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Abstract

Soda pans of the Carpathian basin are shallow saline lakes with variable water levels. They are
critically endangered habitats of European concern. Conservation management is trying to
revive traditional grazing in order to preserve the specialised halophytic vegetation surround-
ing these soda pans. However, explicit effects of grazing on halophytes are unclear apart from
changes in community structure by supressing otherwise dominant species like Phragmites
australis. This study asks whether low intensity shifting grazing by cattle in the Seewinkel area
in Austria affects community composition, halophyte presence, species richness and abun-
dance when reed dominated patches are excluded. | conducted 176 vegetation relevés on
randomly chosen salinity-influenced sites around 19 soda pans and took soil samples to fur-
ther determine the influence of conductivity and nitrate on vegetation. Additionally, | moni-
tored shares of bare soil and reed abundance on the twelve grazed and seven non-grazed
pans. In an AlC.-based model selection approach grazing per se never showed a relevant in-
fluence on halophytes, while share of bare soil turned out to be the main environmental driv-
er. As expected, soil conductivity shaped community structure as well as the ratio of halo-
phyte to glycophyte abundance. Salinity was a relevant factor increasing the presence of two
halophytic model species Puccinellia peisonis and Tripolium pannonicum but decreasing pres-
ence of glycophytes. Soil nitrate increased glycophyte relative to halophyte abundance and
the presence of reed. Reed cover still shaped plant communities, despite the pre-selection of
study sites to exclude reed-dominated habitats. All models showed higher values of explained
variance when the random effect of soda pan identity was considered, which indicates that
other factors than the physical soil and vegetation characteristics measured here play an im-
portant role as well. Re-establishing connectivity between soda pans through grazing corri-
dors might be crucial for future halophyte population persistence. | conclude that herded
cattle grazing at the current intensity does not pose any threat to halophytes around soda
pans in the Seewinkel region and might even be slightly intensified without adverse effects.

Keywords:

halophytes, soda pans, salt marsh, biodiversity loss, endangered species, endangered habi-
tats, National Park Neusiedler See — Seewinkel, cattle grazing, sedentary herding

Abbreviations

acc. w; cumulative Akaike weight (sums up to 1 for all models in a candidate set)
AlC, Akaike information criterion corrected for small sample size

AAIC, delta values, i.e. difference to AlC.-value of best-ranked model

dbRDA distance-based Redundancy Analysis

ER evidence ratio (expressing how much less likely model; is than the best-ranked model)
GLMM generalised linear mixed model

HPLC High-performance liquid chromatography

IQR inter-quartile range

k number of estimated parameters of a model

LMM linear mixed model

ML Maximum likelihood

PCV proportion change in variance

R? Coefficient of determination, amount of variance ‘explained’ by a model
REML restricted maximum likelihood (REML)

Wi Akaike weight (probability of being best-ranked model)



Deutsche Zusammenfassung

Die Sodalacken des Karpathenbeckens sind flache, salzhaltige Seen mit wechselndem Wasser-
stand. Sie sind stark bedrohte Lebensrdume von europdischer Bedeutung. Im Naturschutz-
Management wird versucht das traditionelle Hutweidesystem wieder zu beleben, um die an-
gepasste Halophyten-Vegetation rund um die Salzlacken zu erhalten. Allerdings sind die ge-
nauen Auswirkungen der Beweidung auf Halophyten noch unklar, mit Ausnahme des Einflus-
ses auf die Artenstruktur durch Unterdrickung von sonst dominierenden Arten wie Phragmi-
tes australis. Diese Studie untersucht, ob auf Hutweiden im Seewinkel in Osterreich die Arten-
zusammensetzung, das Vorkommen, die Artenvielfalt und Deckung von Halophyten beein-
flusst werden, wobei schilf-dominierte Flachen ausgeschlossen wurden. Ich habe 176 Vegeta-
tionsaufnahmen auf zufallig ausgewahlten, salz-beeinflussten Flachen an 19 Sodalacken
durchgefiihrt und Bodenproben entnommen, um zugleich auch den Einfluss von Salzgehalt
und Nitrat auf die Vegetation festzustellen. Zuséatzlich habe ich den Anteil an offenem Boden
und Schilfdeckung auf den zwolf beweideten und sieben nicht beweideten Lacken notiert. In
einem AlCc-basierten Modell-Auswahlverfahren zeigte Beweidung nie einen relevanten Ein-
fluss auf Halophyten, wahrend der Anteil an offenem Boden als Hauptumweltfaktor hervor-
trat. Wie erwartet, beeinflusste die Bodenleitfdhigkeit sowohl die Struktur der Lackenvegeta-
tions-Gemeinschaften als auch das Verhaltnis zwischen Halophyten- und Glykophyten-
Deckung. Der Boden-Salzgehalt erhohte das Vorkommen der zwei halophytischen Modell-
Arten Puccinellia peisonis und Tripolium pannonicum, aber verringerte das Vorkommen von
Glykophyten. Nitrat erhohte das Verhaltnis von Glykophyten-Deckung relativ zu Halophyten
sowie das Vorkommen von Schilf. Schilfdeckung beeinflusste trotz der Vorauswahl der Unter-
suchungsflachen die Zusammensetzung der Pflanzengemeinschaften. Alle Modelle zeigten
hohere Werte fir erklarte Varianz, wenn der Zufallseffekt der Salzlacken-ldentitat mitberlck-
sichtigt wurde, was darauf hindeutet, dass auch andere Faktoren als die hier gemessenen
Boden und Vegetations-Charakteristika eine wichtige Rolle spielen. Eine Wiederherstellung
der Verbundenheit der Salzlacken durch Beweidungskorridore kénnte entscheidend sein fir
die zukinftige Erhaltung der Halophyten-Populationen. Ich folgere daher, dass das Hutweide-
system als solches keine Bedrohung fir Halophyten der Sodalacken im Seewinkel darstellt
und die derzeitige Beweidungsintensitdt ohne negative Folgen sogar etwas erhéht werden
konnte.

Schlagworter:

Halophyten, Salzlacken, Salzwiesen, Salzsimpfe, Verlust der Artenvielfalt, bedrohte Arten,
bedrohte Lebensrdaume, National Park Neusiedler See — Seewinkel, Rinderbeweidung, Hut-
weiden
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1. Introduction

Soda pans are astatic, alkaline wetlands, which lack surface water in summer, but are filled
annually by precipitation during winter and show seasonally varying salinities (Williams 2002).
Most soda pans occur in semi-arid climate zones around the world. As for freshwater lakes, a
common trend in degradation of these ecosystems can be observed globally (Williams 2002).
The soda pan area in northern Burgenland, Austria is the westernmost region of salt pans in
Eurasia (Loffler 1982). The so-called Seewinkel is situated at the western edge of the Little
Hungarian Plain (Kisalféld) and shows many botanical similarities with the Hungarian salines
(Wendelberger 1951). About 80% of once existing soda pans in the Carpathian basin have
been lost already through drainage and river regulations (Boros et al. 2013). The formation of
the soda pan basins and the origin of the soda in northern Burgenland are still subject of sci-
entific debate (Dober et Gritzmann 2014, Weiss 2015a, Gurresch et al. 2015), but any changes
in hydrological conditions have been shown to strongly reduce soil salinity (Boros et al. 2013).
At the bottom of soda pans, over thousands of years, sedimentation of calcite and clay min-
erals have formed a water-impermeable horizon, which acts as a barrier for both seeping
rainwater and rising groundwater (Krachler et al. 2012). This soda pan ground must remain in
touch with the underlying groundwater for staying water-impermeable and to ensure a con-
tinuous capillary rise of ions to upper soil layers (Krachler et al 2012).

While salt compositions of coastal salt-affected habitats are comparable to sea water
(=neutral, sodium chloride dominated), continental salt-affected habitats often show differ-
ing, alkaline salt components and are dominated e.g. by sodium carbonate and sodium sul-
phate (Waisel 1972). Soda pans of the Carpathian basin show high chemical diversity (Boros
et al. 2014). The biggest areas of sodic soils in Europe occur continentally in Hungary (Great
Hungarian Plain, Alféld) and in Romania (Téth et al. 2008). Two types of salt-affected soil can
be distinguished: solonetz (black alkali soil) and solonchak (white alkali soil) (e.g. IUSS 2015).
Solonchak soils accumulate highest salt concentrations in their uppermost layers and typically
show white salt efflorescences during dry periods. Solonetz soils show a zone of highest con-
centration of salts in deeper layers and exhibit shrinkage cracks in summer. In northern Bur-
genland, most salt-affected soils are mixtures between those two soil types on a small spatial
scale (Nelhiebel 1980), but solonchak dominates the soda pan basins and their surroundings
(Festetics 1971).

Continental naturally salt-affected habitats are critically endangered throughout Europe and
listed as protected habitats in the EU habitats directive. Two different habitat types are dis-
criminated: Inland salt meadows (1340) and Pannonic salt steppes and salt marshes (1530)
(EIONET 2014, Sefferova Stanova et al. 2008). Austrian reports to EU conservation authorities
only mention the latter (Ellmauer et al. 1999). Of the five EU countries listing Pannonic salt
steppes and salt marshes in their official reports, only Romania currently assigns favourable
conservation status to its sites. The main reasons for endangerment are drainage and melio-
ration of less salt-affected soils (i.e. the conversion into arable land), changes to more ex-
treme ends of utilisation gradients, leading to either abandonment or intensification of once
extensively managed meadows or pastures, as well as intensification of surrounding agricul-
tural land with heavy use of fertilizers and pesticides (EIONET 2014, Torok et al. 2011, Kohler
et al. 1994).

Around 6% of the Earth’s land surface is covered by salt affected soils and a considerable part
of them occur within winter-cold steppe ecosystems, deserts and semi-deserts around the
world (Grabherr 1997). On salt-affected soils, specialised halophytic (halos = greek for salt,
philos = greek for friend) plants occur (e.g. Elias et al. 2013). Most halophytes are not literally
salt-loving but have found ways to cope with salinity through different strategies to prevent
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salt-uptake, dilute salts within cellular tissues, shift excess salts to special plant organs or cell
compartments, actively secrete them by salt glands, or outbalance the osmotic stress induced
by salts within the plant individual or its environment by producing compatible solutes or by
selective ion uptake (Flowers & Colmer 2015, Flowers & Colmer 2008, Albert 1975). While
there are some eu-halophytic species, which truly need a certain soil salinity level to germi-
nate and thrive, there are numerous species which only tolerate saline conditions. Multiple
physiological as well as ecological classification systems have been proposed to describe this
gradient of adaptations to saline conditions (Breckle 2018, Grigore et al. 2010, Grigore & To-
ma 2017). In the current study, all vascular plant species known for their main presence in
saline habitats were included in analyses, regardless of their physiological preferences. This
corresponds to two of the three types of halophytes Braun-Blanquet (1964) described: salt-
requiring and salt-loving species, excluding merely salt-tolerant species.

Salt steppes and salt marshes show vegetation patterns reflecting not only the salt content of
the soil, but also the type of salts involved, as well as the depth of the salt horizon (Molnar &
Borhidi 2003). Wendelberger (1951) described the typical zonation of halophytic vegetation
around Central European soda pans and Essl (2005) put together all relevant plant associa-
tions for the mapping of Pannonian salt steppes and salt marshes as Natura 2000 sites in Aus-
tria. Dité et al. (2017) examined the current phytocoenological status of Carpathian soda
pans. Differences in micro-relief in combination with annual changes in habitat conditions,
especially in the extent of open water surface due to variation in precipitation, result in a shift
in the location of characteristic phytocoenoses of soda pan shorelines and dominant species
(Blab 1997, Boros et al. 2013, Lukacs et al. 2015). Thus, alkaline marshes mostly exhibit a mo-
saic pattern, due to small-scale variation in salt accumulation in the soil and water supply
(Valko et al. 2014). Furthermore, the shorelines of many soda pans have been taken under
cultivation, confining them to small remains of their potential size (Boros et al. 2013). Anthro-
pogenic activities lead to disturbance and degradation of many halophytic phytocoenoses.
This hampers identification of ‘plant associations’ in the field even further. This study there-
fore followed a different approach. | directly addressed halophytic species on randomly se-
lected, potentially salt-influenced sites of equal size, instead of pre-selecting putatively “ho-
mogenous” vegetation patches along gradients in the field.

In non-saline environments, true halophytes mostly lack competitive power and are over-
grown and outcompeted by other species (Ungar 1998). This might be due to their salt-
exclusion strategies, which can be energy-intensive, but could also be caused by other factors,
e.g. enhanced growth rates of highly-salt tolerant plants at higher salinity levels or later ger-
mination and shorter growing season length due to their well-adapted life cycles to their envi-
ronments (Rozema & Schat 2013). Phragmites australis (Poaceae) (Cav.) Trin. ex Steudel
(reed) has been shown to outcompete halophytic target species of conservation concern at
the salt marshes around soda pans in Austria without proper management (Korner et al.
2008). In a grazing exclosure experiment, Torok et al. (2014) documented that P. australis
reached three- to twenty-times higher cover scores in fenced plots in Hungarian salt marshes,
but yearly fluctuations were very high. Bart & Hartman (2002) found evidence that the loss of
alkaline character facilitates reed invasion in tidal salt marshes. Furthermore, reed expansion
is likely to be favoured by regular reed cut (Dedk et al. 2015). Reed from alkaline habitats used
to be economically valued because of its special structure (Valkama et al. 2008) and many
reed beds on soda pans in Austria were commercially harvested in winter until recently
(Kohler & Korner 2006). In these regularly harvested stands of reed other species are general-
ly suppressed or even missing, because young reed forms a dense, uniform structure (Dedk et
al. 2014). Thus, reed-dominated areas of soda pan basins were excluded in this study.
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For millennia one traditional form of land use of salt-influenced soils in the Carpathian basin
has been extensive grazing since arable agricultural use was not profitable (Molnar et al.
2016). Shifting grazing or sedentary herding is a form of traditional grazing which involves
herdsmen with herder dogs accompanying (in former times also mixed) herds of cattle, (hors-
es), sheep, pigs (or geese) from barns in villages to daily grazing grounds (Kohler et al. 1994,
Molnar 2014). Different feeding behaviours, activity levels, body size and mouth anatomies of
grazing animals lead to different effects on vegetation (e.g. Téth et al. 2018, van Klink et al.
2016, Rook et al. 2004, Menard et al. 2002, Olff & Ritchie 1998). In a study on coastal salt
marshes, Nolte et al. (2014) found that size of homogenously grazed patches is smaller for
cattle herds compared to horses, but mean canopy height is higher for cattle pastures, be-
cause cattles rip off vegetation with their tongues. Grazing of salt marshes leads to decreased
vegetation height, reduction of mean vegetation cover resulting in a more open canopy and
an increase of species richness, because annual plant species may sprout in the created open
soil patches (Bakker & Ruyter 1981). Cattle grazing enhances growth of creeping and rosette-
forming species and supresses tall growing species (Torok et al. 2014). Grazing may also affect
soil chemical conditions. By creating more open surface and compaction of soil through tram-
pling, grazing animals can enhance soil salinity through increased evapotranspiration (di Bella
et al. 2015, van Klink et al. 2015). However, productivity of the grazed ecosystems plays an
important role as well (Bakker et al. 2006). Ren et al. (2012) even conclude that grazing ef-
fects are barely noticeable when differences in precipitation are very high. This present study
focused on areas grazed by cattle that are guided by herdsmen and compared them to un-
managed soda pan grounds.

Soda pans in the Carpathian basin are hypertrophic systems (Szabd et al. 2017) but nitrogen
uptake mostly exceeds input in aquatic ecosystems (Likens 2010). Soda pan waterbodies have
unusually low nitrogen to phosphorus ratios (Boros et al. 2008) and saline soils around them
often show limited amounts of nitrogen available to plants (Wollenweber & Zechmeister-
Boltenstern 1989), because bacteria involved in N-cycling may immobilize large fractions
within their biomass (Dendooven 2010). Inorganic nitrogen in the form of ammonia or nitrate
is the only source of nitrogen in the soil that is available to plants (Wagner 2011). Micro-
organisms help halophytic species overcome nutrient deficiencies but only little specific in-
formation on nitrogen uptake of halophytes is available yet (Ruppel et al. 2013). Many halo-
phytes show mycorrhiza, which has been shown to alleviate salinity stress and increase phos-
phorus uptake, but results on nitrogen metabolism are debated and only available for glyco-
phytes under salt stress up to now (Porcel et al. 2012, Ruppel et al. 2013). Bacteria with genes
encoding for dinitrogenase reductase (nifH) convert atmospheric nitrogen into ammonia and
are screened for in microbiota assays (e.g. Szymanska et al. 2016). However, Mapelli et al.
(2013) additionally tested for ammonia production of bacteria and found more than 90% of
strains in Salicornia rhizosphere capable of it, even though only 5% of these rhizobacteria
showed the nifH gene sequence. Several halophytes are nitrophilous species or known for
their occurrence on ruderal sites, especially species of the family Chenopodiaceae (Wendel-
berger 1951, Albert & Popp 1977). Local nitrogen maxima may occur at the driftline of soda
pans, where dead organic material accumulates or at dung sites of grazing animals, which are
most frequently found at resting areas of cattle herds (Kohler et al. 1994, Molnar 2014), alt-
hough decomposition of organic material can be hampered at high salinities (Dendooven
2010). Cattle urea probably is of minor relevance, because ammonia is highly volatile under
the high pH conditions typical for sodic soils (Boros et al. 2008, Dendooven 2010). Grazing
might also affect nitrogen availability by reducing soil net N-mineralization rates through re-
duced litter accumulation (van Wijnen et al. 1999). Due to the vicinity of agricultural land in
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many cases, the leaching of fertilizers into the soda basins probably plays a role as well
(Krachler 1992). | focused on plant available soil nitrate in this study and looked for correla-
tions between its concentration and the presence, species richness and abundance of halo-
phytic species of conservation concern.

Current conservation management practices around soda pans in eastern Austria include tra-
ditional land-use techniques applied by herders like mowing or use of fire (Kohler & Korner
2006), but some traditional habits like manuring or cutting of draining ditches are banned
now by National Park administrations or are strictly directed by EU regulations (Molnar et al.
2016). Experienced herders may adjust the herd’s travelling speed and spread to current
needs and force the animals to forage in certain areas (i.e. apply higher grazing pressure with
less selective foraging), while completely sparing areas of special conservation concern. Herd-
ers also avoid unnecessary trampling of grassland areas (Molnar 2014). Therefore, the other-
wise typical recommendations of livestock units per hectare for stationary conservation graz-
ing systems are neither as easy to estimate for sedentary herding systems nor do they neces-
sarily apply to them. While traditional Hungarian herding practices aim at animal well-being to
increase weight gain and milk production as efficiently as possible, modern nature conserva-
tion targets may conflict with herders’ perspectives (Molnar et al. 2016). Young halophytes of
the soda pan basin (e.g. Atriplex or Salicornia) and salt marshes (e.g. Juncus gerardii) make
good fodder plants for animals (Waisel 1972, Molnar 2014), but grazing grounds should al-
ways involve larger surroundings of soda pans to ensure that the grazers find nutrient rich
vegetation throughout the year. Otherwise additional fodder might be necessary during the
vegetation period, even for regional animal breeds (Ecsedi & Boros 2013a, compare Gilhaus &
Holzel 2016). An open attitude from herders and conservationists is needed to develop adap-
tive management strategies that simultaneously serve both interests (Molnar et al. 2016). In
the focal region of this paper, grazing activities were set out in yearly adopted grazing man-
agement plans by the National Park administration, National Park rangers and conservation-
ists together with the owners of the herds.

One main goal of the National Park Neusiedler See — Seewinkel is the perpetuation of tradi-
tional grazing. While proponents of grazing hypothesized that herding would favour halo-
phytes despite the drastic reduction of soda pan area and soil salinization, critical voices
raised concerns that grazing might have additional adverse effects on the already endangered
species (Korner et al. 2008, Albert et al. 2016). However, no solid data were available to settle
that debate. While other regional studies investigated the effect of grazing on distinctive veg-
etation communities or went deeper into the effects on P. australis and other dominating
species by exclusion experiments (Korner et al. 2000, Korner et al. 2008, Euller et al. 2014) or
by documenting detailed effects on soil nutrients (Steingruber 2013, Albert et al. 2016), this
present study focuses specifically on the following four research questions:

(1) How strongly does the current conservation practice of low intensity shifting grazing by cat-
tle influence species richness, abundance and species composition of halophytes as the main
target of vegetation conservation aims on soda pan shores? (2) How does grazing affect the
presence of two characteristic halophytic plant species of the Seewinkel, viz. Puccinellia peisonis
(Poaceae) (Beck) Jav. and Tripolium pannonicum (Asteraceae) L.? (3) How do halophytes re-
spond to variation in soil salinity, soil nitrate and bare soil area? (4) Does the abundance of
Phragmites australis as the most problematic competitive species affect the presence, abun-
dance or species composition of halophytes, and how is P. aqustralis affected by soil conditions
and grazing itself?

14



2. Material and Methods
2.1. Study region

The climate in the Seewinkel is subcontinental with around 600 mm precipitation per year
and a mean annual temperature of 10 °C (NP Neusiedler See — Seewinkel 2019). Pollen and
macrofossil records show that soda pans of the Danube-Tisza interflow in the Carpathian ba-
sin developed at the early postglacial period 13,000—10,000 years ago and have been contin-
uously present since then (Slimegi & Boros 2013). Similar or even older ages are assumed for
the soda pans in Austria (Krachler et al. 2012). Soda pan area as well as soda pan numbers in
the Seewinkel have started to decline about 160 years ago through the construction of a sys-
tem of drainage ditches, followed by shifts in agricultural use (Kohler et al. 1994). The irriga-
tion of arable farmland surrounding soda pans as well as the construction of high-capacity
community wells led to additional groundwater level lowering (Krachler et al. 2012). The wa-
ter-retaining clay layer forming the bottom of soda pans shrinks and cracks open when the
clay minerals dry and salts are then easily washed out by precipitation (Krachler 1992, Miller-
et 1999).

With this considerable habitat loss and land use change went hand in hand a change and loss
of quality/diversity of the accompanying halophytic soda pan vegetation, specialised on alka-
line soils. The Seewinkel region is known as a very species-rich area (Loffler 1982) and this
holds true for halophytic plants as well, even though the species richness of Hungarian soda
pans never was reached (Wendelberger 1951). Central European saline and sodic soils used
to be treeless areas prior to the introduction of Russian olives (Elaeagnus angustifolia) from
western and central Asia as windbreak species and nectar source for beekeeping in the 20t
century (Ecsedi & Boros 2013a, Fischer et al. 2008). Common reed (Phragmites australis) and
wood small-reed (Calamagrostis epigejos) now dominate many areas of former and current
soda pans in the Seewinkel (Korner et al. 2008, Krachler et al. 2012). Salt barley (Hordeum
geniculatum), a rare halophytic species of nitrate-rich, ruderal (highly disturbed) saline soils,
even became extinct in Austria (Fischer et al. 2008). Many attempts to put a halt to this dete-
riorating trend include assigning different conservation status to the area (nature reserve,
National Park, Ramsar site, Natura 2000, Unesco biosphere reserve, Unesco world heritage;
Weiss 2015b). Various management techniques, such as retaining water by damming drain-
age ditches (Kohler and Korner 2006), and restoring former soda pan basins by applying soda
to vegetation covered soils (Stojanovic 2006, Krachler et al. 2012) are currently implemented
to conserve the ecological values of these rare habitats (Kohler et al 1994).

While at the beginning of the 20™" century overuse of meadows by grazing in northern Bur-
genland was common (Kohler et al. 1994), numbers of grazing cattle continually declined in
the last 60-70 years throughout the Carpathian basin due to intensification of agricultural
practises (Varga et al. 2016). Like in many other European countries (e.g. Redecker et al.
2002), with the intentional political disruption of integrated agriculture (mixed farming) after
the second world war (Bauer 1988), cattle grazing in Northern Burgenland could only survive
because private initiatives or non-governmental organisations like the WWF started to rent
land in the 1960s and continued or resumed sedentary herding as a means of nature conser-
vation with specific management aims to achieve (Loffler 1986, Albert et al. 2016). Sedentery
herding in the Seewinkel today relies on the expertise of Hungarian herders, since local farm-
ers in Burgenland have lost this traditional knowledge. While mixed herds were traditional,
nowadays (conservation) herds rather consist of single species, i.e. cattle. The grazing itiner-
ary for cattle starts in April, lasting until November and shows fixed and opportunistic ele-
ments, following both pasture conditions and animal needs. Three different herds were graz-
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ing in my study area in summer 2007. One herd of Aberdeen Angus cattle was stationed at
the Ilimitzer Zicksee (grazing soda pans no. 39 and 40), one Fleckvieh cattle herd south of the
Kirchsee (pan no. 41) in Ilimitz, and another Fleckvieh cattle herd at the conservation zone
Lange Lacke, which is the only continuously grazed area in the study region (soda pans no. 14,
23, 24, 25, 26, 48, 49, 85, 89). Livestock units were kept at around 0.5/ha (Steingruber 2013,
Korner et al. 2008). Some areas were subject to additional management by mowing, but in-
formation available on this topic was too scarce at the time of the study design to be inte-
grated on a fine-scale spatial level.

2.2. Study area and plot selection

The study area was defined within the National Park Neusiedler See — Seewinkel in northern
Burgenland. In spring 2007, | selected eight to ten plots each on twelve grazed and seven un-
grazed soda pans in an area of around 5800 ha spreading between municipal grounds of the
villages of Podersdorf, [limitz and Apetlon (central coordinates: ca. N 47°47’ latitude and E
16°50’ longitude). Selection criteria for soda pans were:

e open water area of more than 1 hectare during times of high water levels (Dick et al.
1994, Appendix 2);

e reed-dominated areas (Phragmites australis) do not surround the water area com-
pletely;

e shifting grazing occurred by cattle, if grazed at all by life-stock.

A stratified random sampling of the potentially salt-influenced area surrounding these soda
pans was subsequently done by the following procedure. The salt-influenced area around
each water body was estimated using a digital elevation model of the Seewinkel region (la-
serscan flights from Nov. 24th and 25th 2004; Attwenger & Chlaupek 2006). The shallowest
part in the center of the respective soda pan served as an indicator for the position of the salt
containing soil horizon. All areas situated up to 40 cm above that measured point per soda
pan were considered. The altitudes of the lowest measured points ranged between 116 to
120.2 m a.s.l. (see Table Al in Appendix). Salt-influence on vegetation can be seen up to 30
cm above the salt-containing soil horizon (Wendelberger 1951). In combination with an accu-
racy of the digital elevation model of £4 cm in height (Herzig et al. 2002), the level of 40 cm
was therefore chosen. The resulting focal area was digitized manually for each soda pan
(shapefile by Bock 2004, based on Dick et al. 1994, supplement 3, additionally adjusted to
water areas on real color orthophotos, Bgld GIS, from Sept. 17th, 2004). Grazed soda pan ar-
eas were identified in dialogue with the administration of the National Park Neusiedler See —
Seewinkel, from grazing management plans and from interviews with the two herdsmen in
summer 2006. Water bodies of soda pans, reed-dominated areas as well as non-grazed areas
of grazed soda pans were excluded. All GIS-work was done with ArcMap (ESRI).

