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ABSTRACT

The European species of the genus Marsilea are presented, with special regard to Four
leaf water clover Marsilea quadrifolia L., the single species occurring in Central Europe.
Based on field research on the Upper Rhine in Germany and the Lower Danube in Romania
the ecological requirements of the species and the plant communities in which the species lives
are analysed and compared with data from other European countries. Due to the decline of the
species populations as a consequence of human activities, all European Marsilea species are
rare, vulnerable, endangered by extinction or extinct in the wild and included in the Red data
books of most European countries. Also all the European water clovers Marsilea strigosa,
Marsilea batardae and Marsilea quadrifolia have been included in the Appendix | of the Bern
Convention (1979) as strictly protected species and in the Annexe Il of the European Flora
Fauna Habitat Directive 92/43/1992. After analysis of ecological conditions, the state of
conservation and the Red List categories of Marsilea quadrifolia following IUCN criteria in
the countries of occurrence are presented and possible measures for conservation are discussed
as well as realised reintroduction of the species in the wild.

ZUSAMMENFASSUNG: Der Kleefarn (Marsilea quadrifolia L.) eine bedrohte Art.
Aspekte betreffend Schutz und Management.

Die européischen Arten der Gattung Marsilea werden unter besonderer
Berlicksichtigung des Kleefarns Marsilea quadrifolia L., der einzigen in Mitteleuropa
vorkommenden Art, untersucht. Auf Grund eigener Feldforschung am Oberrhein und an der
Unteren Donau werden die Okologischen Anspriiche der Art und ihre Vergesellschaftung
dargelegt und mit Angaben aus anderen europdischen L&ndern verglichen. Bedingt durch die
Verringerung der Populationen infolge menschlicher Tatigkeiten sind alle européischen Arten
der Gattung Marsilea selten, gefahrdet, vom Aussterben bedroht oder bereits ausgestorben und
in die Roten Blcher bzw. Listen fast aller européischen Lander aufgenommen worden. Ebenso
sind alle europaischen Kleefarnarten Marsilea strigosa, Marsilea batardae und Marsilea
quadrifolia als streng geschiitzte Arten in Anhang | der Berner Konvention (1979) und Anhang
I der Flora-Fauna-Habitatrichtlinie 92/43/1992 gelistet. Nach einer Analyse der 6kologischen
Anspriiche und des Erhaltungszustandes der Art sowie ihrer Einordnung in eine bestimmte
Schutzkategorie in den einzelnen Landern nach IUCN Kriterien, werden mogliche Schutz- und
Erhaltungsmalinahmen sowie bereits durchgefihrte MaBnahmen zur Wiedereinbirgerung
besprochen.
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REZUMAT: Trifoiasul de baltd (Marsilea quadrifolia L.), o specie periclitata.
Aspecte de conservare si management.

Lucrarea prezintd speciile europene ale genului Marsilea, cu privire specialda asupra
trifoiasului de balta Marsilea quadrifolia L., singura specie cu rispandire in Europa Centrala.
In baza cercetarilor pe teren n regiunea Rinului superior In Germania si a Dundrii inferioare
din Romania sunt analizate cerintele ecologice, precum si comunitatile de plante in care creste
specia si sunt comparate cu datele din alte tari europene. Datorita reducerii populatiilor in urma
impactului antropic, toate speciile europene ale genului Marsilea sunt rare, vulnerabile
periclitate prin extinctie sau deja disparute, fiind cuprinse in Cartile rosii, respectiv Listele
rosii ale majoritatii tarilor europene din care se cunoaste specia. De asemenea, toate
speciile europene de trifoias de baltdi Marsilea strigosa, Marsilea batardae si Marsilea
guadrifolia sunt listate ca specii strict protejate in Anexa I a Conventiei de la Berna (1979)
si in Anexa Il a Directivei Flora-Fauna-Habitate 92/43/1992. Dupi analiza cerintelor
ecologice si a starii de conservare a speciei, precum si a incadrarii ei In anumite categorii
de protectie in diferitele tari europene conform criteriilor UICN, sunt discutate posibile
masuri de protectie si de conservare, precum si masuri de reintroducere a speciei in zonele
din care a disparut.

