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Abstract Halophytic vegetation on fossil salt deposits
and salt springs is an extreme habitat occurring in iso-
lated continental areas of temperate Europe. It has a
relatively rich representation in the Transylvanian Basin
of Romania; however, comprehensive research into this
highly specialized vegetation is lacking. We provide the
first phytosociological survey of recent data of inland
salt habitats in Cluj County, where they are widely
distributed. Cluster analysis distinguished eight
euhalophytic plant communities occupying several
zones depending on the micro-topography of the salt-
affected area: Scorzonero parviflorae-Juncetum
gerardii (including Astero tripolio-Triglochinetum mar-
itime), Plantagineto cornuti-Agrostetum stoloniferae,
Artemisio-Festucetum pseudovinae, Artemisio-
Petrosimonietum triandrae, Limonio gmelinii-
Artemisietum monogynae, Puccinellietum limosae (each
allocated to the class Festuco-Puccinellietea), then
Suaedetum maritimae and Salicornietum prostratae,
belonging to the class Therosalicornietea. We revised
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the nomenclature of these associations, characterized
their species composition and ecological preferences
based on indicator values for salinity, pH, moisture
and nutrients in the soil. We broadly discussed our
findings in light of the historical data and documented
the current habitat conditions of the sites. Most of them
were found to be degraded due to increasing tourism
exploiting the curative effects of salt springs. Beyond
recognizing the high conservation value of the Transyl-
vanian salt habitats, it is also important to highlight their
biogeographical significance, as they fill the gap be-
tween the inland salt marshes of Central Europe and
the continental salt habitats of Eurasia.

Keywords Ecological gradient - Endangerment - Salt
marshes - Salt steppes - Tourism - Vegetation zonation

Introduction

Saline habitats develop on salt-affected soils with a
fluctuating water regime. They are largely distributed
in coastal areas across the globe, except in Antarctica
(Chapman 1960), in non-coastal regions in zones with
an arid climate (Szabolcs 1974). Due to differences in
soil properties, topography and climate, their salinity
level varies (e.g. Leuschner and Ellenberg 2017). These
specific edaphic conditions enabled the formation of
several saline habitats with a high number of plant
specialists (halophytes) tolerating the abiotic stress.
Romania is an important hotspot of saline areas.
Coastal saline habitats occur in the Black Sea region
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and inland saline vegetation is found throughout the
country: in the Wallachian Plain, Moldova, the Transyl-
vanian Basin and the Pannonian Lowland (Grigore and
Cojocariu 2020). These are territories in which the neg-
ative water balance (evaporation) in the summer causes
the rising of the groundwater to the surface, carrying the
soluble salts up to the soil (Réti et al. 2016). In other
regions of Europe, for example in Poland, they are also
related to fossil salt deposits and springs influenced by
saline water (Piernik 2020).

Knowledge regarding the saline vegetation of Roma-
nia is incomplete compared to other regions of temper-
ate Europe, e.g. Germany (Brandes 1999), Poland
(Piernik 2020), Serbia (Zlatkovi¢ et al. 2019), Hungary,
Austria, Slovakia or Bulgaria (Elia$ et al. 2013). Lim-
nological research about the salt lakes is up to date (e.g.
Alexe et al. 2018), but few studies on the terrestrial
vegetation of salt-affected areas have been published.
With the exception of several detailed historical studies
on a local scale, for example Topa (1939) and Doltu
et al. (1977), the saline vegetation is listed in the newest
national syntaxonomical survey (Sanda et al. 2008), but
data on the distribution of the vegetation types and their
ecological conditions are not included there.

Our contribution focuses exclusively on a discrete
region of Romania, the Transylvania basin. It is a re-
markable area with frequent occurrences of salt deposits
originating in the Miocene period (Podar et al. 2019).
Inland saline habitats occupying these natural salt
domes in the deforested landscape have been attracting
the attention of field biologists for centuries. The first
floristic records date back to the end of the eighteenth
century from Turda (Schur 1780 sec. in Todor 1947),
and Cslirds (1947) published numerous floristic notes
and herbarium collections from the area in the 19th and
20th centuries. Among more recent studies are those
carried out by Nyarady (1941) with detailed character-
istics of salt ponds around Cluj, and even more recently
by Alec (2010) and Diodiu (2010). Several vegetation
studies were published in the first half of the twentieth
century, notably by Soo (1927, 1933, 1947), Topa
(1939), Todor (1947, 1948), and later by Csiirds-
Kaéptalan (1965), Cstirds-Kaptalan and Péterfi (1966),
Pop and Hodisan (1980), and Pop et al. (1983, 2002).
The most frequently mentioned halophytic plant com-
munities are the class Therosalicornietea, order
Camphorosmo-Salicornietalia and the class Festuco-
Puccinellietea, orders Scorzonero-Juncetalia gerardi
and Puccinellietalia. So far, no comprehensive work
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has been published dealing with these communities in
the area in question. To fill this gap, the classification of
plant communities needs to be re-analysed, the nomen-
clature of the syntaxa needs to be corrected, and degra-
dation stages of the recent sites should be described.

