
HAL Id: hal-01731098
https://hal.science/hal-01731098

Submitted on 31 Oct 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

The relationship between vegetation and modern pollen
assemblages on Mount Paggeo (NE Greece)

Arthur Glais, Aristotelis Papageorgiou, Ioannis Tsiripidis, Daniel
Abel-Schaad, José Antonio López Sáez, Laurent Lespez

To cite this version:
Arthur Glais, Aristotelis Papageorgiou, Ioannis Tsiripidis, Daniel Abel-Schaad, José Antonio López
Sáez, et al.. The relationship between vegetation and modern pollen assemblages on Mount Paggeo
(NE Greece). Lazaroa, 2016, 37, pp.105-123. �10.5209/lazaroa.53604�. �hal-01731098�

https://hal.science/hal-01731098
https://hal.archives-ouvertes.fr


The�relationship�between�vegetation�and�modern�pollen�assemblages�on
Mount�Paggeo�(NE�Greece)

Arthur�Glais1,�Aristotelis�C.�Papageorgiou2,�Ioannis�Tsiripidis3,�Daniel�Abel-Schaad4,�José�Antonio
López-Sáez4�&�Laurent�Lespez5

Received:�29�September�2016 /�Accepted:�14�October�2016

Abstract. In�this�study,�we�investigated�the�relationship�between�vegetation�and�modern-pollen�rain�along�the�eleva-
tional�gradient�of�Mount�Paggeo.�We�apply�multivariate�data�analysis�to�assess�the�relationship�between�vegetation�and
modern-pollen�rain�and�quantify�the�representativeness�of�forest�zones.�This�study�represents�the�first�statistical�analy-
sis�of�pollen-vegetation�relationship�along�an�elevational�gradient�in�Greece.�Hence,�this�paper�improves�confidence�in
interpretation�of�palynological�records�from�north-eastern�Greece�and�may�refine�past�climate�reconstructions�for�a
more�accurate�comparison�of�data�and�modelling.�Numerical�classification�and�ordination�were�performed�on�pollen
data� to� assess� differences� among� plant� communities� that� beech� (Fagus sylvatica)� dominates� or� co-dominates.�The
results�show�a�strong�relationship�between�altitude,�arboreal�cover,�human�impact�and�variations�in�pollen�and�non-
pollen�palynomorph�taxa�percentages.
Keywords: Fagus sylvatica;�Mount�Paggeo;�NE�Greece;�Palynology;�Phytosociology;�Multivariate�Analyses.

[es]�Relación�entre�la�vegetación�y�la�lluvia�polínica�actual�en�el�Monte�Paggeo
(NE�Grecia)

Resumen. En�este�trabajo�se�investiga�la�relación�existente�entre�la�vegetación�y�la�lluvia�polínica�actual�a�través�de
un�gradiente�altitudinal�en�el�Monte�Paggeo.�Se�aplican�análisis�multivariantes�para�evaluar�la�relación�entre�la�vege-
tación�y�análogos�polínicos�modernos�y�cuantificar�la�representatividad�de�las�zonas�forestales.�Este�estudio�represen-
ta�el�primer�análisis�estadístico�de�la�relación�entre�polen�y�vegetación�a�lo�largo�de�un�gradiente�altitudinal�en�Grecia.
Por� lo� tanto,� supone�una�contribución�notable�para� interpretar�más� fielmente� los� registros�palinológicos� fósiles�del
noreste�de�Grecia�y�refinar�las�reconstrucciones�paleoclimáticas�y�la�modelización.�La�clasificación�numérica�y�la�orde-
nación�fueron�realizadas�sobre�los�datos�polínicos�para�delimitar�posibles�similitudes�entre�las�comunidades�vegetales
dominadas�o�codominadas�por�el�haya�(Fagus sylvatica)�en�el�Monte�Paggeo.�Los�resultados�muestran�una�fuerte�rela-
ción�entre�la�altitud,�la�cobertura�arbórea,�la�presión�antrópica�y�las�variaciones�en�los�porcentajes�de�taxones�políni-
cos�y�no�polínicos.
Palabras clave: Fagus sylvatica;�Monte�Paggeo;�NE�Grecia;�Palinología;�Fitosociología;�análisis�multivariantes.
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Introduction

The� southern� regions� of� Europe� are� generally
accepted� as� refugial� areas,� where� most� tree

species� survived� the� cold� periods� of� the
Pleistocene�(Hewitt,�1996;�Willis�&�van�Andel,
2004;�Médail�&�Diadema,�2009).�The�popula-
tions� of� trees,� Fagus sylvatica among� others,
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which�currently�exist�in�refugial�areas,�have�a
relic�nature�and�have�maintained�part�of�their
species� variation,�which�was� not� greatly� dis-
turbed� by� the� influence� of� the� Pleistocene
glaciations� (Hazler� &� al.,� 1997;� Tzedakis &
al.,�2002;�López-Merino�&�al.,�2008).

Fagus sylvatica is� a� strictly� montane
species� in� southern� Europe� (Bergmeier� &
Dimopoulos,�2001).�In�Greece,�it�is�restricted
to�the�northern�and�central�parts�of�the�main-
land,�occurring�in�almost�all�the�mountains�in
the� floristic� regions� of� north-eastern,� north-
central� and� east-central� Greece� with� an� alti-
tude�above�1000�m�asl,�while�it� is�fairly�com-
mon in�the�northern�Pindos�floristic�region,�but
it�becomes�scattered�or�even�rare�in�the�southern
Pindos� floristic� region� (Moulopoulos,� 1965;
Strid�&�Tan, 1997).�The�southernmost�occur-
rence�of�beech�is�located�in�the�floristic�region
of� Sterea� Ellas,� on� a�mountain� that� is� called
after�the�Greek�name�of�beech�(i.e.�Oxya).�For
instance,� the�mainland� of�Greece� is� a�moun-
tainous�region�and�specifically�eastern�Greece
is� divided� by� many� regular� and� interrupted
mountain� ranges� (Strid,� 1986).� In� this� area,
Pleistocene� climatic� fluctuations� resulted� in
extensive� changes� in� vegetation� (Tzedakis�&
al.,�2006),�while�the�rugged�terrain�of�the�ter-
ritory�has�led�to�endemic�species�in�eastern�con-
tinental�Greece�mostly�occurring�at�moderate�to
high�altitudes,�because�of�the�role�of�mountains
as� centres� of� speciation� (Tsiripidis� &
Athanasiadis,� 2003;� Georghiou� &� Delipetrou,
2010).
The�abovementioned�facts�have�caused�that

the� taxonomic� history� of� the� genus� Fagus in
Greece� and� in� the� whole� of� western� Eurasia
have� been� complicated� and� controversial
(Papageorgiou�&�al.,�2008).�The�most�accepted
taxonomic�classification�suggests�that�one�beech
species�exists�in�Eurasia�(Fagus sylvatica)�with
two� subspecies,� subsp.� sylvatica and� subsp.
orientalis (Denk� &� al.,� 2002;� Denk,� 2003;
Gailing�&�von�Wuehlisch,�2004);�although�other
authors�consider�both�as�different�species,�estab-
lishing� a� contact� area� between� their� natural
ranges�in�northern�Greece�and�Bulgaria�(Paule,
1995;�Govaerts�&�al.,�2013),�and�the�fact�that�F.
sylvatica subsp.� orientalis seems� to� be� the
ancestral� subspecies� (Vettori� &� al.,� 2004;
Paffetti�&�al.,�2007).�Furthermore,�morphologi-
cal� characters� indicate� that� the� southern
Rhodope� Mountains� constitute� a� transitional
zone� between� both� subspecies� (Tsiripidis� &
Athanasiadis,�2003;�Papageorgiou�&�al.,�2008).

