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Abstract
The increasing dominance of competitive plant species may reduce species richness of 
plant communities. Yet, species richness may depend on spatial scale and the alien versus 
native status of the dominant species. To explore the dominance effects of alien versus 
native species on species richness, we sampled semi-natural grasslands in southwestern 
Poland. We established 100  m2 squares at different grassland sites, and in two opposite 
corners we placed two series of five nested plots (0.001, 0.01, 0.1, 1 and 10 m2), in which 
we recorded all vascular plant species. Next, we selected squares with a strongly dominant 
plant in one corner (high-dominance series) and with no strong dominant in the opposite 
corner (low-dominance series). The number of species per plot and the slopes of the spe-
cies–area curves fitted to each nested-plot series were used to assess whether the alien vs. 
native status of the dominant species influences species-richness pattern across scales. We 
found a significantly lower number of species in the high-dominance series than in the 
low-dominance series, regardless of the alien versus native status of the dominant species. 
The slopes of the species–area curves indicated that the rate of species accumulation with 
increasing area was faster in the high-dominance series than in the low-dominance series; 
however, this pattern did not depend on the alien vs. native status of the dominants. Our 
study confirms that increasing dominance is linked to a decline in species richness, but 
reveals that alien dominants do not have a stronger impact than native dominants.
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Introduction

Semi-natural grasslands are important habitats for biodiversity conservation in European 
agricultural landscapes (Duelli and Obrist 2003; Tscharntke et al. 2005; Bonari et al. 2017). 
For centuries, these habitats have been used primarily for animal husbandry; however, this 
function has recently become less important due to decreasing livestock production (Mac-
Donald et al. 2000; Poschlod et al. 2005; Wehn et al. 2017). As a consequence, many semi-
natural grasslands have been abandoned, afforested or converted into arable land or inten-
sively managed grasslands (Falcucci et al. 2007; Prévosto et al. 2011). Changes in land use 
and in the management of semi-natural grasslands have led to the encroachment of trees 
and shrubs and to the expansion of alien or native competitors, which tend to dominate 
ecosystems (Hansson and Fogelfors 2000; Young et al. 2005).

Several studies have suggested that alien species invasions cause a decline in species 
richness (henceforth SR) of native plant communities (Parker et al. 1999; Byers et al. 2002; 
Hejda et  al. 2009). This phenomenon is linked to the ability of alien species to become 
dominant in a plant community outside its native range and to locally replace native spe-
cies (Pyšek and Pyšek 1995; Hejda and Pyšek 2006; Chmura et al. 2015). The evolution 
of increased competitive ability (EICA hypothesis; Callaway and Ridenour 2004) suggests 
that once separated from their natural enemies, alien species evolve to use more resources 
to develop competitive traits, e.g. larger size and increased fecundity. However, the rela-
tive abundance of native species can also increase in the changing environment. For exam-
ple, after cessation of mowing and grazing in grasslands, species which represented a low 
proportion of the biomass of the managed grasslands can expand and attain dominance, 
resulting in a decrease in community SR (Falińska 1991). Examples of native European 
grassland plants that are becoming dominant with negative effects on SR include Brachy-
podium pinnatum in semi-dry grasslands (Bobbink et al. 1987), Molinia caerulea in wet 
meadows (Lepš 2004), Calamagrostis villosa in acidic sub-alpine grasslands (Hejcman 
et al. 2009) and Calamagrostis epigejos or Stipa pulcherrima in steppe grasslands (Házi 
et al. 2011; Ruprecht et al. 2016). It is not fully understood whether dominant alien plants 
species have a stronger impact on SR than dominant native plant species.

The effect of dominant species on SR depends on the sampling scale because species 
interactions tend to be intense within small areas, but weakening in larger areas where envi-
ronmental heterogeneity tends to separate different species in space, thus reducing direct 
contact between plant individuals (Tilman and Pacala 1993). This scale-dependent effect is 
observable in studies on the impact of alien species’ dominance on biodiversity: fine-scale 
studies more often suggest that invasive species are a threat to biodiversity (Gerber et al. 
2008; Vilà et  al. 2011), whereas coarse-scale studies tend to report a negligible impact 
(Planty-Tabacchi et al. 1996; Maskell et al. 2006). Powell et al. (2013) related this scale-
dependent effect of invasive species on SR to the species–area relationship (SAR). They 
sampled paired forest plots with and without invasive species and found that the decline 
in the number of species at the invaded sites, compared with that at non-invaded sites, was 
larger in smaller plots than in larger plots. However, many studies have highlighted that the 
SAR depends on the plant community type (Crawley and Harral 2001; Drakare et al. 2006; 
Dolnik and Breuer 2008). It is, therefore, unclear whether the pattern observed by Powell 
et al. (2013) is valid in other community types, such as grasslands.

