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Abstract: This study explores public interests associated with shellfish aquaculture development 

in coastal waters of Rhode Island (US).  Specifically, we examine (1) the levels of public support 

for (or opposition to) shellfish aquaculture development and (2) factors driving the levels of 

support, using survey data and ordinal logistic regressions.  Results of the analysis identify 

several key attitudinal factors affecting individual’s support for shellfish aquaculture in Rhode 

Island (RI).  The level of support is positively associated with attitudes related to shellfish 

aquaculture’s benefits to the local economy and its role as a nutritional food option, and 

negatively influenced by attitudes related to aquaculture farms’ effects on aesthetic quality and 

their interference with other uses.  Findings highlight that support for (or opposition to) 

aquaculture in RI is driven more by attitudes associated with social impacts than by those 

associated with environmental impacts.  The level of support is also affected by personal 

characteristics related to an individual’s participation in recreational activities.  For instance, 

bicycle riders tend to be supportive of shellfish aquaculture while respondents who participate in 

sailing and birding are less supportive.  By identifying the broader public’s interests in shellfish 

aquaculture, findings from this study and others like it can be used to address public concerns, 

incorporate public perceptions and attitudes into permitting decisions, and develop outreach 

targeted at specific stakeholder groups.  
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Attitudinal factors and personal characteristics influence support for shellfish aquaculture 

 in Rhode Island (US) coastal waters 

 

1. INTRODUCTION 

Aquaculture development has been considered as a potentially effective solution to meet 

growing demand for seafood and for reducing trade deficit in the United States.  However, the 

growth of aquaculture has been hampered by concerns for the environment, user conflicts in 

crowded near-shore waters, and inefficiencies in the regulatory system (Kite-Powell et al. 2013; 

Knapp and Rubino 2016; NOAA 2008).  In the state of Rhode Island (RI), the number of 

aquaculture farms has been steadily increasing, from five farms in 1995 to 70 in 2016 with sales 

over $5.5 million (Beutel 2016) (Figure 1).  In contrast, due to stock depletion and changing 

marine resource conditions, the traditionally important commercial fishing industry has been in 

contraction with total landings reduced from over 60 thousand metric tons (MTs) in the 1990s to 

34 thousand MTs (valued at $82 million) in 2015 (NOAA 2017; Jin et al. 2016). 

RI state law mandates that aquaculture be conducted in a manner consistent with the best 

public interest (RI GL 20-10), where the public interest includes the desires and needs of society 

(Birkland 2001).  As policy scientists have noted over the years, the public interest is highly 

dependent on the people defining it.  Conflicts emerge because there is usually no agreement on 

one single public interest (Birkland 2001).  The agency charged with permitting and regulating 

aquaculture in the state of RI (Coastal Resources Management Council, CRMC) must first 

understand the different public interests within the state, and then reconcile them to make 

permitting decisions.  This study explores public interests associated with shellfish aquaculture 

development in RI’s coastal waters. 
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Figure 1. Aquaculture Output Value and Farmed Area in Rhode Island 

 

The RI CRMC gathers some information on the public’s concerns and interests during the 

regulatory review process for proposed aquaculture projects.  All proposed aquaculture projects 

must first go through a preliminary determination review where towns, various state agencies 

(e.g., Department of Health, Department of Environmental Management), and other stakeholders 

can comment on the proposal (RI CMP 300.11).  While this process can provide important 

opportunities for RI CRMC and other agencies to hear some of the views of the public, it likely 

captures the views of a subset of the RI general public consisting of those individuals that are 

more likely to become engaged in the process (e.g., Voyer et al. 2012).  To reveal broader public 

interests, it is necessary to complement public meetings with other techniques capable of 

sampling the general population (Voyer et al. 2012).  Social science methods from an array of 

disciplines can be used to systematically collect data on what people are doing and how people 

think about these various activities (Vaske 2008).  This study builds on prior work in social 
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psychology, environmental resource management, and sociology to examine (1) levels of public 

support for (or opposition to) shellfish aquaculture development in Rhode Island and (2) the 

factors that affect levels of support for (or opposition to) shellfish aquaculture projects in Rhode 

Island.    

