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ABSTRACT
Azolla filiculoides has been an ephemeral plant in Poland since the end of the 20th century. In the last 15 years
this species appeared in 5 locations in south-west Poland. Habitat and plants of two populations became destroy-
ed, three other still exist. A. filiculoides occurs in eutrophic or even polluted water where it forms dense mats, up
to 10 cm thick. It stays sterile and propagates only in a vegetative manner. Frost resistance of Lower Silesia popu-
lations is higher than reported so far; fern may winter and rebuild the population after frost reaching 22°C. Size of
the populations is changeable during the vegetation season. A. filiculoides occurs in water habitats and plant com-

munities in which it substitutes Lemna minor.
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INTRODUCTION

The name Azolla comes from the Greek words “azo” —
to dry, and “ollymi” — to kill or to destroy, suggesting the
death from drought. The monogeneric family Azollaceae
consists of small, floating, not drought-tolerant fern spe-
cies, found throughout the tropical and temperate zones of
the world. The genus was included at first into family Sa-
Iviniaceae due to seeming similarity, but phylogenetic rela-
tionship is distant and thus both families are considered as
separate units.

The taxonomy of Azollaceae is problematic because of
similarity of species, their main vegetative way of repro-
duction and high morphological variability. In temperate
climate the most common is Azolla filiculoides Lam. Some
pteridologists synonymize A. filiculoides and A. carolinia-
na (Valentine and Moore 1993). This classification was ac-
cepted by Mirek et al. (2002). The second classification
presents A. filiculoides and A. caroliniana as two separate
taxa. A. filiculoides is native to temperate and subtropical
western zones of Central and North America where it rea-
ches as far as Alaska. The more termophilous A. carolinia-
na is native to the eastern part of Central America (Lump-
kin 1993).

Thorough research on the New World Azolla species
was undertaken by Evrard and van Hove (2004). Based on
the type specimen they revealed that A. microphylla and A.
caroliniana are synonyms of the previously described A. fi-
liculoides, moreover, ferns identified as such by most au-
thors differ from their type specimen. The authors propo-
sed that two species only exist in America: A. cristata Met-
tenius 1867 and A. filiculoides. Azolla cristata includes A.
microphylla, A. mexicana and A. caroliniana, i.e. species
with two-celled leaf trichomes and a tip in glochidia of
massulae with more than 2 septae. Azolla filiculoides is
a species with one-celled leaf trichomes and a tip in glochi-
dia of massulae with up to 2 septae. Current synonyms of
Azolla filiculoides Lam. are: A. arbuscula Desvaux, A. bo-
nariensis Bertoloni, A. japonica Franch. et Sav, A. magel-
lanica Willd., A. rubra R. Brown, A. filiculoides Lam. var.
rubra (R. Brown) Strasb. and A. squamosa Molina.

Azolla was a genus native to Europe, which became
extinct during the last Ice Age. Tertiary and Pleistocene
stands of Azolla filiculoides were found also in Poland
(Janczyk-Kopikowa 1977; Raniecka-Bobowska 1977). As
a result of human activity it is currently a cosmopolitan
plant occurring in South Africa, Asia, Australia, South-,
Central- and North America, South-, West-, Central- and



242 DISTRIBUTION OF AZOLLA FILICULOIDES IN POLAND

North Europe (Weber 2005; Hussner 2006). In South Afri-
ca and tropical Asia it is an invasive species (Weber 2005).

The species was introduced to Europe towards the end of
the 19th century and the first observations were made in
1870s-1880s (Wilmanns 1976). It is impossible to con-
struct a precise invasion map of Azolla filiculoides in Euro-
pe. The species was accidentally transported in ballast
tanks of ships, in water with fry, or was introduced by hu-
man in other way. As a result it appeared independently in
different places at almost the same time. Intentional or
unintentional human activity is one of the most important
spreading factor of A. filiculoides until now. Moreover, A.
filiculoides is able to reach new regions by natural trans-
porting vectors, e.g. waterfowls. The species spread out to
nearly whole Europe. Near Poland, it has been found in
Germany, where it is rather common (Weber 2005), in the
Czech Republic (Kubét 2002) and Slovakia (Hrivndk et al.
2007). An ephemeral occurrence was noted in Lithuania in
an exploited peat bog in 1946, later the Azolla population
became extinct (Grudzinskas 2000).

