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AANd thus, the forms of life throughout the universe become divittegroups
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 determinati@naafodental material
belonging to individuals of the family Bovidae, from the excavasites 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 arsl lieen extensively excavated
from the 19th century to the present day. Bovid specimens account for the vast majority of
the collected findings. The studieghecimensvere comparedwith presently described
material, belonging totaxa typical to the localityFurthermore, detailed measurements
were taken on the available craniodental elements and then compared to sets ef compa
rative data, either measured by the author or collected from the relevant literature. Overall,
110 specimens were studied aad but5, which remained unidentifiedvere assigned to

the specieslragoportax analthea, Miotragocerus valenciennesi, Gazella capricornis,
Oioceros rothii, Palaeoreas lindermayeri, Palaeoryx pallasi, SporadotraguandPro-
tragelaphus skouzedihe variabilty of cranial morphology for the identified material was
then discussed and cases of particular inteisth as possible indications of sexual
dimorphism, or the presence of species atypical to the locadgse pointed out. Differe

nces in the bovid adent between the two sites were also discussed in an evolutionary and
pakeoecological context. The analysis of faaeoecologicaspect was carried out with

the provisional censusf individuals from the available material and its classification by
feeding habits. The results were found not to be in conflict with the prevasilagoenvi
ronmentalreconstructions for the locality. Lastly, comments on thegoglathology and
possible taphonomic alteration of particular specimens were provided

Keywords: Bovidae, Grecdranian, Turolian, Pikermi, Systematj&raniodental, Osteo
metry, Padeobiogeography, Paaecology
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Abbreviations

CRANIUM & HORN-CORES

MAXILLA

DAP;. Anteroposterior diameter at the horn-cor
base along its major axis

DAPy.; Anteroposterior diameter at 7cm above t
horn-core base along its major axis

DTy, Transverse diameter at the horn-core ba
along its minor axis

DT,y Transverse diameter at 7cmabove the h
core along its minor axis

dex Dexter

Heon Height from the highest point of the
occipital protuberance to the lowest poin
of the occipital condyles

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

Hum Height from the highest point of the occi-
pital protuberance to the upper border o
the foramen magnum

hc Horn-core

Lhe Horn-core length

Lahe Length from the anterior border of the ho
cores to the occipital protuberance

Lp Length fromthe frontoparietal suture to t
occipital protuberance

Lipop  Length fromthe frontoparietal to the
occipitoparietal suture

Lphe Length fromthe posterior border of the
horn-cores to the occipital protuberance

sin Sinister

W,  Width of the basioccipital at the anterior
tuberosities

Wy Width of the basioccipital at the posterio
tuberosities

Wpne  Braincase width behind the horn-cores

Wen  Width at the occipital condyles
Whel Width laterally to the horn-core bases

(lateral)

Whem  Width between the horn-core bases
(medial)

Wmas Width at the mastoid processes

W, Greatest width across the orbits
(frontal)

Wso  Width between the lateral edges of the
supraorbital pits

Wsom Width between the medial edges of the
supraorbital pits

fr

LM
LP
LPM
L

M

p

w

fragmentary (used as prefixto
dental nomenclature)
Upper molar row length M1-M3

Upper premolar row length P2-P4
Length premolars plus molars P2-
Tooth length

Upper molars

Upper premolars

Tooth width

INSTITUTIONS & EXHIBITIONS

AMPG Museum of Geology &
Paleontology, Athens University

EPTP Bxhibition of Palaeontological
Treasures of Pikermi

MNHNP Mus ®u m national
naturelle, Paris

NHML Natural History Museum, London

NHMW  Naturhistorisches Museum, Vieni

NKUA National and Kapodistrian
University of Athens

RCC Rafina Cultural Centre

UNIVIE University of Vienna

LOCALITIES

ALM Almyropotamos

CHOM Chomateri

DYT-1 Dytiko-1

HADJ-1 Hadjidimovo-1

KAL Kalimantsi

MAR Maragheh

NIK-2 Nikiti-2

PIK Pilkermi (classical locality)

PV1-4 Pikermi Valley 1-4

RzO Ravine de Zouaves no 5

SAM Samos

SER-2 kerefkoy-2

THER Thermopigi

VAT-1 Vathylakkos-1

OTHER

ALT. No. Alternative number

MNI Minimum number of individuals

n Specimen count




1. Introduction

The family Bovidae is one of the most diverse and adaptaipeups 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 pepoesents a crudia

step in the evolution of theolids and particularly at about 28a, when their divergence

from cervids and igaffids occurred, owing to the development of a more complex ruminant
di gesti ve saeatalt2e16). TheCarkest dnindst-basal member of the family
ever recorded is the gentdstragus a small gazelldike bovid, certain specimens of which
were found in Pakistan and Fran€ar(sburg & Heintz 1968Solouniaset 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 betwden r asi a and eAdl.j20l6Bbigtal,ast el |
2009. The characteristicenentioned above allowed them to continue adapting to the
climatic and by extension vegetational transitions, especially during the late Miocene
(Forteliuset al., 2006). This caused a very fast diversification of fdmily during that

period and culminated intoolids crossing the Bering land bridge and conquetingy

northern part othe American continent during the Pleistocevlayghan, 2015Ca st e | |

et al.,2016).

Despite of the earliest part of the evolutionhistory 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 giventasegreat amount of extant species. The woHdwi

de Miocene fossil record of bals is plentiful and quite promising for the disentanglement

of their labyrinthine systematics and phylogeny.

A small partof this workis takenup by the authgmwith the study othe materialprovided
by the latest excavations in thecality of Pikermj which is one of therichest andmost
diverse Turolian reference sites in Europ@cluding several macromammalian groups

Bovidae
Tragoportax amalthea
Miotragocerus gaudryi
Palaeoryx pallasi
Protoryx carolinae
Prostrepsiceros rotundicornis
Pseudotragus parvidens
Palaeoreas lindermayeri
Protragelaphus skouzesi
Oioceros rothi

Gazella capricornis

Fig. 1. Faunal content of tl
family Bovidae at thdocality
of Pikermi (Roussiakiset al.
2019).

(Filis et al, 2019 Roussiakist al.,2019. The systematics of
Pikermian bovids havelreadyshown an extensive varietf
species, which also reflects thglobaldiversity, agpreviously
mentioned Among the most frequent mammalian representa
tivesfoundin the Pikermi localitythereare 10 bovid species
(Fig. 1), with some of them coming into viemore often(e.g.
Gazella capricorniy while others more rarelge.g. Oioceros
rothii). It is worth mentioning that ahe 10 species recorded,
only 7 (possibly 8)appear in the studied sample and more
importantly, certain finds indicate the presence of species pre
viously unknown to thelassicalocality of Pikermi



1.1.The family Bovidae Gray, 1821

The major diversification that bovids displayed from the
emergence to these days, is directly reflected to tt
constituting 65% percent of adixtant atiodactyl species
and counting over 50 getn
al., 2016; Kostopoulos,2021). Many more have beer
recorded in the fossil record, initialfgund as representa -~
tives ofOld World mammal faunasvith some exceptions Z
in North AmericaThe Greek fossil record is undoubted Fi; 2. Palacoreas indermayesipe
rich as well, presenting at least 52 genera and 83 vaHd ¢jes described in 1848 by A. Wag

cies with an extensive temporal distribution frdmaearly (modified from Gaudry, 1862867
Middle Miocene tillthe latest Pleistocene and a large percentage of them have been identi
fied in classical localities such askBrmi (Fig. 2; Kostopoulos, 20211

Due totheir complex phylogeny, bovid taxonomic patternssaitedebatedalthoughapart
from classical morpology-based systematicsewer approachegppliedsuch as molecular
methodshelp to provide more solid conclusions (Fernandez & Vrba, 2@&iounias,
2007 Groves& Grubb, 201). The mostwidely acepted bovid taxonomyalso verified
by DNA phylogeny is the following (Ropiquet, 200Broves& Grubb, 2011 Hassam et
al., 2012:

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

Subfamily Antilopinae Gray, 1821: Tribe Neotragini Sclater & Thomas, 189%ribe
Aepycerotini Gray, 1872Tribe Antilopini Gray, 1821 Tribe Reduncini Knottnerus
Meyer, 1907 Tribe Hippotragini Sunevall, 1845 Tribe Alcelaphini Brooke, in Wallace,
1876 Tribe Caprini Gray, 1821Tribe Cephalophini Blyth, 1863Tribe 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)typidead
horn structure schematic medsction (right).



It is worth mentioning that Miocene bovids traditionally belonging to the tribe Boselaphini,
have recently been placed by Béiial. (2009) to the newly erected tribe Tragoportacini,
based a the phylogenetic analysis of morpholagjicharacters The presentauthor
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

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
ani ma | Wssallyl bothsexes feature moed skulls, whictspecifically

in males are more robugtC a s ¢t all, 201:6) In some cases, females of
somespecies lack hornaltogether Anatomically horns are made up of a
bony horacore, which normally consists of spongy bone with few exce
ptionsbearing internal sinuses, and a keratinous sheath3)F@Qoredevelo
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 thentire surface of the bony cof@lowing its
shape, or significantly expanding beyond the core (Janis & Scott, 1987).

Fig. 4. Aspects of dovid cranium(Capra ibey. (a) superior view(female) (b) inferior view (female) (c)
posterior view(male)and(d) left lateral view(male)with cranial bones denoted. Abbreviations: pm
premaxillary, max = maxillary, nas = nasal, lac = lacrimal,5yggal, fro = frontalpal = palatinepar =
parietal, tem = temporal, occ = occipital, sphc= sphenoid complex (Modified from Pales & Lamber

10



e e Horn-coresare essentially a bony extension of the

£ AT, :@;@? frontal bone of the skull and are characterized by a
AT TR =5 variety of sizes and torsion types. From a morpho
P2 P3 P4 M1 M2 M3 logical aspect, except for the type of cranial appenda
gﬁicw s it o =~2" ) ges, which are the basic distinguishing feature of the
LV :f,\‘-\».\ /‘;\ % / \»/‘1__‘/4\ ' bovid family, minor differences in cranial anatomy

_ e (Fig. 4) with the sister taxon Cervidae candizser
Fig. 5. Typical bovidtooth rowof the lef . L .
maxilla in occlusal (top) and buccal vi V€d- The lacrimal fossa, which is an oval depression
(bottom). in the lacrimal bone anteriorly to the orbit, is always
present in cervids, contrarily to bovids wét is not. In addition, cervids bear two lacrimal
foramina which areorifices on or near the edge of the orbit, while bovids usually bear one.
Nevertheless, this appears to bguate problematic characteristic, since the number of
foramina may vary within a species (Janis & Scott, 1987; Hillson, 1@8ves& Grubb,
2011). In all bovids, frontabones ara largestructurewith an apparent interfraal suture,
and the frontal sinus, which &chanber over the nasal bone exterdéremelyand in a
very complex manner. Parietal bones are fusgether posteriorly to the henoresin
adult specimenanda sagittal cress absen{Hillson, 1999 C a sttale2019:

Bovid buccal dentitionis primarily hypsodont and is differentiating from thervid or
giraffid one, which is brachydaonalthough reverse cases are knowheir generalized
dental formula is 0/3, 0/1-2/3, 3/3 with the presence of diastefadoothless gagrterior
to the premolarg. In the upper tooth row (Figh)
there are no incisor@nd first premolaand upper
canines arereduced or absent (Janis & Scc
1987).

Bovids like all ruminantsare notable for thei
extraordirary digestive system, which has hac
crucial efect in their evolutionary patiof course
this anatomical developmeistinfluened by their
ecologi@l niche anda shift in climate and vege
tation especially in late Miocene, when the pe
of their extensive diversification occuihere is a
wide array of bovid genera among the Gréen
nianlocalities with notablerepresentatives being
Miotragocerus (Fig. 6), Tragoportax, Gazellg
Oioceros ProstrepsicerosProtragelaphudroto-
ryx, Palaeoryx PalaeoreasSporalotragus,Skou
fotragus, Criotherium, Nisidorcas,Mesembriace ‘
rus Helicocerasand Urmiatherium(Gentryet al., Fig.6.A r ec¢ on s tTragopottsx gar

1999 Kostomulos, 2008, 2021, Kostopolos & dr yi 6 ( M. v skl enusculatr
Bernor; 201). and life appearandeAgust 2 & |

11



1.2.Historical background

The Pikermi locality has a distinguished gedntological history, since numerous disco
veries occurred there, which gave birth to the notioneafsamopolitan Pikermian fauna.

The 19" century was a pivot point for natural sciences andepaitology among them,
knew an age of flourishing, when Darwin and other naturdlstscome to the forand
American and European ftitsitions carriedout excavéion expeditions worldwide to
unearth new material for study.

In 1836, the Scottish historian Ginley, during a field prospecting excursion for archae
ological remains in Mgogea basin, discoveredsite of fossilbearing red @ys on the
banks of a toent in Pikermi, known as Valanaris. His findings were granted to the
collections of the Physiographic Society of Athens and one of its foundingoensm
German ornithologist ALindermayer, collaborated with him to conduct the first exca
vations in thesite It is worth mentioninghat in 1838, Bavarian soldier noticeglim-
meringcrystalsinside the cavities of sonfessilized bonesie foundand considered them
to be diamondsHe transported the fossils to Munich, where phefessor of zoology A.
Wagner acknowledged the scientific value of the specimens and identified a new genus
and speciesf primate Mesopithecus pentelic8Vagner, 1839which was hailed as a
discovery of gravepaleeontologicalimportance (Roussiakis, 1996Roussiakiset al.,
2019.

A multitude of excavations followeded by natural scientists, namelyRoth in 1852, H.

Mitzopoulos in 1853A. Gaudryin 18551856 and in1860, 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, 18&~; Dames, 1883; Weithofer, 1888;

Woodward, 1901; Abel, 1922)n the years 1972 to 1980 N. Symeonidis, F. Bachmayer

and H. Zapfe alsperformeds y st emat i ¢ excavations i-n a new
ma t dSymewndis et al, 1973; Bachmayeet al, 1982) This considerable number of
excavationexpeditiors 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 s@éence of paeontology. From the previously mentioned gedntologistsA.

Gaudry cannot escapeot i ce f or his monumentfaskisehonogr ap
e T ) FEOL -8

R

Fig. 7. Views of the PV1 site{a) The 2018 excavatior{b) An aspect of a fossil accumulation (Fiisal,

2019).(c) Revealing a bovid maxilla next to an hipparion skull.
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At the dawn of the ZAcenturythepalbeonto-
logical value of Pikermi could not be ignored.
~ In the year 2008, the fieldwork in Pikermi
resumed by NKUA withProfessorEmeritus
G. Theodorou on the helm (Theodoretal,
2010, 2013). Three new sites PV1, PV3 and
PV4 (consideredo be no further than a few
/ ! meters from PV3jvere discoveredThe first
- site is slightly younger stratigraphically than
7P the other two ad situated 500m east

¥, jg... southeastfrom the classicakite. The other
i'llﬂ two sites have been assuntedbe near or cer
responding exzly to the classicadite (Rous
siakis et al, 2019. From the prospecting
expeditionsof 2008 until now, the excava
tions have become systemgfidg. 7), mainly
focusingefforts on the PV1 site. They are €ar
ried out annally and have broght more than
2000 new specimens to light (Roussiag&ts
al., 2019).

The collection of the vertebrate fossil speci
mens is broad with a great ety of species,
not only common but also raomes Part of
the material,is stored in the Museum of
Pabeontology and Geology(AMPG) of
NKUA, the majority ishoused in thé&ikermi

Building (EPTP)and finally,a fewspecimens
are exhibitedin the Rafina Cultural Center
(RCC) (Fig. 8).

Outside the scientific contexPikermi sa
tisfiesthe required criteria andieserves to be
acknowledgea@s a renowned gaape, agro-
motedin Roussiakiset al (2019) Emphasis
should be placedh highlighting and prese
= - = = : rving its pakeontological heritageThus,the
gi'ga %xgﬁ:ﬁgsﬁﬁIf)g"b't('orémot‘/s:gs tihel Sit' establishment of a protectegtopark in the
(b), (c)EPTP andd) RCC. area,s a proposal worthy of consideration
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1.3.Geology

The Pikermi locality is located about Rfh east of Athen§Greece) in the Mesogéasin

(Fig. 9), which is surroundedybthe mountains of Penteio the north from which the
famous marblevasextracted for the construction of the Acropaisd Hymettus tohe

west To the south lie the hillef Koropi and Markopouloand to the easthe Euboean

gulf. There flows the Megalo Rema stream of Rafina which is formed by the contribution
of torrents that originate from Penteli and Hymettus, follayva NS direction at the
highest points and to the east at the lowest.

The famousfossiliferous beds of Pikermi from whicthe internationally recognized
Pikermian fauna was unearthed, are situated next to a tributary of the Megalo Rema stream,
namedValanaris (Roussiakis, 1996). In these beds, in which fossilized terrestrial verte
bratesdominate asequence of reddish siis observed which is up to 30 thick Clastic
channels of conglomerates and sandstones are compéeityectintained irthese beds.

