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2 THE WaTER HyaciNTH (Eichhornia crassipEs) 

pontederia crassipes Mart. [≡Eichhornia crassipes (Mart.) 
Solms]., hereafter referred to as water hyacinth, remains 
the most pervasive and damaging aquatic weed worldwide 
(coetzee et al., 2017). Water hyacinth is a free-floating 
aquatic macrophyte, which reproduces both vegetatively 
through daughter plant (ramet) production and sexually 
via seeds (Penfound and Earle, 1948), which can remain 
viable in seedbanks for up to 20 years (Gopal, 1987). it is 
the only floating species in the genus pontederia and it is 
the only species within this group to have become invasive. 

Water hyacinth is native to tropical South america, its centre 
of origin is amazonia, Brazil, with anthropogenic spread 
to areas such as argentina, Venezuela and central South 
america and the caribbean islands (Barrett and Forno, 
1982; Edwards and Musil, 1975; Penfound and Earle, 1948). 
Water hyacinth has been spread throughout the world and 
occurs on every continent except antarctica, in more than 
50 countries, as the result of anthropogenic spread. its 
distribution is largely restricted by cold winter temperatures 
to between 40°N and S, while it occurs abundantly in tropical 
freshwater bodies around the world. The plant thrives in 
eutrophic waters, which are typical of many European 
water bodies, and established populations in the EU occur 
in Portugal, Spain, italy and France (Q-Bank invasive Plants, 
2017). in the Paúl do Boquilobo Biosphere Reserve in central 
Portugal, it forms dense floating mats over extensive areas 
of wetlands and is considered the most obvious threat to 
the ecosystem. it is a permanent but controlled invasive 
aquatic weed in the irrigation canals, rice fields and riverine 
habitats of the Sado and Soraia River Basins, near Lisbon 
and the atlantic Ocean, (Ruiz Téllez et al., 2008). The plant 
is also recorded as a casual invasive in asturias, Huelva, 
Málaga, cáceres, Taragona, castellón, alicante (Ruiz Téllez 
et al., 2008) and Valencia (Peña Bretón and de la cruz, 
2014) in Spain. in 2005, it was reported to cover 75 km 
(approximately 200 ha) of the Guadiana River in the South 
Western iberian Peninsula (Ruiz Téllez et al., 2008), which 
has since increased in extent to the Spain–Portugal border 
(Ruiz Téllez et al., 2016). There are also recent records of its 
invasion in italy in Sardinia and Lazio (Brundu et al., 2012), 
while in other parts of the country (campania, Tuscany, 
Sicily, Veneto), it is considered a casual alien (Brundu et 
al., 2013). in France, the species is only naturalised in 
corsica and has not spread (Tison and de Foucault, 2014). 
in mainland France, the species has been increasingly 
recorded as escaped in the wild, in the west, the south-west, 
the Mediterranean region, and more rarely elsewhere (for 
example Georges and Pax, 2002), but populations cannot 
tolerate continental winters (Fried, 2017). in addition, it is 
recorded as a casual in several European countries with 

Summary of the measures, emphasizing 
the most cost-effective options. 

temperate climates, for example Belgium (Verloove, 2006), 
Germany (Buttler and Mitarbeiter, 2017), the Netherlands, 
the U.K. (Q-Bank invasive Plants, 2017) and the czech 
Republic (Kaplan et al., 2016; Pyšek et al., 2012). The species 
is also known to occur in thermally abnormal waters in 
Russia and Germany, for example the River Erft (Hussner 
and Lösch, 2005), where it would normally be excluded 
due to cold winter temperatures. Prolonged cold weather 
may kill plants, but the seeds remain viable (Ueki and Oki, 
1979) and allow regeneration when favourable conditions 
return. For these reasons, water hyacinth’s invasive range is 
restricted to the warmer Mediterranean regions in Europe, 
in Portugal, Spain, italy and corsica (France). However, 
according to future climate change projections, the greatest 
potential for future range expansion lies in Europe. countries 
at the greatest risk include albania, algeria, Bosnia and 
Herzegovina, croatia, France (including corsica), Greece, 
israel, italy (including Sardinia, Sicilia), Jordan, Montenegro, 
Portugal (including azores and Madeira), Slovenia, Spain 
(including Baleares and canary islands), Turkey and Tunisia 
(Kriticos and Brunel, 2016).

Prevention
The species only realistic pathway of introduction into the 
EU is through horticultural trade, which is now banned under 
Regulation (EU) 1143/2014 on invasive alien species. import 
inspections looking for water hyacinth as a contaminant 
of other traded aquatic plants, and as a contaminant with 
the movement of boats and other used aquatic leisure 
equipment into the EU could reduce the risk of the species 
being unintentionally introduced, however the likelihood 
of the species being introduced along these pathways is  
considered to be low.

SeCondary SPread
The species can be accidently spread by human activities, 
but again due to the conspicuous nature of the plant this is 
considered a low risk. a public awareness campaign, targeting 
improving biosecurity practices around the movement of 
aquatic leisure equipment to prevent the spread of aquatic 
plants and animals in general is recommended. The use 
of floating booms can contain the floating water hyacinth 
plants and prevent them from spreading downstream, 
however it will not stop the transport of seeds.

SurveillanCe
as a large floating conspicuous macrophyte, the species 
is easy to identify, making it suitable for incorporating 
into citizen science programmes. This should be combined 
with active monitoring of high risk sites (for example 
river systems with known populations upstream in other 
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countries).

raPid eradiCation
Manual removal by hand can be used to eradicate small 
infestations. For larger infestations, eradication can be 
potentially achieved with the use of mechanical harvesters 
to remove the bulk of the biomass, but then hand control 
will still be required for shallow and other inaccessible 
areas. However, mechanical control is expensive. Herbicides 
can also be used and could potentially eradicate new 
infestations. For any eradication attempt it is critical to 
plan long term monitoring (for up to 20 years) and repeated 
follow up treatments, as seeds can remain viable for 
20 years. 

ManageMent
Unfortunately, this plant is well adapted to surviving the 
many procedures that have been used for aquatic weed 
management such as the removal or killing of plants, draw 
down or flushing downstream. attempts to eradicate the 
species have largely failed, and control options are limited.
Hand control and mechanical harvesters can be used to 

control the species, mostly with the aim of biomass removal, 
however due to the very high growth rate of the species, 
this usually has limited applicability. chemical control can 
be effectively used in small contained systems. Biological 
control has been applied to water hyacinth in 33 countries 
so far, and is considered to be the most economical and 
sustainable method of control (up to 80–90% reduction 
of surface area coverage) in tropical countries, but has 
not been as effective in temperate countries. However it is 
the implementation of an integrated control and adaptive 
management plan that is likely to be the most effective. 
This involves using a combination of the control strategies 
mentioned above to put greater pressure on the weed, or 
to treat the weed according to the conditions in different 
stages of an infestation.

Much of what is outlined below also applies to other invasive 
alien aquatic macrophyte species in the European Union 
and would have been covered in the Technical and Scientific 
Support Documents to the iUcN on species such as water 
lettuce (pistia stratiotes) (Hussner, 2017) and giant salvinia 
(salvinia molesta) (Hill, 2017).
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MeaSure deSCriPtion 
as the species is listed as an invasive alien species of 
Union concern, the following measures will automatically 
apply, in accordance with article 7 of the EU iaS Regulation 
1143/2014:
invasive alien species of Union concern shall not be 
intentionally: 
(a) brought into the territory of the Union, including transit 

under customs supervision; 
(b) kept, including in contained holding; 
(c) bred, including in contained holding; 
(d) transported to, from or within the Union, except for the 

transportation of species to facilities in the context of 
eradication; 

(e) placed on the market; 
(f) used or exchanged; 

(g) permitted to reproduce, grown or cultivated, including in 
contained holding; or 

(h) released into the environment.

also note that, in accordance with article 15(1) – as of 2 
January 2016, Member States should have in place fully 
functioning structures to carry out the official controls 
necessary to prevent the intentional introduction into the 
Union of invasive alien species of Union concern. Those 
official controls shall apply to the categories of goods 
falling within the combined Nomenclature codes to which a 
reference is made in the Union list, pursuant to article 4(5).

Therefore measures for the prevention of intentional 
introductions do not need to be discussed further in this 
technical note.

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.

a ban on importing (pre-border measure), selling,
breeding, growing, and cultivation, as required under 
article 7 of the iaS regulation, targeting intentional 
introduction of plants and propagules of E. crassipes. 