CHARACTERISTICS OF THE SPECIES

Azolla filiculoides is a small free-floating fern up to 2.5-4
cm long, polygonal or triangular in shape (Lumpkin and
Plucknett 1980). It floats on the water surface, rarely as in-
dividual plants or most often in mats, which can reach
a thickness up to 20 cm (McConnachie et al. 2004).

Sporophytes consist of thin rhizomes, delicate pale-
brown roots up to 5 cm long and small leaves. Leaves are
two-lobed, alternate and imbricate. Upper lobes of the lea-
ves are usually green, covered by short, dense hair and are
larger than the achlorophyllous lower lobes. When A. fili-
culoides plants are exposed to frost or strong sunlight they
become red in color. In shade they remain green (Janes
1998a). Rhizomes are fragile and easily break into small
fragments. Dispersal by small fragments of fragile sporo-
phytes is the main way to increase the secondary range of
the species. It spreads by zoo-, anemo- or hydrochory and,
the most effective, anthropochory.

A. filiculoides is a heterosporous fern. It seems that spo-
rulation of this species is regulated by the interacting ef-
fects of different habitat factors, mainly light intensity,
photoperiod, temperature, pH and nutrient availability (Ja-
nes 1998b). Sporocarps appear on the lower leaf lobe. The
species sporulates regularly in Great Britain (Janes 1998a,
b); sporulating plants are also known from Germany (Hus-
sner 2006).

Characteristic of the genus Azolla is the symbiotic rela-
tionship with the nitrogen-fixing blue-green alga Anabaena
azollae. It is the only known mutualistic symbiosis between
a pteridophyte and a diazotrophic prokaryote (Hove van and
Lejeune 2002). Plants are never infected de novo: sym-
bionts are transferred between generations as akinete inocu-
lae. The symbiosis is sustained throughout the fern life cyc-
le and its permanency suggests a parallel phylogenetic evo-
lution of both partners (Watanabe and Hove van 1996; Car-
rapi¢o 2006). At the end of the 20th century other nitrogen-
fixing symbionts of Azolla were found, which are bacteria
of the genus Azotobacter, and others (Carrapico 1991).

The species grows best at 15-20°C and high irradiance
(Janes 1998a; Watanabe and Berja 1983), even though
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Wong et al. (1987) stated that optimum temperature for
both nitrogen fixation and oxygen evolution is 25°C. Azol-
la biomass production is very high due to unlimited access
to nitrogen. In nature, in optimal conditions, it has a surfa-
ce-area doubling time of 7-10 days or 2.2-3.4 days under
laboratory conditions (Kitoh et al. 1993).

A. filiculoides is the most frost-tolerant of the Azolla spe-
cies. Janes (1998a) observed successfully overwintered ve-
getative plants in Worcester (UK), where the minimum air
temperature reached -10°C. Plants were able to survive for
at least one week frozen inside the ice; parts protruded abo-
ve the ice were killed. Wong et al. (1987) reported that A.
filiculoides endured field temperatures from -10 to -15°C.
In sub Mediterranean area Azolla filiculoides is evergreen
species.

A. filiculoides settles in sunny to shady parts of ponds,
ditches, water reservoirs and slow flowing rivers and chan-
nels. Due to its symbiotic association with Anabaena azol-
lae, the fern is able to grow in nitrogen-deficient waters but
it prefers mezotrophic to eutrophic habitats, often more or
less polluted. As an element of pleuston it occurs in plant
communities of the class Lemnetea minoris. The fern is de-
scribed as a diagnostic species of the class Lemnetea and
order Lemnetalia minoris (Pott 1995; Matuszkiewicz 2008),
and character species of the association Lemno-Azoletum
filiculoidis Br.-Bl. 1952 (Otahelova 1995). In some cases
the species can be found together with Lemna minuta, Lem-
na minor and Spirodela polyrhiza. More often A. filiculoides
forms dense homogenous mats that can eliminate submer-
ged plants and algae (Janes et al. 1996). This form is descri-
bed as an aggregation of Azolla filiculoides or a community
Lemna minor-Azolla filiculoides (Pott 1995).

MATERIAL AND METHODS

Phytosociological relevés were made using the cover of
every species estimated in %, what was more precise than
the classic Braun-Blanquet method (1964). The phytocoe-
noses were identified to the plant communities according
to Matuszkiewicz (2008). Vascular plants nomenclature
used in this study is given after Mirek et al. (2002).

