
Introduction

Carex secalina occurs in natural habitats especially in 
humid salty meadows and pastures, usually in stands of 
class Festuco-Puccinellieta and Scorzonero-Juncetea. It is also 
found on the shores of salt lakes [1,2]. On the other hand, it 
is not rare in secondary habitats on salt-affected soils, such as 
abandoned field edges, field inundations, cart-roads, exposed 
shores of man-made dams and mining pits bottoms [3]. The 
species is considered as an obligate halophyte [4-6].

So the species prefers inland saline habitats, which 
are designated as priority habitats in Europe, and are in-
cluded in the NATURA 2000 network. In Central Europe, 
this type of habitats is located especially in the Panno-
nian biogeographical region; Molnár [7] considered them 
as the westernmost part of the Eurasian steppe zone and 
they belong to the most typical inland saline habitats de-
veloped in Europe, excluding the former Soviet Union. 

The greatest extent of such habitats is in Hungary, where 
their area is estimated at about 400000 hectares [8]. 
Outside Hungary, inland saline habitats are situated on 
the edges of the Pannonian Basin in the Czech Republic 
(southern Moravia), Lower Austria, in the Serbian province 
of Voyvodina, in southern Slovakia and in Transcarpathian 
Ruthenia (Ukraine), Romania and north-eastern Croatia [9]. 
Salt marshes with similar vegetation occur even in Bulgaria 
[10]. 

Carex secalina is a species with a relatively large, but 
disjunctive Eurasian distribution range – it occurs in cen-
tral, eastern and south-eastern Europe, the Caucasus, Iran, 
Central Asia and south-eastern Siberia as far as Lake Baikal 
[11,12]. The species is protected under the Bern Convention 
on the Conservation of European Wildlife and Natural Habi-
tats [13]. In Central Europe the species is relatively abundant 
only in Hungary [14,15] and Germany [12], although it 
is classified as an endangered species in the latter country 
[16]. In other countries of this region it is considered to be 
endangered (Austria, Czech Republic, Slovakia) [17-20] or 
critically endangered (Poland) [21]. However, detailed data 
about historical and recent occurrence were published only 
in Poland [22].

In view of the foregoing contributions, the paper aims: 
(i) to obtain historical and current information concerning 
the occurrence of Carex secalina in the Czech Republic and 
Slovakia and (ii) to assess the ecological requirements and 
coenotic affinity of the species.
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Material and methods

Carex secalina Wahlenb. is a member of subgenus Carex 
and section Secalinae (O. Lang) Kuk. 1909 including only three 
sedge taxa [23]. Recently, Ciocârlan [24] divided the species to 
two subspecies: subsp. secalina and subsp. sabulosa Ciocârlan. 
The nominate subsp. secalina is represented by plants of 10-40 
cm in height, having male spikelets 2-3 in number. The latter 
subspecies, subsp. sabulosa is represented by low plants, of 5-8 
cm in height, with a quite developed radicular system and male 
spikelets 1 in number. This intraspecific subdivision is not yet 
fully accepted and exact knowledge about occurrence of both 
subspecies are insufficient today.

Carex secalina Wahlenb. is a plants of 10-30 cm in height, 
having male spikelets 2-3 in number, female spikelets 2-5 in 
number, inserted by one in a row, distanced, on stems, or 
inserted tightly, 2-5 in a row on secondary branches, utricles 
5-7 mm long, not arranged in distinct rows [24,25]. The spe-
cies is very often confused with Carex hordeistichos Vill. C. 
hordeistichos is characterised especially by sparsely pubescent 
utricles, 8-12 mm long, arranged in distinct rows [26].

The research was undertaken in 2004-2010. We designed 
the distribution by studying the herbarium specimens from the 
herbaria BP, BBZ, BRA, BRNM, BRNU, CB, KO, LTM, MMI, 
MZ, NI, NJM, OL, OLM, PMK, PR, PRC, ROZ, SAV, SLO, 
TM, TMM, VM, VYM, and ZV, and literature data as well as 
conducting field research. All data on the occurrence of Carex 
secalina are divided into three groups: the first includes all the 
historical data from the literature and herbaria to year 1975, 
the second group includes data from literature and herbaria 
for the period of intensive land reclamation and drainage 
projects in the years 1975-1999, and the third group includes 
current relevant data found during our research as well as 
that published in the literature after 2000. The last period is 
relatively short, because it considers only the period after the 
publication of recent versions of Red Lists of vascular plants 
in the Czech Republic and Slovakia [18-20]. This last period 
(after 2000) includes the most current relevant data on the 
occurrence of the species.