4
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MeaSure deSCriPtion 
Water hyacinth is an aquatic macrophyte and thus has very 
specific environmental requirements in that it has to remain 
moist. Therefore, the likelihood of introduction of this species 
as a contaminant of plants for planting is low. in addition, 
according to Maki and Galatowitsch (2004), water hyacinth 
has not been found as a contaminant of other traded aquatic 
plants. They considered that contaminants are usually 
vegetative parts of aquatic plants, which is very unlikely 
for water hyacinth since daughter plants are big, and seeds 
would have to be introduced through sediments. although 
the risk of water hyacinth being introduced unintentionally 
as a contaminant of commodities is low, border surveillance, 
in particular at large ports, could reduce the risk of the 
species being unintentionally introduced via this pathway.

SCale of aPPliCation 
This measure would have to be applied across the entire 
region (in this case the European Union), as once established, 
the plant will move between countries through shared 
waterways.

effeCtiveneSS of MeaSure
Unknown.
There are no data on this plant having being introduced as 
a contaminant of commodities.

effort required
Border controls need to be implemented in the long-term 
and form a standard part of the phytosanitary advocacy 
of border controls.

Border inspections.

1 See appendix

reSourCeS required
No additional staff are required, other than those already in 
place at borders to the EU for phytosanitary pest detection.

Side effeCtS
Environmental: Neutral or mixed
Social: Neutral or mixed
Economic: Neutral or mixed
There are no known potential side effects from this measure.

aCCePtaBility to StakeholderS
Acceptable.
Prevention of unintended introductions and movement 
of water hyacinth is far more cost-effective than inaction 
or management once the weed has established (see 
sections below).

additional CoSt inforMation
although there are no data available on this, this will require 
initial and periodic follow up training of border biosecurity staff.

level of ConfidenCe1

Inconclusive.
as there are no studies on water hyacinth entering a region 
as a contaminant of traded commodities, the level of 
confidence here is low. 
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MeaSure deSCriPtion 
The introduction of water hyacinth as a contaminant of 
leisure equipment (hitchhiking on boats and boat trailers 
and in holds of leisure craft) is considered to be low because 
of the conspicuous nature of the plant (EPPO PRa EiccR). 
There is no published evidence that this weed has been 
spread through seeds on leisure equipment. Therefore the 
introduction of import standards (the issuing of an import 
permit once biosecurity procedures are followed) for the 
cleaning of high risk equipment that may carry the species 
will help reduce this risk. This measure could be applied at an 
EU level, such as for the import of equipment from outside 
the EU into an EU Member State, but also at an individual 
Member State level where national policies could implement 
such procedures. as equipment can move freely between 
Member States once inside the EU, such national policies 
would greatly benefit from public awareness campaigns, as 
discussed in the section below. 

an example is the Government of Botswana that gazetted 
the aquatic Weed (control) act in 1971 (implemented 24th 
October 1986), which regulates “the inspection, Movement 
and importation of boats and aquatic apparatus, and 

Biosecurity standards.

fishing gear, to prevent the importation and spread of 
aquatic weeds”. The government specifies inspection and 
disinfection procedures for boats and aquatic apparatus 
and they are checked and/or treated before entering the 
country. import for boats from outside the country should 
carry import permits. any person found with a boat without 
import permit, registration number, herbicide treatment, 
shall be guilty and upon conviction be “liable to a fine of 
US$ 100.00 and/or imprisonment for 12 months or to both” 
(Kurugundla et al., 2016).

SCale of aPPliCation 
This measure would have to be applied at an EU level, 
especially land borders with non-EU states, as once 
established the plant will move between countries through 
shared waterways (see below). The measure could also be 
applied at a national Member State level.

effeCtiveneSS of MeaSure
Unknown.
although not a prominent pathway for the unintentional 
introduction of water hyacinth, the species has not yet 
established in Botswana, but it is difficult to ascribe its 

Pontederia crassipes [Eichhornia crassipes]. © Wolfgang Rabitsch
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1 See appendix

lack of presence with the aquatic Weed (control) act in this 
country (where it was combined with a public awareness 
campaign).The effectiveness of the measure to prevent the 
accidental, or unintentional introduction of water hyacinth 
to an EU member state where it is not yet present will rely 
on aspects such as the level of education of the relevant 
authorities (particularly at the border control) (champion 
et al., 2010).

effort required
The measure would need to be in place permanently.

reSourCeS required
Biosecurity capacity already exists across the EU, but 
training and resources may be required for those involved 
in the inspections. 

Side effeCtS
Environmental: Positive
Social: Negative
Economic: Negative
This measure would address other aquatic plants and 
animals that may be introduced via the same pathway. The 
measure could have negative social and economic impacts 

if applied at individual EU MS level, where recreational boat 
users moving boats and equipment across EU MS borders, 
would be affected.

aCCePtaBility to StakeholderS
Neutral or mixed. 
as this is seen as an unlikely pathway of introduction for 
the species, some implementing authorities and importers 
(especially those in MS where the establishment of water 
hyacinth is a low risk) may find the costs of implementing 
the measure unacceptable. However if this measure was 
implemented to target the pathway as a whole, and not just 
on water hyacinth, it may be seen as acceptable.

additional CoSt inforMation
No additional information.

level of ConfidenCe1

Established but incomplete.
While there is evidence regarding the procedures to reduce 
the risk of importing aquatic plants as a hitchhiker with 
boats and equipment, there is little information on the 
effectiveness of the measure being applied though national 
legislation in association with imports.
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Measures to prevent the species spreading once 
they have been introduced.

Public awareness campaigns.

MeaSure deSCriPtion
Once introduced into a freshwater ecosystem, water 
hyacinth can be accidentally dispersed by human activities 
during maintenance of swimming areas, attached to 
fishing gear or to the hulls, anchor lines, engines, or other 
parts of boats. Moreover, existing practices of mechanical 
waterway maintenance tend to cut off plants and spread the 
fragments. However, the secondary spread of water hyacinth 
as a contaminant of leisure equipment (hitchhiking on boats 
and boat trailers and in holds of leisure craft) is considered 
low because of the conspicuous nature of the plant (EPPO 
PRa EiccR). There is no published evidence that this weed 
has been spread through seeds on leisure equipment. 

This measure is similar to that above, in that the biosecurity 
procedures to be recommended will be similar to those 
required to address unintentional introductions via the 
import of boats and equipment. However, this measure 
focuses on improving public (key stakeholder groups) 
awareness and practices within Member States to reduce 
the risk of spreading the species when they move boats or 
equipment between different bodies of water especially 
where there are established populations of water hyacinth.

Such public awareness campaigns already exist, for example 
the “check, clean and Dry” and “Be Plant Wise” campaigns 
in the UK and other regional information portals (EUBaRnet, 
2013). Similar “clean, Drain and Dry” campaigns have been 
employed in the USa (Stop aquatic Hitchhikers), and canada 
(British columbia) to increase awareness of this potential 
pathway.

SCale of aPPliCation 
This measure would have to be applied across the entire 
region within the EU where the water hyacinth is already 
established, and ideally in areas adjacent to them and where 
the species could establish. However, while this measure is 
being discussed in the context of water hyacinth, it would 
address other aquatic invasive alien species spread via the 
same pathway and therefore it is recommended that it be 
applied at an EU level.

effeCtiveneSS of MeaSure
Effective.
although not a prominent pathway for the secondary spread 
of water hyacinth, the public awareness campaign targeting 
contamination of leisure craft and other aquatic vehicles has 
been highly successful, especially in Botswana (Kurugundla 
et al., 2016).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 et al., 2014).

effort required
The implementing measures to prevent the unintentional 
human mediated secondary spread of water hyacinth will 
rely on the implementation of stakeholder engagement 
and awareness raising campaigns in the long-term (Hill 
and coetzee, 2008).

reSourCeS required
The costs of generating a public awareness campaign 
and implementing the cleaning of water-craft and trailers 
are relatively low compared to the costs of managing 
established water hyacinth infestations. Whilst very little 
data are available on the costs of these programmes, 
the initial start-up costs of the Stop aquatic Hitchhikers 
in 2002 were USD 120,000 (ca. EUR 105,000) but relied 
heavily on volunteerism, and over the campaigns 13 year 
lifespan additional USD 130,000 (ca. EUR 114,000) were 
provided (according to an undated US Department of the 
interior summary document). The cost of the check, clean, 
Dry campaign interventions in New Zealand from 2005 to 
2008 was NZ$4.5 million (ca. EUR 2.6 million)(according to 
an undated National Social Marketing centre case study). 

Fortunately much of the information on the negative 
impacts of water hyacinth is published in open access 
journals and thus easy to access (for example Villamagna 
and Murphy, 2010), as well as the EPPO PRa EiccR. 

