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Salvinia molesta is native to Brazil (Forno and Harley,
1979); it is a sterile polyploid floating freshwater fern that
is thought to have arisen as a hybrid between two other
Salvinia species (Mitchell, 1972; Forno, 1983). S. molesta
is established outside of its native range throughout the
tropics, subtropics and warm temperate areas, and has been
noted in at least 55 counties (information compiled from:
GBIF, 2016; GISIN, 2016; EPPO, 2016) in addition to Brazil.
The earliest records outside of Brazil are from Sri Lanka
in 1939, with large impacts on agriculture in that country
subsequently being reported in the early 1950s (Room et
al., 1989). This plant is problematic in many parts of North
America, Africa, South East Asia and Oceania (Julien et
al., 2009). In Europe, the species has been reported from
Austria, Belgium, France (including Corsica) (Maddi, 2010),
Germany (Hussner et al., 2010), Italy (Garbari et al., 2000;
Giardini, 2004; Buccomino et al., 2010), the Netherlands,
Portugal and the United Kingdom (CABI, 2016) but with
occurrences apparently transient and of limited extent
(Hussner, 2012).

Salvinia molesta prefers nutrient rich tropical and subtropical
lentic systems, but as it has a wide temperature and nutrient
tolerance, it can survive in most types of waterbody,
although long term exposure to temperature of < -3 °C
and > 43 °C will kill the apical buds of the plant terminating
growth (Whiteman and Room, 1991). Dense mats of the
weed prevent light penetration, reduce oxygenation, increase
carbon dioxide and hydrogen sulphide, smother aquatic flora,
and displace aquatic fauna by altering habitats, destroying
niches, and reducing or eliminating food sources (food
plants, benthic biota, and other fauna) (Julien et al., 2009).
The excessive growth rate of this plant and its damaging
nature requires that it is controlled.

According to EPPO (2016) Salvinia molesta presents a
high phytosanitary risk for the Mediterranean area within
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Europe with a moderate uncertainty. Further spread within
and between countries is likely. The overall likelihood of
S. molesta continuing to enter Europe is high because the
species is widely cultivated and continuously traded within
the region (EPPO, 2016).

Preventing the plant from entering new areas is the most
effective control method, but this is difficult as the plant is
actively traded in Europe. A recent pest risk analysis calls
for the prohibition of trade of the species in the endangered
area (Mediterranean biogeographical region) (EPPO, 2016).
Thus, the demand for this species for aquaria and water
gardens presents the biggest threat for introduction (Martin
and Coetzee, 2011). In natural situations, spread of S.
molesta is by water flow or wind, and by animals that use
waterways; birds (everywhere), capybara (South America),
hippopotamus (Africa), and water buffalo (Australasia)
(Room and Julien, 1995; Forno and Smith, 1999). Once
established, the control options available include manual
removal for small infestations, mechanical and herbicide
application (EU/national/local legislation on the use of plant
protection products and biocides needs to be respected)
and biological control (It should be borne in mind that the
release of macro-organisms as biological control agents is
currently not regulated at EU level. Nevertheless national/
regional laws are to be respected. Before any release of an
alien species as a biological control agent an appropriate risk
assessment should be made) (Julien et al., 2009).

With the exception of Europe, biological control of S. molesta
using the host specific weevil, Cyrtobagous salviniae has
been successfully employed around the world (Julien et al.,
20009). Thus for this technical note it was difficult to source
data on the costs of interventions such as eradication using
manual removal and/or herbicide application.



Measures for preventing the species being

introduced, intentionally and unintentionally.

This section assumes that the species is not currently present in a Member State, or part of a

Member State’s territory.

MEASURE DESCRIPTION

Salvinia molesta is used in aquaria, and as an ornamental
plant for outdoor ponds (where it may be mislabelled as
Salvinia natans (L.) AlL). It is still traded as an ornamental in
Europe. The species is also traded informally between aquatic
plant enthusiasts across the world (Martin and Coetzee,
2011) and it reqularly features on aquatic plant websites.

Consequently, the prevention of further introductions of
the species via trade is considered to be the cheapest and
easiest way to close this pathway and to subsequently
reduce the future negative impact and management
costs. Voluntary codes of conducts, and both national and
international trading bans can be implemented to stop the
future introduction via trade (Verbrugge et al.,, 2014).

There are several pieces of legislation from around the world
that have banned the importation of 5. molesta, listing it as
a phytosanitary pest (see below), for example:

- Spain: the species is included in the list of the prohibited
species of the Real Decreto 630/2013 http://www.boe.
es/boe/dias/2013/08/03/pdfs/BOE-A-2013-8565.pdf.
Otherwise there are no restrictions to trade within the
EPPO region. Andreu and Vila (2010) performed weed risk
assessments (WRAs) for 80 species for Spain, including S.
molesta. For both the Australian WRA and Weber-Gut WRA
methodologies S. molesta was ranked in the top four, with
a recommendation that this species should be “prohibited
or kept out of trade” (Andreu and Vila, 2010).

- Great Britain: If found in the wild, S. molesta is subject
to Schedule 9A of the Wildlife and Countryside Act
(WCA) 1981, as amended by the Infrastructure Act
2015, Schedule 23; this amendment gives power to
environmental authorities to issue “species control orders”,
or to enter into “species control agreements” with land
owners. S. molesta is also listed on Part Il of Schedule 9
of the WCA, which prohibits the introduction of the species
into the wild.

W Trade bans and codes of conduct.

- the Netherlands: A Code of Conduct agreed to by
organizations representing the horticultural trade means
that S. molesta should be sold with a warning label. This
warning label informs customers about the risks associated
with plant invasiveness, and provides instructions for
ownership designed to reduce the risk of release of
the plant to the environment (Verbrugge et al., 2014).

«New Zealand: 5. molesta is listed on the National Plant Pest
Accord prohibiting it from sale and commercial propagation
and distribution. The species has been included on many
other weed lists in New Zealand (see Howell, 2008 for an
overview), but was excluded from a “consolidated list” by
Howell (2008) due to its absence from “conservation land”.

- Australia: 5. molesta is a “Weed of National Significance”
(Australian Government, 2016) and is on the national list
of “Noxious weeds”, with some form of notification or
control process listed for every state (Australian Weeds
Committee, 2016).

