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Aquatic invasive species (AIS) management in the Great Lakes region of North America requires coordi-
nation between multiple agencies and stakeholder groups. Because the Great Lakes are an internationally
managed entity, an understanding of policy preferences among stakeholders across borders is crucial for
making both comprehensive and evidence-based decisions about fishery resources. We evaluated angler
preferences for how future fishing scenarios are affected by aquatic invasive species in the Great Lakes
region. Using a mixed-mode survey of anglers in Illinois, Michigan, Wisconsin, New York, and the
Canadian province of Ontario, we conducted a stated choice experiment to understand and compare
American and Canadian anglers. Results from a mixed multinomial logit model suggested fish habitat
quality, amount of native fish species, impact of invasive species, availability of wash stations, and cost
significantly influenced hypothetical scenarios chosen by survey respondents. Fish habitat and increased
availability of boat wash stations had the greatest influence on the likelihood that a given scenario would
be chosen by a survey respondent. We observed predominantly similar patterns across the border but did
find that Canadians had stronger preferences for limiting AIS impacts and improving habitat quality. Our
research thus suggests that an internationally consistent management approach would likely be well
received among the anglers engaged in this study.
� 2022 International Association for Great Lakes Research. Published by Elsevier B.V. All rights reserved.
Introduction

Resource management agencies invest billions of dollars each
year in the United States (USA) to minimize the spread of aquatic
invasive species (AIS) (Pimentel et al., 2005; Lovell et al., 2006).
Biological invasions also cause substantial alterations to freshwa-
ter ecosystems that are exacerbated by pollution and impaired
flow regimes, all of which warrant research attention (Williams
et al., 1993; Poff et al., 1997; Ricciardi et al., 1998). The Great Lakes
region in particular, presents fishery managers with complex chal-
lenges due to its combined commercial and recreational uses, geo-
graphic scale, and the range of state, national and international
agencies that have jurisdiction over the provision of its resources.
In addition to costly invasions from sea lamprey (Petromyzon mar-
inus) (Christie and Goddard, 2003), zebra mussel (Dreissena poly-
morpha) (Griffiths et al., 2011), and species of Asiatic carps
(Cuddington et al., 2014), the Great Lakes are also subject to novel
AIS invasions, with the threat of new alien aquatic species being
ever present and increasing (Ricciardi, 2006). These ecological
and political dynamics necessitate decisions that are supported
by multi-state and multi-national research questions.

Recreational anglers are an important stakeholder group for
fishery managers to consider, because these individuals experience
the effects of AIS damage firsthand and can be partially responsible
for spreading organisms through inadvertent transmission in bilge
water, fishing gear, and live bait disposal (Drake et al., 2015;
Johnson et al., 2001; Kemp et al., 2017; Kilian et al., 2012;
Pradhananga et al., 2015; Seekamp et al., 2016; McEachran et al.,
2022). Effective mitigation of biological invasions therefore
requires insights on how angler preferences influence behaviors
related to AIS spread (Arlinghaus, 2004; Arlinghaus et al., 2017;
Beardmore et al., 2015; Hunt et al., 2013; van Riper et al., 2019).
Although the social sciences have received some research attention
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in aquatic ecosystems (Haapasaari et al., 2012; Kaplan and McCay,
2004), these disciplines are underrepresented in research that is
conducted to inform fisheries management decision making
(Golebie et al., 2021). Moreover, individual motivations often tran-
scend simple economic considerations (Manning et al., 2022) and
are influenced by a complex array of contextual and psychological
factors, which calls for the integration of multiple disciplinary per-
spectives (Heck et al., 2015; Hunt et al., 2013). Understanding how
anglers are likely to react to changes in regulations across the Great
Lakes region will also help fishery managers tailor policies and
communication strategies to different audiences, while minimizing
impacts on aquatic ecosystems (Aas et al., 2000; Gaden et al.,
2021a; Hunt et al., 2019).