Palaeobotanical� and� genetic� data� indicate
the� presence� of� beech� refugia� in� the� Balkan
Peninsula� during� the� last� glaciations
(Demesure�&�al.,�1996;�Gömöry�&�al.,�1999;
Comps� &� al.,� 2001;� Magri� &� al.,� 2006;
Hatziskakis� &� al.,� 2009).� Huntley� &� Birks
(1983)�and�Taberlet�&�al. (1998)�propose�that
the� current� distribution� of� beech� in� central
Europe� derives� from� the� postglacial� recolo-
nization� of� populations� originating� mainly
from� the� Balkan� refugia.� On� the� contrary,
Magri�&� al. (2006)� and�Magri� (2008)� argue
that� the�main� refugial� areas,� from�where� the
recolonization� to�central�and�Western�Europe
occurred,� were� located� close� to� the� Alps� in
Slovenia� and� south-western� France,� and� that
the� populations� deriving� from� the� Balkan
Peninsula�did�not�migrate�to�northern�Europe.
In� Bulgaria� and� Greece,� data� from� pollen

analyses�indicate�the�existence�of�at� least� two
main�refugia:�i)�the�Rhodope�Mountains�and�ii)
western� Greece� (Filipova-Marinova, 1995;
Pott,�1997;�Tzedakis�&�al.,�2013).�Magri�&�al.
(2006)�propose� the�existence�of� three�refugia,
one� in� western� Greece� (Epirus)� and� two� in
northern�Greece�and�southern�Bulgaria�(eastern
Macedonia�and�the�Rhodope�Mountains).�The
complex�topography�of� the�Balkan�Peninsula,
the� interaction� of� several� climate� influences,
and�the�discontinuous�distribution�of�beech�in
Bulgaria� and�Greece,� at� different� altitudes� in
several�well-separated�mountain� areas,� points
towards� the� existence� of� heterogeneous� envi-
ronmental� conditions� putatively� promoting
complex�recolonization�and�remigration�patterns
(Hatziskakis�&�al.,�2009,�2011).
The� intensity� and� duration� of� human

impacts� on� north-eastern� Greece� forests
suggest�also�complex genetic�responses.�For
instance,� genetic� drift� due� to� fragmentation
and� conversion�of� land�use,� selection�due� to
forest�management�practices,�climate�change
and� gene� flow� because� of� modified� spatial
distributions�of� trees�(Rajendra�&�al.,�2014).
Beech� is� wind-pollinated� and� monoecious
with� heavy� fruits� and� limited� seed� dispersal
(Piotti�&�al.,�2012).�As�a�predominantly�out-
crossing� tree� species�with�efficient�means�of
gene� dispersal� through� pollen,� it� usually
shows� high� genetic� diversity� within� popula-
tions,�but� a� rather� low�differentiation�among
populations� (Vornam� &� al.,� 2004;� Magri� &
al.,� 2006).� In� any� case,� both� morphological
traits�and�gene�markers� revealed� the�unique-
ness�of�beech�populations�on� the�south-eastern
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side� of� Rhodope� Mountains� (Mt.� Paggeo,
eastern� Macedonia,� and� NE� Greece)� at� low
elevations�(Hatziskakis�&�al.,�2009).� In�fact,
private� haplotypes� in� this� area� are� usually
found� at� high� frequencies� in� beech� forests
located�in�or�near�ravines,�having�a�high�spa-
tial� overlap� with� a� relict� vegetation� type
occurring� in� ecological� conditions� mainly
found� in� ravines� (Papageorgiou�&�al.,� 2008,
2014).� Furthermore,� haplotypes� originating
from� two� more� widespread� beech� lineages� in
Greece�are�also�found�on�Mt.�Paggeo,�indicating
a�possible�mixture�of�populations�originating
from�a�local�refugium�with�populations�from
remote�refugia�that�possibly�migrated�into�the
area�after�the�last�glaciations.
In� north-eastern�Greece,� numerous� pollen

records� provide� important� insights� into� the
impact� of� climate� variability� and� human
activities on� Mediterranean� ecosystems
(e.g.Willis,�1994;�Tzedakis�&�al.,�2006;�Glais�&
al.,�2016a,�2016b;�Lespez�&�al.,�2016).�However,
the�confident�use�of�fossil�pollen�data�to�recon-
struct� vegetation� and� climate� dynamics
requires� well-founded� knowledge� regarding
the�relationship�between�pollen�deposition�and
modern-day�vegetation,�which�is�still�deficient
for�large�parts�of�Greece.�In�this�way,�modern
pollen� rain� and� vegetation� inventory� data
within�different�vegetation�types�are�essential
keys� for� the� interpretation� of� past� vegetation
from�fossil�pollen�sequences�and�for�palaeoeco-
logical�reconstruction�(López-Sáez�&�al.,�2013).
In� fact,� the� specific� composition� and� charac-
teristics� of� a� forest� understorey� depend� to� a
great� extent�on�both�past� and�present� events,
including� the� frequency� and� intensity� of
human�disturbances�(López-Sáez�&�al.,�2010).
In� this� paper,� we� study� for� the� first� time

modern�pollen�samples�from�Mount�Paggeo�to
discriminate�Fagus sylvatica forest�communi-
ties.�To�date�few�studies�of�modern�pollen�rain
have�been�attempted� in�Greece� (Hicks &�al.,
2001;�Gerasimidis &�al.,�2006).�
The�mountain�massif� of� Paggeo� in� north-

eastern�Greece�was� chosen� as� the� study� area
because:� i)� it� is� geomorphologically� isolated

from� other�mountains� of� the�Greek� southern
Rhodope� range� (Eleftheriadis� &� Koroneos,
2003)� and� ‘island’� type� population� of� beech
(Fagus sylvatica)�grows�on�it;�ii)�beech�forests
cover� a� wide� elevational� range� from� 600� to
1800�m� asl� and� occur� in� sites�with� different
ecological� conditions,� resulting� in� a� high
diversity� of� beech� forest� plant� communities
(Papageorgiou�&�al.,�2014);�and,�iii)�the�geo-
morphological� diversity� of� the� mountain� is
high,� and� a� deep� gorge� on� its� north-eastern
slope�offers�suitable�ecological�conditions�for
the� preservation� of� relict� species� or� popula-
tions�(Tzedakis &�al.,�2002).
The�main�objectives�of�our�study�are�(1)�to

explore� how� contemporary� vegetation� is
depicted�in�surface�pollen�assemblages�along�a
longitudinal�transect�on�the�Mount�Paggeo,�(2)
to�identify�pollen�indicators�of�Fagus sylvati-
ca forest�syntaxa,�and,�(3)�to�establish�statistic
relationships�between�pollen�rain�and�vegeta-
tion�patterns�in�order� to�use�them�for�paleoe-
cological�reconstruction�in�future�studies.

