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Abstract The invasion and spread of non-native
species of many different kinds of organisms is of
increasing interest to researchers. Invasions by micro-
scopic organisms, however, are poorly understood,
and their impact on the environment is probably
underestimated. We collected available data on non-
native and invasive/expansive algae and cyanobacteria
in the Czech Republic; we mapped their distribution
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and assessed their impact on local species and other
real or potential risks resulting from their spread. The
list of alien species in the Czech Republic contains 10
species of cyanobacteria, 9 species of Bacillariophy-
ceae, 1 species of Dinophyta, 1 species of Ulvophy-
ceae, 2 species of Chlorophyceae, and 1 species
complex of Zygnematopyceae. The literature on the
worldwide occurrence of these taxa is also reviewed.
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Introduction

Like other kinds of organisms, algae are capable of
causing extinction of native species, reduction in
diversity, and irreversible changes of habitat when
they invade new areas. Most of our knowledge about
invasions by non-native algae concerns marine mac-
roscopic algae (Boudouresque and Verlaque 2002;
Piazzi et al. 2007; Williams and Smith 2007). These
macrophytes are similar to vascular plants in terms of
thallus size and biogeography, and their spread is
easier to study than that of microscopic algae. The
thalli of macrophytes are transported to new areas of
oceans and seas as a consequence of aquaculture
(Smith et al. 2002; Tsiamis et al. 2008) or because
they are frequently attached to ship hulls (Mineur
et al. 2008) or are present in the ballast water
(Flagella et al. 2007).

The number of invasive or non-native marine
algal species varies considerably across information
sources, ranging from 10 (IUCN—Global Invasive
Species Database (as of 10th February 2009);
www.issg.org/database/welcome) to 187 taxa in
European seas alone mentioned in European Data-
base of Invasive and Non-Native Species (DAISIE
database (as of 10th February 2009). Because the
latter number is based on data that are not sup-
ported by literature citations, it is probably an
overestimate.

Relative to the spread of macroscopic algae in
marine environments, the spread of non-native,
invasive species in freshwaters has been much less
studied, in part because these freshwater species are
largely microscopic. According to a number of
sources, the most important freshwater invasive taxa
are the cyanobacterium Cylindrospermopsis racibor-
skii and the diatom Didymosphenia geminata (more
information on these species is provided in the
“Results” and “Discussion”). Other invasions by
freshwater algae involve Cyclotella comensis in
Naroch Lake in Belarus (Mikheyeva and Genkal
2006), Bangiadulcis (Bangia) atropurpurea in Lake
Michigan (Lin and Blum 1977), and Hydrodictyon
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reticulatum in New Zealand (Hawes et al. 1991). The
following species are also considered to be non-
native: Thalassiosira baltica in the Great Lakes, USA
(Edlund et al. 2000); Thalassiosira lacustris in the
Ohio River tributaries (Smucker et al. 2008); Chara
connivens in the Baltic Sea (Luther 1979); the
tropical cyanobacteria Planktolyngbya microspira,
P. circumcreta, and Cyanodictyon tropicale, and the
desmid Staurastrum excavatum var. planctonicum in
lakes in Aquitania, France (Cellamare et al. 2010);
and Anabaena bergii and Sphaerospermopsis (Aph-
anizomenon) aphanizomenoides in Central Europe
(e.g., Padisak and Kovacs 1997; Stiiken et al. 2006;
Zapomelova et al. 2009). Other invasions reported in
the DAISIE database are not supported by validly
published results; these include Actinocyclus norma-
nii in Russia, Skeletonema subsalsum in Russia and
Ireland, Thalassiosira incerta in Russia, and unde-
termined species of Spirulina in Romania. Findings
of the diatom Asterionella formosa in numerous
lacustrine sediments of New Zealand starting with the
European settlement (Harper 1994) also illustrate an
invasive event.

The occurrence of non-native algae and cyano-
bacteria has seldom been studied in the Czech
Republic. Although several minor taxonomic studies
list the potential non-indigenous species, they do not
describe their distribution within the country (Gard-
avsky 1989; Marvan et al. 1997). A few isolated
causal studies deal with individual species (Gagyo-
rova and Marvan 2002; Kastovsky 2006; Kastovsky
et al. 2006a, b; Znachor and Jezberova 2005). Species
that are considered to be alien or potentially expan-
sive in the Czech Republic are: Anabaena bergii,
Cuspidothrix (Aphanizomenon) issatschenkoi, Cylin-
drospermopsis raciborskii, Dolichospermum (Ana-
baena) compactum, Geitleribactron periphyticum,
Gloeotrichia echinulata, Planktothrix rubescens,
Raphidiopsis  mediterranea,  Sphaerospermopsis
(Aphanizomenon) aphanizomenoides, Synechococcus
capitatus (Cyanobacteria); Actinocyclus normanii,
Cyclostephanos delicatus, Didymosphenia geminata,
Discostella woltereckii, Fragilaria reicheltii, Frustu-
lia weinholdii, Navicula schroeteri, Skeletonema
potamos, Staurosirella berolinensis (Bacillariophy-
ceae), Peridiniopsis kevei (Dinophyta), Ulva flexuosa
(Ulvophyceae); Pediastrum simplex, Pleodorina
indica (Chlorophyceae), and the Staurastrum man-
feldii complex (Zygnematophyceae).
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The purpose of this review is to list the known
non-native freshwater algal and cyanobacterial spe-
cies in the Czech Republic, to record what is known
about their distributions, and to evaluate their possi-
ble impact on indigenous species of the region.

Methods

The primary sources for the data in the current report
are the collections of the phytoplankton, benthos, and
periphyton from the entire area of the Czech Republic
by many authors; non-published information on
single species distributions obtained from the mem-
bers of the Czech Phycological Society; and pub-
lished results for the Czech Republic.

For visualization of species distribution on maps,
the DMAP computer programme was used (Morton
2003).

Results
Cyanobacteria
Anabaena bergii Ostenfeld 1908

(= Anabaena bergii var. minor Kiselev, Anabaena
bergii f. minor (Kiselev) Kosinskaja,

Not: Anabaena bergii var. limnetica Couté et
Preisig = A. minderi Huber-Pestalozzi.)

Original distribution: A. bergii was described
from the plankton of brackish waters of Lake Aral,
where it can still be found (Orlova and Rusakova
1999). This species also lives in the Caspian Sea
(Gogorev 2008; Hollerbach et al. 1953; Kondrateva
1968).

Non-native distribution in the world: Outside of
Russia, A. bergii was first observed in Turkey
(Cirikaltindag et al. 1992), where it is presently
found (Celekli et al. 2007). Turkey could be a part
of the original distribution area. The species has
also been reported from Slovakia (Hinddk 1992,
2008), Australia (Fergusson and Saint 2003;
Schembri et al. 2001), the USA (Yilmaz et al.
2008), Egypt (Hamed 2008), and Argentina (de
Tezanos Pinto personal communication). A. bergii
is monitored in Germany as an alien species
(Stiiken et al. 2006).

