LITTORELLA UNIFLORA (L.) ASCHERSON: A REVIEW
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Littorella uniflora (L.) Ascherson, a member of Plantaginaceae family, belongs to a group of isoetids — small, slow-growing,
evergreen aquatic plants. They are characterized by strong and stiff basal leaves and a large amount of root biomass. Oligo-
trophic and mesotrophic freshwaters are typical habitats for this plant. L. uniflora is a boreal subatlantic European species. It
is spread over whole western and northern Europe including the United Kingdom and Ireland. Austria, Czech Republic, and
Poland lie on the southeast border of L. uniflora distribution. In the Czech Republic, as well as in the Netherlands or Ireland,
the number of suitable habitats is rapidly decreasing. Therefore it is important to understand the needs of this macrophyte in
order to propose quality rescue management to restore its population. This paper gives brief information about biology and
ecological adaptations of L. uniflora. It also focuses on threats, distribution, and management at some of its current localities

in the Czech Republic.
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Plant description

Littorella uniflora is a small, amphibious water
plant with a thick rhizome and numerous adventitious
roots. It is characterized by a large amount of root
biomass (Sculthorpe, 1985). L. uniflora is able
to grow under submerged emerged conditions. After
emergence, the submerged leaves rapidly die and
aerial leaves are formed within few days (Hostrup,
Wiegleb, 1991). Leaves forming a basal rosette are
grass-like, cylindrical, obtuse on the top, and sheath
extended at the base. They are thick, bald, with an
elliptic cross-section (Fig. 1).

Their size depends on the presence and type of the
stress factors (Farmer, Spence, 1986; Robe,
Griffits, 1998). Normally, they are 4-12 cm long
(Slavik, 2000), but Hejny (2000) mentions the
length of up to 20 cm. Terrestrial form creates as
much as five times more leaves that can be shorter,
pointed with a distinguished top and bottom side
(Prochazka, Husak, 1999). Both forms differ
in the amount of stomata and lacunal space (Nielsen,
Sand-Jensen, 1997, Robe, Griffits, 1998).
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Epidermis of the submerged leaves lacks stomata and
their diameter is about 2—3 times larger than that of
aerial leaves as a consequence of larger lacunal space
(Hostrup, Wiegleb, 1991).

Male flowers grow up from the base of leaves on
slender stalks which are up to 9 cm long (Slavik,
2000). Oval bracts are made under half of the stalk.
Each bract ends with a male flower composed of ca-
lyx and corolla. Male sepals are oblong-elliptic with
thin white margins. A 4-mm long corolla made of a
soft pipe terminates with four light edges of-elliptic
shape. Stamens with yellow anthers are up to 2 cm
long (Slavik, 2000). Usually two female flowers
grow up at the base of the stem, sessile and hidden
among the bases of the leaves (Hutchinson, 1975).
They are made of triangular lobes and a 3-mm long
sepal. A conspicuous pistil can be as much as 12 mm
long (Fig. 2).

Development of the sex organs occurs only with the
emerged form. The submerged individuals are sterile
and reproduce only by runners (We s t, 1905) as much as
60cmlong(Prochazka, Husdk, 1999). Flowering
occurs from May to September (Slavik, 2000)
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as early as three or four weeks after the emergence
(Robe, Griffits, 1998). L. uniflora is an anemo-
philous plant (Hutchinson, 1975;Sculthorpe,
1985; Hejny, 2000).

Fruitis ayellow-brown to auburn, minute (1.5-2.5 mm)
one seeded nut. Fruits are produced in small quantities,
with a maximum of about twenty per plant per year
(Arts, van der Heijden, 1990). L. uniflora
is an anemochorous plant (Hejny, 2000). John,
Richert (2011) excluded the possibility of the hy-
drochory by their experiment. There are different opin-
ions on seed bank longevity. Although Thompson
et al. (1997) called it transtendent, the other authors
indicated it is persistent (Wynho ff, 1988; Bekker
etal., 1999). Bekker etal. (1999) also found seeds
in 80-year old sediment, but they did not mention the
germinative capacity. Wynho ff (1988) mentioned
that seeds keep the germination viability for more
than 30 years. According to the sediment age, seeds
can be found at the depth of 5-15cm (Thopson et
al., 1997; Bekker etal., 1999). In the case of sedi-
ment accretion of fishpond reservoirs it is necessary
to take into consideration the depth of up to 50 cm
(Sumberova, 2013, pers. comm.).

Under optimal conditions, germination takes place
early in the spring. Arts, van der Heijden
(1990) regarded light, moisture, and temperature as
the most important parameters. These conditions can
be accomplished, for example, by summer drainage
(Hejny, 1978; Sumberova, 2011).

