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Cynosurus cristatus grasslands in West Bulgaria
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Abstract. Vegetation traditionally related to the alliance Cynosurion cristati was studied in the central part of West 
Bulgaria. The analysis was based on 202 phytosociological relevés. Classification and ordination of the 
vegetation were made. As a result of the analyses, four associations were identified: Anthoxantho odorati-
Agrostietum tenuis, Festuco rubrae-Agrostetum capillaris, Bromo racemosi-Cynosuretum cristati, and Cirsio 
cani-Festucetum pratensis. The ecological conditions of the habitats were assessed by means of Ellenberg 
Indicator Values. Management regimes of the vegetation within the framework of the four associations are 
commented on.
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Introduction

Cynosurion cristati vegetation includes semi-natural 
grasslands which are important elements of the land-
scape. They have developed on soils with a good water 
and nutrient supply and usually provide high primary 
production. Their rich biodiversity and economic val-
ue merit conservation and appropriate management. 
The alliance Cynosurion cristati was reported for the 
first time for Bulgaria by Dimitrov (2001) and further 
discussed by Meshinev & al. (2005) and Velev & al. 
(2010). According the overview on published syntaxa 
(Tzonev & al. 2009), two associations have been iden-
tified so far for the alliance Cynosurion cristati in Bul-
garia. The association Pastinaco hirsutae-Festucetum 
nigrescentis Dimitrov 2001 was reported for the Rila 
and Rhodopi Mts (Dimitrov 2001, 2004, 2010; Rous-
sakova & Dimitrov 2010). Within the framework of 
this association, two subassocitions were described: 

subass. typicum and subass. verbascetosum longifo-
lii Dimitrov 2001, as well as two variants: var. Galium 
verum and var. Dianthus armeria. The association Fes-
tuco-Agrostetum Horvat 1951 was reported for North-
west Bulgaria (Apostolova & Meshinev 2006). Some 
plant communities dominated by Lerchenfeldia flexu-
osa may also be related to Cynosurion alliance (Pav-
lov & al. 2006).

Kojić & Stojanović (2008) have presented an over-
view on the meadow and pasture vegetation in the 
central part of the Balkan Peninsula. No data from 
Bulgaria were included in the overview. The authors 
included Cynosurus cristatus communities into the as-
sociation Cynosutetum cristati Kojić & al. 2003 s.l., re-
ferring it to the alliance Arrhenatherion elatioris.

There is lack of knowledge about the diversity of 
Cynosurion alliance in Bulgaria. The aim of the present 
study is to establish the vegetational diversity of Cyno-
surion alliance in the central part of West Bulgaria.
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Material and methods

The area of study lies in the central part of West Bul-
garia, covering about 10 000 km2, which account ap-
proximately for 1/10th of the territory of the coun-
try. The physical and geographical characteristic and 
the map of the studied area are given by Velev & al. 
(2010). During three vegetation seasons (2007–2009) 
a total of 539 relevés have been collected. The sam-
pling plots were situated so as to cover uniformly the 
entire study area. A set of 205 relevés, preliminari-
ly classified as alliance Cynosurion cristati (cf. Velev 
& al. 2010) was used for the current analysis. In the 
course of work three relevés were removed as out-
liers. The relevé sampling followed the Braun-Blan-
quet approach (Braun-Blanquet 1965; Westhoff & van 
der Maarel 1973). Soil samples were collected during 
the field work. The method was described in details by 
Velev & al. (2010).

All 539 relevés are stored in TURBOVEG database 
(Hennekens & Schaminèe 2001). The classification 
follows the Isopam method (Schmidtlein & al. 2010) 
using the JUICE 7.0 (Tichý 2002) software package. 
Indirect Gradient Analysis is applied by two approach-
es: Detrended Correspondence Analysis (DCA) using 
the R-project (Ihaka & Gentleman 1996) and JUICE 
7.0 software package, and Principal Component Anal-
ysis (PCA) using the CANOCO software package (ter 
Braak & Šmilauer 2002).

Environmental conditions in the habitats were as-
sessed by the unweighted means of Ellenberg Indica-
tor Values (EIV) calculated for each relevé, accord-
ing to Ellenberg & al. (1992). Only species present 

in Ellenberg & al. (1992) were used for this calcula-
tion. All variables (EIV, total cover, altitudes and spe-
cies richness) were summarized and presented by 
eight box and whiskers plots, using Statistica 9.0 soft-
ware (Statsoft Inc. www.statsoft.com). The observed 
differences in variables among the studied vegetation 
units were tested by one-way ANOVA, with Bonferro-
ni (in case of equal variances) and Tamhane (in case 
of unequal variances) post-hoc tests. The homoge-
neity (equality) of variance assumption was tested by 
Levene's test (Levene 1960). A multiple comparison of 
the summarized variables was made, in order to show 
which of them manifested statistically significant dif-
ference among the studied vegetation units (Table 3).

Soil pH range for each association was based on 
original measurements.

The species in the synoptic table (Table 1) are rep-
resented by two indicators: Fidelity measure, expressed 
by the Phi-coefficient multiplied by 100 (Chytrý & al. 
2002), and Constancy, expressed in percentage. For 
the fidelity calculation, all relevé groups were stand-
ardized to equal size according to the protocol of the 
JUICE 7.0 software package. The values of Phi-coeffi-
cient are corrected by Fisher`s exact test (P<0.05), in 
order to eliminate the statistically insignificant values 
of Phi-coefficients.

The quality of the classified syntaxa is expressed 
by the indexes of Sharpness and Uniqueness. Analy-
ses of these indicators have expressed the well-defined 
and poorly defined vegetation units (Chytrý & Tichý 
2003).

