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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

SUMMARY

The aim of Action A.5 is the establishment of the base status of the target mountain grassland
habitats of Mt. Oiti and Mt. Kallidromo and its relation to ecological factors. The target habitat
on Mt Qiti is habitat type 6230%*, species rich Nardus grasslands, on siliceous substrates in
mountain areas. The target habitat on Mt Kallidromo is habitat type 6210, semi-natural dry
grasslands and scrubland facies on calcareous substrates (Festuco-Brometalia), considered
priority if it is an important orchid site. Habitat type 6210 is closely related to habitat type
62A0, eastern sub-Mediterranean Scorzoneretalia villosae grasslands. The two habitat types
which belong to different orders of the same vegetation class, Festuco-Brometea, are not
always clearly separated and, a large scale, european level comparative study of the Festuco-
Brometea is needed for the determination of the most appropriate syntaxonomic model. A
total of 8 transects (100 plots) were established at 6 localities of Mt. Qiti and a total of 17
transects (190 plots) were established at 6 localities of Mt. Kallidromo and soil properties of
most of the localities were also studied. A total of 254 plant species were identified in the
grasslands, 119 on Qiti and 179 on Kallidromo, mostly dry and wet grassland species and also
mountain heath species. Synanthropic vegetation species occured mainly on Kallidromo where
the invasive species Xanthium spinosum, the only alien identified in the grasslands, was also
found. Vegetation analysis resulted in 13 vegetation groups, clearly clustered in the higher
altitude plots of Oiti and of Gkioza on Kallidromo (groups 1 to 8) and in the lower altitude plots
of the other Kallidromo grasslands (groups 9 to 13). Vegetation groups 1, 2, 5, 6, and 7
(Livadies, Alykaina, Greveno, Zapantolakka, and possibly Tourkos) were assigned to habitat
type 6230 including transitions to oro-Mediterranean scrub and 6210 grasslands. Vegetation
group 3 represents scrub intrusion in the grasslands of Mt. Oiti. Vegetation group 4 at
Tsamadaiika was assigned to habitat type 6210 but was also close to habitat type 6230,
possibly due to the fact that the substrate is flysch with extended limestone intercalations.
Vegetation group 8 (Gkioza) was assigned to habitat type 6210 and hosts the rare species
Orchis pallens. The position of vegetation group 10 (Souvala, Nevropoli, Isomata, Mourouzos,
Mouriza) was not clear but most probably fits in habitat type 62A0. Vegetation groups 12 and
13 were assigned to habitat type 62A0, including transition to wet grasslands of habitat type
6420. Vegetation group 9 (Souvala, Mouriza) was assigned to habitat type 6420, including
transition to aquatic Phragmito-Magnocaricetea commgroupities. Vegetation group 11 was
found at the canal of Souvala and was assigned to habitat type 6420. The vegetation groups
with higher species richness were the ones of dry grasslands or of transition to dry grasslands,
especially vegetation groups 8, 5, and 10. Evenness, that is the comparative cover of species
was generally high, 0.7 and above, and was highest in Oiti plots which represent transition to
other vegetation groups or habitats (vegetation groups 4, 5, 6, and 7). Altitude, parent rock
(including the water related alluvial substrates), and grazing affect significantly the floristic
composition of mountain grasslands. Vegetation group 1 is ecologically clearly separated from
all others while vegetation group 8 is clearly separated from all other Kallidromo grasslands.
The analysis of the detailed soil propery data showed that altitude, pH, basic element content
(exchangable Mg, Ca, base saturation), parent rock, and available Fe and Mn were the factors
affecting most the plot and species data.
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

NEPINAHWH

Zkomog TnG 6paong A.5 eival o KaBoplopdg TNG apXLKAG KOTACTAONG TWV 0pevwy ALBadlwv
TIOU OIOTEAOUV OTOXOUC TOU TPOYPAUUOTOG ota 0pn Ottn Kat KaAAISpOoUOo KAl n ox€on AUTAG
NG KATAOoTOOoNG ME OLKOAOYLKOUG Ttapdyovieg. O olkOTomog otdxog oto opog Oitn eival o
TUTIOG olkotomou 6230*, mAouaota o Nardus APBASLO OE TIUPLTIKA UTIOOTPWLOTO OE OPELVEG
Teploxec. O olKOTOMOC 0TOX0G 0To O0po¢ KoAAlSpouo eival o TUMOC olkotomou 6210, nut-
duoka €&npa ABadla oe aoPeoctoAlBikd umootpwpata (Festuco-Brometalia), o omoiog
Bewpeltal mpotepaldTNTAG €AV QTOTEAEL ONUOVTIK TEPLOX yla TIG opxlbéeg. O TUTOG
OLKOTOTIOU 6210 cUVSEETAL OTEVA e TOV TUTIO OLKOTOMOU 62A0, avaTtoAkd, ulto-Meooyelakd
ABadla twv Scorzoneretalia villosae. OL U0 TUTIOL OLKOTOTIWY TIOU AVIKOUV OE SLAOPETIKEG
tagelg NG 6l kAdong PAAotnong, tng Festuco-Brometea Gev elval mavia €UkoAo va
SlakplBolv petal Toug Kol amottelte peyAAng KALHAKOC OUYKPLTIKA UEAETn ot emimedo
Eupwnng mpokelpévou va KaBoplotel To KOATOAANAOTEPO CUVTAELVOULKO HOVTEAO. JUVOALKA
eykaraotadnkav 8 Statopég (100 dewypatosnidaveleg) oe 6 B£oelg Tou 6poug Oltn kot 17
Slatopég (190 emupaveleg) 6 Béoelg Tou Opoug KaAAidpopo.3tig ibleg Béoelg pehetnOnkav ot
dLotntecg Tou €dddoug. ITo cUVOAO Twv opelvwy ABadlwv avayvwplotnkav 254 i6n putwy,
119 £i6n otnv Oltn kot 179 €idn oto KaAAiSpopo kat otnv mietoPndia toug Atav eidn Enpwv
Kal uypwv ABadlwv kot eldn opopecoyelokwv Bauvwvwy. Ta €i6n NG ocuvavBpwrtikng
BAdotnong Atav neplocotepa oto KaAASpopo, 6mou evtomiotnke Kal to Xanthium spinosum,
1o povadikd emiyeveg eidog Twv ABaduwv. H avdaluon tng BAdotnong katéAnée os 13 opadeg
BAaotnong mou Sladopomnotbnkav kabopd os SU0 PeyAAeG OUASEC, TIC SelyUATOETLPAVELEG
TWV peyohUtepwv UPopETpwy TG Oltng (opadeg PAdotnong 1 £wg 8) kat tng kopudng MNkiola
Tou KaAAbpopou kat tig detypotoemnidpaveleg xapnAotepwyv vopétpwy tou KaAidpouou
(opadeg BAaotnong 9 €wg 13). Ou opadeg PAaoctnong 1, 2, 5, 6 kat 7 (ABadiégc, AAUkava,
lpePevd, Zamaviohakko Kot (owg Toupkog) avilotoloUV OToV TUTIO OLKoTomou 6230,
oUUTEPIANAUBOVOUEVWY KL TWV HETABATIKWY {WVWV PO Toug opo-Meooyelakol§ Bapvwveg
Kal T €npa ABadia tou tumou 6210. H oudda BAGotnong 3 avtlmpoownelel TNV €0BOAN
Bapvwvwyv ota opewvd ABadia g Oitng. H opdada PAdotnong 4, ota Toapoadaika,
QVTLOTOLX(OTNKE OTOV TUTO OLKOTOMOU 6210 aAAG £XEL £TiONC OXECELG LLE TOV OLKOTOTO 6230,
mbavwg Adyw TO OTL To UmMooTpwpa otn BOféon auth eivat GAVOXNG UE EVOTPWOELC
aoBeotoAiBou. H opada BAdotnong 8 (Mkudla) avriotolxel otov okotomo 6210 kat ¢plogevel
1o onavio idoc opxldéag Orchis pallens. H Béon tng opddag PAaotnong 10 (ZouPdla,
NeBpomoAn, lowpata, MoupoUlog, Moupila) dsv Atav kabapry aAAd mibBovotata avtloTolyel
OTOV TUTO olkotomou 62A0. Ou opadeg BAGotnong 12 kat 13 avtloToloUV OTOV OLKOTOMO
62A0, ocuumep\apBavopevwy Twv petafatikwy {wvwv mPog ta uypd AlBAadia tou tumou
olkotomou 6420. H opada BAdotnong 9 (2ouBdaia, Moupila) avtlotolxel otov TUTIO OLKOTOTTOU
6420, cupmepAaUBAVOUEVNG TNG UETABOONG TPOG TIG USPOPLEG KooTNnTeG Twv Phagmito-
Magnocaricetea. H opdda BAdotnong 11 evromiotnke pHOvVo oTo KavaAl TG JouBalag Kot
avTlotolyel otov TUMO olkotomou 6420. Ot opddeg BAdotnong pe tn peyoAutepn adBovia
ebwv ntav ekeiveg twv Enpwv ABadlwv N twv petafatikwv {wvwv Tpog Enpa ABadia,
Slaitepa ot opddeg BAaotnong 8, 5 kat 10. H opolopopdla, wg mpog tn OXETKA KAAUYN Twv
elbwv oe kABe Selyparosmipavela, NTav yevikad uPpnAn, 0,7 kal peyaAltepn, Kol €PTOOE TIG
QVWTATEG TWMEG OTLG Selypatoemidaveleg TnG Oltng MOU AVIUTPOOWTEVOUV HLETABAONG TIPOG
OaAAec opadeg BAaotnong n owkotomoug (opddeg 4, 5, 6 kat 7). To uPOUETPO, TO UNTPLKO
METpWHA (oupmepAapBavolévwy Kal Twv aAAOUBLOKWY UTIOCTPpWUATWY) Kal n Bocknon
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

ennpealouv onUavTtika T YAwpLldikn olvBeon Twv opelvwyv ABadwyv. H opdada BAdotnong 1
Slaywpiletal kaBapd omd owoAoylkn amopn omd OAeC TIC UTOAOUTEG, evw N opada
BAdotnong 8 Staywpiletat kabBapd amod TG aAleg opadec BAdaotnong tou KaAAlSpopou. H
avaAuon tTwv dedopévwy Twy ElotNTwy Tou edadoug €delfe OtL To UPOUETPO, TO pH, N
TEPLEKTIKOTNTO 0t PBoaolkd otolxeia (avtalaéiuo Mg, Ca, kKopeopdg os BAOELS), TO UNTPLKO
METpWHA Kot Ta SltaBéotpa Fe kat Mn Atav oL apdyovteg e CNUAVTLKOTEPN €nidpaocn tnhv
KOTAVOUI TWV €L6WV KoL TWV EMLOAVELWV.
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

1. Introduction

The aim of Action A.5 is the establishment of the base status of the target mountain grassland
habitats of Mt. Oiti and Mt. Kallidromo and its relation to ecological factors. The target habitat
on Mt Qiti is habitat type 6230*, species rich Nardus grasslands, on siliceous substrates in
mountain areas. The target habitat on Mt Kallidromo is habitat type 6210, semi-natural dry
grasslands and scrubland facies on calcareous substrates (Festuco-Brometalia), considered
priority if it is an important orchid site.

Habitat type 6230 includes closed, dry or mesophile, perennial Nardus grasslands with highly
varied vegetation (EUR28 2013). In Europe, Nardus stricta grasslands are typically assigned to
the class Calluno-Urticetea (=Nardetea strictae) (Mucina 1997, Rodwell et al. 2002, Rivas-
Martinez et al. 2002). In Greece, Nardus stricta grasslands of habitat type 6230 are
represented by plant communites of the greek endemic order of oro-Mediterranean
chionophilous swards Trifolietalia parnassi Quézel 1964 (with a unique alliance, Trifolion
parnassi Quézel 1964) which belongs to class Juncetea trifidi Hada¢ 1946 (Quézel 1964,
Papastergiadou et al. 1997, Rodwell et al. 2002). On Mt. Qiti this grassland type was first
identified and studied by Karetsos (2002) who described four plant associations, all assigned to
the alliance Trifolion parnassi: Nardus stricta comm., Trifolium hybridum com., Poa timoleontis
comm., and Potentilla pedata comm. These grasslands develop on flat or of small inclination
areas on flysch. The former two associations develop on soils that are temporarily inundated
or waterlogged and retain their humidity throughout the year. They are considered "climax"
communities based on the assumption that due to their edaphological and hydrological
conditions, they would not be succeeded by pre-forest or forest formations (Karetsos 2002).
The latter two associations develop on better drained soils and present indications of
transition to the oro-Mediterranean calcifilous grassland and scrub of the class Daphno-
Festucetea Quézel 1964.

Habitat type 6210 includes dry to semi-dry calcareous grasslands of the class Festuco-
Brometea and is formed on the one hand by steppic or subcontinental grasslands (order
Festucetalia valesiacae) and on the other by the grasslands of more oceanic and sub-
Mediterranean regions (order Brometalia erecti with the primary xerophytic alliance
Xerobromion and the secondary mesophytic alliance Mesobromion) (EUR28 2013). Habitat
type 6210 had been interpreted as including the whole class Festuco-Brometea (Biondi et al.
2012). It must be noted that the name Brometalia erecti W. Koch 1926 which has recently
been used to encompass the meso-xerophytic alliances of the Festuco-Brometea in a single
European mesophytic order was proposed for rejection as nomen ambiguum to be substituted
by Brachypodietalia pinnati Korneck 1974 (Dengler et al. 2006, Mucina et al. 2009, Di Pietro et
al. 2015). Also, Mucina et al. (2009) proposed the name Artemisio albae-Brometalia erecti
(Biondi & al. 1995) Ubaldi 1997 for the xerophytic alliances of the former Brometalia erecti s.l.

Habitat type 6210 is closely connected to and may coexist with habitat type 62A0 which
includes Festuco-Brometea sub-Mediterranean grasslands of the order Scorzoneretalia villosae
developing in areas of lesser continentality and a greater Mediterranean element (EUR28
2013). Habitat type 62A0 was included in Annex | Dir. 92/43/EEC in 2002 as one of the
ammendments for 10 accession countries (EUR25 2003). Terzi (2015) in a review of the
Scorzoneretalia villosae delimited the (up to then) distribution of the order from the eastern
and northern Adriatic coast including the southeastern part of the pre-Alps (Italy, Slovenia,
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Croatia, Bosni & Herzegovina, Montenegro, Albania) excluding communities from Serbia,
Kosovo, the former Jugoslavic Republic of Macedonia and Bulgaria. His scheme This scheme
refers to a classical interpretation of the class, with geographically defined orders and with the
Scorzoneretalia villosae lying between the western suboceanic Brometalia erecti and the
eastern sub-continental Festucetalia Valesiacae.

Unfortunatelly, the two habitat types which belong to different orders of the same vegetation
class, Festuco-Brometea, are not always clearly separated. The problem of several co-existing
but inconsistent concepts of subdivision is particularly prominent in the class Festuco-
Brometea while there is a long standing debate regarding the southern and eastern limits of
the Scorzonetetalia villosae (=Scorzonero-Chrysopogonetalia) (Apostolova et al. 2014). There is
ambiguity as to whether Festuco-Brometea should be divided in geographically vicariant orders
(the traditional concept, as e.g. in Royer 1991) or in ecologically distinct orders (e.g. Mucina et
al. 2009, Dengler et al. 2012). In his review of the Scorzoneretalia villosae, Terzi (2015) noted
that the floristic similarities of the Scorzoneretalia villosae with Balkan associations of the
Bromion erecti might suggest that the Scorzoneretalia villosae could be moved to the
Brachypodietalia pinnati. Further, Di Pietro et al. (2015) argued that many species of the
Scorzonerion villosae (the alliance representing the mesophilous wing of the Scorzoneretalia
villosae) are shared with the Brachypodietalia pinnati and that the two orders could be united
under either the name Scorzoneretalia villosae (the earliest name) or the name
Brachypodietalia pinnati (as a conserved name). Evidently, a large scale, european level
comparative study of the Festuco-Brometea is needed for the determination of the most
appropriate syntaxonomic model. Whichever this model may be, habitat types 6210 and 62A0
have a legal status and the delimitation of protected sites has been based on their presence.
Thus, changes in the legal interpretation of these habitat types may have serious
repercussions, especially since habitat type 6210 is considered a priority one in certain cases
while habitat type 62A0 is not priority.

Finally, it must be noted that the recent "Rule based system for in situ identification of Annex |
habitats" (Bunce et al. 2012) does not make the distinction of these habitats much easier since
they retain common indicator species, not readily distinguisable environmental qualifiers, and
mapping rules not applying to all records of the habitats (e.g. 62A0 is given only for altitudes
below 300 m).

In Greece, up until recently, it was considered that habitat type 6210 was represented by
grasslands of the endemic Mediterranean order Astragalo-Potentilletalia (Papastergiadou et
al. 1997, Vrahnakis 2010, Fotiadis et al. 2014), found only in the central and southern parts of
the Balkans (Carni et al. 2000). According to Pirini (2014), in the Balkan Peninsula, Festuco-
Brometea is represented by Scorzonero-Chrysopogonetalia (=Scorzoneretalia villosae) which
includes the sub-Mediterranean grasslands of the north-western sector of the Dinarids, by
Festucetalia valesiacae extending from eastern Central Europe through the eastern and south-
eastern Balkans, and by Astragalo-Potentilletalia, which includes the sub-Mediterranean/sub-
continental lowland to montane grasslands of the south-central Balkans (Bergmeier et al.
2009, Redzic 2010).

Nevertheless, the recent official Annex | habitat type list per country published at some point
after 2011 (http://bd.eionet.europa.eu/activities/Reporting/Article_17/reference_portal) does
not include 6210 in the habitats present in Greece, apparently after advice from the national
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

authorities. However, the presence of the Scorzoneretalia villosae in Greece had not been
substantiated in any scientific publication or other literature at the time which resulted in
confusion regarding the assignement of certain vegetation units to habitat 6210. This is
evident in a recent work from Prespa presented at the 11" European Dry Grassland Meeting:
habitat type 6210 was cited in the abstract (Vrahnakis et al. 2014a) but was replaced by
habitat type 62A0 in the finally presented poster (Vrahnakis et al. 2014b). This was the first
published record of habitat 62A0 - Scorzoneretalia villosae from Greece, although the relevant
table of the poster cited the syntaxa Festuco-Brometalia: Festucion valesiacae and Astragalo-
Potentilletalia: Saturejo-Thymion (?) and Saturejion montanae (?).