There are multiple competing considerations that need to be
weighed in the process of managing fisheries in the Great Lakes
region. Habitat quality to support a variety of fish species, recre-
ational opportunities, and the spread of AIS are all priorities that
warrant managerial attention. However, these conditions cannot
be optimized simultaneously and require an understanding of
tradeoffs (Lawson and Manning, 2002; Foelske et al., 2019). Limita-
tions on the availability of infrastructure further complicate the
allocation of scarce resources in the face of change. For example,
AIS are commonly spread at boat ramps (Rothlisberger et al.,
2010), and there is a continued risk of further spread from this vec-
tor (Cole et al., 2019), which affects recreational opportunities,
ecosystem health, and native fish species. Yet not all points to
access waterways are equipped with tools like boat washing sta-
tions or on-site personnel. Redirecting resources to improve these
sites would help to combat biological invasions, but introduce sub-
stantial costs. An understanding of stakeholder willingness to sup-
port policy changes (e.g., accepting added costs to fishing trips) is
thus needed for agencies to respond to how anglers view the rela-
tive importance of competing conditions. Addressing the evolution
of threats from AIS while encouraging negotiation and collective
decisions that acknowledge tradeoffs about how to manage fish-
eries is particularly challenging in an international context like
the Great Lakes region. Stakeholder engagement in the USA and
Canada therefore requires coordination across multiple states,
provincial, tribal, and national governments (Gaden et al., 2008).

Tradeoffs that anglers are willing to make among competing
conditions can be better understood using discrete choice experi-
ments (DCE) (Dabrowksa et al., 2017; Pröbstl-Haider et al., 2020).
This technique first arose in transportation planning to discern
individual preferences for travel (McFadden, 1974) and has since
been applied in a diverse array of fields (Louviere et al., 2000).
For example, Adamowicz et al. (1994) applied this technique in
an environmental context to understand preferences for recre-
ational sites in Canada. Studies of moose hunting (Boxall et al.,
1996; Hunt et al., 2005), soil erosion programs (Colombo et al.,
2006), and recreational fisheries (Aas et al., 2000; Oh et al., 2005;
Dorow et al., 2010) have also been conducted using DCEs. Despite
receiving increased research attention (Hunt et al., 2021) and con-
sidering the wealth of knowledge that has already been generated
using DCEs involving invasive species (Rolfe and Windle, 2014;
Adams et al., 2011; Adams et al., 2020), no studies to date have
examined how anglers evaluate combinations of conditions sur-
rounding AIS in a fisheries context. Research in this vein has the
potential to provide fishery managers with useful insights on
angler preferences for future fishing scenarios and conditions that
are not currently in place, but may offer an alternative that is bet-
ter than the status quo.

A DCE involves survey respondents being presented with sets of
hypothetical scenarios that include different combinations of con-
ditions and then being asked to choose which they would prefer in
the future. The attributes in a series of hypothetical scenarios are
developed to reflect a range of realistic conditions that respondents
546
may encounter in the future. When one attribute is represented
using monetary units, the marginal rate of substitution can be
derived from a ratio of two factors to estimate willingness-to-pay
(WTP) (Levers and Pradhananga, 2021; Louviere et al., 2000).
Respondent selections can then be aggregated across multiple
respondents to collectively portray the relative impact of each
attribute and its intensity on the chosen scenario. These data are
analyzed using a type of logit model, with the multinomial logit
being most traditional (Hensher and Greene, 2003). However, the
random parameters logit model has gained traction because of
its ability to assess preference heterogeneity and sophistication
compared to earlier, simpler models (Colombo et al., 2009;
Hensher et al., 2005; Hunt et al., 2019). Another recent develop-
ment in DCE research is the use of bayesian prior estimates to
improve efficiency in the experimental designs that populate DCE
scenarios. Rather than using orthogonal experimental designs
(Louviere et al., 2000), ‘‘D-efficiency” designs are increasingly used
to minimize the standard error of parameter estimates (Arlinghaus
et al., 2014; Johnston et al., 2017) by generating a measure of effi-
ciency called ‘‘D-error” through pilot testing. This approach can
reduce the sample size needed to obtain the fixed level of reliabil-
ity for a given design.

