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Abstract 

Invasive alien species are the second biggest threat to global biodiversity. Biodiversity loss 

results in loss of ecosystem functions and resilience. Freshwater ecosystems are more 

sensitive to invasions; therefore, their biodiversity is decreasing at a much faster rate in 

comparison to terrestrial ones. This thesis focuses on one of three invasive alien aquatic plants 

present in Sweden: Nymphoides peltata, a sediment-rooted, floating-leaved plant originating 

from middle Europe and Asia. Since the early 1980’s N. peltata has been present in Lake 

Galten, the most western part of Mälaren. The current eradication work is carried out by light 

depletion through floating frames that shade the N. peltata colony. The aim of this work was 

to evaluate the efficiency of this method by assessing eventual recolonization of N. peltata in 

eradicated sites and suggesting possible improvements. Information and data were collected 

by reviewing existing literature on invasive species eradication as well as conducting 

interviews with experts followed by field observations in Munkhammar bay of Lake Galten. 

The choice of floating frames as the main eradication method has been proven valid since it 

counters N. peltata clonal growth and fragmentation capacity. Despite a reduction by 1.7% of 

total N. peltata coverage from 2019 to 2020, correlated with the increase in frame coverage, 

field observations showed that recolonization is happening. Suggested improvements are the 

use of frames as spreading barrier, to reduce clonal growth and fragmentation of large 

colonies, together with introducing a free-floating fiber sheet to properly seal the gap between 

shoreline and frames. A proactive covering of vulnerable shores with fiber sheet is also 

recommended. However, the lack of a coordinated national action plan and laws’ inadequacy 

weakens the possibility of a successful eradication. Tempestive adjustments of current 

legislations are needed since climate change will allow N. peltata to spread further north and 

produce viable seeds. 
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1 Introduction 

1.1 Biodiversity loss and freshwaters invasion 

Anthropogenic environmental changes have many different effects such as ocean acidification, 

eutrophication, chemical pollution, etc., but the biggest impacts are on climate change and 

biodiversity loss (Rockström et al., 2009). This trend is because the different anthropogenic drivers 

not only create unbalance in the specific environmental feature they are affecting, but also cause 

intermediate changes in biodiversity, which results in ecosystem malfunctioning and collapse 

(Hautier et al., 2015). Biodiversity is crucial for stability and resilience since a more diverse 

community has compensatory dynamics, which help to reduce fluctuations, they contain key 

species, organisms that cover essential role in the community, and a broader selection of functional 

traits, covered by different organisms, increasing total resources capture, resulting in healthier and 

more stable ecosystem functions (Cardinale et al., 2012). Additionally, biodiversity is beneficial for 

humans, since ecosystem functions often result in ecosystem services, which are the services that an 

ecosystem can provide to society (Cardinale et al., 2012).  

Global biodiversity loss has many different drivers, but two are “major threats”: habitat loss and 

invasion (García-Berthou et al., 2005). Habitat loss and fragmentation come along with landscape 

modification due to changes in land use, and data show that in 1990 more than half of several 

ecosystems have been converted. The damages created by habitat loss and fragmentation are not 

immediately visible, they cause a gradual species decline and extinction (Hanski, 2011). Invasive 

species are a global concern which not only threatens biodiversity, but even ecosystem functioning 

and human health. Already Darwin, emphasized how powerful and destructive a single introduced 

species can be (Ricciardi, 2013). A relevant example could be the introduction of the Nile perch 

(Lates niloticus) in Lake Victoria, which led to the extinction of almost 200 species of 

haplochromine cichlids (Gherardi, 2007). Plant invasions are a major threat to global biodiversity 

and a significant component of anthropogenic environmental change (van der Wal et al., 2008). 

Yet, most of the studies about non-indigenous species (NIS) have been conducted on animals (76%) 

rather than on plants (20%) (Gherardi, 2007). Therefore, in this study the focus will be on plants, 

especially aquatic plants, since they are primary producers, the critical base of, almost, every food 

web, by supporting, structuring, and regulating their ecosystem, and therefore being a key point of 

ecosystem’s health and stability (Hussner et al., 2017).  

1.2 Invasive process and important traits 

A biological invasion happens when a species is brought, accidentally or intentionally, outside of its 

native range (Larson, 2007a), but this is not enough to classify it as invasive; it is thus rather called 

non-indigenous, alien, or exotic (Ricciardi, 2012). Before becoming invasive, a plant needs to pass 

different stages in the invasion process that, as shown in Figure 1, has three steps: 

1. Introduction 

2. Establishment 

3. Invasion 
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Figure 1 The different steps of the invasion process. Adapted from Larson (2007a) 

It is important to differentiate between imported and introduced since the first term only refers to a 

plant that has been brought inside a region or a country (like in gardens, parks, agriculture), whereas 

we refer to a plant as introduced when it escapes from those contained areas and it can be found in 

the wild (Williamson and Fitter, 1996). The introduction is the step with the strongest human 

influence, since it is (mostly) thanks to humans that a plant manages to reach an area outside of the 

native range (Larson, 2007a). An introduced plant is then considered established if it manages to 

create a self-sustaining population in the wild (Williamson & Fitter, 1996). This means that it needs 

to tolerate the environmental conditions (mainly climate and water chemistry) of the new area and 

be able to reproduce (Larson, 2007a). A crucial factor for a successful establishment has been found 

to be “propagules pressure”, which represents the number of individuals released in an area and the 

number of releases. Propagule’s pressure is determinant since a bigger population can cope better 

with environmental and demographic stochasticity because of higher genetic variation (Lockwood 

et al., 2005). A sufficient number of seedlings and the ability to be better seedling competitors is 

what allows non-indigenous species to overthrow the native plant community and establish (Levine 

et al., 2004). But an established non-indigenous species population needs to break some more 

barriers to be classified as invasive, which practically consist of spreading aggressively and quickly 

to new areas, heavily affecting and altering the surrounding environment (Ricciardi, 2012), by, for 

example, dominating it (Gherardi, 2007).  

Longer flowering time is a trait that differentiates invasive species from the naturalized ones, and it 

can lead to higher propagules pressure, facilitating the transit of an established non-indigenous 

species into an invasive species (Gallagher et al., 2015). This is true also for aquatic plants, 

although the propagules generation differs from land plants, since some aquatic plants barely 

produce any seeds, for example, Myriophyllum aquaticum (parrot feather watermilfoil in English; 

storslinga in Swedish). Vegetative propagules (propagules produced asexually) are a shared trait 

among all water plants and the main way of dispersal. Vegetative propagules are generated either 

through autofragmentation (induced by the plant itself) or allofragmentation (induced by 

disturbances). Basically, every part of a plant can become a fragment (from the shoot to the roots); 

however, it is believed that fragments from the shoot are the most common and relevant one 

(Heidbüchel and Hussner, 2019). Therefore, high fragmentation ability is an important 

predisposition to invasiveness. Buoyancy and desiccation tolerance are two factors influencing the 
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viability and success of the establishment of plants’ fragments since buoyancy determines how far 

fragments can travel inside a waterbody and how easily they can sink to start rooting, whereas 

tolerance to desiccation determines fragments viability outside of the water (Hussner et al., 2021).  

Clonal growth is another trait that can promote invasiveness, especially for, but not limited to, 

sediment-rooted plants. Since all the clonal individuals of the colony are connected, they can share 

nutrients, allowing them to grow in an unfavorable environment, where nutrients and light are 

scarce, or not at an optimal level (Hussner et al., 2021). 

1.2.1 The role of the recipient environment 

Since different areas are invaded by non-indigenous species at a different ratio and scale, interest 

has been posed on singular environments, to see if specific biotic and abiotic factors can influence 

the invasibility of a community (Larson, 2007a). Invasibility can be seen as an ecosystem’s 

characteristic affected by climate, mortality of alien species, properties of native species, 

ecosystem’s resistance, and level of disturbance (Lonsdale, 1999). Disturbance is seen as an abiotic 

factor with high importance in determining invasibility (Davis et al., 2000), mainly because highly 

disturbed, both naturally and anthropogenically, environments are considered more vulnerable to 

invasion (Ricciardi, 2012; Müller & Okada, 1998). The relevant role of disturbance in the invasion 

process can be explained through the theory of fluctuating resource availability. This theory states 

that the community’s sensitivity to invasion increases when there is an increase in unused resources 

(light, water, nutrients) because there will be an unbalance between what is available and what the 

native flora can use, leaving space and nutrients for invaders, which usually are fast growers, 

therefore well suited for growing in an environment that releases high resources for a short period. 

Disturbed environments have often this kind of dynamics, with high fluctuations of resources 

through time (Davis et al., 2000).  

The invasibility of an ecosystem is also determined by what is described, and recognized, as biotic 

resistance. This property is built on different components of the ecosystem’s community, like the 

effect of native species on aliens, herbivory, and pathogens (Levine et al., 2004). The first to 

explore this subject was Charles Sutherland Elton, with his book The ecology of invasions by 

animals and plants (1958). Elton’s work was mainly trying to explain the resistance of certain 

communities to invasion based on their diversity. He thought that communities with a higher 

diversity were able to “resist” invasions much better than diversity-poor ones, due to high 

competition for resources. His “diversity-stability” was based on the ecological niche concept, and 

that more diverse communities had fewer “open niches”, therefore less likely to be invaded 

(Richardson and Pyšek, 2007). A single species is unable to use all resources and unused resources 

facilitate invasions, therefore suggesting that heterogenic communities are more resistant than 

monocultures (Fridley et al., 2007). Despite this knowledge, the accuracy of the “diversity-stability” 

theory has often been questioned in the last decades. Data analyses show that more diverse 

communities are also, often, those with higher numbers of exotic species, or a positive native-exotic 

richness relationship (NERR), leading to what is known as “the invasion paradox” (Friedly et al., 

2007).  

Connected to biotic resistance there is the enemy release theory, which states that invaders 

experience lower competition/predation due to the lack of plant competitors, the absence of a 

specific herbivore or pathogen, compared to the native environment. Without these constraints, the 

exotic plant can increase the population size completely unregulated, since it does not need to care 

about investing energy in defense mechanisms, but only reproducing and expanding (Ricciardi, 

2012). 
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1.3 Impact of invasive plants on freshwater communities and ecosystems 

Plants impact their surroundings differently than animals, since the only way they influence the 

environment is through resource acquisition and growth (Ehrenfeld, 2010). Usually, invasive 

aquatic plants tend to grow in dense colonies (Champion and Clayton, 2000), creating an increase in 

biomass, which can result in high nutrient redistribution from the sediment into the water column, 

and vice versa, changing natural nutrient fluxes (Ehrenfeld, 2010). This happens, for example, when 

a dense colony dies, leaving a lot of degradable organic material, which can lead to oxygen 

depletion on the bottom of the waterbody, followed by reduction of iron from ferric (Fe3+) to 

ferrous (Fe2+), which is no longer able to bind the phosphorous from the sediment which is released 

in the water column, known as internal loading (Hallstan, 2005). Oxygen depletion can also be 

harmful to benthic fauna. Phosphorus reallocation can also happen if the invasive plant transfers P 

from the sediment to the leaves. Canadian waterweed (Elodea canadensis) could be a good 

example, since it is known to have an enhanced phosphorous uptake from the sediment, acting as a 

nutrient sink. However, the phosphorous is released into the water column when the plant dies, 

creating a great P reallocation (Spicer and Catling, 1988) and enhancing eutrophication, since 

increased nutrients will promote algal blooms, creating higher sedimentation and hypoxia (Snoeijs-

Leijonmalm & Andrén, 2017). Additionally, changes in sedimentation can result in altered 

hydrology and geomorphology (Ehrenfeld, 2010).  

The dangers of invasions are not only environmental, non-indigenous species creates a threat also 

on the genetic level. Hybridization of exotic plants with native ones could compromise the endemic 

gene pool (Gherardi, 2007), making future adaptation more difficult. Additionally, non-indigenous 

species can become “evolutionary traps”, which means that they lead native organisms to non-

adaptive behavior. A hypothetical example could be that a native fish starts to lay eggs on an exotic 

plant with similar characteristics to a native one. This plant could be toxic or not an equally good 

shelter as the native one, therefore leading to a non-adapting behavior, which can result in 

decreasing fitness and therefore “trapping” the fish species in a negative spiral (Schlaepfer et al., 

2005). 

Although the kind of impacts that invasive aquatic plants can have on an ecosystem is known to 

some extent, it is hard to tell what the exact outcome of an invasion would be, since it depends on 

the characteristics of the environment (like chemical and physical properties, level of disturbance 

and degradation prior to the invasion), of the invaders (growth form, environmental requirements), 

and, especially, on the interactions between the two (Hussner et al., 2017). 

1.4 Plant invasion in Swedish freshwaters 

Until recently, Sweden and other regions in the boreal zone have experienced a lower invasion rate 

by exotic plants than other world’s regions. This is mainly due to the harsh conditions, especially in 

terms of light and temperature, found in boreal biomes (Tattersdill et al., 2017). In the future it is 

likely that higher temperatures and milder winters, because of climate change, will make Sweden 

easily invadable for non-indigenous species (Hallstan, 2005). Around 30 non-indigenous species are 

present in Swedish waters, but only three have spread intensively and created problems for water 

systems (Table 1): Elodea canadensis, Elodea nuttallii, and Nymphoides peltata (Larson and 

Willén, 2006a).  
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Table 1. Invasive alien aquatic plants in Sweden 

 

Although not a “pure” non-indigenous species, since it is native to the south of Sweden, a fourth 

example can be Glyceria maxima being brought outside its natural range and planted all over 

Sweden as cattle forage, growing in dense colonies in shallow water, posing a major problem to 

biodiversity (Hallstan, 2005).  

Most of the effort in eradication has been set on N. peltata, mainly because E.canadensis and 

E.nuttalii are submerged species, making eradication work harder, especially considering the fact 

that by trying to remove these submerged macrophytes there is the risk of favoring their spreading. 

The most common eradication methods used in Sweden have been mowing, manual removal, 

sunlight removal by covering the surface and bottom covering with straw. However, follow-ups are 

often inexistent, and therefore it has been difficult to list which methods work best for each plant 

species and water system (Kyrkander and Örnborg, 2010). 

1.5 Nymphoides peltata 

Nymphoides peltata is a floating-leaved aquatic plant, belonging to the Menyanthaceae family. It is 

perennial and bottom rooted through rhizome and creeping stolons that grow parallel to the 

substratum. Under Swedish climate conditions, N. peltata is dormant from December until May. 

During this period all the biomass is in the sediment, in form of roots and rhizome. In May the 

growing season starts, with stems and stolons as the first to grow. Yellow flowers develop in late 

June to August, which is also the month where total biomass of the plant reaches its maximum 

(Nolbrant, 2010; figure 2). From one growing season to the next, a colony of N. peltata can increase 

its radius by several meters (Larson and Willén, 2006b).  

Figure 2 Individual of Nymphoides peltata. August 2020. Photo: Jonas Beretta-Piccoli 
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The genus Nymphoides includes around 40 species, spread over several different tropical-

subtropical environments (Darbyshire & Francis, 2008); however, N. peltata is the only species 

with its native range located in a relatively cold temperate climate. It is native to central, south, and 

west Europe, north and west Asia, Kashmir, Himalaya, Japan, India, and north China (van der 

Velde et al., 1979; Darbyshire & Francis, 2008), which makes its distribution almost global. 