The field work for action A.5 took place in 2013 and the study was planned so as to include all
types of mountain grasslands found in the project sites without pre-assigning them to a certain
habitat type.

B Ny —

Grazed grassland.in Mouriza (M. Ka“idrbmo) with Colchicum*,.

autumnale, September 2013, photo P. Delipetrou
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

2. Study of soil properties

2.1. Methodology
Collection of soil samples

Soil sampling took place at the localities of the grassland vegetation transects (section 3). The
collection sites are shown in Table 1 and in Figures 3 — 15. In total, 15 samples were collected
from Mt. Kallidromo and 10 from Mt. Qiti.

Litter was removed and the organic layer, which was very thin in all sampling localities, was
collected together with the mineral soil to a depth of 20 cm. All samples were labelled in the
field (pit numbers 1 to 25) and transported to the laboratory.

Table 1. Soil sampling localities.

‘Pit number‘ Mountain ‘ Locality ’Vegetation Transect
1 Kallidromo  Nevropoli N2
2 Kallidromo  Nevropoli N2
3 Kallidromo  Nevropoli N1
4 Kallidromo  Nevropoli N1
5 Kallidromo  Panagia-Dremata K2
6 Kallidromo  Panagia-Dremata K2
7 Kallidromo  Isomata K4
8 Kallidromo  Isomata K4
9 Kallidromo  Mouriza-pond
10 Kallidromo  Mouriza K3
11 Kallidromo  Mourouzos K7
12 Kallidromo  Mourouzos K7
13 Kallidromo  Gkioza K1
14 Kallidromo  Gkioza K1
15 Kallidromo  Gkioza K1
16 Oiti Greveno-pond
17 Oiti Greveno G
18 Oiti Livadies 2 L2
19 Oiti Livadies-pond
20 Oiti Livadies
21 QOiti Livadies
22 QOiti Livadies
23 Oiti Alykaina-pond
24 QOiti Alykaina A
25 Qiti Tourkos TR

Sample pretreatment and analysis

All soil samples were air dried and passed through a 2 mm sieve before analysis. All soil
concentrations are expressed on an air-dry basis. For the determination of total organic C and
total N subsamples were pulverized by a ball mill so as to reach clay dimensions.

The texture of soils was determined by the hydrometer method. The CaCO; content was
determined by a calcimeter. The pH of soils (1:2.5 soil: water ratio) was measured by a glass
electrode. Cation exchange capacity (CEC) of the samples was determined by the Na-acetate
method (Bower et al. 1952). Organic C was measured by wet oxidation with K,Cr,0; (Walkley
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

1946). The conductivity of the soil solution (1:5 soil: water ratio) was measured
electrometrically and the results were multiplied by 6.4 (BAl 1984).

Exchangeable base cations (Ca, Mg, K and Na) were extracted with 1 M ammonium acetate, pH
7, and their concentrations were determined by atomic absorption spectrometry. Cation
Exchange Capacity (CEC) was determined with the sodium acetate method (Bower et al. 1952).
Base saturation (%) was calculated as the percentage of the sum of base cations over the CEC.
Available trace elements were extracted with a solution of pH 7.3 containing 0.005 M
diethylenetriaminepentaacetic acid (DTPA), 0.1 M triethanolamine, and 0.01 M calcium
chloride (Lindsay and Norvell, 1978) and their concentration was measured with atomic
absorption spectrometry. Available P was extracted with deionized water in a soil to water
ratio 1:10 (Olsen and Sommers, 1982) and its concentration was measured with ICP atomic
emission spectrometry.

2.2. Results and Discussion

The average values, ranges and coefficients of variation for the soil properties in both
mountains are presented in Table 2. The results of all analyses are presented in Table 3.

With regard to the nature of the parent material, slight differences were found from the
geology of the area depicted in Figures 3 to 15. So, the parent material of pit 1 (Nevropoli) is
flysch, the parent material of pits 3 and 4 (Nevropoli) is colluvial rock derived from hard
limestones and the parent material of pits 24 (Alykaina) and 25 (Tourkos) is dolomite. The
latter were classified as such based on the high concentrations of exchangeable Mg found
during the analysis. The importance of the parent material on defining soil functions was
stressed by Kooijman et al. (2005). Oyonarte et al. (2008) found that for the mountainous
forest ecosystems in the Mediterranean zone lithology is more important than plant cover
with regard to soil physical and chemical properties. In Greece, hard limestones, including
limestone marbles, cover 32% of the total land area (Nakos 1979). Due to their mode of
formation soils derived from hard limestones are usually contained in pockets of the parent
rock reaching down to varying depths whilst the rock is very commonly exposed at the surface.
One characteristic of the rocks in the area is the colluvial formation that exists along with the
hard limestone landscape. That colluvial material has slided down from slopes as a result of
gravitational forces from higher portions of slopes and accumulated at their feet. Tertiary
deposits occupy 21% of the area of Greece and an appreciable percentage of the soils
developed on this material is alkaline in reaction and rich in bases especially Ca. Flysch rocks
cover 9% of the area of Greece. Soils from flysch are usually acid in reaction and moderately to
sufficiently supplied with base cations (Ca, Mg, K).

The topography of the grassland area covered by the soil sampling does not correspond to a
mountainous relief. It could be considered as a plain formed by the deposits of the
surrounding areas either in the alluvial or in the colluvial form. So, apart from the nature of
the parent material, the way of formation has greatly influenced the physical and chemical
properties of the soils. An important property that changed is the total soil depth. Usually,
soils developed on hard limestones are shallow.
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Table 2. Summary of properties of soil samples in grasslands of Mt. Oiti and Mt. Kallidromo.

Mt. Oiti Mt. Kallidromo

Property and abbreviation Average Range cV' (%) | Average Range cVv* (%)
pH 5.53 4.99-6.47 7.24 6.55 5.34-7.57 8.74
Organic C (%) OrganicC 4.34 2.36-6.78 37 4.66 2.13-8.28 38.9
Total N (g/kg) TotalN 4.05 2.87-5.60 26.1 4.16 2.10-8.19 40
C/N CtoN 10.6 8.04-14.0 23 114 7.67-15.2 18.6
Sand (%) Sand 55.5 48.4-63.8 9.4 53.8 34.0-68.0 20.4
Clay (%) Clay 15.7 6.88-22.9 31.9 20.1 11.6-30.7 31.6
Silt (%) Silt 28.8 16.7-44.4 26.6 26.1 17.2-46.4 30
Conductivity (1S/cm) Cond 290 184-648 48.9 761 376-1162 35.8
Exch. Ca (meq/100 g) Ca 6.04 2.05-12.2 59.5 20.5 8.40-37.8 47.5
Exch. Mg (meq/100g) Mg 2.8 0.50-10.2 138 5.19 1.58-11.3 60.8
Exch. K (meq/100 g) K 0.59 0.36-0.95 36.8 0.9 0.33-1.61 41.2
Exch. Na (meq/100 g) Na 0.08 0.05-0.09 18.6 0.1 0.07-0.17 27
CEC (meq/100 g) CEC 17.4 6.94-34.7 43.3 29.1 17.3-57.6 37.4
BS (%) BaseSat 55.1 18.3-98.7 54.1 98 48.9->100 52
Available P (mg/kg) Av_P 072  0.19-2.23 782 056  0.16-1.25  59.4
Available Mn (mg/kg) Av_Mn 19.3 4.00-76.0 112 58.7 15.0-116 53.2
Available Fe (mg/kg) Av_Fe 213 72-434 59.5 85.1  24.0-463  54.4
Available Cu (mg/kg) Av_Cu 1.46 0.66-2.74 56.6 1.85 0.92-3.14 42.3
Available Zn (mg/kg) Av_Zn 0.62 0.24-0.98 39 1.98 0.44-3.52 51

!Coefficient of variation

In our case, plants do not face such problem. Another property to be influenced is the texture.
The area of Kallidromo mostly has soils formed on hard limestones. Usually the hard
limestones give rise to heavy soils, whereas here the average texture of the Kallidromo soils is
sandy clay loam. Only three pits, 9, 11 and 12, at the area of the ponds Mourouzos and
Mouriza, had soils with relatively high clay content and that was due to the fine soil material
around the ponds. None of the soils sampled from the Oiti mountain had a high clay content
(Tables 2 and 3). The average texture of the soils of Oiti was found to be sandy loam.

Only the pH of soils derived from tertiary deposits in the mountain of Kallidromo had high
values and one of them (pit number 5 at Panagia-Dremata) had a 7% percentage of CaCOs.

Soils derived from hard limestones can be slightly acidic, whereas soils developed on colluvial
rocks from hard limestones have a high weathering rate (Papamichos 1984) and therefore
CaCO; has more active surfaces. This is the reason that pit numbers 3 and 4 (Nevropoli) have
soils with a higher pH. Apart from pH all the other soil properties had high coefficients of
variation (Table 2). This finding clearly shows the non-uniformity of non-agricultural soils even
if they are formed from the same parent material. The soils collected from Mt. Qiti had, as
expected, lower pH values than those from Mt. Kallidromo as most of their soils were derived
from flysch.
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Table 3. Properties of soil samples in the grasslands of Mt. Qiti and Mt. Kallidromo.

DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Pit No| Parent material | Sand | Clay | Silt pH |Organic| TotalN| C/N [Conducti Exch. Exch. Exch. Exch. CEC Base | Avail. | Avail. | Avail. | Avail. | Avail.
(%) | (%) | (%) C (e/kg) vity Ca Mg K Na saturati| P Mn Fe Cu Zn
(%) (nS/cm) (meq/100g) on (%) (mg/kg)
1 Flysch 63.8 14.2 22 5.34 4.41 3.5 12.6 472 10.4 2.08 0.61 0.08 18.9 70.2 1.25 72 132 13 2.46
2 Hardlimestone 63.1 15,6 21.2 5.82 3.23 2.45 13.2 378 8.4 1.58 0.79 0.07 17.3 62.3 0.399 86 74 0.92 2.02
3 Colluvialrock  57.1 23.6 19.2 6.92 331 2.45 13.5 960 26 1.67 0.77 0.08 26 >100 0.386 72 54 2.06 1.4
4 Colluvialrock  57.1 19.6 23.2 6.79 5.83 3.85 15.2 1162 255 2.08 1.28 0.11 29.8 97.2 0.501 80 86 2.38 2.88
5 Tertiary deposits 58.6 19.1 224 7.57 3.39 3.5 9.68 1120 37.8 4.25 0.66 0.1 21 >100 0.711 20 24 1.12 0.62
6 Tertiary deposits 57.1 25.6 17.2 6.91 3.55 3.15 11.3 1056 32.2 9.33 0.33 0.17 57.6 73 0.236 32 54 2.78 0.62
7 Hardlimestone 63.1 17.6 19.2 6.79 4.49 4.2 10.7 708 25.8 11.3 0.46 0.1 19.4 >100 0.967 50 126 3.02 1.12
8 Hardlimestone 68 124 196 6.92 2.13 2.1 10.1 376 36.4 9.83 0.49 0.09 26.5 >100 0.271 22 50 1.12 0.44
9 Hardlimestone 34 30.7 353 6.83 2.6 2.8 9.29 680 19.4 5.5 0.97 0.1 29.8 87 0.164 90 158 3.14 1.86
10 Hardlimestone 57.1 11.6 31.2 6.1 6.23 4.55 13.7 684 10.7 2.92 0.79 0.09 19.8 73.3 0.305 116 80 14 3.38
11 Hard limestone 42 30.7 273 6.52 3.7 4.83 7.67 572 15.5 5 1.61 0.09 33.6 66 0.612 60 188 2.48 2.04
12 Hardlimestone 39.1 28.9 32 6.35 6.94 5.11 13.6 1018 18.4 4.42 1.15 0.11 35.1 68.5 0.527 94 76 2.36 3.52
13 Hardlimestone 53.1 16.2 30.7 6.85 8.28 8.19 10.1 909 18.8 7.67 0.97 0.12 45.9 60.1 1.18 32 44 1.44 3.3
14 Hardlimestone 58.8 169 244 58 7.01 6.65 10.6 457 9.2 3.5 1.36 0.14 29 48.9 | 0.517 15 82 1.02 2.12
15 Flysch 348 189 464 681 | 4381 5.11 9.41 869 13.4 6.67 1.28 0.12 27.6 77.8 | 0.385 40 48 1.22 1.94
16 Flysch 52.8 229 244 6.47 2.36 2.94 8.04 221 8.8 1.92 0.43 0.08 14.8 76.1 0.771 76 222 2.52 0.9
17 Flysch 55.1 16.2 28.7 5381 4.33 5.25 8.26 214 3.8 0.72 0.92 0.07 14.8 37.3 0.631 11.8 96 0.68 0.44
18 Flysch 63.8 16.2 20 553 | 6.54 4.76 13.7 358 2.05 0.53 0.41 0.09 16.7 18.4 | 0.334 26 332 0.66 0.48
19 Flysch 63.1 202 16.7 499 | 6.78 4.83 14 368 5.25 1.08 0.43 0.09 6.94 98.7 | 0.414 4 376 2.16 0.98
20 Flysch 488 6.88 444 541 6.07 5.6 10.8 216 3.9 0.64 0.56 0.07 20.5 253 0.553 22 172 1 0.6
21 Flysch 58.4 109 30.8 5.53 2.68 3.01 8.9 195 5.8 0.92 0.43 0.05 125 57.6 0.613 24 86 1.02 0.38
22 Flysch 56.4 149 28.8 524 | 3.79 3.15 12 184 2.15 0.5 0.36 0.05 16.7 183 | 0.194 4.9 72 0.66 0.24
23 Flysch 484 209 30.8 5.38 3.81 2.87 133 218 5.05 15 0.95 0.09 131 57.7 2.23 5.2 434 2.74 0.82
24 Dolomite 544 109 348 5.29 4.18 4.55 9.18 648 11.4 10 0.64 0.09 233 94.9 0.704 6.5 176 1.04 0.6
25 Dolomite 544 169 288 563 | 2.86 35 8.16 284 12.2 10.2 0.74 0.09 34.7 66.8 | 0.742 12.2 166 2.12 0.78
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

The conductivity of the soil solution in both mountains was not high (Table 3). According to BAI
(1984) there must be at least a value of 2000 uS/cm for some sensitive to salinity plants to
start having problems. Also the concentrations of exchangeable Na of the soil samples had low
values (in comparison with the CEC values) and therefor there is no problem with sodicity. The
ESP percentage (the percentage of Na with regard to the CEC) was much lower than the value
of 15% (the threshold for sodicity).

In order to enable the comparison of the soil properties of the sampled areas with the
threshold values of nutrients, values indicative of nutrient deficiencies for agricultural plants
are presented in Tables 4 and 5. In any case, this comparison must be interpreted with caution
as wild plants are capable of coping with infertile soils. Still, that is an indication of nutrient
fertility. The threshold values were taken from BAI (1984) for organic C, total N, CEC and
exchangeable cations, from Nelson (1982) for P and from Martens and Lindsay (1990) for
micronutrients. In this respect, regarding organic C only one sample, pit number 8 (Isomata),
had a value of 2.13 % which is considered low. There was no indication of deficiency regarding
the absolute magnitudes of N, exchangeable Ca, Mg and K. However, in soils of high pH the
ratio of Ca/Mg should not be above 5 as there could be a competition for take up between Ca
and Mg in favor of the Ca (BAl 1984). In our soils this happens for the pits 3 and 4 (Nevropoli)
and for the pit 5 (Panagia-Dremata) in the mountain of Kallidromo. An interesting case is the
existence of dolomite rocks, a mixture of CaCO; and MgCQOs, in the area of the pit numbers 24
(Alykaina) and 25 (Tourkos) in the mountain of Oiti. This conclusion was drawn from the high
concentrations of exchangeable Mg in comparison with exchangeable Ca. It must be
mentioned that according to the Institute of Geology and Geological Exploration (IGME)
1:50000 map these two areas are within the zones of flysch and limestones, respectively.
However, in the Greek landscapes different rocks intermingle very often with the main rock
depicted in geological maps.

The percentage of base saturation (BS) was over 100% only in the samples of Kallidromo (Table
2). This finding is in accordance with those found by Nakos (1979). Soils on hard limestones
and tertiary deposits can give high values of BS, sometimes higher than 100. In contrast, soils
derived from flysch, as in the case of Mt. Qiti, have always lower values.

The ratio of C/N is not high and considered satisfactory for non-agricultural soils.

Table 4. Critical values of nutrients according to literature. Organic C is expressed in %, total N
in g/kg, Cation Exchange Capacity (CEC), exchangeable Ca, Mg and K, in meq/100g, available P
in mg/kg.

Organic C Total N CEC Exch. Ca Exch. Mg Exch. K P

2 1 5.0 0.8 0.20 0.20 0.13

Table 5. Critical values of available micronutrients (mg/kg) according to literature.

Fe Mn Zn Cu

4.80 0.22 0.80 0.53
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

The magnitude of CEC of all samples was above the value of 5 meq/100 g. Only one sample,
the pit number 19 (Livadies pond), had a low CEC (6.94 meq/100 g).

Only two soil samples had a low value of available P, the numbers 9 and 22 (App.3). Still these
values were not below the critical value of Table.7.

Based on the threshold values (Table 5), there were no indications of deficiencies regarding
the concentrations of the available Fe, Mn and Cu, either.

However, some samples were found to have Zn concentrations below the limit. These were
the pit numbers 5, 6, 17, 18, 20, 21, 22 and 24 (Panagia-Dremata, Greveno, Livadies, Alykaina).
The two samples from Mt. Kallidromo came from soils derived from tertiary deposits having a
high pH. The dependence of Zn availability on soil pH has also been found by other studies
(Kiekens 1995). Regarding the samples from Mt. Oiti, the pH of the soils in this mountain is not
high and the low amounts of Zn can be attributed to the nature of the parent material. As
mentioned above, the threshold limits have been set for agricultural plants and not for plants
in the wild. The rooting systems of plants can excrete organic acids the anions of which can
chelate micronutrients bound to Mn or Fe oxides. In order to determine whether a nutrient
deficiency actually exists for the typical grassland species, the only way is the ex situ
application of fertilizers. If the nutrient supposedly in scarcity is applied to the plant and its
growth rate increases, then this is a proof of nutrient deficiency. Pit number 18 (Livadies 2) is
of particular interest as the plant Nardus stricta, typical of habitat 6230%, is abundant there.

Finally, pits 3 and 4, adjacent to the pond of Nevropoli, have an unfavorable Ca/Mg ratio.
These soils were derived from colluvial limestone rocks and have a high pH. It seems that the
plants in this locality can cope with the Mg take up.

