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PREFACE

The aim of the present PhD Thesis is the thorough examination of the rich
chiropteran collection from Loutra Almopias Cave A, which will contribute to the
knowledge of the Quaternary bats of the Greek region and the Balkan Peninsula.

This was achieved by compehensive systematic taxonomn(gescriptions,
measurements and illustratiors)d plendic analysis of a fossil chiropteran fautize
correlation of the studied specimens with the two chronologically different faunal
assemblages of the cave site and othedem and fossil faunal assemblages from the
Greek region and the broader region of the Balkan Peninsula (biogeography) and with
a palaeoclimatol ogical/ pal aeoecol AYi cal
theseare expected to inaugurate moreestists to further investigate this relatively
unexploredtopic aiming to better understand the evolutionary trends of Quaternary

Chiroptera and the mechanisms that led to their dispertfa Greek region
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Introduction

CHAPTER 1. INTRODUCTION

1.1CHIROPTERA

The mammalian order Chiroptefaats is the most diversgroup after rodentss
with more thanl100 extant species theyrrentlycomprise approximatel®0% of the
wor | dos ma mnigheir distpbation iamost global, with bats opging
every corner of the Earthpart from thepoles and some isolated islan@mmons
2005a, 2005p Bats are unique because of their ability to echolocate and to perform
selfpowered flight. More specifaily, Al aryngeailsecheltt@bas d oabi
perceive their surroundingsith a mechanism that hdeen developedfter several
auditory adaptationand thus navigat& their environmentvithoutthe need of visual
perception (Simmon&005a2005h GunnelandSimmons 2003ietz et al. 2009, ety.
Furthermore, bats achieved sptiwered flight due to adaptations of their forelimbs
and other structural elements (e.g. axial skeleton, hind limbs, &annéland
Simmons 2005 and references thexein

Bat sd6 appear aastarceis global anchiteseemtg tseiamh isochronous
event (Smith et al. 2007), with the earliest fossils coming from #nly Eocene ofll
continents, apart from Antarcti¢@abuce et al. 20Qimmons et al. 2008 ejedor et
al. 2005 Ravel et al. 201, Hand et al. 19945mith et al. 2007)T'he earliest occurrence
of chiropteran fossilsin:
1 Europeiand t h eearkesichiropletas fossi(Pabeocene/Eocene boundary)

i is Archaeonycteri® praecursor from Silveirinha, Coimbra District, Portugal

(Tabuce et al. 2009
1 North America is Onychonycteriginneyifrom Green River Formation, Wyoming,

U.S.A. (Simmons et al. 2008)
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1 SouthAmericai s an i ndeterminate taxon from Laq
(Tejedor et al. 2005)

1 Africa, is an indeterminate taxon from the suborder of Eochiroptera from El Kohol,
Algeria (Ravel et al. 2011)

1 Oceaniais Australonycteriglarkaefrom Murgon, Queensland, Australia (Hand et
al. 1994)

1 Asia, is the bat fauna from Vastan Mine, Gujarat, India, which includes seven
species Icaronycteris sigei Protonycteris gunnelli Archaeonycteri® storchi,
Hassianycteriskumari CambayacomplexusMicrochiropteryxfolieag Jaegeria
cambayensjs(Smith et al2007).

Hence, 1 is believedthat the origin of bats shouldwve occurredat about 6400 Ma (at

the CretaceouSertiary boundary) and onwards, when crown bats shared their last

common ancestdiTeeling et al. 2006
In Greece, ecent zoological studiesecorded 8! extant chiropteran species:

RhinolophusferrumequinumRhinolophusmehelyj Rhinolophusblasii, Rhinolophus

euryale RhinolophushipposiderosMyotis myotis Myotis blythii, Myotis bechsteinii

Myotis emarginatus Myotis capaccinii Myotis nattereri Myotis aurascens Myotis

alcathoe Myotis brandtii, Myotis daubentonij Myotis mystacinus Nyctalus

lasiopterus Nyctalusnoctula Nyctalusleisleri, Pipistrellus pipistrellus Pipistrellus
pygmaeugsPipistrelluskuhlii, Pipistrellusnathusij Pipistrellushanaki Hypsugosavii,

Vespertiliomurinus Eptesicusserotinus Eptesicusbottae Plecotusauritus Plecotus

austriacus Plecotuskolombatovici Plecotusmacrobullaris Barbastellabarbastellus

Miniopterusschreibersij Tadaridateniotis and Rousettusaegyptiacugy Han 8k et al

2001, Simmons 2005&fougaris 2009, Strachinis et al. 2018
In respect othe chiropteranfossil recordfrom Greece, even though it is sparse,

there are 2 localities were Chiroptera have been documented and span fds,n E

Mioceneto Early/Middle Holocene (Piskoulisand Chatzopoulouin pres$. Those

localities fFigure 1.} and their respective chiropteran fawara summarised ifable

1.1

1 The Egyptian Fruit BatRousettusiegyptiacushas been recorded only on the island of Kastellorizo
and it is still nd known whether it roosts on the island or it travels from the Turkish maiiilaieen

the short distanceto forage (Strachinis et al. 2018).
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Figure 1.1 Map with the Greek localities where Chiroptera have been recatdedpsarna, Lesvog.
Antonios, Chalkidiki,3. Elaiochoria 2, Chalkidiki4. Mytilinii, Samos,5. Nea Silata, Chalkidiki6.
Maramena, Serreg, Tourkobounia 1, Attiki8. Tourkobounia 2, 3, 5, Attiki9. Vathy, Kalymnos,
10.Latomi 1, Chios11. Petralona Cave, Chalkidikl,2. Varkiza 1, 2, Attiki,13. Kalamakia Cave,
Lakonia,14.Loutra Almopias Cave, Pella5.Naxos, Cycladed,6.Kharoumes 5l asithi, 17.Liko,
Chania,18.Bate Cave, Rethymnd9. Franchthi Cave, Argoli20. Anonymous Cave of Schisto at
Keratsini, Piraeu®1.Charkadio Cave, Tilo22.Vraona Cave, Attiki23.Sarakenos Cave, Boeotia.
Modified after Piskoulis and Chatzopouléin press).

Mostresearchon fossil Chiroptera from Greece whscused on basic systematic
palaeontology, with a few exceptiofi®. Petralona Cave, Charkadio Cave, Sarakenos
Cave, etc.)Nevertheless, albeit the Greek chiropteran fossil record iguitat rich, it
is quite informative. It is worth mentiorg the occurrence of Megadermatidae (cf.
Megadermatidae gen. and sp. indet.) in the Early/Middle Miolosadity of Antonios,

Chalkidiki (Vasileiadou and Koufos 2005), the occurrence of Rhinopoastid
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(Rhinopomaaff. hardwickii) in the Late Miocene locality of Elaiochoria 2, Chalkidiki,

which is unigue at a European scale (Hor 81| €

the occurrence of the monotypic taxBamonycterignajori from the Late Miocee
locality of Mytilinii, Samos (Revilliod 1922) and the richdsprior to this research

bat fauna in Greece from the Middle Pleistocene locality of Petralona Cave, Chalkidiki,
with the presence of 19 taxa (Sickenberg 1964, 1971, Kretzoi 1977, Kretdoi a

Poulianos 1981, Horacek and Poulianos 1988, Tsoukala 1989).

Table 1.1 List of fossiliferous localities with Chiroptera in Greece.

Locality

Age

Taxa

Lapsarna, Lesvds

Early MiocengMN4)

Chiroptera indet.

Antonios, Chalkidiki

Early/Middle Miocene
(MN4/5)

cf. Megadermatidae gen. and sp.
indet.

Elaiochoria 2
Chalkidiki®

Late Miocene
(MN10/11)

Rhinolophugyr. delphinensis
Rhinopomaaff. Hardwickii
cf. Myotis (smaltsized)

Mytilinii, Samos'

Late Mioceng MN12)

Samonycterisnajori

Nea Silata, ChalkidiRi

Miocene/Pliocene

Vespertilionidae sp.1

(I\/_|N13/14) _ Vespertilionidae sp.2
Maramena, Serrés Miocene/Pliocene Chiroptera indet.
(MN13/14)

Tourkobounia 1, Attiki

Late PliocendMN16)

Chiroptera indet.

Tourkobounia 2, 3, 5,
Attiki 8

Early Pleistocene
(MNQ19)

Chiroptera indet.

Vathy, Kalymno$8

Early Pleistocene

Miniopterusschreibersii
Chiroptera indet.

Latomi 1, Chio%®

Middle Pleistocene

Chiroptera indet.

Petralona Cave,
Chalkidiki'*

Middle Pleistocene

Rhinolophuderrumequinumopali
Rhinolophugf. hipposideros
Rhinolophusf. mehelyi
Rhinolophussp. | (euryale group)
Rhinolophussp. Il
Rhinolophussp. llI

Myotismyotis

Myotisblythii

Myotisblythii oxygnathus
Myotisemarginatus

Myotiscf. daubentonii

Myotissp. |

Myotissp. Il

Nyctaluscf. noctula

Pipistrellus? sp.

Hypsugaosavii
Vespertiliomurinus

Eptesicussp.
Miniopterusschreibersii
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Varkiza 1, 2, Attiki?

Late/Middle
Pleistocene

Chiroptera indet.

Kalamakia Cave,
Lakonia?®

LatePleistocene

Myotiscf. blythii
Pipistrellussp.
Rhinolophussp.

Loutra Almopias Cave
A, Pelld*”

Late Pleistocene
(MNQ26)

Rhinolophussp.
Myotissp.
Miniopterussp.

Naxos, Cycladée$s

Late Pleistocene

Chiroptera indet.

Kharoumes 5, LasitHi

Late Pleistocene

Chiroptera indet.

Liko, Chania’

Late Pleistocene

Chiroptera indet.

Bate Cave, Rethymnad

Late Pleistocene

Chiroptera indet.

Franchthi Cave, Argoli$

Late Pleistocene/Early

Chiroptera indet.

Holocene

Anonymous Cave of

_ " Late Pleistocene/Early
Schisto at Keratsini,

Chiroptera indet.

) Holocene
Piraeug’
Rhinolophusipposideros
Rhinolophudlasii
Charkadio Cave, Tild$ | Holocene Myotis blythii
Myotissp.
Plecotusaustriacus
Vraona Cave, AttikP Holocene Myotissp.
Rhinolophuderrumequinum
Rhinolophusipposideros
Sarak C . i i
ara .ensos ave, Early/Middle Holocene MyOt!Snyth'_' .
Boeoti& Myotis myotigblythii

Nyctalusnoctula
Eptesicuserotinus
Vasileiadou and Zouros 2012, Vasileiadou et al. 28 &sileiadou and Koufos 2008%1or 8| ek 1991,
Hul va et al 2 fRévillipd 1P Sy a®ileiadou eadl. 20088 dhrhidkKittler et al. 1995,

’Reumer and Doukas 198Reumer and Doukas 198Kuss 1973, Kotsakis et al. 1978Storch 1975,

Kotsakis et al. 1979]Sickenberg 1964, 1971, Kretzoi 1977, Kretzoi and Poulianos 1981, Horacek and
Poulianos 1988, Tsoukala 198%van de Weerd 19733Harvati et al. 2013, Darlas and Psathi 2016,
Kolendrianou et al. 2020%Chatzopoulou et al. 2001, Chatzopoulou 2003, 2005bukala et al. 2006,

Byvan der Geer et al. 201¥Kuss 1970Dermitzakis 1977Mayhew 1977, Doukas and Papayianni 2016,
YDermitzakis 1977Mayhew 1977, Doukas and Papayianni 20%¥&ptsakis et al. 1976 °Stiner and

Munro 2011 2°Mavridis et al. 2013?'Symeonidis et al. 197Xotsakis et al. 197F2Symeonidis et al.

