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Abstract

The palaeoecology o f the Samos mammal faunas is studied 
using complementary methods. The analysis o f the faunal 
diversity suggests that the Samos faunas are homogene
ous, equilibrated and with normal taxonomic distribution. 
The faunal composition o f the Samos faunas has been 
analyzed using the Minimum Number o f Individuals 
(MNI), the taxonomy and the feeding preferences o f the 
various groups of mammals. Dental meso- and micro-wear 
analysis indicates the dominance o f intermediate feeders 
among the prevalent ungulates, i.e., the bovids, equids and 
giraffids, suggesting an open bushland with a thick grassy 
herbaceous layer landscape for the Turolian of Samos. The 
comparison of the Samos faunas with contemporaneous 
mammal assemblages from Continental Greece and West
ern Asia indicates the closer relation of the Samos faunas 
with the eastern ones.

Keywords: Late Miocene, Samos, Greece, Mammalia, 
Palaeoecology, Palaeobiogeography.

Zusammenfassung

Zur Studie der Paläoökologie der fossilen Säugetiere von 
Samos wurden unterschiedliche Methoden verwendet. Die 
Faunenzusammensetzung von Samos wurde mittels der
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„kleinsten Anzahl an Individuen“ (Minimum Number of 
Individuals = MNI), der Taxonomie und der Nahrungs
präferenzen der verschiedenen Säugergruppen analysiert. 
Die Analyse der Faunendiversität legt eine homogene 
und gleich alte Fauna mit einer normalen taxonomischen 
Verbreitung nahe. Meso- und micro-wear an Zähnen 
deuten eine Dominanz an Ungulaten an, die gemischte 
Nahrung bevorzugten. Dazu gehören Boviden, Equiden 
und Giraffiden, die für ein offenes Buschland mit dichtem 
Grasbewuchs im Turolium von Samos sprechen. Der 
Vergleich der Samos Faunen mit zeitgleichen Assoziatio
nen vom kontinentalen Griechenland und aus Kleinasien 
deuten auf eine nähere Beziehung der Samos Faunen mit 
jenen aus dem Osten hin.

Schlüsselwörter: Obermiozän, Samos, Griechenland, 
Säugetiere, Paläoökologie, Paläobiogeographie.

1. Introduction

The palaeoecology o f the Greek Neogene mammal fau
nas fascinated the palaeontologists from the early time 
of their discovery. In the main study o f the Pikermi 
assemblage, G audry (1862-67) already stressed out the 
relations o f Pikermi fauna with the recent East African  
mammal communities. During the last 20 years, several 
studies have been carried out, providing new palae- 
oecological methods and important data on Eurasian 
Neogene environment. A t the same time, a serious 
effort towards the study o f the Neogene palaeoenvi- 
ronmental conditions o f Greece and the surrounding 
areas has been done (Quade et al., 1994; S olounias 
8c Dawson-S aunders, 1988; Bonis et al., 1992, 1994, 
1999; Bonis &  Koufos, 1994; Fortelius et al., 1996; 
S olounias et al., 1999; K ostopoulos 8c K oufos, 
2000; Valli, 2005; M erceron et al., 2005a, b, c, 2007a; 
Scott 8cM aga , 2005; Koufos, 2006a; K oufos et al., 
2006; Strömberg et al., 2007). A ll the studies trying  
to determine the late Miocene palaeoenvironment o f 
the Southeastern Mediterranean include the mammal
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faunas o f Samos in their data, because they are very 
rich and have been known for many years. Thus, there 
are several articles referring to the palaeoenvironmental 
conditions o f Samos.
The palynological analysis o f the lower horizons (Ma- 
vratzei Fm. according to K ostopoulos et ah, this 
volume) o f the Miocene deposits o f the M ytilinii Basin, 
Samos, tries to give some information about the pal
aeoenvironmental conditions (Ioakim Sc S olounias, 
1985). The Mavratzei Fm is considered to be o f middle 
Miocene - earliest Vallesian age (Kostopoulos et al., 
this volume). The pollen samples were taken from the 
lignitic clays that are placed below a basalt flow dated to 
11.2±0.7 - 10.88±0.4 Ma (W eidmann et ah, 1984). A c
cording to the recent subdivision o f the Neogene, a latest 
middle Miocene age is quite possible for the pollen. The 
flora suggests a mixture o f dense closed woodland with 
swampy areas and more open woodland with a dense 
ground cover o f grasses (Ioakim &  Solounias, 1985). 
Although the M ytilinii Fm., including the mammalian 
faunas, is quite younger (<8.0 Ma, see K oufos et ah, 
this volume), the same authors tried to expand their 
results to them as well as to the Greek and Turkish 
late Miocene faunas, assuming warm temperate com
munities, more resembling the European Oligocene 
laurophyllous woodlands. This is, however, in contrast 
to later studies, suggesting that during the Astaracian/ 
Vallesian boundary, the Southeastern Mediterranean 
conditions changed to being drier and more open, 
and gradually extended to the west, allowing the 
Vallesian Faunal Change with a remarkable renewal 
in the mammal communities (A gustI et ah, 1999; 
A gust! &  A nton, 2002 ; A gustI et ah, 2003; B onis 
et ah, 1992, 1999; K oufos, 2006a). Some years later, 
Solounias & D awson-S aunders (1988) suggested a 
forest-woodland environment, based on the masticatory 
morphology o f the Samos and Pikermi late Miocene 
ruminants. But the stable isotopic analysis o f the late 
Miocene M ytilin ii Fm. indicates woodlands or forests 
for Samos (Quade et ah, 1994). Solounias et ah 
(1999), using stable isotopes, palaeobotanical data, mas
ticatory patterns and dental microwear also suggested 
a sclerophyllous woodland or forest for the “Pikermian 
Biome”, established during late Miocene in Eastern 
M editerranean and Samos. Recently Stromberg et 
ah (2007) studied the evolution o f Eastern M editer
ranean ecosystems, using the phytolith assemblages 
preserved in direct association with faunas, and they 
arrived at the conclusion that the Miocene assem
blages are dominated by pooid open-habitat grasses, 
while forest indicator phytoliths are rare in the late 
Miocene (9.0-7.0 Ma). Their analysis rejects the above 
mentioned opinion o f Solounias et ah (1999) for a 
sclerophyllous woodland or forest with rare grasses 
environment during Turolian. In the present article 
we shall try  to give some more information about the 
palaeoenvironment of the late Miocene o f Samos, using 
the data from the study o f the newly collected mammal 
assemblages from the fossiliferous sites o f M ytilinii Fm.

2. Material

The reconstruction of the palaeoenvironment from the 
fossil faunas strongly depends upon the taphonomy and 
the field-work procedures. The newly collected material 
from Samos comes from various single lenses formed by 
fluvial-fluviolacustrine action. The material from Adrianos 
ravine (MTL fauna) exceeds 1000 identified specimens 
from three well-defined fossil lenses. In Potamies ravine 
the MLN (~90 specimens) and M Y T  (-130 specimens) 
faunas are relatively poor, but they come from single fluvia- 
tile lenses. The stratigraphic position, the fauna and the age 
of the three faunal assemblages from Samos, discussed in 
previous chapters of this volume (Kostopoulos et al., this 
volume; Koufos et al., this volume), are as following:

MLN: early Turolian, -7.5 Ma: Hyaenictitherium  cf. w on - 
g i i , Protictitherium eras sum, Hipparion aff. proboscideum, 
Hipparion aff.prostylum, “Diceros” neumayri, Palaeotragus 
rouenii, Palaeotragus sp., Samotherium boissieri, Gazella 
p ilgr im i, Tragoportax sp., M iotragocerus sp., ^Palaeoryx 
sp. (Koufos, this volume-a; Vlachou Sc Koufos, this 
volume; Kostopoulos, this volume-a, b)

M YT: early middle Turolian, -7.3 Ma: “Diceros” neumayri, 
Dihoplus pikermiensis, Ancylotherium pen telicum , Hippa
rion cf. proboscideum , Hipparion cf. fo rstenae, Hipparion 
prostylum , H ipparion cf. m atthew i, Samotherium major, 
Sporadotragusparvidens, Gazella p ilgrim i, Pachytragus ze- 
malisi n. sp., Palaeoryx sp., }Majoreas sp. (Giaourtsakis, 
this volume; G iaourtsakis Sc Koufos, this volume; 
Kostopoulos, this volume-a, b; Vlachou Sc Koufos, 
this volume).

