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Abstract – This study was carried out to determine the plant communities and understand the main topograph-
ical driving factors of floristic differentiation in the Sivrihisar Mountains (Eskişehir Province). Vegetation sam-
plings were carried out according to the Braun-Blanquet approach. The relevés were stored in the TURBOVEG 
database management program. Hierarchical classification was carried out in PC-ORD program with Ward’s 
method and Euclidean distance as a resemblance measure. The diagnostic species were identified by a fidelity 
measure in the JUICE program. The results of the classification were visualized by ordination techniques in the 
CANOCO package by using principal component analysis. In conclusion, except for the degraded forest com-
munity, all the 7 steppe and 1 scrub plant communities studied were identified and described as new associa-
tions. Also, a syntaxonomical scheme for the vegetation of Sivrihisar Mountains was suggested.
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Introduction
Steppes, which face habitat loss, fragmentation and deg-

radation, are among the most endangered biomes of the 
world. Treeless vegetation dominated by perennial xeroph-
ilous grass and herbs is typical of these types of formation 
(Török et al. 2016). The Central Anatolian Plateau has a dis-
tinctive plant cover on the account of its isolation,  due in 
turn to the high surrounding mountains and special nature 
(Aksoy and Hamzaoğlu 2006). Steppe vegetation is the main 
vegetation type, as it is in East and parts of South Anatolia, 
as a result of precipitation insufficient for the growth of trees 
under arid and semi-arid variants of Mediterranean climate 
(Atalay and Efe 2010). Numerous genera such as Acantho-
limon, Astragalus, Centaurea, Cousinia or Verbascum have 
their evolutionary origin and main centre of diversity in this 
region (Kürschner and Parolly 2012). The Central Anatolian 
steppe is generally typically surrounded by steppic woods 
and forest formations (Hamzaoğlu and Duran 2004). Al-
though the floristic richness in the Central Anatolian steppe 
vegetation is very high, showing high levels of endemism, it 
is threatened by overgrazing pressure, intensive farming, and 
other management practices (Aydoğdu et al. 2004, Kurt et 
al. 2006, Kaya et al. 2011). Even though this steppe, forming 

the Central Anatolian Province of Irano-Turanian Region, 
has long been studied by many botanists (Louis 1939, Krause 
1940, Walter 1956, Birand 1961, 1970; Çetik 1985, Akman et 
al. 1985, Ketenoğlu et al. 1983, 2000; Hamzaoğlu and Duran 
2004), much of its ecological diversity is understudied and 
more studies are needed. 

This study was carried out in this context, to determine 
plant communities and their structural components, to de-
fine ecological and geographical gradients and to examine 
the floral diversity in the Sivrihisar Mountains in Turkey. We 
expect that this classification will guide future phytosocio-
logical studies and will serve as a base for various prospec-
tive studies.

Materials and methods
Study area

Sivrihisar Mountains is a mountain chain extending 
from the Sakarya arc in the southeast corner of Eskişehir 
Province, in the SE-NW direction towards Kaymaz district, 
located between 39° 28' 00" latitude and 31° 34' 60" longitude 
(Fig. 1). The study area is mainly covered by steppe vegeta-
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tion but also by degraded shrub and forest vegetation. The 
vegetation in the study area was intensely affected by over-
grazing, agricultural activities and the expansion of stone 
and marble quarrying. 

The altitude ranges from 1000 m a.s.l. to 1415 m a.s.l. 
The study area, within the Irano-Turanian phytogeographi-
cal region and placed in the B3 square according to the grid 
system of Davis (1965–1985), is represented by the “East-
Mediterranean Precipitation Regime Type II” according to 
Emberger’s classification (Akman 1990) (see On-line Suppl. 
Tab. 1). The area does not have any protection status. Large-
ly the Paleozoic rocks are exposed in Sivrihisar Mountains 
in Eskişehir, while Mesozoic and Tertiary outcrops are also 
encountered.

Vegetation samplings and data analysis

The field work was carried out between 2003 and 2005. 
Homogenous sampling plots with an area of 50 m2 were se-
lected for steppe vegetation, the dominant vegetation type in 
the area, 100 m2 for scrub vegetation and 150 m2 for the de-
graded forest vegetation. The protocol for each plot includ-
ed general, topographic and other data of individual plots, 
such as altitude, inclination, aspect, vegetation cover (total 
and of individual layers) and a list of all vascular plants, in 
which a cover value was assigned to each species according 
to the nine degree Braun-Blanquet scale (Braun-Blanquet 
1964, Westhoff and Van Der Maarel 1973). 

The samples (hereinafter relevés) were stored in the 
TURBOVEG database management program (Hennekens 

and Schaminée 2001). Hierarchical classification of the data 
set was carried out in the computer program PC-ORD (Mc 
Cune and Meffords 2006). The Euclidean distance was used 
as a resemblance measure for analysis and Ward’s Method 
for dendrogram construction. Various levels of division were 
accepted in the dendrogram, resulting in nine clusters inter-
pretable in terms of ecology. Additionally, the diagnostic spe-
cies of the accepted clusters were identified by a fidelity mea-
sure in the JUICE program (Tichý 2002). The threshold of 
the phi value was subjectively selected at 0.50 for a species to 
be considered as diagnostic (Chytrý et al. 2002). Besides, the 
constant and dominant species of the clusters were defined 
in JUICE. Species that had a more than 50% occurrence fre-
quency for a given community were defined as constant spe-
cies, while species attaining a cover higher than 30% in more 
than 70% of the relevés were accepted as dominant species.

