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Abstract

Aquatic invasive species (AlS) cause significant ecological and economic impacts,
including habitat damage, degradation of water quality, and reduced recreational
opportunities. While many of these effects are well documented, less is known about
how the general public perceives and engages with AIS in regions with significant
freshwater infestations. To this end, we conducted surveys of general residents and
lake association members, a self-selected stakeholder sample drawn from a lake
advocacy organization in Minnesota, USA, a state where over half of its waters (by
area) are affected by AlS, with the objective of estimating households’ willingness to
pay (WTP) for managing AlS populations. Using a single-bounded trichotomous-
choice question, we asked respondents whether they would support an annual
increase in property tax or rent, with the generated revenue earmarked for AIS pre-
vention, control, and containment. We conservatively estimate that general house-
holds are willing to pay $35-$40 per year, while lake association members are willing
to pay $64—$75 per year. These results indicate broad public support across both
samples, with higher WTP among those with direct connections to the affected sys-
tems, including recreational users and those who trust resource managers. From a
policy perspective, our findings have two implications. First, they can help policymak-
ers and resource managers more effectively target financial and outreach strategies.
Second, the WTP estimates provide a foundation for incorporating public preferences
into conservation funding decisions.

1 Introduction

Aquatic invasive species (AlS) pose significant threats to freshwater ecosystems
globally by degrading native habitats, out-competing native species for resources,
and undermining essential ecosystem services [1—4]. These threats are especially
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concerning given the outsized importance of freshwater ecosystems, which support
higher species richness per unit area than marine or terrestrial systems and provide
disproportionately greater direct benefits to human societies, including for drinking
water, food production, recreation, and cultural services [5]. Sadly, these systems are
among the most heavily invaded on Earth, due in part to their high connectivity, inten-
sive human use, and limited spatial extent [5]. At present, nearly 40% of freshwater
fish species, 70% of freshwater mussels, and over 48% of freshwater crayfish are
considered imperiled, with invasive species a leading driver of these declines [6].

Nowhere is this threat more visible than in the Great Lakes region of the United
States, home to the state of Minnesota. With over 11,800 lakes and an extensive
network of rivers, the state has become increasingly susceptible to the spread of
AIS, with recreational boating being one of the main invasion vectors [4]. Currently,
approximately 8% of Minnesota’s lakes, representing more than 50% of the state’s
total lake surface area [7,8], are known to host at least 37 different AlS [9], including
Eurasian watermilfoil (Myriophyllum spicatum), curly-leaf pondweed (Potamogeton
crispus), spiny waterflea (Bythotrephes longimanus), common carp (Cyprinus carpio),
starry stonewort (Nitellopsis obtusa), and zebra mussels (Dreissena polymorpha).

These widely varying species also have widely varying ecological and economic
impacts. Zebra mussels alone are responsible for over $1 billion in damages to
industrial and municipal water-intake systems each year in the United States [10],
with impacts to drinking water treatment plants, hydropower facilities, industrial water
systems, and navigation infrastructure in Minnesota costing hundreds of millions of
dollars annually [11,12]. Infestations of Eurasian watermilfoil have been linked to
reductions in shoreline property values of up to 16% [13]. Broadly, the cumulative
economic impact of biological invasions in the U.S. has been estimated at nearly
$123 billion per year, over $423 billion globally, which includes costs to agriculture,
aquaculture, recreation, and hydropower [14,15].

Without effective management, invasive species can spread and intensify their
impacts rapidly [16]. In response, federal, state, and local agencies already invest
millions of dollars annually to manage these threats. For context, federal agencies
allocated almost $80 million in 2010 specifically to combat the spread of Asian carp
species such as bighead carp (Hypophthalmichthys nobilis), black carp (Mylopharyn-
godon piceus), grass carp (Ctenopharyngodon idella), and silver carp (Hypophthal-
michthys molitrix) [12]; Great Lakes states collectively spend about $20 million each
year to control the sea lamprey (Pefromyzon marinus), a parasitic species that preys
on native fish populations [12,17]; and the state of Florida dedicates approximately
$30 million per year for AIS management within natural areas and state parks [1].

The state of Minnesota has explicitly committed to significantly reduce the spread
and impacts of AIS across state waters [18], allocating roughly $20 million annually
to this effort, with about $4 million being generated from fees for watercraft registra-
tions and out of state fishing licenses [18—24]. About three-fourths of total spending
is focused on boat inspections, including $10 million given directly to counties. The
remainder is directed toward admin, coordination, education, management, and
almost $1.5 million for research. Starting in 2027, the balance of funding sources is
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shifting. General funds allocated for AIS will be reduced by $5 million (cutting in half the amount for county boat inspec-
tions), while, as of 2026, surcharges for watercraft and out of state licenses have increased [18,25]. The movement
towards “pay to play” funding reflects a view that those who enjoy a resource should be the ones to pay to protect it. While
boaters and anglers no doubt are impacted by invasive species, it is important to understand that people who have no
physical connection to waterbodies may value and be willing to support AIS management as well.

A substantial body of literature has examined public preferences regarding the management of invasive species, with a
primary focus on understanding individuals’ knowledge, attitudes, and perceptions [1,2,26—31]. These studies investigate
how the public conceptualizes invasive species and responds to management strategies across diverse ecological and
geographic contexts. However, only a limited number of studies have sought to simultaneously quantify the economic
value that the public places on management, with most focusing on terrestrial species or a combination of terrestrial and
lakes [35], beaches/coasts [32], or state-managed water bodies such as parks and river systems [1], or are frequently
focused on recreational users [9,36]. To our knowledge, Mclintosh et al. [34] is the only study to date that quantifies the
economic benefits of AIS management in freshwater systems from a broad public perspective. As a result, there exists
limited empirical evidence on how the general public values AIS management beyond specific user groups and localized
contexts.

Our study fills this gap by examining how the broader public values AlS management in a high-risk, freshwater-rich
region—the state of Minnesota and its threatened $13.5 billion freshwater recreation economy [37,38]. This contrast
between high economic stakes and proposed funding cuts raises critical questions about the sustainability of current AIS
programs, and whether the level of investment reflects public support and priorities. While not all locations affected by
AIS share Minnesota’s funding availability and management structure, growing pressures on state and national budgets
and increasing reliance on local governments to shoulder program costs are not unique to the state. It is therefore critical
to assess whether current and proposed investments in AIS management align with societal preferences and generate
sufficient public benefits.

The primary objective of this paper is thus to estimate households’ willingness to pay (WTP) for AIS management,
while simultaneously examining societal preferences related to these management practices. To this end, we conducted a
survey of Minnesota residents within a contingent valuation (CV) framework, using a single-bounded, trichotomous-choice
question format. Specifically, respondents were asked whether they would support an annual increase in their property tax
or rent, with the resulting revenue earmarked for AIS management. Based on these responses, we estimate households’
WTP and examine whether and how it varies with behavioral tendencies, personal influences, socio-demographic charac-
teristics, AlS-related knowledge, and individual avidity.

Our study draws on two distinct samples: (1) the general population of Minnesota and (2) a lake association sample
within the state. The lake association sample was assembled through voluntary sign-ups on the website of Minnesota
Lakes and Rivers Advocates (MLRA), a statewide advocacy group representing over 500 lake associations, mainly
comprising people participating in lake-based community groups (further details on sample composition are provided
in Section 2.1). In that sense, this sample is directly engaged with Minnesota’s aquatic ecosystems and may have a
personal or financial interest in lake health and water quality. Accordingly, we hypothesize that lake association respon-
dents, due to their ties to and direct interaction with water bodies, would exhibit higher levels of concern about AIS,
perceive greater associated risks, and consequently place a higher value on AIS management compared to the general
population.

Our study offers a state-level valuation in a high-risk context, defined by extensive freshwater resources and a growing
presence of AlS. It is also, to our knowledge, the first to specifically target a distinct lake association sample, enabling a
direct comparison between the general population and individuals with sustained and immediate ties to affected water
bodies.
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2 Methods
2.1 Survey

We conducted two self-administered surveys to assess public perceptions of AIS in Minnesota’s waters, targeting both
general residents and lake association members (full copies of the survey will be provided upon request). The study proto-
col was reviewed and approved by the University of Minnesota’s Institutional Review Board (Study No. 00005269). All par-
ticipants were adults. A cover letter containing consent information was sent to each potential participant, and completion
and return of the survey indicated informed consent. For the general resident survey, we purchased a random sample of
2,000 individuals from Dynata, Inc., a commercial survey sampling provider. We adopt a modified version of the Tailored
Design Method [39] and mailed out the survey packets with two subsequent follow-ups between May and September of
2021. Of the 2,000 mailings, 432 were returned as undeliverable, reducing the effective sample size to 1,568.

For the lake association survey, we collaborated with MLRA, a statewide nonprofit organization focused on lake stew-
ardship. MLRA distributed the questionnaire via email to a curated list of 14,811 individuals who had previously signed
up to receive communications. This list, developed and maintained over many years, primarily includes lake home and
cabin owners, but also reaches some marina operators, anglers, and resort owners. The initial survey invitation was sent
in August 2021, followed by two reminder emails through October 2021. Of those contacted, 3,046 recipients opened the
email, and 32 messages bounced. While not a probability sample, the lake association list provides access to a population
with strong ties to aquatic environments and a likely greater awareness of AlS-related issues. This group should there-
fore be interpreted as a self-selected stakeholder sample with elevated exposure to AIS, rather than as a representative
sample of all nearby households.

Each survey contained 32 questions, with identical wording across the general and lake association versions to ensure
comparability. The instrument was developed in consultation with AIS specialists at the Minnesota Department of Natural
Resources (DNR), the Minnesota Aquatic Invasive Species Research Center (MAISRC), economists at the Minnesota
Water Resources Center, and leaders of lake associations. Draft versions were informally pretested with colleagues and
graduate students at the University of Minnesota to assess clarity. While we did not conduct formal focus groups or a
standalone pilot study because of time and funding constraints, we refined the instrument through expert review and itera-
tive revision.

The questionnaire began with a brief definition of AIS and an assessment of respondents’ familiarity with selected inva-
sive species (see Fig 1). We focused on five species: common carp, zebra mussels, Eurasian watermilfoil, spiny water-
flea, and starry stonewort. These species were selected because they are either well established or rapidly spreading in
Minnesota, are consistently prioritized in state management and research programs, and together represent a range of
ecological and economic impacts [40]. Additionally, we wanted to provide a variety of species to avoid the issue of survey
takers transferring their love of a particular charismatic species [41], or rather hate of an uncharismatic species in this
case, to the indicated program. To help respondents make informed judgments, we provided a brief introduction to each
species at the beginning of the survey, including images, details about their habitats, and descriptions of their harmful
impacts. This was followed by a series of questions gauging their knowledge, concerns, and attitudes toward AIS, as well
as their connection to water bodies through lakeshore property ownership and/or recreational use. These plain-language
descriptions and images, together with review of the instrument by AIS specialists at the Minnesota DNR, MAISRC, and
the Minnesota Water Resources Center, were intended to support respondent comprehension before the elicitation.