1980, ZPereswieiSoltan 2016:Loutra Almopias Cave A bat fauna prior to this research and its
respective outcomes (viz. Piskoulis 2018, 2019, 2020, Piskoulis and Chatzopoulou in press).

1.2PHYLOGENETIC INFORMATION

Bats have evolved several anatomical characteristics in their axial skeleton and
pectoral girdlé which allow them to perform seffowered flighti and hind limbs
which allow them to rest in an upsidewn position (Gunnell an&immons 2005,
Simmons 2005b, Teeling et al. 2005). Moreover, Chiropg@rahiropteran families
apart from Old World fruit bats, Pteopodidae) h a s al so evol ved
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e ¢ h o | oicasbiodormiike featurei due to several adaptations in theiddle and
inner ear, which allows them to perceive their surroundings and navigate in their
environment without the need of visual perception (Simmons 2005a, 2005b, Gunnel
and Simmons 2005, Dietz et al. 2009, etc.). All these features unambiguously
distinguish Chiroptera from other mammalian taxonomic groups (Gunnell and
Simmons 2005, Simmons 2005b, Teeling et al. 2005).

With Chiroptera being the only known mammalian taxonomic group with these
characteristics, until the late 1980s it was assumed that misnophyletic group with
a common (flying) ancestor for all the taxa included (Gunnell and Simmons 2005,
Teeling et al. 2005). More specifically, Chiroptera was traditionally divided into the
suborders of Megachiroptera, which includes the -echolocang family of
Pteropodidae and Microchiroptera, which includes the rest of the 19 extant families of
echolocating bats (Table 1.2) (Gunnell and Simmons 2005, Simmons 2005b).
However, several workers on the specific topic suggested that Chiroptera ietitphy
(Gunnell and Simmons 2005 and references therein), which led to an intensification of
research related to this topic and, consequently, the acquirement of plethora of data
(morphological, DNA hybridization and nucleotide sequence data) that funihyeorss
the initial hypothesis that Chiroptera is a monophyletic group (Simmons 1994, Murphy
et al. 2001, Gunnell and Simmons 2005, Teeling et al. 2005).

Table 1.2 All chiropteran families, extinct and extant. As classification above the family leséll ia

matter of dispute, only the most widely accepted distinct families are presented (modified after Gunnell
and Simmons 2005, Simmons et al. 2008). The chiropteran families present in the fossil record of Greece
are underlined. Here are followed theuggestions by MilleButterworth et al. (2007) and Lack et al.
(2010) that Miniopteridae and Cistugidae are distinct families.

Extinct Families Extant Families

Icaronycteridae Pteropodidae Emballonuridae  Furipteridae
Archaeonycteridae Rhinolophidae Myzopodidae Natalidae
Palaeochiropterygidae Hipposideridae Mystacinidae Molossidae
Hassianycteridae Megadermatidae Phyllostomidae Vespertilionidae
Tanzanycteridae Rhinopomatidae = Mormoopidae Miniopteridae
Philisidae Craseonycteridae Noctilionidae Cistugidae*
Onychonycteridae Nycteridae Thyropteridae

2 Here are followed the suggestions by Milentterworth et al. (2007) and Lack et al. (2010) that

Miniopteridae and Cistugidae are distinct families.
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Nevertheless, the disputed monophyly/diphyly of Chiroptera led to the conclusion
that RhinolophoideaRhinolophidae, Hipposideridae, Megadermatidae, Craseonycteridae
and Rhinopomatidaénave acloser relationship to Megachiroptera (viz. Pteropodidae)
rather than to Microchiroptera (Gunnell and Simmons 2005, Teeling et al. 2005,
Simmons 2005b). Considering all the above mentioned and taking into account the
earlier suggestion by Springer et a200Q1) for the creation of a new suborder,
Yinpterochiroptera, which will include Pteropodidae and Rhinolophoidea (Gunnell and
Simmons 2005), this gained ground and is nowadays widely accepted, with the
remaining chiropteran families being placed within t@ngochiroptera suborder
(Gunnell and Simmons 2005).

Another topic regarding chiropteran phylogeny that has not yet been resolved is the
status of Miniopteridae and Cistugidae and whether they are distinct families or
included in Vespertilionidae. Gunnednd Simmons (2005), Simmons (2005b) and
Fracasso et al. (2011) suggest that Miniopteridae and Cistugidae are not separate
families and they should be included in the Vespertilionidae family again. However,
Hoofer and Van Den Bussche (2003) and MiBeitterworth et al. (2007) follow the
suggestion by Mein and Tupinier (1977) and characterise Miniopteridae as a distinct
family. Similarly, Lack et al. (2010) found evidence that allowed them to Gagago
from being a genus within the Vespertilionidae figrto a separate family, Cistugidae.

One question that still needs to be answered is whether Chiroptera evolved
laryngeal echolocation once, with Pteropodidae losing it at a later stage or multiple
times and separately for each chiropteran taxonomic gf@epling et al. 2005,
Simmons 2005b). The earliest chiropteran fossils, dating back to the Early Eocene, have
features which indicate they had already developed both their ability to fly and to
echolocate, developments that date the origin of Chiropteratp the Early Eocene
(Gunnell and Simmons 2005, Teeling et al. 2005). Nevertheless, the most recent data
regarding the phylogenetic origin of bats indicate that Onychonycteridae is the basal
family of the order and the rest of the extinct and extamilii@s are sister groups
(Simmons et al. 2008). In addition, there is evidence that Onychonycteridae evolved
t heir abilitlyirtse oflhypotithésigh} prior to t
(fechofocasttioomypot hesi s) .AlBoughmecenswokkd al . 2
on the specific toptHca rwaloi dnaytpeo tthlees i e d Calrc
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2015, 2016). Moreover, it is worth mentioning that Eulipotyphla was found to be the
sister group of Chiroptera, whereas no direct relationshig faand with Primates,

Dermoptera and Scandentia (Murphy et al. 2001).

1.3 HISTORICAL OVERVIEW OF THE RESEARCH AT LOUTRA

ALMOPIAS CAVE A AND THE BROADER REGION

The research in the Loutra Almopias Cave A started in 1990 and the systematic
excavations in 1992More specific, he F' Panhellenic Speleological Research was
organised at Loutra Almopias, in 1990, by the late speleologist K. Ataktidis. His
motivationwas initiated bysome photographs that weedenby E. BaltakisAttendees
of this meetingwere theAristotle University of Thessaloniki (AUA), the Hellenic
Survey of GeologyndMineral Exploration (HSGME), with Dr. P. Tsamantouridis in
charge, t he Nati onal Centre for Scientii
ADemokr it o % oBasiakow inthdwrge,Dhre Ephorate of Palaeoanthropology
and SpeleologyEPS) Ministry of Culture, the HelleniSpeleological Society (HSC)
and the Speleological Team of Wda (STK). During this meetinthe first detailed
recording of several caves from the broadgiaetook place and the results of the
research werpublishedn a relevantolume(Figure 1.2. In 1990, he late speleologist
l.loannoubunded the first speleological par k in
because of the great scientific interastl natural beauty of the region.

The first palaeontological excavation started in 1992 after information given by K.
Ataktidis regarding the presence of fossils that were brought to light after extensive
il licit diggings in the caves892A/Ac acrcdisn g nt
of the Ministry of Culture, the excavation was carried out by AUTh with Prof. E.
Tsoukala (School of Geology), the late Emer. Prof. G. Chourmouziadis (School of
History and Archaeology) and the late Prof. E. Tchernov (Department of Evolution,
Systematics ah Ecology, Hebrew University of Jerusalem) in charge, under the
supervision of EPS. The excavations were continued in-1993 in cooperation with
EPS (Dr. E. Kabouroglou), 1996 and 198806. Since 1996, the palaeontological

3 Recent studies on tree and terrestrial shrews and on the Vietnamese Pygmy Dofiyphiseyys
chapensishave shown their ability to navigate with the use of echolocation and therefore support the
hypothesis that dts evolved their ability to echolocate prior to their ability for-peivered flight
(Adams and Carter 2017 and references therein, Youlatos et al. 2020, Granatosky et al. 2021).
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researchhas beencarried outin co-operation with the School of History and
Archaeology (AUTh) (Prof. K. Kotsakis), the Department of Palaeontology of the
University of Vienna and the Austrian Academy of Sciences, with Prof. G. Rabeder in

charge. From 1996 till 2000, the late Prof. \%erginis from the Department of

Geography and Regional Research of the University of Vienna participated in the
excavation. On behalf of EPS, Dr. A. Athanasiou and MSc geologist D. Bouzas
participated from 1999 til] atitbendoroul n 1997
designed the ground plan (horizontal alignment)aitra Almopias Cave A.

1n [JANEAAHNIA
LIIHAAIOAOTIKH EPEYNA

LTA AOYTPA AQYTPAKIOY
NOMOY TIIEAAAZ

20,09 = 10,10.1990

ZuvtovioTfic: EMHAATOAOTIXKH OMAAA KABAAAE

NOEWMBPIOE 1990

Figure 1.2 Cover of thevolume from the 1% Panhellenic Speleological Researgthanslation: i
Panhellenic Speleological Research at Loutra Loutrakiou, Prefecture of Pella; 1801091990,
Coordinator: Speleological Team of Kavala, November 1990).
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The research in the region lastedre thanl5 years, with 12 excavational phases,
36 excavated squares, 211 layers and the participation of over 100 people (researchers,
students and associates). This research brought to light over 50000 fossils of Late
Pleistocene age. Part of the rich fossilorgowas displayed in the physiographical
museum of Almopia @unded in 1992) and the Municipal Museum of Arideaided
in 2002). In 2006, the 12International Cave Bear Symposium took place in Aridea
and the broader region of Loutra Almopias.

The extesive and thorough research that followed the excavations at the Loutra
Almopias Cave A which is still ongoing has brought to light thousands of fossils,
with most of the specimens belonging to the Gamssulzen BeaeUrsusingressus
Rabeder et al., 200@ soukala et al. 2006Additionally, a rich and diverse fauna of
large and smalinammals, birds, amphibia and reptiNvas alsaecovered
1 The large mammals are represertgd 8 taxaof Carnivora and Artiodactyléor

species representation per chamber see Table Arkus ingressus Mustela

nivalis, Mustela (Putoriug putorius Martes foina, Martes martes Martes sp.,

Meles meles Mustelidae indet.Canis lupus Vulpesvulpes Felis silvestris aff.

catus Panthea pardus Crocuta crocuta spelaea Capra ibex Rupicapra

rupicapra, Cervuselaphus Damadama Bos primigenius(Tsoukala et al. 2006,

Nagel et al. 2019
1 The small mammals faunal list includ28 taxa of Eulipotyphla, Rodentia and

Lagomorphdfor species representation per chamber see TableEihaceuscf.

europaeus Talpa europaea Talpa sp. (ninor), Sorexaraneus Sorex minutus

Neomyssp., Crocidura leucodon Crocidura suaveolensSpermophiluscitellus,

Apodemus mystacinus epimelas Apodemus sylvaticugflavicollis, Apodemus

uralensis Mus spicilegus Cricetulusmigratorius Mesocricetusiewtonj Arvicola

terrestris Microtus arvalisagrestis Microtus (Chionomy3 nivalis, Microtus

(Pitymyg cf. subterraneusClethrionomygglareolus Dryomysnitedulg Glis glis,

Muscardinusavellanarius Sicista subtilis Spalaxleucodon Ochotonapusilla,

Lepustimidus LepuseuropaeugChatzopoulou 20104
1 The avifauna is represented 38 taxa of Galliformes, Columbiformes,