 

1.1.Modeling environmentally-significant behavior 

Choices that people make related to transportation, energy use, water and food can have 

significant environmental impacts (NRC 2005).  Stern (2000) developed a framework for 

understanding internal motivations and external conditions that influence these choices, or 

environmentally-significant behaviors (ESBs).  Although the model has typically been applied to 

household energy use (e.g., Steg et al. 2005) and recycling behaviors (e.g., Guagnano et al. 

1995), it provides a framework within which other environmental decisions can be framed 

(Wilson and Dowlatabadi 2007), such as an individual’s decision to support (or oppose) a 

shellfish  aquaculture project.  Choices about where to site shellfish aquaculture activities and 

how much shellfish aquaculture to allow in a particular waterbody will have environmental 

effects.  For instance, shellfish aquaculture activities have the potential to impact a variety of 

features in the natural environment, such as coastal nutrient dynamics, oxygen in the water 

column, phytoplankton, and organic enrichment of sediment (Filgueira et al. 2015; Cranford et 

al. 2012).  In Stern’s (2000) model, these choices, or ESB, are influenced by different types of 

causal variables such as attitudinal factors, personal characteristics and external conditions. 

Attitudinal factors comprise the values, beliefs, attitudes and norms that influence an 

individual’s predisposition to behave in an environmentally-significant manner and actual 

behavior (Stern 2000).  Values are single, stable beliefs that transcend objects or situations 
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(Heberlein 1981) and act as guiding principles in life (Stern et al. 1995).  Attitudes are generally 

defined as the tendency to respond favorably or unfavorably toward an object (Vaske and 

Donnelly 1999).  Belief has been described as acceptance without rigorous evidence (Aiken 

2002), and norms are defined as rules to direct behavior that involve a sense of obligation and 

sanctions for non-compliance (Coleman 1990; Heberlein 2012; Ostrom 1990).  ESBs are most 

strongly influenced by attitudinal factors that are most specific to the behavior (e.g., Kaiser et al. 

1999; Kraus 1995; Steel 1996).  

Personal characteristics such as an individual’s social status, literacy, knowledge, availability 

of time to act, money, social status and power, age, educational attainment, race, and income 

have been found to affect environmental concern and behavior (e.g., Hines et al. 1986/87; Olli et 

al. 2001; Steel 1996; Stern 2000; Stern and Dietz 1994).   

External conditions, or contextual factors, include social, financial, legal, and physical 

features of an individual’s surroundings (Guagnano et al. 1995).  For instance, social conditions 

include persuasion, personal commitments, community expectations, and interpersonal 

influences.  Other features include laws and regulations, technology, private contracts, financial 

costs and rewards, convenience, various economic and political features (Stern 2000), and 

participation in different organizations and networks (Olli et al. 2001).   

 

1.2 Modeling support for aquaculture 

Stern’s model provides a general framework within which to frame more specific hypotheses 

guided by theory, empirical research and practical experience related to aquaculture (Figure 2).   

Recent studies have addressed some of the features of Stern’s model, but there has been no 

systematic, comprehensive study of these factors to identify those that are having the greatest 
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influence on an individual’s decision to support aquaculture so that management efforts can be 

directed at those key features.   

Past studies of attitudinal factors related to aquaculture tend to focus on perceived impacts on 

the environment, the local 

economy, and existing (potentially 

displaced) uses.  Katranidis et al. 

(2003) found that survey 

respondents from two islands in 

Greece tended to think that 

aquaculture would not have many 

negative impacts, but it would lead 

to more jobs.  In a mail survey in 

coastal regions of Australia, Mazur 

and Curtis (2008) found that 

respondents’ perceptions of 

government agencies related to aquaculture influenced how they felt about aquaculture projects.  

