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lNTRoDUcτloΝ
For over 30 years earth SciΘntists are trying to

desοribe the events that took plaοe in the

Mediterranean Basin during the formation of
the Messinian Stage, and to study their clirna-

tic and biological effects. The internatiοnal
conference οn biotic and climatic effeοts of
the Messinian Event in the Mediterranean,
οrganised in 1995 by the Ιnternational
Ιnstitute for Human Evolutionary Research
and the Department of Earth Sciences of the

University of Garyounis, held in Benghazi
Libya, reviewed the data on the Messinian

Event. Reοent data show that the Messinian
lasted for a lοng period οf time' close to 1.9

My (Ηilgen et αl. |997), and that it was typi-
fied by cyclicity οf conditions. The geοlogi_

οal age for the onset of the Messinian Stage

has been calibrated to 1 '26 - 7 .|2 Μy
(Berggren et αl. 1,995,Υal et αl. 1993)- The

beginning οf the inflοw frοm the Atlantic to

the Mediterranean is dated to c. 5.8 My.
Refloοding of the basin dates to 5.Ο _ 5.3 My
(ΗodeΙl et αl. 1994). Dιιring this time period,

7 depositional cycles are known to have
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Greek Neogene mammal Γaunas, being οentraΙly lοcated to the Stage of the Messinian plaμ hold c1ues

to the under-standing of this phenοmenοn. 23 Gιeek fοssil mammal faunas containiιrg 398 taxa, and

sparuring the period οf MΝ Units 1O to MN15 are analysed, in order to investigate effects the Messinian

Events had on Greek Neοgene. Updated faunal lists are subjected to cΙusteΙ statistiοal analyses for a

quantitative estimation of cfuonologiοal segΙegation pattems oΓtΙre faunal assenrblages. Tlre Simpson's

Faunal Reserτblanοe Ιndex was used as the variable for the faunaΙ οorelation. K-Meanε cluster analy_

sis for two groups distinμished the 3 Samοs arrd the 2 Pikermi faunas as the group with less variation

within, than between the two groups in which the 23 faunas were separated. Join cluster analysis' basic

pattern did SepaΙate the pre_ from the post-Messinian faιιnas, but sampιing eιτοr due to small faunal

size, bias due to skewed sampling οfthe faunal diversity at the popu1ation level, and geοglaphic proxi-

mity, cοιιld not be Γactored out. Bioc1rronοlοgical (MN Unit) range analysis of 196 species in the farl-

nas showed that the majoΠty of mammals lived in MNl2-13 times, and that there was considerable

reduction in numbers of 1aι3e ιrrammal speοies present in the faurraΙ assemblages afteτ the Messinian.

This can be caιιsed not on|y by the alleged low tuιn out of(Ιarge) Pliocene maιnmals, but also by samp-

ling erτor due to insuffrcient amοunt of paleontοlogical ιesearclr done in this time period.

Micromamma1s around the Messinian Stage/Age indicate the presence οf variable habitats in the area,

dry and wet, Γorcsted and open coιnhy before, during and after the Messiniarr. Greek Neogene ιnam-

mal faunas Seen1 to support the recent ιιnderstanding that the Messinian 'Event' was lengtlry, cyclic in

ternpo, and diverse in mode.
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occuffed in the margins, and about 25 cycles
in the center of the basin near Sicily (Butler

et αl. |995). This is evidenced by the sοa-

floοr seismic reflectors and by the deep-sea

cores (Stanley & Wezel 1985). These cyοles

consisted οf clranges in water depth and che-

mistry brought on by evaporation, influx of
ne\i/ Water from the Αtlantic over the

Gibraltar, as well as by additional influx of
fresh water from rivers draining into the

Mediterτanean Basin (Hode11 et αl- L986)'

These large rivers οut deep canyons in the

οircumferenοe of the Mediterranean Basin, as

the level of the sea dropped. Geophysiοal
data fl'om nortlrerιr Sahara confirm the pre-

sence οf iarge οhannels which had cut deep

irrto Τortonian beds before entering the paleo-

Sirt Gulf. Some faunal elements indicate a

tropical source for these rivers (Gaudant

1 e87).

Global paleοοliιnate at t1re end of the

Miocene cooled, as indicated by both deep

sea and terrestrial oxygen isotopic reοords

(see Pοtts 1998). Carbon isotope data indicate

that between 8 and 6 My t1rere was a glοbal

increase of plant mass using C4 photosynthe-

sis, such as gτassland vegetation (Cerling er

αt. 1,997). Data from vertebrate paleontologi-

οal sites in Greece, Libya (Sahabi), Spain and

Abu Dhabi Seem tο support that the

Mio/Pliοcene time was a periοd of greater

aridity, and that grasslands were widespread'

Yet, palδofloral records especially in the nor1h-

ern cirοum-Mediterranean regiοns indicate

the continued presence οf warm_temperate

and high humidity vegetation well into the

Ρliocene (Velitzelos 1995). This apparent

contradiction in paleoclimate indicators can

be explained by the possible presence of alti-

tudinal and/or latitudinal gradients. Ηigher

elevations could maintain mοτe humid vege-

tation during arid phases, due to the presence

of cloud mοisture- Similarly, northern

European sites could havο had more forest

cover than sites located more sοutherly'

Altliough the oldest paleofloral indications οf

deseι1 conditions date to the Late Miocene,
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desert environmΘnts were not widespread

before 2.8 My, as indicated by deep-sea

reοords of wind-blown dιιst off the West

Coast of Africa (DeMenocal & Bloemendal
1995). The Messinian \i/as apparently not a

period ofradical vegetation change, but rather

a time οf more widespread open vegetation,

moderated by climatic oscillations inο1uding

monsoonal rains.