Caprimulgiformes, Accipitformes, Falconiformes, Strigiformes, Piciformes and

Passeriformegfor species representation per chamber see Table Retfix

perdix Perdix sp., Alectoris graeca Alectoris sp., Francolinus francolinus

10
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Francolinus sp., AlectoridFrancolinus Perdi¥Francolinus Perdicinae gen.,
Tetrao tetrix Lagopuscf. lagopus aff. Lagopussp., cf.Bonasa bonasiaBonasa
bonasidLagopus mutaColumba livia Columba palumbys?Caprimulgussp.,
Buteosp. cf.B. lagopus Falco sp. cf.F. peregrinus Falco sp. ex grF. cherrug
Falco sp. cf.tinnunculus Falco sp. cf.vespertinusFalco sp. ex grtinnunculus
Bubo bubo Athene noctuacf. Otus scopscf. Dryocopus martiuscf. Picidae
Galerida sp. cf. G. cristatg Melanocorhypha calandraMelanocorhyphasp.,
Alauda sp., Lulula arborea cf. Hirundo sp., Riparia/Ptyonoprogng Anthussp.,
Bombicylla garrulousCinclus cinclus Turdussp. cf. T. vuscivorus Turdussp.,
Sylviasp. cf.S. borin Phoenicurussp. cf.P. ochruros ErithacugLuscinia Parus
major, Sitta cf. euwropaeg Sitta sp., Garrulus glandarius Pica picg Pica sp,
Pyrrhocorax graculus Pyrrhocorax cf. pyrrhocorax Pyrrhocorax sp. .
graculugpyrrhocoray, Corvidae gen-1, Corvidae gen-2, cf. Corvidae gen.
Sturnussp. cf.S. vulgarisFringilla sp. cf.F. coelebsCarduelissp. cf.C. carduelis

cf. Chloris chloris Carduelis sp, Loxia curvirostrg Coccothraustes
coccothraustes Pyrrhula pyrrhulg Fringillidae gen. Emberiza calandra cf.
Plectrophenax nivalisEmberizasp. cf.E. cirlus Emberizidae gn, Oscines Non
Corvidae indet.Non-Passeriformes indgiBoevandTsoukala 2018

The amphibia are represented by 6 tadfaAnura (for species representation per
chamber see Table A:3Bufo bufo, Pseudepidaleasiridis, Bombinavariegata
Pelobatessyriacus Hyla arboreg Ranatemporaria(RauscherK. L. pers. comm.
to TsoukalaE);

The reptilia are represented bythkaof Squamatdfor species representation per
chamber see Table A:4Anguis fragilis, Pseudopusapodus Varanidae indet.,
Lacerta agilis, Lacerta vivipara, Lacerta trilineata, Lacerta viridis, Ophisops
elegansPodarcismuralis Coronellaaustriaca Scincidae indet.RauscherK. L.
pers. comm. to Tsoukal&.).

Even tough Loutra Almopias Cave A hdseen extensively excavated and

researched over the past ye&@&hiropteravere notthoroughly studiedn the pevious
worksof Chatzopoulou et al. (2001), Chatzopoulou (2(®%) and Tsoukala et al.

(2006)Rhinolophussp.,Myotis sp.andMiniopterussp. are includedThis chiropteran

faunal list was later enrichdxy Piskoulis (2018, 2019) and Piskoulis and Chatzopoulou

(in presswith preliminary result§Table A.5.
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1.4ARESEARCH AIMS AND OBJECTIVES

Theaim of the present doctoraésearch is the in depth study of tiah chiropteran
collection from Loutra Almopias Cave A, in order to contribute to the knowledge of
the Quaternarybats of the Greekegion and theBalkan PeninsulaThis will be
accomplished byletailed systematic xanomy, phenetic analysis, correlation of the
chiropteran specimens with the two chronolodicdlifferent faunas of the cave site
and other Greek faunas (modern and fossil), but also with the broader region
(biogeography) and with a palaeoclimatological/palaeoecological approach, based on
t he batsoé bi oc oe thsesearciwill bat as esalid mckgraumndtfioe d t ha't
the initiation of further studies in the Greek region, aiming to better understand the
evolutiorary trendsof QuaternaryChiroptera and the mechanisms that ledheir

universal distribution.
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CHAPTER 2. GEOLOGY AND STRATIGRAPHY

2.1GEOLOGY

The AAl mopi aangihethekontm@Almapias Cave A is developed
at the boundary between the Pelagonian zone (west) and Almopias subzone (east)
(Figure 2.} (Georgiadis et al. 2019). The latter, together with the subzones of Peonias
and Pai kon, comprise the Axios Zone (a. k. a
oceanic area of Jurassic ageo (Mountraki s
specifically, thesubzones of Peonias (east) and Almopias (west) were both deep water
oceans, separated by a shallower ocean, the Paikon subzone (Mercier 1966).
Consequently, the Paikon subzone was an istsiodwhilst the Peonias subzone a
backarc basin (Mercier et al.9¥5). The Peonias subzone is characterized by nappe
tectonics and is mostly comprised of Jurassic deep sea clay sediments and hornfels
(Mercier 1966; the Paikon subzone is characterized by a thick neritic limestone series
of Jurassic age (Mercier 1966)kthe Almopias subzone is characterized by ophiolites
and is mostly comprised of Jurassic deep oceanic sediments, Upper Cretaceous
transgressive deposits and metamorphoseoghelitic sediments (Mercier 1966).

The Almopias subzone is comprised of twalwéts (distinct nappes), with the Unit
of Loutra Almopias (Pozar) being one of thefiglre 2.2. It is composed of a
PakeozoicTriassic metamorphic basement with phyllites, sericitic schists,
greenschists, amphibolitic schists, gneisses, marbles,r@gand ophiolitic rocks, the
Lower Cretaceous limestone of Diasselo and the Upper Cretaceous clastic formation of
Mariam (Georgiadis et al. 2019).

13
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r [T

Px [,
Au

Figure 2.1 Simplified geologic map of GreeckAC: Loutra Almopias Cave ARh: Rhodope Massif,
Sm: Serbomacedonian Massi€R: Circum Rhodope Belt,Re: Peonia subzone,Pa: Paikon
subzoneAl: Almopias subzone): Axios Zonel: Pelagonian ZoneAC: Attico-Cycladic Massif,
Sp: Subpelagonian Zon@k: Parnasos Zon®: Pindos Zone(: GavroveTripolis Zone,l: lonian
Zone,Px: Paxos ZoneAu: PlattenkalkTalea Ori. Modified after Mountraki2010.

The Pelagonian Zond-igure 2.2, which used to be a Cimmerian fragment that
separated the Nefrom thePakeo-Tethys (Mountrakis 1986), is characterized by the
presence of two Triassiturassic carbonate covers (marbles and dolomitic/micaceous
marbles) deposited on both of its margins (east and westnthaéis 1986, Georgiadis
et al. 2019), oftransgressional limestones of Upper Cretaceous (Maastrichtian and
CampaniarSantonian) age and of flysch of Upper Cretacdmwer Pabeocene age
(Georgiadis et al. 2019). The unit of Loutra Almopias (Pozar) is positioned on top of
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the Pelagonian Zone, kmgse of a weshoving thrust fault Eigure 2.2 (Mountrakis

1976, Georgiadis et al. 2019). The northern parts of the Pelagonian Massif have been
uplifted at higher rates than its southern parts (Lazaridis 2006). The caves of the
AAl mopi a SpeVeppegpiathéMaastaichtean lenestonean over 100 m

dark grey homogeneous limestone that is rich in the forami@ifbitoidesmediai

which sits on top of an underlying light grey Campasttamtonian limestone, with

both limestones being highly fragnted and karstified (Chatzopoulou 2014).

Pelagonian e Almopla zone (Loutra Pozar unit)

zone

=\ Z ey

o o — i
= = A=

~= T ~Loutraki fault g 500m § 1km

_______ — L 1 1

ALMOPIA ZONE - Loutra Pozar Unit
: i gasl‘ic rormflhn of .Mariam '()phiomas

biasmlo lmes!nfrle ) s .
(L. Cretaceous) n’“" Schiste

FE=— Limestene "
S tp oo carparien) [
"] Marbies-Delomites F—]Sericifc schists
Vi = 2
..g;;é {TriassicJurassic) m Chiorric-epidolifc schists
= [W——
i I
Catovial deposis
m \eleanic rocs
(Piooane)
E Lacustiing limestons
(Piasslocene)

Figure 2.2 Geological map of Loutra Almopias Cave A (LAC) and the broader region (Georgiadis et al.
2019).

During Upper Pliocene, the Almopias subzone, was subject to volcanism, due to the
(re)activation of faults within the area of study, which resulted in the upwelling of

magmas (Eleftheriadis 2006). The volcanic centres occur in the northern region of the
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subzone (Mount Voras) and the volcaniclastic sediments occur in the southern region
of the subzone (Almopia Plain) (Eleftheriadis 1977).

The tensile forces that acted in the area of study during the Upper Pliocene and
resulted in the formation of the AIm@pbasin, were also responsible, together with the
Upper Pliocene volcanism, for the appearance of numerous hot (and cold) springs
(Mountrakis 1976, Patras 1990, Vougioukalakis 2002, Eleftheriadis 2006). These
springs resulted in the extensive depositiotrafertine, which can be found both in
the AAl mopia Speleoparko and the broader
Eleftheriadis 2006). These travertine depositions are characterized by their clearance,

fine crystallization and absence of xenoliths (Elefiadis 2006).

2.2LOUTRA ALMOPIAS CAVE A

The entrance of Loutra Almopias Cave A (a.k.a. Loutra Arideas Cave and/or Bear
Cave) is located on the northern slope of the Nikolaou Rema gorge at an altitude of 540
m andcoordinates N4 0 A58 ' 2 3. TFigyre 2B.2Thedhmadler Bedian 8fthe (

AAl mopia Spel eopar nountairous basio, avthich ¢ surroundedn i nt r
by Voras Mountain Range (2524 m) to the north and Paiko Mountain (1950 m) to the

east. To the south, the area is surrounded by thenlmmtainous region of Edessa. The

differences in elevation observed between the plain and the mountainous regions are
greater than 1500 m and therefore, the bro
characterized by intense relief. Almopeos River.é.kloglenitsas Riven) the main

river of the region runs through the basin and it is fed by 13 streams. On the NW side

of the basin occurs the Nikolaou Rema gorge, which is crossind birermopotamos

River, which is later connected withe Aspropotanos River.

Neotectonic activity that has been generated by the-BI&V Loutraki fault
resulted in the uplift of Voras Mountain art
turn led to a severe vertical erosion of the Thermopotamos River and the forafation
the \-shaped Nikolaou Rema gorge (Lazaridis 2006). Consequently, the caves of the
AAl mopia Speleopar ko were uplifted from th
2006).

Loutra Almopias Cave AHigure 2.4 can be reached by a narrow path with steep
steps, which begins from Loutra Almopias (a.k.a. Loutra Pozar, Loutra Loutrakiou
and/or Loutra Arideas) and leads to the entrance of the cave (Tsirambides 2006,
Tsoukala et al. 2006). The total area of the cave is 78 sirambides 2006) and it
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wasmapped hori zont al alignment) in 1997 by
and his team (Kabouroglou and Chatzitheodorou 1999). A simplified ground plan of

the Loutra Almopias Cave A can be seefrigure 25.

Figure23Loutra Al mopias Cave A and the bMapgenemted r egi on

using Google Maps (Google Terrain).

