) and nearly complete horn-cores, PV1/2592 frontlet retaining an almost complete
braincase with nearly complete horn-cores, PV1/2049A frontlet retaining an almost
complete braincase with partial horn-cores, PV1/1839 frontlet retaining an almost
complete braincase with partial horn-cores, PV1/2290 frontlet retaining an almost
complete braincase with partial damaged horn-cores, PV1/2344 frontlet without horn-
cores, PV1/2492 part of right horn-core, PV1/2798 frontlet with a partial right horn-core,
PV1/2386 maxillae with partial palatine (right: P2-M3, left: P2) PV1/2371A+PV1/2371B
maxillae with part of the palatine preserved (right: P2-M3, left: P2-M3), PV1/92 left
maxilla P2-M3, PV3/66 right maxilla P2-M3, PVV1/314 left maxilla P2-M3, PV3/2026A
right maxilla P2-M3 & PV3/2026B left maxilla P2-M3 [same individual].

Description

Crania and horn-cores: All of the key diagnostic features of this species (Pilgrim, 1937;
Roussiakis, 1996; Spassov & Geraads, 2004; Kostopoulos & Bernor, 2011) appear in the
studied material to a greater or lesser degree, depending on the wear and preservation of
the specimen.

The horn-cores display weak heteronymous torsion and are relatively long and slightly
curved backwards. They bear a strong anterior keel and one more postero-lateral which is
weaker. The cross-section at the horn-core bases is sub-triangular to triangular in shape
(Appendix 1.1). Postcornual fossa are also present.

The frontal bones form a wide intercornual plateau and possess shallow invaginations that
extend to the cornual processes. In the braincase, which is rather low and wide, thick
temporal ridges -which weaken posteriorly- can be observed and a strongly developed and
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flattened dorsal rugose area lies between them. The fronto-parietal sutures are not
particularly visible but a pronounced ridge formed in that area.

The supraorbital foramina are small and the anterior border of the orbit is located appro-
ximately above the middle of the M3. The anteriormost border of the choanae is situated
behind the metacone of the M3.

The occipital bone forms an almost right angle with the upper surface of the braincase and
the occipital condyles are large postero-ventrally. The foramen magnum is large and
square-shaped and the mastoids are also large and trend postero-laterally. A strong external
occipital protuberance can be observed as well.

The basioccipital has a greater width at the posterior tuberosities, which are large, ridge-
like and more developed than the anterior tuberosities. They are located perpendicular to
the sagittal plane and a shallow groove divides them along the antero-posterior axis.
Between and in front of the small anterior tuberosities a thin crest extends forward along
the medial axis of the basisphenoid. The foramina ovalia are also situated in front of the
anterior tuberosities of the basioccipital, ventrally.

Maxillae: The total length of the upper premolars of this species is small compared to the
total length of the upper molars.

The P2 is longer than P3 and is characterized by a modestly developed posterior area (the
part of the P2 which forms the parastyle and the protocone). The parastyle shows little
growth as well, while the crest of the buccal wall is robust. It is located close to the
parastyle, resulting in the formation of a narrow groove on the buccal wall between its crest
and the parastyle. Lingually, the protocone does not show conside-rable development.

The P3 does not differ in structure from P2, but the parastyle is more robust. Lingually, the
protocone is minimally developed, while the hypocone is larger and extends more towards
the interior than the protocone.

The P4 is simple, and on its buccal wall the most developed feature is the parastyle, while
the outer ridge is weaker.

The molars are characterized by a buccal wall with a strong parastyle and a weaker me-
sostyle. The buccal wall of the paracone features a slightly developed crest, while that of
the metacone is almost smooth. All molars of this species, bear endostyles.

Comparisons and Observations

Crania and horn-cores: Elements of the cranial morphology were examined and the
necessary measurements were performed and plotted against the comparative material, for
proper identification. In the following diagram (Fig. 23), the measurements taken from the
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Fig. 23. Comparison of the cranial measurements (mean) of Tragoportax amalthea between the studied
material (n=4, light blue) and comparative material from Roussiakis, 1996 (n=4, yellow).

studied material (light blue, Appendix 11.B.1.b) are compared to those from the classical
site of Pikermi (Roussiakis, 1996). The samples in this case are equally populated (n=4, in
both cases) and the measurements appear to be in very good agreement. The only observa-
tion to make is that the Wmas and Heon appear higher, by an almost negligible amount for
the studied material, but in such a way that the ratio of the cranial dimensions is equal
between the two samples. This is important, as the Wmas is characteristically greater than
the Hcon in this particular species. The equally characteristic feature of the basioccipital -
being at its greatest width at the level of the posterior tuberosities- is also apparent in both
samples.

Additionally, in the diagram DAPh/DThc of Fig. 26 (p. 34) where Tragoportax amalthea
is compared to the other boselaphine of Pikermi, Miotragocerus valenciennesi, specimens
of the species seem to exhibit greater variability. This could be caused by 2 particular
specimens (PV1/2344 and PV1/2215; Appendix I11.2.5) which exhibit two of the smallest
DAP values while possessing, at the same time, the largest DTnc values. This anomaly
can be attributed to these particular specimens’ poor state of preservation. Specimen
PV1/2798 on the other hand, which presents with the smallest pair of DAPn: and DThec
values -even though it too displays signs of wear-, could also be said to belong to a younger
individual.

The studied sample is then compared with a specimen belonging to the similarly sized Tra-
goportax rugosifrons (Kostopoulos, 2009a; Fig. 24). As is apparent by the diagram, the
differences in the various cranial measurements are negligible at best. Even so, a number
of marked qualitative morphological characters differentiate Tragoportax rugosifrons.
from the studied specimens (Kostopoulos, 2009a; Spassov & Geraads, 2004). These inclu-
de weaker rugosities on the anterior keel of the horn-core, which also possesses weaker
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Fig. 24. Comparison of the cranial measurements between the mean values of the studied material belonging
to the species Tragoportax amalthea (n=4, light blue) and a specimen of Tragoportax rugosifrons from Sa-
mos (MTLB159) by Kostopoulos, 2009a (orange).

torsion and lacks visible steps. The skull of Tragoportax rugosifrons is also characterized
by straighter and less robust horn-cores, which are more widely spaced apart. Lastly, the
distinctive concavity of the anterior edge of the horn-core, found in Tragoportax amalthea
is absent or less visible in Tragoportax rugosifrons.

Maxillae: The dental measurements are given in Appendix 11.B.1.c. The ratio of the ave-
rage length of the premolar series to that of the molar one, as extracted by the formula
(LP/LM) x 100 is 75.8% (n=7).
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Fig. 25. Comparison of the dental measurements (mean) of Tragoportax amalthea between the studied
material (n=7, blue) and comparative material from Pikermi (n=6, grey) from NHMW, (mean) Roussiakis,
1996 (orange) and (mean) Moya-Sola, 1983 (yellow).
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In the diagram of Fig. 25 comparisons are performed with material from the localities of
Pikermi (NHMW), as well as measurements from specimens belonging to the classical site
of Pikermi, taken from the relevant literature (Roussiakis, 1996; Moya-Sola, 1983). A high
degree of similarity can be observed with all samples, especially the lengths of the
premolars, which take on almost the exact same values as the comparative material. A
minor differentiation is observed at the width of P3, but the general homogeneity observed
across the compared samples points towards a possible error in measurement.

Additionally, in the diagram of the Fig. 27 (p. 35) the tooth dimensions (LP/LM) of Trago-
portax amalthea are compared to those of Miotragocerus valenciennesi. The studied
sample seems to be nested well within the area delineated by the comparative material.
One observation worth mentioning is the fact that specimens from the PV3 site seem to
exhibit distinctly larger LP values than their PV1 counterparts which are more widely
distributed within the area. As it has already been stated, PV3 is considered to correspond
to the historical “classical site”. With that in mind the close proximity of the above
mentioned specimens, to those belonging to MNHNP (acc. Roussiakis, 1996), NHMW and
the average value reported by Moya-Sola (1983) can be justified —as the latter have all been
extracted by the classical site.
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Genus Miogtragocerus Stromer, 1928

3.2. Miotragocerus (Pikermicerus) valenciennesi (Gaudry, 1861)

Material

PV3/130 frontlet with complete horn-cores, PVV1/666 frontlet retaining most of the length
of the horn-cores, PV1/1837 skull with partial horn-cores and maxillae (right: P2-M3 and
left: P2-M3), PV1/274 left maxilla P2-M3, PVV1/939 right maxilla P2-M3, PV1/1134 right
maxilla P2-M3, PV1/1223 right maxilla P2-M3, PV1/1920 right maxilla P2-M3, P\V1/2033
right maxilla P2-M3, PVV1/273 left maxilla P2-M3, PV1/639 left maxilla P2-M3.

Description

Crania and horn-cores: The specimens of the studied material which correspond to this
species, are a frontlet of a male individual, a frontlet of a female -both preserving their
horn-cores- and a cranium of a female individual with partial horn-cores. The male shows
a remarkable state of preservation, retaining the whole length of the horn-cores. All features
present in the specimens and their corresponding morphologies are consistent with the re-
levant literature (Roussiakis, 1996; Spassov & Geraads, 2004; Kostopoulos, 2005, 2009a).

In the PV3/130, the horn-cores are elongated, almost straight and show strong transverse
compression. Also, a small angle of divergence between them is observed. Their medial
surface is almost flat, while the lateral is rather convex. They are characterized by the
presence of a strong anterior keel with very weak torsion while a postero-lateral keel is
absent. This cannot be considered as true torsion. Rather, the keels curve medially at the
level of the horn core bases and then laterally at the tips. The horn-cores also present with
a stepped appearance approximately at the middle of their total length. The cross-section
is weakly sub-triangular at the horn-core base with a rounded posterior surface (Appendix
I.2.a). Anterior rugosities at the horn-core bases are strong, expanding towards the frontal.

The interfrontal suture is not visible and in this area between the horn-cores, a ridge is
present. The fronto-parietal suture cannot be seen and there is an elevated ridge in its place
as well.

In the frontal area between the horn-cores and in the horn-core bases, invaginations are
observed and behind the horn-cores the postcornual fossa are extended and shallow.

Even though the braincase is missing, there is an indication of well-developed temporal
ridges behind the horn-cores.

Specimen PV1/666 corresponds to a female individual of Miotragocerus valenciennesi.
The horn-cores are of small dimensions and their bases are widely spaced apart. Similarly
to the male of the species, they display the same torsion-like curve of their horn-cores albeit
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to an even lesser degree. The cross-section of the horn-cores is oval at their base and weakly
subtriangular at the tip (Appendix 1.2.b).

Specimen PV1/1837 corresponds also to a female individual of the species. The braincase
is narrow and long —a feature identifiable despite the specimen’s medio-lateral com-
pression. It displays strong temporal ridges and the left mastoid process preserved seems
to project further below the inferior level of the condyles and also seems to cover the
condyle on the lateral aspect. The posterior tuberosities of the basioccipital are elongated
and more developed than the anterior ones and between them, along the basioccipital axis
a ridge exists. Also, the auditory bulla is elliptical and with its major axis parallel to the
sagittal plane.

The interfrontal sutures for both female individuals, are visible and as far as can be seen,
the fronto-parietal sutures do not present any elevation as well. According to Roussiakis
(1996) these morphological inconsistencies of the female crania in comparison to the male
ones, is due to their smaller horn-cores. The horn-cores of a male individual are bigger,
more robust and heavier, resulting in an increased weight of the skull. In order to reinforce
its durability, the temporal ridges and the areas of the fronto-parietal sutures need to be
more developed.

Maxillae: The upper tooth row is characterized by a pronounced relief of the buccal walls.
The total length of the upper premolars of this species is big, compared to the total length
of the upper molars and longer than in Tragoportax amalthea.

The P2 is elongated and actually surpasses the P3 in length. Its anterior part, which is
composed of the parastyle and the protocone, is well developed in comparison with the
total length of the tooth. In the buccal wall, the most developed structures are the strong
parastyle and the strong crest of the paracone. This crest is not located very close to the
parastyle but further back, so the valley that exists between them is wide. Lingually, a
groove separates the developed protocone from the hypocone. The hypocone does not
extend further than the protocone towards the lingual side.

The P3 is also characterized by a pronounced parastyle and a strong crest of the paracone
in the buccal side, which is not located too far forward. Lingually, the hypocone extends
more than the protocone towards the lingual side, but not as much as in Tragoportax
amalthea.

The P4 is characterized by a strong parastyle and metastyle on its buccal wall, while the
crest of the buccal wall is less developed than the former two.

On the buccal wall of the molars, the parastyle is very pronounced, the mesostyle is less so
and the metastyle is even less. Buccally, the crest of the paracone is more convex than that
of the metacone, whose buccal wall is almost flat. Lingually, the endostyles are under-
developed in the M1 and the M2, while in the M3 they may be absent or faint.
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Comparisons and Observations

Crania and horn-cores: The cranial measurements of the specimens of Miotragocerus
valenciennesi are given at the Appendix II1.B.2.a. In the diagram of the Fig. 26 the
dimension DAPr. and DTre for the studied material are compared to other identified
Miotragocerus valenciennesi samples, as well as to the other known boselaphine of Pi-
kermi, Tragoportax amalthea. The difference in size between the two genera is apparent
and confirms the identification.

Sexual dimorphism is also apparent within the Miotragocerus valenciennesi sample, with
female individuals exhibiting smaller values for the DAPhc and DThe measurements.

While a certain degree of overlap can be observed between the male Miotragocerus
valenciennesi grouping and Tragoportax amalthea, the sole specimen belonging to the
studied material falls outside this shared area.

As far as the female Miotragocerus valenciennesi grouping is concerned, the specimen
PV1/666, which is exceptionally preserved at the horn-core bases is located at slightly
higher values than the rest of the group. Conversely, specimen PV1/1837 displays the
lowest observed values and this can be attributed to its poor state of preservation at the
horn-core bases, as well as to a great degree of medio-lateral compression which it exhibits.
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Fig. 26. Scatter diagram comparing the basal horn-core dimensions (DAPh, DThe) in the boselaphines
Tragoportax amalthea and Miotragocerus valenciennesi.
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The grouping is otherwise quite distinct from both male individuals of the species, as well
as Tragoportax amalthea.

Maxillae: The dental measurements of the specimens of Miotragocerus valenciennesi are
given in Appendix 11.B.2.b. The ratio of the average length of premolar series to the average
length of the molar one is 81.5% (n=9). This ratio reaches a value of 89.9% for the largest
specimen (PV1/274) in the studied sample.

In the diagram of Fig. 27, the tooth dimensions (LP/LM) of Miotragocerus valenciennesi
are compared to those of Tragoportax amalthea and the two species can be seen forming
two distinct groupings of points.

Most of this species’ specimens seem to occupy an area of relatively low values, but when
the comparative material is accounted for, the grouping becomes broader. The most tightly
clustered of the studied specimens are position in the immediate vicinity of the specimen
of Samos with the lowest reported values (Kostopoulos, 2009a). The rest of the
comparative material along with a single outlier from the studied sample cluster together
at somewhat higher values.