Left: Grassland transect K1 at Gkioza (Mt.
. Kallidromo), July 2013, photo I. Dimitriadis

Right: Orchis pallens at Gkioza (Mt.
Kallidromo), May 2013, photo P. Delipetrou

LIFE11 NAT/GR/1014-ForOpenForests - HAO Dimiter-Institute of Mediterranean Forest Ecosystems & Forest Products Technology
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

3. Vegetation composition and structure

3.1. Methodology
Field work

Vegetation structure and flora composition of the grasslands were studied by transects at
selected localities of Mt. Oiti and Mt. Kallidromo in 2013 (Figures 1 and 2). Sampling took place
in July which is the season when most of the typical grassland species are identifiable in both
mountains. However, it must be noted than at any season some species may not be
identifiable or even visible, so field recording included the typical species but not the entire
floristic composition of the grasslands. The localities were selected so as to cover both the
transition to temporary pond vegetation (transects were established at all the termporary
pond localities) and the transition to woodland scrub (transects were established at localities
with evident Juniperus nana-Abies cephalonica expansion). Also, there was an effort to cover
the variety of grasslands on both mountains. A total of 8 transects (100 plots) were established
at 6 localities of Mt. Oiti and a total of 17 transects (190 plots) were established at 6 localities
of Mt. Kallidromo (Table 6, Figures 3 to 14). It must be noted that: a) no transects were
established at the area of Louka because all flora species had been grazed to the ground and
were not identifiable by July; and b) the transects at the area of Souvala were originally
established for the study of the supposed temporary ponds of the site but as it turned out the
vegetation of this locality consisted of different wet and dry grassland types.

Table 6. List of vegetation transects at the mountain grasslands.

Mountain Locality Altitude, m Bioclimate Vegetation Lengthm
Transect
Oiti Alykaina 1917-1925 A 150
Oiti Greveno 1896-1897 | Mountain Mediterranean/Oro- G 100
Oiti Livadies 1812-1821 Mediterranean L 250
Oiti Livadies 2 1804-1810 L2 100
Oiti Tourkos 1704-1712 Mountain Mediterranean TR 100
Oiti Tsamadaiika 1400-1435 TS 110
Oiti Zapantolakka 1406-1415 Supra-Mediterranean/ Z1 50
Oiti Zapantolakka 1399-1409 Mountain Mediterranean Z2 50
Kallidromo Gkioza 1288-1296 K1 150
Kallidromo Isomata 994-1005 K4 50
Kallidromo Isomata 998-1010 K6 50
Kallidromo Mouriza 1070-1072 K3 75
Kallidromo Mourouzos 1070-1074 K7 100
Kallidromo Nevropoli 976-985 N1 50
Kallidromo Nevropoli 975-983 N2 50
Kallidromo Souvala 1022-1025 S1 90
Kallidromo Souvala 1020-1024 Supra-Mediterranean S2 100
Kallidromo Souvala 1016-1020 S3 110
Kallidromo Souvala 1017-1021 S4 180
Kallidromo Souvala 1017-1022 S5 140
Kallidromo Souvala 1019-1024 S6 150
Kallidromo Souvala 1018-1021 S7 140
Kallidromo Souvala 1016-1021 S8 100
Kallidromo Souvala 1017-1021 S9 60
Kallidromo Panagia-Dremata 777-790 | Meso-Mediterranean/Supra- K2 150
Mediterranean
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

The transects had a length of 50 — 250 m, depending on the topography, variety of grassland
and transition to other vegetation units at each locality. During field work, the transects were
marked on the ground by measuring tapes and sampling was made at 1x1 vegetation plots
delimited using a wooden frame and systematically placed along the transects every 10 m. In
each plot, total plant cover as well as the cover-abundance (Braun-Blanquet 9-grade scale) of
each plant present in the plot were recorded. Samples of plants were collected if necessary for
identification (if possible samples were taken outside the 1x1 plot, otherwise the plants were
not uprooted).

348000 351000 352000

Zapantolakka

Tsamada{ﬁha

3

* Tourkos

Alykaina

349000 351000 352000
Figure 1. Grassland transects on Mt. Qiti.
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Isomata

Nevropoli

Souvala

Phnagia-Dremata

Mouriza-Mourouzos

Gkioza

369000 370000 371000 372000 375000
Figure 2. Grassland transects on Mt. Kalldromo.
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.
Data process and analysis

Plant samples were dried, identified and mounted on herbarium sheets. Festuca species were
identified by an expert, B. Foggi (Dipartimento di Biologia vegetale, Universita degli studi di
Firenze, Italy). After the end of the project, the specimens will be deposited at the herbarium
of the Botanical Museum of the National and Kapodistrian University of Athens (Faculty of
Biology). The field data of the vegetation plots were corrected after plant identification and
recorded in a TURBOVEG (© 1998-1999 Hennekens S.) database customised for the needs of
the project.

Life forms and chorological data are according Dimopoulos et al. (2013). Life forms follow the
Raunkiaer system: T = Therophytes (annual herbs); H = Hemicryptophytes (biennial and
perennial herbs); G = Geophytes (perennial herbs); C = Chamaephytes (perennial subshrubs
and small shrubs); P=Phanerophytes (perennial tall shrubs and trees). Chorological categories
are as follows: END = Greek endemic; Bk = Balkan; Bl = Balkan-Italian; BC = Balkan-C European;
BA = Balkan-Anatolian; EM = E Mediterranean; Me = Mediterranean; Meu = Mediterranean-
European; MA = Mediterranean-Atlantic; MS = Mediterranean-SW Asian; Eu = European; ES =
European-Siberian; EA = European-SW Asian; Pt = Paleotemperate; Ct = Circumtemperate; ST =
Subtropical-Tropical; Bo = Boreal; AA = Arctict-Alpine; Co = Cosmopolitan; [S-Am.] = Alien-S
American.

Analysis of the vegetation data was made with the hierarchical classification method Two-way
indicator species analysis (TWINSPAN) by the softwasre package JUICE (© Ver. 7.0, Lubomir
Tichy, 1999-2010). This type of analysis discriminates vegetation units (different species

assemblages), so it is suitable for the identification of differences in flora composition between
and within grassland localities. Fidelity of the species to vegetation units was assessed using
the phi coefficient (¢) which ranges from -1 to +1, with greater values indicating that the
species and the vegetation unit co-occur more frequently than would be expected by chance,
and is independent of the total number of relevés in the dataset (Chytry et al. 2002). Fidelity
was taken into account only for species with significance 0.05 calculate by the Fischer's exact
test. The threshold value for the identification of diagnostic species was 50 (¢ > 0.5), for
constant species 70 (frequency = 70%), and for dominant species 50 (cover in plot > 50%).

The exploration of the major patterns of the species data, and their relation to environmental

variables was made by unimodal ordination techniques (Detrended Correpondence Analysis-
DCA and Canonical Correspondece Analysis-CCA) by the software packages Canoco 4.5 (© ter
Braak & Smilauer 1997-2002 Biometris-Wageningen, ter Braak & Smilauer 1998) and
CanoDraw 4.0© (ter Braak & Smilauer 1999-2002 Biometris-Wageningen). The response of the
species to ecological variables was also explored by Generalized Additive Models (GAM) or
Generelized Linear Models (GLM) with the above software. Only species with significant
(P<0.05) goodness of fit based on the F statistic were used in the diagrams.

Biodiversity indices were used in order to assess the floristic composistion of the plots. Species

diversity consists of two different aspects of species relative abundance: the actual number of
species included in any particular sample, and the evenness of the distribution of individuals
between the species encountered. Different metrics, differing in the extent at which they are
influenced by the above aspects were applied to the plot data. Diversity at species level was
determined by the Shannon-Wiener index H' (H' = -2pi InPi, where Pi is the relative abundance
of each species in the plot, minimum value 0, maximum value=log,N,;) and the related
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

equatability or evenness index Rs = H'/InN, (where Ny=total species number in the plot, values
0 — 1), a parameter of species competition (Krebbs 1999, Li & Krauchi 2004). In addition, Hill's
indices (calculated by CanoDraw) were used. These are N, (species richness, i.e. number of
species), N, (exponential of Shannon-Weiner Index) and N, (reciprocal of Simpson’s Index D = X
Pi?, minimum value 1, maximum value=Ng). N; is more sensitive to the number of species
recorded in the sample, where as N, is more sensitive to the evenness of the distribution of
individuals between species.

,Grassland transect L at Livadies (

Area of grasslahd transect'L2 at Livadies.(Mt. Oiti) ; May 2013, photo I. Dimitriadis
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.
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Figure 3. Oiti, Alykaina grassland transect (A).
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Figure 4. Oiti, Greveno grassland transect (G).
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.
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Figure 5. Qiti, Livadies grassland transect (L).
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.
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Figure 7. QOiti, Livadies 2 grassland transect (L2).
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Figure 8. Oiti, Tourkos grassland transect (TR).
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Figure 9. Oiti, Tsamadaika grassland transect (TS).
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Figure 10. Kallidromo, Gkioza grassland transect (K1).
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Figure 11. Kallidromo, Isomata grassland transects (K4, K6).
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Figure 12. Kallidromo, Nevropoli grassland transects (N1, N2).
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Figure 13. Kallidromo, Mouriza and Mourouzos grassland transects (K3, K7).
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Figure 15. Kallidromo, Souvala grassland transects (S1 to S9).
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3.2. Description of flora composition and vegetation groups of the mountain
grasslands in Mt. Oiti and Mt. Kallidromo

A total of 254 plant species were identified in the grasslands, 119 on Oiti and 179 on
Kallidromo, mostly dry and wet grassland species and also mountain heath species (Table 8).
Synanthropic vegetation species occured mainly on Kallidromo where the invasive species
Xanthium spinosum, the only alien identified in the grasslands, was also found.

The life form spectrum of the mountain grassland vegetation is presented in Figure 16a. More
than 92 % of the species were herbs and the most prominent life form was the
hemicryptophytic, as expected for high altitude ecosystems. Therophytes were mainly dry
grassland and synanthropic species and were more frequent on Mt. Kallidromo. Chamaephytes
and phanerophytes were few and in fact occurred at plots representing transition to mountain
scrub and forest.

The chorological spectrum is presented in Figure 16b. In general, the restricted distribution
species such as the greek endemics and balkan endemics as well as the Mediterranean taxa
represented a lower percentage in the mountain grassland flora than in the general Greek
flora (data on the Greek flora as in Dimopoulos et al. 2013). On the contrary widespread
species, especially European and Eurasiatic species, represented a higher percentage in the
mountain grasslands than in the general flora. This was also noted by Karetsos (2002) for the
flora of Mt. Qiti. Notably, five species with distribution in N Eurasia at (boreal) or above (arctic
-alpine) the high montane timberline were identified: Juncus articulatus, Luzula multiflora,
Phleum alpinum, Luzula spicata, and Veronica serpyllifolia.

The above general patterns of life forms and chorology varied between the two mountains and
between the vegetation units. This variation is presented per vegetation unit below.

[S-Am.]

Figure 16. a: Life form spectrum of the mountain grassland species; b. Chorological spectrum
of the mountain grassland species.
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The mountain grasslands of Mt. and Mt. Kallidromo were clustered in 13 vegetation groups
(Table 7). It must be stressed that these groups do not represent vegetation units in a strict
phytosociological sence, but are rather species assemplages representing the spatial
distribution of flora species in the grassland areas, including the transition to or intrusion of
scrub and forest and the transition to wet grassland or temporary pond vegetation. The
hierarchical classification tree is illustrated in Figure 17 and the synoptic classification table,
including the flora list in the grasslands is shown in Table 8. Each vegetation group is described
in detail below and the spatial distribution of the vegetation groups at each locality is
presented in Figures 3 to 15.

The classification analysis separated the plots in two large groups, mainly based on altitude
(Figure 17). The first group includes high altitude grasslands on Oiti (vegetation groups 1 to 7),
which correspond to habitat type 6230 and its transition to drier grassland types or scrub, and
on Kallidromo (vegetation group 8) which corresponds to habitat type 6210 and its transition
to scrub. The second group (vegetation groups 9 to 13) includes grasslands on Kallidromo
which correspond to either wet grasslands of habitat type 6420 or dry grasslands of habitat
types 6210 or 62A0 and the transitions among them.

Table 7. Vegetation groups in the mountain grasslands of Mt. Oiti and Mt. Kallidromo.

Vegetation Groups Vegetation type Distribution
1 Nardus stricta-Centaurea nervosa subsp. 6230 Oiti: Livadies, Livadies 2,
promota Greveno, Alykaina, Tourkos
2 Poa timoleontis-Galium verum 6230 transition to Oiti: Zapantolakka,
4060/4090 or Festuco-Tsamadaiika, Alykaina,
Brometea Livadies, Tourkos
3 Juniperus communis subsp. nana 4060 Oiti: Livadies, Greveno,
Tourkos
4 Plantago holosteum-Hieracium 6210 (or 6230 Oiti: Tsamadaiika
piloselloides transition to Festuco-
Brometeaq)
5 Festuca dalmatica-Plantago argentea 6230 transition to Oiti: Alykaina
Festuco-Brometea
6 Koeleria lobata-Poa variegata 6230 transition to Oiti: Alykaina, Tourkos,
4060/4090 Livadies
7 Hieracium hoppeanum-Plantago holosteum6230 and 6230 Oiti: Livadies

transition to 4090
8 Festuca jeanpertii subsp. achaica-Achillea 6210, 6210 transitionnKallidromo: Gkioza, Isomata;
crithmifolia to 4060 Qiti: Tourkos
9 Mentha pulegium-Potentilla reptans 6420: Plantaginetalia Kallidromo: Souvala, Mouriza
majoris and transition
to Phragmito-

Magnocaricetea
10 Festuca valesiaca-Eryngium campestre 6210/62A0+synanthroKallidromo: Souvala,
pic Nevropoli, Isomata,
Mourouzos, Mouriza
11 Juncus inflexus 6420: Plantaginetalia Kallidromo: Souvala (canal)
majoris
12 Hordeum bulbosum-Agrostis gigantea 62A0, 62A0 transition Kallidromo: Panagia, Isomata,
(Ononis spinosa) to 6420 Souvala
13 Plantago lanceolata-Lotus corniculatus 62A0, 62A0 transition Kallidromo: Souvala, Panagia,
(Ononis spinosa) to 6420 Nevropoli, Mourouzos
Oiti: Tourkos
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Figure 17. Hierarchical classification tree of vegetation units in the mountain grasslands of Mt.
Oiti and Mt. Kallidromo.

Vegetation group 1: 6230 - Nardus stricta-Centaurea nervosa subsp. promota
Diagnostic species: Centaurea nervosa subsp. promota, Nardus stricta, Trifolium hybridum

Constant species: Centaurea nervosa subsp. promota, Galium verum

Dominant species: Centaurea nervosa subsp. promota, Deschampsia cespitosa, Nardus stricta

Vegetation group 1 occurs only on high altitude (above 1700 m) flyschs of Mt. Qiti at soils
which remain waterlogged after the snow melts and are more acidic. This vegetation group
corresponds to the typical form of habitat 6230 and is most representative at the locality
Livadies 2. Both Centaurea nervosa subsp. promota (a greek endemic high altitute species) and
Nardus stricta (a species with distribution in temperate Eurasia) are diagnostic of the Juncetea
trifidi Greek endemic order Trifolietalia parnassi. Besides, the participation of the Juncetea
trifidi species Luzula multiflora, Luzula spicata, Rumex acetosella, Dianthus tymphresteus,
Bellardiochloa variegata (=Poa variegata), and Phleum alpinum is notable in this group. The
participation of wet grassland species such as Trisetum flavescens and Plantago lanceolata is
notable, and especially Trifolium hybridum appears with high frequency. Another two species,
Plantago argentea and Galium verum, present significant contancy in both vegetation group 1
and 2. Plantago argentea is considered diagnostic of xerophytic Festuco-Brometea orders
(Scorzoneretalia villosae, Brometalia erecti) in Europe while Galium verum is considered
diagnostic of mesophytic Festuco-Brometea grasslands (e.g., Terzi 2015, Chytry & Tichy 2003).
However, in Greece Plantago argentea has been listed in the diagnostic species of the order
Juncetea trifidi: Trifolietalia parnassi (Quezél 1964, Karetsos 2002). Galium verum on the other
hand apparently participates in a range of mountain grassland communities in Greece and in
Europe, for example Mollinio-Arrhenatherea in ltaly (Allegreza & Biondi 2011), Koelerio-
Corynephoretea and Daphno-Festucetea in the Greek Prespes National Part (Fotiadis et al.
2014) and has been recorded with high frequency in acidophilous Brachypodietalia pinnati
communities in Aar in Germany (Becker et al. 2012). Its association to the Nardus stricta
grasslands has been registered not only on Qiti, where it has been included in the diagnostic
species of the Trifolion parnassi association Nardus stricta-Luzula spicata (Karetsos 2002), but
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also in Monte Perdido in Spain where it was differential of Nardus stricta communities. As
whole, vegetation group 1 corresponds to the associations Nardus stricta-Luzula spicata ass.
Quézel 1964 and Trifolium hybridum comm. identified by Karetsos (2002) on Oiti.

It must be noted that two of the plots clustered in this group at the locality of Tourkos occur
on dolomite. As noted in section 1, different rocks may intermingle with the parent rock locally
but this may not be the case in Tourkos. The dominance of Centaurea nervosa and the
participation of Juncetea trifidi species leave no doubt as to the assignment of the plots to
vegetation group 1. Since vegetation group 8 (habitat type 6210) is the dominant one at
Tourkos locality, these two plots may represent locally wetter patches of Festuco-Brometea
communities which at higher altitudes are close to the class Juncetea trifidi (Micevski 1971).

Figure 18. Vegetation group 1, a: life form spectrum; b. chorological spectrum.

The life form spectrum shows that hemicryptophytes are dominant and the presence of other
life forms is sporadic. The only phanerophyte is the shrub Juniperus communis subsp. nana
appearing in one plot in Livadies and indicating scrub intrusion. The increased chamaephytic
element reflects species of the Daphno-Festucetea. Regarding chorology, the endemic and
balkan element is more prominent than in the mountain grasslands as a whole, however
Mediterranean species were much fewer. Also, this group includes all the 3 arctic-alpine and
one of the two boreal species identified in the mountain grasslands. The increased
participation of cosmopolitan species is due to the increased wet grassland element.

