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Abstract

Traditional haymaking has created exceptionally high levels of plant species diversity in semi-natural grasslands of
the Carpathian Mountains (Romania), the maintenance of which is jeopardized by recent abandonment and
subsequent vegetation succession. We tested the hypothesis that the different life history strategies of dominant
grasses cause different patterns of diversity loss after abandonment of traditional haymaking in two types of meadow.
Although diversity loss rate was not significantly different, the mechanism of loss depended on the life history of
dominant species. In meadows co-dominated by competitive stress-tolerant ruderals, diversity loss occurred following
the suppression of dominant grasses by tall forbs, whereas in meadows dominated by a stress-tolerant competitor,
diversity loss resulted from increased abundance and biomass of the dominant grass. We conclude that
management for species conservation in abandoned grasslands should manipulate the functional turnover in
communities where the dominant species is a weaker competitor, and abundance and biomass of dominant species
in communities where the dominant species is the stronger competitor.
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Introduction

Traditional landscapes are currently becoming a focus of
biodiversity conservation efforts [1]. Among them,
anthropogenic temperate grasslands attain global plant species
maxima at scales ≤50 m2 [2]. Such high levels of diversity
evolved during extended periods of traditional small-scale
farming practices, but have been lost over the last century in
most of Europe because of major socio-economic changes and
unsustainable land use policies and practices. In the
Carpathian Mountains of Eastern Europe, abandonment of
traditional land use is rather recent, and abandoned grasslands
are only now reverting to forests after a long period of arrested
succession [3,4]. Much research effort is being focused on
understanding the reasons for the high vascular plant diversity
in traditionally managed meadows and the major species loss
following abandonment [5]. Studies in various habitat types
have shown that the identity of dominant species is critical to
species diversity [6], compositional stability [7] and ecosystem
functions [8]. The identity of dominant species may affect
species establishment [6], species loss [9] and compensation
for loss [10]. Moreover, the relative dominance of a single

species may have higher impact on ecosystem functions than
the community diversity itself (“mass ratio” versus “species
diversity” hypotheses [8,11]). In spite of our growing knowledge
of these processes, the effects of dominant species on diversity
loss from these extremely diverse, now abandoned meadows,
has received little study [12].

In empirical studies it is difficult to separate the effects of
dominant species on diversity from that of external conditions,
because dominance itself is a reflection of the environment and
disturbance events [13,14]. Consequently, when subjected to
similar disturbance regimes such as mowing, the diversity of
two mature plant communities should diverge depending on the
identity and abundance of the dominant species [12] and
abiotic conditions [15] (but see 16,17 for the importance of
regional species pools and land use history).

It is widely acknowledged that mowing increases levels of
plant species diversity [5] by altering the balance of
competition-colonization processes [13,14,18], niche overlap
[19] and abiotic conditions [20]. Nevertheless, very little
research has focused on the differences in species diversity
induced in mowed grasslands by functionally different dominant
species [21]. Conversely, cessation of mowing reverses the
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processes that cause high diversity and leads to species
decline [22]. Usually, it is the gradually decreasing evenness of
species in communities that increases the extinction risk [23].
Nonetheless, if the dominant species of two mature
communities belong to different functional groups, unequal
shifts in dominance and species loss rate can be expected.

Here we report the results of a study carried out in two types
of hay meadow in the Carpathian Mountains. One is co-
dominated by either Festuca rubra or F. nigrescens with
Agrostis capillaris (Fescue meadows) and the other is
dominated by Brachypodium pinnatum (Tor Grass meadows).
These species are functionally different because Festuca spp.
and A. capillaris develop small tussocks and thin stolons,
whereas Brachypodium pinnatum develops only extravaginal
tillers and strong belowground stolons [24]. According to
Grime’s [13,24] classification of established life history
strategies, Festuca spp. and A. capillaris are competitive
stress-tolerant ruderals (CSR), whereas Brachypodium
pinnatum is a stress-tolerant competitor (CS). Therefore we
tested the following hypotheses: 1. Species diversity will
decline in abandoned meadows regardless of meadow type,
because the species-rich state had been previously created
and maintained by mowing. 2. The abundance of dominant
grasses will increase less (or will decrease) in Fescue- than
Tor Grass meadows following abandonment because Festuca
spp. and Agrostis capillaris are weaker competitors than
Brachypodium pinnatum. 3. Because Festuca spp. and
Agrostis capillaris are weaker competitors, diversity loss
following abandonment will be significantly slower in Fescue-
than Tor Grass meadows. As a secondary objective, we tested
whether abiotic conditions will lead to a higher variability of
diversity patterns that would be generated by abandonment
and meadow type alone.

The life history strategy of dominant species was an
important driver of species depletion in the studied abandoned
hay meadows. This confirms the deterministic nature of
species loss and carries implications for managers of traditional
agricultural landscapes.

Methods

Ethics statement
Our study was carried out entirely on private lands. We

sampled the vegetation on several different farms, where
landowners of these traditionally managed grasslands were at
ease with giving permission to work. On a few occasions we
did encounter red listed species, but there is no formal
mechanism in Romania for getting permission to study such
species outside protected areas. However, our study was
purely observational and nondestructive, so when we did
encounter rare species they were merely recorded along with
all other species in plots. In addition, in all sites at some time
during the growing season the farmers used to mow these
grasslands (along with the rare species), which is a part of the
long-term management practices that have occurred in these
areas.

