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and bristle-like leaves, and thus has a competitive advantage 
(Šmarda 1963; Sebastiá 2004; Massey et al. 2007). Large 
areas of this vegetation in Europe were established on the 
sites of mountain forests and shrublands, which were eradi-
cated by man to extend the pastures. Therefore, the timber 
line was shifted downward, e.g. by 200–400 m in the Alps 
(Erschbamer et al. 2003) and 150–300  m in the Western 
Carpathians (Midriak 1994).

Distribution area of Nardion strictae grassland has 
decreased and its structure has changed significantly in 
Europe during recent decades as a result of traditional man-
agement changes, mainly grazing cessation (Galvánek and 
Janák 2008; Kurtogullari et al. 2020). Grazing favours low 
subtle species, and, on the contrary, inhibits propagation of 
strong competitors (Puccio et al. 2007; Skarpe and Hester 
2008). In addition, thick tufts of Nardus stricta along with 
soil compaction caused by grazing livestock inhibit succes-
sional processes (Sebastiá 2004; Parolo et al. 2011).

If this vegetation is grazed, it is considered stable and 
long-lasting (Velev and Apostolova 2008). After grazing 
cessation, it loses its competitive advantage and gradual 
regeneration of primary communities is triggered. The 
pattern of this process depends on the specific vegetation 

Introduction

Low-stem grassland of Nardion strictae typically occur on 
the nutrient-poor soils from lowlands to alpine zone (Janišová 
et al. 2007; Kliment 2007a, b; Krahulec et al. 2010; Kliment 
and Ujházy 2014) and their formation is closely related to 
grazing (Galvánek and Janák 2008; Korzeniak 2016; Zar-
zycki et al. 2022). Its dominant species, Nardus stricta, is 
not favoured by grazing animals due to its hard, indigestible 
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Abstract
Nardus stricta dominated grassland is a specific habitat occurring on the nutrient-poor soils. Its large areas were formed 
as a result of livestock grazing. However, landscape management underwent significant changes over the last decades 
including grazing cessation. This triggered successional processes leading to considerable changes in floristic composition 
reported from numerous European regions. We focused on this phenomenon in the Western Carpathian high mountains, 
where the issue was not studied sufficiently. Our research, based on pairwise comparison of 19 historical and recent 
phytocoenological relevés, confirmed changes here. These include (i) decrease in cover of some diagnostic species of 
Nardetea strictae class, especially Nardus stricta, (ii) increase in competitively strong species with their high biomass 
productivity, (iii) shift in floristic composition indicating conversion of Nardion strictae vegetation into other communi-
ties, especially those of Loiseleurio-Vaccinietea class, (iv) increase in Shannon-Wiener index values and (v) enrichment 
of originally oligotrophic grasslands with some nutrient-demanding species, mainly at lower altitudes and decrease in 
light-demanding species.
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structure, grazing intensity, altitude, slope inclination and 
climate (Tasser and Tappeiner 2002; Vandvik and Birks 
2002; Erschbamer et al. 2003; Korzeniak 2016). Nardus 
stricta is gradually being replaced by competitively stron-
ger graminoids, forbs and woody plants (Erschbamer et al. 
2003; Grigoriu and Alda 2004; Velev and Apostolova 2008; 
Korzeniak 2016).

The changes in this vegetation may take effect almost 
immediately (Mišić et al. 1978). However, as reported by 
Korzeniak (2016), the speed of those processes may be miti-
gated by climate. The most crucial changes in the vegetation 
structure occur during the first decades after grazing ces-
sation (Velev and Apostolova 2008). Witkowska-Żuk and 
Ciurzycki (2000) found that 30 years of secondary succes-
sion in Nardion strictae grassland leads to the Vaccinium 
myrtillus dominated stands, tall grassland of Calamagros-
tion villosae or Pinus mugo stands. After 50–100 years from 
pasture abandonment, about 40% of grazing indicators dis-
appear (Helm et al. 2006).

In Slovak Western Carpathians, the issue of Nardus 
stricta grassland dynamics and changes resulting from land 
use changes that occurred over the last decades, was studied 
especially in the montane belt (e.g. Šomšák and Balkovič 
2002; Hrivnák and Ujházy 2005), while there is a lack of 
data from the higher altitudes. Therefore, the aim of this 
article is to identify and characterize Nardus stricta grass-
land changes in subalpine and alpine belts in the highest 
mountain ranges of the Western Carpathians, where one of 
the major land use change is grazing cessation linked to dec-
laration of national parks.