Distribution in the Czech Republic: This rare
cyanobacterium has been found only at four meso-
trophic localities in recent years (Machovo jezero
recreation pond, sand-pit lake Dubice nearby Ceska
Lipa, and two sand-pit lakes near Stara Boleslav,
Fig. 1). Nevertheless, A. bergii is potentially danger-
ous because it produces the toxin cylindrospermopsin
(Schembri et al. 2001).

Fig. 1 Distribution of the s

alien species Anabaena
bergii (filled circle) and
Dolichospermum
compactum (open circle) in
the Czech Republic
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Cuspidothrix issatschenkoi (Usacev) Rajaniemi et al.
2005b

(Aphanizomenon issatschenkoi (UsaCev) Proskina-
Lavrenko = Anabaena issatschenkoi Usacev)

Original distribution: C. issatschenkois was orig-
inally found in the Caspian region and near the Volga
River. It is halophytic and has been reported from the
Caspian Sea and the Sea of Azov (Jablonskaja 1971;
Proskina-Lavrenko and Makarova 1968).

Non-native distribution in the world: This species
is spreading in the temperate area both to the east (in
Japan since 1985; Watanabe 1985) and to the west,
where it has been recorded from Slovakia (Hindak
1992, 2008), the brackish waters of the south Baltic
Sea and the Gulf of Finland (Héllfors 2004), the
Finnish lake Tuusulanjirvi (Rajaniemi et al. 2005a),
freshwater localities of Poland (Pelechaty and Owsi-
anny 2003; Strzelecki and Poltorak 1971), France
(Rajaniemi et al. 2005b), and also Canada (Canadian
Museum of Nature 2007). C. issatschenkoi is com-
monly reported from tropical parts of Australia
(Bormans et al. 2005; Bowling 1994) but confusion
with A. tropicalis is possible in this case.

Distribution in the Czech Republic: C. issa-
tschenkoi was not recorded in the Czech Republic
until the 1990s. Today, it is an abundant species, and
because it is common, researchers tend not to report
its occurrence, with the exception of the study of

Albay and Pokorny (Albay and Pokorny 1999). This
species is frequently found in standing or moderately
flowing eutrophic, exceptionally mesotrophic waters
of ponds and reservoirs (its occurrence in more than
70 localities has been documented, Fig. 2). Although
the original environment of this taxon is fresh to
brackish standing water (as noted, it tends to be
halophytic), in the Czech Republic it inhabits stand-
ing water regardless of salinity. C. issatschenkoi can
be dangerous to some native biota because it is toxic
to small crustaceans (Li et al. 2003).

Cylindrospermopsis raciborskii (Wotoszynska)
Seenayya et Subba Raju 1972

(= Anabaena raciborskii Wotoszyniska = Anabaen-
opsis raciborskii (Wotosz.) Elenkin)

Original distribution: C. raciborskii is a very
abundant pantropical species. It was described from
Indonesia (Java) and was subsequently discovered in
India and Thailand (Komarek and Komarkova 2003),
Japan (Chonudomkul et al. 2004), the Philippines,
Egypt (Komarek and Komarkova 2003), Senegal
(Briand et al. 2004), Brazil (Bouvy et al. 2000;
Molica et al. 2002), Cuba (Komarek and Komarkova
2003), Chile (Lagos 1998), Uruguay (Vidal and Kruk
2008), Australia (Komarek and Komarkova 2003),
New Zealand (Wood and Stirling 2003), and Florida
(Dobberfuhl 2003).

Fig. 2 Distribution of the

alien species Cuspidothrix
issatschenkoi (filled circle)
in the Czech Republic
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Non-native distribution in the world: The first
European record of C. raciborskii is probably from
Lake Kastoria (Orestiada) in Greece (Skuja 1937). Its
occurrence was also documented in Hungary in 1942
(Szalai 1942). Subsequently, C. raciborskii was
reported from Austria (Claus 1961); from the south
Ukraine close to Odessa (Kondrateva 1968), the Don
River (Aksenova 1974), and the region of Pannonia
in the late 1960s (Hamar 1977; Horecka and
Komarek 1979; Schmidt 1977); from Poland (Burc-
hardt 1977); from Spain between 1980 and 1988
(Romo and Miracle 1994); from Slovakia (Hindak
1988, 2008; Marsalek et al. 2000); from Hungary
again between 1991 and 1997 (Padisdak 1991, 1997);
and from its far northern locality in Germany in the
North of Branderburg region in 1994 (Krienitz and
Hegewald 1996). Its presence was then again con-
firmed in Austria from 1996 until now (Dokulil and
Mayer 1996; Dokulil and Teubner 2000; Mayer et al.
1997), in France from 1997 until now (Briand et al.
2002, 2004; Coute et al. 1997; Druart and Briand
2002), and in the Danube delta in 2002 (Kastovsky
original data). In 2003, C. raciborskii was reported
again from Germany (Fastner et al. 2003; Mischke
2003), Italy (Ventura personal communication), Bul-
garia (Stoyneva 2003), and Portugal (Saker et al.
2003). The most recent data document its permanent
presence in Greece (Vardaka et al. 2005) and Poland

(Kokocinski et al. 2009; Stefaniak and Kokocifiski
2005). This species is also spreading through the
temperate part of the USA and Canada (Hamilton
et al. 2005; Kling 2009).

Distribution in the Czech Republic: C. raciborskii
was first found in waters of a gravel-pit lake in
Chomutov (Horecka and Komarek 1979), and later it
was mapped at various localities in South Moravia
(Kopp 2006; Marsélek et al. 1996). At present, 23
additional localities in the Czech Republic are
known; almost all are (meso-) eutrophic ponds
(Fig. 3).

This cyanobacterium represents a significant
health risk when present in drinking water reservoirs.
The first description of human health problems
(hepatoenteridia) caused by C. raciborskii came from
Palm Island, Australia (Bourke et al. 1983). C.
raciborskii is very toxic (Skulberg et al. 1993), and it
often forms water blooms, which makes its evident
invasiveness especially dangerous.

Dolichospermum compactum (Nygaard) Wacklin
et al. 2009

(Anabaena compacta (Nygaard) Hickel = Anabaena

spiroides var. minima f. compacta Nygaard)
Original distribution: The native range of D.

compactum is the northern temperate zone of Europe.

Fig. 3 Distribution of the st
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alien species
Cylindrospermopsis
raciborskii (filled circle)
and Planktothrix rubescens
(open circle) in the Czech
Republic
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It was described from Lake Emdrup in Denmark
(Hickel 1985; Nygaard 1949), from Sweden and
North Germany (Hickel 1982), and also from Finland
(Rajaniemi et al. 2005a).

Non-native distribution in the world: Except for
reports from the Balaton Lake in Hungary (Padisdk
and Kovacs 1997) and Slovakia (Hindak 2008), D.
compactum has not been reported from localities
outside its native range. The spread of this species to
other sites, however, is likely.

Distribution in the Czech Republic: D. compactum
commonly inhabits rather eutrophic standing or
moderately flowing waters of fishponds and is also
rarely found in water reservoirs (33 localities have
been documented) (Fig. 1). Presently, it occurs in
quite high numbers but is always accompanied by
other taxa, and thus does not seem to represent a
serious danger.