Site description
The study was conducted in the Ciucului Mountains of the

Southeastern Carpathians (46°41’ N, 25°94’ E), in the historic
province of Transylvania in Romania, at altitudes between
749–1328 m (Figure 1). The climate is boreal-mountainous and
average total annual precipitation ranges between 580–1200
mm. Hay meadows are a dominant landscape feature, and
there is high variation of land use and topoclimatic conditions in
the area. Meadows are traditionally mown by hand using a
scythe. Sheep may temporarily graze the meadows at least
once a year (mostly in autumn). The steep foothills were
probably terraced in the Middle Ages as in other areas of
Romania [25], and the process continued in the 18th century.
Terraces were ploughed until the second half of the 20th

century, when they were abandoned for hay making. Since the
breakdown of socialist land use policies in the late 1980s, large
grassland areas including terrace slopes have been
abandoned, and large parts of the landscape currently
experience secondary succession [3]. The time since
abandonment in the studied plots was between one and five
years based on interviews with land-owners and on tree ring
counts.

Dominant species
Festuca spp. and A. capillaris are much weaker competitors

than B. pinnatum, because B. pinnatum has a competitive
index (calculated from differences in height, growth form and
yearly accumulation of litter) of 7-7.5, while the other three
species each have a competitive index of 3.5 [24,26]. Festuca

Figure 1.  Map of the research area in the Carpathian
Mountains (46°41’ N, 25°94’ E).  The left panel indicates the
geographic position of the five sampling sites within the
Carpathian Mountains in Romania, Eastern Europe. The right
panel shows the approximate area sampled at each site.
Legend: 1 – Somlyó/ Șumuleu (SOM), 2 – Csomortán/ Șoimeni
(CSOM), 3 – Kolos/Kolos (KOL), 4 – Pogányhavas/Muntele
Păgân (POG), 5 – Jávárdi/Iavardi (JÁV).
doi: 10.1371/journal.pone.0073533.g001
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 spp. and A. capillaris have wider ecological tolerance than B.
pinnatum, but B. pinnatum is more successful than Festuca
spp. in drier conditions [27]. Both Fescue- and Tor Grass
meadows are widespread in hill and mountain areas of the
Carpathian Basin, and develop mature equilibrial structure
maintained by traditional management. In the Carpathian
Mountains, Tor Grass meadows are less common at high
elevations than on foothills and naturally occur at forest-
grassland ecotones and following clear-cutting of forest. These
Tor Grass meadows are gradually replaced by Fescue
meadows under mowing. When managed, both meadow types
have high levels of diversity and consequently are protected in
Europe [28]. The nomenclature of species follows [29].

Sampling procedure
Because abandonment was not studied experimentally, we

conducted interviews with land-owners and a posteriori
statistical analyses to detect site-specific reasons for
abandonment. Generally, abandonment at the studied sites
appeared to be driven by random factors which perhaps related
to farmer’s individual choices rather than to distance from the
villages, hay quality or site ecological conditions (unpublished
results).

Five sites were chosen to account for the high topographic
variability of the study area: two lower elevation (749-818 m)
sites, (Somlyó/Șumuleu (SOM), Csomortán/Șoimeni (CSOM)),
and three at higher (942-1328 m) elevations, Kolos/Kolos
(KOL), Jávárdi/Iavardi (JÁV) and Pogányhavas/Muntele Păgân
(POG) (Figure 1). We wished to sample combinations of two
types of land use (mown and abandoned) and two dominant
species (Fescue meadows and Tor Grass meadows), but
because all four combinations did not occur at every site, four
sites were chosen to represent each dominant grass: SOM,
KOL, JÁV and POG for Fescue meadows, and SOM, KOL,
JÁV, CSOM for Tor Grass meadows. Each site had both mown
and abandoned meadows, except JÁV where all Tor Grass
meadows were abandoned. Low elevation Tor Grass meadows
were situated exclusively on terraced foothills, where terraces
were mown and terrace slopes were previously mown, now
abandoned. To account for environmental heterogeneity within
each meadow type, the available combinations were
subsampled with 4 to 13, randomly placed 1 m2 subplots,
totaling 128 subplots. The percentage cover of each vascular
plant species and of total vegetation was estimated visually in
each subplot. Geographic coordinates, elevation, slope angle
and aspect were extracted from GPS records and topographic
maps (Vegetation data are provided in Table S1).

Data analysis
Species diversity was measured as species richness

(number of species / 1m2 subplot) and species evenness (Evar

[30]). Potential direct incident solar radiation (PDIR) and heat
load (HL) were computed from slope angle, aspect and
geographical coordinates, following [31]. A two-way Analysis of
Variance (ANOVA) was used to obtain mean differences in
diversity estimates between the four combinations of land use
and dominant species (i.e., meadow types) (procglm in SAS
9.2 [32]). The dataset was slightly unbalanced because of

missing mown Tor Grass meadows in one locality (JÁV) and
because two sites had either only Fescue (POG) or Tor Grass
(CSOM) meadows, and consequently in this first exercise we
followed a complete randomized design in which sites were
used as replicates instead of blocks. Land use and dominant
species were used as fixed effects, and replicates were
introduced as random effects to control for variability among
sites. Residuals were checked for normality (Kolmogorov-
Smirnov test) and homoscedasticity (Bartlett test). Subsequent
pairwise comparisons were performed using Bonferroni-
corrected t-tests. The model was compared with an Analysis of
Covariance (ANCOVA) to factor out existing differences due to
abiotic site conditions. In addition to elevation, one of the
following topoclimatic parameters: slope, potential direct
incident solar radiation (PDIR) or heat load (HL) was chosen
based on the strongest linear relationship with the dependent
variables. Because HL was highly correlated with PDIR
(Pearson’s ρ=0.820, p<0.001), this variable was abandoned in
subsequent analyses. The relationships between species
richness and species evenness were analyzed for both
meadow types using Pearson correlations.