8
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Side effeCtS
Environmental: Positive
Social: Neutral or mixed
Economic: Neutral or mixed
This is a common pathway of secondary spread for many 
aquatic invasive species, which this measure would address 
and not just water hyacinth. There will be some social 
(recreational) and economic effects of the measure in relation 
to its implementation but these are not considered significant. 

aCCePtaBility to StakeholderS
Acceptable.
Key stakeholder groups such as water authorities, 
conservation officers, fishing community and recreational 
boaters should be receptive to these campaigns, as have 
been shown in the UK.

additional CoSt inforMation
campaigns such as the “check, clean, Dry” campaign 
through the Great Britain Non-native Species Secretariat is 
already in place and thus could be rolled out to the entire 
EU at very little extra cost.

The prevention of unintended introductions and movement 
of water hyacinth is far more cost-effective than inaction or 
management once the weed has established (see below). 
an Economic impact assessment (Eia) of the check, clean, 
Dry campaign in New Zealand in March 2006 projected that 
as a result of the North island staying free of the diatom, 
Didymosphenia geminate, the cost-saving to New Zealand 
was an estimated NZ$11 million (ca. EUR 6.4 million) up to 
June 2008. Therefore the cost-saving to New Zealand by 
delaying the spread of this species to the North island is 
estimated to be NZ$2.15 (ca. EUR 1.25) for every NZ$1 (ca. 
EUR 0.58) spent on the campaign (according to an undated 
National Social Marketing centre case study).

level of ConfidenCe1

Well established.
The public awareness campaigns to prevent the human 
mediated secondary spread of invasive aquatic plants, 
including water hyacinth have been implemented in for 
example New Zealand (check, clean, Dry campaign) and 
the US (Stop aquatic Hitchhikers) with good success. 

1 See appendix
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Containment of non-human mediated secondary spread.

MeaSure deSCriPtion
Once established water hyacinth has the potential to 
spread (floating form of the plant) within water bodies via 
movement downstream, through irrigation schemes and 
shared waterways; and flooding also has the potential 
to carry plants to new water bodies or wetland habitats 
(McFarland et al., 2004). Wildfowl or other wetland animals 
could also contribute to spread, particularly for juvenile 
forms of the species as has been shown for other aquatic 
species (Green, 2016). a single water hyacinth plant can 
produce up to 3,000 seeds during its life span. These 
seeds are very small and are transported within the water 
column. Seeds are therefore a source of new infestation or 
re-invasions (albano Pérez et al., 2011). 

Booms (or floating barriers, see management section below 
for description) can be erected with the aim to prevent 
secondary spread via the downstream movement of plants, 
and sieves can be affixed to irrigation scheme intakes (Hill 
and coetzee, 2008), but there is very little that can be done 
to prevent seeds flowing downstream or waterfowl moving 
propagules between catchments, although the latter two 
pathways are less common (albano Pérez et al., 2011). Plant 
material contained by the booms can then be mechanically 
removed, or where appropriate, sprayed with a herbicide.

SCale of aPPliCation 
currently there are only a few sites infested with permanent 
water hyacinth infestations in the EU, including the Guadiana 
River in Spain, the Paúl do Boquilobo Biosphere Reserve in 
Portugal, and in corsica (see summary above). Thus the 
implementation of containment structures such as booms 
and sieves will be focussed on these sites. Booms have been 
used to contain plants to allow for control interventions 
against water hyacinth on the Nseleni River in a subtropical 
part of South africa. These booms spanned the width of the 
river up to 70m at its widest. 

effeCtiveneSS of MeaSure
Ineffective.
Because a water hyacinth infestation can be the result of a 
single plant transported by a waterfowl, or through seeds 
in the water column, containment is largely unsuccessful 
once the weed gets established in an area. 

containment within a catchment, without the use of 
additional control measures, is impossible as propagules will 
continually move down the system. Sieves at the intakes 
of irrigation schemes and inter-basin transfer schemes will 

keep out whole plants, but not seeds. Further, the movement 
of propagules between watersheds by waterfowl is also 
impossible to control. 

Thus it is recommended that resources should rather be 
allocated to early detection and eradication which relies 
on suitably trained staff within the relevant water and 
conservation authorities to detect the weed (see sections 
below). 

effort required
The type and design of booms required to contain 
infestations and to prevent further spread within a system 
will vary depending on the size of the river and hydrological 
regime of the system. in small systems with low flows, fairly 
rudimentary booms made out of rope and some flotation 
device can be effective, while larger systems where the 
breadth of the system is >20m and flows are moderate to 
high, more elaborately engineered booms using metal cables 
of a diameter of 70mm and industrial buoys tethered to 
concrete blocks are required. The effort required to construct 
and maintain these booms will thus vary, and regular 
maintenance of the booms will be required, especially after 
flooding events.

reSourCeS required
System specific costs depending on size of infestation and 
type of water body.

Side effeCtS 
Environmental: Negative
Social: Neutral or mixed
Economic: Neutral or mixed
The build-up of phytomass that occurs behind the booms can 
have negative environmental impacts, unless the measure 
is coupled with removal. in fact, the added advantage to 
this approach is that booms concentrate water hyacinth 
in one area that makes manual and mechanical control 
more efficient (Hill and coetzee, 2008). The disadvantage 
of using booms to prevent downstream spread is that they 
will be washed away during high flows, and that the booms 
themselves (and the resulting phytomass) can impede 
navigation and transport on the river. 

aCCePtaBility to StakeholderS
Acceptable.
Water hyacinth is a highly damaging aquatic macrophyte 
both economically and ecologically, thus a containment 
strategy would be acceptable to stakeholders.
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additional CoSt inforMation
The cost of inactivity is high. although the potential returns 
on trying to control the distribution of water hyacinth within 
a shared catchment are low, an early warning and rapid 
response facility to deal with dispersal between watersheds 
would likely yield high returns.

level of ConfidenCe1

Unresolved.
While booms have been used as an attempt to contain the 
species in South africa, there are no studies on the un-
intentional, non-human mediated secondary spread, and 
containment of water hyacinth. 

1 See appendix
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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 Response (EDRR) are crucial for 
effective management and successful eradication (Genovesi 
et al., 2010; Hussner et al., 2017). The early detection of 
water hyacinth (and other floating aquatic weed species) 
is likely to be easier than submerged species as they are 
more conspicuous and easier to identify.

Successful early detection relies on a well-educated trained 
workforce of conservationists and water resource managers 

Measures for early detection of the species and 
to run an effective surveillance system for an 
early detection of a new occurrence. 

active monitoring and citizen science.

(and an informed general public through citizen science) 
who are able to prioritise high risk sites and identify water 
hyacinth, and a repository to verify and store the information 
for the rapid response team. This should be supported by 
citizen science activities, and also potentially through using 
remote sensing technologies.

High risk sites will include those water bodies capable of 
support water hyacinth that are hydrologically connected to 
known infested areas, or close by. These will include ponds 
or slow-moving water bodies, and areas known to receive 
high levels of nutrients (such as runoff from agricultural, 
horticultural or industrial land). 

Pontederia crassipes [Eichhornia crassipes]. © Jean-Marc Dufour-Dror
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Thus an early detection system might include: identification 
and active monitoring of high risk sites, and 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 water 
hyacinth (for example Sainty and Jacobs, 2003). The 
European alien Species information Network (EaSiN) or GiSiN 
(Global invasive Species Network) provide platforms for the 
identification, biology and impact of invasive alien species. 

Remote sensing could support a surveillance system, 
particularly for the active monitoring of high risk sites, 
or sites difficult to access. 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. Hung and Sukkarieh 
(2013) showed that unmanned robotic aircraft (drones) 
fitted with a camera was effective in detecting the floating 
macrophyte, s. molesta infestations in remote areas of 
australia, and a similar approach could be applicable to 
water hyacinth.

This measure will serve as support to early detection 
within Member States that that do not yet have established 
populations (but may be connected hydrologically to others 
that do) for example watersheds connected to existing 
populations in Spain, Portugal and italy, but also to identify 
new populations within Member States. This measure must 
be linked to rapid eradication process referred to below.