Geitleribactron periphyticum Komdrek 1975

Original distribution: The native range of G. peri-
phyticum includes Finland, Switzerland, and Ger-
many (Schwarzwald). The species grows on various
substrates and on water plants in the littoral zone of
oligotrophic lakes and ponds (Komdrek and Anag-
nostidis 1998).

Non-native distribution in the world: G. periphyt-
icum has been reported from Slovakia (Hindak 2008).

Distribution in the Czech Republic: In the Czech
Republic, this species was first recorded when during
its mass outbreak on walls of drinking water treat-
ment facilities at Hajska near Strakonice in 1994
(Fig. 4) (Hubackova and Sladeckova 2001). When
not occurring in massive numbers, it is very small and
inconspicuous. In current research studies, G. peri-
phyticum was rarely found in springs or smaller
streams. It seems to be a native species that is capable
of very rapid expansion. Outbreaks of G. periphyt-
icum cause potential technological problems for
water treatment (Sladeckova 2005). The species is
not considered dangerous because only one outbreak
has been recorded.

Gloeotrichia echinulata (J.E. Smith) P.G. Richter
1894

Original distribution: G. echinulata was originally
recorded from standing, rarely flowing waters of the
northern temperate zone of Europe (Geitler 1932). It
has been recorded in Sweden (Cronberg 1999; Forsell
and Pettersson 1995), northern Russia (Gromov et al.
1996), Denmark (Jacobsen 1993), northern England
(Talling and Parker 2002), and Estonia (Laugaste and

Fig. 4 Distribution of the s

alien species Raphidiopsis
mediterranea (filled circle),
Gloeotrichia echinulata
(open circle), and
Geitleribactron perifyticum
(triangle) in the Czech

Republic
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Lessok 2004), and also in the northern temperate
zone of America (Geitler 1932; Komarek et al. 2003)
and Japan (Hirose and Hirano 1981). G. echinulata is
also able to spread into moderately brackish waters,
e.g., the northern Baltic Sea (Pankow 1976).

Non-native distribution in the world: G. echinu-
lata was not reported from localities outside the
originally defined native range, except for the
finding in the Czech Republic. The species probably
has a broader distribution that has simply not been
documented.

Distribution in the Czech Republic: The first
record of G. echinulata occurring in large numbers
in the Czech Republic was from 1946 to1947 from
Velky Palenec Pond near Blatnd (Komarek 1958;
Marvan et al. 1997). It was also sporadically
encountered later, e.g., in 1959 (Komarkova personal
communication), and it appeared in Lipno reservoir
during 1994-1996 (Znachor 1997) (Fig. 4). Its more
recent presence in other localities is not known.
Presumably, G. echinulata does represent any danger
in the Czech Republic, although it tends to form
water blooms in its home range.

Planktothrix rubescens (De Candolle ex Gomont)
Anagnostidis et Komdrek 1988

(= Oscillatoria rubescens De Candolle ex Gomont
1892)

Original distribution: P. rubescens originated in
the Holarctic area and primarily in two regions:
southern and central Norway (Komarek and Anag-
nostidis 2005), and the western alpine area, especially
large lakes in Switzerland (Biirgi 1987; Biirgi and
Stadelmann 2002; Walsby 2005), Austria (Dokulil
and Teubner 2005), Italy (Legnani et al. 2005;
Salmaso 2003), Germany (Teubner et al. 2003),
Slovenia (Grach-Pogrebinsky et al. 2003), and France
(Jacquet et al. 2005; Jann-Para et al. 2004). The
similarity of European and North American popula-
tions is being examined (confusion with P. prolifica
is likely); data from the tropics are probably
misidentifications in that P. prolifica is probably
confused with P. pseudagardhii.

Non-native distribution in the world: P. prolifica is
periodically found in different parts of Europe, e.g.,
in northeastern Poland (Krupa and Czernas 2003;

Pawlik-Skowronska et al. 2004), northern Germany
(Nixdorf and Riicker 2004; Schmidt et al. 2002), the
Netherlands (Janse et al. 2005), and central Spain
(Barco et al. 2004).

Distribution in the Czech Republic: P. prolifica
was first recorded in two consecutive years in the
early 1980s in sand-pit lakes in South Bohemia
(Marvan et al. 1997); later, it was detected at five
other localities, mainly in mesotrophic sand-pit ponds
but also in eutrophic fishponds. This species can form
water blooms (in the Czech Republic, water blooms
occurred in the sand-pit lake Ovcary near Kostelec
nad Labem in 2000 and 2001), which, together with
its toxicity, suggests that it should be considered as a
potential danger. At present, P. prolifica inhabits only
a few localities (Fig. 3).

Raphidiopsis mediterranea Skuja 1937

Original distribution: R. mediterranea is a subtropical
species that is not very abundant. It was described
from Lake Kastoria (Greece); later it was reported
from India (Zafar 1986), Spain (Lopez-Archilla et al.
2004), Egypt (Mohamed 2007), Vietnam (Nguyen
et al. 2007), Central China (Li et al. 2008), and Brazil
(Fonseca and Bicudo 2008).

Non-native distribution in the world: R. mediter-
ranea has spread from subtropical regions to the
temperate zone. It has been reported from lakes in
Minnesota, USA (Hill 1970), Slovakia (Marsalek
et al. 2000), Japan (Watanabe et al. 2003), Lithuania
(KasperovicCiene et al. 2005), and New Zealand
(Wood et al. 2007).

Distribution in the Czech Republic: Since the first
report in 1997 (Kersner 1997), R. mediterranea has
been continually reported from South Moravia
(southeastern part of the Czech Republic, Hindak
et al. 2006). Recently, large populations of R.
mediterranea were recorded in two localities in
Central Bohemia (one eutrophic fishpond and one
eutrophic reservoir used for recreation). It was also
detected at two localities in South Bohemia (Fig. 4).
R. mediterranea 1is probably more widespread
throughout the Czech Republic than indicated by
reports but previous findings might have confused R.
mediterranea with a similar, better-known invasive
species, Cylindrospermopsis raciborskii.
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Sphaerospermopsis aphanizomenoides (Forti)
Zapomelovd et al. 2009

(= Aphanizomenon aphanizomenoides (Forti) Ho-
recka et Komarek, Anabaena aphanizomenoides
Forti, Aphanizomenon sphaericum Kisselev)

Original distribution: This planktonic cyanobacte-
rium was described from lakes in Anatolia (Turkey),
where it is still found, although not in high numbers
(Cirikaltindag et al. 1992; Ersanli and Goniilol 2006).
In the 1970s, S. aphanizomenoides was rarely
recorded in the Caspian Sea (Gogorev 2008), which
is probably a geographically and ecologically con-
tinuous part of the original distribution area.

Non-native distribution in the world: S. aphanizo-
menoides has been reported from Japan (Hirose and
Hirano 1981), Australia (Day et al. 1995), and North
America (Komarek et al. 2003). Reports of its
occurrence in Cuba are probably incorrect (Komarek
2005). The oldest European records are from Hun-
gary (in the 1970s, Herodek et al. 1982), where the
species has evidently been present to the current time
(Padisak and Kovacs 1997; Kusel-Fetzmann 1998;
Borics et al. 1998). Occurrence was noted also in
Slovakia (Hindak 2000, 2008), Romania (Caraus
2002), Great Britain (John et al. 2002), the Nether-
lands (Janse et al. 2005), Morocco (Sabour et al.
2005), Germany (Stiiken et al. 2006), and France
(Brient et al. 2008).