To evaluate whether abandonment differentially affected
abundance of the two dominant species, a one-way ANOVA
was conducted on each meadow type separately, following a
randomized complete block design. First, percentage cover of
dominant species was standardized by total vegetation cover
within a plot. The relative cover resulted was used as a
dependent variable, land use as fixed effect, and four (Fescue)
and three (Tor Grass) sites were used as blocks. Residuals
were checked for normality and homoscedasticity and
transformation of the percentage cover values was not
required. For Fescue meadows, the abundance of the
codominant A. capillaris was added to the abundance of
Festuca spp. to compute the final cover values of dominant
species. Subsequent pairwise comparisons were performed
using Bonferroni-corrected t-tests. To factor out confounding
effects of the environment, the abiotic parameters were
included as covariates in additional ANCOVAs, similarly to the
first test.

To investigate how abundance of the two species impacted
diversity relative to abiotic factors, partial regressions were
produced separately for each meadow type (partial statement,
multiple linear regression models, SAS; NFescue=67, NTor

Grass=52). The partial regressions were built using residuals of
diversity estimates and of dominant species relative cover.
Residuals of diversity estimates were saved from a full multiple
linear regression model where the relative cover was omitted
and explanatory variables were elevation, PDIR and slope.
Residuals of dominant relative cover were saved from a
second full model where the dominant relative cover was
regressed on the remaining regressors.

Results

Effect of abandonment and meadow type on diversity
There was a significantly lower species richness in

abandoned than mown meadows (29.6±1.9 vs. 36.6±1.9
species, p=0.023) and a marginally significant higher species
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richness in Fescue- than Tor Grass meadows (35.4±1.8 vs.
30.8±1.9 species [means ±1SE], p=0.109) (ANOVA,
F[14,113,0.05]=9.53, pmodel<0.001). Elevation had a significant effect
on species richness, with 36.2±0.7 species in high elevation-,
and 28.0±1.3 species in low-elevation meadows (means ±1SE;
p=0.051, F[16,111,0.05]=8.73, p<0.001. There was a marginal
interaction of PDIR with replicates (sites), with low elevation
abandoned Tor Grass meadows (terrace slopes) having higher
PDIR and lower richness (19.6±1.2) than their mowed Tor
Grass counterparts on terraces (33.0±2.1) (means ±1SE;
p=0.102, ANCOVA). Slope on its own had no significant effect
on species richness (p<0.392) (ANCOVA, F[15,112,0.05]=9.19,
pmodel<0.001). Due to a significant variation of species richness
across sites (p<0.001) (Figure 2A,B), no significant land use ×
meadow type interaction was detected in either the ANOVA or
ANCOVA model (p>0.270). Despite this non-significant result,
species richness in abandoned versus mowed meadows was
lower with an average of only 4.6 species/m2 (12.0%) in
Fescue meadows, compared to 8.9 species/m2 (26.9%) in Tor
Grass meadows (ANCOVA-corrected means).

Only meadow type had a significant effect on species
evenness (pmeadow type=0.021, pland use=0.445), with slightly higher
values in Fescue- than Tor Grass meadows (0.27±0.007 vs.
0.24±0.008) (means ±1SE) (ANOVA, F[14,113,0.05]=2.36, pmodel

=0.007). There was no significant interaction of abiotic
variables with either (i) site (p>0.270, ANCOVA) or (ii) species
evenness (p>0.121) (ANCOVA, F[16,111,0.05]>2.18, pmodel<0.05).
Due to a significant variation of evenness across sites
(p<0.048) (Figure 2C,D), no land use × meadow type
interaction was detected in either the ANOVA or ANCOVA
model (p>0.467) (The SAS code and detailed results for this
section are provided in Material S1).

The relationship of species richness to species evenness
was positive and significant only in Tor Grass meadows
(Pearson’s r=0.190, p=0.123 in Fescue-, and r=0.569, p<0.01
in Tor Grass meadows).

Effect of abandonment on dominant species cover
The summed relative cover of Festuca spp. with A. capillaris,

and of B. pinnatum was not significantly different in abandoned
versus mown plots (36.8%±4.9 vs. 47.6%±4.5, p=0.207 and
49.9%±7.2 vs. 33.6%±6.9[means ±1SE], p=0.245 respectively)
(ANOVA, FFescue[7, 59, 0.05]=3.08, pmodel=0.008; FTor Grass[5, 46,

0.05]=4.51, pmodel=0.002). The differences were dampened by
land use × site interactions in both meadows (pFescue=0.100, pTor

Grass=0.053) (Figure 2E,F). In Fescue meadows there was a
combined interaction of elevation and slope with sites
(p<0.087), high-elevation meadows having steeper slopes and
lower dominant grass cover than lower elevation meadows
(means ±1SE = 38.9±2.6 vs. 55.5±4.6). No significant
interaction of either abiotic parameter with site existed in Tor
Grass meadows (p>0.321). Neither elevation, PDIR or slope on
their own had an effect on the relative cover of the dominant
grass in either land use model (p>0.335) (ANCOVA FFescue[8, 58,

0.05]<3.91, pmodel<0.05; FTor Grass[6, 45, 0.05]<2.67, pmodel<0.05) (The
SAS code and detailed results for this section are provided in
Material S2).

The relative cover of dominant grasses averaged over
mowed and abandoned meadows was similar in the two
meadow types (mean ±1SE=41.6%±2.4 in Fescue-, and 39.5%
±3.0 in Tor Grass meadows).

Effect of dominant species cover on diversity
After accounting for the effect of environmental parameters

(elevation, slope, PDIR), the relative cover of Festuca spp. with
A. capillaris had a weak positive effect, and B. pinnatum
relative cover had a stronger negative effect on species
richness (Figure 3A,B). In Fescue meadows, dominant grass
relative cover had no effect on species evenness (Figure 3C),
whereas in Tor Grass meadows the relationship was negative
and significant (Figure 3D).