N. peltata has a strong affiliation to static, slow-moving, shallow waters. It is usually found in bays, 

ponds, ditches, and along rivers, especially in backwaters, where water depth varies from 1.5 up to a 

maximum of 4 meters (van der Velde et al., 1979). It thrives in eutrophic, alkaline waters where the 

sediment is formed by sand and clay with the presence of organic matter. The preference for 

alkaline water is due to higher dissolved calcium availability, which is required for leaf 

development (van der Velde et al., 1986). Alkalinity is an important abiotic constrain for N. peltata 

since its distribution is restricted to well-buffered waterbodies with high calcium-bicarbonate 

concentration. The plant requires an alkalinity of at least 2 meq l-1, with the highest probability of 

occurrence at 3.76 meq l-1 (Smits et al., 1988). It also needs much light and a good level of oxygen 

to germinate, together with water thermal stratification. Temperature also influence N. peltata 

distribution; in fact, the northern limit coincides with the 16°C July isotherm, and the plant is 

known for not tolerating particularly cold winters. Two different varieties may exist in Europe; a 

west European sub-oceanic type and a Siberian continental type (van der Velde et al., 1979).  

N. peltata can reproduce both sexually and vegetatively. Since N. peltata is a distylous plant, 

meaning that flowers have two different morphological types (morphs), sexual reproduction 

happens through both pollination of two different morphs and self-pollination, although seeds 

originating from self-pollination are not as viable (Larson, 2007b). Up to several thousand seeds 

can be produced by m2 (Brock, 1985). However, N. peltata highly relies on vegetative reproduction, 

since colonies of genetically identical individuals are common (Larson, 2007b). Especially under 

Swedish climate conditions, vegetative reproduction is the dominant strategy (Larson and Willén, 

2006b). Vegetative reproduction happens either via germination of vegetative fragments or through 

clonal growth via stolons, which is especially useful for the plant to rapidly spread locally after it 

establishes. Fragments are often produced by unanchored stolons that break off, but basically every 

part of the plant can generate viable fragments (Larson, 2007b). 

Figure 3 shows a schematic representation of the vegetative reproduction via stolons. The plant has 

two kinds of stolons: long ones (long shoot), which can be up to 3 meters, and short ones (short 

shoots). The difference between long and short shoots is the length of the internodes (Van der Velde 

et al., 1979) and that long shoots are green and can perform photosynthesis, which is especially 

useful at the beginning of the growing season, when not that many leaves are available for 

photosynthesis (Darbyshire and Francis, 2008). From the nodes of long stolons, adventitious roots 

develop, together with one leaf per node. Next to the leaf, either a flowering stem originates that 

grows up to the water surface or a short stolon, which is whitish in color and anchored to the bottom 

by roots. The short stolon gives rise from 2 to 5 leaves. From the axil, the angle between a leaf stem 

and the short shoot, a long shoot can originate. This sequence can be repeated infinitely (van der 

Velde et al., 1979). How long the stems and petioles (which connect the leaves to the stem) become 

depends on the water depth.  

The leafs can be defined as heart-shaped, with a variable diameter of 3-15 cm and a wavy margin. 

They are usually green on the upper layer and green-purple underneath. The flowers are developed  
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in bundles of 2-5 and each of them has five fringed bright yellow petals (Darbyshire & Francis, 

2008). 

 

1.5.1 N. peltata as an invasive species 

N. peltata has been intensively spread outside its natural range and considered invasive in most of 

the areas where it has been introduced. It is considered invasive in North America where it was 

introduced in the late 19th century and has kept on spreading across the United States and Canada. It 

has been recorded in New Zealand in 1988 (CABI, 2019). Despite being a native plant to a large 

part of Europe, it is recorded as non-native in Ireland, Norway, Denmark, and Sweden. In Denmark, 

it is known only to a few places, but it is considered as “in expansion” and Norway only has one 

established site (Nellbring, 2016). In Ireland it is not reported as well established since it is present 

only in few places. However, due to its intense and dense growth, and the availability of suitable 

habitat for colonization, it is considered a “high risk” invasive species (Millane and Caffrey, 2014). 

In Sweden, on the other hand, N. peltata is present in the wild in 33 lakes and 10 watercourses and 

is considered invasive and a threat to freshwater ecosystems and biodiversity (Larson and Willén, 

2006a; Nellbring, 2016).  

Additionally, N. peltata shows a competitive advantage in disturbed environments (Eriksson, 2005).  

While being considered an invasive species in many places, N. peltata is a threatened native species 

in Japan, due to anthropogenic caused habitat loss (Nishihiro et al., 2009). This interesting fact 

shows us how a plant changes its status depending on the region we are focusing on. 

1.5.2 Invasion history in Sweden of N. peltata 

N. peltata was brought to Sweden as an ornamental plant for dams and ponds. The first record is 

from the end of the 18th century, more precisely in 1870 in Billinge, a small town of Skåne, in the 

south of Sweden. The first population in the wild was also recorded in Skåne from Lake 

Snogeholmssjön in1888 (Nellbring, 2016).  

Today, the water system that includes the River Mörrum (Mörrumsån) and the Lake Åsnen, situated 

in Kronoberg County in the south of Sweden, is most affected by the species. During an inventory 

in 2007, large populations of N. peltata were found. The colonies are situated at two sites of the 

water system: Lake Åsnen, where almost 2000m2 are covered by N. peltata. The other one in 

Mörrumsån at the outlet of Lake Åsnen, with around 50 colonies distributed on a 5.5 km long river 

section. At both sites, the original plant source was deliberately introduced close to a private dock, 

sometimes in early 1990 (Nolbrant, 2010). Skåne hosts, in total, 11 sites where N. peltata is present 

(Nellbring, 2016). N. peltata has also been found in the region of Bohuslän and in the counties of 

Figure 3 Schematic picture showing the vegetative reproduction mechanism of N. peltata using stolon 
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Värmland and Västergötland as well as in the water system around Finspång, including lake Glan, 

outside Norrköping (Nellbring, 2016). 

Together with the sites in the south of Sweden, another region of interest for N. peltata introduction 

and invasion is Bergslagen, situated in the middle of Sweden. In early 1920, N. peltata was 

introduced in some lakes to improve fishing. The suggestion came from a commissary of fishery 

who believed that the dense mats formed by N. peltata would provide an ideal shelter for fish 

juveniles. In 1933 a single plant individual was introduced in Lake Väringen, a small lake north of 

Örebro, and by 1940 it had already spread to a big part of the lake, showing its strong invasive 

character, and becoming a problem for boats. In the 1980s, eradication attempts by mowing were 

done, but this just helped the plant to spread even further since the mowed plants simply got 

transported downstream and Lake Väringen eventually became the source from where N. peltata 

started to disperse via its outlet stream to establish colonies and invade along the River Arbogaån. 

Since the River Arbogaån is a tributary of Lake Mälaren, this explains how N. peltata has managed 

to get all the way to the western part of the large Lake Mälaren and establish along the shore outside 

Kungsör, which is part of lake basin Galten, during the 1980s (Larson and Willén, 2006a).  

 

Figure 4 Map of Mälaren. Light blue colored part shows Galten. Source: https://viss.lansstyrelsen.se/ 

As possible to see in Figure 4, Galten is the westernmost part of Lake Mälaren and it is where some 

of Mälaren’s largest inflows (River Arbogaån, Hedströmmen and Kolbäcksån) discharge their water 

(Eriksson, 2005; Wikipedia, 2018). Larson & Willén (2006), wrote that due to the slow-spreading 

and establishing rate of N. peltata in Lake Väringen, there was no need to take hasty measurements 

in Galten, but rather do systematical research on the best methods. However, in the same period, 

Eriksson (2005) investigated the possible future spreading on N. peltata in Galten, using a model 

based on Lake Väringen. The author concluded that the model predicted up to 15% of Galten’s free 

water could be colonized by fringed waterlily in the future. Additionally, Galten is a highly 

disturbed environment, especially due to boating, with eutrophic shallow waters, making it a very 

vulnerable and suitable site for N. peltata. This shows that, although it is crucial to gain knowledge 

on the best eradication methods, prompt action is mandatory. The result from the inventory on N. 

peltata in western Lake Mälaren done in 2019 by Ecocom (Stenmark et al., 2020) reported that out 

of the 18000 hectares of analyzed area 10.88 hectares were invaded, at 14 locations, with a total of 

83 colonies. Although the method was different from the inventory in 2017 (Sandsten et al., 2017), 
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an increase of 180% in the number of colonies has been recorded, showing that N. peltata thrive in 

Galten and is increasing its area distribution, supporting the need for proper management and 

eradication. 

1.5.3 Problems caused by N. peltata in Sweden 

The clonal growth of N. peltata creates large and dense colonies (Larson, 2007b) that block the 

sunlight causing light depletion on the bottom, affecting submerged vegetation by reducing their 

growth (Larson, 2007c). Additionally, dense colonies will generate relevant amount of organic 

matter when the plant dies or go in hibernation, which increases sedimentation and, through their 

breakdown by microbes, bottom oxygen depletion (Smålander & Olsson, 2020a). The intense and 

rapid vegetative reproduction make N. peltata very competitive, making it a danger for native 

nymphaeids like Nuphar lutea and Nymphaea alba (Eriksson, 2005). N. peltata can thus cause an 

ecological displacement of the macrophyte community (Darbyshire and Francis, 2008) which can 

result in ecosystem’s collapse (Hussner et al., 2017).  

As reported previously, N. peltata thrives in eutrophic waters. Moreover, this plant enhances 

eutrophication by nutrient reallocation. N. peltata is rooted in the sediment, which is also from 

where it takes up nutrient like nitrogen (N) and phosphorous (P). The nutrients come from the upper 

layer of the sediment and are stored in the plant tissue, with a net translocation of nutrients from 

underground plant structures to above-ground ones (Brock et al, 1983). Because of this net transfer 

of absorbed nutrients to above-ground parts of the plant, when N. peltata is broken down, the 

accumulated N and P are released in the water column, creating nutrient reallocation that increases 

eutrophication (Smålander & Olsson, 2020a). Moreover, the nutrients released from the plant’s 

breakdown stimulates the development of microorganisms, both of those in the water column as 

those attached to substrate, which results in enhanced bottom oxygen depletion (Brock et al., 1983). 

From an anthropogenic point of view, dense mats of N. peltata cause a problem for activities like 

boating and fishing. Additionally, these activities could also help the plant to spread, since plant’s 

fragments can get stuck in the propeller (Larson and Willén, 2006) 

The purpose of this thesis is to explore eradication methods that have been used against N.peltata  

around the globe, with the main focus on the eradication work done in Lake Mälaren, more 

specifically in Munkhammar bay (Munkhammarsviken), to understand which are the most valuable 

solutions. By assessing eventual recolonization of sites where N. peltata has been eradicated, 

efficiency of the current eradication method used in Lake Mälaren will be evaluated and possible 

improvements will be suggested.   
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2 Materials and Methods 

2.1 Interviews about eradication methods for N. peltata 

Reports about eradication methods of N. peltata from Sweden and other countries were used for the 

review, in combination with scientific articles and interviews to find out which methods have been 

used to eradicate N. peltata, if the eradication was successful and what should be prioritized when 

planning an eradication. Questions asked are listed below. This list is a simplified version of the 

questions, the extended interviews can be found in Appendix A, B and C. 

● “When was N.peltata first detected?” 

● “Which eradication methods have been used/tried?” 

● “When did the eradication work start?” 

● “Have you considered trying other approaches?” 

● “How is the current situation?” 

● “How would it be possible to fight N. peltata in flowing waters?” 

● “What to prioritize for a successful eradication?” 

All the interviews were done via Zoom, except for the one with Tomas Schön, from Örebro 

Länsstyrelse, which was done with a normal phone call. The interviews lasted between 20 minutes 

and 1 hour. For the interviews, I contacted Paul Champion for information about N. peltata in New 

Zealand (see Appendix A), Robert J. Richardson for the work with N. peltata done in North 

Carolina (see Appendix B), and Christina Schyberg for the eradication work of N. peltata in Lake 

Mälaren (see Appendix C). The interviews with Paul Champion and Robert J. Richardson were 

conducted in English, whereas the ones with Christina Schyberg and Tomas Schön were in 

Swedish. I recorded the interviews using a cell phone, except for the one with Tomas Schön, and 

subsequently transcribed them using the website “oTranscribe”. I also had contact via email with 

the National Biodiversity Data Center of Ireland, which send me a useful report that was not 

available online. 

2.2 Field study in Lake Mälaren 

The field study took place in Munkhammar bay (Munkhammarsvik) in Kvicksund, in total I 

conducted four days of fieldwork, three in May/June and one in August. The purpose of the 

fieldwork was to directly see how the eradication of N. peltata is carried out in Mälaren and to 

check if N. peltata is recolonizing areas from where it has been eradicated. 

May 13th, 28th and June 3rd 2020 I was out on the field with workers from Eskilstuna municipality, 

which is responsible for eradicate N. peltata colonies in Munkhammar bay and other sites around 

Kvicksund. Observations on how new shading frames were built and set on place and marking with 

GPS of the sites where they would remove old frames were done. Sites with recently removed 

frames were trevisited in August 2020 to check for possible recolonization of N. peltata. The GPS 

measurements were taken with Garmin Oregon 550t. Figure 5 shows the sites that were marked in 
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June and checked in August (red numbers), together with the area that was covered by frames 

(yellow lines). Photo documentations were done in Munkhammar bay by a mobile phone camera. 

With the help of Joel Segersten, a macrophyte expert from the Department of Aquatic Sciences and 

Assessment at SLU, I revisited the sites marked with the GPS on August 5th 2020. We performed a 

qualitative analysis, since I was interested in knowing if recolonization was happening or not, and 

not on how many individuals were present or at which rate the recolonization is happening. 

Therefore, to collect the data, we drove the boat to the marked sites and looked if there were any N. 

peltata present in the area. Presence of other aquatic plants were also noted. Photo documentations 

were done using a mobile phone camera.  

  

Figure 5 Map showing Munkhammar bay and the points marked with the GPS (red numbers) and the area covered by 

frames (yellow lines). Source: https://www.google.se/maps 
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3 Results 

3.1 Review results 

3.1.1 Planning an eradication program 

Creating the right management or eradication program is a complex task since many factors need to 

be considered. Before proceeding it could be opportune to elucidate the difference between 

“managing” an invasive species and “eradicating” it. The first term has as a goal the maintenance of 

invasive plant populations to acceptably low levels, whereas the second aims at the total elimination 

of the species from a specific area (Simberloff, 2021). Therefore, the first step relies on identifying 

the goal that wants to be achieved (Simberloff, 2014), might this be containment of the invasive 

species, reduction in population number, or eradication (Hussner et al., 2017). 

Once the goal is set, the complexity in creating an appropriate action plan resides in having a 

comprehensive knowledge of the biological traits of the invader and the environmental features of 

the invaded habitat (Hussner et al., 2017). Therefore, identifying the invasive plant and its impacts 

accurately is a fundamental step because a single biological trait or environmental feature could 

lead to a whole different strategy (Bellaud, 2014). Of particular importance is information about the 

impacts the invasive plant can have on the ecosystem, how big the invading population is, and its 

geographic location. Growth form, dispersal’s ways, and reproduction strategies, which includes the 

ability of different plant fragment to germinate, timing and development of seeds and eventual 

storage/overwintering organs, are also essential knowledge to a successful action plan. The possible 

intervention also strongly depends on the waterbody’s characteristics, like flow regime, sediment 

composition, and accessibility for treatments (Hussner et al., 2017). For conservation and 

restoration purposes, it is also important to know how if it is possible to manipulate the invaded 

environment to promote native macrophyte species survival and regrowth (Hofstra et al., 2020). 

Therefore, it is important to assess the composition of the native plant community to understand the 

possible impacts and consequences of management on it (Hussner et al., 2017) and the eventual 

presence of a viable seed bank a relevant factor in promoting re-establishment of native plants in 

disturbed environments (de Winton et al., 2000). Assessing these parameters should be combined 

with assessing the likelihood of reinvasion, a determinant factor for eradication success (Simberloff, 

2014). 