We then provided an overview of the current state of AIS in Minnesota’s lakes, including major species and their
ecological and recreational impacts. Next, we introduced the state of Minnesota’s consideration of increasing funding to
implement comprehensive, state-wide AIS management strategies, including prevention, control, and containment efforts
(see Fig 2). For context, respondents were reminded that the state already spends approximately $4.70 per person annu-
ally on AIS management and collects an additional $1.90 per boat as a dedicated surcharge on vessel registration. This
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I. About Aquatic Invasive Species (AlS)

Aquatic invasive species (AIS) are non-native species adapted to lakes, rivers, and/or
wetlands that cause ecological or economic harm or harm to human health. The state of
Minnesota hosts many aquatic invasive species, including those shown below.

1. Please check the box next to each Aquatic Invasive Species (AlS) if you have ever heard of
it.

[ ] Curlyleaf pondweed: [ ] Eurasian watermilfoil: [ ] Starry stonewort:
Aquatic plant Aquatic plant Green algae
Grows in dense stands, impacting Forms a dense canopy on the Forms mats on the surface,
native plant growth and interfering surface, impacting native plant interfering with recreation, and
with recreation. growth and interfering with possibly impacting native plant
recreation and water flow. growth.

[ ] Phragmites: [ ] Heterosporosis: [ ] Spiny waterflea:
Reed Parasite Zooplankton
Dense mats can take over large Liquefies the muscles of 15 species  Can take over the bottom of the
areas, impacting native plant of fish, including walleye and food chain, resulting in decreased
growth, including manoomin (wild yellow perch. food for fish, and increases in
rice), and impact wildlife algal blooms.
. habitat.

[ 1 Hemorrhagic Septicemia: [ 1 Common carp: [ 1 Zebra mussels:
Virus Fish Mollusk
Causes mass fish kills of over 30 Affect vegetation, food webs, Clogs pipes for water treatment
species, including walleye and native fish populations, waterfowl! and power plants, cuts feet,
bass. habitat, and water quality. displaces native mollusks, and

attaches to hulls and motors.

Image removed

CC BY 4.0 permission
not available

Fig 1. Aquatic invasive species shown in the survey. Images show curlyleaf pondweed, Eurasian watermilfoil, starry stonewort, Phragmites, Het-
erosporosis, spiny waterflea, common carp, and zebra mussels. The Hemorrhagic Septicemia image was removed because ownership and permission
could not be confirmed. Reprinted from the Minnesota Aquatic Invasive Species Research Center (MAISRC), University of Minnesota, under a CC BY
license, with permission from MAISRC.

https://doi.org/10.1371/journal.pone.0346515.9001

surcharge was in place at the time of the survey and has since increased (See Minnesota Statutes §86B.415, Subd. 7:
https://www.revisor.mn.gov/statutes/cite/86B.415).

The following variables were constructed from survey responses and are summarized in Table 2:

2.1.1 Demographics. Respondents provided demographic information including education and income. Education
responses were re-categorized into a binary variable: respondents without a bachelor’s degree and those with at least a
bachelor’s degree. Income data was collected by respondents choosing a pre-defined household income range.
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1. Aquatic Invasive Species in Minnesota

Currently, over 50% of Minnesota’s lake waters (by area) are infested with aquatic invasive
species, which have a variety of impacts, including:

Water Quality: changes in water clarity, phosphorus levels, and risk of algal
blooms

Recreation/Infrastructure: Impacts on sport fish like walleye, difficulties with
navigating watercraft, making beach access and swimming
more difficult, growing on human made structures like
pipes, docks, etc.

Habitat for Native Species: Impacts on the population of native plants, mussels, fish,
and birds
Aquatic invasive species are spread by human activities, including via:

Watercraft and fishing gear transferred between lakes, dumping of live bait, and the release of live
organisms.

11l. Aquatic Invasive Species Management Program

The state of Minnesota is evaluating the feasibility of an increase in funding for invasive species
management, and would focus on:

Prevention: Protecting additional, new invasive species from infesting other lakes.
Control: Removing and managing current invasive species.
Containment: Preventing current invasive species from spreading.

This would increase your property taxes if you own your home.
If you rent, your monthly rent would increase.

This money would NOT focus on specific lakes and instead would be available statewide.

The state already spends about $4.70 a year per Minnesotan for aquatic invasive species management,
prevention, and containment.

The state also collects an additional $1.90 a year per boat for aquatic invasive species.

For comparison, education spending in the state is $4,500 per person, and $220 per person is spent on
public safety.

Note, these values are per adult and do not account for local and county taxes, nor for nonprofit
donations.

Fig 2. Aquatic invasive species (AlS) management scenario and proposed tax/rent increase presented to survey respondents.

https://doi.org/10.137 1/journal.pone.0346515.9002

2.1.2 Risk perception. Respondents were asked to rate the risk posed by AIS on a 5-point Likert scale, from “no risk

LT

at all” to “extreme risk” for several water-related ecosystem services: “habitat for native fish and aquatic plants”, “quality

of recreational opportunities (e.g., boating, fishing)”, “navigability of waterways”, “economic viability of recreation and
tourism businesses”, “cost of water treatment”, and “water quality in Minnesota’s lakes, rivers, and streams”. We then
averaged the responses to generate the risk perception variable (risk percep). The nature and parameters of this
variable are identical to those used by Levers and Pradhananga [9]; however, our method differs in construction: Levers
and Pradhananga [9] summed the risk categories, whereas we used their mean. Fig 3 presents the full distribution of
respondents’ perceived risk levels across each category for both general and lake association samples.

2.1.3 Trust. Respondents indicated the extent to which they trust various individuals or organizations for information

about AIS on a five-point scale, ranging from “strongly distrust” to “strongly trust.” We provided a list of options, including
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How much of a risk do you believe aquatic invasive species pose to the following?

Habitat for native fish and aquatic plants Quality of recreational opportunities Navigability of waterways
8 MM General 8 8
- 54.0
. Lakeshore 50.6
g g
- 34.0 - -
c c c
g g g
o o o
a a a
211 21.6
o o
Y N
13.9
09 05 23 11 0.5 0.6
o o
Norisk  Slight risk Moderate risk High risk Extreme risk Norisk  Slight risk Moderate risk High risk Extreme risk Norisk  Slight risk Moderate risk High risk Extreme risk
Economic viability of recreation and tourism businesses Cost of water treatment Water quality in MN's lakes, rivers and streams
8 8 8
51.6
48.6
41.541.1 16 40.5 25
o | o o
< < <
€ € €
g 31.1 30.9 g 31.4 g
& K4 26.4 S

Norisk  Slight risk Moderate risk High risk Extreme risk Norisk  Slight risk Moderate risk High risk Extreme risk Norisk  Slight risk Moderate risk High risk Extreme risk

Fig 3. Perceived risk posed by aquatic invasive species to various water-related ecosystem services.

https://doi.org/10.137 1/journal.pone.0346515.9003

(T ” ”

“My friends and family,” “Department of Natural Resources,” “University Researchers/Extension,” “Environmental
organizations,” “Bait shops/Sporting goods stores,” and “Fishing, boating, or sporting organizations.” In the lake
association survey, two additional organizations were included—"Lake associations” and “Minnesota Lakes and Rivers
Advocates”—given their more direct association with water bodies. We used principal component analysis (PCA) to
reduce these trust items into two composite measures for the regression analysis. PCA is commonly used to summarize
correlated variables into a smaller number of components when the objective is dimension reduction [42,43]. Given

that these items have five ordered categories, they can generally be treated as approximately continuous for dimension
reduction purposes [44], and we interpret the resulting scores as composite measures of trust for use in the regression
models.

2.1.4 AIS knowledge and concern. Respondents were asked to rate their knowledge of AIS on a five-point scale,
ranging from “not at all” to “extremely knowledgeable”, forming the AIS knowledge variable (ATS knowledge). They
were also asked to rate their concern for each highlighted species on a five-point Likert scale, ranging from “not at all
concerned” to “extremely concerned”, which were then averaged to generate the AIS concern variable (AIS concern).

2.1.5 Value orientations. To explore broader motivations behind public support for AIS management, we collected
respondents’ views on environmental values, reflecting both ecocentric and anthropocentric perspectives. Specifically,
we included statements representing instrumental and use-based orientations toward nature, such as “Nature’s value
is to provide things useful to people” and “Fish are valuable only if people get to use them”, measured on a five-point
Likert scale ranging from “strongly disagree” to “strongly agree”. While not included as regressors in our model, these
orientations are drawn upon to contextualize and interpret patterns in the results.
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2.1.6 WTP elicitation. We asked respondents about their willingness to financially support the management program
described via an increase in property tax (or equivalent rent) and posed a single-bounded trichotomous-choice question—
whether they would vote ‘for’, ‘against’, or ‘not sure’ if the revenue were earmarked solely for AIS management. Framing
the choice as an increase in dedicated AIS funding mirrors the live legislative debate at the time of the survey over the
level of state appropriation to the AIS Prevention Aid program.

We used a tax-based payment vehicle, consistent with previous CV studies [45-48]. A tax/rent instrument is appro-
priate for a non-excludable public good such as statewide AIS management, where a voluntary-payment vehicle would
invite free-riding and exacerbate hypothetical bias [49]. This referendum-style framing aligns with established practice in
CV studies, where it has frequently been applied to elicit support for funding environmental management programs rather

The vehicle is also policy-realistic in Minnesota. Under Minn. Stat. 103B.501-581, Lake Improvement Districts levy
property taxes specifically for AIS control and are established through county-board orders that may be initiated or con-
tested by property-owner petition and referendum, giving both our payment vehicle and our referendum-style format direct
real-world analogs. To reinforce the consequentiality of the vote, the elicitation question informed respondents that results
would be shared with policymakers and asked them to weigh their existing taxes and ability to pay before voting (Fig 4);
the trichotomous ‘for / against / not sure’ format also avoided forcing a directional response. The scenario itself described
the program in terms of its goals (prevention, control, and containment) without attaching specific success rates, given the
inherent uncertainty in projecting outcomes for a statewide multi-species program.

Fig 4 shows the exact wording of the question. Respondents were presented with a dollar amount (bid, hereafter)
that mimicked a potential annual increase in property tax or rent, depending on their housing arrangement. These bid
amounts, which took values $20, $40, $60, $80, or $100, were randomly and evenly assigned across the sample. Bid
levels were determined based on professional judgment, informed by conversations with AIS experts and individuals from
the Minnesota DNR. Respondents who voted ‘no’ or ‘not sure’ were further asked to elicit reasons for their decision. This
helped determine whether their unwillingness or uncertainty was genuine or a form of protest against the program. We
presented multiple predefined reasons, allowing respondents to check the appropriate boxes, while also giving them the
flexibility to provide an open-ended response.

2.2 Empirical approach

We estimate the mean WTP, i.e., the welfare derived from the management of invasive species in Minnesota, using both a
parametric and a non-parametric estimation framework.

The parametric approach requires that the percentage of respondents willing to vote for an additional tax should
decrease as the amount of the tax, the bid amount, increases (monotonicity) [52]. In practice, survey data might exhibit
non-monotonic patterns due to sampling variability, strategic behavior, or misunderstanding of the questions [53]. Addition-
ally, ideal data would have no more than 20% of the ‘yes’ responses at the highest bid amount [54] and no more than 30%

21. Would you vote ‘YES’ on a property tax increase of $[Dollar Amount] annually ($[Dollar
Month] more per month), if the revenue were earmarked only for invasive species
management? If you rent, please assume your monthly rent would increase by an
equivalent amount.