These elements make up what is knasgrthe
Pikermi Formation (Fig10), 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 abovehe former(Fig. 10). The Red
Conglomeratic Member is composed of red silts
with a weak pedogenic overprint which alte
rnate with debris flowsincluding clasts from
Mount Penteli. The uppe€homateri member

W on the other hand, consists of an alternating

pe= =

Bas
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6.75—

upper

Rafina Formation

7.0—

lower

Attica marble Pikermi Formation Pliocene to Pleistocene

Messinian

¢
1
]

. Mica schist Rafina Formation Holocene

Lower-limestone unit

Fig. 11. Geological map of the studied area (Modified f
B° h etal.,2017.

alluvial
| Chomateri Mb

7.25 —

series of reddish to yellowish fluvalluvial sedt
ment s EtRl°20Ide

Fossil bone accumulations of the studied PV1 and

PV3 sites (including the classical site) &eated in

the lower Red Conglomeratic Memlrthe Pikermi

Formation (Figll& Fig. 12, Theodorotet al, 2010;

I5m - B ° h makeal 2017). Respectively, a fosdiearing

B o B macrorhizolites site named AChomateri-0 corr es
% ]'l i ':'I teri Member, situated inside a carbonatdepsol

(Symeonidiset al,, 1973).

Pikermi Formation

Red Conglomeratic Mb

Tortonian

&Sy & Y

conglomerate @ & planorbids, melanopsids

- o in-situ tree trunks . . . . .

o 'I'_'“"',‘f | j},\ wave ripples Superior to the Pikermi Formation is thencordant
ignitic clay . . . . . .

ok nd el Rafinaformation (Fig.9) which is characterized by

sandstone with pebbles palustrine to lacustrine sediments (clay, coals, and

Fig. 10. Stratigraphic column of southe platy limestones) and likewise is split into two
Attica, includingthe Pikermi and Rafir members, the lower lacustrine and the upper-palu

Formations (Modified fronB © h meteal. .
2017). ( strine oetad 2007.° h me

The Pikermi Formatiors placed discordantly aboee Al ower | i mest-one uni-t
cates a palustrine to lacustrine gaalenvironment (a system of grey marls and coals) of
Neogene Agetal 20B7. Movieg down the base of the stratigraphic column,

marbles and micschists represent the crystalline Alpine bedrock, which emerges through

the Neogen®u at ernary deposits in isolated Astrat.
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On the roof of this system of formatio(B3ikermi and Rafina Formationks)y concordantly
situated lacustrine beds of platy limestones, marls and conglomewxaiel, bear fossil
accumulationswith Melanopsiscf. anceps Melanopsiscf. costataand Planorbis sp.
Above these fossiliferous bedghick series of Quaternary conglomerates and sandy clays
can be found (Marinos & Symeonidis, 1973).

Moreover, in the area there are two fault systems witRWW and NNE orientations with
an impact on the two uppéfiocene Pikermian formations (Pikermi aR&fina Forma
tions) (Roussiakis, 1996).

East in the Rafina regipfossiliferous marine beds are locateith alateraltransitioninto
fluvio-terrestrial sediments They are deposited ith a discordancegpver the system of
upperMiocene Pikermiarformations 40 m above the sea levdlhis indicatesthat the
Pleistocene seaovered a somewhégrger area than todayith a simultaneous deposition
of the marine and fluvidgerrestrial sediments lateralfiettos, 1992). As stated by M. K.
Mitsopoulos (949), these beds are edrly Pliocene age andccording toConstadinides
et al.(1992) are of earlymiddle Pliocene.

The angle of the inclireof the Rafina shoreline are approximat@® - 40, while in the
innermost part of the araaries from location to location.speciallyin Chomateri, the
inclinations of the beds are more gerfiussiakis, 1996)

red-silts of the
Red Conglomeratic_ -

\\d‘bm ﬂuvial sedlments

Fig. 12 Aspect of the PV1 site. In the foreground modern quvraI sedrments of the Valanaris tribui
be seen and a part of the Red Conglomeratic Member of the Pikermi Formation is also visibl
background yellowish upper NeogetoeQuaternary sediments can also be seen.
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1.4.Biogeography and hostratigraphy

Due to the facthatbovids and artiodactyls in generate very prevalent in the late Mio
cene with mmerous and distinctive species and thayeproven to be very useful for
calibrating mammal biozonation for the European continental NeogeneZ@vikiition)
(Mein, 1999), tha the contribution of their stydn biochronologyand pakeogeography
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 rémotde determi

nation of terrestrial mammal biozonation. Neverthelesgr afktensive excavations in
seveal localities and the systematic study of the material in the area encompassing the
Balkans, Turkey and Iran, palaeontologists have had the oppigrta extract significant
biostratigraphic data and draw conclusions for thegrbiogeography of the area.
However, data in some localities is not sufficient. Sometimes biostratigraphic methods
such as superposition or evolutionary stages, are ndbleapigoroducing results, therefore
dispersal events are studied using a combination of radiometric and magnetometric data,
although they suffer from the problem of timelessn€s®e of the cases examined in a
study of dispersal events by Koufos (2003)mdastrates that the Vallesian/Turolian
boundary can be defined by the first local appearance afuideMicrostonyxand the

Palinspastic map of the Greco-lranian region
Late Miocene

Legend
I Land
[ 1Shallow areas
[ Deep basins

Fig. 13. Grecolranian region (rectangular area) in the late Miocene during the Messinian Salinit
(modified from Popoet al.,2006).
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bovid Nisidorcas

According to Bernoet al.(1996) after a series of systematic and chronologic analyses, a
significant correldon between classic Pikermidacalities, such as Maragheh (lran),
Samos (Greegeand Pikermi (@eecg within the late Miocene European MN unit system

was indicated, establishing the existence of a biogeographic province. It is marked that the
suggested novinciality is driven by palaeogeographic andgeaknvironmental 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 9at 11.1 Mya (base of C5r.1n) (Steininger, 1999).

Late Miocendaunas including bovidshavebeen confined in a temporal frame, presenting
specific attributes andlong withthe influence of geographic proximity on the localities
foundtaken into accounits 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 Beina. (1992) poposeda Grece
Irano-Afghane province. érteliuset 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 interestlt has also been reported as the Gieekian Casanova¥ilar et al.,

2005) and Eastern European/Western Asian province (Nargolwalla, 2009).

It should be notethat arguments against a cohesive biome during the late Miocene of the
Old World (Kayaet al, 2018), have been put forward by Degtkal (2018). Forteliuet

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 thatdbecept of the Greetranian province is

an oversimplification of the palaeobiogeographical regime of the region. He notes that
mammal community homogengits 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 thediffering opinions a its interpretation and spatiemporal distributionthe

Grecalranian bio-province (Fig. 13) -when defined athe immense suParatethyan re
gion that extended from the Balkans to Afghanistaertainlycorresponds to the deve
lopmentand spread ahe Pikermian Biome (Solouniaet al, 1999).

The fossil record so far, indicates that the multitudinous and diverse family Bosidae i
widely represented itne broaderegion, by the presence of various tribes like Boselaphini,
Caprini, Antlopini etc
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All of what is mentioned

FRI : above isconsistent with
the work ofMirzaie Ataa
badi (2010) that deals
with biochrondogical and
pakeogeographical ap
proaches of the Miocene
mammal faunas of We
stern Asia. Throughme
thoddogies like the analy
sis of relaive abundance
M Esvres - Marine Faluns MN5 = Pikermi MN12 e Siwalik MN9-10  of closed and penada

® Maragheh MN 11-12 A Arabia MN4-5 pted taxa and herbivore
Fig. 14. Average similarity of Western Asian chronofaunas presentii hypsodonty, theorrelati
distinctionbetween Pikermi and Maragh@Mirzaie Ataabadi, 2010). on of the studied chroro
faunashas been pointed gugetting Pikermi and Maragh in the same provinciality (Fig.
14). On the contrarghePikermian chronofauna differentiatedfrom other Western Asia
chronofaunas likéhe Arabian or Siwali&n.

Remarks by a notable study (Eroretral.,2009), which has been conducted in the wider
regionwith the application of climate models and hypsodonty indices as well, has con
firmed that the biochronological context of the Pikermian Biome (Fig.includes the
Vallesian and Turolian (MN9, MN10, MN11, MN12, MN13). In particular, the zenith of
the Pilermian chronofauna is placed on MN12 (8®.6. Ma).
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Fig. 15. Stratigraphic scale with land mammal biozones showing Pikermian chronofauna in green (I
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 geacficahol
resear ch condetuat @Y usimgediBénthandeisotopic analg, magne
tostraigraphic, orbital tuning and astrochronologynethods(Fig. 16) show an age 7.27
Mya for the PV1 site and 7330 7.29Mya for the slightly older PV3 siteThus placing
both of them neatlyithin the MN12 biozone, to the middle Turolian age (Roussiekis
al., 2014).

seasonality insolation
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Fig. 16. Biomagnetostratigraphic correlation of PV1 and PV3 and astronomical tuning to insolati
sonality of the Red Congl omer aetalc200Me mber of
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2. Material and Methods
2.1. Material

The specimes of the material consist of an initial inorganic bone tissue fraetisnvell

as dentin ancenamel in the case of fossilized teetlwhich have undergone partial
diagenesis by recrystallizah of biogenic hydroxylapatite anfilling of the gaps with

calcite and Mn and Fe oxides. These oxide depositions cause patches of black coloration
mostly inthe outer surface of the bone (Stathopowbal.,2003).The diagenesis that the

bone has undergone results in tBeentionof its external form (as well as elements of its
internal microstructure), but causesiacrease in densignd a loss in elasticity.

The preparation process candigded into 4stagescleaningassemblyfixation, comple
tion with aesthetiaestorationand pecimennumeration and storag&€he gecimensare
processed bgredominantlymechanical means.

The first mandatory action of the cleaning process is the removal of a large volume of
relatively cohesive material.ools such as thern@mel rotary cutter/sander with a silicon
carbide tip(Fig. 17) are used fothis purposé€Palmer, 1989; Gree2001) and @ombina

tion of hammer with chisels @frious sizes when bone durabiiisyensured (Rixonl976;

Sohl, 1989).The work continues wittheDremel oscillating scriber with a stainless steel
tip, st ainl ess s tDiekestribey Mowahe) edrdéntal picke @Pdirhee, s ( F .
1989; Sohl, 1989; Green, 2001) as well as tweezers and scéhpglsl8). Frequent
washing with water is also crucial for the processing of frexisnens Brusheswater

spraer or wet sponges of various sizes are used to remove loose se(higetB). This

phase of treatment requires patience and careful movements to remove the superficial
sediment, to such an extehtatthe 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 (Conversi989). General
purpose adhesives used for bonding fragments and
Paralod B-72 solution for filling cracks and stabilizing

brittle material. Adhesives which provide sufficient
bonding strength but allow subsequent detachment for
observation, completion or sampliraye preferred.

When recessary, after cleaningpndingand fixation of the
fragments the next step is the completion of tlageasof
the bone where material loss is observethis stage is

o\ SO
Fig. 17. Removinga large volum , . . . .
Ofgcohesi\,%edimgenm% a bovic caried out, either for aesthetic restoration of the specimen

skull, using the rotary tool. -if it is to be exhibited in a showcas® for bone reinforce

21



Fig. 18. (a) Hand tools(from left to right): hammerdrushes, dental picks, scalp@wgler's needle a
tweezers(b) Adhesives and washing tools. Paraloid/ solution,its solvent, aetone and syringes for
application,general purpose glugellow tube), water sprayetoothbrush, dropper and sponges

ment by filling its cracks andaps,if there is a lack of stabilityin the present work two
methods of completion were performed. The first concerned thiegrof acrylic resin
ParaloidB-72 with a very finegrained sediment forming a thin paste suitable for filling
the gaps, and éhsecond the use of Polyfilla, a common material used extensively in
restoration of ceramic objects in the fieldaminservation of antiquities, as w@iodany,
1994).

The final procedure of the preparation process is the numeration of the fossil samaples
their storage. The number given is unique to each bone and ensures that it will not be lost
or confusedwith a similar one (Bruntoet al. 1985). Drawing ink is used between two
coats of Paraloid B2 solution in a relatively low concentration,achieve durability over

time. For storing the specimens, boxes with foam or cditiimg are seleted (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 maglecolleague BnagiotisFilis. Furthermore a

few specimens were prepared ar@atisKirdis. The preparation workvascarried out

under the supervision @fr. SocratesRoussiakis andumerouspecimens were processed

to select thad.10 ones that met the ragements to be studidé\ppendix 11.A). The studied
materialcollectedduring the new excavation serilesthe PV14 sites of Pikerm{Attica)

for nearly the last 10 years. The excavations were perfoumédr contract between the
municipality of RafinaPikermi and the NUA, and aret i t K& B¢ 7 s0eihlp o e
0geoomasditsgt)es o Ubdgeslbl béoa astd 36 o5 d ¥ B x 3
Ugy i 60y )odlyld dfi oslbcepe ¢ A (e adledo Ujoe o(afg 70/ 3/ 1297
and the scientificsupervisoris Dr. GeorgeTheodoroy complemented by DrSocrates
Roussiakis as assistant scientific supervigart of thestudiedbovid materialfrom the
PV1sitealongwith all thespecimens fror?V3 and PV4 are stored in the collection of the
AMPG of the NKUA andrestof the PV1 materiabelongto theEPTP. Measurements of

the material fromPikermi (Greece)Samos (Greece) and Maragheh (Ifa@lpngingto the
collectiors of the NHMW and UNIVIE, which were taken by the author, as wetheasu
rementdrom the relevant literaturevereused for comparisor{@&ppendix 11.C).

22



2.2. Methodology

Thetaxonomical determination diie studiedmaterialwasbased orhe descriptiorof its
gualitative morphological characteristics, the measuremenguntitative oas and its
subsequent comparison with already described specimemslatet! literature.

Measurements were performedmoaterial-selected on the basis of adequate preservation
and completenesswvhich consists of relatively completand partial skullsvith or without
horncores and/ormaxillag, as well asndividualhorncores and maxillaavith at least a
partialtooth row.All measuements of the skulls and teetleretakenwith a digital caliper
andaregiven in millimeters to theearest decial place (at 0.1 mm precision). In cases
were someadegree of wear or dage preventeaneasurementfom being takerwith
absolute accuracyhe best possible approximation is given in parentheses

For the plotting ohorncoreoutlines, he wsage 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 outlinewhile granting the pliability and lack of elasticity not
commonly found in metal wireSheselection of indicative representatives of each species
for thehorn-core profileplotting, was based on the preservation statisedpecimens.

Data analysis angdlotting werecarried out with the use ¢fAST (Hammeset al.,2001).
lllustrations andmageswere created and processed in litlescape Gimp andProcreate
software platformsGoogle Earth Pro 7.3.4vas alsaused for satellite imageBhotograph
sources which have no reference, bel ong

Terminology and Measurements of Craniodental Elements

Cranial measuremen(big. 19, 20) generally follow von den Dreisch (1976jth the ne
cessary expansions and machtions dictated by the relevaliterature (e.gRoussiakis,
1996; Kostopoulos20098) Cranial terminology(Fig. 4) follows Clarenceet al.(1970 and
Gentry (1992)lt should be mentioned thdte term pediclewhich is often found in related
literature was replaced bghe termcornual proces€Clarenceet 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 alotigeir long axis varies. Alsawisted horns come equipped

with one or more keels. When attempting to describe the attribute of horn twist, one is
faced with some degree disagreementvithin the literaturgGentry, 1968 Roussiakis,

1996, 2003Kostopoulos, 2014; Kostopoulos & Souhi2€19 as to what exactly consti
tutes At or si oToemalynthistorsisngsrigorauslydefigedas the number

of rotationsof the horacore bodyalong the axis of development of the horn per unit of
length and spiraling as the relative migter of rotation. Thusly, hoftores can be

categoizedas | oosely or tightly torsioned (or
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spiraled.The closestobserved degree of spiralimgn bereferredtoasis i mpl e t wi

Additionally, the direction of rotation is equally significant and can be described as
heteraaymous or normal when theft horn-core exhibits counterclockwise rotation and as
homonymos or reverse when the left hecare exhibits clockwise rotation in superior
view, looking from tip tobase.

In the case ofragoportaxamaltheaandMiotragocerusvalenciennestheantereposterior
diameter(DAPnc) at thehorn-corebaseis taken along the major axis of the crssstion
perpendiculato theaxisof developmenof the hornwhich is also tangent to the posterior
edge of thdhorncorebase Respectively,lie transverse diameter ([dJ is taken along the
corresponding minor axig.his exception is in place due to the great variability (probably
dependenbn ae) of the extensn of the horncore base to the frontal, in individuals
belonging to these twspecies

Yet another important disclaimer to make is that in the ca€Baaerosrothii, DAPxcre-

(b)

(a)

Fig. 19. Cranial measuremenin (a) anterior andb) left lateralview (abbreviations in p.7)
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fers tothe maximal diameter of the horn core, which is not onlypanallel to the sagittal
plane (as is in the case ®fagoportaxamaltheafor example) but rather tends to be
perpendicular to it. Accordingly, D\f-being the minimal diameter of the hecare tends
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 desggiive powerlt

is retaired though for the sake of
correspondence with the relevant li

terature. _-_
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Fig. 20. Cranial measurements (a) posterior,(b) inferior (basicraniumpand(c) superior view @bbrevia
tions in p.7).



In the case of th&azellacapricornis one more measurement is taken at 7cm from the
horn-core base.

Dentalmeasurementd=(g. 22) were takeraccording to Heintz (1970) and teeth elements
terminology(Fig. 21) used by Heintz (1970)Gentry (1992, Gentryet al. (1999) and
Bar maRhs &n e r In¢rdOtdatojd confusion when comparing data with related
literature, it must be stated thaiper @se letters argeliberatelyused for uppepremolars
andmolars(as opposed to lowarase for lower teejreven if mandibular teeth are absent
in this study

Apart from the measurements of the total lendtphremolarandor molar tooth row(Fig.

