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Abstract

Knowledge about the drivers of vegetation dynamics in grasslands is fundamental to select appro-
priate management for conservation purposes. In this study, we provide a detailed analysis of vegeta-
tion dynamics in alkali grasslands, a priority habitat of the Natura 2000 network. We studied vegetation
dynamics in five stands of four alkali grassland types in the Hortobagy National Park (eastern Hunga-
ry), between 2009 and 2011. We analysed the effect of fluctuations in precipitation on both the overall
vegetation composition and on the cover of each species using Self Organizing Map neural networks
(SOM). We found that SOM is a promising tool to reveal plant community dynamics. As we analysed
species cover and overall vegetation composition separately, we were able to identify the species re-
sponsible for particular vegetation changes. Fluctuations in precipitation (a dry season, followed by a
wet and an average season) caused quick shifts in plant species composition because of an increasing
cover of halophyte forbs, probably because of salinisation. We observed a similar effect of stress from
waterlogging in all studied grassland types. The species composition of Puccinellia grasslands was the
most stable over the three years with varying precipitation. This was important as this grassland type
contained many threatened halophyte species. Self-organising maps revealed small-scale vegetation
changes and provided a detailed visualisation of short-term vegetation dynamics, thus we suggest that
the application of this method is also promising to reveal community dynamics in more species-rich
habitat types or landscapes.
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1. Introduction

According to climate change scenarios, temperate grassland ecosystems will experience
considerable changes in precipitation patterns, which can affect community composition and
ecosystem functions through altered soil moisture and waterlogging (WHITE et al. 2012, Fry
et al. 2013). Similar to Central-European climate change scenarios, extreme future weather
conditions are expected for the Pannonian biogeographical region characterised by fluctuat-
ing precipitation, extreme temperatures, frequent droughts and decreasing groundwater-
levels (FARAGO et al. 2010). Thus, it is an important goal to quantify how plant communities
respond to interannual climate variation, particularly as it relates to potential management
strategies in the face of climate change.

The study of short-term vegetation shifts driven by altered precipitation is particularly
important in ecosystems influenced by the groundwater-level, the soil moisture and soil salt
concentration, like salt marshes or Eurasian inland alkali grasslands (DEAK et al. 2014a, b).
Saline ecosystems can be found worldwide; there are around 8.31 x 10® ha saline and sodic
soils across the globe (DAJIC-STEVANOVIC et al. 2008). Inland alkali grasslands are expected
to react highly sensitively to twenty-first century climate change, due to the resulting altera-
tion of precipitation and groundwater-level. Alkali grasslands form highly dynamic spatial
and temporal mosaics and the boundary between different grassland types can shift within
a short time in accordance with the changes in abiotic environmental characteristics (TIKU
1975, KRUGER & PEINEMANN 1996). These spatio-temporal changes in species composition
are caused by the changing water regime and uneven patterns of alkali salt content in the
soil, and can be the result of either seasonal or annual variation in precipitation (MOLNAR &
BORHIDI 2003).

Inland alkali grasslands have a high conservation importance (ZLINSZKY et al. 2015).
They are widespread in the Eurasian steppe zone from Mongolia to Eastern-Europe (MOL-
NAR & BORHIDI 2003, TOROK et al. 2012). In Europe, extensively grazed Pannonian alkali
grasslands in the Hortobagy are among the best preserved open landscapes in Europe (ELIAS
et al. 2012, TOROK et al. 2012, 2014). Due to specific climatic and edaphic conditions, these
grassland types harbour a unique flora and fauna typical for the Pannonian biogeographical
region, and are included in the Natura 2000 network as “Pannonic salt steppes and salt
marshes (1530)”.

Studies on inland alkali vegetation mostly deal with alkali wetlands and marshes (Bouz-
ILLE et al. 2001, BARETT 2006, ALVAREZ-ROGEL et al. 2007, MOFFETT et al. 2010, ROZEMA
& SCHAT 2012, DEAK et al. 2014c, 2015a), and only a few studies have been published
about inland alkali grasslands. Little is known about the short-term vegetation dynamics of
alkali grasslands in relation to fluctuations in seasonal precipitation, although such infor-
mation would be vital to select the appropriate management for conservation and restoration
purposes.

Analysis of vegetation dynamics is an important issue in designing habitat management
strategies. Of the diverse methodologies that can be used to analyse vegetation dynamics,
self-organizing maps have been suggested as a promising alternative to traditional multivari-
ate analyses, such as MDS or CCA (GIRAUDEL & LEK 2001). The Kohonen Self-Organizing
Map (hereafter abbreviated as SOM) is one of the best known neural networks with unsu-
pervised learning rules, which means that it does not need prior classification of the data.
SOM was found to be suitable for analysing complex species patterns, for instance in benthic
algal assemblages (RIMET et al. 2004) or phytoplankton assemblages (VARBIRO et al. 2007),
but this tool has been rarely used in vegetation ecology. It is robust to non-linear relation-
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ships between variables and their non-normal distributions and was shown to be effective in
visualising the data on plant communities sampled using the ordinal-scale Braun-Blanquet
phytosociological method (ADAMCZYK et al. 2013). In heterogeneous and highly dynamic
environments such as alkali grasslands, grassland types share many common species and the
differences of grassland types partly depend on the frequency of these species (DEAK et al.
2014b). Thus, it is important to know the aggregation pattern of each species separately
among grassland types, which can be best explored with SOMs.

Here, we used SOM to reveal changes in species composition in four alkali grassland
types. We specifically studied the response of functional groups (halophyte/non-halophyte,
graminoid/forb and annual/perennial) to seasonal fluctuating precipitation. We tested the
following hypotheses: (1) Grassland type hypothesis: Changes in species richness and spe-
cies composition are more pronounced in wet grassland types than in dry ones. Plant species
of wet grasslands are particularly sensitive to changes in water availability because of the
delicate balance between rainfall, temperature and evapotranspiration that governs their
physiology (DAWSON et al. 2003). (2) Halophyte hypothesis: The cover of halophyte species
increases and that of non-halophyte species decreases due to the increase in salinity after
drought events. Changes in precipitation alter soil moisture and salinity, and the changes in
these variables promote halophytes as they are tolerant of stressful conditions.

2. Materials and methods

2.1 Study area and sampling

The study area ‘Nagy-szik’ (47° 35’ N and 20° 30’ E) is part of the Hortobagy National Park, east-
ern Hungary, which is also part of the Natura 2000 network. Detailed military maps (1856—66) show
that the area was covered by seasonal alkali wetland ds. During the 20™ century a ditch was built
through the area, which decreased the water table. The regulation of surface waters caused deficiencies
in the surface- and ground-water levels, thus, alkali wetland vegetation was mostly replaced by dry and
wet alkali grasslands. The study area is moderately grazed with sheep and Hungarian grey cattle
(VALKO et al. 2014).

