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Abstract 

Harmful algal blooms (HABs) have impaired Lake Erie’s western basin water quality since the 
1960s. Though scientists agree that eutrophication is a key driver of HABs in Lake Erie, the role 
of nitrogen is still the subject of debate. The problem is twofold: (1) uncertainty in the specific 
causes of HABs can lead to inappropriate management solutions, and (2) managing a cross-
boundary watershed requires collaboration and agreement on apt solutions from multiple 
stakeholders as well as many U.S. states and Canadian provinces. In our study, we interviewed 
29 stakeholders actively involved in western Lake Erie’s watershed. We analyzed the 
stakeholders’ values, attitudes, and policy preferences to understand their differences, 
similarities, and their effects on management decisions. We found that stakeholders agree on the 
urgency of the problem and the necessity for increased nutrient management in Lake Erie’s 
western basin. Furthermore, we found that stakeholders can be represented as distinct clusters 
based on their values, and these value-based clusters are associated with different policy 
preferences. The different opinions and preferences of these value clusters span across 
stakeholder sectors and may affect efforts toward policy change. Stakeholders often question the 
feasibility and effectiveness of existing policies and policy plans. The findings shed new light on 
the relationship between stakeholder type and environmental values, attitudes, and policy 
preferences. Collaboration on HABs in Lake Erie will require open lines of communication both 
to improve policy and to cultivate trust among the multiple parties in this diverse watershed. 

Keywords: Harmful Algal Blooms, Lake Erie, Water Quality, Stakeholder Collaboration, 

Environmental Values, Nitrogen and Phosphorus Management 



 

 

 

           

              

              

           

              

             

             

              

            

 

      

           

                 

               

              

              

         

               

                  

             

                

                

              

               

        

            

                 

             

                 

Introduction 

Cooperation among stakeholders and policymakers is essential in maintaining large-lake 

ecosystem services. Managing the impacts and severity of harmful algal blooms (HABs) in Lake 

Erie is one of the most persistent challenges facing environmental officials in the Laurentian 

Great Lakes basin. Reducing HABs depends on managing nutrients, which requires 

understanding the interests and preferences of a broad range of stakeholders (Beegle et al., 

2000). Despite Lake Erie’s socio-economic importance to the region, it has experienced HABs 

since the 1960s, with costly effects on ecosystems and infrastructure (Allinger and Reavie, 

2013). Here, we examine the values, attitudes, and policy preferences of Lake Erie stakeholders 

to inform policy and decision-making around nutrient management in the basin. 

Harmful Algal Blooms in Lake Erie 

Water quality issues caused by HABs affect the natural environment, recreation, 

household water use, and fisheries (Dai et al., 2012; Kim et al., 2020). Algal toxins, such as 

microcystin, can accumulate in the human body, cause liver and kidney damage (Harke et al., 

2016) and make water unsuitable for drinking and swimming. Lake Erie provides drinking water 

to over 11 million people and generates $7 billion in associated annual revenue (US 

Environmental Protection Agency, 2004). However, despite the lake’s socioeconomic 

importance, since the early 2000s HABs have resurged, threatening water quality in the lake. As 

recently as 2014, Toledo had to declare a state of emergency and issued a “do not drink” water 

quality advisory in response to elevated microcystin concentrations in drinking water (Jetoo et 

al., 2015). Toledo is not alone in facing HAB-related economic losses. HABs cause an estimated 

annual loss of $305 million in tourist revenue in Ohio and an estimated $25 million in 

Michigan’s Monroe County (Bingham and Kinnel, 2020). Between 2011 and 2014, the Lake Erie 

fishing industry suffered $5.58 million (Wolf et al., 2017) in HAB-related losses. The impact of 

HABs, driven by runoff, remains a concern today. 

HABs result from excess nutrient inputs from urban and agricultural activities (Robertson 

and Saad, 2011). To date, phosphorus (P) from fertilizer is known to be a primary HAB driver 

and has consequently received the most attention from regulators. However, recent work shows 

that nitrogen (N) may also play a significant role in HAB growth and toxicity (Newell et al., 



 

                   

                

             

            

             

                 

             

              

                

             

             

              

               

              

              

                

           

 

               

                

               

                    

            

              

                 

           

               

             

             

                

             

2019; Chaffin et al., 2018). In part as a response to the growing threat of HABs in Lake Erie 

during the mid-20th century, in 1972 the U.S. and Canada signed the Great Lakes Water Quality 

Agreement (GLWQA) (International Joint Commission (IJC), 1972). In the same year, the U.S. 

Congress strengthened the Clean Water Act (CWA). Following these changes, upgrading and 

expanding sewage treatment plants and regulating P in household detergents led to dramatic 

decreases in P loading and algal production in Lake Erie (De Pinto et al., 1986). By the mid-

1980s, total P loading had decreased by 50% (Allinger and Reavie, 2013). 

However, since the late ‘90s, HABs have returned to Lake Erie prompting Congress to 

pass the Harmful Algal Bloom and Hypoxia Research and Control Act to assess the issue. The 

research spurred by this legislation has determined the HAB resurgence stems primarily from 

two factors. First, previous legislation was not able to adequately address agricultural runoff 

sources of reactive phosphorus loading, which has increasingly plagued the lake (Kane et al., 

2014; Guo et al., 2021; Stumpf et al., 2012). Second, successful colonization by the invasive 

quagga mussel has led to widespread disruption of the lake’s internal nutrient cycles, favoring 

cyanobacterial species (Conroy et al., 2005). These findings served to highlight how often HABs 

affect water quality in Lake Erie’s western basin, as well as the need for consistently updated 

phosphorus reduction targets (Sayers et al., 2019; Watson et al., 2016). 

The GLWQA set a precedent between the United States and Canada for reducing annual 

nutrient loading to below agreed-upon targets (IJC, 1987). In response to the return of HABs in 

the 2000s, the GLWQA was amended to include a mandated target to reduce phosphorus loading 

in Lake Erie by at least 40% by 2025 with an interim goal of 20% reduction by 2020 and the 

implementation of adaptive management (IJC, 2012; Stow et al., 2020). Although phosphorus 

regulations since the 1970s have been partially successful in reducing total phosphorus loads, the 

current target of a 40% reduction in phosphorus loading will take time to achieve (Wilson et al., 

2019). Lake Erie’s coastal states are individually responsible for implementing nutrient 

management plans (Berardo et al., 2019), so there is no unified approach to reach target 

reductions in the lake. However, per IJC recommendation, Michigan and Ohio have collaborated 

on designing a framework for voluntary agricultural fertilizer use, called the “4R” approach, 

which stands for “right source, right rate, right time, and right place” (IJC, 2014; Ohio EPA, 

2013; Bruulsema et al., 2009). The 4R approach relies primarily on voluntary farmer 



 

             

        

           

             

               

                 

            

            

              

          

              

           

             

              

             

               

              

               

              

             

             

            

  

 

          

         

             

            

           

           

              

engagement, yet programs managed by the USDA, such as the Environmental Quality Incentives 

Program (EQIP), Regional Conservation Partnership Program (RCPP), Conservation 

Stewardship Program (CSP), offer financial incentives and technical assistance to participants. 

