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Abstract
SLEZAK, M., FARKASOVSKA, S., HRIVNAK, R., 2020. Non-native plant species in alder-dominated forests in
Slovakia: what does the regional- and the local-scale approach bring? Folia Oecologica, 47 (2): 100-108.

European riparian forests are in general susceptible to plant invasions compared to other natural forest ha-
bitats. Their descriptive vegetation overviews with phytosociological affiliation contain detail insight into
species composition patterns at various geographical scales, but quantitative assessment of the relationship
between non-native plant richness and measured environmental variables is still scarce. We used two vege-
tation datasets of alder-dominated forests to analyse plant invasion patterns in the Pannonian and the Car-
pathian region of Slovakia. A large dataset of 918 vegetation plots was used at the regional scale, whereas
40 vegetation plots completed by ecological (mainly soil, climatic) predictors were used at the local scale in
order to determine how they shape non-native species richness. We found significant differences (P < 0.05)
between the Pannonian and the Carpathian region in the number of non-native vascular plants at both scales,
with altitude being the most important predictor. Generalized Linear Models accounted for 56.6% and 59.6%
of alien species richness data in the Pannonian and Carpathian region, respectively. Alien richness was affec-
ted by altitude and soil pH in the Pannonian region, but only by altitude in the Carpathian region.
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Introduction

Plant invasions are considered to be one of the major
threats to plant biodiversity, causing its decline and ho-
mogenization (SiBikovA et al., 2019). Although individual
habitats showed different susceptibility to plant invasions
(PYSEK et al., 2012; MEDVECKA et al., 2018), recent bio-
diversity and comparative studies have shown increasing
numbers of non-native species in various natural and semi-
natural habitats across temperate regions (e.g. BERG et al.,
2016). This trend was also observed in floodplain forests
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(e.g. PETRASOVA et al., 2013), which were identified as one
of the most invaded forest habitats in Europe (WAGNER et
al., 2017).

Floodplain forests represent a dynamic interface be-
tween freshwater and terrestrial ecosystems with high in-
tensity of propagule transfer and degree of disturbances.
They usually grow along rivers and streams from low-
lands to montane regions, including spring areas. Their
herb-layer structure consists of species with different eco-
logical niches and origins, including alien species. Vegeta-
tion structure is commonly built up by hygrophilous plants
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accompanied by forest mesophilous species (Doupa et al.,
2016). In Slovakia, the last decade was a period of phytoso-
ciological research of floodplain forests, which resulted in
national vegetation overviews (PETRASOVA and JAROLIMEK,
2012; SLEZAK et al., 2014). Although several local studies
explored the effects of various environmental predictors
on their floristic and diversity variation (e.g. SLEZAK et al.,
2017; HRIVNAK et al., 2020), studies focusing on richness
of non-native plants in relation to measured ecological fac-
tors are still lacking.

Previous research devoted to determine causal factors
of alien richness using large datasets highlighted the role
of altitude (MEDVECKA et al., 2014). However, it may in-
teract with productivity or nutrient availability to govern
the number of aliens, primarily neophytes (species intro-
duced after year 1500; PETRASOVA et al., 2013). Slovakia
represents a good model region for such complex study
(see e.g. MEDVECKA et al., 2014) because its territory has
well-developed fluvial network and contains two climatic
and biogeographical regions. While a colder and more hu-
mid Carpathian climate affects mainly the northern part of
the country, longer warmer and dried periods are typical
for the southern Pannonian region. The Carpathian region
is rather mountainous compared to the Pannonian region
with prevalence of lowlands and uplands. Although they
differ in climate and dominant landscape structure, flood-
plain forests are well-documented by vegetation relevés in
both.

We aimed to determine potential regional differences
between the Pannonian and the Carpathian region in spe-
cies richness of non-native vascular plants using large veg-
etation datasets of alder-dominated floodplain forests from
Slovakia. At the local scale, vegetation records were com-
pleted by environmental data in order to determine how
these predictors affect plant species diversity of aliens. We
expect differences in the number of non-native vascular
plants in alder floodplain forests between regions irrespec-
tive of study scale (regional vs. local) and importance of
altitude (or climate-induced variables) which could act to-
gether with some soil properties to control alien richness
at the local scale.

