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A new allotetraploid species in the Stellaria media group, S. ruderalis M. Lepsi, P. Lepsi, Z. Kaplan &
P. Koutecky, which is possibly of hybridogenous origin between S. pallida and S. neglecta, is distin-
guished and described based on a biosystematic revision of the S. media group. A suite of bio-
systematic techniques, including molecular (internal transcribed spacer sequencing), karyological
(chromosome counting, flow cytometry), multivariate morphometrics and phenological observations,
was used to assess the variation in this species group and determine the taxonomic status of the spe-
cies. All the methods employed produced similar results and supported the delimitation of four spe-
cies within the Stellaria media group in central Europe: Stellaria ruderalis (2n = 4x = 44), S. pallida
(2n = 2x = 22), S. neglecta (2n = 2x = 22) and S. media s. str. (2n = 4x = 40). Stellaria ruderalis is
a winter annual growing mainly in disturbed ruderal open or semi-open communities. This species’
broad ecological amplitude allows it to commonly co-occur with its three related species. It is proba-
bly a widespread species in southern and central Europe. It is currently spreading in the northern part
of central Europe. Photographs of the type specimen and individuals of the new species in situ are pre-
sented. Scanning electron micrographs of seeds, microphotographs of seeds and mitotic chromosome
spreads and a key for the identification of all four species are provided.

Keywords: Caryophyllaceae, flow cytometry, internal transcribed spacer (ITS) sequencing,
karyology, multivariate morphometrics, Stellaria media agg., taxonomy

Introduction

The Stellaria media group comprises three currently recognized species: S. media (L.)
Vill., S. pallida (Dumort.) Crép. and S. neglecta Weihe, which are native to Eurasia and
North Africa; their distribution centre is in southern and central Europe (Chater & Hey-
wood 1964, Scholte 1978, Chen & Rabeler 2001, Morton 2005, Marhold 2011), but they
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have been introduced elsewhere (van Kleunen et al. 2019). The group is distinguished by
the following set of characters: upper leaves sessile, lower leaves distinctly petiolate,
leaves and bracts ovate or elliptical with round bases, stems terete, usually with a single
line of hairs along each internode, rarely with two lines or glabrous, or in S. neglecta
subsp. cupaniana (Jord. et Fourr.) Nyman, hairy all around, bracts herbaceous, flowers in
dichasia, petals small or absent, at most one third longer than sepals, bifid almost to the
base, and by a base chromosome number of x = 11 (except for dysploid S. media, see
below). Within the genus Stellaria, this species group is assigned to subsection
Petiolares Fenzl of the section Eustellaria Fenzl (Peterson 1936, Miller & West 2012) or
to the subgenus Alsine (L.) Tzvelev (Belkin 2011). Some authors even place the S. media
group in the separate genus Alsine L. (Love & Love 1975); however, a molecular phylog-
eny does not support this classification (Greenberg & Donoghue 2011).

The most widespread taxon in this group is the tetraploid S. media, which is consid-
ered native to Europe but has a worldwide secondary distribution. It is generally absent
only from the most arctic regions and very dry areas, but in the tropics it is common only
at high altitudes (Turkington et al. 1980). It is a noxious weed of crops and also a ruderal
characterized by early maturity and a wide ecological tolerance. Its very variable mor-
phology has led some authors to describe many taxa, which are, however, mainly based
on characters that are strongly influenced by the environment, are not retained in cultiva-
tion and show continuous variation (Scholte 1978, Turkington et al. 1980). This species
is characterized by flowers with petals as long as or shorter than the sepals, 3-5 (—10) sta-
mens and seed with rounded to flat tubercles on the dorsal surface (Chater & Heywood
1964, Whitehead & Sinha 1967, Scholte 1978, Turkington et al. 1980, Miller & West
2012). There are two cytotypes of S. media s. str. in Europe. The 2n =40 cytotype is wide-
spread whereas the 2n = 44 cytotype is confined to the southern part of the continent
(Scholte 1978). These two cytotypes differ somewhat in morphology; however, they are
not considered morphologically distinct because of the occurrence of intermediates.
Despite the fact that they often occur sympatrically, no spontaneous hybrids are reported
(Scholte 1978). Hybrids can be produced artificially, but they are less fertile (Peterson
1936). Some morphotypes of the 44-chromosome cytotype even have characters of
S. pallida and S. neglecta (Scholte 1978), which indicates that S. media deserves further
biosystematic attention.

The diploid (2n = 22) S. pallida is mainly a European taxon, with a distribution centre
in southern Europe, extending eastwards to Anatolia and central Asia. It occurs second-
arily in northern Europe, China, the Americas and Australia (Chen & Rabeler 2001,
Miller & West 2012). It grows in open or semi-open sandy places such as established
dunes or open pine forests. It is also a weed of cultivated plants and a ruderal (Whitehead
& Sinha 1967, Dvotakova 1990, Chen & Rabeler 2001). From the rest of the group it is
distinguished by 1-3 (—4) stamens, small, up to 1 mm long and light-brown seeds and
absent or minute petals (Chater & Heywood 1964, Whitehead & Sinha 1967, Scholte
1978, Miller & West 2012).

Stellaria neglecta (2n = 22) mainly inhabits riparian woods and scrubs, stream sides
and wood margins and other semi-shaded places (Whitehead & Sinha 1967, Scholte
1978, Dvorakova 1990). Its distribution extends from Europe to the Russian Far East and
as an alien it is currently spreading in North America (Jalas & Suominen 1983, Morton
2005, Belkin 2011). The diagnostic characters of this taxon are 8—10 (-11) stamens,
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petals usually equalling or exceeding sepals and long conical tubercles on seeds (Chater
& Heywood 1964, Whitehead & Sinha 1967, Scholte 1978). In addition to the wide-
spread diploid S. neglecta, there are also rare records of tetraploids (2n = 44) from Italy.
However the relationship of these two cytotypes is unclear (Peterson 1936, Scholte
1978). Further, S. neglecta subsp. cupaniana (diploid, 2n =22, Runemark in Kamari et al.
1996) is a Mediterranean taxon, which differs from the type subspecies in having hairy
stems and inflorescences (Chater & Heywood 1964, Scholte 1978, Marhold 2011).
Sometimes it is ranked as a subspecies of S. media and its classification requires further
taxonomic study (Scholte 1978).

All the aforesaid species are very variable and it is difficult to find any clear-cut mor-
phological distinction between them, though they can usually be distinguished when all
relevant characters are considered together (Whitehead & Sinha 1967). This and their
distinct cytology are the reasons why these taxa have usually been treated as separate spe-
cies, particularly recently (Chen & Rabeler 2001, Morton 2005, Belkin 2011, Marhold
2011, Miller & West 2012). Differences in their biology also support their separation:
S. pallida is an autogamous and sometimes cleistogamous summer annual or winter
annual, S. media is both an autogamous and occasionally cross-pollinated summer or
winter annual and S. neglecta is usually a cross-pollinated but self-compatible winter
annual or biennial (Peterson 1936, Dvordkova 1990, Morton 2005). Finally, there is no
evidence of gene flow between the species (Chater & Heywood 1964). However, Scholte
(1978) reports many intermediate forms between S. media and the tetraploid S. neglecta
in the Mediterranean area and concludes that these taxa are not distinct in this region and
seem to be in an active stage of evolution. This stands in contrast with the situation in
north-western Europe, where the taxa are clearly different (Scholte 1978).

In the Czech Republic, all three species are recognized (Dvordkova 1990, Danihelka
et al. 2012). Although S. media is ubiquitous in this country, the remaining taxa have
more limited distributions: S. neglecta is confined to hilly areas and lowlands in central
and north-western Bohemia and S. pallida occurs mainly in eastern and central Bohemia
and southern Moravia (Dvordkova 1990, Fajmon 2007). Stellaria pallida recently started
to spread into areas where it had never been recorded. A similar trend is reported for
S. neglecta in southern Bohemia (Boublik & Petiik 2013). However, these plants differ
morphologically from S. neglecta occurring in central Bohemia, which stimulated us to
study the S. media group in the Czech Republic. Here we present a biosystematic revision
of the S. media group and describe a new species, S. ruderalis.

Material and methods
Plant material and field work

Samples for morphometric and molecular analyses, flow cytometry, karyology, a garden
experiment and herbarium specimens were collected in May 2017. Flowers were stored
in 70% ethanol. Numbers of individuals sampled per species are summarized in Table 1
and details of the localities in Appendix 1. Herbarium specimens are deposited in the her-
barium of the South Bohemian Museum in Ceské Bud€jovice (CB; Thiers 2019).
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Table 1. — Number of individuals sampled per species in all of the biosystematic analyses and results of flow
cytometry analyses of all species in the Stellaria media group delimited in this study. Bellis perennis L. was
used as the internal standard and DAPI as the stain.

Taxon S. pallida S. neglecta S. media S. ruderalis
Number of individuals analysed 11 12 11 17
Average sample/standard ratio 0.303 0.369 0.624 0.648
Standard error of mean 0.001 0.001 0.001 0.001
Minimum of sample/standard ratio 0.297 0.363 0.619 0.639
Maximum of sample/standard ratio 0.308 0.376 0.627 0.660
Estimated DNA ploidy level 2n~2x 2n~2x 2n~4x 2n~4x

Flow cytometry

DAPI flow cytometry was used to assess the DNA ploidy levels of 51 individuals, follow-
ing the simplified two-step procedure of DoleZel et al. (2007). About 0.25 cm? of leaf tis-
sue of each individual was chopped together with an appropriate amount of the internal
standard (Bellis perennis leaf tissue; 2C = 3.38 pg, Schonswetter et al. 2007) using
a sharp razor blade in a Petri dish containing 0.4 ml of ice-cold Otto I buffer (0.1M cit-
ric acid, 0.5% Tween 20). The suspension was filtered through a 42-pm nylon mesh
and incubated for 5-10 min at room temperature. After this incubation, isolated nuclei
were stained with 0.8 ml of Otto II buffer (0.4 M Na,HPO,.12H,0) supplemented with
2-mercaptoethanol (2 ug/ml) and 4',6-diamidino-2-phenylindole (DAPI) (4 ug/ml). Sam-
ples were run through a Partec PA II flow cytometer (Partec GmbH, Miinster, Germany,
now Sysmex) equipped with a mercury arc lamp as the UV light excitation source. The
fluorescence intensity of 3000 particles was recorded. Fluorescence histograms were
evaluated using FloMax 2.6 software provided by the cytometer manufacturer. Individual
standard-to-sample ratios are given in Appendix 1.