SCale of aPPliCation 
The scale of surveillance will vary from small impoundments 
of less than 1ha or section of river, to larger wetlands and 
entire stretches of river of many kilometres. in South africa, 
surveillance of un-infested water bodies is undertaken 
annually on a national scale (coetzee et al., 2011).

effeCtiveneSS of MeaSure
Effective.
The species is a large, conspicuous, floating macrophyte and 
therefore relatively easy to detect and to identify making 
it suitable for effective professional monitoring, supported 
by citizen science programmes. Such a surveillance 
system, leading to early detection and followed by a rapid 
response have been documented as successful methods 
in the eradication of new infestations of invasive species 
(anderson, 2005).

effort required
This measure would need to be in place permanently within 
Member States that have high risk sites. Early detection 
is only achievable through comprehensive and repeated 
monitoring. a key time for surveying high risk sites is 
following flooding and during spring and summer months 
when growth is optimal.

reSourCeS required
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 data recording apps for 
mobiles (again likely to be multi-species and already exist 
in many EU Member States), the cost of monitoring can be 
reduced and larger areas can be surveyed via citizen science. 

Side effeCtS 
Environmental: Positive
Social: Neutral or mixed 
Economic: Neutral or mixed 
awareness building on aquatic plant invasive species 
amongst the public through engagement in citizen science, 
is likely to lead to additional invasive species being reported.

aCCePtaBility to StakeholderS
Acceptable. 
Early detection allowing for a rapid response, and thereby 
eradication of water hyacinth will have the least impact on 
aquatic biodiversity and the utilization of the water resource. 
community engagement through an area-wide awareness 
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 water 
hyacinth 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 ConfidenCe1

Established but incomplete.
information comes from published data in the grey literature 
and expert opinion.

1 See appendix
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MeaSure deSCriPtion
Manual removal through hand pulling or using pitch forks, 
scoops, nets, shovel rakes, can be used to eradicate new, 
small infestations. The Environmental Planning and climate 
Protection Department of South africa have produced a 
water hyacinth control guidelines document that outlines 
the methods. This method is very labour intensive, but can 
be effective for small incipient infestations (Julien et al., 
1999). However, because water hyacinth has a long-lived 
seedbank, eradication may only be feasible in the initial 
stages of infestation prior to flowering (occurs multiple 
times throughout the growing season), and this should 
be a priority.The removal of the biomass taken from the 
water body and correct disposal at a suitable landfill site 
is essential to prevent the unsightly and odorous build-up 
of rotting plant material, as well as re-infestation from 
removed material.

Eradication measures should be promoted where feasible 
with a planned strategy and action plan, to include 
surveillance, containment, treatment and follow-up 
measures to assess the success of such actions. 

Thus, early detection followed by prompt management 
action would help to eradicate water hyacinth in its initial 
stages within a water body. 

SCale of aPPliCation 
Manual removal of water hyacinth is limited to small water 
bodies, likely to be less than 1ha in size (Julien et al., 1999). 

effeCtiveneSS of MeaSure
Neutral.
Eradication via manual removal is only achievable for 
small infestations. There are a few cases where water 
hyacinth has been eradicated from small waterbodies, 
but generally this method is not effective as regeneration 
usually occurs from seeds or from plants remaining behind 
following removal. For example, a programme in the city 
of cape Town, South africa, targeted small infestations in 
the metropole, and only one of these (<1ha) remains clear 
(chandre Rhoda, city of cape Town, Pers. comm.).One key 
factor in this measure effectiveness is the need for long 
term monitoring, if this is not implemented comprehensively 

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

Manual (‘hand’) control. 

the measure will likely fail as the species can regenerate 
from the seedbank or from plants that are missed during 
the removal.

However, in Europe’s temperate climates, water hyacinth 
regeneration will be slower than in sub-tropical and tropical 
climates, improving the chances of successful eradication. 
For example, successful eradication of a small infestation 
of water hyacinth was achieved by hand-weeding and 
collecting using small hand nets in Eastern Germany 
(Hussner, 2017).

New Zealand also has a particularly effective eradication 
campaign against water hyacinth, which has been ongoing 
since the 1950s. Water hyacinth is one of nine National 
interest Pest Response (NiPR) species that the Ministry 
for Primary industries (MPi), New Zealand, has identified 
for either eradication or national control. MPi works closely 
with the regional councils and Department of conservation 
on these programmes. The water hyacinth eradication 
programme includes containment of known infestations 
and physical removal to eradicate the plants. Due to the 
longevity of the seed, sites are monitored for a total of 20 
years subsequent to no detections, to ensure elimination 
of the infestation (see Biosecurity New Zealand).

Given the authors past experiences with this species (and 
other invasive aquatic plants), eradication, even within a 
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 water hyacinth 
infestations to acceptable levels.

effort required
Once the removal has taken place, long-term intensive 
monitoring (and repeated actions) of treated sites is 
essential to deal with reinvasion, from missed plants and 
regeneration from the seedbank. in New Zealand, treated 
sites are monitored for 20 years post removal.

reSourCeS required
costs and staff will vary depending on the size and 
accessibility to the infestation. Waders, nets and boats are 
required. For all activities from boats, personal floatation 

14
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devices, and skills in boat handling are mandatory for the 
safety of the operator. The costs for follow-up treatments 
can be reduced by using volunteers who are able to 
identify plant regrowth and eliminate these plants. costs 
and machinery (for example vehicles) are also needed for 
the removal and disposal of plant biomass taken from 
the water body. Experts, and travel costs, for long term 
monitoring are also required.

Side effeCtS 
Environmental: Neutral or mixed 
Social: Neutral or mixed 
Economic: Neutral or mixed
Environmental: This is a species-specific control measure 
and should have minimal negative effects on native plants 
if the management is carried out by skilled operators. 
However, the potential negative side effect of manual 
removal is that indigenous plants and invertebrates may 
be removed, and riparian zones may scoured. Thus this 
method may not be appropriate in sensitive areas such as 
protected areas.

aCCePtaBility to StakeholderS
Acceptable.
as manual removal has only a minor negative impact on an 
ecosystem, a high acceptance from stakeholders and the 
public are highly likely. it is important to dispose of all plant 
material removed from the water body to avoid unsightly 

and odorous build-up of rotting plant material. No impacts 
of manual removal on animal welfare have been reported.

additional CoSt inforMation
Manual removal has a relatively high labour cost per 
area, but the cost-effectiveness is likely to be high when 
eradication is achieved. inaction will lead to the spread of 
the target species, increasing the management costs and 
reducing the likelihood of future eradication. although 
manual removal does not require highly trained labour, 
or expensive machinery, it does require training around 
water safety, and the cost of this control method will thus 
rely entirely on the remuneration scales in a particular 
member state.

in Ghana, water hyacinth provided the substrate for the 
colonization of other species forming what are referred to 
as 'Sudds', some up to 1 metre in thickness and heavy (450 
to >1000 kg per square metre), floating in up to 3 metres 
depth of water. These were effectively manually cleared 
at  a cost of about UDS 2,000 (ca. EUR 1,756) per hectare 
in 1990 (de Graft Johnson, 1996).

level of ConfidenCe1

Established but incomplete.
information comes from limited published material (see 
bibliography) and grey literature, and current practices 
based on expert experience.

1 See appendix
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MeaSure deSCriPtion
Mechanical control through the use of harvesters, can be 
used to eradicate water hyacinth with the explicit aim of 
complete biomass removal. There are a number of different 
types of mechanical harvesters, including those that 
destroy water hyacinth and leave it in the system and those 
whereby the weed is pushed to a conveyor belt and loaded 
onto trucks and removed from the locality. Mechanical 
control can remove the bulk of an infestation in accessible 
areas, but other control methods such as manual removal 
are then required for plants remaining close to edges, or 
in shallow or inaccessible areas (Mangas-Ramírez and 
Elías-Gutiérrez, 2004).

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.

SCale of aPPliCation 
Successful mechanical eradication varies depending on 
the size of the infestation, and accessibility. For example, 
some 8 km (560,000 m2) of the River Mare Foghe (central 
eastern Sardinia) was covered by a dense mat of water 
hyacinth (mixed with hydrocotyle ranunculoides L.f. 
(pennywort)) in 2010 (Brundu et al., 2012). Mechanical 
control was implemented using crane trucks with grapples 
and pushing boats. Sites that were difficult to access were 
cleaned using motor boats and manual extraction means, 
or boats equipped with cutting devices, however a lack 
of follow up resulted in re-infestation. Most successful 
eradication campaigns are limited to small accessible 
infestations in their early stages of invasion, where the 
seed bank is limited.

effeCtiveneSS of MeaSure
Neutral.
Harvesters have been used for the successful eradication 
of infestations of water hyacinth in Portugal (Laranjeira 
and Nadais, 2008). However, follow-up measures are 
needed if regrowth from seeds or remaining plants occur, 
even though new regrowth can be removed by manual 
removal. One key factor in this measures effectiveness is 
the need for long term monitoring, if this is not implemented 
comprehensively the measure will likely fail as the species 
can regenerate from the seedbank or from plants that are 
missed during the removal.