Within the resulting target areas 20 points were randomly selected per soda pan via XTools
(ArcView, ESRI) and their x and y coordinates in Austrian Ferro East system (BMN M34) pro-
jection used for locating the sampling points in the field. Plots were named using soda pans
numbers (Dick et al. 1994) and the sequential number of the random plot (column ID_Plot in
tables below). Plots with numbers zero to nine were preferred for field work. Plots with high-
er numbers served as substitutes in case a plot could not be worked on, because it did not
match above mentioned selection criteria in the field. Further in situ selection criterium was
that the location was not situated in Elaeagnus angustifolia groves. Eight to ten of these
points were worked on in summer and autumn 2007 (see Appendix Figure Al for an ortho-
photo example and Table A1).

16



2.3. Plant relevés

Vegetation surveys were conducted from 18™ of June to 2™ of August 2007. On each sam-
pling point, a 50 x 50 cm wooden frame divided into 25 (10 x 10 cm) cells by flexible cotton
ropes (Traxler 1997, see Appendix Figure A2 for an example of plot documentation) was posi-
tioned at a random spot with its upper edge facing north. The plot area was marked to be
able to retrieve it during soil sampling. Abundances of individual plant species were estimated
as perpendicular projections of aerial parts on the ground (Allaby 2013), termed cover hereaf-
ter. Cover values were estimated in 0.1 %-intervals from 0—1 % and 0.5 %-intervals from 1-4
% per cell. Dry plant parts of the current vegetation period were added to estimate total cov-
er values. Plant parts of individuals not rooting in the plot area, but craning into it, were also
considered in cover values. Each species cover was estimated separately for each cell and
summed up for the cover value of a species per plot. Applying this procedure, the sum of
abundances of all observed species for a specific plot may well exceed 100%, because of over-
lapping leaves in multi-layered structures (compare Hansen & Snickars 2014, Wikstrom et al.
2016).

Bare soil values were estimated for the entire plot, not on cell basis. Estimations of the com-
plementary residual area were used to achieve high precision also for values of open soil be-
tween 80 and 100% of plot areas (compare Gehlker 1977, cited in Traxler 1997).

Of all recorded species (plant names after Fischer et al. 2005), halophytic target species were
selected using salt indicator figures from Borhidi (1995). Only species of class S5 or higher
(alpha-mesohaline to hypersaline plants) were considered as true halophytes to ensure a lin-
ear relationship with soil salt content. On the other hand, glycophytes were defined as species
with salt indicator figures of zero using Borhidi (1995) as well as Ellenberg et al. (1991) and
Blab (1997) as additional references. This was done to check for all species that possibly com-
prise halotolerant ecotypes in the Seewinkel and exclude them from the group of glyco-
phytes.

2.4. Cattle grazing impact

Cattle grazing intensity was primarily estimated in the field by determining the level of grazed
vegetation for each plot. Four levels of grazed vegetation were defined: no (0), little (1), in-
termediate (2), or strong/heavy (3) cattle consumption of herbage. Additional aspects were
considered as well:

e cattle footprints in the plot area

cattle footprints in the surrounding area of the plot within a radius of 1 meter
cattle feces on the plot area

cattle feces on the surrounding area of the plot within a radius of 1 meter

e trampled vegetation

The single parameter of grazing influence used in the analyses is mainly based on the original
four levels of grazed vegetation. Yet, the two levels “no herbivory” and “little grazing influ-
ence” were subsequently merged for grazed soda pans, because most plots showed signs of
cattle grazing in one or more of the additional grazing aspects (see Table A7, Appendix). Two
soda pans (25, 26) serving as additional feeding grounds in autumn, were included within this
merged level “little grazing influence” as well. Six plots on ungrazed soda pans showed her-
bivory by wild animals (such as roe deer) but were treated like all other ungrazed plots in
analyses.
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2.5. Soil analysis

The objective of soil analysis was to measure actual salt-influence and nitrate concentrations
at plots, to gain insights about their role in determining halophytic species occurrences. Soil
sampling took place from October 16™ to 215 2007. For each plot one soil sample was taken
next to the relevé area, at a spot that lay around halfway between the soda pan centre and its
shore. Soil samples were taken using a metal drill (1 m length, 5 cm diameter, see Figure A3 in
Appendix) or shovels for coarse-grained soils. Since accessible depths for soils with heavy
gravel were not comparable, only top soil samples (0-10 cm) were considered in analyses. In
case original plant relevé plots could not be recovered during soil sampling, spots with similar
vegetation close by were sampled instead (12 plots).

Soil samples were transported in plastic bags each, together with coolers, weighed and stored
in a cool place before transferring them to the laboratory. Soil samples were transferred to
paper bags for drying in a drying cabinet at 105 °C. The dried soil was sieved (5 mm, 2 mm) for
further processing. Water extracts of the sieved soil samples were prepared using around 1.5
g of dry soil with 15 ml of distilled water (MiliQ) in scintillation tubes. Exact soil net weights
were noted and used to calculate per gram-values of the following measurements. To recover
soluble soil materials, extracts were shaken for one hour at 140-200 revs/min, followed by a
resting time of 30 min in upright position allowing for small particles to settle down. Conduc-
tivity as a measure of total salt ion content (Boros et al. 2014) was metered directly in the
resulting crude soil extract (WTW LF330 Conductivity Meter, TetraCon325 Electrode, Texas
Instruments). Extracts were filtered (Whatman 40-Filter) for a maximum of two hours and
filtrates deep frozen at -18 °C.

HPLC measurements of nitrate in soil water extracts were done following standard protocols
(DX500, Dionex, Vienna, Austria, Anion exchange column AS11, 250 mm, Dionex, using a line-
ar KOH gradient from 2-30 mM in 6 min with a total run time of 10 min). Frozen filtrates of
water extracts were melted at room temperature, shaken, centrifuged and required sample
amounts taken out. Standards for nitrate were added to each HPLC measuring cycle in 12
dilutions (50 mg/l to 0.0244 mg/l). Retention time was 2.6 min for nitrate ions.

All lab work was done at the former Department of Terrestrial Ecosystem Research, Faculty of
Life Sciences, University of Vienna, in spring and early summer 2008.

2.6. Statistical analyses

2.6.1. Overview

All analyses were done in the R environment (R Core Team 2018), using the packages vegan
(Oksanen et al. 2016) for ordination and multivariate analyses, Ime4 (Bates et al. 2015) for
mixed models, MuMIn (Barton 2016) and Al/Ccmodavg (Mazerolle 2011) for model inference
and selection as well as car (Fox & Weisberg 2011) for evaluating model fit.

Seven response variables were chosen to model the influence of grazing, soil conditions and
competition on halophytes: 1. presence of halophytic target species 2. species richness (i.e.
number) of halophytic target species 3. index of halophyte abundance (after Hansen & Snick-
ars 2014) based on the cumulative cover of halophytic target species subtracted by the cumu-
lative cover of glycophytes divided by the cumulative cover of all plant species on a plot, in-
cluding not classified or indifferent species. 4. species composition of plots 5. presence of the
endemic Pannonian halophytic plant species Puccinellia peisonis (Poaceae) (Beck) Jav. 6. pres-
ence of the halophytic plant species Tripolium pannonicum ssp. pannonicum (Asteraceae) L. 7.
presence of the competitive species Phragmites australis (Poaceae) (Cav.) Trin. ex Steudel.
Additionally, the presence of glycophytes was modelled to check if assumptions for the index
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of halophyte abundance were matching the local conditions across my study sites, using the
same parameters as above.

2.6.2. Methodical approaches and modelling parameters

For species richness and the index of halophyte abundance, linear mixed effects models
(LMMs) were run using REML (Restricted maximum likelihood) estimations of model parame-
ters (Bolker et al. 2008). Analysis of soda pan plant species composition was conducted
through a partial distance-based redundancy analysis using function capscale (dbRDA; Legen-
dre & Anderson 1999) based on Bray-Curtis distances (Odum 1950, Bray & Curtis 1957). For
presence-absence data of halophytic target species, P. peisonis, T. pannonicum, P. australis
and glycophytic non-target species binomial generalised linear mixed models (GLMMs) with
logit-link functions were run. To account for the nested sampling design of grouped plots per
soda pan, all univariate models were run as random intercept mixed effects models with soda
pan identity as the random factor (Zuur et al. 2009). In the multivariate analysis of plant spe-
cies composition, the effect of soda pan identity was removed before constraining with fixed
variables (Oksanen 2015).

2.6.3. Response data preparation

Index of halophyte abundance was arc sine-transformed to achieve a Gaussian distribution
(Bolker et al 2008). Cover of P. australis was excluded from the community table since it was
used as a predictor for species composition in dbRDA. To approximate Bray-Curtis distances
to Euclidean distances species abundance values were Hellinger-transformed prior to distance
calculations (Legendre & Gallagher 2001).

2.6.4. Selection and preparation of predictor variables for regression models

The same set of predictor variables was chosen for all univariate and multivariate global mod-
els: soil conductivity, intensity of grazing, soil nitrate, reed cover and share of bare soil. Excep-
tion was the model for presence of Phragmites australis, for which reed cover values were
excluded on the predictor side. Predictor variables were transformed to fit Gaussian distribu-
tions if necessary (see Table 1 in Results section) and checked for correlations. Prior to apply-
ing a logit-transformation, an increment was added to all zero values and subtracted from all
one values, respectively, which was chosen to be half the amount of the difference between
the smallest recorded value of the selected variate and zero (Warton & Hui 2011). Intensity of
grazing was entered as a continuous variable in the models for easier interpretations of re-
sults.

2.6.5. Model validation and inference

To validate LMMs, Gaussian distributions of residuals of global models were checked. For
GLMMs, plots of Pearson residuals and fitted values were inspected for anomalities in spread.
Goodness of fit for (G)LMMs was asserted by calculating R* values and proportion change in
variance following Nakagawa & Schielzeth (2013).

Model inference followed Burnham & Anderson (2002). Using an all-subset approach without
any interaction terms a 95% confidence set of models was put together based on Akaike in-
formation criterion value corrected for small sample sizes (AIC.). Predictor weights, model
averaged parameter estimates, and unconditional confidence intervals were reported (Sy-
monds & Moussalli 2011, Burnham et. al 2011) using function modavgShrink (package AlC-
cmodavg). All predictors with variate weights of 0.9 or higher were considered as relevant
and checked graphically by producing biplots and boxplots with simple regressions based on
original values. To extract AlC.-values and R*-estimates all LMMs were refitted using ML (Zuur
et al. 2009). Adjusted R? values accounting for different numbers of parameters in the models
were calculated for (G)LMMs using k values of the aictab output.
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For dbRDA (capscale) results function ordistep in the vegan-package was used to perform
permutational pseudo (non-parametric) F-tests on stepwise reduced models and an adjusted
R? value was obtained for the global model. Clarification of species results was achieved by
showing only species with scores > |0.5]| for at least one of the ordination axes and removing
all other species with less distinctive ordination scores clustered at the origin.

3. Results

3.1. Overview of gathered data

| worked on 176 plots at 19 soda pans. Altogether, there were 67 plots on 7 ungrazed soda
pans and 109 plots on 12 grazed soda pans. Of all grazed plots, 53 were little affected by graz-
ing influence (level 1), 31 plots showed medium grazed vegetation (level 2) and 25 plots were
heavily grazed (level 3).

Of the 131 recorded plants species in total, there were 14 halophytic target species and 63
glycophytes (see Tables A6 and A7 in Appendix). The plant community table with cover values
for all recorded species is shown in Table A10 in Appendix.

Halophytic plant species were present in 142 of 176 plots. The number of halophytic target
species per plot ranged from zero to six species with a mean of 1.7 species (+SD: 0.43-2.95)
and highest values for plots with medium grazing intensity. Index of halophyte abundance
showed a mean value of 0.30 (+SD: -0.36—0.96). Puccinellia peisonis, Tripolium pannonicum
and Phragmites australis were present in 67, 91 and 75 of 176 plots, respectively. 85 plots
harboured at least one glycophytic plant species.

Table 1 gives descriptive statistics for all modelled environmental influences on halophytes.
Original values of soil conductivity and soil nitrate are listed in Table A9 (see Appendix) as well
as reed (P. australis) cover values and bare soil values.

Table 1: Applied transformations to improve fit to Gaussian distributions and descriptive statistics (mean, medi-

an, interquartile range as well as range) for original values of predictor variables on 176 plots at 19 soda pans.
IQR —inter-quartile range.

Predictor

Conductivity Grazing | Nitrate | Share of | Share of
in g/kg dry soil | intensity | inmg/l | bare soil | reed cover
Applied transformation 4throot | 4throot | 4th root logit logit
Mean 3.52 1.08 24.24 0.22 0.03
Median 2.56 1 16.05 0.07 0
IGR 3.87 2 18.3 0.4 0.04
Range 0.62-13.4 0-3 | 0-160.9 0-0.98 0-0.38

3.2. Mixed models for aggregate univariate responses
3.2.1. Modelling the presence of halophytic target species

The AlCc-based model selection process revealed that only the fraction of bare soil showed
relevant (and positive) effects on the occurrence of halophytic plants (Table 4 and Table 2).
Neither grazing intensity nor soil conductivity were related to the presence of halophytes in
my data set. Marginal R? values were rather low, indicating that bare soil was of low relevance
(Table 2), but differences between individual soda pans (see conditional R? values) were high.
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In all, the five selected predictors did not explain the presence of halophytes very well. AlIC.
values of best-ranked models were rather close and the Akaike weight of the best ranked
model very low (see Table 3 and Figure A4, Appendix).

Figure 1 illustrates this uncovered relationship through a bivariate logistic function. Plots with
higher shares of bare soil had a significantly higher probability that halophytic plant species
were present. The slope never reached zero, though, signalling that even plots without any
open soil had a 70% chance of halophyte plant species occurrence. The most extreme outlier
for absence of halophytes (plot showing 80% bare soil) was a dried-out soda pan bottom
dominated by Crypsis aculeata. This typical soda pan species is rated S3 by Borhidi (1995) and
therefore not part of the set of target species considered in this present study, but highly rel-
evant in terms of conservation issues.

Table 2: Summary results of null and global GLMM for presence of halophytic target species on 176 plots at 19
soda pans. b — estimate of beta coefficient, Cl — confidence interval assuming infinite degrees of freedom
(t=1.96), VC — variance component, PCV — proportion change in variance, R%, — variance explained by fixed fac-
tors, R%. — variance explained by both fixed factors and random factor, AlC. — AIC corrected for small sample size.

Null model Global model
Fixed effects: b [95% Cl] b [95% Cl]
Intercept | 2.19 [1.00; 3.39] | 2.48 [1.23; 3.73]
Conductivity - 0.57 [-0.25; 1.39]
Grazing intensity - 0.45 [-0.60; 1.50]
Bare soil - 0.75[0.09; 1.41]
Nitrate - -0.39 [-1.00; 0.23]
Reed cover - 0.04 [-0.54; 0.61]
Random effect: | VC VC
PanNo | 3.778 3.582
Fixed factors - 1.519
PCVpanno] - 5.19%
R%, - 18.11%
R?% - 60.80%
AlC, 150.86 146.20

Table 3: AlC.-based table for 95% confidence set of best-ranked models for presence of halophytic target spe-
cies. k —number of estimated parameters of a model, AAIC. — difference to AlC.-value of best-ranked model, w; —
Akaike weight, acc. w; — cumulative Akaike weight, ER — evidence ratio, C — soil conductivity, G — grazing intensity,
S — bare soil, N — soil nitrate, R — reed cover.

k | AIC. AAIC: | wi acc. w; | ER
S 3114104 |0 0.19 | 0.19
C+S 4 114190 | 0.86 0.12 | 0.31 1.54
S+N 41 142.41 ] 1.36 0.09 | 0.40 1.97
C+S+N 51 14259 | 1.55 | 0.09 | 0.49 2.17
G+S 41 142.76 | 1.72 | 0.08 | 0.57 2.36
S+R 41 143.13 | 2.09 | 0.07 | 0.64 2.84
C+G+S 5114354 | 2.49 | 0.05 | 0.69 3.47
C+S+R 5114397 | 293 | 0.04 | 0.73 4.33
C+G+S+N | 6 | 144.04 | 3.00 | 0.04 | 0.77 4.48
G+S+N 51 144.06 | 3.01 | 0.04 | 0.82 4.50
S+N+R 5114442 | 3.38 | 0.03 | 0.85 5.42
C+S+N+R | 6 | 144.73 | 3.69 | 0.03 | 0.88 6.33
G+S+R 51144.87 | 3.83 | 0.03 | 0.91 6.79
C+G+S+R | 6 | 145.65 | 4.60 | 0.02 | 0.93 9.97
G+S+N+R | 6 | 146.05 | 5.00 | 0.02 | 0.94 12.18
global 7 | 146.20 | 5.15 | 0.01 | 0.96 13.13
model
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Table 4: Variate weights based on all models in the candidate set for presence of halophytic target species.
Model averaged estimates [+ 95% confidence interval] based on 95% confidence set of best-ranked models. acc.
w; — cumulative Akaike variate weight, Cl — confidence interval, Int — intercept, C — soil conductivity, G — grazing
intensity, S — bare soil, N — soil nitrate, R — reed cover. Relevant predictors (variate weight >0.9) are highlighted

in bold face.

Int C G S N R
acc. w; 0.43 0.30 0.95 0.37 0.25
Estimate 2.43 0.23 0.12 0.84 -0.12 0
[£95% CI] | [1.17; 3.69] [-0.5; [-0.56; 0.79] [0.13; 1.55] [-0.6; 0.35] | [-0.29; 0.29]
0.95]
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Figure 1: Probability of presence of halophytic target species on 176 plots on 19 soda pans relative to share of
bare soil based on original predictor values in combination with simple logistic regression function. A boxplot
further illustrates medians and spread of measured data.

3.2.1. Species richness of halophytic target plants

Again, neither grazing intensity nor soil conductivity were related to species richness of halo-
phytes in the current study. Fraction of bare soil was the only relevant predictor with positive
effects on the species richness of halophytic plants (Table 7 and Table 5). Marginal R? values
were a little higher compared to the halophyte occurrence model, but bare soil was still of
low relevance (Table 5). Differences between individual soda pans (see PCV) were reduced in
the global model and the best-ranked model reached the highest Akaike weight of all models
in this study (w=0.41, Table 6). Variate weights were relatively high as well, but none of the
other predictors could explain species richness of halophytes very well on its own (Table 7).

Figure 2 illustrates this uncovered relationship through a simple linear regression. Most plots
with 100% plant cover harboured at least one halophytic species, so the steepness of the
slope was rather low, but still distinct.
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Table 5: Summary of null and global LMM results for species richness of halophytes on 176 plots at 19 soda pans.
b — estimate of beta coefficient, Cl — confidence interval assuming infinite degrees of freedom (t=1.96), VC —
variance component, PCV — proportion change in variance, R%,, — variance explained by fixed factors, R%. — vari-

ance explained by both fixed factors and random factor, AIC. — AIC corrected for small sample size.

Null model Global model
Fixed effects: b [95% Cl] b [95% Cl]
Intercept | 1.70 [1.36; 2.05] | 1.69 [1.41; 1.97]
Conductivity - 0.25[0.05; 0.44]
Grazing intensity - 0.30[0.02; 0.58]
Bare soil - 0.31[0.13; 0.50]
Nitrate - -0.04 [-0.23; 0.14]
Reed cover - -0.22 [-0.40; -0.03]
Random effect: VC VC
PanNo | 0.460 0.289
Residuals | 1.184 0.961
Fixed factors - 0.406
PCV[PanNo] - 37.30%
|:’C\/[Residuals] - 18.81%
R%y - 24.52%
R?% - 41.95%
AlC. 563.18 528.32

Table 6: AlC.-based table for 95% confidence set of best-ranked models for species richness of halophytic target
species per plot. k — number of estimated parameters of a model, AAIC. — difference to AIC. value of best-ranked
model, w;...Akaike weight, acc. w; — cumulative Akaike weight, ER — evidence ratio, C — soil conductivity, G — graz-
ing intensity, S — bare soil, N —soil nitrate, R — reed cover.

k AIC, AAIC. | w; | acc.w; ER

C+G+S+R 7 | 526.39 0041 0.41

global model | 8 | 528.32 | 1.93 | 0.16 056 | 2.62
C+S+R 6 | 528.54 | 2.15 | 0.14 0.70 | 293
G+S+R 6 | 530.48 | 4.08 | 0.05 0.76 | 7.69
C+S+N+R 7 | 530.63 | 4.23 | 0.05 0.81 | 8.29
C+G+S 6 | 530.67 | 4.27 | 0.05 0.85 | 8.46
C+G+S+N 7 | 531.42 | 5.03 | 0.03 0.89 | 12.37
S+R 5532.25| 5.85 | 0.02 0.91 | 18.63
G+S 553259 | 6.20 | 0.02 0.93 | 22.20
G+S+N+R 7 | 532.63 | 6.23 | 0.02 0.94 | 22.53

Table 7: Variate weights based on all models in the candidate set for halophyte species richness. Model averaged
estimates [+ 95% confidence interval] based on 95% confidence set of best-ranked models. acc. w; — cumulative
Akaike variate weight, Cl — confidence interval, Int — intercept, C — soil conductivity, G — grazing intensity, S —

bare soil, N — soil nitrate, R — reed cover. Relevant predictors (variate weight >0.9) are highlighted in bold face.

Intercept C G S N R
acc. w; 0.86 0.75 1.00 0.29 0.86
Estimate|1.69 0.2 0.22 0.34 -0.01 -0.19
[+ 95% Cl]|[1.42; 1.97] |[-0.03;0.44] |[-0.12;0.56]|[0.13;0.54] |[-0.12; 0.09] |[-0.42; 0.03]
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Figure 2: Halophyte species richness of 176 plots on 19 soda pans in relation to share of bare soil based on origi-
nal values in combination with a simple linear regression. Symbol size varies with number of observations to
display double or multiple overlapping data points.

3.2.2. Index of halophyte abundance

Halophyte abundance relative to glycophyte abundance (positive values up to 1 meaning hal-
ophytes dominate, negative values to -1 meaning glycophytes dominate) increased with rising
soil conductivity and openness of grasslands and decreased with higher soil nitrate content
(Figure 3). Grazing intensity and reed cover did not show a relevant effect on the index of
halophyte abundance.

The AlCc value of the global model was clearly lower than the criterion of the zero model and
explained variance for fixed predictors (R?m) was around 49% (Table 8). The 95% confidence
set of candidate models is the shortest list in the study with two equal ranking best models
with a rather high Akaike weight of 0.37. Model fit is mostly due to the low variation of glyco-
phyte-dominated plots regarding soil conductivity and openness of patches (Fig. 3). Plots
dominated by halophytes just showed a rather tight spread relative to soil nitrate. This effect
did not appear in the occurrence model for halophytes alone. Occurrence of glycophytes was
modelled separately to verify the above findings and showed a tendency for soil nitrate influ-
ence (see Appendix).
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Table 8: Summary of null and global LMM results for halophyte abundance index for 176 plots at 19 soda pans. b
— estimate of beta coefficient, Cl — confidence interval assuming infinite degrees of freedom (t=1.96), VC — vari-
ance component, PCV — proportion change in variance, R?,, — variance explained by fixed factors, R*. — variance
explained by both fixed factors and random factor, AIC. — AIC corrected for small sample size.

Null model Global model
Fixed effects: b [95% Cl] b [95% Cl]
Intercept | 0.30[0.09; 0.50] | 0.30[0.16; 0.43]
Conductivity - 0.35[0.27; 0.43]
Grazing intensity - -0.00 [-0.14; 0.13]
Bare soil - 0.19[0.12; 0.27]
Nitrate - -0.15 [-0.23; -0.08]
Reed cover - -0.06 [-0.14; 0.02]
Random effect: VC VC
PanNo | 0.177 0.075
Residuals | 0.346 0.171
Fixed factors - 0.237
PCV[PanNo] - 57.42%
|:’C\/[Residuals] - 50.48%
R%y - 48.99%
R?% - 64.57%
AlC. 350.95 230.48

Table 9: AlC.-based table for 95% confidence set of best-ranked models for index of halophytic abundance. k —
number of estimated parameters of a model, AAIC. — difference to AIC. value of best-ranked model, w;...Akaike
weight, acc. w; — cumulative Akaike weight, ER — evidence ratio, C — soil conductivity, G — grazing intensity, S —
bare soil, N — soil nitrate, R — reed cover.

k | AlC. AAIC: | w; acc.w; | ER

C+S+N 6 | 228.29 0 | 0.37 0.37
C+S+N+R 7 | 228.29 0| 0.37 0.75
C+G+S+N 7123046 | 2.17 | 0.13 0.87 | 2.96

global model | 8 | 230.48 | 2.19 | 0.13 1.00 | 2.99

Table 10: Variate weights based on all models in the candidate set for index of halophyte abundance. Model
averaged estimates [+ 95% confidence interval] based on 95% confidence set of best-ranked models. acc. w; —
cumulative Akaike variate weight, Cl — confidence interval, Int — intercept, C — soil conductivity, G — grazing in-
tensity, S — bare soil, N — soil nitrate, R — reed cover. Relevant predictors (variate weight >0.9) are highlighted in
bold face.

Int C G S N R
acc. w; 1.00 0.26 1.00 1.00 0.50
Estimate | 0.3 0.34 0 0.2 -0.16 -0.03
[+95% CI] | [0.17;0.43] | [0.26; 0.42] | [-0.06; 0.06] | [0.12;0.28] | [-0.24;-0.08] | [-0.11; 0.05]
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Figure 3: Index of halophyte abundance relative to the most relevant predictor variables (variate weight >0.9)
revealed by an all-subset model averaging using AlC.. Simple linear regressions for soil conductivity, soil nitrate
and fraction of bare soil are based on original values (n=176).

3.3. Drivers of halophytic target species composition

3.3.1. Distance-based redundancy analysis (db-RDA) and permANOVA-based model selection

The first two constrained axes together explained 84% of constrained variability (cumulative
proportion of CAP1 and CAP2, see Table 11). Overall, pan identity accounted for 23.9% of var-
iation in soda pan species composition and the five site characters together only explained
another 11.1% of variation, leaving 65% of variation unexplained by the model.
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Table 11: Results for global model obtained by a db-RDA after removing the random effect of spatial clustering
of 176 sites at 19 soda pans using five environmental variables (soil conductivity, grazing intensity, soil nitrate,
bare soil and reed cover) as constraints.