Karyology

Chromosome counts were determined using root tips of germinating seedlings. Seeds
originated from individuals ID 87, 112 (S. media), ID 120, 132 (S. neglecta), ID 99, 105
(S. pallida), ID 81 (S. ruderalis). See Appendix 1 for details of the localities. Seedlings
were pretreated for four hours in p-dichlorobenzene and then fixed in freshly prepared
Carnoy’s fixative (ethanol : acetic acid 3 : 1) for 15 min at room temperature and stored
at —20°C until required.

For chromosome preparation a modified protocol of Mandékova & Lysak (2016) was
applied. The seedlings were washed in distilled water twice for 5 min, then in 1x citrate
buffer twice for 5 min and then the buffer was replaced with an enzymatic mixture (0.3%
pectolyase, 0.3% cellulase, 0.3% cytohelicase in citrate buffer). After 90 min digestion at
37 °C, the enzymatic mix was replaced with 1x citrate buffer and the temperature of the
material reduced to 4 °C for 15 min. Afterwards, each seedling was placed on a slide, the
meristematic part of root tip was separated and the rest of the seedling was discarded. The
meristem was tapped with a preparation needle until a suspension formed. Then, 20 pl of
60% acetic acid were added to the suspension, the slide was placed on a heating block at
50 °C and the suspension spread with a preparation needle for 30 s. Afterwards, 100 ul of
freshly prepared Carnoy’s fixative was added in order to fix the chromosomes, the liquid



Lepsietal.: Stellaria ruderalis, a new species from central Europe 395

Table 2. — Polymorphic positions in the alignment of ITS sequences of the Stellaria media group obtained by
direct sequencing. The sequence of sample ID 99 is used as a reference and identical nucleotides in other
sequences are displayed as dots. Sites with nucleotide polymorphisms are coded using IUPAC codes. GenBank
accession numbers for each sequence are provided.

Taxon, sample ID GenBank 8 X538
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was drained by tilting the slide and the dry slide was placed in a box kept at 4 °C. Lastly,
15 pl of Vectashield with DAPI were added as a staining solution and the preparation was
covered with a cover slip and fixed with nail polish. Chromosomes were observed under
a Nikon Eclipse E600 fluorescence microscope equipped with a Nikon DS-QilMc cam-
era and images were obtained using NIS-Elements AR software. For every chromosome
count, at least five sets of chromosomes at the metaphase stage of mitosis were observed.

Molecular analyses

To gain an insight into the differences between the individual taxa, we performed a pilot
study using the internal transcribed spacer (ITS) region of nuclear ribosomal DNA. Total
genomic DNA was extracted from silica-dried leaves of 49 individuals (see Table 2 and
Appendix 1 for locality details) following the CTAB-protocol (Doyle & Doyle 1987)
with minor modifications. The ITS region was amplified using the ITS-F forward primer
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(King et al. 2001) and the ITS4 reverse primer (White et al. 1990). Each PCR was run in
7.5 ul reactions containing 3.75 pl of Plain PP Master Mix (Top-Bio, Czech Republic),
0.45 pl of each primer (concentration 5 uM), 1.85 ul of H,O and 1 pl of the sample DNA.
The cycling program was: 94 °C for 5 min; 35 cycles of 94 °C for 30 s, 53 °C for 30 s and
72 °C for 1 min, with final elongation at 72 °C for 10 min. Successful amplifications were
purified with Escherichia coli Exonuclease I and FastAP (Thermosensitive Alkaline
Phosphatase; Fermentas, Germany) following the manufacturer’s instructions and
sequenced using the ITS4 primer by a commercial company (GATC Biotech, Germany).
Selected samples of all taxa were sequenced also from the opposite direction using the
ITS-F primer to confirm the polymorphisms, and consensus sequences were used. Raw
sequence data were inspected using Finch TV 1.4 software (Geospiza, USA); positions
showing multiple peaks (with the lower peak at least one-fourth of the height of the higher
peak) were coded using standard IUPAC ambiguity codes. The resulting sequences were
aligned manually using BioEdit 7.2.0 (Hall 1999). The sequence data are deposited in the
GenBank database; see Table 2 for accession numbers.

As most of the variable sites contained ambiguous bases and because an additive pat-
tern was visible in many samples, the sequence data were visualized as a network using
SplitsTree 4.14.8 software (Huson & Bryant 2006). We applied a Neighbour Net algo-
rithm based on uncorrected P distance; the handling of ambiguous states was set to aver-
age (however, we also tested the “match states” option, which resulted in a network with
a similar structure).

Morphometric analyses

Multivariate morphometric analyses were used to reveal species-specific characters of
the newly recognized species and how differs from those of the three related and co-
occurring taxa in the S. media group: S. media, S. neglecta and S. pallida. A set of 12
quantitative characters was chosen based our observations, identification keys, floras and
taxonomic studies (e.g. Chater & Heywood 1964, Whitehead & Sinha 1967, Scholte
1978, Dvorakova 1990, Fischer 2008, Stace 2010). The characters are listed in Table 3.
Characters were measured using a ruler or a stereo microscope (total magnification range
6.3x-57x). Three measurements of each character per individual were recorded and their
arithmetic mean was used as the value for the given individual in all morphometric analy-
ses. Each individual consists of several stems, allowing multiple measurements of each
predefined character. Flowers and fruits were sampled at the beginning of the fruiting
period of each individual. Pearson correlation coefficients were calculated for pairs of
characters of each species and for the whole dataset. Principal component analysis (PCA)
was used to provide an insight into the overall pattern of morphological variation and
reveal potential separation of the species analysed. Prior to the PCA, the data were log-
transformed and standardized to zero mean and unit standard deviation. Linear discrimi-
nation analysis (LDA), which maximizes differences between a priori defined groups
(based on genome size data), was used to test the discriminating power of morphometric
characters, following the methodology described by Lep§ & Smilauer (2003). Forward
selection of characters using non-parametric Monte Carlo permutation tests (999 permu-
tations) was employed. The PCA and LDA were carried out using CANOCO 4.5 software
(Lep$ & Smilauer 2003). A cross-validated classificatory linear discriminant analysis
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based on probabilities using only characters selected by the previous analysis was per-
formed in R version 2.12.2 (R Development Core Team 201 1) using the “lda” function in
the MASS package (Venables & Ripley 2002). Univariate statistics (minimum, maxi-
mum, median, quartiles) of quantitative characters of all individuals were calculated and
used in the description of the species. They are summarized in Table 3 for all the species
studied.

Seed germination and life cycle

This experiment was carried out in Ceské Budé&jovice at L. B. Schneidera street 6
(48°57'42.6"N, 14°28'16.3"E, WGS84). Ten seeds from each of 51 individuals were
sown in flower pots on 12 June 2017 (seeds of one individual per pot). Sterile potting soil
composed of peat and bark compost was used. The pots were placed in sand to prevent
them from rapidly drying out. They were also protected from direct sunlight by shade net-
ting and against heavy rain by transparent plastic foil. The plants were regularly irrigated
during the experiment. Most of the seeds in a pot germinated within three days of the
emergence of the first seedling. The date of emergence of the first seedling was recorded
and used in the results presented below. Germination was monitored every day for 77
days; the plants were then cultivated until April 2018.

Results and discussion

Our field observations, detailed investigations of herbarium material, results of flow
cytometry, karyology, molecular analyses, morphometric analyses and observations on
phenology are congruent with each other and support the delimitation of four species
within the Stellaria media group in central Europe. Three of them correspond to
S. pallida, S. neglecta and S. media s. str., and the fourth is described below as a new spe-
cies under the name S. ruderalis.

Ploidy level

Flow cytometry yielded high-resolution histograms with coefficients of variation of both
the sample and the standard peak mostly below 2%. Four distinct groups with non-over-
lapping relative genome sizes were revealed, two putatively diploid and two putatively
tetraploid (Table 1). The detected ploidy levels of the three previously recognized species
correspond to the reported chromosome numbers (e.g. Chater & Heywood 1964).

Karyology

We confirmed the chromosome number of 2n = 22 for both of the diploid species
S. neglecta and S. pallida (Fig. 1 A, B). For both species these findings are the first records
from the Czech Republic and are congruent with most of the records of their karyology
from Europe (Rice et al. 2015). In tetraploids we found the relative genome size differed
for different chromosome numbers. We detected 40 chromosomes in Stellaria media
(2n = 4x = 40; Fig. 1C), which is in line with the only record from the Czech Republic
from southern Moravia (Mési¢ek & Jarolimova 1992) and with published counts from
many other countries all over the world (Scholte 1978 and references therein). Stellaria
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Fig. 1. — DAPI-stained mitotic chromosome spreads from roots of plants in the Stellaria media group.
A -S. neglectaID 132 (2n=2x =22), B-S. pallida ID 105 (2n =2x =22), C - §. media ID 112 (2n = 4x = 40),
D - S. ruderalis ID 81 (2n = 4x = 44). See Appendix 1 for details of the localities. Scale bars = 10 pm.

ruderalis is also tetraploid but has 44 chromosomes in somatic cells (2n = 4x = 44;
Fig. 1D). This chromosome number is reported for Stellaria media s.1. in a few mostly
south-European countries, Georgia and Iran (Peterson 1936, Scholte 1978, Keshavarzi &
Esfandani Bozchaloyi 2014, Rice et al. 2015).

Molecular analyses

The alignment of the ITS region was 709 bp long and contained only substitutions; no
variation in length was recorded. In total, 24 sites were polymorphic in at least two sam-
ples and one additional unique polymorphism occurred (Table 2). The phylogenetic net-
work (Fig. 2) shows that diploid taxa S. neglecta and S. pallida are clearly different and
relatively homogeneous. The little infra-specific variation is associated with a few sites
that in some samples display intra-individual polymorphisms, with one of the contribut-
ing bases being the same as in the “pure” variants.