The map of plant distribution was generated using the
GNOMON software and prepared in 10x10 km squares of
the ATPOL grid (Zajac 1978).

THE DISTRIBUTION IN POLAND

The first data on Azolla filiculoides in Poland come from
the beginning of the 20th century. Schube (1928) observed
the species in the palace park in Wawrzyszewo (Lower Si-
lesia, south-western Poland), and the palace owners confir-
med that Azolla wintered there for several years. Moreover,
Schube (1928) informed about cultivation of this species in
the Botanical Garden of the University of Wroctaw. Ro-
staiiski and Sowa (1986-1987) included Azolla filiculoides
into the list of Polish efemerophytes. After 1945 Azolla
was noticed in 1996 in Bielsk Podlaski (Podlasie, north-ea-
stern Poland) but it was a one-season stand only (Wotko-
wycki 1999).

Since 1996 Azolla filiculoides has been found in five lo-
cations in Lower Silesia. It was observed in anthropogenic
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ponds as well as in oxbow lakes, but always in eutrophic
water. It appeared in the anthropogenic pond in Wilkszyn
near Wroctaw and in the oxbow lake of Nysa Luzycka near
Kozlice (Fig. 1). These two locations were found in 2007
and still exist. Three other stands were noted in Wroctaw.
Location in the small pond in the Odra River valley in Po-
powice was observed in 1996 (Panek, personal inf.) and
was destroyed during building of the sport center. Location
in the fire-protection pond in Pilczyce was observed in the
same year (Nawara, personal inf.) and was destroyed du-
ring the long renovation of the reservoir. Both stands have
not been confirmed since 1998. In 2009 only one location
was confirmed, found in 2007 in the oxbow lake of the
Odra River in Kozan6w.

In Poland, Azolla filiculoides stays sterile and propagates
only vegetatively yet. The size of population is changeable
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during the vegetation season. Single floating plants emerge
at the beginning of summer, the number of ferns increases
in summer, and Azolla dominates on the water surface in
autumn. In Wilkszyn and Kozanéw, in November 2007
and 2008 Azolla formed 10 cm thick mats and covered all
the water surface (Fig. 2). The cover of Azolla was very
dense and eliminated all native floating plants.

In Lower Silesia, Azolla filiculoides formed its own com-
munity or co-dominated in Lemna minor-Azolla filiculoi-
des community. Moreover, it entered all floating or rush
plant communities in colonized ponds; it was observed in
community of Nuphar luteum and of Stratiotes aloides, and
in associations of Typhetum latifoliae So6 1927 or Phrag-
mitetum australis (Gams 1927) Schmale 1939 (Table 1).

Fig. 1. Azolla filiculoides in the oxbow lake
of Nysa Luzycka near KoZlice (phot. J. Bta-
chuta).

Fig. 2. Dense mat of Azolla filiculoides in the
old fire protection pond in Wilkszyn village
(phot. E. Szczgs$niak).
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TABLE 1. Plant communities with Azolla filiculoides Lam. in Poland.

Szczesniak E. et al.

Succesive number 1 2 3 4 5 6 7
Date 2008. 2008. 2008. 2008. 2008. 2008. 2008.

10 08 10 10 10 10 10
Area m? 20 20 20 20 20 15 20
Cover of herb layer [%] 100 100 100 100 100 100 90
Localization 1 1 3 2 3 2 2
No. of species 1 2 6 4 5 8 8
Ch. CI. Lemnetea minoris
Azolla filiculoides 100 50 50 50 50 60 20
Lemna minor + + + 10 +
Ch.Cl. Potametea
Nuphar luteum
Stratiotes aloidis 50 40

+

Elodea canadensis
Ceratophyllum demersum
Hydrocharis morsus-ranae
Ch.Cl. Phragmitetea
Typha latifolia
Phragmites australis
Alisma plantago-aquatica
Sagittaria sagitifolia
Galium palustre

Carex gracilis
Accompanying species
Leersia oryzoides

Juncus effusus

Calystegia sepium

Leonurus cardiaca

+ + + +
10

+

+

Location of relevés: 1,2 — Wilkszyn, 3 — KoZlice, 4, 5, 6, 7 — Wroctaw-Kozanow

List and map of localities in Poland (Fig. 3)