The alkali landscapes in the Hortobagy National Park are characterised by a large number of vege-
tation types, caused by fine-scale elevation patterns. At the highest elevations, loess grasslands are
typical (TOTH & HUSE 2014), followed by dry alkali grasslands and open alkali swards (TOROK et al.
2012, DEAK et al. 2014b). The lowest depressions are characterised by alkali meadows and wetlands
(DEAK et al. 2014a, b, ¢, 2015a). Recent studies found that alkali vegetation types are positioned along
a vertical elevation gradient of only few decimetres (ALEXANDER et al. 2015, DEAK et al. 2014b,
2015b, VALKO et al. 2014).

We studied the vegetation dynamics of the four most widespread grassland types in the study area:
(i) ARG: Artemisia grasslands (Artemisio santonici-Festucetum pseudovinae So6 in Mathé 1933 corr.
Borhidi 1996) at the highest elevations; two Puccinellia grassland types (Puccinellietum limosae Mag-
yar ex So6 1933) in intermediate positions: (ii) PUG-H were situated at higher and (iii) PUG-L at lower
elevations, and (iv) JUG: Juncus grasslands (Agrostio-Caricetum distantis Rapaics ex So6 1939) at the
lowest elevations. Elevation (a.s.l.) was measured with a TOPCON GRS-1 in the centre of each plot
with an accuracy of 1-3 cm (for elevation ranges see Fig. 1). ARG is the driest grassland type, charac-
terised by a stable water regime and moderate salinity. PUG-H and PUG-L are dry grassland types with
astatic water regime and high salinity. JUG is a mesic grassland type with astatic water regime and
moderate salinity (KELEMEN et al. 2013, VALKO et al. 2014). We sampled five stands of each grassland
type. In each stand we randomly selected 5 permanent plots of 1 X 1-m size; in total we sampled 25
plots per grassland type per year. The percentage cover of vascular plants was recorded each year from
2009 to 2011 in late June. Species names follow KIRALY (2009).
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Fig. 1. Mean elevation (m, a.s.l.) of the grassland types. Notations: ARG — Artemisia short alkali grass-
lands; PUG-H — higher elevation Puccinellia open alkali grasslands; PUG-L — lower elevation Pucci-
nellia open alkali grasslands; JUG — Juncus short alkali grasslands. Notations: Boxes indicate 2575
percentiles, lines are medians, squares are means and whiskers are standard deviations.

Abb. 1. Mittlere Hohe (m ii. NN) der untersuchten Vegetationstypen. ARG — hoch gelegene Artemisia-
Rasen; PUG-H — hoher gelegene Puccinellia-Rasen; PUG-L — tiefer gelegene Puccinellia-Rasen; JUG
— tief gelegene Juncus-Rasen. Die Boxen zeigen die 25-75-Perzentile, die Linien den Median, die
Quadrate den Mittelwert und die Fehlerbalken die Standardabweichung.

The climate of the region is continental but undergoes large fluctuations in the mean annual tem-
perature and precipitation. The mean annual temperature is 10 °C. The mean annual precipitation of the
area is 568 mm (upper quartile 644 mm; lower quartile 476 mm) based on long-term records of the
nearest station of the Hungarian Meteorological Services in Debrecen (calculated from January 1901 to
December 2000). Figure 2 shows the annual and monthly sum of precipitation and mean temperatures.
The first year of the study (precipitation was 402 mm from July 2008 to June 2009) was found to be
drier than the climatic average (568 mm); the second was characterised by high precipitation (686 mm
from July 2009 to June 2010), while the third was average in terms of precipitation (591 mm from July
2010 to June 2011). Annual and monthly mean temperatures showed no remarkable differences among
the three years (mean annual temperature ranged from 10.4 up to 11.3 °C).

2.2 Data analysis

All species were classified as annual/perennial, forb/graminoid and halophyte/non-halophyte. Hal-
ophyte categorisation was based on their relative ecological indicator values for salinity (SB; i.e. indica-
tor values of ELLENBERG et al. (1992) modified by BORHIDI (1995) to Hungarian conditions). The
range of the SB indicator value scale is from 0 to 9.We considered species having at least SB = 5 value
as halophytes. We set up eight functional groups according to life-form categories: annual-graminoid,
perennial-graminoid, annual-forb, perennial-forb, halophyte-graminoid, non-halophyte-graminoid,
halophyte-forb and non-halophyte-forb. The cover of functional groups, total vegetation cover, total
species richness and species richness of the functional groups among years within community types
were compared using one-way ANOVA and Tukey tests (ZAR 1999).
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Fig. 2. Monthly and annual precipitation (mm) and mean temperature values (°C) of the Nagy-szik
(Hortobagy, Hungary) in the studied years. Data collected in a local meteorological station. Precipita-
tion and temperature data were averaged per growing season and not calendar year. Dry = dry season
(July 2008 — June 2009); Wet = wet season (July 2009 — June 2010); Average = average season (July
2010 — June 2011).

Abb. 2. Monatliche und jéhrliche Niederschlagsmengen und die monatliche Mitteltemperatur in Nagy-
szik (Hortobagy, Ungarn) im Untersuchungszeitraum. Die Daten stammen von einer lokalen Klimasta-
tion. Die mittleren Niederschlagsmengen und Temperaturen beziehen sich auf Vegetationsperioden und
nicht auf Kalenderjahre: Dry = trockene Periode (Juli 2008 bis Juni 2009), Wet = nasse Periode (Juli
2009 bis Juni 2010), Average = durchschnittliche Periode (Juli 2010 bis Juni 2011).

The raw data matrix for the self-organising map (SOM) analysis contained a total of 300 plots and
65 species. SOM was used to analyse plant species cover values and to visualise grassland composi-
tional types separated by years. SOM is a neural network analysis tool to visualise highly multidimen-
sional data by reducing its dimensionality, but still preserving the most important features of the data.
Hence, the topological and metric relationships of the original data are preserved (KOHONEN 2001).
SOM differs from ordination methods in its greater robustness and the possibility of analysing extreme-
ly high sample sizes, even a couple of thousand sample plots.

To explain the variation of ecological datasets, the most commonly used methods are gradient
(PCA, CCA) and cluster analyses. However, these are limited by their sensitivity to the nonlinear be-
haviour of ecological data and the presence of possible outliers in community datasets (CHON et al.
2000, CHON 2011). In order to avoid these problems and deal with the complexity of ecological da-
tasets, the application of artificial neural networks (ANN) has been widely used because they are capa-
ble of dealing with problems with nonlinear and complex ecological data, as well as overcoming prob-
lems with outliers. The Kohonen self-organizing map (SOM) as an ANN tool is considered to be effi-
cient at visualising distribution patterns and at indicating the relative importance of environmental
factors in the organisation and structure of assemblages.