The results of the classification were visualized by ordi-
nation techniques in the CANOCO 4.5 package (Ter Braak 
and Šmilauer 2002). Principal component analysis (PCA), 
which is an indirect ordination method assuming a unimod-
al response of species to the environment, was run due to 
the high heterogeneity in the matrix of species (Lepš and 
Šmilauer 2003). Topographical variables were passively pro-
jected on the ordination plane. We also calculated the spectra 
of geo-elements according to Davis (1965–1985) and Davis 
et al. (1988) and life forms in accordance with Raunkiaer 
(1934) and they were also passively projected on the ordi-
nation diagram. Correlations between PCA releve scores 
and topographical variables, geoelement and growth form 
were calculated by using the non-parametric Kendall coef-
ficient in STATISTICA (Anonymous 2007). The nomencla-
ture of plant species follows Flora of Turkey (Davis 1965–
1985, Davis et al. 1988) and new syntaxa were described in 
accordance with the International Code of Phytosociological 
Nomenclature (Weber et al. 2000). Syntaxonomical interpre-
tations of taxa for the forest vegetation were made according 
to Quézel (1973), Akman et al. (1978a, b, 1979), and Qué-
zel et al. (1978, 1980). Classification of the taxa belonging to 
the steppe communities was made according to the studies 
carried out by Akman et al. (1984, 1985), Ketenoğlu et al. 
(1983), and Quézel et al. (1992).

Results
Classification

The classification analysis resulted in nine main clusters 
representing clear floristic and ecological differences of veg-
etation in the Sivrihisar Mountains (Fig. 2). While seven of 
these clusters represent steppe vegetation, the other two clus-
ters represent the scrub and forest vegetation in the study ar-
ea. Diagnostic, constant and dominant species of these clus-
ters are as follows:

Cluster 1: Artemisia scoparia-dominated steppe

Diagnostic species: Agrostemma gracilis, Artemisia sco-
paria, Astrodaucus orientalis, Bupleurum gerardii, Campan-
ula argaea, Coronilla varia ssp. varia, Hordeum bulbosum, 

Fig. 1. The geographical position of the Sivrihisar Mountains in 
Turkey. Dots show the places of the relevés.
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Melica ciliata ssp. ciliata, Parietaria judaica, Pimpinella tra-
gium ssp. polyclada, Rubus sanctus, Silene squamigera ssp. 
squamigera, Thymus sipyleus ssp. sipyleus var. sipyleus, Tri-
folium arvense var. arvense. Constant species: Astragalus 
angustifolius ssp. angustifolius var. angustifolius, Convolvu-
lus holosericeus ssp. holosericeus, Galium verum ssp. verum, 
Koeleria cristata, Poa bulbosa. Dominant species: Artemisia 
scoparia

Cluster 2: Thymus leucostomus var. argillaceus-
dominated steppe

Diagnostic species: Alyssum strigosum ssp. strigosum, 
Bromus japonicus ssp. japonicus, B. squarrosus, Ebenus hir-
suta, Hypericum aviculariifolium ssp. depilatum var. bour-
gaei, Ornithogalum oligophyllum, Scandix iberica, Silene di-
chotoma ssp. dichotoma, Thymus leucostomus var. argillaceus. 
Constant species: Androsace maxima, Anthemis cretica ssp. 
anatolica, Astragalus vulnerariae, Eryngium campestre var. 
virens. Dominant species: Thymus leucostomus var. argilla-
ceus.

Cluster 3: Astragalus microcephalus-dominated steppe

Diagnostic species: Astragalus microcephalus, Chryso-
pogon gryllus ssp. gryllus, Cichorium intybus, Cirsium ar-
vense ssp. vestitum, Daucus broteri, Echium angustifolium, 
Elymus hispidus ssp. hispidus, Helianthemum nummulari-
um ssp. ovatum, Inula montbretiana, Lolium perenne, Teu-
crium orientale var. orientale, Thymelaea passerina, Thymus 
longicaulis ssp. longicaulis var. subisophyllus. Constant spe-
cies: Acantholimon acerosum var. acerosum, Astragalus con-
densatus, Centaurea virgata, Dianthus zonatus var. zonatus, 
Eryngium campestre var. virens, Euphorbia anacampseros var. 
anacampseros, Festuca valesiaca, Filago pyramidata, Marru-
bium parviflorum ssp. oligodon, Scabiosa argentea, Teucrium 

polium, Xeranthemum annuum. Dominant species: Astraga-
lus microcephalus

Cluster 4: Astragalus angustifolius ssp. angustifolius var. 
angustifolius-dominated steppe

Diagnostic species: Alkanna orientalis var. orientalis, Al-
yssum murale var. murale, Anthemis tinctoria var. pallida, 
Arabis nova, Astragalus angustifolius ssp. angustifolius var. 
angustifolius, Ceratocephalus falcatus, Erodium hoefftianum, 
Erophila verna ssp. verna, Geranium lucidum, Hypecoum pro-
cumbens, Lamium amplexicaule, Lamium garganicum ssp. re-
niforme, Lathyrus cicera, Medicago minima var. minima, M. 
sativa ssp. sativa, Moenchia mantica ssp. caerulea, Ranuncu-
lus isthmicus ssp. stepporum, R. reuterianus, Rumex acetosel-
la, Valerianella costata, V. pumila, Veronica triphyllos, Vicia 
lathyroides, Viola parvula, Crataegus monogyna ssp. azarelle, 
Constant species: Anthemis tinctoria var. tinctoria, Artemisia 
santonicum. Dominant species: Astragalus angustifolius ssp. 
angustifolius var. angustifolius