Findings from a mail survey of Scotland coastal residents indicate that public attitudes toward 

the future of salmon farming are related to their perceived environmental and economic impacts 

(Whitmarsh and Palmieri 2009).  In a survey of aquaculture stakeholders in the US and Norway, 

Chu et al. (2010) found that perceptions of economic and ecological impacts of aquaculture 

contributed to an individual’s support for aquaculture expansion.  Joyce and Satterfield (2010) 

found that concerns about shellfish farming in British Columbia, Canada were related to 

stakeholders’ perceptions about the risk of aquaculture to their way of life mainly due to a loss of 

Figure 2. Model of factors influencing an individual’s 

decision to support aquaculture 

Attitudinal 
factors 

 (e.g., attitude 
toward aquaculture 
impacts, knowledge 

of aquaculture 
rules) 

External 
conditions 

 (e.g., permitting process, 
socio-economic or 

environmental setting) 

Personal 
characteristics 
& capabilities 

 (e.g., education level, 
occupation) 

Environmental
ly-significant 

behavior  
(Decision to support 
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access to wild fisheries.  In a recent study of shellfish aquaculture in British Columbia, D’Anna 

and Murray (2015) found that most respondents felt positively about the effects of shellfish 

aquaculture on the economy and negatively or uncertain about its environmental effects, and they 

did not agree on how shellfish aquaculture affected their lived experience (i.e. aesthetics, social 

experiences, surrounding environment).   

Personal characteristics, like age, gender, education, and participation in certain activities, 

have been found to have some effect on perceptions of and support for aquaculture (e.g., 

Katranidis et al., 2003; Mazur and Curtis, 2008; Murray and D'Anna, 2015; Shafer et al. 2010).   

External conditions, including the social, financial, legal, and physical features of an 

individual’s surrounding, are considered important to Stern’s ESB framework but have gotten 

limited attention in studies of public perceptions of and support for aquaculture.  Such factors 

could include the regulatory structure for managing aquaculture which varies by state (and 

sometimes by town) in the US, the socioeconomic conditions of a particular community, or the 

environmental setting where an aquaculture site is proposed (e.g., site with high density 

development or a pristine environment).  Property rights and historical uses of coastal waters and 

adjacent lands could also affect participation in and support for the shellfish aquaculture industry 

(e.g., Silver 2013; Silver 2014).    

Additional factors that could influence support for (or opposition to) aquaculture include 

limited public knowledge of the leasing process, type of aquaculture method proposed, proximity 

of residence to shoreline, and perception that aquaculture competes with wild harvest fisheries. 
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2. METHODS 

To investigate public support for shellfish aquaculture in RI’s coastal waters and the factors 

influencing it, we conducted a mail survey in Rhode Island in the spring and summer 2015.  Mail 

surveys are a useful way to reach a large sample of dispersed individuals, such as residents of 

multiple coastal communities throughout a particular area (Dillman et al. 2009).  Additional 

strengths of mail surveys include (1) flexibility for respondents to think over their answers; (2) 

assurance of respondent anonymity; and (3) greater probability that respondents will not provide 

answers that they think an interviewer would want to hear (Vaske 2008).  The survey data were 

analyzed using regression models to provide a deeper understanding of the drivers affecting 

public support for aquaculture.  

Rhode Island provides an ideal setting for this study because aquaculture has been going on 

in state waters for over one hundred years and the state has a history of intense public reaction to 

shellfish aquaculture projects.  In addition, the state of Rhode Island recently led a process to 

develop a comprehensive Shellfish Management Plan to guide decisions about shellfish 

harvesting, restoration, and aquaculture in Rhode Island’s waters (RI CRMC 2014).  We focus 

on bivalve shellfish because the American oyster is the primary aquaculture product in RI, with 

some limited production of hard clams and mussels.  The aquaculture industry in RI, with over 

170 employees working at 70 farms throughout the state, has steadily increased since 1996 

(Beutel 2016).   

 

2.1 Data collection 

We used stratified random sampling to mail the survey to residents in three regions in RI: 

south coast, Narragansett Bay, and inland (Figure 3).  Mailing addresses for individuals living in 
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RI were obtained from a company specializing in residential database management.  We mailed 

320 surveys to randomly selected addresses in each of the three regions.  To ensure that certain 

affected groups would be represented in our sample, we 

also mailed the survey to 340 waterfront residents (170 in 

the south coast; 170 in Narragansett Bay).  We followed 

Dillman et al.’s (2009) tailored design method by first 

sending out a cover letter with each survey and a stamped 

self-addressed envelope.  We then sent a reminder postcard 

after three weeks and a second round of surveys after that.   