In response to the gaps and priorities identified in previous
research, this study was guided by two objectives. First, we
weighed the relative importance of five DCE attributes that charac-
terized hypothetical fishing scenarios. Second, we conducted this
research across the USA-Canada border to test for differences
based on country of residence. Our study therefore aimed to
enhance multi-national coordination in the face of growing threats
from AIS, as well as ameliorate the kinds of resource-based con-
flicts that characterize fisheries relations worldwide.
Methods

Data collection

Data were collected through a mixedmode survey administered
to license holding anglers in 2019. Different sampling methods
were used to optimize data collection across states and a national
border. In the USA, anglers from New York, Illinois, Michigan, and
Wisconsin were invited to participate in the study through a mail-
back survey that included a $1 incentive and an online option (see
Fig. 1). Within each state, state fishing license data were used to
draw an independent random sample of 1,200 anglers who had
purchased a non-commercial license in 2017 and lived in a county
adjacent to Lake Michigan or Lake Ontario. Licensing data were
unavailable in Indiana so an on-site survey was administered along
the Lake Michigan shoreline to learn about these anglers’ perspec-
tives, but not incorporated into the present results (see van Riper
et al., 2020). Mail-back surveys were administered from June
through August 2019 using a standard survey methodology with
six points of contact including an introductory letter, two remin-
ders, and three survey waves (Dillman et al., 2014).

Canadian anglers were engaged in this research through an
online survey administered to all registered users of a smartphone
app called ‘‘Angler’s Atlas.” This Canadian company offers free
membership and resources such as bathymetric maps to its users.
With over 220,000 members in total, this app was used to reach a
convenience sample of anglers in the province of Ontario in 2019 at
the same time of the mailback survey administered in the USA.
This research approach was taken because the research team was
not able to access a database of licensed Canadian anglers given
the challenges of sharing information across an international bor-
der. Moreover, we responded to previous research that has high-
lighted the utility in fishing apps as a new platform for reaching



Fig. 1. Map of the study area within the Great Lakes region.
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large audiences (Venturelli et al., 2017). A two-contact protocol
was used, consisting of an introductory email and reminder. All
individuals who completed the survey were presented with an
opportunity to win one of ten $50 CAD gift cards to Canadian Tire.
The same questionnaire was used in the USA and Canadian sur-
veys, though the cover letters were changed and survey items such
as socio-demographic characteristics were tailored to local cus-
tomary standards. Prior to data collection in both countries, the
survey instrument was pilot tested on two occasions to ensure
conceptual and empirical validity (Johnston et al., 2017; Rose and
Bliemer, 2013). Specifically, a focus group of graduate students at
the University of Illinois at Urbana-Champaign was first engaged
using verbal protocol procedures (n = 6) (Cahill et al., 2007), fol-
lowed by an online survey of American Fisheries Society chapter
members in New York and Illinois (n = 121). The data collected
during our online pilot test were analyzed and used to build a
‘‘D-efficiency” experimental design (Arlinghaus et al., 2014). The
final databases that were generated for this research were manu-
ally coded and 5 % of the data were quality controlled to ensure
inter-coder reliability.
Experimental design