INTRODUCTION

The genus Marsilea (Fam. Marsileaceae/Pteridophyta), including worldwide about 45
species of aquatic plants in tropical and warm regions (Cook, 1996), is represented in Europe
by four species: Marsilea quadrifolia L., Marsilea strigosa Willd., Marsilea batardae Launert
and Marsilea aegyptica Willd. All are hydro-helophytes or hygrophytes occuring mostly in
standing, shallow permanent or temporary, sometime drying-out waters, in ponds, ditches and
locally in ricefields. Due to the decline of the species as a consequence of human activities
such as drainage and water pollution, all European Marsilea species are Rare, Vulnerable,
Endangered by extinction or Extinct in the wild and included in the Red data books of most
European countries. Of the four species mentioned, Marsilea batardae Launert is rare and
endemic to the Iberian Peninsula (Medina et al., 2004; Banares et al., 2004). Marsilea
aegyptica Willd. has been mentioned only from the Lower Volga area as a rare species with a
disjunct distribution area (Tahtadjian et al., 1988). Marsilea strigosa Willd. is a Mediterranean
species with pubescent leaves that occurs in Southern Europe, being mentioned from Italy
(Conti et al., 1992), Southern France (Dehondt et al., 2005) and South-western Spain (Garcia
et al., 2006; Banares et al., 2010). The species have been mentioned also from the Lower
Volga area, but has been regarded as extinct in recent decades (Tahtadjian et al., 1988; Conti et
al., 1992). The Four leaf water clover (named also Water Shamrock) Marsilea quadrifolia L.,
an Euroasiatic species, distributed over a larger area with prevailing small populations, is the
single species of the genus Marsilea occurring in Central Europe.

Following the data from older publications and comparing them with recent data of the
species, there has been observed a decrease in its distribution area, with it being extinct in
many sites, considered in others as endangered by extinction or as a vulnerable species. This is
why all the water clovers of the European Union - Marsilea strigosa, M. batardae and M.
quadrifolia - have been included in the Appendix I of the Convention on the Conservation of
European Wildlife and Natural Habitats/Bern Convention (1979) as a strictly protected species
and in the Annexe Il of the European Flora Fauna Habitat Directive 92/43/1992 including the
animal and plant species of community interest whose conservation requires the designation of
special areas.
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The object of this paper is to follow the actual distribution of the water clover Marsilea
quadrifolia L. in Europe on the basis of data from different countries and our own research
data, to compare the ecological and phytocoenological data of the species from different
regions of Europe as well as the conservation status and type of management measures. At the
same time we discuss the applicable and needed measuers to conserve the species in the still
existing sites and to find out - knowing the ecological requirements of the species - the
appropriate sites for reintroduction or revitalization of stands, if sporocarps of the species
persist in the area.

MATERIAL AND METHODS

On the basis of our own field research are presented data of Marsilea quadrifolia
populations on the Upper Rhine (2009), the Lower Danube Giurgiu/Slobozia area (2004) and
the Danube Delta (Rusca Polder 1993, Sfantu Gheorghe 2011) the ecology, phytocoenology
and conservation status, human impacts and their consequences. The plant communities
identified by Marsilea quadrifolia and the surrounding vegetation has been studied on the
Rhine and on the Danube on the base of transects along ecological gradients with side-by-side
phytocoenological sampling according to the method of Braun-Blanquet (1964). On the Rhine
the sampling was realised within the framework of the Management Plan for the Natura 2000
Site “Floodplain of the Rhine between Iffezheim and Karlsruhe” (experimental plots 4 and 5).

The ecological and phytocoenological data are compared with those from literature
concerning the species from other European countries. Possible management measures are
discussed on the basis of the analysed field and literature data.

RESULTS AND DISCUSSION

Site conditions and distribution area.

The actual occurrence of Marsilea quadrifolia is related partly to natural water bodies
such as oxbow lakes, flood channels and partly to man-made water bodies such as fishponds
(Landolt, 1991; Dehondt et al., 2005; Schneider et al., 2005; Benedek et al., 2012) ricefields
(Felfoldy, 1990; Conti et al., 1992; Benedek et al., 2012), clay-pits (Landolt, 1991), gravel
exploitation places, ditches with slowly running waters (Conti et al., 1992; Késermann, 1999)
and artificial lakes (Conti et al., 1992; Ramsar Information Sheet, 1998). The waters are
mostly shallow and dry out temporary.

The species is mentioned as growing on muddy ground, clay-sandy or sandy soils
(Késermann, 1999; Oberdorfer, 2001; Tahtadjian et al., 1988), but it is also mentioned from
marshy soils, rich in organic matter (Dehondt et al., 2005). In two cases the occurrence of the
species is mentioned in relation to old pig pastures with open places free of vegetation
(Ké&sermann, 1999; Pouchol, 2000; Oberdorfer, 2001; Philippi, 1969) as well as from hemp-
and flax-steeping places (Philippi, 1969).