The entrance of Loutra Almopias Cave A is SE oriented and its 2.50 x 1.50 m
opening is partly covered by a large polished bodlteeCHAPTER 3 Figure 3.5
b). Next to the etrance is located a 10 m longarrow, ENEWSW passage with a
wooden staircase, which leads to LAC the first and largest chamber of the céve
where the main excavation occurred, with 13 excavated squragesg 2.5. LAC | is
1.50 m higher than the narrow passage and its maxinaight reaches 10 m. A small
karstic basin filled with water (Agiasma: Holy Water in Grdélgure 2.5 is located at
the NW part of LAC I, where pottery and glass remains from the Neolithic/Byzantine
era till present occur and they are related to relgicustoms (Tsoukala et al. 2006).

4 Several European caves that used to be occupied by cave bears pretampgiished surfaces on

narrow paths and passages. This possibly occurs because cave bears were rubbing on such surfaces or

EPS

(o]

because of chemical weathering (Kurt®n 1976, Tsouka
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The floor of LAC | is covered by clastic sediments and there are plenty of illegal
excavations which led to the discovery of thesusingressudossils (Tsoukala 1994,
Tsoukala and Rabeder 2005, Tsoukala et al. 1998,, Z0WL). Moreover, potholes

occur at several spots, where the sediments have been washed out and the fossils are

found stuck on the calcareous crust. The floor of this chamber is covered by guano,

even though no bats currently inhabit the cave (Paragat0ii).

Figure 2.4 The Nikolaou Rema gorge with the entrance of Loutra Almopias Cave A depicted.
Photograph by Dr. M. Vaxevanopoulos.

East of LAC | a small, slippery and inclined surface occurs that leads to chamber

LAC lai the smallest chamber of the cdvapproximately 5 m higher than the floor

(Figure 3.1¢. LAC la was excavated in 1996. The sediment supply of this chamber

seems to have a different origin than the rest of the cave and additionally, its fauna is

of differ ent age than the cavebds floor (Tsoukal
LAC Ib is located at the SE side of LAC | and it has been extensively excavated

(nine squares), due to its numerous large mammal fossils, both in absolute numbers and
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variety (Chatzopoulou 2014). Theskiliferous layer bears also a large amount of farge
sized cobbles. The walls of LAC Ib are covered with botryoidal calcareous debris 1.50
m bel ow the cavedos floor. West of LAC |

partly covered by clastic sedants.

LEGEND
~——- Cave’s boundary
@ Limestone blocks
Fault
czzzzz: Passage
Excavation area

Aglasma—o

0 (excavated)
Excavation area
L Al ias C A = (not excavated)
outra Almopias Cave . & - Excavation arca
L]

Ground Map (trench square)

Excavation arca EPS

o (excavated)
121110 9 Al

ooy

[
Vis]7]c [SEN3[2})

V'S
540 m

Entrance

10 m

Figure 2.5 Simplified ground plan of the Loutra Almopias Cave A (a.k.a. Loutra Arideas Cave and/or
Bear Cave) with the excavating block of squares of the various chambers (LAC I, LAC Ib, LAC Ic,
LAC II, LAC Il and LAC la) (19922006), based on the topographic plan of Kabouroglou and
Chatzitheodorou 1999 (modified by G. Withalm).

Chamber LAC Ic is located south of LAC | and LAC Ib and it has a great
resemblance to the slope of the gorge outside the cave. In fact, the root system of a tree
can be observed at the southern part of the chamber and plant roots can be found in all
the seliments of the cave. Another entrance for the cave was possibly present in LAC
Ic, which is, however, blocked by fallen boulders nowadays. The floor of the chamber
is covered with gours. The fossiliferous layer (two squares excavated) bears a large
amountof largesized cobbles, too (Chatzopoulou 2014). The walls of LAC Ic are also
covered with botryoidal calcareous debris. The eastern side of LAC Ic is possibly
connected with LAC Ill via a very narrow passage.

The entrancé& which is not taller than 0.7@ i that leads to LAC Il and LAC Il
is located on the ESE side of LAC I. The floor of LAC Il is developed in two levels.
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The only form of speleothem present in this chamber is adlperoded stalagmite at
the NE side. Six squares have been excavatehis chamber. Moreover, the datum
point was fixed here (just south of A10 square).

LAC Ill is well-connected with LAC II. This chamber is elongated (WNRSE
orientation) and it is the deepest of all. Many fallen boulders are also present, which are
partly covered by clastic sediments. No speleothems are present in LAC Il and apart
from the two excavated squares, there are also extensive illicit excavations.

Loutra Almopias Cave A is developed horizontally and its orientation iSS¥EV
and ENEWSW. Large ¢ints and fractures also occur on the walls and the ceiling of
the cave. The orientation corresponds to t
The narrow corridors and chambers of the cave are controlled by a neotectonic joint
system with large dipngles (86-9(°) (Chatzopoulou 2014).

2.3STRATIGRAPHY

The decoration of Loutra Almopias Cave A is not rich, but it holds a plethora of
different elements with the main speleothems being stalactites, stalagmites, curtains,
flowstones, gours, cave pearls arwtalloids, with flow deposits prevailing over drip
deposits (Chatzopoulou 2014). Cave deposits can hold data about their composition,
their formation and their depositional environment, consequently their study provides
crucial information on the evolutioof a cave, the climate and environment of the
region at a certain time frame and the taphonomy, when fossils have been discovered
(Tsoukala et al. 2006).

The stratigraphy of Loutra Almopias Cave A has been extensively described by
Tsirambides (1998), Chatzopoulou et al. (2001), Chatzopoulou (2003, 2005a, 2005b,
2014), Tsoukala et al. (2006) and Georgiadis et al. (2019). For that reason, the
stratigraphy othe cave will be briefly described.

One trench squars€eCHAPTER 3 was excavated in each chamber, with those
being N10 (LAC 1), V4 (LAC Ib), G10I(AC Ic), D10 (LAC Il) and R1 (LAC IlI) and
the lithostratigraphic column#&igure 2.610) are NS/E-W oriented, apart from LAC
la (Figure 2.1) which is NS oriented (Chatzopoulou 2014).

In chamber LAC | Figure 26) the excavation of trench square N10 reached a depth
of approximately 200 cm and revealed 15 strata. N10 is dominated by clastic material

with five thin interpolated calcite crusts and theis®ohts are mainly brownish clay
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and silt (Tsoukala et al. 2006). Below 250 cm (from the datum point) occurs a sandy
layer with many pebbles, which seems to be the dedpgst of the cave. The
fossiliferous layer is <20 cm from the surface, it is thimp(agimately 25 cm) and its
uppermost beds are integrated with the overlaying calcite crust.

N

Figure 2.6 LAC | (N10 square) stratigraphic columh.Calcite crust?. Clay layer,3. Calcite crust4.
Clay, 5. Fossiliferous clay stratung, Fine grained sand stratuih,Calcite crust8. Clay stratum9.
Calcite crust10. Sandy stratum] 1. Sandy stratum] 2. Clay stratum,13. Calcite crust14. Sandy
silt, 15. Conglomerate stratum. Modified after Chatzopoulou (2014).

In chamber LAC IbFigure 2.7 the excavation of trench square V4 reached a depth
of approx. 100 cm and revealed 7 strata. V4 is dominated by clastic material and all
strata reach their maximumi¢kness at V4 square and they are wedging out towards
the walls of the cave and towards LAC | (Tsoukala et al. 2006). The clay and sandy
strata overlaying the fossiliferous stratum show similarities to square G10 (LAC Ic)
(Tsoukala et al. 2006). The relatly thin (approx. 40 cm) fossiliferous stratum bears
large pebbles and stones on its uppermost beds (in V4), which are of different
lithological composition and a thick (>130 cm) sterile sand is underlying the
fossiliferous stratum (Tsoukala et al. 2006).
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N

Figure 2.7 LAC Ib (V4 square) stratigraphic columh. Calcite crust2. Clay stratum3. Calcite crust,
4. Clay stratumb. Sandy stratumg. Fossiliferous clay stratun,. Sandy stratum. Modified after
Chatzopoulou (2014).

In chamber LAC Ic Figure 2.8 the excavation of trench square G10 reached a
depth of approximately 190 cm and revealed five strata. The floor is covered with gours
and the sterile soaked clay and sastigta are overlaying the fossiliferous beds. Even
though the fossiliferous stratum reaches its maximum thickness (approximately 140
cm) in the cave, the fossil material is relatively scarce (Tsoukala et al. 2006). The
fossiliferous stratum is clearly fuih mediumsized pebbles and it sits on top of an
underlyingcalcite crust (Tsoukala et al. 2006). All strata have a SW inclination towards
the central part of the chamber. It is also worth to note that the top 100 cm of the
sediments are penetrated bymilaoots (Tsoukala et al. 2006, Chatzopoulou 2014).
Apart from this, a tree trunk root is also present at the SW wall of LAC Ic chamber,

indicating that this chamber could have acted as another natural entrance in the past.
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This is further supported by tlasence of sediments at the narrow passage with the

stairs (near todayo6és entrance) (Chatzopoul

4004 - —=
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Figure 2.8 LAC Ic (G10 square) stratigraphic colurmn . Calcite crust2. Soaked clay stratur3, Sandy
stratum 4. Fossiliferous clay stratunb, Calcite crust. Modified after Chatzopoulou (2014).

In chamber LAC Il Eigure 2.9 the excavation of trench square D10 reached a depth
of approximately 210 cm and revealed eleven strata. It is evident that clastic and
chemical sediments are alternating in D10 (Tsoukala et al. 2016). The calcite crusts
were deposited during warm and hdnclimatic conditions, whereas the clastic
sediments (sand, clay and silt) were deposited during colder climatic conditions
(Tsirambides 1998). Additionally, the small grain size of the clastic sediments on the
floor of LAC Il indicates a depositional emgnment with slow water flow, which
resulted from increased water mass surface in Loutra Almopias Cave A, in addition to

a probable climate change from wet to dry conditions (Tsirambides 2006).
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Figure 2.9 LAC Il (D10 square) stratigraphic columd. Calcite crust,2. Disordered material3.
Fossiliferous clay/silt straturd,. Calcite crustb. Silt stratum,6. Calcite crusty. Calcite inclusion,
8. Sandy stratum9. Calcite crust,10. Clay/Silt stratum,11. Calcite crust. Modified after
Chatzopoulou (2014).

In chamber LAC Il Figure 2.10) the excavation of squares R1 and R2 reached a
depth of approximately 170 cm and revealed six strata. In both squares, the fossiliferous
stratumi a brownish sandy clayith white calcareous pebbles and gravels very
thick (70120 cm). All strata are wedging out towards the walls of the cave and,
consequentl vy, they are inclined (SW inclin
2006). The calcite crust underlying tiossiliferous stratum should have been the paleo
floor of Loutra Almopias Cave A for some time as it is indicated by the in situ
stalagmite that was revealed (Tsoukala et al. 2006, Chatzopoulou 2014). The sediments
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underlying the fossiliferous stratum asterile and not similar to those of other

chamber s, whereas the sedimentation ends or

-100-

R2

Figure 2.10 LAC Ill (R2 square) stratigraphic columh. Calcite crust?. Fossiliferous clay stratun3,
Calcite crust4. Sand inclusionsb. Clay stratum 6. Clay stratum. Modified after Chatzopoulou
(2014).

In chamber LAC laKigure 2.1} the excavation reached a depth of approximately
30 cm and revealed three straauring the excavation of 1996, a short excavation at
the chamber on a surface area less thafrgsnlted in the discovery of numerous large
and small mammals as well as other groups (mainly birds) (Chatzopoulou 2014).