Diagnostic species were assessed on the basis of lit-
erature and fidelity measure. The threshold value for a 

Table 3. Multiple comparison of environmental factors among the studied associations in one-way ANOVA with Bonferroni and 
Tamhane post-hoc tests 

Festuco-Agrostetum Bromo-Cynosuretum Cirsio cani-Festucetum

Anthoxantho-Agrostietum M; R Cov; T; M; R Rich; M

Festuco-Agrostetum T Rich; R

Bromo-Cynosuretum Rich; T; M; R

Cirsio cani-Festucetum

Note: Only the variables different at significance level of P<0.05 are presented. Abbreviations: A = altitude, Cov = total cover, L = light, 
M = moisture, N = nutrients, R = soil reaction obtained using Ellenberg Indicator Values, Rich = species richness, T = temperature.
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Table 1. Synoptic table of the studied vegetation units. The species are represented by two indicators: Fidelity measure, expressed by 
the Phi-coefficient multiplied by 100 (Chytrý & al. 2002) and Constancy, expressed in percentage. Only species with constancy > 5 % 
at least in one cluster, or > 2 % when cited in literature as characteristic, were included in the synoptic table.
Syntaxa Anthoxantho-Agrostietum Festuco-Agrostetum Bromo-Cynosuretum Cirsio-Festucetum
Number of relevés 71 67 17 47
Fidelity / Constnacy Phi % Phi % Phi % Phi %
Anthoxantho-Agrostietum
Euphorbia cyparissias 46.8 38 --- 5 --- . --- 4
Briza media 40.3 68 --- 12 --- 6 22.3 53
Leontodon hispidus 40.1 81 --- 38 --- 6 --- 60
Carlina vulgaris 36.1 17 --- . --- . --- .
Dactylis glomerata 35.1 83 --- 42 --- 12 24.8 74
Hypericum perforatum 34.4 53 --- 42 --- . --- 11
Trifolium montanum 33.8 25 --- 3 --- . --- 6
Galium verum 33.8 96 --- 68 --- 24 --- 87
Thymus pulegioides 29.5 19 --- 3 --- . --- 4
Bellis perennis 23.7 24 --- 9 --- . --- 11
Polygala vulgaris 19.6 19 --- 2 --- . --- 17
Avenula pubescens 18.1 7 --- . --- . --- 2
Anthoxanthum odoratum --- 69 --- 73 --- 71 14.1 85
Centaurea jacea 13.8 21 --- 8 --- 6 --- 17
Ononis spinosa --- 4 --- 9 --- . --- 2
Festuco-Agrostetum
Agrostis capillaris 23.2 94 30.9 100 --- 59 --- 57
Festuca rubra agg. --- 62 27.5 70 --- 18 --- 34
Lotus corniculatus --- 69 26.5 89 --- 47 --- 66
Hypochaeris radicata --- 4 19 15 --- 6 --- 2
Ranunculus polyanthemos --- 7 12.9 32 --- 24 --- 28
Trifolium campestre --- 22 --- 26 --- 24 --- 30
Moenchia mantica --- . --- 5 --- 12 --- 4
Veronica officinalis --- 1 --- 5 --- 6 --- 2
Nardus stricta --- 1 --- 5 --- . --- 2
Alchemilla vulgaris s.l. --- . --- 3 --- . --- .
Dianthus deltoides --- . --- 2 --- . --- .
Omalotheca sylvatica --- . --- 2 --- . --- .
Bromo-Cynosuretum
Trifolium patens --- 1 --- 12 54.9 76 7.7 38
Rhinanthus minor --- 15 --- 21 28.3 47 --- 19
Alopecurus rendlei --- . --- . 26.1 12 --- 2
Festuca pratensis --- 56 --- 62 24.7 94 21.1 91
Hordeum secalinum --- . --- . 22.8 12 --- 4
Bromus racemosus agg. --- . --- 2 --- 6 --- .
Cirsio cani-Festucetum
Cirsium canum --- 7 --- 11 35.3 65 29.1 60
Potentilla reptans --- 10 --- 30 --- 35 20.4 47
Poa trivialis --- 1 --- 2 --- . 19.6 9
Alopecurus pratensis --- 22 --- 64 36.1 94 15 77
Carex muricata --- 1 --- 6 --- 12 13.2 15
Lysimachia nummularia --- . --- 6 26.5 29 9.2 19
Carex hirta --- 6 --- 18 37.7 59 6.2 34
Cynosurion
Plantago major --- 3 1.1 21 38.1 47 --- 11
Linum catharticum --- . --- . --- . 38.8 19
Cichorium intybus 19.8 50 32.7 61 --- 12 --- 13
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Table 1. Continuation.
Syntaxa Anthoxantho-Agrostietum Festuco-Agrostetum Bromo-Cynosuretum Cirsio-Festucetum
Number of relevés 71 67 17 47
Fidelity / Constnacy Phi % Phi % Phi % Phi %
Leontodon autumnalis --- 35 31.5 71 --- 47 --- 23
Odontites verna 25.9 18 --- 9 --- . --- .
Plantago media --- 24 --- 12 --- . 25.3 34
Prunella vulgaris --- 28 --- 42 --- 47 21.5 64
Lolium perenne --- 11 18.7 50 --- 41 --- 36
Poa annua --- 1 14.8 11 --- 6 --- 2
Trifolium repens --- 56 --- 73 --- 71 13.7 81
Veronica serpyllifolia --- . 11.6 9 --- 6 --- 4
Cynosurus cristatus --- 65 9.7 91 --- 94 --- 89
Rhinanthus rumelicus --- 57 --- 52 --- 76 --- 70
Phleum pratense --- 42 --- 38 --- 12 --- 26
Cirsium arvense --- 14 --- 12 --- 18 --- 9
Ranunculus repens --- 3 --- 8 --- 6 --- 4
Luzula campestris --- 8 --- 5 --- . --- 13
Arrhenatheretalia and 
Arrhenatherion
Arrhenatherum elatius 41.3 69 --- 23 --- . --- 49
Carum carvi --- 11 --- 17 39.4 65 6.9 38
Rumex acetosa --- 46 --- 39 --- 59 32.5 85
Tragopogon pratensis --- 10 --- 2 --- . 30.3 23
Crepis biennis --- 39 --- 27 --- 12 28.8 57