In the present study, we compare the effects of dominant species, either alien or native, 
on SR of semi-natural grasslands to answer the following questions: (1) Does a decline in 
SR depend on the presence of a single strong dominant species in the plant community? If 
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so, does this decline depend on (2) spatial scale and (3) the alien versus native origin of the 
dominant plant species?

Materials and methods

Study area

The study area is located in the Sudetes Mountains in southwestern Poland (50°0′–50°10′N, 
15°20′–16°55′E, 3800 km2, 290–841 m a.s.l.; Fig. 1). The mean annual temperature ranges 
from 5 to 8 °C and the annual precipitation from 490 to 650 mm (Woś 1999). The bed-
rock consists of acidic and poorly weathered magmatic and metamorphic rocks (Walczak 
1968). The vegetation studied includes semi-natural meadows belonging mainly to the phy-
tosociological alliances Arrhenatherion and Polygono-Trisetion (Kącki et al. 2013). Since 
the 1980s, large areas of meadows in the Sudetes have been abandoned and subsequently 
overgrown by competitive herbaceous plant species, including some aliens (Biała and 
Żyszkowska 2004).

Sampling design

We sampled grasslands across the Sudetes from 2012 to 2014. The sampling sites were 
selected randomly within grassland areas using digital maps provided by the Institute 
of Technology and Life Sciences in Falenty, Poland. The maps included Digital Ter-
rain Model (with elevation, slope and aspect), land cover and soil types (Nadolna and 
Żyszkowska 2011). Using ArcGIS 9.3, we overlaid the Sudetes with a 10 × 10-km grid 
and selected grid cells with > 25% grassland cover. In each selected grid cell, we placed 
five random points in grassland areas and created a circular buffer zone of 250 m radius 

Fig. 1  Location of the 41 sampled paired nested-plot series in the Polish part of the Sudetes Moun-
tains (http://www.codgi k.gov.pl/index .php/darmo we-dane/nmt-100.html. Accessed 2nd Oct 2018)

http://www.codgik.gov.pl/index.php/darmowe-dane/nmt-100.html
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around each point. To avoid overlaps between the buffer zones, we ensured that the min-
imum distance between random points was 1 km. During the field survey, within each 
buffer zone, we selected a single vegetation stand with an alien plant species that was 
as close as possible to the central point of its buffer zone. If no alien species were found 
within the buffer zone, a vegetation stand without alien species at the central point was 
selected. In each vegetation stand, we established a square of 100 m2 at a place that was 
as homogeneous as possible in terms of topography and vegetation physiognomy. Next, 
in two opposite corners of the 100 m2 square, we placed a series of five squared nested 
plots of increasing sizes (in  m2) as follows: 0.001, 0.01, 0.1, 1 and 10 (Fig. 2; Dengler 
2009). In each nested-plot series, the presence of shoots of all species of vascular plants 
was recorded. The percentage cover of each species was visually estimated in the largest 
nested plot (10 m2) of the series. The vegetation data are stored in the Polish Vegetation 
Database (Kącki and Śliwiński 2012).

Fig. 2  Plot sampling design. Paired series of nested plots measuring between 0.001 and 10  m2 were 
arranged in two opposite corners of each 100 m2 square. The high-dominance (HD) series include plots in 
which the cover of the most abundant species was at least 20% higher than the cover of the most abundant 
species in the other (low-dominance, LD) series. Note that the plot size is not on a true scale
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Dataset and statistical analyses

We collected data from 198 squares of 100 m2, each with two nested-plot series located 
in two opposite corners of the square. For analyses, we selected a subset of those 
squares in which the cover of the most abundant species in the largest plot of the nested-
plot series (10 m2) in one corner (high-dominance series, henceforth HD series) was at 
least 20% higher than the cover of the most abundant species in the largest plot of the 
series in the opposite corner (low-dominance series, henceforth LD series). However, 
to acknowledge the possible effects of varying threshold differences in cover, we tested 
their effects on SR and the rate of species accumulation with increasing area. We used 
eight thresholds from 10 to 70% (as we did not have plots with a larger difference in 
cover above 70%) with 10 unit increments.