Cluster 5: Artemisia santonicum-dominated steppe

Diagnostic species: Allium flavum ssp. tauricum var. tau-
ricum, Allium sieheanum, Alyssum sibiricum, Artemisia san-
tonicum, Asperula stricta ssp. latibracteata, Bothriochloa isch-
aemum, Consolida thirkeana, Erysimum crassipes, Phlomis 
pungens var. laxiflora, Sideritis lanata, S. montana ssp. mon-
tana, Verbascum uschakense, Centaurea solstitialis ssp. solsti-
tialis. Constant species: Achillea coarctata, Astragalus lydius, 
Bromus tomentellus, Centaurea virgata, Cruciata taurica, Er-
yngium campestre var. virens, Festuca valesiaca, Marrubium 
parviflorum ssp. oligodon, Minuartia anatolica var. arachnoi-
dea, Onobrychis armena, Paronychia kurdica ssp. kurdica var. 
kurdica, Scabiosa argentea, Stachys lavandulifolia var. lavan-
dulifolia, Stipa holosericea. Dominant species: Artemisia san-
tonicum, Sideritis montana ssp. montana

Cluster 6: Astragalus condensatus-dominated steppe

Diagnostic species: Astragalus condensatus, Fumana ar-
abica var. arabica, Globularia orientalis, Linum nodiflorum, 
Medicago rigidula var. rigidula, Muscari neglectum, Phleum 
subulatum ssp. subulatum, Polygala anatolica, Scorzonera er-
iophora, Silene lydia, Stachys cretica ssp. anatolica, Thymus 
argaeus, Valerianella coronata, Veronica pectinata var. Glan-
dulosa, Paronychia condenseta, Poa timoleontis, Silene macro-
danta. Constant species: Hypericum origanifolium, Ornitho-
galum alpigenum, Phlomis armeniaca, Scutellaria orientalis 
ssp. pectinata. Dominant species: Astragalus condensatus

Cluster 7: Astragalus plumosus-dominated steppe

Diagnostic species: Adonis aestivalis ssp. aestivalis, Al-
yssum thymops, Anchusa undulata ssp. hybrida, Astragalus 
plumosus var. plumosus, Bromus cappadocicus ssp. cappado-
cicus, Bungea trifida, Centaurea triumfettii, Erodium cicutar-
ium ssp. cicutarium, Hedysarum varium, Moltkia coerulea, 
Salvia cryptantha, Scandix australis ssp. grandiflora, Scorzo-

Fig. 2. Hierarchical classification diagram of relevés from Sivri-
hisar Mountains: 1. Artemisia scoparia-dominated steppe, 2. Thy-
mus leucostomus var. argillaceus-dominated steppe, 3. Astragalus 
microcephalus-dominated steppe, 4. Astragalus angustifolius ssp. 
angustifolius var. angustifolius-dominated steppe, 5. Artemisia san-
tonicum-dominated steppe, 6. Astragalus condensatus-dominated 
steppe, 7. Astragalus plumosus-dominated steppe, 8. Cistus laurifo-
lius-dominated scrubland, 9. Quercus pubescens-dominated forest. 
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nera suberosa ssp. suberosa, Sisymbrium altissimum, Tragop-
ogon coloratus. Constant species: Adonis flammea, Astragalus 
lydius, Eryngium campestre var. virens, Hypericum origanifo-
lium, Scutellaria orientalis ssp. pectinata, Teucrium polium. 
Dominant species: Astragalus plumosus var. plumosus, Sal-
via cryptantha

Cluster 8: Cistus laurifolius-dominated scrubland

Diagnostic species: Alyssum murale var. murale, Berberis 
crataegina, Campanula lyrata ssp. lyrata, Cistus laurifolius, 
Colutea cilicica, Cotoneaster nummularia, Daphne oleoides 
ssp. oleoides, Fritillaria armena, Globularia trichosantha ssp. 
trichosantha, Helichrysum plicatum ssp. plicatum, Hyperi-
cum linarioides, H. scabrum, Juniperus oxycedrus ssp. oxy-
cedrus, Lathyrus digitatus, Minuartia juniperina, Plantago 
lanceolata, Prunella laciniata, Prunus spinosa ssp. dasyphyl-
la, Pyracantha coccinea, Pyrus elaeagnifolia ssp. elaeagnifo-
lia, Ranunculus illyricus ssp. illyricus, Rosa canina, Sangui-
sorba minor ssp. muricata, Silene italica, Sorbus umbellata 
var. umbellata, Trifolium physodes var. physodes, Trigonella 
spruneriana var. spruneriana, Ziziphora taurica ssp. taurica. 
Constant species: Koeleria cristata. Dominant species: Cis-
tus laurifolius

Cluster 9: Quercus pubescens-dominated forest 

Diagnostic species: Aegilops umbellulata ssp. umbellu-
lata, Alkanna pseudotinctoria, Alyssum minus var. micran-
thum, Briza humilis, Bupleurum odontites, Centaurea pi-
chleri ssp. pichleri, Ceratocephalus testiculatus, Conringia 
perfoliata, Ephedra major, Erysimum sintenisianum, Gera-
nium tuberosum ssp. tuberosum, Holosteum umbellatum var. 
umbellatum, Jasminum fruticans, Juniperus excelsa, J. oxyce-
drus ssp. oxycedrus, Lamium garganicum ssp. reniforme, Li-
num cariense, Matthiola longipetala ssp. bicornis, Poa timo-
leontis, Quercus pubescens, Ranunculus gracilis, Rhamnus 
rhodopeus ssp. anatolicus, Rhamnus thymifolius, Salvia cad-
mica, S. syriaca, Trifolium pannonicum ssp. elongatum, Ve-
ronica grisebachii, Vinca herbacea, Viola kitaibeliana. Con-
stant species: Astragalus lydius, Cruciata taurica, Eryngium 
campestre var. virens, Hypericum origanifolium, Ornithoga-
lum alpigenum, Sedum acre, Teucrium polium. Dominant 
species: Quercus pubescens

Ordination

The PCA ordination of relevés for the nine clusters (Fig. 
3) shows that there is a clear gradient along the both axes of 
the ordination. These gradients show the ecological differ-
ences among the communities in the study area. The gradi-
ent of the ordination mainly results from the differentiation 
of Juniperus oxycedrus-Cistus laurifolius and Quercus pubes-
cens forest. These clusters are characterized by the high ap-
pearance of phanerophytic species (Fig. 3) which has a strong 
positive correlation with both of the ordination axes and the 
altitude (Tab. 1). These two clusters are also formed on the 
highest elevation zones of the study area (Fig. 3 and Tab. 1). 