M T L A/B/C: late middle Turolian, -7.1 Ma: Pseudomeri- 
onespythagorasi, ‘Karminata provocator, Spermophillinus cf. 
bredai, Pliospalax cf. sotirisi, Adcrocuta eximia, Hyaenictith
erium wongii, P lioviverrops orbignyi, Machairodus giganteus, 
M etailurus parvulus, Parataxidea maraghana, Choerolopho- 
don pentelici, Zygolophodon turicensis, Orycteropus gaudryi, 
Pliohyrax graecus, “Diceros” neumayri, Dihoplus pikermiensis, 
Ancylotherium pentelicum , Hipparion brachypus, Hipparion 
dietrichi, Hipparion proboscideum, Hipparion cf. matthewi, 
Hipparion cf. forstenae, M icrostonyx major, Palaeotragus 
rouenii, Palaeotragus sp., Samotherium major, Helladoth- 
erium duvernoyi, Gazella p ilgrim i, Gazella cf. capricornis, 
Gazella mytilinii, M iotragocerus valenciennesi, Tragoportax 
rugosifrons, Sporadotragus parviden s, Skoufotragus laticeps, 
Palaeoryx pallasi, Palaeoryx majori, Urmiatherium rugosi
fr o n s  (Giaourtsakis, this volume-a; G iaourtsakis Sc 
Koufos, this volume; Konidaris &  Koufos, this volume; 
Kostopoulos, this volume-a, b; Koufos, this volume-a, b, 
c; Sylvestrou &  Kostopoulos, this volume; Vasileia- 
dou S c  Sylvestrou, this volume; Vlachou Sc Koufos, 
this volume).

The Samos faunal assemblages have been compared with 
a series ofwell-dated faunas from Continental Greece and 
Turkey. Some more significant mammal assemblages, such
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Localities MLN M Y T M T L PXM RZO PIK DYTI PER A K K KTD KTA/B

Taxa S 12 13 33 14 25 30 23 26 28 14 23

MNI 19 27 167 64 121 204 146 134 195 52 54

Simpson 1-L 0.898 0.892 0.940 0.802 0,850 0,907 0,896 0,906 0,909 0,918 0,931

Shannon H’ 2.379 2.375 3.087 1.985 2.473 2.792 2.584 2.695 2.728 2.440 2.960

Equitability E 0.957 0.926 0.883 0.752 0.768 0.821 0.824 0.827 0.819 0.925 0.944

Table 1: Species diversity indices for the Samos and some Greek and Turkish Turolian localities.

as the old Samos ones, the Pikermi and the Maragheh 
faunas are also included.
• Ravin des Zouaves-5 (RZO), Axios valley, MN 11, ~8.2 Ma
• Prochoma-1 (PXM), Axios valley, MN 11/12, ~7.5 Ma
• Vathylakkos (VATH), Axios valley, MN 11/12, ~7.5 Ma
• Dytiko (DYTI), Axios valley, MN 13
• Perivolaki (PER), Thessaly, MN 12, 7.3-7.1 Ma
• Pikermi (PIK), Attica, MN 12, ~7.0 Ma; the faunal list is based

on Gaudry’s collection at the Muséum National d’Histoire 
Naturelle de Paris which eventually comes from one site 
and could be considered homogeneous.

• Kerassia (KER), Evia Island, MN 11-12
• Samos Q5, MN 13, 6.9-6.7 Ma
• Kemiklitepe D (KTD), MN 11, ~7.7 Ma
• Kemiklitepe A-B (KTA-B), MN 12, ~7.2 Ma
• Akkajdagi (AKK), MN 12, ~7.1 Ma
• Lower Maragheh, (LMRG), 9.0-8.2 Ma
• Middle Maragheh (MMRG), 8.2-8.0 Ma
• Upper Maragheh (UMRG), 8.0-7.6 Ma
Faunal lists were taken from Koufos (2006c, with minor 
corrections and included bibliography), Koufos et al. 
( 2 0 0 6 ) ,  Sen ( 1 9 9 4 ,  2 0 0 5 ) ,  Bernor et al. ( 1 9 9 6 ) ,  Solou- 
N IAS ( 1 9 8 1 ) .

3. Species Diversity

Species diversity is used to express the homogeneity, 
equilibrium and normality o f a faunal assemblage and 
depends on both the species richness and the evenness with 
which individuals are distributed among species (So kal  
&  R ohlf, 1998). Among several diversity indices based 
on Minimum Number o f Individuals, we performed the 
Simpson dominance Index (1-L), which weighs towards 
the abundance of the most common taxon, the Shannon- 
Wiener Index (H’), depending on the frequency o f the 
taxa and Equitability (E), which compares actual diversity 
to the maximum possible one. The Minimum Number of 
Individuals (MNI) for the Greek assemblages is given in 
Appendix 1 .

Simpson’s Index (1-L) is given by the formula:

r
n (n. -1 )

N (N - l )
i = l

n. = MNI o f the ith species, N = total number of individuals 
and S = number of species.

Shannon-Wiener Index (H’) is given by the formula:

n.
------  X In

N

n.I

N

n. = MNI of the ith species, N = total number o f individuals, 
S = number o f species

Equitability (E) is given by the formula:

E = H’ / In S

S = total number o f species.

Although the low number o f individuals and species of 
most assemblages under comparison (Tab. 1) severely 
affect the Simpson index, most sites indicate relatively 
equilibrated faunas, making due allowance. The even 
wealthier, the RZO and PXM  faunal assemblages appear 
less equilibrated than MLN and MYT, whereas the M TL  
fauna stands out as the most diversified and equilibrated 
(Tab. 1). As one would expect, evenness looks greater in 
poorer faunal association as a result of sampling bias (Tab. 
1); PXM  and RZO are exceptions again, suggesting a low 
diversity that is certainly influenced by the high frequency 
of particular taxa (Tragoportax rugosifrons represent 30.3%  
of RZO MNI and “Hipparion d ietrich i” 34% o f PXM  
MNI). The equitability of the M TL assemblage perfectly 
matches the values obtained for the most well-sampled 
Turolian faunas, such as PIK, PER, A K K  and DYTI 
(Tab. 1).