ΖoogeographY provides another clue to biotiο

conditions during the Messinian in the cir-

curn-Mediterranean regiοn (see Janis 1993)'

The taxonomiο composition of paleofloras

ιq!ξh οf ttre bωΦ clearly shοws strong{οη
nections v/ith Asia. On the other hand, the

*-u. i, Libya shows aΦnft9-

'"τir@.iτffi:( Declramps l 9s 7). The

no rr h_soili-jδΙTιπ-cft n al grad i en t s i mpl i ed by

the paleofloral pattern, are also shown by the

vertebrate faunas (see Ηill i995). Rodent fau_

nas frοm Αsia show affinities with nor1hern

and central Spain (Berτy 1995). Messinian

rodent faunas in the south, hοwever, include

the presence of dry-country gerbil speοies

migrating Γrom ΑΓrica. Ιn Ιιalγ. there are

St7fr7τrobelodoιι lybicιιs oΓ Messinian age
eα

sites in northern Ιtaly lack African elements'

Greek Upper Neogene large mammal faunas

show open vegetation environments and do

1ιot indicate maior farιnaΙ interchange with

ef.ico Rath"r they show connections with

"Τnt-mporuneous 
sites in Asia' such as

Maraghe (Bernor et αl. L987,1996b)' The

Αbu Dhabi fauna on the Αrabian Peninsula

(Whybrοw et αl. 1999) a1so shοws this latitu-

dinal correlation. Ιt shares many faunal e1e-

ments with Sahabi, but lacks close connec-

tions with similar age sites in the north' Fot

example, the anthracothere Merycopotαmus,

the most οοmmon element in the Sahabi

fauna (Gaziry 1987), is present in other late

Νeogene North Αfrican sites, suοh as in

Chad, but is absent from Abu Dhabi'
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the Messinian is an active research area, stu-
dying such topics as how clear-cut were the

apparent latitudinal patterns of vegetation and
faunal provinciality during the Messinian.
Ρaleogeography of the Mediterranean basin
during the Messinian is also a major researοh
area. The land bridge connecting North
Africa and Spain. during the Messinian inclu-
ded dry open cοuntry and sandy habitats, as

indicated by the presence of Αfrican gerbils
north of Gibraltar (Moya-Sola & Αgusti 1989).
But more vegetated οonditions were prοbably
pΙesent aS \Μe11. African ostriclres, monkeys,
prοboscideans among other speοies, reached
southern Eurοpe while οther species, Such aS

micromammals and bears migrated the other
way, southwards' inhabiting North Αfrica.

Finally, the age of the Messinian, c. 7 to 5
My coincides with the estimated Αpe _

Ηοminid split. The effect οf the Messinian
'Event' on the οrigin and evolution of early
Ηοminids has passed the stage of being a
sοurce ofspeculation (Brain 1981), and
reached the stage οf active sοientifiο researοh
(ΗilΙ 1995; WoldeGabrielet αΙ. |994).
Paleoanthrοpological field researοh is cοming
clοse to the discοvery of definitive hominid
fossils in this time periοd.

Τhe Greek Neogene faunal localities, being
centrally located to the stage οf the Messinian
play, hold clues to the understanding of this
phenomenon. Specifically, to the climatologi-
cal and environιnental effects it had to the
area, aS we1l as, to the relation οf the
Messinian to faunal and flora1 turnover and
evolutiοn in the circurn-Mediterranean region
and beyond. The major mammal faunas on
the Greek mainland and islands of Late
Miοcene to Εarly Ρliοοene age wilΙ be stu-
died here, in order to investigate aspects of
the effects the Messinian had on land mam-
mals.

MAτERIALAΝD METl{oDs
Α total of 23 Neogene mammal faunas were
used in this stιιdy οonsisting of a total of 398

taxa' They were selected based οn their chro-
nologiοal proximity to the time period of the

deposition of Messinian Stage beds i.e.,
faunas of Late Turolian to Early Ruscinian
Mammal Age, οr MN11 to MN15. Second
criterion was the sample size. An effort was
made to compile the largest possible mamlΙa-
lian faunal samples. Faunal samples with a
size of 1ess than 5 taxa were exclιιded from
the study, for reasons of apprοximation to the
populations and for statistical confidence of
the analyses. An effort was made to use the
most recently taxonοmically updated faunal
lists. Cf., aff., question-marks (?) and quotes
(") in taxa names were οmitted. Genera were
used without referring to sp. nov. , gen. (et

sp.) nov. or names in quοtes. The compi1ed
faunal assemblages at the species 1evel and
the estimated age range in terms of MN Units
used in this study are listed beiow in alphabe-
tical order.

Ano Metochi 2,3
MΝ 13-14 (partially after Van der Meulen &
Van Κolfschoten 1986).
Αmblycοptus sp', Αpodemus donιinαns'
Αpodenιτιs gτιdrυιncιe, Hipp αrioι'ι sp.,

Micromys b endαi, Myomimus mαrits ensis,
occitαnomys αdroνeri' Pliopetατιristα dehne-
li, Pliospαlαx sp., Prolαgus michαυιxi,
Pseudomeriones αbbreνiαtus' Rhαgαpοdemus
hατιtin'ιαgnensis, S chizogαlerix sp., Ταmi αs sp.
(de Brιiijn 1989, Doukas 1989, Steffens e/ d/.

t979).

Apollakia
MN 15 (Benda et αΙ. \977)
Αpodeιnus dominαns, Βlαrinellα Sp., CcιStor

fibeη Cerνυιs aff. philisi, Crocidιιrcι sp.,

Dolomys sp., Εpisoricιιlus gibberοdon,
Gαzellα sp.' Hippαrion cr(ιSsum, Hyαenα
pyrenαicα, Mimomys occitαnιιs, ochotonoides
sp. (Van de Weerd et αl. L982, Βeπda et αl.
|971). Hippαrion crαSsτιm is referred to
'?Plesiohippαrion' crαssum by Βernor et cιl.
1996a.

E
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Dytiko 1,2,3
MN 13 (Κοufos 1989)

Αdcrocutα eximiα, Αιιomαlomys cf. rudαbαny-

ensis, Βohliniα αtticα, Choerolophodon pente-

licus, Crenηohippαrion mαttheιυi,

Cr emo hipp αr i o n n'ι edit err αn eum,

C reιno hipp αri o n p eri αfric αnuιn,

D orcαtheriuιn puyhαuberti, Gαzellα sp',

Hisp αno dorcαs οrielιtαlis, Hystrix priιnigenicι'

Mesopithecus pentelicus' Pαlαeoreαs linder'
mαyeri, Pαlαeotrαgus roueni, Plesiogulo
crαSSα, PΙiocerνus ρentelici, Plioνiνerrops
o rb i gnyi, P ro s trep s i c eros sp., P ro ti ctith er ium

crαS Sum, Protrαgelαphus theodori,

Trαgoportαx gαudryi (de Bonis et αl' |988,
Koufos 1989, NoV/ 1995, ΑndrewS et αl'

i996, Sen 1996). Mesopithecus pentelicτιs is

referred to M. pentelicus andlor M. monspes'

sulαιιus by Andrews et αl. |996.