All herbarium data without precise dating (e.g. Makowsky s. 
a. BRNU, PRC) originated in the 19th and early 20th centuries; 
we include them in the period marked “until 1975”. Herbarium 
specimens collected during field research are stored in her-
barium BRNU and/or NI. Coordinates of recent localities were 
obtained during field research using GPS equipment Garmin 
CS 60, coordinates of other localities were taken from Google 
Earth. A list of localities (see Appendix S1) is compiled accord-
ing to directives of the Flóra Slovenska VI/1 [27].

Data concerning ecological requirements of the species 
were collected by our own field observations and analysis of 
the soil maps published in the Landscape Atlases of the Czech 
Republic and Slovak Republic [28,29]. We also use analyses 
of floristic composition of visited localities and occurrence of 
other obligate halophytes in Carex secalina stands (e.g. Crypsis 
aculeata, Plantago maritima, and Puccinellia distans agg.).

Nomenclature of plant taxa was unified according to Marhold 
and Hindák [30]. Syntaxa names were not unified according to 
a single source and therefore they are cited including the author 
names. Phytogeographical division of the Czech Republic is 
based on Skalický [31], and in Slovakia followed Futák [32]. 
Herbarium abbreviations were excerpted from Holmgren et al. 
[33] and Vozárová and Sutorý [34]. Categories of threat were 
determined according to the methodology of IUCN [35].

Results 

Distribution of Carex secalina in the Czech Republic
Carex secalina has appeared in the Czech Republic in a total 

of 169 localities (Fig. 1, Fig. 2, Fig. 3, Appendix S1) in two 
isolated areas: (i) in the lowlands and hilly areas of northern 
and central Bohemia (104 localities) and (ii) in southern 
Moravia (65 localities). All known sites are located in the 
phytogeographical area of thermophyticum. Sites are located 
in lowlands and uplands. The minimum altitude site is located 
near the village of Píšťany (145 m a.s.l.); maximum altitude was 
recorded in 280 m a.s.l. at the foothill of the Oblík Hill near 
the village of Raná.

The historical occurrence in Bohemia comprised a relatively 
large area in western and north-western Bohemia (eastern 
foothills of the Doupovské hory Hills, Roudnice nad Labem 
region, and western parts of the Střední Polabí area).

Exclave historical occurrence out of saline habitats was 
recorded in the 1950s on the eastern edge of Prague. It is a 
matter of speculation whether the species was introduced here 

Fig. 1 Historical distribution of Carex secalina in the Czech Republic 
(until 1975).

Fig. 2 Historical distribution of Carex secalina in the Czech Republic 
(1975-1999).

https://pbsociety.org.pl/journals/index.php/asbp/rt/suppFiles/119/0
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secondarily or if it was native to this locality. In Moravia, the 
occurrence of Carex secalina is bounded by surrounding of 
settlements of Znojmo and Brno, hills west and south of the 
Ždánický les Hills and in the south by the border with Austria. 
A rather isolated group of sites was found in the vicinity of 
Hodonín, but the largest conglomeration of localities was 
recorded in the territory of the former salt marshes south and 
southeast of Brno (Měnín, Klobouky u Brna, Čejč, Hustopeče, 
Mikulov, Sedlec and Rakvice; Fig. 1, Fig. 2, Fig. 3).

Current occurrence of the species in the Czech Republic 
was confirmed in 42 localities (24% of all localities recorded). 
Most of sites (40) were concentrated in the lowlands and hills 
of Bohemia in regions southwest of Prague (in the surround-
ings of Žatec, Most and Louny). Only two localities of current 
occurrence were found in southern Moravia (Vrbovec, Sedlec).