We measured angler preferences for future fishing scenarios by
asking respondents to choose between two competing hypotheti-
cal scenarios in relation to a ‘‘same as today” option (see Fig. 2).
Our experimental design included 18 paired comparisons, and
respondents were presented with six options. Our design was
blocked into three different survey versions such that each individ-
ual evaluated six combinations of attributes. Our scenarios
included five attributes developed in consultation with members
of the Lake Michigan and Lake Ontario Lake Committees through
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the Great Lakes Fishery Commission. Each attribute had either
three or five levels that reflected a realistic range of potential con-
ditions (see Table 1). First, we evaluated wash stations, which were
areas where anglers could clean their boating and/or fishing equip-
ment to minimize the unintentional spread of AIS. Second, we
measured preferences for added cost per fishing trip to understand
the amount of money anglers would be willing to accept as a cost
to improve fisheries management. This factor ranged from $0 to
$20 in increments of 5, with Canadian dollar figures adjusted to
equal US dollars. Third, we measured preferences for amount of fish
present in the Great Lakes defined as total native fish species. This
attribute had five levels ranging from 20 % decrease to 20 %
increase, in increments of 10. Fourth, we measured preferences
for impact from invasive species, which were defined as organisms
such as zebra mussels and sea lamprey that were outside of their
historic range and harming the environment by changing nutri-
ents, water clarity, and habitat in the Great Lakes. There were three
levels of this attribute that ranged from minimal to moderate, and
then severe degrees of impact. Our fifth factor was fish habitat,
which referred to the quality of the environment that supported
fish species, including support for successful reproduction and
growth of sportfish communities such as salmon (Salmonidae)
and yellow perch (Perca flavescens), as well as prey fish such as
rainbow smelt (Osmerus mordax) and alewife (Alosa
pseudoharengus).
Analysis approach

A random parameters (mixed) multinomial logit model was
estimated with individual specific variables included. Use of such
a model allowed for the estimation of heterogeneity by relaxing
the assumption that respondents were homogenous in their pref-



Fig. 2. Example paired comparison for the discrete choice experiment included in the survey questionnaire.

Table 1
The definitions and levels for all attributes estimated in the stated choice experiment.

Attribute Definition Levels

Wash stations Locations near boat ramps where anglers can disinfect and pressure-wash boats
to stop invasive species from spreading.

1. No wash stations
2. Voluntary wash stations
3. Mandatory wash station

Added cost per fishing trip Cost per fishing trip that could be voluntarily added for invasive species control
and prevention efforts in the Great Lakes.

1. $0
2. $5
3. $10
4. $15
5. $20

Amount of fish Total amount of native fish species found in the Great Lakes 1. 20 % decrease
2. 10 % decrease
3. No change
4. 10 % increase
5. 20 % increase

Impact from invasive species Degradation caused by organisms that are outside of their historic range and
harming the environment

1. Minimal impact
2. Moderate impact
3. Severe impact

Fish habitat The quality of the environment for supporting fish species 1. Poor
2. Good
3. Excellent
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erences for the future (Dissanayake and Ando, 2014). This analysis
approach enabled us to estimate standard deviations and better
understand variation in preferences by quantifying differences
among respondents. Three alternatives were accommodated in
the model including two options that displayed a configured set
of attribute levels and a third option that represented the current
set of conditions that was treated as a constant. Marginal WTP
was calculated for the non-cost attributes that were normally dis-
tributed whereas a triangular parameter distribution was applied
to our cost attribute to ensure theoretically consistent signs
(Zhang and Sohngen, 2018). First, main effects were estimated,
and then main effects with interaction terms based on country of
residence – USA or Canada. Respondents who selected the ‘‘same
as current condition” option for all six sets were considered protest
responses, and thus, were excluded from analysis (Greiner et al.,
2014). Our analysis was conducted using Nlogit Version 6.
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Results

Descriptive results

In the USA, a total of 1,086 questionnaires were returned. After
accounting for 478 incorrect addresses or deceased individuals and
removing protest respondents, 940 individuals were included in
our sample and our response rate was 25 %. Response rates varied
little across states, in that New York had the lowest response rate
(21 %), followed by Illinois (25 %), Michigan (27 %) and Wisconsin
(28 %). On the Canadian side, 31,299 users from Angler’s Atlas were
contacted, 24,357 of whom never opened the email and were
excluded from the sample. This left 6,942 who we considered to
be invited to participate in the study, 801 of whom agreed to par-
ticipate, resulting in a response rate of 12 %. A total of 537 individ-
uals were entered into the analysis after data cleaning and the



Table 2
Respondent socio-demographic characteristics of the survey sample.