Trifolium dubium --- 3 9.5 33 27.5 47 --- 21
Leucanthemum vulgare --- 44 --- 26 --- 47 27 70
Medicago lupulina --- 6 --- 14 --- . 26.3 26
Ranunculus acris --- 60 --- 61 24.4 88 --- 66
Galium album 23.7 17 --- 3 --- . --- 6
Equisetum arvense --- 3 --- 5 --- 12 21.4 21
Daucus carota 21.3 51 --- 35 --- 18 --- 32
Cerastium holosteoides --- 32 --- 56 --- 53 20.1 70
Knautia arvensis 12.2 46 --- 17 --- 29 18.5 51
Ranunculus bulbosus --- 1 17.9 6 --- . --- .
Holcus lanatus --- 39 17.5 68 --- 41 --- 64
Tragopogon orientalis --- 6 --- . --- 6 16.3 13
Vicia cracca 15.3 29 --- 15 --- 12 --- 19
Taraxacum officinale --- 44 10.8 70 --- 71 --- 57
Plantago lanceolata --- 81 13.1 92 --- 76 --- 87
Trifolium pratense --- 68 --- 76 --- 76 --- 72
Poa pratensis --- 50 --- 68 --- 65 --- 70
Veronica chamaedrys --- 15 --- 8 --- 12 --- 19
Trisetum flavescens --- 21 --- 12 --- . --- 17
Veronica arvensis --- 1 --- 6 --- . --- 11
Campanula patula --- 11 --- 6 --- . --- 9
Geranium pratense --- 6 --- . --- . --- 2
Molinietalia
Lychnis flos-cuculi --- 4 --- 11 40.7 41 --- 6
Stachys officinalis --- 19 --- 8 --- 6 36.9 45
Juncus effusus --- . --- 11 35.5 29 --- 2
Sanguisorba officinalis --- 11 --- 2 --- 18 28.2 34
Carex panicea --- . --- . 25.9 18 --- 9
Colchicum autumnale --- 7 --- . --- 12 24.2 23
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Table 1. Continuation.
Syntaxa Anthoxantho-Agrostietum Festuco-Agrostetum Bromo-Cynosuretum Cirsio-Festucetum
Number of relevés 71 67 17 47
Fidelity / Constnacy Phi % Phi % Phi % Phi %
Rhinanthus angustifolius --- . --- . --- 6 18.9 11
Poa sylvicola --- . --- . --- 12 16 13
Juncus articulatus --- . 9.1 11 --- 12 --- 4
Deschampsia caespitosa --- 36 --- 42 --- 29 --- 23
Trifolium hybridum --- 31 --- 32 --- 6 --- 32
Mentha arvensis --- . --- 5 --- 6 --- 2
Equisetum palustre --- . --- . --- 6 --- 2
Galium palustre --- . --- . --- 6 --- 2
Bistorta major --- . --- . --- 6 --- 2
Molinio-Arrhenatheretea
Lathyrus pratensis --- 44 --- 17 --- 41 31.6 70
Gratiola officinalis --- . --- . 30.2 12 --- .
Carex vulpina --- . --- 3 25 18 --- 6
Juncus tenuis --- . 24.1 8 --- . --- .
Stellaria graminea --- 50 --- 64 --- 76 18.2 83
Rumex crispus --- 1 --- 12 --- 6 15.9 17
Vicia tetrasperma --- 21 13.3 32 --- 24 --- 13
Achillea millefolium --- 85 --- 86 --- 71 --- 87
Mentha longifolia --- 3 --- 5 --- . --- 6
Verbena officinalis --- 3 --- 8 --- . --- 2
Trifolium resupinatum --- . --- . --- 6 --- 2
Poa palustris --- . --- . --- 6 --- .
Festuco-Brometea
Poa bulbosa --- 4 40.1 26 --- . --- .
Poa compressa --- 17 39.2 39 --- . --- 4
Festuca valesiaca 37.1 69 --- 41 --- . --- 43
Festuca rupicola --- . --- . --- . 34.1 15
Eryngium campestre 31.2 29 --- 14 --- . --- 4
Filipendula vulgaris --- 39 --- 9 --- 35 30.6 62
Potentilla neglecta 25.1 25 --- 14 --- . --- 6
Danthonia alpina 13.8 29 --- 2 --- 12 24 36
Potentilla argentea --- 39 23.8 44 --- 6 --- 15
Centaurea rhenana --- 6 21.6 12 --- . --- .
Orchis morio --- . --- . --- . 22.1 6
Brachypodium pinnatum 20.7 8 --- . --- . --- 2
Onobrychis arenaria --- 3 --- . --- . 19.8 9
Hieracium bauchinii agg. --- 24 19.2 30 --- 6 --- 11
Inula salicina 19.1 8 --- 3 --- . --- .
Medicago falcata --- 1 --- . --- . 18.6 6
Linum austriacum --- . 18.6 5 --- . --- .
Thymus glabrescens 18.1 14 --- 9 --- . --- 2
Scabiosa ochroleuca 17.8 4 --- . --- . --- .
Prunella laciniata --- 6 16.8 12 --- . --- 4
Festuca dalmatica --- 1 --- 2 --- 12 13.5 13
Allium flavum --- . --- 3 --- 6 --- 9
Allium carinatum --- 12 --- 3 --- . --- 13
Teucrium chamaedrys --- 7 --- 3 --- . --- 2
Coronilla varia --- 7 --- 2 --- . --- 6
Centaurea scabiosa --- 3 --- 2 --- . --- 4
Helianthemum nummularium --- 4 --- 2 --- 6 --- .
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Table 1. Continuation.
Syntaxa Anthoxantho-Agrostietum Festuco-Agrostetum Bromo-Cynosuretum Cirsio-Festucetum
Number of relevés 71 67 17 47
Fidelity / Constnacy Phi % Phi % Phi % Phi %
Asperula cynanchica --- 6 --- . --- 6 --- .
Chondrilla juncea --- 3 --- 5 --- . --- .
Salvia nemorosa --- 1 --- 2 --- . --- 6
Nardo-Callunetea
Carex ovalis --- 1 2.8 17 33 35 --- 6
Rumex acetosella --- 8 26.9 23 --- 6 --- .
Sieglingia decumbens --- 6 --- 2 --- . 20.8 13
Dianthus armeria --- 4 18.6 9 --- . --- .
Carex pallescens --- . --- 2 --- 6 --- 6
Potentilla erecta --- 1 --- 2 --- 6 --- .
Hypericum maculatum --- . --- 2 --- 6 --- .
Trifolio-Geranietea
Vicia angustifolia --- 12 --- 5 --- 6 40.9 43
Dorycnium herbaceum 37.5 21 --- . --- . --- 2