The trend of occurrence reduction of C. secalina in Czech 
Republic showed that most of localities were destroyed in 
period after 1975. Later, the decrease of number of C. secalina 
sites was very slight and number of existing sites has been 
practically stable over the past 10 years. In addition, many 
populations are large, including hundreds of individuals. 
Therefore, by applying the IUCN criteria, we propose to re-
vise the current status of the species EN (“endangered”) into 
category VU (“vulnerable”).

Distribution of Carex secalina in Slovakia
In Slovakia, Carex secalina has always occurred much less 

frequently than in the Czech Republic (Fig. 4). Altogether, 19 
localities were found especially in the lowlands of the south 
and south-western part of Pannonia in the phytogeographical 
districts of the Záhorská nížina Lowland and the Podunajská 
nížina Lowland. The centre of distribution was in the Poduna-
jská nížina Lowland in the area between the towns of Bratislava, 
Nitra and Štúrovo (17 localities in total). Only one site was 
found at the beginning of 20th century in the Záhorská nížina 
Lowland near the Moravský Svätý Ján village, however, it was 
destroyed. A single locality was also found in the Carpathians in 
Spišské Podhradie village (the Spišská kotlina Basin) within the 
same time period. Occurrence of the species was never again 
confirmed there, therefore (despite the existence of a herbarium 
voucher) it is not entirely clear whether Carex secalina ever re-
ally occurred there (exchange of herbarium labels?) or whether 
the population was destroyed not long after discovery.

The lowest known site is located at an altitude of 105 m 
a.s.l. (Komárno); maximum altitude was found at 132 m a.s.l. 
(Mojmírovce) and ca. 430-450 m a.s.l. (Spišské Podhradie) 
respectively.

At present, Carex secalina occurs very rarely only in the 
Podunajská Nížina Lowland in the remains of strongly changed 
(ruderalized) halophytic vegetation. We confirmed four lo-
cations in the surroundings of Močenok, Tvrdošovce and 
Komárno. The size of these remaining current populations 
was small. The largest Slovak population on the bank of the 
Ráczove jazierko pool in the Tvrdošovce village comprised only 
37 individuals (tussocks) in 2010. The locality is threatened 
by expansion of Phragmites australis and human impact. The 
pool has been used as fish pond since 2009, the fluctuation of 
water level has been stopped and the banks were afforested by 
Salix matsudana “Tortuosa” (!). Additional populations on the 
banks of a small pool near the Tvrdošovce railway stop and a 
population in an abandoned field depression near the Nová 
Stráž farmstead (west from the Komárno town) included only 
7 individuals. The last one, a small-size population (3 individu-
als) located in an arable field inundation in Siky farmstead near 
Močenok settlement was ploughed in 2008, but it is likely that 
the species could be found in saline pastures surrounding this 
field.

Comparing numbers of C. secalina localities in Slovakia 
we concluded that most of the sites were destroyed in the 
past (79%) and half of recent sites are acutely threatened by 
destruction (ploughing, secondary succession). Therefore, 
we propose to reclassify the species from IUCN category EN 
(“endangered”) to CR (“critically endangered”). Ex situ cultiva-
tion has been carried out by the Botanical Garden of Slovak 
University of Agriculture in Nitra (3 individuals were taken 
from the largest population in Tvrdošovce in 2009).

Ecological requirements 
In the Czech Republic and Slovakia, the presence of Carex 

secalina almost perfectly reflects the extension of saline soils. 
In the Czech Republic, it is clearly related to the sedimentary, 
mineral-rich bedrocks (usually of marine sediments), which 
form heavy soils. In these areas, moreover, there are mineral 
springs with a high content of chloride and magnesium salts 
(in the surroundings of the villages of Zaječice, Šaratice, Čejč, 

Fig. 3 Recent distribution of Carex secalina in the Czech Republic 
(2000 onwards).

Fig. 4 Historical and recent distribution of Carex secalina in Slovakia 
until 1975 (white circles), in 1975-1999 (white squares), and 2000 
onwards (black circles).
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and Sedlec). Those sites are situated in the warmest and driest 
areas with more significant rainfall during the spring, which 
causes capillary infiltration of mineral-rich water to the sur-
face horizons of soils. Salinity of this soil increased by raised 
evaporation, and salt efflorescences are created in some cases. 
In Slovakia, the occurrence is mainly related to solonetz and 
solonchak soils in dry and warm lowland areas; occurrences 
in localities around mineral springs have been reported rarely 
(Spišská Kotlina Basin). On the basis of our knowledge, we 
consider C. secalina as an obligate halophyte.