Biology

The same as the other isoetids, L. uniflora grows
at non-productive oligotrophic habitats. (see the sec-

Fig.1. Littorella uniflora - flower detail (Prochazka, Huséak, 1999)
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tion on environmental growth conditions). Unlike
most water plants, L. uniflora has high radial oxygen
loss (ROL) (Schmolders, Roelofs, 1996). The
highest ROL was measured at the base of the root, the
lowest at the top of the root (Smith et al., 1990).
Due to the high ROL values, the zone around the roots
is strongly oxygenated which has a high impact on the
nutrient uptake (Smith etal., 1990;Schmolders,
Roelofs,1996). Farmer (1985)andWigand et
al. (1998) mentioned the presence of mycorrhiza on
the roots of L. uniflora. It helps to take up phosphorus
which is inaccessible for the other plants. Therefore
the amount of phosphorus in the sediment is more
important than that in the water layer. High ROL is
responsible for oxidation of Fe(II) to Fe(III) which
co-precipitates phosphate to form highly insoluble iron
(IIT)-phosphates. This phenomenon gives L.uniflora
an advantage over the other rooted plants in competi-
tion for phosphorus (Christensen etal., 1997).

The other way how L. uniflora influences its en-
vironment is the reduction of sulphate to sulphide.
Sulphides reduce iron(IIT)-phosphates and cause mo-
bilization of phosphorus in sediment (Smolders et
al., 2001). However, highly aerobic conditions in the
sediment can slow down this process (Christensen
et al., 1997).

L. uniflora grows in the waterbodies with a low
nutrient availability in the sediment. The main source
of nitrogen are nitrates (Schuurkes etal., 1986).
Sand-Jensen et al. (1982) and Risgaard-

Fig.2. Littorella uniflora - leaf cross section (Prochazka, Husak,
1999)
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Petersen, Jensen (1997) found out that the high
ROL values promote nitrification of ammonium to
nitrates. That gives L. uniflora an advantage in com-
parison with other water plants which use ammonium as
a main source of nitrogen. Also, it has been evidenced
that L. uniflora cannot cope with high nitrogen con-
centrations in the sediment. It appears that phosphorus
(Christiansen etal., 1985)and carbon(Roelofs
et al., 1994) are the growth limiting elements.

L. uniflora can be found in water with low carbon
dioxide and bicarbonate levels in the water layer. In
these carbon poor environments, carbon dioxide levels
in the sediments are usually up to hundred-fold higher
than in the water layer (Smolders etal., 2002). In
contrast to most other aquatic macrophytes, L. uniflora
assimilates carbon dioxide very efficiently from the
sediment (Pedersen, Sand-Jensen, 1992).
Nielsen, Sand-Jensen (1997)andSmolders
et al. (2002) reported that carbon dioxide from the sedi-
ment accounts for 70—100% of the carbon uptake of
L. uniflora. On the other hand L. uniflora is unable to
use bicarbonate as a carbon source (Madsen, 2002).
Furthermore, the specific adaptation of the plants to
the carbon dioxide uptake from the sediments does
not permit an efficient uptake of bicarbonate or car-
bon dioxide from the water layer. These adaptations
include a thick leaf, cuticle without stomata, a well
developed root system, and presence of a continuous
system of gas-filled interconnected lacunae (Boston,
1986; Madsen, 2002).

Environmental growth conditions

L. uniflora is a tenagophyte (Hejny, 2000). It
occurs in shallow shores of lentic water, i.e. under
the conditions of the Czech Republic in fishponds and
drinking water reservoirs, in north and west Europe
softwater lakes come into consideration.

Most authors reported a 2-metre depth as lim-
iting for L.uniflora occurrence (Sand-Jensen,
1978; Szmeja, 1994; Hejny, 2000), however,
Thunmark (1931) found L.uniflora vegetation at the
depth of 4.5 m in the Swedish lake Fiolen. Szmeja
(1994) and Szankowski, Klosowski (2006)
mentioned a depth range of 20-70 cm as a centre of
L. uniflora distribution.

Hejny (2000) considered L. uniflora as S-strategist
able to tolerate stress conditions such as nutrient
deficiency and cleansing in shoreline (Farmer,
Spence, 1986; Szmeja, 1994). L. uniflora is the
best competitor of all the species of the isoetid group
(Farmer, Spence, 1986). In the case of optimal
environmental condition it is able to create a dense
vegetation bed, impervious for another submerged
water plants (Jilek, 1956;Sand-Jensen, 1978).

Although Hejny (2000) considered L. uniflora
a strictly oligotrophic species, Farmer, Spence
(1986)and Murphy (2002) showed its considerable
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tolerance to dystrophic and mesotrophic waters. This
finding has been confirmed by Husdak, Adamec
(1998) who reported L. uniflora individuals in the
mesotrophic fishpond Kralek near Kardagova Reice
(South Bohemia, Czech Republic).

The pH range of water bodies in which L. uni-
flora has been reported is quite wide (4.4 to nearly
9) (Iversen, 1929;Jensen, 1979; Arts, van
der Heijden, 1990; Palmer et al., 1992;
Szankowski, Klosowski, 2006). Roelofs
(1984) mentioned a high tolerance to low pH. Only
one pH report has come from the Czech Republic so
far; Husdk, Adamec (1998) measured a pH value
of 7.5 in Kralek fishpond.