In our study we analyse phytosociological data re-
corded in Cluj County, the region with the highest
concentration of inland salt habitats in the Transylva-
nian Basin. Our aim was to perform a comprehensive
syntaxonomical vegetation survey of the strictly halo-
phytic vegetation which includes: (i) characterization of
the ecological preferences of the vegetation types based
on indicator values, (ii) broad syntaxonomical discus-
sion of the results using historical and other relevant
literature, and (iii) documentation of the recent stage of
all known sites in the area with regard to the pressure of
tourism in relation to nature conservation concerns.

Methods
Study Area

The most frequent occurrence of inland saline vegeta-
tion is situated in Cluj County (Judetul Cluj) in the
Transylvanian Basin (Bazinul Transilvaniei), in north-
central Romania (Fig. 1). They are concentrated in the
wider vicinity of the towns of Cluj-Napoca and Turda,
in the catchment area of the rivers Somesul Mic and
Mures, at elevations of 250-380 m a.s.l. The climate is
temperate continental, with warm summers contrasted
by very cold winters. The area sees annual precipitation
of 520-650 mm with a peak (June, July, August), and
has a mean annual temperature of 8.4-9.7°C (Kun et al.
2004). It is a deforested landscape called as Transylva-
nian Plain (in Rom. Campia Transilvaniei, in Hung.
Mezdség), where among the salt vegetation within the
vast agricultural lands very diverse semi-natural dry
grasslands have been preserved (Ruprecht 2005).

Important salt areas of Transylvania outside of Cluj
County were not investigated: they are either heavily
degraded (e.g. Ocna Mures and Ocna Sibiului) or they
are geographical outliers (e.g. salt springs in Harghita
County). Sixteen sites with common geology and land
history were visited.

Inland saline environments, including salt ponds and
salt marshes, are characteristic features of the Transyl-
vanian Basin landscape. They are evolutionarily associ-
ated with massive Middle Miocene evaporite (halite and
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Fig. 1 Map of the study area
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gypsum) deposits originally up to 300 m thick (Krézsek and
Bally 2006). Evaporite successions were covered by post-
salt sediments (up to 2,000 m thick in the northeastern part
of the basin), most of which were eroded due to Pliocene
regional uplift. The present distribution and thickness of salt
layers is controlled mainly by Mio-Pliocene salt tectonics
(Krézsek and Filipescu 2005; Krézsek and Bally 2006). The
salt outcrops follow roughly north-south oriented linear
structures that include salt-cored anticlines in the basin
centre and two diapiric alignments near the eastern and
western parts of the present Transylvanian Basin depression.
Due to vertical migration of plastic salt, numerous salt
diapirs and extrusions reached the surface. The appearance
of salt led to mining and/or evolution of surface pseudokarst,
resulting in numerous artificial (anthroposaline) or natural
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(karstosaline) lakes (Alexe et al. 2018). All saline lakes
presently found in the Transylvanian Basin (Sovata, Ocna
Sibiului, Ocna Mures, Turda, Cojocna, Sic, Ocna Dej,
Jabenita) were formed by salt dissolution of underground
halite deposits (Har et al. 2010).

The massive salt accumulation was promoted by salt
mining, beginning in the Middle Ages (Jakab et al.
2019), the most important salt mines were in Sic and
Turda. Near the salt efflorescences, old mines and salt
lakes, the underground water can easily come into con-
tact with soluble salt deposits and emerge as salt springs.
The surface erosion created wide flat meadows accom-
panied by salt springs and sapropelic mud plateaus, both
inhabited by highly specialized halophytic vegetation
(Podar et al. 2019).
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Vegetation Data Sampling

Phytosociological relevés of vascular plants were sam-
pled between 2015 and 2018 on sixteen sites with
euhalophytic vegetation of the classes
Therosalicornietea and Festuco-Puccinellietea. The
plot selection was subjective, on the investigated sites
we recorded each vegetation type which were easily
recognized by their different physiognomy along the
salt-affected habitat. Contact vegetation zones only mar-
ginally affected by salinization and a fluctuating water
regime (e.g. dry grasslands on foothills, aquatic com-
munities in salt ponds) were not sampled. The recording
followed the Ziirich-Montpellier approach using the
adapted nine-point Braun-Blanquet cover-abundance
scale (Barkmann et al. 1964). All of the relevés were
plotted on a unified area (4 x 4 m), which is the standard
plot size of recording non-forest vegetation (Chytry and
Otypkova 2003). We surveyed 109 relevés, the com-
plete table is in Electronic supplementary material 4.

Plant nomenclature follows Euro+Med (2018), and
the names of syntaxa up to alliance level are according
to Mucina et al. (2016). Association names were used
according to Sanda et al. (2008). If the syntaxon is not
published there, we include it with the authors' abbrevi-
ations and the year of description.