Thus far, the predominantly voluntary approaches to managing HABs in Lake Erie have 

reduced nutrient levels in Lake Erie, but not to sufficient levels necessary to successfully manage 

HABs (Wilson et al., 2019). In 2008, Lake Erie received an estimated load of 10,535 tons of 

phosphorus in contrast to 2020’s estimated 9,335 tons—only an 11 percent decrease 

(Environment and Climate Change Canada, 2021). The small nutrient input level reduction 

suggests that the current policy may not be particularly effective in reducing nutrient loading. 

Improving the effectiveness of voluntary approaches would require greater collaboration 

and support from stakeholders. Studies on nutrient management reform in the U.S. suggest that 

USDA voluntary programs suffer from extensive limitations including lack of technical 

assistance to help farmers with the design and implementation of nutrient reduction practices, 

and poorly targeted resources. For example, current programs are designed to reach as many 

farmers as possible and treat them equally, regardless of where best management practices 

(BMPs) would be most effective in reducing nutrients (Shortle et al., 2012). Given the diversity 

of stakeholders (including farmers, local residents, policy makers, etc.) it is also important that 

choices about policy design and policy tools are compatible with the social and political context, 

such as social norms and behavioral cues (Garnache et al., 2016), perceived difficulty of 

particular practices, social pressure, and trust in technical sources of information (Daxini et 

al.,2019). Thus, a better understanding of Lake Erie stakeholders may support the development 

of policies that produce higher collaboration and greater stakeholder engagement in reducing 

nutrient loads. 

The Role of Stakeholder Values, Attitudes, and Policy Preferences 

Stakeholders play a critical role in environmental decision-making processes. 

Stakeholders are individuals or groups involved in the process to develop policies and 

regulations that will affect them (Reed, 2008; World Bank, 1996). Stakeholders influence 

decision-making through various means, most commonly through political pressure, news and 

social media, and administrative and judicial processes (Weible, 2007). Stakeholder engagement 

also provides details, risk assessments, and information that both widens the scope and deepens 



 

                

             

         

            

           

            

             

                  

           

              

               

            

             

                 

              

             

               

              

               

            

            

      

              

               

                

               

            

            

             

               

understanding of the issues at hand (Vliet et al., 2020), allowing for legislators to develop more 

advised management methods (Gill et al., 2018). Stakeholder cooperation and commitment are 

fundamental aspects of decision-making and facilitate policy implementation. 

Stakeholder support can be critical for identifying and developing feasible and effective 

policy solutions to environmental problems like HABs. However, predicting or fostering 

stakeholder support can be challenging when there are large differences between stakeholder 

values, attitudes, and policy preferences. Stakeholders’ values often shape their willingness to 

support policy change (Fritzsche and Oz, 2007; Pitas et al., 2019). Values are at the core of many 

theoretical frameworks that aim at explaining behavior, preferences, and social organization 

(Homer and Kahle 1988; Sabatier, 1988; Stern, 2000; Vaske and Donnelly, 1999). Even though 

the definition of values may vary between these frameworks and change over time (Ripberger et 

al., 2014), values are consistently the foundational reference for hierarchical cognitive processes 

that guide an individual’s perception of the world, including one’s policy preferences and 

alliances (Dunlap et al., 2000; Fulton et al., 1996). Values are highly resistant to change and can 

lead to conflicts over natural resource and environmental quality decisions (; O’Neill and Spash, 

2000; Rokeach, 1973). Environmental policy conflicts often arise due to differences in individual 

values or the values of the organization or profession with which an individual is associated 

(Dietz et al., 2005; Vaske and Donnelly, 1998). A common example is environmental conflicts 

that center on preservation versus use values for natural resources (Stern and Dietz, 1994). For 

example, values affect support for wildland preservation (Vaske and Donnelly, 1999), park 

privatization (Pitas et al., 2019), national climate policies (Leiserowitz, 2006), and energy 

policies (Steg et al., 2005). 

Values influence how environmental decisions are made (Dietz et al 2005). Chess et al. 

(1998) showed that a group’s differences in values will influence the amount of deliberation and 

discussion that will be necessary for a decision to be reached. For example, in an environmental 

decision-making situation in which the level of value agreement is low and the level of 

knowledge is low, integrated deliberation between scientists and stakeholders would be required. 

Values also act as an input into the decision-making process, influencing individuals’ 

preferences for participatory or top-down approaches. For example, in a survey of stakeholders 

involved in a marine protected area decision making process in California, Weible et al (2004) 



 

              

       

                 

              

              

             

             

                 

               

            

             

                 

                

            

               

               

               

                

                 

           

                

              

              

              

    

          

             

             

               

             

              

found that an individual’s values helped determine whether or not he or she preferred 

collaborative as opposed to top-down decision making. 

An attitude has been defined as a mental state that must refer to some object, such as 

surface or groundwater, and can range from strongly to weakly developed (Bright and Manfredo. 

1995; Eagly and Chaiken, 1993). Unlike values, attitudes are issue-specific and less likely to 

remain consistent across issue areas; attitudes can change with learning and experience. For 

policy making, issue-specific attitudes indicates that an individual’s attitude toward an issue such 

as HABs management, may be different from his or her attitude toward other issues, such as land 

use or minimum wage increases, depending on the amount of information available on the topic 

or previous experience. These findings suggest the importance of understanding how attitudes 

are distributed among stakeholders, in an issue-specific context such as HABs management, in 

order for policies to be acceptable and relevant at a given time with a given group of 

stakeholders and policy makers as well as to predict how individuals will act in policy situations. 

In environmental decision making, an individual’s preference for policy outcomes is what 

is ultimately expressed to others. The range of policy preferences among a group of collaborators 

may serve to set the boundaries of the debate by establishing potential scenarios and acceptable 

outcomes. Preference for a given policy alternative may reflect the value an individual places on 

the perceived outcomes and his or her understanding of the effects of different actions on valued 

resources (Stern et al., 1995). Preferences can be seen as part of a social process, influenced by 

increasing scientific understanding and changing levels of individual and public awareness 

(Stern et al., 1995). Examples can be found in studies of the policy preferences of individuals 

playing an active role in environmental decision making and research, such as risk professionals 

in Washington, D.C. (Dietz and Rycroft, 1987), climate change experts (Morgan et al., 2001), 

and scientists and stakeholders involved in the creation of Marine Protected Areas in California 

(Weible et al., 2004). 