4. Dental Mesowear and Microwear

The available material from the localities M Y T  and MLN  
is scarce and cannot allow definitive judgments on the di
etary habits for most o f the included taxa, and subsequently 
on the environmental trends. The fossil material from the 
contemporaneous M TL localities (M TLA, M TLB, and 
M TLC) on Samos Island is abundant enough to investi
gate feeding preferences of both bovids and equids through
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Extinct Species N LS LR LB HS HR HB
Fossil from M  Y T  localities
Skoufotragus zemalisorum 3 0 0 0 33.3 66.7 0
Hipparion cf. prostylum  
Fossil from M T L  localities

4 0 50.0 50.0 0 0 0

Gazella cf. capricornis 8 0 12.5 0 12.5 75.0 0
M iotragocerus valenciennesi 4 0 0 0 0 100 0
Skoufotragus laticeps 32 0 3.1 6.3 6.3 84.4 0
Palaeoryx  ssp. 6 0 33.3 0 16.7 50.0 0
Sporadotragus pa rv id en s 6 0 0 16.7 0 83.3 0
Hipparion cf. forstenae 5 0 40.0 40.0 0 20.0 0
Hipparion cf. m atthew i 3 0 66.7 33.3 0 0 0
Hipparion proboscideum 6 0 33.3 50.0 0 16.7 0
Hipparion dietrichi 4 0 25.0 50.0 0 25.0 0
Extant Species
A ll Browsers 81 0.0 0.0 0.0 76.5 23.5 0.0
Alces alces (aa) 30 0 0 0 100 0 0
Odocoileus hemonius (oh) 33 0 0 0 48.5 51.5 0
Odocoileus virgin ianus (ov) 18 0 0 0 88.9 11.1 0
A ll Grazers 469 13.0 17.3 19.8 4.7 43.7 1.5
Alcelaphus buselaphus (AB) 76 5.3 15.8 22.4 11.8 42.1 2.6
Bison bison (BB) 15 0 26.7 73.3 0 0 0
Connochaetes taurinus (CT) 52 5.8 13.5 23.1 15.4 36.5 5.8
Equus burchelli (EB) 121 33.9 32.2 33.9 0 0 0
Equus g r e v y i  (EG) 29 41.4 34.5 24.1 0 0 0
Hippotragus equinus (HE) 26 0 15.4 0 3.8 80.8 0
Hippotragus n iger  (HN) 20 0 0 15 0 85.0 0
Kobus ellipsyrimnus (KE) 22 0 4.5 0 0 95.5 0
Redunca redunca (RR) 77 1.3 5.2 2.6 5.2 85.7 0
Syncerus ca jfer (SC) 31 0 0 0 0 93.5 6.5
A ll Intermediate feeders 337 5.0 4.2 0.9 46.6 43.0 0.3
Aepyceros melampus (Me) 17 0 0 0 35.3 64.7 0
Capricornis sumatrensis (Ca) 22 0 0 0 31.8 63.6 4.5
Cervus canadensis (Cc) 19 0 0 0 47.4 52.6 0
Equus asinus (Ea) 17 11.8 11.8 5.9 23.5 47.1 0
Gazella gran ti (Gg) 17 11.8 0 0 47.1 41.2 0
Gazella thomsoni (Gt) 146 5.5 4.8 1.4 52.7 35.6 0
Ovibos moschatus (Om) 52 9.6 9.6 0 44.2 36.5 0
Tragelaphus scriptus (Ts) 47 0 0 0 48.9 51.1 0

Table 2: Meso-wear variables distribution (percentages) on second upper molars for extant taxa and on M l, M2 or M3 for extinct 
species. N = number of specimens; L = low relief; H = high relief; S = sharp cusp; R = round cusp; B = blunt cusp.

dental wear analyses. These dietary reconstructions will 
be helpful to understand the niche partitioning among 
these meso-herbivorous species, and to characterize the 
past environments o f Samos during Middle Turolian, 
MN 12 (Kostopoulos et al., 2003; Koufos et ah, this 
volume). Because they are abundant and diverse, the guild 
of these mammals gives information on past ecosystems 
and environments (e.g. Plummer & B ishop, 1994). Here 
we combine two taxon-free approaches, dental mesowear 
and microwear analyses, to reconstruct the feeding-styles 
o f these extinct meso-herbivorous mammals. W h ile  
dental mesowear pattern provides a long-term dietary

signal, the dental microwear signature gives information 
about the food items consumed for the last few days or 
weeks (Fortelius &  Solounias, 2000 ; Teaford &c 
Oyen, 1989).

4.1. Material and Methods

Tabs. 2 , 3 list the fossil species investigated in the present 
dental meso- and micro-wear analyses, respectively. Sever
al modern species with known dietary differences were also 
examined as a baseline series for comparison with the fossil
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Ns Ls Np Tot PP
Localities Species N m sem m sem m sem m sem m sem

Hipparion aff. proboscideum 1 32.0 154.1 40.0 72.0 55.6
Hipparion aff. prostylum 1 27.0 195.0 46.0 73.0 63.0

MLN Gazella p ilgr im i 2 22.5 12.5 136.2 9.9 68.5 7.5 91.0 5.0 76.0 12.4
M iotragocerus sp. 2 26.0 1.0 151.7 2.4 32.0 9.0 58.0 10.0 54.1 6.2
Tragoportax sp. 1 25.0 116.6 49.0 74.0 66.2

Hipparion cf. prostylum 7 41.0 1.6 167.5 10.1 31.7 4.3 72.7 5.1 42.8 2.5

M Y T
Hipparion cf. proboscideum 1 41.0 147.3 24.0 65.0 36.9
Skoufotragus zemalisorum 4 17.0 2.9 120.8 8.1 53.5 5.5 70.5 5.5 75.7 3.6
Sporadotragus pa rv id en s 2 32.0 8.0 138.5 8.5 42.5 22.5 74.5 14.5 53.2 19.9

Hipparion cf. forstenae 6 32.8 2.4 149.3 9.5 38.2 12.1 71.0 10.4 47.0 9.2
Hipparion cf. m atthew i 3 35.7 2.2 134.8 9.5 36.7 15.5 72.3 14.7 46.4 10.6
Hipparion proboscideum 6 37.2 2.0 193.5 14.6 20.0 6.9 57.2 6.9 31.6 7.0
Hipparion dietrichi 4 32.8 4.6 158.6 22.3 36.0 14.3 68.8 13.8 46.3 13.5
Hipparion brachypus 1 37.0 163.1 13.0 50.0 26.0
Gazella cf. capricornis 8 33.1 2.5 136.3 9.4 30.0 4.8 63.1 3.6 45.7 6.1

M TL Gazella m ytilinii 1 16.0 68.3 49.0 65.0 75.4
Gazella p  ilgrim  i 3 33.7 2.4 130.5 5.1 32.3 7.4 66.0 8.5 48.0 4.8
M iotragocerus valenciennesi 7 27.6 2.4 166.6 13.5 43.6 9.7 71.1 8.6 56.7 7.7
Skoufotragus laticeps 32 32.1 1.5 142.0 6.4 40.0 4.2 72.1 3.8 51.7 3.1
Palaeoryx ssp. 5 35.9 1.9 149.9 14.6 33.1 9.7 69.0 8.3 44.0 8.9
Urmatherium rugosifrons 2 34.5 8.5 175.7 32.1 37.0 21.0 71.5 12.5 48.1 21.0
Sporadotragus pa rv id en s 5 27.4 5.5 141.6 13.2 43.2 12.5 70.6 8.3 57.1 11.5

Intermediate feeders 156 25.5 0.7 151.9 3.3 37.0 1.6 62.5 1.6 56.3 1.3
Extant Grazers 171 25.4 0.4 172.0 3.1 15.4 0.7 40.8 0.9 35.7 0.9

Browsers 214 21.2 0.5 134.5 2.5 34.6 1.0 55.8 1.1 60.6 0.8

Table 3: Summary statistics (mean [m] and standard deviation of the mean [s.e.m.]) of dental micro-wear variables on extinct taxa 
from the MTL localities of Samos and extant species in the respective diet category.