Data Processing

The dataset of 109 phytosociological relevés were
stored in a TURBOVEG database (Hennekens and
Schaminée 2001) and exported for classification in the
JUICE program (Tichy 2002). As a first step, we distin-
guished the alliances and the associations using hierar-
chical clustering (log-transformed percentage abun-
dances, correlation distance measure and Ward’s group
linkage method) in PC-ORD 5.0 software (McCune and
Mefford 2006). Coherence of clusters was checked
using non-metric multidimensional scaling (NMDS;
log-transformed percentage abundances, Bray-Curtis
dissimilarity measure) with the ‘Spiderplot’ visualiza-
tion function from the R package “Vegan’ (Oksanen
et al. 2013), and their cluster were evaluated analysing
diagnostic (Dg), constant (Cs) and dominant (Dm) spe-
cies in JUICE. As a fidelity measure, the phi coefficient
was calculated; the size of all relevé groups was stan-
dardized to equal size. Species were excluded when the
occurrence concentration in the target clusters was not
significant in Fisher’s exact test at P < 0.01 (Chytry et al.
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2002). Diagnostic species in the combined synoptic
table were based on two criteria: (1) fidelity greater than
0.25 and (2) species frequency higher than 50%. Thresh-
old frequency value for constant species was 50 and
threshold value of cover for dominant species was 20
with frequency greater than 30%.

The indicator values for moisture, nutrients, soil
reaction and salt concentration of the soil are based on
Borhidi (1995) and were displayed by boxplots. The
indicator values were weighted by species cover. Nor-
mality was graphically checked by normal probability
plots with correlation coefficients equal or more than
095 for all four indicators. Statistically significant
differences among groups displayed in boxplots
were tested using ANOVA and Tukey’s HSD for
unequal N test (alpha = 0.05) in STATISTICA 7
software (StatSoft 2004).

The map of the study area was created using the
program QGIS, version 3.2 (QGIS Development Team
2018) with the QuickMapServices plugin and a terrain
background layer from Stamen Design with data by
OpenStreetMap.

Results

During the sampling of the euhalophytic vegetation in
the Transylvanian Basin, we recorded a total of 59
species of vascular plants on sixteen different sites with-
in Cluj County. About twenty of them formed the main
vegetation composition, while 27 species were recorded
only sporadically with little cover range (Electronic
supplementary material 4). In spite of low species rich-
ness, the plant communities were well distinguished by
their various species composition and edaphic condi-
tions driven by the micro-elevation of the terrain, typical
for halophytic habitats (e.g. Deak et al. 2014). The most
pronounced variables were salt content and moisture.
Analysis of phytocoenological relevés detected three
main groups (Fig. 2) with eight clearly distinguished
clusters (Fig. 3, Table 1, Electronic supplementary ma-
terial 2). The main axis (X) represents the salt content
decreasing to the right, while axis Y reflects decreasing
moisture moving upwards. Analysed indicator values
(preferences for soil salinity, soil reaction, moisture
and nutrients, Fig. 4a—d) of plant communities fit the
description of syntaxonomical groups in the literature
and were in accordance with our field observations.
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NMDS2

NMDS1

Fig. 2 Relationship between the distinguished alliances in ordi-
nation space of NMDS with “Spiderplot” visualisation. Numerals
denote centroids of clusters formed by relevés classified to the
same alliance. Group 1 — Juncion gerardi, group 2 — Festucion
pseudovinae, group 3 — Puccinellion limosae and Salicornion
prostratae. Stress value 0.142. Relationship between the distin-
guished alliances in ordination space of NMDS with “Spiderplot”
visualisation. Numerals denote centroids of clusters formed by
relevés classified to the same alliance. Group 1 — Juncion gerardi,
group 2 — Festucion pseudovinae, group 3 — Puccinellion limosae
and Salicornion prostratae. Stress value 0.142

Description and Allocation of the Syntaxonomic Units,
Ecological Preferences

Group 1

Class Festuco-Puccinellietea, order Scorzonero-
Juncetalia gerardi, alliance Juncion gerardi (Fig. 2)

Here belong salt marshes and salt meadows oc-
cupying the zone of moderately salinized soils and
lower moisture (Fig. 4a—c) that form the outer belt
of the salt-affected area. The hemicryptophytic veg-
etation of the Scorzonero-Juncetalia order occurs in
contiguous zones or in scattered islands depending
on the micro-elevation of the terrain. They had the
highest number of vascular species among the stud-
ied vegetation types (average 7, maximum 15). Two
clusters were identified here (No. 1 and 2; Fig. 3,
Table 1).

Cluster 1: association Scorzonero parviflorae-
Juncetum gerardii (Wenzl 1933) Wendelberger 1943,
incl. Astero tripolio-Triglochinetum maritimi So6 1937,
Topa 1939. (relevés No. 1-26 in Electronic supplemen-
tary material 4)

NMDS2

-1
Il
N

-2

NMDS1

Fig. 3 Relationship between the distinguished associations in
ordination space of NMDS with “Spiderplot” visualisation. Nu-
merals denote centroids of clusters formed by relevés classified to
the same association. Cluster 1 — Scorzonero parviflorae-Juncetum
gerardi and Astero tripolio-Triglochinetum maritimi, cluster 2 —
Plantagineto cornuti-Agrostetum stoloniferae, cluster 3 —
Artemisio-Festucetum pseudovinae, cluster 4 — Artemisio-
Petrosimonietum triandrae, cluster 5 — Limonio gmelinii-
Artemisietum monogynae, cluster 6 — Puccinellietum limosae,
cluster 7 — Suaedetum maritimae, cluster 8 — Salicornietum
prostratae. Stress value 0.142.Fig. 3. Relationship between the
distinguished associations in ordination space of NMDS with
“Spiderplot” visualisation. Numerals denote centroids of clusters
formed by relevés classified to the same association. Cluster 1 —
Scorzonero parviflorae-Juncetum gerardi and Astero tripolio-
Triglochinetum maritimi, cluster 2 — Plantagineto cornuti-
Agrostetum stoloniferae, cluster 3 — Artemisio-Festucetum
pseudovinae, cluster 4 — Artemisio-Petrosimonietum triandrae,
cluster 5 — Limonio gmelinii-Artemisietum monogynae, cluster 6
— Puccinellietum limosae, cluster 7 — Suaedetum maritimae, clus-
ter 8 — Salicornietum prostratae. Stress value 0.142