Study area

Mount�Paggeo�(Pangeon,�Pangaion)�is�located
in�north-eastern�Greece� (eastern�Macedonia),
approximately�40�km�from�Kavala�(Figure�1).
Its�highest�peak�has�an�elevation�of�1956�m�asl
(Koutra� peak).� It� is� close� to� the� coast� of� the
Aegean�Sea�and�spatially� isolated� from�other
mountains�of�north-eastern�Greece�with�exten-
sive� beech� forest� vegetation� (e.g.� Menikio,
Falakro� and� Rhodope)� by� the� lowland� areas
located�northwards.
According�to�the�Köppen�classification,�the

climate�of�the�Mt.�Paggeo�belongs�to�the�inter-
mediate�type�Csa-Ssb,�characterized�as�transi-
tional�from�the�Mediterranean�to�the�continen-
tal�climate�(Balafoutis,�1977).�The�ombrothermic
diagram�(temperature-precipitation)�of�Kavala
shows�a�4-month�dry�period�that�extends�from
late�May�till�late�September�and�culminates�in
August�when� higher�water� deficit� conditions
are�observed.
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Mt.�Pangeon�region�geologically�belongs�to
the�Western�Rhodope�Zone�and�forms�a�highly
uplifted,� dome-like,� horst� structure� composed
by�metamorphic�rocks�of�Palaeozoic-Mesozoic
age,�Oligocene�magmatic�rocks,�and�sedimen-
tary�rocks�of�Upper�Miocene�age�to�recent,�and
mainly�consists�of�i)�a�lower�relatively�uniform
sequence�of� schists� and�gneisses,� ii)� a�middle
sequence� of� intensively� alternating� bends� of
marbles,�gneisses�and�amphibolites,�and,�iii)�an
upper� thick�marble� zone;�while� granitoids� are
exposed�in�several�erosion-windows�in�the�form
of� relatively� small� separate� intrusive� bodies
(Eliopoulos,� 2000;� Eleftheriadis� &� Koroneos,
2003).
The�vegetation�of�the�Mount�Paggeo�pres-

ents�a�high�diversity�as�a� result�of� the�meso-
and�microclimate�as�well�as�the�substrate�type
differentiation.� Additionally,� human� impact
has� affected� significantly� the� vegetation.� At
lower� altitudes� (200-600� m� asl),� pseudo-
maquis� dominated� by�Quercus coccifera are

well� developed,� mainly� in� south� exposed
slopes� and� they� can� reach� in� some� localities
also�higher�altitudes�(even�1000�m�asl).�These
formations� are� also� rich� in� Fraxinus ornus,
Juniperus oxycedrus,� Phillyrea latifolia,
Carpinus orientalis,�Quercus pubescens,�Acer
campestre,�Arbutus unedo,�Clematis flammu-
la,� Erica arborea, Crataegus monogyna
and Syringa vulgaris.�This�vegetation�is�grad-
ually� replaced� by� deciduous� shrublands� at
higher�altitudes�(700-900�m�asl),�mainly�com-
posed�by�Carpinus orientalis, Fraxinus ornus,
Acer monspessulanum,� Ligustrum vulgare,
Lonicera etrusca,� Cornus mas and� Ostrya
carpinifolia,� although� this� sub-mediterranean
vegetation� is� probably� a� result� of� human
impact,�overgrazing�and�forest�fires�(Tsiftsis &
al.,� 2007).� Above,� xerothermic� sub-mediter-
ranean� deciduous� oak� forests� occur,� mainly
dominated�by�Quercus frainetto,�Q. pubescens
and�Q. petraea subsp.�polycarpa in�the�north-
eastern�slopes.�Except�oak,�another�deciduous
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Figure�1. Location�of�the�study�area�(white�square)�in�northeastern�Greece�(eastern�Macedonia)



broadleaved�tree,�Castanea sativa,�forms�scat-
tered� stands� in� the� northern� slopes� of� Mt.
Paggeo,� mostly� mixed� with� Tilia tomentosa.
This� plant� community� corresponds� to� the
Tilio tomentosae-Castanetum (Bergmeier� &
Dimopoulos,� 2008).� Beech� forests� appear
above�the�oak�or�the�chesnut�forests�on�gneiss-
schist,� marble,� and,� more� rarely,� on� granite
(Papageorgiou� &� al.,� 2014),� although� in� the
lower� altitudes� they� form�mixed� stands�with
oaks�(Tsiripidis�&�Athanasiadis,�2003).
On� Mount� Paggeo,� beech� forests� come

down�to�600�m�asl,�while�their�upper�limits�are
climbing�up�to�1800�m�asl�forming�the�timber-
line�(Figures�2�and�3).�Three�plant�communi-
ties�of�beech�forest�occur�in�the�mountain�and
they�are�differentiated�according�the�substrate
and� the� altitude.� Within� beech� forests� occa-
sionaly� occur� woody� species� such� as� Ilex
aquifolium,�Daphne laureola,�Euonymus lati-
folius,�Prunus cerasifera,�Abies borisii-regis,
Acer platanoides,� A. hyrcanum,� Quercus
frainetto,� Q. petraea subsp.� polycarpa and

Betula pendula.�Fagus sylvatica co-dominates
also�in�another�very�special�plant�community.
This� is� a� community� developed� within� the
impressive�ravine�formed�on�the�north-eastern
slopes� of� Mt.� Paggeo� and� hosting� moist-
demanding� and� some� considerably� rare
species� for� Greece,� such� as� Taxus baccata,
Tilia platyphyllos,� T. tomentosa,� Ulmus
glabra,� Carpinus betulus,� Acer platanoides
and�A. pseudoplatanus.� This� vegetation� type
can�be�classified�within�Tilio-Acerion and�not
in�a�syntaxon�(i.e.�alliance�or�association)�rep-
resenting� beech� forests.� Above,� timberline
subalpine� calcareous� grasslands� are� well-
developed� (Karagiannakidou� &� al.,� 2001),
characterized�by�a�diverse�flora�dominated�by
perennial� grasses� and� other� forbs� such� as
Sesleria achtarovii,� Asperula aristata,
Dianthus petraeus,�Festuca ovina agg.,�Carex
halleriana,� Festuca varia,� Stipa pennata,
Rostraria cristata,�Vincetoxicum hirundinaria,
Polygala nicaeensis,�Scabiosa ochroleuca and
others.
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Figure�2. Map�showing�the�surface�pollen�samples�on�the�Mount�Paggeo.�White�shadowed�areas
indicate�the�distribution�of�Fagus sylvatica forests.
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Table�1. Study�sites�and�site�characteristics� for� the�24�modern�pollen�surface�samples� from� the�Mount
Paggeo.�All�the�4-digit�codes�of�the�habitats�types�given�correspond�to�those�included�in�the�Annex�I�of
Habitats� Directive� (92/43/EU),� except� the� code� of� pseudomaquies� (5350)� which� is� a� Greek� national

habitat�code�(Dafis�&�al.,�2001).