. South Africa: Control of the species is enabled by the
Conservation of Agricultural Resources (CARA) Act 43
of 1983, as amended, in conjunction with the National
Environmental Management: Biodiversity (NEMBA) Act 10
of 2004. S. molesta was specifically defined as a Category
1b “invader species” on the NEMBA mandated list of
2014 (Government of the Republic of South Africa, 2014).
Category 1b means that the invasive species “must be
controlled and wherever possible, removed and destroyed.
Any form of trade or planting is strictly prohibited” (www.
environment.gov.za).

< USA: S. molesta is included on the Federal Noxious Weeds
List (making it illegal in the U.S. to import or transport the
plant between states without a permit). State governments
listing the species as an invasive species or noxious weed
include Arizona, California, Colorado, Florida, Georgia,
Louisiana, North and South Carolina, and Texas (http://
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www.invasivespeciesinfo.gov/aquatics/salvinia.shtml#cit;
McFarland et al., 2004).

- Kenya: Salvinia molesta has been declared a noxious
weed in Kenya under the Suppression of Noxious Weeds
Act (CAP 325). Under this act the Minister of Agriculture,
can compel land owners who have such declared noxious
weeds growing on their land to remove or have it otherwise
removed.

In addition, S. molesta is listed as an invasive species in
Japan, but is not subject to legal control prohibiting its
import (https://www.nies.go.jp/biodiversity/invasive/DB/
etoc8_plants.html).

EFFECTIVENESS OF MEASURE

Much of this legislation has been implemented only after
S. molesta had become problematic in a particular country
and was then subjected to eradication and management
control if eradication failed, and the legislation was only
implemented to prevent further import and dissemination
of the plant through trade. Europe is in the unique situation
in that the plant is still actively traded in this region and not
yet a problem (EPPO, 2016).

However, for prevention of intentional introduction to be
effective legislation/regulation within a country must be
aligned. For example, S. molesta is prohibited as a Federal
Noxious Weed, from transport across state lines and from
being imported to the United States (Chilton et al. 2002;
Jacono and Pitman 2001). However, for the species to be
restricted from sale, cultivation, and ownership within a
given state, the plant must be listed by the state as a State
Noxious Weed (Jacono and Pitman, 2001). Presently, S.
molesta can be freely cultivated and sold within 42 states
(including Hawaii) as long as it is not transported across
state lines (Jacono and Pitman, 2001). It is listed as a
State Noxious Weed in Arizona, California, Florida, Georgia,
Louisiana, North Carolina, South Carolina, and Texas but
should be prohibited by others, especially those states
with a history of infestation within their boundaries (e.g.,
Mississippi, Alabama, and Hawaii) (Jacono and Pitman, 2001).

The success or failure of control measures depends on
parameters such as the level of education of the relevant
authorities (particularly at the customs control) and the
labelling of plants. Additionally, illegitimate names, spelling
mistakes and mis-labelling make it difficult to identify the
target species (Hussner et al., 2014).

Salvinia molesta is a free floating plant that remains buoyant on the surface of a body of water. © Julie Coetzee
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EFFORT REQUIRED

Trading bans and codes of conduct must be applied over
the long-term to support any significant and sustainable
success in controlling the spread of S. molesta.

RESOURCES REQUIRED

The implementation of trading bans require a good species
knowledge and identification skills on the part of the
responsible authorities. The molecular phylogeny of the
genus Salvinia has been well studied, with several regions
having been accessioned in GenBank (Nagalingum et al,,
2008), and therefore while morphological identification of
several species can be confusing, molecular identification
is available.

There is no information available about the costs and the
equipment required to implement trading bans, but it is
a widely accepted fact that prevention is cheaper than
management of a given species (Hussner et al., 2017).

SIDE EFFECTS
No negative side effects are foreseeable.

ACCEPTABILITY TO STAKEHOLDERS

In many regions of the world, the prevention of intentional
introduction of S. molesta would have very positive socio-
economic impacts as this plant is considered problematic

1 See Appendix

and not traded (Doeleman, 1989). In regions of the world
where S. molesta is traded, such as Europe, direct cost
impact to the aquarium trade could be high.

ADDITIONAL COST INFORMATION

No data on the costs of the implementation and action of
trading bans and codes of conducts are available, but due to
the high number of S. molesta plants found in trade (Brunel,
2009), the economic loss to traders can be considered as
high. However, promoting indigenous alternatives in the
trade could offset the direct economic costs/loss to traders.

The cost of inaction would be very high. All evidence from
elsewhere in the world shows that S. molesta is a highly
damaging weed. For example, the estimate cost of S.
molesta to rice production in Sri Lanka was between $USD
163,000 to $USD 375,000 a year in the mid-1980s, or a
3% reduction in yield (Doeleman, 1989).

LEVEL OF CONFIDENCE!

High.

As the information comes from published material (see
bibliography), and current practices based on expert
experience applied in one of the EU countries or third country
with similar environmental, economic and social conditions
(e.g. the USA, Australia and most of Africa).
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Public awareness raising campaigns to reduce
unintentional introduction movement of seeds of

the species.

MEASURE DESCRIPTION

Salvinia molesta is an aquatic macrophyte and thus has very
specific environmental requirements in that it has to remain
moist. Thus, the likelihood of introduction of this species as
a contaminant of plants for planting is low.

The introduction of S. molesta as a contaminant of
leisure equipment (hitchhiking on boats and boat trailers
and in holds of leisure craft) is high. This pathway for
the spread of invasive species has prompted the “Check,
Clean and Dry” and “Be Plant Wise” campaigns in the
UK (www.nonnativespecies.org/checkcleandry and www.
nonnativespecies.org/beplantwise) and other regional
information portals (EUBARnet, 2013). Similar “Clean, Drain
and Dry” campaigns have been employed in the USA (Stop
Aquatic Hitchhikers, http://www.protectyourwaters.net) and
Canada (British Colombia) (http://bcinvasives.ca) to increase
awareness of this potential pathway.

The use of S. molesta has been very popular with gardeners
because of its attractive form. Inappropriate disposal of
aquaria by pouring the content into public waters is another
possibility of stochastic spread.