Vegetation group 2: 6230 transition to Festuco-Brometea or 4060/4090 - Poa timoleontis-
Galium verum
Diagnostic species: Achillea setacea, Poa timoleontis, Potentilla recta

Constant species: Galium verum

Dominant _species: Achillea setacea, Galium verum, Helictotrichon pubescens, Hieracium

hoppeanum s.l., Juniperus foetidissima, Poa timoleontis

Vegetation group 2 was recorded mainly on flyschs at the lower altitudes of Qiti (1400 — 1435
m) at the localities Zapantolakka, where it presents the unique vegetation group identified,
and Tsamadaiika. Only three plots were recorded at the higher altitudes of Livadies, Alykaina,
and Tourkos. As a whole, this community is characterised by a series of species usually
considered as diagnostic of the class Festuco-Brometea (e.g. Eryngium amethystinum, Prunella
laciniata, Potentilla recta, and Hieracium hoppeanum s.l.) and by sporadic presence of

LIFE11 NAT/GR/1014-ForOpenForests - HAO Dimiter-Institute of Mediterranean Forest Ecosystems & Forest Products Technology
The project is co-funded by the European Commission financial instrument Life+
30



DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Juncetea trifidi (e.g. Alopecuros gerardii, Edraianthus parnassicus, and Luzula spicata) and
other wet grassland species (e.g. Trisetum flavescens).

The diagnostic species Poa timoleontis and Achillea setacea were identified only in
Zapantolakka. Achillea setacea, a member of the Achillea millefolium aggregation, is
considered a diagnostic species of the alliance Festucion valesiacae, apparently calcifuge, in
the Czech Republic (Chytry 2007, Danihelka 2001, Vassilev et al. 2012) but occuring both on
limestone and schist in Greece (Strid & Tan 1991). Poa timoleontis, on the other hand, is
generally considered diagnostic of the class Daphno-Festucetea in Greece (e.g. Mucina 1997,
Kokpotog 2008), but it has also been identified as diagnostic of Trifolietalia parnassi
associations in Mt. Vermion (association with Alopecuros gerardii-Phleum alpinum) and Mt.
Oiti (Poa timoleontis comm.) (XoxAloUpog¢ 2005, Karetsos 2002). The cases of Plantago
argentea and Galium verum are discussed in vegetation unit 1. Another two species with high
frequency in Zapantolakka, Armeria canescens and Trifolium alpestre have been considered as
diagnostic of both xerophytic Festuco-Brometea alliances (e.g. Terzi 2015, Chytry 2007,
Papademetriou et al. 1998), and the Juncetea trifidi alliance Trifolion parnassi (Quezél 1964,
Karetsos 2002). Especially Trifolium alpestre is also considered a Trifolio-Geranietea fringe
vegetation species (Mucina 1997). A third species with high frequency in Zapantolakka,
Trisetum flavescens, commonly considered diagnostic of the class Molinio-Arrhenatheretea,
has also been included in the Juncetea trifidi in Greece (XoxAloUpog 2005). Taking into account
all the above, the presence of Alopecuros gerardii and other Juncetea trifidi species, and the
flysch substrate, the grasslands of Zapantolakka may be considered as a transitional state
between the chionophilous grasslands of habitat 6230 and the Festuco-Brometea grasslands.
The increased presence of scrub and forest species, including saplings of Juniperus
foetidissima, indicates that the forest is expanding in the currently ungrazed grassland.

The four plots at the locality Tsamadaiika which are differentiated by the constant presence of
Brachypodium pinnatum, a typical Brachypodietalia pinnati (=Brometalia erecti) species,
constitute a different case. The plots in question were either under shrubs or close to a stream
and seem to represent a more humid facies of vegetation group 4. As discussed under
vegetation group 4, the substrate of the locality may not be purely flysch. Here, the presence
of Juncetea trifidi species is rare and the commuinty seems to have closer affinities to the
Festuco-Brometea grasslands, so the plots could be assigned to habitat type 6210.

Figure 19. Vegetation group 2, a: life form spectrum; b. chorologic

-Eu
al spectrum.
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Finally, the high altitude plots at Livadies, Tourkos, and Alykaina which are differentiated by
the wet grassland species Helictorichon pubescens and Trisetum flavescens, represent facies of
vegetation groups 1 (Livadies, Tourkos) and 5 (Alykaina) indicating transition to mesic Festuco-
Brometea grasslands. Helictotrichon pubescens is considered diagnostic of the class Molinio-
Arrhenatheretea (Mucina 1997, Rivas-Martinez et al. 2002) but is also known to differentiate
Brometalia erecti communities in Europe (Simwell 1971, Rasina 2009, Becker et al. 2012).

The life form spectrum of vegetation group 2 is similar to the one of vegetation group 1.
Regarding chorology, vegetation group 2 has a less prominent greek endemic element than
vegetation group 1 and a more prominent Balkan and Mediterranean element, but the most
prominent element is the European-SW Asian (c. 40 %) which is higher than the ones of both
vegetation group 1 and the general grassland chorological spectrum.

Vegetation group 3: 4060 - Juniperus communis subsp. nana
Diagnostic species: Juniperus communis subsp. nana

Constant species: Juniperus communis subsp. nana

Dominant species: Juniperus communis subsp. nana

This vegetation group corresponds to habitat 4060, mountain scrub with Juniperus communis
subsp. nana. It represents scrub intrusion in the mountain grasslands.

Vegetation group 4: 6210 (or 6230 transition to Festuco-Brometea) - Plantago holosteum-
Hieracium piloselloides
Diagnostic species: Euphrasia liburnica, Hieracium piloselloides, Plantago holosteum

Constant species: Plantago holosteum

Vegetation group 4 was recorded only in Tsamadaiika. This site is located in an area where the
main geological substrate is flysch with extended limestone intercalations. Plantago holosteum
is a species considered diagnostic of Thero-Brachypodietea dry grasslands (Mucina 1997) but in
the balkans (Redzi¢ et al. 2013, Aci¢ et al. 2015) and in E Europe (Bernhardt & Kropf 2006, Terzi
2015) it has been identified as diagnostic of dry Festuco-Brometea communities (Brometalia
erecti: Xerobromion, Halacsyetalia sendtneri, Scorzoneretalia villosae). In Greece, Plantago
holosteum has been identified as diagnostic of Thero-Brachypoetea dry grasslands in
Makedonia (Bergmeier et al. 2009, Fotiadis et al. 2014). However, the species has also been
considered as diagnostic of the alliance Trifolion parnassi (Quézel 1964, XoxAloupog 2005) and
identified as diagnostic of the drier aspect of Trifolion parnassi communities on Oiti (Karetsos
2002). Hieracium piloselloides is also considered a Festuco-Brometea species either of the
Scorzoneretalia villosae or of the xerophytic Brometalia erecti (Maccherini et al. 1998, Alegro
2003, Biondi & Galdenzi 2012). Euphrasia liburnica on the other hand is a balkan endemic
which has been identified as diagnostic of alpine grassland Elyno-Sesleretea communities in
Croatia and Slovenia (Surina 2005, Surina & Surina 2010). Thymus longicaulis also participates
with significant constancy in vegetation group 4. It is a Mediterranean species, diagnostic of
Festuco-Brometea (Mucina 1997, Terzi 2015) and in the Balkans it has also been recorded as
diagnostic of the orders Scorzoneretalia villosae (Horvat et al. 1974), Halacsyetalia sendtneri
(Aci¢ et al. 2015), and Brometalia erecti (Foggi et al. 2014) and especially of the alliance Cirsio-
Brachypodion pinnati (Vassilev et al. 2012). However, on Qiti it is often abundant in Daphno-
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Festucatea communities and it has been identified as diagnostic of the Trifolion parnassi
Potentilla pedata comm. (Karetsos 2002). The presence of Festuco-Brometea species and
especially of xerophytic vegetation species (i.e. Festucetalia valesiacae, Xerobromion) is
constant in this group while the presence of Juncetea trifidi is sporadic but there is significant
presence of Daphno-Festucetea and thermophilous dry grassland species. Considering the
above and taking into account the Brachypodium pinnatum wet aspect of the grassland in
Tsamadaiika (vegetation group 2), vegetation group 4 has greater affiliations to the Festuco-
Brometea grasslands than to the Juncetea trifidi grasslands and could be assigned to habitat
type 6210. Alternatively, due to the presence of Juncetea trifidi species and based on their
syntaxonomical position on Oiti (Karetsos 2002), the Tsamadaiika grassland could be
considered a transitional form of habitat 6230 towards the Festuco-Brometea.

Figure 20. Vegetation group 4, a: life form spectrum; b. chorological spectrum.

The life form spectrum of vegetation group 4 is characterised by a higher participation of
therophytes compared to groups 1 and 2. Regarding the chorological spectrum, the greek
endemic element is even lower than the one of group 2, but the balkan element is even more
pronounced. The Mediterranean element and European-SW Asian element are also lower than
in group 2, but the latter is still increased compared to the general grassland pattern.

Vegetation group 5: 6230 transition to Festuco-Brometea - Festuca dalmatica-Plantago
argentea
Diagnostic_species: Achillea species, Centaurea triumfettii, Festuca dalmatica, Poa bulbosa,

Trifolium phleoides
Constant species: Festuca dalmatica, Plantago argentea, Poa bulbosa, Trisetum flavescens

Vegetation group 6 was recorded only at the locality of Alykaina where limestone
intercalations appear on the main flysch substrate. The participation of Juncetea trifidi species
(Dianthus tymphresteus, Rumex acetosella, Anthemis tinctoria subsp. parnassica) is constant in
all the plots as is the constancy of species such as the Plantago argentea, Trisetum flavescens,
Trifolium alpestre, and Armeria canescens which present an affiliation to the Juncetea trifidi, as
discussed above. However, the presence of Festuco-Brometea and other dry grassland species
is equally prominent. Festuca dalmatica has been identified as a diagnostic species of
Astragalo-Potentilletalia communities (Aéi¢ et al. 2015) or of communities intermediate
between Cirsio-Brachypodion pinnati and the more xerothermic Festucion valesiacae and
Saturejion montanae (Vassilev et al. 2012). Centaurea triumfettii is usually considered as
LIFE11 NAT/GR/1014-ForOpenForests - HAO Dimiter-Institute of Mediterranean Forest Ecosystems & Forest Products Technology
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diagnostic of Festucetalia valesiacae communities but also included in Brometalia erecti or
Scorzoneretalia villosae (Horvat et al. 1974, Todorova & Tzonev 2010, Terzi 2015). On the other
hand, Poa bulbosa is included in the diagnostic species of the Festuco-Brometea by Terzi
(2015), however it is usually considered typical of the Thero-Brachypodietea or Poetea
bulbosae (Mucina 1997, Rivas-Martinez et al. 2002). Vegetation group 5 is close to vegetation
group 4 due to the presence of Anthemis tinctoria subsp. parnassica, the high constancy of
Thymus longicaulis and Plantago argentea and the presence of the dry grassland and forest
species, Arenaria serpyllifolia and Silene italica. But it is characterised by higher constancy of
Juncetea trifidi species and by a high constancy of Trisetum flavescens. Taking into account all
the above and the fact that the locality of Alykaina is affected by snow cover and adjacent to
the 6230 vegetation group 1, vegetation group 5 is considered a transitional vegetation of the
habitat 6230 towards Festuco-Brometea communities.

P
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Figure 21. Vegetation group 5, a: life form spectrum; b. choroloéif:ail éﬁéctrum.

The life form spectrum shows the dominance of hemicryptophytes and also an increased
percentage of therophytes due to the participation of Thero-Brachypodietea species. The
chorological spectrum shows increased participation of Paleotemperate and Cosmopolitan
species compared to vegetation groups 1 to 4. European-SW Asian and Mediterranean species
are also increased as in vegetation group 2. The increased participation of Cosmpopolitan
species (3 species) reflects the synanthropic vegetation species which occur with high
frequency probably due to the fact that the area of Alykaina is grazed.

Vegetation group 6: 6230 transition to 4060/4090 - Koeleria lobata-Poa variegata
Diagnostic species: Astragalus sempervirens, Koeleria lobata, Poa variegata (valid name =

Bellardiochloa variegata)
Constant species: Koeleria lobata, Poa variegata

Dominant species: Secale montanum (valid name = Secale strictum subsp. strictum)

Vegetation group 6 was recorded at high altitudes in the area of Alykaina (most of the plots)
where dolomites intercalate with flysch and also in Livadies and Tourkos (one plot each). It is
characterised by high constancy of Juncetea trifidi species, among which the diagnostic
Bellardiochloa variegata, and by high constancy of Daphno-Festucetea species, among which
the diagnostic Astragalus sempervirens. On the contrary, the presence of Festuco-Brometea
and other dry grassland species is reduced. Koeleria lobata is typically included in the Festuco-
Brometea (e.g., Mucina 1997, Foggi et al. 2014), but in Greece and especially on Qiti it has also
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been identified as differential in Daphno-Festucetea communities (Karetsos 2002, Korakis &
Gerasimidis 2010, Fotiadis et al. 2014). Due to the above and taking also into account both the
high altitude and the adjacent 6230 plots, vegetation group 6 is assigned to habitat 6230 as a
transitional form to the oro-Mediterranean scrub of habitats 4060 and 4090. Indeed, as it was
evident in the field and in the satellite images (Figures 3, 5, and 8), vegetation group 6 has
been recorded at a zone where scrub cover begins to increase.

Figure 22. Vegetation group 6, a: life form spectrum; b. chorological spectrum.

The life form spectrum is similar to the one of vegetation group 1. The chorological spectrum
however shows an increased participation of greek endemic, Mediterranean and Balkan
species and a decreased particpation of European-SW Asian and Eurasiatic species compared
to vegetation group 1. The former increase is mainly due to the high participation of species of
the greek endemic class Daphno-Festucetea.

Vegetation group 7: 6230 and 6230 transition to 4090 - Hieracium hoppeanum-Plantago
holosteum
Diagnostic_species: Anthemis cretica ssp. columnae, Hieracium hoppeanum s.l., Minuartia

recurva
Constant species: Hieracium hoppeanum s.l., Plantago holosteum, Poa bulbosa

Vegetation group 7 was recorded only at the high altitudes of Livadies and Greveno, on flysch,
in contact with vegetation group 1. This vegetation group is characterised by the constant
presence of a several Juncetea trifidi species (e.g., Dianthus tymphresteus, Phleum alpinum,
Centaurea nervosa subsp. promota) and mesophilous grassland species (e.g., Anthemis cretica
subsp. columnae, Anthoxanthum odoratum) and by frequent participation of Daphno-
Festucetea species (Astragalus thracicus, Astragalus sempervirens, Festuca jeanpertii subsp.
achaica). Except from certain of the characteristic species, the presence of Festuco-Brometea
species is sporadic. Regarding the characteristic species, Minuartia recurva is considered
diagnostic of the class Juncetea trifidi (Mucina 1997) while the case of Plantago holosteum and
its affiliation to the alliance Trifolion parnassi is discussed in vegetation group 4. Hieracium
hoppeanum is a variable species with several subspecies and the plants of Oiti have been
identified as Hieracium hoppeanum subsp. pilisquamum (Karetsos 2002) whose valid name is
Pilosella leucopsilon subsp. pilisquama (Dimopoulos et al. 2013). It is generally considered
diagnostic of the meso-xerophytic Festuco-Brometea communities (Mucina 1997, Pirini et al.
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The project is co-funded by the European Commission financial instrument Life+
35



DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

2014, Dimitrov 2015, Vassilev et al. 2012). However, it has also been identified as a dianostic
species of Juncetea trifidi communities in Romania (Stefan et al. 2002) and of Nardus rich
grasslands in the Alps (Lith et al. 2011) and on Oiti (Karetsos 2002). Taking into account the
above, vegetation group 7 represents Juncetea trifidi communities of habitat 6230, at patches
drier than the ones of vegetation group 1 and also at the transition zones from habitat 6230 to
oro-Mediterranean scrub (habitat 4090).

Figure 23. Vegetation group 7, a: life form spectrum; b. chorologicais?éctrum.

The life form spectrum is similar to the ones of vegetation groups 1 and 2 regarding the
dominance of hemicryptophytes but shows a somewhat higher participation of chamaephytes.
The chorological spectrum is also similar to the one of vegetation group 1.

Vegetation group 8: 6210 - Festuca jeanpertii subsp. achaica-Achillea crithmifolia
Diagnostic species: Achillea crithmifolia, Festuca jeanpertii subsp. achaica, Hieracium gaudryi,

Leontodon cichoriaceus, Potentilla laciniosa

Constant species: Festuca jeanpertii subsp. achaica
Dominant species: Festuca jeanpertii subsp. achaica, Hieracium gaudryi, Thymus longicaulis

Vegetation group 8 was recorded on hard limestone at the sites of Gkioza (most plots of the
group) and Isomata in Kallidromo and on dolomite at the site of Tourkos on Qiti. All sites are
grazed and are within the Abies cephalonica zone. This vegetation group is characterised by
high frequency and number of Festuco-Brometea species, by significant but lower numbers
and low frequency of thermophilous dry grasslands species, and by few mesophilous grassland
Molinio-Arrhenatheretea species, mainly Plantago lanceolata.

Festuca jeanpertii subsp. achaica is the diagnostic species with the highest constancy. It is a
greek endemic of moderate to high altitudes considered characteristic of the oro-
Mediterranean srcub communities of the Daphno-Festucetea (Mucina 1997) and has been
identified as diagnostic in Stipo-Morinion communities which are supposed to represent the
impact of burning and summer grazing on the Abies cephalonica forest formations (Karetsos
2002, Maroulis 2005, Kokpotog 2008). This fact as well as the participation of other Daphno-
Festucetea species, such as Marrubium velutinum, Astragalus thracicus and Poa thessala,
(mainly at Tourkos) and of forest and scrub species, such as Pteridium aquilinum and Juniperus
oxycedrus (mainly at Gkioza and Isomata), indicates that these grasslands may indeed be the
result of forest degradation and also that lack of grazing and grazing management promotes

the recovery of the scrub and forest. It must be noted that the diagnostic species Leontodon
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cichoriaceus (which was recorded only in the transect of Gkioza but is known to occur at other
grasslands as well both in Oiti and Kallidromo) is a Mediterranean geophyte, usually found in
mountain juniper or deciduous scrub and forest in Greece (e.g. XoxAloUpog 2005, Korakis &
Gerasimidis 2010) and recorded as typical of Festuco-Brometea grasslands only in Tuscany
(Foggi et al. 2014).