Concerning the nutrient content of the waters in which the species grows, occurrences
are known in oligotrophic, oligo-mesotrophic and mesotrophic nutrient and humus-poor waters
(Késermann, 1999; Pouchol, 2000; Dehondt et al., 2005; Bundesamt fiir Naturschutz, 2012),
but also nutrient-rich sites (Oberdorfer, 2001; Schneider, 1993; field sampling in the Danube
Delta, Rusca area). But a strong eutrophication in sites with Marsilea quadrifolia is the cause
of decline of the species populations (Pouchol, 2000). The waters in which the species occurs
are frequently measured as deficient in calcium carbonate (Landolt, 1991; Oberdorfer, 2001)
and Marsilea quadrifolia is considered to be a calcifuge (Dray, 1985).



164 E. Schneider-Binder — Marsilea quadrifolia an endangered species (161 ~ 176)

According to our observations Marsilea quadrifolia occurs also in conditions of
light to medium salinity, growing in the Danube Delta (Sf. Gheorghe) together with
typical halophilous species. As a water macrophyte, the species occurs together with
Azolla filiculoides, which indicates a light salinity. Under terrestrial conditions the species
has been observed growing in the neighbourhood of Juncus maritimus and Limonium
meyeri, typical halophilous species, as well as species indicating a light salinity such as
Pulicaria dysenterica, Trifolium fragiferum, Mentha pulegium, Cynodon dactylon and Tamarix
ramosissima. Similar conditions with those in the Danube Delta at Sf. Gheorghe, living on
sandy saline substrate are mentioned for Marsilea strigosa from the Lower Volga area
(Tahtadjian et al., 1988).

The water clover is known as a species with low concurrence capability which is
related to tolerance towards different ecological factors (Felfoldy, 1990; Horvéth et al., 1995;
Késermann, 1999; Pouchol, 2000; Dehondt et al., 2005). As a heliophilous species without
tolerance to shade, the water clover is quickly eliminated in the course of succession by higher
growing and overshadowing species (Dehondt et al., 2005; Kasermann, 1999; Pouchol, 2000).
It seems the species sometimes needs light disturbances related to human interventions which
keep open the sites where Marsilea quadrifolia can establish without competition from other
species (for example old pig pastures). These factors are near the trophic conditions strong
limiting factors for the repartition of the species.

Geographical distribution

On the Iberian Peninsula the species occurred in wetlands on the Mediterranean coast,
but at present is considered as extinct in the wild, being reintroduced in the Delta of the Ebro
River (Aedo et al.,, 2012). In Portugal Marsilea quadrifolia being at present in a critical
situation with strong regression it is mentioned in small area of Douro and Tras-os-Montes
(ICN, 2006).

In France Marsilea quadrifolia is mentioned from the Centre of France in the plain of
the Loire and Allier rivers, in the regions of Anjou, Touraine, Orléans, Sologne, Brenne, les
Dombes, Lyon and in the Eastern France region of Franche-Comté: Bresse Comtoise,
Piedmont of Vosges and the Sundgau near Belfort (Dehondt, 2005; Dehondt et al., 2005). In
the last mentioned localities of the Franche-Comté region, the species occurs in a number of
fishpond areas.

In Switzerland Marsilea quadrifolia is still mentioned from the “Pruntruter Zipfel”
near Bonfol/region of Jura (Landolt, 1991; K&sermann, 1999) near to the locations of Franche-
Comté in France. In all other localities known from older data in Switzerland, the species has
disappeared.

In Italy this thermophilous Eurasian species is mentioned from sea level to 400 m
altitude occurring in the Piemont area on the upper Po River and reaching to South in the area
of Naples (Napoli), these localities being the most Southern of the distribution area in Europe
(Conti et al., 1992).

In Germany Marsilea quadrifolia occured only on the Middle and Northern Upper
Rhine, but apart from the existence in one location, in all the others mentioned as existing
before 1945 (Haeupler and Schonfelder, 1988) the species is considered at present as
extinct. In 1986 the Four leaf water clover has been registered South of Karlsruhe between
the localities Morsch and Neuburgweier (Rheinstetten) in the old floodplain of the river
Rhine, in a location named Rostelacker. As the species stands decreased more and more,
being repressed through succession by species more competitive such as Reed (Phragmites
australis) and Reed-mace (Typha angustifolia) the water clover disappeared. As the
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species were known in the area from old pig pastures as well as hemp- and flax-steeping
places, in 2002 a pig pasture area has been established in the area of Rostelacker/Rheinstetten,
South of Karlsruhe (Radkowitsch, 2006). One year later in 2003 a new occurrence of
Marsilea quadrifolia has been registered in a flashing area of a gravel extraction place
near Lahr. From this location plant material were taken out and started-up a “conservation
culture” in the Botanical Garden of the University Karlsruhe (Radkowitsch, 2006, 2007;
Waitzmann and Schweizer, 2009). The last at present existing distribution point of the species
in Germany on the Upper Rhine is the result of a recent reintroduction of the species in the
wild.