22), teeth wereindividually measured for their anteqmosteriorlength and transverse
width. In particular, lengtlwas taken at the occlusal surface andth at the crown base
These measurements usualry withtooth weay but in that waygreater accessibility of
the measured featur@sda lesserchance of error are offered@aking the length at the
alveolar surface of a tootmight seem more accurate in theory, but in practice it show
weak accuracydue to theclose proximity or contact of the measured tooth with its
neighbors.

In the case of paired maxillae, teeth measurements are takiem side which exhibits the
best preservation. If both sides are equally \petiserved, then thgght sideis chosen.

(a) postparaciieta labial praemetacrista (b)

paracone

praeparacrista labial cingulum labial

metacone postp. ista

arastyle "
parastyl postmetacrista paracone
metacone
metastyle praeparacrista
postmetacrista

parastyle

anterior fossette

posterior anterior posterior

spur

anterior cingulum

anterior fossette posthypocrista

praeprotocrista posthypocrista praeprotocrista

protocone posterior cingulum

medial crista

neocrista hypocone

postprotocrista praehypocrista

hypocone

entostyle

lingual cingulum " o
g ¥ lingual lingual

Fig. 21. Terminology of tooth crown elements in ruminar(&s) Upper second moland (b) upper thirc
premolar(Modified from Gentryet al.,1999).

Fig. 22. (a) Maxillar measurements ibuccal view andb) dental measurements in occlusal view.
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3. Systematics

Order ARTIODACTYLA Owen, 1848
SuborderRUMINANTIA Scopoli, 1777
Infraorder PECORAFlower, 1883
FamilyBOVIDAE Gray, 1821
SubfamilyBOVINAE Gill, 1872

Tribe BOSELAPHINI Simpson1945
GenusTragoportaxPilgrim, 1937

3.1. Tragoportax amalthegdRoth & Wagner, 1854)

Material

PV3/2018 frontlet with nearly completédorn-cores (the horncore tips are missing)
PV1/2215frontlet witha part of the facial area amdaxillae (right: P3VI3 and left: P2
M3) and nearly completborn-cores, PV1/252 frontlet retaining an almost complete
braincase with nearly completeorncores, PV1/2049A frontlet retaining an almost
complete braincase with partidlorncores, PV1/1839 frontlet retaining an almost
complete braincase with partidorncores, PV1/2290 frontlet retaining an almost
complete braincase with partial damadeatncores, PV1/2344 frontlet withouhorn
cores, PV1/2492 part of rightorncore PV1/2798 frontlet witha partial righthorn-core
PV1/2386maxillae with partiapalatine(right: P2M3, left: P2) PV1/2371A4#V1/2371B
maxillae with part of the palatingoreserved (right: RR13, left: P2M3), PV1/92 left
maxilla P2M3, PV3/66 rightmaxilla P2M3, PV1/314 leftmaxilla P2M3, PV32026A
right maxillaP2-M3 & PV3/2026B leftmaxillaP2M3 [same individual]

Description

Crania and horn-cores: All of the keydiagnostic features of this spec{&slgrim, 1937;
Roussiakis, 1996; Spassov & Geraads, 2004; Kostopoulos & Bernor, &8ddar in the
studied materialo a greater olesser degree, depending on tiear and preservatioof
the specimen.

The horncores display weak heteronymous torsion and are relatively domgslightly
curved backwardsThey bear a strong anterior keel and one more pelstienal which is
weaker The crosssection at théhorn-core basess subtriangularto triangularin shape
(Appendix L1). Postcornuafossaare also present

The fontal bonedorm a wide intercornual plateau apdssess shallow invaginations that
extend to thecornual processe$n the braincasewhich is rather low and widehick
temporal ridgeswhich weakerposteriorly can be observed amdstrongly developed and
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flattened dosal rugose aredies between themThe fronto-parietal suturesare not
particularly visiblebut a pronounced ridge forméedthat area

The suprarbital foramna aresmalland the anterior boed of the orbit is located appro
ximately above the middle of the M3 he anteiormostborderof the choanass situated
behind the metacone of the M3.

The occipital bone forms an almost right angle with the upper swfdbe braincase and
the accipital condyles are largposteraventrally The foramen magnum is large and
squareshaped and the mastoids are also large and trend ptadtzadly. A strang 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 tuberositiesy are located perpendicular to

the sagittal fane and a shallow groowaivides themalong theantereposterior axis.
Between and in front of the small anterior tuberosii¢lin crest extends forward along

the medial axis of the basisphenoid. The foramina ovalia are also situated in front of the
arterior 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

TheP2is longer than P3 and characterized by a modestly developedteriorarea the
part of the P2 which forms the parastyle and the protogoriéhe parastyleshowslittle
growth as wel] while thecrestof the buccalwall is robust It is located close to the
parastyleresulting inthe formation of a narm grooveon the buccalall betweerits crest
andthe parastyleLingually, the protocone doe®otshow consideable development

TheP3 does not differ in aicture from P2, it the parastyles more robustLingually, the
protoconds minimally developed, while the hygone is largeand extends mor®wards
the interiorthan the protocone

TheP4 is simple, and on its bucaaall the most developeféatureis the parastylewhile
the outerridge is weaker

The molars are characterized by a kalegall with a strong parastyle andwaeakerme
sostyle The buccalvall of the paraconé&aturesa slightly developedrest, while that of
the metacone almost smooth. All molarsf this specieshear edostyles

Comparisons and Observations

Crania and horn-cores. Elements of the cranial morphology were examined and the
necessary measurements were performed and plotted agaicsirbarativanaterial for
proper identifcation. In the following diagram (Fig. 23he measurerants taken from the
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Fig. 23. Comparison of the cranial measurements (meaMrajoportax amalthedetween the studi
material (n=4, light blue) and comparative material filRoussiakis, 1996 (n=4, yellow).

studied material (light blyeAppendix 11B.1.b) are compared to tho$em the classical
siteof Pikermi (Rousiakis, 1996)The samples in this case agually populated (n=4, in
both casesand the measuremergppeato be invery good agreementhe only observa
tion to make ishat the Whasand Hon appearhigher, by an almost negligible amount for
the studied material, but in such a way that the ratio of the cranial dimensieqsais
between the two samples. This is important, ad/thesis characteristically greater than
the Honin this particular species. The equally characteristic feature of the basioccipital
being at its greatest width at the level of the posterior tuberaesgiatso apparent in both
samples.

Additionally, in thediagramDAPhd/DThnc oOf Fig. 26 (p. 34 whereTragoportax amalthea

is compared to the other boselaphine of PikeNndtragocerus valenciennespecimens

of the species seem txhibit greater variability This could be caused by 2 particular
specimengPV1/2344 andPV1/2215; Appendix 1112.5) which exhibit two of the smallest
DAPyc values while possessing, at the same time, the largegtvlllies. Ths anomaly
can be attributed t o odritates & pregservation.pSanem r
PV1/27%8 on the other hand, which presents with the smallest pair of,Déki®tl DTnc
values-even though it too displays signs of weanould also be said to belong to a younger
individual.

The studied sample is then compared with a specimen belonging to ilbel\ssizedTra-
goportax rugosifrongKostopoulos, 2008 Fig. 24). As is apparent by the diagram, the
differences in the various cranial measurements are negligible at best. Evenustdea

of markedqualitative morphologicatharactes differentate Tragoportax rugsifrons
from the studied specime(iKostopoulos, 2008 Spassov & Geraads, 2004hese inclu

de weaker rugosities on the anterior keel of the fvome which also possessweaker

29

speci



120 MM

100
80
60
40

20

DAPhc DThc Wmas Wcon What Whpt

=@==Tragoportax amalthea-New excavations, PV1-PV3
=@=Tragoportax rugosifrons-Kostopoulos 2009, MTLB159, SAM

Fig. 24. Comparison of the cranial measurements betwgemean values tie studied materidlelonging
to the specie3ragoportax amalthegn=4, light blue) ané specimen ofragoportax rugosifronfrom Sa
mos (MTLB159) byKostopoulos, 2009a (orange).

torsionand lacks visible steps. The skullTifagoportax rugosifronss also characterized
by straighter and less robust harores, which are more widely spaced apart. Lastly, the
distinctive concavity of the anterior edge of the hoone, found iffragoportax amalthea

is absent or less visible Tragoportax rugosifrons

Maxillae: The dental measurements are giwerppendix 11.B.1.c. Theatio of theave
rage length of the premolar series to that of the molay asextracted by the formula
(LP/LM) x 100 is B.8% (n=7.

24 MM
22
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10
LP2 WP2 LP3 WP3 LP4 WP4 LMI WML LM2 WM2 LM3 W.M3

@=NHMW, PIK =@=Roussiakis 1996, PIK
O-Moya-Sola 1983, PIK =@=New excavations, PV1-PV3

Fig. 25. Comparisonof the dentalmeasurements (mean) ©fagoportax amalthedetween the studi
material (=7, blu® and comparative material from Piker(n=6, grey) from NHMW (mean) Roussiaki
1996 (orange) and (meaio yS 0,11983 (yellow).
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In the diagranof Fig. 25 comparisons are performed with material from ltlities of
Pikermi(NHMW), as well as measurements from specimens belonging to the clagsical

of Pikermi, taken from the relevant literature (Roussiakis, 1886;yS 0,11983). 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 comparativel.rfateri
minor differentiation is observed at the width of P3, but the general hombgebserved
across the comparedmples points towards a possible error in measurement

Additiondly, in the diagram of the Fid7 (p. 39 the tooth dimensions (LP/LM) dfrago-

portax amaltheaare compared to those Miotragocerus valenciennesirhe studied

sample seems to be nested well within the area delineated bgrtipgarativematerial.

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 emsthid correspond

to the hist sitei.c aWi tic Itahsasti ciam mind the <cl ose
mentioned specimens, to those belongingIl{HNP (acc. Roussiakis, 1996), NHM@hd

the average value reportedMy yS o (1983)can be justified asthe latter have all been

extracted by the classicsite
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GenusMiogtragocerusStromer, 1928

3.2.Miotragocerus (Pikermicerus) valenciennefsaudry, 1861)

Material

PV3/130frontlet with completénorn-cores, PV1/666 frontlet retaining most of the length
of thehorn-cores, PV1/1837 skull with partial hortoresand maxillae fight: P2M3 and
left: P2M3), PV1/274 leftmaxilla P2-M3, PV1/939 rightmaxillaP2M3, PV1/1134 right
maxillaP2-M3, PV1/1223 righmaxillaP2-M3, PV1/1920 rightmaxillaP2M3, PV1/2033
right maxillaP2M3, PV1/273 leftmaxillaP2M3, PV1/639 leftmaxilla P2-M3.

Description

Crania and horn-cores: The specimens of the stidied material which correspond to this
species, ara frontletof a male individuala frontletof a female-both preserving their
horncores and acranium of a female individual with partial hecores The maleshows
aremarkablestate opreservationretainingthe whole length of thisorn-cores. All features
present in thespecimes and their corresponding morphologem® consistenwith the re
levantliterature(Roussiakis, 1996; Spassov@eraads, 20Q4ostopoulos, 2005, 2088

In the PV3/130,hehorncores are elongated, almost straight and show sttamgverse
compression. Also, a small angle of divergence between them is obsEnegtnedial
surfaceis almost flaf while the laterals ratherconvex. They are characterized by the
presence of a strong anterkeel with very weak torsiowhile a posteralateral keelis
absent This cannot be considered as true torsion. Rather, the dw@esmedially at the
level of the horn core bases and tlheerallyat the tipsThe horncores also present with

a stepped appearance approximately at the miditheir total length. The crosgction

is weakly subtriangular at thdnorn-corebasewith a rounded posterior surfat&ppendix
[.2.8). Anterior rugosities at theorncorebases are strong, expanding towards the frontal.

The nterfrontal suture is not visible and in this area betweerhtinecores, a ridge is
present. The frontparietal suture cannot be seen and there is an elevated ridge in its place
as well.

In the frontal area between therncores and in thenorncore bases, invaginations are
observed and behind therncores the postcornual fossa are extetidnd shallow.

Even thoughhe braincase is missinthere is an indication ofiell-developedemporal
ridges behind thborn-cores.

Specimen PV1/666 corresponttsa female individual oMiotragocerus valenciennesi
Thehorn-cores areof small dimensions antheir bases areidely spaced aparSimilarly
to the male of the species, they dispillag same torsichike curve of theihorn-cores albeit
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to an even lesselegreeThe crosssection of théorncoresis ovalat their basand weakly
subtriangular at the tipAppendix 1.2.b)

Specimen PV1/1837 corresponds also to a female individual of the spHugelraincase

is narrow and long a feature identifiabled e s pi t e t he dapemlccorme n s
pressionlt displaysstrong temporal ridgesnd the left mastoid process preserved seems

to projectfurther below theinferior level of the condylesnd alsoseems to cover the
condyle on the lateral aspedthe paterior tuberosities of the basioccgliare elongated

and more developed than the anterior ones and between themtheddyasioccipital axis

a ridgeexists Also, the auditory bulla is elliptical and witks major axis parallel téhe

sagittal plane.

The interfrontal suturefr both female individualsarevisible and as far as can be seen
the fronteparietal sutures do not present aigvationas well According to Roussiakis
(1996) these nmphological inconsistencied the female crania ioomparisorio the male
ones is due to their smallehorncores. Thehorncores of a male individual arbigger,
more robusand heavier, resulting @n increased weight of the skutl.order to reinforce
its durability, the temporal ridges and the aseaf the fronto-parietal sutureseed to be
more developed.

Maxillae: The upper tooth row is chatacized by a pronounced relief the buccal walls.
The total length of the uppergmolars of this species is bigpmpared to the total length
of the upper molarand longer than ifragoportaxamalthea

The P2 is elongatedand actually surpasseshe P3 inlength Its anterior part, which is
composedf the parastyle anthe protocone, is well developed in comparison with the
total length of the tootHn the buccalwall, the most developed structures are the strong
parastyle and the strong crest of the paracone.cFa&is not locatedvery closeto the
parastylebut further back, so the vallethat exists betweenthemis wide. Lingually, a
groove separates thlaeveloped protoconfom the hypa@one The hypocone does not
extendfurtherthan theprotoconeowardsthe lingual side

The P3 is also characterized by a pronounced parastylesirahg crest of the paracone
in the buccal side, which is not locatia far forward. Lingually the hypoconeextends
more than theprotoconetowardsthe lingual side but not as much as ifragoportax
amalthea.

The P4 ischaracterized by a strong parastgted metastyleon itsbuccal wall, while the
crestof thebuccalwall is less developed than the former two

On the buccalvall of the molars, the parastyievery pronouncedhemesostylds lessso
and themetastyle is even less. Buccally, the crest of the parasanere conve than that
of the metaconewhosebuccalwall is almost flat.Lingually, the endotyles are under

developed in the M1 and ti2, while inthe M3 they may be abseor faint
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Comparisons and Observations

Crania and horn-cores. The cranialmeasurements of the specimarigiotragocerus
valenciennesiare given atthe Appendix Il.B.2.alin the diagram ofthe Fig. 26 the
dimension DAR:. and DT for the studied material are compared to other identified
Miotragocerusvalenciennessamples, as well as to the other known boselaphine-of Pi
kermi, Tragoportax amaltheaThe difference in size between the two genera is apparent
and confirms the identiation.

Sexual dimophism is also apparent within tiiotragocerus valenciennesample, with
female individuals exhibiting smaller values for the A#d DThc measurements.

While a certain degree of overlap can be observed between theMimfagoceris
valenciennesgrouping andTragoportax amaltheathe sole specimen belonging to the
studied material falls outside this shared area.

As far as the femal®liotragocerusvalenciennesgrouping isconcerned, the specimen
PV1/666, which is exceptionally preserved at the fumre 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 @s giate of preservation at the
horn-core bases, as well as to a great degree of atatgical compression which it exhibits.

80 . . .
Miotragocerus valenciennesi

(male) %
g
60- X
50+ O

Tragoportax amalthea

DAPhc

401 Miotragocerus valeniennesi
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Tragoportax amalthea Miotragocerus valenciennesi Miotragocerus valenciennesi
. (male) (female)
D Eew Excavat%ons, izé New Excavations, PV3 /. New Excavations, PV1
. N;v;ﬂ;c;;a{twns, Roussiakis 1996 (mean), PIK. A Roussiakis 1996, PIK
u UNIVIé PIK > Kostopoulos 2009, SAM A Kostopoulos 2005, AKK
T Spassov & Geraads 2004,
I Roussiakis 1996 (mean), HADJ-1

PIK

Fig. 26. Scatter diagram comparing the basal haore dimensionsAPh., DTy in the boselaphin
Tragoportax amaltheandMiotragocerus valenciennesi
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The grouping is otherwise quite distinct from both male individuals of the species, as well
asTragoportax amalthea

Maxillae: The dentalmeasurementsf the specimen®f Miotragocerusvalenciennesare
givenin Appendix 11.B.2.b.The ratio of the average length of premolar series to the average
length of the molar one is &Pb6 (nN=9). Thigatio reaches a value of 896 for the largest
specimen (PV1/274) in the studied sample.

In the diagram oFig. 27, the toothdimensions (LP/LM) oMiotragocerus valenciennesi
are compared to those dfagoportax amaltheand the two species can be seen forming
two distinct grouping of points.