Although awareness and development of better eradication technologies have increased the 

probability of success (Simberloff, 2014), preventing the introduction of new invasive species is the 

easiest and most cost-efficient way to fight against invasive macrophytes (Champion, 2018; 

Hussner et al., 2017), since eradicating a species requires a lot of effort, high costs, and many 

resources. Eradication is much easier, and with a higher success rate, if it is done before the 

invasive species is widely distributed. Goals can be achieved through the implementation of an 

Early Detection and Rapid Response (EDRR) program (Simberloff, 2014). Prevention and EDRR 

do not exclude each other, they are complementary and should be employed in conjunction to 

assure effective proactive management (Madsen, 2014). 

3.1.2 The importance of prevention 

Since the risk of invasion is correlated with the probability of entry of a species (Champion & 

Clayton, 2000) the most efficient way to reduce and control introduction is to regulate the plant 

trade and implement quarantine for imported plants (Madsen, 2014), since release/escape from 

aquariums and plant nursery is one of the major introduction pathways (Nunes et al., 2015). 

Champion & Clayton (2000) also explicitly point out how aquatic plants that are not in the plant 

trade have a much lower risk of spreading to new regions. Establishing a list of known invaders and 
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potential ones, in combination with a list of plants banned for sale, is also an important part of 

prevention (Hussner et al., 2017). Education and sensibilization of the public, especially lake users, 

are essential in the prevention process. Education needs to be done in a dynamic way that continues 

and evolves during the project (Madsen, 2014). People need to be informed about the problematic 

species, the damages they can create, how to act to reduce dispersal and contamination. Installing 

stations where people can check their water equipment (boats, fishing material, etc) and wash them 

before entering the next lake is often a valuable solution (Bellaud, 2014). 

A solid early detection mechanism must be supported by an appropriate monitoring program. The 

aim of the program should be to detect, report and map new invasions, but not only. It should also 

focus on assessing native plant community composition and water quality to gain a better 

understanding of the efficiency and effects of the management on the water body (Madsen, 2014). 

Mapping and surveillance of sites particularly sensitive to invasion should also be included 

(Hussner et al., 2017). A successful monitoring program needs to integrate the public (Hussner et 

al., 2017) and have a “citizen monitoring component” (Madsen, 2014). Simberloff (2014) reports 

the Victoria Weed Alert Program, in Australia, as one example of EDRR that has a large volunteer-

based component, and how citizens engagement can be a fundamental game-changer, emphasizing 

the importance of spreading information about invaders and the problem they cause, together with 

instructing and mobilizing volunteers. Volunteers and citizens need a way to contact the responsible 

authorities to report possible new invasions, which can be done through the creation of an App or a 

hotline (Hussner et al., 2017). To achieve a rapid response, it is necessary to have well-defined 

policies that allow intervening promptly and directly in case of new invasions. There is also the 

need to have a uniform decision-making procedure that can be applied in the same way to every 

situation since a recurrent problem in many countries is that decisions are often taken in a different 

way depending on the involved parties (stakeholder, institutions), founding and situation, making 

the whole process slower (Simberloff, 2014).  

A good example of efficient prevention and EDRR, with satisfying results, is the one developed by 

New Zealand, which is reported in more detail in the following paragraph. 

3.1.3 New Zealand Biosecurity and EDRR 

New Zealand invasion’s history starts with its colonization, when English colonizers started to 

bring freshwater plants from Europe to the island with the intent to acclimatize them. It was a very 

popular practice, which was even promoted and pictured as beneficial for the settlers. This practice 

continued relatively undisturbed from 1861 until the end of the 1960’s, making the import as 

ornamental and aquarium plant the major invasion pathway. After people started to notice the major 

damage created by invasive plants (drainage blocking, lowering of water quality, reduced native 

biodiversity) a Plant Act was implemented in 1970, which prohibited the import of 132 taxa of 

freshwater plants (Champion, 2018). But the sale and growth of aquatic plants continued 

unregulated until further implementations in preventive measurements were done in 1982 (Clayton, 

1996) when the Noxious Plant Act 1978 was emitted, and in the early 1990’s when seven more 

species became banned for sale. This made New Zealand the first country that managed to stop the 

spreading of invasive plants inside its borders (Champion, 2018). Today, New Zealand has 

probably the strictest regulations worldwide regarding the import of exotic plants, making their 

prevention and border security very solid, which has been possible through, especially, the 

implementation of the Biosecurity Act of 1993, followed by other ones in 1996 and 2003 

(Simberloff, 2014). The Biosecurity Act is the tool that provides the legal framework to prevent 

further introduction of invasive non-indigenous species, how to react to new invasions and how to 

manage them. The efficiency of the new legislation is also due to the scientific support from the 
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National Institute for Water and Atmospheric Research (NIWA) which has a biosecurity research 

program that is directly focused on making prevention of introduction, establishment, and available 

mitigation tools more efficient (Champion, 2018). This cooperation between political and scientific 

institutions is crucial to develop a comprehensive management plan and functional EDRR program.  

The ability to identify possible invasive plants based on their biological traits, and possible effects 

on ecosystems, is a fundamental tool for making efficient proactive measurements. The model to 

assess the invasive character of plants had the problem of not being specifically designed for 

aquatic plants using irrelevant attributes to determine their invasive potential (Champion & Clayton, 

2000). This lack of an adequate model brought Champion & Clayton (2000) to develop the Aquatic 

Weed Risk Assessment Model (AWRAM), as part of a three-stage development of a “Border 

Control Program” for aquatic plants. AWRAM is a more comprehensive tool based on plant’s 

biological and ecological traits relevant for invasion, ecological and economic damages, and 

required management efforts (Champion, 2018). To select the relevant attributes, 

invasiveness/impact data from observation of the plants’ behavior in New Zealand and other 

countries was used. Each attribute has a range of points that can be assigned; a range that depends 

on the attribute’s importance, eventually giving an “invasiveness score”, with 100 being the highest 

(Champion and Clayton, 2000) and 50 the lower limit to define a species as “high weed potential” 

(Champion et al., 2007).  

After creating AWRAM another important step in prevention is the second stage of the Border 

Control Program. It is an inventory of all exotic plants present, or plants that have records of been 

imported in the past, among plant nurseries and plant traders, with the purpose of finding out if 

some of them would fill the criteria to be invasive. From the reported plants, those which are 

already known to be invasive in other countries or are part of prohibited plants in either USA, 

Australia, or New Zealand, is selected to be evaluated with AWRAM. However, only plants for 

which there is enough information about their biology and ecology, can be evaluated. Together with 

these species, also some that are not confirmed to be present in New Zealand, but are known to be 

problematic elsewhere, and therefore considered “potential invaders”, are evaluated with the 

AWRAM. Recommendations for the management of these “potential invaders” were added to the 

report (Champion and Clayton, 2001). This process allows to build up awareness of dangerous 

plants in advance, favoring a faster detection and making it possible to have a management strategy 

ready to use. However, a species could become invasive even if it is not in other parts of the world. 

This implies that risk assessments, including AWRAM, could fail in predicting how a species will 

behave once introduced, therefore it would be appropriate to monitor all newly introduced plants to 

better understand if they could become invasive under New Zealand environmental conditions 

(Champion & Clayton, 2001).  

Stage three of the Border Control Program has, among others, the goal to give recommendations on 

how to implement the status of “Unwanted Organism” for aquatic plants. This status can be given to 

a species that can, or could, sustain itself in the wild, and therefore pose a threat to native habitat 

functioning and biodiversity. Additionally, the species should not be already established in New 

Zealand, or, if it is, it needs to already be under a regular monitoring program. There are several 

advantages in being able to report a species as an “Unwanted Organism” (Champion et al., 2007): 

 

● Management actions are facilitated, speeding up response to invasion  
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● Agencies responsible for controlling plant import get a clear signal on the danger a species 

might represent 

● Makes the species unappealing for the market 

● Facilitate distribution of information about the species ecology and identification, promoting 

early detection. 

This shows how New Zealand has invested in measures that promote both Early Detection and 

Rapid Response. Involvement of the public has been done efficiently through a very wide 

sensibilization of the public through media, governmental publicity, and regulations. An Exotic Pest 

and Disease Hotline has been established, and each report made by the public is analyzed by 

knowledgeable workers, using a well-defined work-frame (Simberloff, 2014). 

Unfortunately, most of the invasions are discovered only after the species has already established 

and spread (Simberloff, 2014). The next section will be about the different kinds of 

control/eradication that can be used when prevention, does not work or is missing. 

3.1.4 Management techniques for established invasive aquatic plants 

The choice of which technique to use against an established invasive species depends on the 

conservation goal of the specific invader, in a specific site at a given time, since it is important to 

underline that managing methods can vary through the duration of the eradication process (Madsen, 

2014). It is possible to divide the existing management methods for aquatic plants into three 

categories: 

1. Physical/Mechanical control 

2. Biological control 

3. Chemical control 

Each kind of control has different costs, pros, and cons, which will affect the selection (Hussner et 

al., 2017). Biological control implies the use of living organisms to reduce or exterminate an 

invasive species. The most classic approach is to use an organism that comes from the same region 

and co-evolved with the invasive species (Gassmann et al., 2006). Chemical control is the direct 

application of chemicals, herbicides in the case of plants, on the species of interest (Hussner et al., 

2017). However, I will not go into more details about these two kinds of control, since they have 

little relevance, due to the fact that there is no known biological control for N. peltata, for the 

moment, and that the use of pesticides in freshwater systems is forbidden in Sweden (Kyrkander & 

Örnborg, 2010).  

Physical and mechanical control go hand in hand and are often used together to manage invasive 

species (Simberloff, 2014). The difference, by definition, is that mechanical control relies on large 

machinery that acts directly on the plants, like harvesting or cutting (Haller, 2014). Whereas 

physical control is more about modifying the environment, which subsequently will influence the 

plants, like changing light infiltration or modifying the water level (Madsen, 2000). They are the 

most common methods to manage aquatic plants in Europe (Hussner et al., 2017). However, 

mechanical control creates a high number of plant fragments, which could increase the dispersal of 

an invasive species, together with sediment disturbance (Hussner et al., 2017; Madsen, 2000). 

Another disadvantage is that physical and mechanical control demands a high labor cost since many 

people need to be employed and treatments often need to be repeated several times per year 

(Simberloff, 2014; Madsen, 2000). In Sweden, the techniques that have been used for aquatic plant 
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management and are considered relevant nowadays, to eradicate invasive water plants including N. 

peltata, are mowing, harvesting, shading, benthic barrier, hand pulling/cutting, rotovating and rye 

straw, or jute matting (Kyrkander & Örnborg, 2010).  

Table 2 summarizes of all these techniques, together with their positive and negative sides. 

Techniques belonging to the “mechanical” category provide a direct biomass reduction, the 

possibility of removing plant parts like root and rhizomes and the use of machinery allows to treat 

large infestation. However, machinery highly disturb the environment creating problems like 

nutrient and pollutants leakage from the sediment. Another common problem with mechanical 

methods is the high generation of plant fragment, which is not optimal considering that most 

aquatic plants spread and reproduce vegetatively via fragmentation (Heidbüchel and Hussner, 

2019). Physical techniques have the advantage of being long lasting, disturb less the environment 

and avoid fragment generation. Moreover, natural materials can be used, like jute and rye, which 

biodegrade and create less pollution. However, the installation used in these techniques are sensitive 

to climatic and physical features (waves, currents, bottom composition) of a waterbody which 

affects their efficiency and application. Additionally, all the physical techniques reported in Table 2 

cause an unselective eradication, meaning that their success relies on the ability of the native flora 

to regrow after the treatment.   
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Table 2 Different eradication methods with a short description and evaluation.  
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3.1.5 No action 

Despite the increasing knowledge about invasion biology and eradication methods, there are 

situations in which someone might advocate to not take any measurements against non-indigenous 

species and adopt the “leave alone strategy” (Clayton, 1996). Davis et al. (2011) state that the 

concept of “non-native”, “alien”, biases management decisions, resulting in throwing away money 

and time in hopeless eradication programs. This statement is based on the theory that most alien 

species don’t pose a threat to the native community, they could even be useful, especially in a 

climate that changes rapidly. Therefore, they advise conservation/eradication efforts to be based on 

the harmful effects that a species might have on biodiversity, human health, and ecosystem services, 

rather than on its origin. An important point against this theory is that before becoming invasive and 

problematic, many alien species undergo a “lag-phase” where they appear to be harmless. Not 

acting quickly, when the species is still confined, may result in a cumulative damaging effect 

(Simberloff, 2014). Without forgetting that, by modifying the ecosystem, an invasive species could 

lead to further invasions, and environmental degradation, through synergetic effects with other non-

native species (Simberloff & von Holle, 1999; Montgomery et al., 2012).  

However, even if not taking action is a gamble that can results in much higher costs than an 

effective rapid response and treatment (Simberloff, 2014), the effectiveness of an eradication 

program needs to be carefully analyzed. There are some cases in which an eradication trial can be a 

waste of resources or even create more problem than doing nothing (Clayton, 1996). Lake Väringen 

is a good example, where the cutting of N. peltata, done for the first time in 1981, created many 

plant fragments, which helped the species spread and colonize the River Arbogaån, and eventually 

Lake Mälaren (Erikson, 2005). Also, in the case of widespread invasion, which has been going on 

for a long time, leave-alone could be considered. If invaders have been present for a long time in a 

community, they also probably developed various interactions with the native organisms, which 

would be lost and could affect the environment even more negatively than invaders themselves. 

Moreover, if an invasion has been going on for a long time, the damages cannot be reversed and the 

likelihood of achieving eradication is very low (Simberloff, 2021). Therefore, each invasion needs 

to be analyzed as unique. 

In this first part of the results, we have got an insight into how delicate it is to plan management and 

eradication actions, and which are the possible methods that can be used. The next part will give us 

a closer and deeper look at which methods have been used to decrease the effect of N. peltata in the 

countries where it is considered invasive, with a specific focus on the work done in Sweden, 

especially in Lake Mälaren. 

3.1.6 Different methods, same goal: the control of N. peltata around the globe 

The most common management practices for invasive waterlily-like plants, like N. peltata, are, 

besides herbicides, cutting and harvesting. However, these methods work only as short-term control 

since new petioles and leaves will grow from the rhizomes, which means that multiple cuts per year 

are necessary (Newman, 2013). Additionally, this kind of plant has a good vegetative reproduction 

capacity, therefore mechanical harvesting and cuttings are risky practices since they create many 

fragments (Nault & Mikulyuk, 2009). There are different results and opinions about the efficiency 

of cutting and mowing of N. peltata. Kyrkander & Örnborg (2010) report that in the UK the 

practice of cutting is seen as beneficial and effective. Although there is no physical data, people say 

that after 2-4 years of cutting the colonies become so weak that they don’t survive. At the same 

time, in Sweden, some colonies are reported as more extended now, after cutting, than 20 years ago. 

The authors assumed that the difference might rely on the cutting technique. After comparison, it 

emerged that, differently from Sweden, in the UK N. peltata was: 
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● cut earlier in the season, around March when the leaves haven’t reached the surface yet  

● cut throughout the whole season, with the goal of never letting leaves reach the surface 

● cut so close to the bottom as possible  

● cut using unsharpened blades, which is supposed to damage the plant more, making 

regrowth dampened 

In Sweden, cutting was performed later, when the plants had already flowered, which was 

considered by the authors as a negative point, since waiting this long allows the plant to perform 

more photosynthesis and store more energy, making it more resilient (Kyrkander & Örnborg, 2010). 