Together, stakeholder values, attitudes, and policy preferences can shape collaborative 

governance strategies, helping to determine the feasibility, form, and success of policy solutions. 

Collaborative governance, or adaptive co-management, is often used or promoted as a strategy 

for nutrient management because it involves action by a range of stakeholder types and abilities 

(Folke et al., 2005). Collaborative management and compromise can be difficult when values 

differ among individuals or groups (Henry et al., 2010). However, there are examples of 



 

         

                 

            

            

   

 

      

            

          

            

                

             

            

            

             

            

            

         

               

           

               

                

               

               

             

             

               

               

      

               

                 

successful collaborations among heterogeneous stakeholder groups, including for HAB 

management, such as in the Gulf of Mexico, the Gulf of Maine, and the U.S. Caribbean Islands 

(Anderson et al., 2019). Understanding stakeholder values, attitudes, and policy preferences can 

help identify feasible policy changes and support the design of effective collaborative 

processes. 

Stakeholders in the Lake Erie Watershed 

The western Lake Erie watershed includes Ohio, Michigan, Indiana, and Ontario. Within 

the Lake Erie region, government, non-government organizations (NGOs), and private 

stakeholders have an essential role to play in nutrient management. Government stakeholders 

include local, state, and federal agencies that often invest in projects to mitigate the effects of 

HABs in Lake Erie. NGO stakeholders include research institutions and advocacy groups that 

connect and communicate with landowners and farmers to understand and advance nutrient 

management strategies. NGOs also engage with other stakeholders and educate the general 

public about the Lake Erie HAB issue. Private stakeholders consist of privately owned 

businesses that are affected by regulations and nutrient reduction targets, including private 

landowners and farmers. Effective decision-making about managing HABs in Lake Erie may 

depend on collaborative efforts between all three stakeholder types. 

Given the range of stakeholders in the Lake Erie basin, there is potential for mismatches 

between stakeholder values, attitudes, and policy preferences and nutrient management goals, 

making it difficult to implement plans and achieve desired results (Kalcic et al., 2016). For 

example, an examination of public support for water quality regulations in the Ohio region of the 

Lake Erie watershed showed that residents who worked in agriculture are less supportive of fines 

to regulate agricultural runoff (Guo et al., 2019-a). Another study in the region showed that 

differences in individual risk perception and beliefs helps determine public support for regulatory 

policies for nutrients (Guo et al., 2019b). Understanding patterns in stakeholder values, attitudes, 

and policy preferences specifically for HABs control measures in Lake Erie can help inform the 

design and implementation of more effective policies and programs (Gill et al., 2018; Henry et 

al., 2010; Rissman and Carpenter, 2015) 

In our study, we seek to identify the values, attitudes, and policy preferences of different 

types of Lake Erie stakeholders. We also seek to gain insight into the potential barriers to and 



 

 

 

   

           

          

               

             

            

              

           

           

 

   

              

            

               

             

             

               

              

                 

               

            

               

            

opportunities  for  HAB  management  in  Lake  Erie  going  forward.  The  specific  research q uestions  

we  address  are:  Do th e  three  different  types  of  Lake  Erie  stakeholders:  

●   hold d ifferent  environmental  values?  (Research q uestion ( RQ1)  

●  hold d ifferent  policy  attitudes?  (RQ2)  

●  hold d ifferent  policy  preferences?  (RQ3)  

Methods 

General study design 

We conducted twenty-nine interviews with stakeholders involved in western Lake Erie 

watershed management. These stakeholders represent government, NGO, and private stakeholder 

types (Table 1). The average interviewee age was fifty-one, 69% identified as male, and 90% 

identified as Caucasian. The interviews were semi-structured and coded using NVivo to capture 

key themes and insights into stakeholder values, attitudes, and perceptions; information sources 

on Lake Erie HABs; and support for different nutrient management approaches. We also used 

the interview responses to characterize the relationships among stakeholders using social 

network analysis (see Electronic Supplementary Material (ESM) Appendix S1). 

Identifying stakeholder participants 

We created a list of individual stakeholders in the Lake Erie watershed through searches 

in previous publications, regional meetings, and websites for the organizations. Though not 

exhaustive, we believe our list represents a large share of the stakeholders actively involved in 

the decision-making process in western Lake Erie. After establishing our list, we categorized 

each stakeholder into their respective stakeholder types based on the organization they represent 

- either government, private sector, or NGO. We contacted 102 stakeholders by email and 24 

agreed to participate in the study. Common reasons given by stakeholders who did not 

participate in the study were lack of time and privacy concerns. Once we set the interview times 

and dates, we sent the official consent form and interview questions to the interviewees per 

university human subjects protection protocols (ESM Appendix S2). We used a snowball 

sampling method to augment the list identified in our initial search by asking interviewees to 

suggest additional contacts for our research (Goodman, 1961). The snowball sampling method 



 

               

           

 

  

            

              

              

              

             

              

      

             

             

             

               

             

              

              

              

            

              

              

              

            

               

             

             

              

              

              

resulted in an additional 5 participants, for a total of 29 interviewees that included eight 

government stakeholders, nine private sector stakeholders, and 12 NGO stakeholders. 

Interview Questions 

We developed a semi-structured interview guide with a combination of Likert-scale and 

open-ended questions. The interview questions can be found in ESM Appendix S2, and a 

summary of interview question types can be found in Table 2. The semi-structured interview 

style allowed interviewers to ask additional or follow-up questions when an interesting or new 

line of information developed during the interview (Segal, 2006). Our interview guide consisted 

of five sections—four based on the research questions and a fifth section characterizing the 

interviewees’ demographics (ESM Appendix S2). 

The first ten questions (ESM Appendix S2) we used to identify stakeholders’ values. 

These questions were similarly used in Hughes (2006), originally adapted from Sabatier and 

Zafonte (1995), and aimed at identifying environmental values that were specifically tailored to 

Lake Erie’s policy subsystem as opposed to trying to identify respondent's values as beliefs that 

transcend objects, situations, and issues (e.g., Schwart, 1992; Vaske and Donnelly, 1999). 

Question phrasing allowed interviewees to strongly agree with the statement if they believed the 

environment has intrinsic value and should be managed to enable public use without degradation. 