Sample Longitude Latitude
Altitude

(m asl)

Tree

Cover

Grazing

pressure
Vegetation type

European

Habitat

1 24.234829 40.911263 220 5 1 Pseudomaquis 5350

2 24.214323 40.918990 540 5 3 Pseudomaquis 5350

3 24.203636 40.916898 645 4 0
Thermophilous

beech forests
9280

4 24.191348 40.919752 910 5 1
Thermophilous

beech forests
9280

5 24.173487 40.921004 1080 5 1
Acidophilous beech

forests
9110

6 24.167360 40.918644 1130 4 2
Acidophilous beech

forests
9110

7 24.119292 40.903053 1515 4 2
Pinus sylvestris

plantation
-

8 24.115510 40.909386 1595 5 2
Calcicolous beech

forests
9150

9 24.113200 40.910661 1610 1 4
Calcicolous beech
forests

9150

10 24.105875 40.911979 1632 0 4

Subalpine

calcareous

grasslands

6170

11 24.024530 40.888285 1340 0 4

Subalpine

calcareous

grasslands

6170

12 24.018957 40.885992 1310 0 1

Subalpine

calcareous

grasslands

6170

13 24.014451 40.886283 1260 3 0
Calcicolous beech
forests

9150

14 24.008898 40.887443 1165 5 2
Acidophilous beech

forests
9110

15 23.996790 40.892480 1005 5 1
Acidophilous beech

forests
9110

16 23.997663 40.894157 960 5 0
Calcicolous beech

forests
9150

17 23.999245 40.894121 945 5 0
Calcicolous beech

forests
9150

18 23.999110 40.895715 880 3 2
Calcicolous beech

forests
9150

19 24.001352 40.900582 750 5 1
Thermophilous

beech forests
9280

20 23.998842 40.904086 660 5 1
Thermophilous

beech forests
9280

21 23.998474 40.904905 615 4 1 Pseudomaquis 5350

22 23.996628 40.907142 550 5 1 Pseudomaquis 5350

23 23.973587 40.930175 320 2 3 Pseudomaquis 5350

24 24.105463 40.963194 605 5 0 Ravine forests 9180



Material and Methods

Field methods – vegetation and pollen
sampling

Vegetation�and�pollen�samples�were�collected
in� the� spring� and� summer� of� 2014� and� 2015
respectively� at� 24� locations� on� Mt.� Paggeo
(Figure� 2).� Sample� locations�were� chosen� to
cover� a� variety� of� vegetation� types,� ranging
from�lowland�scrub�to�the�forested�landscapes
of�the�higher�elevations,�although�the�aim�was
mainly�to�analyse�modern�pollen�rain�in�order
to� sample� four� plant� communities� dominated
or�co-dominated�by�Fagus sylvativa.�Moss�pol-
sters�samples�were�collected�at�each�location�to
provide�modern�pollen�data,�with�positional�and
altitudinal�data�recorded�using�a�portable�Juno
3D� Trimble� Ltd.� Global� Positioning� System
(GPS)� device.� Moss� samples� were� collected
over�an�area�of�approximately�100�m2 by�taking
multiple�moss�polsters�from�the�concerned�site
to�ensure�an�even�representation�(López-Sáez
&�al.,� 2013).�The� subsamples�were� sealed� in
plastic� bags� and� mixed� into� one� sample� per
site.�Moss�polsters�are�commonly�used�as�sur-
face�samples�for�local�modern�pollen�rain�as
it� is�assumed� that� they� record�an�average�of
several� years� of� pollen� deposition� and� are
considered as� a� good� analogue� of� fossil
pollen� assemblages� (López-Sáez� &� al.,
2015).� In�heterogeneous� landscapes� like�Mt.
Paggeo,� relevant� source� areas� of� about� 50-
100� m� from� a� sample� location� have� been
shown� to�properly� reflect� the� local�vegetation
(Sugita,� 1994).� These� sample� locations� were
arrayed� along� a� vegetation� transect� covering
the�full�elevation�range�of�the�mountain.�Table
1�lists�the�locations�and�gives�a�short�descrip-
tion� about� each� recorded� site� in� the� study
region.�A�relevé�of�vegetation�was�also�made
at�each�sampling�site.�Two�environmental�vari-
ables� were� available� for� 24� sites� (Table� 1).
Tree� cover� was� graded� on� an� ordinal� scale
from�0�to�5�at�each�sampling�point�(100�m2)�as
follows:� 5� (75-100%),� 4� (50-75%),� 3� (25-
50%),�2� (5-25%),�1� (1-5%),�0� (0%).�Grazing
pressure� was� estimated� on� a� scale� of� 0� to� 4
(Court-Picon�&�al.,�2006).

Laboratory methods - pollen

Moss� polsters� samples� of� approximately� 10
cm3 were� homogenized� prior� to� extraction.
The� samples� were� sieved� through� 1� mm

screens�to�remove�larger�particles�(e.g.,�leaves,
twigs,�and�gravel)�and�then�processed�follow-
ing�the�standard�protocol�developed�by�Faegri
&� Iversen� (1989).� Samples� were� stored� in
glycerol,� mounted� on� microscope� slides� and
examined� with� a� Nikon� Eclipse� 50i� light-
microscope�(Melville,�NY,�U.S.A.)�to�identify
pollen�and�spores.�Pollen�generally�was�count-
ed�at�400x�magnification,�with�more�difficult
identifications� made� under� oil� inmersion� at
1000x�magnification.� Pollen� grains� and� non-
pollen� palynomorphs� (NPPs)� were� identified
according� to� Moore� &� al.� (1991)� and� VAN
GEEL (2001)� at� the� lowest� currently� possible
taxonomical� level.� “Type”� groups� of� several
taxa� that� are� morphologically� indistinguish-
able� were� used.� Betulaceae� and� Corylaceae
pollen� taxa� were� palynologically� identified
according�to�Blackmore &�al. (2003).�A�mini-
mum�of�500�pollen�grains�were�identified�and
counted� for� each� sample.� Pollen� percentages
were� calculated� excluding� indeterminant
pollen� grains,� hydro-hygrophytes� taxa� and
spores,�and�presented�as�bars�in�a�pollen�per-
centage�diagram.�Tilia�and�TGView�(Grimm,
1992)� and�CorelDraw� software�were� used� to
plot�the�pollen�diagrams�(Figures�3�and�4).�The
terms� ‘local’,� ‘extralocal’,� ‘regional’� and
‘extraregional’�used�in�the�text�refer�to�differ-
ent�pollen� source�areas�according� to�Prentice
(1985).

Numerical analyses

Although�90�pollen�and�spore�taxa�were�iden-
tified� in� the� surface� samples,� only� paly-
nomorph�taxa�present�at�>�1%�were�included
in�numerical�analyses.�These�were�performed
on�recalculated�percentages�after�all�modifica-
tions�had�been�made,�with� the�program� IBM
SPSS�Statistics�21.
Hierarchical� cluster� analysis� (HCA)� was

used�as�an�exploratory�tool�to�classify�the�pollen
samples�and�the�pollen�taxa�according�to�their
dissimilarity.� This� method� provides� valuable
means�of�revealing�groupings�within�multivariate
modern�pollen�data.�HCA�was�performed�using
the�matrix� of� the� squared�Euclidean� distances
and�Ward’s�minimum�variance�method�(Ward,
1963).� The� percentage� values� of� each� taxon
were�not�transformed.�The�hierarchical�relation-
ships�among�clusters�are�illustrated�by�the�den-
drograms�in�Figures�5�and�6.
Data� were� processed� (modern� surface

pollen�samples)�by�ordination�analysis�to
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Figure�3. Percentage�pollen�diagram�for�trees�and�shrubs�of�the�24�surface�samples�on�the�Mount
Paggeo�and�altitudinal�vegetational�gradient.