In Poland, where the species exists at the Northern limit of its area, it is mentioned
as extinct in the wild, but cultivated in the Botanical Garden of Warsaw University
and reintroduced into a pond at the Bolestraszyce Arboretum near Przemysl (Kazmierczskowa
and Zarzycki, 2001; Zarzycki and Szelag, 1992). From this place some of the individuals
were transplanted to two reservoirs in the environment of Pulawy (Kazmierczskowa and
Zarzycki, 2001). According to newer data, the species exists still in the Botanical Garden of
Warsaw.

The map of occurrence of species Marsilea quadrifolia shows for the area of
former Czechoslovakia only localities in the Eastern Slovakian lowland on the Latorica
River (Husak and Otahelova, 1986), near to the area of the Ukrainian occurrences in
Zakarpatia area (Shelijag-Sosonka, 1996). In the past Marsilea quadrifolia has been found
in Slovakia also in the area of Bodrog, Laborec and Uh rivers (Botanix, 2012). The mention
of Marsilea quadrifolia as occurring in the Czech Republic (IUCN, 2012) refers to the old
literature data for Czechoslovakia, and are related to the distribution points in Eastern
Slovakia.

In Austria the species is extinct in most of its former known localities, existing at
present only in Styria/Steiermark in the Southeastern part of the country (Adler et al., 1994;
Kéasermann, 1999).

The distribution map of the species Marsilea quadrifolia in Hungary indicates
localities between the Danube and the Tisza/Tisa rivers in the large Hungarian Plain, the so
called “Alfold”, were the species occurs in the area of ricefields that from time to time dry
out (Felféldy, 1990).

In Croatia the distribution map shows many locations along the Sava River (Borsic,
2012) and also some points on the Drava River, but most are from older literature data, only a
few of the localities having recent confirmation by field research. The localities, where the
Water clover occurs at present are strongly related to the pig pasturing as traditional activity in
the Sava floodplain area, which in its turn is related to the Sava old oak hardwood floodplain
forests area. In the floodplain used as pig pasture, there are locally large areas covered by
Marsilea quadrifolia (oral communication by Mr. Damm C., 2011).

Marsilea quadrifolia is also listed in The Red Book of the Albanian flora (Vangjeli et
al., 1995), as well in the Red Books for Bosnia and Herzegovina (Silic, 1996).

In Bulgaria, Marsilea quadrifolia species is mentioned in the Danube Plain from two
sites, the Tracian lowland in Southern Bulgaria and the Strumska Valley (Dakov, 1984)
occurring in permanent or temporary water bodies, swamps and rice cultures on muddy
underground.

In Greece the species is mentioned as very rare, on the border of the artificial Lake
Kerkini (Ramsar Information Sheet, 1998).
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In Romania, the species records are published from different parts of the country
(Topa, 1952). The localities are concentrated in the lowland area of the Western Plain, Oradea
and Salonta area, the Southern part of the Crisuri region, and the lower Mures and Timisoara
area. Given as well are localities on the Danube (Ostrovul Corbului/Turnu Severin, Braila) and
lakes of the Romanian Plain around Bucharest as well as two points in Dobrogea, but at that
time (1952) no data about the occurrence of the species existed for the Danube Delta.
Mentioned are also in the older literature data for the Transylvanian Tableland, the so-called
“Campia Transilvaniei”, but these points were not confirmed at the middle of the 20th century
(Topa, 1952). From many of the localities in which Marsilea quadrifolia was found six
decades ago (Topa, 1952) the species has disappeared, while others are reconfirmed (Oprea,
2005) and some new locations has been discovered in the last years. On the Lower Danube the
species exist at present in a partly abandoned fish pond area near Slobozia/Giurgiu (Schneider
et al., 2005). In the Danube Delta the species is mentioned as rare (Ciocérlan, 1994) and
described from the fishpond area of Rusca and on the mouth of Sulina branch into the Black
Sea (Otel, 2000). Recently (2011) the species were found at Sfantu Gheorghe near to the coast
of the Black Sea in stands with high abundance-dominance and represented by Marsilea
quadrifolia L. f. natans Kaulf. and f. terrestris Hayek (Tab. 2, Figs. 1 and 2).