Also worth noting, is the lack of isotropy in the distribution of the Miotragocerus
valencienessi measured values. Instead, they seem to form two distinct groupings con-
centrated on larger and smaller LP/LM values, respectively. This is possibly attributable to
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Fig. 27. Scatter diagram comparing the dimensions of the upper tooth row (LP, LM) in the boselaphines
Tragoportax amalthea and Miotragocerus valenciennesi.
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Subfamily ANTILOPINAE Gray, 1821 (sensu Kingdon1982)
Tribe ANTILOPINI Gray, 1821
Genus Gazella Blainville, 1816

3.3. Gazella capricornis (Wagner, 1848)

Material

PV4/12 frontlet with partial horn-cores, PVV1/360 partial left horn-core, PV3/5 partial left
horn-core, PV1/70 partial right horn-core, PV3/132 partial right horn-core, PV3/125
complete left horn-core with a small part of the frontal bone, P\V3/2016 partial right horn-
core, PV3/2050 partial right horn-core, PV3/2051 almost complete left horn-core,
PV3/2033A left almost complete horn core - PV3/2033B right almost complete horn-core
[same individual], PV3/2034A partial right horn-core - PV3/2034B partial left horn-core
[same individual], PV1/630 frontlet without horn-cores, PV1/226 frontlet with nearly
complete horn-cores (the horn-core tips are missing), PV1/191 frontlet with nearly
complete left and partial right horn-core, PVV1/1838 frontlet with partial horn-cores,
PV1/2243 complete right horn-core, P\V1/2415 complete right horn-core, PVV1/2117 partial
left horn-core, PV1/2410 partial right horn-core, PV1/2217 partial right horn-core,
PV1/1153 partial right horn-core, PVV1/1916 partial left horn-core, PV1/2416 complete left
horn-core, PV1/1160 partial left horn-core, PV1/2805A partial right horn-core —
PV1/2805B partial left horn-core [same individual], PV1/490 right maxilla P2-M3,
PV3/121 right maxilla frP3-frM3 and left maxilla P2-M3 with partial palatine between
them.

Description

Crania and horn-cores: The specimens of this species are mainly horn-cores and horn-
cores attached to partial frontals with a very small part of the braincase behind them. Their
dimensions are indicative of them belonging to a small-sized species. The evaluation perfo-
rmed is in agreement with established diagnostic characteristics of the relevant literature
(Roussiakis, 1996; Kostopoulos & Bernor, 2011; Kostopoulos, 2009a, 2016).

The horn-cores are moderately long and their degree of curvature is usually low, displaying
no torsion at all. Horn-core positioning on the skull is usually of the “V” type (at about
45°), with moderate spacing near the frontals and strong divergence towards the tips. The
cross-section at the horn-core base is generally oval and gradually becomes circular
towards the distal end of the horn-cores (Appendix 1.3). The major axes of the horn-core
bases are slightly convergent anteriorly to almost parallel. The horn-core surface is covered
by fine longitudinal grooves, which are more or less developed and continuous. However,
the posterior ones are stronger and run along the entire length of the horn-core. Addi-
tionally, Roussiakis (1996) remarks that the lateral surface of the horn-core is less convex
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than the medial one but no such feature was observed in the studied sample. The available
horn-cores are generally medio-laterally uniform in their longitudinal curvature.

Large and oval-shaped postcornual fossae are situated behind the horn-cores. Anteriorly,
the supraorbital foramina are large and triangular in shape and are situated on short cornual
processes.

The small part of the braincase that can be observed in some specimens, does not seem to
bend much in relation to the facial area. The anterior border of the horn-core base is located
approximately above center of the orbit.

Maxillae: The total length of the upper premolars of this species is greater than half the
total length of the upper molars.

The P2 is elongated and its buccal wall is characterized by very small development of the
parastyle. Posteriorly to the parastyle a very characteristic feature can be observed in the
form of a strong crest, which is located rather anteriorly in the tooth. Lingually, the
protocone is less developed than the larger hypocone, and the two are rather distinct from
each other, giving the impression of a weak bilobism of the tooth.

The P3 has the same overall shape as the P2 but differs in having a more pronounced
parastyle. Similarly to the P2, the crest behind the parastyle is located at the anterior part
of the tooth. Its length is often slightly shorter than the length of the P2.

Generally, the length of both the P2 and the P3 is greater than their width.

The length of the P4 is smaller than its width and in the buccal wall the parastyle is well
developed as is the metastyle, though to a lesser degree. The crest of the buccal wall is less
developed than both of the former two styles.

Buccally, the molars bear a well-developed parastyle, while the metastyle and the meso-
style are less so. The endostyles are either barely visible or absent.

In specimen PV1/121 the teeth are relatively unworn and both of the M3 are newly erupted,
pointing to a younger individual in contrast to the much older PVV1/490, which possesses
highly worn teeth (Appendix 111.6.19-20).

Comparisons and Observations

Crania and horn-cores: The cranial measurements of the specimens of Gazella capri-
cornis are given in Appendix 11.B.3.a. The studied specimens were compared in their horn-
core dimensions (DAPhe, DThc) with other gazelle species from Samos, namely Gazella
pilgrimi and Gazella mytilinii (Fig. 28). The latter two form groupings, which are clearly
distinct from each other and from Gazella capricornis, especially at measurements taken
at 7cm from the horn-core base (Fig. 28Db).
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values (DAPhc, DThe) and as such, it possibly belongs to a younger individual. The same
can be said about the specimen PV1/226 (DAPh= 18.5 mm and DTh.= 21 mm, Appendix

I1.B.3.a) —with a greater degree of certainty, as it also appears to possess the lowest

pair of

values for measurements taken at 7 cm from the horn-core bases (Fig. 28b). Visual exami-

nation of the frontlet itself reinforces this notion (Appendix 111.6.17).
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In general, the studied sample seems to be well distributed within the value ranges of
Gazella capricornis as formed by the samples from the examined comparative material
from Pikermi and Maragheh (NHMW) as well as specimens from the aforementioned
localities as reported in the relevant literature.

Maxillae: The dental measurements of this species are given in Appendix 11.B.3.b. The
ratio of the average length of the premolar series to that of the molar one is 72.5% (n=2).
The average length of the P2 is 33.6% of the average length of the premolar series (n=2),
and is calculated by the formula (LP2/LP) x 100.

In the diagram of Fig. 29, the dental measurements of the upper tooth row are compared to
those given for the localities of Samos and Pikermi by the relevant literature (Kostopoulos,
2009a; Roussiakis, 1996) to which they appear very similar. In fact, several of the mea-
surements coincide with those from the comparative average values, while others fall be-
tween the ranges created by them.

It should be noted though, that while the studied sample is undoubtedly identified as
Gazella capricornis, it is also very small (n=2), so no conclusions pertaining to any infra-
specific dimension-ratio variability can be safely drawn.
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Fig. 29. Comparison of the measurements (mean) of the upper toothrow of Gazella capricornis from the new
excavations in Pikermi (n=2, light blue) with the mean of the specimens from Samos by Kostopoulos 2009a
(n=3, orange) and the corresponding mean from Roussiakis 1996 (grey).
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Tribe OIOCERINI Pilgrim, 1934
Subtribe OIOCERINA Pilgrim, 1934
Genus Oioceros Gaillard, 1902

Remarks on the Systematics of Oiocerini

It should be noted that Oiocerini is a rather problematic group with doubtful monophyly
and unresolved taxonomic composition. Part of the problem stems from uncertain syste-
matic relationships within the group, such as the sometimes reported synonymy or ex-
change of generic attributions for Oioceros and Samotragus (Gentry & Heizmann, 1996;
Gentry et al. 1999; Kostopoulos & Koufos, 1996; Roussiakis, 2003). The extent of the
group is also unresolved, with the possible inclusion of more genera into it, as is its phylo-
genetic history. This last element is exemplified by the as-of-yet unresolved relationship
of “oilocerines” with “urmiatherines” and “hypsodontines”. Finally, phylogenetic links of
the group as a whole, with the rest of the bovid tribes are still unclear.

Even so, a recent phylogenetic analysis by Kostopoulos (2014) has evaluated Oiocerini as
a valid taxon and identified a sub-clade, of probable subtribal rank (Oiocerina) within it,
which includes Oioceros among other genera. Still, the monophyly of this group is yet to
be demonstrated with absolute certainty. All of the above stated difficulties in resolving
the systematics of “oiocerines” are expected hurdles, caused by the rapid radiation of anti-
lopines in general, during the late Neogene. Consequently, the provided tribal and sub-
tribal designations should be treated as provisional and not as fully resolved ones.

3.4. Oioceros rothii (Wagner, 1857)

Material

PV1/2595 frontlet with nearly complete horn-cores (the horn-core tips are missing),
PV1/2118 partial right horn-core, PVV1/2627 partial right horn-core, PV1/695 frontlet with
partial horn-cores, PVV1/1288 frontlet with partial horn-cores.

Description

Crania and horn-cores: The available specimens are mainly horn-cores attached to partial
frontals with a very small part of the braincase behind them and two partial horn-cores.
Unfortunately, the absence of neurocranial elements preclude the complete description of
their morphological characteristics. Based on the established diagnostic elements of the
relevant literature (Roussiakis, 1996, 2003; Kostopoulos & Bernor, 2011; Kostopoulos,
2014) the specimens can be attributed to the species Oioceros rothii.
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A distinguishing feature of this species is the lyrate shape of its horn-cores. They are cha-
racterized by homonymous and relatively tight torsion which appears to be of one gyre. In
relation with the braincase, the horn-cores present a small inclination and their axes are
almost straight, in lateral view. Antero-medially, they bear a slight hint of a keel with a
gentle curve. There is also a well-developed postero-lateral keel which extends along the
whole horn-core. In front of this keel, there is a strong furrow, which varies in development
from the base to horn-core tip. The cross-section throughout the horn-core length varies
slightly from sub-elliptical to elliptical (Appendix 1.4). The horn-core surface is covered
by small intermittent grooves.

The anterior border of the horn-core base is located approximately above the center of the
orbit and the cornual process between them is short. In that area, close to the horn-core
base and at the same level as the upper border of the orbit, a small sub-triangular to tear-
shaped supraorbital foramen can be observed. Below the postero-lateral keel in the horn-
core base, there is, also, a small postcornual fossa.

The interfrontal suture is open, complex and moderately elevated and the fronto-parietal
one is complex and open, as well.

For as much of the studied specimens’ cranial area as is preserved, the height of the brain-
case is low and temporal ridges seem to be absent.

Comparisons and Observations

Crania and horn-cores: The cranial measurements of the specimens of Oioceros rothii
are given in Appendix 11.B.4.a.

The species Oioceros atropatenes, which is known from Maragheh, was chosen as compa-
rative material. Even though it displays many similarities with Oioceros rothii, such as the
convexity of the braincase in relation to the facial area, it becomes significantly diffe-
rentiated in the horn-core dimensions (DAPh,, DTrc) and cross-section shape, which is
almost rounded.

Two distinct groupings of DAPre-DThe measurements were indeed observed in the diagram
of Fig. 30. Apart from appearing larger in overall dimensions, the Oioceros rothii compa-
rative sample also exhibits a much wider range of DTnc values relatively to Oioceros atro-
patenes.

The specimens PV1/2595 (Appendix 111.7.21) and PV1/2627 seem to correlate well with
the comparative sample and fall closely and in between measurements from the classical
site of Pikermi, provided by the relevant literature (Roussiakis, 2003) as well as measured
by the author (NHMW).

Specimen PV1/695 is observed as having the lowest DAPh: value and this is due to the
extensive damage it has sustained at its horn-core bases (Appendix 111.7.22).
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Despite the above two observations and with the addition support of the qualitative
morphological examination of PVV1/695 and PV1/1288, the inclusion of these two speci-
mens in the species is without any doubt.
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Tribe CAPRINI Gray, 1821
Genus Palaeoryx Gaudry, 1861

3.5. Palaeoryx pallasi (Wagner, 1857)

Material
PV3/2015 frontlet with partial horn-cores, PVV3/2055 left partial horn-core.

Description

Crania and horn-cores: The available specimens of the material which correspond to this
species are a partial cranium with both horn-cores and one more left horn-core. Their
dimensions indicate that they belong to a large-sized antelope. A complete description of
skull anatomy was impossible, but all features present primarily in the horn-cores, as well
as in partial frontals and in partial remains of the braincase agree with the relevant literature
(Gentry, 1971; Roussiakis, 1996; Kostopoulos, 2009a).

The horn-cores of this species are almost straight and fairly long with a small degree of
divergence. They are characterized by mild rearward inclination and the absence of a keel
and are slightly medio-laterally compressed. The cross-section at the horn-core base is oval
to circular (Appendix 1.5) and in lateral view the level of the horn-cores is nearly at the
same level of the frontals. Thin intermittent grooves run along the whole length of the horn-
cores, which are well-placed behind the orbits.

Behind the horn-cores there are exceptionally shallow postcornual fossae. Anteriorly, small
simple supraorbital foramina set widely apart and are situated at the same level as the upper
border of the orbit.

Between the horn-cores there is no observed elevation of the frontals. The interfrontal
suture seems to be moderately elevated and it is not complex. The fronto-parietal suture is,
also simple.

Comparisons and Observations

Crania and horn-cores: The cranial measurements of the specimens of Palaeoryx pallasi
are given in Appendix 11.B.5.a.

The comparative material chosen for the identification of this species belongs to the species
Protoryx carolinae and Palaeoryx majori. Protoryx carolinae was selected due to its
dimensions being very close to those of Palaeoryx pallasi, even though it possesses a
different DAPn/DThc ratio at the cross-section of the horn-core. Moreover, this species is
part of the faunal content of Pikermi, as a large bovid with straight horns. Similarly,
Palaeoryx majori is an equally large sized bovid, which shares a lot of similarities with
Palaeoryx pallasi, but also a few important differences, such as the strong posterior
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inclination of its horn-cores in contrast to the less curved ones of Palaeoryx pallasi (Kosto-
poulos, 2005). For the above reasons the two species used were deemed suitable for compa-
risons.

In the diagram of Fig. 31, three distinct groups appear. Some overlap is present between
the groups of Protoryx carolinae and Palaeoryx majori, as well as between Palaeoryx ma-
jori and Palaeoryx pallasi. This is far from an unexpected outcome, since —as already has
been stated- the dimensions of these three species are very similar.

The frontlet PV3/2015 is clearly within the range of Palaeoryx pallasi and exhibits exce-
ptional preservation (Appendix 111.8.24).

The single horn-core PV3/2055 is also within the accepted range, even though it presents
with lower values.

The qualitative morphological examination of the sample serves to verify the identification
of the two above specimens as Palaeoryx pallasi. Characters taken into account include
the very light curvature of the horn-cores, their moderate divergence and their position at
the postero-superior part of the orbits.
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Fig. 31. Scatter diagram comparing the basal horn-core dimensions (DAP:, DTrc) in the species Palaeoryx
pallasi, Palaeoryx majori and Protoryx carolinae.
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Genus Sporadotragus Kretzoi, 1968

Remarks on the Systematics of Sporadotragus

Contention on the systematics and nomenclature of fossil bovids is relatively commonpla-
ce, but the genus Sporadotragus has an especially long and troubled history. Sporadotragus
parvidens, was first discovered in Pikermi and named “Palaeoryx” parvidens by Gaudry
(1861). Pilgrim & Hopwood (1928) later considered “Palaeoryx” parvidens from Pikermi
and Microtrargus schafferi from Samos to be synonyms and proposed the name M.
parvidens. This generic name was found to be invalid by Kretzoi (1968), who promptly
changed it to the nomem Sporadotragus, without any shift in its content. Gentry (1971)
considered this assessment to be correct and pointed out differences between the genera
Sporadotragus and Pseudotragus (erected by Schlosser in 1904 to include the new species
Pseudotragus capricornis from Samos).

Kohler (1987) later disagreed with Gentry and considered the differences between Spora-
dotragus schafferi and Pseudotragus capricornis not significant enough to warrant a di-
stinction in the generic level. He then chose Pseudotragus as the valid common generic
name, due to its precedence. This position is later supported by Roussiakis (1996), who,
again mentions the small degree of differentiation between Pseudotragus and Sporado-
tragus, along with the missed opportunity by Solounias (1981) to compare the reported
members of the genera Sporadotragus with the genus Pseudotragus, when he compares
and distinguishes Palaeoryx palassi from Sporadotragus parvidens.

Geraads et al. (2006), first turn their focus to Schlosser (1904), by advising towards the
containment of the genus Pseudotragus in the confines of the species Pseudotragus capri-
cornis, due to the type specimen’s particularly poor preservation. They then turn to K6éhler
(1987) and also consider the newer material he attributes to “Pseudotragus” parvidens, to
be too fragmentary for definite identification. They reinstate the generic name Sporado-
tragus (in which Sporadotragus parvidens is included) and describe the new species S.
vasili from Bulgaria. The present author chooses this most recent nomenclatural update as
the one to attribute to the described species.