Materials and methods

Study area

Study area is situated in the alpine landscape of Low and 
Western Tatras at an altitudinal range of 1545–1870  m 
(Fig.  1). Geological bedrock includes granitoids (Biely et 
al. 1992; Nemčok 1994). Relief is relatively smooth thus 
providing proper conditions for a well-developed subalpine 
belt (Midriak 1983). The Podzols and Cambisols are the 
most common soils (Linkeš 1967; Bublinec et al. 1994). The 
study area is classified as a cold climate region (Lapin et al. 
2002). We use climate data from Kasper peak meteorologi-
cal station located in the Western Tatras (1987 m a.s.l.) and 
Chopok meteorological station located in the Low Tatras 
(2005 m a.s.l.) from the period of 1970–2020 to specify the 
development of the mean annual temperature in the study 
area (Fig. 2). Study area has been intensively grazed since 
the Wallachian colonization which took place in the 16th 
century. Sheep grazing has prevailed over cattle grazing 
(Häufler 1955). Intensive grazing in the study area is evi-
denced by the shifting downwards of timberline by at least 
50–160 m in the Low Tatras and 100–150 m in the Western 
Tatras (Midriak 1983). From the 17th to the 20th century, 
the vegetation was grazed wherever it was possible, includ-
ing summit areas (Häufler 1955; Bohuš 1966). In 1971, 
5,600 ha were grazed above the timberline in the Western 
Tatras (Bohuš 1994), which, according to Midriak (1983), 
represents almost 70% of the area with a slope below 35° 
(including Pinus mugo stands). In the Low Tatras, grazing 
was even more expanded (Häufler 1955; Midriak 1983). In 

Fig. 1  Location of study sites 
within the Tatra National Park 
and the Low Tatras National Park
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the Low Tatras, the grazing cessation dates back to the year 
1978 when it was declared a national park and to the year 
1987 in the Western Tatras when it was included into Tatra 
National Park.

Data collection

Current phytosociological relevés were sampled in 2016–
2021 using the Zürich-Montpellier school and its 7-degree 
cover/abundance scale (Braun-Blanquet 1964) on the plots 
of historical relevés from Horák (1970), Treskoňová (1972), 
Kremlová (1974), Turečková (1974), Dúbravcová (1976), 
Hrabovcová (1976), Pietorová (1977), Králik (1979) and 
Altmanová (1983). Recent relevés were published in our 
earlier study (Palaj and Kollár 2022). Plots were located 
using header data of historical relevés and, in some cases, 
by maps with relevé locations (Horák 1970). If the field con-
ditions did not correspond to the header data, we selected a 
site at a maximum distance of 50 m from the likely centre 
of the historical plot. Originally, we used a dataset of 45 his-
torical relevés, however, 26 of them could not be relocated 
due to insufficient information in the header data or natural 
conditions. Thus, only 19 historical relevés were included.

Data analysis

Collected data were stored in the TURBOVEG database 
(Hennekens and Schaminée 2001) and processed by JUICE 
software (Tichý 2002). Vascular plant names follow Mar-
hold and Hindák (1998), syntaxonomical classification is 

according to Jarolímek and Šibík (2008). Frequency and 
median non-zero cover of species, along with number of 
years between sampling, altitude, aspect and slope of the 
plots, is appended as supplementary data (SM_1.pdf). The 
assessment of vegetation changes was based on a pair com-
parison of 19 historical and 19 current relevés. Vegetation 
and site conditions of the study area within both mountain 
ranges are similar enough (Kliment and Valachovič 2007) 
to be analyzed together. We used relative cover change to 
assess the change in species composition with the special 
emphasis on diagnostic species of Nardetea strictae class 
(Jarolímek and Šibík 2008): Agrostis capillaris, Carex pilu-
lifera, Hypericum maculatum, Luzula luzuloides, Nardus 
stricta, Phleum rhaeticum, Potentilla aurea and Tromms-
dorffia uniflora. For calculation, we used the formula:

CCH = 100 - (CL/CH *100),
where CL represents species cover in the period in which 

it was lower; CH is species cover in the period in which 
it was higher. In the case of decline of cover, we added a 
minus sign to the resulting value. The overall shift in species 
composition was determined by the Redundancy Analysis 
(RDA) and we used sampling period as the only variable 
(historical/current relevé). Vegetation dynamics was evalu-
ated also on the base of species cover changes for individ-
ual life forms (Raunkiaer 1934) and ecological strategies 
(Grime 1979) classified according to the BiolFlor database 
(Klotz and Kühn 2002). The differences were tested by 
paired t-test. Changes in site conditions were estimated by 
comparison of recent and historical values of Shannon-Wie-
ner index and by species cover weighted means of Ellenberg 