We used the SOM Toolbox (http://www.cis.hut.fi/projects/somtoolbox) to implement the SOM in
a MATLAB™ environment. Cover values from the three years were analysed separately, whereby each
data matrix consisted of 100 samples. Cover values for each species were log normalised before the
rescaling process. The map size of the output nodes was chosen according to a heuristic equation 5v/n
of VESANTO & ALHONIEMI (2000). In the selection phase of creating the SOM, the weights of the
output layer were initially assigned randomly. Then a sample was chosen randomly and the best match-
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ing unit (BMU) was selected by calculating the Euclidean distance between the weights of the input
layer and the output layer. Selection of the BMUs was based exclusively on the species cover. When
the learning phase was finished, a map with hexagons was obtained in which each hexagon contained
a virtual unit containing the calculated weight/species composition. The resulting hexagon map with its
weights was visualised using the SOM Toolbox as component planes (CPs). Each CP represents the
supplied variables that the SOM algorithm has learned. The detailed algorithm of the SOM can be
found in KOHONEN (2001) and LEK & GUEGAN (1999) for ecological applications. Unified distance
matrix (U-matrix) representation of the Self-Organizing Map visualises the distances between the
virtual units. The distances between the adjacent units are calculated and presented with different tones
between the adjacent nodes. A dark tone between the units corresponds to a large distance and thus
a gap between the weights values in the input space. A light tone between the neurons signifies that the
weight values are close to each other in the input space. Light areas can be thought of as clusters and
dark areas as cluster separators. After the training session, the SOM units were clustered into groups
based on the dendrogram of a hierarchical cluster analysis using Ward's linkage method (LEGENDRE &
LEGENDRE 1998) with Euclidean distance (PARK et al. 2004).

3. Results

3.1 Cover of functional groups

We found that ARG had the highest, while PUG-H and PUG-L had the lowest total
vegetation cover in all years (Table 1). In 2011, total vegetation cover in JUG became simi-
lar to PUG-H and PUG-L after the average precipitation in the previous 12 months. Total
vegetation cover decreased significantly in JUG and PUG-L between 2009 and 2010; and in
ARG and JUG between the wet 2010 and 2011. We found that species richness was general-
ly highest for all grassland types in 2009. We found a significant decrease of total species
numbers from 2009 to 2010 (Table 2). From 2010 to 2011, species richness increased signif-
icantly in the two wet grassland types (PUG-L and JUG; Table 2).

We found that the cover of halophyte forbs was lowest in 2010 in all studied grassland
types, but it was only significant in PUG-L grasslands. The cover of non-halophyte forbs
was lowest in 2010 in all grassland types except for PUG-H, but this difference was only

Table 1. Total vegetation cover in percent (mean + SE) of the alkali grassland types in the studied
years. ARG — Artemisia short alkali grasslands; PUG-H — higher elevation Puccinellia open alkali
grasslands; PUG-L — lower elevation Puccinellia open alkali grasslands; JUG — Juncus short alkali
grasslands. Different superscript letters indicate significant differences between years within a grass-
land type (ANOVA, Tukey test, p <0.05).

Tabelle 1. Gesamtdeckung (Mittelwert + Standardfehler) in den untersuchten Vegetationstypen im
Untersuchungszeitraum. ARG — hoch gelegene Artemisia-Rasen; PUG-H — hoher gelegene Puccinellia-
Rasen; PUG-L - tiefer gelegene Puccinellia-Rasen; JUG — tief gelegene Juncus-Rasen. Unterschiedli-
che hochgestellte Buchstaben innerhalb eines Vegetationstypen zeigen signifikante Unterschiede zwi-
schen den Jahren an (ANOVA, Tukey-Test, p < 0,05).

Grassland type 2009 2010 2011

ARG 88.6+ 1.5 84.9 = 1.6" 71.8+3.9°
PUG-H 56.8 £2.9° 472 +42" 433+2.6°
PUG-L 59.94+3.2° 358 £4.4° 344+£24°
JUG 97.1+1.4° 63.7+4.7 48.5+4.7°
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Table 2. Species number (mean + SE) of the alkali grassland types in the studied years. ARG — Artemi-
sia short alkali grasslands; PUG-H — higher elevation Puccinellia open alkali grasslands; PUG-L —
lower elevation Puccinellia open alkali grasslands; JUG — Juncus short alkali grasslands. Different
superscript letters indicate significant differences between years within a grassland type (ANOVA,
Tukey test, p <0.05).

Tabelle 2. Artenzahlen (Mittelwert + Standardfehler) der untersuchten Vegetationstypen im Untersu-
chungszeitraum. ARG — hoch gelegene Artemisia-Rasen; PUG-H — hoher gelegene Puccinellia-Rasen;
PUG-L - tiefer gelegene Puccinellia-Rasen; JUG — tief gelegene Juncus-Rasen. Unterschiedliche hoch-
gestellte Buchstaben innerhalb eines Vegetationstypen zeigen signifikante Unterschiede zwischen den
Jahren an (ANOVA, Tukey-Test, p <0,05).

Grassland type 2009 2010 2011

ARG 10.9+ 0.5 74+04° 8.3+0.52°
PUG-H 10.4+0.5° 6.9+0.5° 8.1+0.6°
PUG-L 104 +0.7° 3.6+0.3° 7.0+0.5°
JUG 10.8 +0.5° 3.5+0.3° 7.1+0.4°

significant in JUG grasslands (Table 3). We detected a significant decrease from 2009 to
2010 in the cover of halophyte forbs in PUG-L; non-halophyte forbs in JUG; annual forbs in
PUG-H and PUG-L and perennial forbs in ARG and JUG. Halophyte forbs had the highest
cover in the higher-elevated PUG-H grasslands in 2009, while in 2011 their cover was the
highest in the lower-elevated PUG-L grasslands (Table 3).

The cover of halophyte graminoids decreased significantly from 2009 to 2011 in the
lowest-elevated grassland types (PUG-L and JUG). In the highest-elevated ARG grasslands,
the cover of halophyte graminoids was highest in 2011. The cover of non-halophyte grami-
noids decreased from the wet year (2010) to the average (2011) year in all grassland types,
but significant changes were found only in ARG grasslands. The cover of annual graminoids
showed no clear trends except for in JUG grasslands, where their cover decreased signifi-
cantly from 2009 to 2010 and 2011. The cover of perennial graminoids showed no signifi-
cant changes between years.