In the tetraploid S. media, three main sequence types can be recognized. Five samples
had a very distinctive sequence that is specific to this species. In the other five samples
this specific sequence was combined with that of S. neglecta in an additive manner. One
sample (ID 76) had a sequence identical with one of the S. neglecta variants. The ITS
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P 86,95,98,101,103,
105‘106‘133b P93

N 126,127,132
N 135

M76 N 116,117,118,
119,120,124

Fig. 2. — NeighbourNet diagram of ITS sequences of the Stellaria media group in central Europe. Symbols for
taxa are identical to those used in the morphometric analyses. Sample identifiers follow Appendix 1 and are
preceded by taxon abbreviations (M — S. media, N — S. neglecta, P — S. pallida, R — S. ruderalis).

region has been subject to concerted evolution during which the repetitive DNA
sequences were homogenized, resulting in different parental copies prevailing in differ-
ent individuals, but this process may be incomplete in evolutionary young taxa (e.g. Koch
et al. 2003). Such a process may account for the pattern recorded in our dataset. Most
likely, S. media is an allotetraploid, with one parent being S. neglecta. The other parent,
contributing the S. media-specific sequences, was not sampled and could be an unknown
genotype or even unrecognized taxon originating from southern Europe or adjacent west-
ern Asia. Indeed, Scholte (1978) postulates that S. media arose from a S. neglecta-like
ancestor, although the exact origin suggested by him is different: he assumes either an
autotetraploid origin from S. neglecta or, less probably, an allopolyploidy of the hybrid
between S. neglecta and S. pallida. The allopolyploid S. media either underwent a chro-
mosome number change leading to x = 10 or it originates from the hybridization of
ataxon in which x = 11 (S. neglecta-like) and one in which x =9, but we consider the later
unlikely as this chromosome number is not recorded in any of the related Stellaria taxa.
The last taxon, S. ruderalis, is the most variable of the four taxa studied. The ITS
region of some individuals is similar to that of S. pallida, but others additively combine
S. pallida and S. neglecta-like variants. However, the latter always exhibits a few
S. ruderalis-specific sites. Therefore, S. ruderalis might be an allopolyploid between
S. pallida and a taxon or genotype close to but not identical with the central-European
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S. neglecta. One individual (ID 97) contained the S. media-specific ribotype combined
additively with that of S. ruderalis; in this individual we cannot exclude some role of
hybridization at the tetraploid level, although this individual did not differ in genome size
or morphology from most populations of S. ruderalis.

In summary, our preliminary data confirm the separate status of S. ruderalis among
central-European taxa. Our pilot study also revealed considerable intra-specific variation
in the ITS region. To elucidate the origins of all the taxa (both tetraploids are likely to be
allopolyploid) and their phylogenetic relationships, other molecular markers are needed.
Chloroplast markers, for example, could indicate the direction of hybridization. More-
over, broader sampling throughout the distributions of all taxa is desirable, as some
regional-scale differentiation might be present. For a proper phylogenetic analysis of the
ITS region, sampling more individuals is necessary to capture different variants that
might be fixed by concerted evolution, especially in polyploids.

Morphometric analyses

No highly correlated characters (r > 10.95) were found, so all characters were used in the
multivariate analyses. PCA showed a clear morphological differentiation between all the
taxa studied (Fig. 3). The characters contributing the most to the first principal compo-
nent (explaining 49.0% of the overall variation) were: seed length (SEL), petal length
(PL), tubercle height (TL), number of stamens (NS), sepal length to petal length ratio
(SL/PL). The first axis separates the diploids S. neglecta and S. pallida whereas the
tetraploids S. media and S. ruderalis formed a distinct group in an intermediate position
between the diploids. The second axis separates the tetraploids and diploids. The most
tightly correlated characters with the second component axis (explaining 16.8% of the
overall variation) were the ratios of the lengths of first internodes of dichasium branches
(IR), ratio of the lengths of the bract of the first flower to the breadth of the bract of the
first flower (BL/BB) and length of the bract of the first flower (BL). The two tetraploids,
S. media and S. ruderalis, were clearly separated along the third axis (Fig. 3). The third
axis explained 10.9% of the overall variation and the most strongly correlated characters
were: number of papillae on the front side of each tubercle (NP), BL/BB and NS.

A subsequent LDA also revealed that these four species are morphologically distinct.
No overlap in the canonical scores was detected. Similar to the PCA, the first axis
(explaining 32.2% of the overall variation) separates the diploids, whereas the tetraploids
formed a distinct group between the diploids. The second axis (explaining 29.1% of the
overall variation) separates the tetraploids and diploids (Fig. 4). The most tightly corre-
lated characters were number of papillae on the front of each tubercle (NP), number of
stamens (NS) and petal length (PL). The separation of the two tetraploids was distinct
along the third component axis (explaining 24.3% of the overall variation, Fig. 4). The
most correlated characters were NP, ratio of lengths of first internodes of dichasium
branches (IR) and tubercle height (TL). The forward selection procedure identified five
characters with a significant conditional effect: PL, NS, NP, TL, IR; all characters had
significant marginal effects (Table 4).

The classificatory discriminant analysis using these characters resulted in correct clas-
sification in all cases. The LDA of the two morphologically close tetraploids, S. media
and S. ruderalis, revealed no overlap in the canonical scores for these species. The for-
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A Fig. 4. — Results of linear discriminant analysis based on five morphological characters of four species in
the Stellaria media group. The characters were selected by a forward selection procedure. The first, second and
third canonical axes are displayed, explaining 32.2%, 29.1% and 24.3% of the variation in the data, respec-
tively. Discriminating characters, centroids of classes (crosses) and canonical scores of individual plants on the

first, second and third discriminating axes are displayed. For abbreviations of character names, see Table 3.

<« Fig. 3. —Results of principal component analysis based on twelve morphological characters of the four species
in the Stellaria media group studied. The first, second and third ordination axes are displayed. These explain
49.0%, 16.8% and 10.9% of the overall variation, respectively. For abbreviations of characters, see Table 3.
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Table 4. — Morphological characters of species of the Stellaria media group with a significant conditional effect
(i.e. the effect of the variable in addition to other variables already included in the model) in forward selection
of two separate linear discriminant analyses: (i) characters of all cytotypes (diploid and tetraploid), (ii) charac-
ters of tetraploids (S. media and S. ruderalis). Arithmetic means of three measurements of each character per
individual were used. Significance was tested using the Monte Carlo permutation test (999 permutations).
A—eigenvalue, i.e. discriminant force of a particular character, P — P-value (conditional effect), marg. — charac-
ters with significant marginal effects (i.e. the effect of the variable when alone in the model). The contributions
of characters to the ordination axes are depicted in Fig. 4. For abbreviations of characters, see Table 3.

All species Tetraploids
Character A P Character A P
PL 0.93 0.001 NP 0.81 0.001
NS 0.84 0.001 TL 0.05 0.005
NP 0.65 0.001 PL 0.03 0.009
TL 0.1 0.001 SL/PL 0.03 0.009
IR 0.04 0.019
marg.: all marg.: all except for CL, IR, SL/PL, NS

ward selection procedure identified four characters (NP, TL, PL and SL/PL) with a sig-
nificant conditional effects and eight characters with significant marginal effects (Table
4, BL, BL/BB, NP, PDB: breadth of the pedicel of the first flower, PDL/PDB: ratio of the
length of pedicel of the first flower / breadth of pedicel of the first flower, PL, SEL, TL).
The cross-validated discriminant analyses using these four and eight characters, respec-
tively, resulted in correct classification in all cases.

The results of our morphometric analyses and field observations are in line with all
major diagnostic characters used for the delimitation of the taxa in this group in taxo-
nomic works and floras (Peterson 1936, Whitehead & Sinha 1967, Scholte 1978, Morton
2005). However, we have not observed the differences between the species in the
indumentum of sepals reported by Scholte (1978), and we also did not find any seeds of
S. media s. str. that were smaller than 1 mm, which contradicts the reported seed size of
(0.8-) 0.9-1.3 (-1.4) mm (Chater & Heywood 1964, Whitehead & Sinha 1967, Scholte
1978, Turkington et al. 1980, Miller & West 2012). Our sampling might not cover the
entire range of variability in seed size; for example, S. media may produce smaller seeds
under unfavourable condition on dry and nutrient-poor soils. In a similar manner, our
dataset used in the morphometric analyses did not include any measurements of flowers
of S. media and S. ruderalis with ten stamens, even though we observed these numbers
several times in the field.

Seed germination and life cycle

The species studied differed significantly in terms of seed germination and flowering. Part
of the sample for S. media and all of that for S. neglecta germinated after 7-15 and 9-22
days, respectively, whereas the seed of S. ruderalis, S. pallida and remaining seed of
S. media started to germinate approximately 48—77 days after sowing (Fig. 5). All plants of
S. media (except for one which was of aberrant appearance and did not flower) flowered
and produced seeds in the year they were sown whereas the remaining three species
bloomed the following year. All individuals of S. pallida and 80% of those of S. ruderalis
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Fig. 5. — Results of a germination experiment on members of the Stellaria media group. Seeds from 51 plants
(samples) of four species were sown in separate flower pots on 12 June 2017 and observed daily. Most seeds in
apot germinated within three days after the emergence of the first seedling, so the dates of the emergence of the
first seedling in each pot are presented in the graph.

were in flower on 9 April 2018, whereas all those of S. neglecta (except for two samples
that did not survive the winter) and the remaining individuals of S. ruderalis started to
bloom between 9 and 16 April 2018. It is likely, however, that garden conditions affected
their phenology. For example, artificial conditions reportedly prevent the flowering of
S. neglecta (Whitehead & Sinha 1967) and caused all the taxa in our experiment to flower
earlier in spring than plants growing in situ. We also observed S. ruderalis flowering in
autumn in its original environment in the city of Ceské Bud&jovice. In general, our observa-
tions on phenology are in line with published data: S. neglecta, S. pallida and “S. media”
with 2n = 44 (i.e. probably S. ruderalis) are mostly winter annuals, whereas S. media with
2n =40 (i.e. S. media s. str.) is a summer annual (Peterson 1936, Morton 2005).

