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Abstract: Lake Léman (Lake Geneva), Switzerland, is known to have undergone major environmental
change over the last few decades, including changes in the abundance, distribution, and species
composition of macrophytic plants (aquatic plants). In this study, questionnaires and key informant
interviews were used to assess lake users’ perceptions of broad scale environmental change in
the lake paying special attention tochanges in the abundance of aquatic plants and the perceived
ecosystem services (ES) and ecosystem disservices (EDS) associated with them. In addition, we
assessed whether users’ perceptions of aquatic plants had an impact on perceived management
need. Most respondents (63%) perceived aquatic plant abundance to have increased over the last
10 years, primarily because of climate change. Aquatic plants were seen to benefit water quality
through improved regulation and supporting services, and to provide important habitat and food for
fauna. Most EDS associated with increased aquatic plant abundance were categorized as cultural or
economic. User perceptions of the ES and EDS associated with aquatic plants affected support for
management (60% of respondents supported some form of management), and such information is
important for informing environmental decision making.

Keywords: Lake Geneva; environmental management; water weeds; public perception; macrophytes;
values

1. Introduction

Understanding people’s perceptions of the environment and associated benefits and
impacts is fundamental for guiding effective environmental management and conserva-
tion [1]. People’s perceptions can be broadly defined as the manner “wherein people
select, organize, interpret, retrieve and respond to the information from the world around
them”, producing mental impressions and constructions which will ultimately help shape
behaviors and actions [2,3]. Individuals’ perceptions of the environment are influenced
by several factors such as social backgrounds (e.g., political contexts and human value
systems, social relationships), personal characteristics (e.g., knowledge, education and age)
economic influences and dynamic ecological conditions [1,3]. A robust understanding of
individual perceptions is fundamental to mitigate conflict in environmental management,
facilitate prioritization and decision-making, and increase the efficacy of stakeholder en-
gagement processes [3]. Perceptions of whether management and governance processes
are contextually appropriate can also lead to support or opposition of such actions [1].
Assessing perceived environmental change is also of value as a diagnostic tool, as it allows
detection of socio-environmental issues and interlinkages that purely ecological approaches
often neglect [4–6] and can promote interdisciplinarity.
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The multifaceted ecosystem services (ES) and human wellbeing framework is in-
creasingly being used in political agendas, management, and research to improve inter-
disciplinary research, policy and conservation solutions in the face of unprecedented
environmental change [7]. However, the incorporation of ES into decision making has
focused on biophysical assessments and economic valuation, with little consideration of
the perspectives of different stakeholders [8,9]. Where studies have been done, stakeholder
perceptions and preferences of ES benefits have been found to be highly variable according
to the social and cultural context [10,11] as well as economic contexts [12,13]. Further,
the interaction between humans and ecosystems are not always positive, resulting in
unwanted, unpleasant outcomes, or economic costs to human wellbeing. Following [14],
the complementary term “ecosystem disservices” (EDS) are defined as “the ecosystem
generated functions, processes and attributes that result in perceived or actual negative
impacts on human wellbeing”. EDS can be both biotic or abiotic in nature and can range
from impacts on people as a result of natural or geophysical hazards (e.g., earthquakes,
droughts), to biological hazards (e.g., invasive species) to social hazards (e.g., disease
spread) and can affect all spheres of life (e.g., economic, health and cultural). Effective and
holistic management of ecosystems requires integrated assessments that consider variation
in stakeholder perceptions of ES and EDS [15].

Lake environments are highly important for people and provide a multitude of ES such
as nutrient regulation, the provision of fish for food and recreational opportunities [16], but
increasingly, they also cause and are affected by EDS, for example, biological invasions [17],
eutrophication [18] and disease outbreaks [19] with resulting negative implications for human
wellbeing. Lake Léman in Switzerland is no exception. The lake provides a multitude of
ES such as water regulation, the supply of drinking water, transport opportunities, supports
the livelihoods of fishers and promotes tourism and recreation. At the same time, the lake
environment is associated with EDS such as storm hazards and health impacts such as parasitic
species like duck lice [20]. Lake Léman was, and remains, threatened by anthropogenic
pressures and issues associated with human induced global environmental change, such as
pollution, invasive species and climate change [21–25], although the major threats facing the
lake environment have changed over the last few decades. A major biotic change taking place
in the lake is an alteration in the abundance of macrophytic plant species (hereafter referred to
as aquatic plants), which are changing in composition and thought to be proliferating due to
increasing summer temperatures and improved water quality, warranting mandated control
by the state in places (i.e., see [25]). Due to the perceived increase in aquatic plants in the
shallower regions of the lake, where human activity is high (particularly recreation), there is
an emergence of different views around their benefits and costs in the popular press (e.g.,
https://www.tdg.ch/geneve/chaleur-plantes-proliferent-leman/story/13368921 (accessed
on 15 July 2020)), which affects lake users’ support for ongoing management actions. This
suggests there is a need to better understand the dichotomy of views concerning the perceived
benefit and costs of these aquatic plants and potential trade-offs with regards to control.