To reduce bias, these questions were phrased with different directionality, meaning that the same 

response would not always indicate agreement or disagreement (ESM Appendix S2). For 

example, the same response would not always indicate agreement towards one side of the 

spectrum between the public right to the environment and the individual’s/economic right to the 

environment. We designed questions 1 to 10 as a multi-item scale for individuals’ values 

regarding the environment. We used interviewee’s responses to all the questions simultaneously 

to place them into values clusters, which we used to answer RQ2 and RQ3. 

Questions 11 to 23 (ESM Appendix S2) aimed to identify stakeholder attitudes toward 

Lake Erie and HAB management. These thirteen questions contained both Likert scale and open-

ended questions. Eight of the thirteen questions were specific to HABs, regarding HABs causes, 

the role of nutrients in fueling HABs, and HABs management. The remaining five questions 

addressed the importance and water quality in Lake Erie. These thirteen questions were designed 



 

                

            

             

               

             

             

             

          

      

             

               

              

         

            

            

              

     

 

   

           

                 

             

             

               

               

               

       

            

             

             

             

to capture attitudes such as what stakeholders see as main problems, the importance of Lake Erie 

to the region, and the drivers and barriers to nutrient management. 

Questions 24 to 29 (ESM Appendix S2) were designed to identify stakeholders’ policy 

preferences and consisted of six questions that were a mix of Likert scale and open-ended 

questions. The first two questions allowed stakeholders to rank their preferred policy approaches 

regarding HABs management, while the remaining four questions gave the stakeholders room to 

expand on their rankings. These questions were designed to capture stakeholder perceptions of 

policy feasibility, effectiveness, and challenges stakeholders face when designing and 

implementing new HABs management policies. 

Questions 30 and 31 captured stakeholder relationships and formed the foundation of our 

network analysis. Interviewees were asked to identify those from the list they have worked with 

in the previous five years. The last two questions were standard demographic questions to 

ascertain the interviewee’s age, race, sex, and political identity. 

The interviews were conducted virtually on Google Meet, which allowed the Google 

extension Tactiq to create an interview transcript. Twenty-eight out of twenty-nine interviewees 

agreed to be recorded and have complete transcripts. We then quality-checked the transcripts and 

edited them for accuracy. 

Quantitative Data Analysis 

To assess whether stakeholders’ values were different between stakeholder types (RQ1) 

we first calculated a value score for each person using an average of their answers to questions 

Q1-Q10 (ESM Appendix S2). We compared the scores of different stakeholder types by 

performing a One-way Analysis of Variance (ANOVA) on Ranks, which determines if the 

medians of two or more groups are different. This ANOVA approach does not make any 

assumptions about the distribution of the data and therefore is appropriate when the sample size 

is smaller than 30. The p-value was less than 0.05, therefore we concluded that individuals 

within stakeholder types hold significantly different values. 

To assess whether attitudes and policy preferences differ between stakeholder types (RQ2 

and RQ3), we compared the interviewees’ responses to the ranking questions. We first 

determined the interviewee’s highest ranked answer for each question, creating a first option 

distribution. We then compared the first option distribution within each stakeholder type by 



 

          

               

               

           

 

   

            

               

             

             

              

               

               

             

            

              

             

              

               

              

             

             

            

             

     

 

  

            

             

              

                 

testing whether the distributions were significantly different using multinomial tests. 

Multinomial tests determine if the distribution of multiple categories is the same as an expected 

distribution (Menzel, 2021). If the p-value of the comparison is smaller than 0.05, we conclude 

that the option preference of these two groups is significantly different. 

Qualitative Data Analysis 

We coded and analyzed the open-ended interview questions using NVivo (Release 1.0, 

QSR International, Doncaster, Australia). We used questions 1 to 23 of the interview guide as 

individual ‘codebooks’ in the NVivo software. We then coded each interviewee’s responses to 

the questions in the individual codebooks by creating highly specific subcategories that were 

then sorted into a broad umbrella category. We developed categories after reading through each 

interviewee’s answer to a question, and then assigned the answer to a specific category or 

subcategory. Using each of the developed subcategories, we were able to create a more general 

umbrella category to better analyze the interviewees’ views. An example would be if 

interviewees had responded boating, fishing, and/or swimming, those answers would be placed 

in a specific subcategory and the umbrella category could be “recreation.” Just as making 

umbrella categories allowed us to determine the number of interviewees that answered similarly, 

the specific subcategories allowed us to see what each interviewee stated specifically. We used 

the questions 11 to 23 to analyze how interviewees viewed Lake Erie, its environmental issues, 

and management strategies. We used questions 24 to 29 to analyze how interviewees viewed 

current policies and recommendations for future policies. We then summarized the results from 

the codebook into percentages based on the umbrella categories and compared the different 

stakeholder types and clusters (see Cluster Creation below). When applicable, we used 

Multinomial tests to see whether the observed frequencies in each umbrella category were 

significantly different among stakeholder types/clusters. 

Cluster Creation 

We identified clusters among interviewees based on values and stakeholder types to 

determine whether these clusters also shared similar attitudes and policy preferences. We used 

interview responses to Questions 1–10 to identify three ‘values’ clusters. We first reversed the 

scales for Questions 2, 4, and 8 to make the directionality consistent with the rest of the 



 

             

               

               

             

                  

            

              

           

             

               

               

               

                   

               

              

               

              

               

             

            

               

                 

           

          

              

              

              

              

            

             

             

questions. When interviewees opted out of answering a question, we assigned the average 

response of other interviewees to that same question to minimize the influence of that particular 

question to the individual’s value score relative to the other interviewees. Next, we performed a 

cluster analysis, which divides individuals into groups (clusters), such that individuals are more 

similar to those within their group than to the ones in the other groups. We used the ‘Kmeans’ 

method to generate the clusters (groups). The ‘Kmeans’ method iteratively rearranges individuals 

in a predetermined number of clusters until it minimizes the distance between individuals and 

their cluster’s center, grouping individuals with the most similar answers together. 

To specify the number of clusters, we used the average silhouette approach, which 

assesses cluster quality by scoring individuals based on how well they fit their respective clusters 

in terms of similarity within and between groups. The grouping that received the highest score 

has the ideal number of clusters for the specific data. According to the average silhouette 

approach, the ideal number of clusters for our data is 2, followed by 3 and 4. However, we chose 

to use three clusters as that allowed us to visualize and explain differences and similarities 

between clusters more effectively and with more nuance (ESM Appendix S3). After generating 

the three values clusters, we performed a permutation test to see whether stakeholder types were 

randomly assorted between clusters or if there were patterns in how stakeholder types were 

divided into value clusters (Zeileis et al., 2008). The permutation test first creates a distribution 

of random clusters by dividing the stakeholders randomly into three groups multiple times 

(permutations). Then it compares how likely our specific cluster arrangement (composition) is 

within the distribution of random clusters. If the probability of our specific assortment is smaller 

than 0.05, we can say that the stakeholders are not randomly spread across the clusters. We used 

the resulting value clusters to help analyze RQ 2 and 3. 