Potential movement through irrigation and interconnected
waterways may act to facilitate spread nationally and
regionally. The potential high impact of the species within
the EPPO region should be considered similar to that seenin
other regions where the species has established and become
invasive; i.e. Australia, Africa and the southern states of
the USA. Salvinia molesta does not produce fertile spores,
so natural spread is limited to the physical movement of
plants or plant fragments along waterways. The floating
form of the plant facilitates its spread within waterbodies
(McFarland et al., 2004); likewise, flooding also has the
potential to carry plants to new waterbodies or wetland
habitats (McFarland et al., 2004). Wildfowl or other wetland
animals could also contribute to spread, particularly for
juvenile forms as has been shown for other aquatic species
(Green, 2016).

EFFECTIVENESS OF MEASURE

The “Check, Clean and Dry” and other regional information
portals (EUBARnet, 2013) and the “Clean, Drain and Dry”
campaigns that have been employed in the UK and USA
(Stop Aquatic Hitchhikers, http://www.protectyourwaters.
net) have created awareness around the unintentional
movement of aquatic weeds, including 5. molesta and

1 See Appendix

appear to have curbed its spread. The Check Clean Dry (CCD)
campaign in the UK, led to a 9% increase in the numbers
of general public in the Broads following the recommended
biosecurity procedures (Burchnall, 2013), and 14% increase
in high risk user compliance. In addition, a study on anglers
and canoeists in the UK found that those who had heard
of the CCD campaign exhibited biosecurity hazard scores
that were 40% lower than those who had not (Anderson
etal, 2014).

EFFORT REQUIRED
The implementation of such stakeholder engagement and
awareness raising campaigns needs to be long-term.

RESOURCES REQUIRED

The costs of generating a public campaign are relatively
low compared to the costs of managing established S.
molesta infestations, but data about the total costs of these
campaigns are not available.

SIDE EFFECTS

No side negative effects are foreseeable. A positive side
effect is that the campaigns and resulting increase in
biosecurity practices will target multiple invasive alien
species.

ACCEPTABILITY TO STAKEHOLDERS

Recreational boat users, and other recreational user groups,
might object to the “Check, Clean and Dry”, “Clean, Drain
and Dry” and “Stop Aquatic Hitchhikers” as it may limit their
access to certain waters and have a direct cost in terms of
spraying boating equipment.

ADDITIONAL COST INFORMATION

The prevention of unintended introductions and movement
of S. molesta is far more cost effective than inaction or
management once the weed has established (see sections
below). Data on the cost of prevention campaigns such as
the “Stop Aquatic Hitchhikers” in the USA are not available.

LEVEL OF CONFIDENCE!

High.

As the information comes from published material (see
bibliography), and current practices based on expert
experience applied in one of the EU countries or third country
with similar environmental, economic and social conditions
(e.g. the USA, Australia and most of Africa).



Measures for early detection of the species and

to run an effective surveillance system for an
early detection of a new occurrence.

%

citizen science.

MEASURE DESCRIPTION

The early detection of invasive alien aquatic plant species
is a proactive approach and is a key factor in the successful
eradication of new infestations. Thus programmes centred
on Early Detection and Rapid Eradication (EDRE) are crucial
for effective management and successful eradication
(Genovesi et al., 2010; Hussner et al., 2017). The early
detection of S. molesta and other floating aquatic weed
species is likely to be easier than submerged species as
they are more obvious.

Successful early detection relies on a well-trained workforce
of conservationists and water resource managers (and
general public) who are able to prioritise high risk sites and
identify S. molesta, and a repository to verify and store
the information for the rapid response team. This can be
supported by citizen science activities, and also through
using remote sensing technologies.

Thus an early detection system might include:

- identification and active monitoring of high risk sites,

- vouchering of submitted specimens (by designated
botanists),

- verification of suspected new local or national record of the
weed (potentially through citizen science records),

- archival of new record(s) in designated regional and plant
databases,

- rapid assessment of confirmed new records (by qualified
scientists), and

- rapid response to new records (see below).

Fortunately there are several identification keys for S.
molesta (e.g. Sainty and Jacobs, 2003). Misidentification may
occur between S. natans and the primary and secondary
stage of S. molesta given that S. natans will be the most
familiar Salvinia species to regional botanists. According to
Kasselmann (1995), S. molesta is especially misidentified
as S. auriculata. Egg-beater-shaped hairs on the upper
(adaxial) surface of the floating leaves are a notable feature
of S. molesta, and serve to distinguish it from the European
native S. natans, in which the ends of the ‘beater’ are not

Active monitoring of high risk sites, supported by

joined together (Booy et al., 2015); S. natans is also a
smaller species.

The European Alien Species Information Network (EASIN)
(https://easin.jrc.ec.europa.eu) provides a platform for the
identification, biology and impact of invasive alien species.
However, besides a map there is little information available
on Salvinia molesta.

The Southern African Plant Invader Atlas (SAPIA) through
the Agricultural Research Council of South Africa, which
relies on both active monitoring and citizen science, provides
an example of an early detection programme for invasive
plants (Henderson, 2007).

EFFECTIVENESS OF MEASURE

Early detection and rapid response have been documented
as successful methods in the eradication of new infestations
of invasive species (Anderson, 2005). Although S. molesta
is widespread in South Africa, it was only in 2013 that the
SAPIA database, through active monitoring of waterbodies
in the region detected S. minima, a highly invasive and
damaging weed in the USA, from one locality allowing for
a rapid response and eradication of this species (Hill and
Coetzee, 2017).

EFFORT REQUIRED

The active surveillance of aquatic habitats is much more
time-consuming and costly than terrestrial habitats.
However, new techniques such as hyperspectral remote
sensing (Hestir et al., 2008), can be used for the large-
scale surveillance of water bodies, but require an element
of ground-truthing. However, Hung and Sukkarieh (2013)
showed that unmanned robotic aircraft (drones) fitted with
a camera was effective in detecting S. molesta infestations
in remote areas of Australia.

RESOURCES REQUIRED

Early detection is only achievable through comprehensive
and repeated monitoring. Resources would require trained
professional staff able to undertake active monitoring,



database to store records (though this is likely to be multi-
species), and remote sensing technology if being used. By
developing identification keys for the public and developing
apps for mobiles, the cost of monitoring can be reduced and
larger areas can be surveyed via citizen science.