Materials and methods

We studied vegetation of alder-dominated forests com-
prising riparian alder forests (phytosociological alliance
Alnion incanae Pawlowski et al. 1928) and alder carrs (A4/-
nion glutinosae Malcuit 1929) with a cover of tree layer of
Alnus glutinosa and A. incana higher than 50% (SLEZAK
et al., 2014) at two geographical scales (regional and lo-
cal). Only natural and semi-natural stands were recorded.
Regional approach covered whole Slovakia, whereas the
local one included central Slovakia (Fig. 1). Both scales
contained the Pannonian and Western Carpathian (further
only Carpathians) bioregions (FUTAK, 1984). Altogether
918 vegetation relevés (285 in the Pannonian and 622
in the Carpathian bioregion) with plot size of 100—400
m? were acquired from the Slovak vegetation database
(https://www.givd.info/ID/EU-SK-001) in order to anal-

yse species richness pattern of non-native vascular plants
at the regional scale. Forty vegetation plots (the Pannonian
bioregion — 20 and the Carpathian bioregion — 20) with
a uniform size of 400 m? were sampled by the authors at
the local scale in vegetation seasons of 2009—2015. They
were recorded in accordance with the traditional Ziirich-
Montpellier approach, stored in the Turboveg database
(HeENNEKENS and SCHAMINEE, 2001) and exported into the
Juice programme (TicHY, 2002). Alien vascular plants in-
cluding archaeophytes and neophytes followed the check-
list of MEDVECKA et al. (2012) and the nomenclature of
vascular plants the checklist of MARHOLD and HINDAK
(1998).

We recorded or calculated 15 environmental variables
for each vegetation plot at the local scale (Table 1). They
comprised mainly soil, climatic and hydrological factors,
which were formerly found to be significant in relation
to vegetation diversity of floodplain forests (e.g. Doupa
et al., 2012; HRIvNAK et al., 2015, 2020; PiELECH, 2015;
SLEZAK et al., 2017). Geographical coordinates (latitude,
longitude) and altitude as well as aspect were measured
by GPSmap 60 CSx. Soil samples were taken from three
places considering microrelief and moisture heterogeneity
from the topsoil mineral horizon (litter layer removed) at
a depth of 0—10cm, where most of the vascular plants is
rooted (cf. SLEZAK et al., 2017). These three samples were
pooled to single sample per plot in order to reduce soil
heterogeneity. They were air-dried at a laboratory temper-
ature, crushed and passed through a 2 mm sieve. Total car-
bon (Ctot) and nitrogen (Ntot) contents were determined
using an NCS-FLASH 1112 analyzer (CE Instruments,
UK) and used to calculate the C/N ratio. Soil pH and con-
ductivity were measured in distilled water (soil/water ratio
of 1/5) using a pH (WTW Inolab pH 720) and conduc-
tivity (WTW Inolab Cond 720) meter, respectively. Plant-
available phosphorus (P) was extracted in the Mehlich IT
solution and measured by spectrophotometry (AES-ICP).
Cations of calcium (Ca), magnesium (Mg), potassium (K),
sodium (Na) and iron (Fe) were extracted in the Mehlich
IIT solution and determined using an atomic absorp-
tion spectro-photometer (SensAA, GBC; UK). Climatic
data were provided by the Slovak Hydrometeorological
Institute (Bratislava, Slovakia). Based on geographical
coordinates, mean annual temperature and mean annual
precipitation (records from the period 1961-1990) were
derived from raster values computed in the GRASS GIS
environment (NETELER et al., 2012). Stream power index
(SPI) was derived from a digital elevation model (DEM;
Geodetic and Cartographic Institute, Bratislava, Slovakia)
using GRASS GIS (for details see SLEZAK et al., 2017).

Spearman rank correlations () were used to reduce
multicollinearity among environmental variables (Appen-
dix 1). From two or more collinear predictors (», > 0.7),
only one predictor was retained prior to further analyses.
Finally, we used altogether 8 variables (altitude, soil reac-
tion and conductivity, contents of K, Fe and P, C/N ratio
and SPI) as explanatory variables in Generalized Linear
Model (GLM) with Poisson distribution of errors and log-
arithmic link function. The minimal adequate model for
alien richness pattern followed backward selection based
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Fig. 1. Map of vegetation plots in the regional- (A, Slovakia, n = 918 samples) and local-scale study (B, central Slovakia,
n =40 samples; grey circles — Pannonian region, black circles — Carpathian region).

on Akaike information criterion. The goodness-of-fit of
the model corresponded to percentage of explained devi-
ance adjusted by the number of observations and model
parameters (GUISAN and ZIMMERMANN, 2000). Differences
between bioregions in environmental variables at the local
scale as well as alien plant richness at the regional and lo-
cal scales were determined using Mann-Whitney U-test.
All analyses were conducted in R (ver. 3.0.2, R Core Team
2013).