Discussion

The mountain hay meadows in the Carpathian Mountains are
a highly diverse anthropogenic grassland ecosystem that is
threatened by cessation of traditional management. Averaging
40.5 plant species/m2 at local (site) level and reaching 50
species/m2 (likely even more following additional surveys in
spring), these hay meadows are among the most diverse semi-
natural grasslands in Europe, which average 40.4 species/m2

and have up to 79 species/m2 [2 and references therein]. Long-
term moderate disturbance (mowing and seasonal light
grazing) has caused convergent and high levels of diversity in
both Fescue and Tor Grass meadows. The cause of species
depletion following abandonment is strongly dependent on the
life history strategy of the dominant species, which confirms the
deterministic nature of species loss [9]. In meadows co-
dominated by the CSR strategists and weaker competitors,
Festuca spp. and A. capillaris, diversity loss occurs because
the dominant grasses are suppressed by forbs such as
Laserpitium latifolium and Trollius europaeus. In meadows
dominated by the CS strategist and stronger competitor B.
pinnatum, diversity loss results from increased abundance and
biomass of dominant species.

Effect of abandonment on diversity
Our results support hypothesis 1 i.e, species diversity

declined in abandoned meadows regardless of meadow type.
Following only one to five years of abandonment, grassland
diversity declined by 12 and 27% in Fescue- and Tor Grass
meadows respectively, which is a worrying loss. Similar
depletion rates were reported from other previously mown and
abandoned grasslands (e.g. 21-57% loss in 10-20 years [33]).
Although we expected that species loss would be driven by
decreasing evenness as in most abandoned meadows [23], the
significant driver of evenness patterns was the meadow type,
and not abandonment. With a similar overall abundance of
dominant grasses in the two meadows, a lower evenness in
Tor Grass meadows may be explained by the fewer and less
abundant species, which is an intrinsic feature of this plant
community. The slight decrease of evenness following
abandonment was caused by increasing abundance of B.
pinnatum in Tor Grass meadows and increased cover of a few
tall forb species in both meadows (e.g. Laserpitium latifolium,
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Figure 2.  Mean (± 1SE) species diversity and dominant grass relative cover in combinations of meadow types and land
use regimes.  Diversity is measured as species richness (top panels) and species evenness (middle panels). Significant differences
(ANOVA, post-hoc Bonferroni-corrected pairwise t tests; p<0.05) between mown and abandoned meadows are marked with an
asterisk. Low elevation sites are shown in black. Abbreviations: SOM – Somlyó/ Șumuleu, CSOM – Csomortán/ Șoimeni, KOL –
Kolos/Kolos, POG – Pogányhavas/Muntele Păgân, JÁV – Jávárdi/Iavardi.
doi: 10.1371/journal.pone.0073533.g002
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Trollius europaeus, Salvia pratensis, Chrysanthemum
corymbosum, Betonica officinalis), a pattern often reported in
early stages of abandonment [34]. Species depletion from
abandoned meadows is to be expected because mowing
prevented the expression of competitive dominants and
maintained the grasslands in a relatively stable species-rich
state. With abandonment there is a reversion towards a
species-poorer mixed temperate forest, a cycle often seen in
periodically perturbed ecosystems [35]. Bushes of Salix
triandra and saplings of Populus tremula and Picea abies were
common in our abandoned meadows, and young poplar stands
can dominate the meadows very quickly (pers. obs.).
Nonetheless, over a short abandonment period a general
decrease of diversity is not necessarily accompanied by a
declining number of species having a high conservation value.
In Fescue grasslands for example, a similar number of red-
listed species were found under both management regimes,
and some of the species were unique to abandoned meadows
(unpublished results).

Effect of abandonment on dominant species cover
Our results support hypothesis 2 i.e, the abundance of

dominant grasses increase less or even decrease in meadows
dominated by weaker competitors, because the weak
competitors Festuca spp. and A. capillaris had lower cover,
whereas the stronger competitor B. pinnatum had higher cover
in abandoned compared to mowed meadows.

When mown, all studied species lose significant above- and
belowground biomass [36,37]. However, Festuca spp. and A.
capillaris are more resistant to defoliation [38], can develop
compensatory growth responses to clipping [39] and
disturbance can enhance their recruitment [40], making them
good mowing indicators [41]. However, despite a high clonal
mobility, F. rubra is sensitive to shading and the identity of its
neighbors [42] and is disadvantaged when overgrown by a
herbaceous canopy. Therefore, in abandoned meadows where
light becomes limiting, Festuca spp. is vulnerable to
displacement.

Figure 3.  The relationship of dominant grass cover to species diversity.  Partial regressions of the dominant grass relative
cover and species richness (top panels) and species evenness (bottom panels) in two meadow types, after accounting for the effect
of abiotic variables.
doi: 10.1371/journal.pone.0073533.g003
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In contrast, B. pinnatum is larger than Festuca spp. and A.
capillaris and consequently is more vulnerable to nitrogen and
carbohydrate loss when mown. This is critical for regeneration
of species with underground rhizomes and stolons after
mowing because taller species are affected more than shorter
species [21,39]. Indeed, Pons et al. [43] and Bobbink and
Willems [44] showed that leaf nitrogen is concentrated in the
upper part of a B. pinnatum canopy and nitrogen loss is the
main cause of the species’ decline when mown. Following
cessation of mowing, B. pinnatum increased cover probably as
a response to release from mowing suppression, and due to its
ability to regenerate from belowground structures [36].
However, there were no overall significant quantitative changes
in abundance of either of the dominant grasses, presumably
because of the short time since abandonment.