Halmyropotamos
MN 11 (1.{OW 199s)
Αdcrocutα eximiα, Αncylotheriunι peιιtelicum,

C remo hip p αr i o n m e diterr αn eltΙ't1,

Deiιιotheriuιn gigαnteum, D icerorhinus
' orientαlis'' Gαzellα gαudryi, Ηellαdotherium
duνernoyi, Hippαrion'koenigswαldi', Hystrix

primigeιιiα' Mαchαirodus gigαnteτιs, Mαmmut

borsoni, Metαilurus mαjoη Metαilurus pαr-

νulus' Microstonyχ mαjoη Pαlαeoreαs linder-

mαyeri' Pαlαeoryx pαllαsi, Pliocerνus penteli_

ci, Pliohyrαx grαecus, Prostrepsicerus'ινood_
wαrcΙi'' Protrαgelαphus skouzesi, Simocyon

primigeniτιs, Trαgoportαx αmαltheα' Ursανus

ehrenbergi (Melentis 1969, Kοufοs 1989,

NOW 199s).

ΚaIlithies
MN 12 (partially after Sen et αl' |918,

Sοndaar et αl. 1986)
Βyzαιιtiιιiα sp., Gαzellα deperditα' Gerbilus

sp', Hippαrion sp.' Ιctitherium orbignyi'

Κowαlskiα sp., Mαchαirodus αp hαι'ιistus,

oεcitαnomys neutrum, Pαleoreαs Ιindermαye-

ri, Pαleotrαgus sp., Trαgocerus αmαltheus

(Sondaar et αl. 1986)'
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Megalo Emvolon' Karaburun
MN 14-15 (Benda et αl. 1979, de Bruijn
1984, Steffens et αl. |979).
Dolichopithecus ruscinensis' Gcιzellα

bαitloudi' Nyctereutes sp., olyctolαgus
lαynensis, P arαbos mαkedonicus,

Plesiohippαrion longipes, Spαlαx odessαnus,

Sus lninoη Trischizolαgus mαritsαe (Koufos

& Pavlides 1988, Steffens et αl. 19'79'De

Bonis e/ αt' |988, Bernοr et αΙ. |996a)

Kardia-Ptolemais I

MN14-15 (ΝoV/ 1995, Steininger et αΙ'

1996)
Αpodemus doιninαns, Cαstor fibeη Micromys

steffensi, M. bendαi, Mimomys dαναkosi,

o c cit αnomys br αill oni,' ? P les i ohipp αrion'
crαSsum, Prolαgus michαuxi, Pronιimomys

insuliferus, Propotαmochoerus proνinciαlis,

Rhαgαpodemus hαutimαgnensls (Κoufos el

αl., \988, Van der Meulen & Van Kolfschoten

19B6, Bernor et αl' |996a, Fejfar & Ηeinrich

1 989).

Kastellios, 1,2,3

MN 10 (Steininger et αl. |996)
Cricetulodon cf. sαbαdeΙΙensis, Dorcαtherium

sp., Hippαrion sp., Muscαrdinus sp',

Progonomys ννoelferi, P. cαthαlαi,

Sperlnοphilinus cf . bredαi (De Bruijn &
Ζachar\asse L979).

Limni 1,3,4
MN 14-15 (Van der Meulen & Van

Κolfsclroten 1986)

Αpodemus dominαns (|,3,4)' Mimomys οcci-

tαnus (3,4), Myomimus mαritsensis (3,4)

occitαnomys neutrum (1'3,4), Promimomys

insuΙiferus (1) (van der Meulen & Van

Kolfschoten 1986).

Maramena
MN13 (Fahlbush 1996, De Bruijn et αl' 1996,

De Bruijn 1989)

ΑcJcrocutα eximiα, Αlilepus turolensis,

Αpοdemus gudrunαe, Chοerolophodon pente-

licus, Hypsocricetus sp., Diboliα dekkersi,

Dicerο s heτιmαyri, H ell αdotherium duνernοyi'

PΑVLΑKjS: Greek

Hylopetes mαcι
Mustelα Sp., M)
neutrτιm, Pliopι
michαuxi, Trαg,
(Daxner-Ηδοk 

.

Kolfschoten 19
I e89).

Maritsa
MN14 (De BruJ
Meulen & Van.
Αpodemus domι
Cαlomyscτιs mil
Cricetus lophid,
Κerαmidomys c'
mitiνus' Myomil
αnomαlus, Peloi
sotirisi, Pseudo,
Rhαgepodemus
Spermophilinus
mαritsαe (De Bl
Meulen & Van Ι

Heinrich 1989, ,

Pikermi-Mega
MN12 (partially
Steiπinger et αl.
Αcerαtherium in
Αncylotherium γ,

Βohliniα specios
Choerolophodoι'
mediterrαneum,
ννi, Deinotheriut
dubiα, 'DicerorΙ'
Εnhydriodon lαt
sp.,GαzeΙlα cαpr
ciennesi, HeΙΙαd'
Hippαrion prosξ
'Hippotheriunι' l
cα, Hyαenotheriι
rinum, Ιndαrctos
Mαchαirodus gig
Mαrtes ννoodwαr'
Metαilurus mαjol
Microstonyx etyn
monαcensis, oioι
dermαyeri, Pαlαe
roueni, Pαlαeotrc

ffifl##p
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raburun
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terolophodon pente-
Diboliα dekkersi'
Eotherium duνernoyi,
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Hylopetes mαcedoniensis, Κoιυαlskiα broιηni,
Mustelα sp.' Myomimus'sp.' occitαnomys
neutrum, Pliopetαuristα dehneli, Prolαgus
michατιxi, Trαgelαphus sp.
(Daxner-Ηδck \992, Van der Meulen & Van
Kolfschoten 1986, Doukas 1988, De Bruijn
1 989).

Maritsa
MN14 (De Bruijn et αl. 1996, Van der
Meuien & Van Κolfschoten 1986)
Αpodemus dominαns, ΑtΙαntoxerus rhodius,
Cαloιnys cus minoη Cαstillomys crτιs αfonti,
Cricetus Ιophidens' Εpisoriculus gibberodon,
Κerαmidomys cαrpαthicus, Mesocricetus pri-
mitiνus, Myomimus mαritsensis, Pαrαethomys
αnomαlus, Pelomys europαeus, Pliospαlαx
sotirisi, Ps eudomeriones rhodius,
Rh αgep o demus ν αn derιη e erdi,
Spermophilinus gigαnteus, Tris chizo lοgus
mαritsαe (De Bruijn et αl. 19]0" Van der
Meulen & Van Kolfschoten 1986, Fejfar &
Ηeinrich 1989, Αgusti 1989).