obtain�more�information�about�the�data�struc-
ture� since� these� techniques� are� considered
appropriate� for� assessing� and� displaying� the
relationship�between�pollen�taxa�and�environ-
mental� variables� (López-Sáez� &� al.,� 2015).
Correspondence�analysis� (CA)�was�used�as�a
unimodal�interpretation�method�because�a�pre-
viously�applied�principal�component�analysis
(PCA)� pointed� to� a� unimodal� response� of
pollen� types� (variables)� instead� of� lineal
responses� of� taxa� (Ter� Braak� &� Prentice,
1988).�We� applied� a� square-root� transforma-
tion� to� the� pollen� percentages� to� ensure� that
minor� but� potentially� important� pollen� taxa
would� affect� the� results� (Austin,� 2013).
Graphics�of�the�ordination�biplots�were�made
by�using�CorelDraw.�To�extract�more�informa-
tion� from� the� modern� pollen� record,� supple-
mentary� (passive)�environmental�gradients� in
the�ordination�project�were�included�(Table�1).
We�calculated�Pearson’s�correlation�coeffi-

cients� between� the� percentages� of� paly-
nomorph�taxa�in�each�sample�and�the�environ-
mental� variables,� allowing� us� to� identify
anomalous�or�outlier�observations�and�to�ana-
lyze�the�relationships�between�the�pollen�spec-
tra� and� the� passive� variables.�We� included� a
total�of�49�taxa�to�calculate�Pearson’s�correla-

tion�coefficients,�considering�only�those�sam-
ples�in�which�the�percentages�of�these�taxa�are
>� 0.� Pollen-variable� relationships� are� dis-
cussed�only�for�pollen�types�and�samples�with
significant� correlation� coefficients� (r value
above�0.25,�p value�<�0.05)�and�for�those�with
greater�ecological�relevance.

Plant Specimens identification-Nomenclature

Plant� specimens� taxonomic� identification� was
made�by�using�the�following�floras:�Tutin &�al.
(1964-1993),� Strid� (1986),� and� Strid� &� Tan
(1991,� 1997,� 2002).� Taxonomic� nomenclature
and�authorities�follow�Dimopoulos & al. (2013).
Syntaxonomical�scheme�and�syntaxa�name

are�after�the�works�of�Bergmeier�&�Dimopoulos
(2001)�and�Košir�&�al. (2008)

Results

The�pollen�and�non-pollen�palynomorph�per-
centage�data�of� the�surface�samples�are�sum-
marized�in�two�pollen�diagrams�(Figures�3�and
4).�A� total� of� 90� pollen� and� spore� taxa�were
identified�during�the�analysis�and�counts�of�the
24�surface�samples�collected.
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Figure�4. Percentage�pollen�diagram�for�herbs�and�non-pollen�palynomorphs�of�the�24�surface�samples
on�the�Mount�Paggeo.
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The� cluster� analysis� of� the� 24� modern
pollen� rain� samples� shows� five�main�clusters
(Figure�5),� demonstrating� a� clear� discrimina-
tion� between� pseudomaquis� communities
(cluster�E;� samples� 1,� 2,� 21,� 22� and� 23)� and
other�clusters.�Cluster�A�(samples�3,�4,�19�and
20)� represents� thermophilous� beech� forests,
while�cluster�B�includes�four�samples�(5,�6,�14
and� 15)� from� acidophilous� beech� forests� and
one�ravine�forests�(sample�24).�The�high�dis-

tance�value�for�sample�7�(cluster�C),�relative�to
the� two� clusters� above,� as� well� as� to� each
other,� set� it� apart� as� an� individual� analytical
outlier�related�to�a�Pinus sylvestris forest�plan-
tation.� Finally,� cluster� D� incorporated� nine
samples�with� low�levels�of�clustering�consis-
tent� with� a� grouping� of� calcicolous� beech
forests�(samples�8,�9,�13,�16,�17�and�18)�and
subalpine� calcareous� grasslands� (samples� 10,
11�and�12).

Figure�5. Hierarchical�cluster�analysis�(HCA)�dendrogram�of�the�24�modern�pollen�spectra.

Figure�6.�Hierarchical�cluster�analysis�(HCA)�dendrogram�of�pollen�taxa.



Cluster�analysis�of�the�23�main�pollen�and
non-pollen� palynomorph� types� utilized� the
pollen� data� standardized� as� Z-scores.� The
results�show�also� five�main�clusters� (Figure
6).� The� two� pollen� types� displaying� the
greatest� similarity,� Anemone nemorosa and
Onagraceae,�cluster�with�Geranium,�Tilia,�Ilex
and�Taxus (cluster�1)�and�are�interpreted�as�the
understorey�of�ravine�forests.�A�second�cluster
(cluster� 2)� consists� of� Fagus,� Pteridium
aquilinum and�Carpinus betulus,�representing
acidophilous� beech� forests,� while� cluster� 3
comprises� deciduous� Quercus and� Ostrya/
Carpinus orientalis pollen�types�as�the�best�rep-
resentatives� of� thermophilous� beech� forests. A
fourth�cluster�(cluster�4)�includes�tightly�clus-
tered�Paliurus/Rhamnus and�Pistacia pollen,
plus�evergreen�Quercus,�Cistus,�Lonicera and
Hypericum clustered� at� greater� distance,
reflecting�a�low�elevation�group�of�taxa�found
in� pseudomaquis� type� vegetation.� Finally,
cluster�5�incorporated�five�pollen�types�(Aster,
Cardueae,�Plantago lanceolata,�Urtica dioica,
Poaceae)�and�four�coprophilous�non-pollen�paly-
nomorphs� (Riccia,� Podospora,� Sporormiella,
Asterosporium)�with�intermediate�levels�of�clus-
tering� (based� on� their� rescaled� distance� values)
consistent�with�a�grouping�of�disturbance�taxa.
Figure�7a�shows�the�results�of�the�CA,�dis-

playing�the�analyzed�samples�in�a�biplot�of�the
first� two� axes� accounting� for� 40.5%� of� the
total� variance.� The� first� axis� (accounting� for
22.5%�of�the�total�variance)�roughly�separated

samples�collected� in� low-lying�(<�910�m�asl)
and�thermophilic�communities,�situated�on�the
positive� side,� from� samples� taken� at� higher
altitudes,�on� the�negative�side.�However,� two
forest� samples� were� situated� in� the� negative
side�thus�disrupting�the�pattern.�These�samples
were� from� open� calcicolous� and� moderately
grazed� beech� forests� (sample� 18,� 880�m� asl)
and� ravine� forests� on� northeastern� facing
slopes� (sample� 24,� 605� m� asl).� In� general,
samples� from�acidophilous,� ravine� and� calci-
colous�beech�forests�and�subalpine�calcareous
grasslands�were�placed�at�the�negative�side�of
the�axis�1,�while�samples�from�pseudomaquis
communities�and�thermophilous�beech�forests
were� mostly� at� the� positive� part.� Samples� 8
and� 9� (~1600�m� asl)� from� calcicolous� beech
forests� lie� besides� the� subalpine� calcareous
grasslands� samples,� situated� at� the� negative
side� of� axis� 1.�The� Pearson� product-moment
correlation� coefficient� between� altitude� and
the� scores� of� axis� 1� is� r=� –0.654,� which� is
significant�at�p <�0.03.�On�the�second�CA�axis,
samples� from� grazed� environments� (grazing
pressure�scale�from�2�to�4;�Table�1)�are�locat-
ed� on� the� negative� side� of� axis� 2.� This� axis
explains�18%�of�the�total�variance�and�is�most
highly�negative� correlated�with�grazing�pres-
sure� (r=� –0.779� at� p <� 0.04)� and� positively
with�tree�cover�(r=�–0.575�at�p <�0.03).
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Figure�7. Ordination�biplots�of�the�first�two�correspondence�analysis�(CA)�axes:�(a)�biplot�of�the�24�pollen
samples�and�three�explanatory�variables�(see�Table�1)�passivelly�projected�into�the�CA�diagram;�(b)�biplot�of
the�main�pollen�and�non-pollen�palynomorph�taxa�(taxa�positioned�very�close�to�the�origin�are�not�displayed).