Variable Pooled United States Canada

N(%) N (%) N (%)

Gender
Female 184 (12.9) 134 (14.3) 50 (10.1)
Male 1235 (86.4) 799 (85.5) 435 (88.1)
Other 10 (0.7) 1 (0.1) 9 (1.8)

Educationa

Some high school 318 (22.8) 227(24.9) 91 (18.9)
High school graduate or GED 196 (14.0) 150 (16.4) 46 (9.5)
Two-year college degree 397 (28.4) 295 (32.1) 102 (21.2)
Bachelor’s degree 147 (10.5) 79 (8.6) 68 (14.1)
Professional certificate 46 (3.1) 23 (2.5) 23 (4.8)
Graduate degree 293 (21.0) 141 (15.4) 152 (31.5)

Annual Household Income
Less than $20,000 58 (4.2) 45 (5.0) 13 (2.6)
$20,000 to $39,999 142 (10.2) 111 (12.5) 31 (6.2)
$40,000 to $59,999 152 (10.9) 114 (12.7) 38 (7.6)
$60,000 to $79,999 117 (8.4) 60 (6.7) 57 (11.4)
$80,000 to $99,999 173 (12.4) 106 (11.8) 67 (13.5)
$100,000 to $124,999 195 (14.0) 122 (13.6) 73 (14.7)
$125,000 to $149,999 176 (12.6) 134 (14.8) 42 (8.4)
$150,000 or more 191 (13.7) 108 (12.0) 83 (16.7)
Prefer not to answer 193 (13.8) 99 (11.0) 94 (18.9)

Raceb

White 1284 (87.2) 844 (89.8) 440 (82.7)
Asian 30 (2.1) 9 (1.0) 21 (4.2)
Black or African American 23 (1.6) 17 (1.8) 6 (1.1)
Native Hawaiian or Pacific

Islander
3 (0.2) 2 (0.2) 1 (0.2)

American Indian or Alaska
Native

48 (3.3) 26 (2.8) 22 (4.1)

Other 47 (3.2) 0(0) 47 (9.0
Age [M, SD] [53.95,

14.95]
[55.58,
15.44]

[50.55,
13.24]

18–34 years 180 (13.0) 115 (12.3) 65 (14.5)
35–50 years 334 (24.1) 196 (21.0) 138 (30.7)
51–60 years 351 (25.4) 215 (23.0) 136 (30.3)
61–70 years 346 (25.0) 254 (27.2) 92 (20.5)
71 years or more 173 (12.5) 155 (16.6) 18 (4.0)
Knowledgec 3.50 3.46 3.53
Total years fishingc [M,SD] [39.37,

17.32]
[40.25,
17.88]

[37.82,
16.17]

Total days fishing/year [M,SD] [30.26,
36.93]

[28.45,
36.46]

[33.24,
37.51]

a Different educational categories were presented to respondents in the US and
Canada.

b Respondents could check all that applied so column totals may not equal 100%.
c Score was created by adding the number of correct responses where 1 = no

correct responses and 5 = all correct responses
d Estimate included fishing activities in 2018.

Table 3
Estimated results from random parameters logit model.

Variables

Co
Wash stations 0.5
Added cost per fishing trip �0
Amount of fish 0.0
Impact from invasive species �0
Fish habitat 0.5
Constant �1
Country * wash stations ++ �0
Country * added cost per fishing trip 0.0
Country * amount of fish 0.0
Country * impact from invasive species �0
Country * fish habitat 0.2

LL = -6143; AIC = 12,320.8; N = 8160; Pseudo R2 = 0.3147; *** = p < 0.0001; ** = p < 0.0
++ Binary-coded site-specific variable where 1 = respondent from USA and 2 = responde
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removal of protest respondents. Demographic information was
compared between the two countries to assess the validity of each
group given the different sampling methods (see Table 2). Canadi-
ans were slightly younger, more racially diverse and had higher
levels of household income.