Stellaria ruderalis M. Lepsi, P. Lepsi, Z. Kaplan et P. Koutecky spec. nova (Figs 6-8)

Description: Winter annuals, short-lived, often yellowish-green, much branched, up to 80 cm tall. Stems
ascending, with one line of hairs along each internode, eglandular. Lowermost leaves petiolate with ovate to
elliptical laminae and pubescent petioles; middle and upper leaves and bracts sessile, laminae ovate to ellipti-
cal, acute to acuminate, pointed, rounded to rarely subcordate at base, entire, pubescence on midribs and glands
on margins; bracts of the first flower (1.0-) 1.4-2.5 (-5.0) cm long and (0.4-) 0.8—1.2 (-2.0) cm wide. Flowers
in terminal dichasia, initially condensed, later + lax, with one line of hairs and no or few glands on each
internode; ratio of lengths of the first internodes of dichasium branches (0.7-) 1.1-1.3 (-1.8) cm. Pedicels
reflexed after anthesis and erect after fruiting, (1.6—) 2.0-2.8 (—4.0) cm long, (0.16-) 0.24-0.32 (-0.48) mm
wide, with one line of dense hairs and an admixture of scattered glands. Sepals free, lanceolate to ovate-lanceo-
late, (3.9-) 4.9-5.5 (-6.2) mm long, glandular-pubescent. Petals 5, white, deeply bifid, often with lobes
unevenly long, (2.3-) 3.5-4.1 (—4.8) mm long, shorter than or as long as sepals. Stamens 3-5 (-=10) with purple-
violet anthers. Styles 3, ascending, rarely erect, with only the apex revolute. Capsules (5.5-) 6.0-6.4 (-7.0) mm
long, somewhat longer than sepals, opening with 6 teeth. Seeds (1.1-) 1.2-1.3 (-1.5) mm long, flattened,
almost circular, light-brown to brown, with 5—-6 rows of tubercles on the dorsal surface, tubercles conical, lon-



406 Preslia 91: 391-420, 2019

A B-C D

Fig. 6. — Stellaria ruderalis: A — habitus; B — flower; C — capsule; D — seed and detail of tubercle. Scale bars:
A -5cm; B-C -5 mm; D — | mm. Drawn by A. Skoumalova.
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Fig. 7. — Stellaria ruderalis: top — habit, bottom left — flowers with closed anthers (Czech Republic, distr.
Praha-zapad, valley of the river Vltava near the village of Hradistko, 49°52'08"N, 14°23'38"E, 24 V 2017, pho-
tographed by M. Lepsi); bottom right — flowers with open anthers (Czech Republic, distr. Ceské Budgjovice,
Hluboké nad Vltavou, Vondrov settlement, 49°02"29"N, 14°24'51"E, 26 V 2017, photographed by M. Lepsi).
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Fig. 8. — Holotype of Stellaria ruderalis.
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HOLOTYPE!
Stellaria ruderalis M. Lepdi, P. Lepdi, Z. Kaplan et P. Koutecky

WVeseli nad LuZnici (distr, Tibor), AleSovo ndbfedi street, slope above
Nedirka river, ruderal grassland

Frequency: abundant
Note: 20 ~ 4x; DNA ploidy level detected by flow cytometer Partec PA 11 (DAPL
ratio 10 the internal i is 1) 0.648; Analysed
10, 5. 2017, Department of Botany, University of South Bohemia, ¢. Budjavice.
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Date: 3.5.2017  Collected: Martin Lepsi
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ger than wide, (0.08-) 0.11-0.14 (-0.18) mm long, with (0-) 4—10 (-15) small papillae on the front side of each
tubercle. Number of chromosomes 2n = 44, tetraploid. Flowering IV-V.

Holotype: Czech Republic, southern Bohemia, Veseli nad LuZnici (distr. Tabor): AleSovo ndbfeZi street,
slope above NeZarka river, ruderal grassland; 400 m a.s.l., 49°11'05.7"N, 14°42'13.3"E; abundant; 3 V 2017
leg. Martin Lepsi; ID 88; CB No. 85744 (Fig. 8). —Is oty pe: PR No. 929401.

Etymology: The epithet “ruderalis” refers to the ecological demands of this species,
which occurs in a diversity of ruderal habitats. We propose the epithet “rumistni” for the
Czech name.

Taxonomy and similar species

Stellaria ruderalis is morphologically intermediate between S. media and S. neglecta;
however, in some characters (yellowish-green colour and condensed inflorescence) it
may also resemble S. pallida, which seems to be one of the parents of this allopolyploid.
In petal length and the number of stamens it resembles S. media, which differs signifi-
cantly in having flat-topped or rounded, rarely shortly conical tubercles on the seeds that
are usually as long as wide and with scattered to abundant papillae on their upper part
(Figs 9-10). In contrast, S. ruderalis has conical and longer than wide tubercles on seeds,
with no or few papillae on their surface. It should be noted that some capsules of
S. ruderalis may contain a few seeds that have the same morphology as those of S. media;
for reliable identification it is, therefore, necessary to examine several seeds per plant.
Other less distinct characters of S. media are a darker (green up to dark green) colour and
smaller size (up to 50 cm), often prostrate stems, a lax inflorescence, usually broadly
ovate leaves and bracts, and the first internodes of the inflorescence remarkably unevenly
long. In S. ruderalis, these characters are: + yellowish-green plants, up to 80 cm tall,
ascending, upper leaves and bracts ovate or elliptical, inflorescence at first usually con-
densed, and the first internodes of the inflorescence not remarkably unevenly long. Plants
of S. neglecta are similar in size to those of S. ruderalis and there are long conical tuber-
cles on their seeds. However, S. neglecta has usually more stamens (8—10) than S.
ruderalis (3—10), longer petals (longer or + as long as sepals), more papillae on the tuber-
cles on the seeds, thinner pedicels (see Table 3), a lax inflorescence, darker seeds and
green coloured plants. Stellaria pallida is the most distinct taxon in the S. media group
because it has small seeds whose length only slightly overlaps that of the other species
(Whitehead & Sinha 1967). Another significant character of S. pallida is minute or absent
petals; however, petals may rarely be absent also in S. media and S. neglecta (Whitehead
& Sinha 1967). The small size of the plants (up to 35 cm), ascending and reflexed stig-
mas, and light-coloured seeds can be used as supplementary characters for the differenti-
ation of S. pallida from S. ruderalis, which has longer stems (up to 80 cm), mostly ascen-
dant to rarely erect stigmas with only the apex revolute and light-brown to brown seeds.
Taxonomic relationships of S. ruderalis with the eutetraploid forms (2n = 44) of
S media and S. neglecta in Italy (Scholte 1978) is unclear. This author reports intermedi-
ate forms between them and also transitional morphotypes to S. media (2n =40) and even
to S. pallida (2n = 22). Our samples from southern Europe (see Appendix 2) indicate that
at least some of the taxonomically unclear plants from Italy may belong to the newly rec-
ognized species. Stellaria ruderalis is relatively variable and very phenotypically plastic
and to some extent it could resemble a transitional form between the three traditionally
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Fig. 9. — Variation of seeds within the Stellaria media group: first line — S. pallida, A —1D 86, B —1D 93, C - ID
99; second line — S. media, D — 1D 90, E —ID 112, F — ID 128; third line — S. ruderalis, G — 1D 80, H — ID 88,
1-1ID 107; fourth line — S. neglecta,J —1D 127, K —ID 132, L —ID 135. Scale bar identical for all figures = 0.5 mm.
See Appendix 1 for details of the localities.
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Fig. 10. — Scanning electron microscopy of tubercles on the dorsal surface of seeds of the Stellaria media
group: A — S. neglecta ID 135, tubercles long, conical, longer than wide, with scattered papillae on the upper
part of their surface; B — S. pallida ID 99, tubercles shortly conical, as long as wide or slightly longer than wide,
with scattered papillae on the upper part of their surface; C — S. media ID 90, tubercles short, rounded, up to as
long as wide, with scattered papillae on the upper part of their surface; D — S. ruderalis ID 88, tubercles on
seeds long, conical, longer than wide, with rare or no papillae on the upper part of their surface. Scale bars =
100.0 um. See Appendix 1 for details of the localities.

recognised taxa of S. media agg. The alternative (and not mutually exclusive) option is
that the variability of the S. media agg. in southern Europe is more complex and bound-
aries between species are blurred.

Ecology

Stellaria ruderalis is a ruderal species. It grows mainly in disturbed ruderal open or semi-
open communities such as grasslands and edges of ruderal scrub and diverse types of for-
ests and tree plantations. It often occurs along roads and railways. It is also commonly
recorded along rivers, especially in urban areas and inhabits (besides ruderal habitats)
riparian semi-natural forest and shrub communities. This species grows mainly on moist
to wet nutrient-rich soils on diverse, usually anthropogenic substrates, but is also recorded
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on alluvial deposits. We did not record S. ruderalis as a weed of crops, which is one of the
typical habitats of S. media. However, both species can co-occur in other ruderal commu-
nities. These two species have very similar ecological demands. By contrast, S. neglecta
is a species of semi-natural habitats such as wet to mesic, usually riparian forests and
scrub. However, it also often grows together with S. ruderalis, especially adjacent to
roads or railways or in the vicinity of these habitats. Finally, S. pallida is a species of
sandy soils, but currently is spreading in urban lawns in the Czech Republic (Hadinec &
Kaplan 2012) where we also recorded it occasionally together with S. ruderalis. The eco-
logical amplitude of the newly recognized species is broad and overlaps that of the other
species, especially, S. media.

Distribution

The distribution of S. ruderalis is incompletely known. In the Czech Republic, it is com-
mon in southern and central Bohemia, and also occurs in southern Moravia. It is currently
spreading along roads, railways and rivers. The dynamics of its spread, residential status
and distribution in the Czech Republic deserve further research. Outside this country we
recorded this species in southern Slovakia, Lower Austria, Hungary, Slovenia, Croatia,
Serbia, Italy including Sardinia and Greece (locality details in Appendix 2). It is probably
a hitherto overlooked widespread species, especially in southern Europe.

Key to the identification of species of the Stellaria media group

We include all the relevant characters identified by the morphometric analyses along with
our field observations and previously published data in the following key. For safe identi-
fication, it is essential to use mean values of 3—5 measurements of the same character
from one individual. Seeds have to be ripe and flowers must not come from the end of the
flowering period of an individual. It can be difficult to separate these taxa without good
flowering and fruiting material and the identification of poor herbarium specimens is par-
ticularly difficult.