Kostopoulos (2009a, 2021) provides descriptions of material from Samos, attributed to
Sporadotragus parvidens and agrees with the conclusions of Solounias (1981) and Gera-
ads et al. (2006), about Sporadotragus being a valid genus. He states that the older material,
along with the newer one, form a morphometrically uniform set, which is also distinct from
Schlosser’s (1904) Pseudotragus.
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3.6. Sporadotragus sp.

Material

PV1/552 frontlet with left horn-core, PVV1/1293 frontlet with partial horn-cores, PV1/1294
frontlet with almost complete horn-cores, PV1/2514+2579 frontlet with partial left horn-
core, PV1/1142 frontlet with partial horn-cores, PVV1/2796 frontlet with partial horn-cores,
PV1/2838 partial frontlet with partial left horn-core — PVV1/2839 partial right horn-core
[same individual], PVV1/2052 frontlet with most of the left horn-core, PVV1/362 frontlet
without horn-cores, PV1/2011A frontlet with partial left horn-core — P\VV1/2011B horn-core
fragment [same individual], P\VV1/1933 left maxilla P2-M3.

Description

Crania and horn-cores: The specimens of the material which correspond to this genus
are frontlets with mostly partial horn-cores. Due to the unfortunate absence of even a single
complete skull, taxonomic determination on the level of species proved to be quite difficult.
Their dimensions indicate that they belong to a medium-sized antelope. Nevertheless, the
specimens were found to share several features corresponding to the genus Sporadotragus.
All features present, primarily in the horn-cores, as well as in partial frontals agree with
the relevant literature (Geraads et al., 2006; Roussiakis, 1996; Kostopoulos, 2009a).

The horn-cores of the studied specimens are almost straight anteriorly with a rather small
degree of divergence. Laterally, they have a very mild curvature backwards. The cross-
section at the horn-core base is oval to circular, with a relatively flat medial surface and
does not present any medio-lateral compression (Appendix 1.8.). Characteristic to these
specimens are the visible and relatively deep grooves, which run along the whole surface
of the horn-cores. This particular feature is among the most obvious ones that prevented
the placement of these specimens into Sporadotragus parvidens, which is a typical Pi-
kermian species, since the horn-cores of the latter have a smooth surface. (This thinly groo-
ved surface was too small in scale to be resolved by any available methodology for taking
horn-core cross-sections, so it is not apparent in Appendix 1.8.). In specimens PV1/1142
and PV1/2796, also, a slight antero-medial keel is present on the horn-cores. This feature,
along with the aforementioned presence of grooves on the surface of the horn-cores are
both diagnostic of the species Sporadotragus vasili (Geraads et al., 2006).

Anteriorly, the frontal surface is large with a slight swelling in the supraorbital area. The
supraorbital pits are small in size and the distance between them is moderate.

Behind the horn-cores there are shallow postcornual fossae and the interfrontal and fronto-
parietal sutures seem to be fused to the point of being virtually invisible.

Maxillae: The P2 is of moderate length which is slightly smaller than that of the P3. The
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P2 and P3 are not differentiated very much in length, although the P3 is significantly wider.
The P2 has a very small parastyle, which displays no expansion buccally. The metastyle is
pronounced and the ridge of the buccal wall of the paracone is situated immediately behind
the parastyle and is as pronounced as in the P3.

The P3 is similarly shaped as P2 but wider, as it has already been stated. The parastyle is
thin but more developed than the parastyle of the P2. It is placed immediately in front of
the paracone.

The P4 possesses a strong parastyle and metastyle and the ridge of the buccal wall of the
paracone is much less developed than those of the P2 and P3.

The buccal wall of the molars is characterized by a strong parastyle and mesostyle and a
less developed metastyle (which may be equally developed only on M3). The ridge of the
buccal wall of the paracone is well developed and anteriorly placed, while the ridge of the
buccal wall of the metacone is less so. No endostyles are present on the molars.

Comparisons and Observations

Crania and horn-cores: The cranial measurements of the specimens of Sporadotragus sp.
are given in Appendix 11.B.6.a.

Attempts were made to identify these specimens with the utilization of comparative ma-
terial belonging to the species Sporadotragus parvidens from Pikermi and Serefkoy,
Sporadotragus vasili from Kalimantsi and Skoufotragus zemalisorum from Samos, as
provided by the relevant literature (Geraads et al., 2006; Roussiakis, 1996; Kostopoulos,
2009a; Kostopoulos & Karakiitiik, 2015). These species were selected due to their similar
cranial dimensions, as well as the numerus similarities in cranial morphology they share
with the studied material.

The specimens were plotted in the diagram of Fig. 32. They appear dispersed across the
areas of Sporadotragus parvidens and Sporadotragus vasili, with some of them exhibiting
larger transverse dimension in comparison with the aforementioned two species, while
some others come into close proximity or fall within Sporadotragus vasili.

While specimen PV1/2052 is located within the area of Sporadotragus parvidens, it bears
certain features that prohibit its inclusion in this species.

Specimen PV1/362 is missing its horn-cores, so naturally their morphology could not be
resolved. Even so the morphology of the frontals and the dimensions of the preserved horn-
core bases, (which were measured precariously) place the specimen immediately at the
right of the area delimited by Sporadotragus parvidens (Fig. 32).

Specimens PV1/552, PV1/1293 and PV1/1294 are characterized by large DThc values,
while their DAP is intermediate to small. They clearly do not follow the linear progression
of increasing DAPK/DThc values, observed in the Sporadotragus vasili and Sporadotragus
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features outlined in the general description of the genus, they are less robust and seem to
be significantly longer than the rest of the studied material (Appendix 111.9.25-26).

Skoufotragus zemalisorum

Contrarily to the above, specimens PV1/1142 and PV1/2796, seem to be more robust and
additionally bear traces of an antero-medial keel (Appendix 111.9.27-28). In the diagram
(Fig. 32) they are placed close to Sporadotragus vasili.

Maxillae: The dental measurements of this species are given in Appendix 11.B.6.b. The
ratio of the average length of the premolar series to that of the molar one is 71.3 % (n=1).

In the diagram of Fig. 33, the dental measurements of the upper tooth row of the studied
specimen are compared to those given for Sporadotragus parvidens from the localities of
Samos and Pikermi by the relevant literature (Kostopoulos, 2009a; Roussiakis, 1996; Gera-
ads et al. 2006) and the examined comparative material from Pikermi (NHMW).

The outgroup Skoufotragus laticeps is chosen as the only caprine of comparable size with
readily available measurements in the literature, even though it presents with slightly larger
values. It forms a distinct point cloud, which is placed at significantly larger values than
Sporadotragus parvidens and the studied material.

The studied specimen appears to be nearly within the area of Sporadotragus parvidens,
with which it also shares a great degree of morphological similarity. The possibility of the
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sed, however as it can be seen in Fig. 34, the widths of most of the buccal teeth have
somewhat larger values. This is indicative of the teeth —while being similar in length to the
comparative samples- possessing a rather square-like shape. The deviation is quite small
though, and even if a species-level identification proves difficult, the specimens cannot be
excluded from genus Sporadotragus, especially when combined with the rest of the

1g Mm
: T~
12
_.—-—-‘\/

12 “\.;./\/

6

4

2

0

LP2 WwWP2 LP3 WP3 LP4 WP4 LMI WML LM2 WM2 LM3 WM3

—=@- Sporadotragus sp.-New Excavations, PVV1/1933, PV1
=—0— Sporadotragus parvidens - Roussiakis 1996, P.A. 2/91, PIK
Sporadotragus parvidens-Kostopoulos 2009, SAM
Fig. 34. Comparison of dental measurements of the specimen PV1/1933 of Sporadotragus sp. from PV1 with

the specimen of Sporadotragus parvidens, P.A. 2/91 from Pikermi (Roussiakis, 1996) and (mean)
Sporadotragus parvidens (n=3) from Samos (Kostopoulos, 2009a).
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morphological characters present. These observed deviations could be attributed to either
infra-generic or intraspecific morphological variability, but nothing can be said with
confidence as both the studied and the comparative samples are rather tiny (studied
material: n=1, Roussiakis, 1996: n=1, Kostopoulos, 2009a: n=3).

50



Subfamily ANTILOPINAE Incertae Sedis
Genus Palaeoreas Gaudry, 1861

3.7. Palaeoreas lindermayeri (Wagner, 1848)

Material

Crania and horn-cores: PV1/636 frontlet with nearly complete horn-cores (the horn-core
tips are missing), PV1/102 frontlet with nearly complete horn-cores, PV1/220 frontlet with
nearly complete horn-cores, PV3/2014 frontlet with nearly complete horn-cores, PV1/465
partial left horn-core, PV3/30 partial right horn-core, PVV3/2032A frontlet with partial horn-
cores, retaining the braincase with partial occipital - PV3/2032B part of left horn-core
[same individual], PV1/2461 frontlet with partial horn-cores, PV1/2059 frontlet with
partial horn-cores, PV1/2369A+PV1/2369B frontlet with partial horn-cores, PVV1/2494
frontlet with partial horn-cores, PVV1/2542 frontlet with almost complete right horn-core,
PV1/1903 frontlet with partial horn-cores, PV1/1904 frontlet with partial horn-cores,
PV1/227 frontlet with partial horn-cores, PV1/1084 frontlet with partial horn-cores,
PV1/2632 partial right horn-core, PV3/2017 frontlet retaining an almost complete
braincase without horn-cores, PVV1/1000 left maxilla P2-M3.

Description

Crania and horn-cores: The key diagnostic features of this small to medium sized species
(Gentry, 1971; Roussiakis, 1996; Geraads et al., 2003; Kostopoulos, 2016; Kostopoulos &
Soubise, 2018) appear in the studied specimens, which are in varying degrees of preserva-
tion.

The horn-cores are characterized as heteronymous, since they twist on their axis
counterclockwise with tightly closed spiraling. They bear two keels, a sharp posterior and
an anterior one, which is blunt and ridge-like. Even if the horn-cores are not medio-laterally
compressed, the keels increase the antero-posterior diameter in comparison with the medio-
lateral one. The horn cores are situated above the orbits, are somewhat inclined towards
the posterior, while anteriorly they present with a slight divergence of about 40°. Also their
surface is covered by longitudinal grooves which are rather irregular. The cross section of
the horn-core bases can be found in Appendix 1.6.

Below the lower border of the posterior keel a deep postcornual fossa can be observed.

The interfrontal suture is closed and cannot be seen and in most of the specimens, the
frontals between and in front of the horn-cores are significantly pronounced. The fronto-
parietal suture is also not visible and an elevation behind the horn-cores can be observed,
as well.

The supraorbital foramina are small, sunken in wide depressions.
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In the specimen PV3/2032A the braincase does not present particular deformation, while
PV3/2017 is medio-laterally compressed, but preserves the basioccipital in a very good
condition (Appendix 111.11.31-32).

The braincase seems to be short and wide posteriorly and the temporal ridges do not seem
to converge posteriorly.

Furthermore, the low and rather wide occipital bone bears a strong occipital protuberance
and forms a blunt angle with the upper surface of the braincase. The mastoid processes are
of moderate to relatively large dimensions, extending approximately to the level of the
tympanic bullae.

The basioccipital is relatively elongated and is divided by a central antero-posterior groove
that is at its most pronounced at its ends. The posterior tuberosities are strong and the
anterior tuberosities are less developed but relatively protruding. The tympanic bulla is of
medium to large size.

Maxillae: The premolars are elongated with the P2 having about the same length as the P3
(or slightly longer).

The P2 displays bilobism lingually, and the hypocone occupies the largest part of the lingu-
al wall.

In the buccal wall of the P3 and P4, the crest of the paracone is well-developed and located
anteriorly close to the parastyle, which is not very developed.

The length of the P4 is approximately the same as its width and in the buccal wall, the
paracone is less developed than in P2 and P3, while the parastyle is stronger.

In the buccal wall of the upper molars, the parastyle and the mesostyle are well-developed
and the paracone bears a well-developed crest, as well. The buccal wall of the metacone is
more smooth and the endostyle is weaker. It is stronger in the M1 in comparison to M2 and
M3, in which it can be smaller or absent. Central islets in the M2 and M3 can be also
observed.

Comparisons and Observations

Crania and horn-cores: Cranial morphology of the available skulls was examined and the
necessary measurements (Appendix I1.7.a-b) were performed and plotted against the
comparative material from the classical site of Pikermi (NHMW, UNIVIE) in the diagram
of Fig. 35.

Not much can be said for this diagram, apart from the fact that the two samples are
adequately populated and they are in almost absolute agreement for all measurements.
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When trying to come up with comparative material for Palaeoreas lindermayeri, one runs
into the hurdle of it belonging to a monotypic genus (Kostopoulos & Soubise, 2018). This
was circumvented by USing the SP€- | Palacoreas lindermayeri Majoreas woodwardi
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Fig. 36. Scatter diagram comparing the basal horn-core dimensions (DAPx, DThc) in the species Palaeoreas
lindermayeri, Majoreas woodwardi and Stryfnotherium exophthalmon.
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cores (e.g. close spiraling). Majoreas woodwardi specifically, is characterized by two keels
on each horn-core, just like the studied species. Stryfnotherium exophthalmon on the other
hand, bears only one keel but its horn-cores are similarly heteronymously twisted on a
straight axis as in Palaeoreas lindermayeri.

Two slightly overlapping sample areas are observed, those of Palaeoreas lindermayeri and
Majoreas woodwardi. The above are accompanied by the single specimen belonging to
Stryfnotherium exophthalmon which is placed outside those two demarcated areas, due to
its significantly larger DTy value.

Concerning the Palaeoreas lindermayeri comparative samples, they seem to take up a si-
zeable range of horn-core dimensions, but with a clear trend towards a fixed DAPh/DThe
ratio.

No doubt exists for the inclusion of the studied specimens in Palaeoreas lindermayeri,
since it fulfills all morphological criteria (Appendix 111.11.31-33 & 111.12.34-36). How-
ever, a noteworthy observation is that the majority of PV1 specimens correspond to lower
DAP: and DT values, while most of the PV3 specimens are situated more closely to the
comparative material from the classical site, |paiacoreas lindermayeri

as expected. [[] New Excavations, (mean, n=13), PV1
L . . [l New Excavations, (mean, n=4), PV3
No sufficient explanation can be provided for | () Geraads er. al. 2003, (mean), PIK
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Cantly Iarger Sample from this |OC3.|ity is Kostopoulos & Soubise 2018, (mean), NIK-2
extracted and studied. Besides, the degree to Kostopoulos & Soubise 2018, (mean), THER

. . < Roussiakis 1996, 1967/87, ALM
which measurement errors or taphonomic Kostopoulos & Soubise 2018, DTK-171X, DYT.1

factors may have contributed in skewing the | w Kostopoulos & Soubise 2018, RZ0-03, RZO
plotted data, warrants further investigation. Kostopoulos & Soubise 2018, (mean), VAT-1
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In the diagram of Fig. 37 the average values of DAPh-DThc of Palaeoreas lindermayeri
are plotted for the studied sites PVV1 and PVV3 among average and single-specimen values
from other localities of the Pikermian Biome. The plotted point for PV 3 is predictably close
to the classical site and also to Kalimantsi. Contrariwise the plotted point for PV1 is signi-
ficantly lower and in close proximity to the specimen from Dytiko-1. It is worth noting at
this point that Kostopoulos & Soubise (2018) observed a fluctuation of sizes of cranial and
dental elements, with an apparent temporal component. Unfortunately, due to a lack of pre-
cise dating for most localities this spatio-temporal differentiation could not be verified.

Maxillae: The dental measurements of this species are given in Appendix I1.B.7.c. The
ratio of the average length of the premolar series to that of the molar one is 66.1% (n=1).

In the diagram of Fig. 38. the dental measurements of the upper tooth row of Palaeoreas
lindermayeri are compared to those given for the Pikermi locality by the relevant literature
(Bouvrain, 1980; Roussiakis, 1996) to which they appear very similar. The studied sample
is composed of a single specimen, so no comment can be made with certainty about the
minor deviations of the lengths of the P2, P3 and M1, which are slightly lower than the
comparative values.