We tested for potential non-response bias by comparing our
samples to previous research. In the USA, respondents in Michigan,
New York, Wisconsin, and Illinois were not significantly different
in gender compared to respondents engaged by Connelly et al.
(2014) (v2 = 0.167; p = 0.682). We also assessed days fished
between our sample and a study of anglers in the broader Great
Lakes region (Ready et al., 2012), and found no significant differ-
ences in days fished in the previous year (t-stat (df = 2636) = 0.2
60; p = 0.795). In Canada, we compared respondents to Ontario
anglers from two different general angler surveys (see OMNRF
(2015) and Hunt et al. (2021) for more information). One sample
t-tests (continuous variables) and chi-square tests (categorical
variables) were performed to compare age, gender, license type,
days fished, and years fished. We found significant differences in
years fished between the Hunt et al. (2021) respondents and our
sample (t-stat = 7.007; df = 4363; p < 0.001). Gender differences
existed as well, in that OMNRF (2015) respondents were 78 % male
(v2 = 11.203, p < 0.001). No significant difference was found based
on the license type purchased (v2 = 0.0202; p = 0.887).

In our pooled sample, most respondents identified as male
(86.4 %) and White (87.2 %), with 63 % holding at least a two-
year college degree and 54.1 % reporting a household income of
$100,000 or more. Respondents were mostly older with an average
age of 53.95 (SD = 14.95). Respondents were also asked about their
total years fishing (M = 39.37, SD = 17.32) and number of days fish-
ing out of the year (M = 30.26, SD = 36.93). Respondents were
quizzed on their knowledge of AIS with four questions pertaining
to the number of non-native species present in the Great Lakes,
the agency primarily responsible for fishery management in said
region, whether or not sea lamprey are considered invasive, and
whether or not AIS can be spread through the dumping of bait
buckets. Respondents scored an average of 3.50 out of 4.0 on these
questions.
Discrete choice modeling results

A total of 8,862 individual scenarios were chosen by respon-
dents, including 5,640 in the USA and 3,222 in Canada. These num-
bers corresponded to the number of respondents multiplied by the
scenarios chosen in each of the six sets. The relative impact of each
attribute on the chosen scenario was illustrated by regression coef-
ficients (see Table 3). Each attribute had a statistically significant
eff. (Std. Err) Std. Dev. (Std. Err)
09*** (0.119) 0.730*** (0.064)
.069*** (0.011) 0.187*** (0.014)
25*** (0.006) 0.002 (0.005)
.437*** (0.110) 0.708*** (0.059)
35*** (0.100) 0.516*** (0.055)
.578*** (0.110) 2.353*** (0.100)
.006 (0.083)
14* (0.008)
07* (0.004)
.186** (0.077)
56*** (0.070)

01; * = p < 0.01.
nt from Canada.



Fig. 3. Rate of change for the probabilities of choosing a scenario within the discrete choice experiment.
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effect on the scenario chosen by respondents (p < 0.0001), resulting
in a McFadden’s R2 value of 0.315. Standard deviations were also
statistically significant (p < 0.0001) for each attribute except for
amount of fish, demonstrating heterogeneity within the samples
for all but one attribute. The strongest predictors of the chosen sce-
narios were improvements to fish habitat (b = 0.535, SD = 0.516),
followed by the implementation of wash stations (b = 0.509,
SD = 0.730), limiting impact from invasive species (b = -0.437,
SD = 0.708), limiting added cost per fishing trip (b = -0.069,
SD = 0.187), and increasing the amount of fish (b = 0.025,
SD = 0.002). Interaction terms were then estimated to test for dif-
ferences between anglers in each respective country, with prefer-
ences for added cost per fishing trip (b = 0.014), and amount of fish
(b = 0.007) significant at p < 0.01, while impacts from invasive spe-
cies (b = -0.186) and fish habitat (b = 0.256) were significant at
p < 0.0001. Differences regarding preferences for wash stations
(b = -0.006) were non-significant. Interactions reflected differences
in the impact of attributes on choices made by Canadians versus
Americans.