The distribution map of Marsilea quadrifolia in Ukraine shows a concentration of
some localities North of the Chilia/Kilija branch of the Danube Delta, on the lower and upper
Dniester/Nistru, on the Southern Bug, in the Zakarpatia region of Western Ukraine and area of
the Shatski Lakes part of Polessie Swamps (Shelijag-Sosonka, 1996).

Phytoceonological remarks.

Marsilea quadrifolia is mostly considered as a native accessorial species occurring in
communities of the Class Isoeto-Nanojuncetea Br.-Bl. et Tx. 1943 (Kazmierczakowa and
Zarzycki, 2001; Horvéth et al., 1995; Dehondt et al., 2005) order Isoetetalia (Borsic, 2012) or
order Cyperetalia fusci, alliance Nanocyperion flavescentis (Felfoldy, 1990; Dehondt et al.,
2005; Oberdorfer, 2001) or in the class of Litorelletea uniflorae Br.-Bl.et Tx. 1943, alliance
Eleocharition acicularis (Dehondt et al., 2005; Oberdorfer, 2001). The occurrence together
with Elatine triandra, characteristic for the order Cyperetalia fusci as well as with Limosella
aquatica, Cyperus fuscus, Juncus bulbosus and Lindernia procumbens documents the affinity
to communities of the alliance Nancyperion/Order Cyperetalia fusci/class Isoeto-
Nanojuncetea. But the observed association with the species Utricularia australis, Trapa
natans, Myriophyllum spicatum, and Phragmites australis (Dehondt et al., 2005) speaks for the
affinity to communities of the class Potamogetonetea pectinati Klika 1941.

In Spain is mentioned the affiliation to the Class Oryzetea sativae (Banares et al., 2004).

The studied area in the plain of the river Rhine South of Karlsruhe and the samples
from this area shows on the one side the identification of communities which are characteristic
for Potamogetonetea (Tab. 1, column 1-6) interfering with Phragmitetea species and on the
other side the integration in a pioneer community with species of the alliance Nanocyperion
(Tab. 1, column 7-10) such are Cyperus fuscus and Centaurium pulchellum. The distinction is
based on the different depth of the generally shallow water body. The first group is
characteristic for the “deeper” part of the water body and the second for the edge of the water
which is more rapidly falling dry as the other part. The entire water body can dry out, but the
time period is different. The covering degree of Marsilea quadrifolia is locally very high, but
also Potamogeton nodosus reaches a high covering degree in some phytocoenoses of the area
(sample 4). As this species is more competitive it can be a threat to the water clover with less
competition capacity.
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Table 1: Phytocoenoses of Marsilea quadrifolia near Rheinstetten South of Karlsruhe,
in Germany.

Number of sample 1] 2 3 4 | 516 |7 ]8]9]10

Cover degree in % 8585|100 70 | 45| 25 | 25 | 45 | 40 | 45

w
+
+

Marsilea quadrifolia floating leafs 4 | 4 5 1 13]2|2
Marsilea quadrifolia 2 | + - - - - -
Alisma plantago-aquatica -] - - + | - -+
Lythrum salicaria - - - - - - ¥
Salix purpurea - | - - - - -+ -
Cyperus fuscus - - - - - - - 3
Equisetum palustre -] - - - - - - A
Potamogeton nodosus + ] 2 - 4 | - |+ - [ + ] +
Centaurium pulchellum - | - - - - - - - -
Schoenoplectus lacustris - - - - - - - - -
Alopecurus geniculatus - - - - - - - - -
Agrostis stolonifera - - - - - - - + | +
Butomus umbellatus - - - - 1 - - - - -
Chara vulgaris - - - - - + - - R _