Agrimonia eupatoria 34 65 --- 38 --- 6 --- 38
Clinopodium vulgare 32.8 26 --- 2 --- . --- 11
Thesium bavarum 25.2 11 --- . --- . --- 2
Astragalus glycyphyllos 20.6 6 --- . --- . --- .
Lathyrus niger 20.6 6 --- . --- . --- .
Fragaria vesca --- 15 --- 2 --- . 20.5 19
Viola hirta 18.7 11 --- 5 --- . --- 2
Trifolium medium 18.1 7 --- . --- . --- 2
Clematis recta 17.8 4 --- . --- . --- .
Anthericum liliago --- 1 --- . --- 6 13.5 9
Trifolium alpestre --- 4 --- 5 --- . --- .
Thalictrum minus --- 6 --- . --- . --- 2
Other species
Trifolium michelianum --- . --- 6 47.3 35 --- .
Trifolium striatum --- 3 --- 8 --- . 46.2 38
Vulpia myurus --- 3 43.8 30 --- . --- 2
Trifolium incarnatum --- 12 --- 17 --- . 39 45
Ornithogalum umbellatum --- 1 --- 2 38.5 29 --- 6
Rosa sp. juv. 35.5 57 --- 30 --- 12 --- 17
Oenanthe silaifolia --- . --- 2 38.4 24 --- 2
Crataegus sp. juv. 33.9 43 --- 17 --- . --- 19
Bromus arvensis --- 1 --- 26 32.7 65 24 57
Mentha spicata 32.9 14 --- . --- . --- .
Allium scorodoprasum --- 4 --- 3 --- . 31.8 21
Sanguisorba minor 26.6 32 --- 6 --- . --- 23
Centaurea phrygia --- 8 --- 15 20.9 47 25.9 51
Ornithogalum nutans --- . --- . --- . 25.5 9
Pastinaca hirsuta --- 1 --- 6 --- 6 23.3 19
Hieracium caespitosum --- . --- . --- . 22.1 6
Cirsium ligulare 21.9 54 --- 36 --- 24 --- 30
Cynodon dactylon --- . 21.5 6 --- . --- .
Brachypodium sylvaticum 20.6 6 --- . --- . --- .
Lathyrus nissolia 20.1 12 --- 3 --- . --- 4
Pyrus pyraster juv. 19.6 19 --- 12 --- . --- 6
Bromus mollis --- 3 18.7 17 --- 6 --- 6
Avenula compressa --- 1 --- . --- . 18.6 6
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Table 1. Continuation.
Syntaxa Anthoxantho-Agrostietum Festuco-Agrostetum Bromo-Cynosuretum Cirsio-Festucetum
Number of relevés 71 67 17 47
Fidelity / Constnacy Phi % Phi % Phi % Phi %
Cerastium arvense --- . --- 2 --- . 18.3 6
Chamomilla recutita --- . 18.6 5 --- . --- .
Rumex pulcher --- . 18.6 5 --- . --- .
Bromus sterilis --- . 18.5 9 --- . --- 4
Ajuga genevensis --- . --- 2 --- . 18.3 6
Geranium pusillum --- . --- 2 --- . 18.3 6
Rubus caesius juv. 18.3 10 --- 3 --- . --- 2
Cirsium vulgare 18.1 7 --- . --- . --- 2
Ononis arvensis --- 8 --- 6 --- 6 18 19
Geum urbanum --- 1 --- 6 --- 6 17.7 15
Euphorbia esula 17.8 4 --- . --- . --- .
Salvia pratensis 17.8 4 --- . --- . --- .
Taeniatherum caput-medus 17.8 4 --- . --- . --- .
Trifolium arvense 17.8 4 --- . --- . --- .
Viola riviniana 17.8 4 --- . --- . --- .
Cynosurus echinatus --- 10 --- 5 --- . --- 2
Vicia grandiflora --- 17 17.7 33 --- 6 --- 28
Gagea pratensis --- . --- . --- 6 15.2 9
Vicia hirsuta --- 10 14.3 18 --- 6 --- 9
Carex echinata --- 6 12.7 26 --- 24 --- 15
Knautia drymeja 12.8 24 --- 6 --- 18 --- 15
Silene italica --- . --- . --- 6 11.1 6
Alchemilla viridiflora --- . 7.4 8 --- 12 --- .
Convolvulus arvensis --- 60 --- 55 --- 35 --- 62
Elymus repens --- 24 --- 33 --- 47 --- 34
Cruciata laevipes --- 31 --- 11 --- 18 --- 32
Centaurium erythraea --- 11 --- 15 --- . --- 4
Euphrasia stricta --- 12 --- 12 --- 6 --- 6
Agrostis canina --- 11 --- 5 --- 6 --- 9
Myosotis arvensis --- 4 --- 6 --- 6 --- 13
Prunus sp. juv. --- 1 --- 12 --- 6 --- 11
Dipsacus laciniatus --- 7 --- 9 --- 6 --- 2
Hieracium hoppeanum --- 10 --- 8 --- . --- .
Tragopogon dubius --- 6 --- 5 --- 6 --- .
Rorippa thracica --- 3 --- 6 --- 6 --- 13
Calamagrostis epigeios --- 3 --- 3 --- . --- 2
Crepis setosa --- 6 --- 5 --- . --- .
Trifolium aureum --- 4 --- 5 --- . --- 4
Lathyrus tuberosus --- 7 --- . --- . --- 4
Potentilla inclinata --- 6 --- . --- . --- 4
Viola tricolor --- 1 --- 5 --- . --- 2
Salvia verticillata --- 7 --- 2 --- . --- 2
Vicia villosa --- 3 --- 2 --- . --- 6
Apera spica-venti --- 1 --- 5 --- 6 --- .
Bromus inermis --- 4 --- . --- 6 --- .
Carex otrubae --- . --- 2 --- 6 --- 4
Luzula luzuloides --- . --- 3 --- . --- 6
Ornithogalum narbonense --- . --- 2 --- 6 --- 4
Rorippa pyrenaica --- 1 --- 3 --- 6 --- 2
Asyneuma canescens --- . --- 2 --- 6 --- .
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Table 1. Continuation.
Syntaxa Anthoxantho-Agrostietum Festuco-Agrostetum Bromo-Cynosuretum Cirsio-Festucetum
Number of relevés 71 67 17 47
Fidelity / Constnacy Phi % Phi % Phi % Phi %
Carex distans --- . --- . --- 6 --- 2
Geranium dissectum --- . --- 2 --- 6 --- 2
Geranium macrorrhizum --- . --- . --- 6 --- .
Hieracium pilosella --- . --- . --- 6 --- 2
Hordeum bulbosum --- . --- . --- 6 --- .
Juncus compressus --- . --- . --- 6 --- 2
Lactuca serriola --- . --- 2 --- 6 --- .
Lathyrus aphaca --- . --- . --- 6 --- .