Dg, Cs and Dm species: Tripolium pannonicum,
Scorzonera parviflora, Triglochin maritima

Dg and Cs species: Agrostis stolonifera,
Bolboschoenus maritimus agg., Juncus geradi

Vegetation of moderately saline soils (Fig. 3) and
the lowest nutrient content (Fig. 4d). In addition to
the frequent occurrence of Cluster 1 in the periph-
eral zone, the community was recorded also in wet
depressions saturated with mineral waters through-
out the salt-affected area. Except typical stands of
Scorzonero parviflorae-Juncetum gerardii (relevés
10-16 in Table 1), we identified vegetation with a
strong dominance of Triglochin maritima (relevés
1-9) which can be regarded as association Astero
tripolio-Triglochinetum maritimi. Relevés with high
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Fig. 4 Differences in selected Borhidi indicator values between
the eight distinguished associations (clusters) for salt concentration
of the soils (a), soil reaction (b), moisture (c) and nutrients (d).
Boxplots show median (red squares), interquartile range (boxes),
non-outlier range (whiskers), outliers (empty circles) and extreme
values (plus). Statistical significance by ANOVA.The upper letters
(a, b, c, d, e) indicate homogeneous groups according to Tukey's
post-hoc test (o = 0.05).Differences in selected Borhidi indicator

cover of Bolboschoenus maritimus agg. (No. 17-21)
were also assigned to Cluster 1.

Cluster 2: association Plantagineto cornuti-
Agrostetum stoloniferae So6 et Cslirds 1947, 1973.
(relevés No. 22-32 in Electronic supplementary materi-
al 4).

Dg, Cs and Dm species: Juncus geradi, Plantago
cornuti

Dg and Cs species: Lotus tenuis

Cs species: Tripolium pannonicum, Triglochin
maritima, Puccinellia distans agg.

Relevés with similar species composition and mois-
ture preferences as Cluster 1 belong here, with signifi-
cant dominance of Plantago cornuti. The stands oc-
curred in narrow strips on the outer belt of the salt-
affected area, crossing into mesic meadow communi-
ties. It had the lowest preferences for salt content and

values between the eight distinguished associations (clusters) for
salt concentration of the soils (a), soil reaction (b), moisture (c) and
nutrients (d). Boxplots show median (red squares), interquartile
range (boxes), non-outlier range (whiskers), outliers (empty cir-
cles) and extreme values (plus). Statistical significance by
ANOVA.The upper letters (a, b, c, d, e) indicate homogeneous
groups according to Tukey's post-hoc test (o« = 0.05)

soil reaction (Fig. 4a, b). The dominance of Plantago
cornuti alternated in some cases with Juncus geradi
(relevés No. 28-32 in Table 1). A strong disturbance
was observed here, reflected by higher values of nutri-
ents caused by trampling and heavy grazing (Fig. 4d).
This type of vegetation occurred rarely, usually in small
areas; we recorded it in only three locations (Sic, Bont,
Turda, see Electronic supplementary material 1).

Group 2

Class Festuco-Puccinellietea, order Puccinellietalia, al-
liance Festucion pseudovinae (Fig. 2, Table 1). Three
clusters belong here (No. 3, 4, 5).

This group includes short-grass/herb vegetation on soils
with high salt content and lower moisture (Fig. 4a, c). It
formed the middle zone of salt habitats and occupied slightly
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inclined lands with significant desiccation of the surface in
the second half of the growing season.

Cluster 3: association Artemisio-Festucetum
pseudovinae (Magyar 1928) So6 (1933) 1945. (relevés
No. 33-43 in Electronic supplementary material 4).

Dg, Cs and Dm species: Artemisia santonicum,
Festuca valesiaca subsp. parviflora

Cs species: Limonium hungaricum, Puccinellia
distans agg.

This closed, relatively homogeneous short-herb veg-
etation brings to mind the Pannonic salt steppes of
Central-Eastern Europe in the large salt-affected areas
(e.g. localities Gadalin, Jucu de Mijloc). In most cases,
however, this vegetation is restricted to smaller areas
(several tens of m”) overtopping from the flat terrain. It
is also typically seen on the slopes of salt domes, where
it can blend into dry grasslands. In intensively grazed
localities Limonum gmelinii was highly represented.
Average species number was 6, which in the case of
salt vegetation is relatively high.

Cluster 4: association Artemisio-Petrosimonietum
triandrae So6 (1927) 1947. (relevés No. 44-51 in Elec-
tronic supplementary material 4).