Inertia Proportion
Total 74.56 1.000
Conditional 17.80 0.239
Constrained 8.28 0.111
Unconstrained 48.48 0.650

Accumulated constrained eigenvalues

Importance of components: CAP1 CAP2 CAP3 CAP4 CAPS
Eigenvalue 4.979 2.004 0.511 0.494 0.292
Proportion Explained 0.601 0.242 0.062 0.060 0.035
Cumulative Proportion 0.601 0.843 0.905 0.965 1.000
Eigenvalues of the first 8 (out of 48) unconstrained axes
MDS1 MDS2 MDS3 MDS4 MDS5 MDS6 MDS7 MDS8
6.867 5.274 2.718 2.625 2.412 1.954 1.823 1.641

Stepwise model selection based on permutational non-parametric MANOVA showed highest
influence for soil conductivity, whereas grazing intensity did not shape soda pan halophyte
communities (Table 12). Reed cover and vegetation cover showed small but highly significant
effects on plant species composition, while soil nitrate was not of clear relevance.

Table 12: Results of stepwise model selection starting with the global model for species composition (expressed
as Bray-Curtis distances) using backward and forward selection. Given are AIC-like criterions and marginal effects

of terms based on permutational MANOVA with 200 permutations.

Df “AIC” F P
- Conductivity | 1 | 737.52 | 8.39 | 0.005 | **
- Grazing intensity | 1 | 729.62 | 1.34 | 0.130
-Baresoil | 1 | 731.63 | 3.11 | 0.005 | **
- Soil nitrate | 1 | 730.50 | 2.11 | 0.010 | **
-Reed cover | 1 | 732.67 | 4.02 | 0.005 | **
Drop Grazing intensity: C+S+N+R
- Conductivity | 1 | 737.02 | 8.39 | 0.005 | **
- Soil nitrate | 1 | 730.24 | 2.30 | 0.010 | **
-Baresoil | 1 | 731.30 | 3.24 | 0.005 | **
-Reed cover | 1 | 732.74 | 4.52 | 0.005 | **
+Grazing intensity | 1 | 730.07 | 1.34 | 0.14 |
Signif. code: **...p<0.01

Below, ordination plots illustrate relationships between site characters and soda pan halo-
phyte plant communities (Fig. 4) and individual plant species (Fig. 5) in more detail, respec-
tively. The first ordination axis depicted a gradient of soil salinity and vegetation cover (with
high conductivity and low vegetation cover to the left), whereas the second axis predominant-
ly reflected a gradient in reed cover (with negative values indicating high reed occurrence).
Directions of intensity of grazing and soil nitrate are indicated with shorter arrows since they
did not affect community composition substantially (see Table 12). Grazed (black symbols)
and ungrazed plots (red symbols) did not form any distinct clusters. Plot scores showed a ra-
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ther even spread for many soda pans due to the removal of pan identity as a random effect.
However, most plots at pan 35 (open red triangles) formed a clustered group in a narrow
zone close to the ordination origin (see Appendix Fig. A6 for an additional graph highlighting
soda pans with biased plot spread).

Legend plot symbols
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Figure 4: Biplot of halophytic plant species communities on 176 plots at 19 soda pans along the first two con-
strained axes of db-RDA ordination. Black symbols — grazed plots, red symbols — non-grazed plots. Blue arrows
show direction of influence of environmental variables.
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Figure 5 illustrates the position of the eight most distinct study species in the observed eco-
logical gradients. Halophytes were separated from glycophytic and intermediate species along
the gradient of vegetation cover and — in the opposite direction — the (potential) influence of
soil nitrogen. Puccinellia peisonis was found on plots with high salinity but scarce vegetation
cover and reed cover. These trends were also confirmed by the binomial species model for
occurrence of P. peisonis (see 3.4.1). Tripolium pannonicum was mainly associated with soil
salinity and was found on plots with less open vegetation cover. Plantago maritima and
Suaeda pannonica preferred conditions with intermediate soil salinity and rather open vege-
tation, but little reed occurrence. Festuca pseudovina neither occurred on plots with scarce
vegetation nor high conductivity. Poa angustifolia showed a very similar ordination result.
Agrostis stolonifera and Bolboschoenus maritimus both displayed high affinity to reed, but A.
stolonifera occurred on less saline plots with denser vegetation.

Species scores (db-RDA)
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Figure 5: Biplot of most prominent soda pan plant species along the first two ordination axes obtained through a
db-RDA on 176 plots on 19 soda pans. Blue arrows show direction of influence of environmental variables. For
clarity, only species with scores >|0.5]| for at least one of the axes are shown (see Table A5 in Appendix). Colors
of species names indicate habitat preferences: green — halophytes, rated S5 or higher; red — glycophytes, rated
SO; black — intermediate species (Borhidi 1995). Agro.stol — Agrostis stolonifera, Bolb.mari — Bolboschoenus mari-
timus, Fest.pseu — Festuca pseudovina, Pla.mar — Plantago maritima, Poa angu — Poa angustifolia, Pucc.peis —
Puccinellia peisonis, Trip.pann — Tripolium pannonicum, Suae.pann — Suaeda pannonica.
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3.4. Modelling the presence of individual target species
3.4.1. Modelling the presence of Puccinellia peisonis

The global model (Table 13) revealed that share of bare soil and soil conductivity showed rel-
evant positive effects on the occurrence of P. peisonis. For soil conductivity, the turning point
(50 % probability of presence for P. peisonis) lay at an intermediate value (~5 g salt/kg soil;
Fig. 6). The same was true for bare soil values (turning point at ~40 % open soil), meaning that
plots with higher shares of open soil had a significantly higher probability that P. peisonis
formed part of their vegetation cover. Grazing intensity was not related to the presence of
this endemic grass in my study. Reed cover showed negative tendencies towards the pres-
ence of P. peisonis. While the competing reed species Phragmites australis occurred in 75
plots, only 16 plots shared both species.

Table 13: Summary results of null and global GLMM for presence of Puccinellia peisonis on 176 plots at 19 soda
pans. b — estimate of beta coefficient, Cl — confidence interval assuming infinite degrees of freedom (t=1.96), VC

— variance component, PCV — proportion change in variance, R?, — variance explained by fixed factors, R?. —
variance explained by both fixed factors and random factor, AIC. — AIC corrected for small sample size.

Null model Global model
Fixed effects: b [95% Cl] b [95% Cl]
Intercept | -0.55[-1.01; -0.09] | -0.71 [-1.13; -0.29]
Conductivity - 1.01 [0.50; 1.53]
Grazing intensity - 0.22 [-0.20; 0.65]
Bare soil - 0.71[0.26; 1.16]
Nitrate - -0.48 [-0.95; -0.01]
Reed cover - -0.57 [-1.09; -0.06]
Random effect: VC VC
PanNo | 0.497 0.055
Fixed factors - 3.007
PCV[PanNO] - 88.93%
R%m - 47.34%
R?%, - 48.21%
AlC, 233.17 173.95

Table 14: AIC.-based table for 95% confidence set of best-ranked models for presence of Puccinellia peisonis. k —
number of estimated parameters of a model; AAIC. — difference to AIC value of best-ranked model, w; — Akaike
weight, acc. w; — cumulative Akaike weight, ER — evidence ratio, C — soil conductivity, G — grazing intensity, S —
bare soil, N — soil nitrate, R — reed cover.

k | AIC. AAIC: | w; acc. w; | ER
C+S+N+R 617291 |0 0.36 | 0.36
C+S+R 51173.88 | 097 | 0.22 | 0.57 1.62
global model | 7 | 173.95 | 1.04 | 0.21 | 0.79 1.68
C+G+S+R 6 | 175.37 | 2.46 0.10 | 0.89 3.42
C+S+N 51176.71 | 3.80 | 0.05 | 0.94 6.69

Table 15: Variate weights based on all models in the candidate set for presence of Puccinellia peisonis. Model
averaged estimates [+ 95% confidence interval] based on 95% confidence set of best-ranked models. acc. w; —
cumulative Akaike variate weight, Cl — confidence interval, Int — intercept, C — soil conductivity, G — grazing in-
tensity, S — bare soil, N — soil nitrate, R — reed cover. Relevant predictors (variate weight >0.9) are highlighted in
bold letters.

Int C G S N R
acc. w; 0.98 0.34 0.97 0.66 0.9
Estimate | -0.7 1.01 0.08 0.72 -0.32 -0.6
[£95%Cl] | [-1.16; -0.24] | [0.47; 1.54] [-0.27;0.42] | [0.22;1.22] | [-0.9; 0.26] | [-1.26; 0.05]
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Figure 6: Probability of presence of Puccinellia peisonis on 176 plots at 19 soda pans relative to soil conductivity
and share of bare soil. Biplots are combined with simple logistic regressions and based on original values of the
most relevant predictor variables (variate weight > 0.9) revealed by an all-subset averaging using AIC.. Boxplots
further illustrate medians and spread of measured data.

3.4.2. Modelling the presence of Tripolium pannonicum

Tripolium pannonicum only showed a relevant relation to soil conductivity. Grazing intensity
as well as all other tested predictors did not show any effect on the presence of Tripolium
pannonicum. The effect of soil salinity was not very pronounced (see boxplots Fig. 7) and
global model fit was not very convincing. The model showed the lowest R*y value of all mod-
els considered in this study (see Tables 16 and 22) and PCV was actually negative. Probability
of presence for T. pannonicum ranged between 40 and 80% (Fig. 7) and 50% probability of
presence was reached rather quickly, at a salinity value of 3g salt/kg dry soil.
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Table 16: Summary results of null and global GLMM for presence of Tripolium pannonicum on 176 plots at 19
soda pans. b — estimate of beta coefficient, Cl — confidence interval assuming infinite degrees of freedom
(t=1.96), VC — variance component, PCV — proportion change in variance, R%, — variance explained by fixed fac-
tors, R%. — variance explained by both fixed factors and random factor, AIC. — AIC corrected for small sample size.

Null model Global model
Fixed effects: b [95% Cl] b [95% Cl]
Intercept | 0.05[-0.42;0.52] | 0.07 [-0.44; 0.58]
Conductivity - 0.70[0.24; 1.17]
Grazing intensity - 0.27 [-0.24; 0.79]
Bare soil - 0.03 [-0.38; 0.45]
Nitrate - -0.25[-0.67; 0.17]
Reed cover - 0.21[-0.21; 0.62]
Random effect: VC VC
PanNo | 0.588 0.734
Fixed factors - 0.569
PCV[PanNo] - '24.83%
R% - 12.39%
R?% - 28.37%
AlC. 241.72 236.83

Table 17: AlC.-based table for 95% confidence set of best-ranked models for presence of Tripolium pannonicum.
k — number of estimated parameters of a model, AAIC. — difference to AIC. value of best-ranked model, w; —
Akaike weight, acc. w; — cumulative Akaike weight, ER — evidence ratio, C — soil conductivity, G — grazing intensity,
S — bare soil, N — soil nitrate, R — reed cover.

k AlC. AAIC. | w; acc. w; ER

C 3| 230.90 0] 0.22 0.22

C+G 4123210 | 1.19 | 0.12 0.34 | 181
C+N 4123232 | 141 0.11 045 | 202
C+R 4123273 | 1.83 | 0.09 0.54 | 2.50
C+S 4123299 | 2.09 | 0.08 0.61| 284
C+G+N 5123346 | 2.56 | 0.06 0.67 | 3.60
C+N+R 51233.67 | 2.76 | 0.06 0.73 | 3.97
C+G+R 51233.89 | 298 | 0.05 0.78 | 4.44
C+G+S 5123421 | 3.31|0.04 0.82 | 5.23
C+S+N 5123443 | 353 | 0.04 0.86 | 5.84
C+G+N+R | 6 | 23469 | 3.79 | 0.03 0.89 | 6.65
C+S+R 5123477 | 3.86 | 0.03 092 | 6.89
C+G+S+N | 6 | 235,59 | 4.68 | 0.02 0.94 | 10.38

Table 18: Variate weights based on all models in the candidate set for presence of Tripolium pannonicum. [+ 95%
confidence interval] based on 95% confidence set of best-ranked models. acc. w; — cumulative Akaike variate
weight, Cl — confidence interval, Int — intercept, C — soil conductivity, G — grazing intensity, S — bare soil, N — soil
nitrate, R — reed cover. Relevant predictors (variate weight >0.9) are highlighted in bold face.

Int C G S N R
acc. w; 1.00 0.35 0.26 0.35 0.31
Estimate | 0.06 0.71 0.1 0.01 -0.07 0.04
[+95%Cl] | [-0.48; 0.61] | [0.26;1.17] | [-0.31;0.51] | [-0.2;0.22] | [-0.37;0.24] | [-0.21;0.3]
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Figure 7: Probability of presence of Tripolium pannonicum on 176 plots at 19 soda pans relative to original values
of soil conductivity in combination with simple logistic regression. A boxplot further illustrates medians and
spread of measured data for the most relevant predictor variable (variate weight = 1) revealed by an all-subset
model averaging using AlC..

3.4.3. Modelling the presence of Phragmites australis

Probability of presence for P. australis showed relevant effects of share of bare soil (negative
influence) and soil nitrate (positive influence; Table 21). Grazing intensity as well as soil con-
ductivity did not shape the presence of reed in my data set. R* values were very low again
compared to the GLMM run for P. peisonis. Figure 8 shows that the negative relationship of
reed and share of bare soil was not very pronounced. The turning point for the simple logistic
regression for soil nitrate was at a low value of 25mg/l and boxplots showed that medians for
occupied and non-occupied plots were within close range.

Table 19: Summary results of null and global GLMM for presence of Phragmites australis on 176 plots at 19 soda
pans. b — estimate of beta coefficient, Cl — confidence interval assuming infinite degrees of freedom (t=1.96), VC
— variance component, PCV — proportion change in variance, R?, — variance explained by fixed factors, R?. —
variance explained by both fixed factors and random factor, AIC. — AIC corrected for small sample size.

Null model Global model
Fixed effects: b [95% Cl] b [95% Cl]
Intercept | -0.43 [-1.24; 0.38] | -0.41 [-1.16; 0.33]
Conductivity - 0.31[-0.22; 0.84]
Grazing intensity - -0.3 [-1.06; 0.46]
Bare soil - -0.76 [-1.24; -0.27]
Nitrate - 0.7[0.2; 1.21]
Random effect: | VC VC
PanNo | 2.51 1.895
Fixed factors - 1.257
PCVpanno] - 24.50%
R%, - 19.52%
R?%, - 48.93%
AlC. 210.76 196.51
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Table 20: AlC-based table for 95% confidence set of best-ranked models for presence of Phragmites australis. k
— number of estimated parameters of a model, AAIC. — difference to AIC. value of best-ranked model, w; —
Akaike weight, acc. w; — cumulative Akaike weight, ER — evidence ratio, C — soil conductivity, G — grazing intensity,
S — bare soil, N — soil nitrate.

k AlC. AAIC. | w; | acc.w; | ER
S+N 4 | 194.29 0| 0.37 0.37
C+S+N 5119498 | 0.70 | 0.26 0.64 | 1.42
G+S+N 5119569 | 1.41 | 0.19 0.82 | 2.02
global model | 6 | 196.51 | 2.22 | 0.12 0.95 | 3.03

Table 21: Variate weights based on all models in the candidate set for presence of Phragmites australis. Model
averaged estimates [+ 95% confidence interval] based on 95% confidence set of best-ranked models. acc. w; —
cumulative Akaike variate weight, Cl — confidence interval, Int — intercept, C — soil conductivity, G — grazing in-
tensity, S — bare soil, N — soil nitrate, R — reed cover. Relevant predictors (variate weight >0.9) are highlighted in
bold face.

Int C G S N
acc. w; 0.40 0.33 0.97 0.96
Estimate | -0.43 0.13 -0.1 -0.68 0.7
[£95%Cl] | [-1.17; 0.3] | [-0.33; 0.59] | [-0.62;0.42] | [-1.18;-0.18] [0.15; 1.25]
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Figure 8: Probability of presence of Phragmites australis on 176 plots at 19 soda pans relative to share of bare
soil and soil nitrate in combination with simple logistic regressions. Biplots are based on original values of the
most relevant predictor variables (variate weight > 0.9) revealed by an all-subset averaging using AlIC.. Boxplots
further illustrate spread of medians and measured data.
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3.5. General résumé of model results

Table 22 summarizes the main findings from all global models described in the previous sec-
tions. Soil conductivity showed a strong effect on soda pan plant communities and shaped the
presence of the two model species P. peisonis and T. pannonicum. Index of halophyte abun-
dance was also explained by soil conductivity, but presence of halophytes was not. Cattle
grazing never had a negative effect on halophytic plant species or communities on soda pans
in any model. The fraction of bare soil revealed most relevant positive effects on halophytes
and was negatively associated with reed cover and presence of glycophyte. Soil nitrate influ-
enced the relation of halophytes to glycophytes negatively and favoured the presence of
reed. Reed cover emerged as a relevant predictor for soda pan plant communities. Variation
of response values explained by fixed terms (R?y) ranged from 9 to 60% in the models, with
considerably stronger results when pan identity was included as a random effect (R%; 25 to
70%).

Table 22: Synopsis of relevant effects for all halophyte study models, showing model-averaged estimates [+ 95%
confidence interval] and variance explained adjusted to the number of predictors in the global model with
(adjR?.) and without (adjR?.) the random effect of soda pan identity. C — Soil conductivity, G — grazing intensity,
N — soil nitrate, S — share of bare soil, R — reed cover. Relevant predictors (variate weight >0.9) are in given in

bold letters. Results for the multivariate model for species composition are based on stepwise model selection
and marginal effects of permutational MANOVA with 200 permutations.

C G S N R adjR?n | adjR%
Presence | 0.23 0.12 0.84 -0.12 0
14.7% | 59.2%
halophytes | [-0.5; 0.95] [-0.56; 0.79] | [0.13; 1.55] [-0.6; 0.35] [-0.29; 0.29]
Species | 0.2 0.22 0.34 -0.01 -0.19
21.4% | 39.5%
richness | [-0.03; 0.44] | [-0.12;0.56] | [0.13; 0.54] [-0.12;0.09] | [-0.42; 0.03]
Index of
0.34 0 0.2 -0.16 -0.03
halophyte 46.9% | 63.1%
[0.26; 0.42] [-0.06; 0.06] | [0.12;0.28] [-0.24;-0.08] | [-0.11; 0.05]
abundance
Species
0.005 0.130 0.005 0.01 0.005 12.3% | 36.2%
composition
1.01 0.08 0.72 -0.32 -0.6
P. peisonis 45.2% | 46.1%
[0.47; 1.54] [-0.27;0.42] | [0.22;1.22] [-0.9; 0.26] [-1.26; 0.05]
T. | 0.71 0.1 0.01 -0.07 0.04
8.7% | 25.4%
pannonicum | [0.26; 1.17] [-0.31;0.51] | [-0.2;0.22] [-0.37;0.24] | [-0.21; 0.3]
0.13 -0.1 -0.68 0.7
P. australis 16.2% | 46.8%
[-0.33; 0.59] [-0.62;0.42] | [-1.18;-0.18] [0.15; 1.25]
Presence | -2.18 0.35 -0.8 0.62 -0.02
60% | 70.4%
glycophytes | [-3.01;-1.35] | [-0.44; 1.13] | [-1.46;-0.14] | [-0.02; 1.26] | [-0.31;0.26]
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4. Discussion

4.1 Effects of grazing and local site conditions on halophyte vegetation
A. Grazing

Grazing intensity neither was a relevant influence on halophyte presence, abundance or spe-
cies richness nor on plant community composition at the randomly chosen plots around 19
soda pans in the Seewinkel in my data set. None of the different responses was shaped by
grazing. These results imply that — at the low intensities applied by the National park conser-
vation management — there is no harm done by grazing to halophytic communities at soda
pans in the Seewinkel area.

Other studies did detect grazing induced shifts in community composition in alkali grasslands
but were based on exclusion experiments (Euller et al. 2014, Torok et al. 2014). In their long-
time monitoring Euller et al. (2014) detected a shift in species composition of soda pans of
selected grazed and ungrazed sites in the National Park from P. australis and A. stolonifera
dominated associations to salt meadows with high shares of J. gerardii and A. stolonifera.
Considering the very small relevé areas of 0.25 m? in this study, and the fact that most halo-
phytic plant associations are characterised by the dominance of a single species (Dité et al.
2017), the maximum number of six halophytic plant species found per plot is very high. How-
ever, the single plot showing six halophytic plants harboured a mixture of rather rare species
in the data set. These species also rarely occur together on small-scale areas (Artemisia san-
tonicum, Lepidium cartilagineum and Suaeda pannonicum), thus this single observation is
unique. Cattle grazing did shape halophyte species richness in other studies but all these fo-
cused on single certain types of alkaline grasslands (Térok et al. 2018, Godo et al. 2017, Torok
et al. 2016).

While grazing affects overall plant cover by reducing above-ground plant biomass (e.g. Bakker
et Ruyter 1981, Korner et al. 2008), halophytes profit from that effect or at least do not show
negative reactions (Torok et al. 2016, Gilbert and Fraser 2013, Ditétova et al. 2016).
Sedentary herding includes widely variable grazing intensities and effects with heavily tram-
pled drifts, areas grazed only at certain times of the year and resting sites with frequent dung
deposits (Molnar 2014). Talle et al. (2016) found different effects for grazing in summer and
autumn. Autumn-grazed soda pans did form a special case in my data set as well (data not
shown), but | accounted this effect to soil properties (higher share of gravel) and decided to
include them in the low intensity-grazing group. Another reason could be (unknown) high
background effects of small native grazers in both grazed and ungrazed plots of my study. The
exclosure of geese and hares showed significant effects on the abundance of vegetation in a
salt marsh in the Netherlands (van Wijnen et al. 1999). Greylag geese are increasingly com-
mon breeding birds around Lake Neusiedl (Wendelin & Dvorak 2016) and contributed to her-
bivory on my study plots. The exclusion of reed-dominated areas in my study design may have
biased my sample towards naturally grazed sites. It might therefore be interesting to disen-
tangle effects of soil properties, natural grazers and time of cattle grazing around soda pans in
a future research project.

While fenced grazing systems also show differing grazing intensities in relation to drinking
troughs and occurrence of palatable species (Barcella et al. 2016), sedentary herding allows
for a more directed grazing pressure but strongly relies on the abilities of the herder (Molnar
2014). Torok et al. (2014) found differing grazing effects along a moisture gradient in alkali
grasslands with lowest effects in dry and strongest effects in wet vegetation. The same study
also found high between-site variability for mesophilous and dry alkali grasslands. Effects of
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grazing probably vary with soil salinity, because grazing affects competition, which varies with
soil salinity by itself (Gilbert and Fraser 2013). Due to the random plot selection around soda
pans in my study the sample included mesophilous and dry sites as well as non-saline and
hypersaline spots. Hence, plots were differing in their soil moisture and salt content along a
wide gradient. Since my sample captured a larger fraction of the environmental variance en-
countered around soda pans than many of the earlier studies on similar vegetation systems, |
was able to demonstrate that there is no genuine overall negative effect of grazing — which
might be contingent on certain site conditions only.

| preselected study sites by a priori excluding reed-dominated areas. This is probably the main
reason for the insignificant influence of grazing on the presence of reed in my study, because
effects of grazing on P. australis are well known (Térok et al. 2014, Ecsedi & Boros 20133,
Korner et al. 2008). Maybe grazing pressure was too low or grazing intensities too heterogen-
ic in my dataset. Successful suppression of P. agustralis can be achieved by cattle grazing in
stocking rates of 1 animal per ha, a grazing level which was found to increase halophyte spe-
cies richness in wet alkali grasslands (Torok et al. 2014). Cattle especially like to feed on young
reed sprouts in spring, but do not feed on older reed stands (Ecsedi & Boros 2013a). In the
Seewinkel region, horses were more effective in reducing areas dominated by P. australis,
due to their higher level of activity, i.e. trampling (Korner et al. 2008). However, Euller et al.
(2014) found that only abundances of Calamagrostis epigejos and Elymus repens significantly
decreased on grazed areas in the Seewinkel during 16 years of monitoring but could not ob-
serve a similar trend for P. australis. This result was based on plots showing at least 10% cover
of P. australis in the first monitoring year, which may have been a too low threshold to detect
any differences for reed. Comparison of paired plots with grazing exclusion did allow to un-
cover a significant increase of reed cover in the same monitoring project (Korner et al. 2008).
A combination of initial mowing and follow-up cattle grazing proved very successful in reduc-
ing reed dominated areas (Kohler & Korner 2006).

B. Sail salinity

As expected, index of halophytic plant cover, presence of the two model-species P. peisonis
and T. pannonicum as well as halophytic species composition were shaped by soil salinity. The
index of halophytic abundance (-1 standing for 100% glycophytic cover, +1 meaning 100%
halophytic abundance) comprises the opposite ends of the salinity gradient and therefore had
to show a relevant effect of soil salinity. Glycophyte species show decreasing biomass and
root to shoot ratios with increasing soil salinity, while halophyte species show constant
(smaller) biomass and ratios across the salinity gradient, but their biomass is mostly signifi-
cantly higher at zero salinity as well (Ungar 1998, Gilbert and Fraser 2013). The effect of soil
salinity on species composition is well known and recently also has been specifically docu-
mented for Pannonic alkali grasslands (Dité et al. 2017, Valko et al. 2014).

Interestingly, the presence of halophytic plant species was not affected by soil salinity in my
data set. This was probably due to the preselection of sampling sites, because only a small
share of plots did not harbour any halophytes and occupied plots showed a wide variation in
soil salinity in the current study. Species richness of halophytes did not show any relationship
to soil salinity in my data set either. This is not surprising, since mono-dominant stands of
annual species on dried out soda pan beds (Suaedetum pannonicae) prefer similar soil salinity
levels as littoral associations (Puccinellietum limosae) shaped by several perennial halophytes
(Dité et al. 2017). However, grazed plots showed a lower mean salinity than non-grazed plots
in my data set (data not shown). If grazed plots harboured more halophytic species at low
salinities, this might have blurred an existing effect of soil salinity on halophyte species pres-
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ence or richness or a crossover interaction effect could be responsible for this observation. |
did not test for interaction effects in any model, so this question remains open.

Maybe the hypothesized correlation between soil salinity and elevation of plots around soda
pans in my data set was not as strong as previously expected. Soils in the Seewinkel show
small-scale heterogeneity due to varying depths of the salt-containing horizon. Ladanyi et al.
(2016) found high correlations between soil conductivity, pH and soda content of a soda pan
in Hungary but did not detect significant correlations between alkalinity/salinisation and ele-
vation. Surprisingly, Howison et al. (2015) could not detect significant correlations between
soil salinity and elevation or inundation in a salt marsh in the Netherlands, either. The authors
suspected that soils with low root to soil ratios show higher fluctuations in their salinity due to
higher absorbance of moisture and ions. Maybe, field measurements of actual plot altitudes
would have led to a stronger correlation (Valké et al. 2014). Another aspect influencing soil
conditions at a very small scale could be the active influence of halophytes increasing soil sa-
linities themselves to outcompete glycophytes (Ungar 1998, Wendelberger & Richards 2017).