All topographical variables used in the study have strong 
effects on the floristic differentiation of the vegetation. How-
ever, altitude has the highest effect (Tab. 2). Due to the strong 
differentiation of J. oxycedrus-C. laurifolius and Q. pubescens 
forest, representing the higher vegetation types (scrub and 
forest) in the study area, these two communities were exclud-
ed from further ordination analysis to show clearly the differ-
entiation between the others. For the lower vegetation types 

Fig. 3. Indirect ordination of the vegetation relevés from the Sivri-
hisar Mountains carried out by principal component analysis.

Tab. 1. Kendal correlation coefficients (weighted correlation) between first two principal component analysis axes and topographical 
variables, geo-element and life form properties for the nine plant communities in the Sivrihisar Mountains. Legend: *** means p<0.001, 
** means p<0.01, * means p<0.05.
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(steppe communities), ordination also shows clear gradients 
along two axes (Fig. 4) and there are significant topographi-
cal differences between steppe communities (Tabs. 3, 4).

Discussion
Ecological differences

The effects of topographical variables on species richness 
and diversity, like the other ecological components affecting 
the biological mechanisms, were clearly shown (Burke et al. 
1989, Sebastiá 2004). In our case, it was also seen that top-
ographical variables (altitude, aspect, inclination) have ex-
plicit driving effects on community differentiation of steppe 
vegetation. These kinds of effects of topography were also 
shown for different vegetation types in Turkey before like 
forests, scrublands and grasslands (Fontaine et al. 2007, 
Kavgacı et al. 2010a, b; Özkan 2009, Özkan et al. 2009, 2010). 
The clear gradients of these topographical factors also cor-
respond to the geo-elemental structure. The communities at 
higher altitudes have a higher proportion of Euro-Siberian 

plant species in comparison with the other communities. 
The communities at lower altitudes are clearly represented 
by Irano-Turanian plants. As is known, higher elevations are 
associated with higher precipitation (Basist and Bell 1994) 
and the phytogeographical differences in the study area can 
be a result of these local climatic differences.

Plant communities show clear growth form differenc-
es at local, regional and global scales by depending on the 
changing environmental and ecological conditions (Rowe 
and Speck 2005). In this context, clear growth form differ-
ences among the communities in the study area were also ob-
served. The communities at lower altitudes and with north-
ern aspects are mostly represented by the Therophytes and 
Cryptophytes. The high proportion of Therophytes may in-
dicate the dry site conditions at these areas. Chamaephytes 
are more common and characteristic for higher zones and 
southern slopes, which is probably the result of the human 
pressure at these sites.

Syntaxonomy

There are nine different plant communities in the study 
area. Two of them are Cistus laurifolius-dominated scrub 

Tab. 2. Conditional effects of topographical variables on species 
composition for nine plant communities in the Sivrihisar Moun-
tains, carried out by canonical correspondence analysis. The table 
is with the additional variances that each variable explains (Lambda 
A) and the significance of the variables (P-value) together with their 
test statistics (F-value).

Variable Var. N LambdaA P F

Altitude 1 0.43 0.002 4.62
Slope 3 0.32 0.002 3.41

Aspect 2 0.31 0.002 3.42

Fig. 4. Indirect ordination of the relevés from steppe vegetation 
in the Sivrihisar Mountains. See Fig. 3 for the explanations of the 
symbols.

Tab. 3. Conditional effects of topographical variables on species 
composition for seven steppe communities carried out by canoni-
cal correspondence analysis. The table is with the additional vari-
ances that each variable explains (Lambda A) and the significance 
of the variables (P-value) together with their test statistics (F-value). 

Variable Var. N LambdaA P F

Altitude 1 0.21 0.002 2.42
Slope 3 0.33 0.002 3.62

Aspect 2 0.34 0.002 3.73

Tab. 4. Kendal correlation coefficients (weighted correlation) between first two two principal component analysis axes and topographical 
variables, geo-element and life form properties for the seven steppe communities in the Sivrihisar Mountains. Legend: *** means p<0.001, 
** means p<0.01, * means p<0.05.
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and Quercus pubescens-dominated degraded forest while 
the rest are lower steppe communities. From the phytoso-
ciological point of view, the central part of the Anatolian 
steppe has lowland steppe characteristics and is included in 
the order Onobrychido armenae-Thymetalia leucostomi of 
the Astragalo-Brometea class (Akman et al. 1985). All of the 
steppe communities which were identified in the research 
area were classified under the alliance Phlomido armenia-
cae-Astragalion microcephali since this alliance represents 
the communities on radiolarite, flysch, marly and serpen-
tine rocks at altitudes ranging from 750 m to 1350 m a.s.l. 
(Akman et al. 1984). 