Effect of dominant species on diversity
Hypothesis 3 is rejected because diversity loss following

abandonment was not significantly lower in meadows
dominated by the weaker competitors Festuca spp. and A.
capillaris. Although the decline of species richness and
evenness in Fescue meadows was, on average, less than in
Tor Grass meadows following abandonment, differences were
not significant because of high landscape-level variability of
diversity patterns in both meadow types.

However, opposite effects of abandonment on dominant
grass abundance triggered different mechanisms of species
loss. In mowed Fescue meadows, reduced competition and
lower niche overlap increased species richness while at the
same time enhanced vegetative propagation and seedling
recruitment of dominant species [19,40,42]. Following
abandonment, increasing competition for light reversed the
relative importance of these mechanisms and caused both
species richness and dominant species cover to decline.
Evenness did not decrease substantially because dominant
grasses were overtopped by a few stronger competitive forbs
(e.g. Trollius europaeus). Such a rapid turnover of functional
groups is specific to species-rich communities with even
dominance distributions [45] and in our system seems to be
dependent upon management regime (i.e., mowing or
abandonment). Consequently, in Fescue meadows the effect of
dominant grasses on species loss following abandonment
appears to be very weak. Not surprisingly, species richness is
independent of species evenness.

In contrast, abandoned Tor Grass meadows lost more
species than Fescue meadows at all sites. The difference may
partly be attributed to higher B. pinnatum cover, which concurs
with current evidence on compositional instability of abandoned
Tor Grass meadows [36]. The causes of the negative impact of
B. pinnatum on diversity may include its high competitive
superiority and ability to slow down species turnover [46,47].
However, the abundance of B. pinnatum generally increased
very little with abandonment, and other factors such as copious
litter accumulation (pers. obs.) might have had a stronger
negative impact on diversity [46]. As expected, the lower
species richness of Tor Grass meadows was related to
reduced community evenness, similarly to other dominant
species [23]. Consequently, abundance and biomass of B.

pinnatum are critical to species loss from Tor Grass meadows
following abandonment. Such fundamental differences among
dominant species may be important to conservation managers,
having the potential to predict the resistance or resilience of
local communities to diversity loss following abandonment
[45,48].

Effect of environment on diversity
Abiotic conditions added high variability to the expected

diversity patterns. Species richness, evenness and dominant
species relative cover were all affected by significant
interactions with sites. Elevation had positive effect on species
richness with, for example, more endemic species added to the
regional pool. The Eastern Carpathian Mountains is a region of
high endemism [49] and most of these endemic species occur
in high elevation grasslands. Likewise, climate-driven
geographic distributions augmented diversity of other high
elevation grasslands such as those in the Appalachian
Mountains [50]. In addition, in high elevation Fescue meadows
on steeper slopes, dominant grasses had lower cover and all
other species higher cover than at low elevations. The effect of
slope angle is probably confounding with the distribution of
management regimes. Low elevation, less steep meadows are
close to human settlements and have probably been subjected
to a more intensive mowing regime, which is known to increase
Festuca spp. abundance and decrease diversity [41].
Therefore, moderate management regimes of high elevation
meadows are better alternatives of land use practices in terms
of plant diversity [51].

High solar radiation in abandoned Tor Grass meadows on
terrace slopes was related to decreased levels of diversity. This
effect often occurs under low moisture conditions on steep
slopes associated with high solar radiation [52]. In abandoned
meadows subjected to drought conditions, subordinate species
have first to pass through abiotic filters, and then compete with
dominant species for nutrients or space [53], which strongly
reduced diversity in our system. However, terrace slopes
allowed rare stress tolerators with low competitive ability (e.g.
Aster amellus, Linum hirsutum) to persist within the abandoned
grasslands. Consequently, despite producing lower local
diversity, particular topographic conditions may increase the
landscape-level species pool of hay meadows and are valuable
for conservation [54].

Conclusions

In abandoned hay meadows of the Carpathian Mountains,
the life history strategy of the dominant species is an important
driver of species loss. This result is critical for conservation and
for land managers of traditional agricultural landscapes. In
communities dominated by weak competitive grasses,
maintaining high plant diversity is not achieved by manipulating
dominant grass cover, but rather, by preventing species-poor
assemblages of tall forbs from becoming dominant on the long
run. In contrast, in communities dominated by competitive
grasses, manipulation of dominant species’ abundance and
biomass are both crucial to the maintenance of high diversity.
Despite a significant loss of plant diversity, short-term
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abandonment episodes may not be entirely detrimental to the
grassland ecosystems and benefits to rare plant preservation
or invertebrate communities (as in [55]) should be more closely
examined. In addition, high landscape-level heterogeneity may
produce site-specific diversity patterns in both types of
grasslands, which highlights the complexity of factors that
modulate coexistence processes at a regional scale and the
need to adjust the management practices accordingly.

Supporting Information

Material S1.  SAS code and table of results for the ANOVA
and ANCOVA models testing for the effect of
abandonment and meadow type on diversity in the
Carpathian Mountains.
(DOCX)

Material S2.  SAS code and table of results for the ANOVA
and ANCOVA models testing for the effect of
abandonment on dominant species cover in two types of
meadow in the Carpathian Mountains.

(DOCX)

Table S1.  Vegetation data in 1 m2 subplots sampled in two
different types of meadow under mowing and
abandonment in the Carpathian Mountains.
(XLS)

Acknowledgements

We thank Valérie Lemay, Abdul-Azim Zumrawi and Tony
Kozak for help with research methodology and data analysis,
and Bill Harrower, Zsolt Molnár and Eszter Ruprecht for
discussions. Field assistants were Alpár Kelemen and
Gabriella Péter. We are grateful to the two reviewers whose
comments have considerably helped us improve this
manuscript.