The survey results will be available to policy makers, so your answer can have real life consequences.
When answering, keep in mind your spending and taxes you already pay, and whether you can afford this.

O I would vote ‘YES’ O I would vote ‘NO’ O I'm not sure how | would vote.

Fig 4. A trichotomous choice question asked to the respondents to elicit their willingness to pay.

https://doi.org/10.1371/journal.pone.0346515.9004
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at any bid amount [55]. These thresholds are not optimization criteria but rather rule-of-thumb guidelines suggested in the
CV literature to help ensure adequate variation across bid levels. In practice, however, achieving this might be challenging
due to factors such as biases introduced by the survey design (e.g., anchoring), yea-saying behavior, respondents’ uncer-
tainty (e.g., interpreting it as a broader environmental cause), or expressive voting intended to show support [54].

In CV studies, the former issue of non-monotonicity is referred to as the “flat-bid” curve, while the latter issue is known
as the “fat-tail” problem. These response patterns complicate the estimation process and can lead to biased, inefficient,
and/or unreliable estimates of WTP, particularly when parametric approaches like logit or probit models are used [53,56].

For all these reasons, CV practitioners often use a Turnbull estimator to estimate lower bound mean WTP [52,54,56-58].
The Turnbull estimator addresses issues of non-monotonicity, fat tails, and negative WTP in the following ways: first, it pools
bid amounts and affirmative responses until the probability of a ‘yes’ response is either flat or decreases consistently as the
bid increases; second, it addresses the fat-tail issue by excluding the upper tail of the bid distribution from the analysis; and
third, it assumes a lower bound of zero for WTP, ensuring that estimates of expected WTP remain non-negative [56].

2.2.1 Parametric approach. Following the approach proposed by Cameron [59], we start with an assumption that
the true WTP of respondent i is a linear function of the vector of explanatory variables, x, which could either be socio-
demographic characteristics of the respondents, or their behavioral, personal, or attitudinal factors, or some combination
thereof, such that:

WTP =x/B+¢, ¢ ~N(0,0%) (1)

where (3 is a vector of parameters associated with x and ¢; is the idiosyncratic error term, which is assumed to be dis-
tributed normally with mean 0 and variance o2. However, Eq. (1) is not directly estimable as we would not observe WTP;
; instead, we observe a randomly assigned bid value B; for each respondent and a trichotomous response to that bid,
which takes the values ‘yes’, ‘no’, or ‘not sure’ (referred to as ‘don’t know’ or ‘DK’ hereinafter).

In this study, we follow a conservative approach and treat ‘DK’ as the ‘no’ response category—an approach consistent
with the NOAA Panel’s recommendation that CV studies should adopt conservative estimation strategies [60]. Treating
‘DK’ as ‘no’ reduces the trichotomous response categories to dichotomous choice, ‘yes’ and ‘no’. Alternatively, one might
eliminate ‘DK’ responses from the analysis. However, if the excluded samples differ significantly from those included in
the analysis, this could lead to biased WTP estimates due to sample selection problems [61,62]. Further, it will decrease
the efficiency of estimation through the reduction in sample size [63,64]. Another approach is to treat ‘DK’ as a middle
response category between ‘yes’ and ‘no’ and model them using standard ordered probit or modified ordered probit model
(also known as random valuation model), as in Wang [65], Alberini et al. [66], Champt et al. [33] and Shaikh et al. [67].
This method improves the model’s ability to handle ambiguous responses without discarding them or grouping them with
‘no’ responses, thereby reducing the risk of bias. However, its effectiveness is limited to “well-behaved” data—free of
issues like non-monotonicity, “fat-tails” and “flat-bid” (see next subsection for details). These models, when applied ex post
to our dataset, yielded unreliable and implausible estimates of WTP. So we excluded them from further analysis.

Given x;, a respondent will accept a randomly assigned bid B; if their true WTP exceeds B;. In this case, the probability
function associated with the ‘yes’ response category is given by:

U . .
P(yes | B, xj) = P(\WTP; > B)) = P(X|3 + ¢; > B)) = P (x’ﬂ HLAN B’)
g

g
=p(6">_xll"3+B">=1_p<€"<_xllﬂ+B">
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where & is the standard normal cumulative distribution function (CDF), and ¢ denotes the standard deviation of the error
term. The complementary probability function for the ‘no’ response category will then be:

—X;3 + B,
g

P(no | B, x) = 1~ P(yes | B, x) = ® (

Given Egs. (2) and (3), we can write the log-likelihood function as:

—xX'3 + B; —x'3+ B:
. a 4 g
icyes ieno (4)
Our general estimation approach is to find the estimated parameters, ,6 such that we can derive an estimated mean
WTP as:

E(WTP) = x/3 (5)

2.2.2 Non-parametric approach: Turnbull estimates of the lower-bound mean. We use the same estimation
approach as described in Haab and McConnell [52]. First, we calculate the total number of respondents at each bid level
B;, where j=1,..., M and M denotes the total number of distinct bid levels. Such total respondents T; is typically given
by the summation of ‘yes’ (¥;) and ‘no’ (N;) responses, but can be the combination of all response categories. Then, we
determine the proportion of ‘no’ responses at each bid level as F; = N;/T;. This step requires us to code all other categories
other than ‘yes’ to ‘no’. Thus, by design, this procedure yields conservative estimates of WTP.

If the proportion at the next bid level (Fj.1) is smaller than or equal to the current level (F;), we pool adjacent bid lev-
els and recalculate the proportion (Fj’."). We repeat this pooling process until all proportions are non-increasing. As such,
there exists a bid level M+1, where each respondent provides a ‘no’ response such that F,,, = 1. The probability density
function 1;* is then given by Fr—Fy. Finally, we compute the lower bound estimate of WTP, E_ g(WTP), using the following
formula:

w
Es(WTP) = 5 i
j=0 (6)

where M* is the number of new bid levels after pooling. To construct the confidence interval around this estimated lower
bound of mean WTP, we compute the variance of E g(WTP) using the following equation:
M
F:(1-F)
- j i’ R _R )2
V(Es(WTP)) /Z1 (BB
where Tj* represents the total number of observations at each pooled bid level.

3 Results

We gathered a total of 298 and 1,222 responses from the general resident and lake association surveys, respectively,
corresponding to response rates of 19% and 8.3%. The response rate for the general sample was calculated using the
effective sample size of 1,568. The response rate for the lake association sample was based on the number of delivered
emails (14,779), defined as the total emails sent (14,811) minus bounced messages (32). These response rates are lower
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than those reported in many CV studies—such as Groothuis and Whitehead [63] (35%—41%), Cho et al. [68] (23%),
Kobayashi et al. [69] (30%), MclIntosh et al. [34] (35%), Chang et al. [70] (21%—28%), and Blaine and Lichtkoppler [71]
(28.5%). This is consistent with the broad decline in survey response rates during the COVID-19 pandemic [72], and the
lower rate for the lake association sample also reflects its email-based distribution, which typically yields lower response
rates than mail surveys [73]. To investigate potential non-response bias, we performed a common proxy test by comparing
early and late respondents, since late respondents are often considered more similar to non-respondents [71]. Except for
visit frequency in the general resident sample and hiking activity in the lake association sample, we find no statistically
significant differences between these groups, suggesting little to no evidence of systematic non-response bias.

In line with typical survey-based studies, our dataset encountered several cases of item non-responses for key vari-
ables of interest. Additionally, some respondents opted not to provide answers for certain socio-demographic characteris-
tics, as permitted by the survey design. Consequently, we conducted a logical data cleaning process where we removed
observations with missing data and “prefer not to respond” responses. This resulted in usable observations of 213 (13.6%)
and 844 (5.7%) for the general and lake association samples, respectively. The non-response bias test was thus con-
ducted using the final cleaned samples for each population. Early and late responders were identified based on the wave
in which participants completed the survey. Respondents to the initial (first) wave of the mail and email distributions were
identified as early responders, while those who responded to the second or third follow-up waves were categorized as late
responders.

Table 1 presents the definition and description of key variables measured in our survey, while Table 2 presents their
descriptive statistics. As expected by the survey design, the distribution of bids across the general and lake association
samples is similar. While both samples are predominantly male, they differ in age distribution: approximately 95% of lake
association respondents are 45 years or older, compared to about 75% in the general sample. We find that 61% of gen-
eral residents have attained at least a bachelor’s degree, compared to 77% of lake association members. The average
income level in both the lake association and general resident samples falls within the “$75,000-$99,999” range.

To evaluate the representativeness of our data, we compare the demographic characteristics of the general resident
sample with those of the Minnesota population as reported in the American Community Survey (2020) by conducting chi-
square tests across age, education, income, and gender (S1 Table in the Supporting Information). We find that the general
sample differs significantly from the Minnesota population in age, education, and income, but not in gender. Accordingly,
the general sample was weighted using iterative proportional fitting (also known as raking) on age, education, and income
to align with ACS benchmarks; the weighting was implemented using the ipfweight command in Stata. S1 Table also
presents the comparison of the lake association sample. Although this group differs significantly from the Minnesota pop-
ulation across all demographic characteristics, it was not weighted because it is not intended to represent the statewide
population.

As discussed in the survey section, we generated variables regarding Risk Perception, AIS Knowledge, AIS Concern,
Visit Frequency and Type, and Trust.

On average, both general and lake association respondents visited water bodies around 6—10 times annually, with
mean values of 3.6 and 4.0, respectively. A large proportion of respondents participated in activities such as fishing,
hiking, and motorboating. As expected, respondents in the lake association sample showed higher engagement in fishing
and motorboating due to their direct access to water bodies—100% of them own lakeshore property compared to only
23.5% of general residents (see 1lakeshore in Table 2)—while hiking was relatively more popular among the general
residents.

We find a mean risk perception score, risk percep, of 3.6 for respondents in the general sample and 4.1 for those
in the lake association sample, (statistically significant at 1% level with t-stat=7.846, p-value=0.000). This indicates
that while general residents perceive AIS as posing a moderate to high risk, lake association respondents view them as
a high to extreme risk. This result is consistent across all six domains of water-related ecosystem services (see Fig 3).
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Table 1. Description and definition of the variables.