Coefficients and interaction terms were converted into proba-
bilities for ease of interpretation (see Fig. 3). The resulting graphs
Table 4
Marginal willingness-to-pay for changes to each study attribute.

Variable US WTP (USD) CA WTP (USD)*

Wash stations $7.37 $7.01
Amount of fish $0.36 $0.44
Impact from invasive species $6.33 $8.72
Fish habitat $7.74 $10.9

*Conversion rate of 0.758 (CAD to USD) as of 08/01/2019.
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showed the probability that a scenario including an attribute at
each level would be chosen, as well as the rate at which higher
intensities of that attribute were chosen compared to the lower
levels. This approach illustrated the impact of each attribute as
the levels changed. Marginal willingness-to-pay (WTP) was calcu-
lated for both Americans and Canadians using the added cost per
fishing trip attribute (see Table 4). These figures represented the
average amount of money anglers would be willing to pay per trip
to upgrade from one attribute level to the next in US dollars. For
instance, concerning wash stations, American and Canadian anglers
were willing to pay $7.37 and $7.01, respectively, per trip to
upgrade from no wash stations to voluntary wash stations, and from
voluntary wash stations to mandatory wash stations. The highest
WTP amount, which corresponds to the trends reflected in the
coefficients, was for improvements to fish habitat ($7.74, US;
$10.9, CA). Canadians were willing to pay more to reduce impacts
from invasive species, ($6.33, US; $8.72, CA), and both groups had
low willingness to pay for increases in amount of fish ($0.36, US;
$0.44, CA).
Discussion

We examined the tradeoffs anglers would be willing to make to
obtain their desired fishing experiences in the Great Lakes region,
particularly around Lake Michigan and Lake Ontario. This research
is important because of the urgency of AIS issues and relevance of
recreational anglers in shaping associated policy outcomes
(Birdsong et al., 2021; Heck et al., 2016; van Riper et al., 2019).
We provide a new, international perspective to advance theoretical
knowledge of the drivers of behavioral decisions and address ongo-
ing challenges for fishery management agencies to communicate
across the USA-Canada border (Kerr and Kamke, 2011; Landon
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et al., 2018). Given the history of collaborative management in
North American freshwater ecosystems, a more universal under-
standing of angler preferences for AIS management fills a crucial
gap for comparative research that is needed to create opportunities
for knowledge exchange between countries (Johnson et al., 2019)
and decrease the likelihood of fragmented co-management over
shared resources (Gaden et al., 2021b).

We observed relative uniformity in USA and Canadian angler
preferences for the attributes that characterized our fishing scenar-
ios, as well as significant levels of standard deviations suggesting
there was heterogeneity present within our samples. Because
levels of heterogeneity were not strongly correlated with our inter-
action terms, country of origin did not account for much of this
variation, but rather, diversity in preferences spanned the interna-
tional border. It could be that the similarities in demographics, pre-
vious experience, and knowledge reported by anglers in both
countries contributed to the patterns observed, despite our differ-
ent sampling methods. Understanding preference heterogeneity at
a regional scale is a crucially important area of future research to
support evidence-based decisions about how best to engage recre-
ational anglers in AIS management (Foelske and van Riper, 2020;
Matsumura et al., 2019).