To achieve long-term control and possible eradication, the rhizomes need to be removed from the 

sediment, a difficult task since those are buried and well-embedded in the sediments. Shading, and 

bottom barriers are considered among the best alternatives to fight against N. peltata since they can 

result in killing the rhizomes (Newman, 2013; Harris, 2014). Also regulating the water level, or the 

water flow is considered efficient against N. peltata since the plant does not stand fast-flowing 

waters and depth higher than 1.5 to 4 meters (Newman, 2004; van der Velde et al., 1979). 

We will now have a look at the management/eradication work done in some countries where N. 

peltata is invasive or considered a possible threat. 

3.1.7 Ireland 

The presence of N. peltata in Ireland is confined to a few sites, more specifically the distribution is 

scattered over the country in 20 squares of 10 km2 (National Biodiversity Data Center, 2021). Until 

now, the establishment is limited to artificial ponds and small localized populations in some natural 

lakes. However, where it is present it is abundant. Since the distribution is restricted, the species is 

not considered invasive yet, but it is classified as a moderate to high risk for Ireland’s native 

biodiversity since there is a high abundance of sites with a favorable environment for N. peltata 

establishment and invasion (Millane & Caffrey, 2014).  

In 2009, Kelly & Maguire (2009) wrote the “Invasive Species Action Plan” (ISAP) for N. peltata in 

Ireland, where they encourage to work on prevention, by regulating the sale of the plant, inform the 

public, and improve the current legislation to limit import and spread of N. peltata. They also 

suggest mechanical control such as cutting, collecting plant fragments and install shading barriers. 

They also suggest the use of herbicides, like glyphosate. They stress the necessity of acting quickly 

since N. peltata still has a contained distribution, which will make management cheaper and more 

effective. Millane & Caffrey (2014) performed a risk assessment, which illustrated the introduction 

pathways, the possible future spread of the plant, and the dangers associated with it. An assessment 

that led to the classification of N. peltata as a medium/high-risk non-native plant. By courtesy of the 

National Biodiversity Data Center, I got a copy of an unpublished draft of a fact sheet about N. 

peltata and the control options that have been evaluated. Among the listed options are cutting the 

plant by hand with a scythe and collecting the fragments, manually raking the bottom to collect 

rhizomes, dredging and mechanical raking, installing shading floating barriers, and applying 

glyphosate in combination with another chemical adjuvant.  

Unfortunately, there is no report showing if these recommendations have been implemented and if a 

management plan is ongoing. 
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3.1.8 United States 

N. peltata is widely spread across the US, with its presence recorded in 30 states (CABI, 2019), and 

some have listed it as invasive or noxious. In those states, it is forbidden to purchase N. peltata. The 

states of Washington, Maine, New Hampshire, Connecticut, Vermont, South Carolina have 

implemented regulations to restrict the sale and possession of N. peltata to prevent further spread of 

the plant (Harris, 2014). In South Carolina, for example, it is illegal to sell, import, and even 

possess N. peltata, as well as any other plant present on the “Illegal Aquatic Plant” list (South 

Carolina Department of Natural Resources, 2010). It is also legally mandatory to remove N. peltata 

from private land if present (South Carolina Native Plant Society, 2017). The fact that already a 

considerable number of States have implemented import regulations, shows the growing 

understanding of the importance and effectiveness of prevention. 

On the management side, manual and mechanical harvesting has been tried (Washington, Oregon) 

but proven difficult and inefficient (Harris, 2014). However, since every state has its own regulation 

and its framework, reporting all the eradication experiences of N. peltata in the US would be too big 

and intense a work for this thesis. Therefore, I’ll briefly report experiences from North Carolina, 

since I got the chance to interview Robert J. Richardson, professor at North Carolina State 

University, who has field experience with N. peltata. The focus of the eradication work has been 

chemical control through herbicides, especially with ProcellaCOR®, an herbicide produced by 

SePRO. Herbicides are considered valuable and have been preferred to another kind of control since 

they were readily available (Appendix B). Herbicide treatments are widely used in the US and have 

a high scientific interest, which is confirmed, for example, by the high number of publications on 

herbicides effects and efficiency on the web page of the Aquatic Plant Management program at 

North Carolina State University (NCSU, 2022). To be successful, the herbicide treatment needs to 

be applied for 2-3 years, with a few repetitions per year. Successful results have been achieved with 

this method, leading to the eradication of N. peltata in some sites. However, it is important to 

remark that in North Carolina, N. peltata is not present in big water systems and the sites where 

eradication through herbicides was successful, were some small ponds, with an area of 2-3 hectares 

(Appendix B). This is a relevant detail, since ProcellaCOR® is mostly suitable for slow-moving 

water, with reduced, or absent, outflow, like ponds, reservoirs, and ditches (Massachusetts 

Departments of Agricultural Resources and Environmental Protection, 2019). N. peltata is a “class 

A” noxious weed in North Carolina (North Carolina Department of Agriculture & Consumer 

Services, 2022), which makes it illegal to be cultivated, sold and to be moved to new location or 

distributed in any way (Driscoll, 2021). Since it is a noxious weed the state is responsible to 

eradicate it (Appendix B). The noxious plant can belong to three different classes which describe 

how common they are, and the order, from less to most common, goes from A to C (Driscoll, 

2021). 

3.1.9 New Zealand 

N. peltata is classified as an “Unwanted organism”, with a score of 58 in the AWARM ranking, 

which makes it a high-risk plant. By being an “Unwanted organism”, its sale, cultivation, and 

distribution are illegal. This classification also allows for an implementation of a rapid response if a 

new infestation should be discovered (Champion & Clayton, 2003). The plant had a single known 

location, a water supply dam, in a farm outside Auckland, and, at present time, it is considered to be 

nationally eradicated (Champion et al., 2012). It is still unclear how the plant got there; a possibility 

is that it was imported unconsciously as a pollutant of other waterlilies, common ornamental plants. 

To eradicate N. peltata from the dam, the water surface was completely covered with plastic sheets 

that were fixed to the margin of the dam. Unfortunately, seeds of N. peltata would still manage to 
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germinate on top of the sheets, so eventually, the final measurement was to fill the dam with earth, 

which resulted in a successful eradication. This method could be used only because this dam was a 

small artificial waterbody, so losing it was not damaging to the local environment and biodiversity 

(Appendix A). Around the same time, N. peltata was also found in a plant nursery in Hamilton, 

which had sold it to only one other person. Luckily, by publishing an article in the newspaper, the 

authorities managed to find out who bought the plant, which this person had to return.  What this 

experience shows is the effectiveness of the proactive actions that New Zealand implements, 

especially by building public awareness. Without that, the person who purchased N. peltata from 

the nursery probably would have not reacted to the article in the newspaper. 

3.2 Sweden 

The most interesting and relevant work dealing with N. peltata in Sweden have so far been the done 

by Tingsryd municipality in the River Mörrumsån water system, which includes Lake Åsnen 

(situated in the region of Småland) and the one in lake Mälaren, more specifically in the Galten 

basin. In both locations, the eradication work has been going on for almost 10 years, from 2009 in 

Galten (Schyberg, 2013) and from 2011 in Åsnen/Mörrumsån (Smålander & Olsson, 2020a). 

3.2.1 Swedish monitoring 

A new monitoring method has been developed in the last 2-3 years in both locations. This method is 

seen as more reliable and cost-efficient than previous ones (Stenmark et al, 2020) which would rely 

only on orthophotos from planes and on the investigation from land and with boats (Sandsten et al., 

2017; Nolbrant, 2010). Orthophotos are a good way to get a quick perspective of old, and eventual 

new colonies, however small colonies or colonies growing within the reeds belt are hard to detect. 

The new monitoring adds the use of a flying drone, which allows taking pictures at a closer 

distance, with better resolution and angle, which are also easier to digitalize. Additionally, with the 

drone, it is possible to observe colonies without the need to get close to them with the boat, which 

implies a possible dispersal risk (Stenmark et al., 2020). Implementing a more functional and 

standard monitoring technique allows a more accurate comparison of N. peltata spreading dynamics 

between seasons (Appendix C), which leads to a better understanding of which areas are subjected 

to an intense spread and need to be prioritized for treatments. This is crucial, since it is not feasible 

to manage all the invaded sites at the same time since they are large, and therefore it is important 

strategically to prioritize some sites to make the whole eradication work more efficient. In 

Mörrumsån, colonies lying in areas with high boat traffic and colonies with high spreading 

potential, as those in flowing waters, are prioritized (Smålander & Olsson, 2020a). In Mörrumsån 

the areas currently under treatment are regularly monitored once a week until July, after that the 

frequency shifts to every two weeks (Smålander & Olsson, 2020b). 

3.2.2 Prevention 

Since human activities play a significant role in N. peltata dispersal, the sensibilization of lake users 

has been the main focus of the prevention strategy in Sweden. In Galten it is possible to find signs 

with information on N. peltata close to infested sites and material is available for the public on the 

Mälarens Vattenvårdsförbund (MVVF, 2021a). In Åsnen, the local population and tourists have 

been informed through meetings and the distribution of flyers. There has been a good partnership 

with local activity centers, which distribute to everyone renting a boat, or a canoe, an information 

flyer in three languages about the dangers that N. peltata represents and how to act around the plant 

to reduce dispersal. The same happens when someone buys a fishing license (Smålander & Olsson, 

2020a). 
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Regulation on boat traffic has also been implemented since it is very easy that plant fragments get 

stuck in the boat’s propeller. In Åsnen and Mörrumsån, a total area of 36.2 hectares has a boating 

ban. The areas are delimited by buoys and ropes and alternative routes are being provided. 

However, not everyone respects these restrictions (Smålander & Olsson, 2020a). In Munkhammar 

bay, in Galten, there is the same problem. Even though signs have been set up, people still drive 

through those areas, because they don’t want to take a longer alternative way and they throw their 

fishing lines where N. peltata colonies are present, which also may create fragments that can be 

dispersed (Alm, personal communication, 2020). 

3.3 Eradication methods used in Sweden 

3.3.1 Rye straw 

Especially during the eradication work conducted by Tingsryd municipality in Åsnen and 

Mörrumsån, different ways of using rye straw has been tested. Kungsör municipality has also done 

some trials in Galten. Rye straw are of particular interest especially because of their release of 

growth inhibiting chemicals during the breakdown process. Table 3 contains a description of the 

different alternatives tested by Kyrkander & Örnborg (2013) and their outcome. Most methods have 

shown very little, if none, effect on N. peltata. The reported inefficiency is probably related with the 

difficulties in sinking and keeping the straws in place. Such difficulties were encountered also by 

Kungsör municipality, in their trial in September 2012 (Schyberg, 2013). It often happened that the 

straws unevenly accumulated in the area where they were applied, therefore leaving some N. peltata 

uncovered and free to grow. Even when wire mesh was used to keep the straws in place covering 

was not optimal, allowing N. peltata to grow through it. Additionally, laying a big amount of rye in 

a waterbody means adding organic material that can be degraded. This could result in a drop in 

oxygen level, causing anoxia, which could have a negative effect on the benthic fauna (Kyrkander 

& Örnborg, 2013). Because of the inefficiency and application problems, rye straw cannot be 

considered a valuable eradication method for N. peltata. 

Table 3 Different applications of rye straws, with description and evaluation (Kyrkander & Örnborg, 2013). 

 

3.3.2 Jute bottom matting 

This method has been tried only in Åsnen and Mörrumsån. Even here different ways to lay the 

matting were tried. Table 4 summarizes descriptions and outcomes. Important to remark that the 

jute used in Tingsryd had a density of 480 g/m2 (Kyrkander & Örnborg, 2013), a much higher 

density compared to what has been used in Ireland, where the mat had a density of 200 g/m2 

(Caffrey et al., 2010). Apart for some difficulties in placing the mat, where the mat is intact no 

regrowth seems to occur, making it a possible choice as an eradication method for N. peltata. 
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Table 4 Different applications of jute mat, with description and evaluation (Kyrkander & Örnborg, 2013). 

 

3.3.3 Cutting/mowing 

In Galten close to Kungsör, in 2012 a cutting of N. peltata was done on an area of 2000 m2, where 

one person was cutting by hand, while another one was collecting the fragments. The cutting was 

performed constantly from end of June to mid-August. To prevent fragments from floating away, a 

floating cordon was put around the cutting area. They tried to cut as close as possible to the bottom, 

which would make the plant fragments entangle, making it easier to collect them. Additionally, 

cutting close to the bottom should weaken the plant more than cutting at the surface. In a previous 

cutting attempt (before 2012), by a private company hired by the municipality, it was observed that 

it was harder for N. peltata to grow back after being cut close to the bottom. However, the effort 

was not very successful, since some plants start to regrow during the treatment and 3 weeks after 

cutting the water surface was totally covered again with N. peltata (Schyberg, 2013). More cutting 

trials were done from 2015 to 2018, where N. peltata was cut several times during a growing 

season, but it only resulted in a higher spreading risk (MVVF, 2021b). In Tingsryd, Kyrkander & 

Örnborg (2013) set up an experiment where they cut different patches of N. peltata with different 

frequencies: 2, 4- and 6-week intervals. The first cut of the 2-week interval patch was done in the 

end of May, when some of the first leaves had reached the surface. In the 4-week patch the first cut 

was done in the beginning of June, whereas in the 6-week patch the first cut was performed shortly 

after Midsummer. Results showed that cutting, independently of frequency, reduced the number of 

plants. However, cutting within a 2-weeks interval gave the most relevant results, supporting the 

theory that frequent cuts are needed per growing season to weaken a colony. It is important to 

remark that the fact that the 2-week patch was cut earlier in the season may also have contributed. 

They also compared cutting with sharp to unsharp blades, but no difference was recorded. 

3.3.4 Mechanical cutting 

In Lake Galten, Kungsör, cutting with the use of machinery was done in 2013 during the summer, 

where a cutting device, that could reach a depth of 1.5 m, was installed on the front of a boat. The 

area being cut, with a surface of 2000 m2, was the same that had been manually harvested the 

previous season. The working area was delimited by a floating cordon, which was also used to 

subsequently drag fragments of plant to the shore. The results were not very successful, since not 

much difference could be seen in the colony density after the treatment. More frequent cutting was 

assumed to be needed, together with an earlier start of the treatment in the growing season, 

preferably before the leaves reach the surface. The equipment was reported to need improvement to 

be made it easier to manage (Schyberg, 2013). 
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3.3.5 Spirit vinegar 

Although this method has not been widely tested, it has an interesting theoretical application. In 

Sweden the use of chemicals in waterbodies is not allowed, however spirit vinegar counts as an 

“ecological” pesticide, therefore suitable for use (Schyberg, 2014). In Kungsör a solution with 12% 

spirit vinegar and water was used. The product was sprayed directly on the leaves of N. peltata, 

which got a yellowish color and started to perish (Schyberg, 2014). However, due to technical 

deficiency, it was hard to spray the inner plants of the colony, making this method hard to apply 

(Appendix C). Unfortunately, although this method looks promising in theory, it was hard to use 

and it was not possible to find additional literature about its application on aquatic plants. 

3.3.6 Shading with floating barrier 

Despite trials with different kinds of benthic barriers (rye straw, jute mat), the results were not 

satisfactory. Therefore, a floating barrier on the water surface that prevents N. peltata colonies from 

getting light became the main method of eradication in Lake Galten and Lake Åsnen/Mörrumsån.  