Variables Definition Description
bid Dollar amount presented to the respondents as an increase in property tax/rent Takes values of $20, $40, $60, $80,
and $100
age Age of the respondents 1if age > 45
female Gender of the respondents 1 if female
educ Highest level of formal education 1 if at least have a bachelor’s degree
income Household income in USD 1 = under $20,000; 2=$20,000 to
$49,999; 3=$50,000 to $74,999;
4=$75,000 to $99,999; 5=$100,000
to $149,999; 6=$150,000 to
$199,999; 7=$200,000 or more
visit freq Frequency of visit to lake, river, stream, or creek in the last 12 months 1=did not visit; 2=once; 3=2-5
times; 4=6—11 times; 5=12 times or
more
risk percep Perception of risk towards AlS constructed based on the extent to which respondents believe | 1=no risk at all; 2=slight risk;
AIS poses a risk to various water-related ecosystem services, such as “habitat for native fish 3=moderate risk; 4 =high risk;
and aquatic plants”, “quality of recreational opportunities (e.g., boating, fishing)”, “navigability | 5=extreme risk
of water-ways”, “economic viability of recreation and tourism businesses”, “cost of water treat-
ment”, and “water quality in Minnesota’s lakes, rivers, and streams”.
trustscore1 Composite score generated from principal component analysis using the trust rank of catego- | 1=strongly distrust; 2=somewhat
ries “Department of Natural Resources”, “University Researchers/Extension”, and “Environ- distrust; 3 = neither trust nor distrust;
mental organizations”. Two additional categories, “Lake associations” and “Minnesota Lakes 4=somewhat trust; 5=strongly trust
and Rivers advocates”, were included for the lakeshore survey.
trustscore2 Composite score generated from principal component analysis using the trust rank of catego- | 1=strongly distrust; 2=somewhat
ries “Bait shops/Sporting goods stores” and “Fishing, boating, or sporting organizations”. distrust; 3 = neither trust nor distrust;
4=somewhat trust; 5=strongly trust
fishing Respondents’ participation in fishing as an activity 1 if fishing
hiking Respondents’ participation in hiking as an activity 1 if hiking

motorboating

Respondents’ participation in motorboating as an activity

1 if motorboating

AIS knowledge

Respondents’ knowledge about AIS

1=not at all; 2=slightly; 3=moder-
ately; 4=very; 5=extremely

AIS concern Respondents’ concern towards AlS generated based on five species: Common carp, Zebra 1=not at all concerned; 2=slightly
mussels, Eurasian watermilfoil, Spiny waterflea, and Starry stonewort. concerned; 3=moderately concerned;
4=very concerned; 5=extremely
concerned
lakeshore Ownership of lakeshore property 1 if own a lakeshore property

Note: Age and education were recategorized into binary variables: under 45 years versus 45 years or older, and without a bachelor’s degree versus at
least a bachelor’s degree. Household income was recategorized to align with American Community Survey 2020 groupings, with $200,000 to $249,999,
$250,000 to $299,999, and $300,000 or more collapsed into a single “$200,000+” category.

https://doi.org/10.1371/journal.pone.0346515.t001

For example, 84.4% of lake association respondents consider AIS a high to extreme risk to native fish and aquatic plant
habitats, compared to 75.6% of general respondents. A similar trend is evident in perceptions of risk to water treatment
costs and the economic viability of recreation and tourism. The AIS knowledge variable also shows higher levels for
lake association respondents, where they report being moderately to very knowledgeable (mean=3.1) compared to
general residents, who report being slightly to moderately knowledgeable (mean=2.4), statistically significant difference
at 1% level (t-stat=11.872, p-value=0.000). Lake association respondents also express somewhat greater concern about
AIS (statistically significant at 1% level with t-stat=9.546, p-value=0.000), as indicated by a mean concern score of 3.9
compared to 3.3 among general residents (see AIS concern variable).
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Table 2. Descriptive statistics of the variables used in the analysis.

Variables General sample Lakeshore sample

Mean Std. dev. Min; max Mean Std. dev. Min; max
bid 59.906 29.936 20; 100 60.000 28.668 20; 100
age 0.742 0.439 0; 1 0.956 0.205 0; 1
female 0.455 0.499 0; 1 0.326 0.469 0;1
education 0.610 0.489 0; 1 0.770 0.421 0; 1
income 4.056 1.715 1,7 4.927 1.517 1,7
visit freq 3.638 1.275 1;5 3.995 1.377 1;5
risk percep 3.646 0.719 1;5 4.057 0.674 1;5
trustscore1 0.061 1.512 -5.707; 1.680 0.146 1.636 -7.771; 2.610
trustscore2 -0.038 1.374 -3.280; 2.761 -0.027 1.311 -3.632; 3.660
fishing 0.400 0.491 0; 1 0.473 0.500 0; 1
hiking 0.530 0.501 0; 1 0.432 0.495 0; 1
motorboating 0.282 0.451 0;1 0.495 0.500 0;1
AIS knowledge 2.385 0.759 1;5 3.089 0.777 1;5
AIS concern 3.298 0.892 1;5 3.849 0.712 1;5
lakeshore 0.235 0.425 0; 1 1.000 0.000 1;1
N 213 844

Note: Std. dev. =standard deviation, min=minimum, max=maximum, and N=number of observations.

https://doi.org/10.1371/journal.pone.0346515.t002

For the trust component, we first excluded the “My friends and family” category, as this source is often subjectively
biased. PCA of the remaining trust items, retaining components with eigenvalues greater than one, produced two
components. The first component groups trust in the “Department of Natural Resources,” “University Researchers/Exten-
sion,” and “Environmental organizations,” and is reflected in trustscorel. For the lake association survey, this com-
ponent also includes trust in “Lake associations” and “Minnesota Lakes and Rivers Advocates.” The second component
groups trust in “Bait shops/sporting goods stores” and “Fishing, boating, or sporting organizations,” and is reflected in
trustscore?.

The PCA diagnostics support this two-component solution. Bartlett’s test of sphericity was rejected at 1% significance
level in both samples, indicating that the trust items are sufficiently intercorrelated for PCA. The KMO measure of sam-
pling adequacy was 0.61 for the general sample and 0.69 for the lake association sample, both exceeding the conven-
tional 0.50 minimum [74,75]. Component 1 showed acceptable to good internal consistency (Cronbach’s o = 0.84 and
0.79); because Component 2 comprises only two items, for which alpha is not an informative reliability measure, we report
its inter-item correlation instead (r=0.81 and 0.67). The two components together explain 82.7% of the variance in the
general sample and 65.0% in the lake association sample. Full diagnostics, rotated component coefficients, and sample
sizes are reported in S2 Table.

We find a slightly higher trustscorel (0.15) for the lake association respondents compared to general residents
(0.06), indicating that both groups generally trust the information sources, but with only a marginal difference. In contrast,
we find negative trustscore?2 for both general and lake association respondents (mean score of —0.04 and —0.03),
which indicates that respondents either show less trust or are more critical of these businesses and organizations.

A formal analysis of value orientations using the same general resident dataset analyzed in this study is presented in
Pradhananga et al. [31], where the authors find that anthropocentric values are associated with lower perceived risk and
reduced confidence in the effectiveness of AlS-related actions, whereas ecocentric values are positively associated with
response efficacy. In this paper, we do not model those relationships; instead, we report descriptive statistics for both the
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general resident and lake association samples to enable comparison with lake association members, a group not included
in the prior analysis (see S3 Table). This comparison allows us to examine whether environmental values differ across
populations with varying exposure to AIS. While they may not directly influence WTP, these values help interpret why
residents may support public investment in AIS management even in cases where personal benefits are not immediate or
direct.

We find that ecocentric views were common in both samples. Over 60% of general residents and lake association
members agreed that protecting the environment is more important than providing fishing opportunities, and more than
half affirmed that fish have intrinsic rights to exist. In contrast, fewer than 10% in either group agreed with statements
emphasizing the instrumental or economic utility of fish or nature. Lake association residents showed slightly stronger
ecocentric leanings overall—for example, they expressed lower agreement with the view that “fish are primarily valuable
as food for people”.

3.1 WTP estimation

Table 3 presents a distribution of responses to the WTP question across both surveys. Within the range of potential
donations offered in the survey ($20-$100 per household per year), 54% of general residents and 80% of lake associa-
tion members voted ‘yes’ to support state-wide AIS management, reflecting support conditional on the specified tax/rent
increases.

The general residents recorded a higher proportion of protest responses compared to the lake association members
(16.43% vs. 4.27%, see Table 3). The proportion of protest responses in the general resident survey is lower than the 23%
reported in Levers and Pradhananga [9], which also studies AIS, but focuses on boaters who already pay for AIS manage-
ment as part of their boating registrations and out of state fishing licenses. The proportion does align with other environ-
mental studies such as Strazzera et al. [76] (17.75%), Martin-Lopez et al. [77] (18.6%), Lyssenko and Martinez-Espineira
[78] (16.3%), and the meta-study on protest responses by Meyerhoff and Liebe [79] (17.69%) (see Table 4).

These protest responses raise important concerns regarding how they should be treated during estimation. The
conventional strategy is to either treat protest responses as ‘no’ or exclude them from the sample, similar to how ‘DK’
responses would be handled. However, treating them as ‘no’ may lead to underestimation of WTP, while exclusion can
result in biased estimates of WTP, particularly if the excluded sample differs significantly from the sample used in anal-
ysis [68,80,81]. Researchers often use the Heckman sample selection model to address selectivity bias; however, this
approach comes at the cost of reduced efficiency due to a reduced sample size [62]. Alternatively, one can treat protest
responses as an intermediate category between positive and zero bids, as in Cho et al. [68], and measure the welfare
using an ordered probit model. However, in the presence of ‘DK’ responses, the ordering of the protest and ‘DK’ cate-
gories becomes less clear. There is neither a consensus in the literature nor statistical guidance on how to model these
categories.

Table 3. Distribution of responses in % to the WTP question.

Response General sample Lakeshore sample
yes 53.52 79.74

no 7.98 3.55

protest No 16.43 4.27

DK 22.06 12.55

N 213 844

Note: DK=don’t know, N=number of observations, and WTP =willingness to pay.

https://doi.org/10.1371/journal.pone.0346515.t003
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Table 4. Distribution in % of reasoning associated with the “protest No” category.

Protest reasons General sample Lakeshore
sample

| would not support an increase in property taxes regardless of 54.29 25.00

the amount or what it is for

| would support taxes for individual lakes, but not for the state as | 11.43 11.11

a whole

Distrust on government and/or program 17.14 33.33

Finance through other means and taxes or reallocation 5.71 27.78

Others or everyone should pay 11.43 2.78

N 35 36

Note: N=number of observations.

https://doi.org/10.1371/journal.pone.0346515.t004

Given our modest sample size, we follow the conventional strategy of treating protest responses as ‘no’ responses,
which reduces the response categories to a dichotomous choice between ‘yes’ and ‘no’, as we also coded ‘DK’ responses
as ‘no’. This approach yields conservative estimates of mean WTP.

Table 5 presents the estimates from the maximum likelihood estimation for the general resident survey, along with the
estimated mean WTP and its confidence interval. The first three columns of Table 5 present the results for the unweighted
sample, while the last three columns report the corresponding analysis for the weighted sample, adjusted to match the
Minnesota population distribution of age, education, and income. Alternatively, one could run a standard probit model
and use those estimates to derive results equivalent to those obtained via maximum likelihood estimation. We report the
results from the probit model in S4 Table.

We find statistically significant estimates of mean WTP across all maximum likelihood specifications, ranging from
$57.40 to $76.85 per household per year. The unweighted model with a full set of variables (Table 5, column (1)) gener-
ates the highest WTP estimate, $76.85, yet none of the included variables has a statistically significant effect on WTP.

To examine whether multicollinearity may contribute to this result, we assess correlations among the covariates following
Greene [62]. The Spearman rank correlation matrix (S5 Table) shows that the highest correlation is between ATS con-
cern and risk percep (0.666). This is expected, as respondents who are more concerned about AlS are likely to
perceive it as posing higher risk. The remaining statistically significant correlations, including that between education and
income, are relatively weak and do not appear to pose a serious multicollinearity issue overall.