Artemisia scoparia-dominated community occurs at ap-
proximately the middle elevation zone of the study area. It is 
mostly seen on inclined slopes. The phanerophytic species, 
Rubus sanctus and Amygdalus orientalis join to the floristic 
composition of this community locally. The dominance of 
Euro-Siberian plants is very clear in this community and it is 
also characterized by the more frequent appearance of wide-
ly distributed plants. The diagnostic species of the commu-
nity are clearly differentiated from the previously described 
A. scoparia-dominated communities from central Anatolia 
(Akman et al. 1991, Kurt 2002). Due to this fact, it is classi-
fied as Thymo sipylei-Artemisetum scopari ass. nova hoc lo-
co. The nomenclatural type is relevé number 16 in On-line 
Suppl. Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2/16).

The Thymus leucostomus var. argillaceus-dominated 
community is distributed on the lower elevation belts with 
northern aspects. It is represented by the highest occurrenc-
es of therophytic and cryptophytic species. The high occur-
rence of therophytes, generally indicating a typically desert 
spectrum vegetation, may be a result of over-grazing in this 
community (Jankju et al. 2011). None of the geo-elements 
shows clear dominance in this community. The previously 
described T. leucostomus var. argillaceus-dominated com-
munities in Central Anatolia are found on gypsum bedrock 
(Akman 1990, Kurt et al. 1999) and classified under the alli-
ance Astragalo karamasici-Gypsophylion eriocalycis which is 
clearly different from our case. Due to this fact, the Thymus 
leucostomus var. argillaceus-dominated community is clas-
sified as Alysso strigosi-Thymetum argillacei ass. nova hoc lo-
co. The nomenclatural type is relevé number 65 in On-line 
Suppl. Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2/65).

The Astragalus microcephalus-dominated community is 
placed on the lower vegetation belts with northern aspects. 
The site of this community is highly inclined. The commu-
nity can be characterized by the relatively high proportion 
of chamaephytes and low proportion of therophytes. Due to 
the wide distribution of A. microcephalus, many A. micro-
cephalus communities are described in Anatolia (Çetik 1963, 
Akman 1974, 1976; Akman and Ketenoğlu 1976, Düzenli 
1976, Akman et al. 1983, Kılınç 1985, Akman 1990, Akman 
et al. 1991, Ocakverdi and Ünal 1991, Ocakverdi and Oflas 
1999, Aydoğdu et al. 1994, Tatli et al. 1994, Hamzaoğlu 1999, 
Kurt et al. 1999, Kurt 2000, 2002). However, our community 
shows clear differences from these communities because of 
the different diagnostic species, and it is classified as Thymo 
longicauli-Astragaletum microcephali ass. nova hoc loco. The 

nomenclatural type is relevé number 129 in On-line Suppl. 
Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2/129).

The Astragalus angustifolius ssp. angustifolius var. angus-
tifolius-dominated community is placed on a very narrow 
vegetation belt at the lower elevation zone. The site of this 
community is formed on gentle slopes. The number of Irano-
Turanian plants and chamaephytes is the highest in this com-
munity. There are several A. angustifolius dominated com-
munities described from the different parts of Anatolia which 
were classified under different alliances (Schwarz 1936, Qué-
zel 1973, Akman 1974, 1976; Akman and Ketenoğlu 1976, 
Düzenli 1976, Kılınç 1985, Akman 1990, Akman et al. 1991, 
Ocakverdi and Ünal 1991, Hamzaoğlu 2000, Şanda et al. 
2000). But in our case, there is a clear floristic difference and 
the A. angustifolius ssp. angustifolius var. angustifolius-domi-
nated community is classified as Anthemo tinctoriae-Astrag-
aletum angustifoli ass. nova hoc loco. The nomenclatural type 
is relevé number 11 in On-line Suppl. Tab. 2 (holotypus hoc 
loco: On-line Suppl. Tab. 2/11).

The lowest distribution zone of the study area is formed 
by the Artemisia santonicum-dominated community. These 
sites have mostly northern oriented slopes with relatively 
high inclinations. This community can also be characterized 
by the relatively higher appearance of Euro-Siberian plants 
than the other communities. The number of Hemicrypto-
phytes, Cryptophytes and Therophytes is also high in this 
community. A. santonicum-dominated communities are 
described by Ocakverdi and Ünal (1991), Aydoğdu et al. 
(2001), Aydoğdu et al. (1994), Kurt (2002) and grouped un-
der different alliances. The A. santonicum-dominated com-
munity in Sivrihisar Mountains represents a different floris-
tic composition from the previous studies, and it is classified 
as Sideritido montani-Artemisetum santonici ass. nova hoc 
loco. The nomenclatural type is relevé number 26 in On-line 
Suppl. Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2/26).

The majority of the study area, covered by lower com-
munities, is formed by an Astragalus condensatus-dominated 
community and an Astragalus plumosus var. plumosus-dom-
inated community. These communities, showing similar en-
vironmental characteristics, are distributed mostly on south-
ern slopes. They are dominated by Chamaephytes differently 
from the other communities and characterized by the high-
est appearances of Irano-Turanian plants, which indicate a 
higher steppic character (Kurt et al. 2006) in comparison 
with the other steppe communities. Akman et al. (1984) de-
scribes an Astragalus condensatus-dominated community 
under the alliance Salvio tchihatcheffii-Hedysarion varii. But 
the A. condensatus-dominated community in the Sivrihisar 
Mountains represents a very different floristic composition 
from this community, and it is classified as Globulario lu-
mose-Astragaletum condensati ass. nova hoc loco. The no-
menclatural type is relevé number 58 in On-line Suppl. Tab. 
2 (holotypus hoc loco: On-line Suppl. Tab. 2/58). The com-
munities dominated by the spiny taxon Astragalus plumos-
us var. plumosus are described by Akman (1976), Akman 
and Ketenoğlu (1976), Akman (1990) and Yurdakulol et al. 
(1990). However, the community at Sivrihisar Mountains is 
formed by different floristic composition than those com-
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munities and is classified as Salvio cryptanthae-Astragaletum 
plumosi ass. nova hoc loco. The nomenclatural type is relevé 
number 90 in On-line Suppl. Tab. 2 (holotypus hoc loco: On-
line Suppl. Tab. 2/90).