Results

The species richness of non-native plants within alder-
dominated forests in Slovakia (regional scale) comprised
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58 vascular plants. It was built up by 29 archaeophytes
and 29 neophytes (Appendix 2). Higher alien richness was
found in the Pannonian compared to the Carpathian biore-
gion, with mean number of 1 species and 0.6 species per
plot, respectively (P < 0.001). Altogether 21 alien plant
species were found at the local scale, but the difference
was not statistically significant (P > 0.05; Table 1). We
identified 15 species in the Pannonian and 13 species in
the Carpathian bioregion, with neophytes Bidens frondosa
and Impatiens parviflora being the most frequent aliens
recorded in 16 vegetation plots. The other most frequent
species in the Pannonian subset were Aethusa cynapium,
Arctium tomentosum and Stenactis annua — all with three
records, whereas in the Carpathian subset only the neo-
phyte species Ribes rubrum showed four records and the
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remaining species were documented only on less than
three plots.

Vegetation plots of alder-dominated forests in the
Pannonian and Carpathian region showed significant dif-
ferences (P < 0.05) in altitude and related climatic char-
acteristics (mean annual temperature and precipitation).
Although the analysed forest stands varied from nutrient-
poor to nutrient-rich stands, soil chemical properties did
not significantly differ except for carbon content (Table 1).
The results of GLM showed significant effect of two eco-
logical variables (altitude and soil pH) on species richness
of non-native plants (Table 2). Altitude had significant ef-
fects in both regions, but its explanatory power was higher
in the case of the Carpathian than the Pannonian region.
Numbers of alien species decreased with increasing al-
titude in both regions (Fig. 2). In the Pannonian region,
alien plant richness was also positively driven by soil pH
gradient, with the highest values on plots with neutral to
slightly alkaline soils (Fig. 2). The explained variation of
alien species richness data was 56.6% and 59.6% in the
Pannonian and the Carpathian region, respectively (Table 2).

Discussion

Riparian floodplain forests frequently show a high level
of plant invasions among natural forest habitats (CHYTRY
et al., 2009a; PETRASOVA et al., 2013; MEDVECKA et al.,
2014; WAGNER et al., 2017). They represent various types
of deciduous forests associated with flooded riparian and
waterlogged non-riparian sites, both in the lowlands and
uplands with a dominance of alders (Alnus glutinosa, A.
incana), ashes (Fraxinus angustifolia subsp. danubialis, F.
excelsior), elms (Ulmus laevis, U. minor), poplars (Popu-
lus alba, P. nigra), oaks (Quercus pedunculiflora, Q. ro-
bur) and willows (Salix spp.; Doupa et al., 2016). These
forest vegetation types strongly differ in their ecological
affinities (e.g. position along altitudinal or productiv-
ity gradient), susceptibility to plant invasions and conse-
quently, they vary in the frequency of aliens (WAGNER et
al., 2017). Our results coincide with previous findings that
alder-dominated forests are less invaded by alien plants
compared to other broadleaved deciduous forests on hy-
grophilous sites (MEDVECKA et al., 2018). If total alien
plant species pool in Slovakia is taken into account (MED-
VECKA et al., 2012), we found only 6.3% and 2.3% of alien
plants at the regional and local scale, respectively. This
could be attributed to overall number and composition of

alien species pool, which seems to be controlled mainly by
vascular plants of anthropogenic or ruderal sites. A com-
parative analysis performed across woodlands and treeless
habitats demonstrated that just human-induced habitats
(e.g. herb stands of annuals and perennials, arable land,
trampled sites) belong to the most invaded globally (MED-
VECKA et al., 2014).

The most common non-native species in hygrophi-
lous alder-dominated forests (local subset) were Impatiens
parviflora and Bidens frondosa. While the last one prefers
moist and eutrophic sites, /. parviflora can also thrive in
other woodlands with various moisture and nutrient condi-
tions (JARCUSKA et al., 2016). Success of this species is
usually attributed to its wide ecological niche (Cupa et al.,
2014).