The weighted counterpart of the full model (column (4)) yields a mean WTP estimate nearly identical to the unweighted
full model ($75.67 vs. $76.85), although weighting modestly changes individual coefficient estimates and their statisti-
cal significance. In the weighted full model, motorboating becomes statistically significant at the 10% level, while the
remaining covariates remain insignificant. Because the weights adjust the relative influence of observations across age,
education, and income groups, these shifts indicate that individual coefficient estimates are somewhat sensitive to the
demographic composition of the sample, even when the implied mean WTP is not. Model fit improves under weighting
(lower AIC/BIC), but because most coefficients remain imprecisely estimated, we do not interpret their magnitudes.

Next, we vary the choice of explanatory variables and repeat our analysis. Specifically, we include risk percep,
trustscorel, trustscore?, hiking, and motorboating in the analysis. We report the effects of these variables in
column (2) of Table 5. These variables again show no significant effect on WTP, except trustscorel at the 10% level.
Despite this, the estimated WTP remains highly significant at the 1% level. In the weighted reduced model (column (5)),
trustscorel remains weakly significant at the 10% level, and risk percep and motorboating are also significant
at the 10% level. The estimated mean WTP declines modestly from $74.17 in column (2) to $68.48 in column (5). The
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Table 5. Estimates from maximum likelihood estimation for the general resident survey.

Variables Unweighted Weighted
Q) (2 (3) 4) (5) (6)

age -35.583 - - 12.758 - -
(0.810) - - (0.300) - -

female -33.121 - - -10.985 - -
(0.760) - - (0.300) — -

educ -0.820 - - 10.068 - -
(0.020) - - (0.240) - -

income 11.045 - — 2.954 - -
(0.800) - - (0.270) - -

visit freq 20.594 - - 20.965 - -
(1.040) - - (1.070) - -

risk percep 46.809 47.053 - 93.481 78.682*% -
(1.060) (1.460) - (1.590) (1.810) -

trustscore1 44.432 39.969* - 37.227 39.977* -
(1.500) (1.740) - (1.540) (1.700) -

trustscore2 -16.104 -18.837 - -18.056 -24.660 -
(0.960) (1.320) - (1.050) (1.450) -

fishing -39.773 - - -60.612 - -
(0.860) - - (1.240) - -

hiking 48.325 53.864 - 58.402 71.338 -
(1.060) (1.370) - (1.260) (1.540) -

motorboating 49.558 49.764 - 105.736* 90.764* -
(1.080) (1.300) - (1.800) (1.850) -

AIS concern 27.370 - - 1.306 - -
(0.830) - - (0.050) - -

AIS knowledge -19.109 - - -10.594 - -
(0.650) - - (0.430) - -

lakeshore -26.586 — - -24.488 - -
(0.550) - - (0.510) - -

constant -201.449 -142.876 75.614%* -389.620 -284.840 57.396**
(0.970) (1.100) (4.420) (1.420) (1.560) (2.420)

N 213 213 213 213 213 213

%yes 53.521 53.521 53.521 53.521 53.521 53.521

sigma 179.036* 161.329** 174.434** 145.664* 140.045** 219.324**
(103.153) (79.946) (88.636) (77.995) (70.319) (169.614)

Log Lik. -124.938 -128.448 -145.150 -114.056 -116.461 -146.370

AIC 281.876 270.896 294.301 260.112 246.921 296.740

BIC 335.656 294 .425 301.023 313.892 270.451 303.462

WTP 76.854*** 74.168%** 75.614%** 75.670%** 68.477*** 57.396**
(19.361) (16.756) (17.104) (18.137) (16.155) (23.685)

C.l. [-14.81; 213.52] [31.13; 182.25] [22.03; 183.39] [7.01; 188.95] [17.59; 159.89] [-108.35; 215.80]

Note: WTP =willingness to pay in USD per household per year. AIC =Akaike information criterion. BIC = Bayesian information criterion. o = sigma.
C.l.=confidence interval. N=number of observations. Robust standard errors are provided in parentheses. * p<0.10, ** p<0.05, *** p<0.01.

https://doi.org/10.1371/journal.pone.0346515.t005
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probit specification yields qualitatively similar results, with income, risk percep, trustscorel, trustscore2, hik-
ing, and motorboating being significant at the 1% to 5% levels (S4 Table).

Finally, we estimate WTP by excluding all explanatory variables from the model (i.e., a constant-only model; see col-
umn (3) of Table 5) and find a WTP estimate of $75.61 per household per year. This is close to the estimates from the full
and reduced specifications ($76.85 and $74.17, respectively), indicating that within the unweighted sample the mean WTP
is not sensitive to the choice of covariates. In the weighted constant-only model (column (6)), the mean WTP is $57.40,
which is lower than the unweighted counterpart. This decline reflects the application of population weights: groups with
relatively higher stated WTP—specifically older, more educated, and higher-income respondents—are overrepresented in
the unweighted sample, and raking reduces their influence. Without covariates to absorb these compositional differences,
the constant-only specification shows the largest weighting effect.

We repeated the analysis after removing both the protest and ‘DK’ response categories. This reduced the sample from
213 to 131 observations and raised the share of “yes” responses from 54% to 87%. With only 17 “no” responses remain-
ing out of 131, the data did not contain enough variation in the dependent variable to identify the parameters of the max-
imum likelihood model, and none of the three parametric specifications (full, reduced, or constant-only) converged. The
non-parametric Turnbull estimator does not require parameter identification and so remained defined, with the
lower-bound mean rising from $34.66 to $70.34. This increase is consistent with the underlying selection effect, since
protest and DK respondents are systematically less willing to pay and excluding them inflates the estimated WTP. We
therefore do not treat these results as an alternative to our primary specification, as the resulting subsample is no longer
representative of the general resident population.

We report the 95% confidence interval associated with these mean WTP estimates in the last row of Table 5. These
intervals are calculated using the Krinsky-Robb method based on 10,000 draws [82], as suggested in Haab and McCon-
nell [52]. Across all specifications, the confidence intervals are wide and often exceed the bid range. Some models, i.e.,
Table 5, column (1) and (6), yield negative lower bounds, which undermine the reliability of the mean WTP estimates for
inference. Large confidence intervals often arise from low-bid levels, where the probability of a ‘yes’ response is insensi-
tive to changes in bid amounts [83]. Literature recognizes this issue as a “fat-tail” phenomenon, characterized by a high
percentage of respondents answering ‘yes’ even at the highest bid levels.

We explore the distribution of ‘yes’ responses at each bid level in both samples (general and lake association) and
present them in Table 6. Two key observations emerge: first, the implicit inverse demand curve for the lake association
sample, as would be given by the plot of the percentage of ‘yes’ responses against bid amounts, appears almost flat;
second, both general and lake association samples experience the “fat-tail” issue, with more than 50% of respondents
saying ‘yes’ at the highest bid ($100). This pattern suggests that our upper bid was insufficient to capture the upper tail of
the WTP distribution, particularly for the lake association sample. While we analyze the lake association sample using the
same parametric framework as for the general resident sample, we do not report those results as they yield highly inflated,

Table 6. Percentage of yes at each bid level.

General sample Lakeshore sample
Bid % yes n % yes n
20 64.58 48 83.72 172
40 62.79 43 80.00 175
60 45.71 35 79.74 153
80 36.11 36 77.51 169
100 52.94 51 77.71 175

Note: n=number of observations at each bid level.

https://doi.org/10.1371/journal.pone.0346515.t006
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unreliable, and implausible estimates of WTP with exceedingly large confidence intervals. This issue primarily arises from
the low quality of the lakeshore dataset for parametric analysis, as it is affected by both flat bid and fat-tail phenomena,
as discussed above and illustrated in Table 6. This problem worsens when ‘DK’ and ‘protest’ response categories are
removed from the sample (see S6 Table).

Accordingly, we apply the Turnbull method to analyze the general and lake association sample, with the empirical
framework presented in Section 2.2. Table 7 presents the lower bound mean WTP estimates using the Turnbull estimation
approach, along with their 95% confidence intervals for both the reduced and full samples. The reduced sample includes
the same set of observations as we use (or would use) for general residents (for the lake association sample), while the
full sample includes all observations prior to data cleaning. Since the Turnbull method provides parameter-free estimates
of WTP, we were able to use the full sample, as it requires only the bid and response variables—both of which contained
no missing data.

As can be seen in Table 7, there are significant differences in the lower bound mean WTP estimates between the
general and lake association respondents. In the reduced sample, the mean WTP associated with general residents is
$34.66 per household per year, which is substantially lower than the estimate of $64.22 for lake association respondents.
While the estimates of WTP for lake association members also remain higher in the full sample analysis, these estimates
increase for both groups (to $39.66 and $74.55 for general and lake association residents, respectively). Our estimates
of WTP, particularly the $35 to $40 range for general residents, though conservative, are consistent with the findings of
Mclintosh et al. [34], who report household WTP values between $34 and $48 as a one-time donation to delay the onset of
low- to high-impact AIS scenarios in inland U.S. water bodies.

4 Discussion

Understanding the public’s viewpoint regarding conservation goals is vital as policymakers and public resource managers
must balance finite resources against competing needs. The goal of managing invasive species, one of the top drivers of
extinction, is no different.

This AIS study uniquely samples respondents from both a statewide general population and an advocacy group, which
helps show how residents as a whole think, as well as those from community organizations. The advocacy group studied
here, from MLRA, is not a group dedicated solely to invasive species, nor specifically environmental causes. In fact, the
organization began as and continues to be an advocate for reduced property taxes and its members are evenly divided
between political parties [84]. Nonetheless, many of its respondents as well as those from the general sample are pro
tax-based AIS management with 54% of general residents and 80% of lake association members voting ‘yes’ to support
a state-wide property tax increase earmarked for AIS. Perhaps surprisingly, given the anti-tax history of MLRA, the lake
association respondents are willing to pay more than general residents for statewide AIS management, prevention, and
control, with Turnbull lower-bound estimates of $64 to $75 vs $35 to $40 annually, respectively. These estimates should
be interpreted as conservative lower bounds rather than precise valuations, given the wide confidence intervals in the
parametric models and the flat-bid and fat-tail features of the data. Future research in similar high-engagement contexts

Table 7. Turnbull estimates of mean lower bound.

Reduced sample Full sample

General Lakeshore General Lakeshore
mean 34.655 64.215 39.660 74.550
95% C.I. [30.319; 38.990] [61.974; 66.456] [34.792; 44.528] [72.111; 76.989]
N 213 844 291 1222

Note: N=number of observations, and C.l. =confidence interval. Estimates are in USD per household per year.

https://doi.org/10.1371/journal.pone.0346515.t007
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should extend the bid range upward to better capture the upper tail of the WTP distribution, test alternative payment vehi-
cles, and consider stratified sampling across additional stakeholder groups (for example, anglers and boaters) to support
more structured comparison than the two-sample contrast we present here.

Given that the lake association sample is a self-selected stakeholder group with direct ties to affected water bodies,
their strong support is logical. This is mirrored by our finding that people who engage in boating report higher WTP for AIS
management, a pattern consistent with the direct benefit they would receive given that aquatic invasive plants, such as
Eurasian watermilfoil and starry stonewort, impede the movement of boats.