Alkalinity range of waters with the occurrence of L.
uniflora varies from 0.1 to 2.2 mmol/l (Vestergaar,
Sand-Jensen, 2000; Palmer et al., 1992). In
the laboratory experiment, Bellemakers et al.
(1996) proved that the growth of L. uniflora was not
influenced by sediment alkalinity increase, but water
alkalinity increase might have greatly impacted it
(McElarney etal., 2010).

In general, we can say that L. uniflora prefers water
environment with high water transparency, low alka-
linity, pH, chlorophyll content and low concentration
of total phosphorus and nitrogen. L. uniflora prefers
sandy, clayey or peaty sediments with occasional oc-
currence of an organic matter layer (Hejny, 2000;
Szankowski, Klosowski, 2006). Farmer,
Spence (1986) found out that L. uniflora was able
to grow at the bare peat.

Vegetation pattern

L. uniflora belongs to the Eleocharito-Littorelletum
uniflorae Chouard 1924 association. This association,
especially when submerged, exhibits a very low spe-
cies diversity (Chytry, 2011). In many cases, only
two species share the same habitat, L. uniflora and
Eleocharis acicularis. After emersion, small, annual
plants like Gypsophila muralis, Radiola linoides or
other low nutrient species may occur. If the level of
nutrient in the sediment is high, species like Carex
bohemica or Persicaria lapathifolia crop up. In acidi-
fied lakes, where Juncus bulbosus may become domi-
nant, L. uniflora can be dislodged from their habitats
(Roelofs etal., 1994) (see the chapter on the threats
to L. uniflora).

Distribution

L. uniflora is a boreal subatlantic European spe-
cies(Prochazka, Husak,1999;Arts,2002). In
West Europe it can be found in Ireland, Great Britain,
the Netherlands or France (Schoof-van Pelt, 1973;
Palmer et al., 1992). In North Europe it can be
found in Scandinavia up to 66°26'N (Prochazka,
Husak, 1999; Lawesson, 2004). The southern
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border of distribution stretches from the Azores to
Spain, Portugal, northern Italy, across Austria, the
Czech Republic to Poland and Belarus (Prochazka,
Husak,1999;Mucina etal.,2003;Szankowski,
Klosowski, 2000).

The Czech Republic lies on the southeast border of
the L. uniflora distribution. Historically, L. uniflora
was reported from many water bodies in the Czech
Republic. Sporadic reports came from the ponds of
the Doksy, Brdy hills, Sumava Mts. or Nové Hrady
regions (Klika, 1935). Mostly it was detected in the
ponds of the Ceské Budgjovice Basin (Jilek, 1956;
Hejny, 1967), but the centre of its distribution was the
Tiebon Basin and Jidfichuv Hradec area, both located
in South Bohemia (Pokorny etal., 1990; Husak,
Adamec, 1998; Prochazka, Husak, 1999).

Recent population of L. uniflora can be found only at
eight localities in the Czech Republic (Sumberova,
2011), namely: Staikovsky fishpond (Rektoris,
2013, pers. comm.), Hejtman fishpond (Prochazka,
Husak, 1999), Kralek, Novy, and Osika fishponds
(Dvotfakova, Boublik,2002;Hesoun etal.,
2008), water reservoir Karhov and Horni Mrzatec fish-
pond (Ekrtova, Cech, 2008) in South Bohemia,
and water reservoir Laz in the military area of Brdy
hills, Central Bohemia (Skrlant, 2010) (Fig. 3).

Threats to Littorella uniflora

As Arts (2002) suggested, a high decrease of
isoetid biotopes during the 20™ century was no-
ticed. Roelofs etal. (1984) reported a dramatic
decrease of the L. uniflora habitats on the area of the
Netherlands since the 1950s. The decline was caused
by two main reasons — acidification and eutrophica-
tion.McElarney etal. (2010) pointed out that the
decline of L. uniflora in north and west Ireland during
the last twenty years was caused by fertilizing of the
forest and field soil and following nutrient runoff.
The same habitat decline is known from the Czech
Republic (Sumberova, 2011).

Eutrophication and acidification are two main
reasons for occurrence decrease of isoetid species
(Smolders et al., 2002). In the case of the Czech

O Littorella occurrence before 1975

@ Littorella occurrence after 1975

Fig.3. Littorella distribution in the Czech Republic (Sumberova,2011)
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Republic, the fishpond management is another threat
for L. uniflora habitats (Hejny, 1967).

Eutrophication

With the increasing organic matter content in water
bodies the intensity of decomposition process is rising.
High amounts of nutrients are released to water during
the decomposition process. It causes a rapid development
of submerged and free floating water plants (Arts et
al., 1990). Szmeja (1994) described an indirect ef-
fect of high emerged marophytes such as Phragmites
australis on the habitats otherwise suitable for L.
uniflora. Roelofs et al. (1994) found out that L.
uniflora can thrive even in lakes with a high organic
matter content. These lakes are strictly oligotrophic
with high carbon to nitrogen ratio and low conductiv-
ity. Microbiological reduction in such lakes is very
low, it takes place only at the oxygenated rhizosphere.