We also distributed 48 surveys to marinas and wild harvest 

shellfish dealers and mailed out 29 surveys to shellfish 

farmers.  In total, we distributed 1288 surveys (89 mail 

surveys were returned as undeliverable) and received 272 

completed surveys for a response rate of 21%. 

The survey instrument elicited data on factors that could influence an individual’s decision to 

support aquaculture in RI’s coastal waters.  Narrative questions asked respondents about their 

attitudes related to shellfish aquaculture impacts on the natural environment (pollutes the water; 

improves water quality) and on humans (good for the economy; important part of the cultural 

landscape; spoils environmental beauty; makes the scenery more pleasing; supports nutritional 

needs; negatively impacts navigation; enhances experience of nearby users; generates too much 

noise; displaces wild harvest shellfishermen; reduces environmental pressures from wild harvest 

shellfishing; interferes with other uses).  Questions also asked about attitudes toward aquaculture 

in RI (planning and permitting decisions are important to the respondent; permitting process 

Figure 3.  Three regions in 

Rhode Island (inset: New 

England states with study area) 
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allows for adequate public involvement; lease fees for aquaculture are appropriate; there should 

be more or less aquaculture in RI) and knowledge of aquaculture in RI (respondent knows the 

responsible regulatory agency and type of fish farmed in RI waters).  Respondents were also 

asked about their personal characteristics (visibility of shoreline from their home; types of uses 

in and around RI’s coastal waters; participation in management activities; education; age) and 

external conditions (region of residence).  We also asked respondents to state their level of 

agreement on a 5-point scale (1=strongly disagree to 5=strongly agree) with the statement I 

support shellfish aquaculture in RI coastal waters.  To ensure that survey questions captured 

issues and concerns relevant to shellfish aquaculture in RI, we pre-tested and refined the surveys 

with various stakeholders, including wild harvest fishermen, shellfish aquaculture farmers, 

members of coastal neighborhood associations, other RI residents, and coastal managers. 

 

2.2 Model 

As noted above, the response to our survey question to gauge public support for shellfish 

aquaculture in RI coastal waters is not dichotomous (yes/no).  Each respondent specified a level 

of support on a 5-point scale, and thus the response captures both direction (yes/no) and intensity 

of attitude.  To examine the effects of different factors on an ordinal response variable (y), 

researchers typically use ordinal logistic regression models (detailed in the appendix).  

Specifically, in the survey data set, y has five entries, taking on the value of 1, 2, ...,5: y = 1, if 

the respondent strongly opposes shellfish aquaculture; y = 3, if the respondent is indifferent 

about shellfish aquaculture; and y = 5, if the respondent strongly supports shellfish aquaculture. 

The purpose of the regression analysis is to investigate how well that ordinal response (y) can be 

predicted by the responses to other questions on the survey. The ordinal logistic regression  
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model is based on the proportional odds assumption which suggests that the coefficients that 

describe the relationship between, say, the lowest versus all higher categories of the response 

variable (y) are the same as those that describe the relationship between the next lowest category 

and all higher categories (e.g., y =1 vs y = 2 is the same as y =4 vs y = 5). 

The survey data include a wide range of attitudinal factors, personal characteristics and 

external condition variables.  To identify key drivers of the response variable (support for 

shellfish aquaculture in RI coastal waters), all variables were evaluated using a combination of 

manual specification of different models and stepwise regression models.  The model selection 

procedure produced two models reported below.  Model I is parsimonious, and Model II includes 

a wider set of variables significantly affecting the level of support for shellfish aquaculture in RI 

coastal waters. 