The difference in WTP between the lake association and general samples may reflect differences in underlying environ-
mental value orientations. As discussed in Section 2.1 and shown in S3 Table, both groups expressed strong ecocentric
leanings, but lake association respondents were even less likely to agree with instrumental statements such as “Fish are
valuable only if people get to use them.” They also show higher AlS perceived risk, knowledge, and concern than that of
the general population. Sorting may be a factor as individuals with stronger preferences for lake-related amenities may be
more likely to select into a lake association or have developed stronger preferences during their time as a member of a
lake association.

While all of the respondents of the lake association survey are property owners, owning lakeshore property does not
automatically make one a lake association member. As such, simply owning lakefront property may not be the driving
force behind the increase in WTP, evidenced by our showing no increase in WTP for general residents who happen to
also own lakeshore property. We also find no impact on support from AIS knowledge, a result found in previous studies as
well [85]. Respondents do show fairly high AIS knowledge, which may be high in Minnesota due to the emphasis on lake
culture. Expanding future surveys to incorporate explicit ecological baselines and probabilities of program success could
require a high respondent learning curve—an important caveat.

The higher protest rate among general residents may reflect opposition to property tax increases and distrust of state-
level institutions, the two most commonly cited reasons in Table 4. Smaller shares cited preferences for funding individual
lakes rather than statewide programs, or the view that others should bear the cost. The presence of distrust as a stated
reason is consistent with prior work finding that beliefs about program ineffectiveness are associated with lower support
for invasive species management [86].

Trust in entities that perform AIS management is an important factor associated with WTP. Individuals who report
higher trust in the DNR, the University, and environmental organizations also report higher WTP, with the coefficient on
trustscore1 positive across all parametric specifications and significant at the 1% level in the probit model (S4 Table). This
pattern is consistent with prior research [86,87] and with the protest-response reasonings in Table 4, where distrust of gov-
ernment and program effectiveness was a leading reason cited for opposition among general residents.

Our findings underscore substantial public support for managing AlS, reflecting widespread recognition of their ecological
and economic threats. Residents, even those who do not have strong direct connections to aquatic ecosystems, find value
in AIS management. In light of recent changes to AIS management funding in Minnesota, and ongoing debate, these results
suggest that continued or increased state investment would be broadly consistent with public preferences within Minnesota.
We caution against extending these point estimates to other states or contexts: the magnitude of WTP is likely to depend on
local ecological conditions, the extent of existing infestation, recreational use patterns, and cultural ties to freshwater sys-
tems, all of which are particularly pronounced in Minnesota. Our findings may be most informative for jurisdictions with com-
parable freshwater resources and stakeholder structures. Support for this conservation program may be shaped by direct
exposure, self-selection, and trust in managing organizations, ergo support should not be attributed solely to proximity. Nev-
ertheless, the differences in WTP between the lake association and general samples warrant attention from policymakers
when considering support for local organizations and opportunities for more targeted cost-sharing and outreach strategies.

A key message from the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services’s assess-
ment report on invasive species is that engagement and collaboration with stakeholders, Indigenous Peoples, and local
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communities improves invasive species management outcomes [88]. Our findings reinforce this view. Respondents who
reported higher trust in the DNR, the University, and environmental organizations also reported higher WTP, and protest
responses among general residents often pointed to distrust of government and program effectiveness. These results
suggest that securing public investment in AIS management is not only a technical or budgetary problem but also a
trust-building problem. Fostering trust between natural resource managers, community organizations, and the general
public may have the largest potential impact on program support, and our results suggest that investments in public out-
reach and trust-building may be an important complement to the technical management of AIS itself.

Supporting information
S1 Table. Sample and population distribution (in %) of demographic characteristics of MN.
(PDF)

S2 Table. Principal component analysis diagnostics and rotated component coefficients.
(PDF)

S3 Table. Respondents’ agreement with statements reflecting ecocentric and anthropocentric values.
(PDF)

S4 Table. Estimates from the probit model for the general resident survey.
(PDF)

S5 Table. Spearman’s rank correlation matrix for general resident survey.
(PDF)

S6 Table. Percentage of yes and total sample in each bid amount after eliminating protest and ‘DK’ categories
from the sample.
(PDF)

Acknowledgments

We sincerely thank Jeff Forester for his essential role in facilitating outreach to lakeshore property owners and for coordi-
nating the email survey used to collect data for the lakeshore sample in this study.

Author contributions

Conceptualization: Roshan Puri, Lucia R. Levers, Amit K. Pradhananga.
Data curation: Roshan Puri, Lucia R. Levers, Amit K. Pradhananga.
Formal analysis: Roshan Puri.

Funding acquisition: Lucia R. Levers, Amit K. Pradhananga.
Investigation: Roshan Puri, Lucia R. Levers, Amit K. Pradhananga.
Methodology: Roshan Puri, Lucia R. Levers, Amit K. Pradhananga.
Project administration: Roshan Puri, Lucia R. Levers, Amit K. Pradhananga.
Resources: Roshan Puri, Lucia R. Levers, Amit K. Pradhananga.
Software: Roshan Puri.

Supervision: Roshan Puri, Lucia R. Levers, Amit K. Pradhananga.

Validation: Roshan Puri, Lucia R. Levers, Amit K. Pradhananga.

PLOS One | https://doi.org/10.1371/journal.pone.0346515 September 16, 2026 20/24



https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0346515.s001
https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0346515.s002
https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0346515.s003
https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0346515.s004
https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0346515.s005
https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0346515.s006

PLO\S\% One

Visualization: Roshan Puri, Lucia R. Levers, Amit K. Pradhananga.

Writing — original draft: Roshan Puri.

Writing — review & editing: Roshan Puri, Lucia R. Levers, Amit K. Pradhananga.

References
1. Adams DC, Bucaram S, Lee DJ, Hodges AW. Public preferences and values for management of aquatic invasive plants in state parks. Lake and
Reservoir Management. 2010;26(3):185-93. https://doi.org/10.1080/07438141.2010.504319
2. Garcia-Llorente M, Martin-Lépez B, Nunes PALD, Gonzalez JA, Alcorlo P, Montes C. Analyzing the social factors that influence willingness to pay
for invasive alien species management under two different strategies: eradication and prevention. Environ Manage. 2011;48(3):418-35. https://doi.
org/10.1007/s00267-011-9646-z PMID: 21404075
3. Poland TM, Patel-Weynand T, Finch DM, Miniat CF, Hayes DC, Lopez VM. Invasive species in forests and rangelands of the United States: a com-
prehensive science synthesis for the United States forest sector. Springer Nature. 2021.
4. Kinsley AC, Kao S-YZ, Enns EA, Escobar LE, Qiao H, Snellgrove N, et al. Modeling the risk of aquatic species invasion spread through boater
movements and river connections. Conserv Biol. 2024;38(4):e14260. https://doi.org/10.1111/cobi. 14260 PMID: 38638064
5. Havel JE, Kovalenko KE, Thomaz SM, Amalfitano S, Kats LB. Aquatic invasive species: challenges for the future. Hydrobiologia. 2015;750(1):147—
70. https://doi.org/10.1007/s10750-014-2166-0 PMID: 32214452
6. Helfrich LA, Neves RJ, Parkhurst JA. Sustaining America’s Aquatic Biodiversity: Why is Aquatic Biodiversity Declining? 2019.
7. Minnesota Department of Natural Resources. Infested Waters List: Aquatic Invasive Species. 2025. https://www.dnr.state.mn.us/invasives/ais/
infested.html
8. Minnesota Department of Natural Resources. LakeFinder. 2025. https://www.dnr.state.mn.us/lakefind/index.html
9. Levers LR, Pradhananga AK. Recreationist willingness to pay for aquatic invasive species management. PLoS One. 2021;16(4):e0246860. https://
doi.org/10.1371/journal.pone.0246860 PMID: 33852584
10. Thomas CM. A cost-benefit analysis of preventative management for zebra and quagga mussels in the Colorado-Big Thompson system. Fort Col-
lins, CO: Colorado State University. 2010.
11. Great Lakes Commission. Restoring the natural divide: separating the Great Lakes and Mississippi River basins in the Chicago area waterway
system. Great Lakes Commission. 2018.
12. Warziniack T, Haight RG, Yemshanov D, Apriesnig JL, Holmes TP, Countryman AM. Economics of invasive species. Invasive species in forests and
rangelands of the United States: a comprehensive science synthesis for the United States Forest Sector. 2021. p. 305-20.
13. Zhang C, Boyle KJ. The effect of an aquatic invasive species (Eurasian watermilfoil) on lakefront property values. Ecological Economics.
2010;70(2):394—404. https://doi.org/10.1016/j.ecolecon.2010.09.011
14. Roy H, Pauchard A, Stoett P, Renard Truong T, Bacher S, Galil B. Summary for policymakers of the thematic assessment report on invasive alien
species and their control. 2023.
15. U S Fish and Wildlife Service. What are aquatic invasive species?. 2023. https://www.fws.gov/story/what-aquatic-invasive-species
16. National Oceanic and Atmospheric Administration (NOAA). Invasive and Exotic Marine Species. 2023. https://www.fisheries.noaa.gov/insight/
invasive-and-exotic-marine-species
17. Kinnunen RE. Sea lamprey control in the Great Lakes. 2015. https://www.canr.msu.edu/news/sea_lamprey_control_in_the great lakes
18. Minnesota Legislature. 2024 Minnesota Statutes, Section 477A.19 - Aquatic Invasive Species Prevention Aid. 2024. https://www.revisor.mn.gov/
statutes/2024/cite/477A.19
19. Ecological, Resources W. Invasive Species 2021 Annual Report. Minnesota Department of Natural Resources. 2022. https://www.dnr.state.mn.us/
invasives/ais/programs.html
20. Ecological, Resources W. Invasive Species 2022 Annual Report. Minnesota Department of Natural Resources. 2023. https://www.dnr.state.mn.us/
invasives/ais/programs.html
21. Ecological, Resources W. Invasive Species 2023 Annual Report. Minnesota Department of Natural Resources. 2024. https://www.dnr.state.mn.us/
invasives/ais/programs.html
22. Resources W, Ecological. Invasive Species 2024 Annual Report. Minnesota Department of Natural Resources. 2025. https://www.dnr.state.mn.us/
invasives/ais/programs.html
23. Ecological, Resources W. Invasive Species 2025 Annual Report. Minnesota Department of Natural Resources. 2026. https://www.dnr.state.mn.us/
invasives/ais/programs.html
24. Commission LC. Aquatic Invasive Species: From Problems to Real-World Solutions. 2026. https://www.legacy.mn.gov/projects/
aquatic-invasive-species-problems-real-world-solutions
25. Ferguson KM, Holding Eagle M lll. These new laws take effect in Minnesota as 2026 arrives. MPR News. 2025. https://www.mprnews.org/