1a Petals absent or very short, up to one-third of the length of sepals; seeds up to 1 mm long. — Plants usually
low, up to 35 cm high, yellowish-green; upper leaves and bracts ovate or elliptical; inflorescence usually
condensed, the first internodes of dichasium branches not remarkably unevenly long; pedicels not remark-
ably thin, (0.16—-) 0.24-0.40 (-0.56) mm wide; stamens (1-) 2-3 (—4); stigmas ascending and reflexed;
seeds light brown to brown, tubercles on seeds short, rounded to shortly conical, usually as long as wide or
slightly longer than wide, with scattered papillae on the upper part of their surface .............c........ S. pallida
1b Petals usually present, one-third shorter, as long as or longer than sepals; seeds usually longer than 1 mm .... 2
2a Stamens (8-) 10, petals as long or slightly longer than sepals; pedicels remarkably thin, 0.16-0.24 mm
wide. — Plants tall, up to 80 cm high, green; upper leaves and bracts ovate or elliptical; inflorescence lax, the
first internodes of dichasium branches not remarkably unevenly long; stigmas mostly erect with only the
apex revolute; seeds + dark brown, tubercles on seeds high, conical, higher than wide, with scattered

papillae on upper part Of their SUTTACE .........ccveiiiriiiiiiiiiicec e S. neglecta
2b Stamens usually less than 8, petals shorter or as long as sepals, pedicels not remarkably thin, (0.16-)
0.24-0.40 (=0.48) MIM WIE ....oviiiiiiiiiiiiiiiiiccie e 3

3a Tubercles on seeds long, conical, longer than wide, with a few or no papillae on the upper part of their sur-
face. — Plants up to 80 cm high, + yellowish-green; upper leaves and bracts ovate or elliptical; inflorescence
at first usually condensed, the first internodes of dichasium branches not remarkably unevenly long; pedi-
cels not remarkably thin, (0.16-) 0.24-0.32 (-0.48) mm wide; petals shorter or as long as sepals; stamens
3-5 (-10); stigmas mostly ascendent to rarely erect, with only the apex revolute; seeds light brown to dark
DIOWIL o S. ruderalis
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3b Tubercles on seeds short, flat-topped or rounded, rarely shortly conical, usually as high as wide, with scat-
tered to abundant papillae on the upper part of their surface. — Plants low (and often prostrate) to tall, up to
50 cm high, green to dark green; upper leaves and bracts often broadly ovate or elliptical; inflorescence not
condensed, the first internodes of dichasium branches remarkably unevenly long; pedicels not remarkably
thin, (0.16-)0.32-0.40(-0.48) mm wide; petals shorter or as long as sepals; stamens 3-5(-10); stigmas
mostly erect, with only the apex revolute; seeds brown to dark brown ..........cccccecviiniiiinininnnne. S. media
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Souhrn

V piispévku je popsan novy druh ptacince, Stellaria ruderalis M. Lepsi et al. (ptaCinec rumistni), z okruhu pta-
¢ince prostiedniho (Stellaria media agg.). RozliSeni nového taxonu podpofily vSechny pouZité biosystematic-
ké analyzy, jejichZ vysledky byly pfevazné v souladu s publikovanymi informacemi o zbyvajicich druzich sku-
piny. Pratokovou cytometrii bylo zjiSténo, Ze S. ruderalis je na rozdil od diploidnich druha S. pallida
a S. neglecta tetraploidni, a od Stellaria media, ktery je rovnéz tetraploidni, se 1i8i relativni velikosti genomu.
Tomu odpovidaji i vysledky pocitani chromosomu, které ukazaly, Ze S. media ma somaticky pocet chromozo-
mu 2n =40, S. ruderalis 2n =44, S. pallida 2n =22 a S. neglecta 2n = 22. Sekvenovani ITS tseku jaderné ribo-
zomdlni DNA potvrdilo, Ze v§echny taxony se od sebe lisi. Tetraploidni taxony jsou ziejmé allopolyploidniho
pavodu: S. media mezi S. neglecta a dosud neznamym druhym taxonem, zatimco rodi¢i S. ruderalis jsou prav-
dépodobné S. pallida a taxon blizky S. neglecta (ale sekvence jsou mirn€ odli$né od stfedoevropskych rostlin).
Mnohorozmérné morfometrické analyzy potvrdily, Ze se vSechny Ctyfi taxony vzajemné li§i. Prostfednictvim
zahradniho experimentu byly prokazany i vyznamné odliSnosti ve fenologii nékterych druhi. Druh S. media
klicil a kvetl tentyZ rok po vyseti, zatimco zbyvajici druhy kvetly aZ nasledujici rok. Semena S. neglecta a ¢ast
semen S. media kli¢ila mezi 7. a 22. dnem po vyseti, S. pallida a S. ruderalis a zbyvajici semena S. media mezi
48.a77. dnem po vyseti. Stellaria ruderalis je typicky ruderalni druh lesniho i nelesniho prostfedi. V soucas-
nosti v Ceské republice roste podél silnic, Zeleznic a podél vodnich toki zv14§té v blizkosti dopravnich komuni-
kaci a mést. Jeho ekologickd amplituda je Siroka a znacné se piekryva s ostatnimi druhy agregatu. Na rozdil od
S. media nebyl doposud zaznamenén jako polni plevel, nicméné béZné s nim roste na ruderalnich lokalitach
a sm&sné populace vytvaii i se zbyvajicimi druhy (obzvlasté se S. neglecta). V Ceské republice byl doposud
pozorovén ve stiednich a jiznich Cechach a na jizni Moravg, ale je velmi pravdépodobné, Ze roste i v jinych
Castech statu a v soudasnosti se v Ceské republice §ii. Celkové roz3iteni neni zndmé, nicméné vie nasvédcuje
tomu, Ze to je Siroce rozSifeny druh. Nami byl zaznamenén na Slovensku, v Rakousku, Madarsku, Slovinsku,
Chorvatsku, Srbsku, Italii a Recku.

K urceni jednotlivych druhl okruhu ptacince prostiedniho poslouzi nasledujici kli¢. Semena musi byt zrala
a pochézet z vice tobolek, kvéty nesméji pochazet ze zavére¢nych fazi kveteni. Je vhodné pouZzivat primérné
hodnoty ziskané z 3-5 rtiznych organi stejného jedince. K ur¢eni mnoZzstvi papilek na hibetnich papilach
semen je nutné pouZit silnou binokularni lupu.

1la Korunni listky chybé&ji nebo velmi kratké, nanejvys dosahuji 1/3 délky kalisnich listkti; semena nanejvys 1 mm
dlouha. — Rostliny nizké, nanejvys 35 cm vysoké, Zlutozelené; horni listy a listeny vejCité az eliptické; kvéten-
stvi zpravidla klubkovité staZend, prvni internodia vétvi dichdzia nejsou ndpadné nestejné dlouhd; kvétni stopky
nejsou napadné tenké, (0,16—) 0,24-0,40 (-0,56) mm Siroké; tyCinky v poctu (1-) 2-3 (—4); zrald semena Zluto-
hnéda az hnéda, jejich hibetni papily polokulovité az kratce kuZelovité, zpravidla stejn€ vysoké jako Siroké nebo
onéco vyssi nez Siroké, v horni ¢asti s roztrousenymi drobnymi papilkami S. pallida

1b Korunni listky vétSinou pfitomné, nanejvys o 1/3 kratsi neZ kaliSni listky; zrald semena del§ineZ 1 mm ....... 2

2a Tycinek (8-) 10, korunni listky + stejné dlouhé nebo mirné presahujici kalisni listky. — Rostliny az 80 cm
vysoké, zelené; horni listy a listeny vejcité az eliptické; kvétenstvi fidka, prvni internodia vétvi dichdzia
nejsou ndpadné nestejné dlouhd; kvétni stopky napadné tenké, 0,16-0,24 mm Siroké; semena + tmavé
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hnéd4, hibetni papily semen kuZelovité, vy$si neZ Siroké, v horni ¢asti s roztrouSenymi drobnymi papilkami
S. neglecta
2b Tycinek zpravidla méné nez 8, korunni listky stejné dlouhé nebo kratsi nez kalisni listky .............cccccceeeee 3
3a Hibetni papily semen kuZelovité, zpravidla vyssi nez Siroké, v horni ¢asti s ojedinélymi nebo Zadnymi
drobnymi papilkami. — Rostliny zpravidla az 80 cm vysoké, + Zlutozelené; horni listy a listeny vejcité aZ
eliptické, kvétenstvi zpravidla zpocatku klubkovité stazend, prvni internodia vétvi dichdzia nejsou nidpadné
nestejné dlouhd; kvétni stopky nejsou ndpadné tenké, (0,16-) 0,24-0,32 (-0,48) mm Siroké; tycCinky
3-5 (—=10); zralda semena hnéda aZ tmavE hN&da ...........ccocovivviiiiiiieiicieceeceee e S. ruderalis
3b Hibetni papily zpravidla polokulovité, vzacnéji az kratce kuZelovité, zpravidla stejné vysoké jako Siroké,
v horni ¢asti s roztrouSenymi az hojnymi drobnymi papilkami. — Rostliny nizkého (Casto poléhavého) aZ
vysokého vzriistu, nanejvys 50 cm vysoké, zelené aZ tmavé zelené; horni listy a listeny Casto Siroce vejcité
az eliptické; kvétenstvi nejsou klubkovité staZzend, prvni internodia vétvi dichdzia ¢asto ndpadné nestejné
dlouhd; kvétni stopky nejsou napadné tenké, (0,16—) 0,32-0,40 (-0,48) mm Siroké; tyCinky 3-5 (-10); zrald
semena hn€dd aZ tmave hn€da ... S. media
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Appendix 1. — Locality details and herbarium vouchers of all the individuals of the species of Stellaria sam-
pled for all the analyses used in this study. The specimens are sorted according to the Czech regional-
phytogeographical classification system (Skalicky 1988) and according to quadrant numbers of the Central
European grid mapping system (Ehrendorfer & Hamann 1965). Names of collectors are abbreviated as follows:
KB =K. Boublik, ML = M. Lepsi, PK = P. Kunzov4, PL = P. Lepsi. Other abbreviations are: FCM — value of the
sample/standard ratio from flow cytometry analysis, ID — collection numbers of specimens. Accession num-
bers in the CB herbarium (acronym according to Thiers 2019) follow the initials of collectors.