Morphological examination of the specimen confirms its inclusion in Palaeoreas linder-
mayeri. In general, any observed deviation is rather insignificant since deviations of equal
scale exist between the two different comparative samples, as well.
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Fig. 38. Comparison of the dental measurements of the upper toothrow of Palaeoreas lindermayeri

(PV1/1000) from the new excavations in Pikermi (light blue) with the mean of the specimens from the
classical site by Bouvrain 1980 (orange) and the corresponding mean from Roussiakis 1996 (grey).
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Genus Protragelaphus Dames, 1883

3.8. Protragelaphus skouzesi Dames, 1883

Material

PV3/2054 frontlet with almost complete horn-cores (the tips are missing), PV3/2059A
partial left frontlet with partial horn-core - PVV3/2059B partial right frontlet with partial
horn-core - PVV3/2059TI" part of the left horn-core [same individual], PV1/1951 frontlet with
almost complete horn-cores (the tips are missing), PV1/2408B frontlet with nearly comple-
te left and partial right horn-core, PVV1/1097A almost complete left horn-core - PV1/1097B
partial right horn-core [same individual], PVV1/818 partial left horn-core, PV1/1183 partial
left horn-core, PV1/1844 partial left horn-core, PV1/2620 partial right horn-core,
PV1/1083 frontlet with nearly complete horn-cores (the horn-core tips are missing),
PV1/126 frontlet retaining the nasal and part of maxillae bones with nearly complete left
and partial right horn-core, PVV3/2049 frontlet with partial horn-cores, PV1/1138A frontlet
- PV1/1138B partial left horn-core [same individual], PV1/1967 right maxilla P2-M3,
PV1/645 partial viscerocranium with full upper dentition preserved (right: P2-M3 and left:
P2-M3), also preserving partial frontals with a small part of the left horn-core base,
PV1/2506 left maxilla P2-M3.

Description

Crania and horn-cores: The specimens of this species are mainly horn-cores and horn-
cores attached to partial frontals with a very small part of the braincase behind them. Their
dimensions are indicative of them belonging to a medium-sized species. The evaluation
performed is in agreement with established diagnostic characteristics of the relevant lite-
rature (Gentry, 1971; Roussiakis, 1996, 2009; Kostopoulos & Bernor, 2011).

The horn-cores are characterized as heteronymous, since they twist on their axis
counterclockwise with a loose torsion and a relatively closed spiraling, which is less tight
than in Palaeoreas. They diverge uniformly from the base to the tip and their axis is almost
straight. They only have a strong posterior keel, which increases the antero-posterior dia-
meter, in comparison with the medio-lateral one. Also, they are situated posteriorly to the
orbit and present a small inclination with the sagittal plane at approximately 20°. The cross-
section of the horn-core bases can be found in Appendix I.7.

The frontal surface is wide and presents elevation and convexity between the horn-core
bases. The interfrontal suture is open, complex and elevated, while the fronto-parietal one
is open as well and indented.

Below the horn-core bases, there are small and round supraorbital foramina not sunken in
depressions, and behind them, the postcornual fossae are large and shallow.
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The supraorbital margins do not possess a strong lateral projection, but rather a diminishing
downward slope.

Maxillae: The P2 and P3 have widths which are almost equal to their lengths. This results
in a square-ish appearance, in contrast to the more elongated one, exhibited by Palaeoreas
lindermayeri. They appear as bilobed, with the division of the lobes separating the proto-
cone and the hypocone.

The parastyle of the P2 is very small and is not very pronounced buccally. In contrast the
metastyle displays significant expansion buccally.

The P3 is slightly larger than the P2, but with a similar pattern of expansion of the buccal
styles.

The parastyle and metastyle of the P4 are well-developed, while the ridge of the buccal
wall is much weaker.

The molars all present with well-developed styles. In particular, the parastyle and metasty-
le are strong, while the mesostyle is even more so. M1 also, features a small basal pillar.

Comparisons and Observations

Crania and horn-cores: Cranial measurements of this species can be found in Appendix
I1.B.8.a. Examination of the general morphology of the studied specimens has identified
them as Protragelaphus skouzesi, however the cranial elements were additionally compa-
red to data from Roussiakis 2009 (Fig. 39).

Overall, the three compared samples appear very similar to each other. Some observable
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Fig. 39. Comparison of the cranial measurements (mean) of Protragelaphus skouzesi between the studied

material (light blue; sample populations can be found in Appendix 11.B.8.a) and the comparative material
from the classical site of Pikermi and Chomateri by Roussiakis, 2009.
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from the classical site receives slightly higher values than the other two samples. Another
deviation exists in DAPxc but in this case it is the classical site and Chomateri that come
into close proximity and the studied material that appears separate at a lower value. The
Lhc measurement can additionally serve to verify the likeness to the Pikermi comparative
material by offering very similar values for itself and the studied material [Lnc(PIK )=237.5
mm, with n=2 and Lxc (PV1-PV3)=227.1 mm, with n=5].

The Chomateri site is known to be the youngest within the Mesogea basin, while the clas-
sical site is the older one and PV1 is of an intermediate age. So, it could possibly be expe-
cted from the material of PV3 to be drawn closer to the classical site when separated from
PV1, but no such behavior is observed. On the contrary, when treated as individual sam-
ples, both PV1 and PV3 continue to appear more similar to Chomateri. This is probably
due to random jitter caused by the small sample sizes.

In the diagram of Fig. 40, the DAPx and DThc values of the studied material were plotted
against those of comparative material measured at NHMW and UNIVIE and values provi-
ded by relevant literature (Roussiakis 1996, 2009; Kostopoulos & Bernor, 2011).

Prostrepsiceros rotudicornis was chosen as a spiral-horned outgroup, also found at the
locality. However, it has significant morphological differences to Protragelaphus skouzesi,
especially in the horn-cores (e.g. two faint keels, open spiraling, lateral and backwards
curvature). This particular species is, also, smaller in size than Protragelaphus skouzesi.
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This exact difference in size is demonstrated in Fig. 40, with the Prostrepsiceros rotudi-
cornis grouping taking its place below the Protragelaphus skouzesi point cloud.

The studied material is well distributed within the comparative samples.

Specimen PV1/1844 creates a peculiar “pinch” towards the smallest DAPnc-DThe values, a
fact that can be attributed to the extensive wear it exhibits along the base of the horn-core.

Specimen PV1/1951, has the smallest observed DAPh value accompanied by a large DThe
one. This is attributable to either taphonomic processes, or a possible young age of the indi-
vidual or, finally, sexual dimorphism (Appendix 111.14.40). This last supposition is reinfor-
ced by the observably smaller length of its horn-cores.

Specimen PV1/1097B is similar in dimensions to PVV1/1951, only with a markedly larger
DAPc value. Its relative position is probably a product of wear as well.

Maxillae: The dental measurements of this species are given in Appendix 11.B.8.b. The
ratio of the average length of the premolar series to that of the molar one is 70.6% (n=3).

Due to a lack of available comparative material, the diagnosis was mainly based on qua-
litative characters outlined in the species’ description. The measurements taken were
compared to those (measured by S. Roussiakis) of a single specimen of Protragelaphus
skouzesi from Maragheh (MAR1397), which belongs to MNHNP and was identified by
Kostopoulos & Bernor (2011).

In the diagram of Fig. 41, the studied
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Fig. 41. Scatter diagram comparing the dental dimensions (LP, LM) in the taxonomical groups Protra-
gelaphus skouzesi and Sporadotragus parvidens.
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dens. This species was selected as an outgroup due to it being metrically very close to
Protragelaphus skouzesi, even though it bears distinctive morphological differences from
it (e.g. the bilobism observed in the P2 and P3 of Protragelaphus skouzesi).

Apart from the morphological similarities of the studied specimens (Appendix 111.15.42-
43) with specimen MAR1397, they seem to be closely distributed to it, and they are all
clearly distinguishable from the point-cloud of Sporadotragus parvidens without any
overlap. In fact, nearly all the Sporadotragus parvidens specimens are clustered away from
the studied sample and only one specimen is in close proximity to it.

In the diagram of Fig. 42. the dental measurements of the upper tooth row (mean) of the
studied specimens are compared to those of the specimen (MAR1397) of Protragelaphus
skouzesi from Maragheh (measured by S. Roussiakis). A general consistency is observed
in the two lines with slight deviations of the studied sample towards lower values for the
lengths of the M1 and M2. This observed difference is however no deterrent to the identi-
fication of the studied specimens, when the small size of the comparative sample (n=1) is
taken into account. The comparative specimen is indeed exhibiting acceptable values, since
these values fall within the range outlined by the measurements of the individual specimens
of the studied sample.
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Fig. 42. Comparison of the dental measurements of the upper toothrow of Protragelaphus skouzesi (mean,
n=3) from the new excavations in Pikermi (blue) with the specimen MAR1397 from Maragheh, belonging
to the collection of MNHNP and measured by S. Roussiakis (orange).
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3.9. Bovidae indet.

Material

PV1/506 partial right horn-core, PVV1/1855 frontlet with partial horn-cores, PVV1/2420
partial frontlet with right horn-core, PVV1/2233 partial left horn-core, PV1/927 right maxilla
P2-M3.

Description and observations

Specimen PV1/506 is a single partial horn-core, which retains a very small part of the
frontlet and is broken off just above its base. Thin grooves are observed on the entire surfa-
ce of the horn-core. Also, it is characterized by medio-lateral compression and its dimensi-
ons at the base of the horn-core are DAPh= 26.4 mm and DThe= 12.9 mm. The horn-core
appears to be straight in overall shape and not spiraled. Furthermore, the cross-section of
the horn-core base appears elliptical.

Specimen PV1/1855 is a frontlet with horn-cores, broken off just above their bases
(Appendix 111.16.44). The specimen is in rather poor shape, perhaps due to taphonomic fa-
ctors, since it is quite compressed along the antero-posterior axis. The horn-cores seem to
be straight in shape and the distance between them is moderate. The cross-section of the
bases appears as circular to elliptical and for as much of the surface of the horn-core
remaining, thin grooves are also observed. The dimensions of the horn-cores at their bases
are DAPhcdex = 19.4 mm, DThcdex= 26, DAPhsin= 20.4 mm and DThcsin= 24.7 mm.
Anteriorly, the frontal is large with a slight inflation in the supraorbital area. The area
around the supraorbital pits is not preserved, but behind the horn-cores there seem to exist
faint postcornual fossae. The interfrontal suture is visible and simple.

In specimen PV1/2420, only a small part of the frontal bone is preserved, along with a
partial right horn-core (Appendix 111.16.45). It seems to belong to a small-sized individual.
The horn-core is straight with thin grooving and cross-section at its base is almost circular.
The dimensions of the horn-cores at their bases are DAPh= 18.1 mm, DThe= 21.8 mm. A
postcornual fossa appears to be present and -for as much of it as is apparent- it seems quite
shallow.

Specimen PV1/2233 is a single partial horn-core, preserving but a fraction of its total length
and appears to be broken just above the base. Due to the aforementioned condition of the
specimen, measurement of its dimensions proved impossible. All that can be said with a
degree of certainty, is that it is small in size and characterized by a relatively tight torsion.
A slight trace of a keel can be seen, possessing a gentle curve. Postero-laterally, there is a
relatively well-developed keel and in front of this keel a strong furrow is present. The avai-
lable features seem to point towards it belonging to the Oioceros genus. Unfortunately, this
cannot be asserted with any confidence due to its poor state of preservation -hence, its
resulting inclusion in Bovidae indet.
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Finally, specimen PV1/927 (Appendix 111.16.46) is very close in overall dimensions to
Palaeoreas lindermayeri, but is quite distinct in its morphology. The premolars are not as
elongated as in Palaeoreas lindermayeri but appear as rather square-shaped in occlusal
view [LP2= 8.8 mm, WP2= 8.3 mm, LP3=9.1 mm, WP3= 9.1 mm, LP4=7.9 mm, WP4=
9.7 mm, LM1=10.9 mm, WM1=13.3 mm, LM2=13.7 mm, WM2= 13.7 mm, LM3=14.8
mm, WM3= 13.8 mm, LPM= 64.9 mm, LP= 26.8 mm, LM= 38.3 mm, (LP/LM) x100=
70]. The hypocone of the P2 is well-developed and occupies the largest part of the lingual
wall. The P3 exhibits weak bilobism lingually. In the P3 (and in a lesser degree in the P4)
the crest of the paracone is well developed and located anteriorly close to the parastyle,
which is also very pronounced. The protocone of the P4 is somewhat more pronounced
than the hypocone lingually and bucally, the metastyle is also, strong. In the molars, the
parastyle, the mesostyle and the metastyle are well-developed. The buccal wall of the
metacone is strong, while the endostyle is weaker. Central islets can be seen in the M2 and
M3 and the maxilla in general can be said to be of brachydont type.
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4. Discussion

4.1. Remarks on the cranial morphology of the studied material

Apart from morphological commonalities, which served in the taxonomic determination of
the studied material, various differences and ranges of variability were also identified -
within and between the described groups. The most noteworthy of those are expanded upon
below.

To begin with, the Gazella capricornis horn-cores that were studied (Fig. 28) display great
variability of certain morphological characters, e.g. horn-core curvature, horn-core cross-
section shape (circular-elliptical). This is not a detriment to their identification, as these
characters form a continuous spectrum of variability which is also reflected in the ranges
of measurable features. Thus, the documented diversity of forms is absolutely acceptable.

In the case of Oioceros rothii, some inconsistencies were observed in the studied sample.
Frontlet PV1/695 (Appendix I11.7.22) was found to be unusually short in the antero-poste-
rior axis, which despite indications of deformation (along said axis), seems to also point to
a somewhat smaller sized individual. Additionally, even though the horn-cores possess all
of the main features typical for Oioceros rothii, they seem to be slightly straighter. Geraads
(2013) distinguishes the Oioceros rothii sample from Corakyerler as having straighter and
more tightly spiraled horn-cores than what can be found in Pikermi. The studied specimens
may serve to overturn this observation. Also, according to Heinz (1963), the straightness
of the horn-cores is a feature reported for the females of Oioceros atropatenes from
Maragheh. Roussiakis (2003) states that there is no discernible difference between male
and female Oioceros rothii. However, Kostopoulos (2014) notes that the documented vari-
ation in the size of this species may point to the existence of sexual dimorphism for it, as
well. As it stands, the author cannot rule out the possibility that the notion of sexual dimor-
phism for this species is valid. With that in mind, the observed difference in size and visible
morphology for PVV1/695 could be due to it belonging to a female individual.

Numerous specimens of dubious taxonomic identity can be found within the general
sample of the studied sites. In most cases this is attributable to fragmentary or poorly
preserved material. Some cases exist though, where any uncertainty stems not from the
previously stated reasons, but from the presence of morphological feature states without
any equivalent in the known species’ descriptions from the locality. One such example is
that of the specimens attributed to Sporadotragus sp. in the present work.

These specimens demonstrate quite a few morphological differences from the typical pi-
kermian Sporadotragus parvidens. On the other hand, there exist several features that seem
to fit quite well with the description of Sporadotragus vasili from Kalimantsi (Geraads et
al. 2006). Among them, are the longitudinal grooves on the surface of all horn-cores, as
well as the faint antero-medial keel found in some of the specimens (Appendix 111.9.27-
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28). However, it should be noted that the examined material is not entirely homogenous.
In fact, some of the specimens are slightly differentiated as to their robustness (Appendix
111.9.25-26) and consequently find themselves outside the area of typical measured values
of Sporadotragus vasili (Fig. 32). This is yet another example where a hypothesis of sexual
dimorphism could be applicable. Certainly, the current data is insufficient and this and any
of the previously mentioned assumptions, await further investigation in order for their vali-
dity to be determined.

On the whole, findings inconsistent with any ties to the known taxonomic content should
be treated with increased caution, especially in a locality such as Pikermi, where a large
number of bovid species has been thoroughly identified and described (Roussiakis, 1996,
2003, 2009).