Figure� 7b� shows� the� distribution� of� the
pollen� and�non-pollen�palynomorph�morpho-
types�along�the�first�two�CA�axes.�Axis�1�sep-
arated� taxa� related� to� clusters� 3� and�4� of� the
HCA�(Figure�6),�situated�at� the�positive�side,
representing� thermophilous�beech�forests�and
pseudomaquis� type� vegetation� respectively,
from� the�clusters�1�and�2� related�with� ravine
and acidophilous�beech�forests,�which�are�situ-
ated�at�the�negative�half.�Anthropogenic�pollen
taxa� (Aster,� Cardueae,� Plantago lanceolata,
Polygonum aviculare and Urtica dioica)� and
Poaceae� match� showing� negative� values,
while� coprophilous� fungi� are� grouped� at� the
positive�side.�Axis�2�clearly�separates�anthro-
pogenic� and� non-pollen� palynomorph� taxa
related�to�grazing�activities�(cluster�5),�situated
on�the�negative�side,�from�other�related�to forest
communities�(clusters�1�to�4),�which�are�located
at�the�positive�half.

Discussion

Gradients and pollen data

All� the� classification�and�ordination�analyses
show� that� major� patterns� of� variation� in� the
pollen� assemblages� were� related� to� altitude
and� open� land� versus wooded� areas.� These
gradients� are� usually� identified� as� the� domi-
nant� factors� by� numerical� analyses� in� most
modern� pollen� studies,� and� our� results� from
the� Mount� Paggeo� thus� agree� with� previous
studies�carried�out� in�mountain�environments
of�the�Mediterranean�(e.g.�Court-Picon�&�al.,
2006;�López-Sáez�&�al.,�2013,�2015).
In�mountain�areas,�like�Mount�Paggeo,�alti-

tude�is� intimately� linked�to�keystone�climatic
parameters� suchs�as�annual�average� tempera-
ture�and�total�precipitation.�In�the�studied�tran-
sect,� the� correlation� between� samples� scores
along� the� first� CA� axis� and� altitude� is� very
remarkable�(Figure�7a)�and�statistically�signifi-
cant�(r=�–0.654,�p <�0.03).�Therefore, altitude
may� explain� the� altitudinal� pollen� and� non-
pollen� palynomorph� distribution,� but� other
independent�factors�should�be�invoked�to�fully
account� for� the� observed� trends.� Obviously,
they�must�be�related�to�the�variability�of�tem-
perature�and�precipitation�along�the�altitudinal
transect�studied.
Regarding�the�whole�dispersion�of�the�sam-

ples,�the�first�axis�corresponds�to�an�altitudinal
gradient�and�hence�to�a�temperature�one,�with
a�contrast� from�bottom� to� top�between� lower

altitude�and�high�mountain�plant�communities
of�the�Mount�Paggeo.�In�fact,�those�plant�com-
munities� that� develop� at� lower� altitudes� in
warmer� and� less� moist� conditions� are� those
that�are�represented�on�the�positive�side�of�CA
axis�1,� in�which�pseudomaquis� samples�have
higher� positive� loadings� than� thermophilous
beech� forest� samples.� This� gradient� is� more
pronounced� along� the� south-eastern� slope� of
the�massif,�with�samples�1�and�2�showing�the
highest� values� on� this� axis.� On� the� contrary,
those� samples� located� at� higher� altitudes� and
thus� supporting� gradually� cooler� and� wetter
weather� conditions� are� located� on� the� nega-
tive�side�of�CA�axis�1,�particularly�those�from
subalpine�calcareous�grasslands.
Cluster�E�of�the�HCA�(Figure�5)�represents

pseudomaquis�communities�of�mixed�deciduous
and�shrubland�formations�occurring�as�a�result
of�degradation�of�deciduous�forests�in�Greece.
It�consists�of�rather�tall�shrubs,�usually�dense,
with� a� poor� understory� of� herbs.� In� Mount
Paggeo� these� formations� are� dominated� by
Quercus coccifera as� well� as� other� trees� and
bush� elements� such� as�Acer monspessulanum,
Carpinus orientalis,�Fraxinus ornus,�Juniperus
oxycedrus,�Ostrya carpinifolia,�Paliurus spina-
christi,�Phillyrea latifolia,�Pistacia terebinthus
and�Rhamnus alaternus,�growing�usually�in�dry
and�poor�soils�at�low�elevations.
Samples� from�cluster�E� (1,� 2,� 21,� 22,� 23)

are�characterized�by�noticeable�percentages�of
evergreen� Quercus (>� 30%)� and� Paliurus
/Rhamnus (3-12%),� and� significant� frequen-
cies� of� Acer,� Ostrya/Carpinus orientalis,
deciduous� Quercus,� Cytisus,� Juniperus,
Phillyrea,� Pistacia terebinthus,� Tamus and
Smilax aspera (Figures�3�and�4).�These�pollen
taxa� also� characterized� the� cluster� 4� of� the
HCA�performed�on�pollen�taxa�(Figure�6)�and
they�are�located�on�the�positive�side�of�CA�axis�1
(Figure� 7b).� Other� herbaceous� taxa� from
pseudomaquis� samples� include� moderate
amounts�of�nitrophilous�elements�suchs�as�Aster,
Cardueae,� Cichorioideae,� Dipsacus fullonum,
Rumex acetosella,� Plantago lanceolata and
Urtica dioica,� as� well� as� spores� of� some
coprophilous� non-pollen� palynomorphs� such
as�Coniochaeta,�Riccia,� Sordaria (maximum
of� 11%)� and� Sporormiella (Figure� 4).� They
represent�the�cluster�5�of�the�HCA�(Figure�6)
related� to� anthropogenic� and�grazed�environ-
ments� (López-Sáez� &� López-Merino,� 2007).
These�morphotypes�are�located�on�the�negative
side�of�CA�axis�2�and�are�equally�representative
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of�subalpine�calcareous�grazed�pastures�(Figure
7b).� The� correlation� between� samples� from
grazed�environments�and�grazing�pressure�is�rel-
atively�high�in�CA�axis�2�(Figure�7a)�and�statisti-
cally�significant�(r=�–0.779,�p <�0.04).
For� the�Quercus coccifera pseudomaquis

communities� there� is�no�accepted�syntaxono-
my�in�Greece�(Dimopoulos &�al.,�2012).�The
pure� stands� of� Quercus coccifera,� mainly
those�without�a�significant�cover�of�Carpinus
orientalis,� have� been� included� in� the
Quercetum cocciferae community� (Dafis,
1975),� although� this� classification� is� rather
old.�According� to�TSIOURLIS &�al. (2009),� the
association�existing�in�the�wider�area�of�Mount
Paggeo�is�the�Querco cocciferae-Pistacietosum
lentisci,�but�this�assignment�is�based�on�a�low
number�of� relevés� so� it� likely�does�not� corre-
spond�to�the�communities�in�the�study�area.
CA�axis�2�may�also�represent�a�physiognomic

gradient� in� the� vegetation� related� to� the
decrease�in�the�percentage�cover�of�trees�from
bottom�to�top�(Table�1),�as�it�separates�samples
from� forests� (positive� side)� and� those� from
open� woodlands� and� subalpine� calcareous
grasslands� (European� Habitat� 6170),� on� the
negative� side� (samples� 10,� 11� and� 12).� The
correlation�between�samples�and�tree�cover�is
high�in�CA�axis�2�(Figure�7a)�and�statistically
significant�(r=�–0.575,�p <�0.03).