story/2025/12/31/minnesotas-new-laws-take-effect-with-start-of-2026

PLOS One | https://doi.org/10.1371/journal.pone.0346515 September 16, 2026 21/24



https://doi.org/10.1080/07438141.2010.504319
https://doi.org/10.1007/s00267-011-9646-z
https://doi.org/10.1007/s00267-011-9646-z
http://www.ncbi.nlm.nih.gov/pubmed/21404075
https://doi.org/10.1111/cobi.14260
http://www.ncbi.nlm.nih.gov/pubmed/38638064
https://doi.org/10.1007/s10750-014-2166-0
http://www.ncbi.nlm.nih.gov/pubmed/32214452
https://www.dnr.state.mn.us/invasives/ais/infested.html
https://www.dnr.state.mn.us/invasives/ais/infested.html
https://www.dnr.state.mn.us/lakefind/index.html
https://doi.org/10.1371/journal.pone.0246860
https://doi.org/10.1371/journal.pone.0246860
http://www.ncbi.nlm.nih.gov/pubmed/33852584
https://doi.org/10.1016/j.ecolecon.2010.09.011
https://www.fws.gov/story/what-aquatic-invasive-species
https://www.fisheries.noaa.gov/insight/invasive-and-exotic-marine-species
https://www.fisheries.noaa.gov/insight/invasive-and-exotic-marine-species
https://www.canr.msu.edu/news/sea_lamprey_control_in_the_great_lakes
https://www.revisor.mn.gov/statutes/2024/cite/477A.19
https://www.revisor.mn.gov/statutes/2024/cite/477A.19
https://www.dnr.state.mn.us/invasives/ais/programs.html
https://www.dnr.state.mn.us/invasives/ais/programs.html
https://www.dnr.state.mn.us/invasives/ais/programs.html
https://www.dnr.state.mn.us/invasives/ais/programs.html
https://www.dnr.state.mn.us/invasives/ais/programs.html
https://www.dnr.state.mn.us/invasives/ais/programs.html
https://www.dnr.state.mn.us/invasives/ais/programs.html
https://www.dnr.state.mn.us/invasives/ais/programs.html
https://www.dnr.state.mn.us/invasives/ais/programs.html
https://www.dnr.state.mn.us/invasives/ais/programs.html
https://www.legacy.mn.gov/projects/aquatic-invasive-species-problems-real-world-solutions
https://www.legacy.mn.gov/projects/aquatic-invasive-species-problems-real-world-solutions
https://www.mprnews.org/story/2025/12/31/minnesotas-new-laws-take-effect-with-start-of-2026
https://www.mprnews.org/story/2025/12/31/minnesotas-new-laws-take-effect-with-start-of-2026

PLO\Sﬁ\\.- One

26. Sharp RL, Larson LR, Green GT. Factors influencing public preferences for invasive alien species management. Biological Conservation.
2011;144(8):2097-104. https://doi.org/10.1016/j.biocon.2011.04.032

27. Selge S, Fischer A, van der Wal R. Public and professional views on invasive non-native species — A qualitative social scientific investigation. Bio-
logical Conservation. 2011;144(12):3089-97. https://doi.org/10.1016/j.biocon.2011.09.014

28. Junge X, Hunziker M, Bauer N, Arnberger A, Olschewski R. Invasive Alien Species in Switzerland: Awareness and Preferences of Experts and the
Public. Environ Manage. 2019;63(1):80-93. https://doi.org/10.1007/s00267-018-1115-5 PMID: 30627765

29. Adams DC, Soto JR, Lai J, Escobedo FJ, Alvarez S, Kibria ASMG. Public Preferences and Willingness to Pay for Invasive Forest Pest Prevention
Programs in Urban Areas. Forests. 2020;11(10):1056. https://doi.org/10.3390/f11101056

30. Rodriguez-Rey M, Borrell YJ, Dopico E, Muha TP, Rolla M. Understanding public perceptions toward invasive species in different parts of Europe.
Journal of Environmental Planning and Management. 2021;65(12):2257-75. https://doi.org/10.1080/09640568.2021.1969899

31. Pradhananga AK, Choi A, Levers LR. Resident intentions to support organizations that aim to prevent the spread of aquatic invasive species: the
role of value orientations, efficacy, and risk perception. Human Dimensions of Wildlife. 2025;31(1):1-15. https://doi.org/10.1080/10871209.2024.24
46785

32. Nunes PALD, van den Bergh JCJM. Can People Value Protection against Invasive Marine Species? Evidence from a Joint TC—CV Survey in the
Netherlands. Environmental and Resource Economics. 2004;28(4):517-32. https://doi.org/10.1023/b:eare.0000036777.83060.b6

33. Champ PA, Alberini A, Correas |. Using contingent valuation to value a noxious weeds control program: the effects of including an unsure response
category. Ecological Economics. 2005;55(1):47-60. https://doi.org/10.1016/j.ecolecon.2004.10.011

34. Mclntosh CR, Shogren JF, Finnoff DC. Invasive species and delaying the inevitable: Valuation evidence from a national survey. Ecological Eco-
nomics. 2010;69(3):632—40. https://doi.org/10.1016/j.ecolecon.2009.09.014

35. Cherry TL, Shogren JF, Frykblom P. Valuing wildlife at risk from exotic invaders in Yellowstone Lake. Handbook on Contingent Valuation. Edward
Elgar Publishing. 2006.

36. Joffe-Nelson N, van Riper CJ, Golebie E, Johnson DN, Eriksson M, Suski C, et al. Angler preferences for management of aquatic invasive
species in the USA and Canada: A discrete choice experiment. Journal of Great Lakes Research. 2023;49(2):545-53. https://doi.org/10.1016/].
jglr.2022.12.012

37. Blaschko A. 'Tis the Season — Recreational Employment in Minnesota. Economic Trends. 2024. https://mn.gov/deed/newscenter/publications/
trends/december-2024/winter.jsp

38. Otter Tail County. Committee urges full funding for AIS Prevention Aid. News on Otter Tail County Official Website. 2025. https://ottertailcounty.gov/
news/committee-urges-full-funding-for-ais-prevention-aid/

39. Dillman DA, Smyth JD, Christian LM. Internet, phone, mail, and mixed-mode surveys: The tailored design method. Indianapolis, Indiana: Indiana
University Press. 2014.

40. Minnesota Aquatic Invasive Species Research Center. About Aquatic Invasive Species. 2025. https://maisrc.umn.edu/about-ais

41. Wallmo K, Lew DK. Public willingness to pay for recovering and downlisting threatened and endangered marine species. Conserv Biol.
2012;26(5):830-9. https://doi.org/10.1111/].1523-1739.2012.01899.x PMID: 22827248

42. Jolliffe IT. Principal Component Analysis. 2nd ed. New York: Springer. 2002.

43. Jackson JE. A user’s guide to principal components. New York: Wiley. 2003.

44. Rhemtulla M, Brosseau-Liard PE, Savalei V. When can categorical variables be treated as continuous? A comparison of robust continuous and
categorical SEM estimation methods under suboptimal conditions. Psychol Methods. 2012;17(3):354—73. https://doi.org/10.1037/a0029315 PMID:
22799625

45. Loomis J, Hanemann M, Kanninen B, Wegge T. Willingness to Pay to Protect Wetlands and Reduce Wildlife Contamination from Agri-
cultural Drainage. The Economics and Management of Water and Drainage in Agriculture. Springer US. 1991. p. 411-29. https://doi.
org/10.1007/978-1-4615-4028-1_21

46. Pattison J, Boxall PC, Adamowicz WL. The Economic Benefits of Wetland Retention and Restoration in Manitoba. Canadian J Agri Economics.
2011;59(2):223—44. https://doi.org/10.1111/].1744-7976.2010.01217.x

47. Petrolia DR, Interis MG, Hwang J. America’s Wetland? A National Survey of Willingness to Pay for Restoration of Louisiana’s Coastal Wetlands.
Marine Resource Economics. 2014;29(1):17-37. https://doi.org/10.1086/676289

48. Ballard J, Pezda J, Spencer D, Plantinga A. An economic valuation of southern California coastal wetlands. Bren School of Environmental Science
and Management. 2016;53(1).

49. Loomis JB. 2013 WAEA keynote address: Strategies for overcoming hypothetical bias in stated preference surveys. Journal of Agricultural and
Resource Economics. 2014;:34—46.

50. McFadden D, Train K. Contingent Valuation of Environmental Goods: A Comprehensive Critique. Cheltenham, UK: Edward Elgar Publishing. 2017.

51. Oh C-O, O’Keefe DM, Lee JS, Lee S. Economic values of a public outreach and education program for aquatic invasive species prevention.
Human Dimensions of Wildlife. 2018;23(5):399-416. https://doi.org/10.1080/10871209.2018.1446230

52. Haab TC, McConnell KE. Valuing environmental and natural resources: the econometrics of non-market valuation. Edward Elgar Publishing. 2002.

PLOS One | https://doi.org/10.1371/journal.pone.0346515 September 16, 2026 22 /24



https://doi.org/10.1016/j.biocon.2011.04.032
https://doi.org/10.1016/j.biocon.2011.09.014
https://doi.org/10.1007/s00267-018-1115-5
http://www.ncbi.nlm.nih.gov/pubmed/30627765
https://doi.org/10.3390/f11101056
https://doi.org/10.1080/09640568.2021.1969899
https://doi.org/10.1080/10871209.2024.2446785
https://doi.org/10.1080/10871209.2024.2446785
https://doi.org/10.1023/b:eare.0000036777.83060.b6
https://doi.org/10.1016/j.ecolecon.2004.10.011
https://doi.org/10.1016/j.ecolecon.2009.09.014
https://doi.org/10.1016/j.jglr.2022.12.012
https://doi.org/10.1016/j.jglr.2022.12.012
https://mn.gov/deed/newscenter/publications/trends/december-2024/winter.jsp
https://mn.gov/deed/newscenter/publications/trends/december-2024/winter.jsp
https://ottertailcounty.gov/news/committee-urges-full-funding-for-ais-prevention-aid/
https://ottertailcounty.gov/news/committee-urges-full-funding-for-ais-prevention-aid/
https://maisrc.umn.edu/about-ais
https://doi.org/10.1111/j.1523-1739.2012.01899.x
http://www.ncbi.nlm.nih.gov/pubmed/22827248
https://doi.org/10.1037/a0029315
http://www.ncbi.nlm.nih.gov/pubmed/22799625
https://doi.org/10.1007/978-1-4615-4028-1_21
https://doi.org/10.1007/978-1-4615-4028-1_21
https://doi.org/10.1111/j.1744-7976.2010.01217.x
https://doi.org/10.1086/676289
https://doi.org/10.1080/10871209.2018.1446230

PLO\Sﬁ\\.- One

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.
76.

77.

78.

79.

80.

Whitehead JC. A comment on Desvousges et al. (Land Economics 2015): “An adding up test on contingent valuations of river and lake quality”.
Ecol Econ. 2020;177:106768.

Parsons G, Myers K. Fat tails and truncated bids in contingent valuation: An application to an endangered shorebird species. Contingent valuation
of environmental goods. Edward Elgar Publishing. 2017. 17—42.

Boyle KJ. Contingent Valuation in Practice. In: Champ PA, Boyle KJ, Brown TC, editors. A Primer on Nonmarket Valuation. Dordrecht, Netherlands:
Kluwer Academic Publishers. 2003. 111-69.

Whitehead JC, Haab T, Lewis L, Richardson L, Schuhmann P. A meta-analysis of single-bound contingent valuation: Willingness to pay estimates,
determinants of reliability and split-sample hypothesis tests. 2024.