Given the authors past experiences with this species (and 
other invasive aquatic plants), eradication, even within a 

Mechanical control. 

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 water hyacinth 
infestations to acceptable levels.

effort required
Following mechanical removal, plant regrowth will most 
likely occur and thus eradication will require follow-up 
management measures, until the last plant has been 
successfully removed (de Winton et al., 2013). if a persistent 
seed bank in the sediment exists, the follow-up management 
must last for several years until no regrowth from seeds 
occur. De Winton et al. (2013) recommended monitoring 
for 3-5 years after the removal of the last fragments 
before the eradication of the species can be confirmed. 
in New Zealand, water hyacinth sites are monitored 
for a further 20 years following eradication (according 
to the Biosecurity New Zealand water hyacinth page).

The total eradication of water hyacinth by mechanical 
harvesters is only achieved in combination with manual 
removal, which is used to collect the remaining small plant 
patches and single plants.

reSourCeS required
a harvester, a transporter to store the harvested plant 
material and transport it to the shore, a conveyor to 
elevate the harvested biomass to a truck and a suitable 
disposal site are required (Gettys et al., 2014). The cost for 
the management of free floating plants with a harvester 
depends on the population size, the time for transporting, 
disposal costs and the accessibility of the water (Gettys et 
al., 2014; Laranjeira and Nadais, 2008) (see Management 
sections: Mechanical control below for costs).

For all activities from boats, personal floatation devices, 
skills in boat handling are mandatory for the safety of the 
operator (de Winton et al., 2013).

Side effeCtS 
Environmental: Negative 
Social: Neutral or mixed 
Economic: Neutral or mixed
Mechanical harvesters are not species specific and all 
plants are removed (Gettys et al., 2014). This might 
include other invasive aquatic plant species as well as 
native species. Thus this method might not be suitable in 
conservation areas.
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aCCePtaBility to StakeholderS
Acceptable.
Depending on the size and accessibility of the water body, 
mechanical harvesting can clean infested areas (even if 
temporarily) within a short period of time, which will lead 
to a high acceptance from stakeholders and the public.

The removal of the biomass from the water body and correct 
disposal at a suitable landfill site is essential to prevent the 
unsightly and odorous build-up of rotting plant material.

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 ConfidenCe1

Well established.
Mechanical harvesting and hand weeding has been used 
for the successful control and eradication of infestations 
of free floating iaaPs, including p. stratiotes.

1 See appendix
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MeaSure deSCriPtion
chemical eradication relies on herbicides registered for 
use against water hyacinth. Water hyacinth is susceptible 
to herbicides such as 2,4-dichlorophenoxyacetic acid (2,4-
D), diquat, paraquat, and glyphosate, which are the most 
widely used throughout the world. Herbicides are usually 
applied using hand guns or booms from boats, including 
airboats and sometimes aircraft (see the University of 
Florida’s center for aquatic and invasive Plants chemical 
control page). The measure requires follow-up monitoring 
and treatment to spot-spray any plant material that 
survived the initial application, and also to treat re-invasion 
from seed germination. 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.

The objective of chemical eradication is to remove small 
to large water infestations in all types of water bodies. 
Eradication may only be feasible in the initial stages of 
infestation, and this should be a priority.

Eradication measures should be promoted where 
feasible with a planned strategy and action plan 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. 

it is important to note that EU/national/local legislation on 
the use of plant protection products and biocides needs 
to be respected.

SCale of aPPliCation 
There is little information on successful eradication using 
herbicidal control. it would depend on the size of the 
waterbody (< 10ha (Julien, 2008)) and the accessibility, as 
well as the number of follow up treatments.

effeCtiveneSS of MeaSure
Neutral.
There are no situations where a single application of 
herbicide will eradicate water hyacinth. initial treatments 
will always need to be followed up with further treatments. 
if post-treatment monitoring, which can be expensive, is not 
conducted over the long-term, the chances of a successful 
eradication diminish. Surveillance should theoretically 
continue for 20 years (the longest recorded longevity of 
seed) after the last flower was observed.

herbicide application. 

Given the authors' past experiences with this species (and 
other invasive aquatic plants), eradication, even within a 
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 water hyacinth 
infestations to acceptable levels.

effort required
it takes several weeks for susceptible plants to die off, and 
may need follow-up where germination of plants occurs 
throughout the growing season, as well as continuous 
annual surveys to ensure the invasion has been fully 
eradicated. it is also unlikely that every plant will be killed, 
which will require follow-up treatment.

intensive monitoring of treated sites is essential to deal 
with reinvasion, from missed plants and from germination 
of seeds. Monitoring is required for the best timing of 
treatment, which would be as soon as new plants have 
germinated, usually in the spring and summer months.

reSourCeS required
Herbicide application relies on very well trained staff with 
access to the correct equipment, including spray rigs, boats 
and where necessary helicopter and plane hire. in addition 
it may be necessary to obtain relevant legal authorisations 
before using PPPs from aerial platforms.

Herbicidal control is often prohibitively expensive, and 
depends on the size and accessibility of the infestation 
(Julien, 2008). The method of application also determines 
the cost of the application – as 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. costs in the USa are estimated at $1,000/ha (ca. 
EUR 878) for glyphosate, and $2,800-4,000/ha (ca. EUR 
2,458–3,512) for 2,4-D for application by airboat. Water 
hyacinth growth can exceed removal rates which can lead 
to very high management costs.

Side effeCtS 
Environmental: Negative
Social: Neutral or mixed 
Economic: Positive
Environmental: most herbicides are not specific and 
therefore non-target effects on native plants occur. Rapid 
decay of sinking plant material can reduce dissolved oxygen 
in the water body, resulting in noxious smells, and non-
target animal death.
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Social: Many water hyacinth-infested sites are used for 
potable water, washing, and fishing, and so the use of 
chemical sprays may contaminate these sites and threaten 
human health. However, chemical control has positive social 
effects as the infested water body would be available 
for water-related activities following eradication of the 
infestation.
Economic: Positive effects of eradication allow the 
waterbody to be used again for economic activities ranging 
from water provisioning through to recreational activities.

aCCePtaBility to StakeholderS
Neutral or mixed. 
There is considerable resistance to the use of herbicides, 
in particular in aquatic ecosystems. in the EU the relevant 
legal requirements as set out in Directive 2009/128/Ec of 
the European Parliament and of the council of 21 October 
2009 establishing a framework for community action to 
achieve the sustainable use of pesticides, and the Water 
Framework Directive (WFD) (Dir. 2000/60/Ec) need to be 

respected. Glyphosate, the most widely used herbicide 
for water hyacinth control, has a low toxicity and rapid 
decomposition in water.

additional CoSt inforMation
Often, the costs of eradication programmes exceed the 
benefits because weed growth can exceed removal rates, 
or the lack of follow-up management allows recolonization 
by remaining plants.

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 (Hill and coetzee, 2008).

level of ConfidenCe1

Well established.
High, as the information comes from published material 
(Hill and coetzee, 2008; Julien, 2008), and current practices 
based on expert experience.

1 See appendix

Pontederia crassipes [Eichhornia crassipes]. © Julie Coetzee
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Measures for the species’ management.

MeaSure deSCriPtion
Manual removal through hand pulling or using pitch forks, 
scoops, nets, shovel rakes, bins, bags, waders and wetsuits, 
is used in a number of regions of the world, most notably, 
southern africa, Europe and china. This method is very 
labour intensive, only effective for small infestations and 
essentially used as an employment creation exercise where 
labour is relatively inexpensive, for example the Working 
for Water Programme in South africa. The objective of this 
measure is to remove as much biomass as possible.

SCale of aPPliCation
Manual control is usually only effective for small infestations 
as it is labour intensive. in Zimbabwe on Lake chivero, a 
manual control programme was implemented in the 1980s. 
The manual removal team consisted of 500 workers, 
working 8 hrs/day, and although ~500 t of water hyacinth 
were removed, the rapid regeneration of the weed made 
the effort slow and expensive, with no obvious impact 6 
months later (chickwenhere and Phiri, 1999). 

effeCtiveneSS of MeaSure
Ineffective.
Manual control usually results only in temporary control 
because of the weed’s rapid rate of increase from plants 
that were not removed, and from seed germination 
following clearing. There are no examples in the literature 
of successful manual control alone.

effort required
initially, 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 and germinating seeds (Julien et al., 2009). annual 
repetition is required to maintain control.

reSourCeS required
costs and staff will vary depending on the size and 
accessibility to the infestation. Disposal of removed material 
can be costly, depending on the amount to be removed. 
Equipment needed could include wetsuits and waders, nets, 

Manual control.

scoops, rakes, bins and bags. On bigger, less accessible 
infestations, canoes or boats are required to access the plants.