In Tingsryd, the floating barrier is made of floating aluminum frames, size 3x3 meters, covered 

with a black plastic fiber sheet. They are combined with free-floating black plastic sheets when 

eradicating colonies close to the shoreline or in shallow waters that are at risk of becoming dry 

during low flow periods (Smålander & Olsson, 2020a). The free-floating sheet allows to properly 

seal sunlight off since a gap would otherwise be created between the rigid aluminum squares and 

the irregular shoreline. The sheet is either put on the place from land or water, depending on the 

shoreline accessibility and the morphology of the bottom. To keep them in place, the sheets are 

either tightened to a tree or to the soil, if they are covering the shoreline, or anchored to the bottom 

when floating. The frames are tightened to one another and are laid out either from land, from a raft, 

or on ice over colonies that have been marked with GPS the previous season. When the treatment is 

over, the frames are collected either with machinery or by hand from a raft (Smålander & Olsson, 

2020b). In Lake Galten two different kind of frames are used: aluminum frames, size 3x3 meters 

and plastic pipe frames, size 6x6 meters. Figure 6 shows an example of 6x6 meters frames, which 

are covered with a white fiber sheet in Munkhammarbay. 

Differently from the situation in Lake Åsnen/Mörrumsån, in Lake Galten several mucicipalities are 

involved, which makes the coordination of the work harder since each municipality takes care of its 

Figure 6 Picture showing new 6x6 meters frames in Munkhammar bay together with the 

pontoon. Photo: Jonas Beretta-Piccoli 
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own part of the lake (Alm, personal communication, 2020). I participated in the fieldwork done by 

Eskilstuna municipality in the Munkhammar bay in June 2020. Therefore, my observation may not 

be representative of the work done by other municipalities in Lake Galten, although there is a 

cooperation. For example, Köping buys frames from Eskilstuna (Appendix C).  

As in Tingsryd, also in Eskilstuna frames used to be placed on the water with a raft. However, this 

was a very slow and labor-demanding task. Since 2020, a pontoon (Figure 6) has been in use as a 

working area to build new frames and disassemble old ones. Frames are dragged to the pontoon by 

boat and subsequently pulled up by wires powered through two small engines. New frames are built 

on site, released in the water, and dragged to the treatment site by boat. This system allows the 

worker to do everything exactly on the treatment site, saving time and making their work less 

exhausting. The workers told me they are satisfied with this new way of working. The frames are 

then tightened together in the water and anchored to the bottom. The frames are kept in place from 

one up to two years, which is the time usually needed to suffocate and kill N. peltata (MVVF, 

2021b). Waste is generated since old pipes, junctions, and sheets are discarded. 

3.3.7 Frames as spreading barrier 

In Tingsryd the shading frames have been used not only to eradicate N. peltata but also as a 

preventive barrier to reduce the spreading of some colonies and prevent recolonization of areas 

where N. peltata has been eradicated. This is achieved by placing a double row of 3x3 meters 

frames just on the edge of the target colony, which is enough to prevent stolons to spread the 

colony. This solution has been very useful to keep highly frequented boating ways free from N. 

peltata, which is advantageous for both the public and the environment since there is also a 

reduction in the risk of generating plant fragments by engine propeller (Smålander & Olsson, 

2020a). 

3.3.8 Eradication in running water 

Tingsryd municipality faces the problem that a large part of the distribution area of N. peltata is in 

running waters, which increases spreading risk and makes eradication work more challenging. The 

used material is the same one used in the lake: frames and fiber sheets. In running waters the fiber 

sheet has an important role. N. peltata likes to settle along the shore of the river, where the flow is 

gentler. Therefore, covering the shore with a fiber sheet is a crucial part of the eradication in the 

river. The sheet is laid to cover both water and land, to make sure that also the individuals of N. 

peltata closest to shore and amended in the reed belt are managed. The sheets are used in 

combination with frames. Moreover, the fiber sheet can be used in a proactive way to cover 

shoreline areas that have a high risk for N. peltata colonization, for example were water is shallow 

and flow is slow. The proactive covering could be significant in reducing the establishment of new 

colonies (Smålander & Olsson, 2020b). This method is still under development, but the results are 

promising.  

3.4 Field work results 

In this part, the results from the shading of colonies in Munkhammarbay is reported, i.e. any 

recolonization of areas where N. peltata could have been eradicated and frames were removed from 

the sites shown in figure 5.  The sites were identified by GPS measurements taken the 3rd of June 

2020 when the frames were removed, and the marked sites were revisited the 5th of August 2020 to 

check for recolonization. Almost two months passed during which N. peltata, and other plants, had 
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time to grow or colonize. Frames from site number 2 had not been removed by the time I visited 

Munkhammar bay in August and could not be evaluated.  

3.4.1 Site 1 

From satellites pictures, it seems like the frames in site 1 have been on place since 2017 or 2018. 

Unfortunately, I was not able to find a more specific installation date. As possible to see in Figure 7 

many of the frames were damaged and not floating properly, which can result from being in the 

water for a long time during several winters with ice. When frames are damaged and/or not floating 

properly, the outcome of the treatment can be compromised, since light is not optimally blocked 

anymore. Figure 8 represents site 1 after the complete removal of the frames, showing clearly the 

edges of the area where eradication has been performed. At first sight, it looks like the treatment 

was successful since there is a visible reduction in N. peltata biomass. We found some native plants 

inside the area, especially Nuphar lutea (yellow waterlily). Sparganium sp. and possibly 

Schoenoplectus lacustris (lakeshore bulrush) two months after frame removal. Due to the high 

turbidity of the water, it was challenging to see if something more was present. However, we were 

also able to find N. peltata inside the treated areas, as seen in Figure 9, with a higher density close 

to the edge of the treatment site. 

 

     

 

Figure 7 Old frames in site 1, laying in the water. June 2020. Photo: Jonas Beretta-Piccoli 
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Figure 8 Site 1 after the removal of the frames. In the picture to the left it possible to see site 1 behind the large 

untreated N. peltata colony. Picture to the right shows site 1 looking from the shoreline outwards and the untreated 

colony on the back. August 2020. Photo: Jonas Beretta-Piccoli 

 

Figure 9 Left picture shows N.peltata (red circle) in treated site 1. Right picture shows small N. peltata leaves close to 

the edge of site 1. August 2020. Photo: Jonas Beretta-Piccoli 

3.4.2 Site 3 

Site number 3 had better results since no N. peltata was observed and N. lutea had started to grow 

back, two months after frames removal (Figure 10).  

Figure 10 Site 3 after removal of frames. No observable recolonization by N. peltata. August 2020. Photo: Jonas Beretta-

Piccoli 
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Two additional observations of N. peltata were recorded. Although not part of the three original 

sampling sites they can provide relevant information for the evaluation of the eradication work. The 

first observation was an old treatment site where frames were probably removed in 2018/2019. This 

indicate regrowth/recolonization of N. peltata at the site since it was previously covered with 

frames. The red circle in Figure 11 shows the old treatment site. Unfortunately, I could not find 

more accurate information on the treatment period.  

 

Figure 11 Map showing where the pontoon was parked and where N. peltata was found (red circle). As possible to see, 

frames were previously in place there. Source: www.eniro.se 

The water surface of the old treatment site seemed free from N. peltata when it was visited in 

August. However, at the beginning of the corridor that connects the two sides of the bay, closer to 

the reed belt, some individuals of N. peltata were found together with N. lutea (Figure 12).    

 

Figure 12 Individuals of N. peltata (red ring and red arrows) found where the pontoon was parked in June 2020. 

Leaves outside the red ring are N. lutea. August 2020. Photo: Jonas Beretta-Piccoli 
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The second observation was a colony of N. peltata (Figure 13) situated just outside the channel that 

connects Munkhammar bay with Broby bay (Brobyviken in Swedish). Figure 14 shows a map of 

Munkhammar bay, Broby bay and the channel connecting them. On the map it is also possible to 

see the large untreated colony that borders treatment site 1 (red circle) and a shoreline where 

improvements in the coverage can be done (orange line), which will be discussed in the following 

section.  

Figure 13 Colony of N. peltata close to the channel connecting Munkhammar bay to Broby bay. August 2020. Photo: 

Jonas Beretta-Piccoli 

Figure 14 Map showing Munkhammar bay and Broby bay. The red circle is where the large untreated colony bordering 

site 1 is located. The orange area is where proactive covering should take place.  Source: https://viss.lansstyrelsen.se/ 
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4 Discussion  

4.1 Prevention 

In the report, a lot of importance was set on the crucial role of prevention as a tool against invasive 

species. In Lake Galten improvements have been done, especially in the monitoring technique. The 

use of a drone and the subsequent digitalization of the picture with GIS allows to better identify N. 

peltata colonies, especially smaller colonies embedded in the reed belt or with native waterlilies 

colonies, and to map them more precisely, which is crucial for an efficient follow-up through the 

years. Information to the public about N. peltata is available on the websites of different 

municipalities and a description with more details about the eradication, together with all the 

inventories, is publicly available on Mälaren Vattenvårdsförbund website (MVVF, 2021a). 

However, the response of the public is not always positive. In Munkhammar bay, although signs 

with information about N. peltata dangers and how to behave have been placed, some residents still 

drive their boat in areas with dense N. peltata colonies or throw their fishing line there. This arises a 

severe problem since human activities are one of the main causes for N. peltata fragmentation and 

vegetative dispersal inside and within waterbodies. Ideally, the best option would be to forbid 

boating in the bay for a few years while extensive shading with frames is performed, but this would 

probably encounter disapproval from the residents. A more applicable solution could be to clearly 

delimit the boat-ways, with the use of buoys and ropes, to avoid people coming too close to N. 

peltata colonies. To make the residents accept the boating restriction, they should be involved in the 

decision process, as it has been done in Mörrumsån/Åsnen, where institutions, landowners, and 

different associations (fishers, lake entertainment) decided together in which areas it would be 

forbidden to boat and for how long the ban can be kept (Smålander & Olsson, 2020a). 

Implementing a fine for those who don’t respect the delimitations could also be done, however, this 

would also imply extra costs for the municipality since a surveillance system would be needed. But 

the money for covering those costs could come from the fines.  

Improving the monitoring system is fundamental to achieve an “early detection” of new colonies, 

which is crucial since smaller and younger colonies are easier to eradicate. Despite the 

technological improvements of the monitoring system in Lake Mälaren, the only way to detect all 

new infestations and introductions is if the public is informed and involved. Voluntary participation 

of the public is crucial, since hiring enough workers to monitor the entire lake would results in 

unbearable costs. To have high and effective public participation it is important to properly inform 

people about the dangers of N. peltata and give appropriate tools on how to identify it. Additionally, 

it would be necessary to create an easy and fast way for the public to communicate with the 

authorities, like an App or a hotline. However, if early detection is not followed by a “rapid 

response”, all efforts might be in vain (Simberloff, 2014). In Sweden, regulations facilitating rapid 

response in the eradication of N. peltata, and other problematic aquatic plants, are missing. There 

are many actors, who are responsible to deal with aquatic invasive species and their eradication, 

among the main ones the County Administrative Boards (Länstyrelser), the Swedish Agency for 

Marine and Water Management (HaV, Havs- och vattenmyndigheten) and the Swedish 

Environmental Protection Agency (Naturvårdsverket). The counties have the major responsibility in 

the eradication work, and they have the power to delegate to municipalities (Naturvårdsverket, 

2022a). However, this could be problematic, since not all administrative boards prioritize the same 

actions. For example, the fact that Kronoberg county has put a lot of time and resources in the 

eradication program of N. peltata in Åsnen/Mörrumsån is because there was a high local political 

interest. Another example could be the fact that N. peltata in Lake Väringen (the source of N. 

peltata colonies to Lake Galten), which lays in Örebro county, is not treated at all (Schön, personal 
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communication, 2020). Therefore there is the need to have an appropriate and standardized 

framework, which is not influenced by politics (Simberloff, 2014). Money is also a variable that, 

unfortunately, influences the eradication possibilities of counties or municipalities. Financial 

support, through subsidies, can be asked from county administrative boards to HaV. However, if the 

waterbody where the species of concern is shared between several counties, like in Lake Galten, 

every board has to submit an individual request for subsidies (Appendix C), which creates extra 

paperwork, slowing down the response time. Even if subsidies are conceded, it is not sure that they 

will cover all the necessary costs. In Galten, for example, around 30 million SEK were estimated to 

be needed for a “full scale” eradication of N. peltata; HaV only provided 3 million SEK (Appendix 

C). Scarce financial resources are a factor that stretches the response time.  

There is the need to have better coordination nation-wide, because the “not taking action” of 

someone, can invalidate the hard work of someone else. This could be done by creating a “high 

priority list”, and changing the legislation so that those counties, or municipalities, that have a 

problem with a species present on that hypothetical list, can get faster and direct financial help to 

start an eradication program as soon as possible. 

As it was possible to learn from New Zealand’s example, regulating the plant trade and banning the 

sale of high-risk invaders was a game-changer in preventing new invasions. In Europe, the sale of 

N. peltata is not forbidden since it is native to many middle- to south European countries. 

Moreover, in Sweden N. peltata has no legal restriction, although its negative effects are known 

(Naturvårdsverket, 2022b). It would therefore be crucial to add N. peltata to a “blacklist” of 

commercially forbidden plants. However, the actual legislation poses, once again, a problem to this 

process. If a plant is part of a national, or European, blacklist, then counties and municipalities 

would not be able to get subsidies from the Swedish State for its eradication, since by being on such 

a list the removal of the plant would be mandatory and by law, in the case a managing action is 

mandatory, costs must be sustained individually by the responsible party (Appendix C). This 

elucidates how effective prevention needs to be supported by adequate laws, which is not the case 

in Sweden. 

4.2 Valuable eradication methods 

Knowing that N. peltata highly relies on clonal growth to expand locally and on fragmentation for 

long-distance dispersal, has a significant influence on the choice of the eradication method. In this 

case, methods that prevent stolons elongation and development (clonal growth), and have low risk 

of creating fragments, are suited for a successful eradication. Is also important to consider that N. 

peltata has a competitive advantage especially in disturbed environments. Therefore, methods that 

disturb the environment the least should be preferred. 

Among biological, chemical and mechanical/physical control the only relevant category is 

mechanical/physical, since no biological control is known for N. peltata (Newman, 2004) and the 

use of herbicides in aquatic environment is forbidden is Sweden (Kyrkander et al., 2010). However, 

the trial with spirit vinegar done by Kungsör municipality could have some potential, since it is an 

organic herbicide and therefore allowed. The results were satisfying to some extent, since N. peltata 

leaves on which the spirit vinegar was applied started to turn yellow and perish. Spirit vinegar is a 

contact herbicides and the acetic acid contained in it corrodes the leaf surface causing loss of turgor 

which induces the plant to wilt (Garcia and Youngblood, 2017). However, by being a contact 

herbicides spirit vinegar will not kill rhizomes nor stolons. Therefore, this method would probably 

not be enough on its own but could be used as complementary to the side of other treatments. 

However, the lack of literature and the application problems encountered by Kungsör municipality 
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make it hard to explicitly say if resources should be invested in spirit vinegar as a complementary 

method. It would be necessary to perform an experiment to test efficiency. 

Even if mechanical/physical controls are the most relevant for Swedish reality, not all the methods 

in this category are equally appropriate, especially mechanical methods. As reported in Table 2, 

mechanical harvesting and cutting, even by hand, are practices that generate a high quantity of plant 

fragments. This means that if the right precautions are not taken, these methods can result in 

facilitating N. peltata spreading and therefore creating more problems than solving them. The fact 

that N. peltata managed to spread from Lake Väringen to Lake Mälaren thanks to fragments 

generated by harvesting, is a perfect example of the high risk with these techniques. However, 

precautions to reduce the chances of fragments floating away can be taken, like having a floating 

cordon surrounding the working area. When comparing the efficiency of different way of cutting 

four factors seems to play a determinant role: frequency of cutting, interval between cuts, timing 

and cutting depth. N. peltata needs to be cut several times per season (Appendix A) since it grows 

back quickly. From the trials made by Kyrkander and Örnborg (2013) a 2-week interval between 

cuts gave significant outcome in biomass reduction. Important to notice is that in the patch where N. 

peltata was cut with 2-week interval the first cut was done at the end of May, therefore earlier in the 

season compared to the 4- and 6-week patches. A grown individual of N. peltata completely relies 

on atmospheric CO2 rather than dissolved inorganic carbon (DIC) as a source of inorganic carbon. 