Pikermi-Megalo Rema
MN12 (paftially after Bernor et αl. |996b aπd
Steininger et αl. L996)
Αcerαtherium incisiνum, Αdcrocutα eximiα,
Αncylotherium pentelicum, Βohliniα αtticα,
Βohliniα speciοsα, Cerαtotherium neumcιyri,
Choerolophodon penteΙicτιs' Cremohippαrion
mediterrαneum, Cremohipparion aff . mαtthe-
ννi, Deinotherium gigαnteτιm, Desmαnellα
dub iα 

" 
Di c erorhinus' s c hl ei erm αc h er i,

Εnhydriodon lαticeps, Felis αtticα, Gαlerix
sp.,Gαzellα cαpricornis, Grαecoryx ναlen-
c i enn es i, H el l αdo t h erium dτιν ernoy i,

Ηippcιrion prostylum, Hippαrion gettyi'
' ΙΙippotheriιιm' brαchypus, Ηy αenictis gr αe-
cα, Hyαenotherium wongii' Ιctitherium νiνer-
rinum, Ιndαrctos αtticus, Lycyαenα chαeretis,
Mαchαirodus gigαnteus' Mαmmut borsoni'
Mαrtes woοdνναrdi, Mesopithecus pentelicus'
Metαilurus mαj or, Metαilιιrus pαrνulus,
Microstonyx erymαnthius, Miotrαgocerus
monαcensis, oioceros rothii, Pαlαeoreαs lin-
dermαyeri, Pαlαeoryx pαllαsi, Pαlαeotrαgus
roueni, Pαlαeotrαgus coelophrys,

Pαrαpodemus gαιιdlyi, P lesio gulo sp.,

Pliocerνus pentelici, Pliohyrαx grαecLιS,

Plioνiνerrops οrbignyi, Promeles pαlαeαtticα,
Promephitis lαrtetii, Pros trepsiceros rotτιndi-

cornis, Protoryx cαrolinαe, Protrαgelαphtιs
slιouzesi, Schizogαlerix moedlingensis'
Simocyon primigenius, Sinictis pentelici,
Sporαdotrαgτιs pαrνidens, Stegotetrαbelodon
grαndincis iνus, Trαgoportαx αmαltheα
(Bemor et αl. 1996b, Symeonidis er a/.

t91 9).

Pikermi-Chomateri
MN12 (Bernor et αl. |996c)
Αcerαtheriυιm sp.' ΑliΙepus sp., Βyzαntiniα
pikerιniensis, Chαlicotherium sp., -

Choeroloρhodon pentelicτιs' Cremohippαrion
mediterrαneum, Desmαnellα dιιbiα' Gαlerix
moedlingensis, G' αtticus, Gαzellα depertitα,
Hy s tr ix p r i m i g e n i α, Κoιυ αl s ki α aff . l αν ο c αt i,

Mesopithecus pentelici, Microstoιιyx ιnαj οη
Muscαrdinus sp., Myominιus c{. dehmi,
oc citαnomys proν o c αto r, P αr αp o demus
gαudryi' Pliocerνus pentelici, Prolαgτιs cf.
crusαfοnti, Trαgοcerτιs αmαltheus (Bernor e/

αl. 1996b' NoV/ 1995, De Bruijn 1976,
Lopez Martiπez 1'976, Riimke 1976, Marinos
& Symeonidis 1972).

Prochoma I

MN11 (Steinιnger et αΙ. 1996)
Αdcro cτιtιι eximiα, C ho ero lop ho don
pentelicτιs, Cremohippαrion mαcedonicτιm'
Gαzellα sp., Hellαdotherium duνernoyi,
Hippαrion dietrichi, Ιctitherium sp.,

Microstonyx sp', Nisidorcαs plαnicornis,
PΙioνiνerrops orbignyi, Prostrepsiceros
zitteli, Trαgoportαx rugosifrons (ΝoW 1995,
Kontοpoulou et αl. 1992, Κoufos 1989).

Pyrgos
MλΙ1Ο/12 (Nov/ 1995, Αndrews et αl. 1996)
Βohliniα αtticα, Cerνus sp., Εqτιτιs cf. stehlini,
Ε. stenonis, Felis issiodorensis, Gαzellospirα
torticornis, Grαecopithecτιs freybergi'
H ellαdo theriτιm dτιν ernoyi,' Jordαnomys mαj or''
Leptobos sp., Trαgοportαx αmαlthea (Van der

Meulen & Van Κolfschoten 1986, Nov/ 1995)



Ravin de la Pluie
MN10 (Steininger et αl. |996)
Αdcrocτιtα eximiα, Β oJιlilιiα αtticα,
C ho ero l οp ho don p erι t elicus, Crenιo hipp αrio n
nιαcedol'ιiculιι, Decenι.ιαtheriunι nιαcedoιιiαe,
Grαecopitltecτιs fi.eybergi, Hippotlιeriunι pri-
nιigeniτulι, Mesenιbricιcerτιs melentisi'
P αlαeotrαgus co elop/ιηls, P. roueιιi,
P li oιl iιl erro p s o rb i gn y i, P rο go lι o llιy s c α t cι l cι i,
Pro s treps i c ero s ν αll es i ens is, P rotictitheriυιn.ι
gαillαrdi, Sαnιotrαgτιs prαecursor (Κoιιfοs
1989, De Bonis er αl. |988, NoV/ 1995,
Bernor et αl. 1996a)'

Ravin de Zouaves I

MN10 (NOV/ 199s)
Αdcrocυttα exinιiα, CΙιoerolophodon penteli-
ctιs, Creιnohippαrion nιαcedonicιυlι,
Hellαdotheriιm,ι dtινernoyi, Ιctitheriunι sp.'
Mesembriαcerιιs nιelentisi, oτιzocerτιs grαci-
lis, Sαmotrαgus prαecursor (Koufos 1989,
Bernor et αl. l996a).

Ravin de Zouaves 5

MN11 (Steinιnger et αl. Ι996)
Α d cro cut cι ex i n ι i α, C h αs nιαp o r tΙ,ι et es b o rι i s i,
C ho ero lop ho dolι p eιιt eli c i, Crenι ohipp αri o n
m αc e dolι i cτυ.ιι, Cren.ιoh i pp αrion pro b os ci d_

eull'ι, D i c ero r hirι τιs o r i e ιιt α l i s, G αz e ll α sp',
LΙclΙαdοtheriunι duνernoyi, Hippαrion dietri-
c lι i, Η1l α elιo t h er iιυlι \υ o 11 gi i, Ι c t i th e r iunι νiν er -

rinun'ι, Mαιnmιιt borsoιιi, Mesopithecus pente-
licτιs, MicrostonyΧ Sp., ]'{isidorcαs plαnicor-
ι1iS, Pαlαeoreαs zouανei, Postpotαnιochoerτιs
lιyoιl'ιerioides, Prοstrepsiceros rotulιdicornis,
Prostrepsiceros zitteli' Trαgoportαx rugosi-
frons' ZygolopΙιodon tαpiroides (Andrews el
αl. 1996" Werdelin & Solounias 1996, Bernor
et αl. |996a, Koufos 1989).