Side effeCtS 
Environmental: Negative 
Social: Positive
Economic: Positive
Environmental: 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. 
Social: Positive side effects include removal of breeding 
grounds for hosts of parasitic diseases such as malaria 
and bilharzia (although not prevalent in Europe). Removal 
of pestiferous insects would be an advantage.
Economic: Positive side effects include the use of the water 
body again for recreational, hydrological and other economic 
activities.

aCCePtaBility to StakeholderS
Acceptable. 
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 water hyacinth. correct disposal of the removed material 
is vital as mounds of rotting water hyacinth will create a 
negative perception.

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 ConfidenCe1

Well established.
information comes from published material, or current 
practices based on expert experience applied in one of the 
EU countries or third countries with similar environmental, 
economic and social conditions (Hill and coetzee, 2008, 
Julien et al., 1999). 

1 See appendix
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MeaSure deSCriPtion
Mechanical control, primarily through the use of harvesters, 
has been used in many parts of the world to control water 
hyacinth with the explicit aim of biomass removal (Brundu 
et al., 2012; chickwenhere and Phiri 1999; Duarte, 2017; 
Mangas-Ramírez and Elías-Gutiérrez, 2004; Ruiz Téllez et 
al., 2008). Machinery can remove the bulk of an infestation 
in accessible areas, and other control methods are then 
required for plants remaining close to edges, or in shallow 
or inaccessible areas. Mechanical removal can be broad 
scale or small scale.

SCale of aPPliCation
Some 8 km (560,000 m2) of the River Mare Foghe (central 
eastern Sardinia) was covered by a dense mat of water 
hyacinth (mixed with hydrocotyle ranunculoides L.f. 
(pennywort)) in 2010 (Brundu et al., 2012). Mechanical 
control was implemented using crane trucks with grapples 
and pushing boats. Sites that were difficult to access were 
cleaned using motor boats and manual extraction means, 
or boats equipped with cutting devices. By December 2010, 
some 6,700 tonnes of plant biomass had been removed at 
a cost of EUR 175,000. a 400–500 m (25,000 m2) stretch 
of river invaded by the mat of water hyacinth remained, 
and an additional amount of EUR 400,000–500,000 was 
set aside to continue operations up to 2013.So far (2019) 
the Sardinian site is still invaded, although the alien plant 
moved to a close area in the vicinity of the first infested 
site (Brundu, pers. comm.)

in italy, water hyacinth was first recorded in the Lazio 
region, in the Pontine plains, in 1983 (anzalone, 1983). 
in the early colonisation phases, the species did not 
outcompete other species (Scoppola et al., 1986); and until 
1995, its populations were still small, limited to a few sites 
on the shores of the Rio Martino river near the Fogliano 
lake, sometimes even in brackish waters. in the following 
years, the populations of water hyacinth spread to other 
sites within the Pontine plains, covering a total surface of 
5,000 m2 in 2004 and 2005 (iberite and Pelliccioni, 2009). 
Every autumn, the weed is mechanically removed by the 
local authority responsible for water management (such as 
the consorzio di Bonifica di Latina).

in 2006, mechanical harvesters were used to control water 
hyacinth in the lagoon system of Ria de aveiro, Portugal that 
was approximately 50% covered by the weed. Since the 
operation began, the aquatic-harvester removed more than 
15,500 m3 of mats from the lagoon, which, in accordance 
with legislation, was transported to an old inactive quarry 
site.The water hyacinth in the lagoon required annual follow 

Mechanical control.

up and has remained free of water hyacinth, allowing 
navigation and the maintenance of traditional activities 
such as fishing and boating (Laranjeira and Nadais, 2008).

as mentioned under Manual control, in Zimbabwe on Lake 
chivero, a manual control programme was implemented in 
the 1980s but the rapid regeneration of the weed resulted 
in a mechanical programme being implemented, using a 
bulldozer, boat, conveyor and dump truck, resulting in the 
removal of 2 ha plants per day. Even though almost 2 ha 
of plants was cleared daily, neither manual removal nor 
mechanical harvesting effectively reduced the amount of 
water hyacinth on the lake (chikwenhere and Phiri, 1999).

effeCtiveneSS of MeaSure
Ineffective.
as with manual control, the amount of biomass that needs 
to be removed, coupled with the growth rate of the plant, 
and the remoteness of some of the infested areas means 
that this option has limited applicability. 
Broad scale harvesting may be appropriate when: 
• an infestation occurs in a priority area, such as an area 

where there is high recreational use, high conservation  
value or potable water uptake 

• the water hyacinth infestation can be contained during the 
harvesting operation 

• in tropical climates, and where the waters are eutrophic, 
water hyacinth can double every seven days (Julien, 2008), 
thus the rate of removal must exceed the rate of weed 
growth, and is therefore only successful where waterbodies 
are oligotrophic and in colder seasons 

• the harvested plants can be adequately disposed of.

The remoteness and difficult accessibility of many 
infestations makes mechanical control unfeasible. 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, harvesters were used 
at Port Bell and Owen Falls Dam on Lake Victoria, Uganda 
with limited success in the 1990s (albright et al., 2004)

as 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. 

One of the most prominent cases of water hyacinth invasion 
and control in Europe comes from the Guadiana River in 
Spain. The weed was first recorded on the river in 2004 (Ruiz 
Téllez et al., 2008). Measures carried out by Spain’s Ministry 
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of the Environment managed to retain the infestation to a 
75 km section of the river. control of the weed relied on 
physical methods with manual and mechanised extraction 
and the installation of floating booms to prevent the spread 
of the infestation downstream. By 2008, €8 million had 
been spent and 2,000 tonnes of biomass had been extracted 
(Ruiz Téllez et al., 2008). However, an EPPO international 
Workshop on the topic highlighted the river as a high re-
infestation risk area (Martín de Rodrigo et al., 2008). Water 
hyacinth did re-infest the river, most likely from seed, or 
scattered plants that the mechanical harvesting had missed, 
and in 2010, additional 5 tonnes of the weed were removed, 
more than 51,000 tonnes were removed in 2012, and 
170,000 tonnes were removed in 2016. Thus, in ten years 
of control (2005–2015), up to €26,000,000 had been spent 
(Duarte, 2017). Despite this effort, scattered populations of 
water hyacinth had spread along 150 km of the river, just 
about reaching Portugal and alqueva, the largest Reservoir 
in Europe. Management had thus failed.

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. annual repetition is 
required to maintain control. The best time to carry out 
mechanical control efforts is during the cooler seasons when 
plant growth and reproduction is slowed (Julien, 2008).

reSourCeS required
The management cost to remove nearly 200,000 tonnes of 
water hyacinth was EUR 14,680,000 for 2005 to 2008 in 
the Guadiana river, Spain (for around 75 km of river) (Ruiz 
Tellez et al., 2008). it represented 65,723 working days 
and necessitated the use of crane trucks equipped with 
a grapple, backhoes with bucket, and 35 m boom cranes 
(Tellez et al., 2008b).

in Portugal, the management in the Municipality of agueda 
cost EUR 278,000 from December 2006 to May 2008, 
including the purchase of the mechanical harvester and its 
monthly running costs, as well as almost 1,800 labour hours. 
Three persons were employed for this purpose in 2006 and 
2007, and one during 2008 (Laranjeira and Nadais, 2008). 

For all activities from boats, personal floatation devices, skills 
in boat handling are mandatory for the safety of the operator.

Side effeCtS 
Environmental: Negative
Social: Positive
Economic: Positive

Environmental: Mechanical harvesters are not species 
specific and all plants are removed (Gettys et al., 2014). This 
might include other invasive aquatic plant species as well 
as native species. Thus this method needs to be carefully 
assessed before application in conservation areas.
Social: Positive side effects include removal of breeding 
grounds for hosts of parasitic diseases such as malaria 
and bilharzia (although not prevalent in Europe). Removal 
of pestiferous insects would be an advantage.
Economic: However, positive side effects include the use 
of the water body again for recreational, hydrological and 
other economic activities, provided the control programme 
is ongoing.

aCCePtaBility to StakeholderS
Acceptable. 
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 water hyacinth. correct disposal 
of the removed material is vital as mounds of rotting water 
hyacinth will create a negative perception.

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.

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 
water hyacinth growth rates (weekly doubling rates in the 
summer and under conditions of eutrophication (Penfound 
and Earl, 1948)); 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.

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

level of ConfidenCe1

Well established.
information comes from published material, or current 
practices based on expert experience applied in one of the 
EU countries or third countries with similar environmental, 
economic and social conditions.