Haab TC, McConnell KE. Referendum Models and Negative Willingness to Pay: Alternative Solutions. Journal of Environmental Economics and
Management. 1997;32(2):251-70. https://doi.org/10.1006/jeem.1996.0968

Boyle KJ. Contingent Valuation in Practice. The Economics of Non-Market Goods and Resources. Springer Netherlands. 2017. p. 83—-131. https:/
doi.org/10.1007/978-94-007-7104-8 4

Cameron TA, James MD. Efficient Estimation Methods for “Closed-Ended” Contingent Valuation Surveys. The Review of Economics and Statistics.
1987;69(2):269. https://doi.org/10.2307/1927234

Arrow K, Solow R, Portney PR, Leamer EE, Radner R, Schuman H. Federal Register. 1993;58(10):4601-14.

Whitehead JC, Groothuis PA, Blomquist GC. Testing for non-response and sample selection bias in contingent valuation: analysis of a combination
phone/mail survey. Economics Letters. 1993;41(2):215-20.

Greene WH. Econometric Analysis. 7th ed. Upper Saddle River, NJ: Pearson Education. 2012.

Groothuis PA, Whitehead JC. Does don’t know mean no? Analysis of “don’t know” responses in dichotomous choice contingent valuation ques-
tions. Applied Economics. 2002;34(15):1935-40. https://doi.org/10.1080/00036840210128717

Catalano G, Florio M, Giffoni F. Willingness to pay for basic research: a contingent valuation experiment on the large hadron collider. In: 2016.
https://doi.org/arXiv:1603.03580

Wang H. Treatment of “Don’t-Know” Responses in Contingent Valuation Surveys: A Random Valuation Model. Journal of Environmental Economics
and Management. 1997;32(2):219-32. https://doi.org/10.1006/jeem.1996.0965

Alberini A, Boyle K, Welsh M. Analysis of contingent valuation data with multiple bids and response options allowing respondents to express uncer-
tainty. Journal of Environmental Economics and Management. 2003;45(1):40-62. https://doi.org/10.1016/s0095-0696(02)00010-4

Shaikh SL, Sun L, Cornelis van Kooten G. Treating respondent uncertainty in contingent valuation: A comparison of empirical treatments. Ecologi-
cal Economics. 2007;62(1):115-25. https://doi.org/10.1016/j.ecolecon.2006.05.016

Cho S-H, Yen ST, Bowker JM, Newman DH. Modeling Willingness to Pay for Land Conservation Easements: Treatment of Zero and Protest Bids
and Application and Policy Implications. J agric appl econ. 2008;40(1):267—85. https://doi.org/10.1017/s1074070800028108

Kobayashi M, Rollins K, Evans MDR. Sensitivity of WTP Estimates to Definition of ‘Yes’: Reinterpreting Expressed Response Intensity. Agric resour
econ rev. 2010;39(1):37-55. https://doi.org/10.1017/s1068280500001817

Chang W-Y, Lantz VA, MacLean DA. Social Benefits of Controlling Forest Insect Outbreaks: A Contingent Valuation Analysis in Two

Canadian Provinces. Canadian Journal of Agricultural Economics/Revue canadienne d’agroeconomie. 2010;59(3):383—404. https://doi.
org/10.1111/j.1744-7976.2010.01208.x

Blaine T, Lichtkoppler F. Factors Affecting Stakeholders’ Willingness to Pay to Prevent the Spread of Aquatic Nuisance Species. JOE. 2016;54(6).
https://doi.org/10.34068/joe.54.06.25

Krieger N, LeBlanc M, Waterman PD, Reisner SL, Testa C, Chen JT. Decreasing Survey Response Rates in the Time of COVID-19: Implications
for Analyses of Population Health and Health Inequities. Am J Public Health. 2023;113(6):667—70. https://doi.org/10.2105/AJPH.2023.307267
PMID: 37023386

Shih T-H, Xitao Fan. Comparing Response Rates from Web and Mail Surveys: A Meta-Analysis. Field Methods. 2008;20(3):249-71. https://doi.
org/10.1177/1525822x08317085

Kaiser HF. An Index of Factorial Simplicity. Psychometrika. 1974;39(1):31-6. https://doi.org/10.1007/bf02291575
Hair JF, Black WC, Babin BJ, Anderson RE. Multivariate data analysis. 2019.

Strazzera E, Genius M, Scarpa R, Hutchinson G. The Effect of Protest Votes on the Estimates of WTP for Use Values of Recreational Sites. Envi-
ronmental and Resource Economics. 2003;25(4):461-76. https://doi.org/10.1023/a:1025098431440

Martin-L6épez B, Montes C, Benayas J. The non-economic motives behind the willingness to pay for biodiversity conservation. Biological Conserva-
tion. 2007;139(1-2):67-82. https://doi.org/10.1016/j.biocon.2007.06.005

Lyssenko N, Martinez-Espifieira R. Respondent uncertainty in contingent valuation: the case of whale conservation in Newfoundland and Labrador.
Applied Economics. 2011;44(15):1911-30. https://doi.org/10.1080/00036846.2011.556590

Meyerhoff J, Liebe U. Determinants of protest responses in environmental valuation: A meta-study. Ecological Economics. 2010;70(2):366—74.
https://doi.org/10.1016/j.ecolecon.2010.09.008

Strazzera E, Scarpa R, Calia P, Garrod GD, Willis KG. Modelling zero values and protest responses in contingent valuation surveys. Applied Eco-
nomics. 2003;35(2):133-8. https://doi.org/10.1080/0003684022000015900

PLOS One | https://doi.org/10.1371/journal.pone.0346515 September 16, 2026 23/24



https://doi.org/10.1006/jeem.1996.0968
https://doi.org/10.1007/978-94-007-7104-8_4
https://doi.org/10.1007/978-94-007-7104-8_4
https://doi.org/10.2307/1927234
https://doi.org/10.1080/00036840210128717
https://doi.org/arXiv:1603.03580
https://doi.org/10.1006/jeem.1996.0965
https://doi.org/10.1016/s0095-0696(02)00010-4
https://doi.org/10.1016/j.ecolecon.2006.05.016
https://doi.org/10.1017/s1074070800028108
https://doi.org/10.1017/s1068280500001817
https://doi.org/10.1111/j.1744-7976.2010.01208.x
https://doi.org/10.1111/j.1744-7976.2010.01208.x
https://doi.org/10.34068/joe.54.06.25
https://doi.org/10.2105/AJPH.2023.307267
http://www.ncbi.nlm.nih.gov/pubmed/37023386
https://doi.org/10.1177/1525822x08317085
https://doi.org/10.1177/1525822x08317085
https://doi.org/10.1007/bf02291575
https://doi.org/10.1023/a:1025098431440
https://doi.org/10.1016/j.biocon.2007.06.005
https://doi.org/10.1080/00036846.2011.556590
https://doi.org/10.1016/j.ecolecon.2010.09.008
https://doi.org/10.1080/0003684022000015900

PLO\S\% One

81. Atkinson G, Morse-Jones S, Mourato S, Provins A. ‘When to Take “No” for an Answer’? Using Entreaties to Reduce Protests in Contingent Valua-
tion Studies. Environ Resource Econ. 2011;51(4):497-523. https://doi.org/10.1007/s10640-011-9509-3

82. Kirinsky I, Robb AL. On Approximating the Statistical Properties of Elasticities. The Review of Economics and Statistics. 1986;68(4):715. https://doi.
org/10.2307/1924536

83. Petrolia DR, Kim T-G. What are Barrier Islands Worth? Estimates of Willingness to Pay for Restoration. Marine Resource Economics.
2009;24(2):131-46. https://doi.org/10.1086/mre.24.2.42731376

84. ML RA. Minnesota Lakes and Rivers Advocates Annual Report 2024. 2024. https://mnlakesandrivers.org/about/

85. Mankad A, Hobman EV, Carter L. Effects of knowledge and emotion on support for novel synthetic biology applications. Conserv Biol.
2021;35(2):623-33. https://doi.org/10.1111/cobi.13637 PMID: 33022794

86. Gawel AM, Wald DM, Rogers HS. Community perceptions of invasive species and environmental management in a US island territory. Conserv
Biol. 2024;38(6):e14394. https://doi.org/10.1111/cobi.14394 PMID: 39587017

87. Levers LR, Pradhananga AK, Peterson JM. Willingness to Accept for Perennial Crop Adoption: The Influence of Trust in Environmental and Gov-
ernment Organizations. J American Water Resour Assoc. 2021;57(6):1004—20. https://doi.org/10.1111/1752-1688.12972

88. IPBES. Summary for Policymakers of the Thematic Assessment Report on Invasive Alien Species and their Control of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services. Bonn, Germany: IPBES secretariat. 2023.

PLOS One | https://doi.org/10.1371/journal.pone.0346515 September 16, 2026 24 /24



https://doi.org/10.1007/s10640-011-9509-3
https://doi.org/10.2307/1924536
https://doi.org/10.2307/1924536
https://doi.org/10.1086/mre.24.2.42731376
https://mnlakesandrivers.org/about/
https://doi.org/10.1111/cobi.13637
http://www.ncbi.nlm.nih.gov/pubmed/33022794
https://doi.org/10.1111/cobi.14394
http://www.ncbi.nlm.nih.gov/pubmed/39587017
https://doi.org/10.1111/1752-1688.12972

	Economic benefits of aquatic invasive species management in freshwater systems: A contingent valuation study
	1 Introduction
	2 Methods
	2.1 Survey
	2.1.1 Demographics‌‌. Respondents provided demographic information including education and income. Education responses were re-categorized into a binary variable: respondents without a bachelor’s degree and those with at least a bachelor’s degree. Income 
	2.1.2 Risk perception. Respondents were asked to rate the risk posed by AIS on a 5-point Likert scale, from “no risk at all” to “extreme risk” for several water-related ecosystem services: “habitat for native fish and aquatic plants”, “quality of recreati
	2.1.3 Trust. Respondents indicated the extent to which they trust various individuals or organizations for information about AIS on a five-point scale, ranging from “strongly distrust” to “strongly trust.” We provided a list of options, including “My frie
	2.1.4 AIS knowledge and concern. Respondents were asked to rate their knowledge of AIS on a five-point scale, ranging from “not at all” to “extremely knowledgeable”, forming the AIS knowledge variable (AIS knowledge). They were also asked to rate their co
	2.1.5 Value orientations. To explore broader motivations behind public support for AIS management, we collected respondents’ views on environmental values, reflecting both ecocentric and anthropocentric perspectives. Specifically, we included statements r
	2.1.6 WTP elicitation. We asked respondents about their willingness to financially support the management program described via an increase in property tax (or equivalent rent) and posed a single-bounded trichotomous-choice question—whether they would vot

	2.2 Empirical approach
	2.2.1 Parametric approach. Following the approach proposed by Cameron [59], we start with an assumption that the true WTP of respondent i is a linear function of the vector of explanatory variables, , which could either be socio-demographic characteristic
	2.2.2 Non-parametric approach: Turnbull estimates of the lower-bound mean. We use the same estimation approach as described in Haab and McConnell [52]. First, we calculate the total number of respondents at each bid level , where  and M denotes the total 


	3 Results
	3.1 WTP estimation

	4 Discussion
	Supporting information
	References