C. Share of bare soil

Occurrence of T. pannonicum was the only response not explained by share of bare soil. All
other models showed positive (presence of halophytes and P. peisonis and to a lesser degree
species richness and index of halophyte abundance) or negative (presence of glycophytes and
P. australis) correlations with bare soil. T. pannonicum is a perennial species that can cope
with a wide range of ecological conditions around soda pans. It usually thrives on open patch-
es but can be found in rather dense reed stands as well (Krachler et al. 2012). The low com-
petitive abilities of many halophytes (Ungar 1998), i.e. open site conditions are favourable,
might be the main reason for the high relevance of bare soil in explained variance throughout
all other models.Many target species of this study are halophytes of soda pan basins, which
prefer high light intensity and need bare soil to germinate in case of annual species (Gul et al.
2013).

Plots with little soil salinity in my dataset probably harboured glycophytes as stronger com-
petitors to halophytes. Glycophytes outcompete halophytes in salt-free conditions and halo-
phytes outcompete glycophytes (to a smaller extent) only at high salinities but clipping
strongly reduced these interaction effects in an experimental setting (Gilbert & Fraser 2013).
Shares of bare soil do not exactly represent inverse general vegetation cover in the current
dataset, because litter and cryptogams sometimes covered large areas. The only response
taking competition by non-halophytes into consideration was index of halophyte abundance,
which showed the least pronounced effect of open soil in this study, meaning that although
higher ratios of halophytic abundance did occur on plots with higher shares of bare soil, this
increase was only small. Halophytes also strongly compete interspecifically (Ungar 1998),
which has a much stronger effect on halophyte biomass than natural grazing by geese and
hares (Dormann et al. 2000). On the other hand, there are also indications for strong niche
separation among halophytic species (e.g. Davy et al. 2011, Landschulz 2009). In some plots of
the current data set, litter was barely present even though vegetation density of a plot was
high. Hence, shares of bare soil represent light intensity at soil level only to a certain extent.
Nevertheless, an astonishing 14.7% and 21.4% of variance of presence and species richness of
halophytes in this study were explained by shares of bare soil alone.

Shares of bare soil did not correlate with grazing intensity in my data set (data not shown),
even though grazing and trampling by cattle are known to create more open surface patches
(di Bella et al. 2015, van Klink et al. 2015, Bakker & Ruyter 1981). The irrelevance of grazing
intensity as a covariate for bare soil in the current analyses might be due to the exclusion of
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reed dominated areas as study sites. However, Lukdcs et al. (2015) found that open soil
patches can also be created through high precipitation, not merely by high soil salinity or
trampling effects. These precipitation-induced changes in species richness and composition
were more pronounced in wet saline grassland habitats than in dry ones but favoured halo-
phytic plant cover only in Puccinellia-dominated grazed grasslands (Lukacs et al. 2015). Given
the high relevance for halophytes in the current investigation, it might be interesting to focus
on the favouring conditions for shares of bare soil in a follow-up study in the Seewinkel area.

D. Soil nitrate

Soil nitrate reduced the ratio of halophytic to glycophytic species abundance in my data and
enhanced the presence of reed, but did not affect halophytic presence per se, their species
richness or community composition. Interestingly, the presence of glycophytes was not
shaped by soil nitrate either. Salt-tolerant plants may show increased salinity tolerance with
higher nitrate availability, thereby changing their competitive abilities. Valéry et al. (2017) and
Leport et al. (2006) reported invasive spread of the native grass Elymus athericus in salt
marshes of a French bay. Similar effects may be suspected for the spread of reed on soda pan
basins in the Seewinkel. Aerial N-immissions in the Seewinkel (around 16 kg/ha) do not reach
the critical load for the eutrophic fens (22.5kg/ha), yet (Obersteiner & Offenthaler 2008).
However, groundwater in the Seewinkel area north of llimitz is nitrate-rich with mean values
above 50mg/I in three out of four measuring stations (BMLFUW 2016). Hence, agricultural
sources of nitrate leaching into soda pan basins can be assumed to reinforce the issue.
Steingruber (2013) reported between 8-52 and 8-40 mg nitrate per kg dry soil for salt fens
and salt steppes in the Seewinkel area, respectively. In the present study, nitrate values were
both considerably higher and lower (see Table 1). Lower values are probably due to differ-
ences in sampling methods: current soil samples were comprising top 10 cm of soil instead of
just the uppermost 5 cm in Steingruber’s analyses. Furthermore, Steingruber used fresh soil
for his extracts, while samples had been dried for the current analyses. Higher nitrate values
of the current dataset were mainly found on two soda pans in the close vicinity of agricultural
areas (soda pans 34 and 49). Wollenweber & Zechmeister-Boltenstern (1989) found indica-
tions that halophytes prefer ammonia over nitrate as their N source. Schrama et al. (2013)
also found increases in the ratio of ammonia to nitrate in clay soils of grazed salt marshes.
Therefore, targeted NHs*-measurements rather than soil nitrate might have been more suita-
ble to detect grazing effects on halophytes in my study. However, Steingruber (2013) consist-
ently observed higher nitrate than ammonia values in his study.

Litter mineralisation is also a main source of nitrate in saline soils but can be reduced even by
small grazers like geese and hares (van Wijnen et al. 1999). Goose droppings did not compen-
sate this effect in the same study except in young successional stages of the exclosure exper-
iment. Schrama et al. (2013) showed that low intensity cattle grazing in a salt marsh lowers N
mineralization rates via soil compaction by trampling, which inhibits the breakdown of soil
organic matter in anoxic soil conditions. The authors observed this effect only in clay soils of a
salt marsh, but not in sandy soils. N-fixation in alkaline soils of the Seewinkel was positively
correlated with sandy soils, but negatively correlated with loamy soils (Wollenweber &
Zechmeister-Boltenstern 1989). Soil texture was not taken into consideration in analyses in
my study but might explain further variation in the current dataset since soils in the Seewinkel
are often mixtures of sand and loam in varying proportions.
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E. Reed cover

The single, most sensitive response variable, which showed significant effects of reed cover
despite the exclusion of reed dominated areas as study sites, was soda pan plant species
composition. Agrostis stolonifera (the most common grass species in this study) and
Bolboschoenus maritimus are well-known indicator species for soda pan degradation (Krach-
ler et al. 2012) in the Seewinkel area. Both A. stolonifera and B. maritimus showed associa-
tions with high reed cover in my dataset (Fig. 5). These results reaffirm that monitoring based
on soda pan plant communities may serve well as an early indicator for soda pan degradation.
The negative influence of P. australis on halophytes have been well documented by other
studies (Korner et al. 2008, Torok et al. 2014). On the other hand, results of the current study
could also indicate that the selected non-grazed sites were still well enough supplied with
alkali salts to withstand reed dominance, like soda pans in optimal conditions (Ecsedi & Boros
2013a), since non-grazed plots showed higher mean soil salinity values than grazed ones (data
not shown).

F. Variation among individual soda pans

Higher values of R%: (viz. including the random effect of soda pan identity) compared to R*n
(displaying only variance explained by the five fixed predictors soil salinity, soil nitrate, share
of bare soil, reed cover and grazing intensity) of all current study models indicate that pres-
ence of halophytes, their species richness and halophytic plant community composition were
to a substantial extent also driven by other factors than the physical soil and vegetation char-
acteristics measured here. Among these factors could be the composition of dominant salts,
since the chemical diversity of soda pans of the Carpathian basin is unique worldwide and five
of altogether twelve described subtypes were present in the current study selection (Boros et
al. 2014, Ecsedi & Boros 2013b, see Table Al in Appendix). The landscape context, e.g. vicinity
to other soda pans or the extent of agricultural use of surrounding areas of a soda pan, differs
between soda pans in the Seewinkel (Ecsedi & Boros 2013b, Krachler et al. 2012, Dick et al.
1994). Moreover, the land-use history of each soda pan, especially concerning groundwater
supply (i.e. effects of drainage ditches and influences by high-capacity wells), is very specific
(Ecsedi & Boros 2013b, Krachler et al. 2012, Dick et al. 1994). Fluctuations of water-levels
have had strong effects on the region historically and probably still are the main factor for
disparate vegetation trends in different years (Euller et al. 2014). Since soda pan sizes differ
strongly (see Table Al in Appendix), variations due to a simple species-area effect may be
assumed as well (Hanski 1998). From a metapopulation ecology viewpoint (Hanski 1998), sto-
chastic effects probably have much stronger impacts on halophytes in the Seewinkel nowa-
days than historically, because long-distance dispersal by cattle was possible when animal
herds were regularly driven to markets as far as the city of Vienna (Horvath 2011). Today, the
three sedentary cattle grazing areas in the Nationalpark Neusielder See-Seewinkel are oper-
ated separately without any interchange between the three herds and linking corridors be-
tween many soda pans have been lost due to the conversion of meadows to vineyards, other
agricultural areas or fallow land (Kohler et al. 1994). Models on invertebrate zooplankton in
soda pans of the Seewinkel showed higher explanatory power for loss in species richness over
time when reduced habitat connectivity was considered in addition to area loss and changes
in habitat quality (Horvath et al. 2019). These observations indicate that factors idiosyncrati-
cally associated with individual soda pans play an important role in shaping their biota and
present a wide variety of opportunities for future research projects.
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4.2 Responses of selected halophyte species to habitat conditions

Plant community composition on soda pans in the Seewinkel showed clear gradients at small
spatial scales in relation to shares of bare soil, soil salinity and reed cover but was not notice-
ably shaped by intensity of grazing or soil nitrate (Fig. 5). Differences between halophytes and
glycophytes were mainly visible along the gradient of vegetation cover. Surprisingly, soil salini-
ty did not display the major direction of spread between halophytic and glycophytic species.
One reason might be that plants with preferences for slightly saline soils (salt figures S2-S4 in
Borhidi 1995) like Agrostis stolonifera and Bolboschoenus maritima or species occurring
across wide salinity gradients like Festuca pseudovina were deliberately not defined as ‘halo-
phytic’ target species in this study. Another explanation could be non-representative soil sa-
linity values in my data set after an unusually rainy summer season (see Table A8 in Appen-
dix). S. pannonica showed an unexpected ordination result with a preference for intermediate
soil salinity, which does not concur with the literature (Dité et al. 2017, Freitag et al. 1996).
Plantago maritima, in contrast, was represented in the ordination plot as expected according
to literature. It occurs on relatively open patches with less salt influence, at the flow line on
the outskirts of soda pan basins in close association with Festuca pseudovina (Dité et al. 2017,
Korner et al. 2008). The similar position of Festuca pseudovina with the glycophyte Poa an-
gustifolia in my dataset is probably due to misidentification in the field, because — unfortu-
nately - the two species are easily confounded by floristic beginners like me. Agrostis stolonif-
era and Bolboschoenus maritimus were highly associated with reed cover, yet B. maritimus
tolerated higher salinity values and occurred on more open plots in my dataset. Bolboschoe-
nus maritimus is a typical species of slightly saline soils in soda pan beds (salt figure S3 in Bo-
rhidi 1995) but has shown spreading tendencies together with the salt-tolerating species Ag-
rostis stolonifera on ungrazed, desalinated soda pans in the last decades (Krachler et al. 2012,
Korner et al. 2008, Ladanyi et al. 2016). B. maritimus contributes to the sedimentation of soda
pans by trapping aerial dust (Ecsedi & Boros 2013a). In Austria, mowing of reed- or
Bolboschoenus-dominated spots with a follow up of intensive grazing by cattle herds is usually
recommended for conservation management (Krachler et al. 2012). Results of a CCA ordina-
tion in Valko et al. (2014) for the four shared plant species show some common aspects: P.
limosa is situated at the highly alkaline edge like its Austrian sister species, the local endemic
P. peisonis in this study. F. pseudovina showed an indifferent behaviour in terms of soil con-
ductivity, and A. stolonifera was found on locations with little conductivity in both studies.
Interestingly, T. pannonicum showed a higher affiliation with high soil conductivity in my da-
taset.

The two focus species P. peisonis and T. pannonicum were the most common halophytic tar-
get plants in this study. Puccinellia peisonis was found on plots with high salinity but scarce
vegetation cover and reed cover in the ordination plot. However, the logistic model did not
confirm a relevant negative effect of reed on the occurrence of P. peisonis. This was probably
due to the exclusion of reed patches as study sites and thus little shared plots, because un-
grazed plots showed decreasing trends in Puccinellia-cover parallel to the expansion of reed
in long-term monitoring in the Seewinkel (Korner et al. 2008). Tripolium pannonicum was
mainly associated with soil salinity and was found on plots with less open vegetation cover in
the ordination result and showed a broad spectrum of salinity tolerance in the logistic model
(Fig. 7). Probability of presence (7. pannonicum) ranged between 40 and 80%, which indicates
that T. pannonicum is better capable of coping with less saline soil conditions than P. peisonis
but is more sensitive to, or less competitive at, very high soda concentrations in soil. T. pan-
nonicum as well as Puccinellia limosa, a close relative of P. peisonis, both show mycorrhiza
(FOzy et al. 2010), which enable halophytes to better deal with soil salinity (Dashtebani et al.
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2014, Ruppel et al. 2013). P. peisonis and T. pannonicum were facilitated by grazing but
showed greater precipitation-induced changes than changes due to conservation manage-
ment in other studies (Korner et al. 2008, Lukdcs et al. 2015). T. pannonicum profits from high
water levels, because it can build up high population levels quickly (Korner et al. 2008), P. pei-
sonis shows decreased cover (Korner et al. 2008, Lukdcs et al. 2015). However, facilitation by
grazing sometimes simply means less decrease in cover in managed than in unmanaged plots
(Korner et al. 2008). For both species cessation of grazing has led to declines in cover within a
few years (Korner et al. 2008, Ditétova et al. 2016). Puccinellia maritima is a shade-intolerant
species in salt marshes (Howison et al. 2015) and this probably also holds true for P. peisonis
in the Seewinkel area. Neither P. peisonis nor T. pannonicum showed a relation to soil nitrate
in this study. The maritime variety or subspecies T. pannonicum ssp./var. tripolium (L.) Greu-
ter showed bacteria with nifH genes in its roots and rhizosphere (Szymanska et al. 2016), ena-
bling it to thrive independently from nitrate resources in the soil.

4.3 Methodological issues with halophyte vegetation assessment

In the present study, the metric to score low shifting grazing intensities combines very differ-
ent influences (i.e. fraction of non-grazed areas, signs of trampling, indications of herbivory
and amount of dung deposition). This combined metric should be tested independently in
future studies, because the currently investigated grazing effect might be too heterogenic. On
the other hand, indices summarising multiple aspects of land-use have been proven very use-
ful in predicting general effects of management intensity on biodiversity (Blithgen et al. 2012,
Kahl & Bauhus 2014). Thus, a stepwise composition and subsequent analysis of a continuous
grazing index could yield more meaningful results than the applied metric in this study, as well
(Blithgen et al. 2012). Plot size of the current study design was probably adequate to detect
potential differences between grazed and non-grazed plots (compare Godo et al. 2017, Wan-
ner et al. 2013), but results on the impact of grazing may have been refined with a more tar-
geted selection of plots around soda pans, e.g. by stratifying plots in four different elevation
levels around soda pan bottoms and/or using measurements of height above pan bottoms to
confirm positions of plots in the field (compare Lukacs et al. 2015). Estimation of general veg-
etation cover values would be highly recommendable, as they allow for correction of overly
generous abundance values of single species and could be used as an alternative fixed predic-
tor in models. Conducting just one relevé per plot at a rather dry time of the year led to diffi-
culties to discriminate between leaves of the current vegetation period and remnants from
past years for cover estimates. Since halophytic plant associations are shaped by early spring
therophytes (Korner et al. 2008) and late flowering plants of soda pan basins in autumn
(Bergmeier & Schaminée 2016), multiple sampling (spring, summer and autumn) would be
recommendable for both vegetation and soil data, but would obviously increase the need for
human resources. With wide amplitudes of soil salinities in soda pan basins throughout a year
and differing soil water content between the random plots, the assumption of a linear rela-
tionship of soil salt content of a single sampling period and halophytic plant species occur-
rence may have been overly simplistic for the current data set. Nitrate detection by high pres-
sure liquid chromatography (HPLC) is known to show interferences by chloride in samples
(Wang et al. 2017). Colorimetric methods are more exact and should be used to confirm HPLC
measurements of nitrate for future soil samples. Additional soil factors, which might play a
role for halophytes around soda pans, but would require more time and resources to docu-
ment, are depth of anoxic conditions (Schroder et al. 2002, Davy et al. 2011), length of spring
inundation, duration of soil aridity in late summer as well as soil layer sequence or depth of a
certain soil layer (Horvat et al. 1974). Lukacs et al. (2015) recommend comparing wet and dry
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years for an in-depth comparison of a habitat assessment, because many halophyte species
show highly fluctuating presence with different amount of precipitation leading to remarkable
reductions of total cover in years of intense rainfall. Exclusion of mown grounds led to a very
small variability for plots at soda pan 35 (see Appendix Fig. A6). Even though a recent study
did not detect significant differences between grazing versus combined grazing and mowing
on species richness in Hungarian grasslands (Vadasz et al. 2016), a repetition of the study with
more precise data on mowing activities would be eligible and could lead to higher proportions
of explained variability in the models, since effects of grazing and mowing are highly contin-
gent on grassland type (Télle et al. 2016).

5. Consequences for conservation and management

My results indicate that the yearly adapted grazing management plans work fine in the Na-
tional Park Neusiedler See — Seewinkel. The danger of overgrazing (viz. too high grazing inten-
sity) is well known to the National Park management and taken into consideration by moni-
toring grazing effects yearly. Torok et al. (2018) showed that species richness in wet alkali
grasslands grazed by cattle decreased with higher than 1-2.5 animal units/ha. In dry Arte-
misa-steppes, halophyte shares peaked at 1 animal unit/ha (Torok et al. 2016). Hence, animal
units per hectare for the Seewinkel area (ca. 0.5 at the time of data collection) could probably
be increased slightly. To reduce management costs, rotational grazing could be an option to
allow for the inclusion of previously ungrazed soda pans without considerable negative con-
sequences (Lagendijk et al. 2017).

Reducing reed dominated areas remains one main aim of conservation grazing around soda
pans. To this end, a combination of mowing and grazing proved very successful in Austria
(Kohler & Korner 2006). Ecsedi & Boros (2013a) describe additional pre-management options
prior to the beginning of long-term grazing, that could be useful for Austrian National Park
authorities as well. The Hungarian authors recommend trampling by herds of large herbivores
(cattle, horses or water buffalos), domestic geese flocks or Mangalitza pig grazing, which are
least efficient. A coastal study recommended water buffalos for reducing reed strongly while
preserving high shares of nests of breeding birds (Sweers et al. 2013). Additionally, the re-
introduction of grazing with sheep or mixed herds of cattle, donkeys, horses and sheep could
be considered in Austria, because this ensures the best development of typical soda pan
shores with very short vegetation (Ecsedi & Boros 2013a, citing Hungarian authors).

Soil nitrate showed unfavourable effects on halophytes via increased competition by less salt-
tolerant species in my dataset. Hence, reducing soil nitrate amounts by reducing above-
ground biomass through grazing would be favourable for halophyte conservation. This has
been a main aim of conservation grazing in the Seewinkel ever since. However, Varga et al.
(2016) highlighted that extensive grazing systems in the Carpathian basin used to include a
high percentage of non-grassland grazing grounds to supplement animal feeding in times of
drought or at the end of the vegetation period. Management authorities of nature protection
areas should consider including non-target areas as additional grazing grounds for times of
feed shortage when planning sedentary herding conservation projects. Additionally, appropri-
ate resting areas should be designated where animal dung deposits do not pose threats to
species of conservation concern.

As Dedk et al. (2014) pointed out, a crucial point in the conservation of alkali marshes is to
provide astatic water regime. Natural soda lakes are selfsustained ecosystems when water
regimes are optimized again (EASME 2019). This is far from reality for most soda pans in Aus-
tria. It should rather alarm us to change the water usage patterns in the area, that grazing did
not show any promoting effect on halophytes in my dataset. Rising groundwater levels would
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also be beneficial, because the most problematic invasive plant for pristine alkaline vegeta-
tion, Eleagnus angustifolia, cannot sustain permanent inundation. Conversely, E. angustifolia
additionally lowers groundwater levels of disturbed soda pans, because of its high water de-
mands and evapotranspiration (Ecsedi & Boros 2013a), thereby increasing already existing
water supply problems.

5.1 Future prospects

Since ecological indicator values reflect the competitive situations of climatic and floristic re-
gions, probably neither the applied Hungarian (Borhidi 1995) nor the additionally used Central
European list (Ellenberg 1991) reflect the transitional situation in the Seewinkel precisely.
Even though Blab (1997) laid the foundations for a regional assessment, a more comprehen-
sive analysis of existing relevés on alkaline soils of the region could bring more clarity and re-
veal potentially existing local ecotypes of species.

Samples from sites with high amount of gravel showed higher halophytic cover (data not
shown) than on sites with soil cores comprising loamy and sandy soils. All these samples were
located at soda pans of the central Seewinkel, which are assumed to have a different genesis
than soda pans close to Lake Neusiedl (Riedl 1965, Weiss 2015a) and were sampled with
shovels. It might be an interesting point to try to get deeper soil samples for these sites as
well and compare their soil salinity, soil water content and effect on halophytes in future re-
search activities.

Dispersal strategies probably differ between halophytes of soda pans, as indicated for exam-
ple by the unequal representation of perennial graminoid species and annual halophytes in
seed banks in alkali grasslands (Valkd et al. 2014). Annual species are supposed to react
quicker to changes in environmental parameters (Korner et al. 2008, Braun-Blanquet 1964)
but perennial halophytic species must be apt to cope with wide varying site conditions (e.g.
Valko et al. 2014, Lukacs et al. 2015). Thus, there might be differences in grazing responses
between halophytes especially concerning connectivity effects, i.e. the use of grazing animals
as dispersal vehicles. Since soda pan sizes as well as their connectivity have been drastically
reduced (Horvath 2019), stochastic effects might lead to extinctions of halophyte species
even if soda pan qualities could be restored to optimal local conditions (compare Hanski
1998). To my knowledge, this aspect of conservation grazing has not been considered in man-
agement decision of the National Park Neusiedler See-Seewinkel, yet. Since the sedentary
herding systems around soda pans of the central Seewinkel and soda pans close to Lake
Neusiedl are currently not connected by grazing corridors, re-establishing connectivity could
be a crucial point for long-term persistence of halophyte populations worth investigating in
detail.

Even though shares of bare soil were not correlated with grazing intensity in the current data
set, trampling effects could influence soil salinity in the Seewinkel by creating more open sur-
face and soil compaction as reported by coastal studies (di Bella et al. 2015, van Klink et al.
2015). Conversely, grazing animals might possibly reduce soil salinity via foliage uptake, simi-
lar to reductions in soil nitrogen through reduced litter accumulation (van Wijnen et al. 1999).
Hungarian herders also report that cattle like to lick salt from barren solonchak soils showing
salt efflorescences in summer (Molnar 2014). Even though both trampling effects and salt-
uptake by cattle probably are only small in conservation grazing with low animal units per
hectare, deteriorating soda pan grounds without any salt supply from deeper soil layers theo-
retically might be negatively affected by grazing and it could be interesting to try and quantify
these antagonistic effects.
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On the other hand, the quality of beef meat could be enhanced by halophyte feed. Feeding-
experiments with Atriplex-hay in Italy showed that high shares of salt hay increased the inten-
sity of flavour of lamb meat (Moreno et al. 2015). Salt uptake of grazing sheep is so high in
coastal areas of the Atlantic that their meat takes on a special taste and is considered a deli-
cacy in France (“pré-salé” lamb, Pearce et al. 2010). If similar effects could be proven for beef,
sale interests and return of investments for farmers taking part in conservation grazing in the
Seewinkel might be increased.

5.2 Comprehensive meaning of preserving soda pans in the Seewinkel

With respect to climate change (IPCC Report 2014), rising sea water levels will lead to ex-
panded coastal flooding (Meeresatlas 2017) and huge agricultural areas will become salty due
to droughts. Hence, the share of salt affected soils is very likely to increase globally (Flowers
et Muscolo 2015). Many halophytes are currently in the focus of agricultural research as po-
tential future cash crops. The maritime variety or subspecies T. pannonicum ssp./var. tripoli-
um is handled as a very promising plant (Geissler et al. 2010), so it seems valuable to preserve
populations of the closely related Tripolium pannonicum ssp./var. pannonicum in the Seewin-
kel. Moreover, most halophytic species in this study were probably used as food source in the
Seewinkel area in former times (Machatschek 2010). Few studies on phylogenetics of halo-
phytes are available up to now and even fewer consider inland, especially Pannonian sites
(Weising & Freitag 2007, Lambracht et al. 2007, Prinz et al. 2010). Due to the special geo-
graphical situation, the Seewinkel area harbours continental halophytic species, some spread-
ing from central Asia to Europe like Lepidium cartilagineum, coastal species with sometimes
worldwide distributions like Juncus maritimus, but on the other hand also locally endemic
species to the Pannonian plant region like P. peisonis (Loffler 1982). Considering the isolated
distribution of salt-affected inland habitats in Europe (cf. Brandes 1999), it seems especially
crucial to protect their few existing populations of highly adapted biota, which are all of high
conservation concern, as evidenced by their Red List status (Niklfeld & Schratt-Ehrendorfer
1999).

6. Acknowledgements

A permit was issued by the federal state government of Burgenland, Eisenstadt, for entering
the areas of the National Park Neusiedler See - Seewinkel during the field work in summer
and autumn 2007.

Many thanks are also due to the former scientific head of the National Park, Alois Herzig, who
enabled funding the laboratory work.

7. References

Albert, R. (1975). Salt regulation in halophytes. Oecologia, 21, 57-71.

Albert, R. & Popp, M. (1977). Chemical Composition of Halophytes from the Neusiedler Lake Region in Austria.
Oecologia, 27, 157-170.

Albert, R., Steingruber, R. & Wrbka, T. (2016). Bodennahrstoffe und Vegetationsverhaltnisse entlang von Weide-
gradienten im Nationalpark Neusiedler See — Seewinkel. Acta ZooBot Austria, 153, 77-106.
https://www.zobodat.at/pdf/VZBG 153 0077-0106.pdf

Allaby, M. (ed.) (2013). A dictionary of plant sciences. 3rd ed. Oxford, Oxford Univ. Press. DOI:
10.1093/acref/9780199600571.001.0001

Attwenger, M., & Chlaupek, A. (2006). Erstellung eines grenziiberschreitenden digitalen Geldndemodells im Nati-
onalpark Neusiedler See-Seewinkel/Ferté-Hansdg aus Laserscanner-Daten. In: Strobl, J. (ed.) Angewandte
Geoinformatik 2006: Beitrdge zum 18. AGIT-Symposium Salzburg, pp. 16-23. Wichmann, Heidelberg.
https://web.agit.at/papers/2006/5506.pdf, last accessed: June 23, 2019.

45



Bakker, E.S., Ritchie, M.E., OIff, H., Milchunas, D.G. & Knops, J.M.H. (2006). Herbivore impact on grassland plant
diversity depends on habitat productivity and herbivore size. Ecology Letters, 9, 780-788.