Application of this criterion resulted in the selection of 62 squares. These squares 
were further divided into the following subsets: (1) alien-dominated subset, in which the 
dominant species in the HD series was alien and there were no aliens in the LD series 
(n = 21); (2) native-dominated subset, in which the dominant species in the HD series 
was native, and there were no aliens in the LD series (n = 20); (3) the dominant species 
in the HD series was native, but there were also aliens (not dominant) in the LD series 
(n = 21). We excluded the third subset from the analysis to avoid any influence of alien 
species in the LD series on SR. In our final selection of 41 squares (Fig. 1), the dominant 
alien species were Solidago gigantea, S. canadensis, Lupinus polyphyllus and Reynou-
tria sachalinensis, whereas the dominant native species were Carex brizoides, Agrostis 
capillaris, Festuca rubra, Galium mollugo s. l., Lathyrus pratensis and Calamagrostis 
epigejos (Table  1). The species names are given following the Euro + Med PlantBase 
(http://www.empla ntbas e.org/home.html, Accessed 2nd Nov 2018).

As a measure of SR, we used the number of all vascular plant species per single 
nested plot. The dependence between dominance and SR was assessed by comparing 
SR between the HD and LD series using paired Student’s t test (after Bonferroni correc-
tion). The analyses were applied separately for each plot size across all pairs of nested-
plot series regardless of the status of the dominant species (n = 5 × 41) and separately 
for the alien-dominated and native-dominated subsets.

To assess the magnitude of the effect of dominant species on SR, we calculated 
standardised difference in SR between the high-dominance and low-dominance series 
(δSR,   %) as follows: δSR = (SRHD

−SR
LD

)

SR
LD

 × 100, where SR is species richness, HD is the 
high-dominance series of nested plots and LD is the low-dominance series of nested 
plots. δSR = 0% means that there is no difference in terms of SR between the HD and LD 
series and δSR = − 50% means that the SR in the HD series is half of that in the LD 
series. We then used ANOVA (after Bonferroni correction) to test whether the mean δSR 
differed between the alien-dominated and native-dominated subsets.

We used SAR to measure the rate of species accumulation with increasing area. SAR 
can be modelled using the power-law function S = cAz, where S is the number of species 
and A is the sampling area. The model parameters c and z express the expected mean SR 
per unit area and the rate of species accumulation with an increase in sampling area, respec-
tively (Arrhenius 1921; Rosenzweig 1995; Dolnik and Breuer 2008). We used the power 
function in the ‘mmSAR’ package (Guilhaumon et al. 2010) to fit the power-law function 
to each nested-plot series. We then used paired t-tests to check whether the obtained c- and 
z-values differed significantly between the paired HD and LD series across both subsets.

http://www.emplantbase.org/home.html
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To test whether the magnitude of the dominance effect depends on the alien vs. native 
status of the dominant species, we calculated the difference in c- and z-values between HD 
and LD series (i.e. δc = cHD –  cLD, δz = zHD –  zLD) and tested by means of ANOVA whether 
δc and δz differed between the alien- and the native-dominated subset.

Results

Paired t-test revealed that SR was significantly lower in the HD series than in the LD series 
(Fig. 3). This was valid for the entire dataset (Fig. 3a) and for the alien- or native-dom-
inated subsets (Fig.  3b, c). The mean standardized difference in SR (δSR) did not differ 
between the alien-dominated and native-dominated subsets (Fig. 4). 

Paired t-tests revealed that c-values were significantly lower in the HD series than in 
the LD series, whereas z-values were significantly higher in the HD series than in the LD 
series. This means that the mean SR per unit area was lower for the HD series, but its 
increase with plot size was faster than in the LD series (Fig. 5). However, ANOVA tests for 
c- and z-values showed no significant difference between the alien- and native-dominated 
subsets (Fig. 6). 