Another important remark about the studied sample concerns Palaeoreas lindermayeri and
requires the consideration of a wider spatio-temporal context in its approach. Kostopoulos
& Soubise (2018) underline an apparent fluctuation in the sizes of Palaeoreas lindermayeri
by locality. This is inevitably correlated with a temporal component, since each locality of
the Pikermian Biome presents with different datings -all within the Turolian. More preci-
sely, throughout the span of its first (8.5 Mya) and last (6.5 Mya) occurrence, Palaeoreas
lindermayeri sees an increase in overall size is initially observed (NIK-2, RZO and HADJ-
1), followed by an overall size decrease.

The studied sample was also found to contain indications of temporal variation, expressed
as the distribution of specimens with generally smaller sized horn-core dimensions in PV1
and larger sized ones in PV3 (Fig. 36). As is known, PV1 is dated at 7.27 Mya and PV3 is
possibly somewhat older (7.33 - 7.29 Mya; acc. to Bohme et al., 2017). Of course this is
yet another case where secure conclusions cannot be drawn, before the statistical sample is
enriched with more material. As such, the continuation of excavation activity in the loca-
lities mentioned, is crucial for the resolution of this hypothesis.

Moreover, the sample of PV1 is especially rich in Protragelaphus skouzesi specimens.
Since only two maxillae of said species have ever been reported up until now (MNHNP
specimens MAR1397 and MAR3228 from Maragheh, described by Kostopoulos & Bernor
in 2011), the presence of three maxillae in PV1 can serve to further illuminate the cranial
morphology of the species. The morphological features described by Kostopoulos & Ber-
nor (2011) are generally in agreement with the specimens described in the present work.
One exception of note, is that no posterior spur in the central fossette of the P4 or a hypo-
conal spur in the M2 and M3 were observed in the studied specimens.

Finally, on a general note, the studied sample showed adequate preservation, allowing for
the meticulous observation of its craniodental morphology. It also proved to be rather well-
behaved, when plotted against the available comparative material. In Fig. 43 the average
values of the horn-core dimensions of the taxonomic groups identified in the present work,
are plotted together. This was done, in order to provide a quick reference to the relative
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4.2. Palaeoecological remarks

Deep-sea oxygen (8'80) and carbon (8*3C) isotope analyses have given very accurate tem-
peratures for the entire Cenozoic era (Zachos et al., 2001), showing a drop in mean tempe-
rature during the Upper Miocene, with a slight recovery at Miocene-Pliocene boundary.

After the Vallesian Crisis, which is a sudden decrease in biodiversity at about 9.6 Mya
(Agusti & Moya-Sola, 1990), a crucial transition of the climate was observed in the Greco-
Iranian region and broadly in Eurasia, which obviously affected the Pikermi locality or
surrounding area, as well. The habitats progressively became arid (Koufos, 2003; Forte-
liusetal., 2006; Stromberg et al., 2007; Bohme et al., 2008) and the temperature decreased,
a fact also documented in vegetational communities (Suc et al., 1999).

Geochemical analyses conducted in paleosol and dental carbonates, (8 and 7 Mya) indicate
an alteration in vegetation with the replacement of C3 plants (common in forests and
woodlands) by C4 plants (common in prairies and grasslands) in Eurasia (Quade et al.,
1989; Cerling, 1992; Morgan et al., 1994; Barry et al., 2002; Krijgsman et al.,2002; Kosto-
poulos, 2009b). Furthermore, a hypsodonty and diet structure analysis (Fortelius et al.,
2006) presents an increase in hypsodont species and grazers, concluding the dominance of
grazing faunas as well and another study by Mirzaie Ataabadi (2010) confirms the domi-
nance of grazing taxa over browsers.

The aforementioned environmental shift, which had a severe impact on the fauna, led to
the extension of open-woodland areas and their corresponding faunas towards the West of
the Greco-Iranian province. Even though such biomes have been traditionally regarded as
belonging to the “savanna” type, this notion is now considered outdated and an oversim-
plification of the prevailing conditions (Solounias et al., 1999; Kaya et al., 2018; Denk et
al., 2018; Fortelius et al., 2019). The Turolian is characterized by the replacement of Valle-
sian woodland faunas by open-environment adapted species and the westward expansion
thereof. The apex of Turolian faunal diversification is best represented by the classic
localities of Pikermi, Samos and Maragheh (Agusti & Anton, 2002).

These arid conditions persisted for most of the Turolian and artiodactyl faunas and espe-
cially bovids certainly came under ecological pressure, which resulted in an outburst of
diversification, domination in local ecosystems and a latitude-controlled distribution (Co-
steur et al., 2004) in the region. This also led to an increase in the body size of bovids, whi-
le several small-bodied families such as Tragulidae and Moschidae showed a decrease in
their populations (Huang et al., 2017). It is worth mentioning that at the end of the Turolian,
a transition to wetter conditions -with an increase in the occurrence of semi-aquatic species-
took place in the region (Koufos, 2006).

To draw conclusions regarding palaeoecology and palaeoclimate, the fauna list of a site
can be analyzed, since each species offers information about its habitat through its adapta-
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tions to specific characteristics of the environment. The study of the dietary habits of herbi-
vores in particular, is a key question in palaeoecology and by taking these habits into
account, animals can be divided into three main categories (Hofmann & Stewart, 1972): 1.
Grazers, which feed on grass (graminoids), 2. Browsers, whose food is softer, such as
leaves and fruits, and 3. Mixed feeders, which are an intermediate category between the
previous two. The attribution of the above characterizations is the product of methods such
as hypsodonty indices, stable isotopes, dental meso-wear and dental micro-wear (Eronen
et al., 2010; Fortelius et al., 2006; Merceron et al., 2006; Rey et al., 2013).

In terms of the biodiversity of Pikermi -which is a key locality of the wider Greco-Iranian
bioprovince-, bovids are not only the most common representatives, along with hippario-
nine horses, but also exhibit a great degree of diversification.

As such, the apparent bovid assemblage, produced by the taxonomic determination of the
studied material can serve as a preliminary assessment of the local palaecoecology, by the
implementation of the method of division by dietary habits, as supported by the relevant
literature and described above. For this purpose, the relative distributions of all the identi-
fied taxonomic groups are expressed as percentages for each site (Fig. 44, 45) and as a
cumulative total (Fig. 46). For the extraction of the populations, the minimum number of
individuals (MNI) of each taxonomic group is calculated. For the determination of the MNI
two specimens from PV1, -which have already been determined by Theodorou et al. 2010,
to be Palaeoreas lindermayeri (PVV1/42) and Protragelaphus skouzesi (PV1/69)- have been
included to the studied sample in order to complete the as of yet identified material from
the new excavations.

In the studied material of the PV1 site, Palaeoreas lindermayeri representatives constitute
the largest percentage of the recorded taxa in the area, reaching to 23% of the total popula-
tion (Fig. 44). Small and medium sized bovids such as Gazella capricornis, Protragelaphus

m Tragoportax amalthea

= Miotragocerus valenciennesi
Gazella capricornis
Oioceros rothii

m Sporadotragus sp.

m Palaeoreas lindermayeri

m Protragelaphus skouzesi

Fig. 44. Distribution of bovid taxonomic groups by MNI (%) in PV1.
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m Miotragocerus valenciennesi

m Gazella capricornis
Palaeoryx pallasi

m Palaeoreas lindermayeri

m Protragelaphus skouzesi

Fig. 45. Distribution of bovid taxonomic groups by MNI (%) in PV3.

skouzesi and Sporadotragus sp. account for equal portions of the population (17%). The
tribe Boselaphini is very well represented —taking up 19% of the total. Lastly, Oioceros
rothii constitutes the minority (7%) but it still well represented considering its general rarity
in the locality. The species Palaeoryx pallasi are absent in this locality.

In PV3, Antilopini occupy most of the percentage of the population. More specifically, the
species Gazella capricornis possess the largest number of occurrences (33% in the total
count of the site; Fig. 45). Bovids Palaeoreas lindermayeri and Protragelaphus skouzesi
reach a relatively high percentage of 22% and 17% respectively. Boselaphines are also
present with a percentage of 11% for Tragoportax amalthea and 6% for Miotragocerus
20
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14
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0II l-

Tragoportax Miotragocerus Gazella QOioceros rothii  Palaeoryx  Sporadotragus  Palaeoreas Protragelaphus
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Fig. 46. Stacked chart of the total population (MNI) by taxonomic group for the bovids from the new
excavations with the discrete populations of PV1 and PV3 denoted.
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valenciennesi. Palaeoryx pallasi accounts for 11% of the population. The species Oioceros
rothii, and the genus Sporadotragus are absent in this locality.

One noteworthy observation is the total absence of Protoryx carolinae, Prostrepsiceros
rotundicornis and Sporadotragus parvidens -which are represented in previous faunal lists
for the locality- from both sites. The absence of Prostrepsiceros in both sites stirs up the
discussion about its ecological relation with Protragelaphus, as discussed by Roussiakis
(2009). While the general fossil sample from PV3 is too small to completely rule out the
possibility of the existence of Prostrepsiceros within it (in fact, a few specimens of the
species have been described from the classical site, which corresponds spatiotemporaly to
PV3), PV1represents a more sufficient one -collected along the course of ten years of exca-
vation activity. In this sample from PV1, Prostrepsiceros rotundicornis is absent as previ-
ously stated, while Protragelaphus skouzesi is well-represented, with 16 specimens.

Roussiakis (2009) discusses that the coexistence of Prostrepsiceros rotundicornis and Pro-
tragelaphus skouzesi is a rare occurrence. He goes on to remark that the latter was probably
more frequent in Chomateri than in Pikermi and puts forward the hypothesis that this re-
flects an ecological shift between the Pikermi and Chomateri paleocoenoses. It is now
known with certainty (Bohme et al, 2017) that Chomateri is younger than the classical site
of Pikermi, so a temporal component can be assigned to this hypothesized difference.

An additional complication arises from the absence of Prostrepsiceros rotundicornis, cou-
pled with the strong presence of Protragelaphus skouzesi from PV1 as well -reported in
the present work. This could serve to reinforce (while simultaneously modifying) the hypo-
thesis put forward by Roussiakis (2009). From this perspective, the discussed ecological
shift is also present in the older (but still younger than the classical site/PV3) PV1 site.

To compete the palaeoecological assessment, after the partial and total populations of indi-
viduals are resolved, the calculated percentages are added together in groups of identical
feeding habits -first for each individual site and then as a total (Fig. 47c). As a brief dis-
claimer, several inconsistencies exist in the literature in the form of giving compound fee-
ding-habit classifications to certain species. This is further confounded by these classifica-
tions appearing different, when postulated by different methodologies for differrent locali-
ties or by different authors. This would, in the opinion of the author, only serve to cause
more confusion than clear up the situation for a simple palaeoecological evaluation, so the
following convention is followed: Every species that is given a compound feeding habit
classification by the literature, is simply reclassified as a mixed-feeder.

Species classified as mixed-feeders include Tragoportax amalthea, Miotragocerus va-
lenciennesi, Gazella capricornis, Oioceros rothii, Palaeoreas lindermayeri and Sporado-
tragus sp. (Solounias et al., 2010). The sole grazer of the sample is Protragelaphus skouze-
si and the only browser is Palaeoryx pallasi (Solounias et al., 2010).

For PV1 (Fig. 47a), mixed feeders are dominant, while browsers are absent. Grazers
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m grazers
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Fig. 47. Distribution of bovid feeding habits (a) in the PV1 site, (b) in the PV3 site and (c) in the studied
population as a whole. Populations calculated as the MNI of the studied sample.

account for only 17% of the total. In PV3 (Fig. 47b), grazers maintain their percentage of
17%, while mixed-feeders lose a small portion of their supremacy to browsers, which add
up to 11% of the population. When the two sites are viewed as a whole (Fig. 47¢), mixed-
feeders naturally come up as the prevailing diet category by a very wide margin, with
grazers in second place (17%) and lastly browsers as the minority (2%).

The results are consistently in favor of mixed-feeders and present with only the slightest
variation between sites. The only other notable observation is the presence of obligate
browsers only in PV3. Whether this has any significance in the assessment of the palaeo-
ecological context or not, is debatable. This is a considerable palaeoecological remark,
which confirms the transition into open type biome faunas in the late Miocene, as has been
found by previous studies (e.g. Fortelius et al., 2006; Mirzaie Ataabadi, 2010). The mere
presence of a significant population of obligate gra-zers definitely rules out any
reconstruction involving a forested environment. No further conclusions can be drawn,
apart from a lack of conflict with the established reconstructions, pointing to a shift towards
open-type environments (Cerling, 1992; Morgan et al., 1994; Quade et al., 1989; Fortelius
et al., 2006; Mirzaie Ataabadi, 2010; Agusti & Anton, 2002).

In the light of the large volume of material (not only of bovids but of numerous other taxa,
such as giraffids, suids, rhinocerotids, proboscideans, ictids, rodents, felids, hyaenids and
primates, complemented by a relatively small number of birds and reptiles; Theodorou et
al., 2010, 2013; Roussiakis et al., 2014, Roussiakis et al., 2019) unearthed from the new
excavations in Pikermi during recent years, the value of conducting community structure
analysis should be taken into account. In this manner, a thorough assessment could be ex-
ported, enriching the study of the palaeoecology of the wider area for the middle Turolian.
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4.3. Palaeopathological and taphonomic remarks

Certain specimens of the studied sample seem to exhibit signs of pathological or tapho-
nomic processes. Among the most notable and visually compelling ones is PVV1/2059 (Fig.
48a). This frontlet of a Palaeoreas lindermayeri individual possesses a visibly crooked left
horn-core, which deviates significantly from its right counterpart (which is a prime exam-
ple of Palaeoreas lindermayeri horn-corn morphology) and from the shape outlined for its
species in general. Whether this can be attributed to a possible malformation of the horn-
core, injury, or post mortem —or even post-burial- deformation is unknown, but the author
leans towards the first case.

The second example is the frontlet P\V3/2049 of a Protragelaphus skouzesi individual (Fig.
48b). Visual examination revealed a series of deep grooves running along the surface

Fig. 48. (a) Specimen PV1/2059, Palaeoreas lindermayeri in anterior (left), posterior (center) and left lateral
(right) and (b) specimen PV3/2049, Protragelaphus skouzesi. in anterior (left), posterior (center) and left
lateral (right).
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of the horn-cores at various angles. Some of the grooves are grouped in converging series
of two or three (such as above the base of the right horn-core) and others are solitary.
Additionally, relatively circular pits with well-defined borders are found scattered along
the surface of the horn-core. This led the author to assume the frontlet was damaged by the
action of predatory or scavenging animals, which munched on the sheaths and horn-cores
of dead animal.

Apart from this two remarkable examples the sample abounds with compressed specimens,
due to taphonomic processes. None of those are of particular note and the specific cases
are mentioned in each respective species’ comparisons and observations (see 3. Sy-
stematics). The effects these deformed specimens have on the groupings of plotted data,
are also, discussed therein.
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5. Conclusions

The systematic identification of members of the family Bovidae from the new excavations
of PV1 and PV3 sites in the Pikermi locality, was performed in the present work. The
material comprised of cranial material in various states of preservation and completeness
and included frontlets, isolated horn-cores and maxillae with their dentition. Only two rela-
tively complete skulls were found. These are PVV1/1837 (Miotragocerus valenciennesi;
Appendix 111.4.11) and PV1/2215 (Tragoportax amalthea; Appendix 111.2.5).

The studied material was compared to morphological descriptions of taxa typical to the
locality. Furthermore, detailed measurements were taken on the skulls, horn-cores and ma-
xillar teeth and then compared to sets of comparative data, measured by the author or
collected from the relevant literature. The results are mostly in agreement with previous
work on the locality, but also uncover some unusual findings in need of further study.

