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ABSTRACT
The invasion of Dofana National Park (SW Spain) by the mosquito fern (Azolla filiculoides Lam)

In 2001, Azolla filiculoides Lam., a floating pteridophyte native to the New World, was found in Dofiana National Park (SW
Spain), an European protected area well known for its high value from a conservation point of view and for its ecological
vulnerability. Until that time, there had been no exotic aquatic macrophyte observations in the National Park. Since then,
surfaces covered by Azolla filiculoides have increased explosively forming thick floating mats which eliminate submersed
plants, and seriously threaten the aquatic ecosystems in this important protected area.
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RESUMEN
La invasion del Parque Nacional de Doiiana (SW Espaiia) por el helecho flotante (Azolla filiculoides Lam)

En 2001, Azolla filiculoides Lam., una pteridofita acudtica nativa del Nuevo Mundo, fue encontrada en el Parque Nacional de
Doriana (SW Espaiia), un espacio protegido europeo bien conocido por su alto valor desde el punto de vista de la conservacion
y por su vulnerabilidad ecoldgica. Hasta ese momento, no se habia observado ningiin macrdfito acudtico exdtico en el
Parque Nacional; desde entonces, las superficies cubiertas por Azolla filiculoides se han incrementado de manera explosiva
originando gruesas capas flotantes que eliminan las plantas acudticas sumergidas y amenazan gravemente los ecosistemas
acudticos de este importante espacio protegido.

Palabras clave: Azolla, especies invasoras, macrdfitos acudticos, Dofiana, SW Europa.

INTRODUCTION Park (SW Spain), one of the most outstanding

protected spaces in Europe, although its presence

Azolla Lam. is a genus of floating heterosporous
ferns, native to the New World and invasive in
many parts of the world. It includes two species: A.
filiculoides Lam. and A. cristata Kaulf. (Evrard &
Van Hove, 2004). The first one, Azolla filiculoides,
has recently been found in the Dofiana National

has been known for a number of years in other
locations in the Iberian Peninsula.

This plant consists of a short branched rhi-
zome (2-5 cm) covered by small, bilobated, alter-
nated, and overlapping leaves and filiform roots,
which hang into the water. Azolla filiculoides is
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able to undergo a rapid vegetative reproduction
through rhizome fragmentation. It is also able to
reproduce sexually by producing spores.

Like any invasive plant, Azolla filiculoides,
shows a very high growing rate. In this way,
under ideal conditions, the daily rate of increase
may exceed 15 % and doubling time of the fern
may be four or five days (Lupkin & Plunket,
1982). In the same way, in the absence of natural
enemies and the presence of eutrophic waters, it
forms large and dense mats that affect aquatic
ecosystems and have an impact on all aspects of
water utilization (Van Wilgen et al., 2001). Like
other floating plant, mats of Azolla, can affect
the water beneath them, eliminating submerged
plants and algae, preventing photosynthesis, and
blocking oxygen diffusion from the air, causing
it to become anaerobic (Gopal, 1987; Janes et al.,
1996; Sheppard et al., 2006). In addition, Azolla
forms a permanent heredity symbiosis with a
nitrogen-fixing cyanobacteria: Anabaena azollae
(Van Hove & Lejeune, 2002); this unusual
property is the basis for its use in agriculture as a
natural fertilizer (Moore, 1969; Wagner, 1997).

Problems caused by Azolla filiculoides have
been refereed from several places: Africa (Hill,
1999; Hill & Cillier, 1999; Gratwicke & Mar-
shall, 2001; Van Wielgen et al., 2001), Portugal
(Carrapico et al., 1998; Catarino et al., 2001) and
United Kingdom (Sculthorpe, 1967; Janes et al.,
1996; Sheppard et al., 20006).

Mechanical and herbicide control have been
utilised with different success. While mechani-
cal control, removing plants has resulted in fai-
lure in larger infestations, it is possible to find
many references about the success with herbi-
cides such as: glyfosate, diquat or querosene
mixing (Hill & Cilliers, 1999) besides, suc-
cess in Azolla control using a weevil has been
cited from South Africa (Hill, 1999; Hill &
Cillier, 1999; Gassmann et al., 2006).

The purpose of this note is to notify the
invasion by this exotic aquatic fern of a great
natural and valuable protected European space,
and to present some considerations about the
problems this invasive plant can cause in its
native ecosystems and the difficulties that its
control in a natural preserved area present.

* .