+ 1
1
1

+

+ ||

+ |+ [+ ||

Place and data of sampling
Rostelacker, Rheinstetten/Karlsruhe 31.07.2009

Other phytocoenological aspects can be observed for the studied site in the dune area
of Sfantu Gheorghe in the Danube Delta (Tab. 2, Figs. 1 and 2). Marsilea quadrifolia is
associated with floating aquatic macrophytes such as Hydorcharis morsus ranae, Salvinia
natans, Spirodela polyrhiza, Lemna minor, Lemna trisulca characterstic for communities of
the alliance Lemnion minoris Tx. 1955, classe Lemnetea minoris Tx. 1955 and rooted water
macrophytes such are Nymphoides peltata characteristic for the alliance Nymphaeion albae
Oberd. 1957, class Potamogetonetea pectinati Klika 41 (Tab. 2, column 1-6). The water clover
presents furthermore in the site at Sfantu Gheorghe a larger surface of terrestrial stands (Tab.
2, column 7-10), which are in contact with reed communities edified by Sparganium ramosum,
Typha angustifolia and the halophilous species Juncus maritimus and Limonium meyeri as well
as grassland species characteristic for light salinity in the soil. In the area of Rusca
polder/Danube Delta where the species occurs sporadically in shallow drying out waters
(fishponds) no accompanying species has been observed.

On the Lower Danube near Slobozia upstream of the town of Giurgiu Marsilea
quadrifolia has been observed (June 2004) in an abandoned fishponds area as growing in
interference with stands of Typha angustifolia.
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Figure 1: Marsilea quadrifolia L. with Spirodela polyrhiza, Salvinia natans, Lemna minor,
Lemna trisulca, Azolla filiculoides (Danube Delta, Sfantu Gheorghe, 2011).

Figure 2: Marsilea quadrifolia stands, terrestrial form, in contact with stands of Sparganium
ramosum, Typha angustifolia (on the left side) and Juncus maritimus (right side) on the dune
area of Sfantu Gheorghe/Danube Delta near to the coast of the Black Sea (2011).
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Table 2: Marsilea quadrifolia phytocoenoses in the Danube Delta, in the Romanian
territory.

Number of sample 1 2 3 4 5 6 7 8 9 10
terr | terr | terr | terr

Marsilea quadrifolia 4
Spirodela polyrhiza -
Lemna minor
Salvinia natans
Nymphoides peltata
Azolla filiculoides
Hydrocharis morsus-ranae - - -
Lemna trisulca -
Ceratophyllum submersum - -
Typha angustifolia - +
Sparganium ramosum - - 1
Mentha pulegium - - - - - - - +
+
+

N
ENIN
+ |+ |w
1
1
1
1

I RIS
1

+
N

+
1
w

+ [+ [N
1
1
1
1

+ |+ |
1
1
1
+ |+ W+ [+ (N

+ |+
=11
1

N
v+
+
W
-

+ |+

Juncus maritimus - - - - - - 1
Pulicaria dysenterica - - - - - - -
Cynanchum acutum - - - - - - - -
Limonium meyeri - - - - - - - -
Tamarix ramosissima - - - - - - - - -

+ |
+ |+ |+ |+ ||

Place and date of sampling
Danube Delta, Sfantu Gheorghe, 06.09.2011

Decline of the species occurrence

A continuous decline of the populations of Marsilea quadrifolia has been observed in
Europe. This is due to human activities producing different changes in the quality of habitat or
leading to destruction of the habitat. An important impact has the bank consolidation,
undermining of the banks by muskrats (Késermann, 1999; Pouchol, 2000), drainage and
drying-out of waters and characteristic wetlands. The change of management of fishponds,
intensification or abandoning of the use is mentioned as one of the important reasons for
decreasing of populations of Marsilea quadrifolia (Dehondt et al., 2005). One of the important
factors for the decline of the species is water eutrophication and water pollution (Késermann,
1999; Pouchol, 2000; Shelijag-Sosonka, 1996). The change in agricultural practices with
application of herbicides and the eutrophication is given as one of the reasons for the
extinction of Marsilea quadrifolia in Spain (Banares et al., 2004). The change of habitat can
change the competitive conditions for the species, such are for example shadowing, succession
by higher and faster growing vegetation, resulting to the elimination of Marsilea quadrifolia,
being disadvantaged with its deficient, low competition capacity in comparison to species with
active dispersion.

Tourist activities can also have a negative influence for the sites in which the species
are growing (Pouchol, 2000).
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In the concrete case of the decline of the Four leaf water clover in Germany on the
river Rhine, are mentioned as causes the rectification of the Rhine in the last centuries, the
change of ground water capacity, the filling up of flood channels and other water bodies, the
increase of nutrients, herbicides, pesticides, the type of management of waters and wetlands
(Waitzmann and Schweizer, 2009). For all the European countries similar causes are
mentioned as above discussed.