data. These extant taxa were chosen for their range of diets 
and habitat preferences. Tabs. 2 , 3 lists these modern spe
cies that compose the meso- and micro-wear comparative 
databases (Fortelius ScSolounias, 2000; M erceron et 
al., 2007b). Most o f the M TL species are included in the 
mesowear analysis, whereas only two species from MYT, 
Hipparion zi. prostylum  and Skoufotragus zemalisorum , are 
included. Eventually, no species from MLN was included 
because of the sample size limitations.
Mesowear analysis. Dental mesowear reflects the degree 
of attritive and abrasive wear on the occlusal molar surface. 
The former is due to the tooth/tooth contact and results 
in high crown relief and sharp cusp apices. Abrasive wear 
is due to the alteration of enamel tissues by food during 
mastication. In contrast to attritive wear, abrasion obliter
ates dental facets, resulting in lower crown relief and more 
round apices. Occlusal relief is classified as high (H) or 
low (L), and cusp shape is classified as sharp (S), round (R) 
or blunt (B) (Fortelius & S olounias, 2000; Kaiser Sc 
Fortelius, 2003; M erceron et ah, 2007b). For consist
ency o f the data, the datasets o f fossil and living species 
here are composed of specimens for whom both variables

were scored. Then, six conditions were identified: low 
relief with sharp [LS], round [LR] or blunt [LB] cusp(id) 
s and high relief with sharp [HS], round [HR] or blunt 
[HB] cusp(id)s (Tab. 2). This latter category is uncommon. 
Fortelius &  Solounias (2000) scored such conditions 
for few individuals amongst grazing ungulates. No fossil 
specimen investigated here displays such dental mesowear 
patterns. Hierarchical cluster analysis with single link
age (nearest neighbors) is applied following the standard 
hierarchical amalgamation method.
M icrowear analysis. Dental microwear patterns give 
information on the physical properties o f the last food 
items consumed by an individual (Teaford Sc Oyen, 
1989). Depending on both measurements and densities of 
microwear scars, three main feeding styles defined from 
ecological data may be recognized: grazers, browsers and 
intermediate feeders. Due to the abrasiveness o f mono
cotyledons (Carnelli et al., 2001; K aufman et al., 1985; 
M acNaughton et al., 1985), grazers have higher densi
ties of scratches and lower ones of pits than browsers. The 
intermediate feeders have a value that overlaps the range 
of both grazers and browsers (M erceron et al., 2007b;
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Parameter d f SS M S F P

Log Ns
Factor 14 15.42 1.10 10.84 0.000
Error 616 62.27 0.10

Log Ls
Factor 14 7.33 0.52 7.70 0.000
Error 616 41.68 0.06

Log Np
Factor 14 99.89 7.13 23.89 0.000
Error 616 183.06 0.29

Log Pp
Factor 14 22.42 1.60 17.54 0.000
Error 616 55.98 0.09

Log Tot
Factor 14 37.09 2.65 25.41 0.000
Error 616 63.93 0.10

Extant species

Extinct species Localities Intermediate feeders Grazers Browsers

Hipparion cf. forstenae M TL Np Tot Ns
H. cf. m atthew i M TL
H. proboscideum M TL Np Pp Ns Ls Np Pp
Gazella cf. capricornis M TL Tot Ns
G. p ilgr im i M TL
H. dietrichi M TL Tot
H. ci. prostylum M YT Ns Ns Np Tot Ns Pp
M iotragocerus vallencienesi M TL Np Tot Pp
Skoufotragus laticeps M TL Ns Ns Ls Np Tot Pp Ns Tot
Sk. zemalisorum M YT Np Tot Pp
Palaeoryx ssp. M TL Tot
Sporadotragus pa rv id en s M TL Np Tot

Table 4: ANOVAs and multi-comparisons HSD tests (extinct species versus extant taxa through diet categories).

Solounias Sc Semprebon, 2002). Number of scratches 
(Ns), length of scratches (Ls), number of pits (Np), percent
age of pits (%-p) and total number of microwear scars (Tot) 
are computed following the protocol shown in M erceron 
et al. (2004, 2005a). A ll variables are log-transformed to 
ensure normality and homeoscedasticity. Then, univariate 
analyses o f variance (ANOVAs hereafter) and theTukey’s 
Honestly Significant Difference (HSD hereafter) multiple 
comparisons tests are applied to determine the sources of 
significant variation between extinct and extant species 
(Tabs 3, 4), (Sokal & R ohlf, 1998).

4.2. Results and Discussion

Based on the dental mesowear analysis, the six fossil 
antelopes from the M TL localities plot with extant graz
ers (Tab. 2 ; Fig. 1). However, they all differ from extant 
grazers, except G. p ilgr im i, in having more microwear scars 
on their shearing molar facets, and especially pits (Tabs 3, 
4; Fig. 2). Palaeoryx ssp. (including both Palaeoryxpallasi 
and Palaeoryx majori samples), Gazella cf. capricornis, and 
Skoufotragus laticeps, also differ from browsers especially 
in having more scratches (Tabs 3 ,4 ; Fig. 2). The combina
tion o f mesowear and microwear analyses clearly support

that these antelopes were intermediate feeders, highly 
involved in grazing. Based on the microwear pattern, G. 
p ilgr im i does not show any significant differences to any 
o f the extant species in their diet categories. Through the 
mesowear pattern, G. p ilgr im i is clustered with grazing 
species. In spite of the low sample size, the high scratch 
density probably excludes browsing habits. The results 
on all o f these species are quite consistent with those 
from previous studies based on microwear analysis or 
on ecomorphology (Solounias Sc  Dawson-Saunders, 
1988; Solounias ScM oelleken, 1999). Based on both 
morphology and microwear pattern Skoufotragus laticeps 
(=Pachytragus laticeps) is depicted as an intermediate feeder 
(Solounias & D awson-Saunders, 1988; Solounias et 
al., 1995), although previous microwear analysis categorize 
this antelope as highly engaged in grazing (Koufos et al., 
2006; Solounias Sc M oelleken, 1992). M erceron et 
al. (2007a) also depict the closely associated Protoryx sp. 
from the late Vallesian of Northern Greece as an inter
mediate feeder. Based on ecomorphology, Solounias Sc 
Dawson-Saunders (1988) also describe Palaeoryx sp. as 
an intermediate feeder.
The other two bovids, Sporadotragus pa rv id en s  and M i- 
otragocerus valenciennesi, do not significantly differ from 
browsing and intermediate feeders, but they do differ
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aa

Figure 1: Hierarchical cluster diagram plotting meso-wear datasets of extinct bovids and equids from the MTL localities (MTLA, 
B, C) and 21 recent taxa after Fortelius 8c Solounias (2000) and M erceron et al. (2007).

The present-day species are clustered in diet categories and symbolized as follows: Upper case letters for grazers, lower case letters for 
browsers and a combination of upper- and lower case letters for intermediate feeders (see abbreviations in Tab. 2). Open triangles are 
for M YT taxa and closed squares for MTL taxa. 1: Skoufotragus z em a liso rum , MYT; 2: G azella  cf. cap rico rn is, MTL; 3: S porad otra gu s 
p a r v id e n s , MTL; 4: Skoufotragu s la ticep s, MTL; 5: G a z ella p ilg r im i, MTL; 6: M io tra go cero s v a len c ien n e s i, MTL; 7: P a la eoryx  ssp., 
MTL; 8: H ipparion  cf. fo r s t en a e ,  MTL; 9: H ipparion  cf.p rob o scid eum , MTL; 10: H ipparion  d ie  tr ich i, MTL; 11: H ipparion  cf.p ro s ty lu m , 
MYT; 12: H ipparion  cf. m a tth ew i, MTL.

from mere grazers (Tabs 3 ,4 ; Fig. 2). However, the higher 
values o f scratches, plus the dental mesowear data, allow 
us to propose an intermediate feeding style more engaged 
in browsing than the former antelopes. This is quite con
sistent with previous ecomorphological and microwear 
studies that describe the Miotragocerus-izldXivz species as 
either browsers or intermediate feeders (M erceron et al., 
2005b, c; 2006; Solounias & D awson-Saunders, 1988) 
and Sporadotragus p a rv id en s  as an intermediate feeder 
(Solounias & D awson-Saunders, 1988). The last two 
species from M TL, Gazella mytilinii and Urmiatherium 
rugosifrons, are very poorly represented and were subse
quently excluded from the mesowear analysis. The dental 
microwear pattern of G. mytilin ii (1 individual) indicates 
that its last meals were based on dicotyledoneous plants 
rather than on grasses. Two individuals represent U. 
rugosifrons. In contrast to G. p ilgrim i, the higher scratch 
density over pits indicates grazing habits. However, no

conclusions can be proposed for these two species because 
of the small sample size. In the same way, Hipparion cf. 