In the above-mentioned areas, the species occurs in native 
saline habitats (saline pastures and meadows, banks of saline 
lakes) together with other common halophytes (e.g. Juncus 
gerardii, Plantago maritima and Spergularia salina), but it is 
quite often accompanied by disturbed and ruderalized sub-
halophytic and halophytic sites. These include for example 
periodically drying field depressions, old fallows in former salt 
marshes and stands of perennial forage crops such as Lucerne 
(Medicago sativa). The relationship of C. secalina to disturbed 
plots is illustrated by the biological characteristics of that 
type of sedge. Together with Carex hordeistichos, the species 
is usually short-lived and its life cycle is well-connected with 
species found in sites with a low cover of long-lived perennial 
competitors.

Discussion

Distribution in the Czech Republic and in Slovakia
The first comprehensive information on the occurrence of 

Carex secalina in the Czech Republic was given by Podpěra 
[36] for southern Moravia. Much later, Moravec [37] described 
the species’ distribution in west and north-western Bohemia 
(surrounding of Všetaty, Velvary, Lower Poohří, riverbed of Bí-
lina river) and in south-eastern Moravia (Dyjskosvratecký Úval 
area and the surroundings of Hodonín). Detailed distribution 
in Bohemia was summarized and commented upon by Holub 
and Houfek [38] and Sládek [6]. Dostál [3] published occur-
rences for the whole country, but those data are incomplete and 
characterize the distribution of C. secalina only superficially. 
Since then, knowledge of Carex secalina distribution has not 
markedly increased in the Czech Republic, and information 
concerning the other localities has been recorded only in the 
wider area of previously known sites [26,39]. Recently, most 
relevant localities were found in north-western Bohemia (in 
the regions of Žatec, Most and Louny) northwest of Prague 
[40]. On the other hand, only two localities have been currently 
confirmed in southern Moravia (Vrbovec, Sedlec).

In Slovakia, more detailed distribution data were published 
by Moravec [37] and later by Dostál and Červenka [41]. Both 
works pointed out the occurrence of the species in the Záhor-
ská Nížina Lowland (Moravský Svätý Ján), in the southern part 
of the Ponitrie region (Podunajská Nížina Lowland) and near 
Blatnica in the Turčianska Kotlina Basin (West Carpathians). 
As we found, these data are very inaccurate. In addition to the 
correctly noted occurrences in the Záhorská Nížina Lowland 
and in the south of Nitra, the species was also found near 
Bratislava and around Štúrovo (Fig. 4). Currently, the species 
survives only in the broad surroundings of Nitra (Močenok), 
Nové Zámky (Tvrdošovce) and Komárno (Nová Stráž). In the 
West Carpathians, the information regarding species occur-
rence near Blatnica (the Turčianska Kotlina Basin) published 

by Margittai [42] and Dostál and Červenka [41] is inaccurate. 
As we found during our study of herbarium material in the 
herbarium of the Natural History Museum in Budapest (BP), 
Margittai collected the very similar species Carex hordeistichos 
Vill. near Blatnica, but he identified it as C. secalina. Carex 
hordeistichos is still relatively abundant in the Turčianska Kot-
lina Basin, and it is often confused with C. secalina [43,44]. In 
the West Carpathians, the species was collected only once by 
Legyel around the Spišské Podhradie village in the early 20th 
century. To resolve the question of whether or not the species 
actually occurred in the Spiš Region is almost impossible today. 
It is certain that suitable habitat with a higher salt content still 
exists near the village in the form of the Sivá Brada mineral 
spring. Obligate halophytes such as Glaux maritima, Plantago 
maritima, and Scorzonera parviflora are still present there [45]. 
On the other hand, the species was never reliably confirmed 
on the site (or elsewhere in the West Carpathians) despite 
many and detailed floristic and phytosociological studies (e.g. 
[45-48]). Two explanations are possible: (i) either the species is 
extinct on the site or (ii) the herbarium labels were exchanged. 
This is plausible because Lengyel also collected Carex secalina 
during this period near Novi Sad and Zrenjanin in the Banat 
Region (N Serbia, vouchers are stored in the herbarium BP).