Most of this speciesd6 specimens seem to occu
the comparative material is accounted fbe grouping becomes broader. The most tightly

clustered of the studied specimens are position in the imteedanity of the specimen

of Samos with the lowest reported values (Kostopoulos, &00Bhe 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 tWétragocerus
valencienessmeasured values. Instead, they seem to form two distinct groupings con
centrated on larger and smaller LP/LM values, respectively. This is possibly attietiotab

sexual dimorfism, on account o Tragoportax amalthea Miotragocerus valenciennesi
the above observation and the fa [ ] New Excavations, PV1 New Excavations, PV1

; ; i Kostopoulos 2009, SAM
that all of the specimens includec M New Excavations. PV3 X P ’

P o B NHMW, PTK X NHMW, PIK
belong to adult individuals. Of & \oya-Sola 1983 (mean), PIK < Roussiakis 1996 (mean),
course, further study is required t B Roussiakis 1996 (mean), PIK PIK
501 0
-
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46
X
X
44 X
X Tragoportax amalthea
421
40-
381 X
361
qal ‘ . ‘ . ‘ LM
40 45 50 55 60 65

Fig. 27. Scater diagram comparing thdimensions of the upper tooth row (LP, LM) in the boselapl
Tragoportax amaltheandMiotragocerus valenciennesi
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SubfamilyANTILOPINAE Gray, 1821 genswKingdonl9o&)
Tribe ANTILOPINI Gray, 1821
GenusGazellaBlainville, 1816

3.3. Gazellacapricornis (Wagner, 1848)

Material

PV4/12frontlet with partialhorn-cores, PV1/360partial lefthorn-core PV3/5partial left
horncore PV1/70 partial right horn-core PV3/132 partial right horncore PV3/125
complete lefthorn-corewith a small part of the frontal bonBV3/2016partial righthorn
core PV3/2050 partial right horncorg PV3/2051 almost complete lefthorn-core
PV3/2033Aleft almost complete horn cord®VV3/2033Bright almost completborn-core
[same individual] PV3/2034Apartial right horn-core- PV3/2034Bpartial left horncore
[same individudl PV1630 frontlet withouthorncores, PV1/226 frontlet with nearly
complete horn-cores (the horncore tips are missing),PV1/191 frontlet with nearly
complete left and partial rightorncore PV1/1838frontlet with partial horn-cores,
PV1/2243complete rightiorn-core PV1/2415complete rightiorn-core PV1/211partial
left horncore PV1/2410 partial fight horncore PV1/2217 partial right horn-core
PV1/1153partial righthorn-core PV1/1916partial lefthorncore PV1/2416completdeft
horncore PV1/1160 partial left horncoreg PV1/2805A partial righthorncore i
PV1/2805B partialleft horn-core [same individual], PV1/490 right maxilla P2-M3,
PV3/121 rightmaxilla frP3-frM3 and left maxilla P2M3 with partial palatine between
them

Description

Crania and horn-cores. The specimens of this speci®e mainly horrcores and horn
cores attached toartial frontals with a very small part of the braincase behind thagir

dimensionsareindicative of them belonging to a smalked specied.he evaluatioperfo-

rmed is in agreement witksstablished diagnostic characteristics ofrriflevantliterature

(Roussiakis, 1996; Kostopoulos & Bernor, 2011; Kostopoulos, 2 JIHL6).

The horncores are moderately long anditldeegree of curvaturie usually low displaying

no torsion at allHornrc or e positi oning on the aboull |
45°), with moderate spacing neidre frontals and strong divergence towards the Tips.
crosssection at the hornore baseis generallyoval and gradually becomes circular
towards the distal end of the hecares(Appendix 1.3. The major axe ofthe horncore
baseare slightly convergent anteriorly to almost paralléle hornacore surface is covered

by fine longitudinal grooveswhich are more or less developed and continuous. However,
the posterior ones are strongand run along theentire lengthof the horacore Addi-
tionally, Roussiakis (1996)marks that the lateral surface of the hoorne 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 mediaterally uniform in their longitudinal curvature.

Largeandovalshapedoostcornuafossa are situatedoehindthe horn-cores Anteriorly,
thesupraorbitaforamina are largandtriangularin shape and are situated shortcornual
processes.

The smallpartof the braincasehat can bebservedn some specimengpesnot seento
bendmuchin relationto thefacial areaThe anterior border of the heoore base is located
approximatelyabovecenterof the orbit.

Maxillae: The total length of the uppergmolars of this species is greathan half the
total length of the upper molars

The P2 is elongatedand its buccal wall is characterized by very small development of the
parastyle. Posteriorly to the parastyle a very characteristic feature can beedbeehe

form of a strong crest, which is located rather anteriorly in the tdotigually, 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 crestbehindthe parastyle is located thte anterior part
of the tooth. Itdengthis oftenslightly shorter than the length of the P2.

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

The lengthof the P4 is smaller than its width and in the buccal wall the parastyle is well
developeds isthe metastylgthough toa lesser degree. Tleeestof thebuccalwall is less
developedhan both of the former two styles

Buccally, the molarsbeara well-developedparastyle while the metastyleandthe mesoe
style are less s@.he 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 coast to the much older PV1/490, whipbssesses
highly worn teeti(Appendix 111.6.19-20).

Comparisons and Observations

Crania and horn-cores: The cranial measurementsf the specimensf Gazella capr
cornisaregivenin Appendix I1.B.3.aThestudied specimens were comparethiir horn
coredimensions (DAR., DThe) with other gazelle species from Samos, nan@dyella
pilgrimi and Gazella mytilinii(Fig. 28). The latter two form groupings, which are clearly
distinct from each other and fro@azella capricornisespecially at measurements taken
at 7cmfrom the horrcore baseKig. 28b).
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the dimensions of the howore bas | Gazella capricornis Gazella pilgrimi
(DAPr, DThe) and(b) the dimensions [ ] New Excavations, PV1 Kostopoulos 2009, SAM
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Gazella mytilinii B NHMW, MAR
In Fig. 28a the PV1/1160 spe Kostopoulos & Bernor 2011, MAR
cimen displays the lowest pair o = Roussiakis 1996 (mean), PIK

values (DARc, DThe) and as such, it possibly belongs to a younger individual. The same

can be said about the specimen PV1/226 ((AR85 mm andDThe= 21 mm, Appendix

I1.B.3.9 T with a greater degree of certainty, as it also appears to possess the lowest pair of

values for measurements taken anvfrom thehorn-core bases (Fi@8b). Visual exami
nation of the frontlet itself reinforces this notion (Appendixail?).
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In general, the studied sample seems to be well distributed within the value ranges of
Gazella capricornisas formed by the samples from the examined comparative material
from Pikermi and Maragheh (NHMW) as well as specimens from the aforementioned
locdities as reported in the relevant literature.

Maxillae: The dental measuremeras$ this speciesire givenin Appendix 11.B.3b. The
ratio of the average length of the premolar series to that of the molar 62&%s (n=2)

The average length oie P2 is33.6% of the average length of the premolar series (n=2),
and is calculated by the formula (LP2/LP) x 100.

In the diagram oFig. 29, the dentameasurements of the upper tooth row are compared to
those given for the localities of Samos and Pikermi by the relevant litergts®poulos,
200%; Roussiakis, 1996p which they appear very similar. In fact, several of the-mea
surements coincide vhitthose 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
Gazellacapricornis it is also very small (n=2), so no conclusions pertaining to any infra
specific dimensiosratio variability can be safely drawn.
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@— New excavations, PV1-PV3 =@=Kostopoulos 2009, SAM =@=Roussiakis 1996, PIK

Fig. 29. Comparison of theneasuremenisnean)of the upper toothrowf Gazella capricornigrom thenew
excavations in Pikermi &2, light blue) with the mean tfiespecimens from Samos by Kostopoulos 2
(n=3, orange) anthe correspondinmean from Roussiakis 1996 (grey).
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Tribe OIOCERINI Pilgrim, 1934
Subtribe OIOCERINA Pilgrim, 1934
GenusOiocerosGaillard, 1902

Remarks on theSystematics 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 relationshipsvithin the group, suclas thesometims reported synonymy or ex
change of generic attributions f@iocerosand SamotragugGentry & Heizmann, 1996;
Gentryet al 1999; Kostopoulos & Koufos, 1996; Roussiakis, 2003). The extent of the
group is also unresolved, with the possible inclusion oengenera into jtas is its phyle
genetic history. This last element is exemplified by thefaget unresolvedelationship

of fAoiocerineso with Aur miatherineso and
the group as a whole, with the rest of bowid tribes are still unclear.

Even so, a recent phylogenetic analysis by Kostopoulos (2014) has evaluated Oiocerini as
a valid taxon and identified a satade, of probable subtribal rank (Oiocerina) within it,
which includeOiocerosamong other gener&till, the monophyly of this group is yet to

be demonstrated with absolute certainty. All of the above stated difficulties in resolving

i hy

the systematics of Aoiocerineso are -expected

lopines in general, durinthe 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 completédorncores (the horncore tips are missing)
PV1/2118partial righthorncore PV12627partial righthorn-core PV1/695frontlet with
partialhorncores, PV1/1288frontlet with partialhorncores.

Description

Crania and horn-cores. Theavailablespecimens are mainly heoores attached to partial
frontals with avery small part of the braincase behim&mn and two partial horoores.
Unfortunately, theabsence ofeurocraral elements preclude tlwmpletedescrption of

their morphological chacderistics.Based on the established diagnostic elements of the
relevant literature (Roussiakis, 1996, 2003; Kostopoulos & Bernor, 2011; Kostopoulos,
2014) the specimertan be attributed to the spec@mceros rothii
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A distinguishing feature of this spies is thdyrate shap®f its horncores Theyarecha
racterizedoy homonymousandrelativelytight torsionwhich appears to be of one gyhe
relation with the braincase, the herares present a small inclination and their axes are
almost straightin lateral view Antero-medialy, they bear a slight hint of a keel wiéh
gentle curve There isalsoa welldeveloped postertateral keel which extends along the
whole horncore.In front of this keel, there is a strohgrow, which varies ievelopment
from the base to horoore tip. The crosssection throughout the hcgore length varies
slightly from subelliptical to elliptical(Appendix 1.4) The horacore surface is covered
by small intermittent grooves.

The anterior border of the heoore base is locatexpproximatelyabovethe centeof the
orbit and the cornual process between them is shothdt area, close to the hecare
baseand at the same level &g upperborder of the orbit, a small stibangular to tear
shapedsupraoriial foramencan beobservedBelow the posterdateral keein the horm
core base, there is, alsbsmall postcornual fossa.

The interfrontal suturés open, complex and moderately elevated andrtwo-parietal
oneis complex and open, as well.

Foras muchofthet udi ed speci mens 6 c rheightobthe bram ea as i
caseis low and temporal ridgeseem to be absent.

Comparisons and Observations

Crania and horn-cores: The cranial measurements of the specimen®ioiceros rothii
are givenn Appendix I1.B.4.a.

The specie®ioceros atropatenesvhich is known from Maraghekas chosen as compa
rative material. Even though it displays many similarities Wibceros rothij such as the
convexity of the braincase in relation to the facial area, it becomes significhifdhy
rentiated in the hm-core dimensions (DAR, DThe) and crossection shape, which is
almost rounded.

Two distinctgroupings of DAR-DThc measurementsere indeeabserved in the diagram
of Fig. 30. Apart from appearing larger in overdilmensions, th@®ioceros rothiicompa
rative sample also exhibits a much wider range of.Bdlues relatively t@ioceros atre
patenes

The specimenBPV1/2595(Appendix I1l.7.21)and PV1/262%&eem to correlate well with

the comparative sample and fall closely and in between measurements from the classical
siteof Pikermi, provided by the relevant literatiRoussiakis, 2003s well as measured

by the author (NIMW).

SpecimenPV1/695is observed as having the lowest DARalue and this is due to the
extensive damage it has sustained at its-Joore bases (Appendix [1.22).
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Fig. 30. Scatter diagram comparing the basal RO | ;. c.oros rothii Oioceros atropatenes

dimensions (DAR, DThe) in the speciesOiocero: (] NewE i PV1 Kostopoulos &
.. . €W LXxcavations,
rothii andOioceros atropatenes B NHMW, PIK Bernor 2011. MAR
UNIVIE, PIK > NHMW, MAR

SpecimenPV1/1288 possesses the secor .

B Roussiakis 2003, PIK
lowest DARy, but also has the greatestdT g NNENP acc. Rouss. 2003, PIK
of all the studiedspecimens. This is attri| ©" NHML acc. Rouss. 2003, PIK
buted to compression caused by taphonor M Kostopoulos & Beror 2011, MAR
processes (Appendix [1.23).

Despite the above two observations and with the addition support of the qualitative
morphological examination of PV1/695 aRy/1/1288 the inclusionof these two speci
mensin the species is without any doubt.
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Tribe CAPRINI Gray, 1821
GenusPalaeoryxGaudry, 1861

3.5. Palaeoryx pallasi{Wagner, 1857)

Material
PV3/2015frontlet with partialhorncores, PV3/2053eft partialhorn-core

Description

Crania and horn-cores: Theavailable specimens of the matewidlich correspond to this
speciesare a partial cranium with both hecores and one more left hecore. Their

dimensiondndicate that they belong to a largezed antelopeA complete description of
skull anatomy was impossible, but all features present primarily in thecboes, as well
as in partial frontals and in partial remains of the braincase agrethevitblevant literature
(Gentry, 1971Roussiakis1996; Kostopulos,200%).

The horn-coresof this speciesare almoststraight and fairly long witta small degree of
divergence. They are characterizednlnid rearward inclinatiorand the absence of a keel
and are slightly meditaterally compressedhe crosssection at the hornore base is oval
to circular (Appendix 1.5)and in lateral view the level of the hecores is nearly at the
same level of the frontal$hin intemittent groovesun along the whole length of the hern
cores, which are wefllaced behind therbits.

Behindthehorncoreshereareexceptionally 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 horgoresthere is no observed elevation of the frontdlse interfrontal
suture seems toe moderaté®y elevatedand it is not complex. Thieonto-parietalsuture is,
also simple.

Comparisonsand Observations

Crania and horn-cores: The cranial measurements of the specimenBail&eoryx pallasi
are given in Appendix Il.B.a

The comparative material chosen for the identification of this species belongs to the species
Protoryx carolinaeand Palaeoryx majori. Protoryx carolina&vas selected due to its
dimensions being very close to thoseRalaeoryx pallasi,even though it possesses a
different DARJDThc ratio at the crossection of the horHtore. Moreover, this species is

part of the faunal content of Pikermi, as a large bovith wtraight horns. Similarly,
Palaeoryx majoriis 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 horacores in contrast to theds curved ones Balaeoryx pallas{Kosto
poulos, 2005). For the above reasons the two species used were deemed suitablefor compa
risons.

In the diagram of ig. 31, three distinct groups appear. Some overlap is present between
the groups oProtoryx caolinaeandPalaeoryx majorias well as betwedPalaeoryx ma

jori andPalaeoryx pallasi This is far from an unexpected outcome, siinge already has
been statedhe dimensions of these three species are very similar.

The frontletPV3/2015is clearly witin the range oPalaeoryx pallasand exhibits exce
ptional preservatio(Appendix 111.8.24).

The single horrcorePV3/2055is 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 Ralaeoryx pallasi Characters taken into account include
the very light curvature of the howores, their moderate divergence andrtpesition at

the posero-superior part of the orbits

701 £ L.
% Palaeoryx majori
681 =
Protoryx carolinae
66 .
Palaeoryx pallasi
64
621
60
584
561
4 DThe
42 44 46 48 50 52 54 56 58 60 62 64
Palaeoryx pallasi Protoryx carolinae Palaeoryx majori
E] New Excavations, PV3 A Roussiakis 1996, PIK X NHMW, SAM
. NHMW, PIK A MNHNP acc. Rouss. 1996, PIK Kostopoulos 2009, SAM
I Roussiakis 1996, PIK NHML acc. Rouss. 1996, PIK >< Kostopoulos 2005, AKK
Kostopoulos 2009, SAM < Roussiakis 1996 acc.
NHML ace. Rouss. 1996, PIK Pilg. & Hop.1928, SAM

B MNHNP acc. Rouss. 1996, PIK
B Roussiakis 1996 acc. Pilg. & Hop. 1928, SAM

Fig. 31 Scatter diagramnomparing the basal hagore dimensions (DAR DT in the specieRalaeory:
pallasi, Palaeoryx majorandProtoryx carolinae
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GenusSporadotragukretzoi, 1968

Remarks on the Systematics dbporadotragus

Contention on the systematics and nomenclature of fossil bovids is relatively comimonpla

ce, but the genUSporadotragusas an especially long and troubled hist&pyoradotragus
parvidenswas f i r st di scover Paaeorynpa®ideksbyrGawidryand na m
(1861). Pilgrim & HopwRalaedryx{parddergfom Pkermier consi
and Microtrargus schafferifrom Samos to be synonyms and proposed the ngime

parvidens This generic name was found to be invalid by Kretzoi (1968p priomptly

changed it to th@omemSporadotraguswithout any shift in its content. Gentry (1971)

considered this assessment tocberect and pointed out differences between the genera
SporadotragusindPseudotragugerected by Schlosser in 1904 to include the new species
Pseudotragus capricorniisom Samos).

Kehler (1987) | ater disagr eed betweetbpoent ry ar
dotragus schafferand Pseudotragus capricornisot significant enough to warrant a di

stinction in the generic level. He then ché*eudotraguss the valid common generic

name, due to its precedence. This position is later supported sgiBkis (1996), who,

again mentions the small degree of differentiation betvwssudotragusnd Sporade

tragus along with the missed opportunity by Solounias (1981) to compare the reported
members of the gene@poradotragusvith the genus’seudotraguswhen he compares

and distinguisheRalaeoryx palassirom Sporadotragus parvidens

Geraadset al. (2006), first turn their focus to Schlosser (1904), by advisingards the

containment of the gendseudotragu# the confines ofhe specie®seudotragusapri-

coms due to the type specimends pakKtihilkcead arly
(1987) and also consi der Psdudotraguspamidensitoat er i al
be too fragmentary for definite identification. They reinstategéeeric nameéporade

tragus (in which Sporadotragusparvidensis included) and describe the new spe@es

vasili from Bulgaria. The present author chooses this most recent nomenclatural update as

the one to attribute to the described species.