The main species common in Tourkos and Gkioza are the characteristic Thymus longicaulis
along with Nepeta nuda, Galium verum, and Trifolium arvense. The affiliations of Thymus
longicaulis and of Galium verum to Festuco-Brometea grasslands have been discussed in
vegetation groups 4 and 1, respectively, and they are better considered as diagnostic of the
class. Trifolium arvense is a widespread dry grassland annual, common in Thero-
Brachypodietea (=Helianthemetalia guttati) communities and also occasionaly identified as
diagnostic in Festuco-Brometea syntaxa (e.g. Aci¢ et al. 2015). On the other hand, Nepeta nuda
is a polymporphic European-SW Asian species which in Greece occurs in montane and
subalpine meadows and forest clearings (Strid & Tan 1986). It is considered a xerothermic
generalist in Pannonian Festucetalia valesiacae steppe grasslands (Kovacs 2011, lllyés & Boloni
2007) and has never been affiliated to Scorzoneretalia villosae communities. However, in the
Greek mountains of Elikon, Oiti, and Parnassos it has been identified as diagnostic of
Trifolietalia parnassi communities (Kokpotog 2008, Karetsos 2002, Quézel 1964) and indeed
participated in vegetation groups 1 and 5. Notably, both Festuca jeanpertii s.|. and Nepeta
nuda are diagnostic in Astragalo-Brometea thorn cushion steppe vegetation in Turkey (Kurt et
al. 2006).

Vegetation group 8 in Gkioza is differentiated by the participation of the diagnostic species
Achillea crithmifolia, Hieracium gaudryi, and Potentilla laciniosa, and also by significant
contancy of Prunella laciniata. In addition, another three species were recorded at the locality
of Gkioza flowering earlier (in May) but were not present (or not identified due to the season)
in the transect: Phleum montanum, Stipa capillata, Salvia argentea, and the rather rare orchid
Orchis pallens. Hieracium gaudryi subsp. gaudryi is a rare high altitude greek endemic plant
(Dimopoulos et al. 2006) which occurs both on limestone rocks and rocky grasslands and there
is no data regarding its syntaxonomic affiliations. Achillea crithmifolia is a balkan-central
european (Balkan-Pannonian) species and central Greece is the southermost limit of its
distribution (Dimopoulos et al. 2006, Strid & Tan 1986). It has been identified as diagnostic of
the Astragalo-Potentilletalia alliances in Serbia (e.g. Aci¢ et al. 2015) and of the order
Festucetalia valaesiacae in Bulgaria (Tzonev 2009) or its alliances in France (Barbéro & Loisel
1971). It has also been recorded among the characteristic species of subcontinental grasslands
with submediterranean element (Stipio pulcherrimae-Festucetalia pallentis) communities in
Romania (Sanda et al. 2008) and Hungary (Boridi 2003). Achillea crithmifolia has not been
recorded in Scorzoneretalia villosae syntaxa and is supposed to indicate an ecological context
different from the one of this order (Terzi 2015). Potentilla laciniosa has been identified as
diagnostic of the class Astragalo-Potentilletalia in Greece and the south Balkans (Bergmeier et
al. 2009, Custerevska et al. 2011) and also of the order Festucetalia valesiacae (Todorova &
Tzonev 2010), but has also never been affiliated to the order Scorzoneretalia villosae. Phleum
montanum is also diagnostic of the order Festucetalia valesiacae (Tzonev 2013). The fourth
Festuco-Brometea species of Gkioza which is considered typical of continental steppe
vegetation (Ceng & Nakamura 2007, Suzuki et al. 2012) and not affiliated to the
Scorzoneretalia villosae is Stipa capillata. It has been identified as diagnostic of Festucetalia
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valesiacae and Stipo-Festucetalia in Romania (Dengler et al. 2012), Festucion valesiacae in
Czechia (Chytry 2007) and of Astragalo-Potentilletalia in Greece (Pirini et al. 2014). Finally,
Salvia argentea is Mediterranean species, occurring occasionaly at the grasslands of
Kallidromo and considered typical of the submediterranean-subcontinental steppes in
Bulgaria (Vassilev & Apostolova 2014) but also considered typical of Scorzoneretalia villosae
grasslands in Italy (Terzi et al. 2010).

Vegetation group 8 in Tourkos is differentiated by the presence of Bromus cappadocicus,
Eryngium amethystinum, Plantago argentea, Plantago holosteum, Potentilla pedata, Achillea
setacea, Trisetum flavescens (most of which are characteristic in vegetation groups 1 to 6) and
by the occassional participation of several Juncetea trifidi and Daphno-Festucetea species. On
the other hand, the two plots at Isomata are mainly connected to vegetation group 8 due to
the rare presence of Potentilla laciniosa, otherwise they are characterised by Festuca valesiaca
and other species of the vegetation groups 9 to 13.

In total, vegetation group 8 is undoubtely a Festuco-Brometea grassland which, based on the
characteristic taxa (Table 8), seems more affiliated to Festucetalia valesiacae continental
steppe communities or to the southern Balkan Astragalo-Potentilletalia ones than to the
Scorzoneretalia villosae submediterranean communities. The species participating in this group
(but not as characteristic) and considered by Terzi (2015) as diagnostic of the order
Scorzoneretalia villosae are Eryngium amethystinum, Plantago argentea, Plantago holosteum,
and Festuca valesiaca. The first three occur only in Tourkos and their affiliations to other high
altitude vegetation units in Greece have already been discussed. The latter is only present at
Isomata. One more species, Prunella laciniata which occurs sporadically in Gkioza, has been
identified by Terzi (2015) as diagnostic of the alliance Scorzonerion villosae but it has also been
identified as diagnostic in Brometalia erecti/Brachypodietalia pinnati alliances or assocations
(e.g. Szafer 1966, Dengler et al. 2012).

Based on the above vegetation group 8 is assigned to habitat 6210. At Gkioza, it represents the
high altitude submediterranean grasslands of Kallidromo, at the borders of supra- and
mountain-Mediterranean bioclimate, still within the Abies cephalonica zone and maintained
due to grazing. At Tourkos, it represents a transitional state among Juncetea trifidi and
Festuco-Brometea grasslands. At Isomata, it is a facies of vegetation group 10 grasslands.

Figure 24. Vegetation group 8, a: life form spectrum; b. chorological spectrum.
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The life form spectrum of vegetation group 8 is quite similar to the ones of vegetation groups 4
and 5. It shows a dominance of hemicryptophytes but has an increased percentage of annuals
reflecting the increased participation of thermophilous dry grassland species. The chorological
spectrum shows an increased participation of greek endemic, Mediterranean and Balkan
species and a decreased particpation of European-SW Asian and Eurasiatic species similar to
the one of vegetation group 6.

Vegetation group 9: 6420: Plantaginetalia majoris transition to Phragmito-Magnocaricetea -
Mentha pulegium-Potentilla reptans

Diagnostic species: Eleocharis palustris, Mentha pulegium

Constant species: Mentha pulegium

Dominant species: Convolvulus arvensis, Cynodon dactylon, Eleocharis palustris, Mentha

pulegium, Plantago lanceolata, Potentilla reptans

Vegetation group 9 is the main vegetation type at the deeper parts of the lake deposits of
Souvala and was also recorded at one plot in Mouriza, adjacent to the pond. These sites are
seasonally innundated wetlands under spring to summer heavy trampling and grazing.
Vegetation group 9 is characterised by constancy and dominance of a series of hygrophilous
species of the class Molinio-Arrhenatheretea, several of them considered diagnostic species of
the eutrophic soil communities of the order Plantaginetalia majoris, i.e. Potentilla reptans,
Cynodon dactylon, Juncus inflexus, Carex divisa, Trifolium fragiferum, Carex otrubae (Mucina
1997, Rivas-Martinez et al. 2002). Also, there is significant constancy of the pioneer
nitrophilous grassland species Convolvulus arvensis and Elytrigia repens.

The diagnostic but not constant species Eleocharis palustris and also Veronica anagallis-
aquatica are characteristic of Phragmito-Magnocaricetea helophytic communities and indicate
longer periods of inundation. The diagnostic species Mentha pulegium is the unique
representative of the class Isoéto-Nanojuncetea in this group and indicates late spring to
summer inundation. Thus, part of the plots could be assigned to the order Nano-Cyperetalia
which signifies communities of habitat 3170. However, Mentha pulegium is known to
participate in Phragmito-Magnocaricetea communities (e.g. Landucci et al. 2013) and to occur
at seasonally inundated habitat settings other than temporary ponds such as roadsides,
ditches, and exposed river banks (e.g. Sarika 2005, Sumberova 2013).

Figure 25. Vegetation group 9, a: life form spectrum; b. chorological spectrum.
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It must be noted that while the transect samplings took place in July, a series of exploratory
vegetation plots took place in early June, when part of the lake was flooded, in the area of
transect S3 and between transects S3 and S7 close to the canal. In these plots, at the area of
vegetation group 9, the dominant species were Eleocharis palustris and the Molinio-
Arrhenatheretea species Ranunculus sardous, and Oenanthe silaifolia (the latter was rare in
July possibly due to heavy grazing). Furthemore, in early May the area of transect S4 close to
the road is flooded and the aquatic Phragmito-Magnocaricetea species Ranunculus
trichophyllus dominates. This indicates a temporal and seasonal succesion between aquatic
and wet grassland communities.

The life form spectrum of vegetation group 9 is characterised by dominance of
hemicryptophytes, an elevated percentage of geophytes (mostly stoloniferous grasses,) and a
total lack of woody plants. The chorological spectrum is also very different from the one of all
the other vegetation groups, except group 11, in the lack of species with restricted distribution
(e.g. endemic and balkan) and the increased participation of species with wide distribution,
especially the European-SW Asian and Cosmopolitan species. The prevalence of species with
wide distribution is a well known phenomenon in wetlands in the Mediterranean as well as
world wide and it is supposed to be related to both the autecology and the (sometimes)
synanthropic character of the plants (e.g., Barrett et al. 1993, Jacobs & Wilson 1996,
Santamaria 2002, Fraga i Arguimbau 2008).

Vegetation group 10: 6210/62A0+synanthropic - Festuca valesiaca-Eryngium campestre
Diagnostic species: Centaurea solstitialis, Eryngium campestre, Festuca valesiaca, Hypochaeris

cretensis
Dominant _species: Aegilops lorentii (valid name = Aegilops biuncialis), Bromus hordeaceus,

Festuca polita, Lotus corniculatus

Vegetation group 10 was the main grassland type at altitudes 975 — 1075 m at the sites
Nevropoli, Mourouzos, Mouriza, and Isomata (transect K6) on hard limestone and it was also
recorded at the drier (elevated parts) of Souvala. All the sites are under heavy grazing except
from Isomata where grazing is of medium intensity. This vegetation group is characterised by
distinctive presence of Festuco-Brometea species (Prunella laciniata and Festuca valesiaca with
high constancies), of thermophilous grasslands species (Cynosurus echinatus and Hypocaheris
cretensis with high constancies), and of mesophilous grassland Molinio-Arrhenatheretea
species (Plantago lanceolata and Hordeum bulbosum with high constancies), and a series of
synanthropic vegetation species (Eryngium campestre and Bromus hordeaceus with high
constancies and also the alien Xanthium spinosum).

The diagnostic species Festuca valesiaca is a European-SW Asian species considered as
diagnostic of both the continental steppes of the Festucetalia valesiacae: Festucion valesiace
(e.g. Chytry 2007, EUR28 2013, Aci¢ et al. 2015) and the submediterranean grasslands of the
Scorzoneretalia villosae (e.g. Horvat et al. 1974, Terzi 2015). In Greece it has been identified as
differential in Festuco-Brometea grasslands (Fotiadis et al. 2014), and included in the
diagnostic species combinations placed within the order Astragalo-Potentilletalia (Bergmeier
et al. 2009, Pirini et al. 2014) and the order Festucetalia valesiacae (Papademetriou et al.
1988). The diagnostic species Hypochaeris cretensis is a Mediterranean hemicryptophyte
widely distributed in Greece where it occurs at various grasslands, including scrub openings
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and synanthropic ones, from thermo-Mediterranean to supra-Mediterranean climate (e.g.,
Chronopoulos et al. 2005, Kokpotog 2008, Pirini et al. 2014, Kougioumtzis et al. 2015). In
Europe it has also been recorded as differential or mostly as companion of various grassland
types in various bioclimates, including Festuco-Brometea and Nardetea strictae grasslands (e.g.
Tomaseli et al. 2003, Carni & Matevski 2005, Delbosc et al. 2015, Julve 2015, Blasi & Biondi
2015).

Two thistles, with morphological defences to grazing, are also included in the diagnostic
species: Centaurea solstitialis and Eryngium campestre. Centaurea solstitialis is a
Mediterranean species typically included in the synanthropic vegetation of the class
Artemisietea vulgaris (e.g. Rivas-Martinez et al.), although it may participate in grasslands of
other types (Fotiadis et al. 2014). Eryngium campestre is a European-SW Asian species,
widespread in Greece and occuring in grasslands, phrygana and ruderal habitats (Dimopoulos
et al. 2013). In Europe, it is usually considered one of the character taxa of the Festuco-
Brometea (e.g., Mucina 1997, Maccherini et al. 1998, Aeschimann et al. 2004, Sopotlieva &
Apostolova 2007, Chytry 2007, EUR28 2013). On the other hand, in Spain (Rivas-Martinez et
al.), in Sicily (Brullo & Marceno 1985), and in NW France (Catteau & Duhamel 2014) it is
considered a character species of the Artemisietea vulgaris order Onopordetalia acanthii. As
Brandes & Jesske (2013) pointed out, the ecological niche of the species exceeds the Festuco-
Brometea grasslands since it is frequently found at disturbed ruderalised places and a
connection with a single class sould only be valid within local scale if ever. Indeed, in Greece it
has been identified as diagnostic of the Astragalo-Potentilletalia (Pirini et al. 2014) or of
various thermophilous dry grasslands, including both the Festuco-Brometea and the
synanthropic Stellarietea mediae (Fotiadis et al. 2014). Similarly, Matevski et al. (2008)
recorded the species in scrub as well as in synanthropic and Festuco-Brometea grassland and in
Czechia it is included in the diagnostic species of both the Festucion-valesiacae grasslands
(Chytry 2007) and the Salvio nemorosae-Marrubietum peregrini synanthropic vegetation of the
class Artemisietea-vulgaris (Lanikova 2009).

Figure 26. Vegetation group 10, a: life form spectrum; b. chorological spectrum.

As a whole (table 8), vegetation group 10 includes five character species of the Scorzoneretalia
villosae and the Scorzonerion villosae (Terzi 2015), namely Festuca valesiaca, Prunella
laciniata, Ononis spinosa, Potentilla recta, and Plantago argentea but also shows affiliations to
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other Festuco-Brometea syntaxa, notably of the Astragalo-Potentilletalia. 1t shares with the
Scorzonerion villosae the high participation of ingressive mesophilous grassland species (Terzi
2015). However, unlike this alliance, it is also characterised by high participation of ingressive
thermophilous grassland species, a feature shared with Astragalo-Potentilletalia grasslands
and with the thermo-xerophytic grasslands of the Scorzoneretalia villosae (Pirini et al. 2014,
Aci¢ et al. 2015, Terzi 2015). The high participation of synanthropic grassland species
apparently reflects the effects of heavy grazing. Taking into account the above and its
distribution at lower altitudes compared to vegetation group 8, vegetation group 10 seems to
have an intermediate position and may be assigned either to the Astragalo-Potentilletalia or
the Scorzoneretalia villosae, that is to habitat 6210 or to habitat 62A0.

The life form spectrum of vegetation group 10 is also characterised by dominance of
hemicryptophytes but the participation of therophytes is higher than in vegetation groups 1 to
8, reflecting the lower altitude and the high participation of thermophilous grassland species.

The chorological spectrum, compared to vegetation group 8, is characterised by higher
participation of Mediterranean, Mediterranean-European, and Mediterranean-SW Asian
species but a much lower participation of endemic and balkan species.

Vegetation group 11: 6420: Plantaginetalia majoris - Juncus inflexus

Diagnostic species: Juncus articulatus, Juncus inflexus
Constant species: Juncus inflexus
Dominant species: Juncus inflexus

Vegetation group 11 was recorded only at Souvala at plots located at the canal traversing the
wetland. The dominant diagnostic species Juncus inflexus as well as most of the other
participating species are characteristic of the class Molinio-Arrhenatheretea. As in vegetation
group 9, several of them are considered diagnostic species of the eutrophic soil communities
of the order Plantaginetalia majoris, i.e. Juncus inflexus, Potentilla reptans, Trifolium
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fragiferum, Carex otrubae (Mucina 1997, Rivas-Martinez et al. 2002). There is also sporadic
participation of nitrophilous synanthropic vegetation species. The diagnostic species Juncus
articulatus is considered as diagnostic of either the class Isoéto-Nanojuncetea (Mucina 1997)
or the permanently moist grasslands of the order Molinietalia caeruleae of the Molinio-
Arrhenatheretea (Rivas-Martinez et al. 2002). Thus, vegetation group 11 represents a wet
grassland of the habitat 6420.

The life form spectrum is similar to the one of vegetation group 9 with dominance of
hemicryptophytes and increased participation of geophytes. The chorological spectrum is also
similar to the one of vegetation group 9, with increased participation of widespread species,
for the same reasons.

Figure 27. Vegetation group 11, a: life form spectrum; b. chorological spectrum.

Vegetation group 12: 62A0, 62A0 transition to 6420 - Hordeum bulbosum-Agrostis gigantea
(Ononis spinosa)

Diagnostic species: Agrostis gigantea, Avena barbata, Carex flacca, Convolvulus betonicifolius,
Dactylis glomerata, Hordeum bulbosum, Mentha spicata subsp. condensata, Ononis spinosa,
Xeranthemum cylindraceum

Constant species: Agrostis gigantea, Hordeum bulbosum

Dominant species: Hordeum bulbosum, Ononis spinosa

Vegetation group 12 was the main vegetation type at Panagia, on tertiary deposites, and at
Isomata (transect K4) on hard limestone and was also recorded at one plot (close to the canal)
at Souvala. Notably, at both Panagia and Isomata vegetation group 12 occurs close to wet
grasslands developing along water flows. It is characterised by distinctive presence of Festuco-
Brometea species, of Molinio-Arrhenatheretea species, and of synanthropic vegetation species.