Bakker, J.P. & Ruyter, J.C. (1981). Effects of five years of grazing in a salt-marsh vegetation. Vegetatio, 44, 81-
100.

Barcella, M., Filipponi, F. & Assini, S. (2016). A simple model to support grazing management by direct field ob-
servation. Agriculture, Ecosystems and Environment, 234, 107-117.

Bart, D. & Hartman, J.M. (2002). Environmental constraints on early establishment of Phragmites australis in salt
marshes. Wetlands, 22, 201-213.

Barton, K. (2016). MuMin: Multi-Model Inference. R package version 1.15.6. https://CRAN.R-
project.org/package=MuMlIn, last accessed: June 23, 2019.

Bates, D., Maechler, M., Bolker, B. & Walker, S. (2015). Fitting Linear Mixed-Effects Models Using Ime4. Journal
of Statistical Software, 67, 1-48. doi:10.18637/jss.v067.i01

Bauer, K. (1988). Agrarlandschaft. In: Bundesministerium fiir Land- und Forstwirtschaft. Artenschutz in Oster-
reich: besonders gefdhrdete Sdugetiere und Végel Osterreichs und ihre Lebensrdume. Griine Reihe des Le-
bensministeriums, Band 8, pp. 43-73.

di Bella, C.E., Rodriguez, A.M., Jacobo, E., Golluscio, R.A. & Taboada, M.A. (2015). Impact of cattle grazing on
temperate coastal salt marsh soils. Soil Use and Management, 31, 299-307.

Bergmeier, E. & Schaminée, J.H.J. (2016). Classifying halophytes and halophytic vegetation — an Editorial. Phyto-
coenologia, 46, 333—-338.

Bgld GIS https://gis.bgld.gv.at/WebGIS/synserver, last accessed: May 25, 2019.

Blab, A. (1997). Vegetationstkologische Kartierung in der Bewahrungszone Lange Lacke (Nationalpark Neusiedler
See — Seewinkel) unter Anwendung der Sigmensoziologie. Diplomarbeit, Universitat Wien.

Bluthgen, N., Dormann, C.F., Prati, D., Klaus, V.H., Kleinebecker, T., Holzel, N., Alt, F., Boch, S., Gockel, S., Hemp,
A., Miller, J., Nieschulze, J., Renner, S.C., Schoning, I., Schumacher, U., Socher, S.A., Wells, K., Birkhofer, K.,
Buscot, F., Oelmann, Y., Rothenwohrer, C., Scherber, C., Tscharntke, T., Weiner, C.N., Fischer, M., Kalko,
E.K.V., Linsenmair, K.E., Schulze, E.-D. & Weisser, W.W. (2012). A quantitative index of land-use intensity in
grasslands: integrating mowing, grazing and fertilization. Basic and Applied Ecology, 13, 207-220.

BMLUFW (2016). EU Nitratrichtlinie 91/676/Ewg Osterreichischer Bericht 2016. Retrieved April 24, 2019 from
https://www.bmnt.gv.at/wasser/wasser-eu-
international/europaeische wasserpolitik/Nitratbericht 2016.html

Bock, M. (2006). Dynamik oder Persistenz — Welche Landschaftsentwicklung fordert die Vegetationsvielfalt. Dip-
lomarbeit, Universitat Wien.

Bolker, B.M., Brooks, M.E., Clark, C.J., Geange, S.W., Poulsen, J.R., Stevens, M.H.H. & White, J.-S.S. (2008). Gen-
eralized linear mixed models: a practical guide for ecology and evolution. Trends Ecol. Evol., 24, 127-135.

Borhidi, A. (1995). Social Behaviour Types, the Naturalness and Relative Ecological Indicator Values of the Higher
Plants in the Hungarian Flora. Acta Bot. Hung., 39, 97-181.
https://www.researchgate.net/publication/272339867 Social behaviour types the naturalness and relati
ve indicator values of the higher plants in the Hungarian Flora, last accessed: June 23, 2019.

Boros, E., Nagy, T., Pigniczky, Cs., Kotyman, L., Balogh, K.V. & Voros, L. (2008). The effect of aquatic birds on the
nutrient load and water quality of soda pans in Hungary. Acta Zoologica Academiae Scientiarum Hungaricae,
54,207-224.

Boros, E., Ecsedi, Z. & Olah, J. (eds.) (2013). Ecology and Management of soda pans in the Carpathian basin.
Hortobagy Environmental Association, Balmazujvaros. LIFEO7 NAT/H/000324
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=33
66, last accessed: May 25, 2019.

Boros, E., Horvath, Z., Wolfram, G. & Vorosz, L. (2014). Salinity and ionic composition of the shallow astatic soda
pans in the Carpathian Basin. Ann. Limnol. - Int. J. Lim., 50, 59-69.

Brandes, D. (1999). Flora und Vegetation salzbeeinfluBter Habitate im Binnenland—eine Einfiihrung. Braun-
schweiger Geobot Arb, 6, 7-12. Retrieved June 23, 2019 from https://www.zobodat.at/pdf/Brandes-
Dietmar 96 2010 0001-0007.pdf

Braun-Blanquet, J. (1964). Pflanzensoziologie: Grundziige der Vegetationskunde. 3., neubearb. u. wesentl. verm.
Aufl. Springer, Wien.

Bray, R.J. & Curtis, J.T. (1957). An ordination of the upland forest communities of southern Wisconsin. Ecol.
Monogr., 27, 325-349.

Breckle, S.-W. (2018). Vegetation, Climate and Soil: 50 Years of Global Ecology. In: Canovas, F.M., Littge, U,
Matyssek, R. & Pretzsch, H. (eds.). Progress in Botany Vol. 80. pp. 1-63. Springer. DOI 10.1007/124 2017 14

Burnham, K.P. & Anderson, D.R. (2002). Model selection and multimodel inference. 2nd ed. Springer, New York.

46



Burnham, K.P., Anderson, D.R. & Huyvaert, K.P. (2011). AIC model selection and multimodel inference in behav-
joural ecology: some background, observations, and comparisons. Behav Ecol Sociobiol, 65, 23-35.

Dashtebani, F., Hajiboland, R. & Aliasgharzad, N. (2014). Characterization of salt-tolerance mechanisms in mycor-
rhizal (Claroideoglomus etunicatum) halophytic grass, Puccinellia distans. Acta Physiol Plant, 36, 1713—1726.
DOI 10.1007/s11738-014-1546-4

Davy, A.J., Brown, M.J.H., Mossman, H.L. & Grant, A. (2011). Colonization of a newly developing salt marsh: dis-
entangling independent effects of elevation and redox potential on halophytes. Journal of Ecology, 99, 1350—
1357.doi: 10.1111/j.1365-2745.2011.01870.x

Dedk, B., Valko, O., Tothmérész, B. & Torok, P. (2014). Alkali marshes of Central-Europe: Ecology, management
and nature conservation. In: Shao, H.-B. (ed.) Salt marshes: Ecosystem, vegetation and restoration strategies.
pp.1-11. Nova Science Publishers, Inc., New York.

Dedk, B., Valko, O., Torok, P., Kelemen, A., Téth, K., Miglécz, T. & Téthmérész, B. (2015). Reed cut, habitat diver-
sity and productivity in wetlands. Ecological Complexity, 22, 121-125.

Dendooven, L., Alcantara-Hernandez, R.J., Valenzuela-Encinas, C., Luna-Guido, M., Perez-Guevara, F. & Marsch,
R. (2010). Dynamics of carbon and nitrogen in an extreme alkaline saline soil: A review. Soil Biology & Bio-
chemistry, 42, 865-877.

Dick, G., Dvorak, M., Grill, A., Kohler, B. & Rauer, G. (ed.) (1994). Vogelparadies mit Zukunft? Ramsar-Bericht 3
Neusiedler See — Seewinkel. Umweltbundesamt, Wien.

Dit&, D., Elid$ jun., P., Dit&, Z., P§, V. & Suvada, R. (2017). Vegetation classification and ecology of Pannonian salt
lake beds. Phytocoenologia, 47, 329-344.

Ditétova, Z., Dité, D., Elids jun., P., Galvanek, D. (2016). The impact of grazing absence in inland saline vegetation
— a case study from Slovakia. Biologia, 71, 980—988. DOI: 10.1515/biolog-2016-0125

Dober, G. & Gritzmann, R. (2014). Hydrogeologische, sedimentologische und tonmineralogische Untersuchungen
im Gebiet des Neusiedler Sees. Masterarbeit, Universitat Wien. http://othes.univie.ac.at/34776/

Dormann, C.F., van der Wal, R. & Bakker, J.P. (2000). Competition and Herbivory during Salt Marsh Succession:
The Importance of Forb Growth Strategy. Journal of Ecology, 88, 571-583.

EASME (2019). HORTOBAGY SODIC LAKES - Restoration of sodic lake sub-type of the Pannonic salt steppe and

marsh habitat in the Hortobdagy. LIFEO7 NAT/H/000324 European Commission DG Environment EASME LIFE pro-

ject database.

http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n proj id=3366,

last accessed: May 04, 2019.

Ecsedi, Z. & Boros, E. (2013a). Management, rehabilitation and restoration of soda pans. In: Boros, E., Ecsedi, Z.
& Olah, J. (eds.) Ecology and Management of soda pans in the Carpathian basin, pp. 482-529. Hortobagy En-
vironmental Association, Balmazujvaros. LIFEO7 NAT/H/000324
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=33
66, last accessed: May 25, 2019.

Ecsedi, Z. & Boros, E. (2013b). Description of the surveyed natural soda pans. In: Boros, E., Ecsedi, Z. & Olah, J.
(eds.) Ecology and Management of soda pans in the Carpathian basin, pp. 163-481. Hortobagy Environmental
Association, Balmazujvaros. LIFEO7 NAT/H/000324
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=33
66, last accessed: May 25, 2019.

EIONET (2014). Habitat assessments at EU biogeographical level. European Environment Agency, European Un-
jon. Retrieved May 25, 2019 from
https://bd.eionet.europa.eu/articlel7/reports2012/habitat/progress/?period=3&group=Coastal+habitats&co
nclusion=overall+assessment

Elids, P. Jr, Sopotlieva, D., Dité, D., Hajkova, P., Apostolova, I., Senko, D., Meleckova, Z. & Hajek, M. (2013). Vege-
tation diversity of salt-rich grasslands in Southeast Europe. Applied Vegetation Science, 16, 521-537.

Ellenberg, H., Weber, H.E., DUll, R., Wirth, V., Werner, W. & Paulissen, D. (1991). Zeigerwerte von Pflanzen in
Mitteleuropa. Scripta Geobot, 18, 1-248.

Ellmauer, T, Traxler, A., Ranner, A. & Paar, M. (1999). Nationale Bewertung des Gsterreichischen NATURA 2000-
Netzwerkes. Bericht R-158. Umweltbundesamt, Wien.
https://www.umweltbundesamt.at/fileadmin/site/publikationen/R158.pdf, last accessed: June 23, 2019.

ESRI. ArcGIS Desktop. Redlands, CA: Environmental Systems Research Institute.

Essl, F. (2005). 1530 * Pannonische Salzsteppen und Salzwiesen. In: Ellmauer, T. (ed.) Entwicklung von Kriterien,
Indikatoren und Schwellenwerten zur Beurteilung des Erhaltungszustandes der Natura 2000-Schutzguter.
Band 3: Lebensraumtypen des Anhangs | der Fauna-Flora-Habitat-Richtlinie. Im Auftrag der neun &sterreichi-
schen Bundeslander, des Bundesministeriums f. Land- und Forstwirtschaft, Umwelt und Wasserwirtschaft

47



und der Umweltbundesamt GmbH, pp. 30-39. https://www.zobodat.at/pdf/MA22-Wien 61 0001-0618.pdf,
last accessed: June 23, 2019.

Euller, K., Zmelik, K., Schneidergruber, A., Korner, 1. & Wrbka, T. (2014). Auswirkungen der Beweidung in der
Bewahrungszone des NP Neusiedlersee-Seewinkel: Eine statistische Analyse der Vegetationsdaten des Dau-
erflaichenmonitorings. Acta ZooBot Austria, 34, 41-62. https://www.zobodat.at/pdf/VZBG 150 151 0041-
0062.pdf, last accessed: June 23, 2019.

Festetics, A. (1971). Ornithologische Probleme pannonischer Sodalacken. Sitzungsber 6sterr Akad Wiss, Math-
naturwiss Kl, 179, 329-338. https://www.zobodat.at/pdf/SBAWW 179 5-10 0329-0338.pdf, last accessed:
June 23, 20109.

Fischer, M.A., Adler, W. & Oswald, K. (ed.) (2005). Exkursionflora fiir Osterreich, Liechtenstein und Sidtirol. 2. Ed.
Biologiezentrum der oberdsterreichischen Landesmuseen, Linz, Land 00.

Fischer, M.A., Oswald, K. & Adler, W. (ed.) (2008). Exkursionflora fiir Osterreich, Liechtenstein und Stidtirol. 3. Ed.
Biologiezentrum der oberdsterreichischen Landesmuseen, Linz, Land 00.

Flowers, T.J. & Colmer, T.D. (2008). Salinity tolerance in halophytes. New Phytologist, 179, 945-963.

Flowers, T.J. & Colmer, T.D. (2015). Preface: Part of a special issue on halophytes and saline adaptations. Plant
salt tolerance: adaptations in halophytes. AoB, 115, 327-331.

Flowers, T.J. & Muscolo, A. (2015). Introduction to the Special Issue: Halophytes in a changing world. AoB
PLANTS, 7, plv020. doi:10.1093/aobpla/plv020

Fox, J. & Weisberg, S. (2011). An {R} Companion to Applied Regression. Second Edition. Sage, Thousand Oaks, CA.
URL: http://socserv.socsci.mcmaster.ca/jfox/Books/Companion

Freitag, H., Walter, J. & Wucherer, W. (1996). Die Gattung Suaeda (Chenopodiaceae) in Osterreich, mit einem
Ausblick auf die pannonischen Nachbarlander. Ann. Naturhist. Mus. Wien, 98, 343-367.
https://www.zobodat.at/pdf/ANNA 98BS 0343-0367.pdf, last accessed June 23, 2019.

Flzy, A. Bird, B. & Toéth, T. (2010). Short communication. Effect of saline soil parameters on endomycorrhizal
colonisation of dominant halophytes in four Hungarian sites. Spanish Journal of Agricultural Research, 8, 144-
148.

Gehlker, H. (1977). Eine Hilfstafel zur Schatzung von Deckungsgrad und Artmachtigkeit. Mitt. Flor.-soz. Ar-
beitsgem., N.F., 19/20, 427-430. https://www.zobodat.at/pdf/Mitt-flori-soz-Arb NF 19-20 0427-0429.pdf,
last accessed June 23, 2019.

Geissler, N., Hussin, S. & Koyro, H.-W. (2010). Elevated atmospheric CO, concentration enhances salinity toler-
ance in Aster tripolium L. Planta, 231, 583-594. DOI 10.1007/s00425-009-1064-6

Gilbert, A.A. & Fraser, L.H. (2013). Effects of salinity and clipping on biomass and competition between a halo-
phyte and a glycophyte. Plant Ecology, 214, 433-442.

Gilhaus, K. & Holzel, N. (2016). Seasonal variations of fodder quality and availability as constraints for stocking
rates in year-round grazing schemes. Agriculture, Ecosystems and Environment, 234, 5-15.

Godo, L., Valko, O., Téthmérész, B., Torok, P., Kelemen, A. & Dedk, B. (2017). Scale-dependent effects of grazing
on the species richness of alkaline and sand grasslands. Auswirkungen der Beweidung auf den Artenreichtum
von Salz- und Sandtrockenrasen. Tuexenia, 37, 229-246. doi: 10.14471/2017.37.016

Grabherr, G. (1997). Farbatlas Okosysteme der Erde: natiirliche, naturnahe und kiinstliche Land-Okosysteme aus
geobotanischer Sicht. Ulmer, Stuttgart.

Grigore, M.-N. & Toma, C. (2017). Definition and Classification of Halophytes. In: Grigore, M.N. & Toma C. Ana-
tomical Adaptations of Halophytes, pp. 3-28. Springer, Cham.

Grigore, M.-N., Toma, C. & Boscaiu, M. (2010). Dealing with halophytes: an old problem, the same continuous
exciting challenge. An St Univ “Al. I. Cuza” lasi, s. I.a Biologie vegetald, 56, 21-32.
https://www.researchgate.net/publication/235991490 DEALING WITH HALOPHYTES AN OLD PROBLEM T
HE SAME CONTINUOUS EXCITING CHALLENGE, last accessed June 23, 2019.

Gul, B., Ansari, R., Flowers, T.J. & Khan, M.A. (2013). Germination strategies of halophyte seeds under salinity.
Environmental and experimental botany, 92, 4-18. http://dx.doi.org/10.1016/j.envexpbot.2012.11.006

Gurresch, V., Lang, A., Kroiss, M., Masin, B. & Grabenhofer, H. (ed.) (2015). Wie kam das Salz ins Grundwas-
ser?/Interview mit Prof. Hermann Hausler. Geschnatter - Zeitung des Nationalparks Neusiedler See — Seewin-
kel, 87, 1-2/8. http://www.nationalpark-neusiedlersee-
seewinkel.at/tl files/images/downloads/geschnatter/Geschnatter2015 1.pdf, last accessed June 23, 2019.

Hansen, J.P. & Snickars, M. (2014). Applying macrophyte community indicators to assess anthropogenic pres-
sures on shallow soft bottoms. Hydrobiologia, 738, 171-189. DOI 10.1007/s10750-014-1928-z

Hanski, I. (1998). Metapopulation dynamics. Nature, 396, 41-49.

Herzig, A., Horvath, D., Kraus, K. & Naumann, K. (2002). Ein Beitrag zur Renaturierung des Nationalparks Neu-
siedlersee-Seewinkel/Fert6-Hansag mit Hilfe von Laserscanning. VGI — Osterreich. Zeitschrift fiir Vermessung

48



und Geoinformation, 90, 34-42. https://www.ovg.at/de/vgi/ausgabe/1229/#article4843, last accessed June
23,2019.

Horvat, |., Glavac, V. & Ellenberg, H. (1974). Vegetation Siidosteuropas. Gustav Fischer Verlag, Stuttgart.

Horvath, G.K. (2011). Rahmen des bauerlichen Handels im Wieselburger Komitat (Ungarn) in der ersten Halfte
des 19. Jahrhunderts. Modell der Kommerzialisierung einer west-ungarischen Region. In: Konersmann, F &
Lorenzen-Schmidt, K.-J. (Hrsg.) Bauern als Handler. Okonomische Diversifizierung und soziale Differenzierung
béduerlicher Agrarproduzenten (15.-19. Jahrhundert). Quellen und Forschungen zur Agrargeschichte. Band 52.
Lucius & Lucius, Stuttgart.

Horvath, Zs., Ptacnik, R., Vad, Cs.F. & Chase, J.M. (2019). Habitat loss over six decades accelerates regional and
local biodiversity loss via changing landscape connectance. Ecology Letters, 22, 1019-1027. doi:
10.1111/ele.13260

Howison, R.A., OIff, H., Steever, R. & Smit, C. (2015). Large herbivores change the direction of interactions within
plant communities along a saltmarsh stress gradient. Journal of Vegetation Science, 26, 1159-1170.

Hydrographie Osterreich (2018). Niederschlags-Messstellen Podersdorf, Frauenkirchen, llimitz (Biologische Stati-
on) und Apetlon, Bundesministerium fir Nachhaltigkeit und Tourismus. http://ehyd.gv.at/, last accessed:
May 25, 2019.

IPCC Report (2014). Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral
Aspects. Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. Summary for Policymakers. Cambridge University Press, Cambridge, United Kingdom.

IUSS Working Group WRB. (2015). World Reference Base for Soil Resources 2014, update 2015. International soil
classification system for naming soils and creating legends for soil maps. World Soil Resources Reports No.
106. FAO, Rome. http://www.fao.org/3/i3794en/I13794en.pdf, last accessed: May 25, 2019.

Kahl, T. & Bauhus, J. (2014). An index of forest management intensity based on assessment of harvested tree
volume, tree species composition and dead wood origin. Nature Conservation, 7, 15-27. doi:
10.3897/natureconservation.7.7281

van Klink, R., Schrama, M., Nolte, S., Bakker, J.P., WallisDeVries, M.F. & Berg, M.P. (2015). Defoliation and soil
compaction jointly drive large-herbivore grazing effects on plants and soil arthropods on clay soil. Ecosys-
tems, 18, 671-685.

van Klink, R., Nolte, S., Mandema, F.S., Lagendijk, D.D.G., WallisDeVries, M.F., Bakker, J.P., Esselink, P. & Smit, C.
(2016). Effects of grazing management on biodiversity across trophic levels — The importance of livestock
species and stocking density in salt marshes. Agriculture, Ecosystems and Environment, 235, 329-339.

Kohler, B. & Korner, I. (2006). Managementplan fiir den Nationalpark Neusiedlersee — Seewinkel. Unpublished.

Kohler, B, Rauer, G. & Wendelin, B. (1994). Landschaftswandel. In: Dick, G., Dvorak, M., Grull, A., Kohler, B. &
Rauer, G. (ed.). Vogelparadies mit Zukunft? Ramsar-Bericht 3 Neusiedler See — Seewinkel. Umweltbundesamt,
Wien.

Korner, ., Traxler, A. & Wrbka, T. (2000). Vegetationsdkologisches Beweidungsmonitoring Nationalpark Neusied-
ler See — Seewinkel 1990 — 1998. BFB-Bericht, 88, 1-82. https://www.zobodat.at/pdf/BFB-Bericht 88 0001-
0082.pdf, last accessed: June 23, 2019.

Korner, I., Wrbka, T., Staudinger, M. & Béck, M. (2008). Beweidungsmonitoring im Nationalpark Neusiedler See —
Seewinkel Ergebnisse der vegetationstkologischen Langzeitmonitoring-Studie 1990 bis 2007. Abh. Zool.-Bot.
Ges. Osterreich, 37, 1-84. https://www.zobodat.at/pdf/AZBG 37 0001-0084.pdf, last accessed: June 23,
2019.

Krachler, R. (1992). Beitrage zum Chemismus und Wasserhaushalt der Lacken des burgenléndischen Seewinkels.
Dissertation, Universitat Wien.

Krachler, R., Korner, I., Dvorak, M., Milazowszky, N., Rabitsch, W., Werba, F., Zulka, P. & Kirschner, A. (2012). Die
Salzlacken des Seewinkels: Erhebung des aktuellen ékologischen Zustandes sowie Entwicklung individueller
Lackenerhaltungskonzepte fiir die Salzlacken des Seewinkels (2008 — 2011). Osterreichischer Naturschutz-
bund, Eisenstadt, Osterreich. https://www.zobodat.at/pdf/NaturschutzbundBgld 17 2012 0001-0292.pdf
and https://www.zobodat.at/pdf/NaturschutzbundBgld 16 2013 0001-0124.pdf, last accessed: June 23,
2019.

Ladényi, Zs., Blanka, V., Dedk, J.A., Rakonczai, J. & Mez8si, G. (2016). Assessment of soil and vegetation changes
due to hydrologically driven desalinization process in an alkaline wetland, Hungary. Ecological Complexity, 25,
1-10.

Lagendijk, D.D.G., Howison, R.A., Esselink, P., Ubels, R. & Smit, C. (2017). Rotation grazing as a conservation
management tool: Vegetation changes after six years of application in a salt marsh ecosystem. Agriculture,
Ecosystems and Environment, 246, 361-366.

Lambracht, E., Westberg, E. & Kadereit, J.W. (2007). Phylogeographic evidence for the postglacial colonization of
the North and Baltic Sea coasts from inland glacial refugia by Triglochin maritima L. Flora, 202, 79-88.

49



Landschulz, C. (2009). Welche Interaktionen bestehen zwischen den beiden Halophyten Spergularia media (L.) C.
Pres| und Suaeda maritima (L) Dumort.? Hercynia N. F., 42, 69-91.
https://www.zobodat.at/stable/pdf/Hercynia 42 0069-0091.pdf, last accessed: June 23, 2019.

Legendre, P. & Anderson, M.J. (1999). Distance-based redundancy analyses: testing multispecies responses in
multifactorial ecological experiments. Ecol. Monogr., 69, 1-24.

Legendre, P., & Gallagher, E.D. (2001). Ecologically meaningful transformations for ordination of species data.
Oecologia, 129, 271-280.

Leport, L., Baudry, J., Radureau, A. & Bouchereau, A. (2006). Sodium, potassium and nitrogenous osmolyte ac-
cumulation in relation to the adaptation to salinity of Elytrigia pycnantha, an invasive plant of the Mont Saint-
Michel Bay. Cah. Biol. Mar., 47, 31-37.

Likens, G.E. (ed.) (2010). Biogeochemistry of Inland Waters. A Derivative of Encyclopedia of Inland Waters.
Academic Press, San Diego, USA.

Loffler, H. (1982). Der Seewinkel: die fast verlorene Landschaft. Verl. Niederdsterr. Pressehaus, St. Polten.

Lukacs, B.A., Torok, P., Kelemen, A., Vérbird, G., Raddcz, S., Miglécz, T., Téthmérész, B. & Valkd, O. (2015). Rain-
fall fluctuations and vegetation patterns in alkali grasslands — using self-organizing maps to visualise vegeta-
tion dynamics. Tuexenia, 35, 381-397.

Machatschek, M. (2010). Wildkréuter als Nahrung. Eine allgemeine Ubersicht europdischer Wildkréuter fiir Nah-
rungszwecke. In: Bundesministerium fiir Land- und Forstwirtschaft. Wie viele Arten braucht der Mensch? Eine
Spurensuche, pp. 65-123. Griine Reihe des Lebensministeriums, Band 22.

Mapelli, F., Marasco, R., Rolli, E., Barbato, M., Cherif, H., Guesmi, A., Ouzari, |., Daffonchio, D. & Borin, S. (2013).
Potential for Plant Growth Promotion of Rhizobacteria Associated with Salicornia Growing in Tunisian Hyper-
saline Soils. BioMed Research International Article ID 248078, 13 pages
http://dx.doi.org/10.1155/2013/248078

Mazerolle, M.J. (2017). Model Selection and Multimodel Inference Based on (Q)AIC(c). R-Package Version 2.1-1

Meeresatlas (2017). Daten und Fakten lber unseren Umgang mit dem Ozean. Ulrich Bahr (Ed.), Heinrich-Boll-
Stiftung Schleswig-Holstein, Kiel. www.meeresatlas.org, last accessed: May 25, 2019.

Menard, C., Duncan, P., Fleurance, G., Georges, J.-I. & Lila, M. (2002). Comparative Foraging and Nutrition of
Horses and Cattle in European Wetlands. Journal of Applied Ecology, 39, 120-133.

Milleret, E. (1999). Untersuchungen zum Salzhaushalt von Lacken des burgenlandischen Seewinkels. Diplomar-
beit, Universitat Wien.