Distribution in the Czech Republic: S. aphanizo-
menoides was first recorded in the Czech Republic in
the late 1970s in a sand-pit lake in middle Moravia
(Horecka and Komarek 1979). Today, this species is
a dominant component of the phytoplankton in more
than 20 localities throughout the Czech Republic and
is especially common in eutrophic fish ponds. S.
aphanizomenoides is less common in mesotrophic
standing waters (Fig. 5).

Synechococcus capitatus Bailey-Watts et Komdrek
1991

Original distribution: As a member of the plankton of
large cold lakes, S. capitatus is native to Scotland
(Loch Leven, with the first instance of local mass
overproduction occurring in 1967), Scandinavia,
northern Japan (Bailey-Watts and Komarek 1991;
Komarek and Anagnostidis 1998), and northern
Wales (Happeywood 1991).

Non-native distribution: S. capitatus has not
reported from any non-native localities other than
the Czech Republic.

Distribution in the Czech Republic: The first
record of S. capitatus in the Czech Republic was in
the 1980s, when high numbers of the species were
found in the Janov water reservoir (AmbroZova
1999); in 1995, this population bloomed. The species
is still present in the Janov water reservoir and also

Fig. 5 Distribution of the s ~

alien species
Sphaerospermopsis
aphanizomenoides (filled
circle) and Synechococcus
capitatus (open circle) in
the Czech Republic
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found in the Kfimov and Jezefi water reservoirs. In
the Slapy water reservoir, a picoplanktonic cyano-
bacterium, identified as Synechococcus cf. capitatus,
was detected in 1998-1999 (Komarkova 2000,
Fig. 5). Because S. capitatus is very small, it would
not be trapped by common plankton nets, and we
therefore assume that it is probably more widespread
than reported. This species has already caused
problems in drinking water reservoirs, because it is
so small that it passes through water plant filters. A
bloom of S. capitatus even caused the closing of the
Janov water reservoir for 3 months (Micka and
Holleova 1997). Although no toxicity has been
associated with this species (Ambrozova 1999), it
could cause serious problems for water-treatment
plants if it continues to spread.

Diatoms

Actinocyclus normanii f. subsalsus (Juhlin-Dannfelt)
Hustedt 1957

(= Coscinodiscus subsalsus Juhlin-Dannfelt 1882)

Original distribution: A. normanii f. subsalsus is
found in eutrophic inland waters with medium or
slightly elevated salt concentration in the Netherlands
and around the lower Rhine (Niederrheingebiet)
(Krammer and Lange-Bertalot 1991).

Non-native distribution in the world: A. normanii
f. subsalsus has spread into common freshwaters
(Kiss et al. 1990), e.g., in Russia (Korneva 2001),
England (Belcher and Swale 1979), Finland (it first
appeared in Vesijarvi Lake in 1989, and since then, it
has been one of the most important local diatoms;
Liukkonen et al. 1997), and Germany (Kohler et al.
1993). In Slovakia, A. normanii f. subsalsus was first
reported in 1994 from the Morava River as a
dominant species of the phytoplankton (Hindakova
1994); later, it was found in the alluvium of several
rivers, in gravel-pit lakes, and also in water
reservoirs and ponds (Hinddk and Hindakova
1996, 1997a, b, 1998, 2000, 2003, 2004; Hindakova
1997). After spreading in a nearly explosive manner
at the end of the last century, this species started to
decline (Hindakova 2001). A. normanii f. subsalsus
still represents a common part of the phytoplankton
in Slovakia, but it only forms small populations. It
was also considered invasive in North America,
specifically in the Great Lakes (Hasle 1977) and in
the Parker River in Massachusetts (Hughes et al.
2000). Its occurrence in South America in waters
with high conductivity (Samborombén and Buidiirr-
igo Rivers in the Rio de La Plata region; Mercado
2003) and in Israel (Barinova et al. 2004) is
questionable.

Distribution in the Czech Republic: From about
1980 to 1994, numbers of A. normanii f. subsalsus

Fig. 6 Distribution of the S

alien species Actinocyclus
normanni (filled circle) and
Didymosphaenia geminata
(open circle) in the Czech
Republic
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increased greatly, especially in South Moravia;
numbers first increased in reservoirs and rivers, and
later in smaller streams (Skacelova and Marvan
1991). The numbers then declined quickly, and only
empty frustules are currently found in Moravia. A.
normanii f. subsalsus is still relatively common in the
western Czech Republic, although it is never as
abundant as reported in the past (Fig. 6).

A. normanii f. subsalsus is a halophytic species
whose spread is probably explained by eutrophication
of surface waters.

Cyclostephanos delicatus (Genkal) Casper
et Scheffler 1990

(= Stephanodiscus delicatus Genkal 1985)

Original distribution: C. delicatus was described
from the Rybinsk Reservoir on the Volha River in
Russia (Genkal 1985, 1992).

Non-native distribution in the world: From 1996,
C. delicatus spread to the west. It was detected in
Slovakia, and specifically in the Morava, Danube,
and Ipei Rivers (Hindak and Hindakova 2004;
Hindék et al. 2002), in mesotrophic standing waters
(e.g., gravel-pit lakes), as well as in productive
fishponds (Hindak and Hindakova 2001, 2002). It was
also found in Dagow Lake in North Germany, and the
Elbe River (Casper and Scheffler 1990). Outside

Europe, C. delicatus was reported from strongly
eutrophic waters with high pH and high conductivity,
including the Lazy Lagoon in Iowa (USA), the Red
River in Manitoba (Canada), North Dakota (USA),
and Lake Winnipeg in Manitoba (Canada) (Hakans-
son and Kling 1990).

Distribution in the Czech Republic: In the Czech
Republic, C. delicatus is known from two water
reservoirs; the Dyje, Vltava, Nezarka, and Luznice
Rivers; and several small streams in South Bohemia
(Fig. 7).

The invasiveness of this species might be overes-
timated because it might have been incorrectly
identified in the past. For instance, C. delicatus was
incorrectly identified and reported in samples col-
lected around 1920 from alpine lakes.

Didymosphenia geminata (Lyngb.)
M. Schmidt 1899

(= Echinella geminata Lyngbye 1819 = Gompho-
nema geminatum (Lyngbye) C. Agardh 1823)
Original distribution: D. geminata was described
from the Faroe Islands; its typical habitats are flowing
waters of the Nordic region and alpine lakes in the
Alps. Outside Europe, it is known from Asia and
North America (Krammer and Lange-Bertalot 1997).
In Central Europe, D. geminata was recorded only

Fig. 7 Distribution of the s
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on the Polish and Slovak side of the High Tatra
Mountains (Bily 1941; Sieminska 1964). More dis-
tant populations were located on the upper Tizsa
River (Hamar 1977) and Veliko JaazinaCko Lake in
Serbia (UroSevi¢ 1994). A complete summary of
recent occurrences of D. geminata throughout Europe
has been published (Blanco and Ector 2009).