Dg, Cs and Dm species: Artemisia santonicum,
Petrosimonia triandra

Vegetation with the highest preferences for soil sa-
linity (Fig. 4a) and lowest moisture (Fig. 4c) within
group 2. The initial sparse stands inhabited gentle slopes
or small hummocks rising above the level of the longer
inundated parts. It primarily occurred on smaller patches
and was typical also of secondary habitats: edges of field
roads, canal banks and other disturbed places. The open,
species-poor vegetation (average species number 4.5) is
characterized by the dominance of the annual
Petrosimonia triandra. In the case of heterogeneous
microrelief caused by the irregular soaking of the saline
groundwater, the salt-demanding taxon Salicornia
perennans penetrated into the gaps.

Cluster 5: association Limonio gmelinii-
Artemisietum monogynae Topa 1939. (relevés No. 52—
57 in Electronic supplementary material 4).

Dg, Cs and Dm species: Limonium hungaricum

Constant species: Puccinellia distans agg.

This vegetation occupied the bottoms of flat, inten-
sively grazed salt steppes. Compared to other associa-
tions of the Festucion pseudovinae alliance it also re-
quires saline soils, but differences in the water regime
are less extreme and the summer drying is less pro-
nounced as in the case of Artemisio-Petrosimonietum
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triandrae and Artemisio-Festucetum pseudovinae. It
was also confirmed by the indicator value analysis as
having the highest demands on moisture within group 2
(Fig. 4d). It forms a transition to the Puccinellion
limosae alliance (cluster 6 in group 3, see below), which
is revealed by the position of the cluster in the ordination
space (Fig. 3). We consider this vegetation to be an
initial variant of Limonio gmelinii-Artemisietum
monogynae. Average species number was 4.5.

Group 3

Based on the position of clusters in the NMDS ordina-
tions (Figs. 2, 3), we allocated into this group two
alliances from two different classes: Puccinellion
limosae (class Festuco-Puccinellietea) and Salicornion
prostratae (class Therosalicornietea). These extremely
species-poor vegetation groups formed spatially closely
related patterns, as a mosaic of several different com-
munities (cluster 6, 7 and 8) in the centre of the salt-
affected area, usually in the close vicinity of emerging
salt springs in the mudflat zone.

Vegetation preferring high soil salinity, pH and
higher moisture with a moderately fluctuating water
regime (Fig. 4a—c) was assigned to class Festuco-
Puccinellietea, order: Puccinellietalia, alliance
Puccinellion limosae (Fig. 2, Table 1). Cluster 6 belongs
here.

Cluster 6: association Puccinellietum limosae
Rapaics ex So6 1933, 1936. (relevés No. 58-76 in
Electronic supplementary material 4).

Dg, Cs and Dm species: Tripolium pannonicum

Cs and Dm species: Puccinellia distans agg.

Cs species: Salicornia perennans

These rather hemicryptophytic stands usually formed
the zone near the salt springs, under a strong influence of
fluctuating saline groundwater. They preferred desiccat-
ing places and lower moisture (Fig. 4d), and had the
lowest soil salinity and pH preferences among group 3
(Fig. 4a, b). The species-poor stands are represented by
the three above-mentioned Dg, Cs and Dm species
(Electronic supplementary material 4, relevés No. 58—
69). Species richness was low (average: 4). Rarely, in
drier and less saline habitats with lower nutrient content,
Tripolium pannonicum was co-dominant, and
Salicornia perennans was absent (Electronic supple-
mentary material 4, relevés No. 70-76). Stands of Clus-
ter 6 were identified with the association Puccinellietum
limosae, however, they formed a transitional vegetation
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to the therophytic alliance Salicornion prostratae. Veg-
etation of cluster 6 in our study was therefore allocated
to group 3.

Vegetation preferring the highest soil salinity, pH
and nutrients (Fig. 4a—d) within the entire vegetation
under study was assigned to the class
Therosalicornietea, order Camphorosmo-
Salicornietalia, Salicornion prostratae (Fig. 2,
Table 1). Its characteristic species greatly differ in both
life form (annual succulents) and the physiognomy of
the stands. Clusters 7 and 8 belong here; their habitat
preferences largely overlap (Fig. 3).

Cluster 7: association Suaedetum maritimae (So06
1927, 1957) Wendelberger 1943. (relevés No. 77-86 in
Electronic supplementary material 4).

Dg, Cs and Dm species: Suaeda prostrata

Dg and Cs species: Atriplex littoralis, Salicornia
perennans

Cs and Dm species: Puccinellia distans agg.

In these stands, Suaeda prostrata, Puccinellia distans
agg. and Salicornia perennans occurred with similar
frequency, while Azriplex littoralis had a lower cover.
Cluster 7 had high preferences for salt content in the
soil, pH and moisture (Fig. 4a—c). We found this vege-
tation near the emerging saline groundwater as a transi-
tion zone into the stands of Salicornietum prostratae,
and on disturbed soils (trampled or excavated) of the
salt-affected area. The average species number was 5.

Cluster 8: association Salicornietum prostratae So6
1964. (relevés No. 87-109 in Electronic supplementary
material 4).

Dg and Dm species: Salicornia perennans

Cs species: Puccinellia distans agg.