forstenae, H. cf. m atthew i, H. cf. proboscideum  and Hip
parion dietrichi from the M TL localities at Samos, plot 
with Bison bison (BB), an extant grazer (Tab. 2; Fig. 1). A  
fifth species, Hipparion brachypus, is not included in the 
analysis since it is represented by a single individual only. 
Its dental microwear pattern is rich in scratches and poor 
in pits, indicating the possible consumption of graminoids. 
Based on the dental microwear analysis, H. oi.proboscideum  
significantly differs from both browsers and intermediate 
feeders in having a lower incidence o f pitting. This equid 
also differs from browsers in having longer and a greater 
number o f scratches (Tabs 3, 4; Fig. 2). The combination 
of both microwear and mesowear signatures clearly sup
ports grazing habits for H. cf. proboscideum. In contrast, 
H. cf. forstenae  differs from extant grazers in having more 
microwear features and especially more pits, and from
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Figure2: L igh t m icrographs 
showing the dental micro-wear 
pattern on the molar shearing 
facets of S k ou fotragus la ticep s (A, 
M TLA 148), S p o ra d o tra gu sp a r -  
v id e n s  (B, M TLA 434), G azella  
cf. ca p r ico rn is  (C, M TLA 493), 
M io tr a g o c e r u s  aff. v a le n c i e n n e s i  
(D, M TLA 190), H ippa rion  cf. 
p ro b o s c id eu m  (E, M TLA  288), 
and H ip p a r io n  cf. f o r s t e n a e  (F, 
M TLA 338).

Scale bar = 300 pm.

browsers in having a greater number of scratches (Tabs. 3, 
4; Fig. 2). Together, the mesowear and microwear pattern 
indicate an intermediate feeding style for this population 
of H . cf. f o r s t e n a e .  H . cf. m a t t h e w i  plots with the extant 
grazing B is o n  in the mesowear analysis. No significant 
differences in dental microwear pattern are detected be
tween H . cf. m a t t h e w i  and extant species. The high scratch 
number would exclude pure browsing habits. However, 
the small sample size strongly limits interpretations on 
feeding habits for this species. H ip p a r io n  d i e t r i c h i  from 
the M T L  localities does not differ from extant species, 
but from grazers, in having more microwear scars (Tot). 
The high number of scratches indicates more affinities 
with intermediate feeders than with browsers (Tabs 3, 4). 
Previous studies (H ayek et al., 1992; Koufos et al., 2006)

describe H . d i e t r i c h i  as more engaged in grazing than H. 
p r o b o s c i d e u m ,  which is quite contrary to the present results 
from the fossil assemblages from M T L . The microwear 
signal depicted for H . d s .p r o s t y lu m  from M Y T  differs from 
extant species in having more scratches, and especially 
from grazers in having more pits. The low sample size for 
these two populations of H . p r o s t y l u m  forbids us to make 
definitive judgments about its feeding habits.
The other equid from M YT, H . cf. p r o b o s c i d e u m ,  is rep
resented by one individual, the dental microwear pattern 
of which indicates that its last meal was not composed of 
soft foliages (Tab. 3). S p o r a d o t r a g u s p a r v i d e n s  from M Y T  
(2 individuals) has higher values of pits and scratches, 
indicating probable mixed feeding habits (Tab. 3). As said 
above, no further interpretation can be proposed here for
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Figure 3: Pie-diagrams giving the faunal composition of the three Samos mammal assemblages on the basis of MNI per family (a, 
b, c) and species number per family (d, e, f).

these species in the M Y T  vicinity. Skoufotragus zemaliso
rum ̂ represented by four individuals, displays a mesowear 
pattern similar to Aepyceros melampus, an intermediate 
feeder (Fig. 1). Its dental microwear pattern indicates 
browsing habits because it combines low scratch density 
and high pitting. Together with the mesowear signal, the 
approach depicts Sk. zemalisorum  as a probable browser. 
This is quite in contrast to what has been found for Sk. lati- 
ceps from M T L  (Tabs 3,4). This may suggest an increase of

graminoids in the diet of early caprine-like species during 
the M iddle Turolian. Unfortunately, the small sample 
size of Skoufotragus zemalisorum  does not allow us more 
interpretations in terms of dietary adaptations or environ
mental dynamics. The species from the oldest investigated 
fossil site (M LN ) are poorly represented. The dental 
microwear pattern of the three bovids and the two equids 
might indicate feeding habits more engaged in brows
ing than the species from the M T L  localities (Tab. 3).
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Figure4: Pie-diagrams compar
ing the three faunal assemblages 
of Samos according to the feeding 
preferences of herbivore mam
mals, based on the MNIs and 
on the number of species per 
dietary group.

Ezz other taxa 
m  Grazers
b i b  Intermediate-Grazers

i*  Intermediate 
mm Browsers-Intermediate 
m  Browsers

5. Faunal Composition

As palaeoecological interpretations based strictly on 
taxonomy might be influenced by the frequency of rare 
and/or endemic taxa, we performed a faunal composi
tion analysis of the Samos assemblages, based on both 
taxonomy (= number of determined species per family 
or group category) and M N I (= Minimum Number of 
Individuals per family or group category). The profiles of 
the Samos mammal faunas, M LN , M Y T  and M T L  are 
compared with each other, as well as with some Greek and 
Asian Turolian faunas.
The faunal composition of the three Samos assemblages is 
given in Fig. 3. It is worth mentioning here that the inter
pretations of the M LN  and M Y T  faunas are with some 
reservation, because of their poorness (19 and 27 individu
als, respectively). The M T L  fauna is, however, quite rich 
(167 individuals/33 species), allowing safer conclusions. 
In both the strict taxonomic and the MNI-taxonomic 
analysis the dominance of bovids, giraffids and equids 
is clear in all Samos assemblages (Fig. 3). These three 
families represent more than 50%, by means of number of 
identified species (Figs. 3d-f) or 75% (of 19 individuals), 
89% (of 27 individuals) and 71% (of 167 individuals) of 
the total number of individuals in the M LN , M Y T  and 
M T L  faunas respectively. In spite of their low number of 
species, rhinos and chalicotheres participate in all Samos 
assemblages w ith  relatively high percentages (>10%). 
Biased by the sample size, carnivores appear artificially 
exaggerated in M LN  and underestimated in MYT; they

appear quite diversified in M T L , representing 18% of the 
taxa, but with a relatively low number of individuals (9% 
of the MNI; Fig. 3c). The M T L  fauna also contains a few 
proboscideans, hyracoids, tubulidentates and suids (Figs. 
3c, f). The absence of most of these groups from M LN  and 
M Y T  faunas is probably artificial, as the old collections 
from corresponding localities let one assume. However, 
the primates, tragulids and tapirids are absent in all Samos 
faunas, even in the old collections. Even though cervids 
are not detected in the new collection, the family is weakly 
represented in old samples from Q5 and Q6 (Solounias, 
1981; Kostopoulos, 2006). In spite of the limited data 
from M LN  and M YT, the three Samos faunas show a 
similar taxonomic composition with a possible increase of 
bovids, equids and rhinocerotids from late early (MLN) 
to late middle (M TL) Turolian (Fig. 3).
Combining information on the feeding preferences of the 
Samos herbivore species, provided by the micro- and meso- 
wear analyses, as well as by bibliographic data (S olounias 
et al., 1999,2000; NOW, 2007), the dietary spectra of the 
three Samos assemblages based either on M N I’s or on the 
number of taxa are given in Fig. 4. Five feeding categories 
have been distinguished: pure grazers, intermediate feeders 
with an intense grazing signal, generalized intermediate 
feeders, intermediate feeders with a clear browsing signal, 
and pure browsers. Pure grazers slightly increase from the 
late early Turolian M LN faunal assemblage to the middle 
Turolian ones (MYT, M TL), where they represent about 
a fourth of the fauna. Strict browsers look more unstable; 
they show an important increase at the beginning of
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Figure 5: Pie-diagrams indicating the faunal composition of several Turolian mammal assemblages from Greece, Turkey and Iran 
on the basis of number of species per family.
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Figure 6: Detrended Correspon
dence Analysis comparing the 
Turolian mammal assemblages of 
Southeastern Europe and West
ern Asia based on the presence/ 
absence of 110 species.