Non-native distribution in the world: New findings
of D. geminata from lower altitudes were reported
from Great Britain (Antoine and Bensonevans 1983),
the Inn River below Innsbruck (Rott and Binder
2002), several rivers in southern Poland (Kawecka
and Sanecki 2003), the Danube River below Bel-
grade, and the lower Tisza River (Subakov-Simi¢ and
Cvijan 2004). The first water bloom of D. geminata in
North America was reported by Sherbot and Bothwell
(1993). Today, D. geminata has spread into several
states of the USA and Canada (Kirkwood et al. 2007,
Spaulding and Elwell 2007). Intensive blooms have
been recorded from New Zealand since 2004 (Kilroy
2004).

Distribution in the Czech Republic: D. geminata
was first recorded in the Czech Republic in 2001
during its massive development in the Moravka River
below the Moravka Valley reservoir in the Moravian-
Silesian Beskyd Mountains (Gagyorova and Marvan
2002). It can be found there in large numbers up to
now. Since 2001, D. geminata has spread into lower
locations such as the Odra and Beéva River drain-
ages, into streams in the foothills of the Jeseniky
Mountains (Hasler personal communication), and
into several streams and rivers in South Bohemia.
Repeated findings of dead frustules in the upper Elbe
River near Debrné suggest that it is spreading into the
Krkonose Mountains (Sukacova personal communi-
cation) (Fig. 6).

The original habitats of this species are probably
cold oligotrophic streams with low conductivity, and
sometimes it is reported as acidophilic. Its distribu-
tion in the Czech Republic is restricted to higher and
medium altitudes, where the rivers flow relatively fast
and the species produces massive, moss-like mats
formed by thick, stalk-bearing cells. D. geminata
prefers sites below valley reservoirs, where nutrients
are abundant. Because it can out-compete native
diatom species and because the mats it produces
stink, invasion by D. geminata is undesirable. It is
potentially the most serious algal invasion in the
Czech Republic.

Discostella woltereckii (Hustedt) Houk et Klee 2004

(= Cyclotella woltereckii Hustedt 1942)

Original distribution: D. woltereckii was described
from Java (Hustedt 1942); later, it was reported as a
pantropical species (Day et al. 1995).

Non-native distribution in the world: From the
1990s, reports have indicated that D. woltereckii is
spreading from the tropics to Europe. It was found in
Germany (Hiibener 1999; Klee and Houk 1996) and
in Slovakia, especially in rivers (Hron, Ipei, Morava,
Danube) and unpolluted mesotrophic waters near
rivers (gravel-pit lakes, sand-pit lakes, etc.) (Hinddk
and Hindakova 2001; Hindak et al. 2002).

Distribution in the Czech Republic: In the 1990s,
D. woltereckii was discovered in inundation lakes of
the Morava River drainage (Houk and Marvan 1993),
in the Vltava River in Prague, and rarely in small
streams (Fig. 7).

The taxonomic status of D. woltereckii is unclear;
it is sometimes considered synonymous with D.
pseudostelligera or D. stelligera (Haworth and Hur-
ley 1984). Therefore, it is possible that this species
was always present in the Czech Republic but was
recorded under a different name.

Fragilaria reicheltii (Voigt) Lange-Bertalot 1986

(= Centronella reicheltii Voigt 1902 = Centronella
rostafinskii Wotoszynska 1922)

Original distribution: The original distribution of
F. reicheltii includes lakes in northern Germany and
Poland (Marvan et al. 1997) and lakes in eastern
France (Krammer and Lange-Bertalot 1997).

Non-native distribution in the world: In 1989, F.
reicheltii appeared in two flooded sand-pit lakes in
Slovakia (Marvan and Hindak 1989), where it can be
sporadically found up to now. Later, it was recorded
from a fishpond in Bratislava (Hindakova 1997).

Distribution in the Czech Republic: F. reicheltii
was first recorded in the Czech Republic in Bole-
vecké ponds near Plzen in 1999 and 2000 (Volfova
personal communication). Recently, the species was
detected in nine localities, mostly eutrophic or rarely
mesotropic fishponds and sand-pit lakes (Fig. 7).

F. reicheltii seems to be quite widespread, even
though its biomass is never large. Its taxonomic
status, however, is questionable, and it might repre-
sent an abnormality of some other diatom species that
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forms a third arm of the frustule only when stressed
(Fragilaria crotonensis is under consideration)
(Schmidt 1997). Thus, it is possible that detection
of F. reicheltii is not evidence of an invasion but is
instead evidence of a change in morphology caused
by stress.

Frustulia weinholdii Hustedt 1937

Original distribution: F. weinholdii is a cosmopolitan
species in waters with low conductivity (Krammer
and Lange-Bertalot 1997). In North America, it is a
frequently detected in streams (Brian 2000; Hill et al.
2003; Johansen et al. 2007; Potapova and Charles
2007; Ratnasabapathy and Deason 1977; Stoermer
et al. 1999; Waite et al. 2006; Wunsam et al. 2002),
and it is also found in the marine intertidal zone at the
water’s edge or on river estuaries (Patrick 1994). F.
weinholdii was also observed in Cuba (Marvan
unpublished), in inland waters of Australia (Day
et al. 1995), and in a highland stream in Kenya
(Mpawenayo and Mathooko 2005). In Europe, it has
been reported from France (Coste et al. 2009) and
Ireland (Ni Chathain et al. 2004).

Non-native distribution in the world: The non-
native distribution of F. weinholdii is unknown.

Distribution in the Czech Republic: F. weinholdii
was first found in the Czech Republic in 2005 in a
tributary of the Moravka River above the Skalka
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water reservoir. Since then, the species has been
reported from four other small streams (Vesela 2007)
(Fig. 8).

Navicula schroeteri F. Meister 1932

(= Navicula simulata Manguin 1942 = Navicula
symetrica Patrick 1944 = Navicula schroeterii var.
escambia Patrick 1959)

Original distribution: N. schroeteri is scattered
worldwide in freshwaters with medium to higher
electrolyte content; it forms large populations in
brackish biotopes (Krammer and Lange-Bertalot
1997; Lange-Bertalot 2001).

Non-native distribution in the world: The non-
native distribution of N. schroeteri is unknown.

Distribution in the Czech Republic: Although it
was described a relatively long time ago, N. schro-
eteri was not included in taxonomic keys for
countries neighboring the Czech Republic (e.g.,
Hustedt 1930; Sieminiska 1964). It was first recorded
in the Czech Republic in a drying puddle with high
electrolyte concentration in South Moravia around
1995; because its appearance is characteristic, it is
unlikely that N. schroeteri was overlooked in the past.
At present, more than 20 localities are known, and
these include wetland pools, small streams, and
rivers, mainly in South Moravia and South Bohemia
(Fig. 9). With the exception of the first records from
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Fig. 9 Distribution of the .

alien species Navicula
schroeteri (filled circle) in
the Czech Republic

Ao

50N

49N

o

T
E\f
NN

13E 14E

1995, N. schroeteri has not been observed in large
numbers.