SIDE EFFECTS

During active monitoring for S. molesta, other aquatic weeds
can be identified (e.g. the detection of S. minima in South
Africa (Hill and Coetzee, 2017)), which reduces the total cost
of weed monitoring.

ACCEPTABILITY TO STAKEHOLDERS

Early detection allowing for a rapid response, and thereby
eradication of S. molesta will have the least impact on
aquatic biodiversity and the utilization of the water resource.
Community engagement through an area-wide awareness

1 See Appendix
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campaign will ensure stakeholder buy-in and acceptance
of eradication and control efforts.

ADDITIONAL COST INFORMATION

The cost of inaction is considered to be high, as S. molesta
is known to have severe impacts and thus early detection
followed by rapid response and possible eradication is the
most cost effective method for the control of this weed.
There is no published information available on the overall
costs of early detection, but while they are likely to be
high, the potential return on investment in this method will
be higher.

LEVEL OF CONFIDENCE!

Medium.

Information comes from published data in the grey literature
and expert opinion.



Measures to achieve rapid eradication after an
early detection of a new occurrence.

X Manual removal.

MEASURE DESCRIPTION

Salvinia molesta is a sterile polyploid fern and therefore
only reproduces vegetatively (Julien et al., 2009). Unlike
other aquatic weeds such as Eichhornia crassipes, which
has a long-lived seed bank, eradication should therefore be
possible. Eradication measures should be promoted where
feasible with a planned strategy to include surveillance,
containment, treatment and follow-up measures to assess
the success of such actions. As highlighted by EPPO (2014),
regional cooperation is essential to promote phytosanitary
measures and information exchange in identification and
management methods. Eradication may only be feasible in
the initial stages of infestation, and this should be a priority.

Thus, early detection followed by prompt management
action would help to eradicate S. molesta in its initial
stages within a water body. However, given past experiences
with this species and other invasive aquatic plants,
eradication, even within any single system, is almost
always unattainable. It seems more likely that management
approaches will need to be developed that seek to reduce
the extent of S. molesta infestations to acceptable levels.

In small sites of less than 1 ha, S. molesta can be manually
removed (using drag nets or pitch forks) and either dried or
incinerated, or disposal by deep burial. Intensive monitoring
of treated sites is essential to deal with reinvasion, from
missed plants.

EFFECTIVENESS OF MEASURE

There are a few cases where 5. molesta has been
eradicated from small waterbodies, but generally this
method is not effective. For example, a programme in
New Zealand targeted four invasive species, including S.
molesta for eradication from the country, and while the
plant was eradicated from 55 sites, new sites of infestation
continually occurred and thus the country-wide eradication
programme has failed (Yamoah et al., 2013).

Manual removal from small water bodies can be useful
in the early stages of an infestation, but once the weed is
established, biomasses of about 80 tonnes/ha fresh weight

and the potential for rapid regrowth make this impractical.
The use of weed harvesting machines was considered in
Australia, but even in winter, when Salvina molesta doubling
times are as long as 40-60 days, the capacity of large
infestations for regrowth exceeded the removal capacity
of the machines.

Because post-treatment monitoring is expensive, it is rarely
conducted over the long-term and, therefore, manual
methods usually fail to provide acceptable and sustainable
levels of weed control (Julien et al., 2009).

EFFORT REQUIRED
Once the removal has taken place intensive monitoring is
required to identify (and treat) re-invasions.

RESOURCES REQUIRED

The eradication attempts on S. molesta have usually been
through manual removal using drag nets or pitch forks and
this relies on a trained staff who can swim, and a site of
disposal of the plant material once it has been removed

The fern Salvinia molesta floating on a pond surface.
© Jean-Marc Dufour-Dror



from the waterbody. The estimated costs vary depending
on whether volunteers conduct removal, and on the plant
density if divers need to be contracted, costs may range
from $500-%$2,400 per day in the USA (Gibbons et al.,
1999). These costs can be reduced if volunteers are used,
but then there has to be a greater emphasis on training.
There may be additional fees for disposal of plant material.

SIDE EFFECTS

The potential negative side effect of manual removal is that
indigenous plants and invertebrates may be removed, and
riparian zones may be scoured. Thus this method should not
be considered in sensitive areas such as protected areas
with highly threatened plant species.

ACCEPTABILITY TO STAKEHOLDERS

Eradication will be highly acceptable to stakeholders,
however, correct disposal of the biomass of the weed
removed from the site is vital as the public perception of
large mounds of rotting S. molesta plants and associated
odours will be negative.

1 See Appendix
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ADDITIONAL COST INFORMATION

There is no information available on the overall costs of
eradication actions on small infestations of S. molesta.
However, the costs of inaction will be much higher, as the
control and eradication of large infestations of this weed
are much more time-consuming and costly (Hussner et al.,
2017). The cost-effectiveness of EDRE actions on aquatic
plants has not been studied thoroughly and will differ
between species, infested habitats and the management
methods required for the eradication of the species.

The costs of eradication programmes can exceed the
benefits when weed growth exceeds removal rates, or
the lack of follow-up monitoring and management allows
recolonization by remaining plants (Thomas and Room, 1986).

LEVEL OF CONFIDENCE!

High.

As the information comes from published material (see
bibliography), and current practices based on expert
experience.
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X Herbicide application.

MEASURE DESCRIPTION

Salvinia molesta can be treated with an appropriate
herbicide, however it is important to note that EU/national/
local legislation on the use of plant protection products
and biocides needs to be respected. Herbicides utilized for
S. molesta control in Australia include diquat, glyphosate,
calcium dodecyl benzene sulphonate, and orange oil (van
Oosterhout, 2006). In South Africa, diquat and 2,4-D
are no longer permitted and only glyphosate is currently
registered (Hill, 2003). Herbicides permitted in the United
States include diquat dibromide, fluridone, glyphosate, and
several chelated copper compounds (Julien et al., 2009).
These herbicides can be applied from the shore, a boat, or
through aerially from a fixed-wing aircraft or a helicopter.
Intensive monitoring of treated sites is essential to deal
with reinvasion, from missed plants.