Mono-dominant initial vegetation occupied the most
extreme habitats in the immediate vicinity of salt
springs. Crusts of salt crystals were typical. It had the
narrowest ecological amplitude within the studied veg-
etation, with the highest demands on salinity, soil reac-
tion, moisture (stable water regime) and nutrient content
(Fig. 4a—d). The stands were formed by Salicornia
perennans, accompanied by Puccinellia distans agg.
(Electronic supplementary material 4, cluster 8, relevés
105-107). The vegetation was easily identified by the
reddish colour of Salicornia specimens, and was ob-
served in large areas of the lowest lying places of the
larger salt-affected localities (e.g. Gadalin, Sic, Turda,
Bont), or was scattered in areas where salt springs
discharge. The average species number was 2.

Discussion
Inland Salt Marshes

All associations within the Juncion gerardi alliance in
the study area are very similar in terms of species
composition and habitat requirements. They differ
mainly in dominants, which also determine their
physiognomy.

Cluster 1

Several associations of Juncion geradi have been pub-
lished from the Transylvanian Basin. The first, the com-
munity Triglochinetum maritimae, was reported by So6
(1927) from Someseni and Apahida. Later, So6 (1947)
used the name Astereto-Triglochinetum and identified it
with Scorzonero parviflorae-Juncetum gerardi, de-
scribed by Wendelberger (1943) from Lake Neusiedl
in the Pannonian Lowland. Cs{iros (1947) documented
the vegetation Triglochin maritima — Aster tripolium
with one phytosociological relevé. The following stud-
ies reported Scorzonero parviflorae-Juncetum gerardi
under the synonym Juncetum geradi Wendelbg. 1950:
from Cojocna, Pop and Hodisan (1980), from Ocna De;j,
Pop et al. (1983), with the most up-to-date contribution
being from Sic and Cojocna (Dité et al. 2015a). The
association is relatively widespread in the study area and
its species composition does not differ from the stands in
other parts of Central Europe (e.g. Saxony Anhalt
in Germany) and the Pannonian Lowland. All re-
corded stands of Scorzonero parviflorae-Juncetum
gerardi are regarded as the variant Tripolium
pannonicum (see Dité et al. l.c.).

Topa (1939) considered the stands with Triglochin
maritima and Aster tripolium to be a special case and
extended its area to NE Romania and the Black Sea
coast. He used the name Astero tripolio-Triglochinetum
maritimi and included it in the coastal alliance Juncion
maritimae as did Doltu et al. (1977). Later, Pop et al.
(2002) included the association under the older name
Triglochino maritimae-Asteretum pannonici (So6 1927)
Topa 1939 in the alliance Juncion geradi. They mention
several sites of the community in the Transylvanian
Basin (Someseni, Apahida, Bontida, Cojocna, Salina
Turda, Valea Florilor). Finally, in the newest national
vegetation survey (Sanda et al. 2008) it was published as
Astero tripolio-Triglochinetum maritimi So6 1937,
Topa 1939 in the alliance Juncion gerardi. The
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association described from the Transylvanian Basin
with a very similar species composition to Scorzonero
parviflorae-Juncetum gerardii is known only from the
territory of Romania, and has not been noticed in the
Pannonian Lowland (e.g. Vicherek 1973; Mucina 1993;
Sumberova et al. 2007; Borhidi et al. 2012; Meleckova
et al. 2014; Dité et al. 2015a). We propose not to
distinguish these two communities (Astero tripolio-
Triglochinetum maritime and Triglochino maritimae-
Asteretum pannonici), as their ecological and floristical
differences are negligible.

Cluster 2

Similarly, the wet saline meadow association
Plantagineto cornuti-Agrostetum stoloniferae is reported
only from Romania. It was first noted from Apahida,
Someseni, Sic and Coasta by So6 (1947), as a
subassociation of the Triglochinetum maritimae-
Asteretum tripolii. Pop et al. (2002) and Sanda et al.
(2008) regard it as a discrete association named
Plantagineto cornuti-Agrostetum stoloniferae. The spe-
cies composition is identical to the above described asso-
ciations of the Juncion gerardi alliance, the single differ-
ence being the strong dominance of Plantago cornuti.
Regarding abiotic conditions, the vegetation is not under
the direct influence of the core saline area (Badarau 2005
sec. in Diodiu 2010), similarly to Scorzonero parviflorae-
Juncetum gerardii. Plantagineto cornuti-Agrostetum
stoloniferae preferred a little lower salinity concentrations
according to the indicator value analyses (Fig. 4a). The
species composition found is similar to the one found by
So6 (1947). Analogous vegetation described by Golub
et al. 2003 (Plantagini cornuti-Juncetum gerardii) occurs
in wet solonchak soils of river floodplains of the forest-
steppes of Eastern Ukraine. This clearly shows the con-
tinuity of these salt meadows. The sites of Transylvania
are the westernmost occurrence of the association in
Eurasia.

Inland Salt Steppes (Clusters 3, 4, 5)

Regarding the alliance Festucion pseudovinae in the
Transylvanian Basin, Sanda et al. (2008) include four
associations: 1. Achilleo-Festucetum pseudovinae
(Magyar 1928) So6 (1933) 1945, 2. Artemisio-
Festucetum pseudovinae, 3. Artemisio-Petrosimonietum
triandrae and 4. Limonio gmelinii-Artemisietum
monogynae. The first two are widespread and well
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documented from all over Pannonia (Vicherek 1973;
Mucina 1993; Sumberova et al. 2007; Borhidi et al.
2012; Dit¢ et al. 2014), while information about the
latter two is scarce.