Skeletonema potamos (Weber) Hasle 1976

(= Microsiphonia potamos Weber 1970 = Stephan-
odiscus subsalsus (A. Cleve) Hustedt 1928 — non
Melosira subsalsa Cleve 1912)

Original distribution: S. potamos is cosmopolitan
and is sparsely distributed in eutrophic slowly
flowing or standing waters (Hasle and Evensen
1976; Krammer and Lange-Bertalot 1991). It has
not been reported from Central Europe.

Non-native distribution in the world: From the
1990s, invasive spread of S. potamos was reported in
Slovakia; it was found in larger rivers, clean standing
waters, as well as in eutrophic fishponds (Hindak and
Hindakova 1997a, 1998, 2002, 2004; Hindak et al.
1999, 2002; Hindakova 1994; Makovinska et al.
2003). It was also studied in the Danube River near
Budapest in Hungary (Kiss et al. 1993).

Distribution in the Czech Republic: S. potamos in
the Czech Republic was first detected in 1975 from
South Bohemia (Marvan et al. 1997); since then, it
has been commonly found in the phytoplankton. S.
potamos was recorded in more than 100 localities
including mesotrophic to eutrophic reservoirs and
slowly flowing rivers during diatom peaks in spring
and sometimes also in fall.

15E 16E 17E 18E

This species is very small and lacks distinguishing
morphological characteristics; therefore, it is likely
that it was present but not noticed before 1975. Because
the frustules are inconspicuous and lightly silificied,
they can be overlooked in samples and they can also be
damaged during the preparation of permanent slides.
Moreover, the color of the chloroplast of living cells is
very close to that of yellow-green algae (Xanthophy-
ceae), and this can confuse the identification.

Staurosirella berolinensis (Lemmermann)
Bukhtiyarova 1995
(= Synedra  berolinensis Lemmermann 1900 =
Fragilaria berolinensis Lange-Bertalot 1989)

Original distribution: The original distribution of
S. berolinensis included Western Europe and Asia; it
was also recorded in Africa (Krammer and Lange-
Bertalot 1991). S. berolinensis is not known from
Central Europe.

Non-native distribution in the world: The spread of
S. berolinensis has been studied in Slovakia; whereas
the diatom was known from only one locality in 1995
(Cunovské, earlier HruSovska reservoir; Onderikova
1995), it was subsequently detected in several other
localities (sand-pit lakes, fishponds, and rivers) in
western and southern Slovakia (Hindak and Hinda-
kova 2002, 2004; Hindak et al. 2002; Hindakova
2001; Marvan et al. 2004).
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Distribution in the Czech Republic: S. berolinensis
has been found in several localities in South Moravia
and South Bohemia; these include fishponds, reser-
voirs, rivers, and their cutoffs (Fig. 8). S. berolinensis
never produces significant biomass. The latest pale-
ontological studies suggest that S. berolinensis is not
an alien species; it was found in Atlantic sediments of
the defunct Komoranské Lake (Besta unpublished).
In modern samples from the Czech Republic, how-
ever, it was not observed until the 1990s.

Other algae
Peridiniopsis kevei Grigorszky et Vasas 2001

(= Peridiniopsis corillionii Leitao, Ten-Hage, Ma-
scarell et Couté 2001 = Peridiniopsis rhomboides
Krakhmalny 2002)

Original distribution: P. kevei was described from
tributaries of the Tisza River in Hungary. However,
its true original distribution is unknown.

Non-native distribution in the world: In the 1980s,
P. kevei was noted as an unknown species from Italy,
Germany, France, Romania, Austria, and Slovakia
(Grigorszky et al. 2001). Because P. kevei has a
distinctive morphology, it is quite improbable that it
was overlooked in earlier determinations. Since the
1980s, P. kevei has been reported from Croatia
(Gligora et al. 2006), Hungary (Grigorszky et al.
2001), Italy (Hansen and Flaim 2007), and Poland
(Owsianny and Grabowska 2009). A type denoted as
Peridiniopsis cf. kevei was also reported from
Toyama Prefecture, Japan (Takano et al. 2008)

Distribution in the Czech Republic: P. kevei was
first reported from the Czech Republic in 2007 (Geris
and Jahodova 2007). In the summer of 2009, we
confirmed its presence in another locality. Both sites
are large, eutrophic reservoirs.

Ulva flexuosa Wulfen 1803

(= Enteromorpha tubulosa var. ramosa Schiffner =
Conferva flexuosa Roth 1800 = Enteromorpha intes-
tinalis var. tubulosa Kiitzing 1845 = Enteromorpha
tubulosa (Kiitzing) Kiitzing 1856 = Enteromorpha
flexuosa (Wulfen) J. Agardh 1883 = Enteromorpha
lingulata J. Agardh 1883 = Enteromorpha prolifera
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var. tubulosa (Kiitzing) Batters 1902 = Enteromor-
pha intestinalis f. tubulosa (Kiitzing) V.J. Chapman
1937)

Original distribution: This taxonomically compli-
cated macroalgal species is distributed in coastal
seawaters nearly worldwide. U. flexuosa has many
different morphological forms but has several impor-
tant, unifying characteristics (branching, cell struc-
ture, and chloroplast structure). The genetic distance
among subspecies and forms is unclear. Importantly,
one of the subspecies, Ulva flexuosa subsp. pilifera
(Kiitzing) M.J. Wynne 2005, has been reported as an
exclusively freshwater alga from several European
localities, mostly ponds or smaller streams with
somewhat increased salinity in Sweden, the Nether-
lands, France, England, and Croatia (Bliding 1963;
Koeman and van den Hoek 1984), Poland (Kowalski
1975), and Germany (Kiitzing 1849).

Non-native distribution in the world: The only
non-native occurrence of U. flexuosa was reported
from a coastal zone of Lake Michigan, USA (Loug-
heed and Stevenson 2004), where in autumn 2003, an
alga identified as U. flexuosa subsp. flexuosa and
subsp. paradoxa covered up to 80% of the water
surface in the littoral zone. U. flexuosa also occa-
sionally forms blooms in enriched waters in its native
range, where it can be considered as an expansive
species; these include ponds near LodZz in Poland
(Sitkowska 1999) and the Mecklenburg Lakes in
Germany (Gardavsky in Skacelova 2004).

Distribution in the Czech Republic: Only Ulva
intestinalis L. has traditionally been reported from the
Czech, and mostly from two distinct localities: a salt
marsh in the Soos National Natural Reserve in West
Bohemia (Brabez 1941; Lederer et al. 1998) and
ponds and pools with increased salinity in South
Moravia (Nave 1863; Zapletalek 1932; Hetesa 1962;
Marvan and Komarek 1978; Skacelova 2004, and
many others).

In 1980s, massive occurrences of U. intestinalis
were reported from other localities (Wolgemuth et al.
1984). Because the alga was found in heavily
eutrophicated ponds with mineral input from agri-
culture and sewage water, its spread was attributed to
the anthropogenic enrichment of surface waters.

