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This paper presents a syntaxonomic analysis of wet meadows within the Trifolion resupinati Micevski 1954 alli-
ance (Class Molinio-Arrenatheretea) in the subarid continental regions of the Southern Balkans. The analysis includes
eight original relevés from the Glajsho locality on Galichica Mountain (North Macedonia) and 422 literature and un-
published relevés from North Macedonia, Serbia, Kosovo, and Greece, totaling 430 relevés. Hierarchical cluster analy-
sis revealed that these meadows belong to the newly described subassociation Cynosuro-Caricetum hirtae galietosum
macedoniceae subass. nova. This subassociation, elaborated in detail in the paper, represents a gradual transition from

meadows to pastures.
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Galichica National Park

INTRODUCTION

Meadows are semi-natural vegetation for-
mations that depend on continuous human influ-
ence and represent a significant agricultural re-
source. Their maintenance relies on human inter-
vention, primarily through regular mowing and, in
some cases, fertilization. Over centuries, these
meadows have evolved into biodiversity "hot
spots" with high conservation value within agroe-
cosystems [1, 2]. In the European Union's Rural
Development Program, they are recognized as
High Nature Value Farming (HNVF) areas.

In North Macedonia, lowland meadows are
classified within the alliance Trifolion resupinati
Micevski 1957 [3, 4], under the order Trifolio-
Hordeetalia H-i¢ 1963 and the class Molinio-
Arrhenatheretea Br.-Bl. et Tx. 1943. These mead-
ows exhibit unique characteristics shaped by the
sub-Mediterranean climate. The climatic condi-
tions in North Macedonia’s lowland areas differ
from those in the more northern, continental parts

of the Balkan Peninsula, with pronounced aridity
lasting over six months (from April to September).
This extended dry period promotes the develop-
ment of numerous therophytes within meadow
communities.

Physiognomically, the lowland meadow
communities of North Macedonia are dominated
by therophytes, particularly species of the genus
Trifolium. This distinguishes Trifolium meadows in
this region from the graminoid-dominated mead-
ows that are characteristic of northern parts of the
Balkan Peninsula [4].

Within this alliance, the following plant
communities have been recorded in North Macedo-
nia [3-7]: Hordeeto-Caricetum distantis Micevski
1957, Cynosuro-Caricetum hirtae Micevski 1957,
Trifolietum resupinati-balansae Micevski 1959,
Trifolietum nigrescentis-subterranei Micevski 1957,
and Bromo-Alopecuretum Micevski 1965.

Research on Galichica Mountain has been
conducted by several authors in the past [8-13].
However, the application of modern phytosocio-
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logical computer tools to pasture vegetation was
introduced by Custerevska [14, 15]. To date, no
research has specifically focused on the meadow
vegetation of this area.

This paper presents the results of vegetation
analyses conducted in Galichica National Park.
The study aims to determine the syntaxonomic po-
sition of the meadow vegetation in the research
area in relation to similar syntaxa described from
North Macedonia, Serbia, Kosovo, and Greece.
The findings contribute to a deeper understanding
of meadow vegetation in North Macedonia.

MATERIALS AND METHODS

Field investigations were conducted in June
2009 in Galichica National Park, specifically at the
Glajsho locality, at an average altitude of 1,020 m
a.s.l. (Fig. 1). This area is subject to non-intensive
cattle grazing. The study followed the principles and
methods of the Zlrich-Montpellier School [16].

A total of eight relevés were sampled in Ga-
lichica National Park (Glajsho locality), each cov-
ering an area of 100 m2. For each plot, a complete
list of plant species was recorded, along with their
cover-abundance values. Vascular plant samples
collected during the study are stored in the Mace-
donian National Herbarium (MKNH) within the
Faculty of Natural Sciences and Mathematics in
Skopje.

The identification of collected taxa was con-
ducted using various floras, including the Flora of
the Republic of Macedonia [17-24], Flora Euro-
paea [25], Flora of SR Serbia [26], and Flora of
Bulgaria [27]. Taxonomic harmonization was per-
formed using the EURO+MED PlantBase data-
base, which catalogs vascular plants from Europe
and the Mediterranean region [28]. The nomencla-
ture of higher-rank vegetation units follows the
syntaxonomical system proposed by Mucina et al.
[29] in the EuroVegChecklist [30].