5.4-

4.8-

4.2-

^  3.6-

3.0-

2.4-

1.2-

0 .6-

LMRG

Detrended Correspondance Analysis

KTD

MYT MLN

AKK KER

UMRG
MMRG

Q5

MTL
KTA

DYTI

RZO
VATH

PDC PXM

A K K  = A kkajdagi, Turkey;
DYTI = Dytiko-1, 2, 3, Greece;
KER = Kerassia, Greece; KTA- 
B = Kemiklitepe-A, B, Turkey;
KTD = Kemiklitepe-D, Turkey;
LMRG = Lower Maragheh, Iran;
MLN = M ytilinii-4, Greece;
M M RG = Middle Maragheh,
Iran; MTL = Mytilinii-1, Greece;
MYT = Mytilinii-3, Greece; PER 
= Perivolaki, Greece; PIK = Piker- 
mi, Greece; PXM = Prochoma-1,
Greece; Q5 = Samos Quarry-5, Greece; RZO = Ravin des Zouaves-5, Greece; VATH = Vathylakkos-1,2,3; UMRG = Upper Maragheh, 
Iran. Data for the Greek faunas was taken from K o u f o s  ( 2 0 0 6 c , with modifications), for Turkish ones from S e n  ( 1 9 9 4 ,  2005) and for 
Iranian ones from B e r n o r  et al. ( 1 9 9 6 ) .
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middle Turolian (MYT) reaching a relative balance with 
grazers, but they slightly decrease again towards the late 
middle Turolian (MTL). Intermediate feeders are certainly 
the predominant dietary category in Samos assemblages, 
representing 72% of the MLN assemblage (73% in number 
of taxa), 41% of M Y T  (42% in number of taxa) and 60% 
of M TL (45% in number of taxa). Its prevalence among 
other categories is obviously indicative o f the general 
environmental pattern, ruling out open grasslands and 
closed forests. Nevertheless, during late middle Turolian 
(MTL), there is a clear shift among intermediate feeders 
to more grazing-dependent species, probably suggesting 
an environmental trend to more open/dry conditions. 
The increased presence o f “Diceros” neumayri in M TL  
in comparison to its balanced occurrence with Dihoplus 
pikermiensis in the lower fossil horizons o f Samos (Gi- 
a o u r t s a k i s , this volume) as well as the replacement of 
the intermediate feeder Skoufotragus zemalisorum  by the 
grazer Skoufotragus laticeps in M TL ( K o s t o p o u l o s , this 
volume-b) are also in favor o f the expansion of more open 
and dry habitats towards late middle Turolian. 
Comparison of the taxonomic composition of the Samos 
assemblages with a set of faunas from Continental Greece, 
Turkey and Iran covering the whole Turolian (Fig. 5), 
indicates great similarity. As on Samos, all assemblages 
are characterized by the dominance o f bovids, giraffids 
and equids, and by the weak presence of other groups such 
as cervids, tragulids and tapirids. The greatest number of 
bovids occurs in M TL, Ravin des Zouaves 5, Perivolaki 
and Middle Maragheh faunas, with ten taxa and more 
than 30% of the identified species (Figs. 3f, 5a, c, g) while 
their exaggerated presence in Kemiklitepe D (Fig. 5b) is 
probably due to the limited sample size. In the modern 
open African faunas the number o f bovid taxa varies from 
8-20 ( L e g e n d r e , 1989, appendix). The greatest number

of giraffids is 4, which is observed in Middle Maragheh 
(13%; Fig. 5g) and M T L (12%; Fig. 3f), while it varies 
from 1-3 in the rest of the faunas (Fig. 5). The equids are 
usually represented by 2-5 species, representing 10-15%  
of the fauna. As was already mentioned by earlier authors 
(S o n d a a r , 1971; F o r s t e n , 1968), the greatest number 
of equid taxa (5 species, 15%; Fig. 3f) is observed in the 
Samos fauna (MTL) and Akka^dagi (4 taxa, 14%; Fig. 
5f), and although Middle Maragheh shows a similar equid 
diversity, the family is represented there by a significantly 
smaller percentage o f the total population (9%). Taking 
into account both the number o f species and their propor
tion in the taxonomic composition, it seems that the east
ern Turolian faunas were richer in Hipparion species. The 
hyracoids are always rare, and apart from Samos, they are 
recorded in Pikermi and Kemiklitepe (Figs. 5b, d, e). 
The primates in the Turolian faunas o f Southeastern Eu
rope are represented by the cercopithecoid Mesopithecus, 
which is repeatedly present in the faunas of Continental 
Greece, as well as in middle Maragheh (2-4%; Figs. 5a, c, 
d, g). On the contrary, primates are absent in the new and 
old Samos collections, as well as in the Turkish ones (Figs. 
3, 5b, e, f). The hypothesis that this is due to limited or 
poor collections cannot be valid as there is a great number 
of Turolian fossils from both sides of the Aegean Sea, and 
i f  the species was present, it should be found. Its absence 
could be related to different palaeoecological conditions. 
The tubulidentates are represented by a single species, 
Orycteropus gaudryi, which is more common and abun
dant in the more eastern Turolian faunas; in Continental 
Greece, the species is recorded in the Vallesian of Axios 
Valley ( B o n i s  et al., 1994), as well as in the late Turolian 
Dytiko assemblage (Fig. 5h) documented by a single man
dibular fragment, and in the late Miocene locality Drazi 
of Evia Island represented by a partial skull ( K o u f o s , this
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Figure 7: Correspondence Ana
lysis comparing the taxonomic 
composition of the Turolian 
mammal assemblages of South- 
Eastern Europe and Western 
Asia based on five carnivoran and 
24 herbivore/omnivore categories 
(Appendix 2).

ca: canids; fe: felids; hy: hyaenids; 
mu: mustelids; ur: ursids; Pr: 
primates; De: deinotheriids; Go: 
gomphotheriids; Ma: mammutids;
Ch: chalicotheriids; Ac: acerath- 
eriins; Rh: rhinocerotins; Ph: 
pliohyracids; Hh: H ipparion  of H. 
bra chypus lineage; He: H ipparion  
of H. m ed iterran eum  lineage; Hp:
H ipparion  of H. d ie tr ich i lineage;
Hs: hystricids; Tu: tubuliden- 
tates; Su: suids; Tg: tragulids; Cr: 
cervids; Gf: giraffins; Pt: palae- 
otragins; Sv: sivatheriins; Gz: 
gazellins; Sp: spiral-horned an- 
telopins; Ca: caprine-like bovids;
Ov: ovibovine-like bovids; Bs: 
boselaphins. Assemblage abbre
viations as in Fig. 6.