At the end of the twentieth century, different
authors used different taxonomic approaches, which
further obscured the complicated taxonomy of these
algae. Marvan et al. (1997) identified expansive
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populations from several sites in the Czech Republic
as Ulva cf. flexuosa, and because the alga could not
have been attributed to the only supposedly native
species (Ulva intestinalis), the authors hypothesized a
non-native origin. Interestingly, U. flexuosa was also
found by Lederer et al. (1998) at one of the original
localities, the Soos Salt Marsh. This finding was
accompanied by a modern, taxonomic description.
The presence of U. flexuosa in the area, including
native localities in South Moravia, was also discussed
by Skacelova (Skacelova 2004).

On the other hand, some authors, led mainly by
observations of macroscopic morphology, identified
specimens with leaf-like curly thalli as Ulva linza or
U. cf. linza (Hetesa and Sukop 1998, 2001; Kastov-
sky et al. 2006a), and even suggested that this
typically marine species was non-indigenous and
possibly invasive.

According to our own observations, all popula-
tions (from both original and secondary localities)
in the Czech Republic should be regarded as Ulva
flexuosa. Between 2007 and 2009, we collected
several samples throughout the country, including
the Soos Salt Marsh and ponds in South Moravia
(sites of indigenous occurrence) but also enriched
streams and stagnant waters in East and North
Bohemia. Using respected literature (Bliding 1963;
Brodie et al. 2007; Koeman and van den Hoek

1984), we identified all collected populations and
also historical herbarium specimens as U. flexuosa.
Our conclusions are supported by several previ-
ously cited observations by modern authors (Le-
derer et al. 1998; Marvan et al. 1997; Skacelova
2004).

It should be noted that the freshwater part of the
former U. intestinalis was later transferred to U.
flexuosa subsp. pilifera. Thus, the specimens from the
eighteenth and early nineteenth centuries were prob-
ably identified as U. intestinalis according to the
taxonomic view of that time, and they were identical
with the contemporary U. flexuosa.

As for U. linza, our examination of leaf-like thalli
leads us to conclude that these were only unfolded
vegetative stages of U. flexuosa, perhaps induced by
certain environmental conditions.

In our opinion, Ulva flexuosa is probably the only
species to occur in the area. It seems to be a native
species with an ability to expand into secondary
habitats, mostly enriched stagnant or flowing surface
waters. It is capable of forming massive agglomer-
ations of biomass. However, no serious negative
impacts on native ecosystems have been reported. Its
further spread probably will depend on policies of
wastewater management and agriculture. At present,
more than 20 localities are known, mostly streams,
fishponds, and channels (Fig. 10).
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Fig. 10 Distribution of the alien species Ulva flexuosa (filled circle), Pleodorina indica (open circle), and Peridiniopsis keve

(triangle) in the Czech Republic
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Pediastrum simplex Meyen 1829

(= Micrasterias simplex (Meyen) Kiitzing = Monac-
tinus simplex (Meyen) Corda = Helierella simplex
(Meyen) Brébisson)

Original distribution: P. simplex is a pantropical
planktonic species whose distribution extends into
Mediterranean areas. It was reported from Bangla-
desh (Ali et al. 1986), Turkey (Gonulol 1998), Japan
(Protist Information Server 2009), Florida (Work
2009), China (Wang and Li 2004), Albania (Rakaj
et al. 2000), Egypt (Rashid 2009), and Costa Rica
(Chow et al. 1994). P. simplex is often found in
paleontological sediments, where it is considered an
indicator of elevated temperature (Komarek and
Jankovska 2001).

Non-native distribution in the world: P. simplex was
recorded in both standing and slowly flowing waters of
North Italy (Salmaso 2002), Germany (Kusber and
Jahn 2000), the Netherlands (Beket 2005), Canada
(Canadian Museum of Nature 2007), and Slovakia
(Hindak and Hindakova 2004; Hindak 2005) and also
from brackish water of Chesapeake Bay, Virginia
(Wass 1972). However, it is highly likely that the
distribution of this species is much broader.

Distribution in the Czech Republic: P. simplex is
not invasive but is an important expansive taxon in
the Czech Republic. In early reports, Hansgirg (1889)
and Pascher (1906) listed this species as rare. In the
1950s, the species began to spread rapidly throughout
the Czech Republic: the first records of high abun-
dance in the fishpond plankton community came in
1957 (Sladeckova-Vinnikova 1957); subsequently,
the spread and biomass increase of P. simplex was
studied by several authors (Ettl and Fott 1959;
Mitiska 1962; Perman and Lhotsky 1963; Sladeck-
ova-Vinnikova 1958; gtépének et al. 1958). In the
1960s, the species had become widespread through-
out the Czech Republic (more than 500 localities),
especially in the plankton of meso- to eutrophic
standing waters (pools, fishponds, water reservoirs)
and rivers.

Pleodorina indica (Iyengar) Nozaki 1989
(= Eudorina indica lyengar 1933)
Original distribution: P. indica was first described

in India (Iyengar 1933) but later was also found in
Mexico and Argentina (Zalocar 1993).
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Non-native distribution in the world: At the turn of
the twentieth century, molecular methods showed that
the Pleodorina sp. ASW05153 isolated from eutro-
phic water of the Danube River cutoff (Giessgang,
Greifenstein, and Lower Austria) was Pleodorina
indica (Angeler et al. 1999; Coleman 2002). Other
localities in Europe have not been recognized so far.

Distribution in the Czech Republic: This incon-
spicuous species was first recorded in the Czech
Republic during the extremely hot summer of 2003 in
the Malse River in Ceské Bud&jovice, where it
formed an extensive water bloom (Znachor and
Jezberova 2005). One year later, it was observed in
the same locality, but the biomass was much smaller.
At the same time, P. indica was found in the
Hnévkovice water reservoir about 50 km downstream
from the original locality, in one other reservoir, and
in one eutrophic pond (Znachor and Lodeova 2005);
it was later found in three other ponds and four
reservoirs (Fig. 10).

In the native tropical to subtropical environment,
P. indica inhabits wetlands and standing or slowly
flowing waters. In the Czech Republic, it is found in
very slowly flowing rivers, water reservoirs, and
fishponds. The occurrence is always recorded only in
the warmest period of the year.

In the Czech Republic, the only substantial
population that has formed a water bloom (which
persisted for 2 years) was found in the lower Malse
River. In 2005, the biomass in this main locality was
significantly reduced or even eliminated by extended
dredging of bottom sediments. Populations at other
localities were smaller. The water bloom was seen
only once, but its size and persistence indicate
potential future problems, especially if summer
temperatures are abnormally high.

Staurastrum planctonicum Teiling 1947

This taxon is commonly known under this name (or
sometimes under the name S. pingue) but it is highly
likely that it is synonymous with several other types,
and the correct name should be “Staurastrum man-
feldii complex” (Coesel 1992).

Original distribution: S. planctonicum is an oligo-
troph native to mesotrophic lakes of North Europe
and alpine lakes (Lenzenweger 1996).