3.2 Changes of species composition — SOM analyses

Plots were clustered according to their species composition similarity using the SOM
(Fig. 3). Based on the cover data, four distinct compositional types were identified by the
clustering of SOMs, which corresponded to grassland types. We found that the variation in
precipitation between sampling years had a marked effect on species composition that can be
visualised by the pattern of species SOMs (see Supplement E1-3). The species composition
of the four grassland types in the three study years is presented in Supplement E4.

3.2.1 Species composition in 2009 after dry conditions

In 2009, the species composition of the four grassland types varied following the eleva-
tion gradient. In the cluster diagram, JUG and PUG-L separated into a common branch with
small compositional differences (low Ward distance value, Table 4) indicating that the lower
elevation grassland types were more similar in species composition. ARG and PUG-H were
separated into another branch but had greater differences in their composition (high Ward
distance value, Table 3).
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Fig. 3. Visualisation of the distribution patterns of the alkali grassland types in the studied years using
self-organizing maps (SOMs) and clusters. The analyses were based on species percentage cover val-
ues. Patches in the SOMs refer to cluster branches. Notations: ARG — Artemisia short alkali grasslands;
JUG — Juncus short alkali grasslands; PUG-H — higher elevation Puccinellia open alkali grasslands;
PUG-L - lower elevation Puccinellia open alkali grasslands.

Abb. 3. Mit SOMs und Clusters visualisierte Verteilungsmuster der untersuchten Vegetationstypen. Die
Analysen basieren auf prozentualen Deckungswerten der vorkommenden Pflanzenarten. Die SOM-
Felder sind komplementér zu den Astldngen der Cluster. ARG — hoch gelegene Artemisia-Rasen; PUG-
H — hoher gelegene Puccinellia-Rasen; PUG-L — tiefer gelegene Puccinellia-Rasen; JUG — tief gelege-
ne Juncus-Rasen.
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Table 4. Mean Euclidean distance among alkali grassland types based on relevant SOM clusters (see
Fig. 3). Notations: ARG — Artemisia short alkali grasslands; PUG-H — higher elevation Puccinellia
open alkali grasslands; PUG-L — lower elevateion Puccinellia open alkali grasslands; JUG — Juncus
short alkali grasslands. Different superscript letters indicate significant differences among years within
a grassland type (Tukey test, p <0.05).

Tabelle 4. Mittlere euklidische Distanz aus den SOM-Gruppen zwischen den untersuchten Vegetations-
typen (Abb. 3). ARG — hoch gelegene Artemisia-Rasen; PUG-H — hoher gelegene Puccinellia-Rasen;
PUG-L - tiefer gelegene Puccinellia-Rasen; JUG — tief gelegene Juncus-Rasen. Unterschiedliche
hochgestellte Buchstaben innerhalb eines Vegetationstypen zeigen signifikante Unterschiede zwischen
den Jahren an (ANOVA, Tukey-Test, p <0,05).

Grassland type 2009 2010 2011
ARG 224 1.75° 217
PUG-H 1.53° 1.99° 1.19°
PUG-L 2.24° 1.33° 1.63°
JUG 1.47° 1.14° 1.96°

The similarity of ARG and PUG-H was caused by the high cover of Artemisia santoni-
cum, Trifolium retusum and Carex stenophylla (Supplement E1). ARG was characterised by
high cover of Festuca pseudovina, Cynodon dactylon, Gypsophila muralis and Podosper-
mum canum. The similarity of JUG and PUG-L was caused by the high cover of Puccinellia
limosa, Polygonum aviculare, Hordeum hystrix, Alopecurus geniculatus and Cerastium
dubium. PUG-L and PUG-H had a weak separation in the SOM and a clear separation in the
cluster diagram. PUG-L had high similarity with JUG, while PUG-H had lower similarity
with PUG-L and JUG in the cluster diagram. This separation in the cluster diagram was
caused by the different cover values of Puccinellia limosa, Plantago tenuiflora, Suaeda
maritima, Spergularia rubra and S. media.

3.2.2 Species composition in 2010 after wet conditions

The composition of the four grassland types was different in 2010 compared to 2009. In
the cluster diagram, PUG-L and PUG-H were separated into a common branch with small
compositional differences (low Ward distance value, Table 4, Fig. 3), indicating that Pucci-
nellia dominated grassland types became very similar to each other in 2010. JUG and ARG
separated from each other and from the PUG types as well (Fig. 3). JUG was found closer to
the PUGs while ARG was separated from the other grassland types.

The high similarity of PUG-L and PUG-H was caused by the dominance of Puccinellia
limosa, Hordeum hystrix and Spergularia maritima in these grassland types. The disappear-
ance or decreased cover of several key species (e.g. Achillea collina, Agropyron repens,
Agrostis stolonifera, Cerastium dubium, Suaeada maritima, Trifolium spp.) was the reason
for the similarity of JUG, PUG-L and PUG-H (Supplement E2). We detected a significant
reduction of species number and total vegetation cover from 2009 to 2010 (Table 1 and 2).
The dominance of Festuca pseudovina and Plantago lanceolata meant that ARG was placed
in a separate branch to the other grassland types in 2010. PUG-H and ARG became more
different, while PUG-L and PUG-H became more similar to each other after the unusually
wet conditions in 2009/2010, compared to the previous year after the dry conditions
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(2008/2009). The differentiation of PUG-H from ARG was caused by the decreased cover of
Trifolium angulatum, T. retusum, Artemisia santonicum and the dominance of Puccinellia
limosa in PUG-H.

3.2.3 Species composition in 2011 after average precipitation

After the average season, grassland types were arranged similarly to 2010 but with the
difference that JUG and ARG were placed within a common cluster branch with small com-
positional differences (low Ward distance value, Table 4) indicating that the lowest and the
highest elevated grassland types were more similar in species composition to each other than
to the PUG grasslands. The increased similarity was caused by the increased cover of Aster
tripolium, Hordeum jubatum, Cynodon dactylon, Taraxacum officinale and Trifolium
fragiferum as well as the decreased cover of Festuca pseudovina (Supplement E3). The
similarity of PUG-L and PUG-H was high in 2010, but it was decreased in 2011. This was
caused by the increased cover of Spergularia media and S. rubra, and the disappearance of
Trifolium angulatum and T. retusum from PUG grasslands.