In this study, we aimed to assess lake users’ general perceptions of ecosystem change
in Lake Léman, Switzerland, and the current major threats to the lake environment. Within
this context, we focussed more specifically on assessing users’ perceptions of the increasing
abundance of aquatic plants, drawing on the ES/EDS frameworks to define perceived
benefits and costs. More specifically, we aimed to assess and compare the perceptions
of aquatic plants across different lake user groups. In addition, we aimed to assess the
relationship between user perceptions and support for management. The results of this
study provide insights into local people’s perceptions of the socio-ecological impacts of
environmental change and the social acceptability of environmental management, which
can be used to inform evidence-based adaptive and collaborative management.

https://www.tdg.ch/geneve/chaleur-plantes-proliferent-leman/story/13368921
https://www.tdg.ch/geneve/chaleur-plantes-proliferent-leman/story/13368921
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2. Methods
2.1. Study Site

The study was conducted on the Swiss side of Lake Léman (also known as Lake
Geneva). Lake Léman is one of Western Europe’s largest lakes at 95 km in length and
up to 13 km in width and over 300 m deep. The majority of the lake (345 km2) is un-
der Swiss jurisdiction with the rest (234 km2) under French jurisdiction [25]. Approxi-
mately 1.65 million people live in the immediate lake basin (Région Lémanique) as of 2020
(https://ec.europa.eu/eurostat (accessed on 10 March 2021)).

In the 1960s–1980s, the lake was highly threatened by pollution and associated with
poor water quality, making it dangerous to even swim in some parts. Pollution from human
and agricultural waste, in particular phosphorous, caused vast eutrophication of the lake
and had devastating impacts on its fauna and flora. Pollution levels have been better
regulated and managed since the 1980s and the lake environment and water quality has
improved substantially [26]. The lake, however, faces other current and ongoing threats, for
example, due to climate change [21,23,25], sediment changes [24], the impacts of invasive
alien species [22,25], and micropollutants [25] all of which affect the lake ecosystem and its
use by humans.

In general, the lake has been well monitored for environmental change issues since
1969 with annual reports available on the state of the lake environment (https://www.
cipel.org/publications/rapports-scientifiques/ accessed on 10 March 2021). Monitoring
focuses on water temperature, physiochemical quality, biological monitoring of the pelagic
zone (mainly algae), and pollutants. These variables tend not to generate different opinions
regarding ES and EDS. The long-term dynamics of aquatic plants in the lake are not as
regularly monitored (every 10 to 20 years) as other variables [25,27], but changes have been
noted. Further, this monitoring mainly focuses on species composition and not total plant
biomass or the effects of changes in aquatic plant abundance on the broader ecosystems
and people. Therefore, there is great need for further investigations into this.

Currently, Myriophyllum spicatum, Potamogeton perfoliatus, P. pectinatus and P. lucens
are the most common native aquatic plants in the lake although there are a further 14 or
more species [25,27]. There are also invasive alien aquatic plant species (e.g., Elodea nuttallii,
Lagarosiphon major) which are increasingly observed [27,28]. A key change in the last
decade or so is that aquatic plants are growing at greater depths, which is suspected
to be driven by progressive warming of the lake’s shallow water and improvements in
water quality, which may facilitate plant growth [25]. Furthermore, species compositions
are changing, for example, P. pectinatus was described as very rare in the middle of the
19th century and was amongst the most abundant species in 1997 but has subsequently
decreased in 2009—these changes are likely linked to past eutrophication events [29].
The abundance of Stuckenia pectinata, which is used as an indicator of lake quality has
almost halved since 1975 [25]. Anecdotal evidence suggests that aquatic plants provide
both ES, such as habitat and lake oxygenation but also have EDS relating to human
recreation (e.g., decreasing the recreational opportunity of the lake for swimming and boat
users (https://www.tdg.ch/geneve/chaleur-plantes-proliferent-leman/story/13368921
(accessed on 10 July 2020)), which may lead to contention between different user groups,
and thus needs further investigation). The increasing abundance of aquatic plants currently
warrants control, which is mandated by the state since the lake is a public good [28].
Management generally follows traditional methods and varies according to the species [28],
but novel control solutions are being looked into, such as creating compost from aquatic
plants (https://www.letemps.ch/sciences/compost-geant-plantes-algues-leman (accessed
on 10 September 2020). Lake Léman remains highly important for transport, sports,
recreation and tourism, water supply and fishing and is an important asset in the region,
and therefore it is crucial to better understand and respond to environmental changes in
and around the lake.