Even as a seedling DIC is used for a very short time and floating leaves are developed very soon 

after germination, allowing the young plant to use atmospheric CO2 and becoming DIC independent 

(Smits et al., 1988). This strong dependency on atmospheric CO2 means that if cutting is operated 

earlier in the season, preferably before the young leaves reach the surface, the inorganic carbon 

uptake of N. peltata would be compromised, putting more stress on the plant and increasing 

eradication efficiency. Also cutting closer to the bottom is beneficial if we consider this CO2 

dependency. However, the role of cutting as a valuable control method is questionable, since often 

it results in short time effect and rarely in significant reduction in colony density (Larson, 2007b). 

The results from the trials done by Kungsör municipality also speak against cutting as an efficient 

method. Additionally, the high labor cost, both in time and human resources, must be also 

considered. However, for small infestations, repeated cutting could be a complementary practice, 

since it can help in reducing biomass and adding stress factors (Appendix A). 

Another mechanical control that was listed as relevant by Kyrkander & Örnborg (2010) is 

rotovating, the removal of roots/rhizomes by digging in the sediment with machinery. Since N. 

peltata survives the winter by having all the biomass in the sediment, being able to remove the 

rhizomes would be beneficial for the eradication. The main problem with this method is that it 

heavily disturbs the sediment. As already mentioned, N. peltata has a competitive advantage on 

natives nymphaeid plants and rotovating could result in helping N. peltata to displace other 

waterlilies instead of eradicating it. In the River Arbogaån, between Arboga and Kungsör, part of 

the fields close to the river were flooded in 1987 and to solve the problem it was decided to dredge 

those areas. N. peltata was able to colonize those areas very quick, and the infestation is still present 

(see Appendix C). This example shows how dangerous it can be to disturb a plant community and 

its environment, it can become like “laying a red carpet for invasive species” (Appendix C). 

Because of the high disturbance and high fragment generation, mechanical controls seem not to be 

adequate for being the main eradication strategy for N. peltata in Sweden since they are in contrast 

with growth and dispersal methods of the plant. Based on the problems with mechanical control, 

information found in the literature and during interviews, physical control through benthic/floating 

barriers copes better with N. peltata growth form and reproduction, especially since it does not 
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cause plant fragmentation. Of the physical control methods shading barriers seems to be the most 

useful for Swedish conditions as they are relatively easy to put in place and last over winter.  

Shading barriers, which can either be benthic (on the bottom) or floating (on the water surface) act 

by light depletion, preventing all the plants that are covered to perform photosynthesis. Literature 

shows that they have been widely used around the world (Sweden, Ireland, New Zealand) to 

manage different type of invasive aquatic plants. The kind of barrier used most frequently are jute 

mat, floating frames, and floating fiber mat. Both in Ireland (Caffrey et al., 2010) and New Zealand 

(Appendix A) jute mat has been used to eradicate Lagarosiphon. Both treatments gave two positive 

results since the jute mat prevented Lagarosiphon to grow and, at the same time, growth of native 

plants through the mat was observed. This happened since the mat was too tight for Lagarosiphon 

to grow through it (Appendix A) and also because apparently the mat stabilized the sediment, 

helping native macrophytes to establish (Caffrey et al., 2010). Another advantage of jute mat is that 

it is biodegradable, therefore more environmentally friendly, and it also reduces workload and costs 

since there is no need to take it out from the water once the treatment is completed. Caffrey et al. 

(2010) write that an ulterior advantage of the jute mat is that, compared to synthetic material, it 

prevents anoxia of the covered sediments. From the trials with jute mat done by Kyrkander & 

Örnborg (2013) in Mörrumsån on N. peltata the results are also positive since no growth of N. 

peltata was observed through the mat. Positive results were also achieved with floating shading 

barriers. Kyrkander & Örnborg (2013) did not record any apparent growth of N. peltata under 

floating fiber mat fixed on frames. Both in Mälaren and in Åsnen/Mörrumsån, where floating 

frames are the main eradication method, results are also encouraging. Tingsryd municipality has 

succeeded to reduce the extension of the treated colonies and managed to get better control on the 

spreading of vegetative propagules (Smålander & Olsson, 2020a). In Lake Galten, N. peltata 

covered, in 2019, a total area of 10.9 hectares (Stenmark et al., 2020). In 2020 the total area has 

decreased to 10.69 hectares, which corresponds to a decrease of 1.7%. Even if small, this reduction 

is strongly associated with the increased number of frames that have been placed in the last year 

(Segerlind & Sandsten, 2020), showing that floating barriers have an impact on N. peltata within an 

appreciable time scale. The positive results achieved through jute mat and floating shading frames, 

show that light depletion counteracts N. peltata growth and dispersal strategies in an efficient way, 

making it a valuable eradication method. 

However, even these methods have some negative sides. Despite the advantage of being 

biodegradable, therefore preventing water pollution and eliminating the need to be taken up, jute 

matting has shown to be more sensitive to the morphological characteristics of the waterbody’s 

bottom which narrows its application possibility and makes their efficiency more context 

dependent. Kyrkander & Örnborg (2013) reported that the rocky bottom of the area where the trials 

were conducted, was able to cause cracks in the mat or it would make it harder to perfectly overlap 

the mats. The broken or unsealed points give the possibility to N. peltata to grow through the mat. If 

this happens, the mat is not a barrier anymore but rather a virgin surface perfect for N. peltata to 

anchor and grow (Kyrkander & Örnborg, 2013). Additionally, jute mat becomes extremely heavy 

when wet, which is good since it sinks easier, but it is also harder to work with. This could be 

avoided by using the mat with a density of 200 g/m2 instead of 480 g/m2. However, placing the 

mats in a completely overlapping way can still be hard since spaces between the mats can arise 

during displacement or with time due to waves and currents (Appendix C). It is also harder and 

costly to monitor the status of the mats since divers are required  

Floating shading barriers, which include floating frames and free-floating fiber mat are, instead, 

unaffected by bottom type allowing them to be more broadly used. By being on the surface they are 
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more practical to be put on place. It is also easier to monitor their status throughout the season and 

repair them if damaged by weather since observations can be made by boat. However, floating 

barriers can be a problem in areas where boat traffic is intense and close to docks. Therefore, in 

those situation jute mat could be a better solution (Appendix C). Floating barrier also need to be 

removed, once the treatment is completed, adding workload and generating a considerable amount 

of waste, as it happens in Lake Galten where pipes, junctions and fiber mat of old frames are simply 

discarded.  

Due to the biology of N. peltata and the results from practical experience, light depletion through 

shading barrier seems to be the best management option. The discriminant factors for the choice 

between jute mat and floating frames are the morphological characteristic of the bottom, since both 

methods have recorded good efficiency. However, the current work in Lake Mälaren can be 

improved. 

4.3 Recolonization of N. peltata in eradicated sites 

As recolonization of N. peltata was happening in Munkhammar bay already after a few months this 

means that the current work, and how it is carried out, will probably not allow the complete 

eradication of N. peltata from the bay. Most of the individuals recolonizing treated sites were found 

either close to the reed belt or close to the untreated colony nearby (Figure 8).  

Since N. peltata only reproduces asexually in Mälaren, it can be excluded that recolonization of 

treated sites happens due to a viable seed bank in the sediment. The recolonization observed in 

Munkhammar bay can be explained by three main reasons. 

The first two reasons explain why new individuals were found close to the reed belt/shoreline. As 

possible to see in Figure 15, sometimes a gap arises between the reed belt/shoreline and the floating 

frame. If this happens the plants under the frame can still manage to get the sunlight that is not 

blocked by the frame. This would allow them to perform clonal growth and extend, via stolons, into 

the reed belt. The other explanation is that some individuals of N. peltata were already growing 

embedded in the reed belt making them go undetected and evading covering. In their report, 

Smålander & Olsson (2020a), remark this problematic together with the importance of properly seal 

the space between shoreline and frames and to cover even the shoreline/reed belt with shading 

Figure 15 Schematic picture showing how N. peltata can still get light if a gap is present between the shoreline and the 

floating frame. 



 

35 

 

barriers. This can be done, as has successfully been done in Mörrumsån, by combining frames with 

free-floating fiber sheets. The free-floating sheet has the advantage of not being rigid, which allows 

it to properly seal the irregular gaps and adapt to the shapes of the shoreline. This has not been done 

in Munkhammar bay, or in Galten in general, which would explain these observations.  

Despite the importance of these two dynamics in the recolonization process in Munkhammar bay, 

there is a third factor that probably has a major influence. It is the proximity of a dense, very 

extended untreated colony of N. peltata that borders with site 1 (Figure 8). 

The treated site has poor, if not almost inexistent bottom vegetation since light depletion through 

floating barriers results in killing everything underneath indiscriminately. This is an ideal condition 

for N. peltata from the colony nearby to quickly recolonize the area through clonal growth. 

Moreover, this colony will act as a source for vegetative fragments, that can be spread to the whole 

bay. This is probably one of the ways how N. peltata has managed to reestablish in older treatment 

sites (Figure 11). 

However, it is important to notice that most of the individuals found on treated sites had very small 

leaves, compared to the untreated colonies, especially considering that the observations were done 

in August, when the biomass should be closer to its maximum. This shows that floating barriers 

actually decrease N. peltata biomass, but their application method needs to be improved.  

4.4 Possible improvements 

Based on the observation from Munkhammar Bay and the considerations of the recolonization 

dynamics, it is possible to formulate some possible improvements to the current eradication method 

in Munkhammar bay and for the approach in Lake Galten in general. 

4.4.1 Munkhammar Bay 

First, since the large untreated colony is a main source of new individuals it is a priority to take care 

of it. Ideally, the best solution would be to entirely cover the colony with floating frames. 

Unfortunately, this is not feasible since there is not enough money to build so many frames. 

Therefore, with the current financial resources the best and most effective option would be to 

surround the colony with a double line of 3x3 meters frame, as it has been tested in Mörrumsån. 

This would hinder stolons elongation preventing treated sites nearby to be reinvaded by acting as a 

spreading barrier and would also help in solving the problem of fragments generated by residents 

driving their boat in the bay. The spreading barrier effect would help in confining the colony and 

keeping the passage for boats free from N. peltata, reducing, even more, the dispersal possibility. 

Second, to solve the poor shoreline covering the best solution is to integrate the free-floating sheet 

together with the floating frames. Moreover, it would be important to apply the free-floating fiber 

sheets, and the floating frames if needed, in a proactive way, as it has been done in Mörrumsån. 

This means covering the shorelines or reed belt that are suitable for N. peltata, therefore at high 

invasion risk, with the fiber sheet to prevent N. peltata colonization. 

I would suggest prioritizing the proactive covering of reed belts in the right part of the bay, marked 

in orange in Figure 14. This site needs to be prioritized since, as possible to see in Figure 14, here 

Munkhammar bay is connected to Broby bay (Brobyviken, in Swedish) through a narrow channel. 

The average depth of Broby bay, which includes the channel, is less than 3 meters (VISS, 2021) 

which, together with being wind protected, makes it a suitable habitat for N. peltata. The possible 

spread and establishment of N. peltata inside this bay is an important concern that worries the local 

workers (Alm, personal communication, 2020), because the plant could easily take over the whole 
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bay. A massive presence of N. peltata in Broby bay could have very serious consequences, 

especially since the bay already has a bad chemical status (VISS, 2021) which would only become 

worse due to the nutrient reallocation caused by N. peltata. An additional deterioration of the water 

chemistry could also impact the ecological status of the bay, which already at present days is 

reported only as “moderate” (VISS, 2021). The fiber sheet should be laid already next season 

because N. peltata has already established itself just outside the beginning of the channel, as 

possible to see in Figure 13. But more workers are needed to carry out all these preventive actions, 

since the crew taking care of the eradication in Munkhammar bay, is also adept to other duties, like 

forest works. This means that sometimes the time that should be invested in eradicating N. peltata is 

used for other works (Alm, personal communication, 2020), making the whole eradication program 

less efficient. 

4.4.2 Lake Galten in general 

Currently, the main priority of the eradication work in Lake Galten is to push N. peltata back and 

stop its spreading towards the east part of Mälaren, together with treating newer, smaller colonies 

since the eradication success is higher if the colony is smaller. Even colonies close to docks or 

where boat traffic is intense are prioritized, due to the high risk of fragmentation. (Appendix C).  

I think this is a good way of prioritizing the eradication work, also considering the limited budget. 

Preventing N. peltata to spread eastward is very important, especially considering that the eastern 

part of Mälaren has a higher calcium concentration than Galten (MVVF, 2004). Moreover, acting 

fast and treat colonies when they are small is something important and a crucial part of rapid 

response, which increases the eradication success. In Mälaren more emphasis should also be put in 

preventing N. peltata spreading in a more proactive way. The proactive measurements should aim 

at reducing stolons growth of large existing colonies and at preventing establishment of new 

colonies from fragments germination by surrounding borders of large colonies with frames and by 

covering sensitive shores with free-floating sheet, as suggested for Munkhammarbay. To assess 

which shorelines could require a proactive covering, factors like proximity to large untreated 

colonies, wind and wave exposure and eventual presence of naturally co-occurring species (N. lutea 

for example) can be used. 

If resources don’t allow to apply this improvement to all colonies that fit in this category, the 

colonies situated in the east parts should have a higher priority, since it is easier that their fragments 

will be transported further east in Lake Mälaren.  

To deal with colonies close to docks, which is one of the current priorities, it could be a valuable 

idea to switch from floating frames to jute mat. By being a benthic barrier, jute mat could be placed 

on colonies close to docks without creating an issue for boat parking and traffic. In fact, this 

solution is being evaluated as a possible solution or complementary treatment (Appendix C).  

4.4.3 Bringing the fight upstream and considering climate change 

Since Lake Väringen and River Arbogaån are sources for the N. peltata population in Lake Galten, 

they continue to be so by spreading fragments. Eradication in these two waterbodies should become 

a priority otherwise the actions taken in Lake Galten will be countered by the continuous dispersal 

from Lake Väringen and river Arbogaån, a situation resembling a “dripping tap” (Appendix A). If 

the fight will not be brought to the source it will soon be too late to eradicate N. peltata from 

Mälaren. If we miss the opportunity to eradicate N. peltata now, the eradication program will turn 

into a management program, where the goal is only to prevent further spreading of N. peltata and 

keep the population numbers down to a minimum that does not pose a threat to Mälaren’s water 
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quality and biodiversity. The “management approach” would not be a good choice, since keeping N. 

peltata population to a tolerable level is already difficult, and it will be even harder in the future, 

especially considering climate change. The rising temperature will allow N. peltata to reproduce 

sexually, through seeds, which will bring new problematics, since seed banks will need to be taken 

into account as a variable for the efficiency of the management methods, and dispersal will become 

even harder to control. In Mörrumsån/Åsnen, after the hot and dry summer of 2018, germination of 

N. peltata seeds was observed. This was due to the higher temperature and higher light exposure, 

probably due to the lower water level (Smålander & Olsson 2020a). These possible future problems 

stress how important it is to act extensively and quickly, showing also the need to create a national 

eradication program for N. peltata, that enables better coordination between counties and gives 

access to both material and financial resources that are needed. 