The rising nutrient content in water changes the shoot
torootratio(Roelofs etal.,1994;Spierenburg
et al., 2012) and the higher shoot to root ratio in the
nutrient-richer sediment probably increases the chance
for the plant to be uprooted during a windstorm or
other similar disturbance (Smolders et al., 2002;
Spierenburg etal.,, 2012).

Another problem in the reduced sediments is the
inability of plants to oxidize the whole root surface. In
non-reduced sediments plaque is created from oxidized
iron and this plaque may limit phosphorus uptake
because phosphorus precipitates within the plaque
(Christensen, Wigand, 1998). In reduced sedi-
ments plaque cannot be created and phosphorus is ac-
cessible to other macrophytes. Reduction of sulphate
to sulphide is quite disadvantageous, too. Sulphide
causes mobilization of phosphorus and moreover it
is phytotoxic (Smolders etal., 2002).

A common phenomenon is the increase of the nutri-
ent content by agricultural activities in the catchment
area. Thanks to slow growth rate and its form, isoetids
are badly adapted to nutrient intake from the water
layer. They are overgrown by fast-growing, emerged
water plants which increase the organic matter con-
tent of the sediments after senescence or directly
shade the Littorella stands (Arts, Leuven, 1988;
Szmeja, 1994).

Shading by epiphytic algae is the final threat con-
nected with eutrophication. Epiphytic algae respond
to high nutrient input faster than phytoplankton or
macrophytes. Sand-Jensen, Sondergaard
(1981) found out that light attenuation caused by
shading can reach 80%, which decreases maximum
colonization depth of L. uniflora.

Acidification

In West Europe, many lakes with natural commu-
nity of isoetids are overgrown by Juncus bulbosus and
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Sphagnum sp. Acidification due to increased atmos-
pheric deposition of sulphur and nitrogen compounds
was found to be the main reason for the observed
changes (Roelofs etal.,, 1984,1994;Arts, 2002).
High deposition of ammonium sulphate has been det-
rimental to the isoetid systems. Nitrification of am-
monium in the water layer leads to its acidification.
Once the water layer is acidified to pH 4.5, nitrification
is inhibited and nitrogen accumulates as ammonium,
hence the storage of the nitrate used by L. uniflora is
decreasing(Bellemakers etal., 1996, Smolders
et al., 2002). Also, acidification causes reduction of
carbon storage in the sediments and promotes the
increase of carbon dioxide concentration in the wa-
ter layer (Roelofs etal., 1994, Bellemakers et al.,
1996). These factors (ammonia as nitrogen source,
increased availability of carbon dioxide in water)
promote the growth of J. bulbosus and Sphagnum
sp., which overgrow L. uniflora and displace it from
the water body (Roelofs elal., 1984; Arts, van
der Heijden, 1990).

Fish management

At none of the western or northern European locali-
ties with a natural occurrence of L. uniflora a direct
influence of the fish management was found. In the
Czech Republic, known for its freshwater fishery,
the fishponds are very common. The most important
problems of the fishponds are overstocking with high-
weight common carp (Cyprinus carpio) and artificial
increase of the fishpond trophy by fertilizers (Hejny,
1967;Pokorny etal.,1990;Prochazka, Husak,
1999). Old-aged carp feeds on macrozoobenthos by
digging in the pond bottom. This can directly disrupt
the plant root system or decrease water transparency
(Citek etal., 1992).

The increase of the trophy status of fishponds
with manure promotes a rapid development of phy-
toplankton and raises turbidity. A high trophic status
also promotes growth of emerged water plants which
can overgrow the L. uniflora population (Szmeja,
1994; Hejny etal., 1996).

Conservation and management

Directive 97/62/EC orders to protect oligotrophic
waters containing very few minerals of sandy plains
(Littorelletalia uniflorae Koch 1926) or oligotrophic
to mesotrophic standing waters with the vegetation of
Littorelletalia uniflorae Koch 1926 and/or Iséeto-Nano-
juncetea Br.-Bl. et Tiixen ex Br.-Bl. et al. 1952 types.

Although in the European Red List of vascular plants
L. uniflora is categorized as LC (= least concern) (Bilz
et al., 2011), in the Czech Red List it is categorized
as C1 (= critically endangered) (Grulich, 2012).
It corresponds with the Decree No. 395/92 where
L. uniflora is categorized as a critically endangered
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species. Besides the Czech Republic, L. uniflora is
protected by law in France and Poland (Act, 1982;
Act, 2004).

Bellemakes et al. (1996) consider liming a suitable
acidified lakes management in the Netherlands. Also,
they recommend to avoid liming without the removal
of the organic sediment layer. Without doing this,
mineralization and eutrophication would predominate.
By the sediment removal the seed bank of L. uniflora
becomes thinner, which is not a problem thanks to its
persistence. Arts, van der Heijden (1990)
consider the sediment removal as a suitable manage-
ment for L. uniflora, too.

Fish management can help sustaining the L. uni-
flora population — e.g. by periodical summer drainage
(Hejny, 1978), shoveling of the pond banks (He jny,
1967;Hejny, Husdak, 1978) or by littoral vegeta-
tion removal (Hesoun et al., 2008).