Considering that people’s environmental values are multidimensional (Ripberger et. al., 

2014), before visualizing the clusters, we performed a principal component analysis to focus on 

the first two principal components which explain 54.6% of the variance in stakeholder values 

(Figure 1). We also analyzed how each dimension was affected by individual questions to 

explain the meaning of the dimensions (ESM Appendix S3). By linking the dimensions to 

specific questions, we found that dimension one (horizontal axis) represents the spectrum 

between the public right to the environment and the individual’s/economic right to the 

environment. Dimension two (vertical axis) represents the idea that the environment has intrinsic 



 

               

                 

               

 

 

  

            

            

              

             

            

           

             

               

       

 

 

    

              

              

            

            

          

 

       

                

                   

                

              

                

                

value and should be managed for ecological benefit and that the environment should be managed 

for human benefit. It is important to note that the resulting scale is relative to the respondents’ 

values. Questions to which their responses varied the most were more important in creating the 

clusters. 

Network Analysis 

To understand how stakeholders interact with each other through their organizations, we 

created a social network based on collaboration relationships reported by our interviewees. 

Networks help describe the relationships that individuals or entities have with each other and 

have several applications in understanding water resources management (Reed et al., 2009). The 

network analysis was completed supplementally to our research to help determine whether 

stakeholders work together. We established connections by asking the interviewee which 

individuals they have recently collaborated with concerning Lake Erie issues. We transcribed the 

results into a binary matrix, which we then used for further analysis. The Social Network 

Analysis is further explained in Appendix S1. 

Results 

Comparing stakeholder values (RQ1) 

We found that the values between stakeholder types were not significantly different (one-

way ANOVA on ranks, p-value=0.4271). Among the 10 value questions, only 2 (Questions 4 

and 10) had significantly different responses between stakeholder types (one-way ANOVA on 

ranks, p-value=0.03). Because only 2 questions were significantly different, we used cluster 

analysis to identify stakeholders with shared values (see below). 

Stakeholder views on Lake Erie water quality 

All interviewees agreed that Lake Erie is vital to the region (Question 11: “On a scale 

from 1 to 5, with 1 being not important at all and 5 being extremely important, how important do 

you think that Lake Erie is to this region?”), with 79.3% of interviewees answering five while 

20.7% answered four (Table 3). Interviewees’ perceptions of Lake Erie’s water quality over the 

past ten years ranged from good to poor (Table 3). However, 58% of interviewees perceived the 

water quality to be poor. Interviewees who stated they had a positive perception of Lake Erie’s 

https://p-value=0.03


 

                

                

           

              

                    

             

               

              

                  

             

                 

           

            

              

                 

             

                

             

              

                   

            

                 

              

                 

                  

          

              

                   

                    

                

               

water quality compared the current quality to previous years. “I would say that Lake Erie has 

made a tremendous comeback, but it is continuing to struggle to maintain a respectable level of 

water quality” (personal interview, P1-1, 09/03/2020). Most interviewees believed that HAB 

management should be prioritized. Indeed, HABs scored an average importance rating of 4.6 on 

a five-point scale (Question 21: “Giving a score from 1 to 5, with 1 being not important at all and 

5 extremely important, how much should we prioritize HABs management in Lake Erie?”) 

(Table 3). The result from question 21 is consistent with the interviewees’ perception of the 

lake’s importance to the region, with interviewees rating Lake Erie’s importance on average 4.8 

out of 5 (Table 3). Most stakeholders believed that Lake Erie’s importance to the region is tied to 

its economic and ecological values (Question 12, 58.2% of interviewees ranked economic values 

in the top two while 72.4% ranked ecological values in the top two). Household lake water use 

was rated highest by NGO and government stakeholders (Figure 2a). 

Different stakeholder types held shared views on Lake Erie’s importance and water 

quality, but the views regarding the general state of Lake Erie were significantly different 

between all groups (Question 14: “If you were to describe the current state of Lake Erie to 

somebody unfamiliar with the region, how would you describe it?”. We coded interviewees’ 

answers as positive, negative, or neutral to perform a Multinomial test, p-value <0.05). Out of 12 

negative views, NGO stakeholders made up seven of the negative views, while government 

stakeholders made up one and the private sector made up four. One private-sector interviewee 

stated, “When it is not choked with cyanobacteria, it may appear OK, but in truth, it is quite sick” 

(personal interview, P6-2, 07/21/2020). In contrast, private sector stakeholders held the most 

consistently positive views on the current state of Lake Erie, with three out of the four positive 

views being from private sectors and the remaining one from a government stakeholder. These 

four positive views cited the lake’s usability in the summer of 2020: “Currently, as of July 2020, 

it is great for fishing, great for recreation. We have a minimal problem this year with an algal 

bloom [sic]” (personal interview, P7-3, 07/29/2020). Government stakeholders represented the 

most neutral views (7 of 11 stakeholders with neutral views), generally describing the lake’s 

function or describing both its good and bad aspects: “I would describe it as Lake Erie is part of 

the system of the five Great Lakes that are a huge source of freshwater for the region as well as 

being very important to our economic and human development of the area. Lake Erie, because it 

is the shallowest, the smallest, the most biologically productive of those five Great Lakes, also 



 

            

             

 

         

            

              

            

               

               

  

           

                 

               

      

 

  

           

              

                 

            

                

             

              

            

             

          

 

   

          

            

             

has the highest human development in its watershed [sic]” (personal interview, G5-2, 

07/30/2020). There were three NGOs and one private-sector interviewee with neutral views. 

Stakeholder views on the role of nitrogen in HABs 

Most interviewees stated that nitrogen influences HABs. Of the NGO stakeholders, 55% 

said that nitrogen generally affects HABs, while the remaining 45% said nitrogen affects the 

blooms’ toxicity. Among private stakeholders, 50% said nitrogen generally affects HABs, 25% 

said it affects toxicity, and 25% said it affects bloom size. Among government stakeholders, 37% 

said nitrogen generally affects HABs, 45% said it influences toxicity, and 18% said it influences 

bloom size. 