Conservation status and management

According to the IUCN 2012 worldwide Red List of threatened species, no major
threats have been reported for Marsilea quadrifolia. The species “occurs throughout much of
southern Europe east to China and Japan, including Cambodia and Lao PDR. Within Europe it
occurs along many of the major river valleys, such are the Loire, Po and parts of the Danube,
as well as in complexes of wetlands throughout central and southern Europe” (Gupta, 2012).
Therefore the species is listed under the category “Least Concern” (categories and criteria
version 3.1), which means widespread and abundant taxa as regards their extent of occurrence,
area of occupancy, area extent and/or quality of habitat and number of locations or
subpopulations (Gupta, 2012). The comment “widespread and abundant” cannot be taken into
account for Europe, as the species is in visible decline, in general with low abundance and
extinct in many places (Tab. 3). This is why it has been listed in the Annexes of the Bern
Convention and the Flora Fauna Habitat Directive. The category of “least concern” can apply
only from the point of view of Asian countries, where it seems the species has a larger
distribution and occurs in larger populations.

As Marsilea quadrifolia is known for its low competition capability by changing site
conditions (Felfoldy, 1990; Dehondt et al., 2005), it is endangered in many sites by extinction
or even extinct (Tab. 3).

In the sites with existing localities of Marsilea quadrifolia a continuous monitoring is
needed to follow the evolution of the populations and to take appropriate management
measures for conservation. The first is to improve the knowledge about management of
populations, autecology of the species, colonisation capacity and reproduction biology. It is
known, that the sporocarps, which emerge from terrestrial leaves at the time when the banks
fall dry, are very resistant and with a long-term germination capacity (Kasermann, 1999;
Pouchol, 2000).

In areas with fishponds the change of management from an intensive to more extensive
one is needed and is proved in the region of Jura/France and in Switzerland (K&sermann, 1999;
Dehondt et al., 2005). Mowing is needed in areas with interferences of Marsilea quadrifolia
stands with reed and other tall herbaceous vegetation, to eliminate the shadowing effects,
which can be dangerous for the Marsilea stands. Ligneous vegetation taking out is needed too,
if it will have negative effects on water clover stands. It is also discussed in relation with the
low competition capacity the creation of open soil area for the colonisation of Marsilea
guadrifolia in appropriate sites (Radkowitsch, 2007; Pouchol, 2000; Dehondt et al., 2005).

There are usually two ways to assure the conservation of the species. One is to take
sporocarps in botanical gardens and cultivate the species ex situ from sporocarps found in
some of the sites, allowing possible reintroduction into the wild. The combination of ex situ
with in situ cultivation (integrated conservation strategy) seems to be a successful approach. In
Spain the species, being extinct in the wild (Banares et al., 2004), is cultivated in the Royal
Botanical Garden of Madrid. The reintroduction is promising good results (Aedo et al., 2012).
The hope is to obtain stable populations in natural habitats, which can lead to cancel the
species from the list of those extinct in the nature.
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Table 3: Red list categories of Marsilea quadrifolia in European countries.

Red List EX,
Categories | EW CR | EN | VU Remarks
Country
Cultivated in the Royal Botanical Garden of
Spain X Madrid and reintroduced in the Delta of Ebro River
(Aedo et al., 2012)
Portugal Xr Rare (Dray, 1985); Ramos et al., 1990; ICN, 2006
France X | Dehondt, 2005; Dehondt et al., 2005
Reintroduced repeatedly in the fishponds at Bonfol
Switzerland | (X) (Jura) without durable success (Késermann, 1999)
and in Bellechasse
Italy X | Contietal., 1992
Strictly protected species (BfN, 2012; Ludwig and
Germany (X) X Schnittler, 1996; Breunig and Demuth, 2000);
reintroduced in the wild with good results
(Radkowitsch, 2007)
Cultivated in the Botanical Garden of Warsaw
University and reintroduced in a pond near
Poland (X) X Przemysl (Kazmierczskowa and Zarzycki, 2001,
Zarzycki and Szelag, 1992)
Only in Styria, in all other areas Burgenland,
Austria X Upper Austria, Carinthia extinct (Adler et al.,
1994; Kdsermann, 1999)
Slovakia Xr Most vulnerable (Maglocky and Feradkové, 1993)
Hungary Xr Protected taxon of Western European importance
(Horvéth et al., 1995)
Borsic: in FCD-Flora Croatica Database 2012;
Croatia X Ministarstvo Graditelistva i zastite okolisa 1994;
Nikolic, 1994
Bosnia- Silic, 1996
. X
Herzegovina
Albania X | Vangjeli et al., 1995
Otel 2000 (data for the Danube Delta); Oprea,
Romania X 2005_; in_ the Re_d data book' of the country the
species is not included (Dihoru and Negrean,
2009); rare species Danube Delta (Ciocéarlan, 1994)
Bulgaria Xr Dakov, 1984; sporangia conserved in the Spors and
seeds bank of the Botanical Garden Sofia
. Category | in the Ukrainian Red book of plants
Ukraine Xr (Shelijag-Sosonka, 1996)