The diagnostic and dominant species Ononis spinosa (70 % of the plots) as well as another two
species which participate with low frequency, Prunella laciniata and Dorycnium pentaphyllum
subsp. herbaceusm, are considered diagnostic of the order Scorzonerion villosae (Horvat 1974,
Terzi 2015). Ononis spinosa is also the main species which differentiates vegetation groups 12
and 13 from vegetation group 10. Another two species with significant frequency are Galium
verum and Carex flacca which are considered characteristic of mesophilous Festuco-Brometea
communities (Terzi 2015). On the other hand, the diagnostic species Xeranthemum
cylindraceum, a Mediterranean-European annual which in Greece occurs in temperate to

submediterranean grasslands (Dimopoulos et al. 2013), is considered diagnostic of the
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Festuco-Brometea grasslands (Mucina 1997) or of Helianthemetea guttati grasslands (Rivas-
Martinez et al. 2002).

The mesophilous grassland Molinio-Arrhenatheretea series of species includes the diagnostic
and constant species Agrostis gigantea and Hordeum bulbosum, and the diagnostic species
Mentha spicata subsp. consensata. Agrostis gigantea although typically considered a Molinio-
Arrhenatheretea species (e.g. Rivas-Martinez et al. 2002), has also been identified as diagnostic
of Cirsio-Brachypodion pinnati associations in Central Europe (e.g. Novak 2007, Dengler et al.
2012). On the other hand, Blasi et al. (2009) identified a Molinio-Arrhenatheretea Hordeum
bulbosum association in mown and grazed meadows in central Italy with distinct participation
of Festuco-Brometea and Helianthemetea guttati species, a in vegetation group 12. However,
unlike vegetation group 12, the Festuco-Brometea species in these grassland were neither
diagnostic nor constant except from Trifolium campestre and Eryngium capestre which
however have multiple syntaxonomic affinities.

In conclusion, vegetation group 12 represents mesophilous grasslands either of the Festuco-
Brometea (habitat type 62A0) or of the Molinio-Arrhenatheretea. It is probably better

interpeted as a Festuco-Brometea grassland and its transition to Molinio-Arrhenatheretea.
[S-Am.]

Figure 28. Vegetation group 12, a: life form spectrum; b. chorological spectrum.

The life form spectrum of vegetation group 12 is similar to the one of vegetation group 10 with
dominance of hemicryptophytes and significant participation of therophytes. The chorological
spectrum is also similar to that of vegetation group 10, especially regarding the prominent
Mediterranean element, but differs in the decreased participation of European-SW Asian
species in favours of the more widespread Paleotemperate species.

Vegetation group 13: 62A0, 62A0 transition to 6420 - Plantago lanceolata-Lotus corniculatus
(Ononis spinosa)
Diagnostic species: Lotus corniculatus

Constant species: Plantago lanceolata

Dominant species: Agrostis gigantea, Carex distans, Elymus repens, Lolium rigidum, Ononis
spinosa, Plantago lanceolata, Prunella laciniata

Vegetation group 13 was the main vegetation type at the alluvial part of Souvala and was also
recorded at few plots at Panagia, Nevropoli (close to the pond), and Mourouzos (adjacent to
the pond). Only one plot was at Tourkos grassland on Oiti. This group is very similar to
vegetation group 12. It is differentiated due to the high frequency of the diagnostic species

Lotus corniculatus (a mesophilous Festuco-Brometea species), the higher frequency and
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

dominance of Plantago lanceolata, the larger number of Molinio-Arrhenatheretea and
synanthropic vegetation species, and the lower number of dry grassland species. It seems that
vegetation group 13 is a more mesophilous version of vegetation group 12.

Regarding the syntaxonomy and assignment to a habitat type, following the same rationale as
for vegetation group 12, vegetation group 13 represents mesophilous grasslands either of the
Festuco-Brometea (habitat type 62A0) or of the Molinio-Arrhenatheretea. It is could be
interpeted as a Festuco-Brometea grassland and its transition to Molinio-Arrhenatheretea or

vice-versa.
BC BA

Figure 29. Vegetation group 13, a: life form spectrum; b. chorological spectrum.

The life form spectrum and the chorological spectrum are also similar to the ones of
vegetation group 12. The chorological spectrum differs in the lower participation of
Mediterranean species and the higher participation of more widespread European and
Eurasiatic species, a fact apparently reflecting the larger participation of wetland Molinio-
Arrhenatheretea species.

Souvala wetland (Mt. Kallidromo), June 2013, photo I. Dimitriadis
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Table 8. Syntaxonomic table of mountain grassland vegetation units on Mt. Oiti and Mt. Kallidromo with

percentage frequency and fidelity index phi (superscript, only values significant to the 0.05 level are shown).

Vegetation class Vegetation unit (group) 1 2 3 4 5 6 7 8 9 10 11 12 13
No. of plots 31 24 3 8 7 7 14 23 52 36 6 20 59
Euphrasia minima 6%
Carex ovalis 6>*°
Nardus stricta 35°80 .
Centaurea nervosa ssp. promota 7171 . 14 .
Luzula multiflora 197% 4 . 12 . 3
Luzula spicata 237 4 . 12 . .36t
Dianthus tymphresteus 3592 g . . 57¥8 14 50%7 g
Oromediterranean Poa variegata 16%* . . . L7187 1B
chionophilous Rumex acetosella 262 4 . . 29 43%°36%° 4
grassland Phleum alpinum 292% 8 . . 14 43%4 4 . .
(Juncetea trifidi)  Anthemis tinctoria ssp. parnassica . 257 14 s57Y7 7 157 2
Silene roemeri . 8°%¢ 29%7 |
Herniaria parnassica 3 143
Minuartia recurva . 3682
Hypericum barbatum . 14 1472 . .
Dianthus viscidus . 25%%¢ 11 12*%°
Alopecurus gerardii .17 )
Edraianthus parnassicus 6 33" 13
Poa timoleontis 5492 4
Stachys germanica ssp. heldreichii .o . .
Astragalus sempervirens 107° ) 43°% 7
Juniperus communis ssp. nana 3 100%° 2977°
Cerastium candidissimum . 14°%°
Secale montanum 1428 1428 .
Poa thessala . 14 .97
Centaurea affinis ssp. pallidior 121" . 14 .17
Oromediterranean Euphrasia liburnica* 12130 . 38%0° . . .
grassland and scrub Minuartia verna* . . 14 . 9®?
(Daphno-Festucetea, Campanula spatulata 10 4 381 14 . 4
*Elyno-Sesleretea)  Astragalus thracicus 3 25 . 293 50%7 13
Festuca jeanpertii ssp. achaica 16 14 4371 43721 830
Marrubium velutinum 14 17%°
Minuartia attica . 13%°
Juniperus foetidissima 4
Paronychia albanica . 4
Rhinanthus pubescens 3 . . .
Festuca polita . 117° 1527 2
Ranunculus psilostachys ) 4 6°
br/ap/DF  Koeleria lobata 86°%° .
fv/ap Hypericum rumeliacum ssp. apollinis . 14%°° 5
bm Festuca nigrescens 6% .
sv/ap Chrysopogon gryllus 4
bm Brachypodium pinnatum 177
fv Erysimum cuspidatum .17%® .
Fv/IT Hieracium cymosum 3 . 14324
sv/fv Centaurea triumfettii . 4 43°%7 .
br/ap Festuca dalmatica 1343 867 14
FB Achillea species . . . 29°9
fv/br/JT  Trifolium alpestre 383t | 25 43%8
TemperateFBm Hieracium piloselloides . 8 50%° . . .
grassland sv/bx/JT  Plantago holosteum 3 . 8886 29 71%% 4
(Festuco- FB/JT Hieracium hoppeanum s.|. 6 58%°¢ 7992 |
Brometea) fv Achillea setacea 6 54%7 . . 9 . .
sv/bx/fv  Potentilla recta 3 58%° | 25 . . 11 17
FBx/JT Armeria canescens 23 62%7 . 62%7 14 14 . . 17
FB/bm/DF  Thymus longicaulis 10 25 33 627*57%7 29 14 5% . .
sv/bx/IT  Plantago argentea 4577 33%2 . 621 86" 14 7 13 3 2
sv/br/DF  Eryngium amethystinum . 38%% . . 14 .20
FBm/JT Nepeta nuda 3 " .43y . 3570
fv/ap Potentilla pedata 29%7 12 . .29 14 14 2% . . .
FBm/JT  Galium verum 71°°° 83%2 33 12 . . 7 17 11 55194 421!
FB/br/PB  Poa bulbosa 13 4 . . 100%° 29 86%' 26 22 15 3
fv Cerastium glomeratum 6 12 2977 14 . 9 . 8 .
FB/MA/IT  Lotus corniculatus 23 14 7 8 11 61°°°
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Vegetation class Vegetation unit (group) 1 2 3 4 5 6 7 8 9 10 11 12 13
No. of plots 31 24 3 8 7 7 14 23 52 36 6 20 59
FB/TB Medicago sativa ssp. falcata 17 . 175% . . . 5 2
FBx/TB Trifolium campestre 4 25 . . . . . 368 3
fv/DF Phleum montanum . . 2541 . . . . 3 . . 774
sv/br Prunella laciniata 3 21 22 5345 . 5 12
sv/fv/ap  Festuca valesiaca 4 5880 7
fv/DF Teucrium chamaedrys 4
ap Erysimum crassistylum 4
ap/DF Acinos alpinus 13**°
FB Leontodon cichoriaceus 35°74
ap/DF Bromus cappadocicus 173
br Allium vineale 13%° .
FB Hieracium gaudryi 6173 14 .
fv/ap Achillea crithmifolia 487 8 2
FB Sanguisorba minor 17%* 3 5
ap Potentilla laciniosa 35°27 6
ap Dianthus gracilis 2270 28%1
FBx/ap Teucrium capitatum 4 .
sv/br Filipendula vulgaris . . 37
sv/br Ononis spinosa . 8 70°*° 6381
FB/TB Xeranthemum cylindraceum 4 6 70543 2973
FBm Carex flacca 4 ) 450 )
FB Festuca species 6 . 15 1477
fv Achillea pannonica . . . . . . 63 . 5
sV Dorycnium pentaphyllum ssp. herbaceum 12 . . . . . . . 5 .
FB Leontodon species . 6 2
FB/AV Tragopogon species 4 6"°
FB Hieracium species . . . . . . . . . 3
Trifolium hybridum 61°"7 4 14 14 7 ) ) .
Trisetum flavescens*** 6 387 712 14 . 17 .25t 10 )
Plantago lanceolata 26 29 652° 582 g9%7 33 20 787"
Ranunculus polyanthemoides . . 77 . . . .
Anthoxanthum odoratum*** 29 12 50%%4 4370 | 3 417¢
Anthemis cretica ssp. columnae ) . . . 50%% | .
Dactylis glomerata 3 4 14 14 4 3 55°19
Ranunculus neapolitanus . . . . . . . . . . . 5 .
Agrostis gigantea 3 4 25 6 17 75°7 477
Mentha spicata ssp. condensata 4 6 45°7% 2
Hordeum bulbosum . 3377 857°° 17
Phleum pratense 4 . 6 10 157
Mentha pulegium* . 717%% 3 5
Lotus angustissimus* 2530 L1 2
Galium palustre 6198 2
Lactuca saligna . 2
Mesic. and wet Trifolium resupinatum . 17 87
eutrophic .gr.assland Rumex conglomeratus 2 17 5
(Mollinio- Carex distans . 17 14°%°
Arrhenatheretea), 204
e T Juncus compressus 19 oo . . 220 ,
el Potentilla reptans 62" 39 33 25 417
e — Br?m .us racemosus . . . . . . . . . 3 o .
**%31s0 in Juncetea Trifolium repens 3 4 . 33 92‘“ 2
trifidi Juncus inflexus 2 100™ 2
Asteriscus aquaticus 2 2
Juncus thomasii 4 . 2
Lolium perenne . . 15 2737
Trifolium physodes 92to 2 3 .
Trifolium lappaceum . 2
Barbarea vulgaris . . . . . . . . . . . 5 .
Cynodon dactylon 2343 5
Oenanthe silaifolia 6 12%72
Verbena officinalis . 2
Carex divisa 104 7
Barbarea sicula . 2
Ranunculus species 10300
Veronica serpyllifolia 10 |
Helictotrichon pubescens . 4
Festuca rubra 231
Deschampsia cespitosa 168
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Vegetation class

Vegetation unit (group)
No. of plots

1
31

2 3 4 5 6
24 3 8 7 7

7
14

8 9 10 11 12
23 52 36 6 20

13
59

Trifolium fragiferum
Lotus pedunculatus
Cynosurus cristatus***
Arrhenatherum elatius
Juncus articulatus
Dasypyrum villosum
Ranunculus sardous
Eleocharis palustris**
Veronica anagallis-aquatica**
Rorippa sylvestris
Carex otrubae

Bellis perennis

13

9 13 22 17

33.56.2

2932 17

25 13.2

29.34.8

24.23.7

Mediterranean
grassland and steppes
(Thero-
Brachypodietea-
Tuberrarietea
guttatae, Lygeo-
Stipetea, Poetea
bulbosae)

Trifolium arvense
Cerastium brachypetalum
Veronica arvensis
Bupleurum gracile
Linum trigynum

Crepis species
Crucianella angustifolia
Hypochaeris cretensis
Thlaspi perfoliatum
Trifolium striatum
Trifolium pallidum
Torilis nodosa
Hedypnois cretica
Alyssum chalcidicum
Petrorhagia species
Parentucellia latifolia
Plantago lagopus
Taeniatherum caput-medusae
Aegilops lorentii
Medicago truncatula
Colchicum species
Bupleurum glumaceum
Linum bienne

Alyssum alyssoides
Fumana species
Anthemis species
Allium species
Helianthemum species
Salvia verbenaca
Arenaria leptoclados
Trifolium scabrum
Muscari species

Vicia species

Arenaria serpyllifolia
Trifolium phleoides
Cynosurus echinatus
Vulpia species

Rumex tuberosus
Bupleurum semicompositum
Stachys graeca
Triticum baeoticum
Allium guttatum
Scabiosa species

Poa species

Erophila verna
Anthemis arvensis ssp. cyllenea
Avellinia species
Scleranthus annuus
Trifolium species
Ranunculus gracilis
Galium melanantherum

17 .oe2® 14

38-37.5 43-44.0
43540
14

257
7

14 324

70.49.7
26" . 3 ) 5

) 39.55.5
13 28.7

wwo w-
=
"
-
=
[

64.45.3
8 27.8

22 45.7

284
9

11 17.9 17

50-33.1

N U W -

237
8

W NN

17.7
3

10 30.8

Synanthropic

nitrophilous and semi-

nitrophilous grassland

Stachys germanica
Lotus species
Aegilops geniculata

14

4 .oo19%®7 10
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Vegetation class Vegetation unit (group) 1 2 3 4 5 6 7 8 9 10 11 12 13
No. of plots 31 24 3 8 7 7 14 23 52 36 6 20 59
(Stellarietea mediae, Rumex pulcher . . . . . . . . . 3 . 10%4 .
Artemisietea vulgaris) Cichorium intybus . . . . . . . . .11 . 30" 3
Carduus species . . . . . . . . . g2 . 15%7
Daucus carota . . . . . . . . . . . 15¥4
Eryngium campestre . . . . . . . . . 677 . 5 7
Xanthium spinosum . . . . . . . . . 3 . 5 .
Lolium rigidum . . . . . . . . . . . 10 12%°
Bromus squarrosus . . . . . . . . . 3 . . 2
Cirsium creticum . . . . . . . . . . 17 87
Centaurea solstitialis . . . . . . . . .33%r . 3
Poa compressa . . . . . . . . . 6 . 8%’
Notobasis syriaca . . . . . . . . . . . . 15%7
Sherardia arvensis 67
Bellardia trixago . . . . . . . . . . . . 2
Cirsium vulgare . 8 . . . . . 4 . 3 . 5 349
Avena species . . . . . . . . . 3 . . .
Chondrilla juncea . . . . . . . . . 3 . . 2
Avena barbata . . . . . . . . . . . 45%°
Bromus species . . . . . . . . . . . 5
Lotus ornithopodioides . . . . . . . . .36 5 7
Polygonum arenastrum . . . . . . . . . 3 .
Onopordum illyricum . . . . . . . . . 3 . . 2
Bromus intermedius . . . . . . . . . 3 . 5 g1s®
Marrubium peregrinum 677
Geum urbanum . 4
Bromus sterilis . . . . . . . . . 3
Tolpis species . . . . . . . . . 14%°
Cruciata laevipes . 4
Verbascum mallophorum . 4 . . . . . . . . . . .
Bromus hordeaceus . . . .57 . 17 . 53%0 15 15
Convolvulus arvensis . . . . 43 . . . 60%% 17 . 10 22
Carthamus lanatus . . . . . . . . . 3 . .
Convolvulus betonicifolius ) . ) . . ) . ) . 3 . 557°%
Elymus repens ) . ) . . ) . ) 2 11 17 20 22%°
Echium italicum . . . . . . . . . 1132,
Carduus pycnocephalus . . . . . . . . . 3 17%
Lepidium hirtum ssp. nebrodense . . . . . . . 4 . 3
Verbascum species . . . . . . . . . 3
Sedum amplexicaule ssp. tenuifolium . . . . . .14
Brachypodium sylvaticum . . . . . . . . . . . 5 2
Pyrus spinosa . . . . . . . . . . . 5 .
Crataegus species . . . . . . . . . . . . 2
Other Lonicera implexa . . . . . . . . . . . 5
vegetation Prunus cocomilia . . . . . . . . . . . . 2
types Prunus prostrata . . . . . . . . . 3
(forest and Pteridium aquilinum . . . . . . .30% 8
scrub .
vegetation Rosa gallla.v . . . . . . . . . . . . 2
mainly Sc.rc?phfllarla he.terophylla . . . . . . . 4
Quercetea Digitalis ferr'uglnea . 4
pubescenti Sedum species 3 . . . . . . 4 . .
sand also Abies cephalonica . U 12 . . . 416 . 6
Quercetea Juniperus oxycedrus . 12 . 12 . . . 137 . 3
ilicis) Silene italica . . . 25%% 9%
Digitalis leucophaea . 4
Carum graecum . 2542
Quercus species . . . . . . . . . 3
Helleborus cyclophyllus . 4 . .