Rema Marrnara
MN13/14 (Benda & Meulenkamp 1990)
Micronιys bendαi, occitαιιoιlιys neutrum, o.
brαilloni, Pαrαpodenιus gατιdryi, Prolαgυιs
ιnichαιιxi (de Bruijn 1989)

Sarnos - Θld Mit] Beds
MN11 (Bemor et αl. l996b)
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Crenιohippαrioιι nιediterrcιneun,ι, Gαzellα
cαpricornis/deperditα, Hippαrioιι gettyi, H.
cf ' p ro s τy Ιιmι, ? M i c ro s t o lιyx e ly m αιι t hiυι s,

Sαnιotheriuιl'ι b ois s i er i, Spo r αdo tr αgus
pαrνidens (Bernor et αl. |996b)

Samos - White Sands
MN12 (Bernor et αl. l996b)
Αdcrocutα exinιiα, Β οhliniα αtticα,
Cerαtotheriuln neτιιnαyri' Chilotheriunι sαnιi-
uιn, Creιιo hipραrion ιιiΙcosi' Criotheriυιm
αrgαlioides, GαzelΙcι cαpricornis/deperditα,
Hy αen'o theriuιn w ongii,' Hipp o th er iunι'
gi g αn t eum, Ι c tit heriunι ν iν e rr i nτuιι'
? Microstonyx erymαnthiτιs, Pαchytrαgus crαs-
sicornis, P. lαticeps, P. quαdricornis,
Pαlαeoreαs lindermαyeri, PαΙαeoιyx pαllαsi,
P αlαeotrαgus coelophrys, Ps eudotrαgus
cαpricornis, Sαmotlιeriτulι sp.' Sporαdotrαgus
pαrνidens' Tι.αgoportαx rugos ifrons (Bernor
et αΙ. |996b)'

Samos - Main Bone Beds
MN12 (Beιnor et αl. |996b)
Α d cro cut α exinι i α' Α n cy l o th e riτιιn p eιιt e l i cum,
Βelbus beατιnιonti, Βyzαntiniα hellenicιιs'
C erαto theriυιιn n eιιιn αyri' Chil o theriυιm
sαmi'υun, Choerolophodoιι pentelicus,
Crenιohippαrion nιαtthevli, C- proboscideum,
Criotheriτιm αrgαlioides, Deinotheriυιm
gigαιιteιnn 

" 
Di c erorhinus' s c hl ei e rnιαch eri,

Felis αtticcι, Gαzellα cαpricornis/deperditα,
Grαecoryx ναlelιcielιι,ιesi, Helledotherium
duνernοyi, Hippαrion dietrichi'
Hyαenotheriτυn worιgii' Hystrix primigeniα,
Ιctitherium νiνerriι,ιul.ιι, Ιndαrctos αtticus,
Lycyαenα chαeretis, Mαchαirodυιs gigαnteus,
Mαmmut borsoni, Metαilurus pαrνulus'
Microstonyx erymαnthius' Miotrαgocerus
ll'ιoιιαcensis, Muntiαcus Sp.' occitιιnomys
proνocαtor' oioceros wegneri, oιycteropus
gαudryi' Pαchytrαgus crαssicornis, P.
lαticeps, P. hουιtunιschindleri, Pιιlαeoryx pαl-
lαsi, Pαleotrαgτιs roτιnei, Pαrαtαxideα pοlα-
lci/mαrαghαnα, Pliocerνus pentelici,
Pliohyrαx grαecLιS' Pliospαlαx sotirisi,
PΙioνiνerrops orbignyi, Promeles pαleαticα,
Promephitis lαrtetii, Prostrepsiceros
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rotLιndicorΙ,ιis' Pr(
Pseιιdomeriones 

7
cαpriconιis, Sαlnc
Sαmonycteris mαf'
ScΙ.ιizogαlerix αttiι
Stegotetrαbelodon
Trαgoportαx αnιαli
rug o s ifι"o l.ι s, (Jr s αν
1996b).

Vathylakkos
MN12/13 (ΙνoV/ 1

ΒohΙiniα αtticα, Ce'
Choerolophoclon pe
nιαcedonicullι, Dοrι
Gαzellα sp', Hippαr
Hyαenotheriιιm h)orl
n'unl' MicrostoΙ\yχ ni
ιι'cu's, Nisidοι.cαs plc
αel."mαye ri, P l essi ogι
orbι gnyi, P l'o s treυs i ι
boissieri, Trαgopoltι
αl. Ι996a, Koufos 1!
1ee6).

Τhe faunas were SubJ
SιatΙshcs of cΙuster al
natural groupings in 1

gοai οf this test is the
degree these Greek Ν
are Separated into a Ρ
Post-Messinjan group
ve estimation of how
before and after the λ!
metrical matrix of cor
betweeη aΙl 23 fossil r
bΙages was computed.
Faunal Resemblance Ιl
1960), was used to pro
matrix for the οluster a
mula is: C,Ν.1n, where
common taxa between
the size of the smaΙler ι

Cheetham & Ηazel (19
οοrreiation formula wit-
argued that it showed s
when the size of the fa"υ
bΙy. Large sampΙe varial
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iιerrcιneum, Gαzellα
, Hippαrioιι gettyi' H.
Stonyχ erynιαnthiτιs,
'i, Sporαdotrαgιιs
αl. |996b)

rds
ι 996b)
hΙiniα αtticα,
yri, Chilοtherium sαmi-
'ιiΙcos i, Criotheriυιm
αpri c o rnis /dep erditα,
i, 'Hippotherium'
ι νiνerrinum,
hiιιs, Pαchyιragus crαS-
quαdricornis,

zri, Pαlαeoryx pαllαsi,
"yS, PSeLιdotrαgus
iι'ιm sp., Sporαdotrαgus
x rτιgosifrons (Bernor

Beds
ee6b)
yΙotheriιιnι p entelicum,
αlιt ilιiα h e l leni cτιs,
t"i, Chilotherium
|oιι penteΙicus,
eιηli' C. probos cideum,
's, Deinotheriιυn
LuS' Schleiermαcheri,
'.p r i c o r n is /dep e rd i t α,
si, Helledotheriunι
lietrichi,
Hystrix primigeniα,
Ιndαrctos αtticus,

'.c hαirodus gigαnteus,
ilιιrus pαrνulus,
ιs, Miotrαgocerτιs
i Sp., occitαtxomys
egneri, Orycteropus
rαSSicornis' P.
ndleri' Pαlαeoryx pαl-
t, Pαratαxideα polα-
υιs pentelici,
spαΙαx sotirisi'
Pron,ιeΙes pαleαticα,
tstrepsiceros
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r0tundicornis, Prοtrαgelαp hτιs s lcouzes i,

Pseudomeriones pythcιgοrζtsi, Pseudotrαgus
cαpricornis, Sαmolreros minoιcιurLιS,
Sαmonycteris mαj ori, Sαmotherium sp.'