Kostopoulos(2009, 202) provides descriptions of material from Samos, attributed to
Sporadotragus parviderand agrees with the conclusions of Solounias (1981) and Gera
adset al.(2006), abouSporadotragubeing a valid genus. He states thatdloer material,
along withthe newer one, form a morphometrically uniform set, which is also distinct from
Schl os s ePséudotrggus9 0 4 )
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3.6. Sporadotragussp.

Material

PV1/552frontlet with left horncore PV1/1293frontlet with partial horacores PV1/1294
frontlet with almost complete horoores PV1/2514+2579rontlet with partial left hora

core PV1/1142rontletwith partial horacores PV1/2796rontlet with partial horacores

PV1/2838partial frontlet with partial left hortorei PV1/2839partial right horncore
[same individual], '1/2052frontlet with most of thdeft horncore PV1/362 frontlet
without horrcores PV1/2011Afrontlet with partial left horrcorei PV1/201B hornrcore
fragment[same individual] PV1/1933 leftmaxilla P2M3.

Description

Crania and horn-cores The specimens of the material which correspond to gkisus
arefrontlets withmostlypartialhorn-cores Due to the unfortunate absence of even a single
complete skull, taxonomic determination on the level of spgc@sdto bequite difficult.
Their dimensions indicate that they belong to a meesizad antelope. Nevertheless, the
specimens werund to share several features corresponding to the §@anadotragus

All features presenprimarily in the horacores, as well as in partial frontals agree with
the relevant literature (Gaadset al.,2006 Roussiakis, 1996; Kostopoulos, 2@)9

The horncoresof the studied specimergealmoststraightanteriorlywith a rathersmall
degree of divergencé.aterally, they have a versild curvature backwards he cross
section at the hornore base is oval to circularjth arelatively flat mediasurface and
does not preserdgny mediolateral compressio(Appendix 1.8.) Charateristic to these
specimens are thasible and relatively deegrooves which run along the twole surface

of the horacores.This particular feature is among the most obvious ones that prevented
the placement of these specimens iSforadotragus parvidensvhich is a typial Pi-
kermian speciessincethe horncores of the latter have a smooth surf§€ais thinly groe

ved surface was too smaill scaleto be resolved by any available methodology for taking
horn-core crosssections so it is not apparent iAppendix 1.8). In specimens PV1/1142
and PV1/2796also,a slight anteremedial keel is present on the harores.This feature,
along with theaforementionegresence of grooves on the surface of the Hcoresare
both diagnostiof the specieSporadotragus vasiliGeraadst al.,2006.

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

Behindthehorncoresthereareshallow postcornual fossae and the interfrontal and fronto
parietal sutures seem to be fusedhe point of being virtually invisible

Maxillae: TheP2 is of moderate length which gightly smaller than that of tHe3 The
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P2 and P3 are ndifferentiated very much in lengthlthoughtheP3 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 immediatedy behin
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 thahe parastyle of the P&.is placed immediatelin front of
the paraone

The P4 pssesses 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 metasty@hich 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.

Comparisonsand Observations

Crania and horn-cores The cranialmeasurementsf thespecimensf Sporadotragusp.
are givenin Appendix 11.B6.a

Attemptswere made to identify these specimens with the utilization of comparative ma
terial belonging to the specie€sporadotragus parvidensom Pikermi andk er e,f k° vy
Sporadotragus vasilirom Kalimantsi andSkoufotragus zemalisorufrom Samos, as
provided by the relevant literatu(&eraadst al.,2006; Roussiakis, 1996; Kostopoulos,
200%; Kostopoulos& K a r g 205t Thése species weselected due to their similar
cranial dimensions, as well as the numeswsilaritiesin cranial morphology they share

with the studied material.

The specimenwere plotted in theliagram of kg. 32 Theyappear dispersed across the
areas oSporadotragus parviderandSporadotragus vasilwith some of them exhibiting
larger transverse dimension in comparison with the aforementioned two species, while
some others come into close proximity or fall witBjgoradotragus vasili

While specimenPV1/2052is located within the area &poradotragus parvideng bears
certain features that prohibit its inclusion in this species.

SpecimenPV1/362is missing its hm-cores, so naturally their mghology could nobe
resolved. Even so the morphology of the frontals and the dimensions of the preserved horn
core bases, (which were measured precariously) place the specimen atelgeatithe

right of the area delimited yporadotragus parvider(§ig. 32)

SpecimendPV1/552, PV1/1293 an&V1/1294are characterized by large RTvalues
while their DAR\cis intermediate to small. They clearly do not follow the linear progression
of increasing DARJ/DThc values, observed in ti&poradotragus vasiandSporadoragus
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Fig. 32 Sca;ter dlagram comparing _the bi Sporadotragus parvidens Sporadotragus sp.
horncore dimensions (DAR DT in the B Roussiakis 1996, PIK )
taxonomical groupSporadotragusp, Spe Ng;;f s Ple & 1L [ New Excavations, PV1
radotragus parvidens, Sporadotragus v 102 PIE'IZC' 18- & 20p- Sporadotragus vasili
’ X Geraads et al. 2006, KAL

andSkoufotragus zemalisorum. B MNHNP ace. Rouss. 1996, PIK

. _— [l Kostopoulos 2009, SAM
parvidensarea. Characteristic to the = " “© *" 2006, SAM Kostopoulos 2009, SAM

morphology of these hofoores iS | g Kostopoulos & Karakiitiik

the fact that, whilethey retain the|  2015.5ER-2

features outlined in the general description of the genus, they are less robust and seem to
be significantly longer tharne rest of the studied mater{@ppendix 111.9.25-26).

Skoufotragus zemalisorum

Contrarily to the above, specimelf¥1/1142andPV1/2796 seen to be more robust and
additionally bear traces of anteremedialkeel (Appendix 111.9.27-28). In the diagram
(Fig. 32) they are placed close 8poradotragus vasili

Maxillae: The dental measuremerus$ this species are given fppendix 11.B.6b. The
ratio of the average length of the premolar series to that of the molar dng % Tn=1J.

In the diagram oFig. 33, the dental measurementsthé upper tooth rowf the studied
specimerare compared to those given f§poradotragus parviderfsom the localities of
Samos and Pikermi by the relevant literature (Kostopoulos@28@issiakis, 1996; Gera
adset al. 2006)and the examined comparative material from Pikermi (NHMW).

The outgrouskoufotragus laticepis chosen as the only caprine of garable size with
readily available measurements in the literature, even though it presents with Eigfetly
values. It forms a distinct point cloud, which is placed at significantly larger values than
Sporadotragus parviderend the studied material.

The studied specimen appedws be nearly within the area &poradotragus parvidens
with which it also shares a great degree of morphological similarity. The possibility of the
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Fig. 33 Scatte diagram comparing the der | Sporadotragus parvidens Sporadotragus sp.
dimensions (LP, LM) in the taxonomi B NHMW, PIK ] New Excavations, PV1
grpupsSporadotragus sp., Sporadotragu& B Roussiakis 1996, PIK ]
rvidensandSkoufotragus laticeps. Geraads ef al, 2006, SAM  koufotragus laticeps

. . . I Kostopoulos 2009, SAM X Kostopoulos 2009, SAM
studied specimen belonging 8pora NHML acc. Pilg. & Hop. 1928, PIK

dotragus parvidengannot bedismis | I MNHNP acc. Pilg. & Hop. 1928, PIK

sed, however as it can be saerig. 34, the widthsof most of the buccal teeth have
somewhat largevalues. This is indicative of the teatiwhile being similar in length to the
comparative samplepossessing a rathequareike shape. The deviation is quite small
though,and even if a specidsvel identification proves difficult, the specimens cannot be
excluded from genuSporadotragusespecially when combined with the rest of the
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LP2 WP2 LP3 WP3 LP4 WP4 LML WML LM2 WM2 LM3 W.M3

—=@- Sporadotragus sp.-New Excavations, PV1/1933, PV1
=8— Sporadotragus parvidens - Roussiakis 1996, P.A. 2/91, PIK
Sporadotragus parvidens-Kostopoulos 2009, SAM
Fig. 34. Comparisorof dental measurements of the specimen PV1/198pofadotragusp. from PV1 witl

the specimen ofSporadotragus parvidens?.A. 2/91 from Pikermi (Roussiakis, 1996) and (m)
Sporadotragus parvider(g=3) from Samos (Kostopoulos, 2@)9
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morphological charactefgesent. These observed deviations could be attributed to either
infra-generic or intraspecifienorphological variability, but nothing can be said with
confidence as both the studied and the canaive samples are rather tinfstudied
material:n=1, Rousgkis, 1996: n=1, Kostopoulos, 200%=3).
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Subfamily ANTILOPINAE Incertae Sedis
GenusPalaeoreassaudry, 1861

3.7. Palaeoreas lindermayeijWagner, 1848)

Material

Crania and horn-cores. PV1/636frontlet with nearly completborn-cores (thehorn-core
tips are missingPV1/102 frontlet with nearly complet®rncores, PV1/220 frontlet with
nearly completéorn-cores, PV3/2014frontlet with nearly completborn-cores, PV1/465
partial lefthorn-core Pv3/30partial righthorn-core PV3/2032Afrontlet with partialhorn
cores, retaining the braincase with partial occipitaPV3/2032Bpart of left horncore
[same individual] PV1/2461frontlet with partialhorncores, PV1/2059 frontlet with
partial horncores, PV1/2369A+#V1/2369B frontlet with partialhorncores, PV1/2494
frontlet with partialhorn-cores, PV1/2542frontlet with almost complete rightorn-core
PV1/1903 frontlet with partiahorncores, PV1/1904 frontlet with partial horn-cores,
PV1/227 frontlet with partial horncores, PV1/1084 frontlet with partial horn-cores,
PV1/2632 partial right horncore PV3/2017 frontlet retaining an almost complete
braincasevithout horn-cores, PV1/1000 leftmaxillaP2M3.

Description

Crania and horn-cores: The key diagnostic features of this small to medium sggseLies
(Gentry, 1971; Roussiakis, 1996eraad<t al, 2003; Kostopoulos, 20L&ostopoulos &
Soubise, 201Bappeain the studied specimens, which @arevarying degrees of preserva
tion.

The horncores are characterizedas heteronymous since they twist on their axis
counterclockwise withightly closedspiraling They bear two keels, a sharp posterior and
an anterior one, which is blunt and ridijes. Even ifthe horacores are not mediaterally
compressedhe keels increagbeantereposterior diameter in comparison with the medio
lateral oneThe horn cores are situatatiove the orbitsare somewhainclined towards
the posteriorwhile anteriorly they present with a slight divergence of ad@utAlso their
surface is covered Hgngitudinal gooves which are rath@regular. The cross section of
the horncore bases can be found in Appenidix

Below thelower borderof the posteriorkeela deep postcornual fossa can be observed.

The interfrontal suture is closed and cannot be seerimamst of the specimens, the
frontals between and in front of the herores are significantly pronounced. Tiento-
parietalsuture is alsmot visibleand an elevation behind the harores can be observed,
as well.

The supraorbital foramina are small, sunken in wide depressions.
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In the specimerPV3/2032A the braincasedoesnot presentparticulardeformaton, while
PV3/2017 is medidaterally compressedut preserves the hascipital in a very good
condition(Appendix 111.11.31-32).

The braincase seems to be shortait® posteriorlyand the temporal ridges do not seem
to converge posteriorly.

Furthermore, hie low and rather wideccipitalbonebears a strong occipital protuberance
andforms a blunt angle with the upper surfaceéhaf braincaseThe nastoid processes are

of moderate to relatively large dimensipestending approximately to the level of the
tympanic bullae.

The basoccipital is relatively elongateshd is divided by central anterposteriorgroove
that is at its most pronounced at its entise posterior tuberosities are strong and the
anterior tuberosities are less developed but relatpeyruding The tymmnic bulla is of
medium to large size

Maxillae: The premolars are elongated with the P2 having about the samedstigthP3
(or slightly longer).

TheP2 displaysbilobismlingually, andthehypoconeoccupies the largest part of the lingu
al wall.

In thebuccalwall of the P3 andP4, the crestof the paracone is weltleveloped and located
anteriorly close to the parastyle, which is not very developed.

The lengthof the P4 is approximatelythe sameasits width and in the buccalwall, the
paracone is less developed than in P2 and P3, while the parastyle is stronger.

In the buccalwall of the uppermolars the parastyleandthe mesostylearewell-developed
andthe paraconéearsa welldeveloped crest, as wellhe buccalwall of the metaconas
more smoothand the endostylis weaker It is stronger in the M1 in comparison to M2 and
M3, in which it can be smaller or abse@tentral islets in the M2 and M3 can be also
observed.

Comparisons and Observations

Crania and horn-cores: Cranial morphology of thavailableskulls was examined arle
necessary measuremer{@ppendix 11.7.ab) were performed and plotted against the
comparative materidtom the classicadite of Pikermi (NHMW, UNIVIE) in the diagram
of Fig. 35.

Not much canbe 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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Fig. 35. Comparison othe cranial measurements (meanPalaeoreas lindermayebetween the studi

material (light bluesample populations can be found in Appendix II.Bl¥).and the examined compara!

materialfrom Pikermi of NHMW and UNIVIE (orangé [n(DAP:) =7, n(DThe)=7, N(Whem)=7, N(Whe)=7,

N(Whbnhg=7, N(Wsom)=6, N(Wso))=6, n(Wo)=5].

When trying to come up with comparative materialRataeoreas lindermayergne runs
into the hurdle of it belonging to a monotypic genkisgtopoulos& Soubise 2018. This

was circumvented byS|ng the SP€ | Palacoreas lindermayeri Majoreas woodwardi

cies Majoreas woodwardand Stry- |[] New Excavations, PV1 < Kostopoulos 2004, SAM

: B New Excavations, PV3 Kostopoulos 2018 & Soubise, DYT-1
antherlum exophthalmom p|0tthe Il NHMW, PIK NHML acc. Kostop. 2004, SAM
DAPhe, DThe ValueS(Fig . 36), asthey UNIVIE, PIK Stryphnotherium exophthalmon

. R iakis 1996, PIK
come cbse toPalaeoreas linderma =R$zizki 1006 ALM

yeri in the morphology of theinorn | B MNHNP acc. Rouss. 1996, PIK

Kostopoulos & Soubise 2018, RZO

‘f Palaeoreas lindermayeri
<

501 O

45+

40 Majoreas woodwardi

351 Stryfnotherium exophthalmon

301 DThc
20 25 30 35 40 45

Fig. 36.Scatter diagramomparing the basal howore dimensions (DAR DTho) in the speciePalaeorea
lindermayeri, Majoreas woodwardindStryfnotherium exophthalmon.
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cores (e.g.lose spiraling Majoreas woodwardspecifically, is characterized by two keels
on each hortore, just like the studiespbeciesStryfnotherium exophthalmam the other
hand, bear®nly one keel but its horoores are similarhheteronymosly twistedon a
straightaxisasin Palaeoreadindermayeri.

Two slightly overlapping sample areas are observed, thdd@a¢oreadindermayeriand
Majoreaswoodwardi The above are accompanied by the single specimen belonging to
Stryfnotheriumexophthalmorwhich is placed outside those twWemarcated areas, due to

its significantly larger D¢ value.

Concerning thd’alaeoreadindermayericomparative samples, they seem to take up a si
zeable range of horcore dimensions, but with a clear trend towardiged DAPhW/DThc
ratio.

No doubt exists for the inclusion of tlstudiedspecimens irPalaeoreadindermayer;j
since it fulfills all morphologicatriteria (Appendix 111.11.3233 & 111.12.34-36). How-

ever, a noteworthybservations thatthe majority of PV1 specimengorrespondo lower
DAPrc andDThrc values while mostof the PV3 specimens are situated more closely to the
comparative material frorthe classicabite, |paiacoreas lindermayeri

as expected. [[] New Excavations, (mean, n=13), PV1
. . . [l New Excavations, (mean, n=4), PV3
No sufficientexplanatiorcanbe providedfor | () Geraads er. al. 2003, (mean), PIK

this apparentpolarization before a signifi- |+ Geraads er. al. 2003, (mean), KAL
. . . Geraads ef. al. 2003, (mean), HADJ-1
Cmtly larger Sample from this |OC&|Ity IS Kostopoulos & Soubise 2018, (mean), NIK-2

extracted and studie@esidesthe degree to "/ Kostopoulos & Soubise 2018, (mean), THER

. < Roussiakis 1996, 1967/87, ALM
which measurement grrors C')r taphgnorr Kostopoulos & Soubise 2018, DTK-171X, DYT-1
factors may have contributed in skewing th w Kostopoulos & Soubise 2018, RZ0-03, RZO

plotted datawarrantsfurther investigation. Kostopoulos & Soubise 2018, (mean), VAT-1
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Fig. 37. Comparison of the basal heoore dimensions (DAR DThJ) in the specieRalaeoreas lindermaye
by sitelocality.
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In the diagram of Fig. 37 the average values of RAP . of Palaeoreadindermayeri
are plotted for the studied site¥ Pand PV3 among average and singiecimen values
from other localities of theikermianBiome The plotted point for PV3 is predictably close
to the classicaditeand also to Kalimantsi. Contrariwise the plotted point for PV1 is signi
ficantly lower and in close proximity to the specimen from Dytlkdt is worth noting at
this point thaKostopouos & Soubise (2018)bserveda fluctuationof sizes of cranial and
dental elements, with an apparent temporal compobafbrtunately dueto alack of pre-
cisedatingfor mostlocalitiesthis spatietemporal differentiation could not be verified

Maxillae The dental measuremeras$ this speciesire givenin Appendix I1.B.7.c. The
ratio of the average length of the premolar setgethat of the molar one is @66 (n=1).