EFFECTIVENESS OF MEASURE

The trichomes or leaf hairs on the upper surface of S.
molesta fronds form a waterproof barrier to most herbicides
and thus the uptake of the active ingredient is poor unless
the herbicide formulation has a suitable wetter (Nelson,
2009). There is no evidence that a herbicide programme
alone has resulted in eradication of S. molesta.

Despite the availability of herbicides, attempts to control
S. molesta chemically have, without exception, failed in the
long-term. Regrowth from the inevitable unsprayed plants
of a spraying programme is exponential until the density of
the weed approaches the level that initiated the herbicide
application. For example, at Lake Moondarra, Australia, use
of herbicide sprayed from a hovercraft and a helicopter was
abandoned in December 1978 after $AUS 160,000 had
been spent. At the time, the plant was doubling in size in
less than 3 days, resulting the need to kill more than half
the total infestation every 3 days for effective control, much
less eradication (Thomas and Room, 1986).

In addition, because post-treatment monitoring is expensive,
it is rarely conducted over the long-term and, therefore,
herbicide methods usually fail to provide acceptable and
sustainable levels of weed control (Julien et al.,, 2009).

EFFORT REQUIRED

Once the treatment has taken place intensive monitoring
is required to identify (and treat) re-invasions.

1 See Appendix

RESOURCES REQUIRED

Herbicide application relies on well-trained staff with access
to the correct equipment, including spray rigs, boats and
where necessary helicopter and plane hire. The costs for
herbicide application range from US$210 to $900 per ha
(Julien et al., 2009), but this is only for one application and
given the poor uptake of the herbicide, the fact the dense
mats are made up of layers and layers of plants that do
not come into contact with the herbicide, and the fact that
the weed often occurs in inaccessible areas, up to three
applications are often required in an attempt to eradicate
the weed (Nelson, 2009).

SIDE EFFECTS

The potential negative side effect of herbicide application
is non-target effects on other vegetation and residue
remaining in the aquatic ecosystem (Kam-Wing and
Furtado, 1977). Thus this method should not be considered
in sensitive areas such as protected areas.

ACCEPTABILITY TO STAKEHOLDERS

Eradication of S. molesta will be highly acceptable to
stakeholders, however, there is considerable resistance to
the use of herbicides, in particular in aquatic ecosystems.

ADDITIONAL COST INFORMATION

There is no information available on the overall costs of
eradication actions on S. molesta. However, the costs of
inaction will be much higher, as the control and eradication
of large infestations of this weed are much more time-
consuming and costly (Hussner et al., 2017). The cost-
effectiveness of EDRR actions on aquatic plants has not
been studied thoroughly and will differ between species,
infested habitats and the management methods required
for the eradication of the species.

The costs of eradication programmes can exceed the
benefits when weed growth exceeds removal rates, or
the lack of follow-up monitoring and management allows
recolonization by remaining plants (Thomas and Room, 1986).

LEVEL OF CONFIDENCE!

High.

As the information comes from published material (see
bibliography), and current practices based on expert
experience.
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Measures for the species’ management.

Integrated control.

MEASURE DESCRIPTION

Integrated control uses a combination of control strategies
(see Management sections below) to put greater pressure on
the weed, or to treat the weed according to the conditions in
different sections of an infestation. In most cases, managers
will have to consider each control method (discussed
separately in the sections below) and make decisions
about how to combine them in site-specific management
strategies. For example, containing floating mats with
booms allows for more effective use of control methods,
such as mechanical or chemical control.

If the presence of an infestation is unacceptable for any
amount of time (i.e. if it occurs in a high-use recreation
area or a high-value conservation zone), the bulk of the
infestation can be removed with herbicides or physical
removal. Biocontrol can then be used as part of the ongoing
management.

Note that EU/national/local legislation on the use of plant
protection products and biocides needs to be respected.
In addition, it should be borne in mind that the release of
macro-organisms as biological control agents is currently
not regulated at EU level. Nevertheless national/regional
laws are to be respected. Before any release of an alien
species as a biological control agent an appropriate risk
assessment should be made.

EFFECTIVENESS OF MEASURE

Integrated control has been effective in a number of cases,

and the following combinations are most successful:

- Herbicide spot spraying and manual removal methods are
good follow-up techniques, once the bulk of an infestation
has been removed through either mechanical removal or
broadscale herbicide treatments.

- Herbicide strip treatments or small-scale mechanical
removal can assist biocontrol by maintaining ideal weevil
habitat (keeping the S. molesta in a single, actively growing
layer).

- Small-scale mechanical removal can be used to thin out
multi-layered S. molesta, allowing herbicide applications
to be more effective.

- Floating booms and containment can be used in
combination with all of the control methods and generally
increase the effectiveness of any control strategy.

EFFORT REQUIRED

The effort required depends on the combination of
techniques to be employed, and again, the size and
accessibility of the water body. Integrated control relying
on biological control in combination with another method
will take longer than a herbicide strategy, but the long term
benefits of biological control, and the cost effectiveness
often outweigh those of a herbicide approach.

RESOURCES REQUIRED

Again, this is dependent on the combination of methods
used, where manual and mechanical control will have high
labour costs, while chemical control is very expensive due to
the cost and application of the herbicides. Biological control
is far cheaper, with longer term environmental benefits.
Julien et al. (2009) estimated the costs of using herbicides
to vary between US$ 210 and US$ 900 per ha in 2005.
While Chikwenhere and Keswani (1997) estimated the
cost of controlling S. molesta through biological control in
a 16 ha lake in Zimbabwe to be US$ 5-6/ha between 1989
and 1995. A fully integrated approach to the management
of S. molesta was implemented in the Hawkesbury River,
Australia, between 2004 and 2005 where the average cost
of controlling some 364 ha of the weed was estimated at
US$1900 per ha per year (Coventry, 2006).

SIDE EFFECTS

See measure specific sections below, but if biological control
is used in combination with manual control, there will be very
few non-target effects apart from hand pulling non-target
species. If chemical control is integrated with biological
control, the side effects on water quality and non-target
effects on non-target species will initially be high, but the
use of biological control will maintain the infestation at
a low level for a long period of time, allowing the system
to recover.