GC51: Bielsk Podlaski (Wotkowycki 1999), L.n.c.;

AEA44: KoZlice, oxbow lake of Nysa Luzycka; Btachuta,
Picifska-Fattynowicz 2007, Krukowski 2008;

BE38: Wilkszyn, old fire-protection pond; Krukowski
2007, Szczesniak 2007-2009, leg. Szczesniak 2008 WRSL;

BE48: Popowice, small pond near Odra River; Panek E.
1997, personal information, l.n.c. — pond destroyed during
sport center building; Kozanéw, oxbow lake of Odra Ri-
ver; Pender 2007, personal information, Szczg$niak 2007-
-2009, leg. Szczgsniak 2008 WRSL,; Pilczyce, industrial fi-
re pond, Nawara Z. 1996, personal information, 1.n.c. — po-
pulation destroyed during pond renovation;

CES80: Wawrzyszewo, pond in a palace park (Schube
1928), L.n.c. — pond destroyed after 1945.

DISCUSSION

Species of Azolla are the only ferns of high economical
value. Because of the ability for atmospheric nitrogen assi-
milation, quick growth and high content of readily availa-
ble proteins, Azolla is used as a green manure in rice fields
to fertilize the soil. Reyes and Fermin (2003), described the
use of Azolla as a feed for fish. Moreover, a dense mat of
Azolla stops the growth of weeds and insect larvae. It is the
source of its common name ‘“‘the mosquito fern”.

Advantages in cultivation become disadvantages, when
Azolla penetrates natural ecosystems. Dense mats of floa-

Fig. 3. Distribution of Azolla filiculoides in Poland.
@ — locations observed in 2007-2009; + — locations not confirmed

ting Azolla can affect the ecosystem by substituting native
floating species, preventing their photosynthesis and bloc-
king oxygen diffusion (Janes et al. 1996). Populations of
water animals are also reduced beneath the fern mats (Gra-
twicke and Marshall 2001).
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A. filiculoides has no economic value in Poland and it is
still found in a few localities only. It is uncertain if its
occurrence in these stands is established or only accidental,
but climate changes taking place in the last decades sup-
port the theory of this species expansion. Moreover, obse-
rvations in winter 2007/2008 and 2008/2009 show the
growth of the Azolla filiculoides frost resistance. Popula-
tions of Lower Silesia seem to be able to survive frost rea-
ching -22°C. Almost all individuals on the open water sur-
face were frozen but buds of plants hidden between rushes
survived the winter, renewing their growth in next season
and rebuilding a dense mat.

It is difficult to say how the new stands in Poland were
established. Ferns beginning the population in KoZlice co-
uld be transported by birds but other locations situated in
towns and villages seem to be anthropogenic in origin.
Undoubtedly the stand in Wilkszyn is anthropogenic, whe-
re Azolla spread out after uncontrolled introduction of fish.
Moreover, aquarium keepers and their enthusiasm for in-
creasing of biodiversity and alien species introduction may
play an important role in spread of this species. Rune and
Jorgensen (1997) gave examples of intentional releases of
A. filiculoides plants in Denmark.

The control of A. filiculoides expansion is limited. Due
to extremely short time of 3-10 days of a surface-area dou-
bling, the mechanical control requires frequent repetitions
and can be effective only in small water bodies. More ef-
fective forms of Azolla control are herbicides (diquat or
glyphosate). Nevertheless, Hill and Cilliers (1999) conside-
red the manual, mechanical and herbicidal control as insuf-
ficient. Barreto et al. (2000) described the biological con-
trol of Azolla with fungi. Hill (1998), Hill and Cilliers
(1999) and McConnachie et al. (2003, 2004) gave exam-
ples of successful biological control of fern massive occur-
rences by the frond-feeding weevil Stenopelmus rufinasus
in South Africa, which is however useless in cold climate
of Poland.

An attempt to eliminate Azolla filiculoides took place in
Wilkszyn in late autumn 2007. The fern was mechanically
removed from the water surface and taken away by six trai-
lers. In spite of the apparent pond clearing, the population
rebuilt in 2008. A. filiculoides is potentially an invasive
species and could become a substantial problem in fish-
ponds in south and western parts of the country (Szcze-
Sniak 2008).
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