Stellaria media

8. (vjesk)'f kras: Srbsko (distr. Beroun): ca 660 m NE of centre of bridge over Berounka river, road ditch, scat-
tered, 240 m a.s.l., 49°56'27.1"N, 14°0820.1"E, 6050d, FCM 0.624, ID 76 (30 IV 2017 leg. ML & PL, CB
85739). — 32. Krivoklatsko: Skryje (distr. Rakovnik): Zbirozsky potok valley ca 950 m WSW of church in village,
Galio-Urticetea, abundant, 330 m a.s.l., 49°57'48.2"N, 13°45'14.8"E, 6048b, FCM 0.624, ID 128 (17 V 2017
leg. ML, PL & KB, CB 85788). — 35c. Pfibramské Podbrdsko: Bytiz (distr. Pfibram): ca 1.1 m SW of centre
of village, heap of earth, rare, 575 m a.s.1., 49°4023.8"N, 14°03'53.8"E, 6350a, FCM 0.620, ID 123 (17 V 2017
leg. ML & PL, CB 85779). - 371. Ceskokrumlovské Predsumavi: Cesk)’/ Krumlov (distr. Cesk)’/ Krumlov): ca
70 m SE of railway station, railway embankment, scattered, 540 m a.s.l., 48°4920.0"N, 14°19'04.7"E, 7151d,
FCM 0.627,1ID 115 (11 V 2017 leg. ML, CB 85774). — 37p. Novohradské podhiifi: Doubravice (distr. Ceské
Budégjovice): ca 380 m SW of chapel in centre of village, road ditch, scattered, 470 m a.s.l., 48°56'01.3"N,
14°3021.7"E, 7053¢, FCM 0.624, ID 78 (2 V 2017 leg. ML, CB 85747). — Novi Ves (distr. Ceské Bud&jovice):
ca 730 m NW of railway station, disturbed grassland at road edge, several individuals, 470 m a.s.l., 48°55'36.9"N,
14°31'27.6"E, 7053¢, FCM 0.618,1D 94 (4 V 2017 leg. ML, CB 85756). — 38. Budéjovicka panev: Bavorovice
(distr. Ceské Budé&jovice): ca 820 m NNW of chapel in village, road edge, scattered, 380 m a.s.1., 49°01'58.1"N,
14°26'26.1"E, 6952d, FCM 0.623, 2n = 40, ID 112 (10 V 2017 leg. ML, CB 85778). — Ceské Vrbné (distr.
Ceské Budgjovice): ca 620 m NE of chapel in centre of village, disturbed grassland on river embankment, sev-
eral individuals, 375 m a.s.1., 49°00'44.0"N, 14°27'19.5"E, 6952d, FCM 0.623,1D 110 (10 V 2017 leg. ML, CB
85777). — Ceské Budgjovice (distr. Ceské Budg&jovice): slope above Malse river ca 300 m NNW of Maly jez
weir, grassland below trees, rare, 390 m a.s.1., 48°57'48.7"N, 14°28'36.2"E, 7052b, FCM 0.622,1D 102 (5 V 2017
leg. ML, CB 85763). — 39. Tiebonska panev: Veseli nad LuZnici (distr. Tabor): Na Piskéch street, urban lawn,
scattered, 410 m a.s.l., 49°11'07.3"N, 14°42'13.0"E, 6854a, FCM 0.624, 2n =40, ID 87 (3 V 2017 leg. ML, CB
85741). — Vlkov (distr. Tabor): near railway stop, ruderal open grassland, rare, 415 m a.s.l., 49°08'53.9"N,
14°43'42.2"E, 6854c, FCM 0.625, ID 90 (3 V 2017 leg. ML, CB 85745).

Stellaria neglecta

8. Cesky kras: Sedlec (distr. Beroun): ca 840 m NE of chapel in village, road edge at forest edge, scattered,
250 ma.s.l., 49°58'57.7"N, 14°08'49.8"E, 6050b, FCM 0.368, 2n =22, ID 120 (12 V 2017 leg. ML, CB 85772).
— Svaty Jan pod Skalou (distr. Beroun): ca 310 m SW of church in village, forest edge, scattered, 235 m a.s.1.,
49°58'02.9"N, 14°07'49.9"E, 6050b, FCM 0.372, ID 118 (12 V 2017 leg. ML, CB 85770). — Svaty Jan pod
Skalou (distr. Beroun): ca 400 m NNW of church in village, road edge at base of slope, scattered, 250 m a.s.1.,
49°58"21.3"N, 14°08'01.4"E, 6050b, FCM 0.367, ID 119 (12 V 2017 leg. ML, CB 85771). — Beroun-Hostim
(distr. Beroun): E edge of village, edge of forest and dry grassland, abundant, 255 m a.s.l., 49°57'32.5"N,
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14°08'06.6"E, 6050b, FCM 0.371,ID 117 (12 V 2017 leg. ML, CB 85769). — Srbsko (distr. Beroun): ca 1 km
NE of centre of bridge over Berounka river, road edge in floodplain of brook, scattered, 250 m a.s.l.,
49°56'32.5"N, 14°08'37.9"E, 6050d, FCM 0.370, ID 116 (12 V 2017 leg. ML, CB 85768). — 32. Kfivoklatsko:
Branov (distr. Rakovnik): V Luhu settlement W of village, Robinia pseudacacia growth, abundant, 275 m a.s.1.,
50°00'41.4"N, 13°50'12.6"E, 5949¢c, FCM 0.372, ID 124 (17 V 2017 leg. ML, PL & KB, CB 85750). — Skryje
(distr. Rakovnik): ZbiroZsky potok valley ca 950 m WSW of church in village, Robinia pseudacacia growth,
scattered, 330 m a.s.1., 49°57'48.0"N, 13°45'14.6"E, 6048b, FCM 0.375, 1D 126 (17 V 2017 leg. ML, PL & KB,
CB 85790). — Skryje (distr. Rakovnik): ZbiroZsky potok valley ca 1.6 km SW of church in village, Galio-
Urticetea, scattered, 265 m a.s.1., 49°57'14.8"N, 13°45'10.4"E, 6048b, FCM 0.375,ID 127 (17 V 2017 leg. ML
& PL, CB 85789). — Broumy (distr. Beroun): Upoisky potok valley ca 590 m S of summit of Prihonek hill,
scree forest with dominating Fraxinus excelsior, scattered, 310 m a.s.1., 49°57'48.1"N, 13°48'51.6"E, 6048b,
FCM 0.371,1D 125 (17 V 2017 leg. ML, PL & KB, CB 85791). — 41. Stfedni Povltavi: Praha-Modrany (distr.
Hlavni mésto Praha): in Modranskd rokle gorge, ruderal scrub, scattered, 220 m a.s.l., 50°00'16.5"N,
14°25'26.6"E, 5952d, FCM 0.364, 2n = 22, ID 132 (18 V 2017 leg. ML, CB 85785). — Zbraslav (distr. Hlavni
mésto Praha): in BieZanské tdoli valley ca 300 m SE of railway station, road edge, rare, 210 m a.s.l.,
49°58'10.3"N, 14°24'12.9"E, 6052a, FCM 0.363, ID 131 (18 V 2017 leg. ML, CB 85786). — Hradistko (distr.
Praha-zdpad): in Vltava river valley ca 630 m ENE of Zizkiiv vrch hill, Galio-Urticetea at road edge, rare,
210ma.s.l.,49°52'06.7"N, 14°23'38.2"E, 6152a, FCM 0.365, ID 135 (24 V 2017 leg. ML & PK, CB 85781).

Stellaria pallida

371. Ceskokrumlovské Piedsumavi: Cesky Krumlov (distr. Cesky Krumlov): ca 130 m W of chapel in K¥iZova
street, joint in pavement, rare, 505 m a.s.l., 48°4827.9"N, 14°19'17.5"E, 7151d, FCM 0.302,ID 98 (4 V 2017 leg.
ML, CB 85759). — Nové Spoli (distr. Cesky Krumlov): near Vitava river ca 550 m SW of chapel in village, dis-
turbed grassland in camp by river, rare, 490 m a.s.1., 48°47'51.7"N, 14°1828.9"E, 7251b, FCM 0302, 2n = 22, ID
99 (4 V 2017 leg. ML, CB 85760). — 37p. Novohradské podhiiFi: Plav (distr. Ceské Bud&jovice): ca 220 m SW
of chapel in centre of village, open sandy grassland, abundant, 405 m a.s.l., 48°54'01.0"N, 14°29'10.6"E, 7052d,
FCM 0.308,ID 95 (4 V 2017 leg. ML, CB 85757). — Nedabyle (distr. Ceské Budéjovice): ca350 m WNW of cha-
pel in centre of village, road ditch, rare, 470 m a.s.l., 48°55'43.2"N, 14°30'43.3"E, 7053¢c, FCM 0.303, ID 93
(4 V2017 leg. ML, CB 85755). — 38. Budéjovicka panev: Ceské Budgjovice (distr. Ceské Budgjovice): SE edge
of Stromovka park, grassland, scattered, 390 m a.s.l., 48°58'07.2"N, 14°27'46.5"E, 7052b, FCM 0.304, ID 101
(5 V 2017 leg. ML, CB 85762). — Ceské Bud&jovice (distr. Ceské Bud&jovice): slopes above Mlynska stoka
millrace in Lucni street, open grassland below trees, abundant, 390 m a.s.1., 48°57'54.8"N, 14°28'55.9"E, 7052b,
FCM 0.302, ID 103 (5 V 2017 leg. ML, CB 85764). — Ceské Budgjovice (distr. Ceské Bud¢jovice): in Plavska
street, ca 90 m SW of Velky jez weir, urban grassland, scattered, 390 m a.s.1., 48°5720.2"N, 14°28'42.5"E, 7052b,
FCM 0.306, 2n = 22, ID 105 (5 V 2017 leg. ML, CB 85766). — Ceské Budéjovice (distr. Ceské Budéjovice):
W end of Jana Kollara street, urban grassland, scattered, 390 m a.s.1., 48°57'19.9"N, 14°27'46.7"E, 7052b, FCM
0.299,1D 106 (5 V 2017 leg. ML, CB 85767). — Ceské Budgjovice (distr. Ceské Budéjovice): E end of Osikova
street in Mladé quarter, urban grassland, scattered, 395 m a.s.l., 48°57'23.6"N, 14°29'32.4"E, 7052b, FCM 0.301,
1D 92 (4 V 2017 leg. ML, CB 85754). — 39. Trebonska panev: Veseli nad LuzZnici (distr. Tabor): in Na Piskach
street, urban lawn, scattered, 410 m a.s.1., 49°11'11.0"N, 14°42'17.6"E, 6854a, FCM 0.303,ID 86 (3 V 2017 leg.
ML, CB 85743). — 41. Stfedni Povltavi: Praha-Modrany (distr. Hlavni mésto Praha): in Modfanska rokle gorge,
gap in plantation of Pinus sylvestris, Larix decidua, Quercus sp., ca 40 individuals, 220 m a.s.1., 50°00'13.9"N,
14°25'16.9"E, 5952d, FCM 0.297, ID 133b (24 V 2017 leg. ML, CB 85783).