ACCEPTABILITY TO STAKEHOLDERS

See measure specific sections below, but integrated control
is likely to be acceptable to stakeholders, depending on the
combination of methods used. Mechanical or herbicidal
control resulting in a quick clearing of the infestation, in
combination with biological control might be perceived as
the best option in the long run, depending on the water use
requirements.
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ADDITIONAL COST INFORMATION LEVEL OF CONFIDENCE!

The cost of inaction far outweighs the cost of any control ~ Medium.

method. The socioeconomic benefits associated with a  Information comes from published data or expert opinion,
functional aquatic ecosystem are enhanced by the best  butitis not legislated in Europe to guarantee that the results
combination of control methods for the system. will be transposable

1 See Appendix



-@-@' Manual control.

MEASURE DESCRIPTION

This method requires manually removing S. molesta from
the waterbody by hand, using pitch forks, scoops, nets,
shovel rakes, bins, bags, waders and wetsuits. This method
is labour intensive as adequate numbers of personnel are
required. Hand removal and giant nets have been used in
Australia (Miller and Pickering, 1980). Intensive monitoring
is essential to deal with reinvasion or rapid recolonization
from missed plants (Julien et al.,, 2009).

EFFECTIVENESS OF MEASURE

Manual removal can be effective in the early stages of an

infestation when:

- plants are in primary form, scattered, or lining the edges
of a water body

- salvinia is growing amongst other vegetation, such as in
wetlands or swampy areas, particularly if the vegetation
has high conservation status

- follow-up is required, after the bulk of an infestation has
been removed using other forms of control.

Manual removal has also been applied to smaller infestations
in open water, where nets can be hauled across the surface
to remove the bulk of a more established infestation. There
are cases where extensive and careful ongoing manual
removal has effectively eradicated S. molesta, reducing
infestations to undetectable levels. However, once S.

Salvinia molesta grows from fragments that have broken off or
dormant buds that have been detached from the main plant.
© Jean-Marc Dufour-Dror

1 See Appendix
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molesta is established in a given area, increased biomass
and rapid growth makes harvesting and hand pulling
unfeasible. Manual control measures are very expensive
depending on the size and accessibility of the infestation,
and need frequent deployment for acceptable results.

EFFORT REQUIRED

Initially, continual follow ups are required to ensure re-
infestation does not occur. Annual repetition, and intensive
monitoring is required to maintain control (Cook, 1976;
Murphy, 1988; Julien et al.,, 2009).

RESOURCES REQUIRED

Costs and staff will vary depending on the size and
accessibility to the infestation. Equipment needed could
include wetsuits and waders, nets, scoops, rakes, bins and
bags. On bigger, less accessible infestations, canoes or boats
are required to access the plants.

SIDE EFFECTS

There are potential non-target effects, which include removal
of non-target species and scouring of riparian vegetation.
Wading could disturb sediments, increasing turbidity, which
could have negative consequences, although not long lasting.

ACCEPTABILITY TO STAKEHOLDERS

Opening up of infested areas would be acceptable to
communities reliant on the invaded water body for
recreational and economic activities.

Water quality for both human and animal consumption
improve with the removal of S. molesta. Correct disposal of
the removed material is vital as mound of rotting S. molesta
will create a negative perception.

ADDITIONAL COST INFORMATION

Disposal of removed material can be costly, depending
on the amount to be removed. As with all management
methods, the cost of inaction is usually high and will result
in spread of the target species, reducing the likelihood of
future eradication and increasing management costs and
time frames.

LEVEL OF CONFIDENCE!

High.

Information comes from published material, or current
practices based on expert experience applied in one of the
EU countries or third country with similar environmental,
economic and social conditions.
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-@-@ Mechanical control.

MEASURE DESCRIPTION

Mechanical removal uses purpose-built machinery to
remove or ‘harvest’ 5. molesta from the surface of the
water. Machinery can remove the bulk of an infestation
in accessible areas, and other control methods are then
required for the remnant S. molesta left close to edges, or
in shallow or inaccessible areas. Mechanical removal can
be broad scale or small scale.

EFFECTIVENESS OF MEASURE

Broad scale mechanical harvesting may be appropriate when:

. an infestation occurs in a priority area, such as an
area where there is high recreational use, high value
conservation or potable water uptake,

- the S. molesta can be contained during the harvesting
operation,

- the rate of removal can exceed the rate of weed growth,

- the harvested S. molesta can be adequately disposed of.

However, Oliver (1993) concludes that mechanical
harvesting is not economically competitive compared to
chemical control (see below), and that the large biomass
associated with severe infestations can make the use of
both harvesting machines and hand removal impractical.

Physical removal using booms to accumulate or control the
location of mats and machines to collect and remove the
weed have been used in many instances, rarely with great
success and always at great expense, for example on the
Hawkebury River, Australia (Coventry, 2006). Because post
treatment monitoring is expensive, it is rarely conducted
over the long term, and therefore, mechanical methods
usually fail to provide acceptable and sustainable levels
of weed control.

EFFORT REQUIRED

As with manual control, initial continual follow ups are
required to ensure re-infestation does not occur. Intensive
monitoring is essential to deal with reinvasion or rapid
recolonization from missed plants (Julien et al., 2009).
Annual repetition is required to maintain control (Cook,
1976; Murphy, 1988).

RESOURCES REQUIRED

Broad scale mechanical removal is expensive because of the
high operating costs and the ancillary plant and machinery

1 See Appendix

required to process the weed once removed. Again, the
costs will depend on the size of the infestation and the
accessibility, and also the choice of machinery. In, Australia,
in 2004, costs of two mechanical harvesters were estimated
- the Aquamarine H-7-400 (12 cubic metre load, 500 mm
minimum water depth, 1.5 m depth cut) cost AUS$1,030/
day plus relocation, while the HV2600 (11 cubic metre load,
600 mm minimum water depth, 2.7 m depth cut), cost AUS$
1,680/day plus set-up, including a compacting garbage truck
(van Oosterhout, 2006).

SIDE EFFECTS

The removal of non-target vegetation is a negative side
effect as the method is not specific, as is scouring of the
banks, which could decrease the stability of the system.

ACCEPTABILITY TO STAKEHOLDERS

Opening up of infested areas would be acceptable to
communities reliant on the invaded water body for
recreational and economic activities. Water quality for both
human and animal consumption improve with the removal
of S. molesta.