species to be considered as diagnostic was set at a Phi-
coefficient ≥ 20 (multiplied by 100). Species whose cov-
er is ≥ 25 % in minimum 5 % of the relevés of any asso-
ciation have been considered as dominant. Species that 
have been recorded in minimum 50 % of the relevés of 
any association were considered constant. The diagnos-
tic, constant and dominant species were alphabetically 
arranged. Only species with constancy > 5 % at least in 
one cluster, or > 2 % when cited in literature as charac-
teristic, were included in the synoptic table.

The taxonomy of species follows Kozhuharov 
(1992) and Delipavlov & Cheshmedjiev (2003). The 
diagnostic species and the established syntaxa are in 
compliance with Horvatić & Tomažič (1941), Hor-
vat (1962), Danon & Radmić (1962), Horvatić (1963), 
Jurko (1969a, b, 1974), Zuidhoff & al. (1995), Dier-
schke (1997, 2004), Mucina (1997), Kaligaric & al. 
(2003), Hájková & al. (2007), Uhliarová & al. (2007), 

Ferrez (2007), Sanda & al. (2008), Stančić (2008) and 
Janišová & al. (2010).

Results and discussion

As a result from the analyses, four distinct clusters 
were obtained: Anthoxantho odorati-Agrostietum ten-
uis (represented by 71 relevés), Festuco rubrae-Agroste-
tum capillaris (67 relevés), Bromo racemosi-Cynosure-
tum cristati (17 relevés), and Cirsio cani-Festucetum 
pratensis (47 relevés). The first two associations could 
be referred to the “dry type” of Cynosurion, and the 
latter two to the “wet type” of Cynosurion (cf. Velev & 
al. 2010). This is well illustrated on Fig. 1, as well as by 
the presence of a number of diagnostic species for Fes-
tuco-Brometea in the “dry type” and for Molinietalia, 
respectively, in the “wet type” (Fig. 2, Table 1).