Author Contributions

Conceived and designed the experiments: AMC LD. Performed
the experiments: AMC LD. Analyzed the data: AMC RT.
Contributed reagents/materials/analysis tools: RT. Wrote the
manuscript: AMC RT.

References

1. Cogălniceanu D, Cogălniceanu GC (2010) An enlarged European
Union challenges priority settings in conservation. Biodiv Conserv 19:
1471–1483. doi:10.1007/s10531-010-9777-1.

2. Wilson JB, Peet RK, Dengler J et al. (2012) Plant species richness: the
world records. J Veg Sci 23(4): 796–802. doi:10.1111/j.
1654-1103.2012.01400.x.

3. Taff GN, Müller D, Kuemmerle T, Ozdeneral E, Walsh SJ (2010)
Reforestation in Central and Eastern Europe after the breakdown of
socialism. In: H NagendraJ Southworth. Reforesting Landscapes:
Linking Pattern and Process. Landscape Series 10. Springer
Netherlands. pp 121–147.

4. Knowles B (2011) Mountain hay meadows: the Romanian context and
the effects of policy on High Nature Value farming. In: B Knowles.
Mountain Hay Meadows: Hotspots of Biodiversity and Traditional
Culture. London: Society of Biology. Available: http://
www.mountainhaymeadows.eu/online_publication/index.html.
Accessed 9 April 2013.

5. Hansson M, Fogerlfors H (2000) Management of a semi-natural
grassland; results from a 15-year-old experiment in southern Sweden. J
Veg Sci 11: 31–38. doi:10.2307/3236772.

6. Gilbert B, Turkington R, Diane S (2009) Dominant species and
diversity: linking relative abundance to controls of species
establishment. Am Nat 174: 850–862. doi:10.1086/647903. PubMed:
19832033.

7. Sasaki T, Lauenroth WK (2011) Dominant species, rather than
diversity, regulates temporal stability of plant communities. Oecologia
166: 761–768. doi:10.1007/s00442-011-1916-1. PubMed: 21279386.

8. Mokany K, Ash J, Roxburgh S (2008) Functional identity is more
important than diversity in influencing ecosystem processes in a
temperate native grassland. J Ecol 96: 884–893. doi:10.1111/j.
1365-2745.2008.01395.x.

9. Smith MD, Knapp AK (2003) Dominant species maintain ecosystem
function with non-random species loss. Ecol Lett 6: 509–517. doi:
10.1046/j.1461-0248.2003.00454.x.

10. McLaren JR, Turkington R (2011) Biomass compensation and plant
responses to 7 years of plant functional group removals. J Veg Sci 22:
503–515. doi:10.1111/j.1654-1103.2011.01263.x.

11. Grime JP (1998) Benefits of plant diversity to ecosystems: immediate,
filter and founder effects. J Ecol 86: 902–910. doi:10.1046/j.
1365-2745.1998.00306.x.

12. Hillebrand H, Bennett DM, Cadotte MW (2008) Consequences of
dominance: a review of evenness effects on local and regional
ecosystem processes. Ecology 89: 1510–1520. doi:10.1890/07-1053.1.
PubMed: 18589516.

13. Grime JP (1979) Plant Strategies, Vegetation Processes and
Ecosystem Properties. Chichester: Wiley & Sons. 456pp.

14. Tilman D (1988) Plant Strategies and the Dynamics and Structure of
Plant Communities. New Jersey: Princeton University Press. 360pp.

15. Klimešová J, Janeček Š, Bartušková A, Lanta V, Doležal J (2010) How
is regeneration of plants after mowing affected by shoot size in two
species-rich meadows with different water supply? Folia Geobot 45:
225–238. doi:10.1007/s12224-010-9066-5.

16. Zobel M, van der Maarel E, Dupré C (1998) Species pool: the concept,
its determination and significance for community restoration. Appl Veg
Sci 1: 55–66. doi:10.2307/1479085.

17. Cousins SAO (2009) Landscape history and soil properties affect
grassland decline and plant species richness in rural landscapes. Biol
Conserv 142: 2752–2758. doi:10.1016/j.biocon.2009.07.001.

18. Zobel M (1992) Plant species coexistence: the role of historical,
evolutionary and ecological factors. Oikos 65: 314–320. doi:
10.2307/3545024.

19. Mason N, de Bello F, Doležal J, Lepš J (2011) Niche overlap reveals
the effects of competition, disturbance and contrasting assembly
processes in experimental grassland communities. J Ecol 99: 788–796.
doi:10.1111/j.1365-2745.2011.01801.x.

20. Köhler B, Ryser P, Güsewell S, Gigon A (2001) Nutrient availability and
limitation in traditionally mown and in abandoned limestone grasslands:
a bioassay experiment. Plant Soil 230: 323–332. doi:10.1023/A:
1010335825818.

21. Klimeš L, Klimešová J (2002) The effects of mowing and fertilization on
carbohydrate reserves and regrowth of grasses: do they promote plant
coexistence in species-rich meadows? Evol Ecol 15: 363–382.

22. Jacquemyn H, Mechelen CV, Brys R, Honnay O (2011) Management
effects on the vegetation and soil seed bank of calcareous grasslands:
an 11-year experiment. Biol Conserv 144: 416–422. doi:10.1016/
j.biocon.2010.09.020.

23. Wilsey B, Polley H (2004) Realistically low species evenness does not
alter grassland species-richness-productivity relationships. Ecology 85:
2693–2700. doi:10.1890/04-0245.

24. Grime JP, Hodgson JG, Hunt R (1988) Comparative Plant Ecology. A
Functional Approach to Common British Species. London: Unwin
Hyman.: 748 p.