Sumberova (2011) suggested water level
lowering in several-year intervals with simultaneous
removal of nutrient-rich sediments, disturbance of
strong amphibious macrophyte competitors such as
Juncus bulbosus and Eleocharis acicularis or removal
of stands of tall reeds and sedges.

The only measure to L. uniflora protection in the
Czech Republic was the sediment and littoral vegeta-
tion removal at the Kralek fishpond (Hesoun etal.,
2008). From this locality several plants were transferred
to the Botanical Institute of the Academy of Sciences
of the Czech Republic in Tfebon for cultivation and
then they were planted at the original locality of their
occurrence, the Svét fishpond (Kvét, 1999). Some
experiments with the cultivation of L. uniflora were
carried out during the period 2002-2005. L. uniflo-
ra was sowed at several Tfebon sand-pits, but the
whole population did not survive (Sosnova etal.,
2012). L. uniflora is one of the plants proposed for
the conservation programme of the Agency of Nature
Conservation and Landscape Protection of the Czech
Republic (Gabrielova etal., 2012).

CONCLUSION

Littorella uniflora is a small amphibious plant
colonizing shallow shores of oligotrophic water bod-
ies. The plant is well adapted to the unproductive
environment by strong and stiff basal leaves without
stomata and a large amount of root biomass. Except
the morphological adaptation, physiological adapta-
tions (high ROL, presence of mycorrhiza, nitrates as
anitrogen source or CAM cycle) can be found making
L. uniflora a great competitor in the environment of
oligotrophic water bodies.

Growths of L. uniflora can be found at two-metre
depths, the distribution centre being at 50 cm. Under
the optimal conditions (high water transparency, lack
of nutrients limiting the occurrence of other water
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plant species), L. uniflora can form a very compact
growth. Besides the acid sandy sediment, L. uniflora
is able to grow on the bare peat.

The area of L. uniflora distribution includes whole
western, northern and partly central Europe. The east
border of its distribution is delimited by Poland, the
Czech Republic, Austria, and Italy. However, the
number of sites where this plant occurs is rapidly
decreasing. It is mostly due to acidification (most
frequent problem in the Netherlands) and eutrophica-
tion. Population of L. uniflora is unable to react to
increased nutrient concentrations in water and in the
sediment layer and it is overgrown by fast-growing
emergent water plants.

Recent population of L. uniflora can be found only
at eight localities in the Czech Republic. At most of
them, problems connected with the enhanced eutrophi-
cation and fish stock pressure are observed. L. uniflora
is found in shallow waters at very low densities as a
consequence of low water transparency. If the manage-
ment regime will not change, the species extinction is
very likely. Only in three water reservoirs of the Czech
Republic the population proliferates. This is being
achieved through the cooperation with the water bod-
ies owners based on the low water level and extensive
fish management. These activities are supported by
the governmental agency of the nature protection in
the Czech Republic. Currently, a scientific research
based conservation program is under preparation. In
2015, Czech localities suitable for L. uniflora will be
selected and in the next years experimental planting
should be started there.

REFERENCES

Act (1982): Decree from January 20" 1982 on the list of pro-
tected plant species. http://www.legifrance.gouv.fr/affich-
Texte.do?cidTexte=JORFTEXT000000865328.Accessed 22
April, 2013. (in French)

Act (2004): Regulation No. 1784 of the Minister of Environ-
ment from July 9t 2004 on the protected wild plants species.
http://isip.sejm.gov.pl/DetailsServlet?id=WDU20041681764
&min=1. Accessed 22 April, 2013. (in Polish)

Arts GHP (2002): Deterioration of atlantic soft water mac-
rophyte communities by acidification, eutrophication and
alkalinisation. Aquatic Botany, 73, 373-393. doi: 10.1016/
S0304-3770(02)00031-1.

Arts GHP, Leuven RSEW (1988): Floristic changes in soft water
in relation to underlying environmental factors. Freshwa-
ter Biology, 20, 97—-111. doi: 10.1111/j.1365-2427.1988.
tb01721.x.

Arts GHP, van der Heijden RAJM (1990): Germination ecol-
ogy of Littorella uniflora (L.) Aschers. Aquatic Botany, 37,
139-151. doi: 10.1016/0304-3770(90)90087-2.

152

Arts GHP, van der Velde G, Roelofs JGM, van Swaay CAM
(1990): Successional changes in soft water macrophytes
vegetation of (sub)atlantic, sandy lowlands during this cen-
tury. Freshwater Biology, 24, 287-294. doi: 10.1111/j.1365-
2427.1990.tb00709.x.

Bekker RM, Lammerts EJ, Schmutter A, Grootjans AP (1999):
Vegetation development in dune slacks: The role of persistent
seed banks. Journal of Vegetation Science, 10, 745-754.
doi: 10.2307/3237090.

Bellemakers MJS, Maessen M, Verheggen GM, Roelofs JGM
(1996): Effect of liming on shallow acidified moorland pools:
a culture and a seed bank experiment. Aquatic Botany, 54,
37-50. doi: 10.1016/0304-3770(96)01030-3.