In total, 110 cranial specimens were examined. Of those, 15 were determined to belong to
Tragoportax amalthea, 11 specimens, to Miotragocerus valenciennesi, 27 specimens to
Gazella capricornis, 4 specimens to Oioceros rothii, 19 specimens to Palaeoreas linde-
rmayeri, 2 specimens to Palaeoryx pallasi, 11 specimens to Sporadotragus sp., 16 speci-
mens to Protragelaphus skouzesi and finally, 5 specimens were classified as indeterminate
members of Bovidae.

The reported variability of cranial morphology for the identified taxa was then discussed
and anomalies or cases of particular interest were pointed out. A possible indication to the
presence of sexual-dimorphism in Oioceros rothii was identified, as in need of further exa-
mination. The issue of the unidentified Sporadotragus species was raised. The specimens
included in this identification seem to deviate in certain morphological features from the
typical Sporadotragus parvidens, while presenting with certain similarities to Sporado-
tragus vasili from Kalimantsi. No definite answer was given in the end, as the extension of
the faunal list of the locality requires further work and material for secure conclusions.

The case of Palaeoreas lindermayeri cranial and cornual variability was tied to a pattern
of spatio-temporal fluctuation, outlined by Kostopoulos & Soubise (2018). In the parti-
cular case of the material studied herein, a certain polarization of specimens by horn-core
size was found to exist, expressed as a marked difference in size between specimens, ori-
ginating from PV1 and those from PV3. This case also requires the examination of more
material, as well as the precise dating of Turolian sites of unclear chronostratigraphic po-
sition.

Thereupon, the wider palaeoecological context of the locality was given and the impact of
the studied material to it was discussed. The material was organized into a possible
population of individuals by the method of MNI. Then, feeding habit classes (browser,
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grazer, mixed-feeder) were assigned to the members of the population and their relative
percentages were calculated. A nearly absolute dominance of mixed-feeding taxa was
uncovered, supporting the established idea of an environmental shift from woodland-type
biomes towards open grassland-type ones during the Miocene.
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Appendix I.

Horn-core cross-sections

1. Tragoportax amalthea

sin-hc base sin-6 ¢m sin-14 cm dex-14 cm
a) PVV1/2592 Q Q O
dex-hc base dex-6 cm dex-14 ¢cm
b) PV1/2049A Q D D
dex-hc base sin-hc¢ base dex-13 cm sin-6 cm

dex-hc base

d) PV1/2798 Q fro
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2. Miotragocerus valenciennesi

sin-hc base dex-hc base

a) PV3/130
fro

dex-hc base sin-hc base sin-5 cm

b) PV1/666 O O

3. Gazella capricornis

sin-hc base  sin-6 cm sin-hc base
a) PV3/12 O Q b) PV1/1916 Q
sin-hc base  sin-5 cm dex-hc base dex-5cm
¢) PV1/2416 O Q d) PV1/2243 O O
dex-hc base

¢) PV1/2805B Q
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4. Oioceros rothii

a) PV1/695

b) PV1/1288

¢) PV1/2595

5. Palaeoryx pallasi

a) PV3/2015

dex-hc base dex-2 cm

O QO
dex-hc base

Q fro
dex-hc base dex-4 em dex-7 cm

O O 0
sin-hc base sin-4 cm sin-7 cm
7 O 0O
sin-hc base dex-he base sin-13 cm

™ ™
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6. Palaeoreas lindermayeri

sin-hc base sin-4,2 cm sin-8,2 cm

C

a) PV1/636

dex-hc base dex-7 cm
b) PV1/1084 Q

dex-hc base sin-6,7 cm sin-11,4 cm
¢) PV1/2014 Q O

sin-hc base
d) PV1/2032A

fro
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7. Protragelaphus skouzesi

sin-hc¢ base sin-7 cm

a) PV1/1083
sin-hc¢ base sin-7 em sin-12 ¢cm
dex-hc base sin-9 cm sin-12 cm

¢) PV1/2408B Q O

fro

89



8. Sporadotragus sp.

sin-hc base sin-9 cm
a) PV1/552 Q O
fro
sin-hc base sin-8 cm
b) PV1/1294
dex-hc base dex-8 cm
sin-hc base sin-5 ¢cm sin-10 cm
¢) PV1/2052 O
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sin-he¢ base

d) PV1/2838 O

dex-5 cm dex-11 cm dex-14 ¢cm fro
¢) PV1/2839 Q Q Q

dex-hc base dex-5 cm dex-10 ¢m
f) PV1/2796 Q O D

dex-hc base dex-5 cm dex-8 cm
g) PV1/1142

sin-he base sin-5 em sin-8 em

OO0
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Appendix 1.

A. List of the studied material

SPECIMEN TAXONOMIC GROUP LOCALITYCOLLECTION
PV1/70 Gazella capricornis PV1 AMPG
PV1/92 Tragoportax amalthea PV1 EPTP
PV1/102 Palaeoreas lindermayeri PV1 EPTP
PV1/126 Protragelaphus skouzesi PV1 EPTP
PV1/191 Gazella capricornis PV1 EPTP
PV1/220 Palaeoreas lindermayeri PV1 EPTP
PV1/226 Gazella capricornis PV1 EPTP
PV 1/227 Palaeoreas lindermayeri PV1 EPTP
PV1/273 Miotragocerus valenciennesi PV1 AMPG
PV1/274 Miotragocerus valenciennesi PV1 AMPG
PV1/314 Tragoportax amalthea PV1 AMPG
PV1/351 Gazella capricornis PV1 AMPG
PV1/360 Gazella capricornis PV1 AMPG
PV1/362 Sporadotragus sp. PV1 AMPG
PV1/465 Palaeoreas lindermayeri PV1 AMPG
PV1/490 Gazella capricornis PV1 AMPG
PV1/506 Bovidae indet. PV1 AMPG
PV1/552 Sporadotragus sp. PV1 AMPG
PV1/630 Gazella capricornis PV1 AMPG
PV1/636 Palaeoreas lindermayeri PV1 AMPG
PV1/639 Miotragocerus valenciennesi PV1 AMPG
PV1/645 Protragelaphus skouzesi PV1 AMPG
PV1/666 Miotragocerus valenciennesi PV1 AMPG
PV1/695 Oioceros rothii PV1 RCC
PV1/818 Protragelaphus skouzesi PV1 EPTP
PV1/927 Bovidae indet. PV1 EPTP
PV1/939 Miotragocerus valenciennesi PV1 EPTP
PV/1/1000 Palaeoreas lindermayeri PV1 EPTP
PV1/1083 Protragelaphus skouzesi PV1 RCC
PV1/1084 Palaeoreas lindermayeri PV1 RCC
PV1/1097A+1097B Protragelaphus skouzesi PV1 EPTP
PV1/1138A+1138B Protragelaphus skouzesi PV1 EPTP
PV1/1134 Miotragocerus valenciennesi PV1 EPTP
PV1/1142 Sporadotragus sp. PV1 RCC
PV1/1153 Gazella capricornis PV1 EPTP
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SPECIMEN TAXONOMIC GROUP LOCALITYCOLLECTION

PV1/1160 Gazella capricornis PV1 EPTP
PV1/1183 Protragelaphus skouzesi PV1 EPTP
PV1/1223 Miotragocerus valenciennesi PV1 EPTP
PV1/1288 Oioceros rothii PV1 AMPG
PV1/1293 Sporadotragus sp. PV1 AMPG
PV1/1294 Sporadotragus sp. PV1 AMPG
PV1/1837 Miotragocerus valenciennesi PV1 EPTP
PV1/1838 Gazella capricornis PV1 EPTP
PV1/1839 Tragoportax amalthea PV1 EPTP
PV1/1844 Protragelaphus skouzesi PV1 EPTP
PV1/1855 Bovidae indet. PV1 EPTP
PV1/1903 Palaeoreas lindermayeri PV1 EPTP
PV1/1904 Palaeoreas lindermayeri PV1 EPTP
PV1/1916 Gazella capricornis PV1 EPTP
PV1/1920 Miotragocerus valenciennesi PV1 EPTP
PV1/1933 Sporadotragus sp. PV1 EPTP
PV1/1951 Protragelaphus skouzesi PV1 EPTP
PV1/1967 Protragelaphus skouzesi PV1 EPTP
PV1/2011A+2011B Sporadotragus sp. PV1 EPTP
PV1/2033 Miotragocerus valenciennesi PV1 EPTP
PV1/2049A Tragoportax amalthea PV1 EPTP
PV1/2052 Sporadotragus sp. PV1 EPTP
PV1/2059 Palaeoreas lindermayeri PV1 EPTP
PV1/2117 Gazella capricornis PV1 EPTP
PV1/2118 Oioceros rothii PV1 EPTP
PV1/2215 Tragoportax amalthea PV1 EPTP
PV1/2217 Gazella capricornis PV1 EPTP
PV1/2233 Bovidae indet. PV1 EPTP
PV1/2243 Gazella capricornis PV1 EPTP
PV1/2290 Tragoportax amalthea PV1 EPTP
PV1/2344 Tragoportax amalthea PV1 EPTP
PV1/2369A+2369B Palaeoreas lindermayeri PV1 EPTP
PV1/2371A+2371B Tragoportax amalthea PV1 EPTP
PV1/2386 Tragoportax amalthea PV1 EPTP
PV1/2408B Protragelaphus skouzesi PV1 EPTP
PV1/2410 Gazella capricornis PV1 EPTP
PV1/2415 Gazella capricornis PV1 EPTP
PV1/2416 Gazella capricornis PV1 EPTP
PV1/2420 Bovidae indet. PV1 EPTP
PV1/2461 Palaeoreas lindermayeri PV1 EPTP
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SPECIMEN

TAXONOMIC GROUP

LOCALITYCOLLECTION

PV1/2492 Tragoportax amalthea PV1 EPTP
PV1/2494 Palaeoreas lindermayeri PV1 EPTP
PV1/2506 Protragelaphus skouzesi PV1 EPTP
PV1/2514+2579 Sporadotragus sp. PV1 EPTP
PV1/2542 Palaeoreas lindermayeri PV1 EPTP
PV1/2592 Tragoportax amalthea PV1 EPTP
PV1/2595 Oioceros rothii PV1 EPTP
PV1/2620 Protragelaphus skouzesi PV1 EPTP
PV1/2627 Oioceros rothii PV1 EPTP
PV1/2632 Palaeoreas lindermayeri PV1 EPTP
PV1/2796 Sporadotragus sp. PV1 EPTP
PV1/2798 Tragoportax amalthea PV1 EPTP
PV1/2805 Gazella capricornis PV1 EPTP
PV1/2838+2839 Sporadotragus sp. PV1 EPTP
PV3/5 Gazella capricornis PV3 AMPG
PV3/30 Palaeoreas lindermayeri PV3 AMPG
PV3/66 Tragoportax amalthea PV3 AMPG
PV3/121 Gazella capricornis PV3 AMPG
PV3/125 Gazella capricornis PV3 AMPG
PV3/130 Miotragocerus valenciennesi PV3 AMPG
PV3/132 Gazella capricornis PV3 AMPG
PV3/2014 Palaeoreas lindermayeri PV3 AMPG
PV3/2015 Palaeoryx pallasi PV3 AMPG
PV3/2016 Gazella capricornis PV3 AMPG
PV3/2017 Palaeoreas lindermayeri PV3 AMPG
PV3/2018 Tragoportax amalthea PV3 AMPG
PV3/2026A+2026B Tragoportax amalthea PV3 AMPG
PV3/2032A+2032B Palaeoreas lindermayeri PV3 AMPG
PV3/2033A+2033B Gazella capricornis PV3 AMPG
PV3/2034A+2034B Gazella capricornis PV3 AMPG
PV3/2049 Protragelaphus skouzesi PV3 AMPG
PV3/2050 Gazella capricornis PV3 AMPG
PV3/2051 Gazella capricornis PV3 AMPG
PV3/2054 Protragelaphus skouzesi PV3 AMPG
PV3/2055 Palaeoryx pallasi PV3 AMPG
PV3/2059A+2059B .

42050T Protragelaphus skouzesi PV3 AMPG
PV4/12 Gazella capricornis PV4 AMPG
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B. Measurements of the studied material

1. Tragoportax amalthea

a. b.
spec. DAP;,. DT, spec. PV1/2592 PV1/2049A PV1/1839 PV1/2290 MEAN MIN MAX
428] [40,6 (n=4)
pvijoors dex L4281 [406]
VL2502 dex 688 363 Wphas 988 [102,9] [931] 103,9 996 931 1039
sin [638] 367 Weon  [59,7] 60,8 58,7 67,2 616 587 672
dex 659 315 Heon 814 82 816 76,5 804 765 82
PV1/2049A
529] [40 H [34] 497 55,2 50,2 473 34 552
P\V/1/1839 dex [ ] [ ] um
sin 639 318 Wpat 26,1 28,1 [23.4] [19.5] 242 195 281
dex 643 434 Wopt 37,2 40,1 355 [382] | 378 355 401
PV3/2018
sin 602 368 Lone 727 72,1 [851] 88,7 97 721 887
ovipas %X [42,8] [39] Ltp [93,3] 94,6 102,7  [1015] 98 933 1027
sin 505 361 Lane 1397 1453 [144,7] - 1432 140 1453
PV1/2798 dex 488 293 Lipop  [6827] [79,2] 878 875 843 792 878
MEAN (n=7) 587 356
MIN 488 293
MAX 688 434
C.
spec. PV1/2386 PV1/2371A PV1/2371B PV1/2215 PV1/92 PV1/314 PV3/66 PV3/2026A PV3/2026B MEAN MIN MAX
dex sin dex dex sin sin sin dex dex sin (n=7)
L.P2 141 14,6 14,7 - 156 16,1 17 16,5 18,2 19,5 16 141 18,2
W.P2 13,6 119 12 - 13 125 12,7 12,2 13 125 12,7 12 136
L.P3 145 15,3 15 - 161 15,3 15,8 149 16,3 16,2 154 145 16,3
W.P3 159 14 141 - 147 14,3 15,8 14,2 144 14,4 148 141 159
L.P4 12,7 128 12,7 142 137 155 13,2 138 13,6 133 13,6 12,7 155
W.P4 17,7 17 171 188 18,1 179 16,7 171 16,7 17 17,3 16,7 181
L.M1 195 19,8 19,7 204 20,7 218 194 20,2 19,6 20,1 20,1 194 218
W.M1 195 19,8 19,8 208 211 211 18,9 205 19,3 19,6 20 189 211
L.M2 228 218 219 23 228 242 219 234 229 221 228 219 242
W.M2 22,6 214 214 226 226 224 211 21,7 20,3 20,6 217 203 226
L.M3 215 21,2 214 224 229 234 21,6 215 224 22,2 221 214 234
W.M3 213 20,2 20,7 21,7 215 214 20,2 199 18,5 18,8 205 185 215
LPM 106,8 [105,3] 104,3 - 109 1111 1074 110,7 108,6 109,9 108,2 1043 1111
LP 46,2 46,2 446 - 489 49,6 47 49,8 495 49,2 479 446 498
LM 63,7 [63,2] 61,8 64,3 644 66 62,2 61,6 62,9 62,7 632 616 66
(nggﬂ ) 725 - 72,2 - 759 75,2 75,6 80,8 78,7 - 758 724 755
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2. Miotragocerus valenciennesi
a

spec. PV1/1837 PV3/130 PV1/666
dex sin dex sin  dex sin

Lhe - - 1495 1508 - -
DAP;. [298] [29.2] 749 698 375 378
DT, [135] [155] 297 295 262 231

Whem 22,7 171 31
Wil [53,2] 98,1 875
Wine 36,2 773 74,7
Wsol [30,1] - -
Whas 452 - -
Weon 32,6 - -
Heon 65,2 - -
Him 61,8 - -
Hum 50,2 - -
Wbat 93 - -
Whpt 18,7 - -
Lone 62,2 - -
Lty 66,7 - -
Lane 98,6 - -
Ltpop 62,8 - -

b.