1 See appendix
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MeaSure deSCriPtion
The erection of booms in conjunction with mechanical 
and manual removal, or chemical control (see below) may 
aid control of water hyacinth. The objective of erecting 
booms and fences is to contain the infestation in a smaller 
area, facilitating manual/mechanical removal or herbicide 
application (Jones, 2001) (as opposed to using booms 
as a measure for preventing secondary spread, which is 
discussed above).

Floating booms range in size and capacity. Small water 
hyacinth infestations 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, and 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 water hyacinth. They can be 
designed to accommodate rises and falls in water levels 
(such as 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.

Floating booms and containment fences are used to:
• contain infestations of water hyacinth 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 
(such as different herbicides, herbicide and biocontrol, 
mechanical removal and biocontrol) 

• keep certain areas water hyacinth free 
• separate and protect biocontrol release sites from 

disturbances and other control treatments 
• allow for monitoring of treatment efficacy 
• collect regrowth and leftover water hyacinth for further 

treatment or removal 
• prevent downstream spread (see ‘secondary spread’ 

section above)
• allow for early detection of new infestations.

SCale of aPPliCation
Booms can be used in any system where there are 2 anchor 
points across the water body. Therefore the width of the 
system would constrain the use.

Booms and containment fences. 

For example, in 1995, in an attempt to reduce the spread of 
water hyacinth seed and to make the chemical control cost-
effective, permanent cable booms (28 mm steel) were placed 
across the Mposa and Nseleni Rivers, and Lake Nsezi,South 
africa, at strategic points demarcated as management 
units (Nseleni River – 17.1 km, Mposa River – 4.9 km and 
the Nsezi Lake – 268 ha). The cables were placed in such a 
manner that they hung beneath the surface of the water, 
thereby catching the root system of the water hyacinth. 
Plastic buoys were used as flotation on the cables. Each 
permanent cable had a ‘weak link’ in it because previous 
experience showed that during floods, not only was there a 
vast volume of water, but that the cable anchors (trees) were 
unable to hold the weight of the water hyacinth that built up 
on the cables. in addition to the permanent cables across 
the river, temporary cables allowed the water hyacinth to 
back-up against them, which assisted the chemical control 
method (Jones, 2001). The water hyacinth infestation 
remained under control until 2014 when a change in 
management led to the abandonment of the control 
programme (R.W. Jones, Ezemvelo Wildlife, Pers. comm.).

in Spain, on the Guadiana River, a water hyacinth infestation 
was contained using 2 types of booms, within a 75 km 
stretch of the river. The first type, the Huelva-type barriers 
were placed diagonally across the channel. They were 
anchored to the banks, with 30-mm corrugated steel posts 
and welded rings secured by padlocks and steel cables. 
They consisted of elliptical cross-section floats, attached 
to a 40-cm deep wire mesh, with a weighted tether to 
ensure permanent submersion. The second type, Zaragoza-
type barriers were secured by two cast concrete blocks 
with anchor rings. Their cylindrical floater design provided 
containment at sites with a strong current. altogether, 
2,000 m of the first and 5,200 m of the second were used 
(Ruis-Tellez et al., 2008).

effeCtiveneSS of MeaSure 
Effective.
The installation of booms for integrated control (see section 
below) 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.

effort required
Booms and fences usually need to stay in place for the 
duration of the management effort (such as a number of 
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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. 

Side effeCtS 
Environmental: Neutral or mixed
Social: Neutral or mixed
Economic: Neutral or mixed
Environmental: Potential side effects of the installation 
of booms include build-up of material during floods, and 
knock on side effects. 
Social: Booms can form obstructions in waterbodies thus 
restricting recreational activities such as water-skiing and 
boating.
Economic: Build of material during floods could result 
in damage to infrastructure such as bridges, dam walls. 
However, positive side effects include the use of the water 
body again for recreational, hydrological and other economic 
activities, provided the control programme is ongoing.

aCCePtaBility to StakeholderS
Neutral or mixed. 
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 of 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 ConfidenCe1

Established but incomplete.
information comes from published data (for example Jones, 
2001; Ruiz-Tellez et al., 2008) in the grey literature and 
expert opinion, but booms have been used successfully 
in South africa (Jones, 2001) and Spain (Ruiz-Tellez et al., 
2008) as part of an integrated management approach 
(see below). 

1 See appendix

Pontederia crassipes [Eichhornia crassipes]. © Julie Coetzee 
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MeaSure deSCriPtion
chemical control relies on herbicides registered for use 
against water hyacinth. Water hyacinth is susceptible to 
herbicides such as 2,4-dichlorophenoxyacetic acid (2,4-D), 
diquat, paraquat, and glyphosate, which are the most widely 
used throughout the world. However, 2,4-D and paraquat 
are not permitted for water hyacinth control in South africa. 
Herbicides are usually applied using hand guns or booms 
from boats, including airboats and sometimes aircraft.

The objective of herbicidal control is to reduce small to very 
large water infestations in all types of water bodies through 
death of the plant as a result of herbicidal activity.

EU/national/local legislation on the use of plant protection 
products and biocides needs to be respected.

SCale of aPPliCation
Herbicides are used to control water hyacinth on various 
sized water bodies, with successful control often achieved 
in small, single-purpose water systems such as irrigation 
canals and dams of around 1 hectare in size (Wright and 
Purcell, 1995). although herbicide application has the 
advantage of being fast acting, effective control depends 
on a long-term commitment to follow-up applications for 
possibly 20 years or more, particularly in very large water 
bodies subject to flooding and water level fluctuations. 

Reasonably successful results were obtained in Mexico, 
where a combined chemical-mechanical programme, 
using the herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) 
and a mechanical harvester, was implemented to control 
water hyacinth on the Trigomil Dam (393 ha) in the 1990s 
(Gutiérrez et al., 1996). Similarly, in South africa, a severe 
water hyacinth infestation on the Hartebeespoort Dam 
(2,000 ha) was brought under control using the terbutryn 
herbicide clarosan 500FW in the late 1970s (ashton et al., 
1979). However, this was not a long term solution as the 
waterbody was reinfested with water hyacinth since the 
1980s and remains a problem today.

effeCtiveneSS of MeaSure
Neutral.
chemical control of water hyacinth has been successful in 
small contained systems, particularly in combination with 
mechanical control, where access is relatively easy. However, 
despite its apparent success, herbicidal control provides only 
short-term relief and, subsequently, must be regularly and 
frequently reapplied (center et al., 1999). 

Chemical control using herbicides.

The seeds of water hyacinth are long-lived, remaining viable 
for at least 15 years, and are therefore able to germinate 
and reinfest sites after exposure to light as a consequence 
of chemical removal of the plant. Reinfestation also occurs 
from any plants not killed during the herbicide operation. in 
addition, chemical control is neither practical nor affordable 
in large natural systems or in inaccessible areas.

effort required
There are no situations where a single application of 
herbicide will provide ongoing control of water hyacinth. 
initial treatments will always need to be followed up with 
further treatments. 

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. 

This is supported by research trials showing 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 (center et al., 
1999). The decaying biomass of sunken herbicide-treated 
plants 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. 
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. annual costs in 
the southern USa are estimated at USD 1000/ha (ca. EUR 
878) for glyphosate, and USD 2800–4000/ha (ca. EUR 
2,458–3,512) for 2,4-D (Gibbons et al., 1999).

in the USa, ongoing annual waterway water hyacinth control 
programmes using herbicides costs around 3 million USD 
per year in Florida, and USD 2 million (ca. EUR 1.75 million) 
in Louisiana. They have been going on for decades and will 
likely continue ad infinitum (Schmidz et al., 1993).
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Side effeCtS 
Environmental: Negative
Social: Negative
Economic: Positive
Environmental: most herbicides are not specific and 
therefore non-target effects on native plants occur. Rapid 
decay of sinking plant material can reduce dissolved oxygen 
in the water body, resulting in noxious smells, and non-target 
animal death. The effects of complete coverage of a water 
body by water hyacinth 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.
Social: Many water hyacinth-infested sites are used for 
potable water, washing, and fishing, and so the use of 
chemical sprays may contaminate these sites and threaten 
human health.
Economic: Positive effects of control allow the waterbody 
to be used again for economic activities ranging from water 
provisioning through to recreational activities.

aCCePtaBility to StakeholderS
Neutral or mixed. 
Depending on the herbicide used, water extraction for 
irrigation may be compromised. Water for human and animal 
consumption may also be affected. 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 water hyacinth following 
ecosystem recovery after chemical treatment. However, 
because the use of herbicides to control aquatic plants is 
prohibited in most European countries (Hussner et al., 2017), 
the acceptability of stakeholder and the public for the use 
of herbicides to control invasive aquatic plants is likely to 
be considered unacceptable.

additional CoSt inforMation
in general, the cost of chemical control is considered as 
low compared to mechanical control methods (Gettys et 
al., 2014). The costs of inaction must be considered as 
high, as water hyacinth is largely limited in Europe (except 
Portugal and Spain) and any kind of control will limit its 
future spread and impact.

level of ConfidenCe1

Well established.
information comes from published data (center et al., 
1999; Hill and Oickers, 2001; Hill and coetzee, 2008; Jones, 
2001) or expert opinion, but it is not legislated in Europe to 
guarantee that the results will be transposable.