Characterization of Fagus sylvatica forest
communities by pollen assemblages

As� a� result� of� multivariate� analyses� (HCA
and� CA),� four� beech� related� forest� habitat
types,�according� to� the�92/43/ECC�Directive,
can�be�differentiated� in� the�Mount�Paggeo� in
relation� to� their� pollen� assemblages:� ravine,
thermophilous,� acidophilous� and� calcicolous
beech�forests.�Our�results�coincide�with�those
obtained� by� Gamisans� &� Hebrard� (1980),
Bergmeier� &� Dimopoulos� (1999,� 2001),
Tsiripidis�&�al. (2005a,�2005b,�2007a,�2007b)
and�Tzonev�&�al. (2006),�who�also�differenti-
ate�four�types�of�beech�forests�in�north-eastern
Greece�and�Bulgaria�from�numerical�analyses
performed�with�relevés.
As� previously� shown,� the� arrangement� of

samples�along�CA�axis�1�follows�an�altitudinal
like� trend� with� some� exceptions,� notably� the
presence�of�samples�from�ravine�forests�(sam-
ple� 24)� on� the� negative� side� of� CA� axis� 1
(Figure�7a),�indicating�that�this�axis�may�repre-
sent not�only�elevation�but�also�other�factors.

Ravine� forests� (European� Habitat� 9180)
belong� to� the�Tilio-Acerion alliance�and� the
Ostryo carpinifoliae-Tilienion platyphylli
suballiance� in� Greece,� although� no� associa-
tions� have� been� distinguished� in� northern
Greece� within� this� suballiance� (Košir� &� al.,
2008).� On� the� north-eastern� part� of� Mount
Paggeo,�an�impressive�gorge�is�formed�with�an
elevation� range� from� 400� to� 1600� m� asl
(Figure�2).�This�gorge�is�mainly�covered�by�the
European�habitat�type�9180,�in�which�beech�co-
dominates�with�other�moist-demanding�species.
This�vegetation�represents�rare�and�relict�plant
communities� of� high� conservation� value� that
host� private� haplotypes� of� beech
(Papageorgiou�&�al.,�2008,�2014;�Hatziskakis
&� al.,� 2009).� Floristically� these� forests� are
characterized� by� the� presence� of� Acer pla-
tanoides,�Ilex aquifolium,�Taxus baccata,�Tilia
platyphyllos,� Hedera helix,� Anemone
nemorosa,� Cardamine bulbifera,� Galium
odoratum and�Geranium robertianum among
others,� as� well� as� a� significant� coverage� of
ferns� (Asplenium scolopendrium,� Athyrium
filix-femina,�Polystichum ssp.).�As�no�associa-
tions� or� communities� in� ravine� forests� of
northeast�Greece�have�been�described�before,
we�name�provisionally�this�vegetation�type�as
Taxus baccata-Fagus sylvatica community.
The�former�species� is� that�differentiating� this
vegetation�type�from�other�beech�forest�vege-
tation�types�in�the�wider�area,�while�the�latter
comprise�the�dominant�species�of�this�vegeta-
tion�type.
Sample�24�from�ravine�forests�is�placed�in

the� cluster� B� together� with� acidophilous
forests� (Figure� 5)� due� to� their� palynological
affinities�(Figures�3�and�4).�However,�specific
pollen� taxa� of� these� ravine� forests� (Anemone
nemorosa 5.7%,�Onagraceae�2.6%,�Geranium
3.6%,�Tilia 8.9%,�Ilex 2.3%�and�Taxus 3.3%)
individualize�the�cluster�1�of�the�HCA�analysis
carried� out� only�with� pollen� taxa� (Figure� 6),
which� is� located� on� the� negative� side� of�CA
axis�1�(Figure�7b).�Both�types�of�forests�can-
not�be�distinguished�from�the�cluster�analysis
for�several�reasons:�i)�both�grow�on�siliceous
substrates�and�host�acidophilous�species;�ii)�in
both�vegetation�types�beech�dominates,�while
the� taxa� differentiating� ravine� forests� (e.g.
Taxus baccata,� Tilia ssp.,� Acer ssp.,� Ulmus
glabra)� have� low� cover� and� are� poor� pollen
producers�(Abel-Schaad�&�al.,�2014);�and,�iii)
only�one�modern�pollen�sample�has�been�taken
in� ravine� forests.� In� short,� our� data� do� not
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allow�us� to�assign� the�sample�24� to� the�plant
communities� described� by� Schreiber� (1998)
from�inventories�conducted�near�the�treeline�of
Mount�Paggeo�in�sites�with�very�special�topo-
graphical� characteristics� (e.g.� small� rocky
depressions)�where�mesophilous� species�may
develop.� The� affinities� between� their� pollen
assemblages� and� their� joint� position� on� the
cluster�B�(Figure�5),�lead�us�to�propose�that�the
sample� 24� probably� represent� a�mesophilous
variant�of�the�acidophilous�beech�forests.�New
relevés� that� are�made� in� the� future� along� the
large� gorge� of� the� Paggeo� on� its� northeast
slope�will�probably�refine�this�situation.
Cluster�A�of�the�HCA�(Figure�5)�represents

thermophilous�beech�forests�growing�on�acidic
soils,�mainly�on�gneiss-schist�substrates,�at� the
low�elevations�of� the� south-eastern and�north-
western�slopes�of�the�Mount�Paggeo�(Figure�2,
Table�1),�corresponding�to�the�Luzula forsteri-
Fagus sylvatica community� (“Quercus
frainetto woods”,� European� Habitat� 9280),
which� is� characterized� by� the� occurrence� of
both� Fagetalia and� Quercetalia pubescentis
species�in�its�floristic�composition�(Tsiripidis�&
al.,� 2005a,� 2005b,� 2007a,� 2007b).�The� overall
appearance�is�that�of�mixed�beech�forests�with
Quercus frainetto and�Q. petraea subsp.�poly-
carpa (Tsiripidis�&�al.,�2007a).�The�most�rep-
resentative�palynomorph�taxa�of�these�forests
are�those�included�in�cluster�3�such�as�decidu-
ous�Quercus and�Ostrya/Carpinus orientalis
(Figures�6�and�7b).�The�pollen�diagram�clearly
indicates� the� importance� of� the� above� men-
tioned� pollen� taxa� (deciduous� Quercus 30-
32%,� Ostrya/Carpinus orientalis 1.3-5.7%)
and� the� sporadic� percentages� of� Acer,
Lonicera,�Prunus/Rosa/Rubus,�Ranunculaceae
and�Viola (Figures� 3� and� 4).� Samples� of� the
cluster�A�(3,�4,�19�and�20)�in�the�CA�plot�are
arranged�close�to�the�relevant�pollen�indicator
taxa� (Figure� 7)� and� therefore� represent� quite
well� the� observed� vegetation� conditions.
These� four� samples�are�grouped�on� the�posi-
tive�side�of�CA�axis�1�representing�low-lying
and� thermophilous� beech� forests.� However,
sample�3�appears�relatively�far�from�the�other
with� higher� positive� scores� on� both�CA�axes
(Figure� 7a),� since� no� evidence� of� grazing
(coprophilous� NPPs)� appears� in� its� pollen
assemblage�(Figure�4).
Although�cluster�B�of�the�HCA�(Figure�5)

includes� sample� 24� from� ravine� forests,� the
remaining� samples� (5,� 6,� 14� and�15)� repre-
sent�acidophilous�beech�forests�classified�as