Gradishte

Ohrid Lake

Galichica
National Park

Figure 1. Study area (Glajsho) in Galichica National Park, North Macedonia.

The sampled relevés, along with those from
the literature, were entered into TURBOVEG [31].

The final dataset consists of 430 relevés and 570
taxa from North Macedonia [3-7], Serbia [32],

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 44 (1-2), xx—xx (2023)



Contribution to the knowledge on alliance Trifolion resupinati Micevski 1957 of the Republic of North Macedonia 3

Kosovo [33-35], and Greece [36]. Analyses were
conducted on two datasets: 430 relevés of the Tri-
folion resupinati Micevski 1957 alliance and 96
relevés of the Cynosuro-Caricetum hirtae Mi-
cevski 1957 association. The data were then ex-
ported to JUICE software [37] for further analysis.

Plant community classification was conduct-
ed through agglomerative hierarchical cluster analy-
sis using PC-ORD [38]. This analysis utilized a data
transformation of b = log (xij +1), employed the
Jaccard distance measure, and applied the Flexible
Beta method (B = —0.25). Diagnostic species of clus-
ters containing sampled relevés were determined in
JUICE by calculating species fidelity to each group
using the phi coefficient [39], with a fidelity thresh-
old of 0.55. Diagnostic species were defined as
those with a phi coefficient greater than 0.6.

[

|

Raunkiaer’s system [40] was used for life-
form classification, while chorological spectra
were determined based on Gaji¢ [41] and Pignatti
[42]. Vegetation-environment relationships were
analyzed using Detrended Correspondence Analy-
sis (DCA) in R, with detrending by segments and
square-root transformation of species cover values
[43]. The primary environmental factors driving
species composition variability were interpreted
using non-weighted means of Ellenberg Indicator
Values (EIV) for light, temperature, continentality,
moisture, soil reaction, and nutrients [44].

RESULTS AND DISCUSSION
The entire dataset was analyzed using PC-

ORD, which identified 17 clusters. The results are
presented in the dendrogram (Figure 1).

. b

Figure 2. Hierarchical classification with 17 clusters of 430 relevés within the alliance Trifolion resupinati Micevski 1957. Cluster
1: Trifolietum resupinati balansae, and 4 releves of Hordeeto-Caricetum distantis; Cluster 2: Hordeeto-Caricetum distantis; Cluster
3: Cynosuro - Caricetum hirtae; Cluster 4: Bromo-Alopecuretum; Cluster 5: Alopecuro-Ranunculetum marginati and Narcisso
tazettae — Caricetum distantis; Cluster 6: Hordeeto-Caricetum distantis, and 3 releves of Cynosuro - Caricetum hirtae; Cluster 7:
Festuceto - Hordeetum secalinum and Poeto - Alopecuretum pratensis; Cluster 8: Festuceto - Hordeetum secalinum and Poeto -
Alopecuretum pratensis; Clusters 9, 10, 11, 12 and 13 Cynosuro - Caricetum hirtae; Cluster 14: Trifolietum nigrescentis-
subterranei, Clusters 15, 16 and 17 unpublished releves from Mariovo, North Macedonia.

According to the dendrogram results (Fig.
2), the relevés from the research area are located in
the 13th cluster. When compared with neighboring
clusters, it is evident that they belong to the Cyno-
suro-Caricetum hirtae association. The releves
recorded in this study show the highest floristic
similarity to those previously published from
Greece [36].

Historically, the Cynosuro-Caricetum hirtae
association was widespread [4, 6, 7]. However, its
extent has significantly decreased due to factors
such as declining livestock populations, rural-to-
urban migration, and deagrarianization. This has

led to the degradation and disappearance of many
of these meadows. The Cynosuro-Caricetum hirtae
association typically develops in habitats that re-
main submerged during winter, where the ground-
water level is relatively high. In North Macedonia,
three subassociations have been identified within
this association: trifolietosum patentis Micevski
1957 (Strumica), ranunculetosum acris Micevski
1957 (Prespa, Pehéevo, Polog), and ranunculeto-
sum velutini Micevski 1957 (Pelagonija).