https://ec.europa.eu/eurostat
https://www.cipel.org/publications/rapports-scientifiques/
https://www.cipel.org/publications/rapports-scientifiques/
https://www.tdg.ch/geneve/chaleur-plantes-proliferent-leman/story/13368921
https://www.letemps.ch/sciences/compost-geant-plantes-algues-leman
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2.2. Study Approach

Two approaches were used to collect data for this study: a semi-structured question-
naire survey to assess lake users’ perceptions of environmental change and management in
Lake Léman and in-depth key informant interviews. These approaches are complimentary;
the semi-structured questionnaire approach allowed quantitative assessment of general
trends in the case study region, whilst the key informant interviews explored the personal
experiences of key individuals in more depth and allowed for the gathering of management
related information.

Both the questionnaire and key-informant interviews took place during the COVID-19
pandemic; therefore, a mixed approach was taken to data collection using both in-person
and online surveys and in-person or telephone interviews with key informants. The in-
person questionnaires were administered with lake users in several towns and villages
between Lutry and Gland during September 2020, targeting people that were engaged in
activities in and around the lake (see Figure 1). For the online surveys, a ‘snowballing’
approach was used [30], which targeted lake user groups or societies, through their mailing
lists and associated social media outlets. In total, 34 different user groups or societies
were approached, including divers, recreational fishers, sailors, swimmers, rowers and
motorboaters. The online version ran for two months during September and October
2020, using the program SurveyMonkey and included responses from people living across
the whole lake region. Both the in-person and online questionnaires coincided with the
end of a bloom event to allow for people to have recent experience of the aquatic plants
over the summer. Major aquatic plant blooms take place in peak summer (June/July to
September). A prototype version of the questionnaire was also piloted with 20 lake users
before dissemination.
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Figure 1. The study site depicting the region between Lutry and Gland in which the in-person questionnaires were
administered with lake users.

The semi-structured questionnaire had five components: (1) type and frequency of
lake use by respondents during the summer months (1 May–30 September) when aquatic
plants are known to be abundant; (2) general perceptions of environmental change on the
lake; (3) perceptions of aquatic plants in Lake Léman; (4) perceptions and willingness to
pay for increased management of aquatic plants in the lake; and (5) social-demographic
background information. Questionnaires were conducted in English or French.



www.manaraa.com

Water 2021, 13, 1459 5 of 15

To determine general perceptions of environmental change in and around Lake Léman
respondents were asked whether they perceived there to be any major environmental
change in the lake over the last 10 years, and if yes, to outline what these changes had been.
Respondents were also asked whether, in general, they perceived the lake environment
to have improved, deteriorated or stayed the same, as well as to indicate their perceived
threat level for the lake using a 5-point Likert scale (1 = not threatened at all, 5 = very
threatened). To elucidate perceptions on aquatic plants, respondents were asked to outline
perceived abundance level using a Likert scale (1 = not abundant at all, 5 = very abundant)
and whether aquatic plants had spread, stayed the same or decreased over the last 10 years.
Respondents were also asked whether they perceived aquatic plants to have a positive or
negative effect on people or the environment, and the type of effect (a free listing exercise).
Finally, respondents were asked whether they thought the existing management of aquatic
plants was effective, and if not, if they would be willing to pay for additional management.
Respondents were also asked how they would want management efforts to be targeted.
They were also able to provide additional comments at the end of the questionnaire.