Festuco-Brometea species diagnostic role (literature): FB=Festuco-Brometea, FBx= Festuco-Brometea xerophytic , FBm= Festuco-Brometea mesophytic,
ap=Astragalo-Potentilletalia, br=Brometalia erecti/Brachypodietealia pinnati, bx=Brometalia erecti xerophytic, bm=Brometalia erecti mesophytic,
fv=Festucetalia valesiacae/Festucion valesiacae/Saturejion montanae etc, sv=Scorzoneretalia villosae/Scorzonerion villosae etc, AV=Artemisietea vulgaris,
DF=Daphno-Festucetea, MA=Molinio-Arrhenatheretea, TB=Thero-Brachypodietea.
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Biodiversity indices

The biodiversity indices per plot are presented in Annex Il. A synopsis per vegetation unit is

presented in Table 9. The vegetation groups with higher species richness (as assessed by total

species numbers and the Shannon index H) were the ones of dry grasslands or of transition to

dry grasslands, especially vegetation groups 8, 5, and 10. Evenness (as assessed by the Rs

index), that is the comparative cover of species was generally high, 0.7 and above, and was

highest in Oiti plots which represent transition to other vegetation groups or habitats

(vegetation groups 4, 5, 6, and 7). Evenness was quite low only in the Juniperus nana subsp.

nana dominated plots (vegetation group 3) and the Juncus inflexus plots in the canal of Souvala

(vegetation group 11).

Table 9. Descriptional statistic of biodiversity indices per vegetation group.

Vegetation NO Number of species Shannon H Rs evenness
group min max mean min max mean min max mean
1 2 13 8 0.50 2.22 1.41 0.35 0.90 0.70
2 6 14 10 0.81 2.31 1.59 0.42 0.93 0.70
3 1 3 2 0.00 0.57 0.23 0.00 0.52 0.22
4 4 12 8 0.98 2.36 1.60 0.63 0.99 0.77
5 9 15 11 1.29 2.27 1.84 0.59 0.86 0.77
6 5 17 8 1.03 2.50 1.61 0.58 0.93 0.79
7 3 13 9 0.67 2.13 1.63 0.60 0.89 0.77
8 5 20 12 0.84 2.53 1.73 0.43 0.87 0.70
9 2 9 5 0.17 2.01 1.00 0.15 0.95 0.66
10 6 19 13 0.55 2.74 1.89 0.30 0.97 0.75
11 2 7 5 0.45 1.23 0.78 0.32 0.76 0.54
12 7 16 11 0.75 2.35 1.44 0.36 0.85 0.61
13 2 19 10 0.34 2.59 1.54 0.43 0.93 0.70

A similar but not identical picture is presented when the indices N1 (species richness) and N2

(species evenness) are used (Figure 30). The dry grassland vegetation groups 8, 10, 12 and 13

(6210, 62A0) show high variation in both indices and also score the highest values in both.

Notably, the latter three are also the ones with the higherst numbers of thermophilous
grassland and synanthropic species.
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Figure 30. Biodiversity indices N1 and N2 per plot per vegetation unit.
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DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

3.3. Ecological factors affecting the composition and structure of the mountain
grasslands in Mt. Oiti and Mt. Kallidromo

The exploratory indirect multivariate analysis DCA of the grassland plot data (290 plots) using
altitude, grazing intensity, and parent rock as environmental variables (predictors) indicated a
strong unimodal response in the 1% (lengths of gradient 8.421) and the 2™ (lengths of gradient
7.075). The results of the DCA are shown in Figures 31 (plot data), 32 (species data), 33 (focus
on Kallidromo data), and Table 10.

The high altitude plots of vegetation groups 1 to 8 are clearly separated from vegetation
groups 9 to 13 along the 1* ordination axis indicating different ecological niches related to
altitude and the flysch substrate on the one hand and grazing and water-related substrates on
the other (Figure 31). Vegetation groups 1 (6230) and 4 (4060) are separated from vegetation
groups 2, 3, 5, 6, 7 and 8 along the 2™ ordination axis apparently depicting differences in
substrate (flysch vs. limestone-dolomite) and possibly water content. The latter vegetation
groups are closely related apparently due to transitional plots (grassland to scrub, dry to
humid) and only the plots of vegetation group 8 at Gkioza (6210) are positioned apart. The
plots of Mt. Kallidromo (Figures 31 and 33) are separated in three groups along the 1%
ordination axis at increasing grazing and water level: vegetation group 8 at high altitudes,
vegetation groups 10, 11, and 12 at lower altitudes and on tertiary/colluvial/alluvial substrate,
and vegetation groups 9 and 11 on alluvial substrate and in the lake/canal.

In the species data graph (Figure 32), the typical Juncetea trifidi species such as Nardus stricta,
Luzula multiflora, Luzula spicata, Centaurea nervosa, Carex ovalis, Phleum alpinum, and
Herniaria parnassica are set apart at the areas of vegetation groups 1 and 2. The Festuco-
Brometea species span the area of vegetation groups 3 to 8 and 10, 11 and 13. Galium verum
lies at an intermediate position, while Achillea crithmifolia is positioned within vegetation
group 8 and Ononis spinosa within vegetation groups 10, 11, and 12. The wet grassland and
swamp species appear at the one hand within vegetation group 1 and scattered at the area of
vegetation groups 3 to 7 (high altitude, chionophilous and mesic grasslands), and on the other
hand in the areas of vegetation groups 9, 11, and 13 (grazing, mesic and wet grasslands).

Table 10. DCA results for the grassland plot data (290 plots).

Axes 1 2 3 4
Eigenvalues 0.8 0.56 0.48 0.374
Lengths of gradient 8.421 7.075 4.861 3.599
Species-environment correlations 0.942 0.388 0.586 0.75
Cumulative percentage variance

of species data 5.2 8.8 11.9 14.3
of species-environment relation 23.3 25.7 0 0

Sum of all eigenvalues (total inertia) 15.531

Sum of all canonical eigenvalues 3.037
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Figure 31. DCA of mountain grassland plots, plot data, axes 1 and 2, symmetric Hill scaling

(species points at the centre of their niche in the diagram, plot distances are ecological

distances).
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Figure 32. DCA of mountain grassland plots, species data, axes 1 and 2, symmetric Hill scaling

(species points at the centre of their niche in the diagram, plot distances are ecological

distances).
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Figure 33. DCA of mountain grassland plots, only Kallidromo plots shown, axes 1 and 2,
symmetric Hill scaling (species points at the centre of their niche in the diagram, plot distances
are ecological distances).

An exploratory indirect multivariate analysis DCA was applied to the part of grassland plot data
for which detailed soil data were available (131 plots) using altitude, grazing intensity, the
whole set of soil analysis data (Table 3) as environmental variables (predictors) indicated a
strong unimodal response in the 1% (lengths of gradient 7.287) and the 2™ (lengths of gradient
4.902) axes which is of suitable size for using CCA (ter Braak 1994).

The environmental variables explaining better the sample and species data were selected with
manual forward selection so that the maximum number of the least correlated variables (as
indicated by the values of the variable inflation factor which were < 20) with the higher
explanatory values (as indicated by Lambda A which is the variance explained for conditional
effects) were selected. It must be noted that certain variables was expectedly correlated, from
example sand, silt and clay content was expected to be correlated when all three of the were
fitted together and the same goes for C content and the ration C to N and for altitude and
flysch (which was mainly recorded at the higher altitudes of Qiti). The variance that each of the
27 environmental variables explained singly (Lamda 1) when it was used as the only
environmental variable in the model is shown in table 11. The explanatory value (Lambda A) of
the 12 variables selected and included in the model is shown in table 12. The results of the CCA
model with the selected variables are shown in Figure 34 and Table 13. The CCA model
explains a significant 34 % of the grassland data. Altitude, pH, basic element content
(exchangable Mg, Ca, base saturation), parent rock, and available Fe and Mn were the factors
affecting most the plot and species data.
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The 1% ordination axis clearly represents altitude while sand content and grazing change along
the 2™ ordination axis. Vegetation groups 1 and 2 appear at higher altitude (and flysch), higher
Av_Fe, and sand content and lower pH, with the plots at Livadies being clearly separated from
all others. Vegetation groups 10, 12, and 13 of Mt. Kallidromo lie at increasing pH,
conductivity, and clay content values and are ordered along increasing sand and decreasing
grazing, Av_Mn and Mg values from vegetation group 12 to vegetation groups 10 and 13. The
plots of vegetation group 8 (Gkioza) are separated at lower sand and higher grazing, Av_Mn
and Mg values. The plots of Tourkos lie at an intermediate position regarding altitude, pH and
Av_Fe and are negatively related (clay, content, conductivity) or not related (grazing, sand) to
the other factors.

Table 11. Marginal effects of environmental variables. Explained variance (Lambda 1) of each
variable when used singly. Environmental variable abbreviations as in Table 2.

Variable Lambdal Variable Lambdal
Altitude 0.77 TotalN 0.46
Ca 0.71 OrganicC 0.45
pH 0.69 Silt 0.44
Base_sat 0.69 Av_P 0.44
Tertiary 0.63 K 0.44
Flysch 0.62 CtoN 0.4
Av_Zn 0.61 Clay 0.37
Cond 0.6 Mg 0.37
grazing 0.59 Av_Cu 0.36
Av_Mn 0.58 Alluvial 0.33
Hard lim 0.57 Colluvia 0.33
Av_Fe 0.57 Sand 0.33
CEC 0.51 Dolomite 0.32
Na 0.49

Table 12. Conditional effects of environmental variables in order of their includion in the
model. Lambda A: additional variance explained by each variable; P: significance level from the
Monte Carlo permutation test carried out when the variable was added to the model.
Environmental variable abbreviations as in Table 2.

Variable LambdaA P

Altitude 0.77 0.002
grazing 0.57 0.002
Av_Fe 0.44 0.002
pH 0.37 0.002
Alluvial 0.33 0.01
Colluvia 0.32 0.002
CtoN 0.29 0.002
Cond 0.27 0.002
Av_Mn 0.22 0.002
Clay 0.18 0.002
Mg 0.17 0.002
Sand 0.15 0.012
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Figure 34. CCA of 131 mountain grassland plots, axes 1 and 2, symmetric Hill scaling (species
points at the centre of their niche in the diagram, plot distances are ecological distances).

Table 13. CCA results for the mountain grassland data (131 plots).

Axes 1 2 3 4
Eigenvalues 0.788 0.645 0.516 0.448
Species-environment correlations 0.986 0.956 0.938 0.919
Cumulative percentage variance

of species data 6.5 11.9 16.2 19.9
of species-environment relation 19.3 35.1 47.8 58.8

Sum of all eigenvalues (total inertia) 12.063

Sum of all canonical eigenvalues 4.079

Monte Carlo permutation test
significance of 1* canonical axis 0.002
significance of all canonical axes 0.002

LIFE11 NAT/GR/1014-ForOpenForests - HAO Dimiter-Institute of Mediterranean Forest Ecosystems & Forest Products Technology
The project is co-funded by the European Commission financial instrument Life+
56



DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

4. Literature

Aci¢ S., Silc U., Petrovi¢ M., Tomovié G., Stevanovi¢ Z.D. 2015. Classification, ecology and
biodiversity of Central Balkan dry grasslands. Tuexenia 35: 329-353

Aeschimann D., Lauber K., Moser M.D., Theurillat J.P. 2004. Flora alpina (Flora of the Alps).
Zanichelli, Bologna

Alegro A. 2003. Festuca trichophylla (Ducros ex Gaudin) K. Richter (Poaceae) in the flora of
Croatia. Acta Bot. Croat. 62: 141-146

Allegreza M., Biondi E. 2011. Syntaxonomic revision of the Arrhenatherum elatius grasslands
of central Italy. Fitosociologia 48: 23-40

Apostolova I., Dengler J., Di Pietro R., Gavilan R.G., Tsiripidis |. 2014. Dry grasslands of Southern
Europe: syntaxonomy, management and conservation. HACQUETIA 13: 5-18

Babalonas, D., Mamolos A.P., Konstantinou M. 1997. Spatial variation in a grassland on soil
rich in heavy metals. J. Veg. Sci. 8: 601-604

BAI (Booker Agriculture International), 1984. Tropical Soil manual, London

Barbéro M., Loisel R. 1971. Contribution a I'étude des pelouses a Brome méditerranéennes et
méditerranéo- montagnardes. Anales Inst. Bot. A. J. Cavanilles 28: 91-166

Barrett, S.C.H., Echert, C.G., Husband, B.C., 1993. Evolutionary processes in aquatic plant
populations. Aquat. Bot. 44, 105-145

Becker T., Schmiege C., Bergmeier E., Dengler J., Nowak B. 2012. Nutrient-poor grasslands on
siliceous soil in the lower Aar valley (Middle Hesse, Germany) — neglected vegetation types
in the intersection range of four classes. Tuexenia 32: 281-318

Benito Alonso J.L. 2012. La vegetacidon del Parque Nacional de Ordesa y Monte Perdido (Pirineo
aragonés). Segunda edicidn corregida. Monografias de Botdnica Ibérica, n2 6, 388 p.

Bergmeier E., Konstantinou M., Tsiripidis I., Sykora K.V. 2009. Plant communities on
metalliferous soils in northern Greece. Phytocoenologia 39: 411-438

Bernhardt K.-G., Kropf M. 2006. Schoenus nigricans (Cyperaceae) xerophytic grasslands on the
NE Adriatic islands Cres and Krk (Croatia). Acta Bot. Croat. 65: 127-136

Biondi E., Burrascano S., Casavecchia S., Copiz R., Del Vico E., Galdenzi D., Gigante D., Lasen C.,
Spampinato G., Venanzoni R., Zivkovic L., Blasi C. 2012. Diagnosis and syntaxonomic
interpretation of Annex | Habitats (Dir. 92/43/EEC) in Italy at the alliance level. Plant
Sociology 49: 5-37

Biondi E., Galdenzi D. 2012. Phytosociological analysis of the grasslands of Montagna dei Fiori
(central Italy) and syntaxonomic review of the class Festuco-Brometea in the Apennines.
Plant Sociology 49: 91-112

Blasi C., Biondi E. (eds). 2015. Check-list sintassonomica delle suballeanze presenti in Italia per
il Prodromo della vegetazione d'ltalia. Ministero dell'’Ambiente e della Tutela del Territorio
e del Mare & Societa Botanica Italiana. http://www.prodromo-vegetazione-italia.org

The project is co-funded by the European Commission financial instrument Life+
57



DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Blasi C., Burrascano S., Del Vico E., Di Pietro R., locchi M., Rosati L. 2009. Cynosurion cristati
grasslands in the central Apennines (Tyrrhenian sector): A phytosociological survey in the
Lepini and Prenestini mountains. Plant Biosystems 143 (supl): S69-S77

Boridi A. 2003. Magyarorszag névénytarsuldsai. Akadémiai Kiadd, 569 p.

Bower CA, Reitemeier RF, Fireman M. 1952. Exchangeable cation analysis of saline and
alkaline soils. Soil Sci 73:251-261

Brandes D., Jesske T. 2013. Eryngium campestre - Gefahrdete Trockenrasenart,
Stromtalpflanze oder Ruderalpflanze? Braunschweiger Naturkundliche Schriften 12: 1-25

Brullo S ., Marceno C. 1985. Contributo alla conoscenza della vegetazione nitrofila della Sicilia.
Colloques phytosociologiques 12: 23-148

Bunce R.G.H., Bogers M.B.B., Evans D., Jongman R.H.G. 2012. Rule based system for in situ
identification of Annex | habitats. Wageningen, Alterra, Alterra Report 2276, p. 118

Carni A., Kostadinovsk, M., Matevski V. 2000. "Saum" (fringe) vegetation (Trifolio-Geranietea)
in the Republic of Macedonia. Acta Bot. Croat. 59: 279-329.

Carni A., Matevski V. 2005. Cistus incanus dominated communities in the southern part of the
Balkan Peninsula. In: Abstracts of the European Vegetation Survey, 14th Workshop - ROME
(Italy), March 11-14, 2005, Orto Botanico - Dipartimento di Biologia vegetale Universita di
Roma “La Sapienza”

Catteau E., Duhamel F. (coord). 2014 . - Inventaire des végétations du nord - ouest de la
France. Partie 1: analyse synsystématique. Version n°1 / avril 2014 . Centre régional de
phytosociologie agréé Conservatoire botanique nati onal de Bailleul, avec la collaboration
du Collectif phytosociologique du nord - ouest de la France . 50 p.
(http://www.cbnbl.org/ressources - documentaires/referentiels - et - outils - de -
saisie/article/referentiels )

Ceng Y, Nakamura T. 2007. Phytosociological study of steppe vegetation in east Kazakhstan.
Japanese Society of Grassland Science 53: 172-180

Chronopoulos G., Theocharopoulos M., Christodoulakis D. 2005. Phytosociological study of
Hirschfeldia incana (L.) Lagraze-Fossat (Cruciferae) communities in mainland Greece. Acta
Bot. Croat. 64: 75-114

Chytry M. 2007. TH Festuco-Brometea Br.-Bl. et Tixen ex Sod 1947. In: Chytry M. (ed.),
Vegetace Ceské republiky. 1. Travinna a kefickova vegetace [Vegetation of the Czech
Republic. 1. Grassland and Heathland Vegetation]. Academia, Praha, pp. 372-376.

Chytry M., Tichy L. 2003. Diagnostic, constant and dominant species of vegetation classes and
alliances of the Czech Republic: a statistical revision. Folia Fac.Sci. Nat. Univ. Masaryk.
Brun., Biol. 108: 1-231.

Chytry M., Tichy L., Holt J., Botta-Dukat Z. 2002. Determination of diagnostic species with
statistical fidelity measures. J. Veg. Sci. 13: 79-90

classe des Festuco-Brometea. Dissertationes Botanicae 178: 1-296.

The project is co-funded by the European Commission financial instrument Life+
58



DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Custerevska R., Matevski V., Kostadinovski M., Carni A. 2012. Dry grassland communities of
Erysimo-Trifolietum in the northeastern part of the Republic of Macedonia. Hacquetia 11:
91-111

Danihelka J. 2001. Achillea setacea in the Czech Republic, with taxonomic remarks. Preslia,
Praha 73: 97 -120.

Davis P.H. (ed) 1985: Flora of Turkey and the eastern Aegean Islands, Vol. 9. Edinburgh, The
University Press.

Delbosc P., Bioret F., Panaiotis C. 2015. Les séries de végétation de la vallée d’Ascu (Corse)
(typologie et cartographie au 1:25 000). Ecol. Medit. 41: 5-87

Dengler J., Becker T., Ruprecht E., Szabd A., Becker U., Beldean M., Bita-Nicolae C., Dolnik C.,
Goia l., Peyrat J., Sutcliffe L.M.E., Turtureanu P.D., Ugurlu E. 2012. Festuco-Brometea
communities of the Transylvanian Plateau (Romania) - a preliminary overview on
syntaxonomy, ecology, and biodiversity. Tuexenia 32: 319-359.