Bilz M, Kell SP, Maxted N, Lansdown RV (2011): European Red
List of vascular plants. Publication Office of the European
Union, Luxembourg. http://ec.europa.eu/environment/nature/
conservation/species/redlist/downloads/European_vascu-
lar_plants.pdf. Accessed 23 September, 2012.

Boston HL (1986): A discussion of the adaptation for carbon
acquisition in relation to the growth strategy of aquatic
isoetid. Annals of Botany, 60, 259-270. doi: 10.1016/0304-
3770(86)90026-4.

Christensen KK, Wigand C (1998): Formation of root plaques
and their influence on tissue phosphorus content in Lobelia
dortmanna. Aquatic Botany, 61, 111-122. doi: 10.1016/
S0304-3770(98)00067-9.

Christensen KK, Andersen FO, Jensen HS (1997): Comparison
of iron, manganese and phosphorus retention in freshwater
littoral sediment with growth of Littorella uniflora and
benthic microalgae. Biogeochemistry, 38, 149—-171. doi:
10.1023/A:1005736930062.

Christiansen R, Friis NJS (1985): Leaf production and nitro-
gen and phosphorus tissue content of Littorella uniflora
(L.) Aschers. In relation to nitrogen and phosphorus en-
richment of the sediment in oligotrophic Lake Hampen,
Denmark. Aquatic Botany, 23, 1-11. doi: 10.1016/0304-
3770(85)90016-6.

Citek J, Krupauer V, Kubii F (1992): Fish farming. Informato-
rium, Prague. (in Czech)

Decree No. 395/1992 Coll. Ministry of Environment of the
Czech Republic, as amended, to implement certain provi-
sions of the Act of the Czech National Council No. 114/1992
Coll., on the protection of nature and landscape.

http://www.mzp.cz/www/platnalegislativa.nsf/d79c09c¢54250
df0dc1256e8900296e32/7698185¢778dad6fc125654b0044
ddbc?OpenDocument. Accessed 22 April, 2013. (in Czech)

Directive 97/62/EC from August 27t 1997 on the conservation
of the natural habitats, wild fauna and flora against technical
and scientific progress. http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=CELEX:31997L0062:CS:NOT. Accessed
22 April, 2013

Dvotakova K, Boublik K (eds) (2002): Results of hydrobotani-

cal excursion from working group for the study of water

SCIENTIA AGRICULTURAE BOHEMICA, 45, 2014 (3): 147-154



and wetlands macrophyte at CBS in Czech Canada (East
Bohemia) in 2000. Reports of Czech Botanical Society,
37, 191-196. (in Czech)

Ekrtova E, Cech L (2008): Floristic and vegetation survey at
Horni Mrzatec fishpond located in Jihlavské vrchy. Acta
rerum naturalium, 5, 195-206. (in Czech)

Farmer AM (1985): The occurrence of vesicular-arbuscular
mycorrhiza in isoetid-type submerged aquatic macrophytes
under naturally varying conditions. Aquatic Botany, 21,
245-249. doi: 10.1016/0304-3770(85)90052-X.

Farmer AM, Spence DHN (1986): The growth strategies and
distribution of isoetids in Scottish freshwater lochs. Aquatic
Botany, 26, 247-258. doi: 10.1016/0304-3770(86)90025-2.

Gabrielova J, Horodynska E, Neuwirthova H (2012): The selec-
tion of species for endangered plants conservation programs.
In: Collection of Abstracts 10 Internat. Conference of Czech
Botanical Society, Prague, p. 17 (in Czech)

Grulich V (2012): Red List of vascular plants of the Czech
Republic. 3" Ed. Preslia, 84, 631-645.

Hejny S (1967): Problems of conservation and zoning of pond
reservoirs from hydro botanical point of view. Ochrana
ptirody, 22, 83-90. (in Czech)

Hejny S (1978): Conservation of plant communities in
fishpond littorals. In: Dykyjova D, Kvet J (eds): Pond
littoral ecosystems. Springer Verlag, Berlin, Heidel-
berg, 429-433.

Hejny S (ed.) (2000): Plants of waters and shores. East West
Publishing, Prague. (in Czech)

Hejny S, Husak S (1978): Ecological effect of fishpond ame-
lioration. In: Dykyjova D, Kvet J (eds): Pond littoral eco-
systems. Springer Verlag, Berlin, Heidelberg, 409—415.

Hesoun P, Husak S, Prikryl I, Skacelova O, Sumberova K
(2008): Nature monument — Kralek fishpond — monitoring of
L. uniflora development. Unpublished report. Dep: Regional
Council of South Bohemia, Ceské Budé&jovice. (in Czech)

Hostrup O, Wiegleb G (1991): Anatomy of leaves of sub-
merged and emergent forms of Littorella uniflora (L.)
Ascherson. Aquatic Botany, 39, 195-209. doi: 10.1016/0304-
3770(91)90032-Z.

Huséak S, Adamec L (1998): Restore cultivation of endangered
aquatic and wetland water plants species in the Institute of
Botany in Tiebon. Ptiroda, 12, 7-26. (in Czech)

Hutchinson G (1975): A treatise on limnology: limnological
botany. Vol. 3. Wiley, New York.