Furthermore, seven key informant interviews were conducted with cantonal (regional)
managers, lake-related NGOs, and people whose livelihoods are derived from the lake
(including fishers, and those in the tourism and recreation industry) between September
and October 2020. These interviews included broad-scale discussions of the lake, its
management and the environmental changes taking place, and then focused on aquatic
plants specifically and the effects they have.

2.3. Data Analysis

Only responses in the semi-structured questionnaire were used for statistical analysis.
Differences in responses between online and in-person interviews were tested through a chi-
squared test (χ2) of independence or Fisher’s exact test (R package: MASS). In general, the
respondent profiles and perceptions between in-person and online questionnaires were similar
and no significant differences were found for most of the data. However, some very minor
differences and biases were identified that are common in online questionnaire approaches
(i.e., a tendency to have more educated respondents from online surveys ((as in our study
(χ2 = 14.30, p < 0.01)). Further, online respondents had a slightly higher interest in environmen-
tal issues and membership of environmental groups (p < 0.01, Fisher’s exact test) which is also
another common bias. Due to the very minor differences in respondent profiles for online and
in-person questionnaires, the data for the two was pooled for analysis.

To analyze user perceptions about the capacity of aquatic plants to provide ES or
EDS, user groups were defined based on the recreational activities they regularly un-
dertake associated with Lake Léman and whether this activity was primarily ‘in the
lake’, e.g., swimming, scuba diving, ‘on the lake’, e.g., boating, sailing/windsurfing, row-
ing/kayaking/SUP, ‘both’, or ‘by the lake’, e.g., fishing, bird-watching, walking/running/
cycling, casual recreation near the lake. In addition, responses to questions on whether
aquatic plants had a positive or negative effect on people or the environment in and around
Lake Léman were categorized as perceived ‘ES’, ‘EDS’, ‘both’, or ‘neither’. Chi-squared
tests (χ2) of independence were used to identify differences in types of recreational user
and their perceptions of the capacity of aquatic weeds to provide ES or EDS. In addition,
ES and EDS perceptions were explored to determine whether these were associated with
perceptions of management need, using multinomial logit regression (R package: nnet).
All statistical analysis was performed in R v.6.3.1 [31].

3. Results
3.1. Characteristics of Respondents

In total, 186 questionnaire responses were received: 127 from the online survey and
59 from in-person surveys along the side of the lake. In addition, the responses from the
seven key informants were qualitatively drawn upon in order to illustrate the range of
impacts caused by aquatic plants and specific management considerations.
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During the summer months (1 May–30 September), 39% of respondents visited the
lake two to three times a week, 17% visited the lake four to six times a week, and 24%
visited the lake two to three times a month. Activities varied but respondents frequently
reported undertaking multiple activities; swimming was the most popular activity (62% of
respondents reported swimming for fun, 30% reported swimming for exercise), followed
by casual recreation on the lakeside, e.g., picnic, sunbathing (49%) and boating (32%). Only
20% of respondents lived in a lakeside property.

Most respondents had university-level education (56% indicated they had a postgrad-
uate degree or equivalent diploma, and 28% indicated they had a Bachelor’s degree or
equivalent diploma). Most respondents (67%) had a high interest in environmental issues;
44% watch or read environmentally related news a few times a month and 30% watch
or read environmentally related news two to three times a week. Thirty-three percent of
respondents indicated they were part of an environmental group. Most of the respondents
were male (67%) and middle aged.

3.2. Observations of Environmental Change in Lake Léman

Most respondents perceived that there had been a major environmental change within
Lake Léman over the last 10 years. Of respondents that reported a major environmental
change, 47% believed that overall, the lake environment had gotten worse, 33% believed
it had gotten better, and the remainder (20%) believed the lake had stayed generally
the same or were unsure. One key informant expressed that since the control of major
pollutants more than 10 years ago, algae and eutrophication have been reduced. As a result,
water transparency has increased, aquatic plants have recolonized and new species have
appeared. Another key informant suggested that “the lake is ever-changing and even in a
single year lake cycles and quality can vary hugely”. On a scale from not very threatened
to very threatened, 46% of all respondents indicated that Lake Léman was moderately
threatened and 31% reported the lake to be threatened.