Stakeholders’ views reflected the uncertainty and scientific debate regarding the specific 

role of nitrogen on HABs. For example, two people said they did not feel they understood the 

science enough to answer the question, while others answered but prefaced that they are still 

reading articles about nitrogen’s influence. 

Stakeholders’ attitudes 

Across stakeholder types, interviewees rated policy effectiveness as the most important 

consideration for policy intervention, with 89% of all interviewees rating it as the top 

consideration. As one interviewee put it, “I would not accept a policy that I did not believe 

would work” (personal interview, G10-1, 07/17/2020). Stakeholder acceptance of a policy was 

the next most important criterion, with 54% of NGOs, 50% of government, and 37% of private 

stakeholder types rating it second (Figure 2c). Interviewees rated farmer engagement as the 

largest barrier to HAB management. More than 50% of the NGO and private stakeholders 

interviewed rated farmer engagement first. Government stakeholders tended to rate barriers more 

evenly, with their highest-rated option (33%) being ‘other,’ which included barriers such as 

weather, political will, and the economic status quo (Figure 2b). 

Stakeholder policy preferences 

The policy preferences were not significantly different across stakeholder types 

(Multinomial test, p-value>0.05). All stakeholders thought regulation holds great promise for 

addressing HABs in Lake Erie. NGO stakeholders typically stated a preference for regulatory 

https://p-value>0.05


 

              

                

           

            

              

            

             

           

                

                   

         

            

              

               

           

            

              

               

         

 

      

            

             

               

             

             

            

              

              

                 

approaches, but many did not think regulation would be feasible. One NGO stakeholder stated, 

“I think standards are important. Most farmers are trying to do the right thing, but farm 

operations vary widely…” (personal interview, N3-3, 07/16/2020) in response to why 

regulations may not be feasible. The private and government stakeholders also preferred 

regulatory approaches but were divided on which approach would be the most feasible. One 

private stakeholder preferred market-based approaches stating, “any effective approach will be a 

long-term plan of market-based best practices in the Ag community [sic]” (personal interview, 

P6-2, 07/21/2020). Another private stakeholder preferred stronger regulations stating, “We have 

gone from basically 2005 with completely voluntary efforts to try to stop the problem coming in 

from the land. It still has not worked fifteen years later. We need to get to the regulation portion 

and get something done” (personal interview, P3-3, 07/17/2020). 

All stakeholders believed that both federal and state agencies should oversee HAB 

management. Perhaps surprisingly, when asked “Who do you think should be in charge of 

managing HABs issues in Lake Erie,” the NGO stakeholders did not mention the importance of 

stakeholder involvement or collaboration. On the contrary, private stakeholders mentioned that 

stakeholders should be involved in the process and government stakeholders also mentioned 

“collaboration” many times. One private-sector interviewee stated that “we really need all of 

these [organizations] together in a collaborative effort. There is no one person or agency that 

could do it alone” (personal interview, P8-1, 07/27/2020). 

Creating clusters based on values (RQ1) 

To understand the relationship between participants’ values and their attitudes and policy 

preferences, we grouped participants into clusters based on their responses to the interview 

questions on values. Figure 1 displays the grouping of the interviewees into values clusters. The 

first dimension (horizontal) represents the spectrum between the public right to the environment 

and individual’s/economic right to the environment; the first dimension explains 31.8% of the 

variation. The second dimension (vertical) describes whether the environment has intrinsic value 

and should be managed for ecological benefit (bottom) and whether the environment should be 

managed for human benefit (top); the second dimension explains 22.8% of the variation. Though 

there is a mixture of stakeholder types in each of the three value clusters, the stakeholder types 



 

               

          

             

                

               

             

              

                

               

              

             

 

         

            

                

              

              

                

              

              

                

                 

                

                 

 

            

              

           

               

                

were not evenly spread among the clusters. A permutation test showed that the distributions of 

stakeholder types are different among the three clusters (p-value=0.02). 

Cluster 1 did not contain any interviewees from the government stakeholder type, while 

value Clusters 2 and 3 had all three stakeholder types represented. Cluster 1 centered around the 

beliefs in stronger public rights to the environment and that the environment should be managed 

primarily for human benefit. Cluster 2 centered around stronger individual/economic rights to the 

environment and the belief that the environment should be managed primarily for human benefit. 

In contrast, Cluster 3 centered around the beliefs in stronger public rights to the environment and 

that the environment has intrinsic value and should not be managed primarily for human benefit. 

Many NGO stakeholders talked about how humans should not be considered separate from the 

environment. These value clusters have a wide range across the x-axis (Figure 1). 

Differences in attitudes toward Lake Erie management between clusters 

We found slight differences in attitudes and policy preferences between value clusters 

(Table 4). All value clusters generally rated ecological and economic aspects of Lake Erie as the 

most important, however, Cluster 3 has a stronger emphasis on Lake Erie’s ecological value, 

especially when compared to Cluster 2 (Multinomial test, p-value=0, Figure 2a). Cluster 1 has 

the largest proportion of people holding a negative view towards the state of Lake Erie compared 

to other clusters (Multinomial test, p-value<0.05, Question 1). Cluster 3 held the most neutral 

views, with five interviewees, while Cluster 2 had four interviewees with neutral views and 

Cluster 1 had 2 interviewees with neutral views. The positive views were split two and two 

between Cluster 1 and Cluster 3. Cluster 1 also mentioned a lack of political will, capacity, and 

power as a challenge in agricultural runoff management. For example, “I would say it is largely 

due to a lack of political will to put the necessary procedures in place” (personal interview, P1-1, 

09/03/2020). 

Perspectives on how to evaluate HAB policies also help explain differences between 

clusters. We found that the second most important consideration for value Cluster 2 is 

significantly different from other clusters. Stakeholder acceptance was the second most 

important consideration for value Clusters 1 and 3 when considering a water quality policy in 

Lake Erie, with 64% and 50% of interviewees rating it second, respectively. In value Cluster 2, 

https://p-value<0.05
https://p-value=0.02


 

               

             

 

      

            

           

            

             

                

                

    

            

                 

               

               

                

        

                

                

             

                  

     

 

   

             

               

             

              

                 

                

public acceptance and their organizations’ interests were tied for second at 33%. Across all value 

clusters, the highest perceived barrier to HAB management was farmer engagement. (Figure 2b). 

Differences in policy preferences between clusters 

Cluster 1 and 2 showed significantly different preferences for regulatory, voluntary, and 

market-based approaches to HAB management (multinomial tests, p-value=0.0221). In Cluster 1, 

81% of interviewees rated regulatory approaches as their top preference (Figure 2d). 