Iversen J (1929): Studies on the pH conditions of Danish waters
and their influence on the hydrophytes vegetation. Botanisk
Tidsskrift, 40, 277-326. (in German)

Jensen S (1979): Classification of lakes in southern Sweden
on the basis of their macrophyte composition by means of
multivariate methods. Vegetation, 39, 129-146. doi: 10.1007/
BF00208764.

Jilek B (1956): The phytosociology of fishpond communities.
Preslia, 28, 66—77. (in Czech)

SCIENTIA AGRICULTURAE BOHEMICA, 45, 2014 (3): 147-154

John H, Richert E (2011): Hydrochory of Littorelletea and
Isoeto-Nanojuncetea species in the Erzgebirge (Germany).
Tuexenia, 31, 87-104.

Klika J (1935): The plant communities of the pond exposed
bottoms in Central Europe. Beihefte zum Botanischen Cen-
tralblatt, 53, 286-310. (in German)

Kveét J (1999): Svét fishpond is not just for the carp production.
Tiebonsky svét, 6, 14. (in Czech)

Lawesson JE (2004): A tentative annotated checklist of Dan-
ish syntaxa. Folia Geobotanica, 39, 73-95. doi: 10.1007/
BF02803265.

Madsen TV (2002): Carbon acquisition and carbon dynamics by
aquatic isoetids. Aquatic Botany, 73, 351-371. doi: 10.1016/
S0304-3770(02)00030-X.

McElarney YR, Rasmussen P, Foy RH, Anderson NJ (2010):
Response of aquatic macrophytes in northen Irish softwater
lakes to forestry management; eutrophication and dissolved
organic carbon. Aquatic Botany, 93, 227-236. doi: 10.1016/].
aquabot.2010.09.002.

Murphy PJ (2002): Plant communities and plant diversity in
softwater lakes in northern Europe. Aquatic Botany, 73,
287-324. doi: 10.1016/S0304-3770(02)00028-1.

Nielsen SL, Sand-Jensen K (1997): Growth rates and mor-
phological adaptations of aquatic and terrestrial forms of
amphibious Littorella uniflora (L.) Aschers. Plant Ecology,
129, 135-140. doi: 10.1023/A:1009715914979.

Palmer MA, Bell SL, Butterfield I (1992): A botanical clas-
sification of standing waters in Britain: applications for
conservation and monitoring. Aquatic Conservation: Marine
and Freshwater Ecosystems, 2, 125-143. doi: 10.1002/
aqc.3270020202.

Pedersen O, Sand-Jensen K (1992): Adaptation of submerged
Lobelia dortmana to aerial life form: morphology, carbon
sources and oxygen dynamics. Oikos, 65, 89-96.

Pokorny J, Husak S, Kvét J (1990): Perspective of fishpond
multi-use. In: Rambouskova H, Trpak P (eds): The sustain-
able development strategy. Vol. 2. Collection of abstracts
from the conference of the Study information and documents
to the environment Department of Ecology of the Czech
Botanical Society and the Ministry of the Environment,
Prague. (in Czech)

Prochazka F, Husak S (1999): Littorella uniflora (L.) Ascherson.
In: Cerovsk}'/ J, Ferakova V, Holub J, Maglocky S, Prochazka
F (eds): Red List of endangered and rare species of the
Czech and Slovak Republics. 5. Vascular plants. Priroda,
Bratislava. (in Czech)

Risgaard-Petersen N, Jensen K (1997): Nitrification and
denitrification in the rhizosphere of the aquatic macrophyte
Lobelia dortmanna L. Limnology and Oceanography, 42,
529-537.

Robe WE, Griffiths H (1998): Adaptations for an amphibious
life: changes in leaf morphology, growth rate, carbon and

nitrogen investment, and reproduction during adjustment

153



to emersion by the freshwater macrophyte Littorella uni-
flora. New Phytologist, 140, 9-23. doi: 10.1046/j.1469-
8137.1998.00257.x.

Roelofs JGM, Schmuurkes JAAR, Smits AJM (1984): Impact
of acidification and eutrophication on macrophyte com-
munities in soft waters. Aquatic Botany, 18, 389-411. doi:
10.1016/0304-3770(83)90110-9.

Roelofs JGM, Brandrud TE, Smolders AJP (1994): Massive
expansion of Juncus bulbosus L. after liming of acidified
SW Norwegian lakes. Aquatic Botany, 48, 187-202. doi:
10.1016/0304-3770(94)90015-9.

Sand-Jensen K (1978): Metabolic adaptation and vertical
zonation of Littorella uniflora (L.) Aschers. and Isoetes
lacustris L. Aquatic Botany, 4, 1-10. doi: 10.1016/0304-
3770(78)90002-5.

Sand-Jensen K, Sondergaard M (1981): Phytoplankton and
epiphyte development and their shading effect on submerged
macrophytes in lakes of different nutrient status. Internation-
ale Revue der gesamten Hydrobiologie und Hydrographie,
66, 529-552. doi: 10.1002/iroh.19810660406.