4. Discussion

Soil salt-content is a key environmental variable in saline ecosystems (WILSON et al.
1996, EALLONARDO et al. 2012), and is directly determined by precipitation (via its effects
on groundwater-level) together with temperature (via its effects on evaporation). Therefore,
precipitation and temperature are one of the most important factors driving vegetation
changes in salt-affected ecosystems (CHENG et al. 2011). Salt-content of the upper soil layer
directly depends on the level of groundwater, which is strongly affected by the dynamic
relationship between precipitation and evaporation. If groundwater is at an optimal level,
summer heat and evaporation will bring water and salts to the upper soil layer. In our study,
fluctuating precipitation with constantly high temperatures likely affected soil water- and
salt-content, both representing different sources of stress. After the dry year (2009) the water
table was likely to be deep below the surface due to severe drought, meaning that the alkali
salts remained in the deeper soil layers. The high precipitation in 2010 meant that the
groundwater level was raised, so that it covered the surface at lower elevations from June to
November. The rising groundwater level in 2010 caused waterlogging stress followed by soil
leaching. The amount and distribution of precipitation throughout the year followed the local
average in 2010/2011, but the groundwater remained elevated due to the flooding in 2010.
This probably led to enhanced salinisation (i.e. the transportation of alkali salts to the soil
surface by water) exacerbated by increased evaporation in summer.

We found that the high precipitation in the wet season (2009/2010) favoured graminoids
in all grassland types. They retained or increased their cover in all grassland types probably
due to their capacity for rapid vegetative growth (KLIMESOVA & DE BELLO 2009). The in-
crease in cover of Juncus compressus and Agrostis stolonifera in JUG, Cynodon dactylon
and Festuca pseudovina in ARG, and Juncus compressus in PUG-L and PUG-H was respon-
sible for the mean cover increase of graminoids. Nevertheless, graminoids of lower-elevation
grasslands, such as Juncus compressus especially prefer waterlogged soils and maintain
a large seed bank in alkali grasslands (VALKO et al. 2014). Thereby, they might be favoured
by high water levels in alkali conditions. This also corresponds to the findings of ROZEMA
(1975) who found that Juncus species were more tolerant to high salinity in flooded than in
non-flooded conditions. Moreover, the germination of non-halophyte species was probably
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hampered by the long period of water cover in the wet year and also by salt stress in the third
year (GRIME 2001). ARG occur at the highest elevation and, hence, were less affected by the
increase in the water table and the related salinisation processes than the lower-elevation
grassland types (TOROK et al. 2012).

We found that halophyte forbs (e.g. Artemisia santonicum, Podospermum canum and
Suaeda maritima) were negatively affected by increased precipitation in the wet year and
showed a considerable decrease in their cover values in all grassland types. Several of these
species in the study sites were halophytes highly adapted to alkali environments, such as
Spergularia media, S. rubra and Suaeda maritima. Seeds of halophytes may be exposed to
lower salinity after flooding, thus flooding per se could influence germination (BASKIN &
BASKIN 2001). In our study, we found that halophyte forbs did not prefer increased water
levels (or even inundation) as indicated by their decreasing cover from 2009 to 2010. De-
spite their salt-tolerance, their cover increased significantly, probably because of salt stress
(from 2010 to 2011) only in PUG-L. This partly contradicted our second hypothesis, because
we expected a significant increase in the halophyte forb cover in all grassland types after
drought events. Nevertheless, we found that the cover of some halophyte species (especially
Spergularia rubra and Suaeda maritima), which are characteristic species of PUG-H and
PUG-L, increased in the other grassland types, thereby causing the shift of PUG-H and
PUG-L towards ARG and JUG.

The significant cover increase of halophyte forbs in PUG-L from 2010 to 2011 was like-
ly because water stress was detrimental for almost all species in 2010 in PUG-L. However,
they reached their initial cover again in 2011, mainly because of the cover increase of Sper-
gularia rubra. This was indicated also by a shift of both PUG-L and PUG-H towards JUG.
PUG-L and PUG-H was dominated by Spergularia rubra in 2011, while Crypsis aculeata
and Atriplex litoralis, which are characteristic species of PUG-L and PUG-H, appeared only
in 2011, likely because of the salt stress. This corresponds to the results of UNGAR (1962,
1991) and BAKKER et al. (1985), who found that Spergularia and Suaeda species can germi-
nate under higher salt concentrations than other halophytes. MAHMOOD et al. (1996) found
that the decrease in soil moisture from 50 to 25% of water holding capacity reduced the ger-
mination success of the halophyte species Suaeda fruticosa from 40 to 6%. In our study,
fluctuating precipitation might have kept soil moisture content at the optimal level for the
germination of halophytes. These are important results because Spergularia media, S. rubra
and Suaeda maritima are threatened and characteristic species of PUG-H and PUG-L grass-
lands.

Contrary to our second hypotheses, we found a continuous cover decrease of halophyte
graminoids (Puccinellia limosa, Crypsis aculeata and Hordeum hystrix) in the mid- and low-
lying grassland types over the studied years. A notable cover increase was found only in
ARG grasslands from 2010 to 2011, likely due to salinisation. The general cover decrease
was likely triggered by waterlogging stress in 2010. We assume that the vegetative organs of
graminoid species were damaged by the long-lasting water cover and could not tolerate the
increased salinisation in 2011. On the other hand, high precipitation had a different effect on
the non-halophyte graminoids. The cover increase of non-halophyte graminoids in 2010 was
mainly caused by the increased cover of Juncus compressus and Agrostis stolonifera in all
grassland types. These species have a much higher tolerance of wet conditions, since these
species are characteristic species of wet grasslands.

392



In 2009, grassland types were arranged according to an elevation gradient confirmed by
both the SOM and SOM cluster. In 2010, the extra precipitation caused a remarkable de-
crease of total vegetation cover in all grassland types, which was most pronounced in the
lower-elevation grassland types (JUG and PUG-L; see Table 1). After the extra precipitation
during the wet year, the hot and dry summer in 2011 facilitated the accumulation of alkali
salts in the upper soil layer. This tendency was also indicated by the position changes of
PUG-H and PUG-L grassland types in the cluster branches during the three years.

We found that fluctuating precipitation generally decreased total vegetation cover in all
grassland types creating open surfaces for colonisation. This process was more pronounced
in the lower elevated JUG, PUG-H and PUG-L grassland types. This confirmed our first
hypothesis that changes in species richness and species composition are more pronounced in
wet grassland types than in dry ones. This was likely because these grassland types stayed
waterlogged for a longer time, which led to the decrease of total vegetation cover. This trend
was visualised as the position of JUG, PUG-H and PUG-L changed in the SOM clusters.
Another result of precipitation fluctuation was the homogenisation of PUG-L and PUG-H
and their increasing differentiation from JUG and ARG. Beside the decrease of total vegeta-
tion cover, we found the rearrangement of species composition in PUG, especially the in-
creasing cover of halophytes such as Puccinellia limosa, Suaeda maritima, Spergularia
media and Spergularia rubra. This result partly confirmed our second hypotheses that
changing precipitation and enhanced salinisation promotes halophytes as they are better
adapted to changing environments.