volume). On Samos, Orycteropus is very common in the new 
M TL fauna (3% of taxa; Fig. 3f) but it is also very com
mon in the old samples from Q l, Q4 and Q5 (S o n d a a r , 
1971). The genus is also frequent in the Turkish faunas of 
Kemiklitepe A-B and Akka^dagi (Figs. 5e, f). The strong 
signal of Orycteropus could imply dry conditions.
The carnivores are represented by a relatively high number 
of taxa, especially in some faunas, such as that of Pikermi, 
with 21 species (44% of the taxa). In the other faunas, the 
number of carnivoran species usually varies from 1-8 or 
between 18%-29%; the greatest number is observed in 
Akkajdagi (8 taxa, 29%) and Perivolaki (7 taxa, 23%) 
(Figs. 5c, f). The dominance of the hyaenids in all Tu
rolian faunas is characteristic with Adcrocuta eximia and 
Hyaenictitherium w on gii playing the main role. The obvi
ously extreme range in the number o f carnivores is difficult 
to explain, but it might be related to the environmental 
spectrum. N a g e l  &  K o u fo s (this volume) suggest that 
the Samos carnivore guild does neither fit heavily wooded, 
nor typical savannah environments.
A  significant change in the taxonomic composition is ob
served in the Dytiko fauna (Fig. 5h), which is characterized 
by an increased signal of cervids (5%) and tragulids (5%) 
(B o u v r a in  & B o n is , 2007) parallel to a reduction ofbovid 
taxa (24%). Although cervids occasionally appear on Samos 
and in Turkey, they seem to be more frequent in Conti
nental Greece, documented in Perivolaki, Pikermi, Dytiko 
and the latest Turolian Greek fauna of Maramena, in which 
they are represented by a single taxon, but with a plethora 
of specimens ( A z a n z a , 1995). Tragulids are always rare

and apart from Dytiko, they were also traced in the Vathy- 
lakkos fauna, dated to MN 1 2 ,  ~7.5 Ma ( A r a m b o u r g  &  
P iv e t e a u , 1929). The taxonomic composition (presence/ 
absence matrix for 110 species) of a set of 17 Turolian mam
mal assemblages from Greece, Turkey and Iran has been 
analyzed using Detrended Correspondence Analysis (Past 
software®, H a m m e r  &  H a r p e r , 2007), in order to spread 
out points at the left edge of the plot, provided by the simple 
correspondence analysis (Fig. 6; original matrix available 
on request). The Turolian faunal assemblages are divided 
into two geographically controlled groups along the first 
ordination axis, which explains about 50% of total varia
tion; the right group includes Greek faunal assemblages, 
while the left includes Turkish and Iranian ones, plus the 
Samos assemblages. Kerassia (KER) is evidently out of 
order, because of the limited number of identified taxa at 
species level. The interpretation of the second axis (~43%) 
is not as obvious as the first one, but it could be considered 
as showing two opposite environmental gradients. The 
first one concerns the “eastern faunas”, with Kemiklitepe 
D and MLN to the one extreme, and Akka^dagi (plus 
Middle and Upper Maragheh; M M RG, UMRG) to the 
other; it looks linear and certainly time-controlled, since 
assemblages are arranged in chronological order from early 
to late Turolian (MN 11 to MN 13). The other gradient 
refers to the “western faunas”, with Dytiko to the one ex
treme and Pikermi and Perivolaki to the other, and it looks 
independent o f time, or non-linear, i f  time has been taken 
into account. It is quite possible that in both cases, the dis
tribution of faunal assemblages indicates an increase of their
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Figure 8: Non-Metric Multi-Di
mensional Scaling Analysis based 
on MNI taxonomic composition, 
comparing a set of Turolian Greek 
and Turkish mammal assemblag
es (abbreviations as in Fig. 6).

Data in Appendix 1; the MNI for 
the AKK fauna was taken from 
V a l l i  (2005).

open/arid characteristic towards the bottom of the plot. 
In order to explain more radically the ecological account 
of association of different groups of Turolian mammals we 
performed a Correspondence Analysis (Past software®, 
2007) on a subset o f the original matrix (Appendix 2 ; 
Fig. 7). In this analysis, the species are grouped in dis
tinct taxonomical categories that might correspond to a 
different ecological profile. The carnivores are clustered 
in five groups (canids, felids, hyaenids, mustelids and 
ursids). The herbivores are grouped in 24 categories, most 
of them reflecting subfamily or tribal level, or sharing 
morphotype. Although the first and second ordination 
axes explain only 19.7% and 17.7% of the data-spreading 
respectively, the analysis provides interesting information. 
The mammal assemblages are well-split into two groups 
along the first axis, with those o f Samos and Turkey 
in the right part o f the plot, and those o f Continental 
Greece in the left one (Fig. 7). The Maragheh successive 
faunas are shared between these two groups. The “eastern 
faunas” are characterized by the strong signal o f all kinds 
of hipparionine horses, pliohyraxes, ovibovine-like and 
caprine-like bovids, tubulidentates and hystricids, most 
of them associated with intermediate to open environ
ments (Fig. 7). On the other side o f the plot, the “western 
faunas” are split into two parts (Fig. 7). The upper one 
includes only Dytiko, and it is characterized by the strong 
signal o f tragulids, primates, and giraffines, all related 
to woodland environments. The lower group shows an 
arrangement o f the assemblages along the second axis,

from Vathylakkos, Prochoma and Ravin des Zouaves 
5 at the top to Pikermi and Kerassia at the bottom, due 
to the increasing impact o f all kinds o f proboscideans, 
ursids, felids, and mustelids. The analysis implies a clear 
environmental gradient across the Eastern Mediterranean 
during Turolian, with more open and arid conditions to 
the east in accordance with other studies (S t r o m b e r g  et 
al., 2007; K o s t o p o u l o s , 2009 and listed literature). A  
Non-Metric Multi-dimensional Scaling (Past software®, 
2007) with Morisita index on a MNI abundance data- 
matrix for a subset o f the previous assemblages was also 
performed (Fig. 8). The obtained Shepard stress value 
o f 0.19 is relatively high, indicating that a considerable 
amount of information has been lost during the reduction 
o f dimensionality ( H a m m e r  &  H a r p e r , 2006). Even 
so, the distribution o f the involved mammal assemblages 
does not significantly differ from those o f previous analy
ses, showing the opposite ecological profile o f Turolian 
“western” and “eastern” faunas ( K o s t o p o u l o s , 2009). 
Bearing in mind that the open and rather arid assemblage 
of Akka^dagi (S c o t t  & M a g a , 2005) and the relatively 
closed and humid Dytiko ( B o n i s  et ah, 1992; K o u f o s , 

2006b) are placed on the opposite extremes o f the plot, 
an open/arid (down/right) to closed/humid (up/left) en
vironmental gradient could be assumed. Hence, in both 
geographical regions, there is a tendency to increase the 
open character from late MN 11/early MN 12 to late 
MN 12; in the west, this trend seems to be reversed to
wards MN 13, increasing the humidity and tree density.
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6. Conclusions