Negative environmental changes mentioned were categorized into 13 broad factors
(Table 1). The most common changes (reported by~quarter of respondents) included
an increase in the threat to fauna and an increase in invasive alien species (Table 1).
The negative impacts of invasive alien species were described by several respondents,
some of the species mentioned included Dreissena bugensis (quagga mussel), Silurus glanis
(Wels catfish), Micropterus salmoides (largemouth bass) and Pacifastacus leniusculus (signal
crayfish). Of respondents that mentioned invasive species as a negative impact, 63%
mentioned “invasive mussel species” with reported impacts including “prevent algal
growth”, “decrease fish numbers”, and “destroys spawning grounds”. Native pest species
mentioned were “fleas/duck lice”, “cormorants”, and “grey herons”, with cormorants
being the pest species most frequently reported by respondents (80%). Cormorants were
associated with fish depletion in the lake.

Macro (16% of respondents) and micro (13% of respondents) pollution was also noted
as an issue (Table 1). Key pollutants mentioned included untreated sewage, microplastics,
from car tires and different medical-related pollutants. Many respondents were knowl-
edgeable about car tyre pollution as a report on this was publicized shortly before the
questionnaires were conducted. Interestingly, some respondents suggested that due to
COVID-19 policies (work-from-home, travel restrictions), many more people were using
the lake, resulting in different types of disturbance, such as overcrowding and increased
litter. Some respondents (10%) suggested that natural water cycles and quality were being
disturbed including the reduced flushing of cold bottom waters, and water deoxygenation,
with many attributing this to aquatic plants and climate change. There is evidence to
support this from long term lake monitoring by CIPEL. Eighteen percent of respondents
view water temperature increase as a result of climate change to be a major emerging issue.
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Table 1. An overview of the negative and positive environmental changes listed by respondents. Note that percentages add
up to more/less than 100 as many respondents mentioned more than/less than one negative or positive change. Only the
responses from the semi-structured questionnaires were included in analysis.

Negative Environmental Changes % of Respondents Positive Environmental Change % of Respondents

Fauna more threatened 26 Improved water quality 22
Increase in invasive alien species 19 Improved water clarity 13

Water temperature increase
(climate change effects) 18 Increase in biodiversity 9

More macropollution 16 Less micropollution
(including sewage) 7

Increase in pest species 15 Lower phosphorous levels 5
Increase in aquatic plants 14 Less macropollution 5

More micropollution
(including sewage) 13

Alterations to water cycling and quality 10 More aquatic plants 4
Increase in algae 8 Less algae 2

More human disturbance 7
Nutrient imbalances 5

Shore erosion and lakebed structural changes 5
River flow changes 2

Algae decrease 1

In total, eight different environmental factors were perceived to have improved by
some respondents. The most common improvement was better water quality (22%), fol-
lowed by improved water clarity (13%) (Table 1). These two improvements were commonly
attributed to better waste management (human waste and agricultural waste), in particular
less sewage and phosphorous entering the lake. Some also link this to the presence of
more aquatic plants, which is seen in a positive light by (4%) of respondents. Several
positive management actions were perceived to have contributed to positive environmental
changes including increasing biodiversity levels in the lake. These include the “creation of
protected areas”, “better human waste management”, “pumping stations for wastewater”,
“ban on water scooters”, “improved awareness of litter management”, “management of
invasive plant species” and “actions of L’Association pour la Sauvegarde du Léman (an
environmental NGO)”.

3.3. Aquatic Plants in Lake Léman

Two thirds of respondents perceived aquatic plants in Lake Léman to be abundant or
very abundant (Figure 2), furthermore, 63% of respondents believed that aquatic plant abun-
dance has been increasing over the last 10 years (Figure 3). Most respondents attributed the
increase in aquatic plants to climate change effects, although some also mentioned clearer
water as a key factor driving this increase.

3.4. Perceptions of Ecosystem Services (Benefits) of Aquatic Plants

Sixty-one percent of respondents perceived that aquatic plants had at least one positive
effect on people or the environment in and around Lake Léman. Only 16% of respondents
reported that aquatic plants had no positive effects. Key positive effects of aquatic plants
included that they improved water regulation and habitat in the lake (47%) and that they
provided food for birds and fish (19%) (Table 2). Various respondents and key informants
recognized these values with statements such as “they are plants in the lake, they are
natural and contribute to the environment” or “aquatic plants in the lake are useful for the
fish and surely the ecosystem”.

A minority of respondents, especially swimmers, believed the plants to be aesthetically
pleasing. However, no significant difference was found between the type of lake user in
relation to whether they perceived aquatic plants to have ES benefits, (χ2 = 1.1703, p > 0.05).
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Table 2. Perceived benefits of aquatic plants categorized into various ecosystem service benefits
(categorized based on TEEB, 2010 [32]). Note that percentages add up to more than 100 as many
respondents mentioned more than one benefit. Only the responses from the semi-structured ques-
tionnaires were included in analysis.