In the diagram of Fig.38. the dental measurements of the upper tooth rolRatdeoreas
lindermayeriare compared to those given for the Pikermi locality by the relevant literature
(Bouvrain, 1980; Roussiakis, 1996) to whibley appear very similalhe studied sample

is composed of a single specime&n, no comment can be made with certainty about the
minor deviations of théengths of the P23 andz 1, which are slightijower than the
comparative values

Morphologial examinationof the specimerconfirmsits inclusionin 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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@= Roussiakis 1996, PIK @=Bouvrain 1980, PIK @=New excavations, PV1/1000
Fig. 38. Comparisonof the dental measurement$ the upper toothrow ofPalaeoreas lindermaye

(PV1/1000) from the new excavations in Pikermi (light blue) with the mean of the specimens f
classical site by Bouvrain 1980 (orange) and the correspondingfroeaiRoussiakis 1996 (grey)
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GenusProtragelaphudDames 1883

3.8. Protragelaphus skouze$§)ames 1883

Material

PV3/2054frontlet with almost complet@dorncores (the tips are missingPV3/2059A
partial left frontlet with partiahorn-core- PV3/2059B partial right frontlet with partial
horn-core- PV3/205%i part of the lefhorncore[same individual] PV1/1951frontlet with
almost completéorn-cores (the tips are missingPV1/24@B frontlet with nearly comple
te left and partial righttorn-core PV1/1097Aalmost complete leftorn-core- PV1/1097B
partial righthorn-core[same individual] PV1/818partial lefthorn-corg PV1/1183partial
left horn-coreg PV1/1844 partial left horncoreg PV1/2620 partial right horn-core
PV1/1083frontlet with nearly completehorncores (the horncore tips are missing)
PV1/126frontlet retaining the nasal and part of maxillae bones with nearly complete left
and partial righhorncore PV3/2049%rontlet with partial horrcores PV1/1138A frontlet
- PV1/1138Bpartial left horncore [same individugl PV1/1967 rightmaxilla P2M3,
PV1/645partial viscerocraniuwith full upper dentitiorpreserved (right: RR3 and left:
P2-M3), also preserving partial frontals with a small part of the left lcone bae
PV1/2506 leftmaxilla P2-M3.

Description

Crania and horn-cores: The specimens of this species are mainly fummes 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 meesized species. The evaluation
performed is ilgreementvith established diagnostic characteristics of the relevant lite
rature(Gentry, 1971; Roussiakis, 1996, 2009; Kostopoulos & Bernor, 2011)

The horncores are characterizedas heteronymous since they twist on their axis
counterclockwise with ose torsion and a relatively closed spiralingpich is less tight
than inPalaeoreasThey diverge uniformly from the basettwetip and their axis is almost
straight. They only have a strong posterior keel, which increases the-pagteoior dia
meter in comparison with the mediateral one. Also, thegre situateghosterioty to the
orbit andpresent a small inclinatiomith the sagittal plane at approximately’ZDhe cross
section of the hortore basgcan be found in Appendixa.

The frontl surfaceis wide andpresens elevationand convexitybetween the horoore
basesThe interfrontakutureis opencomplexandelevated while thefronto-parietalone
is openas welland indented.

Below the horrcore bases, there are small and rosupgtaorbital foraminanot sunken in
depressins, and behinthem the postcornual fossae are large and shallow.
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The supraorbital margins do nmissess a strong lateral projectibuatrathera diminishing
downward slope

Maxillae: TheP2 and P3 havavidths which are almost equal to their lengthBisresuls

in a squargsh appearance, in contrast to the more elongatedexhibited byalaeoreas
lindermayeri Theyappear as bilobed, with the division of the lobes separating the proto
cone and theypocone.

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 largehain the P2, buwvith a similar pattern of expansion of the buccal
styles.

The parastyle andnetastyle of the P4 are weleveloped, while the ridge of the buccal
wall is much weaker.

The molars all present with wedkevelopedstyles. In pdicular, the parastyle and metg
le are strong, while the mesostyle is even mord/doalso, features a small basal pillar.

Comparisons and Observations

Crania and horn-cores: Cranial measurements of this species can be fanmgppendix
II.B.8.a. Examination of the general morphology of the studied specimens has identified
them asProtragelaphus skouzediowever the cranial elements were additionally cempa
red to data fronRoussiakis 2009Fig. 39).

Overnall, the three compared sampkggpear very similar to each other. Some observable
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DAPhc DThc Whcm Whcl Wbhc Wsom Wsol

@= Roussiakis 2009, CHOM ==@==Roussiakis 2009, PIK ==@=New excavations, PV1-PV3
Fig. 39. Comparison of theranial measurements (mean)Rvbtragelaphus skouzebetween the studi

material (light blue sample populations can be found in Appendix 11.B.8.a) anadhgparative materi
from the classical site of Pikermi and ChomaterRmyussiakis, 2009.
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Fig. 40. Scatterdiagram comparing the ba Protragelaphus skouzesi Prostrepsiceros rotudicornis

horncore dimensions (DAR DT in the spe | [_] New Excavations, PV1 A Roussiakis 1996, PIK

cies Protragelaphus skouzesi and Prostre | [ll New Excavations, PV3 A Roussiakis 1996, ALM

ceros rotudicornis. B NHMW, MAR A MNHNP acc. Rouss.
UNIVIE, PIK 1996, PIK

.. . . . Roussiakis 2009, CHOM
deviation exists, most noticeably iNnW | 1 NHML ace. Kostop. & Bemn. 2011, PIK

and Winc were the comparative sampl Bl Kostopoulos & Bemor 2011, MAR

from theclassical site receives slightly higher values than the other two samples. Another
deviation exists in DAR but in this case it is the classical site and Chomateri that come
into close proximity and the studied material that appears seratl®wer value. The

Lnc measwement can addiinally serve to verify the likenegs the Pikermi comparative
mateial by offering very similavalues for itself and the studied material{PIK )= 2375

mm, with n=2 and ke (PV1-PV3)=227.1 mm, with n95

The Chomateri site is known to be the youngest within the Mesogea basin, while the clas
sical site is the older orend 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 PXY 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 DAFand DT values of the studied material were plotted
against those of comparative matenadasured at NHMVANndUNIVIE and values provi
ded by relevanliterature (Roussiakis 1996, 2009; Kostopoulos & Bernor, 2011)

Prostrepsicerogotudicorniswas chosen aa spiralhorned aitgroup also found at the
locality. Howeverjt has significantmorphological differencet® Protragelaphuskouzesi
especially in the horgores (e.gtwo faint keels open spiralingjateraland backwards
curvature. This particular specids, also, smaller in size th&rotragelaphus skouzesi.
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This exactdifference in size is demonstrated in H@, with the Prostrepsiceros rotudli
cornisgrouping taking its place below tiRrotragelaphus skouzegoint cloud.

The studied materiak well distributed within the comparative samples.

Specimen PV1/1844 create a pecul i ar Api nc heDTi-values,ads t he
fact that can be attributed to the extensive wear it exhibits along the base of tiergorn

SpecimerPV1/1951 has the smallest observed D@ARalue accompanied by a large f2T
one. This isattributable to either taphonomic processes possiblgoung age of the indi

vidualor, finally, sexual dimorphisrtAppendix 111.14.40Q. This last supposition is reinfor
ced by the observably smaller length of its hoones.

Specimen PV1/1097B wimilar in dimensions to PV1/1951, only with a markedly larger
DAPc value.lts relative positiornis probably a product of wear as well.

Maxillae: The dental measuremeras$this speciesre givenin AppendixIl.B.8.b. The
ratio of the average length of the premolar seéoebat of the molar one is 706(n=3.

Due to a lack of available comparative material, the diagnosis was mainly based on qua
litatve c har acters outlined in t hentsstagkencweres @ de s (
compared to thosgmeasured by S. Roussiaki®) a single specimen dfrotragelaphus

skouzesirom Maragheh(MAR1397), which belongs to MNHNP and was identifibg

Kosto pOUlOS & Bern0(2011) Sporadotragus parvidens Protragelaphus skouzesi

. . . | [l NHMW, PIK > New Excavations, PV1
In the diagram of Fig. 41, the studie g g yussiakis 1996, PIK { MNHNE, MAR 1397, MAR
sample along with the above menti " Geraads er al. 2006, SAM measured by S. Roussiakis

: B Kostopoulos 2009, SAM
ned specimen from Maragheh, wel NHML ace. Pilg, & Hop. 1928, PIK

plotted agaist Sporadotragus parvi | MNHNP acc. Pilg. & Hop. 1928, PIK
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Fig. 41 Scatter diagram comparing the dental dimensions (LP, LM) in the taxonomical d?mips
gelaphus skouzeahdSporadotragus parvidens.
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dens This species was selected asoagroup due to it being metrically very close to
Protragelaphus skouzesyen though it bears distinctive morphological differences from
it (e.g. the bilobism observed in the P2 and PBrofragelaphus skouzési

Apart from the morphalgical similarities of the studied specimgigppendix 111.15.42

43) with specimen MAR1397, they seem to be closely distributed to it, and they are all
clearly distinguishable from the pointoud of Sporadotragus parvidenwithout any
overlap. In fact, nearly all tifeporadotragus parviderspecimens are clustered away from
the studied sample and only one spexins in close proximity to.it

In the diagram ofig. 42. the dental measurements of the upper tooth(ro@an)of the

studied specimens are compared to those of the specimen (MAR13%6jrafjelaphus
skouzesfrom Maragheh (measured by S. Roussiakis). A general consistency is observed
in the two lineswith 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, whbe small size of the comparative sample (n=1) is
taken into accountlThe 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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@=MNHNP acc. Roussiakis, MAR1397, MAR =@==New excavations, PV1

Fig. 42 Comparisorof the dentameasurementsf theupper toothrow oProtragelaphus skouze§nean
n=3) from the n& excavations in Pikermb{ue) withthe specimen MAR139fom Maraghehpdonginc
to the collection of MNHNP and measured by S. Rouss{aki&sngé.
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3.9. Bovidae indet

Material

PV1/506 partial right horrcore PV1/1855frontlet with partial horrcores PV1/2420
partial frontlet with right horrcoreg PV1/2233partial left horacore PV1/927 right maxilla
P2-M3.

Description and observations

SpecimenPV1/506 is a single partial horncore 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 horrcore. Also, it is characteriddy mediclateral compression and its dimensi

ons at the base of the hetare areDAPh= 264 mmandDTr= 129 mm The horacore
appears to be straight in overall shape and not spiraled. Furthermore, thsectass of

the horncore base appears elliptical

SpecimenPV1/1855 is a frontlet with horncores, broken off just above their bases
(Appendix 111.16 44). The specimen is in rather poor shape, perhaps due to taphonemic fa
ctors, since it is quite compressed along the afiesterior axis. The horoores seem to

be straight in shape antbde distance between them is moderate. The -@son of the
bases appears as circular to elliptical and for as much of the surface of theoiorn
remaining, thin grooves are also observed. dineensionf the horn-coresattheir bases

are DAPhdex = 194 mm, DTrhdex= 26, DAPhsine 204 mm and DThesinE 247 mm.
Anteriorly, the frontal is large with a slight inflatian the supraorbital area. The area
around thesuprarbital pitsis not preserved, biiehindthe horn-coresthereseem to exist
faint postcornual fossae. The interfrontal suture is visible and simple.

In specimenPV1/242Q only a small part of th&ontal boneis preserved, along with a
partial right horacore(Appendix 111.16 45). It seems to belong to a smalked irdividual
Thehorn-core is straight with thin grooving and cresection at its base is almogtcilar.
The dimensionf the horncoresat their basesaare DAPh= 181 mm, DThe= 218 mm. A
postcornual fossa appears to be presentfanés much of it as is appareiitseems quite
shallow.

SpecimerPV1/2233is a singleartial horacore, 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 prorgabssible. All that can be sawith a

degree of certaintys that itis small in size and characterized doyelativelytight torsion.

A slight trace of a keel can be seen, possessiggntle curve. Postetaterally, there is a
relatively weltdeveloped keednd in front of this keed strong furrows presentTheavat
lablefeatureseento pointtowardsit belonging to théiocerosgenus. Unfortunately, this
cannot be asserted with any confidence due to its gtabe of preservatiorhence, its
resulting inclusion in Bovidae indet.

61



Finally, specimen PV1/927Appendix 111.16.46) is very close in overall dimensions to
Palaeoreas lindermayerbut is quite distinct in its morphology. The premolars are not as
elongaed as inPalaeoreas lindermayeiut appear as rather squateaped inocclusal

view [LP2= 8.8mm, WP2= 8.3mm, LP3= 9.1mm, WP3= 9.1mm, LP4= 7.9mm, WP4=
9.7mm, LM1=10.9 mm, WM1=13.3 mm, LM2= 13.7 mWM2= 13.7mm, LM3= 14.8

mm, WM3= 13.8mm, LPM= 64.9mm, LP= 26.8mm, LM= 38.3mm, (LP/LM) x100=

70]. The hypocone of the P2 is weleveloped and occupies the largest part of the lingual
wall. The P3 exhibits weak bilobism lingually. In the P3 (and in a lesser degiez R4)

the crest of the parane 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, thanesostyle and the metastyle are vdgleloped. 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 degzed groups. The most noteworthy of those are expanded upon
below.

To begin with, he Gazella capricornidorncores that were stiedl (Fig. 28) displaygreat
variability of certain morphological characters, e.g. hoore curvature, horoore cross
secton shape (circulaelliptical). This is not a detriment to their identificatjas 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 alysatateptable

In the case oDioceros rothij some inconsistencies were observed in the studied sample.
Frontlet PV1/695Appendix 111.7.22) was found to be unusually short in the ardeoste

rior axis, which despite indications of deformat{@atongsaid axi$, seems to also point to

a somewhat smaller sized individual. Additionally, m¥kough the hortorespossess all

of themainfeatures typical fo©ioceros rothiithey seem to be slightstraighter Geraads
(2013) distinguishes th@ioceros rahii sample front o r a k gsehavingstraighter and
more tightly spiraled horgores than what can be found in Pikermi. The studied specimens
may serve to overturn this observatiéiso, acording to Heinz (1963), éhstraightness

of the horncoresis a feature reported fahe females ofioceros atropatenefrom
Maragheh. Roussiakis (2003) states that there is no discernible difference between male
and femaleioceros rothii.However, Kostopoulos (2014) notes that the documented vari
ation in thesize of this species may point to the existence of sekoadrphismfor it, as

well. As it stands, the author cannot rule out the possithiaythe notion of sexual dimor
phism for this species is valid. With that in mitlse observedifference in sieand visible
morphologyfor PV1/695 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, wdmgraincertainty stems not from the

previously stated reasons, but from the presence of morphological feature states without

any equivalent in the known speciesbd6 descrirg
that of thespecimens attributed ®porldotragussp.in the present work.

These specimens demonstrate quite a few morphological differences from the typical pi
kermianSporadotragus parviden®n the other hand, there exist several features that seem
to fit quite well with the description @poradotragus vasifrom Kalimantsi(Geraadst

al. 2006). Among them, are the longitudinal grooves on the sudéell horn-cores, as

well asthe faintanteremedialkeel found in some of the specimgAgppendix 111.9.27-
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28). However it should be noted that the examined material is nbitedy homogenous.
In fact, some of the specimens are slightly differentiated as to their robugippendix
[11.9.25-26) and consequently find themselves outside the area of typical redaslues

of Sporadotragus vasi(iFig. 32). This is yet anothexxample where a hypothesis of sexual
dimorphism could be applicabl€ertainly the current data is insufficient atids and any

of the previously mentioned assumptipasait further investigation in order for their vali
dity to be determined.

On the wiole, indings 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 des¢Rbedsiakis, 1996

2003, 2009)

Another important remark about the studied sample conBadagoreas lindermayeand
requires the consideration of a wider spagimporal contexin its approach. Kostopoulos

& Soubise (2018) underline an apparent fluctuation in the sia@doreas lindermayeri

by locality. This isinevitably correlated with a temporal component, since each locality of
the Pikermian Biome presents with diéat datingsall within the Turolan. More preci

sely, thraughout the span of its first @Mya) and last (& Mya) occurrenceRalaeoreas
lindermayerisees an increase in overall size is initially observed {RIRZO and HADJ

1), followed by an overall size decrease.

The studied samplas also found to contain indicationstefmporal variationexpressed

asthe distribution of specimens with generaliyaller sized horaore dimensions in PV1

and larger sized ones in PV3 (F&K). As is known, PV1 is dateat 727 Mya and PV3 is

possbly somewhat older (33- 729 Mya ; a c c . ettalg20B P Qi coerse 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 thigoothesis.