Fig. 1. Indirect gradient analysis. 
Biplot diagram of DCA. Th e vectors 
represent the Ellenberg Indicator 
Values.
Abbreviations: REACT = reaction, 
CONT = continentality, TEMP = tem-
perature, MOIST = moisture, NUTR = nu-
trients; 1 = Anthoxantho-Agrostietum, 
2 = Festuco-Agrostetum, 3 = Bromo-
Cynosuretum, 4 = Cirsio cani-Fes-
tucetum
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Molinio-Arrhenatheretea Tüxen 1937
Arrhenatheretalia elatioris Tüxen 1931
Cynosurion cristati Tüxen 1947

Ass. Anthoxantho odorati-Agrostietum tenuis 
Sillinger 1933

Diagnostic species: Agrostis capillaris, Bellis per-
ennis, Briza media, Carlina vulgaris, Dactylis glom-
erata, Euphorbia cyparissias, Galium verum, Hy-
pericum perforatum, Leontodon hispidus, Thymus 
pulegioides, Trifolum montanum.
Constant species: Achillea millefolium, Agrimonia 
eupatoria, Agrostis capillaris, Anthoxanthum odor-
atum, Arrhenatherum elatius, Briza media, Cirsium 
ligulare, Convolvulus arvensis, Cynosurus cristatus, 
Dactylis glomerata, Daucus carota, Festuca praten-
sis, F. rubra agg., F. valesiaca, Galium verum, Hy-
pericum perforatum, Leontodon hispidus, Lotus cor-
niculatus, Plantago lanceolata, Ranunculus acris, 
Rhinanthus rumelicus, Rosa sp. juv., Trifolium prat-
ense, T. repens.
Dominant species: Agrostis capillaris, Arrhen-
atherum elatius.
Total cover: 60–95 %.
Soil pH range: from medium acidic to slightly acid-
ic (5.07–6.45).

Altitude range: 359–1173 m a.s.l.
Base rock: silicate.

The substrates on which this association develops 
have shown the highest values of soil reaction and are 
poor in nutrients. Its habitats are among the least wa-
ter-supplied, as compared to the other three associa-
tions (Fig. 3). Sanda & al. (2008) have determined this 
association as xeromesophilous. The species form-
ing this association are mesophilous to xerophilous. 
Many diagnostic species of the class Festuco-Brome-
tea are present in its composition. Some of them are 
simultaneously diagnostic species for the association. 
Their concentration in the association Anthoxantho-
Agrostietum and their absence in the other three as-
sociations are explained by the high Sharpness Index 
(Table 2) of that cluster.

In terms of classification, this association is tra-
ditionally placed into the alliance Cynosurion. There 
are, however, other syntaxonomic decisions. Uhliar-
ová & al. (2007), Janišová & al. (2010) and Rozbro-
jová & al. (2010) refer the association to the alliance 
Arrhenatherion elatioris Luquet 1926. According to 
Kovács (1995), this association should be referred to 
the alliance Nardo-Agrostion Sillinger 1933. Further 
study is needed to clarify the syntaxonomical position 
of the association, as well as the correspondence with 

-1.0 1.0

-1
.0

1.
0

Lathyrus pratensis

Agrostis capillaris

Arrhenatherum elatius

Festuca pratensis

Rosa canina

Cruciata laevipes

Galium verum

Dactylis glomerata

Festuca rubra

Hypericum perforatum

Alopecurus pratensis

Cynosurus cristatus

Leontodon hispidus

Leontodon autumnalis

Cirsium canum

Euphorbia cyparissias
Centaurea phrygia

Trifolium pratense

Carex hirta

Potentilla reptans

Bromus arvensis

Trifolium dubium

  SPECIES

  SAMPLES
A-A

F-A

B-C

C-F

Fig. 2. Indirect gradient analysis. Biplot dia gram 
of PCA. All circles represent "dry" Cynosurion. All 
rhombuses represent "wet" Cynosurion.
Abbreviations: A-A = Anthoxantho-Agrostie-
tum, F-A = Festuco-Agrostetum, B-C = Bromo-
Cynosuretum, C-F = Cirsio cani-Festucetum



230 Velev, N. & al. • Cynosurus cristatus grasslands

Fig. 3. Box and whiskers plots of the most important variables. 
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the Sillinger´s type material which does not contain 
warm-demanding species which are quite common in 
Bulgarian stands. The current conception of the asso-
ciation is probably too wide even in Central Europe 
(Rozbrojová & al. 2010)

The vegetation is used for grazing and hay (Fig. 4). 
A mixed type of utilization of this association is re-
ported from Romania, too (Chifu & al. 2008).

Ass. Festuco rubrae-Agrostetum capillaris Horvat 
1951

Diagnostic species: Agrosris capillaris, Festuca rubra 
agg., Lotus corniculatus.
Constant species: Achillea millefolium, Alopecurus 
pratensis, Anthoxanthum odoratum, Cerastium ho-
losteoides, Cichorium intybus, Convolvulus arvensis, 
Cynosurus cristatus, Festuca pratensis, F. rubra agg., 
Galium verum, Holcus lanatus, Leontodon autumna-
lis, Lolium perenne, Lotus corniculatus, Poa pratensis, 
Ranunculus acris, Stellaria graminea, Taraxacum offic-
inale, Trifolium pratense, T. repens.
Dominant species: Agrostis capillaris.

Total cover: 70–100 %.
Soil pH range: from highly acidic to neutral (4.82–
6.99).
Altitude range: 677–1629 m a.s.l.
Base rock: silicate.

According to the current knowledge about alli-
ance Cynosurion, this association has the largest dis-
tribution in the country – from Northeast Bulgar-
ia (Apostolova & Meshinev 2006) to the western 
boundary. Ecologically, it is closest to the associa-
tion Anthoxantho odorati-Agrostietum tenuis. It dif-
fers from the latter by the lower optimum values of 
soil reaction (Fig. 2, 3). According to some authors 
(Jovanović-Dunjć & Jovanović 1989), this associa-
tion is of the mesophilous and even hygromesophi-
lous type, which by our opinion is a very particu-
lar case, because in the study area the association is 
represented by typical mesophilous herbaceous veg-
etation.