Some localities of Carex secalina disappeared in the late 19th 
and early 20th century. These losses were mostly random, but 
some were associated with the first attempts of land reclama-
tion of halophytic habitats e.g. in south-eastern Moravia [49]. 
However, the obvious decrease of Carex secalina localities 
in the Czech Republic and Slovakia was caused by massive 
changes in land use especially during communist era (1948-
1989). Saline habitats, for many years used as extensive pas-
tures, were changed to arable land, building plots or afforested 
in the 1970s and 1980s [50,51]. The last remnants of saline 
habitats were either declared nature reservations or abandoned 
and left to their fate. The grazing was stopped in both cases, 
resulting in the disappearance or significant weakening of the 
size of local Carex secalina populations. The dependence of 
many halophytes upon grazing is generally known. This type 
of habitat management causes, e.g. a decrease of competition 
from tall-growing non-halophytic species, while trampling and 
disturbance of vegetation cover creates micro-areas suitable for 
the germination of new individuals of halophytes, and animals 
enrich the soil with nutrients [9,52-57]. The key impact of 
grazing on Carex secalina survival was clearly confirmed by 
Lembicz et al. [22]. The authors found a positive correlation 
between population size of the species and grazing intensity. 
Other significant factors enhancing the germination efficiency 
were diaspore trampling into the ground by animal hooves, 
and the high generative reproduction abilities of individuals 
(individuals producing large amounts of seeds) [58].

As our data show, the number of Carex secalina localities 
was several times higher in the Czech Republic than in Slovakia 
despite the fact that in Slovakia the halophilous vegetation is 
better developed than in the Czech Republic. We believe that 
the reason is a highly disjunctive distribution range of Carex 
secalina, rather than favourable environmental conditions. The 
species occurs in scattered and isolated localities throughout 
Europe and Asia [11]; the large westernmost isolated portion 
is situated in Germany, the Czech Republic, Austria and Hun-
gary. This isolated part of the distribution range of C. secalina 
reaches only marginally to Moravia, Slovakia and Poland, 
therefore C. secalina is a very rare species in these regions/
countries [3,22].
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Ecology and Coenotic affinity
Krist [5] considered the species as an obligate halophyte. 

An obligate halophyte is defined as a plant with optimal 
growth on habitats with moderate or high salinity levels and 
incapable of growing at a low salinity level [59,60]. Carex 
secalina has usually been reported in native or semi-ruderal 
saline habitats such as wet saline meadows, the banks of 
salt lakes, the edges of saline fields, saline waterlogged dis-
turbed areas, edges of rural roads, banks of mining pits, etc. 
[3,12,22,39,41,61,62]. This habitat characteristic corresponds 
well with the definition of an obligatory halophyte. Some-
times it survives also in non-saline ruderal habitats [22,63]. 
Survival of obligate halophytes at ruderal locations without 
significant salinization, however, has been recorded – for 
example in the case of species Pholiurus pannonicus [64]. 

Barbour [65] considered the ability to reproduce, rather 
than short-term growth, to be the ultimate criterion of obli-
gate halophytes. According to our knowledge, Carex secalina 
is capable of reproducing generatively on soils with high 
salt concentrations on the banks of the Neusiedler See (NE 
Austria) as well as on the banks of a small pond in Tvrdošovce 
(SW Slovakia) together with other obligate halophytes as 
Crypsis aculeata, Plantago maritima, and Puccinellia distans. 
As we have previously found, the species has occurred on 
highly salt-affected solontchak and solonetz soils, where 
electric conductivity reached values of 1.7-6.2 mS × cm−1 
[66]. On the other hand, Žukowski et al. [58] pointed out that 
enlarging of C. secalina areas in Poland could be restricted by 
inhibition of germination and seedling survival due to high 
salinity of soil. But the authors noted that this hypothesis 
needs verification. Novák [67] mentioned that salinity of 
habitats could be not the most important factor influencing 
the occurrence of C. secalina, because the species especially 
requires habitats with plenty of moisture and natural (water 
level fluctuation) or artificial (grazing, agricultural activities) 
disturbance of vegetation cover.