Shading barriers is an eradication method that works well for removing N. peltata. Therefore, this 

should be the choice also for dealing with N. peltata in Lake Väringen. The problem is that Lake 

Väringen is a popular lake for fishing since it has a high production of attractive fish species 

(Örebro länsstyrelsen, 2017). Floating frames would be an obstacle for fishing activities. However, 

the situation is very critical, and it requires heavy eradication actions. Therefore, I think that the 

only way is to close the lake for recreational activities for, at least, a season and cover all the 

colonies of N. peltata. For the Arboga river, the ideal would be to use the method developed by 

Tingsryd municipality for the eradication of N. peltata in flowing water, which implies covering the 

colonies with frames and the shoreline downstream of the colonies, especially where the river 

meanders and creates slow-slowing areas, with the fiber sheet. However, the use of frames is not 

suitable for whole Arboga river. The intense boat traffic, due to its connection with the Hjälmare 

channel, could make frames hard to apply. Moreover, some areas pose technical problem to the use 

of frames, especially close to the inlet since the banks are very steep, due to dredging done after an 

inundation in 1987, which makes it hard to anchor the frames (Appendix C). Therefore, it might be 

worth to invest in proactively covering shorelines that offer favorable conditions for N. peltata. 

Additionally, it would be a very valuable option to cover shorelines and reed belts close to the river 

inlet in Mälaren, since they have a higher chance of becoming a germination site for fragments 

coming from the river.  

4.4.4 Sustaining native plant community 

The observation from Munkhammar bay shows that despite signs of recolonization by N. peltata, 

native plants like Nuphar lutea, Sparganium sp., and Schoenoplectus lacustris are also coming 

back. This is very promising since it shows that the native plant community is resilient enough, 

probably thanks to the seed bank in the sediment, to survive light depletion and recolonize treated 

sites. Due to the crucial role of native vegetation in providing fundamental ecosystem services, like 

habitat for local fauna, nutrient retention, prevention in algal blooming, and forage for herbivores 

(Hussner et al., 2017), a major priority of an eradication program should not only be to eradicate the 

problematic invasive species, but also to help to maintain the native biodiversity and promote its 

regrowth (Hofstra et al., 2020).  

N. peltata can expand extensively in few years especially if it has no competition. Whereas in areas 

where Nuphar sp. and Nymphea sp. are present, N. peltata distribution is confined between the 

emergent macrophytes and the deeper areas which are usually dominated by the other nymphaeids 

(Brock, 1985). In Lake Galten it would be beneficial to especially promote the regrowth of N. lutea 

since it is a direct competitor of N. peltata. A way to do this could be by actively planting N. lutea, 

and other native macrophytes, on treated sites or disperse fragments and/or seeds in the area.  
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4.4.5 Extending covering time 

The usual procedure in Galten is to cover N. peltata colonies for one to two years (MVVF, 2021b). 

However, it has been estimated that underground parts (like roots and rhizomes) of N. peltata can 

survive up to 18 months (Brock, 1985). This implies that a one-year coverage could not be enough 

to kill those underground structures. Therefore, another possible improvement could be to always 

cover a colony for at least two years. This would reduce the probability of roots and rhizomes to 

survive and the probability of recolonization.  
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5 Conclusions 
N. peltata is a pioneer species which has shown the ability to become an invasive alien species with 

high impact on the environment where it is introduced. It possesses important invasive traits, like 

vegetative reproduction, high fragmentation, dense and rapid growth. Already in the present-day, it 

poses a serious threat to biodiversity and water quality in Lake Mälaren and Swedish freshwaters in 

general, especially by outcompeting native vegetation through its rapid growth and dispersal, and 

by reducing available sunlight for submerged plants. Moreover, by absorbing nutrients from the 

sediment and therefore reallocating them when it dies, N. peltata could become a significant 

contributor to the eutrophication of the waterbody where it is present. Its rapid growth through 

vegetative reproduction via stolons and its high fragmentation capacity not only enhance N. peltata 

invasiveness, but they also affect the choice for the most appropriate eradication method. With the 

knowledge collected through this thesis, is possible to state that physical control, especially light 

depletion, is the most successful way of fighting N. peltata. Light depletion copes well with N. 

peltata growth and dispersal strategy, since it kills the plant and theoretically even the rhizomes, 

without generating fragments and preventing stolons elongation at the same time. The light 

depleting techniques that have proven most effective are jute mat (benthic barrier), floating frames 

and fiber sheet (floating barriers). Which of these techniques should be used depends on the 

characteristics of the waterbody. If the water is turbid and the bottom is rocky, floating barriers are 

preferable, since jute mat would be hard to place and could be damaged by the rocks. However, 

floating barriers will need to be removed, which increases the workload and generates waste. This 

does not happen with jute mat since it is biodegradable. Jute mat also has advantages for eradication 

close to docks since it would not disturb boats’ movement.  

The choice of using floating frames as the main eradication method in Munkhammar Bay, and in 

Lake Galten, is valid since the water has a high turbidity. Additionally, a reduction by 1.7% of total 

N. peltata coverage has been recorded from 2019 to 2020 in association with the increase in frame 

coverage. The choice to prioritize smaller colonies, colonies close to docks and colonies further east 

in Lake Galten is also appropriate. Smaller colonies are easier to treat, human activities 

significantly promote N. peltata dispersal and avoiding N. peltata spread towards the east part of 

Lake Malären is also important, since calcium concentration is higher there, a factor that would 

enhance N. peltata growth. However, observations from Munkhammar bay have shown that 

recolonization by N. peltata in previously eradicated sites is happening. This suggest that more 

emphasis should be put in reducing stolons growth and fragmentation of those colonies that are too 

extended to be shaded. A possible solution could be to enclose these colonies with a double raw of 

3x3 meters frames. Moreover, shoreline coverage needs to be improved since new individuals of N. 

peltata were often found close to the reed belt. The solution in this case could be to integrate a free-

floating fiber sheet to properly seal the gap between shoreline and frames. The fiber sheet can also 

be used to cover individuals closer to the shore and/or embedded in the reeds. A proactive use of the 

sheet, by covering shores that are potentially suitable for N. peltata is also recommended, especially 

for eradication in flowing waters. Additionally, supporting the recolonization by native vegetation, 

especially by Nuphar lutea, in treated site would increase competition slowing down N. peltata 

recolonization. Extending the covering time with frames to a minimum of two years would increase 

the chance of killing roots and rhizomes, posing an additional obstacle for N. peltata.  

With the milder, shorter winters and higher temperature in general that will come with climate 

change, the spreading limit of N. peltata will move further north opening environments that were 

inaccessible until now, and its establishment in Sweden will be enhanced especially by the 

possibility to reproduce sexually and produce viable seeds. The situation will become even worse if 
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comprehensive measurements are not taken within a short time scale. Unfortunately, the current 

legislations do not allow the eradication of N. peltata to be as efficient as it should. This is mainly 

due to the lack of coordination between different counties, insufficient funding, and inadequate 

laws. Better coordination can be achieved through the implementation of a national eradication 

program. This could be beneficial especially in Lake Mälaren, since Lake Väringen and part of the 

River Arbogaån, which are a source of N. peltata fragments and are currently untreated, are under 

another jurisdiction. The creation of a national program results in a standardized action process 

which would facilitate early detection and especially rapid response, fundamental components for a 

successful eradication of N. peltata. A national action plan could also help in planning an 

appropriate budget to properly support all parties involved in the fight against N. peltata, making 

the available finances less dependent on the counties’ political agenda. However, for this to happen, 

adequate laws need to be introduced. Laws that reduce bureaucracy and guarantee funding, so that a 

rapid response can be enacted. 

The field study of this thesis was only a qualitative experiment, with observations from only one 

site and subsequently generalization derived from those few observations. To gain a better 

understanding of recolonization dynamics by N. peltata, a monitoring program where eradicated 

colonies are marked with GPS and recolonization is followed up on a longer time scale, is needed. 

The clock is ticking, and the time to act is now.  
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Appendix A 
 

Interview with Paul Champion, ecologist working for NIWA in New Zealand, 

conducted on the 26th of March 2020 

“Do you have experience with Nymphoides peltata?” 

Nymphoides peltata is definitely a problematic species to manage, because of the seed production. 

The fact that in Sweden it reproduces only vegetatively is something in your favor, at least until 

climate change will make sexual reproduction possible. Personally, I have more experience with 

Nymphoides montana, which is a plant with a great regeneration capacity, since basically every 

fragment can germinate." 

“Would you say that the management methods for montana and peltata can be comparable?” 

Yes definitely. In the States there is a lot of literature about Nymphoides cristata, which also can be 

compared to peltata. They have been managing cristata with a range of different herbicides. I was 

recently discussing with people from the USA this new product called Procellacor, produced by 

SePRO. I know that in Europe no herbicides are registered for use, but his new product has no 

restriction on recreational activities, since it works in very low concentration, and appears to be a 

good eradication product for cristata. It works at a concentration which is a couple of magnitude 

lower than other herbicides. But we didn't have this product when we were dealing with the large 

infestation of montana, and so all of our work was done with shading the infestation with opaque 

material, that was lied on top of the infestation. Initially we were just using black polythene, now 

there are commercial formulation, which are wheat mat, woven material, and then, even more 

environmentally friendly, now there are jute mat. That technology has been used in Ireland. The 

theory behind is that you take the light away from the plant and with some heavy material you sink 

the mat. Within a growing season, around 3 months, the plant just can't tolerate this level of 

shading. We have also been using jute mat against lagarosiphon, since the mat is too tight to 

allow lagarosiphon to grow through, but native species, like myriophyllum and potamogeton, can, 

and this has been frequently observed. Another, more destruptive, method would be harvesting. Has 

that been done in Sweden? 

“Yes, but it was done wrongly, and it actually helped the plant spreading even more.” 

You can only target small areas with this method. If you surround the area that you are treating with 

a floating cordon, you should be able to contain the fragments. So, I guess the only advantage of 

this method is that you will remove the biomass, but you still have to do the follow up with matting. 

“Does harvesting need to be repeated more than once a year?” 

Yes. But if you just use that in combination with thew jute mat, it reduces the biomass of the plant. 

But since in Sweden you get ice coverage, if you get a good spatial map of the plant distribution, 

you can already prepare everything in advance and as soon as the ice melt you can lay out the 

floating barriers, before the biomass starts to increase, and in this way you don't need to harvest. So, 

timing is also another important factor. 

“In Väringen, the small lake from where peltata has spread to Mälaren, in 2018 100 hectares 

were covered by peltata, whereas in Mälaren 4 hectares were covered by peltata.”  
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Well, you need to find the source and make sure that the plant doesn't establish further in Mälaren. 

We had a kilometer of lake shore in New Zealand that was completely invaded by montana. 

In 1986 the covered the whole infestation with polythene, with a 5 meters buffer. The coverage was 

left in place for a year and no plants came back. 

“Did you have a look of the impact on the bottom fauna and flora after the treatment?” 

Not immediately after that, no. Because it was a small percent of the whole lake margin. But all 

native species are seed producing, so the regeneration form the seed bank is usually very rapid, 

within a year you'll have a complete covering of vegetation.  

“Considering that Väringen and Arboga river, the one that connects Väringen to Mälaren, 

are a source of fragments for Mälaren, do you think more focus should be put on preventing 

further spreading in Mälaren or try to eradicate peltata from Väringen?” 

It depends on what sort of appetite your authorities have for proactive management. I would say 

that dealing with the plant in Mälaren would have the most immediate benefit. But you also need to 

act on the source. Your possibility in the river that connects the two waterbodies depends also on 

how intense the recreational use of this river is. Because if the use is not too intense, you could 

design some kind of nets, attached to floating cordons, to collect fragments. These nets could be 

placed in part of the river where you know that you naturally get high material accumulation. 

Because by managing only the big lake, you have a situation comparable to a dripping tap, where 

new propagules will always be introduced and don't allow you to completely get rid of the plant. 

“Tell me more about the experience you had with N. peltata in New Zealand. Where was the 

plant found?” 

It was a small farm dam, a water supply dam. The people from the farm introduced. However, it is 

interesting since at that time, the plant was not in cultivation within New Zealand, and despite the 

authorities asked these people where they got this plant, there was nothing to follow up on. So, 

potentially it could have been imported as a contaminant of nymphaea waterlilies, which are very 

popular. Interesting, in the 1990's, my colleague Clayton, visited a nursery in Hamilton and 

found peltata been grown there. Fortunately, the nursery had a record of one person who got the 

plant. We put an advert in the local newspaper and fortunately that person got in touch with us. And 

through the same article we also found 6 other places where N. montana was present. But this was 

the only record of N. pletata in the country. 

“How did you proceed to eliminate N. peltata from the water dam?” 

The dam was completely covered with woven plastic material, which was pinned to the margin of 

the dam. But even with that we found that seeds were washed up around the edges of the plastic 

mat, and the y will eventually germinate on top of the mat. So finally, the decision of filling the 

dam with earth was taken. This was only possible since it was a human made dam on private land. 

It was a drastic measure, but it was the only way to prevent peltata to spread further, which would 

have been a huge problem. 

"How important is to control the plant trade?" 

We manage a lot of aquatic plants by stopping their sale and distribution. It is illegal to sale, grow 

them or even give them away. But with N. peltata in Europe, you have this complicated situation 

where the plant is native to many countries, it extensively cultivated in nursery in England and 

Nederland and advertised as a native species. And this on the long term is a problem, because as 



 

43 

 

long as the plant is part of the plant trade you will always have the risk of it reemerging. So, without 

a legal protection that forbids peltata to be sold there is not a lot that can be done to prevent 

possible reintroductions. 
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Appendix B 
 

Interview with Robert J. Richardson, professor at North Carolina State 

University in the USA, conducted the 16th of April 2020 

“Have you ever worked with N. peltata?” 

We did some work few years ago, and I think we still have some in culture. However, most of our 

work has been with Nymphoides cristata 

“I've heard that methods that work for cristata can be used on peltata, since the two plants 

behave in a similar way. Do you agree?” 

Yes, however I would say that cristata is more difficult to control, so everything that works on 

cristata should also work on peltata. 

“In which way is cristata more difficult to control?” 

Well, I'm specifically thinking about herbicidal control, where cristata is usually less responsive 

than peltata. 

“Where exactly have you been working on the eradication of peltata, and respectively 

cristata?” 

We worked with N. peltata in North Carolina, were it is considered a noxious weed, so the State 

eradicates it once it is found. It is usually bought as pond plant, and after a couple of month people 

decide they don't want it anymore. So, we had numerous ponds where the plant was present. N. 

cristata is a big problem in South Carolina. 

“Which was your approach/method to eradicate N. peltata?” 

For controlling it, mainly herbicides. One of the primary products was ProcellaCOR. 

“In Sweden harvesting has been tried as a method, but with poor results. The most used 

method is the use of floating shading barriers. Have you had any experience with these 

methods?” 

No, we haven't used any of those control strategies, because we have herbicides readily available, 

so that has been our primary approach. 

“How were the results with the herbicides?” 

Fairly good response from the product with N. peltata, it still takes 2-3 years to totally eradicate it 

from a site. you cannot do it in a single treatment. But a few treatments under 2-3 years they do a 

really good job. We have actually managed to eradicate from some of the ponds where it was 

present, but they were small ponds, like 1-2 hectares in size, not big systems. 

“You didn't work with any infestation in big water systems?” 

No, the work with N. pletata has been only in small system. N. cristata is instead present in big 

water systems. 