Explanations for heterogeneity surrounding preferences for our
discrete choice attributes are relevant for fishery management
agencies in both countries. First, in the case of wash stations, there
were high levels of deviation from the mean and low levels of dif-
ferences based on country of residence. It could be that these dif-
ferences were attributable to fishing mode, in that some anglers
fished from the shore whereas others fished from a boat. Indeed,
different equipment used by anglers requires different levels of
commitment to be adequately cleaned (Vander Zanden and
Olden, 2008). Second, the differences in preferred impact from inva-
sive species may have been influenced by variation in prior experi-
ence among recreational anglers engaged in this study (White
et al., 2008). Given the importance of ecological variation
(Matsumura et al., 2021) and fishing locations (Golebie et al.,
2021) for understanding recreational angling, more research is
needed to understand how exposure to different species influences
sensitivity to environmental impacts. Third, stronger preferences
for improving fish habitat among Canadian anglers may have dif-
fered based on catch rates in the two countries (Arlinghaus et al.,
2014; Schroeder et al., 2018) or our sampling methods, particularly
the use of a fishing app (Venturelli et al., 2017). Although differ-
ences in angler knowledge and reported levels of experience were
not detected, it could be that anglers who used Angler’s Atlas were
more specialized because they subscribed to a fishing application.
This could result in greater sensitivity to the importance of habitat
for sustaining fish populations, as well as Canadians’ stronger pref-
erences for native fish species (Beardmore et al., 2013).

Results showed that anglers were willing to pay relatively high
amounts to see improvements in habitat quality, fewer AIS impacts
and the construction of new wash stations. Our WTP figures were
estimated relative to each fishing trip, which corresponds to a high
number of fishing trips taken on average by anglers. Other studies
on WTP for invasive species management have shown similar val-
ues for increases to catch rates (Cantrell et al., 2004) and relaxed
harvest bans (Shideler et al., 2015). Our results reflect an interest
among anglers in improving the quality of their fishing experience
via the improvement of fish habitat, mitigation of AIS and increases
in boat ramp infrastructure, specifically wash stations. Also note-
worthy is that anglers were not willing to pay much in additional
costs to their fishing trips for an increase in the total number of
native fish species. This may be because some anglers in the Great
Lakes region value introduced fish like rainbow trout / steelhead
(Oncorhynchus mykiss) and Chinook salmon (Oncorhynchus tsha-
wytscha) more than native species (Melstrom and Lupi, 2013).
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Given relatively high values for our WTP estimates, it could be
anglers were making rational investments because the improve-
ment of fisheries can save them money in travel costs to visit fish-
ing sites and upgrades in equipment (Zalejska-Jonsson, 2014).
These results may also signal an ascription of responsibility among
anglers in stewarding shared resources (Landon et al., 2021). As
such, fishery managers would be well advised to connect the dam-
ages from AIS to the capacity of anglers to inadvertently assist in
their spread (Levers and Pradhananga, 2021). These findings com-
port with the recent rise of research using contingent valuation
methods to address challenges posed by AIS. Our study also pro-
vides decision support for managers seeking to rationalize
consensus-based decisions with available evidence (Jones et al.,
2010; Smith, 2021; Stensland et al., 2021).

Due to the complexity associated with engaging recreational
anglers across jurisdictional boundaries, we relied on multiple
sampling methods. Although this can be viewed as a limitation,
our databases largely mirrored one another and generated intuitive
results that aligned with the extant literature. The overall similar-
ities between our two samples thus instilled confidence in our
decision to empirically compare anglers from different countries.
In other words, the similarities observed despite the two popula-
tions being sampled in different ways reinforced the conclusion
that recreational anglers across the USA and Canadian border
expressed similar preferences for AIS management priorities.
Conclusion

This study reports on results from a valuation of fishery charac-
teristics and the associated experiences of recreational anglers at a
regional scale spanning Lake Michigan and Lake Ontario. An inter-
national perspective on fisheries management is presented, as part
of discrete choice experiment that includes interaction terms to
compare two different countries of residence. Our findings suggest
that fish habitat, impacts from AIS, and infrastructure to aid in the
disposal and cleaning of equipment are drivers of the behavioral
decisions made by recreational anglers. We also show that there
are relatively similar preferences for Great Lakes fishery manage-
ment across the USA-Canada border. This study supports a process
for multinational cooperation and provides insights on how
anglers believe fishery managers should prioritize their efforts in
the future. Further research to address the evolving nature of bio-
logical invasions in the Great Lakes region will require continual
consideration of social science research to account for the central-
ity of people in the inadvertent spread of AIS.
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