LP/LM

spec. LP LM LPM ( %100 )

PV1/939 dex 384 463 846 82,9
PV1/1134 dex 35,7 454 801 78,6
PV1/1223 dex 374 473 829 79,1
PV1/1920 dex 37,1 503 849 73,8
PV1/2033 dex 383 474 833 80,8
PV1/273 sin 37,7 46,1 819 81,8
PV1/639 sin 378 469 826 80,6
PV1/274 sin 471 524 [96] 89,9
dex 357 422 774 84,6
sin [36,1] 422 779 -
MEAN (n=9) 384 471 823 81,5
MIN 357 422 774 73,8
MAX 471 524 849 89,9

PV1/1837
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3. Gazella capricornis

a.

DAPc DThe (DTho/DAPLe) DAPh7 DTher (DTher/DAPKe)

°pee (n=25) (=25)  x100  (n=16) (n=16)  x100

sn 22 236 1063 67 172 103
PVIIIE38  jex 208 227 - 152 18 -
PV1/2243 dex 259 197 761 165 109 66,1
PVI2415 dex 243 217 893 141 133 943
PVI2117 sin 216 189 875 [125] [118] 944
PVI2410 dex 206 185 898 - 2] :
PVI/2217 dex 273 213 780 168 [134] 798
PVI/I153 dex 217 219 009 [133] [119] 895
PVI/I916 sin 258 225 872 [149] 153 1027
PVI2416 sin 247 218 88.3 143 149 1042
PVI/1160 sin 173 169 977 i : :

dex 239 245 1025 i : :
PVIISL  n 237 234 - 44 129 896

dex 185 21 135  [112] [116] -
PVII226  Gn 189 192 - [11]  [128] 1164
vy %X 216 254 920 i - -

sin 262 267 - 77 179 1011
PVI/360 sin 224 208 29 i : -
PV3/5  sin 242 236 975 i : :
PVI/T0  dex 267 203 760 i : :
PV3/132  dex 239 209 874 i : :
PV3/125 sin 304 251 826 182 178 978
PV3/2016 dex 253 227 89.7 i : :
PV3/2050 dex 261 235 90,0 i : :
PV3/2051 sin 261 231 88,5 165 166 1006
PV3/2033A sin 232 205 - [118] [126] 1068
PV3/2033B dex 258 204 791 i - -
PV3/2034A dex 237 226 - 149 153 1027
PV3/2034B sin 239 227 95,0 i - -

dex [243] [252] 1037 i : :
PVIB30 G (28] [224] - i : :
PVI/2805B dex 272 252 026 161  [143] 88,8
PVI/2805A sin 27 233 - i : -
MEAN 243 2 914 50 143 %1
MIN 173 169 76 1 109 66,1
MAX 04 254 1135 182 179 1164
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b

PV1/490 PV1/121

spec. MEAN MIN MAX
dex sin  (n=2)
L.P2 73 79 | 76 7379
W.P2 6.2 62 | 62 62 62
L.P3 73 73 | 73 73 713
W.P3 72 72 | 72 72 12
L.P4 6,4 68 | 66 64 68
W.P4 8.1 8 8,1 8 8,1
L.M1 83 102 102 | 93 83 102
W.M1 [9.4] 97 | 97 97 97
L.M2 118 118 113 | 116 113 118
W.M2 101 105 106 | 104 101 106
L.M3 115 [102] 108 | 112 108 115
W.M3 99 [76] 102 | 101 99 102
LPM 50,9 531 | 52 509 531
LP 22 232 | 226 22 232
LM 31,1 [309] 312 | 312 311 312
(LPILM) 267 744 | 725 707 744
x100
(LP2ILP) 43, 31| 336 32 341
x100
4. Oioceros rothii 5. Palaeoryx pallasi
a. a.
spec. DAP,. DTy (DTh)zi[())?PhC) spec. DAP;. DTy (DT';;_ESOAPM)
pyv1/2595 GEX 284 239 84,2 ovao1s 98X 598 539 90,1
sin 286 233 - sin 601 517 86
PV1/2627 dex 25,4 21,6 85,0 PV/3/2055 sin 52,1 44,1 84,6
dex [232] 223 9,1
PV1/695 001] - ]
dex 252 248 -
PVLI288 i 262 238 90,8
MEAN (n=4) 258 229 89
MIN 232 216 84,2
MAX 284 239 96,1
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6. Sporadotragus sp.

b.
PV1/1933

SPec sin
L.P2 10,3
W.P2 9.8
L.P3 10,8
W.P3 11,3
L.P4 10
W.P4 12,9
L.M1 13,3
W.M1 154
L.M2 15,3
W.M2 16,7
L.M3 16,9
W.M3 16,2
LPM 76,8
LP 32,1
LM 45
(LP/LM)

x100 13

(DT,,.//DAP;,0)
spec. DAP,,. DT,
p hc hc %100
dex 459 35,7 778
PV1/2052 sin 41,3 34,7 -
PV1/2011A sin 41,3 284 68,8
PV1/2514+
2579 dex 391 30,7 78,5
dex 32 423 -
PV1/1142 sin 351 40,6 115,7
dex 338 - -
PV1/1293 sin 30,2 405 1341
dex 36,8 394 1071
PV1/1294 sin 34,8 32,7 -
dex 38,7 - -
PV1/552 sin 40,1 46,1 115
dex 388 33,7 86,9
PV1/2796 sin 36,3 [3L5] -
PV1/2839 dex 358 - -
PV1/2838 sin 36,2 336 928
dex 412 454 -
PV1/362 sin 423 415 98,1
MEAN (n=10) 38,6 37 975
MIN 30,2 284 68,3
MAX 459 46,1 134,1

99



7. Palaeoreas lindermayeri

a.
(DT, ,o/DAP.)
spec. DAP,. DT,
P he Blhe 1100
dex 351 329 93,7
PV1/2461 sin 33,7 308 -
dex 37,7 353 93,6
PV1/2059 sin 344 321 -
dex 457 425 93
PV1/1903 sin 459 395 -
PV1/2369 dex 414 36,8 88,9
A+2369B sin 391 36,3 -
dex 355 334 9241
PV1/2494 sin 354 358 -
dex 36,7 318 86,6
PV1/2542 sin 345 [315] -
dex 358 338 -
PV1/1904 sin 354 311 879
PV1/2632 dex [36,2] - -
dex 435 392 -
PV1/1084 sin 425 384 904
dex 359 341 95
PV1/227 sin  [352] 339 -
dex 378 358 94,7
PV1/102 sin 382 332 -
dex [38,3] - -
PV1/220 sin 395 324 82
dex 40,7 399 -
PV1/636 sin 40,2 378 94
PV1/465 sin 413 [325] 78,7
dex 458 409 89,3
PV3/2014 sin 469 416 -
PV3/30 dex 425 411 96,7
PV3/2032 dex 435 418 96,1
A+2032B sin 455 413 -
dex 364 [34.2] 94
PV3/2017 sin [319] ) ]
MEAN (n=17) 39,6 36,1 91,1
MIN 351 311 78,7
MAX 458 425 96,7

b.

Spec. Whem Wha Wone Wsom Wso W,

n=15 n=15 n=15 n=7 n=7 n=5
PVv1/2461 238 876 613 - - -
PVv1/2059 254 898 595 218 304 -
PV1/1903 26,3 1041 653 254 323 -
PV1/2369
A+2369B 304 958 646 365 445 -
PVv1/2494 30,1 933 601 219 30,7 955
PV1/2542 292 921 574 - - -
PV1/1904 272 888 639 - - -
PVv1/1084 202 934 626 - - 843
PV1/227 223 88 571 - - -
PV1/102 259 855 54,6 - - -
PV1/220 21,8 1004 618 - - -
PV1/636 231 994 603 241 337 954
PVv3/2014 273 1021 684 27,7 385 959
PV3/2032
A+2032B 226 964 634 254 348 1025
PV3/2017 215 689 587 - - -
MEAN 251 924 613 261 35 947
MIN 202 689 546 218 304 843
MAX 304 1041 684 365 445 1025

C.
spec. PV1/1000
sin

L.P2 8,2

W.P2 6,3

L.P3 8

W.P3 74

L.P4 7,6

W.P4 9

L.M1 95

W.M1 115

L.M2 13,9

W.M2 14,1

L.M3 14,9

W.M3 141

LPM 62,8

LP 25,1

LM 38

(LP/LM) x100 66,1
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8. Protragelaphus skouzesi

a.
Spec. I—hc DAPhc DThc (DThc/DAPhc) thm thl thc Wsom VVsol
n=5 n=9 n=9 x100 N6 n=6 n=6 n=4 n=4
dex [1675] 336 408 1214
PV1/1951 . [1862] 207 346 ] 193 899 723 - -
dex 2145 416 362 87
PV1/2408B sin i 28 355 ) 295 1046 764 342 424
PV1/1097A dex - 379 439 1158
+1097B  sin - 38 [41] - ) ) ) ) )
PV1/1138A d_ex - [364] [331] 90,9 234 887 653 207 371
+1138B sin - 365 [325] -
PV1/1844 sin - [344] [272] 79,1 - - - - -
PV1/1083 d_ex [250,8] 40,9 335 819 304 977 658 ) i
sin [225] 385 335 -
PV1/126 d_ex - 441 374 84,8 33 1102 132 319 399
sin 2515 445 378 -
PV3/2054 dex 2325 392 411 104,8
sin  [1968] 387 413 i 326 1043 666 287 [357]
PV3/2059A dex - 441 401 90,9
+2059B  sin - 439 337 - ) ) ) ) ]
MEAN 2271 39,1 37 95,2 28 992 6993 311 388
MIN 186,2 336 272 791 193 887 653 287 357
MAX 2515 441 439 1214 33 1102 764 342 424
b.
spec. PV1/645 PV1/1967PV1/2506 MEAN MIN MAX
dex sin dex sin n=3
L.P2 11,2 11 111 10,8 10,8 108 111
W.P2 10,6 10,2 10,4 91 9,9 91 104
L.P3 113 11,3 116 113 113 113 116
W.P3 13,3 12,7 11,7 114 11,8 114 12,7
L.P4 104 10,6 10,4 10,3 10,3 10,3 10,6
W.P4 14 14,3 13,7 12,6 134 126 143
L.M1 14,8 141 154 14,2 14,3 141 154
W.M1 16,7 16,8 16,2 14,6 15,8 146 16,8
L.M2 16,8 16,2 17,7 16,4 16,4 16,2 17,7
W.M2 17,2 174 18,1 16,1 17 16,1 181
L.M3 [16,4] 175 17,9 16,7 17,3 16,7 179
W.M3 [16,3] 16,8 16,8 15,6 16,4 156 16,8
LPM 815 81,3 81,2 784 7942 784 813
LP 32,7 34 34 33,2 33,3 332 3#4
LM 473 47,6 50,5 458 472 458 505
(LP/LM) x100 69,1 714 67,3 725 70,6 725 673
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1. Tragoportax amalthea

C. List of the comparative material

a.
CRANIAL ELEMENTS SPECIMENS ALT.No. LOCALITY
Roussiakis 1996 P.A. 2071/91 PIK
Roussiakis 1996 P.A. 2084/91 PIK
Roussiakis 1996 P.A. 1174/91 PIK
Roussiakis 1996 P.A. 3421/91 PIK
NHMW 1863/ 0001/0080 A 4657 PIK
NHMW 1863/ 0001/0082 A 4664 PIK
NHMW 2017/0038/0008 PIK
NHMW 1863/0001/0081 A 4659 PIK
UNIVIE 5653, a PIK

b.
MAXILLA SPECIMENS ALT.No. LOCALITY
Roussiakis 1996 (mean) PIK
MNHNP acc. Rouss. 1996 PIK. 2355 PIK
Moya-Sola 1983 (mean) PIK
NHMW 1863/0001/0046 A 4781 PIK
NHMW 1863/0001/0065 PIK
NHMW 1860/0032/0021 PIK
NHMW 1863/0001/0066 PIK
NHMW 1863/0001/0067 PIK
NHMW 1863/0001/0069 PIK

2. Tragoportax rugosifrons

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Kostopoulos 2009 MTLB159 SAM

3. Miotragocerus valenciennesi

d.
CRANIAL ELEMENTS SPECIMENS ALT.No. LOCALITY
Spassov & Geraads 2004 HD-5519 HADJ-1
Spassov & Geraads 2004 HD-2010 HADJ-1
Kostopoulos 2005 AK2-502 AKK
Roussiakis 1996 P.A. 1427/91 PIK
Kostopoulos 2009 MTLA11 SAM
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b

SPECIMENS

MAXILLA ALT. No. LOCALITY
UNIVIE 5307, 3831=44, T.No 2 PIK
Roussiakis 1996 (mean) PIK
Kostopoulos 2009 MTLB161 SAM
Kostopoulos 2009 MTLA324 SAM
Kostopoulos 2009 MTLA492 SAM
4. Gazella capricornis

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Roussiakis 1996 (mean) PIK
Kostopoulos & Bernor 2011 MAR1031 MAR
Kostopoulos & Bernor 2011 MAR1392 MAR
Kostopoulos & Bernor 2011 MAR1098 MAR
Kostopoulos & Bernor 2011 MAR1101 MAR
NHMW 1863/0001/0052a PIK
NHMW 2017/0038/0009 PIK
NHMW 2017/0038/0010 PIK
NHMW 2017/0038/0011 PIK
NHMW 1860/0032/0034c PIK
NHMW 1860/0032/0034d PIK
NHMW 1860/0032/0034¢ PIK
NHMW Mar-3785 A 4894 MAR

b.
MAXILLA SPECIMENS ALT. No. LOCALITY
Roussiakis 1996 (mean) PIK
Kostopoulos 2009 MTLAA488 SAM
Kostopoulos 2009 MTLB55 SAM
Kostopoulos 2009 MTL199 A

5. Gazella pilgrimi

d.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Kostopoulos 2009 MYT31 SAM
Kostopoulos 2009 MTLA145 SAM
Kostopoulos 2009 MTLA438 SAM
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6. Gazella mytilinii

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Kostopoulos 2009 MTLB136 SAM
Kostopoulos 2009 MTLB58 SAM
Kostopoulos 2009 MTLB406 SAM
Kostopoulos 2009 MTLB518 SAM

7. Oioceros rothii

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Roussiakis 2003 P.A. 909/1991 PIK
Roussiakis 2003 P.A. 1412/1991 PIK
Roussiakis 2003 PIK. 2246 PIK
Roussiakis 2003 PIK.2244 PIK
Roussiakis 2003 P.G. 95/1514 PIK
MNHNP acc. Rouss. 1996 PIK. 2247 PIK
MNHNP acc. Rouss. 1996 PIK. 2249 PIK
NHML acc. Rouss. 1996 M 11461 PIK
MNHNP acc. Rouss. 1996 SLQ. 794 VAT
Kostopoulos & Bernor 2011 MAR1320 MAR
Kostopoulos & Bernor 2011 MAR1120 MAR
Kostopoulos & Bernor 2011 MAR1119 PIK
Kostopoulos & Bernor 2011 MAR1806 PIK
NHMW 2017/0038/0013 A 4660 PIK
NHMW 2017/0038/0014 A 4660 PIK
UNIVIE 3151, a PIK

8. Oioceros atropatenes

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
NHMW Mar-3786 A4899 MAR
Kostopoulos & Bernor 2011 MAR1326 MAR
Kostopoulos & Bernor 2011 MAR2741 MAR
Kostopoulos & Bernor 2011 MAR2727 MAR
Kostopoulos & Bernor 2011 MAR2756 MAR
Kostopoulos & Bernor 2011 MAR1327 MAR
Kostopoulos & Bernor 2011 MAR1121 MAR
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9. Palaeoryx pallasi

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Roussiakis 1996 P.A. 1054/91 PIK
NHML acc. Rouss. 1996 M. 11426 PIK
NHML acc. Rouss. 1996 M. 10834 PIK
Roussiakis 1996 acc. Pilg.
& Hop. 1928 5. 20 SAM
MNHNP acc. Rouss. 1996 PIK. 2456 PIK
Kostopoulos 2009 MTLA113 SAM
NHMW 1863/0001/0088 A 4663 PIK
NHMW 1863/0001/0087 A 4667 PIK

10. Palaeoryx majori
a

CRANIAL ELEMENTS SPECIMENS ALT.No. LOCALITY

Roussiakis 1996 acc. Pilg.