The faunal composition o f the Samos assemblages is 
dominated by bovids, giraffids and equids (mainly run
ning horses), while the cervids, tragulids, and tapirids 
are weak to absent. This faunal composition is very close 
to the general pattern observed in the Turolian faunas 
of the Eastern Mediterranean. The study o f the dental 
meso- and micro-wear o f the M T L herbivores indicates 
that the dominance o f the intermediate feeders over 
grazers and browsers clearly excludes the dominance of 
open grasslands and dense forests, as well as supporting 
the existence of grass/bushy vegetation on Samos dur
ing Middle Turolian. Such an interpretation was also 
proposed in other peri-Mediterranean localities from the 
Balkan-Turkish area (Koufos et ah, 2006; M erceron 
et al., 2005b, c, 2006). The phytolith assemblages clearly 
indicate the existence o f wide tracks with a wealthy herba
ceous vegetal layer including C3 graminoids (Stromberg 
et ah, 2007). The multivariate analysis o f the feeding pref
erences of the Samos herbivores suggests open bushlands 
and a clear trend to more open/dry conditions from late 
early Turolian onwards.
The Turolian faunas o f Continental Greece (RZO, 
VATH, PXM , PER, PIK, KER, DYTI) and the West- 
Asian ones (KTD, KTA-B, A K K , LM RG, M M RG , 
UMRG) are well-correlated with the modern relatively 
open environments (open woodlands, open bushlands, 
open grasslands) (Bonis et ah, 1992 ,1994 ,1999 ; Koufos, 
2006c; Koufos et ah, 2006). The strong similarity o f the 
faunal composition o f the Samos faunas to these Turolian 
assemblages indicates a similar palaeoenvironment. How
ever, there are differences between the faunal assemblages 
of Continental Greece and those from Samos and Turkey 
that need further investigation (Kostopoulos, 2009). 
Taking into account all the above mentioned results of 
the various analyses and methods, it was possible to de
termine the palaeoenvironment of Samos. During latest 
Astaracian and Vallesian the extended lacustrine deposits 
as well as the pollen found in Mavratzei Fm (Ioakim 
&c Solounias, 1985; Ioakim &  Koufos, this volume) 
indicate relatively closed/humid conditions with swamps 
and marshes.
The beginning of Turolian is marked by a dry phase 
which started earlier (Astaracian/Vallesian boundary), 
gradually extending to the west and affecting Western 
Europe during middle Vallesian. In the Eastern Mediter
ranean, the mammal signal indicates relatively open and 
dry conditions (Agusti' et ah, 1999; A gusti' &  A nton, 
2002; A gusti' et ah, 2003; Bonis et ah, 1992 ,1994 ,1999 ; 
Koufos, 2006a); the landscape became more open with 
bushes, shrubs and a thick grass layer, including C3- 
graminoids as is shown by the dental wear (see above) and 
the phytolith assemblages (Stromberg et ah, 2007).
The dental wear o f the Samos assemblages indicates the 
dominance of the intermediate feeders, suggesting bushy/ 
grassy vegetation and thus a relatively open bushland 
with a well-developed grassy floor. These conditions seem 
to become exaggerated towards late middle Turolian.
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Appendix

MNI MLN M Y T M T L PXM RZO PIK DYTI PER

M esopithecus pentelicus 0 0 0 0 0 12 5 0
M esopithecus delsoni 0 0 0 0 2 0 0 4

Ursavus depereti 0 0 0 0 0 0 0 1
H yaenictitherium w on gii 1 0 6 0 2 0 0 0
Machairodus giganteus 0 0 1 0 1 0 0 0
M etailurus pa rvu lus 0 0 1 0 0 0 0 0
Parataxidea maraghana 0 0 2 0 0 0 0 0
Plioviverrops orbignyi 0 0 1 1 1 3 0 2
Protictitherium crassum 2 0 0 0 0 0 1 0
Chasmaporthetes bonisi 0 0 0 0 1 0 1 0
Ictitherium viverrinum 0 0 0 1 1 0 0 0
Adcrocuta eximia 0 0 4 1 2 6 0 2
Promephitis larteti 0 0 0 0 0 0 0 1
Promeles palaeoattica 0 0 0 0 0 0 0 1
Plesiogulo crassa 0 0 0 0 0 0 0 1
Choerolophodon pen telici 0 0 1 1 1 2 1 0
Zygolophodon turicensis 0 0 1 0 1 1 0 0
Tetralophodon atticus 0 0 0 0 0 1 0 0
Deinotherium giganteum 0 0 0 0 0 1 0 0
Deinotherium sp. 0 0 0 0 0 0 0 1
Pliohyrax graecus 0 0 1 0 0 2 0 0
Orycteropus gaudryi 0 0 4 0 0 0 1 0

Ancylotherium pentelicum 0 1 2 0 0 2 0 0

M acrotherium macedonicum 0 0 0 0 0 0 1 0

Chalicotherium goldfussi 0 0 0 9 1 0 0 0

Diceros neumayri 1 1 17 0 2 7 1 1

Dihoplus pikermiensis 0 1 2 0 0 4 0 0

Hipparion “dietrich i” 0 0 0 22 11 0 0 14

Hipparion dietrichi 0 0 18 0 0 0 0 0

Hipparion forstenae 0 3 11 0 0 0 0 0

Hipparion proboscideum 2 3 11 0 4 0 0 0

Hipparion brachypus 0 0 6 0 0 32 0 0

Hipparion m atthew i 0 3 4 1 13 0 12 20

Hipparion mediterraneum 0 0 0 0 0 41 20 5

Hipparion periafricanum 0 0 0 0 0 0 3 0
n

Hipparion prostylum 3 5 0 0 0 0 0

Microstonyx major 0 0 2 1 3 12 2
o

Propotamochoerus hysudricus 0 0 0 0 1 0 0
2

Palaeotragus rouenii 1 0 3 0 2 3 2
0

Palaeotragus sp. 1 0 1 0 0 0 0
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MNI MLN M Y T M T L PXM RZO PIK D YTI PER

Helladotherium duvernoyi 0 0 2 1 2 4 0 7

Samotherium boissieri 3 0 0 0 0 0 0 0
Samotherium major 0 2 11 0 0 0 0 0
Bohlinia attica 0 0 0 0 0 3 9 0
Dremotherium pen telici 0 0 0 0 0 1 0 0

Pliocervus graecus 0 0 0 0 0 1 2 0
Lucentia sp. 0 0 0 0 0 1 0 2
Gazella capricornis 0 0 10 0 0 15 0 0
Gazella cf. sclosseri 0 0 0 0 0 0 2 0
Gazella deperdita 0 0 0 0 0 0 14 0
Gazella m ytilinii 0 0 9 0 0 0 0 0
G azellapilgrim i 1 1 2 3 4 0 0 5

Gazella sp. 0 0 0 0 2 0 0 1

Miotragocerus valenciennesi 1 0 3 0 0 7 0 2
Tragoportax rugosifrons 0 0 1 14 40 0 0 23

M iotragocerus macedoniensis 0 0 0 0 0 0 30 0
Tragoportax amalthea 0 0 0 0 0 8 0 0
Tragoportax sp. 2 0 0 0 0 0 2 0
Nisidorcas planicornis 0 0 0 4 7 0 0 12
Dytikodorcas longicornis 0 0 0 0 0 0 5 0
Hispanodorcas orientalis 0 0 0 0 0 0 4 0
}Majore as sp. 0 1 0 0 0 0 0 0
Oioceros rothi 0 0 0 0 0 6 0 0
Palaeoreas lindermayeri 0 0 0 0 0 18 8 0
Palaeoreas/Helladorcas sp. 0 0 0 1 0 0 0 2
Palaeoreas zouavei 0 0 0 0 2 0 0 0
Protragelaphus skouzesi 0 0 0 0 0 3 0 0
Protragelaphus theodori 0 0 0 0 0 0 18 0
Sporado tragus parviden s 0 1 4 0 0 3 0 0
Protoryx carolinae 0 0 0 0 0 1 0 0
Skoufotragus laticeps 0 0 17 0 0 0 0 6
Skoufotragus zemalisorum 0 4 0 0 0 0 0 0
Palaeoryx majori 0 0 4 0 0 0 0 0
Palaeoryx pallasi 0 0 3 0 0 2 0 1
Palaeoryx sp. 1 1 0 0 0 0 2 0
Ph miatherium rugosifrons 0 0 2 0 0 0 0 0
P} ost7epsiceros rotundicornis 0 0 0 0 2 2 0 0
Pi osti epsiceros axiosi 0 0 0 4 13 0 0 0
Pr:strepsicerosfraasi 0 0 0 0 0 0 0 15
Pheraios chryssomallos 0 0 0 0 0 0 0 1

â L . Minimum Number of Individuals (MNI) per species for the Samos
' reviations as in Fig. 6.

and other GreekTurolian assemblages. Assemblage
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Appendix2: Number of species per taxonomical categories, reflecting subfamily or 
assemblages from Greece, Turkey and Iran. Data from K o u f o s  (2 0 0 6 c), K o u f o s  et 
S o l o u n ia s  (1981). Assemblage abbreviations as in Fig. 6.

r  27'I'uroli-111
tribal level or sharing morphotype 10  _
al. (2006), Sen (1994,2005). Bebnor eta-
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