Fig. 2  Average annual temperature in the period of 1970–2020 from Kasper peak and Chopok peak meteorological station with a 5 year moving 
average
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from 8.5 to 27.5% (t = -4.36; p-value < 0.001) (Fig.  5). 
The most expanding species were Vaccinium myrtillus, less 
also V. gaultherioides, V. vitis-idea and Calluna vulgaris. 
These are followed by some phanerophytes, such as Juni-
perus sibirica, Picea abies and Pinus mugo partly forming 
a low shrub layer. Increase in dwarf shrub cover more-
less corresponds to hemicryptophyte decreases (t = -4.37; 
p-value < 0.001). The hemicryptophyte decrease, which is 
related mainly to Nardus stricta, is partly compensated by 
expansion of some competitively strong graminoids, such 
as Calamagrostis villosa, Carex sempervirens, Deschamp-
sia cespitosa, Festuca picturata, Juncus trifidus and Luzula 
alpinopilosa ssp. obscura.

Values of Shannon-Wiener index increased signifi-
cantly from 1.7 to 2.1 and species richness of communi-
ties increased from 15.7 to 16.6, which is not a statistically 
significant change (Fig. 6). There is a clear trend of expan-
sion of some nutrient-demanding species (Athyrium disten-
tifolium, Bistorta major, Crepis mollis, Leontodon hispidus, 
Senecio nemorensis agg.), especially at lower altitudes. This, 
hand in hand with expansion of taller plants, is reflected in 
light-demanding species decrease (Carex atrata, C. nigra, 
Dianthus superbus ssp. alpestris, Luzula sudetica, Omalo-
theca supina, Phleum rhaeticum, Pseudorchis albida). On 
the other hand, indicator values for moisture, soil reaction 
and temperature show no significant changes.

Succession processes lead to a higher proportion of diag-
nostic species of other classes, as indicated by NMDS and 
bar chart (Figs. 7 and 8). We recorded a significant decrease 
in average cover of diagnostic species of Nardetea strictae 
class (from 58.5 to 28.8%; t = 7.0; p-value < 0.001), while 
those of Roso pendulinae-Pinetea (from 7.1 to 17.7%; t = 
-3.28; p-value = 0.004) and Loiseleurio-Vaccinietea (from 
7.9 to 26.2%; t = -4.26; p-value < 0.001) have expanded 
in the communities. The overall change in the cover of the 
diagnostic species of Caricetea curvulae was not evaluated 
as statistically significant (increase from 11.1 to 13.7%; t 
= -0.95; p-value = 0.357). Nevertheless, mixed-effect mod-
els indicate their expansion on the steeper slopes (t = 2.34; 
p-value = 0.026), to a lesser extent, their coverage is increas-
ing with increasing altitudes (t = 1.97; p-value = 0.054). 
On the contrary, lower altitudes seem to be expanded by 
diagnostic species of Roso pendulinae-Pinetea mugo class, 
especially by Avenella flexuosa, Calamagrostis villosa and 
Pinus mugo. However, this phenomenon is not statistically 
significant (t = -1.858; p-value = 0.073). The succession 
of most of the stands seems to lead to the communities of 
Loiseleurio-Vaccinietea class. On the other hand, expansion 
of dwarf shrubs seems to be indifferent to altitude, slope 
and aspect. Similar pattern is shown by some diagnostic 
species of Salicetea herbaceae class, especially by Festuca 
picturata, Gentiana punctata and Luzula alpinopilosa ssp. 

indicator values (EIVs) for light, temperature, moisture, 
soil reaction and nutrients (Ellenberg et al. 1992). Differ-
ences were tested by t-test. Finally, to estimate directions 
of succession processes, we performed Non-metric multidi-
mensional scaling ordination (NMDS) on log-transformed 
data using Bray-Curtis dissimilarity matrix. As supplemen-
tary variables we used cover of diagnostic species of other 
classes occurring in the study area, classified according to 
Jarolímek and Šibík (2008). Based on current and histori-
cal data (Horák 1970; Treskoňová 1972; Kremlová 1974; 
Turečková 1974; Dúbravcová 1976; Hrabovcová 1976; 
Pietorová 1977; Králik 1979; Altmanová 1983; Palaj and 
Kollár 2017, 2019), the following classes can be consid-
ered adjacent with Nardetea strictae stands in the study 
area: Betulo carpaticae-Alnetea viridis, Calluno-Ulicetea, 
Caricetea curvulae, Loiseleurio-Vaccinietea, Mulgedio-
Aconitetea, Roso pendulinae-Pinetea mugo, Salicetea her-
baceae and Vaccinio-Picetea. If the species was considered 
diagnostic for more classes, a higher fidelity was decisive. 
Changes in cover of diagnostic species of all classes were 
tested by t-test and presented by bar chart. Cover of diag-
nostic species of other classes was also used as a dependent 
variable in linear mixed-effect models (Bates et al. 2015). 
As fixed effects we used altitude, slope and to radians con-
verted aspect degrees, while a random effect included time. 
For all ordinations we employed R package vegan (Oksanen 
et al. 2020; RStudio Team 2022), plots were made using 
ggplot2 (Wickham 2016) and ggtern (Hamilton and Ferry 
2018) packages.