Individual dominant plant species were found to have influenced SR and SAR parame-
ters. The largest difference between the HD and LD series for SR as well as c- and z-values 
of SAR were found for Solidago gigantea (alien), S. canadensis (alien) and Carex brizoides 
(native) and the lowest for Lupinus polyphyllus (alien) and Agrostis capillaris (native) 
(Table 1).

We found that larger threshold difference in cover for considering a species to be domi-
nant corresponds to larger difference in SR as well as in c- and z-values between the HD 
and LD series (“Appendix 1”). In other words, the larger the difference in cover between 
the most abundant species in one series and the most abundant species in the other series in 
a pair, the stronger is its effect on SR and species-accumulation rate.

Discussion

Dominance is one of the main factors that affect species coexistence in plant communities 
(Whittaker 1965; Hillebrand et al. 2008). In the present study, we asked whether the decline 
in SR depends on the presence of a strong dominant species in the plant community. We 
provided evidence that grassland plant communities with strongly dominant herbaceous 
species tend to be more species-poor than communities with less dominant species. The 
observed significant difference in SR can be explained by interspecific competitive inter-
actions which lead to the dominance of a few or just one species in the community (Til-
man and Pacala 1993). A decline in SR with increasing dominance was observed in many 
ecosystems, such as forests (de la Cretaz and Kelty 1999), open water (Zehnsdorf et  al. 
2015), and dry grasslands (Dostálek and Frantík 2012), suggesting that it is a common 
phenomenon.

We also asked whether the magnitude of the decline in SR depends on the spatial 
scale. We found that the dominance of competitive plants changed the SR pattern in the 
studied grasslands. We also found that the rate of species accumulation with increas-
ing plot size (as estimated by the z-value of the SAR) was higher in the high domi-
nance grasslands than in the low dominance grasslands, suggesting a stronger negative 
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effect of dominance on SR in small areas. In small areas, the competition among species 
is stronger, leading to the extinction of less competitive species, whereas on a broader 
scale, the impact of the dominant competitors is less pronounced because there are more 

Fig. 3  Species richness (the 
number of vascular plant species 
per plot; SR) compared between 
the high-dominance (HD, grey) 
and low-dominance (LD, white) 
series of all paired nested plots, 
n = 41 (a), for the alien-domi-
nated subset, n = 21 (b), and for 
the native-dominated subset, 
n = 20 (c). The boxes represent 
interquartile ranges, the horizon-
tal lines within boxes represent 
medians, the whiskers represent 
outliers, and the white and grey 
points represent extreme values. 
Differences in SR between the 
HD and LD series were tested 
separately for each plot size 
using Student’s t-test for paired 
samples (after Bonferroni correc-
tion): *p < 0.05, **p < 0.01 and 
***p < 0.001
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opportunities for species with similar ecological requirements to avoid competition by 
growing in different places (Godsoe et al. 2015).

Finally, we found no evidence that the effect of dominance on SR and the species accu-
mulation rate would be stronger for alien species than for native ones. This dominance 
effect is well known for alien species (Gerber et al. 2008; Vilà et al. 2011), but it has been 
less studied for native species (Hansson and Fogelfors 2000; Csergő et  al. 2013). Our 
results are similar to those presented by Meiners et al. (2001) in their long-term observa-
tional study of abandoned agricultural fields. They found that the increasing dominance 
of alien and native plants during old-field succession had a similar effect on SR. Opposite 
conclusions were presented by Vilà and Weiner (2004), who reviewed the published data 
and found that alien dominant plants have a stronger impact on the community structure 
than native dominant plants. However, they noted that most studies focus on species that 
are well known for their high invasiveness and negative effects on the diversity of invaded 
plant communities.