Ecosystem Services % of Respondents

Regulating/Supporting
Improves water/ecosystem regulation (including purification,

oxygenation, water cycling, etc.) 47

Provides habitat for lake fauna 47
Promotes climate regulation 5

Provisioning
Provides food for birds and fish 19

Cultural
Aesthetically pleasing 11

3.5. Perceptions of Ecosystem Disservices (Costs) of Aquatic Plants

Broadly the EDS associated with the presence of aquatic plants in the lake could be
categorized into five main EDS categories; physical and mental health and safety, economic,
aesthetic or cultural, regulating/supporting and provisioning EDS (Table 3). The majority
of respondents (58%) perceived that aquatic plants had at least one negative effect on
people or the environment in and around Lake Léman, with 21% of respondents believing
that aquatic plants had no negative effects. Some respondents (13%) viewed aquatic plants
as a human safety risk, particularly for inexperienced swimmers who may get stuck in
dense patches (Table 3). One respondent reported that “a friend almost drowned due to
an accident (being tangled) with weeds in the lake”. Another key informant expressed
that “when people see them, they do not necessarily like them: the swimmers think it’s
disgusting, because they get their feet caught in it, and for the sailors/boaters it’s the
engines and it can be problematic”. Similarly, some people (9%) linked the presence of
aquatic plants with an increase in duck lice, which can bite and cause major allergies, while
a small number (3%) perceived aquatic plants to be toxic or cause allergens.

Aquatic plants were viewed by 13% of respondents to cause minor damage to boats,
mainly by jamming propellers. Some working in the tourism and the recreation industry
reported an economic impact as a result of aquatic plants, either through equipment dam-
age, physically impeding navigation, or by decreasing customer presence and satisfaction
as people were put off recreation during aquatic plant blooms.

The main perceived impacts related to cultural and aesthetic EDS, with more than half
of respondents (52%) mentioning that aquatic plants impede recreation, and closely linking
to this, they were viewed to impact navigation for boats (mentioned by 17% of respondents)
(Table 3). To a lesser extent, aquatic plants were viewed as displeasing on several senses
(unsightly, smells bad, feels bad). A key informant working on raising awareness about the
values of these plants expressed that “most people do not see the beneficial aspect of these
plants and only see them as something disgusting or disturbing their activities”.

Several negative effects on supporting and regulating services were also mentioned
(Table 3), with the primary one being that aquatic plants were perceived to result in lake
deoxygenation, which was mentioned by 15% of respondents. Only one impact on provisioning
services was mentioned, whereby 8% of respondents viewed the aquatic plants to reduce the
number of fish. No significant difference was found between the type of lake user in relation
to whether they perceived aquatic plants to be an EDS (χ2 = 1.1703, p > 0.05).

3.6. Management Considerations

Despite most respondents recognizing the positive effects of the presence of aquatic
plants in Lake Léman, the majority of respondents (60%) indicated that aquatic plants
should be managed to reduce their densities and negative effects (Figure 4). However
almost a quarter (22%) of respondents were unsure if aquatic plants should be managed.
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Interestingly, several respondents anecdotally mentioned that aquatic plants should not be
managed for human benefit at the expense of the lake ecosystems or biodiversity. These
responses suggested that aquatic plants should only be managed if they were causing
ecological harm through their increasing abundance. One key informant in charge of
aquatic plant management in the lake expressed that “there is more knowledge available
now on how beneficial these plants are. We try to do the minimum maintenance, focusing
on ports. On the banks we keep them. They are also cut in swimming areas”.

Table 3. Perceived negative impacts of aquatic plants categorized into various ecosystem disservices based on
Shackleton et al. (2016) [14] and this study. Note that percentages add up to more than 100 as many respondents mentioned
more than one negative impact. Only the responses from the semi-structured questionnaires were included in analysis.