Non-native distribution in the world: The non-
native distribution of the S. planctonicum is unknown.
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Distribution in the Czech Republic: S. planctonicum
was first reported from the Jihlava River in 1974
(Dockal & Sladecek 1974 in Poulickova et al. 2004),
and later it appeared in higher numbers in the gravel-pit
lake Kvasice near the Morava River in 1987 (Marvan
et al. 1997; Sladeckova and Bernard 1987). Its general
distribution throughout the Czech Republic is dated
back to the beginning of the 1990s, when it was
commonly found in many water reservoirs (Desortova
and Brandl 1994; Gagyorova 1993; Marvan et al. 1997).

Today, this species is widespread in the Czech
Republic, especially in all types of mesotrophic to
eutrophic standing waters (more than 500 localities).
In a few documented cases, this species produced
massive biomass and out-competed other species in
the water reservoir (Marvan et al. 1997).

Discussion

According to our view, there are several groups of
alien and expansive species that have invaded or
could invade the Czech Republic:

1. Taxonomically well-defined, easily identified,
and conspicuous species that are highly unlikely
to have been overlooked in the past and that
are actually established in the Czech Republic;
typical members of this group are Cylindrosperm-
opsis raciborskii, Cuspidothrix issatschenkoi,
Raphidiopsis mediterranea, Sphaerospermopsis
aphanizomenoides, Actinocyclus normanii, Didy-
mosphenia geminata, Staurosirella berolinensis,
Navicula schroeteri, Peridiniopsis kevei, and
Pleodorina indica.

2. Well-defined and easily identified alien species
that occur in only a few localities and that are not
currently found in the Czech Republic; these
include Gloeotrichia echinulata, Planktothrix
rubescens, and Frustulia weinholdii.

3. Species recently described, new to the flora of the
Czech Republic, and perhaps misidentified in the
past; these include Dolichospermum compactum
and Cyclostephanos delicatus.

4. Inconspicuous species that could have been
overlooked in past; these include the small
cyanobacteria Geitleribactron periphyticum and
Synechococcus capitatus and the diatom Skel-
etonema potamos.

5. Species that are likely to have been misidentified
because the taxonomic distinction is problematic:
these include Fragilaria reicheltii (x F. croton-
ensis), Ulva (intestinalis X linza X flexuosa),
Staurastrum manfeldii complex (x S. planctoni-
cum x S. pingue) and Discostella woltereckii.

6. The expansive species Pediastrum simplex; in
the last 50 years, this once rare species has
became one of the most common taxa of the
plankton in standing waters.

The general evaluation of the groups given above
indicate that the non-native species have yet to cause
serious problems in the Czech Republic in that no
obvious impact on the native species has been
observed. In other countries, large increases in
populations of the diatom Didymosphenia geminata
have come at the expense of other species, but its
distribution is only local in the Czech Republic at the
present. Those invasive species with a strong ten-
dency to form water blooms represent potential
threats; however, blooming biomass has been
observed only locally in Planktothrix rubescens.
The expansive species Pediastrum simplex has not
been observed to outcompete any native species;
rather, it has integrated into the invaded community
without otherwise changing its original composition.

From a human perspective, the most important
dangers posed by invasive freshwater cyanobacteria
and algae are the occurrences of toxic cyanobacterial
species (Planktothrix rubescens and Sphaerosper-
mum aphanizomenoides) and technological problems
caused by the small cyanobacterium Synechococcus
capitatus, which passes through the filters of water-
works (Micka and Holleova 1997). Even an anthro-
pocentric view, however, cannot lead to the
conclusion that any of these “invasions” are very
dangerous.

We are not able to track the general spread of the
non-native species throughout the Czech Republic.
Today, species originating in the tropics can be found
in the country (e.g., the cyanobacteria Cylidrosperm-
opsis raciborskii and Raphidiopsis mediterranea; the
green algae Pleodorina indica and Pediastrum sim-
plex; and the diatom Discostella woltereckii), which
could lead to the inference that this is evidence of or a
consequence of global warming. This inference is
probably incorrect because equivalent numbers or
even larger numbers of species have come to the
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Czech Republic from Nordic regions, or have
descended from montane habitats (e.g., Dolichosper-
mum compactum, Geitleribactron periphyticum,
Gloeotrichia echinulata, Planktothrix rubescens, Syn-
echococcus capitatus, and Didymosphenia geminata).
Moreover, invasions have originated not only from the
north and south but also from the east (Anabaena
bergii, Cuspidothrix issatschenkoi, Sphaerospermop-
sis aphanizomenoides, and Cyclostephanos delicatus)
and from the west (Dolichospermum compactum and
Actinocyclus normanii). Other species spread as a
result of other anthropogenic influences to the envi-
ronment. For example, the application of salt to roads
during winter or the incorrect management of indus-
trial sewage can probably cause an expansion of
halophytic species such as Ulva flexuosa.

Organisms can spread throughout the world in a
variety of ways. Dispersal of marine organisms by
solid ballast or ballast water from areas with shipping
activities is quite well monitored (Mills et al. 1993;
Gollasch 2006; Nicholls 2001). The situation is more
complicated in the case of inland freshwater biota, in
which the transport mechanisms are mostly unknown
and unresearched (Kristiansen 2000).

Algae and cyanobacteria are thought to be spread
by wind (e.g., Sharma et al. 2007), water, and larger
organisms such as beetles, dragonflies, mammals
(Kristiansen 1996), or turtles (Burgin and Renshaw
2008). However, the most important vectors are
migratory water-birds, which can transport the algae
to very distant places in a short time; this rapid
transport is especially important for those planktonic
organisms that are susceptible to desiccation (Kris-
tiansen 2007). The vegetative stages of the organisms
are likely transported in an exozoochoric manner (on
feathers or legs); endozoochoric transport in the
digestive system of the birds is conceivable for those
algal cells with thick wall such as cysts and other
dormant stages (Atkinson 1980; Kristiansen 1996;
Figuerola and Green 2002; Charalambidou and Luis
Santamaria 2005). It is important to note that
migratory birds can transport the algae both south-
ward and northward as they migrate between areas
used for reproduction and overwintering.

The invasion by substantial numbers of alien species
from the East is probably closely linked to the spread of
Asian fish species in Central Europe These fish are
either intentionally introduced (silver carp Hypoph-
thalmichthys molitrix, grass carp Ctenopharyngodon

@ Springer

idella) or came as invasive migrants (stone moroco
Pseudorasbora parva). The spread of algae and
cyanobacteria associated with exotic water macro-
phytes is not considered to be significant (Cellamare
et al. 2010). The dynamics of the macrophytes is not
autochtonous because their movement is mostly
related to human activities (e.g., the invasion of Elodea
canadensis into European was caused by aquarists) or
to water-birds.

The direct spread of invasive algae and cyanobac-
teria by people has not yet been proved; still, humans
are highly unpredictable vectors whose activities
often correlate with algal dispersal. For example,
Kristiansen (2007) noted that planktonic organisms
were likely transmitted from one locality to another
by poorly rinsed nets and bottles during scientific
fieldwork. The spread of Didymosphenia geminata
throughout New Zealand resulted from the transfer of
boats from one drainage basin to another (Kilroy
2004).

We can also speculate that the spores of most of
the invasive algae and cyanobacteria have continually
been transported to the target areas, but that the
organisms were able to establish only when the
changing climate became suitable (Cellamare et al.
2010).
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