EX = Extinct, EW = Extinct in the wild, CR = Critically Endangered, EN = Endangered, VU =
vulnerable. The category LR = low risk is not included in the table, as for Marsilea quadrifolia
the category is at present without relevance (Walter and Gillett, 1998), r = rare species. The
parenthesis of X in the category of extinct in the wild, means the reintroduction in the wild.
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The species Marsilea quadrifolia has disappeared from the known locations in
Germany. Sporocarps were collected from the last confirmed location in waters of a
gravel extraction place near Lahr/Offenburg and initiated with this a “conservation culture”
in the area of Botanical Garden of University of Karlsruhe (Radkowitsch, 2006). The
programme of ex situ cultivation permitted obtaining specimens of Marsilea quadrifolia
species, which has been reintroduced in the wild South of Karlsruhe in the former floodplain
of the Rhine Rivwe near Rheinstetten in the site of “Rostelacker”. The ex situ cultivation
programme included also the foundation of a pig farm, the animals having the role to create
open, vegetation free soil patches with a high diversity of macro- and microhabitats for
the development of Marsilea quadrifolia being a species with low competition capability
(Radkowitsch, 2007).

The implementation and monitoring of the reintroduction of Marsilea quadrifolia have
been realised within the framework of a LIFE project “Living floodplains of the Rhine”
ongoing from 2005 with efficiency control of the measures in the following two years
(Radkowitsch, 2006; 2007).

In the frame of the elaboration of the Management Plan for the Natura 2000
Site  “Floodplain of the Rhine between Iffezheim and Karlsruhe”, sampling of
phytocoenoses edified by Marsilea quadrifolia (experimental plots four and five) were taken
in July 2009 (Tab. 1). The samples document a satisfying evolution of the species population
and also the development of the whole plant community with the characteristic
species combination for the alliance Nanocyperion, for which the species is mentioned
as being characteristic and also for phytocoenoses of plant communities included in the
class Potamogetonetea.

But in the same time the monitoring clearly demonstrates near the successful
reintroduction also the need for further monitoring and management, as recently there has
been observed an increasing presence of Potamogeton nodosus. This species with
higher competition capacity can become dangerous for the water clover (Marsilea quadrifolia)
as a species of low competition capacity (Felféldy, 1990; Dehondt et al., 2005; Kéasermann,
1999).

Ex situ conservation has been practised also in Switzerland territory, sporocarps
from the Jura region in France have been cultivated and then reintroduced into the wild
near Bellechasse. Ex situ conservation cultures were also created in the Botanical Garden
of Warsaw University in Poland from where the species has been reintroduced into a pond
near Przemysl (Kazmierczskowa and Zarzycki, 2001; Zarzycki and Szelag, 1992).

In Bulgaria where the species Marsilea quadrifolia is considered as endangered
and rare, sporangia of it were introduced and conserved in the Spores and Seeds Bank of
the Botanical Garden in Sofia, to be used in the future, if the decline of the species will
progress.

All these efforts demonstrate that the species Marsilea quadrifolia requires special
attention for conservation with appropriate measures, direct in sites where has been found
the species in times before, but also in ex situ conservation cultures, which have an
important role to assure survival in sites where the species is in decline, near to extinction
or extinct.
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CONCLUSIONS

It is clear that in European countries Marsilea quadrifolia is a species in decline due to
human interventions in different ways, and needs in many cases a strict protection. This fact
corresponds nearly for all European countries with the consequence that the species is listed in
all Red lists and Red Data books of threatened flora in the conservation categories Extinct in
the Wild, Extinct, Critically Endangered, Endangered and Vulnerable.

The low concurrence competition capacity and the low capacity of spread and
colonising new sites are possibly the main factors for the decline of the species. On the other
side the longevity of sporocarps which are resistant to drying-out, can lead to a reactivation of
populations in sites where the species is considered as extinct, if the site conditions are again
appropriate for evolution of the species. But in the most cases the reoccurrence in the same
place, from which the species disappeared years ago is not possible, as many habitats have
been unrecoverable destroyed by human interventions.

In the countries where the species is extinct in the wild, many efforts are being made to
reintroduce the species into the wild. Successes in this direction have been achieved and offer
promise for further reintroduction measures.
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