 

3. RESULTS 

 The primary residence for most respondents was in RI, with 42% living along the 

southern coast, 42% from communities bordering Narragansett Bay, 12% from inland 

communities, and the rest from out-of-state or chose not to answer this question.  Three percent 

of respondents were shellfish farmers, four percent were wild harvest shellfishermen, and 38% 

percent of the sample indicated that they were retired.  Over half the respondents had Bachelor’s 

degrees and earned more than $75,000 per year in household income.  Eighty-seven percent of 

respondents said they participate in recreational activities along RI’s shoreline or in its coastal 

waterways.  Most popular activities for those indicating they participate in coastal recreation 

include walking along the shoreline (70%), relaxing (69%), hook and line fishing (41%), motor 
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boating (46%), bicycle riding (37%), paddling (36%), harvesting shellfish (32%), birding (20%), 

and sailing (19%). 

There were 269 observations with full information on the response variable.  A small number 

of missing values in the explanatory variables were replaced with relevant sample means.  

Variables used in the estimation of support for shellfish aquaculture in Rhode Island’s coastal 

waters, their definitions, and descriptive statistics (mean, standard deviation, minimum and 

maximum values) appear in Table 1. 

 The mean for the dependent variable, support for aquaculture in RI waters (y), is 3.98, close 

to 4 (agree with the statement I support shellfish aquaculture in RI coastal waters).  Among the 

respondents, 32% strongly agreed with the statement (y = 5), 46% agree (y = 4), 13% neither 

agree nor disagree (y = 3), 4% disagree (y = 2), and 4% strongly disagree (y = 1).  The mean 

statistics for the explanatory variables reveal that, on average, respondents agree that shellfish 

aquaculture is good for Rhode Island’s economy (mean of economy = 4.17) and are not certain 

that aquaculture interferes with other uses.  The average education level is 5.39 (with some 

college education).  Of the respondents, 20% participate in birding, 37% participate in bicycle 

riding, and 19% sail in RI’s coastal waters.  Forty-three percent of the respondents’ homes, 

including year-round and seasonal residences, have a view of coastal waters. 

Table 2 reports the results from two ordered logit models for the y
*
 in equation (1) in the 

appendix using the survey data.  The table includes results for statistically significant explanatory 

variables and constant terms.  The likelihood ratio tests for both models are statistically 

significant at the 0.01 level.  Model I has good properties (i.e., being parsimonious and consistent 

with the proportional odds assumption).  Model II offers additional information on a wider set of 

explanatory variables. The estimation results of Model I suggest that, among variables describing  
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Table 1. Variable Definitions and Descriptive Statistics 

Variable Definition Mean Std Dev Min Max 

     

Dependent Variable     

Support Support aquaculture in RI waters 

(1=strongly disagree; 5=strongly agree)    

3.978 1.011 1 5 

Explanatory Variables     

Attitudinal factors     

Economy Aquaculture is good for economy 

(1=strongly disagree; 5=strongly agree)    

4.165 0.912 1 5 

Spoil beauty Aquaculture spoils environmental beauty 

(1=strongly disagree; 5=strongly agree)  

2.698 1.197 1 5 

Nutrition supply Aquaculture supports nutritional needs 

(1=strongly disagree; 5=strongly agree) 

3.701 0.974 1 5 

Interfere use Aquaculture interferes with other uses 

(1=strongly disagree; 5=strongly agree) 

2.876 1.101 1 5 

Important Planning and permitting decisions are 

important to me (1=strongly disagree; 

5=strongly agree) 

4.062 0.813 1 5 

Need more There should be more aquaculture in RI 

(1=strongly disagree; 5=strongly agree) 

3.473 1.127 1 5 

Personal Characteristics     

Shore visible Can see shoreline from home (1=yes; 

0=no) 

0.431 0.496 0 1 

Sailing Sailing in coastal waters (1=yes; 0=no) 0.194 0.395 0 1 

Birding Birding in coastal area (1=yes; 0=no) 0.201 0.401 0 1 

Biking Biking in coastal area (1=yes; 0=no) 0.373 0.484 0 1 

Meeting Attended aquaculture planning meeting 

(1=yes; 0=no) 