Stellaria ruderalis

8. (vjesk)’f kras: Sedlec (distr. Beroun): ca 200 m ENE of chapel in centre of village, road ditch, abundant, 250 m
a.s.l., 49°58'45.1"N, 14°0822.7"E, 6050b, ID 77 (30 IV 2017 leg. ML & PL, CB 85740). — Sedlec (distr.
Beroun): ca 1.1 km NE of chapel in village, road ditch, rare, 255 m a.s.l., 49°59'01.6"N, 14°09'01.0"E, 6050b,
FCM 0.639,1ID 121 (12 V 2017 leg. ML, CB 85773). — 371. Ceskokrumlovské PredSumavi: Cesk}’/ Krumlov
(distr. Cesk}'f Krumlov): ca 610 m NNE of St. Vit church, ruderal grassland below trees, abundant, 485 m a.s.1.,
48°48'54.9"N, 14°19'08.9"E, 7151d, FCM 0.638, ID 100 (4 V 2017 leg. ML, CB 85761). — Zlata Koruna (distr.
Cesk}’l Krumlov): near Vltava river ca 230 m ENE of church in village, forest and meadow edge, abundant,
455 m a.s.l,, 48°51'20.4"N, 14°22'25.9"E, 7152a, FCM 0.638, ID 97 (4 V 2017 leg. ML, CB 85758). — 37p.
Novohradské podhiifi: Plav (distr. Ceské Budgjovice): ca 370 m NE of chapel in centre of village, road edge,
large growth, 430 m a.s.l., 48°54'14.9"N, 14°29'30.3"E, 7052d, FCM 0.641, ID 79 (2 V 2017 leg. ML, CB
85748). — Trocnov (distr. Ceské Budgjovice): ca 50 m ESE of railway stop, road embankment, abundant,
520ma.s.l., 48°54'09.5"N, 14°35'15.8"E, 7053d, FCM 0.645,ID 80 (2 V 2017 leg. ML, CB 85749). — Svébohy
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(distr. Ceské Budg&jovice): ca 320 m NNE of chapel in village, road edge, abundant, 535 m a.s.1., 48°47'00.4"N,
14°43'25.5"E, 7254a, FCM 0.660, ID 81 (2 V 2017 leg. ML, CB 85751). — 38. Budéjovicka panev: Bavorovice
(distr. Ceské Budé&jovice): ca 900 m NW of chapel in village, road edge, scattered, 375 m a.s.1., 49°01'51.9"N,
14°25'58.2"E, 6952d, FCM 0.651, 2n =44, 1D 114 (10 V 2017 leg. ML, CB 85775). — Ceské Bud&jovice (distr.
Ceské Budgjovice): ca 300 m S of centre of Novy most bridge (over Vltava river), edge of wet, ruderal scrub,
rare, 380 m a.s.1., 48°59'24.5"N, 14°27'36.5"E, 7052b, FCM 0.652, ID 107 (10 V 2017 leg. ML, CB 85776). —
Ceské Budgjovice (distr. Ceské Bud&jovice): along Mlynské stoka millrace in Biezové street, ruderal grass-
land, abundant, 390 m a.s.l., 48°57'34.9"N, 14°28'50.9"E, 7052b, FCM 0.638, ID 104 (5 V 2017 leg. ML, CB
85765). — 39. Trebonska panev: Veseli nad Luznici (distr. Tabor): AleSovo nabfezi street, slope above
Nezarka river, ruderal grassland, abundant, 410 m a.s.l., 49°11'06.9"N, 14°42'12.0"E, 6854a, FCM 0.653, ID
85 (3 V 2017 leg. ML, CB 85742). — Veseli nad LuZnici (distr. Tabor): AleSovo nébfeZi street, slope above
Nezarka river, ruderal grassland, abundant, 400 m a.s.l., 49°11'05.7"N, 14°42'13.3"E, 6854a, FCM 0.648, ID
88 (3 V2017 leg. ML, CB 85744). — Vlkov (distr. Tabor): ca 50 m NNW of railway stop, ruderal grassland on
slopes above railway, several growths, 415 m a.s.l., 49°08'54.9"N, 14°43'41.5"E, 6854c, FCM 0.642, ID 89
(3 V 2017 leg. ML, CB 85746). — 41. Stiedni Povltavi: Praha-Modrany (distr. Hlavni mésto Praha): in
Modfanskd rokle gorge, gap in plantation of Pinus sylvestris, Larix decidua, Quercus sp., several individuals,
220 m a.s.l., 50°00'13.9"N, 14°25'16.9"E, 5952d, FCM 0.652, ID 133a (24 V 2017 leg. ML, CB 85784). —
Zbraslav (distr. Hlavni mésto Praha): in BieZanské adoli valley ca 300 m SE of railway station, road edge, scat-
tered, 210 m a.s.l., 49°58'10.5"N, 14°24'12.6"E, 6052a, FCM 0.648, ID 130 (18 V 2017 leg. ML, CB 85787). —
Voznice (distr. Pfibram): ca 200 m NE of centre of damp of Velky rybnik fish-pond, ruderal grassland, scat-
tered, 380 m a.s.l., 49°49'09.6"N, 14°13'12.5"E, 6151c, FCM 0.651, ID 74 (30 IV 2017 leg. ML & PL, CB
85737). — Dobifis (distr. Piibram): ca 650 m NE of castle in town, grassland at road edge, scattered, 360 m a.s.1.,
49°47'13.3"N, 14°10'58.9"E, 6251a, FCM 0.644, ID 75 (30 IV 2017 leg. ML & PL, CB 85738).

Appendix 2. — Other records of Stellaria ruderalis documented by herbarium specimens. Specimens from the
Czech Republic are sorted according to the Czech regional-phytogeographical classification system (Skalicky
1988) and according to the quadrant numbers of the Central European grid mapping system (Ehrendorfer &
Hamann 1965). Specimens from other countries are sorted according to the quadrant numbers of the Central
European grid mapping system. Names of collectors are abbreviated as follows: JV =J. Velebil, ML = M. Lepsi,
PL =P. Lepsi, ZK = Z. Kaplan. Accession numbers in the CB herbarium (acronym according to Thiers 2018) and
collection numbers in Z. Kaplan’s herbarium follow the initials of collectors. Additional information provided by
the authors of this paper not present on the original herbarium labels are enclosed in square brackets.

Austria

Hainburg an der Donau (distr. Bruck an der Leitha): ca 180 m NNE of summit of Schulerbergl hill, ruderal
scrub and forest, scattered, 180 m a.s.1., 48°09'09.8"N, 16°56'50.1"E, 7867b (8 V 2018 leg. ML & JV, CB
86008). — Hainburg an der Donau (distr. Bruck an der Leitha): ca 110 m ESE of summit of Konigswarte hill,
edges of scrub, abundant, 330 m a.s.l., 48°06'55.3"N, 17°0128.5"E, 7868c (12 V 2018 leg. ML & JV, CB
86011). — Gumpoldskirchen (distr. Mddling): ca 580 m N of summit of Heberlberg, on forest road, several
growths, 320 m a.s.1., 48°02'15.4"N, 16°1522.6"E, 7963d (7 V 2018 leg. ML & JV, CB 86009). — Hainburg an
der Donau (distr. Bruck an der Leitha): ca210 m W of summit of Steinberg hill, edge of path in forest, scattered,
260 m a.s.l., 48°05'43.1"N, 16°58'25.2"E, 7967b (8 V 2018 leg. ML & JV, CB 86012).

Croatia
Istria County, Municipality of LiZnjan: herb vegetation along track between orchards and gardens 1 km E of
SiSan, 70 m a.s.1., 44°51'04.7"N, 13°57'36.8"E (9 V 2019 leg. ZK, P. Koutecky & M. Lucanova 19/15, herb.
Kaplan).