Festuco rubrae-Agrostetum capillaris has few own 
diagnostic species with Phi-coefficient ≥ 20 (multi-
plied by 100) and, along with this, contains the spe-
cies diagnostic for the alliance Cynosurion (Table 1). 
Its floristic composition comprises mainly general-
ist species, owing to which it has a low Sharpness In-
dex (Table 2). Although positively defined, this as-
sociation is less differentiated from the other three 
associations and is close to the central syntaxon con-
cept (Dengler & al. 2005). Apparently, the low number 
of distinctively diagnostic species explains why the as-
sociation has been referred to diverse syntaxonomic 
schemes. Our results (see also Velev & al. 2010) have 
shown that the place of this association is within the 
Cynosurion cristati alliance. This view is also sup-
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ported by Jurko (1969a, 1974), Pop & al. (1988), Col-
dea (1990), Zuidhoff & al. (1995), Sanda & al. (1998, 
2008), Mihăilescu (2001), Apostolova & Meshinev 
(2006), and Bărbos (2006). Along with this, a consid-
erable number of authors from former Yugoslavia re-
fer this association to Arrhenatherion alliance: Horvat 
(1962), Horvat & al. (1974), Blečić & Lakušić (1976), 
Petković (1985), Jovanović-Dunjć & Jovanović (1989), 
Kojić & al. (1998), Stančić (2000), Šegulja (2005), and 
Trinajstić (2008). Other syntaxonomic decisions also 
exist. According to Wendelberger (1965), the associa-
tion should be referred to alliance Polygono-Trisetion, 
and according to Redžić (2007), to alliance Festuco-
Agrostion capillaris Redžić 1990.

Within the framework of the study this associa-
tion occurs at the highest altitudes and could be en-
countered even above 1600 m a.s.l. Kojić & al. (1998) 
reported that in Serbia this association occurs above 
1000 m a.s.l., most frequently in the altitude range of 
1400–1600 m. In Romania, however, it was reported 
from much lower altitudes, between 350–700 m a.s.l. 
(Sarbu & al. 2004; Doniţã & al. 2005).

Mowing is the prevailing type of its management as 
for the study region (Fig. 4), as well as for other parts 
of the country (Apostolova & Meshinev 2006). A prev-
alent mowing regime was mentioned for Romania too 
(Frink 2009). Coldea & al. (2008) have reported the 
succession changes in this association in the region of 
the Vlădeasa Massif (Romania), depending on the uti-
lization mode of vegetation: Grazing impact and ab-
sence of fertilization result in the associations Violo 
declinatae-Nardetum and Gentiano lutescentis-Narde-
tum. Mowing and fertilization result in the association 
Poo-Trisetetum flavescentis.

Ass. Bromo racemosi-Cynosuretum cristati 
Horvatić (1930) 1958

Diagnostic species: Alopecurus rendlei, Festuca pra-
ten sis, Hordeum secalinum, Rhinanthus minor, Trifo-
lium patens.
Constant species: Achillea millefolium, Agros-
tis capillaris, Alopecurus pratensis, Anthoxanthum 
odo ratum, Bromus arvensis, Carex hirta, Carum 
carvi, Cerastium holosteoides, Cirsium canum, Cy-
nosurus cristatus, Festuca pratensis, Plantago lan-
ceolata, Poa pratensis, Ranunculus acris, Rhinan-
thus rumelicus, Rumex acetosa, Stellaria graminea, 
Taraxacum officinale, Trifolium patens, T. pratense, 
T. repens.

Dominant species: Alopecurus pratensis, Festuca 
pratensis, Hordeum secalinum, Trifolium dubium, T. 
michelianum, T. patens.
Total cover: 75–98 %.
Soil pH range: from medium acidic to slightly acid-
ic (5.28–6.30).
Altitude range: 690–1119 m a.s.l.
Base rock: silicate.

The vegetation is mesophilous to hygrophilous. 
Its floristic composition comprises a considerable 
number of diagnostic species for the Molinietalia 
order (Table 1). This distinguishes it from the oth-
er three associations and determines its high Sharp-
ness Index (Table 2). Its habitats are characterised 
by low temperature and soil reaction values and by 
high moisture and nutrients values. The total cover 
of vegetation in this association is higher than in the 
other three associations (Fig. 3). The association de-
velops on temporarily inundated substrates and of-
ten borders hygrophilous grassy communities dom-
inated by Deschampsia caespitosa (Gaži-Baskova 
1964). Considering the ecological peculiarity of the 
association, Horvatić (1958) placed it in the follow-
ing succession series related to the soil water supply: 
Deschampsietum caespitosae H-ić 1930 → Bromo-Cy-
nosuretum cristati H-ić 1930 → Arrhenatheretum hir-
cinietosum H-ić 1956 (=Arrhenatheretum elatioris 
var. orientalis H-ić 1941). This manifests the transi-
tional character of the association and explains why 
it comprises simultaneously diagnostic species for 
the orders Molinietalia caeruleae W. Koch 1926 and 
Arrhenatheretalia elatioris Tüxen 1931 (Table 1). In 
terms of substrate moisture, Cincović & Kojić (1955) 
have placed this vegetation between the communi-
ties of Nardus stricta (moister type) and Danthonia 
alpina (dryer type). The following facies are known 
within the framework of the association: fac. Festu-
ca pratensis, fac. Trifolium patens (on moister sub-
strates), fac. T. incarnatum (on dryer substrates) and 
fac. Carex distans (Cincović 1956, 1957; Blečic & al. 
1973). Horvatić (1963) also reported that Trifolium 
patens often dominated the communities of this as-
sociation.