Results

Floristic composition significantly changed during recent 
decades. In most of the plots, decrease in cover of diagnos-
tic species of Nardetea strictae class was identified. The 
most noticeable cover decrease was recorded for Nardus 
stricta, whose cover decreased by almost 60% on average, 
while Agrostis capillaris and Carex pilulifera disappeared 
entirely. Other diagnostic species remained without signifi-
cant change. The shift in cover of the most common species 
is shown by Fig. 3.

Current state promotes competitively strong species with 
their high biomass productivity. Their coverage increased 
from 47 to 50%; t = -2.74; p-value = 0.010), while cover 
of R-selected species has decreased from 8.5 to 6.5% 
(Fig. 4). However, this change was not significant (t = 1.44; 
p-value = 0.167). Stress tolerators remain unchanged. These 
changes are reflected also in vegetation physiognomy, when 
succession processes are leading to the stands with taller 
plant species Expansion of dwarf shrubs is noticeable – their 
frequency increased by 12% and average cover increased 
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lower than 25%. Increase in species richness along with 
decrease in cover of Nardus stricta are also reported by 
Sebastiá (2004) from the south-eastern Pyrenees Mts, Velev 
and Apostolova (2008) from Central Balkan National Park 
and Parolo et al. (2011) from Bergamasque Alps.

Current (sub)alpine grasslands in the Western Carpath-
ians are formed by species of a wider ecological spectrum 
compared to the reference period. Higher proportion of spe-
cies of Caricetea curvulae class is typical here, since it is a 
neighbouring vegetation (Kliment 2007a, b). After grazing 
cessation, these species find their optimum mainly on the 
higher altitudes with steep relief exposed to constant and 
strong winds (Dúbravcová and Jarolímek 2007).

obscura. Diagnostic species of other classes remain without 
significant changes or have very low average cover in com-
munities in both time periods.

Discussion

Our results on enrichment of Nardus stricta grasslands with 
new species after the pasture abandonment comply with 
findings of other authors. This higher diversity is explained 
by negative correlation with coverage of Nardus stricta. 
As reported by Palaj and Kollár (2022), the richest in spe-
cies are the current grasslands with Nardus stricta coverage 

Fig. 3  The overall shift in species composition determined by the RDA. 
The ordination diagram shows only species with a frequency above 5% 
in both time periods. Out of the total number of 70 species, 44 are dis-
played. Abbrevations: Agr_rup – Agrostis rupestris, Ant_alp – Antho-
xanthum alpinum, Ave_fle – Avenella flexuosa, Ave_ver – Avenula ver-
sicolor, Bis_maj – Bistorta major, Cal_vil – Calamagrostis villosa, 
Cal_vul – Calluna vulgaris, Cam_alp – Campanula alpina, Cam_tat 
– Campanula tatrae, Car_big – Carex bigelowii, Car_sem – Carex 
sempervirens, Des_ces – Deschampsia cespitosa, Fes_pic – Festuca 
picturata, Fes_sup – Festuca supina, Gen_asc – Gentiana asclepia-
dea, Gen_pun – Gentiana punctata, Hie_alp – Hieracium alpinum, 
Hie_spe – Hieracium sp., Hom_alp – Homogyne alpina, Hyp_mac – 