5. Conclusions

In our study, SOMs revealed that alkali grassland types respond dynamically to precipi-
tation fluctuations. In the currently changing climate, our findings can provide information
for the planning of nature conservation interventions to maintain the highest diversity of
grassland types and specialist species. Our results also suggest that in case of such dynami-
cally changing landscapes, species composition of certain grassland types can considerably
differ in years with different precipitations. Thus, for a proper habitat assessment of a site,
habitat maps and species censuses in dry and wet years should be compared. Self-organising
maps are a new, promising tool to analyse complex species patterns, but have so far rarely
been used in vegetation ecology. Distance-based methods such as NMDS do not provide
species and site scores simultaneously. Like CoA, SOM allows a simultaneous display of the
SOM units and of the species but at a much finer scale than CoA. Therefore, the explanation
of species scores and the connection of these results to vegetation composition is much bet-
ter. In our study, self-organising maps revealed small-scale vegetation changes and provided
a subtle visualisation of short-term vegetation dynamics in case of species-poor alkali grass-
land types where many of the species can appear and disappear in any of the studied grass-
land types according to precipitation alterations. We suggest that the application of this new
method is also promising to reveal community dynamics in case of more species-rich habitat
types or landscapes.
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Erweiterte deutsche Zusammenfassung

Einleitung — Pannonische Salzsteppen und Salzwiesen haben in der Europdischen Union einen ho-
hen Naturschutzwert (TOROK et al. 2012). Der Salzgehalt des Oberbodens dieser Vegetationstypen
hingt vom Grundwasserstand ab, welcher wiederum durch den Niederschlag und die Verdunstung
bestimmt wird. Zeitrdumliche Schwankungen des Salz- und Wassergehaltes des Bodens konnen zu
vorriibergehenden (Fluktuationen) aber auch dauerhaften Verdnderungen (Sukzessionen) der Vegetati-
on fithren (DEAK et al. 2014a, MOLNAR & BORHIDI 2003). Pannonische Salzsteppen und Salzwiesen
werden als prioritdre Lebensrdume in Anhang I der Fauna-Flora-Habitat-Richtlinie aufgefiihrt, jedoch
ist wenig liber ihre durch Niederschlagschwankungen bedingte Dynamik bekannt. Solche Kenntnisse
konnen jedoch zum besseren Verstindnis dieser Vegetationstypen beitragen und auch zur Planung von
Managementmafinahmen wichtig sein. In dieser Studie stellen wir die Hypothesen auf, dass Nieder-
schlagsschwankungen auf (1) feuchten Salzboden starkere Verdnderungen des Artenreichtums und der
Artenzusammensetzung bewirken als auf trockenen Salzbdden, und (2) dass bei Versalzung salztoleran-
te Arten in ihrer Abundanz stérker als nicht-salztolerante Arten zunehmen.

Material und Methoden — Im Zeitraum 2009-2011 wurde an fiinf Lokalititen des Hortobagy-
National-Parks (Ost-Ungarn) die Vegetationsdynamik von vier Salzsteppen- und Salzwiesentypen nach
einer trockenen Periode (Juli 2008 bis 2009), nach einer nassen Periode (Juli 2009 bis 2010) und nach
einer hinsichtlich des Niederschlags durchschnittlichen Periode (Juli 2010 bis Juni 2011) untersucht.
Pro Lokalitdt wurden zufillig jeweils fiinf 1 x 1 m-Flachen ausgewihlt und dauerhaft markiert. Insge-
samt untersuchten wir iiber die drei Jahre pro Vegetationstyp 25 Flachen. Als Vegetationstypen unter-
schieden wir Artemisia-Rasen (ARG; Artemisio santonici-Festucetum pseudovinae So6 in Mathé 1933
corr. Borhidi 1996) auf den am hochsten gelegenen Flachen, zwei Typen an Puccinellia-Rasen (Pucci-
nellietum limosae Magyar ex So6 1933) auf den mittelhoch gelegenen Fléchen — der eine Puccinellia-
Rasentyp (PUG-H) lag etwas hoher und der andere (PUG-L) etwas tiefer — sowie Juncus-Rasen (JUG;
Agrostio-Caricetum distantis Rapaics ex S0 1939) auf den am tiefsten gelegenen Flachen (Abb. 1).

Die Artenzusammensetzung und deren Verdnderung iiber die Zeit wurden mithilfe sog. selbstorga-
nisierender Karten (SOMs — self-organising maps) iiber die Deckungsgrade der vorkommenden Pflan-
zenarten visualisiert. SOM ist eine neuronale Netzwerkanalyse zur Visualisierung hochdimensionaler
Daten, die in der Lage ist, die Dimensionalitét der Daten zu verringern ohne ihre grundsétzliche Struk-
tur zu verdndern. SOM ist eine effiziente Methode zur Visualisierung von Verteilungsmustern und des
relativen Einflusses von Umweltfaktoren in strukturierten Lebensgemeinschaften.

Ergebnisse — Nach der trockenen Periode war die Artenvielfalt in allen Vegetationstypen am hochs-
ten. Nach der darauffolgenden nassen Periode fiel sie signifikant ab, stieg aber nach der anschlieBen-
den, hinsichtlich des Niederschlags durchschnittlichen Periode wieder an. Dieser Anstieg war jedoch
nur in den Juncus-Rasen und tiefer gelegenen Puccinellia-Rasen und damit in den feuchtesten Fldchen
signifikant und erreichte zudem nicht seinen Anfangswert (Tabelle 2). Nach der nassen Periode war in
beiden Puccinellia-Rasen die Abundanz der einjahrigen Krduter am niedrigsten, wihrend in den Arte-
misia- und Juncus-Rasen jene der mehrjihrigen Kriuter am niedrigsten war (Tabelle 3). Die Abundanz
der salztoleranten Arten sank iiber den gesamten Zeitraum in den Vegetationstypen der feuchtesten
Standorte (Juncus-Rasen und tiefer gelegene Puccinellia-Rasen) ab.