This association was described for the first time 
for Croatia and Slovenia under the name Cynosute-
tum cristati (Horvatić 1930). Floristically and ecolog-
ically, this association is very close to ass. Trifolio-Cy-
nosuretum cristati Veljović 1967 (cf. Jovanović-Dunjć 
& al. 1986). In terms of classification, various syntax-
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onomic conclusions exist about the affiliation of the 
association Bromo-Cynosuretum to higher-rank syn-
taxa. Kojić & al. (2004) have classified this type of veg-
etation as Cynosutetum cristati Kojić & al. 2003 s.l. su-
bass. trifolietosum patensi Kojić & al. 2003, within the 
alliance Arrhenatherion. Horvatić (1958), Blečic & al. 
(1973), Blečić & Lakušić (1976), Stančić (2000), and 
Šegulja (2005) have also referred this association to 
Arrhenatherion alliance. Jovanović (1966) referred 
some mesophilous grassy communities in Serbia (in-
cluding the ass. Bromo-Cynosuretum cristati) to the al-
liances Arrhenatherion elatioris and Trifolion resupina-
ti Micevski 1957. Wendelberger (1965) and Trinajstić 
(2008) have referred it to the alliance Cynosurion. Our 
analyses have also confirmed the affiliation of this as-
sociation to the Cynosurion alliance.

Kojić & Ivanović (1954) mentioned the communi-
ties of Cynosurus cristatus as an indistinct association 
Cynosutetum cristati (=Bromo-Cynosuretum cristati) – 
with some diagnostic species missing, e.g., Rhinanthus 
minor, Alopecurus rendlei, Hordeum secalinum, Bro-
mus racemosus.

The vegetation is mainly used for mowing (Fig. 4).

Ass. Cirsio cani-Festucetum pratensis Májovski & 
Růžičková 1971

Diagnostic species: Cirsium canum, Festuca pratensis, 
Potentilla reptans.
Constant species: Achillea millefolium, Agrostis capil-
laris, Alopecurus pratensis, Anthoxanthum odoratum, 
Bromus arvensis, Centaurea phrygia, Briza media, 
Cerastium holosteoides, Cirsium canum, Convolvulus 
arvensis, Crepis biennis, Cynosurus cristatus, Dacty-
lis glomerata, Festuca pratensis, Filipendula vulgaris, 
Galium verum, Holcus lanatus, Lathyrus pratensis, Le-
ontodon hispidus, Leucanthemum vulgare, Lotus cor-
niculatus, Plantago lanceolata, Poa pratensis, Prunel-
la vulgaris, Ranunculus acris, Rhinanthus rumelicus, 
Rumex acetosa, Stellaria graminea, Taraxacum offici-
nale, Trifolium pratense, T. repens.
Dominant species: Festuca pratensis.
Total cover: 65–95 %.
Soil pH range: from medium acidic to neutral (5.28–
6.99).
Altitude range: 358–1117 m a.s.l.
Base rock: silicate – 96 %, limestone – 4 %.

Within the study area, this association has the 
highest species diversity of Cynosurion alliance 
(Table 2). The vegetation is mesophilous, but at the 

same time with a number of diagnostic species for 
the Molinietalia order (Table 1). These grasslands 
show similarity also with association Lolio perennis-
Cynosuretum cristati Tüxen 1937, which is referred 
by Zuidhoff & al. (1995) to the moist Cynosurion 
pastures. Considering Table 1, some of the diagnostic 
species for Lolio-Cynosuretum are to be found, pre-
sented with high Phi-coefficients: Cerastium holoste-
oides, Dactylis glomerata, Festuca pratensis, F. rupico-
la, Linum catharticum, Medicago lupulina, Plantago 
media, and Potentilla reptans.

The vegetation of association Cirsio cani-Festuce-
tum (=Agrostio stoloniferae-Deschampsietum caes-
pitosae Ujvárosi 1947) is reported to have a pontic-
pannonian distribution with distribution centre in 
South-Eastern Europe (Hájková 2007). Traditionally 
this type of vegetation is classified within the allianc-
es Arrhenatherion elatioris and Deschampsion caespi-
tosae. Velev & al. (2010) referred these grasslands to a 
“wet type” of Cynosurion. According to Zuidhoff & al. 
(1995), some Cynosurion pastures may develop from 
Calthion hay meadows under the impact of grazing. 
Nevertheless, the classification of Cynosurus cristatus 
grasslands in Bulgaria to the higher ranks is still open, 
until a complete vegetation survey of the country will 
be fulfilled.

In the studied region this vegetation is subject to 
combined utilization, with equally for grazing and 
mowing (Fig. 4).

Conclusions

A study of a large area in Bulgaria has shown that veg-
etation diversity within Cynosurion alliance is pre-
sented by four distinct vegetation types which can be 
treated as associations which have been long known 
in Central Europe. Three of them are reported for the 
first time for Bulgaria.

It is generally known that the vegetation forming 
Cynosurion alliance is traditionally used as pastures. 
In the last 20 years, however, in Bulgaria the man-
agement has changed. Farm animals have considera-
bly decreased in number and the use of grazing was 
strongly down. Figure 4 shows that the vegetation of 
Cynosurion alliance is presently used mainly for mow-
ing. Current changes in management regime might re-
sult in succession as it was mentioned before. Unlike 
Central Europe Cynosurion vegetation has not been 
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fertilized or improved in Bulgaria. The lack of graz-
ing animals results in shrub encroachment; we indeed 
detected Rosa sp. juv. and Crataegus sp. juv. in some 
relevés.
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