1 See appendix
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MeaSure deSCriPtion
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.

Biological control of water hyacinth employs host specific 
control agents that disrupt the competitive balance 
between plant species, in favour of native species through 
plant damage caused by feeding. it is considered the 
most economical and sustainable method of control 
throughout the world where it has been implemented (van 
Wyk and van Wilgen, 2002). To date, biological control 
agents against water hyacinth have been released in 
at least 33 countries (Winston et al., 2014). The most 
successful control agents against the weed have been the 
weevils, neochetina bruchi Hustache and n. eichhorniae 
Warner (coleoptera: curculionidae), the moth niphograpta 
albiguttalis (Warren) (= sameodes albiguttalis (Warren)) 
(Lepidoptera: Pyralidae), and the mite, orthogalum 
anterebrantis Wallwork (acarina: Galumnidae) which have 
established throughout the world, wherever biological control 
against water hyacinth has been implemented (Winston et 
al., 2014). additional control agents include the mirids, 
Eccritotarsus catarinensis carvalho and E. eichhorniae Henry 
(Hemiptera: Miridae), the hopper, Megamelus scutellaris 
Berg (Hemiptera: Delphacidae), and the grasshopper, 
cornops aquaticum Bruner (Orthoptera: acrididae).

Biological control will not eradicate water hyacinth. control 
agents are able to reduce an infestation to very low levels, 
with small amounts of plants left growing along edges or 
in shaded areas (Hill and coetzee, 2017). Successful use 
of biocontrol allows a reduction in total control inputs (for 
example mechanical / chemical) over time. Other methods 
may still be required to maintain critical areas of open 
water or to keep the water hyacinth in a state that allows 
the control agents to be effective. 

it should be borne in mind that the release of 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.

SCale of aPPliCation
Biological control is successful across a range of scales, 
with one of the largest successes being the control on Lake 
Victoria in the late 1990s where the weed was reduced 

Biological control.

from over 20,000 ha to below 2,000 ha within five years 
(Wilson et al., 2007).

effeCtiveneSS of MeaSure
Effective.
in tropical countries biological control is considered to be the 
only method that offers economical and sustainable control 
of the weed (Harley et al., 1996). in temperate areas (for 
example Southern africa, the USa and china) acceptable 
levels of control have not been achieved through this method, 
or biological control is perceived to be too slow acting (Hill 
and Olckers, 2001). in tropical areas establishment of an 
efficient biological control of water hyacinth under ideal 
conditions can result in complete success in three to five 
years (Julien et al., 1999). Established populations of the 
control agent lead to sustainable control of the target 
species, but this method will not result in eradication of the 
weed, but should reduce surface area covered by 80–90% 
under the correct growing conditions (coetzee et al., 2011).

Eutrophication reduces the success of biological control, as 
well as cold winter temperatures (coetzee and Hill, 2012).

effort required
Biocontrol does not produce instant effects. agents 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, agents usually reduce an infestation in 3–5 years, 
sometimes less. in temperate climates, it can take 5 or more 
years for agent populations to increase enough to reduce 
an infestation. augmentive releases in the spring time can 
help build up agent populations artificially to mitigate the 
effects of cold winter temperatures.

reSourCeS required
Resources required for an effective biological control 
programme against water hyacinth largely include the costs 
of setting up, identification and testing of agents including 
risk assessments, and maintaining mass-rearing facilities 
(van Wyk and van Wilgen, 2002). These include greenhouse 
poly tunnels, large pools, such as plastic portable pools, for 
growing the plants and maintaining the agent cultures, and 
then staff and expertise to manage the facility. Once the 
control agents are released into a system, there are very 
few ongoing costs because with time, agent populations 
build up, and often do not require re-inoculation, except 
after cold winters (coetzee et al., 2011). They are also very 
good dispersers, so if there are infested sites nearby, the 
agents often get to them unaided.
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1 See appendix

Side effeCtS 
Environmental: Neutral or mixed
Social: Neutral or mixed
Economic: Positive
Environmental: There are no documented non-target 
impacts of biological control agents used for water 
hyacinth, due to the rigorous host-specificity requirements 
of biological control programmes.
Social effects: Positives effects include removal of breeding 
grounds for hosts of parasitic diseases such as malaria and 
bilharzia (although not prevalent in Europe). Removal of 
pestiferous insects would be an advantage.
Economic: Positive side effects include the use of the water 
body again for recreational, hydrological and other economic 
activities (Fraser et al., 2016; arp et al., 2017).

aCCePtaBility to StakeholderS
Neutral or mixed. 
Using biological control agents might have a high 
acceptability, as no non-target effects on native plants 
will occur. 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
a benefit: cost ratio of 34:1 for biological control of water 
hyacinth has been estimated in the southern USa (Wainger 
et al., 2018). a much higher cost-benefit ratio was achieved 
for the biological-control programme in southern Benin, 
due to the direct economic effects on the local people. at 
its peak of infestation, water hyacinth reduced the annual 
income of approximately 200,000 people by about USD 85 
million (ca. EUR 74.6 million), compared with the total cost 
of the control programme of about USD 2 million (ca. EUR 
1.75 million) (in 1999 USD accrued at 6% p.a., for a total 
duration of 20 years), yielding a benefit: cost ratio of 124:1 
(De Groote et al., 2003).

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 ConfidenCe1

Established but incomplete.
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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MeaSure deSCriPtion
integrated control uses a combination of the control 
strategies mentioned above to put greater pressure on 
the weed, or to treat the weed according to the conditions 
in different stages of an infestation. in most cases, 
managers will have to consider each control method 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 (such as 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.

integrated control and adaptive management.

SCale of aPPliCation
integrated control is applied at all scales depending on the 
size of the infestation, and the combination of methods 
used. integrated control has not worked in some areas, such 
as Florida in the USa (center et al., 1999) and some areas of 
South africa (Byrne et al., 2010). However, there is evidence 
to show that when carefully planned and implemented 
over a long-period of time, entire rivers can be controlled 
using integrated management (for example Nseleni River, 
South africa (Jones, 2001). ironically, this last site has now 
reverted back to a water hyacinth dominated situation due 
to funding cuts.

effeCtiveneSS of MeaSure
Effective.
integrated control has been effective in a number of cases, 
and the following combinations are most successful:

Pontederia crassipes [Eichhornia crassipes]. © Wolfgang Rabitsch
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1 See appendix

–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 
broad scale herbicide treatments.

–Herbicide strip treatments or small-scale mechanical 
removal can assist biocontrol by maintaining ideal control 
agent habitat.

–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
See the separate measure sections above. 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 to achieve effective control, but the 
long term benefits of biological control, and the cost 
effectiveness often outweigh those of a herbicide approach.

reSourCeS required
See the separate measure sections above. it 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.

Side effeCtS 
Environmental: Positive
Social: Positive

Economic: Positive
See sections above.

aCCePtaBility to StakeholderS
Acceptable.
integrated control is likely to be the most 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.

additional CoSt inforMation
The cost of inaction far outweighs the cost of any control 
method. The socioeconomic benefits associated with a 
functional aquatic ecosystem are enhanced by the best 
combination of control methods for the system. although 
no complete cost-benefit analysis of water hyacinth control 
in South africa has been undertaken, van Wyk and van 
Wilgen (2002) compared the costs of controlling water 
hyacinth under herbicide application, biological control, 
and integrated control. The most expensive method was 
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Level of confidence provides an overall assessment of the confidence that can be applied to the information provided 
for the measure. 

•	 Well established: comprehensive meta-analysis1 or other synthesis or multiple independent studies that agree. 

•	 Established but incomplete: general agreement although only a limited number of studies exist but no 
comprehensive synthesis and/or the studies that exist imprecisely address the question. 

•	 Unresolved: multiple independent studies exist but conclusions do not agree. 

•	 Inconclusive: limited evidence, recognising major knowledge gaps. 
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