In the Czech Republic, Carex secalina is considered as 
a dominant species of association Agrostio stoloniferae-
Juncetum ranarii Vicherek 1962 belonging to alliance 
Agropyro-Rumicion crispi Nordh. 1940 em. R. Tx. 1950. 
It was also incidentally recorded in another association of 
this alliance – Loto-Potentilletum anserinae Vicherek 1973 
and also in association Astero pannonici-Bolboschoenetum 
compacti Hejný et Vicherek ex Oťaheľová et Valachovič 
in Valachovič 2001 (syn. Bolboschoenetum maritimi Soó 
1927) from alliance Meliloto dentati-Bolboschoenion maritimi 
Hroudová et al. 2009 (syn. Scirpion maritimi Dahl et. Hadač 
1941) [48,68].

Agrostio stoloniferae-Juncetum ranarii is a secondary com-
munity, which is related to the disturbances of soil and 
vegetation cover. It has occurred at locations with high soil 
salt content – in wet inundations, edges of fields, shores 
of ponds, and in the vicinity of mineral springs. Most of 
the sites are located on anthropogenic habitats. Besides 
halophytes, ruderal and wetland grasslands species are rep-
resented in the association. These stands are heterogeneous 
with mosaic character [61]. In the Czech Republic, where the 
association reaches the northwestern margin of its distribu-
tion range, the sites are known in the Podbořansko region, 
the lower Poohří area [61] and in southern Moravia [48]. 
Vicherek [48] mentioned the presence of the community 
in Slovakia as well, but Dítě et al. [69] did not verify this. 
We recorded current occurrences in the residues of ruderalized 

saline plant communities in Slovakia, which cannot be clearly 
included in a particular plant association. Together with C. 
secalina we recorded here some halophytes, e.g. Heleochloa 
schoenoides, Lotus tenuis, Spergularia media, and Tripolium 
pannonicum and also a mixture of mesophilic and ruderal 
species. Similar findings have been made in Poland, where 
the species was usually found in various plant communities 
of alliance Agropyro-Rumicion crispi Nordh. 1940 em. R. 
Tx. 1950 as well as in vegetation patches covered by species 
characteristic of classes Juncetea maritimi Br.-Bl. ex Tüxen et 
Oberdorfer 1958, Bidentetea tripartiti R. Tx. et al. in R. Tx. 
1950, Phragmitetea australis R. Tx. et Preisg. 1942 and Mo-
linio-Arrhenatherea Tüxen 1937 em. 1970 [22]. By contrast, 
Moysienko et al. [62] pointed out C. secalina only in three 
typical saline associations of alliances Scorzonero-Juncion 
gerardii (Wendelberger 1943) Vicherek 1973 and Puccinellion 
limosae Soó 1933 em. Vicherek 1973 in Ukraine. Moreover, 
Ellenberg [70] considered the species as characteristic for 
saltwater coast vegetation of Asteretalia tripolii. All of the 
above-mentioned data shows that the species has no well-
defined coenotic affinities, and further detailed research is 
needed. Nevertheless, we can conclude that Carex secalina 
prefers plant communities developed in more or less saline 
soils of natural and/or man-made habitats. A common fea-
ture of these communities (except for the above-mentioned 
higher salt content of the soil) is a mainly continental climate 
characterized by significant annual variation in temperature, 
and relatively moderate precipitation occurring mostly in 
summer. Holub [71] considered C. secalina as a species with 
an infraseptentrio-Euro-Siberian type of distribution range; 
its presence correlates strongly with the continental climate 
[67]. It is also clear from the map of distribution range 
published by Meusel at al. [11], that while the western part 
of the distribution range is very fragmented; the eastern part 
(from about 60° East longitude) has a more or less compact 
character [23]. Significant “holes” in the species’ occurrence 
in Ukraine, Belarus and south-western Russia may be due 
to lack of suitable habitat, but they could be also connected 
with current landscape use, poorly explored large territory or 
even the preference of botanists for research of only certain 
habitat types.
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