& Hop. 1928 SAM-majori SAM
Kostopoulos 2005 AK3-130 AKK
Kostopoulos 2009 MTLB160b SAM
NHMW 1911/0005/0009 A 4779 SAM
11. Protoryx carolinae
a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Roussiakis 1996 P.A. 950/91 PIK
MNHNP acc. Rouss. 1996 PIK. 2455 PIK
NHML acc. Rouss. 1996 M. 11415 PIK
NHML acc. Rouss. 1996 M. 10839 PIK
12. Skoufotragus zemalisorum
d.
CRANIAL ELEMENTS SPECIMENS ALT.No. LOCALITY
Kostopoulos 2009 MYT1 SAM
Kostopoulos 2009 MYT2 SAM
Kostopoulos 2009 MYT3 SAM
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13. Sporadotragus parvidens

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Kostopoulos 2009 MTLA3 SAM
Kostopoulos 2009 MTLA13 SAM
Kostopoulos 2009 PMMS97 SAM
Roussiakis 1996 P.A. 2/91 PIK
MNHNP acc. Rouss. 1996 PIK. 2453 PIK
NHML acc. Pilg. & Hop.
1928 M. 11417 PIK
NHML acc. Pilg. & Hop.
1928 M. 11428 PIK
NHML acc. Pilg. & Hop.
1928 M. 13067 PIK
NHML acc. Pilg. & Hop.
1928 M. 10833 PIK
Kostopoulos & Karakiitiik MYSE PV-2502 SER-2
2015
Kostopoulos & Karakiitiik MYSE PV-1573 SER-2
2015
Kostopoulos & Karakiitiik MYSE PV-1300 SER-2
2015
Geraads et al. 2006 NHMW 1911-V-1 SAM
Geraads et al. 2006 PIUM 133 SAM
Geraads et al. 2006 SMF M1975 SAM
Geraads et al. 2006 SMF M1977 SAM
Geraads et al. 2006 MCGL 1098 SAM
b.
MAXILLA SPECIMENS ALT. No. LOCALITY
NHMW 1911 Samos V1 A 4781 SAM
Roussiakis 1996 P.A. 2/91 PIK
MNHNP acc. Pilg. & Hop.
1928 PIK. 2453 PIK
NHML acc. Pilg. & Hop.
1928 M. 11417 PIK
Kostopoulos 2009 MTLA13 SAM
Kostopoulos 2009 MTLA19 SAM
Kostopoulos 2009 MYT85 SAM
Geraads et al. 2006 SMF M1977 SAM
Geraads et al. 2006 SMF M1975 SAM
Geraads et al. 2006 SMF M7870 SAM
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14. Sporadotragus vasili

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Geraads et al. 2006 K-5146 HADJ-1
Geraads et al. 2006 K-5147 HADJ-1
Geraads et al. 2006 Strum. 2026 HADJ-1
Geraads et al. 2006 K-1129 HADJ-1
Geraads et al. 2006 K-5149 HADJ-1
15. Skoufotragus laticeps
a.
MAXILLA SPECIMENS ALT.No. LOCALITY
Kostopoulos 2009 MTLA491 SAM
Kostopoulos 2009 MTLA182 SAM
Kostopoulos 2009 MTLB3 SAM
Kostopoulos 2009 MTLA21 SAM
Kostopoulos 2009 MTLA544 SAM
Kostopoulos 2009 MTLB15 SAM
Kostopoulos 2009 MTLB240 SAM
Kostopoulos 2009 MTLB238 SAM
Kostopoulos 2009 MTLB237 SAM
Kostopoulos 2009 MTLB200 SAM
Kostopoulos 2009 MTLB239 SAM
Kostopoulos 2009 PMMS95 SAM
16. Majoreas woodwardi
a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Kostopoulos 2004 S23 SAM
Kostopoulos 2004 S25 SAM
Kostopoulos 2018 DTK-354 DYT-1
Roussiakis 1996 1967/87 ALM
Kostopoulos 2004 M. 4192 SAM
17. Stryfnotherium exophthalmon
d.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Kostopoulos 2018 RZO-68 RZO
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18. Palaeoreas lindermayeri

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
NHMW 1863/0001/0064 PIK
NHMW 1863/0001/0052 A 4662 PIK
NHMW 1863/0001/0059 PIK
NHMW 1863/0001/0063 A 4665 PIK
NHMW 1863/0001/0060 PIK
NHMW 1860/0032/0027 PIK
UNIVIE 3153, b PIK
Roussiakis 1996 P.A. 949/91 PIK
Roussiakis 1996 P.A. 686/91 PIK
Roussiakis 1996 P.A. 133/91 PIK
Roussiakis 1996 P.A. 2992/91 PIK
Roussiakis 1996 P.A. 1251/91 PIK
Roussiakis 1996 P.A. 1415/91 PIK
Roussiakis 1996 P.A. 1990/44 PIK
Roussiakis 1996 P.A. 1990/42 PIK
Roussiakis 1996 P.A. 1990/66 PIK
MNHNP acc. Rouss. 1996 PIK. 2152 PIK
MNHNP acc. Rouss. 1996 PIK. 2150 PIK
MNHNP acc. Rouss. 1996 PIK. 2153 PIK
MNHNP acc. Rouss. 1996 PIK. 2151 PIK
MNHNP acc. Rouss. 1996 PIK. 2156 PIK
MNHNP acc. Rouss. 1996 PIK. 2373 PIK
MNHNP acc. Rouss. 1996 PIK. 2369 PIK
MNHNP acc. Rouss. 1996 PIK. 2370 PIK
MNHNP acc. Rouss. 1996 PIK. 2375 PIK
MNHNP acc. Rouss. 1996 PIK. 2155 PIK
Kostopoulos 2018 (mean) THERM
Kostopoulos 2018 DYT-171X DYT-1
Kostopoulos 2018 (mean) NIK-2
Kostopoulos 2018 (mean) VAT-1
Kostopoulos 2018 RZ0-03 RzO
Geraads et al. 2003 (mean) PIK
Geraads et al. 2003 (mean) KAL
Geraads et al. 2003 (mean) HADJ-1
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b

SPECIMENS

MAXILLA ALT. No. LOCALITY
Bouvrain 1980 (mean) PIK
Roussiakis 1996 P.A. 76/91 PIK
Roussiakis 1996 P.A. 88/91 PIK
Roussiakis 1996 P.A. 3508/91 PIK
19. Protragelaphus skouzesi
a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
UNIVIE 5654, a PIK
NHMW Mar-3789 A 4901 MAR
Kostopoulos & Bernor 2011 CAST M. 10840 PIK
Kostopoulos & Bernor 2011 M. 4068 PIK
Roussiakis 2009 NP1/01 CHOM
Roussiakis 2009 NP3/01 CHOM
Roussiakis 2009 NP6/01 CHOM
Roussiakis 2009 NP11/01 CHOM
Roussiakis 2009 NP2/01 CHOM
Roussiakis 2009 NP7/01 CHOM
Roussiakis 2009 NP8/01 CHOM
Roussiakis 2009 NP10/01 CHOM
Kostopoulos & Bernor 2011 MAR1397 MAR
Kostopoulos & Bernor 2011 MAR1307 MAR
b.

MAXILLA SPECIMENS ALT. No. LOCALITY
MNHNP acc. Roussiakis MAR1397 MAR

20. Prostrepsiceros rotudicornis

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
MNHNP acc. Rouss. 1996 PIK. 2160 PIK
Roussiakis 1996 1967/94 ALM
Roussiakis 1996 P.A. 3507/91 PIK
Roussiakis 1996 P.A. 2910/91 PIK
Roussiakis 1996 P.G. 88/1557 PIK
Roussiakis 1996 P.G. 88/1559 PIK

109



Appendix I11.

Photographs of the studied material

PLATE 1

1. Tragoportax amalthea, from PV3, Pikermi, Greece. Frontlet (AMPG: PV3/2018),
in anterior (left) and in right lateral view (right).

2. Tragoportax amalthea, from PV1, Pikermi, Greece. Frontlet with braincase
(EPTP: PV1/1839), in inferior (left) and in left lateral view (right).

3. Tragoportax amalthea, from PV1, Pikermi, Greece. Frontlet with braincase
(EPTP: PV1/2049A), in anterior (left) and in posterior view (right).

110






PLATE 2

4. Tragoportax amalthea, from PV1, Pikermi, Greece. Frontlet with braincase
(EPTP: PV1/2592), in left lateral (left) and posterior view (right).

5. Tragoportax amalthea, from PV1, Pikermi, Greece. Frontlet with part of the facial
area and maxillae (EPTP: PV1/2215), in left lateral (top), antero-superior (bottom
left) and postero-inferior view (bottom right).
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PLATE 3

6. Tragoportax amalthea, from PV1, Pikermi, Greece. Left maxilla (EPTP: PV1/92),
in buccal (left) and occlusal view (right).

7. Tragoportax amalthea, from PV3, Pikermi, Greece. Right maxilla (AMPG:
PV3/66), in buccal (left) and occlusal view (right).

8. Tragoportax amalthea, from PV1, Pikermi, Greece. Maxillae with partial palatine
(EPTP: PV1/2371), in right buccal (left) and occlusal view (right).
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PLATE 4

9. Miotragocerus valenciennesi (male), from PV3, Pikermi, Greece. Frontlet
(AMPG: PV3/130), in anterior (left), posterior (center) and left lateral view (right).

10. Miotragocerus valenciennesi (female), from PV1, Pikermi, Greece. Frontlet
(EPTP: PV1/666), in anterior (left), posterior (center) and left lateral view (right).

11. Miotragocerus valenciennesi (female), from PV1, Pikermi, Greece. Skull with

partial horn-cores and maxillae (EPTP: PV1/1837) in right lateral (top left), inferior
(bottom left) and superior view (right).
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PLATE S

12. Miotragocerus valenciennesi, from PV1, Pikermi, Greece. Right maxilla (EPTP:
PV1/2033), in buccal (left) and occlusal view (right).

13. Miotragocerus valenciennesi, from PV1, Pikermi, Greece. Left maxilla (AMPG:
PV1/274), in buccal (left) and occlusal view (right).

14. Miotragocerus valenciennesi, from PV1, Pikermi, Greece. Right maxilla (EPTP:
PV1/939), in buccal (left) and occlusal view (right).
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PLATE 6
15. Gazella capricornis, from PV1, Pikermi, Greece. Frontlet (EPTP: PV1/191), in
anterior (left) and left lateral view (right).

16. Gazella capricornis, from PV1, Pikermi, Greece. Frontlet (AMPG: PV4/12), in
anterior (left) and left lateral view (right).

17. Gazella capricornis, from PV1, Pikermi, Greece. Frontlet (EPTP: PV1/226), in
right lateral (left) and anterior view (right).

18. Gazella capricornis, from PV3, Pikermi, Greece. Associated horn-cores (EPTP:
PV3/2033A+B), in anterior view.

19. Gazella capricornis, from PV3, Pikermi, Greece. Maxillae with partial palatine
(AMPG: PV3/121), in left buccal (right) and occlusal view (left).

20. Gazella capricornis, from PV1, Pikermi, Greece. Right maxilla (AMPG:
PV1/490, in buccal (right) and occlusal view (left).

120






PLATE 7
21. Oioceros rothii, from PV1, Pikermi, Greece. Frontlet (EPTP: PV1/2595), in
anterior (left), posterior (center) and right lateral view (right).

22. Qioceros rothii, from PV1, Pikermi, Greece. Frontlet (RCC: PV1/695), in
anterior (left), posterior (center) and right lateral view (right).

23. Oioceros rothii, from PV1, Pikermi, Greece. Frontlet (AMPG: PV1/1288), in
anterior (left) and right lateral view (right).
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PLATE 8

24. Palaeoryx pallasi, from PV3, Pikermi, Greece. Frontlet (AMPG: PV3/2015
anterior (top left), left lateral (top right) and posterior view (bottom).
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PLATE9

25. Sporadotragus sp., from PV1, Pikermi, Greece. Frontlet (AMPG: PV1/1294), in
anterior (left) and left lateral view (right).

26. Sporadotragus sp., from PV1, Pikermi, Greece. Frontlet (AMPG: PV1/552), in
anterior (left) and left lateral view (right).

27. Sporadotragus sp., from PV1, Pikermi, Greece. Frontlet (RCC: PV1/1142), in
anterior (left) and left lateral view (right).

28. Sporadotragus sp., from PV1, Pikermi, Greece. Frontlet (EPTP: PV1/2796), in
anterior (left) and left lateral view (right).
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PLATE 10

29. Sporadotragus sp., from PV1, Pikermi, Greece. Left maxilla (EPTP: PV1/1933),
in buccal (top) and occlusal view (bottom).

30. Palaeoreas lindermayeri, from PV1, Pikermi, Greece. Left maxilla (EPTP:
PV1/1000), in buccal (top) and occlusal view (bottom).
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PLATE 11

31. Palaeoreas lindermayeri, from PV3, Pikermi, Greece. Frontlet (AMPG:
PV3/2032A+2032B), in anterior (left), posterior (center) and right lateral view

(right).

32. Palaeoreas lindermayeri, from PV3, Pikermi, Greece. Braincase with partial
frontals and horn-core bases (AMPG: PV3/2017), in left lateral (left) and inferior
view (right).

33. Palaeoreas lindermayeri, from PV1, Pikermi, Greece. Frontlet (AMPG:
PV1/636), in anterior (left), posterior (center) and right lateral view (right).
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PLATE 12

34. Palaeoreas lindermayeri, from PV1, Pikermi, Greece. Frontlet (EPTP: PV1/102),
in anterior (left), posterior (center) and right lateral view (right).

35. Palaeoreas lindermayeri, from PV3, Pikermi, Greece. Frontlet (AMPG:
PV3/2014), in anterior (left), posterior (center) and left lateral view (right).

36. Palaeoreas lindermayeri, from PV1, Pikermi, Greece. Frontlet (EPTP: PV1/220),
in anterior (left), posterior (center) and left lateral view (right).
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PLATE 13

37. Protragelaphus skouzesi, from PV1, Pikermi, Greece. Frontlet with nasals
(EPTP: PV1/126), in antero-superior (top left), postero-inferior (top right) and left
lateral view (bottom).

38. Protragelaphus skouzesi, from PV1, Pikermi, Greece. Frontlet with nasals (RCC:
PV1/1083), in anterior (top left), posterior (top right) and right lateral view (bottom).






PLATE 14

39. Protragelaphus skouzesi, from PV3, Pikermi, Greece. Frontlet with nasals
(AMPG: PV3/2054), in anterior (left), posterior (center) and left lateral view (right).

40. Protragelaphus skouzesi, from PV1, Pikermi, Greece. Frontlet with nasals
(EPTP: PV1/1951), in anterior (left), posterior (center) and left lateral view (right).

41. Protragelaphus skouzesi, from PV1, Pikermi, Greece. Frontlet with nasals
(EPTP: PV1/2408), in anterior (left), posterior (center) and left lateral view (right).
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PLATE 15

42. Protragelaphus skouzesi, from PV1, Pikermi, Greece. Partial viscerocranium
with full upper dentition (AMPG: PV1/645), in superior (top left), inferior (top right)
and left lateral view (bottom).

43. Protragelaphus skouzesi, from PV1, Pikermi, Greece. Right maxilla (EPTP:
PV1/1967), in buccal (left) and occlusal view (right).
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PLATE 16

44. Bovidae indet., from PV1, Pikermi, Greece. Frontlet (EPTP: PV1/1855), in
anterior (left) and left lateral view (right).

45. Bovidae indet., from PV1, Pikermi, Greece. Right horn-core with partial frontal
(EPTP: PV1/2420), in anterior (left) and right lateral view (right).

46. Bovidae indet., from PV1, Pikermi, Greece. Right maxilla (EPTP: PV1/927), in
buccal (left) and occlusal view (right).
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