To sum up, despite the variationlithology and thickness, it is evident that the
brown fine grained fossiliferous stratum is placed at the same d4@ ¢m from
datum point) in all chambers of the cave (apart from LAC la) (Tsoukala et al. 2006,
Chatzopoulou 2014). The presencelbbus ingressusis common in all chambers
(Tsoukala and Rabeder 2005). Moreover, the sedimentation of the cave indicates
cyclicity, between warm and humid intervals it is indicated by thealcite crusts and
colder intervalsas it is indicated by the clastsediments(Tsoukala et al. 2006,
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Chatzopoulou 2014). The calcite crusts are of significant thickness in chamber LAC I,
the clastic sediments are dominant in chambers LAC Ib and LAC Ic, whereas chambers
LAC I and LAC Il are of an intermediate stage (Tsalaket al. 2006, Chatzopoulou
2014).

LAC la

+450-

Figure 2.11 LAC la stratigraphic columnl. Calcite crust,2. Fossiliferous stratum3. Calcareous
formation. Modified after Chatzopoulou (2014).

All clastic sediments (fineandcoarsegrained) were brought into Loutra Almopias
Cave A by flood events of the Thermopotamos River as it is indicated by their
granulometry and the bench deposition outsise cave (Chatzopoulou 2014)heir
composition is identical to the rocks of th&re®unding area (limestones, dolomites,
marbles, schists, phyllites, ophiolites), indicating that they are the result of erosional
processes (Tsoukala et al. 2006, Chatzopoulou 2014).

Correlation of the lithostratigraphic columns was proven a hard taskodibeir
differences in lithology (Chatzopoulou 2014Although, its thickness varies, the
fossiliferousstratum is common in all chambers and it is placed at the same dejfih (
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cm from datum point). It seems that it was deposited during a flood exceittcvered
the older deposits and thus, its thickness is greater close to the point of supply of the
clastic material, chaber LAC Ic (Chatzopoulou 2014).

Correlating the rest strata can be accomplished only within neighbouring chambers
and not for thentire cave (Chatzopoulou 2014). The correlations can be sEgune
2.12 More specifically, the upper strata (compact deposits of the floebrosdh clay,
grey mica sand, fossiliferous sediment with cobbles) between chambers LAC Ib and
LAC Ic can becorrelated, as the deposition of grey mica sand antn@ain clay is
the result of a later small scale flooding event, other than that of the fossiliferous
stratum, which is recorded only in chambers LAC Ib and LAC Ic (Chatzopoulou 2014).
Moreover, chamérs LAC | and LAC Il can be correlated (fossiliferous stratum,
underlying crust, brown clay, underlying crust) (Chatzopoulou 2014). LAC Il is
possibly correlated with LAC | and LAC 1l (fossiliferous clay stratand underlying
calcite crust).

LAClacanne be correlated with the caveds fl oc
significantly higher, but it also differs in granularity and fauna composition, indicating

a different depositional environment (Chatzopoulou 2014).

LAC Ic LAC Ib LACI LACH LAC I
G10 v4 N10 D10 R2

= ]

s —e———————————

%//% /////

Figure 2.12 Stratigraphic correlation of the trench squares G10, V4, N10, D10 and R2 (LAC Ic, LAC
Ib, LAC I, LAC Il and LAC Il respectively). Modified after Chatzopoulou (2014).
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CHAPTER 3. MATERIAL AND METHODS

3.1 THE EXCAVATION

Forthe purpose othe palaeontological excavations at Loutra Almopias Cave A, a
1-meter square grid with4$ orientation was constructed in chambers LAC |, LAC Ib,
LAC Ic, LAC Il and LAC lIl. Every square of the grid wéeser given an alphanumeric
register (one letter of the Latin alphabet for th& Nides of the squares and an Arabian
number for the \AE sides of the squares). One square at each chamber was selected to
be the trench (guidance) square, where the excavats accomplished at a quicker
pace aiming to reveal the stratigraphy of each chamber and thus the position of the
fossiliferous layers. On the remaining squares, the excavation was conducted by
revealing layers approximately 5 cm thick and by the caceiidction of the extracted
sediments with precision tools. Once a 5 cm layer was cleared, the square was drawn
in the excavation diary in scale and photographed. Tiwdioates of each fossilexe
also recordeas well aghe azimuth for the elongated ones. Additionally, the depth of
each layer was also recorded from the datum point, which was fixed in chamber LAC
Il just south of A10 squard-{gure 3.).

The extracted sediments were all collected in plastic bags wittxthection date,
square code and depth that the sediment belongs to, noted on a label. These sediments
were later washed asuperimposedieves. Two sieves were used, one withr@m
diameter (top) and one with 0.8 mm (bottom). When the sediment wasoarse
grained an additional sieve with05nm diameter was also used. More speally; the
sediment of each bag was put into a bucket with water and hydrogen peroxide (H
for twelve hours, which aids on the easier detachment of the clay materialhieom

fossils. Thereafter the material was emptied in the top sieve, where it was solely washed
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under constant water supply and occasionally with the use of a soft brush (only when
mud lumps would not breakyhe water removethe mudandthe finer materia with
diameter less thaB.0 mm, whereas materials with diameter betwedhrdm and 0.8
mm wee placed on top of the bottom si@v&he remained material on the top sieve
has diameter greater tharD3nm®. The remained material on both sieves was left to
dry in carton boxes and afterwards, it was stored for further processing and study. The
process was repeated for each level separately. In between, the sieves were carefully
cleaned from possible useless materials stuck on the openings in order to as®id cr
contamination of the samplesigure 3.).

The material wasubsequentlyransferred to the Laboratory of Palaeontology of
the AUTh for further study. First of all, the material was screened under a JENA
stereomicroscope with x10 eyepieces. The ctabbossils that could reach to a certain
identification level (maxillary/mandibular fragments, teeth, humeri) were placed on
Rodico Cleaning Compound strips in 52 plastic transparent l§bigse A.152) and
a registration number was marked next to egetimen (e.g. LAC23496), whereas the
rest (mostly bone fragments) were stored for future study. All identified specimens
(9004) have been registered in a database management system and they resulted from

a total of 112 layers from 20 excavated squares.

3.2NOMENCLATURE

Once all specimens were mounted, the identification of the fossils started based on
the morphological characteristics of each specimen. For this purpose, the nomenclature
established by Sevilla (1988) was followed for the maxillary/mandilfidgments and
the teeth Figure 3.2ac) and the nomenclature established by Felten et al. (1973) was
followed for the humeriRigure 3.29. Measurements of all the specimens were taken
under a WILD Photomakroskop M400 as established by Sevilla (1BBg)¢ 3.34).

The identifications of the fossils were based on the comparison of matighidhe
descriptions and figures/photos available in publications dealing with Quaternary bats
and with comparative material from the Natural History Museum of Cretdi@),
the National Museum of Natural History in Sofia (NMNH&hd from the private

collection ofAssoc.Prof. Paloma Sevillggualitative only).

5 Mostly micromammalian, avian, reptilian and amphibian remaitts diameter larger than 0.8 mm

5 Mostly Ursusingressugsemains.
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LAC Ia

H \
LHERHE N

Figure 3.1 The palaeontological excavations at Loutra Almopias Cave A. The entrance of the cave from
a. the outside and frorh. the insidec. View of chamber LAC | and the elevated chamber LAC la.
dExcavation of t he e Claseup 6fa squdreadoring the extavatienrpiocess
and the collection of sediments in bafysThe set of sieves used for the washing of the sediments.
g. Fine grained material on the bottom sieve (0.8 mm diamdtefjoarse (left) and fine (right)
graired material left to dry. Photographs by LAC team.
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Coronoid process

a
Anterior sigmoid notch
Masseteric crest
Articular
process
Mental
foramen

Angular process

Labial cingulum of the paraflexus Labial cingulum of the metaflexus

b Parastyle Mesostyle c
v Metastyle . . " R
N Lingual cingulum of the trigonid
Postmetacrista Metaconid
Preparacrista Metacone Entocrisﬁ::! .
Entoconi
Paracone Distal cingulum Paraconid — Hypoconulid
Anterior cingulum N L Posteristid
' Paralophid T
Metaloph ’ — Distal cingulum
Paraloph T 8
Metaconule Protoconid } i~ Hypoconid
Paraconule Cri b ! | :
P ) Talon rista obliqua | | '
reprotocrista | |
Protocone Hypocone Tred Tid
Postprotocrista
Lingual cingulum
Styloid process
d Trochlea
Condyle
Epicondyle
Epitrochlea Epitrochlea

Olecranon fossa
Radial fossa

Figure 3.2 Nomenclature o&. the mandible (left mandible; labial view), the upper molars (left upper
molar; occlusal view)c. the lower molars (left lower molar; occlusal view),the distal epiphysis
of the humerugdistal epiphysiof right humerusleft i anterior view, righti posterior view).
Modified after Sevilla (1988)atc) and Felten et al. (1973

The morphologial characterdHigure 3.5 used for the identifications of the fossils
were later quantified according to Sevilla and Lepertinez (1986) and with the
implementation of some extra characters from Sevilla (1988) they were also used for

the description of the identified taxa amd pheneticanalysis.
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C-P4 C-M3 P4-M3

A

_\‘\IL-'/

M1-M3

W (tld)

w (t gd)
Figure 3.3 Measurements of the uppertoothrows and. teeth,c. the mandible, lowed. toothrows and

e.teeth.L: length; W: width; LSC: symphysiarticular process length; trgd: trigonid; tt@ionid.
Modified after Sevilla (1988).
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Figure 3.4 Measurements &. the humerus length ardits distal epiphysis width. L: length; W: width.
Modified after Sevilla (1988).
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Figure 3.5 Morphological characters used for species identification and phylogenetic andlysis.
Number of cusps in I11: Tooth is absent (0), One (1), Two (2), Thre@.(Ruymber of cusps in 12:
One and very small (0), One and wedlveloped (1), Two (2), Three (33. Number of upper
premolars: One (P4) (0), Two (1), Three (2), ThHrd®3 with three roots (3%. Number of grooves
in C: None (0), One labial (1), One labial and one lingual (2), One labial and two lingual (3), Two
labial and two lingual (4)5. Cingular cusplet at mesiolingual part of P4: Absent (0), Preseré.(1);
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Talon of P4: Not welkdeveloped (0), Weltleveloped (1)7. Upper molars parastyle styles: Straight
(0), Right angle (1), Curved (28; Two first upper molars: Without heel (0), Wibheel, but without
hypocone (1), With heel and hypocone @)Upper molars: Without paraloph (0), With paraloph
(2); 10. Two first upper molars: Without metaloph (0), With metaloph @); Two first upper
molars: Without metaconule (0), With metacon(dg; 12. Distal reduction of M3: Minimali
affecting almost exclusively the postmetacrista (0), Intermediptestparacrista and premetacrista
somewhat reduced (1), Very strohgpostparacrista and premetacrista strongly reducedl®);
Number of cusp@ il: Tooth is absent (0), Two (1), Three (2), Four (3);Number of cusps in i2:
Two (0), Three (1), Four (25. Number of cusps in i3: Two (0), Three (1), Four (%; Number

of lower premolars: Two (0), Three (1), Thrég3 with two roots (2);17. Cingular cusplet at
mesiolingual part of c: Absent (0), Present (;Cingulum of p4 in labial view: Straight and very
oblique (0), Concave towards the roots (1), With two concavitieach towards a root (2]9.
Pattern of lower molars: Nyctalodof®), Myotodont (1)20. Trigonid of m1: Opeiii length trigonid

> length talonid (0), Reguldrlength trigonidé length talonid (1), Closeillength trigonid < length
talonid (2);21.Trigonid of m2: Opeii length trigonid > length talonid (0), Regulalength trigonid

é length talonid (1), Closedlength trigonid < length talonid (222. Trigonid of m3: Opeii length
trigonid > length talonid (0), Regulardength trigonidé length talonid (1), Closedlength trigonid

< length talonid (2)23. Paralogid of lower molars: Angular (0), Concave (2@. Thickness of
labial cingulum in lower molars: Thin and uniform (0), Thick and uniform (1), Thick and irregular
(2); 25. Alignment of lingual cusps in lower molars: In line (0), Metaconid lingual (1), Hypolid
labial (2), Hypoconulid lingual (3)26. Entocristid of lower molars: Straight (0), Concave (1),
Concave/Convex (227.Reduction of the m3 talonid by displacement of: Entoconid (0), Hypoconid
(1), Both (2);28. Styloid process of humerus: Long astthrp (0), Long and flat (1), Short and blunt
(2). Modified after Sevilla and Lopéddartinez (1986) and Sevilla (1988).