Moreover the sample of PV1 is especially rich Bmotragelaphus skouzespecimens.
Since only two maxillae ofaid speciefave eveibeen reported up until noOWINHNP
specimens MAR1397 and MAR32&®m Maragheh, described by Kostopoulos & &

in 2011), the presence of three maxillae in PV1 can gerfegther illuminate the cranial
morphology of the species. The morphological features described by Kostopoulos & Ber
nor (2011) are generally in agreement with the specimens describedpiresieat 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 preservatiomg &tio

the meticulous observation of its craniodental morphology. It also proved to be rather well
behaved, when plotted against the available comparative makerd). 43the average
values of the horaore dimensions of the taxonomic groups idéediin thepresent work,

are plotted together. This was done, in order to provide a quick reference to the relative
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Fig. 43 Scatter diagram presenting the average New excavations. PV1-PV3
horn-core dimensions (DAR DTho) of thestudied taxe ’

nomic groups B Tragoportax amalthea, n=7

Miotragocerus valenciennesi (male), n=1
differencesin horncore base sizes and pro W Miotragocerus valenciennesi (female), n=2
portions Gazella capricornis, n=25
Qioceros rothii, n=4
B Palaeoryx pallasi, n=2
B Sporadotragus sp., n=10
M Palaeoreas lindermayeri, n=18
B Proiragelaphus skouzesi, n=10
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4.2.Palaeoecologicatemarks

Deeps e a o0 x88g e m nd U ¥C) isoperanalysis have given very accurate tem
peratures for the entire Cermz era(Zachoset al.,2001), showing drop in mean tempe
ratureduringthe Upper Mioceneyith a slight recovery atliocenePlioceneboundary

After the Vallesian Crisis, whh is a sudden decreasehiodiversity at about 9.6 My
(Agust 2-S&l Mp y 1 9 9tfansition af the alimate iwaslobserved in the Greco
Iranian region and broadly in Euraswghich obviously affectedhe Pikermi localityor
surrounding areaas well The habitats progressivelgecame aridKoufos, 2003; Forte
liusetal.,2006;St rbergetal.,2 0 0 7 ; eBd.,B0@Pand the temperature decreased,
a fact also documented in vegetational communities €¢gat, 1999).

Geochemicbanalyses conducted in palebaod dental carbonates, (8 and 7 Myadicate

an alteration in vegetatn with the replacement of C3 plants (common in forests and
woodlands) by C4 plants (common in prairies and grasslands) in Eutasadet al.,
1989;Cerling, 1992; Morgaet al.,1994;Barryet al.,2002; Krijgsmaret al. 2002;Kosto-
poulos, 2009p Furthermore, dypsodonty and diet structure analy@®rteliuset al.,
2006)presents an increase in hypsodont ggeand grazers, concluding ttheminance of
grazing faunas as well and another study by Mirzaie Ataabadi (2010) confirms the domi
nance bgrazing taxa over browsers.

The afoementioned environmental shiftvhich hada severe impact atine faung led to

the extension of opewoodland areas and their corresponding faunas towards the West of
the Grecelranian province. Even though such bigt&ve been traditionally regaaias

bel ongi ng t daypet thienotiorss aow &amsidaréd outdated and an oversim
plification of the prevailing condition§Solouniaset al.,1999; Kayaet al.,2018; Denket

al., 2018; Forteliugt al.,2019. The Turolians characterized by the replacement ofl®a

sian woodland faunas by openvironmentadapted species and twestward expansion
thereof. The pex of Turolian faunal diversification is best represented by the classic
localities of Pikermi, Sams and Maragheh (Agust2 & Ant -

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 locacosystems and a latitudentrolled distribution (Ce
steuret al, 2004) in the region. This also led to an increase in the body size of bovids, whi
le several smalbodied families such as Tragulidae and Moschidae showed a decrease in
their populations (Huanet al.,2017). It is worth mentioning that the end of the Turolian

a transition to wetter conditiorwith an increase in the occurrenceseiiaquatic species

took place in the region (Koufos, 2006).

To draw conclusions regarding pabecology and patoclimate, the fauna list of a site
can be analyzed, since each species offers information about its habitat through its adapta

66

n



tions to pecific characteristics of the environment. The study of the dietary habits of herbi
voresin particular is a key question in padoecology andy taking these habits into
accountanimals can bdivided into three mainategories (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 al®egharacterizations is the product of methods such

as hypsodonty indices, stable isotopes, dental meso and dental micravear (Eronen

et al.,2010; Forteliuet al.,2006; Merceroret al.,2006; Reyet al.,2013).

In terms of the biodiversity of Pikeirawhich is a key localityf the wider Grecdranian
bioprovince, bovids are not only the most comm@presentatives, along with hippario
nine horses, but also exhibit a great degree of diversification.

As such the apparent bovid assemblage, produgeith® taxonomic determination of the
studied material can serve as a preliminary assessment of the local palaeoecology, by the
implementation of thenethod of division by dietary habits, as supported by the relevant
literature and described abovear thispurpose, the relative distributions of all the identi

fied taxonomic groups are expressed as percentages for eaffrigsi®4, 45) and as a
cumulative total (Fig46). For the extraction of the populatigise minimum number of
individuals (MNI) of each taxonomic group is calculated. For the determinatibe lgiNI

two specimens from PV1which have already been determinsdTheodorowet al.2010,

to bePalaeoreas lindermaye(PV1/42) andProtragelaphuskouzes{PV1/69) havebeen
included to the studied sample in order to complete the as of yet identified material from
the new excavations.

In the studied mterialof the PV1 sitePalaeoreas lindermayerepresentatives constitute
thelargestpercentage of the recorded taxa in the ,amching to 23% of the total popula
tion (Fig. 494. Small and medium sized bovids suclGazella capricornisProtragelaphus

= Tragoportax amalthea

= Miotragocerus valenciennesi
Gazella capricornis
Oioceros rothii

m Sporadotragus sp.

m Palaeoreas lindermayeri

m Protragelaphus skouzesi

Fig. 44. Distribution of bovid taxonomigroupsby MNI (%) in PV1.
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m Tragoportax amalthea

m Miotragocerus valenciennesi

m Gazella capricornis
Palaeoryx pallasi

m Palaeoreas lindermayeri

m Protragelaphus skouzesi

Fig. 45. Distribution of bovidtaxonomic group®y MNI (%) in PV3,

skouzesand Sporadotragusp. account for equal portions of the population (17%). The
tribe Boselaphini is very well representiking up 19% of the total. Lastl{ioceros
rothii constitutes the minority (7%) but it still well represented considering its general rarity
in the locality. The specie®alaeoryx pallasare absent in this locality

In PV3, Antilopini occupy most of the percentage of the populafidore specifically, the
speciesGazellacapricornispossess the largest number of occurreri88% in the total
count of thesite Fig. 45). Bovids Palaeoreas lindermayeandProtragelaphus skouzesi
reacha rehtively highpercentage of 28 and 17% respectivelyBoselaphies arealso
present with a percentage of 11% faagoportax amaltheand 6% forMiotragocerus

20
18
16
14
12
10
8
6
4
z -
0 -
Tragoportax Miotragocerus Gazella QOioceros rothii  Palaeoryx  Sporadotragus  Palaeoreas Protragelaphus
amalthea  valenciennesi  capricornis pallasi Sp. lindermayeri skouzesi
EPV] mPV3

Fig. 46. Stackedchart ofthe total populatio(MNI) by taxonomic group for the bovidsom the ne\
excavationsith the discrete populations of PV1 and PV3 denoted.
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valenciennesi. Palaeoryx pallastcounts for 11% of the populatiofhe specie®ioceros
rothii, andthe genusSporadotragusre absent in this locality

One noteworthyobservation is the total absenageProtoryx carolinae,Prostrepsiceros
rotundicornisandSporadotragus parvidensvhich are represented in previous faunal lists

for the locality from bothsites.The absencef Prostrepsicerosn both sites stirs up the
discussion about its ecological relation wWiRlotragelaphus as discussed by Roussiakis
(2009). While the general fossil sample from PV3 is too small to completely rule out the
possibility of the existence dfrostrepsicerosvithin it (in fact, a few specimens of the
species have been described from the classical site, which corresponds spatiotemporaly to
PV3), PV1 represents a more sufficient ec@lected along the course of ten years of exca
vation activity. In this sampledm PV1,Prostrepsiceros rotundicornis absent as previ

ously stated, whil®rotragelaphus skouzess well-represented, with 16 specimens.

Roussiakis (2009) discusses that the coexisteneeogtrepsiceros rotundicornendPro-
tragelaphus skouzeisia rare occurrence. He goes on to remarkttiglatteiwas 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 cetainty B © h etel 2017 that Chomateri igounger thanhe classial site

of Pikermi, so a temporal component can be assigned to this hypothesized difference.

An additional complication arises from the absenclrostrepsiceros rotundicornispu

pled with the strong presence Bifotragelaphus skouzefom PV1 as weltreported in

the present work. This could serve to reinforce (while simultaneously modifying) the hypo
thesis put forward by Roussiakis (2009). From this perspective, the discasdegical

shift is also present in the older (but still younger than the classical site/PV3) PV1 site

To compete thpalaeoecological assessmefgathe partial and total populations of indi
viduals are resolvedhe calculated percentages are addgdtter in goups of identical
feeding habitsfirst for each individual site and then aso#al (Fig. 47c). As abrief dis-
claimer, several inconsistenciesist in the literature in the form of giving compound-fee
ding-habit classifications to certain species. This is further confounded bydhesdca

tions appearing different, when postulated by different methodol@agie#ferrent localt

ties orby different authors. This would, in the opinion of the autloy serve to cause
more confusion than clear up the situation for a simplaepakological evaluation, so the
following convention is followed: Every species that is given a compound feeding habit
classificationby the literature, is simply odassifiel as a mixeefeeder.

Species classified as mixéeeders includelragoportax amalthea, Miotragocerus -va
lenciennesi, Gazella capricornis, Oioceros rotiglaeoreas lindermayeri and Sporado
tragussp. (Solouniaset al., 2010). The sole grazer of the sampleristragelaphus skouze
si and the only browser Balaeoryx pallas{(Solouniaset al.,2010).

For PV1 (Fig. 43), mixed feeders are dominant, while browsers are absent. Grazers
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() mmix feeders  Total across sites (©)
m grazers

m browsers

Fig. 47. Distribution ofbovid feeding habitga) in the PV1 site(b) in the PV3 site an€c) in the studie
population as a whol®opulations calculated as the MNI of the studied sample.

account for only17% of the total. In PV8Fig. 47), grazers maintain thepercentage 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 sitee viewed as a whole (Fig.c3/mixed
feedersnaturally come upasthe prevailing diet categoryy a very wide margin, with
grazers in second place (17%) and lastly browsers as the minority (2%).

The results are consistently in favor of mixiegders and present with only the slightest
variation between site§ he only other notable observation is the presence of obligate
browsers only in PV3. Whether this has any significance in the assessment o&¢loe pal
ecologi@l context or nqtis debatableThis is a considerable palaeoecological remark,
which confirms the transition into open type biome faunas in the late Miocene, as has been
found byprevious studiege.g. Forteliuset al, 2006; Mirzaie Ataabadi, 201.0Jhe mere
presence of a significantopulation of obligate graers definitely rules out any
reconstruction involving a forestezhvironment. Ndfurther conclusionscan be drawn,

apart from a lack of conflict with the established reconstructions, pointing to a shift towards
opentype environrents(Cerling, 1992; Morgaet al.,1994; Quadet al.,1989; Fortelius
eta.,2006; Mirzaie Ataabadi), 2010; Agustz?2 &

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 antesefdtheodorotet

al., 2010, 2013; Roussiaket al.,2014, Roussiakist al, 2019) unearthed from the new
excavations in Pikermi during recent years, the value of conducting community structure
analysis should be taken into aoot In this manner, a thoughassessmemould be ex

ported, enriching the study of the gadecology of the wider area for the middlerolian.
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4.3, Palaeopathological and taphonomc remarks

Certain specimens of the studied sample seem to exhibit signs of patholodaath@r
nomic processe&mong the most notable and visually compellimgs iPV1/2059(Fig.
48a). This frontlet of &alaeoreas lindermayenmdividual possesses a visiliyooked left
horn-core, which deviates significantly from its right countergattich is a prime exam
ple of Palaeoreas lindermayehorncorn morphologyand from the shape outlined for its
species in general. Whether this can be attribtiiea possiblenalformation of the homn
core, injury, or post morteiior even posburial deformation is unknown, but the author
leans towards the first case.

The second example is the fronfRa¢3/2049f aProtragelaphus skouzesidividual (Fig.
48b). Visual examination revealed a series of deep grooves running alosgrtaee

Fig. 48. (a) Specimen PV1/205%alaeoreas lindermayein anterior (left), posterior (center) and left lat
(right) and(b) specimen PV3/204®rotragelaphus skouzesn anterior (left), posterior (center) and
lateral (right).
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of the horacores at various angles. Some of the grooves are grouped in converging series
of two or three (such as above the base of the right-¢ane) and others are galy.
Additionally, relatively circular pits with weltlefined borders are found scattered along
the surface of the horcore. This led the author to assume the frontlet was damaged by the
action of predatory or scavenging animaich munched on the shths and hornores

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 respgced s p eompamssnd and observations (see 3- Sy
stematics).The effects these deformed specimens have on the groudipistted 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 =orapte

and included frontlets, isolatéwrn-cores and maxillae with their dentition. Only two rela
tively complete skulls were found. These are PV1/18@ibtfagocerus valenciennesi
Appendixlll. 4.11) and PV1/2215Tragoportaxamalthea AppendixIl1.2.5).

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

In total, 110 cranial specimens were examined. Of those, 15 werentheté to belong to
Tragoportaxamalthea 11 specimens, tMiotragocerus valenciennes27 specimens to
Gazella capricornis4 specimens t@ioceros rothii,19 specimens td*alaeoreas linde
rmayeri, 2 specimens t®alaeoryx pallasi 11 specimens t&poradotragusp., 16speci
mens taProtragelaphus skouzeand finally, 5specimens werelassified as indeterminate
members of Bovidae.

The reported variability of cranial morphology for the identified taxa was then discussed
and anomalies or cases offiaular interest were pointed out. A possible indication to the
presence of sexudimorphism inOioceros rothiiwas identified, as in need of further exa
mination. The issue of the unidentifi&boradotraguspecies was raised. The specimens
included inthis identification seem to deviate in certain morphological features from the
typical Sporadotragus parvidensyhile presenting with certain similarities ®porade
tragus vasilifrom Kalimantsi. No definite answer was given in the end, as the exterision o
the faunal list of the locality requires further work and material for secure conclusions.

The case oPalaeoreas lindermayegdranial and cornual variability was tied to a pattern
of spatietemporal fluctuation, outlined by Kostopoul&sSoubise (2018)ln the parti

cular case of the material studied herein, a certain polarization of specimens {ocptern
size was found to exist, expressed as a marked difference in size between specimens
ginating from PV1 and those from PV3. This case also regtiileexamination of more
material, as well as the precise dating of Turolian sites of unclear chronostratigraphic po
sition.

Thereupon, the wider moecological context of the locality was given and the impact of
the studied material to it was discussd@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, mixeefeeder) were assigned to the members of the population and their relative
percentages were calculated. A neahsolute dominance of mixddeding taxa was
uncovered supportinghe established idea of an environmental shift from wooeligpe
biomes towards open grasslatype ones dring theMiocene.
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Appendix .

Horn-core crosssections

1. Tragoportax amalthea

sin-hc base sin-6 ¢m sin-14 cm dex-14 cm
a) PV1/2592 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
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8. Sporadotragussp.

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 Il .