Czech Republic

11a. VSetatské Polabi: Dvorce (u Lysé nad Labem, distr. Nymburk): okraj doubravy u cesty 270 m VIV od
Zelezni¢ni zastavky Lysd nad Labem-Dvorce, 185 m a.s.l., 50°11'58"N, 14°48'22"E, 5754d (15 IV 2007 leg.
ZK 07/21, herb. Kaplan). — 16. Znojemsko-brnénska pahorkatina: Dukovany (distr. Tfebi¢): in Jihlava river
valley (right hand-bank) along road to Mohelensky mlyn mill ca 1.6 km N of castle in village, road ditch in for-
est, scattered, 290 m a.s.l., 49°05'47.7"N, 16°11'52.6"E, 6963a (19 V 2016 leg. ML & PL, CB 84365). —
Jamolice (distr. Znojmo): in TemplStejn castle ruins, ruderal growths, abundant, 360 m a.s.l., 49°0524.9"N,
16°14'54.2"E, 6963a (22 V 2016 leg. ML & PL, CB 84348). — 18a. Dyjsko-svratecky tval: Vranovice (distr.
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Brno-venkov): vlhky okraj lesni cesty v luZznim lese 0,6 km JJV od obce, 172 m a.s.l., 48°57'22.3"N,
16°36'47.9"E, 7065b (22 IV 2016 leg. ZK 16/1, herb. Kaplan). — Ivafi (distr. Brno-venkov): vlhky okraj lesni
cesty v luznim lese 0,3 km ZJZ od obce, 172 m a.s.l., 48°55'34.8"N, 16°34'12.6"E, 7065¢ (22 IV 2016 leg. ZK
16/2, herb. Kaplan). — Hlohovec (distr. Bfeclav): bfeh ndhonu Véelinek vedle soustavy nasadovych rybnikt
(vytazniki) mezi rybniky Nesyt a Hlohovecky 0,7 km ZSZ od obce, 170 m a.s.1., 48°46'43.3"N, 16°45'00.3"E,
7266b (22 1V 2016 leg. ZK 16/4, herb. Kaplan). — Bieclav (distr. Bieclav): vlhky okraj lesni cesty v Bofim lese
2,8 km Z od Zelezni¢ni stanice Postorna, 185 m a.s.l., 48°45'01.0"N, 16°48'50.0"E, 7266d (31 V 2016 leg. ZK
15/77, herb. Kaplan). — 37j. Blansky les: Krasetin (distr. Cesky Krumlov): at E edge of village along road to
Holubov, ruderal grassland, abundant, 550 m a.s.1., 48°53'02.7"N, 14°19'11.0"E, 7151b (20 IV 2016 leg. ML &
PL, CB 84264). — Krasetin (distr. Cesky Krumlov): S edge of village, Sambucus nigra scrub, scattered, 580 m
a.s.l., 48°52'47.9"N, 14°19'02.6"E, 7151b (20 IV 2016 leg. ML & PL, CB 84249). — Krasetin (distr. Cesky
Krumlov): S edge of village, edge of ruderal scrub, scattered, 585 m a.s.l., 48°52'48.3"N, 14°19'02.8"E, 7151b
(2 V2016 leg. ML, CB 84326). — 37k. K¥emiské hadce: Mii¢ (distr. Cesky Krumlov): NE edge of village, in
disturbed place in grassland, rare, 540 m a.s.1., 48°54'34.7"N, 14°19'41.8"E, 7051d (2 V 2016 leg. ML, CB
84324). — 371. Ceskokrumlovské P¥edSumavi: Cesk)’/ Krumlov (distr. Cesk)’/ Krumlov): U Poraki street, open
ruderal grassland, abundant, 490 m a.s.1., 48°48'54.9"N, 14°19'08.8"E, 7151d (2 V 2016 leg. ML, CB 84321). —
37n. Kaplické meziho¥i: Zubcice (distr. Cesky Krumlov): along road to Kaplice ca 1 km SE of center of vil-
lage, grassy road edge, several individuals, 610 m a.s.l., 48°47'15.8"N, 14°25'06.6"E, 7252b (10 V 2016 leg.
ML, CB 84290). — 37p. Novohradské podhiifi: Kosov (distr. Ceské Budg&jovice): along road Ceské
Budé&jovice — Cesk)’/ Krumlov ca 870 m SSW of centre of village, road ditch, rare, 500 m a.s.1., 48°52'20.3"N,
14°24'54.9"E, 7152a (2 V 2016 leg. ML, CB 84327). — 38. Budé&jovicka panev: Ceské Bud&jovice (distr.
Ceské Bud&jovice): in floodplain of Vltava river (left-hand bank) near Novy most bridge, edge of scrub, scat-
tered, 380 m a.s.1., 48°59'25.0"N, 14°27'35.2"E, 7052b (13 V 2016 leg. ML, CB 84334). — Ceské Budgjovice
(distr. Ceské Bud&jovice): left-hand bank of millrace near Velky jez weir on Mal3e river, disturbed grassland,
abundant, 390 m a.s.l., 48°5724.4"'N, 14°28'48.6"E, 7052b (27 IV 2016 leg. ML, CB 84262). — Ceské
Budégjovice (distr. Ceské Budé&jovice): near KfiZikova street, railway, rarely, 390 m a.s.l., 48°57'37.9"N,
14°29'06.3"E, 7052b (27 IV 2016 leg. ML, CB 84261). — Ceské Budgjovice (distr. Ceské Budg&jovice): near
weir in RoZnov quarter, left-hand bank of Vltava river, grassy river bank, rare, 390 m a.s.l., 48°57'01.4"N,
14°27'47.7"E, 7052b (26 IV 2016 leg. ML, CB 84247). — Ceské Budgjovice (distr. Ceské Budg&jovice): near
weir on Vltavariver in RoZnov quarter, left-hand bank of millrace, disturbed place at river bank, rare, 390 m a.s.1.,
48°56'59.5"N, 14°27'45.7"E, 7052d (26 IV 2016 leg. ML, CB 84248). — 39. Ti'ebonska panev: FrahelZ (distr.
Jindfichtiv Hradec): near train stop, disturbed grassland above railway, scattered, 420 m a.s.1., 49°07'06.2"N,
14°44'11.3"E, 6854c (1 V 2016 leg. ML, CB 84322). LuzZnice (distr. JindfichGiv Hradec): bylinny porost pod
lipou u staré cesty k Zelezni¢ni zastavce pobliZ JJZ okraje obce, 431 m a.s.1.,49°03'15.9"N, 14°45'00.5"E, 6954b
(16 IV 2017 leg. ZK 17/7, herb. Kaplan). — Chlum u Tfeboné (distr. Jindfichiv Hradec): ca 1.2 km SSE of cen-
tre of dam of Hejtman pond, road edge, abundant, 460 m a.s.1., 48°57'00.1"N, 14°56'21.2"E, 7055b (27 V 2016
leg. ML & PL, CB 84188). — Vlkov (distr. Tébor): near train stop, edge of ruderal scrub, scattered, 420 m a.s.1.,
49°08'53.9"N, 14°43'41.4"E, 6854c (1 V 2016 leg. ML, CB 84323). — 40a. Pisecko-hlubocky hieben:
Hlubok4 nad Vltavou (distr. Ceské Budé&jovice): in park of Hlubok4 nad Vltavou castle, undergrowth of open
forest, rare, 420 m a.s.l., 49°03'19.8"N, 14°25'S7.1"E, 6952b (7 V 2016 leg. ML, CB 84302). — 41. Stfedni
Povltavi: Vrané nad Vltavou (distr. Praha-zapad): okraj paseky v lese u silni¢ky do Zvole, 0,8 km VIV od
hlavni budovy Zelezniéni stanice, 325 m a.s.l., 49°56'10.2"N, 14°23'32.4"E, 6052c (8 V 2010 leg. ZK 10/54,
herb. Kaplan). — Vrané nad Vltavou (distr. Praha-zdpad): humozni hlinity svah nad cestou u kiiZovatky ulic
V Dolich a Ke Zvoli pii dolnim okraji idoli Zvolského potoka v S ¢asti obce, 180 m VIV od Zelezni¢ni stanice
Vrané nad Vltavou, 215 ma.s.l., 49°56'16.9"N, 14°23'00.4"E, 6052¢ (2 V 2015 leg. ZK 15/26, herb. Kaplan). —
Jarov (distr. Praha-zapad): bylinny podrost v lemu listnatého lesika u Zelezni¢ni zastavky pii J okraji vsi,
205 m a.s.l., 49°56'50.6"N, 14°23'47.9"E, 6052c (2 V 2015 leg. ZK 15/28, herb. Kaplan). — Dobronice
u Bechyné (distr. Tdbor): bylinny porost podél lesni péSinky na svahu nad pravym bfehem LuzZnice 0,5 km SV
od obce, 390 m a.s.l., 49°20'47.9"N, 14°30'15.0"E, 6653c (30 V 2017 leg. ZK 17/70, herb. Kaplan). —
Cerny3ovice (distr. Tabor): bylinny podrost pfi okraji silnice vedouci lesem u JV okraje obce, 430 m a.s.l.,
49°19'19.7"N, 14°31'26.9"E, 6653c (1 VI 2017 leg. ZK 17/72, herb. Kaplan). — Neznasov (distr. Ceské
Budégjovice): ca 1.2 km ESE of the centre of village, road margin in forest, scattered, 370 m a.s.l.,
49°13'40.0"N, 14°23'38.8"E, 6752¢ (31 V 2016 leg. ML, CB 84313). — 64a. Prithonicka plosina: Ri¢any
(distr. Praha-vychod): okraj lesiku nad pravym biehem Ri¢anského potoka u silnice u ZSZ okraje obce, 0,7 km
SSZ od Masarykova namésti, 320 m a.s.l., 49°59'52.1"N, 14°39'03.2"E, 6053b (10 V 2015 leg. ZK 15/31, herb.
Kaplan).
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Greece
Region (periphery) of Thessaly (Thessalia), Trikala Pref.: wood on river bank 0.5 km NW of The6petra, 170 m
a.s.l., 39°40'46.7"N, 21°40'35.4"E, 6396¢ (2 V 2017 leg. ZK, J. Pran¢l & P. Koutecky 17/20, herb. Kaplan).

Hungary
Tatabédnya (distr. Tatabdnya): ca 3.9 km N of centre of village Kornye, road ditch, 180 m a.s.l., 47°34'54.0 "N,
18°19'22.3"E, 8475b (7 V 2019 ML & JV, CB 86099).

Italy

Region of Veneto, Metropolitan City of Venice: disturbed roadside grassland at motorway exit N of Mestre,
1 ma.s.l, [45°30'58"N, 12°14'39"E, 0439c] (10 IV 1993 leg. ZK 93/4, herb. Kaplan). — Region of Toscana,
Province of Siena: disturbed roadside grassland in Localitf Toppo Basso 3.9 km NE of Sarteano, 330 m a.s.1.,
43°01'37.9"N, 11°53'39.1"E, [2937c] (16 IV 2018 leg. ZK, P. Koutecky & J. Hanzli¢kova 18/2, herb. Kaplan).
—Region of Toscana, Province of Siena: disturbed grassland on embankment along Torrente Gragnano channel
between fields 3.4 km NNW of Chiusi, 254 ma.s.1., 43°02'50.5"N, 11°56'09.4"E, [2937d] (16 IV 2018 leg. ZK,
P. Koutecky & J. Hanzlickova 18/3, herb. Kaplan). — Region of Sardegna (Sardinia), Province of Sud Sardegna:
herb vegetation along track under bridge over Rio sa Picocca (river) 0.5 km WSW of San Priamo, 5 m a.s.l.,
39°21'17.4"N, 09°33'14.2"E, [6623c] (22 1V 2018 leg. ZK, P. Koutecky & J. Hanzlickové 18/14, herb. Kaplan).
— Region of Sardegna (Sardinia), Province of Nuoro: herb understory of broad-leaved forest at parking place
near Su Golognone natural monument 7 km E-ENE of Oliena, 110 m a.s.l., 40°17'19.9"N, 09°29'38.8"E,
[5722d] (24 IV 2018 leg. ZK, P. Koutecky & J. Hanzlickova 18/19, herb. Kaplan).

Serbia
Paracin (distr. Pomoravlje): ruderal site at petrol station on motorway Al 1.5 km NNW of Paracin, 132 ma.s.I.,
43°52'58.9"N, 21°24'01.3"E, [2194c] (30 IV 2017 leg. ZK, P. Koutecky & J. Pranc¢l 17/10, herb. Kaplan).

Slovakia

Kuchyna (distr. Malacky): ca 680 m SW of summit of Buckova, edge of forest road, tens of individuals, 345 m
a.s.l., 48°25'18.7"N, 17°11'36.0"E, 7569¢ (10 V 2018 leg. ML & JV, CB 86013). — Vysoka pri Morave (distr.
Malacky): okraj luzniho lesa 1,5 km ZSZ od obce, 145 m a.s.1., [48°20'17"N, 16°53'20"E, 7667c] (10 V 1994
leg. ZK 94/54, herb. Kaplan). — Dévin (distr. Bratislava): ca 2.1 km NNE of Dévin castle, edge of forest road,
abundant, 190 m a.s.l., 48°11'34.9"N, 16°58'46.1"E, 7867b (9 V 2018 leg. ML & JV, CB 86010).

Slovenia

Coastal-Karst Statistical Region (Obalno-kraSka regija), Municipality of Koper: saline sands near sea coast at
SW edge of Ankaran, 5 m a.s.l.,, [45°34'33"N, 13°44'06"E, 0448c] (16 IV 1996 leg. ZK, J. Stépinek &
J. Stépankova 96/4, herb. Kaplan).