25. Cioacă A, Dinu MS (2010) Romanian Carpathian landscapes and
cultures. In: IP MartiniW Chesworth. Landscapes and Societies.
Netherlands: Springer Verlag. pp 257–269.

26. Grime JP (1973) Competitive exclusion in herbaceous vegetation.
Nature 242: 344-347. doi:10.1038/242344a0.

Diversity Loss in Abandoned Hay Meadows

PLOS ONE | www.plosone.org 8 August 2013 | Volume 8 | Issue 8 | e73533

http://dx.doi.org/10.1007/s10531-010-9777-1
http://dx.doi.org/10.1111/j.1654-1103.2012.01400.x
http://dx.doi.org/10.1111/j.1654-1103.2012.01400.x
http://www.mountainhaymeadows.eu/online_publication/index.html
http://www.mountainhaymeadows.eu/online_publication/index.html
http://dx.doi.org/10.2307/3236772
http://dx.doi.org/10.1086/647903
http://www.ncbi.nlm.nih.gov/pubmed/19832033
http://dx.doi.org/10.1007/s00442-011-1916-1
http://www.ncbi.nlm.nih.gov/pubmed/21279386
http://dx.doi.org/10.1111/j.1365-2745.2008.01395.x
http://dx.doi.org/10.1111/j.1365-2745.2008.01395.x
http://dx.doi.org/10.1046/j.1461-0248.2003.00454.x
http://dx.doi.org/10.1111/j.1654-1103.2011.01263.x
http://dx.doi.org/10.1046/j.1365-2745.1998.00306.x
http://dx.doi.org/10.1046/j.1365-2745.1998.00306.x
http://dx.doi.org/10.1890/07-1053.1
http://www.ncbi.nlm.nih.gov/pubmed/18589516
http://dx.doi.org/10.1007/s12224-010-9066-5
http://dx.doi.org/10.2307/1479085
http://dx.doi.org/10.1016/j.biocon.2009.07.001
http://dx.doi.org/10.2307/3545024
http://dx.doi.org/10.1111/j.1365-2745.2011.01801.x
http://dx.doi.org/10.1023/A:1010335825818
http://dx.doi.org/10.1023/A:1010335825818
http://dx.doi.org/10.1016/j.biocon.2010.09.020
http://dx.doi.org/10.1016/j.biocon.2010.09.020
http://dx.doi.org/10.1890/04-0245
http://dx.doi.org/10.1038/242344a0


27. Mitchley J (1988) Control of relative abundance of perennials in chalk
grassland in southern England. II. Vertical canopy structure. J Ecol 76:
341–350. doi:10.2307/2260597.

28. Gafta D, Muntford JO (editors) (2008) Manual de interpretare a
habitatelor Natura 2000 din România. Cluj-Napoca: Risoprint. 101 p.

29. Ciocîrlan V (2000) Flora Ilustrată a României. Pteridophyta et
Spermatophyta. Bucureşti : Editura Ceres. 1138 p.

30. Smith B, Wilson JB (1996) A consumer’s guide to evenness indices.
Oikos 76: 70–82. doi:10.2307/3545749.

31. McCune B, Keon D (2002) Equations for potential annual direct incident
radiation and heat load. J Veg Sci 13: 603–606. doi:10.1111/j.
1654-1103.2002.tb02087.x.

32. Institute Inc SAS. (2010) AS/STAT 9.22 User’s guide. – SAS Institute
Inc.

33. Losvik MH (1999) Plant species diversity in an old, traditionally
managed hay meadow compared to abandoned hay meadows in
southwest Norway. Nord J Bot 19: 473–487. doi:10.1111/j.
1756-1051.1999.tb01231.x.

34. Garnier E, Cortez J, Billès G (2004) Plant functional markers capture
ecosystem properties during secondary succession. Ecology 85: 2630–
2637. doi:10.1890/03-0799.

35. Niering W (1987) Vegetation dynamics (succession and climax) in
relation to plant community management. Conserv Biol 1: 287–295.
doi:10.1111/j.1523-1739.1987.tb00049.x.

36. Bobbink R, Willems JH (1987) Increasing dominance of Brachypodium
pinnatum (L.) Beauv. in chalk grasslands: a threat to a species-rich
ecosystem. Biol Conserv 40: 301– 314..

37. Medina-Roldán E, Bardgett RD (2011) Plant and soil responses to
defoliation: a comparative study of grass species with contrasting life
history strategies. Plant Soil 344: 377–388. doi:10.1007/
s11104-011-0756-4.

38. van der Graaf AJ, Stahl J, Bakker JP (2005) Compensatory growth of
Festuca rubra after grazing: can migratory herbivores increase their
own harvest during staging? Funct Ecol 19: 961–969. doi:10.1111/j.
1365-2435.2005.01056.x.

39. Berendse F, Elberse WT, Geerts RHME (1992) Competition and
nitrogen loss from plants in grassland ecosystems. Ecology 73: 46–53.
doi:10.2307/1938719.

40. Otsus M, Zobel M (2004) Moisture conditions and the presence of
bryophytes determine fescue species abundance in a dry calcareous
grassland. Oecologia 138: 293–299. doi:10.1007/s00442-003-1428-8.
PubMed: 14593527.

41. Huhta AP, Rautio P (1998) Evaluating the impacts of mowing: a case
study comparing managed and abandoned meadow patches. Ann Bot
Fenn 35: 85–99.

42. Herben T, Krahulec F, Hadincová V, Pecháčková S (1994) Is a
grassland community composed of coexisting species with low and
high spatial mobility? Folia Geobot 29: 459–468.