A. List of the studied material

SPECIMEN TAXONOMIC GROUP  LOCALITY COLLECTION
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
PV1/227 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 Sporadotragussp. 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
PV1/1000 Palaeoreas lindermayeri PV1 EPTP
PV1/1083 Protragelaphus skouzesi PV1 RCC
PV1/1084 Palaeoreas lindermayeri PV1 RCC
PV1/ 1097, +RrdirQgel8phus skouzesi PV1 EPTP
PV1/ 1138 +HRrdir&gel8phus skouzesi PV1 EPTP
PV1/1134 Miotragocerus valenciennesi PV1 EPTP
PV1/1142 Sporadotragussp. PV1 RCC
PV1/1153 Gazella capricornis PV1 EPTP
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SPECIMEN TAXONOMIC GROUP  LOCALITY COLLECTION

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 Sporadotragussp. PV1 AMPG
PV1/1294 Sporadotragussp. 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 Sporadotragussp. PV1 EPTP
PV1/1951 Protragelaphus skouzesi PV1 EPTP
PV1/1967 Protragelaphus skouzesi PV1 EPTP
PV1/ 2011 + 2 SGdodaBotragussp. PV1 EPTP
PV1/2033 Miotragocerus valenciennesi PV1 EPTP
PV1/ 2049 Tragoportax amalthea PV1 EPTP
PV1/2052 Sporadotragussp. 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/ 2369 +RPakéoBds 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  LOCALITY COLLECTION

PV1/2492 Tragoportax amalthea PV1 EPTP
PV1/2494 Palaeoreas lindermayeri PV1 EPTP
PV1/2506 Protragelaphus skouzesi PV1 EPTP
PV1/2514+2579 Sporadotragussp. 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 Sporadotragussp. PV1 EPTP
PV1/2798 Tragoportax amalthea PV1 EPTP
PV1/2805 Gazella capricornis PV1 EPTP
PV1/2838+2839 Sporadotragussp. 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 +RPalaéds lindermayeri PV3 AMPG
PV3/ 2033 ) + 2®azeldBcapricornis PV3 AMPG
PV3/ 2034) + 2®azelldBcapricornis 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
5\2322%52'6‘520595 Protragelaphus skouzesi PV3 AMPG
PV4/12 Gazella capricornis PV4 AMPG
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B. Measurements ofthe studied material

1. Tragoportax amalthea

a. b.
spec. DAP;,. DTpc spec.PV1/259:P V1 / 2 PMLA§39PV1/2290MEAN MIN MAX
42.8] [40,6 (n=4)
pvi/2215 dex 4281 [406]
PV1/2592 dex 688 36,3 Wras 988 [102,5] [93,1] 1039 | 99,6 93,1 1039
sin [63,8] 36,7 Weon  [59,7] 60,8 58,7 67,2 616 587 67,2
PV1/ 2 (dex 659 315 Heon 814 82 81,6 76,5 804 765 82
52,9] [40 H [34] 49,7 55,2 50,2 473 34 552
PV1/1839 dex [ ] [ ] um
sin 639 318 Wpat 26,1 28,1 [234] [19,5] 242 195 281
dex 643 434 Wppt 37,2 40,1 355 [382] | 378 355 401
PV3/2018
sin 602 368 Lohe 727 72,1 [85,1] 88,7 | 797 721 887
ovi/23aq 9€X [42,8] [39] Ltp [93,3] 94,6 102,7  [1015] | 98 93,3 1027
sin 5055 36,1 Lane 1397 1453 [144,7] - 1432 140 14573
PV1/2798 dex 488 29,3 Ltpop  [82,7] [79,2] 87,8 87,5 843 792 878
MEAN (n=7) 58,7 356
MIN 488 293
MAX 68,8 434
spec. PV1/2386 PV1/2371APV1/2371B 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 14,1 14,6 14,7 - 156 16,1 17 16,5 18,2 19,5 16 14,1 18,2
W.P2 13,6 11,9 12 - 13 12,5 12,7 12,2 13 12,5 12,7 12 136
L.P3 14,5 15,3 15 - 16,1 153 15,8 14,9 16,3 16,2 154 145 16,3
W.P3 15,9 14 14,1 - 147 143 15,8 14,2 14,4 14,4 148 141 159
L.P4 12,7 12,8 12,7 142 13,7 155 13,2 13,8 13,6 13,3 136 12,7 155
W.P4 17,7 17 17,1 188 18,1 179 16,7 17,1 16,7 17 17,3 16,7 18,1
L.M1 19,5 19,8 19,7 204 20,7 218 19,4 20,2 19,6 20,1 201 194 218
W.M1 19,5 19,8 19,8 208 211 211 18,9 20,5 19,3 19,6 20 189 21,1
L.M2 22,8 21,8 21,9 23 228 2472 21,9 23,4 229 22,1 228 219 2472
W.M2 22,6 214 214 226 226 224 21,1 21,7 20,3 20,6 217 203 226
L.M3 215 21,2 214 224 229 234 21,6 215 22,4 22,2 221 214 234
W.M3 21,3 20,2 20,7 21,7 215 214 20,2 19,9 18,5 18,8 205 185 215
LPM 106,8 [105,3] 104,3 - 109 1111 107,4 110,7 108,6 109,9 108,2 104,3 111,1
LP 46,2 46,2 446 - 489 496 47 49,8 495 49,2 479 446 498
LM 63,7 [63,2] 61,8 64,3 64,4 66 62,2 61,6 62,9 62,7 632 616 66
(LZIZ)I\(/)I) 725 - 72,2 - 759 752 75,6 80,8 78,7 - 758 724 755




2. Miotragocerus valenciennesi
a

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

Lhe - - 1495 1508 - -
DAP;. [29,8] [29,2] 749 69,8 375 37,8
DTh. [135] [155] 29,7 295 262 231

Whem 22,7 17,1 31
Wil [53,2] 98,1 87,5
Wohe 36,2 77,3 74,7
Wsol [3011] - -
Whas 45,2 - -
Weon 32,6 - -
Hcon 65,2 - -
Hm 61,8 - -
Hum 50,2 - -
Wbat 93 - -
Whpt 18,7 - -
Lphe 62,2 - -
Lty 66,7 - -
Lanc 98,6 - -
L tpop 62,8 - -
b.

LP/LM

spec. LP LM LPM ( XlOO)

PV1/939 dex 384 46,3 846 829
PV1/1134dex 35,7 454 80,1 78,6
PV1/1223dex 374 473 829 791
PV1/1920dex 37,1 50,3 849 73,8
PV1/2033dex 38,3 474 833 80,8
PV1/273 sin 37,7 46,1 819 818
PV1/639 sin 37,8 469 826 80,6
PV1/274 sin 47,1 524 [96] 89,9
dex 35,7 422 774 846
sin [36,1] 42,2 77,9 -

MEAN (n=9) 384 47,1 823 815
MIN 35,7 422 774 738
MAX 471 524 849 899

PV1/1837
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3. Gazella capricornis
a.

DAPc DThe (DThd/DAPLc) DAPhc7 DTher (DTher/DAPhc7)

Spee (=25) ("=25)  x100  (n=16) (n=16)  x100
sn 222 236 1063 67 172 103
PVI/1838 1ox 208 227 i 152 18 i
PV1/2243 dex 259 197 761 165 10,9 66,1
PV1/2415 dex 243 217 893 141 133 943
PV1/2117 sih 216 189 875 (125 [118] 944
PV1/2410 dex 206 185 89.8 Y i
PV1/2217 dex 273 213 78.0 168 [134] 798
PVI/1153 dex 217 219 1009  [133] [119] 895
PV1/1916 sin 258 225 872 (149 153 1027
PV1/2416 sin 247 218 883 143 149 1042
PV1/1160 sih 173 169 977 i i i
dex 239 245 1025 i i i
PVIISL G 237 234 i 144 129 89,6
dex 185 21 1135  [11.2] [116] i
PVI226 ¢ 189 192 i 1] [128] 1164
ovany  deX 276 254 92,0 i i i
sin 262 267 i 177 179 1011
PV1/360 sin 224 208 92,9 i i i
PV3/5  sin 242 236 975 i i i
PV1/70  dex 267 203 760 i i i
PV3/132 dex 239 209 874 i i i
PV3/125 sin 304 251 826 182 178 978
PV3/2016 dex 253 227 897 i i i
PV3/2050 dex 261 235 90,0 i i i
PV3/2051 sin 261 231 885 165 16,6 100,6
PV3/ 20583232 205 i [118] [126] 1068
PV3/ 2 (déx3 @8 204 791 i i i
PV3/ 2 0déxd 237 226 i 149 153 102.7
PV3/ 20584 @9 227 95,0 i i i
dex [243] [252] 1037 i i i
PV1/630 228 (o _ _ _ _
PV1/2805Bdex 272 252 92,6 161 [143] 888
PV1/2805Asin 27 233 i i i i
MEAN 243 22 914 150 143 %1
MIN 173 169 76 11 109 66,1
MAX 304 254 1135 182 179 1164
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b.
spec. PV1/490 PV1/121 MEAN MIN MAX
dex dex sin (n=2)

L.P2 73 - 79| 76 73 79
W.P2 62 - 62| 62 62 62
L.P3 73 72 73| 73 73 73
W.P3 72 - 12| 72 72 72
L.P4 64 69 68| 66 64 68
W.P4 81 84 8 | 81 8 81
L.M1 83 102 102| 93 83 102
W.M1 [94] [89] 97| 97 97 97
L.M2 11,8 11,8 11,3| 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 509 - 531| 52 509 531
LP 22 - 232| 226 22 232
LM 31,1 [309] 312| 31,2 31,1 3172
(LPAM) 207 - 7a4| 725 707 744
x100
(LP2LP) 035 _ 341 336 332 341
x100
4. Oioceros rothii 5. Palaeoryx pallasi
a a.
spec. DAP,. DTy (DTh;;_%g‘PhC) spec. DAP;,. DTy, (DT';(CQ%SPM)
pv1/2505dex 284 239 84,2 ova/2015 9 59,8 539 90,1
sin 286 233 - sin 60,1 51,7 86
PV1/2627 dex 254 21,6 85,0 PV/3/2055 sin 521 441 84,6
dex [232] 223 96,1
PV1/695 " o] i
dex 252 248 -
PVIIL288 o\ 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. Sporadotragussp.

b.
PV1/1933

spec. sin
L.P2 10,3
W.P2 98
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

a.
(DT, J/DAP;,)
spec. DAP,. DT
P he Plhe 100
dex 459 357 77,8
PV1/2052 413 347 )
PV1/ 20sihl1)413 28,4 68,8
PV1/2514+
2570 dex 39,1 307 78,5
dex 32 423 -
PV1/1142 sin 351 40,6 1157
dex 338 - -
PV1/1293 sin 30,2 405 1341
dex 36,8 394 107,1
PV1/1294 sin 348 327 -
dex 38,7 - -
PV1/552 sin 40,1 46,1 115
dex 388 337 86,9
PV1/2796 sin 36,3 [31,5] -
PV1/2839 dex 358 - -
PV1/2838 sin 36,2 336 92,8
dex 4172 454 -
PV1/362 sin 423 415 98,1
MEAN (n=10) 38,6 37 975
MIN 30,2 284 63,8
MAX 459 46,1 134,1
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7. Palaeoreas lindermayeri

a.
(DT, J/DAP.)
spec. DAP,. DT
p hc hc %100
dex 351 329 93,7
PV1/2461 sin 33,7 308 -
dex 37,7 353 93,6
PV1/2059 sin 344 321 -
dex 45,7 425 93
PV1/1903 sin 459 395 -
PV1/2369 dex 414 36,8 88,9
] +236sin 391 36,3 -
dex 355 334 94,1
PV1/2494 sin 354 358 -
dex 36,7 318 86,6
PV1/2542 sin 345 [315] -
dex 358 338 -
PV1/1904 sih 354 311 87,9
PV1/2632 dex [36,2] - -
dex 435 392 -
PV1/1084 sin 425 384 90,4
dex 359 341 95
PV1/227 sin [35,2] 33,9 -
dex 378 358 94,7
PV1/102 sin 382 332 -
dex [383] - -
PV1/220 sin 395 324 82
dex 40,7 399 -
PV1/636 sin 40,2 37,8 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+ 20 3sin 455 413 -
dex 364 [34,2] 94
PV3/2017 sin [3L9] ) ]
MEAN (n=17) 396 36,1 91,1
MIN 351 311 78,7
MAX 458 425 96,7

b.

Spec. Whem Whe Wone Wsom Wsor W

n=15 n=15 n=15 n=7 n=7 n=5
Pv1/2461 238 876 613 - - -
PV1/2059 254 898 595 218 304 -
PV1/1903 26,3 104,1 653 254 323 -
PV1/2369 304 958 646 365 445 -
|] +236
PV1/2494 30,1 93,3 60,1 21,9 30,7 955
PV1/2542 29,2 92,1 574 - - -
PV1/1904 27,2 88,8 639 - - -
PV1/1084 20,2 934 626 - - 843
Pv1/227 223 88 571 - - -
PV1/102 259 855 546 - - -
Pv1/220 21,8 1004 618 - - -
PV1/636 23,1 994 603 24,1 33,7 954
PV3/2014 27,3 102,1 684 27,7 385 95,9
PV3/2032
A+203 226 964 634 254 34,8 1025
PV3/2017 215 689 58,7 - - -
MEAN 251 924 613 26,1 35 94,7
MIN 202 689 546 218 304 843
MAX 30,4 104,1 684 36,5 445 1025

C.
spec. PV1/1000
sin

L.P2 8,2

W.P2 6,3

L.P3 8

W.P3 7.4

L.P4 7,6

W.P4 9

L.M1 9,5

W.M1 11,5

L.M2 13,9

W.M2 14,1

L.M3 14,9

W.M3 14,1

LPM 62,8

LP 25,1

LM 38

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

d.
spec. I-hc DAPhc DThc (DThc/DAPhc) thm thl thc Wsom Wsol
n=5 n=9 n=9 x100 n=6 n=6 n=6 n=4 n=4
dex [1675] 336 408 1214
PV1/1951 . [186.2] 207 346 ) 193 899 723 - -
dex 2145 416 36,2 87
PV1/24OSBSin i 428 355 ] 295 1046 764 342 424
PV1/1097A dex - 379 439 115,8
+1097 s - 38 [41] - ) ) ) ) )
PV1/ 1 :.dex - [36,4] [33,1] 90,9
+11388  sin ] 365 [325] J 234 887 653 297 371
PV1/1844 sin - [344] [27.2] 79,1 - - - - -
PV1/1083 dgx [250,8] 40,9 335 81,9 304 977 658 i )
sin  [225] 385 335 -
PV1/126 dgx - 441 374 84,8 33 1102 132 319 399
sin 2515 445 378 -
PV3/2054 dex 2325 392 411 104,8
sin  [196,8] 387 413 i 326 1043 66,6 28,7 [35,7]
PV3/2059A dex - 441 40,1 90,9
+2059B  sin - 439 337 - ] ] ] ] ]
MEAN 2271 39,1 37 95,2 28 99,2 6993 31,1 388
MIN 186,2 336 272 79,1 19,3 88,7 653 28,7 357
MAX 2515 441 439 1214 33 1102 764 342 424
b.
spec. PV1/645 PV1/1967PV1/250¢ MEAN MIN MAX
dex sin dex sin n=3
L.P2 11,2 11 11,1 10,8 10,8 10,8 11,1
W.P2 10,6 10,2 104 9,1 9,9 91 104
L.P3 11,3 11,3 11,6 11,3 11,3 11,3 116
W.P3 13,3 12,7 11,7 114 11,8 114 12,7
L.P4 10,4 10,6 10,4 10,3 10,3 10,3 10,6
W.P4 14 14,3 13,7 12,6 134 12,6 14,3
L.M1 14,8 14,1 154 14,2 143 141 154
W.M1 16,7 16,8 16,2 14,6 158 146 168
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 18,1
L.M3 [16,4] 175 17,9 16,7 17,3 16,7 179
W.M3 [16,3] 16,8 16,8 15,6 164 15,6 16,8
LPM 81,5 81,3 81,2 78,4 79,42 784 813
LP 32,7 34 34 33,2 333 332 34
LM 47,3 47,6 50,5 458 472 458 50,5
(LP/LM) x100 69,1 714 67,3 725 706 725 67,3
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C. List of the comparative material

1. Tragoportax amalthea

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 ] 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

a.
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 ALT. No.

MAXILLA 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¢e PIK
NHMW Mar-3785 J 489 4 MAR

b.
MAXILLA SPECIMENS ALT. No. LOCALITY
Roussiakis 1996 (mean) PIK
Kostopoulos 2009 MTLA488 SAM
Kostopoulos 2009 MTLB55 SAM
Kostopoulos 2009 MTL199 A

5. Gazella pilgrimi

a.
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. Oiocerosatropatenes

) a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
NHMW Mar-3786 ] 4899 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 S. 200 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
a.
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
Kostopoul os
2015 MYKE PV-2502 SER-2
Kostopoul os
2015 MYKE PV-1573 SER-2
Kostopoul os
2015 MYKE PV-1300 SER-2
Geraadst al. 2006 NHMW 1911-V-1 SAM
Geraad=t al. 2006 PIUM 133 SAM
Geraadst al. 2006 SMF M1975 SAM
Geraadst al. 2006 SMF M1977 SAM
Geraadst al. 2006 MCGL 1098 SAM
b.
MAXILLA SPECIMENS ALT. No. LOCALITY
NHMW 1911 Samos V1 ] 4781SAM
Roussiakis 1996 P.A. 2/91 PIK
MNHNP acc. Pilg. & Hop
1928 PIK. 2453 PIK
NHML acc. Pig. & Hop.
1928 M. 11417 PIK
Kostopoulos 2009 MTLA13 SAM
Kostopoulos 2009 MTLA19 SAM
Kostopoulos 2009 MYT85 SAM
Geraadst al. 2006 SMF M1977 SAM
Geraad=t al. 2006 SMF M1975 SAM
Geraadst al. 2006 SMF M7870 SAM
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14, Sporadotragus vasili

a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Geraad=t al. 2006 K-5146 HADJ-1
Geraad®t al. 2006 K-5147 HADJ-1
Geraad=t al. 2006 Strum. 2026 HADJ-1
Geraadst al. 2006 K-1129 HADJ-1
Geraad=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
.
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
a.
CRANIAL ELEMENTS SPECIMENS ALT. No. LOCALITY
Kostopoulos 2018 RZ0O-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 RZz0O-03 RzO
Geraadet al. 2003 (mean) PIK
Geraad<=et al. 2003 (mean) KAL
Geraadst 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
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Appendix 1.

Photographs of the studied material

PLATE 1

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

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

3. Tragoportax amaltheadrom PV1, Pikermi, Greece. Frontlet with braincase
(EPTP: PV1/2049A), in anterior (Bfand in posterior view (right).
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PLATE 2

4. Tragoportax amaltheadrom PV1, Pikermi, Greece. Froetlwith braincase
(EPTP: PV1/259), in left lateral(left) and posterior view (right).

5. Tragoportax amaltheagdrom PV1, Rkermi, Greece. Frontlet witpart of the facial
area and maxillae (EPTP: PV1/221b)left lateral (top), antersuperior (bottom
left) and posteranferior view (bottom right).
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PLATE 3

6. Tragoportax amalthedrom PV1, Pikermi, Greece. Left maxilla (EPTP: PV1/9Z
in buccal (left) and occlusal view (right).

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

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

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

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

11. Miotragocerus valencienneffiemale), from PV1, Pikermi, Greece. Skull with

partial horacores and maxillae (EPTP: PV1/1837) in right lateral (top left), inferic
(bottom left) and gperior view (right).
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PLATE 5

12. Miotragocerus valencienngdrom PV1, Pikermi, GreeceRight maxilla(EPTRP.
PV1/2033, in buccal(left) and occlusal viewright).

13. Miotragocerus valenciennesrom PV1, Pikermi, Greecéeft maxilla(AMPG:
PV1/274), in buccal(left) and occlusal viewright).

14. Miotragocerus valenciennedrom PV1, Pikermi, Greec®ight maxilla(EPTP.
PV1/939), in buccal(left) and occlusal viewright).
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