The drawings of the specimens were initially accomplished with pencil on paper
with the use of a camera lucida on the JEM@&reomicroscope, afterwards they were
scanned and digitally processed with a photo editing software.

A length/width graph was generated for each measurable element of each species
for LAC and LAC la (se€HAPTER 4. Additionally, the wear stage and consequently
the age group of each dental element was recorded according to Sevilla (1986), with
the implementation of one extra age group (4) for theregvavorn teeth, with
practically flat cuspsKigure 3.6.

0 1 2 3 4

Figure 3.6 Age groups established according to the degree of wear of the chiropteran teeth. 0: Unworn
(very young adults); 1: Slightly worn (young adults); 2: Worn (mieathed adults); 3: Very worn
(old adults); 4: Severely worn (very old adults). Modified afterilise(1986).
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The statistical and the phenetic analysis
2001).For that purposehe relative abundances of the identifiexiatavere quantified
based on thaumber of the identified specimens (NISP) and the minimumber of
individuals (MNI). Twoi one for NISP and one for MNI rarefaction curves were
generated in order to investigate if the species richness corresponds weline thie
the assemblage®\dditionally, a KruskalWallis test was run in order todethe
differences between the two chronologically different chiropteran faunas from Loutra
Almopias Cave A. As the KruskaVallis test does not assume normal distribution of
the data, a ShapHw/ilk test for normalistribution was also performed and \asised
by normal probability plotsMoreover, he correlation of NISP and MNI was tested
with a linear regression analysis. The interpretation ofréfselts of the statistical
analysiswvas based on Hammer and Harper (2006).

The chiropteran assemblagesnr Loutra Almopias Cave A were compared with
other Late Pleistocene chiropteran assemblages from the Balkan Peninsula based on

ASi mpsonds Similarity Indexo and APickford:
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CHAPTER 4. SYSTEMATIC PALAEONTOLOGY

CHIROPTERA Blumenbach, 1779

Chiroptera is the most diversgammalian ordeafter Rodentia which currently
includes at least 1100 extant species that occupy almost every corner of the Earth apart
from the poles and some isolated islands (Simmons 2Q08&b).

4.1FAMILY RHINOLOPHIDAE
Rhinolophidae Gray, 1825

Rhinolophidae, the Horseshoe Bats, comprise a sexgentgenus,Rhinolophus
which currently includes at least 77 extant species that span throughout most parts of
Eurasia, Africa and Australi@fSimmons 2005a)There is also a sole fossil genus,
Palaeonycteriswith its earliest occurrence beifalaeonycterigobustusfrom the
Early Miocene (or possibly late Oligoceneygality of SaintG ® r derPdy, France
(Amson 2021).

RhinolophusL ac ®p de, 1799
Type specied/espertilio ferrumequinumSchreber, 1774

The earliest occurrence Bhinolophusn the global fossil record iRhinolophus
priscusfrom the Late Eocene locality of Sé® b o u | e, Fr a wleeaslieSi g® 19 -
earliest occurreze of Rhinolophusn the fossil record of Greece Bhinolophusgr.
delphinensigrom the Late Miocene locality of Elaiochoria 2, Chalkidiki (Hulva et al.
2007). There are currently five species occurring in Gredghinolophus
ferrumequinumRhinolophusmehelyj Rhinolophusblasii, Rhinolophuseuryale and
Rhinolophusipposiderof Han 8k et al . 2®8fdudaris2@pMAiwions 2005
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these specieare also present in the fossil record of Greece (Piskoulis and Chatzopoulou
in press), with the exceptiasf Rhinolophuseuryale which is described for the first
time from Loutra Almopias Cave A.

The dental formula ofRhinolophusis 1.1.2.3/2.1.3. There are several
morphologcal characteristics that distinguish Rhinolophidaeand consequently
Rhinolophug from other chiropteran taxa, such asdattachment of premaxiljavhich
carries the upper incisorsnly to the posterior part of the maxillary, whereas the
presence of heel on the upper molars, the nyctalodont lower molars, the minute (and
frequentlydisplaced)third upper and lower premolar atite long and sharp styloid
process of the humerase common characteristics within European spetiewever,
species discrimination within the genus is more complex, as all species share similar
characteristis and thus, identification of fossils at species level is based almost

exclusively on size.

Rhinolophus ferrumequinumSchreber, 1774
(Greater Horseshoe Bat)
Figure 4.23 andFigure A.53

Fossiliferous localityLAC I, LAC Ib, LAC Ic, LAC II, LAC 1lI
Age Late Pleistocene

Material 787 identified specimens

LAC I: 1 right maxillary fragment with M1 (17285), 2 right C (17289290), 3 left C (19934, 19983,
27498), 1 right P4 (19964), 1 left P4 (27501), 1 right M1 (17207), 2 left M1 (17208, 27463), 1 left M1

2 (17332), 2 left M2 (19959, 17206), 3 right M3 (19961, 27473, 27500), 1 left M3 (19980), 3 right ¢
(19950, 19967, 17321), 3 left ¢ (17336, 17223, 17319), 2 right p4 (17245, 19952), 1 left p4 (19978), 2
right m1-2 (27469, 27499), 3 right m2 (17210, 274875Q7), 1 left m2 (19938), 2 right m3 (17287
27474), 1 left m3 (16635LAC Ib: 3 left C (17185, 16559, 19874), 1 right P4 (16507), 2 right M1
(17151, 19873), 2 left M1 (17180, 16563), 1 right#119887), 2 right M2 (171527181), 2 left M3

(17168, 1988), 1 right c (17159), 6 left ¢ (171916535, 16556, 198829892 27517), 1 left p2 (19870),

1 right m1 (17133), 1 left m1 (19875), 1 right 8117135), 1 left m® (19872), 1 right m2 (16573), 1

left m2 (17170), 1 right m3 (16547), 1 left m3 (16435AC Ic: 2 right C (17956, 18049), 3 left C
(17985, 17986, 18031), 7 right P4 (17895, 17896, 17982, 18046, 16417, 16418, 21456), 1 right M1
(21444), 1 left M2 (21445), 3 right ¢ (17900, 18009, 21504), 1 left c (18050), 2 left p2 (1BIEH),

3right p4 (r880, 21495, 21498), 2 left p4 (17984, 21499), 1 left m1 (21474), 2 right m2 (28CGE.),

1 left m2 (17878), 2 right m3 (179126421),LAC II: 1 left maxillary fragment with PM3 (16679), 1

right maxillary fragment with PM1 (16380), 23 right C (217§ 21775, 21971, 22013, 22015, 22026,
22082, 22083, 22095, 22096, 22097, 22108, 22167, 22172, 22173, 22387, 27617, 27618, 27662, 27705,
27706, 27901, 27935), 18 left C (16074, 21763, 21774, 21782, 21791, 21796, 21801, 21963, 21970,
22014, 22084, 22171, 208, 27721, 27724, 27816, 27904, 27910), 8 right P4 (21746, 21933, 22047,
22315, 27560, 27562, 27792, 27840), 6 left P4 (21838, 21755, 22001, 22043, 27573, 27698), 18 right
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M1 (21712, 21728, 21960, 22006, 22142, 22145, 22263, 22275, 22277, 22278, 22587 ,27661,

27652, 27691, 27717, 27867, 27868), 9 left M1 (16042, 21675, 21888, 22143, 22271, 22276, 22279,
27572, 27655), 1 right M2 (21934), 2 left M12 (27608, 27609), 14 right M2 (21896, 21899, 21900,
21959, 22073, 22140, 22144, 22262, 22265, 2228882, 22284, 27733, 27734), 8 left M2 (21840,
21704, 21692, 22072, 22363, 22368, 22369, 27654), 6 right M3 (21733, 22042, 22079, 16384, 16385,
22302), 11 left M3 (16049, 21841, 21706, 22290, 22296, 27603, 27627, 27657, 27697, 27823, 27876),
1 right mandiblar fragment (27782), 3 left mandibular fragments (27640, 27679, 27741), 1 left
mandibular fragment with ¢, p2 and p4 (16673), 2 right mandibular fragments with3m(26144,

27582), 1 left mandibular fragment with mA3 (16169), 1 right mandibular fragmewith m1-m2

(27713), 1 left i3 (27952), 19 right ¢ (16069, 21783, 21879, 21951, 21953, 21966, 21989, 22020, 22050,
22090, 22187, 27587, 27613, 27629, 27660, 27809, 27912, 27916, 27946), 25 left ¢ (16068, 21779,
21781, 21808, 21861, 21870, 21873, 2187983121988, 22019, 22027, 22185, 22188, 22322, 22323,
27534, 27569, 27611, 27612, 27661, 27807, 27808, 27832, 27922), 2 left p2 (27621, 27667), 16 right
p4 (21537, 21580, 21666, 21668, 21857, 16692, 22071, 22133, 16413, 27552, 27583, 27593, 27648,
27649, 2756, 27943), 16 left p4 (16067, 21563, 21591, 21956, 16354, 22003, 22057, 22135, 22385,
27524, 27531, 27672, 27732, 27780, 27895, 27898), 12 right m1 (21561, 21609, 21618, 21998, 22062,
22200, 16171, 27543, 27577, 27668, 27680, 27796), 14 left m1 (180889, 21853, 21856, 16349,
22068, 22122, 22125, 16400, 27527, 27528, 27547, 27755, 27765), 1 righ{2nk65), 2 left mP

(16403, 27595), 8 right m2 (21611, 21625, 21849, 22114, 16386, 16404, 27644, 27851), 7 left m2
(21585, 21648, 21968, 21997, 22038224, 27594), 14 right m3 (21627, 21632, 21945, 21975, 16359,
16372, 22031, 22115, 22116, 22212, 16172, 27590, 27636, 27932), 17 left m3 (21535, 21636, 21851,
21996, 16145, 16152, 22235, 22240, 22350, 27550, 27682, 27683, 27684, 27685, 27764, 278))3, 2785
LAC 1lI: 25 right C (20191, 20194, 20195, 20205, 20280, 20281, 20283, 17488, 20850, 21357, 20916,
17860, 21013, 21017, 21196, 19149, 19341, 20063, 20569, 20570, 20572, 20684, 20685, 20686, 20688),
28 left C (20089, 20185, 20186, 20190, 20193, 2028892021360, 21364, 21368, 17706a, 20932,
21026, 21097, 21099, 21104, 21197, 21205, 19342, 20076, 20084, 20085, 20311, 20376, 20475, 20477,
20568, 20687), 10 right P4 (20761, 17717, 20922, 21058, 19312, 20469, 20472, 20564, 20565, 20683),
12 left P4 (2083517485, 17487, 21342, 21344, 21351, 21356, 20872, 16448, 20923, 19313, 20052), 14
right M1 (20798, 21301, 21306, 20888, 20989, 21086, 21180, 19321, 20037, 20368, 20371, 20555,
20655, 20663), 8 left M1 (20842, 17691, 20892, 20030, 20031, 20459, 20666),206&f M1-2