The dominant components of the peripheral vegetation 
around Central Anatolia have been included in the class 
Quercetea pubescentis (Akman et al. 1984). Cistus laurifolius 
is an important element of this vegetation type and appears 
intensively especially in the transitional zone between in-
ner Anatolia and the Mediterranean, Aegean and Marma-
ra Regions. It mostly occurs as the remnants of Pinus nigra 
forests as a result of a regressive succession process. In the 
initial phase of the succession, it is often found as mixed 
communities with oak species. The C. laurifolius-dominated 
shrub community in the study area is named Junipero oxyce-
dri Cistetum laurifoli ass. nova hoc loco. The nomenclatural 
type is relevé number 21 in On-line Suppl. Tab. 2 (holoty-
pus hoc loco: On-line Suppl. Tab. 2 /21). It is grouped under 
Quercion anatolicae alliance belonging to Querco-Carpine-
talia orientalis order due to lack of congruence with Pino-
Cistion laurifolii alliance characteristics which is accepted 
as the alliance of C. laurifolius dominated communities in 
the other parts of Anatolia (Akman and Ketenoğlu 1976, 
Çetik and Vural 1979, Hamzaoğlu and Duran 2004). The 
high frequency of characteristic species of Astragalo-Brom-
etea and Onobrychido-Thymetalia in this community may 
indicate a conversion through steppe vegetation. The steppe 
vegetation of Central Anatolia has resulted from the reduc-
tion or extinction of former primary forest vegetation, which 
has disappeared due to biotic factors (Kılınç 1979, Kurt et al. 
2006). The higher scrub and wood communities in Central 
Anatolia represent their degraded forms (Kurt et al. 2006), 
and these communities are under high anthropogenic pres-
sure today. Quercus pubescens dominated forests in the study 
area are one of the remnants of those forests. Although for-
est species such as Trifolium pannonicum ssp. elongatum, Vi-
cia cracca ssp. stenophylla, Coronilla varia ssp. varia, Pyrus 
elaeagnifolia, Juniperus oxycedrus ssp. oxycedrus are found 
as accompanying plants in the degraded Q. pubescens for-
ests in the area, the high coverage by steppic species may in-
dicate that the formation is a transitional phase. Although 
several Q. pubescens forest communities are described from 
Anatolia (Akman and Ketenoğlu 1976, Ketenoğlu and Ak-
man 1982, Akman et al. 1983, Akman and Aydoğdu 1986), 
the Q. pubescens forest community in theSivrihisar Moun-
tains is not identified at association level due to its highly 
degraded structure.

In conclusion, in addition to the Q. pubescens forest com-
munity, 7 steppe and 1 scrub associations are identified and 
described as new associations in this study. The degraded 
structure of forest and scrub vegetation indicates the severe 
anthropogenic effects in the region. However, the presence 
of various plant associations in such a small area reflects the 
high floristic and ecological diversity. This emphasizes the 
importance of the region in terms of nature conservation. So, 
the richness and diversity of the region should be taken into 
consideration during the preparation of a management plan 
for the region, especially from the restoration point of view.

In accordance with these assessments, the syntaxonomi-
cal scheme of communities and nomenclature type relevés 
of the newly described syntaxa can be suggested as follows:

Class: Astragalo microcephali-Brometea tomentelli Qué-
zel 1973
Order: Onobrychido armenae-Thymetalia leucostomi Ak-
man, Ketenoğlu, Quézel 1985
Alliance: Phlomido armeniacae-Astragalion microcephali 
Akman, Ketenoğlu, Quézel et Demirörs 1984
Association: Thymo sipylei-Artemisetum scopari ass. nova
Association: Alysso strigosi-Thymetum argillacei ass. nova
Association: Thymo longicauli-Astragaletum microceph-
ali ass. nova
Association: Anthemo tinctoriae-Astragaletum angusti-
foli ass. nova
Association: Sideritido montani-Artemisetum santonici 
ass. nova
Association: Globulario lumose-Astragaletum condensati 
ass. nova
Association: Salvio cryptanthae-Astragaletum plumosi 
ass. nova
Class: Quercetea pubescentis (Oberd. 1948) Doing Kraft 
1955
Order: Querco cerridis-Carpinetalia orientalis Quézel, 
Barbéro et Akman 1980
Alliance: Quercion anatolicae Akman, Barbéro et Qué-
zel 1979
Association: Junipero oxycedri-Cistetum laurifoli ass. nova
Quercus pubescens community

1. The nomenclature type of the association Thymo 
sipylei-Artemisetum scopari ass. nov. holotypus hoc. loco: 
N. Balpınar (10.06.2003). Plot size: 50 m2, Altitude:1275 m, 
Slope: 40%, SW: 39°22.504´ N, 031°40.130´ E, Cover herb 
layer: 80%. 

Herb layer: Thymus sipyleus ssp. sipyleus var. sipyleus: 2, 
Artemisia scoparia: 3, Astragalus angustifolius ssp. angusti-
folius var. angustifolius: +, Alyssum murale var. murale: +, 
Alyssum sibiricum: 1, Paronychia condensata: +, Helianthe-
mum canum: +, Convolvulus holosericeus ssp. holosericeus: 2, 
Centaurea urvillei ssp. stepposa: +, Astragalus vulnerariae: +, 
Onobrychis hypargyrea: 1, Carduus nutans ssp. trojanus: +, 
Poa bulbosa: +, Minuartia hirsuta ssp. falcata: +. 