During the analysis of the entire dataset,
some literature-referenced relevés associated with
Cynosuro-Caricetum hirtae were grouped into clus-
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ter 3. This cluster shows affinities with clusters 1
and 2, corresponding to Trifolietum resupinati-
balansae and Hordeeto-Caricetum distantis, as well
as cluster 6, which is also part of Hordeeto-
Caricetum distantis. Inconsistencies were identified
in certain relevés using both traditional methods and
computer analysis, suggesting the need for further
investigation to determine the underlying causes.

Therefore, in subsequent analyses, only
relevés from clusters 9 to 13—including data from
North Macedonia, Kosovo, and Greece—were
considered. For the next cluster analysis in PC-
ORD, 96 relevés from Cynosuro-Caricetum hirtae
were analyzed, with the results presented in the
dendrogram (Fig. 3).

Figure 3. Hierarchical classification with 4 clusters of 96 relevés within the association Cynosuro-Caricetum hirtae
Micevski 1957. Cluster 1: Cynosuro-Caricetum hirtae typicum and Cynosuro-Caricetum hirtae ranunculetosum acris
(from Kosovo and North Macedonia); Cluster 2: Cynosuro-Caricetum hirtae ranunculetosum acris (North Macedonia);
Cluster 3: Cynosuro-Caricetum hirtae (Greece); Cluster 4: Cynosuro-Caricetum hirtae galietosum macedoniceae sub-

ass. Nova

During the research on meadow vegetation
on Galichica Mountain, the characteristic species
of the Cynosuro-Caricetum hirtae association—
Cynosurus cristatus, Carex hirta, and Carex vulpi-
na—were analyzed within the floristic composi-
tion. Among these, only Cynosurus cristatus ex-
hibited a high degree of constancy (V). None of the
differential species from the three previously de-
scribed subassociations (trifolietosum patentis Mi-
cevski 1957, ranunculetosum acris Micevski 1957,
and ranunculetosum velutini Micevski 1957) were
recorded. However, several species were identified
that have not been previously documented in the
meadow communities of North Macedonia.

In cluster 4 (Fig. 2), which includes the eight
vegetation relevés from the GlajSo locality, an
analysis using the "constancy columns in synoptic
table” feature in the JUICE software package iden-
tified three groups of taxa: diagnostic, constant,
and dominant species. This analysis suggests that
the vegetation relevés in this cluster differ from
those of other subassociations.

Analysis of synoptic table:

Cluster 4

Number of releves: 8

Threshold fidelity value for diagnostic
species: 80 (70)

Threshold frequency value for constant
species: 55 (60)

Threshold frequency value for dominant
species with cover up to 65: 0 (100)

Diagnostic species: Bromus squarrosus,
Convolvulus arvensis, Dichoropetalum oligophyl-
lum, Elytrigia intermedia, Festuca valesiaca, Ga-
lium macedonicum, Geranium dissectum, Horde-
um bulbosum, Phleum pratense, Podospermum
canum, Potentilla detommasii, Ranunculus nea-
politanus, Sanguisorba minor, Sherardia arven-
sis, Stellaria graminea, Trifolium campestre, Tri-
folium scabrum, Trifolium strictum

Constant species: Alopecurus pratensis, Al-
opecurus utriculatus, Anthoxanthum odoratum,
Cynosurus cristatus, Euphrasia pectinata, Lotus
tenuis, Orlaya daucoides, Ornithogalum monta-
num, Pilosella bauhini, Plantago lanceolata, Poa
trivialis, Rhinanthus minor, Rumex acetosella,
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Schedonorus pratensis, Trifolium incarnatum,

Trifolium micranthum, Trifolium pratense
Dominant species: Additionally, DCA

analysis was performed (Fig. 4). The ordination

effectively illustrates the influence of environ-
mental factors on species distribution, successfully
differentiating vegetation groups based on their
ecological parameters.

Figure 4. The detrended correspondence analysis (DCA) ordination diagrams with Ellenberg indicator values

Cluster 1, the most abundant group, is posi-
tioned near the center of the ordination diagram,
reflecting its association with intermediate ecolog-
ical conditions due to its broad floristic diversity.

Cluster 2 exhibits a strong correlation with
moisture and nutrient availability, indicating vege-
tation that thrives in wetter habitats with higher
nutrient input.