0.105 0.306 0 1 

Education Education level (1=less than high school; 

7=graduate or advanced degree) 

5.392 1.535 1 7 
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Table 2. Support of Shellfish Aquaculture: Ordered Logit Estimates 

Variable 

 

Model I 

Coefficient 

(standard error) 

Model II 

Coefficient 

(standard error) 

Intercept 5 

 

-13.0906
*** 

(1.6818) 

-16.4780
*** 

(2.0679) 

Intercept 4 

 

-8.2555
*** 

(1.5281) 

-11.1116
*** 

(1.8267) 

Intercept 3 

 

-5.0069
*** 

(1.4309) 

-7.8978
*** 

(1.7113) 

Intercept 2 

 

-2.8090
** 

(1.3633) 

-5.8266
*** 

(1.6594) 

Economy 2.2133
*** 

(0.2932) 

2.1468
*** 

(0.3037) 

Spoil beauty -0.6549
*** 

(0.1636) 

-0.6023
*** 

(0.1707) 

Nutrition supply 0.9628
*** 

(0.2219) 

0.7498
*** 

(0.2388) 

Interfere use -0.5176
*** 

(0.1665) 

-0.5470
*** 

(0.1753) 

Important - 

 

0.5042
** 

(0.2084) 

Need more - 

 

0.5813
*** 

(0.2064) 

Shore visible 0.5620
* 

(0.3176) 

0.5695
* 

(0.3437) 

Sailing - 

 

-0.8867
** 

(0.4254) 

Birding -0.8207
** 

(0.3841) 

-0.7950
* 

(0.4078) 

Biking 0.7989
** 

(0.3359) 

1.0119
*** 

(0.3535) 

Meeting - 

 

1.0081
* 

(0.5759) 

Education 0.1961
* 

(0.1012) 

0.2208
** 

(0.1041) 

Observations 269 269 

R
2 0.784 0.804 

Likelihood ratio test 342.82
*** 361.65

*** 

* , ** and *** denote significance at 10, 5, 1% significance level, respectively.  The 

sorting order of response variable (support) is reversed (1=strongly agree; 5=strongly 

disagree) in model estimations to accommodate the default setting of SAS Logistic 

Procedure, as reflected in the signs and magnitudes of intercept coefficients. 
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a respondent’s attitudes toward shellfish aquaculture, the level of support is positively related to 

economy and nutrition supply and negatively related to spoils beauty and interferes with use. 

Thus, the support is greater if the respondent thinks that shellfish aquaculture is good for Rhode 

Island’s economy and will provide a healthy option for meeting people’s nutritional needs. The 

support is expected to be lower, and opposition stronger, if the respondent thinks that shellfish 

aquaculture spoils the beauty of the coastal environment and interferes with other uses.  

The model results for personal characteristics variables suggest the level of support is 

expected to be greater if the respondent’s home has a coastal water view (although the shore 

visible variable is marginally significant), the respondent’s recreational activities include bicycle 

riding, and the respondent has a higher level of education.  In contrast, lower support is expected 

if the respondent’s recreational activities include birding. 

Model II includes additional explanatory variables that are statistically significant, including 

two attitudinal factors related to aquaculture in RI (important and need more in RI) and two 

describing personal characteristics (sailing and meeting).  The model results suggest that positive 

relationships exist between the level of support for shellfish aquaculture in RI and the view that 

planning and permitting decisions about aquaculture are important, between support and the 

view that there should be more aquaculture in RI, and between support and the fact that the 

respondent has attended at least one public meeting related to shellfish or aquaculture planning 

or management.  In contrast, a respondent who participates in sailing is expected to have a lower 

level of support for aquaculture.  As to the rest of the explanatory variables, estimation results of 

Model II are consistent with those of Model I.  

The coefficients of Model I indicate that for a 1-unit increase in the economy variable (i.e., 

going from 1 to 2 on the 5-point scale), we expect a 2.21 increase in the log odds of being in a 



16 

 

higher level of support for shellfish aquaculture in RI coastal waters, given all of the other 

variables in the model are held constant.  For a respondent who participates in birding, we would 

expect a 0.82 decrease in the log odds of being in a higher level of support for shellfish 

aquaculture in RI coastal waters. 