Figure 1. Distribution of Azolla filiculoides Lam in the
Iberian Peninsula. [data acquired from Pereira et al. (2001).
Real Jardin Botdnico (2005) and herbarium material deposited
in the herbaria MA (Real Jardin Botanico Madrid), BC
(University of Barcelona) and LISU (University of Lisbon)].
B First record in Iberian Peninsula. A First Record in Spain.
@ Other records. Distribucion de Azolla filiculoides Lam. en
la Peninsula Ibérica [datos obtenidos de Pereira et al. (2001 ),
Real Jardin Botdnico (2005) y material de herbario depositados
en los Herbarios MA (Real Jardin Botdnico Madrid), BC
(Universidad de Barcelona) y LISU (Universidad de Lisboa).
B Primera recoleccion en la Peninsula Ibérica. A Primera
recoleccion en Espaiia. @ Otras recolecciones.

AZOLLA IN THE IBERIAN PENINSULA

On the basis of a search in different Iberian
herbariums, we have concluded that the first
record of Azolla in the Iberian Peninsula
comes from Portugal. It was collected in 1920
from the lower stretch of the river Sado', and
soon thereafter, new populations appeared,
particularly, in the lower stretches of the rivers
Tejo, Sado, Mondego and in the medium
stretch of the river Guadiana. In many cases
Azolla was found near rice cultures. In Spain,
the species’ appearance was detected later
(1957) and located at the mouth of the river
Llobregat', NE Spain (also near rice fields).
Now, Azolla has spread to many places (Fig. 1),
but the majority of the sightings are in the
western part of the country.

1. See appendix: herbarium references.
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The first recorded sighting of Azolla in southern
Spain is very recent, in 2000, it was collected
by Sanchez Gullén & Macias in a coastal
locality from Huelva province.

About the identity of these plants, after
a taxonomical controversy compiled by Evrad
& Van Hove (2004), Portuguese and Spanish
specialists (Salvo, 1990; Pereira et al., 2001)
have come to the conclusion that only Azolla
filiculoides Lam. is in the Iberian Peninsula.

THE HISTORY OF AZOLLA IN DONANA

Doiiana National Park, located in the SW of
Spain, is an area of international importance for
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the breeding, staging, and wintering of aquatic
birds. It spans, about 65.000 Ha, on the Atlantic
Coast in the Gulf of Céadiz, bordering the large
estuary of the Guadalquivir River (Fig.2) and
consists of a vast complex coastal marshland
in the floodplain of the lower Guadalquivir
River, separated from the Atlantic Ocean by an
extensive system of both active and stabilised
dunes. For a more detailed description see Garcia
Novo (1997) and Serrano et al. (2006).

The aquatic flora of Dofiana National Park
is very diverse, especially in the Mediterranean
context, and exhibits large populations of inter-
esting species (see Garcia Murillo et al., 2006).
Until Azolla filiculoides was found, no aquatic
exotic plant had ever been observed in Doflana

Figure 2. Study area in the south west of the Iberian Peninsula. Area de estudio en el suroeste de la Peninsula Ibérica.



246 Garcia Murillo et al.

National Park. You can find more details about
Dofiana aquatic flora and vegetation in: Castro-
viejo et al. (1980), Rivas Martinez et al. (1980),
Garcia Murillo et al. (1993), Espinar et al. (2002)
and Cobo et al. (2003).

In 2001, technicians from Dofiana National
Park identified some small floating plants that
appeared in the marshland of the Park, as Azolla
filiculoides Lam. The year before, these plants
had been discovered by the Dofiana’s Biological
Station staff, but they were not identified (Garcia
Murillo et al., 2004a). Soon thereafter, this plant
was found in every part of the marshland of
Donana National Park; from the freshwaters (in
the northern part of the park, near Guadiamar
stream, further south, near Dofiana’s Palace) to
the saline waters (in the “Lucio Del Membrillo”
or near “Casa de Brenes”). Places hidden and
isolated as “Laguna Del Hondén”, where the
only Spanish population of Hydrocharis morsus-
ranae lives (Garcia Murillo et al., 2000), were
soon occupied by Azolla (Fig.2 and 3). Azolla
grew with success even in waters with an
extremely high level of salinity, where Lemna
minor L. can’t survive. In 2003, it was possible
to observe a dense mat of Azolla (more than
10 cm thicker) covering the water surface in the
places where the wind’s influence was minor. The
mats were easily seen from the plane that the
Biological Station uses to take birds census. In
May 2004, it had crossed the natural border of
the Guadalquivir River and we also found mats
of Azolla in some channels near Sanlicar de
Barrameda, Cadiz province, (Fig. 2).