2. The nomenclature type of the association Alysso stri-
gosi-Thymetum argillacei ass. nov. holotypus hoc. loco: N. 
Balpınar (12.06.2004). Plot size: 50 m2, Altitude:1240 m, Slope: 
25%, NW: 39°31.030´ N, 031°18.442´ E, Cover herb layer: 80%. 

Herb layer: Alyssum strigosum ssp. strigosum: +, Bro-
mus japonicus ssp. japonicus: +, Ornithogalum oligophyl-
lum: +, Scandix iberica: +, Thymus leucostomus var. argilla-
ceus: 3, Hypericum aviculariifolium ssp. depilatum: +, Bromus 
squarrosus: +, Lolium perenne: +, Astragalus condensatus: +, 
Stachys cretica ssp. anatolica: +, Centaurea triumfettii: +, 
Briza humilis: +, Astragalus lydius: +, Phlomis armeniaca: 2, 
Centaurea virgata: 1, Onobrychis armena: +, Ziziphora tenu-
ior: +, Onobrychis hypargyrea: +, Eryngium campestre var. vi-
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rens: +, Cruciata taurica: +, Bromus tectorum: +, Minuartia 
anatolica var. arachnoidea: 1, Festuca valesiaca: +, Androsace 
maxima: +, Alyssum minus var. micranthum: +, Adonis flam-
mea: +, Filago pyramidata: +, Ajuga chamaepitys ssp. chia 
var. chia: +, Bromus tomentellus: 1, Globularia trichosantha 
ssp. trichosantha: +, Chardinia orientalis: +, Centaurea de-
pressa: +, Scleranthus annuus ssp. annuus: +, Allium panic-
ulatum ssp. paniculatum: +, Thlaspi perfoliatum: +, Elymus 
lazicus ssp. divaricatus: +, Crupina crupinastrum: +, Erysi-
mum kotschyanum: +. 

3. The nomenclature type of the association Thymo lon-
gicauli-Astragaletum microcephali ass. nov. holotypus hoc. lo-
co: N. Balpınar (14.07.2004). Plot size: 50 m2, Altitude:1175 m, 
Slope: 45%, NW: 39°27.548´ N, 031°39.139´ E, Cover herb 
layer: 80%. 

Herb layer: Thymus leucostomus var. argillaceus: 1, Hyper-
icum aviculariifolium ssp. depilatum: +, Thymelaea passerina: 
+, Teucrium orientale var. orientale: 1, Astragalus microcepha-
lus: 4, Elymus hispidus ssp. hispidus: +, Helianthemum num-
mularium ssp. ovatum: 1, Inula montbretiana: +, Daucus bro-
teri: +, Lolium perenne: +, Thymus longicaulis ssp. longicaulis 
var. longicaulis: 3, Phlomis armeniaca: 1, Centaurea virgata: 1, 
Dianthus zonatus var. zonatus: 2, Hypericum origanifolium: +, 
Centaurea urvillei ssp. stepposa: +, Scabiosa argentea: 2, Eu-
phorbia macroclada: 2, Acantholimon acerosum var. acerosum: 
1, Teucrium polium: +, Festuca valesiaca: 2, Xeranthemum an-
nuum: 1, Euphorbia anacampseros var. anacampseros: +, Or-
nithogalum alpigenum: +, Chardinia orientalis: +, Achillea se-
tacea: +, Stipa pontica: 2, Acanthus hirsutus: +.

4. The nomenclature type of the association Anthe-
mo tinctoriae-Astragaletum angustifoli ass. nov. holotypus 
hoc. loco: N. Balpınar (09.06.2003). Plot size: 50 m2, Alti-
tude:1190 m, Slope: 30%, N: 39°27.346´ N, 031°32.387´ E, 
Cover herb layer: 80%. 

Herb layer: Artemisia scoparia: +, Astragalus microcepha-
lus: +, Viola parvula: +, Geranium lucidum: +, Alkanna ori-
entalis var. orientalis: 2, Astragalus angustifolius ssp. angus-
tifolius: 3, Erophila verna ssp. verna: +, Lamium garganicum 
ssp. reniforme: +, Crataegus monogyna ssp. azarelle: +, Ra-
nunculus reuterianus: +, Moenchia mantica ssp. caerulea: +, 
Vicia lathyroides: +, Arabis nova: +, Rumex acetosella: +, Ve-
ronica triphyllos: +, Anthemis tinctoria var. pallida: +, Lami-
um amplexicaule: +, Lathyrus cicera: +, Erodium hoefftianum: 
+, Alyssum murale var. murale: +, Artemisia santonicum: 1, 
Minuartia juniperina: +, Veronica grisebachii: +, Centaurea 
pichleri ssp. pichleri: +, Potentilla recta: +, Paronychia kurdica 
ssp. kurdica var. kurdica: +, Onobrychis armena: 1, Eryngium 
campestre var. virens: +, Cruciata taurica: +, Alyssum minus 
var. micranthum: +, Euphorbia anacampseros var. anacamp-
seros: +, Koeleria cristata: +, Anthemis cretica ssp. anatolica: 
+, Anthemis tinctoria var. tinctoria: 3, Thlaspi perfoliatum: +, 
Stipa pontica: +, Holosteum umbellatum var. umbellatum: +, 
Myosotis ramosissima ssp. ramosissima: +, Lotus aegaeus: +.  

5. The nomenclature type of the association Sideritido 
montani-Artemisetum santonici ass. nov. holotypus hoc. lo-
co: N. Balpınar (26.06.2003). Plot size: 50 m2, Altitude:1120 
m, Slope: 45%, N: 39°32.168´ N, 031°13.365´ E, Cover herb 
layer: 80%.