In the present study, the most important dominant species which influenced SR and the 
rate of species accumulation with increasing area were found among both alien (Solidago 
gigantea and S. canadensis) and native species (Carex brizoides). It is likely that the tall 
height or high biomass production of these plants is responsible for their strong negative 
effect on biodiversity, especially through increasing competition for light (Jakobs et  al. 
2004; Chmura and Sierka 2007; Divíšek et al. 2018). Experimental studies also confirm 
that one of the most important traits of competitors is a high growth rate and high biomass 
production (Gaudet and Keddy 1988; Szymura and Szymura 2015). Other dominant spe-
cies such as Lupinus polyphyllus (alien) and Agrostis capillaris (native) had minor impacts 
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Fig. 4  Standardized difference in species richness between the high-dominance (HD) and low-dominance 
(LD) series of nested plots (δSR, %) illustrated for alien-dominated (white) and native-dominated (grey) sub-
sets of series. Statistical significance between alien- and native-dominated subsets of series was tested by 
means of ANOVA (after Bonferroni correction)
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on SR and the rate of species accumulation with increasing area. The negligible effect of 
L. polyphyllus can be explained by its patchy growth, which allows other species to occupy 
empty patches (Hejda 2013), while A. capillaris is a medium-tall grass with narrow leaves 
and relatively sparse stands with limited shading effect. Further, A. capillaris is native to 

Fig. 5  Comparisons of the log–
log species-area curves between 
the high-dominance (HD) and 
low-dominance (LD) series of 
nested plots. The power-law 
function was fitted to the mean 
species richness for each plot size 
across all series. The big black 
symbols represent mean species 
richness per unit area (c-value), 
while the small grey symbols 
represent single values of species 
richness. The slopes of the lines 
are interpreted as the rate of spe-
cies accumulation with increas-
ing sampling area (z-value). The 
differences in c- and z-values 
between the HD and LD series 
within each 100-m2 square were 
tested using Student’s t-test for 
paired samples. Note that single 
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x-axis to avoid overlapping
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Europe but alien to Asia, Australia and North America, where it is known as a strong com-
petitor that causes a decrease in the cover of native species (Johnston and Pickering 2001).

Although our results suggest that alien and native species have similar impacts on SR 
and on the rate of species accumulation with increasing area, we should note that, in gen-
eral, different factors are related to the dominance of alien or native plant species. Studies 
on plant invasions have shown that dominance of alien species is positively correlated with 
several factors including landscape fragmentation (Vilà and Ibáñez 2011), disturbances 
(Deutschewitz et  al. 2003) and propagule pressure (Lonsdale 1999), whereas increasing 
dominance of native plant species is often connected with changes in agricultural manage-
ment (Bobbink et al. 1987; Hejcman et al. 2009). However, comparative studies of factors 
affecting the dominance of alien versus native species are scarce. Seabloom et al. (2015) 
found that the cover of alien species increased more than the cover of native species after 
nutrient additions, while higher native species cover was strongly connected with the ces-
sation of grazing. More comparative studies are needed to obtain a better understanding of 
the phenomenon of increasing dominance of alien versus native species.

The observed negative impact of strong native competitors on biodiversity (Bobbink 
et al. 1987; de la Cretaz and Kelty 1999; Ervin and Wetzel 2002; Chmura and Sierka 2007; 
Daleo et  al. 2017) has motivated a discussion on how species are classified as invasive. 
Some experts have proposed that problematic native species can also be classified as inva-
sive (Alpert et al. 2000; Valery et al. 2008). Our results are consistent with this point of 
view, showing that native plant species capable of becoming dominant are threatening 
local biodiversity to a similar degree as alien species. To avoid terminological confusion, 
we favour the use of the term ‘expansive species’, which has been proposed for native spe-
cies that increase in abundance following environmental changes (Richardson et al. 2000; 
Pyšek et al. 2004).

The decrease in SR resulting from the increased dominance of a competitively strong 
species is a major concern from the perspective of nature conservation. Our results suggest 
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Fig. 6  A comparison of differences in the effect of species dominance on the species-area relationship 
between the alien-dominated and the native-dominated subsets. The effect of species dominance (c = cHD – 
 cLD; z = zHD –  zLD) is measured as the difference in c-value (a) and z-value (b) of the species-area relation-
ship between the high-dominance (HD) and low-dominance (LD) series of nested plots within each alien-
dominated or native-dominated subset. Statistical significance was tested by means of ANOVA
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that both alien and native dominant plants can threaten fine-scale plant diversity in temper-
ate grasslands. Plant species which are superior competitors can significantly reduce SR 
in grasslands regardless of whether they are alien or native. A task for nature conservation 
is to categorise expanding dominant plants not only based on their origin but particularly 
based on the severity of their species-specific effects on biodiversity. Such categorization 
would be more important for prioritising management efforts than the simple dichotomy 
between alien and native species.
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