Molnar, Z. (2014). Perception and Management of Spatio-Temporal Pasture Heterogeneity by Hungarian Herd-
ers. Rangeland Ecol Manage, 67, 107-118.

Molnar, Z. & Borhidi, A. (2003). Hungarian alkali vegetation: Origins, landscape history, syntaxonomy, conserva-
tion. Phytocoenologia, 33, 377-408.

Molnar, Z., Kis, J., Vadasz, C., Papp, L., Sdndor, I, Béres, S., Sinka, G. & Varga, A. (2016). Common and conflicting
objectives and practices of herders and conservation managers: the need for a conservation herder. Ecosys-
tem Health and Sustainability, 2, €01215. Doi: 10.1002/ehs2.1215

Moreno, G.M.B., Borba, H., Araljo, G.G., Safiudo, C., Sobrinho, A.G.S., Buzanskas, M.E., Lima Junior, D.M., de
Almeida, V.V.S. & Neto, O.B. (2016). Meat Quality of Lambs Fed Different Saltbush Hay (Atriplex Nummularia)
Levels. Italian Journal of Animal Science, 14, 3302. DOI: 10.4081/ijas.2015.3302

Nakagawa, S. & Schielzeth, H. (2013). A general and simple method for obtaining R? from generalized linear
mixed-effects models. Methods in Ecology and Evolution, 4, 133-142.

Nationalpark Neusiedler See — Seewinkel (2019). Klima. Retrieved from http://www.nationalpark-neusiedlersee-
seewinkel.at/klima.html, last accessed April 13, 2019.

Nelhiebel, P. (1980). Die Bodenverhaltnisse  des  Seewinkels. BFB-Bericht, 37, 41-48.
https://www.zobodat.at/pdf/BFB-Bericht 37 0041-0048.pdf, last accessed: June 23, 2019.

Niklfeld, H. & Schratt-Ehrendorfer, L. (1999). Rote Liste gefdhrdeter Farn- und Bliitenpflanzen (Pteridophyta und
Spermatophyta) Osterreichs. 2. Fassung. In: Niklfeld, H. (Ed.): Rote Listen gefdhrdeter Pflanzen Osterreichs. 2.
Auflage. Griine Reihe des Bundesministeriums fir Umwelt, Jugend und Familie, Band 10. Graz, austria me-
dien service, pp. 33-152. Retrieved from
https://www.umweltbundesamt.at/umweltsituation/naturschutz/artenschutz/rl pflanzen/, last accessed
June 19, 2019.

Nolte, S., Esselink, P., Smit, C. & Bakker, J.P. (2014). Herbivore species and density affect vegetation-structure

patchinessin salt marshes. Agriculture, Ecosystems and Environment, 185, 41-47.

Obersteiner, E. & Offenthaler, |. (2008). Critical Loads fiir Schwefel- und Stickstoffeintrége in Okosysteme. REP-
0178 Umweltbundesamt, Wien.
https://www.umweltbundesamt.at/fileadmin/site/publikationen/REP0178.pdf, last accessed: June 23, 2019.

50



Odum, E.P. (1950). Bird populations of the Highlands (North Carolina) plateau in relation to plant succession and
avian invasion. Ecology, 31, 587-605.

Oksanen, J. (2015). Multivariate Analysis of Ecological Communities in R: vegan tutorial.
http://cc.oulu.fi/~jarioksa/opetus/metodi/vegantutor.pdf, last accessed: June 23, 2019.

Oksanen, J., Blanchet, F.G., Friendly, M., Kindt, R., Legendre, P., McGlinn, D., Minchin, P.R., O'Hara, R.B., Simp-
son, G.L., Solymos, P., Stevens, M.H.H., Szoecs, E. & Wagner, H. (2016). vegan: Community Ecology Package.
R package, version 2.4-1. https://CRAN.R-project.org/package=vegan

Olff, H. & Ritchie, M.E. (1998). Effects of herbivores on grassland plant diversity. TREE, 13, 261-265.

Pearce, K.L., Norman, H.C. & Hopkins, D.L. (2010). The role of saltbush-based pasture systems for the production
of highquality sheep and goat meat. Small Ruminant Research, 91, 29-38.

Porcel, R., Aroca, R. & Ruiz-Lozano, J.M. (2012). Salinity stress alleviation using arbuscular mycorrhizal fungi. A
review. Agron. Sustain. Dev., 32, 181-200. DOI 10.1007/s13593-011-0029-x

Prinz, K., Weising, K. & Hensen, I. (2010). Genetic structure of coastal and inland populations of Spergularia me-
dia (L.) C. Pres| (Caryophyllaceae) in Central Europe. Conserv Genet, 11, 2169-2177. DOI 10.1007/s10592-
010-0103-y

R Core Team (2018). R: A language and environment for statistical computing. R Foundation for Statistical Com-
puting, Vienna, Austria. URL https://www.R-project.org/

Redecker, B., Finck, P., Hardtle, W., Riecken, U. & Schréder, E. (eds.) (2002). Pasture landscapes and nature con-
servation. Springer, Berlin, Heidelberg.

Ren, H., Schonbach, P., Wan, H., Gierus, M. & Taube, F. (2012). Effects of Grazing Intensity and Environmental
Factors on Species Composition and Diversity in Typical Steppe of Inner Mongolia, China. PLoS ONE, 7,
e52180. doi:10.1371/journal.pone.0052180

Riedl, H. (1965). Beitrage zur Morphogenese des Seewinkels. Wissenschaftliche Arbeiten aus dem Burgenland,
44, 58-93. https://www.zobodat.at/pdf/Wiss-Arbeiten-Burgenland 034 0005-0028.pdf, last accessed: June
23,2019.

Rook, A.J.,, Dumont, B., Isselstein, J., Osoro, K., WallisDeVries, M.F., Parente, G. & Mills, J. (2004). Matching type
of livestock to desired biodiversity outcomes in pastures —a review. Biol. Conserv., 119, 137-150.

Rozema, J. & Schat, H. (2013). Salt tolerance of halophytes, research questions reviewed in the perspective of
saline agriculture. Env. Exp. Bot., 92, 83— 95.

Ruppel, S., Franken, P. & Witzel, K. (2013) Properties of the halophyte microbiome and their implications for
plant salt tolerance. Functional Plant Biology, 40, 940-951. http://dx.doi.org/10.1071/FP12355

Schrama, M., Heijning, P., Bakker, J.B., van Wijnen, H.J., Berg, M.P. & OIff, H. (2013). Herbivore trampling as an
alternative pathway for explaining differences in nitrogen mineralization in moist grasslands. Oecologia, 172,
231-243. D01 10.1007/s00442-012-2484-8

Schroder, H.K., Kiehl, K. & Stock, M. (2002). Directional and non-directional vegetation changes in a temperate
salt marsh in relation to biotic and abiotic factors. Appl. Veg. Sci., 5, 33-44.

Sefferovd Stanova, V., Janak, M. & Ripka, J. (2008). Management of Natura 2000 habitats. 1530 *Pannonic salt
steppes and salt marshes. European Commission
http://ec.europa.eu/environment/nature/natura2000/management/habitats/pdf/1530 Pannonic salt stepp
es.pdf, last accessed: June 23, 2019.

Steingruber, Ralf (2013). Auswirkung der Beweidung auf die Vegetation und Bodennahrstoffe im Nationalpark
Neusiedler See -Seewinkel und Bedeutung fir den Naturschutz am Beispiel Hutweide — Lange Lacke und
Graurinderkoppel — Sandeck. Diplomarbeit, Universitat Wien. http://othes.univie.ac.at/30030/

Stojanovic, A. 2006. Wege zur Renaturierung von Salzbéden und Salzlacken im Seewinkel. Diplomarbeit, Univer-
sitat Wien.

Stmegi, P. & Boros, E. (2013). Origin and development of soda pans in the Carpathian Basin. In: Boros, E., Ecsedi,
Z. & Olah J. (eds.) Ecology and Management of soda pans in the Carpathian basin. Hortobdgy Environmental
Association, Balmazujvaros. pp. 23-33. LIFEO7 NAT/H/000324
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=33
66 last accessed: May 25, 2019.

Sweers, W., Horn, S., Grenzdorffer, G & Miiller, J. (2013). Regulation of reed (Phragmites australis) by water
buffalo grazing: wuse in coastal conservation. Mires and Peat 13: Art. 3. http://mires-and-
peat.net/pages/volumes/map13/mapl1303.php, last accessed: June 23, 2019.

Symonds, M.R.E & Moussalli, A. (2011). A brief guide to model selection, multimodel inference and model aver-
aging in behavioural ecology using Akaike’s information criterion. Behavioral Ecology and Sociobiology, 65,
13-21.

51



Szabo, A., Korponai, K., Kerepesi, Cs., Somogyi, B., Voros, L., Bartha, D., Marialigeti, K. & Felfoldi, T. (2017). Soda
pans of the Pannonian steppe harbor unique bacterial communities adapted to multiple extreme conditions.
Extremophiles, 21, 639-649. DOI 10.1007/s00792-017-0932-4

Szymanska, S., Ptociniczak, T., Piotrowska-Seget, Z., Ztocha, M., Ruppel, S. & Hrynkiewicza, K. (2016). Metabolic
potential and community structure of endophytic and rhizosphere bacteria associated with the roots of the
halophyte Aster tripolium L. Microbiological Research, 182, 68-79.

Talle, M., Dedk, B., Poschlod, P., Valké, O., Westerberg, L. & Milberg, P. (2016). Grazing vs. mowing: A meta-
analysis of biodiversity benefits for grassland management. Agriculture, Ecosystems and Environment, 222,
200-212.

Traxler, A. (1997). Handbuch des vegetationsékologischen Monitorings. Methoden, Praxis, angewandte Projekte.
Teil A: Methoden. Monographien Band 89A. Umweltbundesamt. Bundesministerium fir Umwelt, Jugend und
Familie. https://www.umweltbundesamt.at/fileadmin/site/publikationen/MO89A.pdf, last accessed: June 23,
2019.

Torok, P., Kapocsi, I. & Dedk, B. (2011). Conservation and management of alkali grassland biodiversity in Central-
Europe. In: Zhang, W.J. (ed.) Grasslands: Types, Biodiversity and Impacts, pp. 109-118. Nova Science Publish-
ers Inc., New York.

Torok, P., Valkd, O., Dedk, B., Kelemen, A. & Tothmérész, B. (2014). Traditional Cattle Grazing in a Mosaic Alkali
Landscape: Effects on Grassland Biodiversity along a Moisture Gradient. PLoS ONE, 9, e97095.
doi:10.1371/journal.pone.0097095

Torok, P., Valkd, 0., Dedk, B., Kelemen, A, Téth, E. & Tothmérész, B. (2016). Managing for species composition
or diversity? Pastoral and free grazing systems in alkali steppes. Agriculture, Ecosystems and Environment,
234, 23-30.

Torok, P., Penksza, K., Toth, E., Kelemen, A., Sonkoly, J. & Téthmérész, B. (2018). Vegetation type and grazing
intensity jointly shape grazing effects on grassland biodiversity. Ecology and Evolution, 8, 10326—10335. DOI:
10.1002/ece3.4508

Toth, G., Adhikari, K., Varallyay, G.Y., Toth, T., Bédis, K. & Stolbovoy, V. (2008). Updated map of salt affected soils
in the European Union. In: Toth, G., Montanarella, L. & Rusco, E. (eds.). Threats to soil quality in Europe, pp.
61-74. EUR 23438 — Scientific and Technical Research series. Luxembourg, Office for Official Publicatios of the
European Communities.
https://www.researchgate.net/publication/285898228 Updated map of salt affected soils in the Europ
ean Union, last accessed: June 23, 2019.

Toth, E., Dedk, B., Valko, O., Kelemen, A., Miglécz, T., Tothmérész, B. & Torok, P. (2018). Livestock type is more
crucial than grazing intensity: traditional cattle and sheep grazing in short-grass steppes. Land. Degrad. De-
velopm., 29, 231-239. DOI: 10.1002/Idr.2514

Ungar, I.A. (1998). Are Biotic Factors Significant in Influencing the Distribution of Halophytes in Saline Habitats?
Botanical Review, 64, 176-199.

Vaddsz, Cs., Maté, A., Kun, R. & Vaddsz-Besny6i (2016). Quantifying the diversifying potential of conservation
management systems: An evidence-based conceptual model for managing species-rich grasslands. Agricul-
ture, Ecosystems and Environment, 234, 134—-141.

Valéry, L., Radureau, A. & Lefeuvre, J.-C. (2017). Spread of the native grass Elymus athericus in salt marshes of
Mont-Saint-Michel bay as an unusual case of coastal eutrophication. J Coast Conserv, 21, 421-433. DOI
10.1007/s11852-016-0450-z

Valkama, E., Lyytinen, S. & Koricheva, J. (2008). The impact of reed management on wildlife: A meta-analytical
review of European studies. Biological Conservation, 141, 364-374.

Valko, O., Tothmérész, B., Kelemen, A., Simon, E., Miglécz, T., Lukacs, B.A. & Torok, P. (2014). Environmental
factors driving seed bank diversity in alkali grasslands. Agriculture, Ecosystems and Environment, 182, 80—87.

Varga, A., Molnér, Zs., Bird, M., Demeter, L., Gellény, K., Midkovics, E., Molnar, A., Molnar, K., Ujhdzy, N., Ulicsni,
V. & Babai, D. (2016). Changing year-round habitat use of extensively grazing cattle, sheep and pigs in East-
Central Europe between 1940 and 2014: Consequences for conservation and policy. Agriculture, Ecosystems
and Environment, 234, 142-153.

Wagner, S.C. (2011). Biological Nitrogen Fixation. Nature Education Knowledge, 3, 15.

Waisel, Y. (1972). Biology of halophytes. Academic Press, New York.

Wang, Q.-H., Yu, L-J,, Liu, Y., Lin, L., Lu, R.-g., Zhu, J.-p., He, L. & Lu, Z.L. (2017). Methods for the detection and
determination of nitrite and nitrate: A review. Talanta, 165, 709—720.

Wanner, A., Suchrow, S., Kiehl, K., Meyer, W., Pohlmann, N., Stock, M. & Jensen, K. (2013). Scale matters: Impact
of management regime on plant species richness and vegetation type diversity in Wadden Sea salt marshes.
Agriculture, Ecosystems and Environment, 182, 69-79.

Warton, D.I. & Hui, F.K. (2011). The arcsine is asinine: the analysis of proportions in ecology. Ecology, 92, 3-10.

52



Weising, K. & Freitag, H. (2007). Phylogeography of halophytes from European coastal and inland habitats. Zoo-
logischer Anzeiger, 246, 279-292.

Weiss, K. (2015a). Sedimentologische Untersuchungen der Seewinkel-Formation im Bereich der Salzlacken (Bur-
genland). Masterarbeit, Universitat Wien.

Weiss, S. (2015b. Schutzgebiete. — In: Fischer, M. A. & al., Burgenlandflora — Die Pflanzenwelt des Burgenlands
Online. — Eisenstadt: Naturschutzbund Burgenland. http://burgenlandflora.at/schutzgebiete/, last accessed:
April 13, 2019.

Wendelberger, G. (1951). Zur Soziologie der kontinentalen Halophytenvegetation Mitteleuropas unter besonde-

rer Bericksichtigung der Salzpflanzengesellschaften am Neusiedler See. Denkschriften der ésterr Akad Wiss,

Math-naturwiss Kl, 108, 1-181. https://www.zobodat.at/pdf/DAKW 108 0001-0181.pdf, last accessed: June 23,

20109.

Wendelberger, K.S. & Richards, J.H. (2017). Halophytes can salinize soil when competing with glycophytes, inten-
sifying effects of sea level rise in coastal communities. Oecologia, 184, 729—-737. DOI 10.1007/s00442-017-
3896-2

Wendelin, B. & Dvorak, M. (2016). Erfassung des Brutbestandes der Graugans (Anser anser) im Seewinkel im Jahr

2016. In: Bieringer, G., Dvorak, M., Filek, N., Karner-Ranner, E., Kohler, B., Laber, J., Nemeth, E., Pellinger, A,,

Rauer, G. & Wendelin, B. Ornithologisches Monitoring im Nationalpark Neusiedler See — Seewinkel. Bericht (iber

das Jahr 2016. pp. 50-55. http://www.nationalpark-neusiedlersee-

seewinkel.at/tl files/images/downloads/Vogelmonitoring/NP_Vogelmonitoring Bericht 2016.pdf, last accessed:

June 20, 2019.

Wikstrom, S.A., Carstensen, J., Blomqvist, M. & Krause-Jensen, D. (2016). Cover of coastal vegetation as an indi-
cator of eutrophication along environmental gradients. Mar Biol, 163, 256. DOI 10.1007/s00227-016-3032-6

Williams, W.D. (2002). Environmental threats to salt lakes and the likely status of inland saline ecosystems in
2025. Environmental Conservation, 29, 154-167.

van Wijnen, H.J,, van der Wal, R. & Bakker, J.P. (1999). The impact of herbivores on nitrogen mineralization rate:
consequences for salt-marsh succession. Oecologia, 118, 225-231.

Wollenweber, B. & Zechmeister-Boltenstern, S. (1989). Nitrogen Fixation and Nitrogen Assimilation in a Temper-
ate Saline Ecosystem. Botanica acta, 102, 96-105.
https://www.researchgate.net/publication/228107425 Nitrogen Fixation and Nitrogen Assimilation in a
Temperate Saline Ecosystem, last accessed: June 23, 2019.

Zuur, A.F., leno, E.N., Walker, N.J,, Saveliev, A.A. & Smith, G.M. (2009). Mixed Effects Models and Extensions in
Ecology with R. Springer Science+Business Media, New York.

53



8. Appendix

: -
Figure Al: Example of an orthophoto with 20 randomly selected points for soda pan 30 (Ochsenbrunnlacke)
prior to field work. At 10 of these points, vegetation relevés and soil samples were taken (points O - 9).

Table Al: Soda pans with numbers and geographical names after Krachler et al (2012). Altitude of lowest meas-
ured point at soda pan center in meters above sea level (extracted from digital terrain model of the Seewinkel)
and number of plots per soda pan in univariate and multivariate analyses of this study. Column “grazed” shows
cattle grazing status in 2007. Values for soda pan area and composition of dominant salts are taken from Ecsedi
& Boros (2013b).

Pan No | Geographical name ma.s.l. n grazed | area(ha) salts
14 Lange Lacke 116.98 8 yes 144.89 Na, HCO3 > SO4
23 Westliche Wérthenlacke 117.52 8 yes 51.12 Na > Mg, HCO3 > SO4
24 (Westliche) Hutweidenlacke 117.64 9 yes 3.95 Na, HCO3
25 Obere Halbjochlacke 118,77 10 yes 29.43 Na, HCO3
26 Fuchslochlacke 119,28 10 yes 28.52 Na, HCOs
28 Birnbaumlacke 120.21 10 no 21.16 Na > Ca> Mg > HCOs>

SO4
30 Ochsenbrunnlacke 119.63 10 no 23.55 Na, HCO3
32 Kahbrunnlacke 119.62 9 no 6.55 Na, HCO3
34 Obere Holllacke 116,75 10 no 6.89 Na, HCOs
35 Oberer Stinkersee 116.45 10 no 56.82 Na, HCOs > CI
39 Albersee 116.00 10 yes 12.23 Na, HCOs > Ci
40 llimitzer Zicksee 116.00 8 yes 204.15 Na, HCO3 > SOs4
41 Kirchsee 116.25 10 yes 12.51 Na, HCO3
48 Katschitzllacke 117.52 8 yes 11.79 Na, HCO3 > SO4
49 Ostliche Worthenlacke 117.60 8 yes 39.11 Na, HCO3 > SO4
62 Mittlerer Stinkersee 116.56 10 no 8.61 Na, HCO3
85 Neufeldlacke 117.59 10 yes n.a. n.a.
89 Furstenlacken 117.88 10 yes 3.62 Na, HCO3 > SO4
90 Auerlacke 119.79 8 no 4.08 Na, HCO3
Total 176 19
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Figure A2: Example of the photo documentation of a plant relévé on plot 23_05 (plot number 5 on soda pan 23,
Westliche Worthenlacke). Grid size: 10 x 10 cm.

Figure A3: Soil sampling by metal drill n Iot with ID 48_06. Soil cores were divided into three subsamples (top
soil to 10 cm depth, 10 cm to 20 cm depth and 20 cm to 30 cm depth) and processed separately in the lab. Only
the top soil layer was considered in statistical analyses.
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Figure A4: check for abnormalities of Pearson residuals and fitted values of global model for presence of halo-
phytic plants.

8.1 Modelling the presence of glycophytes

Probability of presence for glycophytic plants was shaped by soil salinity and vegetation cover. Neither
grazing intensity nor soil nitrate nor reed cover influenced presence of glycophytes in my data set. The
global model for glycophytes showed the highest R?,, (61.6 %, see Table A2) of all statistical models in
this study. Figure A5 shows that both effects were very pronounced. Probability of presence for glyco-
phytes was already lowered to 50% at 3.5g salt/ kg dry soil and 80 % vegetation cover. No clear turn-
ing point was visible for share of bare soil.

Table A2: Summary results of null and global GLMM for presence of glycophytic non-target species on 176 plots
at 19 soda pans. b — estimate of beta coefficient, Cl — confidence interval assuming infinite degrees of freedom
(t=1.96), VC — variance component, PCV — proportion change in variance, R%, — variance explained by fixed fac-
tors, R?. — variance explained by both fixed factors and random factor, AlC. — AIC corrected for small sample size.

Null model Global model
Fixed effects: b [95% Cl] b [95% Cl]
Intercept | -0.05 [-0.59; 0.47] | -0.46 [-1.18; 0.25]
Conductivity - -2.11[-2.93;-1.30]
Grazing intensity - 0.60 [-0.08; 1.29]
Bare soil - -0.84 [-1.44; -0.23]
Nitrate - 0.71[0.19; 1.23]
Reed cover - -0.11[-0.63; 0.41]
Random effect: VC VC
PanNo | 0.871 1.154
Fixed factors - 7.127
PCV[PanNo] - -32.49%
R%, - 61.59%
R%. - 71.57%
AlC. 237.60 155.52
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Table A3: AIC-based table for 95% confidence set of best-ranked models for presence of glycophytes. k — num-
ber of estimated parameters of a model; AAIC. — difference to AIC. value of best-ranked model, w; — Akaike
weight, acc. w; — cumulative Akaike weight, ER — evidence ratio, C — soil conductivity, G — grazing intensity, S —
bare soil, N — soil nitrate, R — reed cover.

k AlC. AAIC. | w; | acc.w; ER

C+G+S+N 6 | 153.53 0] 0.36 0.36

C+S+N 51 154.15 | 0.62 | 0.27 0.63 1.36
global model | 7 | 155.52 | 2.00 | 0.13 0.76 2.72
C+S+N+R 6 | 156.11 | 2.58 | 0.10 0.86 | 3.63
C+G+S 5| 158.07 | 4.54 | 0.04 0.90 | 9.68
C+S 4| 158.14 | 4.61 | 0.04 0.94 | 10.02
C+G+N 51 159.80 | 6.27 | 0.02 0.95 | 22.99

Table A4: Variate weights based on all models in the candidate set for presence of glycophytes. Model averaged
estimates [+ 95% confidence interval] based on 95% confidence set of best-ranked models. acc. w; — cumulative
Akaike variate weight, Cl — confidence interval, Int — intercept, C — soil conductivity, G — grazing intensity, S —
bare soil, N — soil nitrate, R — reed cover. Relevant predictors (variate weight >0.9) are highlighted in bold face.

Int C G S N R
acc. w; 1.00 0.57 0.96 0.90 0.26
Estimate | -0.47 -2.18 0.35 -0.8 0.62 -0.02
[+95%ClI] | [-1.23;0.29] | [-3.01;-1.35] | [-0.44; 1.13] | [-1.46;-0.14] | [-0.02; 1.26] | [-0.31; 0.26]
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Figure A5: Probability of presence for glycophytes on 176 plots at 19 soda pans relative to soil conductivity and
share of bare soil in combination with simple logistic regressions. Biplots are based on original values of the most
relevant predictor variables (variate weight > 0.9) revealed by an all-subset averaging using AIC.. Boxplots further
illustrate spread of medians and measured data.
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Figure A6: Biplot of halophytic plant species communities in 118 plots at 16 soda pools along first two ordination
axes of dbRDA ordination. Ellipses highlight pools with special clustering of plots along the ordination axes (35,
41, 49, 90; see text for details). Black symbols — grazed plots, red symbols — non-grazed plots. Blue arrows show

CAP axis 1

direction of influence of environmental variables. Soil cond. — Soil conductivity.

Table A5: Scores of relevant species at soda pan plant communities with a value of ~|0.5| for at least one of the

first two constrained axes in db-RDA. Halophytic target species are highlighted in bold letters.

Species name CAP1 CAP2
Agrostis stolonifera 0.695 | -0.811
Bolboschoenus maritimus agg. | -0.504 | -0.851
Festuca pseudovina 0.383 | 0.495
Plantago maritima -0.050 | 0.490
Poa angustifolia 0.529 | 0.110
Puccinellia peisonis -2.109 | 0.431
Suaeda pannonica -0.515 | 0.261
Tripolium pannonicum -0.930 | -0.184
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Table A6: 14 halophytic target plant species (occurring only rarely on non-saline soils according to Ellenberg
1991, thus considered ecologically “obligatory halophytes”) in alphabetical order (species names after Fischer et
al. 2005), their affinity to saline soils (SB; Borhidi 1995) in numbers between 5 (alpha-mesohaline) and 8 (euha-
line) and information on their habitat, life form/life span and red list classification (Fischer et al. 2008). Red list
classifications (column R): 1 — threatened with extinction, 2...critically endangered, 3 — endangered, 4 — poten-
tially endangered, (s) — scattered (Niklfeld et al. 1999).

Species hame SB Habitat life form /life span (Raunkiaer) R
Artemisia santonicum 5 | salt steppes chamaephyte- 3
hemicryptophyte, perennial

Carex distans 5 | moist to wet, also saline | hemicryptophyte, perennial 3
meadows

Cirsium brachycephalum 5 | swampland, fens, ditch- hemicryptophyte, biennial to 2
es; esp. on slightly saline | perennial
soils

Juncus gerardii 5 | saline, moist to wet geophyte, perennial 3
meadows, soda pan
margins

Lepidium cartilagineum 8 | salt steppes (white alkali | hemicryptophyte, perennial 3
soil); obligatory halo-
phyte

Matricaria chamomilla 6 | saline meadows/pastures | therophyte -(s)

Plantago maritima 7 | mostly on strongly saline, | hemicryptophyte, perennial 3
wet to periodically moist
turfs

Plantago tenuiflora 8 | Wet, temporarily inun- therophyte 1
dated saline turfs

Puccinellia peisonis 7 | sandy soda soils, soda hemicryptophyte, perennial 3
pan margins, white alkali
soil

Scorzonera cana 5 | Ruderal semi-dry grass- hemicryptophyte, perennial -
lands and dry meadows,
waysides

Spergularia maritima 8 | moist salt steppes; saline | hemicryptophyte, perennial 3
clay-soils

Suaeda pannonica 8 | temporarily wet saline therophyte 3

sites, soda pans, saline
mud soils (esp. habitats
rich in soda)

Triglochin maritimum 6 | Moist to wet, (slightly) hemicryptophyte, perennial 3
saline meadows

Tripolium pannonicum 7 | saline meadows hemicryptophyte, perennial 3
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Table A7: Glycophytes listed with salt figure SO in Borhidi (1995) as well as Ellenberg et al. (1991) and Blab
(1997). Species names after Fischer et al. (2005) in alphabetical order.