Ecosystem Disservices % of Respondents

Physical and mental health and safety
Human safety risk 13

Increases pests 9
Toxicity and allergens 3

Economic
Damages to boats, property or infrastructure 18
Livelihood impacts (fishing and recreation) 5

Induces extra management costs 2
Aesthetic or cultural
Impedes recreation 52

Impedes access and navigation 17
Has a bad smell 6

Creates an unpleasant feeling 5
Is visually displeasing 5

Regulating/supporting
Causes deoxygenation 15

Promotes eutrophication/more algae
Alters light levels

8
5

Facilitates biological invasions 3
Over filtration

Induces ecosystem changes (unspecified)
2
2

Leads to water quality changes 1
Provisioning
Decreases fish 8

People’s support for management was correlated with their perception of ES or EDS
(p < 0.001, df = 6, dev = 27.3). Respondents that perceived that aquatic plants were associ-
ated with both the provision of ES and EDS were significantly more likely to report that
plants should be managed (p-value < 0.01) than indicate that aquatic plants should not be
managed. Conversely, respondents that reported that aquatic plants were only associated
with ES provision were significantly more likely to indicate that plants should not be
managed (p-value < 0.01), or that they were unsure as to management (p-value < 0.01).
There was no significant association between respondents that indicated that aquatic plants
only provided EDS or neither ES or EDS and the type of management reported.

There was a lot of uncertainty in perceptions regarding whether the current manage-
ment of aquatic weeds in the lake was deemed effective (i.e., 56% of respondents indicated
they were unsure if management was effective). Approximately a quarter (26%) of respon-
dents perceived management to be ineffective and 17% indicated that current management
was effective. It was noted by a few respondents and key informants that some of the
current machinery used for managing aquatic plants in the lake is old and inefficient and
new technology and approaches need to be investigated.

Just under half of all respondents (44%) indicated that they would be willing to pay
additional finances to cover the costs of increased management/removal of aquatic plants
in some parts of Lake Léman. Amongst respondents willing to pay for increased manage-
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ment/removal, 63% indicated they would hypothetically prefer to pay this as additional
tax, 23% as a donation and 13% as an entrance fee to a cleared area. For the majority
of respondents that reported they were not prepared to pay additional finances to cover
management/removal costs (53%), the main reason for this was that “management should
be included in tax payments already” or that management is not needed. Suggestions
on where additional management/removal actions should be directed included in “ar-
eas most frequented”, “swimming locations”, “boat launch areas”, “channels for boats”,
“biodiversity hotspots and nature reserves”, and “shallow bays”. One respondent indi-
cated that “management should be directed at locations where high densities of aquatic
plants correspond with high densities of duck lice”. Another reported that “the current
management—through mowing—must be done intelligently, at the right time, to avoid the
large masses of aquatic plants that are found everywhere throughout the lake. Currently,
management is rather ineffective; aquatic plants are ineffectively removed after mowing
and it is not efficient”. Several respondents were in favor of management in certain areas
(e.g., beaches and ports) but indicated that it was important to leave some areas untouched.
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Few respondents (24%) had seen published information on the aquatic plants of
Lake Léman. Although respondents were not specifically asked about their interest in
engaging with management in the questionnaire, in the option to add any comments and in
further discussions through in-person interviews and with key informants, several people
indicated their interest in getting involved with helping to monitor and manage negative
environmental changes in the lake through volunteering and citizen science initiatives. This
included one key informant involved in managing an open water swimming community
on Lake Léman and another in a scuba diving club.

4. Discussion

Our study highlights the importance of considering the linkages between social
perceptions and the environment when making management decisions. It shows that
people who use the Lake Léman environment are relatively aware of the changes that
take place (Table 1) and have strong, albeit conflicting, opinions with regards to how
the management of natural resources should occur. Broadly, lake users’ perceptions of
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environmental change correspond quite closely with scientific evidence from regular long-
term scientific monitoring and reporting of numerous variables in the lake yearly since
1969 (see annual reports here https://www.cipel.org/publications/rapports-scientifiques/
accessed on 10 March 2021; much of which is promoted to broader audiences through the
popular press). The major changes identified in our study (e.g., pollution, invasive species,
increasing aquatic plants and more) are similar to the main environmental change issues
identified by lake users in perception-based studies undertaken in other regions of the
world [33,34]. Although, some interesting points raised by respondents such as “aquatic
plants cause deoxygenation of the lake” and “reduce fishing” do lack empirical evidence
and should be better quantified through more research and monitoring.