(20364), 7 right M2 (20276, 20747, 20796, 21307, 21314, 21334, 20987), 12 left M2 (20271, 20752,
20834, 17470, 21326, 17692, 20995, 21093, 21182, 19319, 20033, 20038), 11 right M3 (20170, 20171,
20802, 20804, 20805, 21315, 21316, 19327, 8026676, 20677), 19 left M3 (20175, 20176, 20179,
20273, 20808, 17473, 20847, 20848, 21336, 21338, 17693, 20992, 19328, 20365, 20374, 20454, 20464,
20552, 20661), 7 right mandibular fragments (21238, 16437, 16446, 21063, 21147, 20326, 20330), 4 left
mandbular fragments (20770, 21253, 21254, 20333), 1 right mandibular fragment wiB (#7705),

1 left mandibular fragment with mth3 (21053), 1 right mandibular fragment with iR (21049), 2

right mandibular fragments with 3 (21230, 20600), 2 left maidilar fragments with m2n3

(21235, 20968), 1 lefti2 (21441a), 38 right ¢ (20095, 20126, 20188, 20196, 20197, 20203, 20207, 20284,
20285, 20694, 20698, 20762, 17489, 20853, 21367, 21377, 21382, 21386, 21398, 21403, 17709, 17710,
21019, 21023, 21100, 211041103, 21106, 21125, 21192, 19297, 20072, 20377, 20379, 20480, 20577,
20578, 20691), 33 left ¢ (20093, 20122, 20124, 20128, 20187, 20189, 20200, 20206, 20287, 20695,
20735, 20819, 20836, 20852, 20854, 20855, 21358, 17711, 21035, 21037, 21102, 21149, M%BK

19299, 21143, 20070, 20075, 20078, 20476, 20481, 20573, 20690), 12 right p2 (21418, 21423a, 20223,
21221, 20880, 20881, 17719, 20058, 20404, 20497, 20501, 20502), 16 left p2 (19137c, 21416, 214264,
20219, 20222, 20225, 21411, 20882, 21139, 20Q0854, 20314, 20315, 20403, 20405, 20596), 1
right/left p2 (21417), 16 right p4 (20163, 21287, 21289, 20866, 20961, 21002, 21052, 21075, 21081,
19132, 19133, 19134, 20045, 20348, 20541, 20643), 26 left p4 (20111, 20259, 20260, 20262, 20814,
20815, 1748317484, 21291, 21292, 21295, 21297, 20870, 21082, 21177, 21178, 19310, 20050, 20353,
20356, 20358, 20359, 20361, 20445, 20446, 20521), 17 right m1 (20146, 20149, 20231, 20775, 17477,
21227, 17697, 20907, 21067, 21141, 21155, 20015, 20335, 20421, 20422, 20423), 15 left m1
(20253, 20255, 20256, 20778, 20779, 17476, 17497, 21279, 17696, 21071, 21171, 19155, 20341, 20433,
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20633), 5 right m2 (17701, 21159, 20043, 20619, 20621), 14 right m2 (20144, 20147, 20148, 20858,
21257, 21260, 21264, 17698, 17693028, 21156, 19150, 20323, 20618), 7 left m2 (20143, 19153,
20020, 20022, 20325, 20334, 20535), 22 right m3 (20230, 20232, 20248, 17482, 21271, 20908,
20963, 21066, 21160, 211619151, 19330, 20012, 20016, 20322, 20338, 20429, 20431, 20511, 20527,
20528), 12 left m3 (20742, 20782, 17481, 21236, 16462, 16451, 21167, 21169, 21172, 19332, 20007,
20023), 2 left humeri (20728, 20598)

Fossiliferous locality LAC la

Age latest Pleistocene
Material 741 identified specimens

1 right maxillary fragment with C and P4 (26527), 1 left maxillary fragment with C and P4 (19729), 1
left maxillary fragment with P4 (19731), 3 right maxillary fragments witiMP4(23130, 26515, 26516),

1 left maxillary fragment with RM1 (19754), 1 lefimaxillary fragment with P2 (19740), 1 right
maxillary fragment with M1 (23218), 1 left maxillary fragment with WB (23114), 2 right maxillary
fragments with M3 (23173, 23178), 3 left maxillary fragments with M3 (23188, 23189, 23195), 48 right

C (2544, 25463, 25493, 25509, 25514, 25529, 25537, 25541, 25550, 25569, 25578, 25583, 25590,
25591, 25594, 25595, 25647, 25686, 25710, 25715, 25742, 25777, 25791, 25812, 25835, 25852, 25862,
25863, 25875, 25885, 25887, 25888, 25897, 25908, 25912, 25919, 25938, 25989, 26033, 26206,

26238, 26264, 27060, 27064, 27066, 27074, 27082), 72 left C (25430, 25431, 25454, 25455, 25465,
25467, 25470, 25475, 25479, 25481, 25492, 25494, 25495, 25498, 25501, 25517, 25522, 25534, 25535,
25551, 25567, 25572, 25573, 25528587, 25596, 25599, 25614, 25619, 25680, 25711, 25729, 25738,
25749, 25751, 25752, 25755, 25768, 25776, 25784, 25792, 25797, 25802, 25824, 25828, 25851, 25860,
25886, 25891, 25907, 25913, 25917, 25927, 25932, 25956, 26006, 26010, 26160, 26182, 26@12, 2622
26237, 26240, 26249, 27091, 27093, 27096, 27097, 27098, 27112, 27114, 27420), 18 right P4 (23269,
23270, 23273, 23274, 23276, 23280, 23281, 25226, 25240, 25251, 25265, 25285, 25313, 25338, 25341,
25346, 26519, 26520), 21 left P4 (23242, 23246, 2326252525343, 25345, 25348, 25353, 25367,
25373, 25374, 25377, 25389, 25391, 25398, 25401, 25404, 25407, 25415, 26703, 26707), 1-2ight M1
(24665), 2 left M12 (24787, 24791), 22 right M1 (24381, 24388, 24396, 24400, 24401, 24416, 24418,
24432, 24433, 244324436, 24469, 24477, 24481, 24500, 24502, 24509, 24522, 24556, 24557, 26557,
26560), 31 left M1 (23232, 24761, 24762, 24766, 24779, 24780, 24785, 24788, 24795, 24797, 24806,
24818, 24827, 24832, 24836, 24838, 24839, 24856, 24860, 24861, 24876, 24904229928, 24937,

24940, 24949, 24961, 24964, 26629, 27333), 17 right M2 (24377, 24385, 24426, 24445, 24452, 24460,
24462, 24479, 24504, 24512, 24523, 24527, 24531, 24538, 26575, 26597, 27240), 27 left M2 (23231,
24679, 24727, 24781, 24786, 24792, 248@B2D, 24831, 24833, 24837, 24867, 24868, 24871, 24873,
24880, 24889, 24895, 24901, 24914, 24922, 24924, 24939, 24947, 26640, 26650, 27334), 23 right M3
(24986, 24988, 24993, 25127, 25129, 25140, 25141, 25142, 25143, 25148, 25152, 25153, 25154, 25159,
25161, 25162, 25165, 25169, 25172, 25196, 25205, 26611, 26613), 33 left M3 (24995, 24999, 25006,
25014, 25015, 25022, 25024, 25033, 25034, 25035, 25037, 25038, 25045, 25050, 25056, 25057b, 25058,
25059, 25064, 25065, 25069, 25081, 25086, 25087, 25095, 2509%, 25109, 26538, 26540, 26671,
26672, 26680), 5 right mandibular fragments (22948, 22978, 22980, 22985, 26828), 7 left mandibular
fragments (23026, 23028, 23039, 23044, 23050, 23066, 27294), 1 right mandibular fragment with il
(22671), 1 left mandibuldragment with i2 and-p2 (26818), 1 right mandibular fragment with ¢ and
p4-ml (26725), 1 left mandibular fragment with ¢ andrp (26788), 1 left mandibular fragment with

c-p2 and p4m2 (19658), 1 right mandibular fragment with-p2 (22661), 1 left mafibular fragment

with p2 and p4m2 (26782), 1 right mandibular fragment with p2 aneh31(19634), 2 right mandibular
fragments with p4 (19644, 19689), 5 left mandibular fragments with p4 (22627, 22776, 22781, 22795,
22802), 1 left mandibular fragment wig and m2 (19629), 3 left mandibular fragments withmd

(22749, 22751, 22757), 3 left mandibular fragments withm@4 (19682, 19685, 22740), 4 right
mandibular fragments with peh3 (19484, 19612, 22516, 22559), 2 left mandibular fragments with p4

m3 (19494, 19501), 3 right mandibular fragments with m1 (22534, 22542, 22677), 4 left mandibular
fragments with m1 (22760, 22825, 22826, 22882), 3 left mandibular fragments with2n(19496,
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22724, 22824), 3 right mandibular fragments with-m3 (22518, 2248922674), 2 left mandibular
fragments with mim3 (22700, 22703), 4 right mandibular fragments with m2 (19693, 22578, 22488,
22680), 4 left mandibular fragments with m2 (19624, 22765, 22775, 22844), 4 right mandibular
fragments with mam3 (22522, 22541, 226026727), 3 left mandibular fragments with mi3 (22928,

22929, 22931), 7 right mandibular fragments with m3 (22462, 22577, 22599, 22479, 22633, 22642,
22686), 4 left mandibular fragments with m3 (22861, 22866, 22878, 22880), 2 right i3 (26365, 26375),

2 left i3 (26364, 26381), 50 right ¢ (22668, 25456, 25510, 25548, 25592, 25630, 25631, 25633, 25645,
25651, 25671, 25682, 25688, 25703, 25728, 25731, 25762, 25766, 25767, 25808, 25810, 25813, 25832,
25838, 25855, 25895, 25954, 25958, 25979, 25991, 260112286369, 26126, 26130, 26155, 26162,
26191, 26203, 26216, 27131, 27138, 27139, 27146, 27147, 27155, 27157, 27162, 27432, 27433), 39 left
C (25447, 25482, 25488, 25576, 25577, 25654, 25663, 25668, 25721, 25758, 25760, 25765, 25788,
25789, 25872, 25910, 289, 25936, 25942, 25988, 26008, 26019, 26066, 26102, 26112, 26153, 26171,
26174, 26180, 26188, 26198, 26231, 26266, 27167, 27168, 27172, 27180, 27188, 27189), 2 right p2
(26325, 26329), 4 left p2 (26289, 26291, 26294, 26299), 21 right p4 (24181, 24180, 24198,

24202, 24210, 24212, 24226, 24232, 24234, 24237, 24242, 24243, 24258, 24263, 24265, 27031, 27033,
27038, 27249, 27402), 23 left p4 (24269, 24272, 24273, 24279, 24284, 24300, 24301, 24304, 24305,
24317, 24322, 24325, 24330, 24332, 24333, 2438842, 24346, 24360, 24362, 26794, 27046, 27048),

2 right m%2 (23431, 26915), 2 left m2 (23833, 26791), 40 right m1 (23331, 23333, 23339, 23356,
23370, 23376, 23399, 23309, 23315, 23318, 23415, 23420, 23425, 23436, 23476, 23477, 23483, 23489,
23491, 2350, 23503, 23504, 23537, 23544, 23550, 23551, 23553, 23556, 23560, 23583, 23584, 23599,
23607, 23620, 23669, 23673, 26908, 26912, 26920, 26927), 43 left m1 (23730, 23736, 23740, 23746,
23761, 23773, 23781, 23788, 23810, 23812, 23815, 23834, 23843, 23864, 23385, 23889, 23893,

23912, 23921, 23922, 23931, 23934, 23936, 23945, 23947, 23951, 23959, 23960, 23963, 23965, 23967,
23980, 23992, 24026, 24033, 24034, 24039, 24040, 24046, 26953, 26957, 26975), 21 right m2 (23348,
23360, 23396, 23400, 23401, 23423311, 23411, 23422, 23432, 23456, 23463, 23466, 23502, 23547,
23549, 23590, 26868, 26873, 26905, 26926), 22 left m2 (23744, 23756, 23794, 23805, 23808, 23827,
23828, 23841, 23844, 23856, 23871, 23887, 23900, 23903, 23904, 23948, 23949, 23956, 24902, 2696
26987, 27374), 21 right m3 (23338, 23352, 23355, 23310, 23414, 23423, 23430, 23505, 23605, 23626,
23645, 23682, 23710, 23716, 23718, 26736, 26743, 26932, 26933, 27367, 27368), 34 left m3 (23846,
23848, 23851, 23868, 23995, 24010, 24065, 24080, 240883224096, 24108, 24119, 24120, 24121,
24122, 24125, 24133, 24136, 24137, 24139, 24141, 24145, 24152, 24161, 24166, 24168, 24169, 24170,
26995, 27009, 27016, 27395, 27397), 1 right humerus (27450), 1 left humerus (26459)

MeasurementsTable 4.1 and Figuré.1

Description Rhinolophus ferrumequinuia the largest member of the five Horseshoe
Bat species that currently occur in Greece.