43. Pons T, van Rijnberk H, Scheurwater I, van der Werf A (1993)
Importance of the gradient in photosynthetically active radiation in a
vegetation stand for leaf nitrogen allocation in two monocotyledons.
Oecologia 95: 416–424. doi:10.1007/BF00320997.

44. Bobbink R, Willems JH (1991) Impact of different cutting regimes on
the performance of Brachypodium pinnatum in Dutch chalk grassland.
Biol Conserv 56: 1–21. doi:10.1016/0006-3207(91)90085-N.

45. Allan E, Weisser W, Weigelt A, Roscher C, Fischer M et al. (2011)
More diverse plant communities have higher functioning over time due
to turnover in complementary dominant species. Proc Natl Acad Sci U
S A 108: 17034–17039. doi:10.1073/pnas.1104015108. PubMed:
21949392.

46. Hurst A, John E (1999) The biotic and abiotic changes associated with
Brachypodium pinnatum dominance in chalk grassland in south-east
England. Biol Conserv 88: 75–84. doi:10.1016/
S0006-3207(98)00089-5.

47. Virágh K, Bartha S (2003) Species turnover as a function of vegetation
pattern. Tiscia 34: 47–56.

48. Klimeš L, Hájek M, Mundrák O, Dančák M, Preislerová Z et al. (2013)
Effects of changes in management on resistance and resilience in three
grassland communities. Appl Veg Sci. doi:10.1111/avsc.12032.

49. Pawłowski B (1970) Remarques sur l’endémisme dans la flore des
Alpes et des Carpates. Vegetatio 21: 181-243. doi:10.1007/
BF02269663.

50. White P, Miller R (1988) Topographic models of vascular plant richness
in the southern Appalachian high peaks. J Ecol 76: 192–199. doi:
10.2307/2260463.

51. Reitalu T, Johansson LJ, Sykes MT, Hall K, Prentice HC (2010) History
matters: village distances, grazing and grassland species diversity. J
Appl Ecol 47: 1216–1224. doi:10.1111/j.1365-2664.2010.01875.x.

52. Hoffmann MT, Midgley GF, Cowling RM (1994) Plant richness is
negatively related to energy availability in semi-arid Southern Africa.
Biodiv Lett 2: 35–38. doi:10.2307/2999666.

53. Tilman D (1990) Constraints and tradeoffs: toward a predictive theory
of competition and succession. Oikos 58: 3–15. doi:10.2307/3565355.

54. Pykälä J, Luoto M, Heikkinen RK, Kontula T (2005) Plant species
richness and persistence of rare plants in abandoned semi-natural
grasslands in northern Europe. Basic Appl Ecol 6: 25–33. doi:10.1016/
j.baae.2004.10.002.

55. Baur B, Cremene C, Groza G, Rakosy L, Schileyko AA et al. (2006)
Effects of abandonment of subalpine hay meadows on plant and
invertebrate diversity in Transylvania, Romania. Biol Conserv 132:
261-273. doi:10.1016/j.biocon.2006.04.018.

Diversity Loss in Abandoned Hay Meadows

PLOS ONE | www.plosone.org 9 August 2013 | Volume 8 | Issue 8 | e73533

http://dx.doi.org/10.2307/2260597
http://dx.doi.org/10.2307/3545749
http://dx.doi.org/10.1111/j.1654-1103.2002.tb02087.x
http://dx.doi.org/10.1111/j.1654-1103.2002.tb02087.x
http://dx.doi.org/10.1111/j.1756-1051.1999.tb01231.x
http://dx.doi.org/10.1111/j.1756-1051.1999.tb01231.x
http://dx.doi.org/10.1890/03-0799
http://dx.doi.org/10.1111/j.1523-1739.1987.tb00049.x
http://dx.doi.org/10.1007/s11104-011-0756-4
http://dx.doi.org/10.1007/s11104-011-0756-4
http://dx.doi.org/10.1111/j.1365-2435.2005.01056.x
http://dx.doi.org/10.1111/j.1365-2435.2005.01056.x
http://dx.doi.org/10.2307/1938719
http://dx.doi.org/10.1007/s00442-003-1428-8
http://www.ncbi.nlm.nih.gov/pubmed/14593527
http://dx.doi.org/10.1007/BF00320997
http://dx.doi.org/10.1016/0006-3207(91)90085-N
http://dx.doi.org/10.1073/pnas.1104015108
http://www.ncbi.nlm.nih.gov/pubmed/21949392
http://dx.doi.org/10.1016/S0006-3207(98)00089-5
http://dx.doi.org/10.1016/S0006-3207(98)00089-5
http://dx.doi.org/10.1111/avsc.12032
http://dx.doi.org/10.1007/BF02269663
http://dx.doi.org/10.1007/BF02269663
http://dx.doi.org/10.2307/2260463
http://dx.doi.org/10.1111/j.1365-2664.2010.01875.x
http://dx.doi.org/10.2307/2999666
http://dx.doi.org/10.2307/3565355
http://dx.doi.org/10.1016/j.baae.2004.10.002
http://dx.doi.org/10.1016/j.baae.2004.10.002
http://dx.doi.org/10.1016/j.biocon.2006.04.018

	Declining Diversity in Abandoned Grasslands of the Carpathian Mountains: Do Dominant Species Matter?
	Introduction
	Methods
	Ethics statement
	Site description
	Dominant species
	Sampling procedure
	Data analysis

	Results
	Effect of abandonment and meadow type on diversity
	Effect of abandonment on dominant species cover
	Effect of dominant species cover on diversity

	Discussion
	Effect of abandonment on diversity
	Effect of abandonment on dominant species cover
	Effect of dominant species on diversity
	Effect of environment on diversity

	Conclusions
	Supporting Information
	Acknowledgements
	Author Contributions
	References