ADDITIONAL COST INFORMATION

In cases where infestations have become extensive (usually
over the summer growth period) it is important to know
whether the rate of mechanical removal will exceed S.
molesta growth rates; where and how the removed weed will
be disposed of; the associated costs of the whole operation;
and whether adequate follow up can be carried out to ensure
the operation is worthwhile.

As with all management methods, the cost of inaction is
usually high and will result in spread of the target species,
reducing the likelihood of future eradication and increasing
management costs and time frames.

LEVEL OF CONFIDENCE*

Low.

Data are not published in reliable information sources and
methods are not commonly practiced or are based solely
on opinion.
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-@-@' Booms and Containment Fences.

MEASURE DESCRIPTION
The erection of booms in conjunction with mechanical and
manual removal (see above) may aid control of S. molesta.

Floating booms range in size and capacity. Small areas
of S. molesta can be temporarily contained using a rope
floating on the water surface, but for ongoing containment
or for larger infestations, a floating boom needs to sit
approximately 10 cm above and below the water surface.
Commercially available booms can be hired or purchased,
or possibly borrowed from a marine or waterways authority.
Smaller-scale booms can be made up in-house. Booms need
to be durable and strong enough to hold the considerable
amount of force created by the weight and movement of the
floating S. molesta, the wind, tidal influences and currents.
They can be designed to accommaodate rises and falls in
water levels (i.e. leaving some slack will accommodate
small rises), and should also be designed to let go when
floodwaters occur, so as not to lose the boom completely.
Debris can damage or displace a boom.

EFFECTIVENESS OF MEASURE

Floating booms and containment fences are used to:

- contain sections of S. molesta in one area to minimise costs
and the time required to carry out herbicide treatments
or physical removal,

- separate areas that have had different control treatments
(i.e. different herbicides, herbicide and biocontrol,
mechanical removal and biocontrol),

- keep certain areas salvinia free,

- separate and protect biocontrol release sites from
disturbances and other control treatments,

- allow for monitoring of treatment efficacy,

- collect regrowth and leftover salvinia for further treatment
or removal,

- prevent downstream spread,

- allow for early detection of new infestations.

The installation of booms for integrated control (i.e. using a
variety of control methods) is invaluable particularly during
periods of heavy rain when water levels rise, as they retain
infestations in the boomed off area, preventing large scale
spread downstream.

1 See Appendix

EFFORT REQUIRED

Booms and fences usually need to stay in place for the
duration of the management effort (i.e. a number of years,
possibly permanently). All booms and containment fences
should be checked regularly and routinely after rainfall, and
cleared of debris. When possible, booms and fences should
be removed or opened before flooding occurs.

RESOURCES REQUIRED

The type of boom required is dependent on the size and
extent of the infestation, as well as the waterbody type.
Different booms are required in running water in comparison
to still water. The cost also depends on whether the boom is
homemade, or commercially sourced. For example, industrial
strength booms are available commercially for oil spill
control which are generally more durable than in-house
designs, are able to cover larger spans, and can be used on
a permanent basis. In Australia the cost of the booms used
in one example was AUS$ 55-AUS$ 65 dollars (in 2006
dollar values) per metre (van Oosterhout, 2006).

SIDE EFFECTS
Potential side effects of the installation of booms include
build-up of material during floods, and knock on side effects.

ACCEPTABILITY TO STAKEHOLDERS

The visual presence of booms and fences is often an
indication that action is being taken, and although their
presence may be unsightly, their benefit in integrated
management is great.

ADDITIONAL COST INFORMATION
As with all management methods, the cost of inaction is
usually high and will result in spread of the target species,
reducing the likelihood of future eradication and increasing
management costs and time frames.

LEVEL OF CONFIDENCE!

Medium.

Information comes from published data in the grey literature
and expert opinion, but booms have been used successfully
in one example from Australia.
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Chemical control using herbicides.

MEASURE DESCRIPTION

Chemical control relies on herbicides registered for use
against S. molesta. Herbicides utilized for S. molesta control
in Australia include diquat, glyphosate, calcium dodecyl
benzene sulphonate, and orange oil (van Oosterhout,
2006). In South Africa, diquat and 2,4-D are no longer
permitted and only glyphosate is currently registered.
Herbicides permitted in the United States include diquat
dibromide, fluridone, glyphosate, and several chelated
copper compounds. Herbicides are usually applied using
hand guns or booms from boats, including airboats and
sometimes aircraft.

Long-term management with herbicides requires follow-up
monitoring to spot-spray any plant material that survived
the initial application. As a good management practice,
herbicides should be routinely rotated and/or combined
with other control strategies to minimize the potential
development of herbicide resistance.

EFFECTIVENESS OF MEASURE

Chemical control of S. molesta has been successful in
small contained systems, particularly in combination with
mechanical control, where access is relatively easy, especially
as the plant is sterile so no recruitment from spores
occurs. However, chemical control is neither practical nor
affordable in large natural systems or in inaccessible areas.

The trichomes or leaf hairs on the upper surface of S.
molesta fronds form a waterproof barrier to most herbicides
and thus the uptake of the active ingredient is poor unless
the herbicide formulation has a suitable wetter (Nelson,
2009). There is no evidence that a herbicide programme
alone has resulted in eradication of S. molesta.

EFFORT REQUIRED

There are no situations where a single application of
herbicide will provide ongoing control of S. molesta. Initial
treatments will always need to be followed up with further

Salvinia molesta's mats can put a halt to recreational activities on lakes and waterways. © Jean-Marc Dufour-Dror




treatments. S. molesta is difficult to manage using herbicides
because it is a small floating plant that produces dense
stands with plants layered on top of one another. This
layering of plants presents a challenge when applying
herbicides because plants in lower layers of the mats are
protected from herbicides by plants in the upper layers of
the mats. If plants are dense and a thick vegetative mat
has formed, multiple applications will be required to achieve
successful long-term control.

Research trials show that a good initial knockdown after
herbicide application can be misleading, and that regrowth
is likely to occur after treatment with any of the registered
herbicides. The decaying biomass of sunken herbicide-
treated S. molesta will also return nutrients to the water,
creating ideal conditions for regrowth of surviving plants
and making the need for ongoing follow-up and monitoring
more critical.