The majority of the Donana’s ecosystems
that have been invaded by Azolla are rich
in nutrients and have the aquatic vegetation
rooted to the ground. According to our own
field observations, Azolla was able to compete
the best under the following conditions: when
the water surface was unoccupied, when the
wind was mild (as on the shoreline or in the
neighbouring of helophytes), and when rivals
didn’t exist. In these cases, Azolla quickly grew
and covered the water surface. Then it preyed
upon the other autochthonous macrophytes,
obstructing their growth and ultimately killing
them. Without doubt, some severe changes

in water quality (dissolved oxygen decreases,
changes in nutrients concentration, etc.) will be
produced and, perhaps soon, Azolla will be the
only macrophyte in the locality.

The staff of Dofana National Park has
attempted mechanical control of Azolla’s in-
vasion without success. Additionally, the Re-
gional Environmental Ministry is very concer-
ned about the situation, having included the
Azolla problem in its “Invasive Exotic Species
Control Plan” recently started.

DISCUSSION

Azolla filiculoides is an exotic aquatic plant in the
Iberian Peninsula. Its presence in this territory
began back in the first decades of the XX"
century, appearing in the mouth of the Sado River
(Portugal) and related to paddy fields. Since then
it has spread through many localities from the
north to the south of the Iberian Peninsula.

Like in other parts of the world, Iberian wa-
ter bodies are modified by Azolla infestation.
The heavy interlocking Azolla mat causes light-
starvation in the water beneath and prevents weed
seed emergence, seriously affecting biodiversity
(McConnachie et al., 2003). Its efficacy compe-
ting with other aquatic plants is so high that the
use of Azolla as “natural” herbicide has been sug-
gested in Asia (Moody & Janiya, 1992; Biswas et
al., 2005). Furthermore, Azolla mats increase sal-
tation, reduce quality of waters, clog canals, and
cause drawing of livestock that were unable to
differentiate between pasture land and plant co-
vered waters (Hill, 1999).

For these reasons, the recent appearance and
rapid expansion of this plant in the wetlands
of Donana National Park is a worry to the
people involved in the managing of this natural
space. Dofiana National Park has been almost
completely free of problems caused by exotic
plants for many years. The high degree of habitat
conservation and Dofana’s program for control
of exotic plants (Garcia Murillo et al., 2004b),
based on early detection and the quick removal of
alien plants, have stopped them. However, Azolla
filiculoides have resisted it. And the problem
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has increased because the more effective control
measurements refereed: chemical or biological,
are undesirable and unpredictable in such a
natural area, due to its consequences on other
species and aquatic ecosystems.

On the other hand, the growing of Azolla is
related to phosphorous enriched waters [McCon-
nachie et al., 2003; Arora & Saxena, 2005; and is
supported by the results of our own Azolla’s labo-
ratory and field experiments (Fernandez Zamu-
dio et al., in press)]. In this way we think that the
quick expansion of Azolla is due to the nutrients’
increasing in Dofiana’s marshland over the last
decades (Lopez et al., 1993; Serrano et al., 2006),
as a consequence of agricultural developing in
neighbouring areas (Ferndndez Delgado, 2006)
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and high livestock pressure (Soriguer, 1999).

We are not far from reconstructing Azolla’s
invasive process in Dofiana, and we even have
an ecological characterisation of its habitat, life
cycle and phenology in this area. But, regarding
control measurements, there does not seem to be
a suitable solution. This case shows a complicate
problem in a conservation subject area. How to
manage a strong invasive species in a delicate
protected and great conservation value area?

At the moment, we can only think about
keeping the integrity of native ecosystems (keep
few nutrients in the water, keep a low pressure of
livestock, prevent eutrofization, etc.) as a better
solution to avoid the spread of Azolla filiculoides’
infestation through all water bodies of Dofana.

Figure 3. Cartography of the Azolla filiculoides invasion.

Murillo et al., 2004). Cartografia de la invasion de Azolla filiculoides.

Recolecciones de 2003 (adaptado de Garcia Murillo et al., 2004).

2001 records, ® 2002 records, @ 2003 records (adapted from Garcia

Recolecciones de 2001, ® Recolecciones de 2002, @
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PORTUGAL. Baixo Alentejo. Alcocer da Sal, arro-
zaes, V-1920, L. Fernandez (LISU 2786); Alcocer
da Sal, V-1920, L. Fernandez (LISU 2783).

SPAIN. Barcelona. Prat de Llobregat, in oryzetes et
estany de I’Ulla, 16-IX-1957, A. & O. de Bol6s,
F. Masclans, A. Lopez & M. Montferrer (BC
117173).