Interviewees in cluster 1 often disparaged voluntary approaches as not beneficial: “My position 

would be to state that current voluntary policies are clearly failing. They are not effective at 

reducing the nutrient fluxes into the system because everyone expects no one to make an impact” 

(personal interview, G8-1, 07/29/2020). 

Cluster 2 preferred both market-based and regulatory approaches, with each being rated 

first by 40% of the interviewees in this value cluster. Cluster 2 also believed that farmers should 

not be ‘punished’ more since they are already struggling: “To perform financially, we have to 

incentivize them in the positive, not be punitive in the negative '' (personal interview, P2-2, 

08/21/2020). Three interviewees suggested there should be a way for farmers to pass the cost of 

implementing better practices through the supply chain. 

Cluster 3 preference is in between Cluster 1 and 2. In Cluster 3, 60% of interviewees 

rated regulatory approaches first. Four people in Cluster 3 believe that all aspects of the different 

policy approaches are needed when discussing feasibility. “Feasibility just depends on having the 

political will and the money to implement; that is what is keeping a lot of these practices from 

being implemented” (personal interview, 08/10/2020). 

Discussion and Conclusion 

Managing nutrient inputs that drive HABs is a challenging task, requiring the cooperation 

and support of a diverse range of stakeholders (Berardo et al., 2019). Previous research has 

shown that environmental values, attitudes, and preferences can shape support for policy change 

and the potential for stakeholder collaboration on a shared problem (Leiserowitz, 2006; Pitas et 

al., 2019; Steg et al., 2005; Vaske and Donnelly, 1999). In our study, we interviewed a diverse 

range of stakeholder types in the western Lake Erie basin to better understand the range of 



 

               

      

            

              

               

            

           

               

              

            

              

             

               

             

            

             

           

              

             

               

               

            

              

             

                

            

            

             

           

            

              

values, attitudes, and policy preferences held, their relationship to one another, and how they are 

distributed between stakeholder types. 

The assumption that within stakeholder types or interest groups, individuals share similar 

values and attitudes has been long contested (Sabatier and Zafonte, 1995). Our findings show 

that in the western Lake Erie basin, values are shared by stakeholders with different professional 

relationships to nutrient management. We also found that policy preferences were not 

significantly different between stakeholder types, but there were significant differences between 

Clusters 1 and 2, indicating that values affect policy preference. Rissman et al. (2017) similarly 

found that in southern Wisconsin, cultural worldviews (i.e., values) were the primary indicator of 

water quality policy support, while water pollution concern, perceived water quality, and self-

interest all played a secondary role. Rissman’s finding could help support collaboration in the 

basin as different stakeholder types can find common ground with one another. 

Our findings also show how stakeholders view policy solutions to HABs in Lake Erie. 

Though stakeholders largely thought regulation would be most effective, views differed on the 

feasibility of passing and implementing regulation. Stakeholders anticipated a negative effect of 

increased taxation on farmers, which led to increased support for market-based approaches, like 

the Environmental Quality Incentives Program (EQIP) or other incentive-based programs. The 

anticipated negative effect on farmers mirrors a previous study of residents in Lake Erie's 

western basin which found mixed views on regulation;most people agree that farmers alone 

should not bear the burden, but that regulations are necessary to keep farmers accountable for 

their land management practices (Guo et al., 2019a). The same study found that support of 

regulatory measures decreased as the perceived effectiveness of a voluntary approach increased 

(Guo et al., 2019a). De Groot and Schuitema (2012) found that social norms—perceived public 

level of support for a specific policy—were an important consideration for people’s personal 

support of regulatory approaches. Moreover, Rissman et al. (2017) argue that due to the role of 

social norms on acceptance of regulatory approaches, perceived equity between different interest 

communities such as farmers and coastal residents might increase acceptance of nutrient 

management policies. These studies suggest that one possible direction to decrease the gap 

between policy support, perceived effectiveness, and implementation feasibility at a lower 

(perceived) political cost, could be to increase discussion over improving voluntary approaches 

in collaborative decision making. From a stakeholder perspective, it might be easier to improve 



 

              

               

              

     

             

           

             

           

               

               

              

            

  

           

              

               

                

               

              

             

            

             

                

            

             

                 

              

               

             

             

               

existing nutrient management policies than agreeing on new ones (Garnache et al., 2016; Shortle 

et al., 2012). In regards to Lake Erie HABs management, improving the effectiveness of the 

current 4R program and incentive-based programs, like EQIP, could be the easiest way to 

manage HABs in the region. 

Participation and engagement of a broad range of stakeholders is considered central to 

devising effective nutrient management strategies (Beegle et al., 2000). Uncertainty around 

policy effectiveness and feasibility may complicate efforts toward policy change unless there are 

opportunities for stakeholders to connect and communicate. When individuals with diverse 

backgrounds agree, there is a higher probability that the group will productively decide on a 

solution that may lead to effective policy changes (Goethals and Nelson, 1973). On the other 

hand, their differences could ultimately lead to policy solutions that benefit more people by 

“creating a dialogue between stakeholders with different knowledge and values” (De Nooy, 

2013). 

Our study is another step to understanding stakeholder interactions and nutrient 

management policy support in western Lake Erie’s watershed. Future research can build on these 

findings. While we interviewed a large group of diverse stakeholders and had a good response 

rate, our approach is susceptible to self-selection bias and may result in an inflated level of 

concern when stakeholders that are more worried about the lake are more likely to participate. 

Future research could target a broader cross-section using a survey or methods relying on 

secondary data to further reduce self-selection bias. Also, our network analysis (ESM Appendix 

S1) shows that these specific Lake Erie stakeholders are well-connected and work 

collaboratively to some degree. Understanding the nature of these connections, the extent to 

which they enhance action, and how to foster a shared sense of trust and responsibility requires 

further research. Moreover, expanding the range of stakeholders included in the investigation 

should improve understanding of information flows and collaboration. One example of how to 

expand the range of stakeholders is by sending out a wide-spread survey that is able to reach 

more stakeholders in the region. Finally, future research could include an examination of trust 

among stakeholders within the basin. Harring and Jagers (2013) found that in addition to people's 

values, beliefs, and norms, both political trust and interpersonal trust affect people's attitudes 

towards increasing taxes on carbon dioxide emissions. While individuals’ values are unlikely to 

change (Fulton et al., 1996; Homer and Kahle, 1988; Schwart, 1992), in Lake Erie’s watershed, 



 

            

             

            

            

            

            

             

               

               

              

      

 

             

           

           

 

  

                  

         

              

             

              

              

          

              

          

              

     

reestablishing the trust between stakeholders could help narrow the gap between policy 

preference and perceived feasibility by not only increasing support for the improvement of 

voluntary approaches, but also by increasing the effectiveness of these approaches. 