Schizogαlerix αtticus, SpermophilinLιS bred[ιi,
Stegotetrαb elo do n grαndinc is iνus,
Trαgop οrtαx (m'ιcιΙthe{ι' T' cτιrνic orn is, T.

rugοSifrons' Ursαντιs depereti (Βernor et αl.

1 996b).

Yathylakkos
MN12/13 (NOV/ 199s)
Βohliniα αtticα, Cerαtotheriuιn neumαyri,
Choerolophodon peιιtelici, Cremohippαrion
mαcedonicum, Dorcαtherium pτιyhαυιberti,

GαzelΙcι sp., Hippαrion dietrichi'
Hyαenotherium wongii, Ιctitherium νiνerri-
num' Microstonyx mαjoη Mesopithecus pente-
licus, Nisidorcαs plαnicornis, Pαlαeoreαs lin-
dermαyeri, PΙessiοgulo crcιSSα, Plioνiνerrops
orbigι'ιyi, ProstrepsiceroS zitteli, Sαmotherium
b o i s s i eri, Tr αgo p o r t αx r υιgo s ifro n s (B ernοr er

αl. 1'996a, Κoufos 1989, Werdeiiπ et αl.

1 ee6).

The faunas were subjected to the multivariate
statistiοs of cluster analysis for detecting
natural groupings in the data. The prirnary
gοal of this test is the estimation of the
degree these Greek Neogene mammal faunas
are SeparatΘd intο a Pre-Messinian and a

Post-Messinian groιιp. Ιt is a gross quantitati-
vΘ estimation of hοw different the faunas are

before and after the Messinian. First, a sym-
metrical matrix of correlation coefficients
between all 23 fossil mammai faunal assem-
blages was computed. Simpson's formula for
Faunal Resemblanοe Ιndex (SRΙ, Simpsοn
1960), was used to prodιιce this input data
matrix for the οluster ana1ysis. The SRΙ fοr-
mula is: CΝ.in, where C is the nuιnber of
common taxa between two faunas, and N,oi,.,

the size of the smaller οf the twο faunas.
Cheetham &Ιlazdl (1969) compared the SRΙ
cοrrelation formula with several others, and

argued that it ShowΘd greater consistency
when the size ofthe faunas vary cοnsidera_

b1y. Large sample variation is indeed the οase

with the fοssi1 fauna1 assemblages in this
study. SRΙ accοmplishes this by dividing the

numbΘr of commοn taxa between two faιitras,

by the number of the srτraller of the twο
samples, thus maximizing similarities
between the faunas than differences, as is the

οase with, among others, the Jaccard formιrla.

[For further discussior-r on fossil mammal
faunal coπelation coefficients, see Shιrey er

αl. (|978) and Bernοr & Pavlakis (1987)].

Τhe statistical program Systat ver. 7 for
Windοws was used for the calcu1ation and
production of the faιιna1 correlation matriX,
as well as for the subsequent cluster analysis.
The Join or hierarchical method of clιrster
analysis was used, in which the se.t of faιrnas

is partitioned intο sets of nested groups, with
the most similar faunas nested first and closer
(for details see Sokal & Sneath 1963). The
outpιιt οf the hierarchical rnethοd is a tree οr
dendrograrn.

The pair cross correlation of SRΙ's was cοlι-
puted as 'distanοes'between two faιinas.
These distanοes are normalised to a1low cοlπ-
parison of clιιstering across widely different
SRΙ values. These pair cross correlation were
produced by 4-distanοe metrics: Eucledean,
1-Gamma cοefficient, 1-Pearsοn correlation
coeffiοient' and Perοent disagreement. The
E'uclidean distance uSeS the Square root οf the

SRΙ correlatiοn value of a pair of faιrnas
(mean for mοre than one faunas in clιιsters).
The Gamma option uses 1-γ, wlrere γ is the

Gοodman-Kruskal gamΠ'Ιa οorrelation coeffi-
cient between two SRΙ's (pairs of faunas).
The Ρearson distance is calculated as 1-p,

where p is the Pearson produοt-moment cor-
relation between two SRΙ valιιΘS. The
Percentage produοes a distance index, which
is the percentage of the differenοe of two SRΙ
va1ues. For more inforrnatiorr SΘe Hartigan
(1915) and Sοkal & Sneath (1963).

For each one of the foιrr-distance metrics, the

fοllowing linkage clustering methοds were
ιιsed to compute the distance of a cluster to

another. in order to decide whether the two
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should be merged, in a given step:
o Single: the distanοe between the two

closest mοmbers in separate clusters is
taken as tlre distanοe between the two
clιιsters. Ιt produces lοng, striιrgy clusters.

o Cornplete: it uses the most distant pair of
faιtnas in two clusters to compute
between-cluster distances. Ιt tends to

produce οompaοt clusters.
e Centroid: it uses the average distance

value of all faunas in a cluster as a

reference point fοr distanοes to οther

ο1usters.
Φ ΑveΓage: it averages all distances betweeιr

pairs in two ciusters tο decide how far
aparl these clusters are.

o Median: it calculates the median of all
distances between pairs in two clusters to

decide how far apart these clusters are.
e Finaily, the merging of οlusters is decided

by the Ward method (Ward 1963), i.e., by
prodιιcing clusters with miιrimum
variance.

Τhe 23 faιιnas were also subjected to the K_
πΙeans clustering method. Ιt assigned faunas

to non-overlapping clusters. Two groups of
faunas were selected for this study. Ιt split the

faunas into two groιιps by maximizing
between clusters variation, relative to the

variatiοn within tlre twο clusters (for details

see Ηartigan 1975). Τhe faunaΙ asseιnblages
were not standardised or ranked in both Join
and K-Meals statistiοs. 50 iterations were

done for the separation into the two clιιsters.