Diskussion — Schwankende Regenmengen fiithren in pannonischen Salzsteppen und Salzwiesen zu
teilweise recht schnellen Verdnderungen der Vegetation. Innerhalb unserer Studie iiber drei Jahre mit
unterschiedlichen Niederschldgen (nass, trocken, durchschnittlich) konnten wir eine generelle Abnahme
der Vegetationsdeckung beobachten, die zur Bildung von offenen (kolonisierbaren) Bodenbereichen
filhrte. Diese Abnahme fiihren wir vorranging auf Uberstauung der tiefer gelegenen Salzsteppen-
/Salzwiesenbereiche und moglicherweise auch auf eine Reduktion des Boden-Salzgehaltes zuriick.
Diese Vegetationsveranderungen auf kleinrdumlicher Skala konnten wir mithilfe von SOMs visualisie-
ren. SOMs wurden in der Vegetationsokologie bislang selten genutzt. Ein Vorteil von SOMs ist die
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gleichzeitige Verwendung von Art- und Lebensraumdaten. SOMs stellen ein hervorragendes Instrument
zur Analyse und Darstellung mehrdimensionaler (komplexer) Daten und damit zur Darstellung und
Erkldrung von Vegetationsverdnderungen dar.
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Appendix E4. Cover values of the species in the four grassland types in three years (mean + SD). Notations: ARG — Artemisia grasslands; PUG-H — higher-elevation Puccinellia grasslands;

PUG-L - lower-elevation Puccinellia grasslands; JUG — Juncus grasslands.

Anhang E4. Deckungsgrade der Arten in den vier Graslandtypen in den drei Jahren (Mittelwert + Standardabweichung). ARG — Artemisia-Rasen; PUG-H — hoher gelegene Puccinellia-Rasen;

PUG-L — tiefer gelegene Puccinellia-Rasen; JUG — Juncus-Rasen.

ARG PUG-H PUG-L JUG
2009 2010 2011 2009 2010 2011 2009 2010 2011 2009 2010 2011

Agropyron repens - - - - - - - - - 0.4+0.8 - -
Agrostis stolonifera - - - 0.1+0.1 0.2+0.4 - 0.1+0.2  0.8£0.7  0.1+0.1 24429 11.1£19.5 8.5+10.4
Alopecurus geniculatus - - - 0.1+0.1 - - 0.1+0.1 - - 0.1+0.1 0.1+0.1 -
Anthriscus caucalis - - - - - - - - - 0.1+0.1 - -
Artemisia santonicum 7.1£2.4  2.0+1.0 0.9+0.8 2.1£1.7 1.5+2.0  0.8%1.6 0.7+1.0 0.1+0.1 0.1+0.1 0.5+0.7 0.1+0.1 -
Aster tripolium ssp. pannonicum 0.1+0.1 0.1+0.1 0.1+0.1 0.1+0.1 - - 0.2+0.4 - - 0.9+1.4 - 0.1+0.1
Atriplex hastata - - 0.1+0.1 0.1+0.1 - 0.1+0.1 - - 0.1+0.1 - - 0.1£0.2
Atriplex litoralis - - - - - 0.1+0.1 - - - - - -
Bolboschoenus maritimus - - - - - - - - - - - 0.1+0.1
Bromus mollis 0.1+0.1 - - 0.1+0.1 - - - - - - - -
Bupleurum tenuissimum 0.6£0.6  0.2+0.2 0.1+0.1 0.1+0.1 0.1+0.1 0.1+0.1 0.1£0.2 - - 0.7£0.7 - -
Carduus acanthoides - - - - - - 0.1+0.1 - - - - -
Carex acutiformis - - - - 0.2+0.4 - - 0.1+0.1 - - - -
Carex stenophylla 4.7+44  3.4+14 3.8+6.5 1.7+£3.8 1.5+2.9  0.1+0.1 - - - - - -
Cerastium dubium 0.1£0.1 - - 0.1+0.1 - - 0.1+0.1 - - 0.1+0.1 - -
Cerastium semidecandrum 0.1+0.1 - - - - - - - - - - -
Chenopodium album - - - 0.1+0.1 - - - - - - - -
Chenopodium strictum - - 0.1+0.1 - - - - - 0.1+0.1 - - 0.1+0.1
Crypsis aculeatus - - - - - - - - 0.7+1.4 - - 0.1+0.1
Cynodon dactylon 1.9+42  4.0+£8.8 4.1+£8.8 0.1+0.1 0.1+0.1 0.1+0.1 - - - - - -
Daucus carota - - - - - - 0.1+0.1 - - 0.1+0.1 - -
Elocharis palustris - - - - - - - - - - 0.1+0.1 0.6+1.3
Epilobium tetragonum - - - - - - - - - 0.1+0.1 - -
Festuca pratensis - - - - - - - - - 0.1+0.1 - -
Festuca pseudovina 63.3+£5.8 69.6£11.2 18.5£15.7 32424 0.7£1.0 - 0.4+0.5 - - 1.1£1.3 - -
Gypsophila muralis 0.1+0.1 - - - - - - - - - - 0.1£0.2
Hordeum hystrix 34422 1.741.2 124452 18.0+13.5 7.5+12.2 3.0+4.4 17.6+12.5 26.5£21.4 0.1+0.1 36.2+¢10.8 1.5¢1.6  0.1%0.1
Hordeum jubatum - - - - - 0.1+0.1 - 0.1+0.1 - - - 0.1+0.1
Inula britannica 0.2+0.2 0.2+0.4 0.5+1 0.1+0.1 - - 0.1+0.1 0.1+0.1 - 0.6£0.8 0.1+0.1 0.1+0.1
Juncus compressus 3.4+5.3 3.1+0.9  16.6+8.6 0.2+0.3 4.3+£7.6  2.6%3.5 3.6+£3.4 5.1£474  3.844.2 472494 48.9426.4 30.2+22.9




Appendix E4. Continued.

Anhang E4. Fortsetzung.