This study contributes to the understanding of western Lake Erie stakeholders, their 

motivation to support nutrient management policies and engage with one another. Although 

stakeholders of different types hold similar environmental values, these values can partially 

explain their preferences. Additionally, the gap between what stakeholders see as effective and 

feasible might lead them to prioritize less effective policies. To solve this gap, HAB management 

in Lake Erie will require open communication to allow for the realization that many stakeholders 

already share similar views and to decide on an accommodating yet effective direction for 

reducing nutrient inputs to the Lake. 
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Table 1. Descriptive table including interviewees’ clusters, types, and specific occupation. 

Code Cluster Stakeholder Type Description 

N1-1 1 NGO Conservation Advocacy 

N2-1 1 NGO Conservation Advocacy 

N5-1 1 NGO Public Organization 

N6-1 1 NGO Aquatic Advocacy 

N9-1 1 NGO Aquatic Advocacy 

N10-1 1 NGO Conservation Advocacy 

N11-1 1 NGO Nonprofit Aquatic Research 

N12-1 1 NGO NGO Research 

P1-1 1 Private Agriculture 

P5-1 1 Private Agriculture 

P8-1 1 Private Aquatic 

P9-1 1 Private Aquatic 

N4-1 2 NGO Conservation Advocacy 

G1-2 2 Government Local Government 

G6-2 2 Government State Government 

G7-2 2 Government State Government 

P2-2 2 Private Agriculture 

P6-2 2 Private Agriculture 

G5-3 3 Government State Government 

N3-3 3 NGO Wildlife Advocacy 

G2-3 3 Government State Government 

G3-3 3 Government State Government 

G4-3 3 Government Local Government 

G9-3 3 Government Government Research 

G10-3 3 Government Government Research 

N7-3 3 NGO Conservation Organization 

N8-3 3 NGO Aquatic Advocacy 

P3-3 3 Private Aquatic 

P7-3 3 Private Agriculture 



 

              

               

               

         

     

        
         
    
        

   
    
        
   

     
     
   

 

  

Table 2. Summary of interview instrument, including the variable measured and the type of 

question and scale. In Likert Scale questions, interviewees were asked how much they agree or 

disagree with a statement. In rating questions interviewees were asked to rate options from most 

to least important. Question are in ESM Appendix S2. 

Question No. Variable Question Type 

1-10 Value Likert Scale (From 1 to 5) 
11 Attitude Likert Scale (From 1 to 5) 
12 Attitude Rating Scale 
13 Attitude Likert Scale (From 1 to 5) 

14-19 Attitude Open-Ended 
20 Attitude Rating Scale 
21 Attitude Likert Scale (From 1 to 5) 
22 Attitude Open-ended 

23-24 Policy Attitude/Preference Rating Scale 
25-29 Policy Attitude/Preference Open-ended 
30-31 Network Open-ended 



 

            

 

 Question No.   Mean SD   Median  Max  Min 
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 13 
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Table 3. Descriptive statistics of quantitative questions. Asterisks indicate answers that were 

reversed. 



 

          

Cluster  Values   Attitudes   Policy Preferences  

 1 

 2 

 3 

 ● 

 ● 

 ● 

 ● 

 ● 

 ● 

    Public rights to the 
 environment.  

  The environment 
  should be 

  managed primarily 
  for human benefit.  

Individual/econom 
    ic rights to the 

 environment. 
  The environment 

  should be 
  managed primarily 

  for human benefit.  

    Public rights to the 
 environment. 

  The environment 
   has intrinsic value.  

 ● 

 ● 

 ● 

 ● 

 ● 

 ● 

 ● 

 ● 

 ● 

    Stronger emphasis on Lake 
   Erie’s economic value.  

    Largest proportion of people 
     holding a negative view towards 

    the state of Lake Erie.  
     Mentioned a lack of political 

      will, capacity, and power as a 
    challenge in agricultural runoff 

management.   
    Policy effectiveness is a 

   priority, followed by 
 stakeholder acceptance.   

    Stronger emphasis on Lake 
  Erie’s ecological value,  

   followed by household use.   
     Saw scientific agreement as a 

    big challenge in nutrient 
management.   

   Public acceptance and their  
   organizations’ interests were 

   more important than 
   stakeholder's acceptance when 

  considering a policy.   

    Stronger emphasis on Lake 
  Erie’s ecological value.   
    Policy effectiveness is a 

   priority, followed by 
 stakeholder acceptance.  

 ● 

 ● 

 ● 

 ● 

 ● 

 ● 

  Significantly different 
  from cluster 2.  

   Stronger preference for 
 regulatory approaches.   

  Significantly different 
  from cluster 1.  

  Divided preference for  
  market-based and 

 regulatory approaches.   

  Not significantly 
   different from clusters 

   1 and 2. 
  Preference for 
 regulatory approaches.   

 

 

  

Table 4. Main similarities and differences between clusters. 



 

 

  

           

           

             

              

                 

                 

               

        

 

           

               

                

              

                

             

          

             

             

              

         

 

Figure captions 

Figure 1. Principal component and cluster analysis of stakeholder responses. Each 

circle/triangle/square represents a single interviewee. The horizontal axis represents the spectrum 

between the public and economic/individual right to the environment and explains almost 32% 

of the data variance. The vertical axis represents the spectrum of the environment's intrinsic 

value or whether it should be managed for human benefit. The vertical axis explains 23% of the 

data variance. In cluster 1 there are 12 interviewees (five private, seven NGO). In cluster 2 there 

are 6 interviewees (three government, one private, two NGO). In cluster 3 there are 11 

interviewees (one private, six government, four NGO). 

Figure 2. Stacked bar charts showing interviewees’ highest-rated options for questions 

12, 20, 23, and 24. The options most people rated the highest in each cluster/stakeholder 

type take up the largest area in each column. NGO, Gov, Private, C1, C2, and C3 

represent the three stakeholder types and three value clusters. a) question 12: Why do 

you think that Lake Erie is important to the region? b) question 20: what challenges do 

you think most impact the management of HABs in Lake Erie? Agreement*: Scientific 

agreement/ knowledge availability; Resources*: Resources for policy creation and 

enforcement; c) question 23: when considering a policy regarding water quality in Lake 

Erie, what is the most important consideration to your opinion? The option ‘policy 

effectiveness’ is excluded on this graph; d) question 24: what would be your preferred 

policy approach to addressing HABs in Lake Erie? 
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