Sand-Jensen K, Prahl C, Stokholm H (1982): Oxygen release
from roots of submerged aquatic macrophytes. Oiko, 38,
349-354.

Schoof-van Pelt M (1973): Littorelletea: a study of the vegeta-
tion of some amphiphytic communities of western Europe.
Stichting Studentenpers, Nijmegen.

Schuurkes JAAR., Kok CJ, Der Hartog C (1986): Ammonium
and nitrate uptake by aquatic plants from poorly buffered
and acidified water. Aquatic Botany, 24, 131-146. doi:
10.1016/0304-3770(86)90093-8.

Sculthorpe CD (1985): The biology of aquatic vascular plants.
Koeltz Scientific Books, Konigstein.

Skrlant M (2010): Monitoring of plant biodiversity in Laz water
reservoir. Be. Thesis, University of West Bohemia. (in Czech)

Slavik B (ed.) (2000): Flora of the Czech Republic, part 6.
Academia, Prague. (in Czech)

Smith AJM, Laan P, Thier RH, van der Velde G (1990): Root aer-
enchyma, oxygen leakage patterns and alcoholic fermentation
ability of roots of some nymphaeid and isoetid macrophytes
in relation to the sediment type of their habitat. Aquatic
Botany, 47, 349-353. doi: 10.1016/0304-3770(90)90095-3.

Smolders AJP, Roelofs JGM (1996): The roles of internal iron
hydroxide precipitation, sulphide toxicity and oxidizing
ability in the survival of Stratiotes aloides roots at different
iron concentrations in sediment pore water. New Phytologist,
133, 253-260. doi: 10.1111/j.1469-8137.1996.tb01892.x.

Smolders AJP, Lamers LPM, Moonen M, Zwaga K, Roelofs
JGM (2001): Controlling phosphate release from phosphate-
enriched sediments by adding various iron compounds. Bio-
geochemistry, 54, 219-228. doi: 10.1023/A:1010660401527.

Smolders AJP, Lucassen ECHET, Roelofs JGM (2002): The
isoetid environment: biogeochemistry and threats. Aquatic
Botany, 73, 325-350. doi: 10.1016/S0304-3770(02)00029-3.

Sosnova M, Kucerova A, Adamec L, Husak S (2012): Reintro-
duction of endangered wetland plant species to Trebon Basin
sand-pits. In: Collection of Abstracts 8 European Confer-
ence on Ecological Restoration, Ceské Budgjovice, 109-110.

Spierenburg P, Lucassen ECHET, Pulido C, Smolders AJP, Roe-
lofs JGM (2012): Massive uprooting of Littorella uniflora
(L.) Asch. during a storm event and its relation to sediment
and plant characteristics. Plant Biology, 15, 955-962. doi:
10.1111/1.1438-8677.2012.00707..x.

Sumberova K (2011): Amphibious vegetation with Littorella
uniflora. In: Chytry M (ed.): Vegetation of the Czech Re-
public 3. Aquatic and wetland vegetation. Academia, Prague,
282-286. (in Czech)

Szankowski M, Klosowski S (2006): Habitat variability of the
Littorelletea uniflorae plant communities in Polish Lobelia
lakes. Hydrobiologia, 570, 117—-126. doi: 10.1007/978-1-
4020-5390-0_17.

Szmeja J (1994): Dynamics of the abundance and spatial organi-
sation of isoetid population in an oligotrophic lake. Aquatic
Botany, 49, 19-32. doi: 10.1016/0304-3770(94)90003-5.

Thompson K, Bakker JP, Bekker RM (1997): The soil seed banks
of North West Europe: methodology, density and longevity.
Cambridge University Press, Cambridge.

Thunmark S (1931): Lake Fionen and its vegetation. Acta
Phytogeographica Suecica, Uppsala. (in German)

Vestergaard OS, Sand-Jensen K (2000): Alkalinity and
trophic state regulate aquatic plant distribution in Danish
lakes. Aquatic Botany, 67, 85-107. doi: 10.1016/S0304-
3770(00)00086-3.

West G (1905): A comparative study of the dominant phan-
erogamic and higher cryptogamic flora of aquatic habitat
in three lake areas of Scotland. Proceedings of the Royal
Society of Edinburgh, 25, 967-1023.

Wigand C, Andersen FO, Christensen KK, Holmer M, Jensen HS
(1998): Endomycorrhizae of isoetids along a biogeochemi-
cal gradient. Limnology and Oceanography, 43, 508-515.

Wynhoff I (1988): Germination and vegetation development in
berenings experiments with sediment. Report 248, Labora-
tory of Aquatic Ecology, Catholic University, Nijmegen.
(in Dutch)

Corresponding Author:

Ing. Jan Kolat, DiS., Czech University of Life Sciences Prague, Faculty of Environmental Sciences, Kamycka 129,
165 21 Prague 6-Suchdol, Czech Republic, phone: +420 775 694 372, e-mail: kolarj@fzp.czu.cz

154

SCIENTIA AGRICULTURAE BOHEMICA, 45, 2014 (3): 147-154