Altitude was found to be the crucial factor affecting
alien plant richness in both regions, but higher number
of aliens was recorded in the lowland Pannonian region
compared to the mountainous Carpathian region. Alien
richness-altitude relationship showed monotonically de-
creasing trend along altitudinal gradient. The decline of
alien richness towards higher altitudes is in general well-
established pattern (e.g. PYSEK et al., 2002; CHYTRY et al.,
2009b; MEDVECKA et al., 2014). Higher invasion level
in lowland areas most likely results from a high propa-
gule pressure of aliens and a higher disturbance level as
a consequence of human activities as well as favourable
climatic conditions for alien plant species in lowlands
comparing with mountainous regions. In more detail,
long-term human impact and landscape utilization in time
and space (e.g. intensity of agricultural activities, indus-
try, disturbances or settlement) are more pronounced in
lowlands than mountainous regions. In addition, a de-
crease of neophyte proportion with distance from the main
stream detected within floodplain forests in Slovenia can
be explained by the importance of their effective propa-
gation ensured by the flow of the main stream (KoSIR et
al., 2013). Previous biodiversity research also showed im-
portance of human-induced disturbances for synanthropic
plants of forests and their species richness (e.g. GUIRADO
et al., 2007). Non-native species richness was associated
with soil reaction as well, although its significant effect
was recognized only in the Pannonian region. It has been
shown in various types of floodplain forests that soil pH
determines variation of total understory species richness
(Doupa et al., 2012; SLEZAK et al., 2017). Positive linear
relationship found in our study is consistent with the the-
ory that nutrient-rich and productive sites with a high soil

Table 2. Generalized linear model (GLM) of alien plant species richness in alder-dominated forests at the local scale

Standardized Standard Significance Explained
. Z-value s
coefficients errors level (P) variability
Pannonian region (n = 20)
Altitude -0.012 0.005 -2.371 =0.018 27.6%
Soil pH 0.668 0.218 3.057 =0.002 28.9%
Carpathian region (n = 20)
Altitude —-0.005 0.001 —4.035 <0.001 59.6%
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Fig. 2. Visualization of the relationships between alien
plant species richness and statistically significant ecological

variables following the results of GLM (Table 2).

pH are prone to plant invasions and promote occurrence of
non-native plant species (PETRASOVA et al., 2013; WAGNER
et al., 2017). At the same time, acidic soils with low pH
values act as important eco-physiological constraints for
many vascular plants, including alien plants (CHYTRY et
al., 2008).

Conclusions

The results of this study showed invasibility of alder-dom-
inated forests by non-native vascular plants in Slovakia.
Although floodplain forests belong to the most invaded
natural woodlands, studied riparian alder forests seem to
be relatively less influenced from this group. The lowland
Pannonian region harboured higher number of alien plants
than the montane Carpathian region. Our study further

demonstrates the role of altitude and soil pH in shaping
alien species richness.
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Appendix 2. List of alien vascular plants found in regional scale (arch — archacophytes, neo — neophytes).

Acorus calamus (neo), Aesculus hippocastanum (neo), Aethusa cynapium (arch), Ailanthus altissima (neo), Anthris-
cus cerefolium (arch), Arctium lappa (arch), Arctium minus (arch), Arctium tomentosum (arch), Armoracia rusticana
(arch), Aster novi—belgii (neo), Bidens frondosa (neo), Bromus sterilis (arch), Cerasus vulgaris (arch), Conium macu-
latum (arch), Convolvulus arvensis (arch), Conyza canadensis (neo), Dalanum angustifolium (arch), Daucuc carota
(arch), Echinocystis lobata (neo), Epilobium ciliatum (neo), Erechtites hieracifolius (neo), Fallopia convolvulus (arch),
Fallopia japonica (neo), Fraxinus pennsylvanica (neo), Galinsoga parviflora (neo), Galinsoga urticifolia (neo), Cheli-
donium majus (arch), Chenopodium polyspermum (arch), Impatiens glandulifera (neo), Impatiens parviflora (neo),
Juglans nigra (neo), Juglans regia (arch), Juncus tenuis (neo), Lactuca serriola (arch), Lamium album (arch), Lamium
purpureum (arch), Malva sylvestris (arch), Mentha * piperita (neo), Negundo aceroides (neo), Padus serotina (neo),
Parietaria officinalis (arch), Phytolacca americana (neo), Populus * canadensis (neo), Pyrus communis (arch), Ribes
rubrum (neo), Robinia pseudoacacia (neo), Rudbeckia laciniata (neo), Silene latifolia (arch), Solanum nigrum (arch),
Solidago canadensis (neo), Solidago gigantea (neo), Sonchus arvensis (arch), Sonchus asper (arch), Sonchus oleraceus
(arch), Stenactis annua (neo), Tithymalus helioscopia (arch), Tripleurospermum perforatum (arch), Urtica urens (arch),
Xanthoxalis stricta (neo).

108