the�Calamagrostis arundinacea-Fagus sylvatica
community�by�Tsiripidis�&�al. (2007b),�cor-
responding� to� the� European� Habitat� 9110
(“Luzulo-Fagetum beech� forests”).� These
forests�are�developed�between�1000�and�1200
m�asl�on�gneiss�or�schists�(Figure�2,�Table�1).
Their�overall�appearance�on�Mount�Paggeo�is
a� pure� or� mixed� beech� forest� with� Abies x
borisii-regis and�Betula pendula.� The� occur-
rence�of�these�acidophilous�beech�forests�can
be�recognized�in�the�pollen�diagrams�(Figures
3� and� 4)� by� relatively� high� percentages� of
Betula (35%� in� sample� 5),� Abies (~1%),
Castanea (1-3%),�Carpinus betulus (1-2%),
Fabaceae� (6-9%)� and� Pteridium aquilinum
(5-14%),�although�Fagus (6-20%)�is�the�domi-
nant pollen� type� in� the�dataset� characterizing
cluster�2�of�the�HCA�(Figure�6).�These�pollen
taxa� are� positioned� with� negative� values� on
CA�axis�1,�close�to�samples�from�acidophilous
forests�(Figure�7).
Finally,�cluster�D�includes�samples�of�both

calcicolous�beech�forests�(8,�9,�13,�16,�17�and
18)� and� subalpine� calcareous� grasslands
(samples�10,�11�and�12)�with�very�low�levels
of�clustering�and�little�differentiation�between
the�two�types�of�vegetation�(Figure�5).�These
facts� are� particularly� evident� in� the� grouping
of�samples�8,�9�and�18�on�the�one�hand�(calci-
colous�beech�forests)�and�10,�11�and�12�on�the
other�(subalpine�calcareous�grasslands),� located
both�on�the�negative�side�of�CA�axis�2�(Figure
7a),� due� to� high� levels� in� grazing� pressure
(Table� 1).�All� these� samples� are� characterized
by� high� percentages� of� coprophilous� NPPs,
particularly� Delitschia,� Coniochaeta,� Riccia,
Sordaria,� Sporormiella,� Podospora and
Anterosporium asterospermum (Figure� 4),
located�also�on�the�negative�side�of�CA�axis�2
(Figure� 7b).� Samples� 8� and� 9� are� relatively
close� to� the�sample�7�on� the�negative�side�of
CA� axis� 2� (Figure� 7a)� due� to� their� high� per-
centage� of� Pinus sylvestris/nigra (10-19%)
and� their� geographic� proximity� (Figure� 2).
Meanwhile,� sample� 13� has� similar� scores� to
samples� 10,� 11� and� 12� (subalpine� calcareous
grasslands)�on�the�negative�side�of�the�CA�axis
1,� although� it� is� clearly� separated� from� sam-
ples� 8,� 9� and� 18� (calcicolous� beech� forests)
along�CA� axis� 2.�This� is� because� sample� 13
was� collected� in� the� ecotone� between� beech
forests� and� subalpine� grasslands� in� an� area
without�grazing�pressure�(Figure�2,�Table�1).
Samples�8,�9,�13,�16,�17�and�18�represent

the�“Medio-European�limestone�beech�forests
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of� the�Cephalanthero-Fagion”� (9150)�habitat
type,� calcicolous� beech� forests� classified� as
the�Brachypodium pinnatum-Fagus sylvatica
community�by�Tsiripidis�&�al. (2007b).�These
forests�are�developed�between�950�and�1600�m
asl� on� calcareous� substrates,� mainly�marbles
(Figure�2,�Table�1).�Pollen�assemblages�from
unaltered� calcicolous� beech� forests� (samples
16�and�17)�are�characterized�by�large�numbers
of� tree� taxa� such� as�Corylus (9-10%),�Fagus
(20-27%),�Carpinus betulus and�Fraxinus,�and
high� values� of� Poaceae� (34-37%)� (Figures� 3
and� 4).� These� two� samples� are� located� rela-
tively� close� to� samples� 14� and� 15� (aci-
dophilous�beech�forests),�on�the�negative�side
of�CA�axis�1� and�on� the�positive�half�of�CA
axis� 2� (Figure� 7a),� due� to� their� geographical
proximity� on� the� north-western� slope� of
Mount� Paggeo� (Figure� 2).� This� northwest
exposed�area�is�characterized,�from�a�geologi-
cal�point�of�view,�by�alternating�bends�of�mar-
bles� and� gneisses� (Eliopoulos,� 2000;
Eleftheriadis� &� Koroneos,� 2003)� populated
with�dense�acidophilous�and�calcicolous�beech
forests.� In� fact,� some� authors� have� included
relevés�carried�out�on�acid� soils�within� these
from�calcicolous�beech�forests,�because�in�the
northwest�of�Mount�Paggeo�both�forests�share
many� floristic� affinities� (Tsiripidis� &� al.,
2007a,�2007b).

Conclusions

Our�study�provides�a�set�of�modern�pollen�data
spectra�which�contributes�to�improve�the�lack
of�data�from�north-eastern�Greece.�Our�results
clearly�demonstrate�that�it�is�possible�to�obtain
distinct�pollen�markers�for� the�Fagus sylvatica
forests�of�the�Mount�Paggeo.�These�distinctions
are� related� to� specific� climatic�or� geographic
gradients,�as�well�as�with�grazing�activities�linked
to�human�pressure�on�mountain�ecosystems.
The�HCA�classification�and�the�CA�ordina-

tion�of�the�24�samples�show�two�main�gradients

in�the�study�area.�The�grazing�pressure�gradient
is� reflected� by� the� second� CA� axis� and� con-
tributes�to�the�first�division�of�the�HCA�classifi-
cation,�which�separates�disturbance�taxa�from
forest� ones.� CA� axis� 2�may� also� represent� a
physiognomic� gradient� related� to� the� tree
cover,�between�grasslands�and�forested�areas.
The� altitudinal� and� temperature� gradient� is
reflected�by�the�first�CA�axis,�which�separates
pseudomaquis� vegetation� and� thermophilous
beech� forests� from� acidophilous� and� calci-
colous� ones� and� subalpine� calcareous� grass-
lands.�This� second�gradient� is� stronger� along
the�south-eastern�slopes�of�the�Mount�Paggeo
probably� due� to� the� lower� elevation� and� the
proximity� of� the� Mediterranean� Sea.� Ravine
forests�were� not� possible� to� be� distinguished
from� acidophilous� beech� ones� possibly
because�of�the�absence�of�adequate�pollen�and
vegetation�data.

Syntaxonomical scheme of beech forests in
the Mount Paggeo

QUERCO ROBORIS-FAGETEA SyLVATICAE Br.-Bl.�&
Vlieger�in�Vlieger�1937

Fagetalia sylvaticae PawBowski� in
PawBowski,�SokoBowski�&�Wallisch�1928

Fagion sylvaticae Luquet�1926
Doronico columnae-Fagenion moe-
siacae Dzwonko,� Loster,� Dubiel� &
Drenkovski�1999
1.� Brachypodium pinnatum-
Fagus sylvatica community�
2.� Calamagrostis arundinacea-
Fagus sylvatica community�
3.�Luzula forsteri-Fagus sylvati-
ca community�

Tilio platyphylli-Acerion pseudoplatani
Klika�1955

Ostryo carpinifoliae-Tilienion platy-
phylli Košir,�Carni�&�Di�Pietro�2008
4.�Taxus baccata-Fagus sylvatica
community
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