C: Very robust tooth with the cusp curved distally. It is trapezoidal in occlusal view.
The crown forms an obtuse angle with the root. A heptasentat the lingual part of

the tooth. The crown is relatively sharp lingually. A longitudinal groove ocdulsea
labial side of the tooth. The cingulum is thick and concave at its mesiolabial, distolabial
and distolingual parts and convex at its mesial, labial, distal and lingual parts, with its
maximum thickness at its mesiolingual part.

P4: Very robust toothwith the cusp being connected with a crista to an accessory
distolabial cusplet, which is imperceptibly curved. It is trapezoidal in occlusal view. A
well-developed heel ipresentat the lingual part of the tooth. The crown, which is

mildly constricted &its middle part, is relatively sharp lingually. The cingulum is thick
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and concave at its mesial, labial (strongly marked) and distal (strongly marked) parts
and convex at its mesiolabial, distolabial and mesiolingual parts, with its maximum

thickness athe mesial part of the heel.

Table 4.1 RhinolophugferrumequinumLoutra Almopias Cave A. Measurements (in mm) from both
LAC and LAC la. LAC: Late Pleistocene; LAC ldatest Pleistocene; n: number wieasurable
specimens; L: length; W: width; trgd: trigonid; tld: talonid; MEAN: average; MIN: minimum; MAX:
maximum; SD: standard deviation; CV: coefficient of variation.

n MEAN |MIN |MAX |SD |CV
e L 106 |2.17 | 1.73 | 245 |0.138 | 6.365
. W 106 |1.63 | 1.11 | 193 |0.136 |8.331
L 119 | 1.97 |1.76 |223 |0.084 |4.256
LAC Iy 119 |1.44 | 1.17 | 168 |0.086 | 5988
e L 47 | 147 | 1.30 |1.66 |0.070 |4.746
W 14 | 217 200 |239 |0.107 |4.925
P4 e L 44 |139 | 123 | 154 |0.072 |5177
W 37 | 1.84 | 1.66 |207 |0.107 |5.800
e L 43 | 216 | 1.94 | 247 |0.117 |5415
W 45 | 222 | 191 | 267 |0.167 |7.523
M1 e L 60 | 1.99 | 1.79 |2.17 |0.091 | 4.600
W 60 |1.99 | 1.67 |236 |0.109 |5.461
e L 39 | 204 | 168 |220 |0.128 |6.289
W 41 | 218 | 1.81 |249 |0.162 | 7.419
M2 e L 44| 1.90 | 1.73 |205 |0.077 |4.085
W 243|201 | 1.76 | 226 |0.120 | 5936
e L 49 | 1.66 | 1.38 |1.92 |0.097 |5.839
W 49 | 215 | 1.85 |235 |0.108 |5.025
M3 e L 61 | 158 | 1.38 |1.75 |0.069 |4.370
W 62 | 198 |1.77 |217 |0.086 |4.321
L 1 064 |- - - -
" LAC W 1 045 |- - - -
L 1 066 |- - - -
LACTIa 1y 1 o050 |- - : :
L 1 065 |- - - -
. LAC W 1 042 |- - - -
3 e L 5 066 | 061 |0.69 |0032 |4.892
W 5 048 | 039 |059 |0.077 |15.963
e L 127 | 112 |084 |1.32 |0097 |8.649
W 129 | 151 |1.09 |1.77 |0110 | 7.264
¢ e L 93 | 1.03 | 090 |1.20 |0.071 |6.897
W 93 | 135 |1.20 |157 |0073 |5.419
e L 35 095 |081 |1.07 |0059 |6215
W 33 | 114 | 084 |1.27 |0086 | 7517
p2 e | 10 | 082 051 |095 |0.123 |15.056
W 9 094 | 056 |1.06 |0.149 |15.925
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L 1 0.30 - - - -

p3 LAC la W 1 027 - - - -
LAC L 81 1.30 1.12 | 1.43 0.063 | 4.897
04 W 80 1.24 0.95 |1.39 0.080 | 6.470
LAC la L 65 1.19 094 | 135 0.061 | 5.123
w 66 1.09 0.83 | 1.26 0.080 | 7.357
L 67 2.25 1.90 | 250 0.106 | 4.730

LAC W (rgd) | 70 | 1.26 1.00 | 1.48 |0.096 |7.655
W (td) |76 |1.35 1.09 | 155 |0.090 |6.667

mi L 116 | 2.09 1.87 |2.27 |0.075 | 3.586
LACla |W (trgd) | 117 | 1.13 092 |1.35 |0.085 |7.524

W (td) | 115 | 1.25 1.06 |1.42 |0.073 | 5.841

L 49 219 2.01 235 |0.074 |3.389

LAC W (trgd) |51 | 1.31 1.08 | 1.48 |0.095 | 7.229

- W(d) |53 |1.36 1.11 | 155 |0.097 | 7.099
L 77 | 2.04 1.86 |2.18 |0.064 |3.122

LACla |W (trgd) | 78 | 1.20 1.01 | 151 |0.085 |7.131

wd) |76 |1.28 1.11 | 1.49 |0.077 | 6.010

L 78 | 2.01 1.75 |2.15 |0.091 | 4.504

LAC W (trgd) | 80 | 1.24 0.95 |1.42 |0.092 |7.413

3 wd) |79 |1.06 0.77 | 1.35 |0.098 |9.186

L 85 1.88 1.72 | 2.09 0.075 | 3.992
LACla | W (trgd) | 85 1.15 0.95 |1.38 0.082 | 7.180
W (tld) 85 0.98 0.78 |1.38 0.094 | 9.559

MI-M3 | LAC |L 1 (574 |- - - -
PAM3 |LAC |L 1 (715 |- . i -
[AC | L 1 645 |- - i i
mim3  HAcia |L 9 |597 |575 |623 |0141 |2.362
[AC |L 1 787 |- - - -
PAM3 AT L 4 713 | 681 |7.32 |0.230 |3.230
[AC | L 1 319 |- - i i
c-p4 LAC la | L 2 208 | 296 | 299 |0021 |0.713
umeras |EAC [ W 2 |535 |532 |538 |0042 |0.793
[ACIa | W 2 |495 | 487 |502 |0.106 |2.145

M1: Very robust tooth. It is subrectangular in occlusal view. MWelleloped
semicircular heel at the distolingual part of the tooth, without a hypocone. Parastyle,
mesostyle, metastyle, paracone and metacone araelewaloped. The metacone is
slightly taller than the paracone. The parastyle forms an angle with the preparacrista.
The mesial part of the ectoloph is narrower than the distal part. Additionally, the
paracone and the cristae on both sides form a more obtuse angle than the metacone and
the respectie cristae. Paraloph, metaloph, paraconule and metaconule are absent. The
distal and lingual cingulum, which are of average thickness, are absent beneath the
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metastyle and the anterior part of the triangular protocone. The anterior cingulum is
only presenat the mesiolingual part of the tooth.

M2: Not well-developed heel at the distolingual part of the tooth. The paracone and the
cristae on both sides form a wider angle than the metacone and the respective cristae.
The rest of the characteasML1.

M3: Very robust tooth. It is triangular in occlusal view. The heel is absent. Parastyle,
mesostyle, paracone and metacone aredaesleloped, whereas the metastyle is absent.
The postmetacrista that connects the mesostyle with the metacaeeyishort
(practicdly absent The metacone is slightly taller than the paracone. The parastyle
forms an angle with the preparacri®®araloph, metaloph, paraconule and metaconule
areabsentBoth the anterior and distal cingulum are very thin and only present beneath
the protocone, which is less triangular than in M1 and M2.

i2: Oval in occlusal viewThree cusps amgresentat the labial part of the tooth and a
fourth accessory cusplet atethingual. The posterior cusp is smaller than the middle
cusp and the anterior is the smallest of the three.

i3: A fourth accessory cusplet is presentthe distolingual part of the tooth. The
posterior and the middle cusps are of approximately equal size and larger than the
anterior cuspThe rest of the characters as for i2.

c: Very robust tooth with the cusp slightly curveidtally. It is semicirclar in occlusal

view. It is convex mesially and concave distally. The distal part of the tooth is
developed at the base of the crown, whereas the mesial part is developed in height.
Respectively, the crown is i more superior position towards the antepart of the

tooth. The distolabial part of the tooth is situated lower than the distolingual, which is
higher than the former. The cingulum is of average thickness throughout the whole
tooth. It reaches its maximum thickness at the labial/distolabiabptre tooth and its
minimum at the mesial part, where it comes in contact with i3.

p2: Unicuspid. It is oval in occlusal view. It is convex at its mesial, labial, distal and
lingual parts with the mesial and distal being relatively sharp. The labialigpar
elongated and narrow, whereas the lingual is short and wide. The cingulum is thin and
uniform throughout the whole tooth.

p3: Unicuspid. It is circular in occlusal view. It is very slender and mirltite placed

on the labial side of the toothrow, compressed between the p2 addgdrequently

it is lost in fossil mandibles that retain other teeth.
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Figure 4.1 RhinolophuderrumequinumLoutra Almopias Cave A. XY graphsgith the measured (in

mm) dental elements (C, P4, M1, M2, M3, ¢, p2, p4, m1, m2, m3). L: length, W: width, trgd: trigonid,;

tld: talonid.

p4: Robust tooth. It is trapezoidal in occlusal view. The mesiolingual part of the tooth
is more elongated and higher than the mesiolabial part. The distolingual part of the tooth

is higher than the distolabial. The cingulum is thin and uniform throughouwtttbke
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tooth and it bends down slightly at the level of each root, with the posterior convexity
being placed slightly lower than the anterior.

ml: Nyctalodont. The trigonid is longer than the talonid. Paraconid, metaconid,
entoconid, protoconid and hypoddrare weltldeveloped. The protoconid is taller than
the hypoconid. The paralophid is angular. The entocristid is curved. The hypoconulid
is not as weldeveloped as the other cusps and it is positioned towards the labial part
of the tooth. The labial cindum is thin and uniform throughout the whole tooth.
Lingual cingulum of the trigonid is also present.

Figure 4.2 Rhinolophus ferrumequinynioutra Almopias Cave Al. LAC197291 Left maxillary
fragment with C and P4a(labial, b. occlusal),2. LAC197541 Left maxillary fragment with P3
M1, 3. LAC17207i Right M1,4.LAC17206i Left M2,5.LAC17168i Left M3, 6. LAC26459i
Distal epiphysis ofeft humerus 4. anterior,b. lateral,c. posterior).
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