Cluster 3 is distinctly separated from the
other groups, suggesting a unique floristic compo-
sition with specific ecological requirements that
diverge from the main environmental gradients.

Cluster 4 shows a positive correlation with
continentality, soil reaction (pH), and temperature,
representing vegetation adapted to drier or more
continental climatic conditions.

In this meadow complex, in addition to typi-
cal meadow species, taxa characteristic of moun-
tain pastures—such as Trifolium incarnatum,
Festuca valesiaca, Bromus squarrosus, Pilosella
bauhini, and Prunella laciniata—are also present.
Their occurrence in this community is attributed to
the local ecological conditions. Soil moisture and
groundwater levels fluctuate significantly through-
out the year, and during drier periods (especially in
late spring), species from neighboring mountain
pastures may integrate into the meadow composi-

tion or become more competitive if already pre-
sent. This shift alters the physiognomy of the
meadow, giving it a more arid appearance.

These meadows are not mowed but are sub-
jected to non-intensive cattle grazing, suggesting
they represent a gradual transition from meadow to
mountain pasture. Consequently, a new subasso-
ciation has been proposed: Cynosuro-Caricetum
hirtae galietosum macedoniceae subass. nova.

The differential species of galietosum mace-
doniceae subass. nova include Galium mace-
donicum, Trifolium scabrum, Phleum pratense,
Ornithogalum montanum, Hordeum bulbosum, and
Sherardia arvensis (Tab. 1).

Galium macedonicum, a characteristic spe-
cies of mountain pastures and forest edges, has been
recorded in North Macedonia, Greece, and Bulgaria.
This subassociation develops on deep soils derived
from Devonian metasandstones as the parent sub-
strate [45]. The habitat is further characterized by a
dominance of hemicryptophytes (Fig. 5).

In the phytogeographic spectrum of the
association (Fig. 6), the boreal floral element is the
most dominant after widely distributed floral
elements, accounting for 20 %. Meanwhile,
Macedonian endemics comprise the largest portion of
the Balkan floral element, representing 38 % (Fig. 7).
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CHOROLOGICAL SPECTRUM

Figure 5. ass. Cynosureto-Caricetum hirtae subass. galietosum macedoniceae subass. nova — life forms spectrum

PHYTOGEOGRAPHICAL SPECTRUM

Balkan stenomedit.
3% 5%

Cosmop.
23%

Eurimedit.
8%

Eurasiat.
13%

Boreal
20%

Orof. S-Europ.
18%

Figure 6. ass. Cynosureto-Caricetum hirtae subass. galietosum macedoniceae subass. nova — floral elements

BALKAN FLORAL ELEMENTS

S.-Balkan
32%

Figure 7. ass. Cynosureto-Caricetum hirtae galietosum macedoniceae subass. nova — Balkan floral elements
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Table 1. Analytical table of Cynosureto-Caricetum hirtae galietosum macedoniceae subass. nova.

The holotypus is marked with an asterisk (*).

Relevé Number

1*

2 3 4 5 6 7 8

Categorical Frequency,

ranunculetosum acris

ranunculetosum acris

data from Greece

galietosum macedoniceae subass. nova

Galium macedonicum
Trifolium scabrum
Phleum pratense
Ornithogalum montanum
Hordeum bulbosum
Sherardia arvensis
Cynosureto-Caricetum hirtae
Cynosurus cristatus
Trifolion resupinati
Trifolium micranthum
Silene flos-cuculi
Trifolio-Hordeetalia
Ranunculus neapolitanus
Alopecurus utriculatus
Plantago lanceolata
Molinio-Arrhenatheretea
Anthoxanthum odoratum
Trifolium pratense

Poa trivialis

Stellaria graminea
Alopecurus pratensis
Rhinanthus minor
Schedonorus pratensis
Lotus tenuis

Carex filiformis

Other species

Trifolium strictum
Trifolium incarnatum
Festuca valesiaca
Bromus squarrosus
Trifolium campestre
Elytrigia intermedia
Potentilla detommasii
Sanguisorba minor
Geranium dissectum
Convolvulus arvensis
Dichoropetalum oligophyllum
Pilosella bauhini
Podospermum canum
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Table 1. Continues

Orlaya daucoides + + . . + + + . v |

Euphrasia pectinata . 1 2 1 + + . . v

Rumex acetosella . . . + + + + + v I
Knautia integrifolia + + + + . . . . Il

Juncus bufonius . . + . . + 1 + 1l

Ajuga genevensis . . . + + + + . m !