Artemisio-Petrosimonietum triandrae, described
from the Transylvanian Basin, is of a great phytogeo-
graphical interest in the study area. Petrosimonia
triandra, the co-dominant taxon of the community, is
a continental species with core occurrence in the steppe
and forest steppe zones of Central Asia. To the west it
extends through Ukraine and Moldova to Romania with
an isolated location in Eastern Hungary (Jalas and
Suominen 1980). The association is mentioned only in
the Romanian literature, where it has been recorded in
the Wallachian Plain (e.g. Mititelu et al. 1969). In
Ukraine, the association Puccinellio distantis-
Petrosimonietum triandrae (alliance Puccinellion
limosae) has recently been described from the NW coast
of the Black Sea near Odessa (Dubyna et al. 2017).

The association Limonio gmelinii-Artemisietum
monogynae was also described in Romania under the
name Staticeto-Artemisietum monogynae Topa 1939
and was assigned to the alliance Puccinellio-Staticion
gmelinii (note: no other authors used this syntaxon
name; it is usually regarded as Puccinellion limosae).
The association constitutes the boundary between the
alliances Festucion pseudovinae and Puccinellion
limosae. Sanda et al. (2008) assigned the community
to Festucion pseudovinae, which we confirmed in our
analyses. Borhidi et al. (2012) allocated it into the
Puccinellion limosae. He considers the association to
be a continental community typical of the Transylvanian
Basin, extending only marginally to the southeastern
part of Pannonia. This community has been erroneously
reported from northern Pannonia and from Slovakia
(Vicherek 1973), which represents the northernmost
occurrence of its main species Limonium hungaricum.
Those stands are, however, the typical association of
Artemisio-Festucetum pseudovinae (Dit¢ et al. 2014).
Limonio gmelinii-Artemisietum monogynae can be
regarded as secondary vegetation indicating disturbance
(overgrazing).

The salt steppe vegetation occupied a rather small area
in each surveyed locality. The most widespread stands
were Artemisio-Festucetum pseudovinae. In the vegeta-
tion of the intensively grazed or drained sites (e.g. Juc de
Mijloc), Elytrigia repens had high abundance. Together
with Poa pratensis agg. They indicated vegetation
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degradation, as its central distribution was reported to be
in the Pannonian Lowland (Dit¢€ et al. 2013; 2021).

Mudflat Vegetation of the Most Salinized Soils
(Clusters 6, 7, 8)

The association Puccinellietum limosae was first men-
tioned by Cslirds (1947) and was subsequently recorded
in each study concerning the Transylvania Basin. Re-
garding the wider range of its habitat preferences (par-
ticularly with respect to moisture) the species composi-
tion is various; Sanda et al. (2008) distinguishes seven
subassociations. The special feature of stands in the
Transylvanian Basin is the high abundance of
Salicornia perennans. This species in the neighbouring
Pannonian Lowland is rare, growing mainly on the
exposed bottoms of salt lakes (Dit¢ et al. 2017).

From the Black Sea coast, Popescu et al. (1987)
recorded vegetation with a broad variety of abundance
of Salicornia europaea. In addition, Puccinellia limosa,
Tripolim pannonicum and Spergularia media were con-
stantly present with several cover ranges, as seen in the
Transylvanian salt marshes. The stands are distin-
guished by the coastal species Suaeda maritima,
Aeluropus littoralis, Frankenia hirsuta and Halimione
pedunculata and are recognized as association
Puccinellio-Salicornietum of the class
Therosalicornietea.

The annual succulent vegetation with euhalophytic
species (Cluster 7) in the Transylvanian Basin is em-
phasized by Csiirds (1947). Pop and Hodisan (1980)
noted both associations from Cojocna, and Pop et al.
(1983) recorded them from Sic and Ocna De;j.

Pop et al. (2002) provided numerous data on the
associations Salicornietum prostratae and Suaedetum
maritimae from the localities Someseni, Cojocna, Valea
Florilor, Baile Sarate Turda, Ocna Dej and Sic. Both
associations are identical in species composition (see p.
161, Table 35 in Pop et al. 2002), the only difference
being the proportion of Salicornia europea and Suaeda
maritima. In contrast to the published material, we did
not record stands with a dominance of S. prostrata,
although it figured as a characteristic species with up
to 40% cover (see Electronic supplementary material 4).
This corresponds to our findings in the Pannonian Low-
land, where S. prostrata (unlike Suaeda pannonica)
does not form dominant stands but constitutes a charac-
teristic species in the association Puccinellion limosae
(Dité et al. 2015b; 2017). In this study we use the

syntaxon name Suaedetum maritimae, under which the
association was published in the Romanian vegetation
survey of Sanda et al. (2008), despite the fact that
Suaeda maritima does not occur in Transylvania. Since
the name of Suaeda prostrata was not properly used and
it was often named as S. maritima in the older literature
(e.g. So06 1927), the confusion was transferred into the
syntaxonomy. We propose Suaedetum prostratae as the
name for the vegetation with S. prostrata in the Tran-
sylvanian Basin. The name Suaedetum prostratae J. M.
Gehu 1975 was published by Hobohm and Pott (1992)
for stands of S. prostrata from the Wadden Sea in N
Germany. Using the name Spergulario marginatae-
Suaedetum prostratae Vicherek in Moravec et al. 1995
is also appropriate; however, this community, described
from the westernmost part of Pannonia (South
Moravia in the Czech republic), has become ex-
tinct due to destruction of localities in the 1960s
(Sumberova et al. 2007).