Dengler J., Risina S., Boch S., Bruun H.H., Diekmann M., DierRen K., Dolnik C., Dupré C., Golub
V.B., Grytnes J.A., Helm A., Ingerpuu N., Lobel S., Partel M., Rasomavicius V., Tyler G.,
Znamenskiy S.R., Zobel M. 2006. Working group on dry grasslands in the Nordic and Baltic
region. Outline of the project and first results for the class Festuco-Brometea. Ann. Bot. S.N.
6:1-28.

Di Pietro R., Theurillat J.-P., Capelo J., Ferndndez-Gonzalez F., Terzi M., Carni A., Mucina L.
2015. Nomenclature and syntaxonomic notes on some high-rank syntaxa of the European
grassland vegetation. LAZAROA 36: 79-106

Dimitrov M. 2015. 12E1: Herbaceous communities - Mountain Pastures. In: Biserkov V., Gus-
sev C. (eds). Red Data Book of the Republic of Bulgaria. Vol. 3. http://e-
ecodb.bas.bg/rdb/en/vol3/

Dimopoulos D., Raus Th., Bergmeier E., Constantinidis Th., latrou G., Kokkini S., Strid A.,
Tzanoudakis D. Vascular plants of Greece: An annotated checklist. Englera 31. Botanischer
Garten und Botanisches Museum Berlin-Dahlem - Hellenic Botanical Society, Berlin-Athens,
372 p.

EUR28. 2013. Interpretation Manual of European Union Habitats. European Commission, DG
Environment, Nature and biodiversity, April 2013. p 144

Foggi B., Lastrucci L., Gennai M., Viciani D. 2014. The Festuco-Brometea grasslands on
sandstone and marl-clay-sandstone substrata IN Tuscany (northern-central Italy). Hacquetia
13:19-55.

Fotiadis G., Vrahnakis M., Kazoglou Y., Tsiripidis I. 2014. Dry grassland types in the Prespa
National Park (NW Greece), including the southern- most occurrence of the priority
habitat type “pannonic sand steppes” (code 6260) . Hacquetia 13: 171-189

Fraga i Arguimbau P. 2008. Vascular flora associated to Mediterranean temporary ponds on
the island of Minorca. Anales del Jardin Botanico de Madrid. 65: 393-414

Giacomin V., Gentile S. 1966. Observations synthétiques sur la végétation anthropogene de I’
étage montagnard de la Calabre. In: R. Tlixen (ed). Anthropogene Vegetation: Bericht Gber
das Internationale Symposium in Stolzenau/Weser 1961. Springer-Verlag, pp 135-145.

The project is co-funded by the European Commission financial instrument Life+
59



DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.
Horvat I., Glavac V., Ellenberg, H. 1974. Vegetation Slidosteuropas. G. Fischer, Stuttgart, DE.

Illyés E., BOloni J. (eds). 2007. Slope steppes, loess steppes and forest steppe meadows in
Hungary. Magankiadas. Budapest, pp. 236 (http://www.botanika.hu)

Jacobs, S.W.L., Wilson, K.L., 1996. A biogeographical analysis of the freshwater plants of
Australasia. Aust. Syst. Bot. 9, 169-183

Julve Ph. 2015. Baseveg. Répertoire synonymique des groupements végétaux de France.
Version : 16 février 2015. http://perso.wanadoo.fr/philippe.julve/catminat.htm

Karetsos G.K. 2002. Study of the flora and vegetation of Mount Oiti. Ph.D. Thesis, University of
Patras, Department of Biology, Section of Plant Biology, Laboratory of Plant Ecology, Patras,
311 p.

Kiekens 1., 1995. Zink. In: Alloway, B.J. (Ed.), Heavy Metals in Soils. Blackie Academic &
Professional, London, pp. 285-305.

Kooijman AM, Jonejans J, Sevink J. 2005. Parent material effects on Mediterranean woodland
ecosystems in NE Spain. Catena 59: 55-68

Korakis G., Gerasimidis A. 2010. Contribution to the study of the forest phytocoenoses of
Mountain Mitsikeli. Epistémoniké Epetérida tou Tmématos Dasologies kai Fusikou Peribal
lontos, Aristoteleio Panepistémio Thessalonikés, 43: 305-318

Kougioumoutzis K. , Tiniakou A., Georgiou O., Georgiadis T. Contribution to the flora and
biogeography of the Kiklades: Folegandros island (Kiklades, Greece). Edinb. J. Bot. 72: 391-
412

Kovacs J.A. 2011. Vegetation ecology and coenological relations of Krascheninnikovia
ceratoides in the transylvanian basin. KANITZIA J. Bot. 18: 59-88

Krebs C.J. 1999. Ecological Methodology, 2nd Ed. Addison Wesley Longman, Menlo Park,
California, USA, 620 pp.

Kurt L., Tug G.N., Ketenoglu O. 2006. Synoptic View of the Steppe Vegetation of Central
Anatolia (Turkey). Asian Journal of Plant Sciences 5: 733-739.

Landucci F., Gigante D., Venanzoni R., Chytry M. 2013. Wetland vegetation of the class
Phragmito-Magno-Caricetea in central Italy. Phytocoenologia 43: 13-40

Lanikova D. 2009. XC Artemisietea vulgaris Lohmeyer et al. ex von Rochow 1951. In: Chytry M.
(ed.), Vegetace Ceské republiky. 2. Ruderalni, plevelovd, skalni a sufova vegetace
[Vegetation of the Czech Republic 2. Ruderal, weed, rock and scree vegetation]. Academia,
Praha, pp. 207-209.

Li M.H., Krduchi N. 2003. Using native and non-native plant diversity combination to estimate
vegetation/environmental change across scales. Verhandlungen der Gesellschaft fiir
Oekologie 33. Verlag Die Werkstatt, Gottingen. pp. 240-&. ISBN 3-89533-439-1

Lindsay WL, Norvell WA. 1978. Development of a DTPA test for zinc, iron, manganese, and
copper. Soil Sci Soc Am J 42:421-428

Lith C., Tasser E., Niedrist G., Via J.D., Tappeiner U. 2011. Classification of the Sieversio
montanae-Nardetum strictae in a cross-section of the Eastern Alps. Plant Ecology 212: 105-
126

The project is co-funded by the European Commission financial instrument Life+
60



DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Maccherini S., Chiarucci A., De Dominicis V. 1998. Relationship between vegetation and
morphology in the Radicofani Calanchi (Southern Tuscany). Atti Mus. Stor. Nat. Maremma
17:91-108

Maroulis G., Georgiadis Th. 2005. The vegetation of supra-forest meadows and rock crevices of
Mount Erimanthos (NW Peloponnisos, Greece). Fitosociologia 42: 33-56

Martens DC, Lindsay, W.L. 1990. In: Westerman, R.L. (Ed.), Soil Testing and Plant Analysis.
SSSA Book Series: 3, Soil Sc. Soc. Am. Inc. Publishers, Madison, Wisconsin, USA, pp. 229-
260.

Matevski V., Carni A., Kostadinovski M., Kosir P., Silc U., Zelnik I. 2008. Flora and Vegetation of
the Macedonian Steppe. Zalozba ZRC, ZRC SAZU, Ljubljana, 96 p.

Micevski K. 1971. "Steppenvegetation" in Mazedonien [in Macedonian, with German
summary]. God. Zb. Prir.-Mat. Fak. Univ. Skopje 23: 131-150.

Mucina L. 1997. Conspectus of classes of European vegetation. Folia Geobot. Phytotax. 32 :
117-172

Mucina, L., Dengler, J., Bergmeier, E., Carni, A., Dimopoulos, P., Jahn, R. & Matevski, V. 2009.
New and validated high-rank syntaxa from Europe. Lazaroa 30: 267-276.

Nakos G. 1979. Forest soils of Greece: physical, chemical and biological properties. For Ecol
Manag 2: 35-51

Nelson RE. 1982. Carbonate and Gypsum. In: Page A.L., Miller R.H., Keeney, D.R. (Eds.),
Methods of Soil Analysis. Part 2. Chemical and Microbiological Properties. Agronomy, Am.
Soc. Agr. Inc., Soil Sc. Soc. Am. Inc. Publishers, Madison, Wisconsin, USA, pp. 181-196.

Novak J. 2007. THEO4 Plantagini maritimae-Caricetum flaccae Novak in Chytry 2007. In: Chytry
M. (ed.), Vegetace Ceské republiky. 1. Travinnd a kefickova vegetace [Vegetation of the
Czech Republic. 1. Grassland and Heathland Vegetation]. Academia, Praha, pp. 435-436

Olsen SR., Sommers LE. 1982. Phosphorus In: Page A.L., Mille R.H., Keeney, D.R. (Eds.),
Methods of Soil Analysis. Part 2. Chemical and Microbiological Properties. Agronomy, Am.
Soc. Agr. Inc., Soil Sc. Soc. Am. Inc. Publishers, Madison, Wisconsin, USA, pp. 403-427.

Oynarte C, Aranda V, Durante P. 2008. Soil surface properties in Mediterranean mountain
ecosystems: Effects of environmental factors and implications of management. For Ecol
Manag 254: 156-165

Papademetriou K., Karagiannakidou M. Konstantinou M., Dimopoulos P. 1998.
Phytosociological research of the above the timberline grasslands of Mount Pangeon (NE
Greece). In: Tsekos I., Moustakas M. (eds). Progress in Botanical Research. Proceedings of
the 1st Balkan Botanical Congress. Aristotle University of Thessaloniki - Springer, pp. 117-
120

Papamichos G .1986. Forest Soils. University of Thessaloniki Editions

Papastergiadou E., Dafis S., Dimopoulos P., Lazaridou E. 1997. Syntaxonomic typology of the
Greek Habitats. Folia Geobot. Phytotax. 32: 335-341

Pirini C.B., Tsiripidis I., Bergmeier E. 2014. Steppe-like grassland vegetation in the hills around
the lakes of Vegoritida and Petron, North- Central Greece. Hacquetia 13: 121-169

The project is co-funded by the European Commission financial instrument Life+
61



DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Quézel P. 1964. Vegetation des hautes montagnes de la Gréce méridionale. Vegetatio 12: 289-
385

Redzi¢ S. 1999. The syntaxonomical differentiation of the Festuco-Brometea Br.-Bl. & R.Tx.
1943 ex Klika & Hadac 1944 in the Balkans. Annali Di Botanica 57: 167-180

Redzi¢ S. 2010: The origin, syndynamics and syntaxonomy of thermophilous vegetation of class
Festuco-Brometea Br.-Bl. et R. Tx in Br.-Bl. 1943 at the Dinaric Alps (W. Balkan). 10th
Symposium on the Flora of Southeastern Serbia and Neighbouring regions, Vlasina 17 to 20
June 2010. Abstract: 31.

Redzi¢ S., Trakié S., Barudanovi¢ S. 2013. Patterns of vegetation diversity of grasslands and
pastures - Crvanj Mt. (Herzegovina, Western Balkan). Academic Journals - Scientific
Research and Essays 8: 1944-1965

Rivas-Martinez S.,Diaz T.E., Ferndndez-Gonzalez F., 1zco J., Loidi J., Lousd M., Penas A.
2002.Vascular plant communities of Spain and Portugal: Addenda to the syntaxonomical
checklist of 2001.ltinera Geobotanica 15: 5-922

Rodwell, J.S., J.H.J. Schaminée, L. Mucina, S. Pignatti, J. Dring & D. Moss, 2002. The Diversity of
European Vegetation: an overview of phytosiciological alliances and their relationships to
EUNIS habitats. EC-LNV, Wageningen.

Royer J. M. 1991. Synthese eurosiberienne, phytosociologique et phytogeographique de la

Risina S. 2009. Current status of dry grassland vegetation research in Latvia. Bull. Eur. Dry
Grassland Group 2: 9-13

Sanda V., Ollerer K., Burescu P. 2008. Fitocenozele din Romania. Sintaxonomie, structur3,
dinamica si evolutie. Ars Docendi. Universitata din Bucuresti, 570 p.

Santamaria L. 2002. Why are most aquatic plants widely distributed? Dispersal, clonal growth
and small-scale heterogeneity in a stressful environment. Acta Oecologica 23: 157-134

Sarika M., Dimopoulos P., Yannitsaros, A. 2005. Contribution to the knowledge of the wetland
flora and vegetation of Amvrakikos Gulf, W Greece. Willdenowia 35: 69-85.

Shimwell D.W. 1971. Festuco-Brometea Br.-Bl. & R.Tx. 1943 in the British Isles: The
phytogeography and phytosociology of limestone grasslands. Vegetatio 23: 1-27

Sopotliewa D., Apostolova I. 2007. The association Erysimo-Trifolietum Micev. 1977 in Bulgaria
and some remarks on its Mediterranean character. Hacquetia 6: 25-35

Stefan N., Oprea A., Manzu C. 2002. Phytocoenological charactersation of Romanian Andryala
and Hieracium species. In: Contribution abstracts of the 6th Hieracium workshop Hirschegg
(Austria), pp. 23-24

Strid A. 1986. Mountain Flora of Greece, University Press, Cambridge. 822 p.
Strid A., Tan K. 1991. Mountain Flora of Greece. University Press, Edinburgh. 974 p.

Sumberové K. 2013. Formalised classifi cation of the annual herb vegetation of wetlands (
Isoéto- Nano-Juncetea class) in the Czech Republic and Slovakia (Central Europe).
Phytocoenologia 43: 13-40

The project is co-funded by the European Commission financial instrument Life+
62



DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Surina B. 2005. Some novelties in the flora and vegetation of Mt Sneznik (SW Slovenia,
Liburnian karst). Acta Bot. Croat. 64 : 341-356

Surina Z. M., Surina B. 2010. Snowbed vegetation in Croatia: Phytosociology, ecology and
conservation status. Plant Biosystems 144: 747-768

Suzuki K., Jalaldin A., Abdusalik N., Tsendeekhuu T., Kamijo T., Nakamura T. 2012. What Kind of
Vegetation Exists in the Central Eurasian Steppe? Journal of Arid Land Studies 22: 239-241

Szafer W. (ed). 1966. The vegetation of Poland. Pergamon Press-Polish Scientific Publishers,
Warszawa, 738 p.

ter Braak C.J.F. and Smilauer P. (1998). CANOCO 4, CANOCO Reference Manualand User’s
Guide to Canoco for Windows. Centre for Biometry. Wageningen.

ter Braak, C.J.F., 1994. Canonical community ordination. Part 1. Basic theory and linear
methods. Ecoscience 1, 127-140.

Terzi M. 2015. Numerical analysis of the order Scorzoneretalia villosae. Phytocoenologia 45:
11-32.

Terzi M., Di Pietro R., Amico F.S.D. 2010. Analisi delle Specie Indicatrici applicata alle comunita
a Stipa austroitalica Martinovsky e relative problematiche sintassonomiche. Fitosociologia
47:3-29

Todorova S., Tzonev R. 2010. Bromo moesiacae-Stipetum epilosae - A new association from
the relict mountain steppe vegetation in South-Western Bulgaria. Hacquetia 9: 185-206

Tomaselli M., Bernardo L., Passalacqua N. 2003. The vegetation of the Ranunculo-Nardion in
the Southern Apennines (S. - Italy). Phyton Horn 43: 39-57

Tzonev R.T. 2013. New plant associations from Danubian Plain, Bulgaria. Phytol. Balk. 19: 243-
266

Vassilev K., Apostolova |. 2014. Bulgarian steppic vegetation - an overview. Conference
Proceedings: Steppenlebensraume Europas - GefdhrdunG , Erhaltungsmassnahmen und
Schutz. pp. 191-200

Vassilev K., Apostolova I., Pedashenko H. 2012. Festuco-Brometea in Western Bulgaria with an
emphasis on Cirsio-Brachypodion pinnati. Hacquetia 11: 227-248

Vrahnakis M. 2010. Dry grassland habitat types of Greece. Bull. Eur. Dry Grassl. Group 6: 17-22

Vrahnakis M., Fotiadis G., Kazoglou Y., Tsiripidis I. 2014a. Comparability of floristic diversity of
three dry grassland habitat types in the National Park of Prespa, Greece. In: The 11th
European Dry Grassland Meeting, 5-15th June 2014, Tula, Russia. Abstracts & Excursion
Guides, pp. 33

Vrahnakis M., Fotiadis G., Kazoglou Y., Tsiripidis I. 2014b. Comparability of floristic diversity of
three dry grassland habitat types in the National Park of Prespa, Greece. Poster
presentation in the 11th European Dry Grassland Meeting, 5-15th June 2014, Tula, Russia,
http://www.botanik.uni-greifswald.de/3690.html

Walkley A. 1946. A critical examination of a rapid method for determining organic carbon in
soils: Effect of variations in digestion conditions and of inorganic soil constituents. Soil Sci
63:251-263

The project is co-funded by the European Commission financial instrument Life+
63



DELIVERABLE A.5.1. Mountain grassland composition, structure and ecology in Mt. Oiti and Mt. Kallidromo.

Osodwpomoulog K., EAsuBepladou E. 2002. H BAdotnon twv Bapvwvwy ofukedpng apkelBou
(Juniperus oxycedrus ssp. oxycedrus) oto 6po¢ OpBnAog (A. Maxkedovia, Nopog Apapuag,
EAGSa). Npaktikd tou 3ou AtBadomovikol Suvedpiou, Kapmevrol, 4-6 emtepfBpiouv 2002,
oel. 2011-2020

Kokpotog E.A. 2008. XAwpLSIKr Kal GUTOKOLVWVIOAOYLKA LEAETN TWV OPELVWV OYKWV TNG
Bowwrtiag (EAwvag-zepofouvi-NepaiboAdxkkwua) - ZUYKPLTIKY Slepelivnon Kol OLKOAOYLKA
npoaoéyylon. Albaktopikr) Atatplpn, MNavenotrpio Matpwv, Ndtpa, 547 oeA.

XoxALoUpog 2.M. 2005. XAwpLdikr Kal pUTOKOLVWVLIOAOYLKA £pEUVA TOU OpoUC Beppiou -
Otkohoyikr) tpoogyylon. Adaktopikr Atatptpn, TuRuo Biodoyiag, MNavemnotruio Matpwy,
Matpa, 392 oeA.

LIFE11 NAT/GR/1014-ForOpenForests - HAO Dimiter-Institute of Mediterranean Forest Ecosystems & Forest Products Technology
The project is co-funded by the European Commission financial instrument Life+

64