ARG PUG-H PUG-L JUG
2009 2010 2011 2009 2010 2011 2009 2010 2011 2009 2010 2011
Lactuca serriola - - - - - - - - - 0.1+0.1 - -
Lemna minor - - - - 0.1+0.1 - - 0.6+1.3 - - 0.1+0.1 -
Lepidium ruderale - - 0.1+0.1 1.1+£0.8 - 0.1+0.1 3.2+43.9 - 0.1+0.1 - - -
Lolium perenne - - 0.1+0.3 0.1+0.1 - - 0.1+0.1 0.1+0.1 - 0.2+0.4  0.1+0.1 -
Lotus corniculatus 0.9+0.4 0.4+0.4  0.8+0.6 1.1+1.4 0.2+0.5 0.2+0.4 1.1£1.5 - 0.8+1.4 2.0£1.3 0.1+0.1 2.2+1.4
Matricaria chamomilla - - 0.6+1.2 2.3+£2.4 - 0.2+0.4 5.1£5.3 - 0.1+£0.2 0.1+0.1 - 0.1+0.1
Mentha pulegium - - - - 0.1+0.1 - - - - 0.1+0.1 - -
Pholiurus pannonicus - - - - - - 0.1+0.1 - - - 0.1+0.1 -
Plantago lanceolata 0.3+0.4  0.1£0.1 0.1+0.1 0.1+0.1 - - 0.1+0.1 - - 0.1+0.1 - -
Plantago major - - - - - - - - - 0.1+0.1 - -
Plantago maritima - 0.1£0.1 - - 0.1£0.2 - 0.1£0.1 - - 0.1£0.4 - -
Plantago media - - 0.1+0.1 - - - - - - - - 0.1+0.1
Plantago tenuiflora 0.1£0.1 - - 1.1+1.2 - 0.1+0.2 0.7+0.5 - 0.4+0.8 0.1+0.1 - 0.1+0.2
Poa angustifolia - - - - - - 0.1+0.1 - - 0.4+0.6  0.1£0.1 -
Podospermum canum 1.0+0.4  0.1£0.1 0.3+0.1 0.1+0.1 - - - - - - 0.1+0.1 -
Polygonum aviculare 0.1+0.1 0.3+0.3 0.4+0.3 0.5+0.5 0.5+0.7  0.4+0.7 0.6+0.5 0.1+0.1 1.241.3 0.3+0.3 0.1+0.1 0.9+0.4
Potentilla arenaria - - - - - - - - - 0.1+0.1 - -
Puccinellia limosa 0.140.1  1.4+2.6  7.8+4.7 15.4+10.  247+9.1 256433  17.8%1l. 08409  6.7+8.0 1.941.7  0.1£0.1  0.5+0.5
Pulicaria dysenterica - - - - - - - - - - 0.1+0.1 -
Rorippa amphibia - - - - - - - - - - - 0.1+0.1
Spergularia media 0.3+0.4  0.1£0.1 1.3+0.9 1.0+1.3 1.7+£2.7 1.0+0.5 1.742.6 - 4.2+3.6 0.1+0.1 - 0.2+0.1
Spergularia rubra 0.1+0.1 - 2.1£1.4 3.445.6 - 5.543.7 1.3+1.7 - 15.4+7.1 0.1+0.1 - 4.4+£5.5
Suaeda maritima - - - 0.1+0.1 - 0.4+0.4 0.1+0.1 - 0.1£0.1 - - -
Taraxacum officinale 0.1+0.1 0.1+0.1 0.1+0.1 0.1+0.1 - - 0.1+0.1 - - 0.1+0.1 - 0.1+0.1
Trifolium angulatum 0.6+0.8  0.1+0.2 - 1.743.0  0.1%0.1 0.1+0.1 0.6+1.2 - 0.1+0.1 1.3+1.5 - 0.1+0.1
Trifolium fragiferum 0.6+0.8 0.3+0.5 1.3£2.4 0.1+0.1 0.1+0.1 - - - 0.1+0.1 0.6+0.8  0.2+0.5 0.6+0.5
Trifolium repens - 0.1+0.3 - - - - 0.1+0.1 - - 0.3+0.4  0.1+0.1 -
Trifolium retusum 1.1+1.1 - - 1.5+2.3 - - 0.3+0.7 - - 0.1+0.1 - -
Trifolium striatum 0.1+0.1 - - - - - - - - 0.1+0.3 - -
Typha angustifolia - - - - 0.1+0.1 - - - - - - -
Xanthium italicum - - - - - - - - - - - 0.1+0.1
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Appendix E1. Visualisations of species distribution patterns according to the cover values in 2009. Dark colours indicate higher cover values, while light colours indicate lower values. The values are
normalized between 0 and 1 to emphasise the relative importance of each group on the units of the self-organizing map (SOM). The SOM component planes correspond to the SOMs in Fig. 3.

Anhang E1. Darstellung der Verteilung der Arten entsprechend ihrer Deckungswerte im Jahr 2009. Je dunkler eine Zelle ist, desto hoher liegen die Deckungswerte. Die Werte wurden 0—1-standardisiert
um die relative Bedeutung jeder Gruppe auf die Einheiten der selbstorganisierenden Karten (SOM) deutlich zu machen. Die SOM-Bestandteile entsprechen den SOMs in Abb. 3.

Artemisia santonicum  Atriplex litoralis ~ Matricaria chamomilla Plantago maritima  Plantago tenuiflora Podospermum canum Spergularia media Spergularia rubra
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Appendix E2. Visualisations of species distribution patterns according to the cover values in 2010. Dark colours indicate higher cover values, while light colours indicate lower values. The values are
normalized between 0 and 1 to emphasise the relative importance of each group on the units of the self-organizing map (SOM). The SOM component planes correspond to the SOMs in Fig. 3.

Anhang E2. Darstellung der Verteilung der Arten entsprechend ihrer Deckungswerte im Jahr 2010. Je dunkler eine Zelle ist, desto hoher liegen die Deckungswerte. Die Werte wurden 0—1-standardisiert
um die relative Bedeutung jeder Gruppe auf die Einheiten der selbstorganisierenden Karten (SOM) deutlich zu machen. Die SOM-Bestandteile entsprechen den SOMs in Abb. 3.

Artemisia santonicum  Atriplex litoralis ~ Matricaria chamomilla  Plantago maritima  Plantago tenuiflora Podospermum canum  Spergularia media Spergularia rubra
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Lepidium raderale  Lotus corniculatus

Plantago major Polygotum aviculate  Potentilla arenaria Pulicaria dysenterica  Rorippa amphibia
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Non-
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Agropyron repens

Agrostis stolonifera Alopecurus geniculatus Bolboschoenus marftirnus  Bromus maltis — Caress acutiformis Carex stenophylla  Cynodon dactylon

Festuca pratensis  Festuca psendowinga  Hordeum jubatum Juncus compressus Lolium perenne Foa angustifolia
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Appendix E3. Visualisations of species distribution patterns according to the cover values in 2011. Dark colours indicate higher cover values, while light colours indicate lower values. The values are
normalized between 0 and 1 to emphasise the relative importance of each group on the units of the self-organizing map (SOM). The SOM component planes correspond to the SOMs in Fig. 3.

Anhang E3. Darstellung der Verteilung der Arten entsprechend ihrer Deckungswerte im Jahr 2011. Je dunkler eine Zelle ist, desto hoher liegen die Deckungswerte. Die Werte wurden 0—1-standardisiert
um die relative Bedeutung jeder Gruppe auf die Einheiten der selbstorganisierenden Karten (SOM) deutlich zu machen. Die SOM-Bestandteile entsprechen den SOMs in Abb. 3.

Artemisia santonicum  Atriplex litoralis ~ Matricaria chamomilla  Plantago maritima ~ Plantago tenuiflora Podospermum canum  Spergularia media Spergularia rubra
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