Herb layer: Thymus leucostomus var. argillaceus: +, Con-
solida thirkeana: +, Asperula stricta ssp. latibracteata: +, Al-
lium sieheanum: +, Phlomis pungens var. laxiflora: +, Sideritis 
montana ssp. montana: 3, Verbascum uschakense: 1, Arte-
misia santonicum: 4, Erysimum crassipes: +, Alyssum sibiri-
cum: +, Bromus cappadocicus ssp. cappadocicus: +, Dianthus 
zonatus var. zonatus: +, Marrubium parviflorum ssp. oligo-
don: +, Paronychia kurdica ssp. kurdica var. kurdica: +, Ono-
brychis armena: +, Convolvulus holosericeus ssp. holosericeus: 
+, Centaurea urvillei ssp. stepposa: +, Scabiosa argentea: +, 
Cruciata taurica: +, Teucrium polium: +, Minuartia anatol-
ica var. arachnoidea: +, Carduus nutans ssp. trojanus: +, Sti-
pa holosericea: 3, Stachys lavandulifolia var. lavandulifolia: 
+, Anthemis tinctoria var. tinctoria: +, Pistacia terebinthus 
ssp. palaestina: 1.

6. The nomenclature type of the association Globulario 
lumose-Astragaletum condensati ass. nov. holotypus hoc. lo-
co: N. Balpınar (29.05.2004). Plot size: 50 m2, Altitude:1360 
m, Slope: 45%, SE: 39°20.559´ N, 031°42.122´ E, Cover herb 
layer: 80%.

Herb layer: Thymus longicaulis ssp. longicaulis var. longi-
caulis: +, Erysimum crassipes: +, Phleum subulatum ssp. subu-
latum: +, Poa timoleontis: +, Medicago rigidula var. rigidula: 
+, Fumana arabica var. arabica: +, Thymus argaeus: +, Scorzo-
nera eriophora: +, Astragalus condensatus: 5, Paronychia con-
densata: +, Stachys cretica ssp. anatolica: +, Veronica pectinata 
var. glandulosa: +, Silene macrodanta: +, Silene lydia: +, Li-
num nodiflorum: +, Globularia orientalis: 3, Polygala anatoli-
ca: +, Juniperus oxycedrus ssp. oxycedrus: 1, Salvia cadmica: +, 
Phlomis armeniaca: +, Teucrium chamaedrys ssp. syspirense: 
+, Hypericum origanifolium: +, Acantholimon acerosum var. 
acerosum: 1, Cruciata taurica: +, Bromus tectorum: +, Andro-
sace maxima: +, Euphorbia anacampseros var. anacampseros: 
+, Adonis flammea: +, Anthemis cretica ssp. anatolica: +. 

7. The nomenclature type of the association Salvio 
cryptanthae-Astragaletum plumosi ass. nov. holotypus 
hoc. loco: N. Balpınar (09.06.2003). Plot size: 50 m2, Alti-
tude:1190 m, Slope: 35%, W: 39°31.466´ N, 031°14.444´ E, 
Cover herb layer: 80%.

Herb layer: Astragalus microcephalus: 1, Hypecoum pro-
cumbens: +, Asperula stricta ssp. latibracteata: +, Globular-
ia orientalis: 1, Tragopogon coloratus: +, Scorzonera suberosa 
ssp. suberosa: +, Sisymbrium altissimum: +, Alyssum thymops: 
+, Anchusa undulata ssp. hybrida: +, Erodium cicutarium ssp. 
cicutarium: +, Astragalus plumosus var. plumosus: 4, Bungea 
trifida: +, Salvia cryptantha: 3, Moltkia coerulea: +, Hedysa-
rum varium: +, Astragalus lydius: +, Potentilla recta: +, Paro-
nychia kurdica ssp. kurdica var. kurdica: +, Lappula barbata: 
+, Aubrieta anamasica: +, Eryngium campestre var. virens: 
+, Poa bulbosa: +, Adonis flammea: +, Ajuga chamaepitys 
ssp. chia var. chia: +, Anthemis tinctoria var. tinctoria: +, Iris 
schachtii: +, Anchusa leptophylla ssp. incana: +, Orobanche 
cilicica: +, Alyssum hirsutum var. hirsutum: +.

8. The nomenclature type of the association Junipero 
oxycedri-Cistetum laurifoli ass. nov. holotypus hoc. loco: N. 
Balpınar (10.06.2003). Plot size: 100 m2, Altitude:1350 m, 
Slope: 45%, NE: 39°23.453´ N, 031°42.182´ E, Cover shrub 
layer: 75%, Cover herb layer: 80%. 
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Shrub layer: Cistus laurifolius: 5, Daphne oleoides ssp. ole-
oides: 1, Prunus spinosa ssp. dasyphylla: 1, Cotoneaster num-
mularia: 1, Berberis crataegina: 1, Juniperus oxycedrus ssp. 
oxycedrus: 2, Amelanchier parviflora var. parviflora: 2.

Herb layer: Hypericum linarioides: 1, Lathyrus digitatus: 1, 
Prunella laciniata: 1, Silene italica: 1, Pyracantha coccinea: 1, 
Sanguisorba minor ssp. muricata: 1, Globularia trichosantha 
ssp. trichosantha: 1, Trigonella spruneriana var. spruneriana: 1, 
Trifolium physodes var. physodes: 1, Alyssum murale var. mura-
le: 1, Ranunculus illyricus ssp. illyricus: 1, Hypericum scabrum: 

1, Plantago lanceolata: 1, Rosa canina: 2, Minuartia anatolica 
var. arachnoidea: 1, Koeleria cristata: 1, Crataegus orientalis var. 
orientalis: 2, Veronica multifida: 1, Achillea setacea: 1.
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