It is evident from our study that most respondents are acutely aware of the diversity
of ES and EDS that are associated with the presence of aquatic plants in Lake Léman and
the effects they have on people and the environment (Tables 2 and 3). The findings of
our study indicate that recreation in particular, is heavily impacted by the abundance of
aquatic plants in the lake, mostly during periods of heavy blooming which occurred just
prior to the dissemination of our questionnaire in 2020. The times of heavy blooming also
coincide with high use levels of the lake during the summer months. This is important
since, in addition to potential economic costs experienced by reduced recreational activity
and associated management, previous studies have shown that recreational benefits are
closely linked to less tangible cultural ES, such as spiritual and experiential values and
health benefits [35], which may also be indirectly impacted by reduced access to recreation
when aquatic plant density is high. This is an important area for future research since a
greater understanding of the interactions between different categories of ES is required for
more holistic management of ecosystems [36].

Conversely, the most commonly perceived ES provided by aquatic plants relate to
provisioning/supporting services, primarily water regulation and providing habitat for
aquatic organisms. The societal perception of benefits is important since this is thought
to be linked to enhanced uptake of biodiversity conservation and management efforts [1].
The majority of respondents interviewed in this study recognized the potential positive
impacts of aquatic plants in the lake, but we cannot fully disentangle if this is due to their
personal experience or based on scientific information they have read, and it is likely to be
a combination of both. However, it is interesting that where respondents recognized ES
and EDS provision, they remain significantly more likely to favor management of aquatic
plants, suggesting that people prefer to manage against the generation of EDS rather than
enhancement of the provision of ES, particularly in places that affect recreational use.

Further empirical evidence is needed to better understand the effects of increasing
aquatic plants in the lake environment, and the optimal densities of aquatic plants that
maximize ES and minimize EDS. This information could then be used to communicate
more effectively with stakeholders on needed or existing management actions. Further,
stakeholder engagement initiatives should be implemented to understand user needs and
to mitigate potential conflicts around management and to promote co-management [37,38].

Our study contributes further empirical evidence to a limited but growing body of
research assessing the implications of aquatic plant blooms on people and the environment,
which have previously focused mainly on invasive water weeds [17]. Through assessing
perceptions of environmental change in Lake Léman held by key stakeholders, the need for
further work on the topic was identified. For example, to our knowledge, there have been
limited studies on the long-term and wide-scale changes in aquatic plant abundance on the
lake on a large scale (e.g., using plots to assess aquatic plant composition) [27,29]. More
research on this, possibly drawing on remote sensing tools [39,40], would be highly useful
to contribute further to discussions about the broad scale changes taking place (i.e., are
blooms becoming more frequent, denser and lasting longer?). Further, quantifying people’s
perceived impacts as a result of aquatic plant proliferation would be useful especially as
the evidence is less conclusive on some of these points, e.g., if aquatic plant proliferation
leads to reduced fish abundance and what optimal densities are [41–43], if they cause
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deoxygenation or not [44], or if aquatic plants lead to increased populations of duck lice.
In addition, quantifying the economic impacts of aquatic bloom events on ES provision,
particularly tourism and recreation, will improve assessment of how environmental change
and plant abundance can affect ecosystem value [45]. Revealed preference data that assesses
how recreational activity and visitation patterns are affected by the increased abundance of
aquatic plants can be used to assess economic losses during bloom events [46].

Our study provides a window into the experiences of key actor groups that regularly
use and are affected by the presence of aquatic plants in the lake and indicates that there is
interest and knowledge on where and how management should be carried out. Inferences
gained from our work could help local managers to prioritize the management of aquatic
plants in the lake environment. For example, although most respondents were in favor of
managing aquatic plants, many were sensitive to the need to balance management actions to
ensure that EDS were mitigated but not at the expense of ES provision and biodiversity. As
such, suggestions on where management should be directed were focused on areas where
weeds heavily impacted human activities, ensuring that protected sites remain untouched
(unless aquatic plant blooms had negative implications for biodiversity in these areas).
Management planning efforts should be further substantiated with participatory planning
initiatives to guide effectiveness and overall social benefit [47]. Through this work, it was
found that many groups were also interested in participating in citizen science initiatives,
which could be set up to help with long-term monitoring and control of environmental
change issues in Lake Léman, but also other lakes in Switzerland and globally. Citizen
science initiatives have been used with great success for monitoring different types of
environmental changes in other lakes around the world [48–50] and should be considered
more in Switzerland. There are several established lake-related NGOs, associations and
societies which could become involved and help facilitate such initiatives.
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