“How do you deal with N. cristata and the use of herbicides in big water systems?” 
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 A large field treatment has been done and has been somehow effective but do to cristata intensive 

spread it hasn't been able to keep up with it, so the plant is still a big problem in the systems where 

it is present. 

“The water system that I'm focusing on for my thesis, has a smaller lake where N. peltata was 

introduced, and from where it has spread, through a river, all the way to a bigger lake, which 

is actually the waterbody I'm analyzing. Currently, the main focus of the eradication program 

is to prevent further spreading in the bigger lake, without any work been done in the smaller 

lake, which is actually a source of N. peltata. Is this not, on the long run, going to counter all 

the work done in the bigger lake?” 

Yes, anytime you have a source population like that you really need to manage the source, or you 

are just going to have continuous reinfestation. So, even if they do a good job in the bigger lake, if 

there is still material floating in from the source is going to be a never-ending process. So, I think it 

is important to manage both at the same time, if you really want to get rid of the plant. 

“Working in flowing waters in much harder, right? Do you have any ideas on what could be 

done?” 

Yes, flowing waters are much more difficult to deal with, so I guess part of the equation will be if 

the plant establishes in flowing sections, or if it just moves through the flowing sections and 

establishes in non-flowing areas. 

“Since you mentioned that most of the spreading of N.peltata happens because of people that 

dispose it when they get tired of having it in the garden, has some preventive work, via 

informing the public, been done in any way?” 

We have done some general work with noxious plant species in general, not specifically with N. 

peltata because it is just hard to get at the original spread source through craigslist. Most of the 

people got the plant for free from someone else, so it is hard to address issue like that, because it 

more or less anonymous. So, there is no way to systemically educate people through those 

platforms. 

We do have general programs like clean-drain- dry, to try to stop invasive plants to spread, but no 

specific program for N. peltata. 

“Is there any another control method that you are aware of?” 

In New Zealand, they are using a natural fiber to build benthic barriers, it is like a coconut fiber, a 

natural material that breaks down and you don't have to worry about plastic pollution. I had a look 

at some of the sites where they have been using this method when I was there a couple of months 

ago. It is relatively expensive, but they are doing a good job, especially with the eradication of 

Egeria. There are even records of native plants growing on top, or through, these fiber mat. 

“However, a problematic with benthic barriers is that you kill everything under it.” 

Yes, that is true. But if the native plants are able to reestablish on top of the mat than maybe it is not 

that bad. 

“What is the general picture of N. peltata in the States? is it only a problem in North 

Carolina?” 
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No, peltata tends to be more of a problem in the cooler States, from North Carolina up and on the 

Atlantic coast, and cristata, so far, has been more a problem in the southern States. There are few 

northern States that have mentioned a program for peltata, but none of the southern States has, not 

that I'm aware of. 

“What is currently done to prevent further spreading of peltata/cristata from the sites where 

they are already present?” 

In most of the States people try to eradicate N. peltata as soon as they find it, it is not as distributed 

as cristata, which is extensively spread in big water systems, which makes it really hard to contain 

it. In some reservoirs in South Carolina, they have missed the opportunity to contain cristata, and 

now it is simply too wide spread to actually stop it. 

“How long has N. peltata been present in the US?” 

At least 15 years. But it is also a problem in the eastern provinces in Canada. 
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Appendix C 
 

Interview with Christina Schyberg, ecologist working for Köping municipality 

in Sweden, conducted the 19th of January 2021 

”När började bekämpning i Mälaren? Vad har hänt tills nu?” 

I slutet på 90tal kom sjögull till Kungsör, som kom från Väringen. När jag kom dit, 2006, höll på 

mätt i 10 år. Vi försökte att klippa, först. Var också privata initiativ, som täckte kolonierna med 

svart plast och armeringsnät. Problemet var att de inte skulle plocka upp det, och det går inte bra, 

man kan inte bara slänga massa plast sådär i sjön. Det blev väldigt kostsamt att dra upp allting. Det 

var i princip omöjligt. 

Vi hörde från Åsnen att de la ut råghalm, så vi tänkte att kunna göra som en dubbel macka med 

råghalm-armeringsnät. Vi provade några sticken, men också här att plocka upp material var 

kostsamt. Då började de på Åsnen att lägga ut flyttande täckning och vi bestämde för att testa. 

Fördel är att det är lättare att ta ut material från vattnet sen. Vi byggde några ramar med rör som 

man använder till kommunala vattenledningar. Men vi tyckte att det var lite dyrt så här, så vi la 

tunnare PVC avloppsrör, men de bröt och sjönk. Så vi gick från bottenteckning till flyttande 

täckning. Sen Eskilstuna började producerade ramar, vi köpte några och började samarbeta. Sen, 

tillsammans med Köping, Kungsör och Eskilstuna började vi finansiera projektet genom LONA. 

Men vi var "tvungna" att alltid utveckla vår metod, för att kunna fortsätta få pengar. Det var lite 

onödigt, pga. vi tyckte att ramar var en lämplig metod. Nu har vi också kopplat in några externa 

entreprenörer. Vi försökte att spruta ogräsättika, men det var svårt att hitta en lämplig inpunkt, det 

var svårt att komma åt till individer som är mitt i bestånd. 

”Om man skulle hitta ett bättre sätt för att spruta ättika, skulle det kunna vara en lämplig 

metod?” 

Jag vet inte, men när man pratade om att bekämpa genom besprutning, och då var det framförallt 

RoundUp som folk tyckte vi skulle använda, men man kan inte spruta RoundUp i en sjö, för både 

människor och miljön skull, tycker jag. Men för vissa det är bara viktigt att vattenyta blir fritt från 

ogräs. 

”Varför har det blivit att man använder bara ramar just nu? Är det en pengarsfråga eller är 

de andra metoder inte så effektiva? Varför inte kombinera ramar med, till exempel, 

juteväv?” 

Allt man lägger på botten är svårt att hantera. Också med juteväv, den bryts ju ner, men det är svårt 

att lägga ut den på botten utan att det blir glipor i mellan, som gör att etablering händer på noll tid. 

Man skulle ju i så fall kunna försöka att lägga juteväv och sen försöka att bekämpa de strängar som 

blir kvar då, om det blir glipor, att man bekämpar de sjögull kolonierna på direkt, med en annan 

täckning. Men det är svårt att få grejer att stanna kvar på botten. Man måste nästan ha dykare för att 

se att det blir tätt, utan glipor. Sen man måste också tänka på bottenfaunaskadan. Med flyttande 

ramar man dödar också allt som lever under, men det händer redan om man låter sjögullet vara, pga. 

den bildar så täta bestånd. Speciellt i Galten som är så grund och grumligt. Galten är ju den 

grundaste i hela Mälaren och den har 45% av tillflödet, det gör att det blir enormt grumligt. Om 

man lägger till avskuggning av de täta sjögull bestånd, då blir det att andra växter ha det svårt. 
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”Vad tycker du om det nuvarande situation? Pga. trots att man har bekämpat sjögullen den 

har ju ökat.” 

Nej, sen vi har intensifierad våra bekämpningar, så har sjögullet inte ökat. Vi har stoppat ökningen, 

enligt den senaste inventering. Den visar ju att vår metod funkar, men den är tidskrävande ock 

kostsamt, den kan jag hålla med. 

”Men på rapport av Sjögullsinventering från 2019 står det att sjögull har ju ökat med 180% 

från 2017 till 2019” 

Det finns en inventering från 2020 som visar att spridningen har minskat. Inventeringsmetod har 

också utvecklats, nu har vi kört med samma metod två år i rad (2019 och 2020) och då känns det att 

den senaste inventeringen är mer tillförlitlig. Vi har tagit bilder med drönare och kompletterat 

flygbild med fältbesök med båt. Och det kan ge en ganska säker bild på vad vi har. Betydligt 

säkrare än på tidigare inventeringar, för de, tror jag, baserades på Lantmäterietsflygbildar. 

”Vilka är prioriteter för en effektiv bekämpning?” 

Tills nu bekämpningen har hunnits för hälften av dem 11 ha av sjögull. Då funderar vi att vi måste 

försöka avgränsa de stora kolonierna så att de inte växer ännu mer medan vi väntar på och få 

resurser att bekämpa dem, så vi funderar om man kan ringa in dem med dubbla ramrader eller 

någonting i den stilen. Vi måste försöka att undvika att de där bestånden blir jätte jättestora och vi 

måste ha koll samtidigt att nya etableringar bekämpas direkt. Gör vi det, då blir det väldigt kost-

effektiv. Inventeringen har gett oss en bra bild där alla bestånd finns. Så blir det lättare att 

organisera bekämpning av nya kolonier och prioritera arbetet på rätt sätt. Och prioriteter just nu är: 

bekämpa nya kolonier, avgränsning av dem stora kolonierna, och bekämpa speciellt där det är 

mycket båttrafik. Där det är mycket båttrafik funderar vi om man kan använda bottentäckning pga. 

flyttande ramar stör båtar. Eller kombinera dem två. Vi har hittad på en textil duk, som borde vara 

nedbrytbar, som kunde fungera som komplement, men problemen är att få den på plats och ligga 

där. Och det kan lätt hända om det blåser eller finns vågor. Många variabel man måste räkna med 

när man jobbar på sjön. 

”Men hur är arbetet strukturerad bland de olika institutioner?” 

Innan det blev samarbete, då körde vi var och en sin egen grej. Kungsör körde flera stycken LONA 

projekt, och det är statligt finansierad som täcker 50% av kostnader. Sen kom Eskilstuna ock körde 

också Lona projekt och sen efter ett tag, tyckte vi att bekämpning av sjögull var en prioritetsfråga, 

och att vi borde därför få stöd. Så vi hjälptes åt och skrev en ansöka till HaV myndigheten. Det var 

ingen riktigt ansökan om någon specifik bidrag, vi bara framställde problemet och sa att vi skulle 

behöva pengar för att bekämpa sjögull. Där kom Mälaren Vattenvårdsförbund (MVVF) in i bilden, 

och Ingrid höll oss ihop. Så skickade vi ansökan till HaV myndigheten. Det var slutet av året och de 

hade lite pengar övrigt, och då fick både Södermanland och Västmanland 1.5 millioner sek varje, så 

staten la ut 3 millioner totalt. men just det är att det är två län som ansöker komplicerar hela 

byråkrati. För att göra LONA ansökan måste vi skocka in två separata LONA-ansökningar och göra 

två separata redovisningar. Vi önskar att vi kunde vara mera samverkan, att det kunde vara öppet 

för samverkan mellan kommuner och län på ett annat sätt än vad det är idag. MVVF har gett oss 

möjligheten att lära känna varandra och kommunicera mellan olika kommuner. Vi sa till HaV 

myndighet att vi egentligen skulle behöva 30 millioner, men vi fick bara 3, men det är åtminstone 

en börja 
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”Vi byter fokus från Mälaren till Väringen och Arbogaån, pga. de är fortfarande en källa för 

nya individer av sjögull till Mälaren. Stämmer det?” 

Ja, precis. 

 ”Men jag fick öra av Thomas Schön, som jobbar på Örebro länsstyrelse, att det inte pågår 

nån bekämpning i Väringen. Men det betyder att det alltid kommer finnas risk för 

återkolonisering i Mälaren. Vad kan man göra?” 

Jag tänker att första prioritering nu är att skicka tillbaka sjögull från de östra delarna till de västra 

delarna, så att det inte får ytligare spridning. När vi lyckas ha hela Mälaren fri, då måste vi ha en 

övervakning hela tiden så att det inte händer nya etableringar och att vi kan börja bekämpa direkt 

när ifall nya kolonier skulle dyka upp. Samtidigt har vi en önska att man fortsätter med bekämpning 

från Arbogaån hela vägen upp till Väringen. Men då känner jag att det är kanske andra kommuner 

som ska fortsätta där vi har slutat. Så det är Örebro länsstyrelse och kommuner som, till exempel, 

Kungsör, Arboga, Lindesberg som ska samverka i ett sånt projekt.  

”Vad kan man göra för att bekämpa sjögull i flyttande vatten?” 

Vi testade, när jag jobbade i Kungsör, att lägga ut täckning där också, och det är lite mer utmaning 

kan man säga, för att Arbogaån från Arboga ut till Kungsör är ju muddrad, för att det var en väldig 

översvämning i 1987. Då stora delar av åkermarken stod undervatten, då bestämde man sig för att 

muddra och man sprängde även bort någon bergsklack och så. De muddrade delar blev koloniserad 

väldigt snabbt av sjögullet. Men muddringen har också gjort att det blev branta slutningar från 

stranden och neråt, så det är lite mer komplicerat med förankringen av täckning samtidigt som att 

det är ganska stark ström. Dessutom har man problematiken att litoral zon består av mycket vass, 

säv och andra växter, då har man sjögull bestånd som är blandat med andra växter, och när man 

försöker att täcka såna bestånd, det slutar att vassen skjuter upp ramarna. Men vi har lite tankar på 

att vi kanske i det är LONA projekt skulle göra några försök i alla fall med täckning i Arbogaån och 

ser hur vi kan utveckla det lite mera. Sen man måste också tänka på att det är mycket båttrafik pga. 

Hjälmare kanal, som påverkar vad man kan göra. 

”Där man lyckas bekämpa, kunde man hjälpa inhemska växter att återkolonisera?” 

Man skulle faktiskt kunna hjälpa till med lite plantering av pluggplantor av inhemska 

flygbladsväxter, så skulle ju sjögullet få svårare att etablera sig. För det är ju så att om man väl har 

bekämpat sjögullet på en plats så är man ju lite rädd för att det snabbt ska sprida sig tillbaka dit, för 

att det är lämpligt grogrund för växtdelar. Det vore faktiskt ingen dum idé att integrera det i 

bekämpningsprogram. Jag tror att man ska försöka efterlikna naturliga förhållande så mycket som 

möjligt, inte störa mer än nödvändigt. Just de där bottensåtgärderna stör väldigt mycket. Det har 

varit mycket tal, från olika håll, att man skulle muddra för att ta bort rotdelarna. Men jag är livrädd, 

med tanke på resultaten som har varit i Arbogaån och även undanför Kungsör, bort åt Skillingeudd, 

där tog man bort vass, och jag tror att de har till och med muddrat. Nu det är fullt med sjögull där, 

och det visar vilka problem som det kan leda till när man går in och stör ett växtsamhälle. Det ofta 

blir att man rullar ut röda mattan för invasiva arter. Vi misstänker också att det kan finnas ett 

samband mellan spridning av sjögullet till vissa stället och ett företag som kör 

muddringsverksamhet i Mälaren. 

”Men hur kan ett företag få tillstånd att muddra i ett område där man vet att det finns ett 

farligt invasiv art?” 
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Jag tycker att problemet är att den elfte kapitlet i miljöbalken om vattenverksamhet är ganska 

tandlös. Man behöver bara göra anmälan om vattenverksamhet, ofta. Där man har strandskydd kan 

man sätta hårdare regler och villkor på et annat sätt, men annars inte. Muddring kräver inget 

tillstånd, det är bara anmälan som gäller.  

”Sen har man också problemet att sjögull ligger inte på någon svartlista, inte i Europa heller 

Sverige.” 

Men på ett sätt är vi ganska nöjda med det just nu, för att om det hamnar i EU lista över arter som 

man måste bekämpa, då kan inte vi få LONA-medel för att bekämpa. Pga. om man får krav på sig, 

från något annat håll, om tvingande återgärder, då kan man inte få bidrag för det. Till exempel, om 

man ansöker frivilligt om pengar för att riva bort en gammal damm, då kan man få bidrag, men om 

det har gått så lång så att länsstyrelse har satt krav på verksamhet beprövade kommunen, till 

exempel, då får man inte längre någon bidrag, utan då måste man ta alla resurser på egen ficka. 
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