Tlre 23 mammal Neοgene faunas were further

aιa\yzed in biochrono1ogical and paleoeco1o-

gical context. Specifically, the bioοhronologi_
οal range of selected taxa was tabuΙated to

slrow pοssible faunal turnover around

Messinian times.

RESULTS AND DISCUSS!ON
The Κ-means cluster analysis (less SRΙ varia_

tion within clusters than between clusters),
produced t1re fοllowing two faunal groups:

the first one consists of the Ρikermi fauna

froιn Mοgalo Rema (the main, classical
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faurra) and the three Samos fauιras (Main
Bone Beds, Old Mill Beds and White Sands).

The other group contains the rest of the fau-
nas. This first result brings forward the

Pikermi aιrd Samos faunas as the reference
Greek Neogene fossil mammal faunas. Main
reason for this is the large size of the faunal

samples. The Pikermi fauna contains 57 taxa,

and the Samos (Main Bone Beds) 58, while
the next numerous faunal sample has only 23

taxa (Ηalnryropotamos). Αn additional reason

for this separation is related to taxonomic
identification. Bοth faunas are the best stu_

died and the most reοerrtly taxonomically
updated. Adequate sample size, which
approximates v/ith Statistiοal confidenοe the

extinct animal popιιlation, and updated taxo-
nοmic identification of tlre faunal saιnple, are

prime requirements fοr reconstruction of the

paleontological record, biochronological or
paleoecological, including that of the Greek
Neogene.

Τhe Join cluster analysis produced 26 deι-
drograms, as described in the methods. Ιn 21

of these diagrams three major faοtors were

detected to have been responsible for the pro-

duction oΓ clusters: faunal diversity and size,

geography and age of the faunas. only fνvο

main faunal groups were aimost constantly
produced. The main pattern is shown by the

dendrogram of Figure 1. Ιt is produced by the

Eιιciidean distance and the minimum variance

(Ward) clustering methοd. Τhis clustering
pattΘrn wi1l be desοribed, as the basis for dis-

cussing three variations produced by the

οther dendrograms. one major grouping con-

tains three nested clusters. Ravin, Vathylakοs
and Prochoma faunas comprise the one clus-

ter, and Samos and Pikermi faunas belong to

another cluster. Dytiko and Ηalmyropotamos
are also part οfthis grοup. The sister group

οonsists of the rest of the faunas in the sfudy.

Τhe faunas of Ano Metochi, Ρtolemais and

Rema Mann ara are nested first, and next

cluster with Limni and Maritsa, with the

Αpo11akia fauna outlayer. AdditiοnaΙly,
Megalo Emvolo, Maramena, Ρyrgοs,

PΑVLΑKIS: Greek Μr
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Figure I Cluster analysis tree diagram of Greek Νeogene

distance method.

Kastelliοs and Kallithies cluster together with-

in this group.

The former of the two major clusters is the

sοlid set of Pikermi-Samos-Axios Valley,
large size, taxonomiοally diverse, Late
Miocene, Upper Tortonian-Messinian Stage,

Late Tuτolian Αge, MN 11-12, Greek main-

land Neogene faunas. The following factors

were emplοyed, in order of importance: high

faunal diversity and large size of the faunal

sample are decisive factors. They make the

sample approximate the popuΙation and make

the statistical analysis reliable. Time and

geοgraphical proximity are additional factors

that played key role in produοing this clιιste-

ring. only Dytiko is yoιιnger than the other

faunas. Ιt belοngs to Zone MN11-12.

The second group οf faunas is also sοlid, in
tοrms that, with the exception of a couple of
faunas, all clιιster runs produce it. Τhis grou-

ping is the resιιlt of the high proportion of
miοrοmammals in the fauna1 samples. Time is

also a decisive clustering factor. The faιιnas

which belοng to this clιιster belong mostly to

zone MΝ13 or younger. only the set of
Kastellios and Kallithies faunas are older.

Geographic proximity is the next clιistering
factor (Strirnon Basin - Ano Metochi,
Maramena, Reιna Marmara; Ptolemais;

Thessaloniki - Megalo Emvolo; Rhodos).
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Figure 2 Cluster analysis tree diagram of Greek Νeogene faunas studied. Distance metric is l -Gamma cοefilcient. Αverage linlοge

method.
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Figure 3 Ciuster anaΙysis tree dl
Cοmρlete linkage method.
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Pyrgos interchaιrges groups aS oιιtlayer in the

οther Πins. Ιt is not an adΘquateΙy Sampled
and studied"faunal assemblage. Ιn Figure 2

we have the same division into two groups,

with the Pyrgos fauna clustering with the

MNi 1i 12 faunas. Ιn this dοndrogram,
Maramena fauna is an outlayer to the early
agΘ group. Ιn Figure 3 we have tlre c1earest

Separation ofthe faunas into a grοup dating
less than or equal to MN 13 (pre-Messinian)
and a group younger than MN13 (post-

Messinian). The only exceptions are the

Kastellios fauna, which clusters with the
young faunas, and the Dytiko fauna, which
clusters V/ith the οlder. Finally, in Figure 4
we have a slightly different cluster arrange-
nrent, and perhaps the most realistic. WhiΙe

the two pre- and post-Messinian basic faunal

groupings are stilΙ distinct, the problematic
faunas of the three previous pattems arΘ out-

Ιayers to both major groupings. These five

faunas are the oldest Kastellios (MN10), the

Pyrgos fauna οf uncertain age (MN10-12),
and the Maramerra, Kallithies and Megalιl
Emvolo faunas. Ιn Figure 4, therefore, only

the Dytiko fauna violates the clear-cut divi-

sion ofthe 23 (or 18) faunas into a pre-

Messinian and a post-Messinian group.

Geographic proximity with the rest of the

Αxios Valley faunas played the deοisive rοle

in the Dytiko clustering.