Hypericum maculatum, Jun_tri – Juncus trifidus, Jun_sib – Juniperus 
sibirica, Lig_mut – Ligusticum mutellina, Luz_alp – Luzula alpino-
pilosa ssp. obscura, Luz_luz – Luzula luzuloides, Luz_sud – Luzula 
sudetica, Nar_str – Nardus stricta, Oma_nor – Omalotheca norvegica, 
Ore_mon – Oreogeum montanum, Phl_rha – Phleum rhaeticum, Pin_
mug – Pinus mugo, Pot_aur – Potentilla aurea, Pse_alb – Pseudorchis 
albida, Pul_sch – Pulsatilla scherfelii, Ran_pse – Ranunculus pseu-
domontanus, Sem_mon – Sempervivum montanum, Sen_abr – Senecio 
abrotanifolius, Sen_inc – Senecio incanus ssp. carniolicus, Sol_car – 
Soldanella carpatica, Sol_vir – Solidago virgaurea ssp. minuta, Tro_
uni – Trommsdorffia uniflora, Vac_gau – Vaccinium gaultherioides, 
Vac_myr – Vaccinium myrtillus, Vac_vit – Vaccinium vitis-idea
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Due to the expansion of forest and shrub vegetation, the 
area of grasslands has decreased by 22% in the Tatra part of 
the study area over the last 50 years (Palaj and Kollár 2021). 
Higher proportion of species of Loiseleurio-Vaccinietea 
in current vegetation formed after grazing cessation com-
plies with findings of numerous authors across the Euro-
pean mountains (Meshinev et al. 2000; Witkowska-Żuk and 
Ciurzycki 2000; Tasser and Tappeiner 2002; Erschbamer 
et al. 2003; Grigoriu and Alda 2004; Velev and Apostolova 
2008; Parolo et al. 2011; Korzeniak 2016). Same trend was 
found also for less intensively used pastures (Bensettiti et 
al. 2005). It is necessary to emphasize that climate change 
has a similar impact on the expansion of dwarf shrubs (and 
also other shifts in species composition) as grazing cessa-
tion (Pauli et al. 2012) and these drivers operate in synergy 
and in a complex way (Kobiv 2017). Air pollution can play 
some role, too. For example, in Western Tatras, annual 

At lower altitudes, their expansion is limited by a compe-
tition for light with taller species (Korzeniak 2016), which 
are able to utilize the nutrients from accumulated biomass 
(Dupré et al. 2010). Therefore, due to the easier nutrient 
availability at lower altitudes, Nardus stricta grasslands are 
modified mainly by less oligotrophic species (Erschbamer 
et al. 2003; Kurtogullari et al. 2020), whose frequencies and 
cover are declining with rising altitudes (Parolo et al. 2011). 
The marginal parts of pastures along the timber line are the 
most susceptible to such changes, where the proportion of 
oligotrophic species was highest in the past due to the rela-
tively less depositions of livestock urinary and excrements 
(Skarpe and Hester 2008). Mainly at lower altitudes, graz-
ing cessation is followed by an expansion of woody plants 
(Švajda et al. 2011; Palaj and Kollár 2021), since these are 
no longer blocked by browsing and trampling (Puccio et al. 
2007; Skarpe and Hester 2008).

Fig. 5  Comparison of historical and recent average abundance of hemicryptophytes (t = 4.37; p-value < 0.001) and chamaephytes (t = -4.36; 
p-value < 0.001). Changes in other life forms were not statistically significant

 

Fig. 4  Relative proportion (%) of C-, S- and R-selection for 19 historical and 19 recent relevés. The changes are characterized by a statistically 
significant increase in C-selected species (t = -2.60; p-value = 0.018)
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reason of the decrease in the light-demanding species in the 
(sub)alpine Nardus grasslands. After the grazing cessation, 
light becomes a limiting factor (Borer et al. 2014; Gavrich-
kova et al. 2022), and change in the vegetation structure 
can lead to the local extinction of lower and competitively 
weaker species (Oksanen 1990; Alm and Often 1997).

deposition of sulphur was estimated to reach 11 kg/ha and 
nitrogen 12  kg/ha, what can lead to soil acidification or 
eutrophication (Halada et al. 2009).

Another particular phenomenon is, regardless of site con-
ditions and floristic composition changes, the accumulation 
of biomass, which no longer has a consumer. This, together 
with the subsequent expansion of taller species can be a 

Fig. 7  NMDS ordination diagram using abundances of diagnostic spe-
cies of Nardetea strictae and other classes occurring in the study area 
as supplementary variables. Only classes whose diagnostic species 

have a high average abundance (more than 7% in both time periods) 
are shown. Historical relevés are marked with the site number, whereas 
recent relevés correspond to arrow heads

 

Fig. 6  Comparison of historical and recent indicator values and 
diversity parameters. Changes in Shannon-Wiener index (t = 3.02; 
p-value = 0.007), Ellenberg indicator values for light (t = 5.70; 

p-value < 0.001) and nutrient (t = -3.92; p-value = 0.001) values were 
evaluated as statistically significant
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