RESOURCES REQUIRED

Herbicidal control is often prohibitively expensive, and
depends on the size and accessibility of the infestation. Costs
for the chemicals alone can range from US$ 210 to US$ 900
per ha (Julien et al., 2009). The method of application
also determines the cost of the application - costs differ
significantly between aerial spraying using fixed wing aircraft
or helicopters, boats, booms, and/or knapsack sprayers. In
addition, the adjuvants added to the herbicide differ in cost,
but are essential in order to actively target the frond material.

SIDE EFFECTS

Herbicides can affect fish and other aquatic organisms
through deoxygenation of water caused by decay of the

1 See Appendix
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biomass of the treated weed, or through contamination of
the water with high concentrations of the herbicide itself.
While both effects can kill fish, the removal of the mat and
the initial changes in water chemistry could outweigh the
negative impacts of the presence of the weed.

ACCEPTABILITY TO STAKEHOLDERS

Depending on the herbicide used, water extraction for
irrigation may be compromised. Water for human and animal
consumption may also be compromised initially.

However, opening up of infested areas would be acceptable
to communities reliant on the invaded water body for
recreational and economic activities.

Water quality for both human and animal consumption
improve with the removal of S. molesta following ecosystem
recovery after chemical treatment.

ADDITIONAL COST INFORMATION

The effects of complete coverage of a water body (i.e. cost
of inaction) by S. molesta can be equally detrimental to fish
and aquatic organisms in terms of lowering dissolved oxygen
levels, changing the temperature profiles in the water,
changing water chemistry and reducing light penetration
as chemical control.

LEVEL OF CONFIDENCE*

Medium.

Information comes from published data or expert opinion,
but it is not legislated in Europe to guarantee that the results
will be transposable.
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-@-@ Biological Control.

MEASURE DESCRIPTION

Biological control of S. molesta employs the host specific
weevil Cyrtobagus salviniae Calder and Sands (Coleoptera:
Curculionidae), and is “recognized throughout the world as
the method of choice for S. molesta management”. The
insect has been released in 22 countries around the world
including: Australia, Fiji, India, Kenya, Namibia, South Africa,
Sri Lanka, USA, Zambia and Zimbabwe (Doeleman, 1989).

Biological control will not eradicate S. molesta. Weevils are
able to reduce an infestation to very low levels, with small
amounts of S. molesta left growing along edges or in shaded
areas, leaving open water mostly S. molesta free. Successful
use of biocontrol allows a reduction in total control inputs
over time. Other methods may still be required to maintain
critical areas of open water or to keep the S. molesta in
a state that allows weevils to be effective. The use of
biocontrol depends on the time frame and the climate.

EFFECTIVENESS OF MEASURE

Biological control using Cyrtobagous salviniae has proved
to be successful wherever it has been introduced (Room
et al., 1989; Forno and Bourne, 1984; Room and Thomas,
1985; Julien et al., 2009; Coetzee et al.,, 2011). The first
release of this weevil was made on Lake Moondarra
near Mt. Isa, Australia, in 1980 and this resulted in a
spectacular reduction in weed abundance (Room et al.,
1981). Subsequently successful control was repeated at a
number of large and small infestations such as the Sepik
River in Papua New Guinea (Thomas and Room, 1986) and
the many ponds throughout Sri Lanka (Room and Fernando,
1992) as well as numerous infestations in Australia, South
Africa and elsewhere. The success of these projects led to a
number of awards for the scientists involved including being
awarded the UNESCO Science Prize in 1984. To date at least
18 countries have benefited from releases of this insect.

EFFORT REQUIRED

Biocontrol does not produce instant effects. Weevils need
time and favourable conditions to build up a population that
will reduce an infestation, and it is difficult to generalise
about the time required. In tropical and subtropical climates
weevils usually reduce an infestation within 2 years,
sometimes less. In temperate climates it can take 3 or more
years for weevil populations to increase enough to reduce
an infestation. However, under ideal conditions weevils have
reduced infestations in less than 12 months.

1 See Appendix

RESOURCES REQUIRED

Resources required for an effective biological control
programme against S. molesta largely include the costs of
setting up and maintaining mass-rearing facilities. These
include greenhouse poly tunnels, large pools, such as plastic
portable pools, for growing the plants and maintaining the
weevil culture, and then staff to manage the facility. Once
the control agents are released into a system, there are very
few ongoing costs because with time, weevil populations
build up, and often do not require re-inoculation. They are
also very good dispersers, so if there are infested sites
nearby, the weevils often get to them unaided.

SIDE EFFECTS
There are no documented non-target impacts due to the
rigorous host-specificity requirements of biological control.

ACCEPTABILITY TO STAKEHOLDERS

The release of biological control agents in Europe may face
significant opposition from a number of stakeholder groups,
requiring long-term public engagement activities. Opening
up of infested areas would be acceptable to communities
reliant on the invaded water body for recreational and
economic activities. Water quality improves as the density
of the infestation is reduced, thereby enhancing biodiversity
and associated benefits.

Time frames required for biological control, particularly in
temperate areas, are often unacceptable to managers, but
the benefits of biological control far outweigh the costs,
and convincing landowners and managers to see out the
wait is crucial.

ADDITIONAL COST INFORMATION

Successful biological control of S. molesta relies on healthy
plants that allow rapid population build-up of the insect
populations. Most inland waters susceptible to S. molesta
invasion are eutrophic.

LEVEL OF CONFIDENCE!

Medium.

Information comes from published data or expert opinion,
butitis not legislated in Europe to guarantee that the results
will be transposable.
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Appendix

Level of confidence provides an overall assessment of the confidence that can be applied to the information provided
for the measure.

* High: Information comes from published material, or current practices based on expert experience applied in one
of the EU countries or third country with similar environmental, economic and social conditions.

¢ Maedium: Information comes from published data or expert opinion, but it is not commaonly applied, or it is applied
in regions that may be too different from Europe (for example tropical regions) to guarantee that the results will
be transposable.

¢ Low: Data are not published in reliable information sources and methods are not commonly practiced or are based
solely on opinion. This is for example the case of a novel situation where there is little evidence on which to base
an assessment.
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