In contrast to our records, several published relevés
of the mentioned studies had a significant dominance of
Salicornia perennans and are more species-rich. This
may be related to the size of the relevés, as in the past
they often comprised areas of 100 to 200 m”. Borhidi
et al. (2012) pointed out the peculiarity of salt marshes
in the Transylvanian Basin through their extremely low
species number (23 species) in the Salicornia stands.
Similar vegetation was observed in the Harghita County
east of our study area (Praid and Baile Chirului; Dité Z.
and Dité D. 2015, ined.). Outside Romania, analogous
vegetation and origin occurs in central eastern Germany,
where saline vegetation develops secondarily on mining
heaps (Garve and Garve 2000), or in the Polish region of
Kujawy around soda factories (Piernik 2005).

Although Salicornia perennans is able to grow in
several salt habitats (Puccinellietum, etc.), its association
Salicornietum prostratae has a very narrow ecological
amplitude (see Fig. 4). Its demand for high salt content
and a fluctuating water regime is limited due to the recent
exploitation of existing sites by human activities.

Baile Someseni — a Unique Salt Marsh Site Differing
from the Others

As part of the sampling of the salt habitats in the
study area, we would like to especially highlight the
locality of Baile Someseni near the city of Cluj. The
site is known for its characteristic fen vegetation on
mineral salt waters with high salt content and it is
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one of the few existing localities in the Transylvania
Basin of two brackish habitat specialists, Glaux
maritima and Cladium mariscus. Since the origin
and the stage of the vegetation differ from the other
studied localities, we did not include data from this
site in our analyses. We document the recent stage
of the vegetation with the occurrence of the two
mentioned species by the following relevé, record-
ed on the most preserved part of the area:

Cluj, Baile Someseni, the edge of saline, low-herb
vegetation near the trampled path surrounded by stands
of Phragmites australis, 46°46'44.3" N, 23°39'13.2" E,
16 m?, 21 July 2018

E: Glaux maritima 3, Agrostis stolonifera 2a,
Phragmites australis 2a, Plantago maritima 2a, Carex
distans 1, Cladium mariscus 1, Eleocharis uniglumis 1,
Scorzonera parviflora 1, Sonchus palustris 1,
Triglochin maritima 1, Mentha arvenis +, Odontites
vulgaris +, Schoenoplectus tabernaemontani +.

Recently, the whole site has suffered from sig-
nificant degradation. More than 90% of the area
was occupied by Phragmites australis and there is
a massive expansion of shrubs. The remnants of
the low herb vegetation are preserved on the edges
of reed beds and were regarded as the Juncion
gerardi alliance, in particular the Scorzonero
parviflorae-Juncetum gerardii association. We
have found one micro-site with vital populations
of Glaux maritima. There are no management ac-
tivities on the locality, therefore, the long-term
persistence of the species is threatened by the
secondary succession.

Current Conservation Status of Inland Salt Marshes
and Salt Steppes of Transylvania

Inland halophytic vegetation of salt springs be-
longs to the group of highly threatened habitats
throughout Europe with a high number of endan-
gered plant and animal species (CORINE 1991).
They are classified on the European Red List of
habitats (Janssen et al. 2016), and in the newest
European Nature Information System (EUNIS) as
E6.3 Temperate inland salt marsh (Chytry et al.
2020). They are also listed as Annex 1 habitats
within the Natura 2000 network (https://eunis.eea.
europa.cu/habitats/10029).
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The unique physico-chemical composition of salt
waters and the curative effects of organic-rich sedi-
ments are the most relevant features of Transylva-
nian salt areas that led to early economic exploita-
tion and scientific interest (Alexe et al. 2018). Their
hypersaline and heliothermal water alongside
sapropelic muds have been exploited since the six-
teenth century for therapeutic purposes. Increasing
tourism promotes the development of the local econ-
omy (e.g. in the city of Turda, partially in Cojocna),
but the high vulnerability of salt lakes due to their
closed basins fed only by precipitation is particular-
ly prone to negative alteration and fragmentation of
existing sites (e.g. large influx of swimmers, modi-
fications of the catchments). The recently built vast
parking areas decreased the area of salt vegetation;
this and the capture of springs for water extraction,
and increasing waste and euthrophication are serious
threats. The sites Bunesti (near Gherla) or Apahida
(near Cluj) are threatened by infrastructure develop-
ment, such as road construction and rubbish dump-
ing (see the photographical documentation of the
different landscapes and disturbance regimes in
Electronic supplementary material 3). Each site has
a disturbed water regime, and drainage ditches are
being built continuously. Although many localities
were declared to be special protected areas, the
destruction leads to irreversible negative processes.
Controlled grazing is an appropriate management
measure for preserving the habitat in good condi-
tion, but its intensification leads to high degradation
(e.g. on the localities Turda and Pata).

Supplementary Information The online version contains sup-
plementary material available at https:/doi.org/10.1007/s12224-
021-09396-6.
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