Biased sampling of the true animal diversity

in the extinct population, is a possiblο cause

of 
:atnpling error: an evepaΙeobiology Samp/ing eexctuded in the ρaΙeoΓaun,ter'analysis. Beyond this Γ

:l1α 
age proximiry are 1he

tne hvo majοr faunal cΙuster
ι'ler lnvestigate the efΓecιs

:j::".l mammat faunas,
ranges ofspecific species ο

if,l ι'ff T,::;:",,;: -.:: i,
l:::::"': Figures slo r lU]νυ1ΙlυnologlcaΙ range of Ι

|in,Ι lh. 23 Greek λu.^
υas. 1hlS is a recording oΓ t
each species in ιhe Mli υni

ΦΦΦ
o'-

ι.
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lma coeff]cient, ΑVeΓage linkage

{essinian basic faunal
rct, the problematic
ious patterns are out_
rupings. These five
ιstοllios (MN10), the
in age (MN10-12),
ithies and Megalo
:e 4, therefore, only
,s the clear-cut divi-
unas into a pre-
essinian group.
ith the rest ofthe
red the decisive role

rue animal diversity
, is a possible cause

of sampling error, an ever-present problem in
paleobiolοgy. Sampling error cannοt be
exοluded in the paleofaunas used in this οlus-
ter analysis. Beyond this factor, geographic
and age proxiιnity are the two factors causing
the twο majοr faunal clusters. Ιn order to far-
ther investigate the effects the Messinian had
on Greek mammal faunas, biochrοnological
ranges of specific species of major mamma-
1ian orders have been construοted, with the
MN Unit biochronologiοal system as a refe-
rence sοale. Figιιres 5 to 11 tabulate the MN
biochronological range of 196 SpeοiΘS, pre*
sent in the 23 Greek mammal Neogene fau-
nas. This is a recording ofthe presence of
each species in the MN Unit range 10 to 15

and not a species FAD and LAD in the fossil
record. Filling-in rηzas used if a taxοn was
present in the one MN Unit before and the
one after the unit where the taxοn was mis-
sing. The majority of the bovids in the 23
faunas beΙοng to MN 12.The biochronologi-
cal distribution οf equids and rhinos, as well
as that of οarnivores' range mostly between
MN 11 and 13' Τhere is an apparent οonside-
rable nurnber of species reduction at the onset
οf the Pliοοene. That the environment changed
around the Messinian' 7-4 Μy ago, and that
this change 'was οaused by a trend for colder
and dryer οlimate wοrldwide, has been suffi-
ciently docurnented. Potts (1998) provides a
complete treatmΘnt of reοent data used in

PΑVLΑKIS: Greek lYesslnian mammal record

Figure 3 CIuster analysis tree diagram of Gr.eek Νeogene faunas studied. Distance metric is l -Pearson con.elation coefi]cient.

Complete lΙnkage method.
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pa1eoeΙΙvif olt1Ιental ΓeconStrιιοtion.

Environιnents, 1rowever, always change. And,
lrowever low is the turn-out of maιrrmals in
the Ρlioοene, certainly tlrere were rnatπtnals

arout-td. No stιιdy, tο lπy knowledge, equates
the effects of the Messinian 'Event'witΙr the

rnajοr effects olthe bolide impact at the end

of Cretaceous. The Ιarge-mamnral distribιι-
tion is shown ir.r Figures B-11, with many spe-
cies not making it after the Messinian, and
few new ones appearing. Ιn addition to tlre

knowιl environmental changes after the

Messinian mentioned above, this is also dιιe
to satnpIillg erιol' alld to poor taxonοιnjc
identification for some faunal assemblages
collected long ago.

DE|ΝSΕA 7 ' 1999

Finally, looking at the micrornammaΙs (Figs.
5-7), their record in the Greek Neogene is
better than that of the large marnιnaΙs.
Moreover, small mammals are environmental
irrdicators. Τhe disadvantage is tlrat tlrey can

οnly tell the environment in a small area. The

record of Ιnsectivoιa is mοstly pre-
Messinian. ΒlαrirιelΙα and Crocidτιrα l^ιaνe a

1ate presence in Αpollakia. Squirrels of alΙ

three types are present (flying, tree and
ground). Τ1re flying squirrel Ηylopetes is pre-

sent in Maratlena (MN13), and Tαn'ιiαs is
present in ? post-Messinian Αno Metochi
(MN13-14). Most of the Cricetidae and
Muridae do not generally Support a singΙe
widespread dry or wet environment after the

PΑVLΑKIS: Greek Mes
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Figure 5 BrochrcnoloρicaI r.;
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Figul'e 4 Cluster analysis tree diagram of Greek Neοgene faunas +ιldied. Distance metric is l-Pearsοn correlation coefflcient.

Median lnl<age method.
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rson Co]]€lation coefi]Cient.
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: Greek Neogene is
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nals are environmental
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:nt in a smaΙl area. Tlre
, mostly pre-
ιnd Crociclυιrα haνe a
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13), and Thnιiαs is
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Messinian. Ιnstead, t1re rοdeuts tell ιrs that

tlrere were trees, aS well as operr coιιntry, dry
sandy gιound, \Μet, aS well as dry envirοn-
ments in the area before, dιιring, and after the

Messinian. T1ris is sιιppοrted also by paleo-
bοtanical studies in the Greek mainland
(Velitzelos 1995). Ιt is obvioιts tοday (dιιe to

the mιrltidisciplinary research done) that the

Messinian effect on the οilcιιm-Mediteranean
area iS morΘ οomplΘx than was previoιιsly

,-tr
I

Figure 5 Biochronologlcai range in iYN Units of sρeciic lnsectivora' Lagomorpha, Primates and Proboscidea prcsent ln the

πlο ed Greel< Neogene Γaunas.

Figure 6 Biochronological range in MΝ Unlts οf specific Cricetidae (Rodentia) ρresent in the stυdied Greel< Νeogene faunas
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believed. Ιt is now known that it was not a
single and short-lived event. The effects, the-

refore, to the mammalian faunas tnιιst alsο be

far more οomplex than a direct simple effect
on theιrr by a ιιnique, ιιrridireοtional trend of
environmental οΙrange. More scientific data

oιrt οf fieldwork and a stιιdy of paleontolοgi-
cal nluseιιtt't collections work wi11 fιιrt1rer

explain the Messinian phenomenon and its
effοcts on the Greek Neogene πΙamtΙal faιιnas.
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Figure 7 Blochrcnοlogical range in lYΝ Units οf specific lYuridae (Rodentia) pr'esent in the nudled Greek Νeogene faunas,

Figure 9 Biochronological range in lYΝ Unrts of specifrc Perissodactyla present in the studied Greek Neogene faunas.
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Ξreek Neogene faunas,
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PΑVLΑKIS: Greek Messinian Γnammal record

Figure lΟ Βiochronological range in ΜN Unrts οf speciflc Αrtiodactyla present in the studied Greel< Νeogene faunas

Figure ll Biochronological rangeinΜNUnΒof specifcBovidaepresentinthestudiedGreekΝeοgenefaunas.
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