Allium vineale

Epilobium tetragonum ssp. tetragonum

Poa angustifolia

Arenaria serpyllifolia

Equisetum arvense

Poa compressa

Arrhenatherum elatius

Erigeron annuus

Polygala comosa

Avenula pubescens

Erigeron canadensis

Polygala vulgaris

Calamagrostis epigejos

Euphorbia cyparissias

Portulaca oleracea

Calystegia sepium

Falcaria vulgaris

Potentilla verna agg.

Carex otrubae

Festuca pratensis

Rubus caesius

Carex riparia

Festuca rupicola

Rumex palustris

Centaurea jacea

Fragaria viridis

Sanguisorba minor

Centaurea stoebe

Galium aparine

Saxifraga tridactylites

Cichorium intybus

Galium verum

Scirpoides holoschoenus

Cirsium canum

Lactuca serriola

Sedum sexangulare

Convolvulus arvensis

Linaria vulgaris

Senecio erraticus

Cuscuta epithymum

Lycopus europaeus

Serratula tinctoria

Cynodon dactylon

Melilotus albus

Teucrium chamaedrys

Dactylis glomerata

Mentha aquatica

Thesium linophyllon

Daucus carota

Mentha sp.

Thesium ramosum

Deschampsia cespitosa

Molinia caerulea

Thymus pannonicus agg.

Echium vulgare

Pastinaca sativa

Tilia/Acer seedling

Elymus hispidus

Picris hieracioides

Trifolium campestre

Epilobium tetragonum ssp. lamyi

Plantago lanceolata

Valeriana officinalis

Table A8: Mean monthly precipitation for Apetlon for the period 1991-2010 (source: Krachler et al 2012, Appen-
dix 1I) and monthly precipitation (in mm) in 2007 for four climate stations close to the survey area in northern

Burgenland (data derived from Hydrographie Osterreich 2018).

Month Apetlon 1991-2010 Apetlon 2007 Ilimitz 2007 Frauenkirchen 2007 Podersdorf 2007
January 29.3 38.9 39.6 36.4 34.8
February 23.9 34.9 33.5 37.9 30.6
March 46.5 89.0 81.2 78.9 68.7
April 43.9 0.0 0.0 0.5 0.0
May 62.3 74.7 83.0 62.1 62.3
June 74.5 25.7 194 34.5 46.3
July 75.3 52.4 39.4 49.2 45.0
August 68.1 141.7 100.1 60.0 104.5
September 65.5 155.1 137.6 142.2 121.9
October 45.7 71.2 65.4 64.1 53.4
November 51.6 36.2 27.1 36.8 30.5
December 45.7 47.9 37.7 37.3 30.0

Total 632.5 767.7 664.0 639.9 628.0
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Table A9: GPS location (BMN M34 projection, Austrian Ferro East System; in meters) and environmental parame-
ters of plots. ID_Plot — identification number for study sites starting with soda pan number followed by number
of random plot, GPS_x — GPS-value for latitude (easting), GPS_y — GPS-value for longitude (northing), a — accura-
cy of GPS location in m, Cond — soil conductivity in g salt/kg dry soil; NO3 — soil nitrate in mg/|, d — depth of soil
sample in cm, Soil — share of bare soil, Reed — cover Phragmites australis, Grin — intensity of cattle grazing (0 —
no, 1 —little, 2 — medium, 3 — strong), ViGr — grazed vegetation (0 — no, 1 — little, 2 — medium, 3 — heavily), Fec —
plot area covered with cattle feces, FecPc — Pieces of cattle feces surrounding the plot area within a radius of 1
meter, Ftpr — plot area with visible cattle footprints in percent, FtprPc — number of cattle footprints surrounding
the plot area within a radius of 1 meter, t — are there signs of trampled vegetation on the plot? y — yes/blank —
no.

ID_Plot | GPS_x GPS_y | a | Cond | NO3 d Soil | Reed | Grin | ViGr Fec FecPc Ftpr FtprPc | t
14_01 789415 | 291622 | 5 | 4.795 4.6 | 0-10 0.16 0 3 3 0 1 0.14 19
14_03 789391 | 291341 | 5 | 1.021 5 | 0-10 0.3 0 3 3 0 1.5 0.11 17
14_04 791415 | 291544 | 4 | 2.718 | 10.2 | 0-10 0.5 0 2 2 0 4.5 0.06 9
14_05 789506 | 291292 | 5 | 1.786 3.6 | 0-10 0.06 0 3 3 0 0 0.16 16
14_06 790301 | 291181 | 4 | 1.686 9.8 | 0-10 0 | 0.04 2 2 0 0 0 0|y
14_07 789519 | 291044 | 5 | 1.845 0 | 0-10 0 0 1 0 0 0 0 0
14_08 789447 | 291726 | 5 | 5.268 | 11.3 | 0-10 0 0.19 1 0 0 0 0 0|y
14_09 791444 | 291739 | 4 | 2.519 10 | 0-10 0.5 0 2 2 0 1 0.08 6
23_00 789951 | 292581 | 4 | 0.795 9.8 | 0-10 0.96 0 1 1 0 1.5 0.12 20
23_04 789983 | 293360 | 6 | 1.954 | 33.6 | 0-10 0.02 | 0.02 3 3 | 0.008 7 0.08 16
23_05 790219 | 293291 | 5 | 2.872 2.7 | 0-10 0.4 0 1 1 0 0 0.45 40
23_06 789781 | 292864 | 5 | 10.57 | 20.2 | 0-10 0.65 0 1 0 | 0.016 2 0.08 40
23_07 790069 | 293314 | 4 | 2.359 | 47.9 | 0-10 0.07 0 2 2 0 0 0.19 28
23_08 790271 | 292569 | 5 | 1.115 16 | 0-10 0 | 0.02 1 1 0 0 0.07 47 |y
23_09 790209 | 293353 | 5 | 2.905 | 77.6 | 0-10 0.01 | 0.05 1 0 0 0 0.14 20
23_14 790411 | 292778 | 5 | 1.245 9 | 0-10 0.45 0.02 1 0 | 0.003 1 0 0
24_00 790105 | 292369 | 5 | 1.584 | 11.9 | 0-10 0 0 1 1 | 0.008 3 0 0
24_01 790072 | 292384 | 5 | 1.242 14 | 0-10 0.01 | 0.05 2 2 0 4 0.06 7
24 04 790179 | 292424 | 7 | 2.154 4.3 | 0-10 0 0.13 2 2 0 0 0 0
24_05 790052 | 292279 | 4 | 2.496 | 14.7 | 0-10 0 0.2 1 0 0 0 0 0
24_06 790174 | 292358 | 5 | 1.603 2.2 | 0-10 0 0 1 0 0 0 0 0
24_08 790172 | 292184 | 4 | 0.983 5.7 | 0-10 0| 0.11 2 2 0 0 0 0
24_09 790062 | 292255 | 5 | 2.618 | 10.8 | 0-10 0 | 0.06 1 0 0 0 0 0
24 10 790333 | 292424 | 4 | 0.734 | 12.9 | 0-10 0.55 0 3 3 0 3 0.1 50
24 17 790071 | 292349 | 4 | 1.242 | 36.3 | 0-10 0.75 0 2 2 0 2 0.04 6
25_00 787902 | 294320 | 4 | 6.122 6.6 | 0-10 0.9 0 1 0 | NA NA NA NA
25_01 788127 | 294146 | 4 | 0.799 9.1 | 0-10 0.15 0 1 0 | NA NA NA NA
25_03 788584 | 294114 | 5 4.17 2.6 | 0-10 0.3 0 1 0 [ NA NA NA NA
25_04 788299 | 294096 | 4 5.75 5.5 | 0-05 0.9 0 1 0 | NA NA NA NA
25_05 787956 | 294581 | 4 | 1.002 12.2 | 0-10 0 0 1 0 [ NA NA NA NA
25_06 787885 | 294334 | 4 | 4.211 | 11.1 | 0-07 0.5 0 1 0 | NA NA NA NA
25_07 787882 | 294518 | 4 1.52 | 52.3 | 0-10 0 0.08 1 0 | NA NA NA NA
25_08 788548 | 293993 | 4 | 5.305 2.3 | 0-10 0.75 0 1 0 | NA NA NA NA
25_09 788455 | 293940 | 4 | 0.917 7.5 | 0-10 0 0 1 0 | NA NA NA NA
25_17 787924 | 294304 | 4 | 1.071 9.4 | 0-10 0.35 0 1 0 [ NA NA NA NA
26_00 789327 | 294777 | 5 | 1.337 | 28.3 | 0-10 0.02 0 1 0 | NA NA NA NA
26_01 788908 | 294903 | 5 | 2.162 | 33.4 | 0-10 0| 0.03 1 0 | NA NA NA NA
26_02 790164 | 294583 | 4 | 1.196 | 16.1 | 0-10 0.25 0 1 1| NA NA NA NA
26_03 788758 | 294344 | 4 | 0.892 7.8 | 0-10 0.03 0 1 0 | NA NA NA NA
26_04 789801 | 295132 | 5 | 1.635 | 49.4 | 0-10 0| 021 1 0 | NA NA NA NA
26_05 788812 | 294720 | 5 | 1.836 | 38.2 | 0-10 0.01 0.1 1 0 | NA NA NA NA
26_06 789214 | 295127 | 5 | 1.563 | 23.7 | 0-10 0.12 0.02 1 0 | NA NA NA NA
26_07 789818 | 295046 | 5 | 1.121 15 | 0-10 0.6 0 1 0 [ NA NA NA NA
26_08 789135 | 294981 | 4 | 1.367 | 22.4 | 0-10 0| 0.02 1 0 | NA NA NA NA
26_09 789010 | 294949 | 4 | 5.159 3.3 | 0-10 0.45 | 0.02 1 0 | NA NA NA NA
28 01 789445 | 297762 | 5 | 1.519 | 21.5 | 0-05 0.25 0 0 0 | NA NA NA NA
28_03 790158 | 297993 | 6 | 0.806 7.8 | 0-10 0.04 0 0 0 | NA NA NA NA
28_04 789866 | 297474 | 5 | 1.111 | 21.1 | 0-10 0 0 0 0 [ NA NA NA NA
28_05 790117 | 298001 | 5 | 1.101 | 21.1 | 0-10 0.02 | 0.01 0 0 | NA NA NA NA
28_06 789581 | 297810 | 5 | 3.009 6.5 | 0-10 0.2 0 0 0 | NA NA NA NA
28_07 789927 | 297960 | 5 3.99 4.5 | 0-10 0.8 0 0 0 | NA NA NA NA
28_08 789452 | 297739 | 4 | 1.167 | 20.6 | 0-05 0.1 0 0 0 | NA NA NA NA
28_09 789755 | 297579 | 6 | 1.204 | 11.1 | 0-05 0.8 0 0 0 | NA NA NA NA
28_18 789735 | 297408 | 5 | 0.623 9.4 | 0-10 0 0 0 0 | NA NA NA NA
28_19 789396 | 297747 | 5 | 2.125 | 20.3 | 0-10 0 0 0 0 [ NA NA NA NA
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ID_Plot GPS_x GPS.y | a| Cond | NO3 | d Soil | Reed | Grin | ViGr | Fec FecPc | Ftpr FtprPc
30_00 788106 | 297240 | 4 | 3.613 4.5 | 0-10 0.12 0 0 2 | NA NA NA NA
30_01 788162 | 296966 | 5 | 5.191 3.3 | 0-10 0.22 0 0 0 | NA NA NA NA
30_02 788412 | 297305 | 6 | 5.739 | 17.9 | 0-05 0.6 0 0 3 | NA NA NA NA
30_03 788022 | 297134 | 5 | 0.955 | 10.6 | 0-10 0.01 0 0 0 | NA NA NA NA
30_04 788578 | 297096 | 7 | 1.281 | 14.3 | 0-10 0| 0.02 0 0 | NA NA NA NA
30_05 788155 | 297324 | 4 0.99 | 13.7 | 0-10 0 0 0 0 | NA NA NA NA
30_06 788057 | 297113 | 4 | 0.919 9.6 | 0-10 0 0 0 1| NA NA NA NA
30_07 788063 | 297038 | 7 | 1.039 | 10.5 | 0-10 0.02 0 0 0 | NA NA NA NA
30_08 788339 | 297306 | 4 | 6.443 | 25.5 | 0-10 0.85 0 0 0 | NA NA NA NA
30_09 788199 | 297290 | 4 | 2.436 8.7 | 0-07 0.25 0 0 0 | NA NA NA NA
32_00 791025 | 294919 | 4 | 0.925 | 11.8 | 0-10 0| 029 0 0 | NA NA NA NA
32_01 790783 | 295122 | 5 | 1.815 | 13.4 | 0-10 0 0.21 0 0 [ NA NA NA NA
32_03 790816 | 295047 | 4 | 2.457 9.7 | 0-10 0.6 0 0 0 | NA NA NA NA
32_04 790832 | 295004 | 5 | 0.808 6.2 | 0-10 0.09 0 0 0 | NA NA NA NA
32_05 790767 | 295117 | 5 | 1.775 | 51.6 | 0-10 0 | 0.06 0 0 | NA NA NA NA
32_06 791083 | 295011 | 5 | 0.837 3.6 | 0-10 0.15 0 0 0 | NA NA NA NA
32_07 791074 | 295077 | 5 | 1.579 | 20.9 | 0-10 0 0.02 0 0 | NA NA NA NA
32_08 791027 | 295177 | 6 | 1.661 | 25.5 | 0-10 0.02 | 0.03 0 0 | NA NA NA NA
32_09 790963 | 295248 | 6 | 3.023 4.2 | 0-10 0.3 | 0.01 0 0 | NA NA NA NA
34_00 785653 | 298610 | 6 | 3.819 | 12.7 | 0-10 0 | 0.09 0 0 | NA NA NA NA
34_01 785807 | 298844 | 5 | 5.142 147 | 0-10 0.03 0.1 0 0 [ NA NA NA NA
34_02 785798 | 298759 | 5 | 6.965 105 | 0-10 0.05 0.14 0 0 | NA NA NA NA
34_03 785836 | 298830 | 6 3.45 | 74.2 | 0-10 0| 0.25 0 0 | NA NA NA NA
34_04 785612 | 298601 | 6 | 1.531 | 17.5 | 0-10 0.1 | 0.05 0 0 | NA NA NA NA
34_05 785427 | 298975 | 5 | 1.343 | 72.7 | 0-10 0| 0.03 0 0 | NA NA NA NA
34_06 785824 | 298866 | 5 | 2.869 | 73.8 | 0-10 0.02 0.09 0 0 | NA NA NA NA
34_08 785738 | 298693 | 5 | 4.108 | 90.5 | 0-10 0| 0.07 0 0 | NA NA NA NA
34_09 785758 | 298793 | 5 13.4 | 25.5 | 0-10 0.01 | 0.04 0 0 | NA NA NA NA
3419 785546 | 298698 | 5 | 3.009 | 14.3 | 0-10 0.15 0 0 0 | NA NA NA NA
35_00 784797 | 297728 | 5 | 5.367 | 14.4 | 0-10 0.7 0 0 1| NA NA NA NA
35_01 784183 | 296663 | 5 | 6.236 | 25.9 | 0-10 0.6 0 0 0 | NA NA NA NA
35_02 784695 | 297108 | 6 | 7.325 | 16.1 | 0-10 0.25 0 0 0 | NA NA NA NA
35_03 784461 | 296969 | 5 331 | 21.3 | 0-10 0.85 0 0 0 | NA NA NA NA
35_04 784126 | 297197 | 5 | 6.101 | 17.3 | 0-10 0.04 0 0 0 | NA NA NA NA
35_05 784364 | 297623 | 4 | 6.575 | 16.9 | 0-10 0.8 0 0 0 | NA NA NA NA
35_06 784800 | 297290 | 4 | 12.44 20 | 0-10 0.98 0 0 0 | NA NA NA NA
35_07 784311 | 297452 | 5 | 7.861 | 28.1 | 0-10 0.85 0 0 0 | NA NA NA NA
35_08 784795 | 297646 | 4 | 5.338 | 28.1 | 0-10 0 0 0 0 | NA NA NA NA
35_09 784235 | 296649 | 5 | 6.076 | 18.1 | 0-10 0.95 0 0 0 | NA NA NA NA
39_00 782872 | 293154 | 6 | 3.317 | 19.9 | 0-10 0.01 | 0.05 3 3 0.14 9 0 0
39_01 782871 | 293420 | 5 | 5.729 | 43.7 | 0-10 0| 0.11 2 2 0 7 0 0
39_03 782651 | 293222 | 5 | 1.657 | 15.4 | 0-10 0| 0.09 3 3 0.04 2 0 0
39_04 782976 | 292851 | 5 | 0.847 | 18.4 | 0-10 0| 0.01 1 1 0.07 0 0 0
39_05 782870 | 293166 | 6 | 1.649 | 17.4 | 0-10 0.02 0.08 3 3 | 0.008 4 0 0
39_06 782627 | 292939 | 5 | 5.039 | 16.1 | 0-10 0| 0.17 3 3 0.04 4 0 0
39_07 782964 | 292890 | 5 | 0.772 | 14.8 | 0-10 0| 0.01 2 2 0 4 0 0
39_08 782828 | 293449 | 5 | 8.269 | 68.6 | 0-10 0.04 | 0.02 3 3 0.04 8 0.01 15
39_09 782847 | 293474 | 5| 1.932 | 14.3 | 0-10 0.12 0.01 2 2 0.04 8 0 0
39_19 782791 | 292800 | 5 | 12.17 | 45.9 | 0-10 0.65 | 0.03 3 3 0 6 0 10
40_00 784366 | 292189 | 4 | 8.849 | 23.4 | 0-10 0.82 0 3 3 0 0 0 7
40_02 784022 | 291853 | 4 | 0.722 | 21.1 | 0-10 0.01 0.04 1 0 0 0 0 0
40_04 784548 | 292385 | 5 | 0.915 8.3 | 0-10 0 0 1 1 0 0 0 0
40_05 784851 | 292524 | 5 | 3.355 7 | 0-10 0.45 0 2 2 0 1 0.08 15
40_06 784821 | 292850 | 4 | 7.599 | 13.8 | 0-10 0.4 0 2 2 0 2 0.08 19
40_08 784350 | 292181 | 5 | 5.409 15 | 0-10 0.4 0 2 2 0 0 0 3
40_09 784306 | 293050 | 4 | 10.19 | 19.5 | 0-10 0.32 0 3 3 0.06 7 0.04 14
40_17 783487 | 292510 | 4 | 11.21 | 139 | 0-10 0.22 0 2 2 0 2 0.2 70
41_00 783875 | 291501 | 4 | 1.484 | 19.6 | 0-10 0 0 3 3 0 1 0 1
41 01 783723 | 291241 | 4 | 3.686 | 31.1 | 0-10 0.01 0 1 0 0 2 0.12 14
41_02 783785 | 291373 | 5 | 5.456 17 | 0-10 0.18 | 0.01 1 0 0 0 0.36 80
41_03 783763 | 291191 | 5 | 10.42 | 28.1 | 0-10 0.35 0.01 1 0 0 3 0.12 25
41_04 783747 | 291343 | 5 | 3.064 | 10.5 | 0-10 0.02 | 0.01 1 0 0 0 0.2 55
41_05 783951 | 291302 | 5 | 2.953 | 10.9 | 0-10 0.8 | 0.02 1 0 0 0 0.08 11
41_06 783827 | 291289 | 5 2.61 | 12.2 | 0-10 0.02 | 0.03 1 0 0 0 0.2 52
41_07 783630 | 291231 | 5 | 1.028 | 11.1 | 0-10 0 0 1 1 0 1 0 0
41_08 783772 | 291146 | 5 | 9.092 | 30.4 | 0-10 0.5 0 1 1 0 0 0.09 33
41_09 783907 | 291443 | 5 | 4.345 | 16.4 | 0-10 0.12 | 0.05 2 2 | 0.025 0.5 0.05 9
48_03 790522 | 292294 | 5 | 0.916 | 10.2 | 0-10 0.02 0 2 2 0.02 2 0.05 12
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ID_Plot GPS_x GPS.y | a| Cond | NO3 | d Soil | Reed | Grin | ViGr Fec | FecPc Ftpr | FtprPc
48_04 790402 | 292024 | 4 | 7.515 7 | 0-10 0.1 0 2 2 0.06 3.5 0.11 34
48_05 790499 | 292086 | 4 | 2.091 15 | 0-10 0.25 0 2 2 0 2.5 0.07 3
48_06 790473 | 292442 | 4 | 4.061 | 23.2 | 0-10 0.07 0 2 2 0 1 0.05 8
48 07 790481 | 292150 | 4 | 1.933 | 22.3 | 0-10 0.3 0 2 2 0 0 0.21 79
48_08 790449 | 292092 | 4 | 4.228 9.3 | 0-10 0.6 0 3 3 0 0 0.13 80
48_09 790427 | 292152 | 4 | 1.073 | 18.5 | 0-10 0.7 0 2 2 0 2 0.05 28
48 20 790301 | 292021 | 4 | 1.456 | 18.9 | 0-10 0.12 0 2 2 0 0 0.1 32
49 01 790891 | 292984 | 4 | 0.897 | 10.4 | 0-10 0.05 0 1 0 0 1 0.08 0
49_02 790961 | 293737 | 7 | 4903 | 114 | 0-10 0.6 | 0.08 3 3 0 3 0.08 18
49_03 790868 | 293023 | 4 | 1.489 | 13.7 | 0-10 0| 0.01 1 0 0 0 0 0
49 _04 790561 | 293524 | 5 | 5.121 | 81.6 | 0-10 0.4 | 0.14 1 1 0 0 0.18 50
49_05 790631 | 293566 | 5 | 3.491 | 85.6 | 0-10 0.07 0 3 3 | 0.005 5 0.16 52
49 06 790629 | 293610 | 4 | 2.964 60 | 0-10 0.24 0 3 3 0 4 0.2 70
49_07 790727 | 293619 | 4 | 6.166 | 161 | 0-10 0.55 0 2 2 0 4 0.3 90
49_08 791019 | 293611 | 5 | 4.737 | 103 | 0-10 0.1 0 2 2 0 2 0.08 15
62_02 784038 | 296574 | 4 | 4.723 | 45.3 | 0-10 0 0.18 0 0 [ NA NA NA NA
62_03 784088 | 296673 | 6 | 5.903 | 82.9 | 0-10 0.02 0.38 0 0 | NA NA NA NA
62_04 783997 | 296809 | 4 | 2.627 | 31.2 | 0-10 0.01 | 0.08 0 0 | NA NA NA NA
62_05 784022 | 296544 | 5 | 9.562 | 12.1 | 0-10 0.9 0 0 0 | NA NA NA NA
62_08 784149 | 296636 | 5 | 5.164 | 36.3 | 0-10 0.75 | 0.12 0 0 | NA NA NA NA
62_09 783929 | 296489 | 4 | 6.992 9.1 | 0-10 0.45 0 0 0 | NA NA NA NA
62_10 784007 | 296639 | 4 | 8.427 | 30.5 | 0-10 0.97 0.08 0 0 | NA NA NA NA
62_13 784224 | 296563 | 4 | 8.114 8 | 0-10 0 0.07 0 1| NA NA NA NA
62_18 784032 | 296540 | 4 | 6.407 4.7 | 0-10 0.15 0 0 0 | NA NA NA NA
62_19 784222 | 296579 | 5 | 6.869 | 63.4 | 0-10 0| 0.19 0 1| NA NA NA NA
85_00 789689 | 292272 | 4 | 1.614 | 24.8 | 0-10 0.5 0.11 1 0 0 2 0.12 50
85_01 789880 | 292596 | 4 | 1.554 | 49.3 | 0-10 0 0 2 2 | 0.015 0.5 0.08 10
85_02 789770 | 292649 | 5 | 2.515 9.8 | 0-10 0| 0.33 1 0 0 3 0 0
85_03 789542 | 292585 | 5 | 6.057 7.4 | 0-10 0.88 0 1 0 0 0 0 0
85_05 789841 | 292284 | 5 | 0.907 | 19.2 | 0-10 0 0 1 0 0 0 0 0
85_06 789842 | 292318 | 4 | 1.134 | 11.8 | 0-10 0 0.16 1 0 0 0 0 0
85_07 789877 | 292589 | 4 | 1.016 | 22.4 | 0-10 0 0 2 2 0 0 0 0
85_08 789757 | 292529 | 7 | 1.759 7.8 | 0-10 0 0 1 0 0 0 0 0
85_11 789603 | 292383 | 4 | 1.221 | 11.1 | 0-10 0.45 0 2 2 | 0.015 7 0.6 200
85_16 789806 | 292476 | 5 | 1.184 7.8 | 0-10 0 0 1 0 0 0.5 0 0
89_00 791103 | 293373 | 5 | 7.379 9.9 | 0-10 0.15 0 2 2 0.02 2 0 9
89_01 791278 | 292948 | 4 | 7.066 | 48.8 | 0-10 0.6 | 0.08 3 3 0 1.5 0.18 55
89_02 791254 | 293062 | 4 | 1.545 | 26.8 | 0-10 0.03 0 3 3 | 0.005 4 0 0
89_03 791117 | 293408 | 5 | 6.939 | 10.9 | 0-10 0.12 0 3 3 | 0.004 3 | 0.055 30
89_04 791279 | 292947 | 4 | 3.167 | 21.2 | 0-10 0.75 | 0.16 2 2 0 0 0.2 50
89_05 791179 | 293394 | 5 2.35 | 30.5 | 0-10 0 0 2 2 0 0 0 0
89_06 791241 | 292984 | 4 | 8.668 | 38.8 | 0-10 0.15 | 0.05 3 3 0 1 0.14 30
89_07 791161 | 293363 | 5 | 2.129 | 37.5 | 0-10 0.07 0 3 3 0 0 0.05 7
89_08 791370 | 292990 | 5 | 2.775 | 36.5 | 0-10 0 0 3 3 0.09 6 0.02 0
89_09 791024 | 293216 | 5 | 3.169 | 28.2 | 0-10 0 0 3 3 0.01 1.5 0 0
90_00 791722 | 294664 | 4 | 0.824 | 10.7 | 0-12 0.1 0 0 0 | NA NA NA NA
90_02 791402 | 294729 | 4 | 3.251 | 43.6 | 0-10 0 0 0 0 [ NA NA NA NA
90_03 791538 | 294762 | 4 | 2.274 | 42.3 | 0-10 0 0.05 0 0 | NA NA NA NA
90_04 791690 | 294771 | 4 | 1.826 | 19.5 | 0-10 0.02 | 0.08 0 0 | NA NA NA NA
90_05 791539 | 294801 | 4 | 1.799 | 25.8 | 0-10 0 0 0 0 | NA NA NA NA
90_07 791421 | 294641 | 4 | 6.061 5.5 | 0-10 0.05 0 0 0 | NA NA NA NA
90_08 791577 | 294549 | 4 3.65 4.8 | 0-10 0.1 0.11 0 0 | NA NA NA NA
90_09 791431 | 294593 | 4 | 3.176 4.3 | 0-10 0.02 0 0 0 | NA NA NA NA
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Table A10: Plant species cover per plot. Plots are named using soda pans numbers (Dick et al. 1994) and the sequential number of the random plot. Species names follow Fischer
et al. (2005).