Prunella laciniata . . . ) + + + + m |

Festuca hirtovaginata
Vulpia myuros
Cynosurus echinatus

+ + - P
+ N+ P

Achillea setacea
Aira elegantissima . . . + + + . . n !
Carex praecox . . . . . . 1 1 |

Mentha pulegium . . . . . . + + norol
Myosotis laxa subsp. n
caespitosa . . . . . . + + 1l

Dianthus viscidus . . . ) } } . + | I
Vicia sativa . : ) . . . ) + | | . 11

Descriptions of the reléves in the Table 1. Running number, original reléve number, locality, latitude, longitude,
sampling date, area, altitude (m), aspect, inclination (%), cover.

89, 1, Glajsho — wet meadow, 40.988500, 20,814554, 15.06.2009, 100, 1021, 0, 0, 100; 90, 2, Glajsho-wet meadow,
40.988398, 20,814844, 15.06.2009, 100, 1018, 0, 0, 100; 91, 3, Glajsho, 40.988277, 20,814921, 15.06.2009, 100,
1019, 0, 0, 100; 92, 4, Glajsho, 40.988107, 20,814663, 15.06.2009, 100, 1018, 0, 0, 100; 93, 5, Glajsho — wet mead-
ow, 40.987774, 20,814451, 15.06.2009, 100, 1017, 0, 0, 100; 94, 6, Glajsho — wet meadow, 40.987337, 20,814236,
15.06.2009, 100, 1017, O, 0, 100; 95, 7, Glajsho, 40.987104, 20,813909, 15.06.2009, 100, 1021, 0, 0, 100; 96, 8,
Glajsho, 40.986621, 20,813378, 15.06.2009, 100, 1022, 0, 0, 100.
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MNPUAOHEC KOH ITO3HABAIATA HA COJY3O0T TRIFOLION RESUPINATI MICEVSKI 1957 BO
PEINYBJIMKA CEBEPHA MAKEJIOHUJA

Penata Kymrepescka, [{peranka CrojueBcka, Mutko Kocramunoscku, Capa B. Llseranocka, Anrena 1. VisanoBa

[puponHo-maTemaTnyku daxyiret, Y HuBep3urer ,,CB. Kupun u Meroauj“ Bo Cromnje, PC Makenonuja

OBOj Tpyja MpeTCTaByBa CHHTAKCOHOMCKAa aHalM3a Ha BIAXHUTE JIUBaId BO paMKuTe Ha cojys3or Trifolion
resupinati Micevski 1954 (kmaca Molinio-Arrenatheretea) Bo cybapuaHUTe KOHTHHEHTAIHE PETHOHU HA jY)KHHOT JeI
on bankanckuor [lomyoctpoB. AHanu3ara BKiIydyBa BKYNHO 430 ()UTOIIEHOIOIIKY CHUMKH, O KOM OCYM OpUTHHAIHU
(PUTOIIEHOHOIIKY CHUMKH c€ OJ JIoKanuTeToT [ najimmo Ha ruiannHarta [anmauna (C. Makenonuja) u 422 nutepatypHd U
HeoOjaBenn (utonenonomkn cHUMKH ox C. Makenonuja, Cpbuja, KocoBo n I'pumja. Xuepapxuckara Kiactepcka
aHaIM3a OTKpHU JieKa JHMBaAWTe NpumaraaT Ha acouujanujara Cynosuro-Caricetum hirtae, co dosoano pactuuiuennu
6U006U 0a ce uz0eou Hosa cybacoyujayuja galietosum macedoniceae subass. nova. Opaa cybacormjanuja, Koja e
JeTajHo 00paboTeHa BO TPYIOT, IIPETCTaByBa IIOCTEIICH IIPEMHH O] JIMBAIX KOH ITaCHINTA.

Knyuynn 360poBu: nuBaacka Bereranuja; Molinio-Arrenatheretea; Trifolion resupinati; Cynosuro-Caricetum
hirtae; Harmonanen ITapk INanununiia
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