14 01 | 1403 | 1404 | 1405 | 1406 | 14 07 | 14 08 1409 | 23.00 | 23.04 | 23.05 | 23.06 | 2307 | 23.08 | 23.09 | 23.14 | 2400 | 24 01 | 24 04 | 24 05 | 24 06

Achillea millefolium agg. 0.028 0.013 0.109 0.002
Agrostis stolonifera 0.394 0.147 0.252 0.232 0.145 0.178 0.740 0.103 0.287 0.308 0.145 0.016 0.077 0.152 0.163 0.295
Allium vineale 0.005

Arenaria serpyllifolia

Arrhenatherum elatius

Artemisia santonicum

Atriplex prostrata (s.lat.) 0.002 0.006 0.009 0.030 0.010

Avenula pubescens

Bolboschoenus maritimus agg. 0.202 0.353 0.069 0.027 0.010 0.033 0.363 0.089 0.615

Bromus hordeaceus 0.003 0.004

Bupleurum tenuissimum 0.134

Calamagrostis epigejos 0.080 0.593 0.073

Calystegia sepium 0.184 0.012

Carex distans 0.079 0.166 0.025 0.284

Carex divisa

Carex flacca 0.042

Carex otrubae 0.074

Carex riparia 0.259

Carex sp.

Carex stenophylla

Centaurea jacea

Centaurea stoebe 0.264

Centaurium littorale 0.274

Cerastium holosteoides 0.024

Cerastium pumilum

Chenopodium chenopodioides

Chenopodium glaucum

Cichorium intybus

Cirsium arvense

Cirsium brachycephalum 0.051

Cirsium canum 0.182

Convolvulus arvensis

Crypsis aculeata 0.032

Cuscuta epithymum 0.149

Cynodon dactylon 0.004 0.040 0.384

Dactylis glomerata 0.013 0.075

Daucus carota 0.019 0.042 0.006

Deschampsia cespitosa

Echium vulgare 0.007

Elaeagnus angustifolia

Eleocharis uniglumis

Elymus hispidus 0.134

Elymus repens 0.035 0.065 0.160




14 01

14 03

14_04

14 05

14 06

14 07

14 08

1409

23_00

2304

23_05

23 06

2307

23_08

2309

2314

2400

2401

24_04

2405

2406

Epilobium tetragonum ssp.
lamyi

0.014

Epilobium tetragonum ssp.
tetragonum

0.008

Equisetum arvense

Erigeron annuus

Erigeron canadensis

0.027

Euphorbia cyparissias

Euphorbia palustris

Falcaria vulgaris

Festuca arundinacea

0.302

Festuca pratensis

Festuca pseudovina

0.015

0.011

0.247

Festuca rupicola

Fragaria viridis

Galium aparine

Galium verum

0.05

0.036

Hordeum jubatum

Inula britannica

0.006

0.006

0.015

0.111

0.169

Juncus articulatus

Juncus gerardii

0.108

0.094

0.109

0.253

0.127

0.004

Juncus ranarius

0.027

Lactuca saligna

Lactuca serriola

Lepidium cartilagineum

0.138

Linaria vulgaris

Lolium perenne

0.002

0.01

0.061

Lotus corniculatus

Lotus maritimus

0.017

Lotus tenuis

0.04

0.107

0.038

0.197

0.039

0.085

0.021

0.213

0.007

0.085

0.002

0.199

0.044

0.172

Lycopus europaeus

0.028

0.003

Lythrum hyssopifolia

Matricaria chamomilla

0.049

0.019

Medicago lupulina

0.177

0.011

Melilotus albus

0.17

Melilotus dentatus

Mentha aquatica

0.005

0.09

Mentha pulegium

Mentha sp.

Molinia caerulea

Odontites vulgaris

0.073

0.069

0.015

0.006

0.002

Ononis spinosa

0.034

0.318

0.108

0.033

Pastinaca sativa

0.002

Picris hieracioides

Plantago lanceolata

0.01

Plantago major

0.011

0.021

0.016

0.036

Plantago maritima

0.032

0.058
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14 01

14 03

14_04

14 05

14 06

14 07

14 08

1409

23_00

2304

23_05

23 06

2307

23_08

2309

2314

2400

2401

24_04

2405

2406

Plantago tenuiflora

Poa angustifolia

0.003

0.003

0.011

Poa compressa

Polygala comosa

Polygala vulgaris

Polygonum aviculare s. lat.

0.05

Portulaca oleracea

Potentilla anglica (P. reptans x
P. erecta)

0.197

0.022

Potentilla anserina

0.099

0.028

0.085

Potentilla verna agg.

Puccinellia peisonis

0.432

0.009

0.004

0.032

0.122

0.284

Pulicaria dysenterica

0.031

0.132

0.011

Ranunculus sp.

Rubus caesius

Rumex palustris

0.004

0.007

0.005

Rumex stenophyllus

Samolus valerandi

0.076

Sanguisorba minor

Saxifraga tridactylites

Schoenoplectus pungens

0.321

0.011

Schoenoplectus
tabernaemontani

Scirpoides holoschoenus

Scorzonera cana

Sedum sexangulare

Senecio erraticus

0.02

Serratula tinctoria

Silene multiflora

Sonchus arvensis

0.015

0.004

0.013

0.045

Spergularia maritima

0.115

0.002

Suaeda pannonica

Taraxacum bessarabicum

Teucrium chamaedrys

Thesium linophyllon

Thesium ramosum

Thymus pannonicus agg.

Tilia/Acer seedling

Trifolium campestre

Trifolium fragiferum

0.139

0.409

0.049

Trifolium pratense

0.005

Triglochin maritimum

Tripolium pannonicum

0.417

0.263

0.163

0.057

0.005

0.245

0.211

0.231

0.031

0.057

0.004

Typha angustifolia

Valeriana officinalis

Veronica scutellata
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24_08

24_09

24_10

2417

25_00

25 01

25_03

25_04

2505

25_06

25_07

25_08

25_09

2517

26_00

26_01

26_02

26_03

26_04

26_05

26_06

Achillea millefolium agg.

0.342

0.004

0.006

Agrostis stolonifera

0.168

0.113

0.061

0.092

0.142

0.016

0.017

0.155

0.006

0.269

0.223

0.089

0.05

Allium vineale

Arenaria serpyllifolia

0.015

Arrhenatherum elatius

Artemisia santonicum

Atriplex prostrata (s.lat.)

0.005

Avenula pubescens

Bolboschoenus maritimus agg.

0.016

0.135

0.005

0.028

Bromus hordeaceus

0.001

0.052

Bupleurum tenuissimum

Calamagrostis epigejos

0.087

0.181

Calystegia sepium

Carex distans

0.005

0.007

0.006

0.572

0.135

Carex divisa

Carex flacca

Carex otrubae

0.1

Carex riparia

Carex sp.

0.019

Carex stenophylla

Centaurea jacea

0.128

Centaurea stoebe

Centaurium littorale

Cerastium holosteoides

0.178

Cerastium pumilum

0.013

0.047

0.088

0.052

0.005

0.132

Chenopodium chenopodioides

Chenopodium glaucum

Cichorium intybus

Cirsium arvense

0.003

0.058

Cirsium brachycephalum

Cirsium canum

0.003

Convolvulus arvensis

Crypsis aculeata

Cuscuta epithymum

0.335

0.081

0.364

Cynodon dactylon

0.036

Dactylis glomerata

0.009

Daucus carota

0.359

0.043

0.225

0.054

0.005

0.165

0.209

Deschampsia cespitosa

Echium vulgare

0.003

Elaeagnus angustifolia

Eleocharis uniglumis

Elymus hispidus

Elymus repens

0.206

0.005
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24_08

24_09

24_10

24_17

25_00

25_01

25_03

25_04

25_05

25_06

25_07

25_08

2509

25_17

26_00

26_01

26_02

26_03

26_04

26_05

26_06

Epilobium tetragonum
ssp. lamyi

Epilobium tetragonum
ssp. tetragonum

Equisetum arvense

Erigeron annuus

0.003

0.013

0.006

Erigeron canadensis

0.017

0.006

Euphorbia cyparissias

Euphorbia palustris

Falcaria vulgaris

0.012

Festuca arundinacea

0.13

Festuca pratensis

Festuca pseudovina

0.145

0.101

0.006

0.008

Festuca rupicola

Fragaria viridis

Galium aparine

Galium verum

0.003

0.525

0.002

0.16

Hordeum jubatum

Inula britannica

0.161

0.004

0.277

Juncus articulatus

Juncus gerardii

0.013

0.017

Juncus ranarius

Lactuca saligna

Lactuca serriola

0.004

Lepidium cartilagineum

Linaria vulgaris

Lolium perenne

0.024

Lotus corniculatus

Lotus maritimus

0.144

0.199

0.033

0.036

0.166

Lotus tenuis

0.019

0.022

0.091

0.216

0.017

0.248

0.009

Lycopus europaeus

0.014

Lythrum hyssopifolia

Matricaria chamomilla

Medicago lupulina

0.013

0.108

Melilotus albus

Melilotus dentatus

0.058

Mentha aquatica

Mentha pulegium

Mentha sp.

Molinia caerulea

Odontites vulgaris

0.032

0.008

0.008

0.039

0.019

0.034

0.119

0.002

Ononis spinosa

Pastinaca sativa

0.354

Picris hieracioides

0.04

0.003

Plantago lanceolata

Plantago major

68




240

<]

240

o

24 1

24 1

250

o

25_0

250

w

25_0

EN

250

w

25_0

a

25_0

~

250

<]

25_0

o

25_1

~

260

o

26_0

[u

26_0

260

w

26_0
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26_06

Plantago maritima

0.237

0.127

Plantago tenuiflora

Poa angustifolia

0.029

Poa compressa

Polygala comosa

Polygala vulgaris

Polygonum aviculare s. lat.

0.019

0.005

0.027

0.002

Portulaca oleracea

Potentilla anglica (P. reptans x P. erecta)

Potentilla anserina

Potentilla verna agg.

0.013

Puccinellia peisonis

0.002

0.079

0.093

0.074

0.584

0.212

0.341

0.366

0.102

0.092

0.269

Pulicaria dysenterica

0.064

Ranunculus sp.

0.006

Rubus caesius

Rumex palustris

Rumex stenophyllus

Samolus valerandi

Sanguisorba minor

Saxifraga tridactylites

Schoenoplectus pungens

Schoenoplectus tabernaemontani

Scirpoides holoschoenus

Scorzonera cana

Sedum sexangulare

Senecio erraticus

0.005

Serratula tinctoria

Silene multiflora

Sonchus arvensis

0.451

0.08

0.332

0.019

0.01

Spergularia maritima

Suaeda pannonica

0.001

0.037

0.002

0.016

Taraxacum bessarabicum

0.008

Teucrium chamaedrys

Thesium linophyllon

Thesium ramosum

Thymus pannonicus agg.

0.001

Tilia/Acer seedling

Trifolium campestre

0.015

Trifolium fragiferum

0.006

Trifolium pratense

0.038

0.062

Triglochin maritimum

0.006

Tripolium pannonicum
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Plantago maritima

0.178

0.116

0.04

0.027

0.005

0.009

0.161

0.316

0.232
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Plantago tenuiflora

Poa angustifolia

0.122

Poa compressa

0.037

Polygala comosa

Polygala vulgaris

Polygonum aviculare s. lat.

0.006

Portulaca oleracea

Potentilla anglica (P. reptans x P. erecta)

0.004

Potentilla anserina

Potentilla verna agg.

Puccinellia peisonis

0.224

0.278

0.308

0.493

0.538

0.046

0.019

0.083

0.02

0.067

0.369

Pulicaria dysenterica

Ranunculus sp.

Rubus caesius

Rumex palustris

Rumex stenophyllus

Samolus valerandi

Sanguisorba minor

Saxifraga tridactylites

Schoenoplectus pungens

Schoenoplectus tabernaemontani

Scirpoides holoschoenus

Scorzonera cana

Sedum sexangulare

0.002

0.001

Senecio erraticus

Serratula tinctoria

Silene multiflora

Sonchus arvensis

Spergularia maritima

0.028

Suaeda pannonica

0.001

0.006

0.035

0.002

Taraxacum bessarabicum

0.003

Teucrium chamaedrys

Thesium linophyllon

0.002

Thesium ramosum

Thymus pannonicus agg.

Tilia/Acer seedling

Trifolium campestre

Trifolium fragiferum

Trifolium pratense

Triglochin maritimum

Tripolium pannonicum

0.168

0.01

0.297

0.09

0.354

0.175

0.446

0.439

0.213

0.02

0.319

0.11

0.073

0.056

Typha angustifolia

Valeriana officinalis

Veronica scutellata
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Achillea millefolium agg.

0.015

0.018

0.002

0.01

Agrostis stolonifera

0.08

0.318

0.093

0.08

0.155

0.229

0.675

0.12

0.533

0.092

Allium vineale

Arenaria serpyllifolia

0.015

0.003

Arrhenatherum elatius

Artemisia santonicum

0.055

0.069

0.13

Atriplex prostrata (s.lat.)

0.001

0.03

Avenula pubescens

Bolboschoenus maritimus agg.

0.09

0.196

0.329

0.385

0.033

0.019

0.039

Bromus hordeaceus

0.028

Bupleurum tenuissimum

0.015

Calamagrostis epigejos

Calystegia sepium

Carex distans

0.045

0.032

Carex divisa

0.211

Carex flacca

0.098

0.264

Carex otrubae

0.13

Carex riparia

Carex sp.

0.105

0.085

0.139

Carex stenophylla

0.105

0.194

Centaurea jacea

0.012

Centaurea stoebe

0.026

0.042

Centaurium littorale

Cerastium holosteoides

Cerastium pumilum

Chenopodium chenopodioides

0.036

0.021

0.02

Chenopodium glaucum

0.007

Cichorium intybus

Cirsium arvense

0.072

Cirsium brachycephalum

0.011

0.003

Cirsium canum

0.023

0.018

Convolvulus arvensis

Crypsis aculeata

0.038

0.001

0.032

Cuscuta epithymum

0.032

Cynodon dactylon

0.542

Dactylis glomerata

Daucus carota

Deschampsia cespitosa

0.183

0.019

0.304

0.226

Echium vulgare

Elaeagnus angustifolia

Eleocharis uniglumis

0.099

0.047

Elymus hispidus

0.009

Elymus repens

0.101

0.006

0.101
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Epilobium tetragonum ssp. lamyi

Epilobium tetragonum ssp. tetragonum

Equisetum arvense

Erigeron annuus

Erigeron canadensis

Euphorbia cyparissias

Euphorbia palustris

0.058

Falcaria vulgaris

Festuca arundinacea

0.084

0.04

Festuca pratensis

Festuca pseudovina

0.355

0.31

0.337

0.028

Festuca rupicola

Fragaria viridis

Galium aparine

Galium verum

Hordeum jubatum

Inula britannica

0.007

0.009

0.006

0.115

0.006

Juncus articulatus

0.03

0.007

Juncus gerardii

0.01

0.002

Juncus ranarius

Lactuca saligna

Lactuca serriola

Lepidium cartilagineum

Linaria vulgaris

Lolium perenne

Lotus corniculatus

Lotus maritimus

Lotus tenuis

0.063

0.014

0.009

Lycopus europaeus

0.005

0.041

0.025

0.018

Lythrum hyssopifolia

0.05

Matricaria chamomilla

0.003

Medicago lupulina

Melilotus albus

Melilotus dentatus

Mentha aquatica

Mentha pulegium

0.107

Mentha sp.

0.072

0.041

0.001

0.077

0.019

Molinia caerulea

0.367

0.376

Odontites vulgaris

0.014

0.001

Ononis spinosa

Pastinaca sativa

Picris hieracioides

Plantago lanceolata

0.019

Plantago major

0.003

Plantago maritima

0.033

0.217

0.128

0.052
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Plantago tenuiflora

Poa angustifolia

0.36

0.095

Poa compressa

Polygala comosa

Polygala vulgaris

Polygonum aviculare s. lat.

0.032

0.031

0.14

Portulaca oleracea

0.058

Potentilla anglica (P. reptans x P. erecta)

Potentilla anserina

0.009

0.001

0.124

0.093

Potentilla verna agg.

Puccinellia peisonis

0.083

0.101

0.001

0.006

0.438

0.023

0.206

Pulicaria dysenterica

0.017

0.048

0.005

0.04

0.024

0.025

Ranunculus sp.

0.012

Rubus caesius

Rumex palustris

0.125

Rumex stenophyllus

Samolus valerandi

Sanguisorba minor

Saxifraga tridactylites

Schoenoplectus pungens

Schoenoplectus tabernaemontani

0.003

Scirpoides holoschoenus

Scorzonera cana

Sedum sexangulare

0.031

Senecio erraticus

Serratula tinctoria

0.189

0.125

0.131

0.037

Silene multiflora

Sonchus arvensis

Spergularia maritima

0.024

Suaeda pannonica

0.013

0.121

0.042

0.655

Taraxacum bessarabicum

Teucrium chamaedrys

0.025

Thesium linophyllon

Thesium ramosum

Thymus pannonicus agg.

Tilia/Acer seedling

Trifolium campestre

Trifolium fragiferum

0.002

0.023

0.003

0.004

Trifolium pratense

Triglochin maritimum

0.075

Tripolium pannonicum

0.07

0.122

0.031

0.196

0.001

0.002

0.643

0.023

Typha angustifolia

0.095

Valeriana officinalis

Veronica scutellata
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Achillea millefolium agg.

0.059

0.047

0.021

0.006

0.022

0.066

0.026

Agrostis stolonifera

0.398

0.02

0.109

0.701

0.004

0.004

0.75

0.059

0.288

0.321

0.227

0.053

0.099

0.021

0.052

0.452

0.079

0.244

Allium vineale

Arenaria serpyllifolia

0.008

Arrhenatherum elatius

Artemisia santonicum

0.006

Atriplex prostrata (s.lat.)

0.062

0.175

Avenula pubescens

Bolboschoenus maritimus agg.

0.039

0.049

0.025

0.325

0.031

0.001

Bromus hordeaceus

0.011

Bupleurum tenuissimum

0.014

0.046

0.031

0.002

0.008

Calamagrostis epigejos

Calystegia sepium

Carex distans

Carex divisa

0.167

Carex flacca

Carex otrubae

0.294

0.064

Carex riparia

Carex sp.

0.053

0.03

0.1

Carex stenophylla

0.302

0.103

0.109

0.034

Centaurea jacea

0.063

0.008

0.004

Centaurea stoebe

0.041

0.023

Centaurium littorale

Cerastium holosteoides

Cerastium pumilum

Chenopodium chenopodioides

0.008

Chenopodium glaucum

Cichorium intybus

0.054

Cirsium arvense

0.005

Cirsium brachycephalum

Cirsium canum

Convolvulus arvensis

0.021

Crypsis aculeata

0.032

0.002

Cuscuta epithymum

0.008

Cynodon dactylon

0.267

0.227

0.412

Dactylis glomerata

0.297

Daucus carota

0.006

Deschampsia cespitosa

Echium vulgare

Elaeagnus angustifolia

Eleocharis uniglumis

Elymus hispidus

Elymus repens

0.012

0.239

0.053

0.076

0.085
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Epilobium tetragonum ssp. lamyi

Epilobium tetragonum ssp. tetragonum

Equisetum arvense

Erigeron annuus

Erigeron canadensis

Euphorbia cyparissias

0.007

Euphorbia palustris

Falcaria vulgaris

Festuca arundinacea

0.019

0.007

0.121

Festuca pratensis

Festuca pseudovina

0.485

0.003

0.13

0.4

0.105

0.03

Festuca rupicola

Fragaria viridis

0.064

Galium aparine

Galium verum

0.069

0.42

0.01

Hordeum jubatum

0.093

Inula britannica

0.038

0.002

0.004

0.079

0.006

0.136

0.003

Juncus articulatus

Juncus gerardii

0.27

0.052

Juncus ranarius

Lactuca saligna

0.003

Lactuca serriola

Lepidium cartilagineum

0.007

0.023

Linaria vulgaris

Lolium perenne

0.003

0.065

0.02

Lotus corniculatus

Lotus maritimus

0.006

Lotus tenuis

0.005

0.022

0.002

0.058

0.004

0.384

0.003

0.049

0.527

0.555

Lycopus europaeus

0.005

Lythrum hyssopifolia

Matricaria chamomilla

0.494

0.01

Medicago lupulina

0.049

0.003

0.007

0.054

Melilotus albus

Melilotus dentatus

Mentha aquatica

Mentha pulegium

Mentha sp.

Molinia caerulea

Odontites vulgaris

0.006

Ononis spinosa

Pastinaca sativa

Picris hieracioides

Plantago lanceolata

0.023

0.069

Plantago major

0.298

0.052

Plantago maritima

0.156

0.022

0.004

0.051

0.488

0.109

0.062

0.028

0.119

0.161
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Plantago tenuiflora

Poa angustifolia

0.145

0.155

0.232

0.25

Poa compressa

Polygala comosa

Polygala vulgaris

Polygonum aviculare s. lat.

0.028

0.374

Portulaca oleracea

Potentilla anglica (P. reptans x P. erecta)

Potentilla anserina

0.021

Potentilla verna agg.

Puccinellia peisonis

0.436

0.008

0.306

0.054

0.178

0.178

0.009

Pulicaria dysenterica

Ranunculus sp.

0.002

Rubus caesius

Rumex palustris

0.228

0.281

Rumex stenophyllus

Samolus valerandi

Sanguisorba minor

0.059

Saxifraga tridactylites

Schoenoplectus pungens

Schoenoplectus tabernaemontani

Scirpoides holoschoenus

Scorzonera cana

Sedum sexangulare

Senecio erraticus

Serratula tinctoria

0.289

Silene multiflora

Sonchus arvensis

0.068

0.012

0.01

0.34

Spergularia maritima

Suaeda pannonica

Taraxacum bessarabicum

0.01

0.018

Teucrium chamaedrys

Thesium linophyllon

Thesium ramosum

Thymus pannonicus agg.

Tilia/Acer seedling

Trifolium campestre

Trifolium fragiferum

0.011

0.043

0.021

0.041

Trifolium pratense

Triglochin maritimum

Tripolium pannonicum

0.044

0.023

0.046

0.303

0.142

0.006

0.705

0.025

Typha angustifolia

Valeriana officinalis

Veronica scutellata

0.113
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90_00 | 90_02 | 90.03 | 90_04 | 90_05 | 90_07 | 90_08 | 90_09 .I 90_00 | 90_02 | 90_03 | 90_04 | 90_05 | 90_07 | 90_08 | 90_09
Achillea millefolium agg. 0.396 Epilobium tetragonum ssp. lamyi
Agrostis stolonifera 0.003 0.098 0.424 0.11 0.545 Epilobium tetragonum ssp. tetragonum
Allium vineale Equisetum arvense
Arenaria serpyllifolia Erigeron annuus
Arrhenatherum elatius Erigeron canadensis
Artemisia santonicum Euphorbia cyparissias
Atriplex prostrata (s.lat.) 0.005 Euphorbia palustris
Avenula pubescens Falcaria vulgaris
Bolboschoenus maritimus agg. 0.401 0.169 0.454 Festuca arundinacea
Bromus hordeaceus Festuca pratensis
Bupleurum tenuissimum Festuca pseudovina
Calamagrostis epigejos 0.559 0.43 Festuca rupicola
Calystegia sepium Fragaria viridis
Carex distans Galium aparine 0.084
Carex divisa Galium verum
Carex flacca Hordeum jubatum
Carex otrubae Inula britannica 0.238
Carex riparia 0.74 Juncus articulatus
Carex sp. 0.063 Juncus gerardii
Carex stenophylla Juncus ranarius
Centaurea jacea 0.006 .I Lactuca saligna
Centaurea stoebe Lactuca serriola
Centaurium littorale Lepidium cartilagineum
Cerastium holosteoides Linaria vulgaris
Cerastium pumilum Lolium perenne 0.057
Chenopodium chenopodioides Lotus corniculatus
Chenopodium glaucum Lotus maritimus
Cichorium intybus Lotus tenuis
Cirsium arvense 0.45 0.003 Lycopus europaeus
Cirsium brachycephalum Lythrum hyssopifolia
Cirsium canum Matricaria chamomilla
Convolvulus arvensis Medicago lupulina
Crypsis aculeata Melilotus albus
Cuscuta epithymum Melilotus dentatus 0.165
Cynodon dactylon 0.207 Mentha aquatica
Dactylis glomerata 0.151 Mentha pulegium
Daucus carota 0.006 0.016 Mentha sp.
Deschampsia cespitosa Molinia caerulea
Echium vulgare Odontites vulgaris
Elaeagnus angustifolia Ononis spinosa
Eleocharis uniglumis Pastinaca sativa
Elymus hispidus Picris hieracioides
Elymus repens | 0.018 .I Plantago lanceolata 0.013
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Plantago major

Plantago maritima

Plantago tenuiflora

Poa angustifolia

0.192

Poa compressa

Polygala comosa

Polygala vulgaris

Polygonum aviculare s. lat.

Portulaca oleracea

Potentilla anglica (P. reptans x P. erecta)

Potentilla anserina

Potentilla verna agg.

Puccinellia peisonis

Pulicaria dysenterica

0.018

Ranunculus sp.

Rubus caesius

0.79

Rumex palustris

Rumex stenophyllus

Samolus valerandi

Sanguisorba minor

Saxifraga tridactylites

Schoenoplectus pungens

Schoenoplectus tabernaemontani

Scirpoides holoschoenus

Scorzonera cana

Sedum sexangulare

Senecio erraticus

Serratula tinctoria

Silene multiflora

Sonchus arvensis

0.338

0.002

Spergularia maritima

Suaeda pannonica

Taraxacum bessarabicum

Teucrium chamaedrys

Thesium linophyllon

Thesium ramosum

Thymus pannonicus agg.

Tilia/Acer seedling

Trifolium campestre

Trifolium fragiferum

Trifolium pratense

Triglochin maritimum

Tripolium pannonicum

Typha angustifolia

Valeriana officinalis

Veronica scutellata
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