The model estimation results can be used to calculate the predicted probabilities using 

equation (6) in the appendix.  For example, the predicted probabilities were calculated 

at economy = 1,...,5 and all other variables at the means.  As shown in Table 3, the predicted 

probability of being in the highest category of support (= 5) is 0.43 if economy = 5 and 0.08 if 

economy = 4.  Predicted probabilities of being in the middle category of support (=3) is 0.44 if 

economy = 3. Predicted probabilities of being in the lowest support category (=1) is 0.24 if 

economy = 1.  Additional model results and analysis are included in the appendix. 

   

     Table 3. Predicted Probabilities with Respect to the Attitude Variable, Economy  

Economy P(y=5) P(y=4) P(y=3) P(y=2) P(y=1) 

1 0.0001 0.0133 0.2453 0.4999 0.2414 

2 0.0010 0.1092 0.6511 0.2050 0.0336 

3 0.0089 0.5223 0.4357 0.0293 0.0038 

4 0.0761 0.8359 0.0843 0.0033 0.0004 

5 0.4296 0.5600 0.0100 0.0004 0.0000 

y denotes support shellfish aquaculture in Rhode Island waters. 

 

As noted in Section 2.2, the ordinal logistic regression model described in equations (1) 

through (7) in the appendix is based on the proportional odds assumption.  In evaluating the 

model results, it is necessary to take a closer look at this model property.  The score tests of the 

proportional odds assumption are non-significant (p = 0.065) for Models I and significant (p = 
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0.0029) for Model II. Thus, the proportional odds assumption may not be valid for Model II.  

However, the test result is not always reliable since the rejection of the proportional odds 

assumption may occur when the number of explanatory variables is large, as in Model II, or 

when there is a continuous explanatory variable in the model (Brant 1990; O'Connell 2006).  

When the result of the proportional odds assumption test is inconclusive, a common approach is 

to examine the data using a set of separate binary logistic regression equations (y = 0 or 1) to 

explicitly see how the odd ratios for our explanatory variables vary at the different thresholds. 

Table 4 summarizes the results of these binary logit mode estimations. The results provide 

additional insights into the effects of different explanatory variables on the level of support.  For 

example, shore visibility does not significantly affect the level of support for aquaculture in 

separate binary specifications.  This is not surprising since the shore visibility variable is only 

marginally significant in Models I and II.  Sailing negatively affects only the highest level of 

support (=5), not lower levels of support (= 4 and 3). Education is affecting high and middle 

high levels of support (= 4 and 5).  Overall, however, the results from separate binary logit 

models are consistent with those of Models I and II, suggesting that the overall results in Table 2 

are robust.  
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Table 4. Support of Shellfish Aquaculture: Binary Logit Estimates 

Variable 

 

Coefficient 

y =1 if 

support = 5 

y =1 if 

support = 4, 5 

y =1 if 

support = 3, 4, 5 

Intercept -16.605
***

 -13.713
***

 -9.094
**

 

Economy   2.555
***

   2.676
***

   2.652
***

 

Spoil beauty -0.739
**

 -0.723
**

 -0.822
*
 

Nutrition supply   0.248   0.945
**

   3.141
***

 

Interfere use -0.735
***

 -1.216
***

 -0.610 

Important   0.150   0.919
**

   0.876 

Need more   1.149
***

   0.538 -1.466
*
 

Shore visible   0.722   0.933 -0.050 

Sailing -1.572
**

 -0.304 -1.507 

Birding -0.476 -3.017
***

 -0.727 

Biking   0.699   2.344
***

   4.513
***

 

Meeting   1.445   3.232
*
 -2.596 

Education   0.295
*
   0.409

**
 -0.259 

Observations 269 269 269 

R
2
 0.759 0.775 0.803 

Likelihood ratio test 210.76
***

 187.24
***

 118.10
***

 

* , ** and *** denote significance at 10, 5, 1% significance level, respectively. 

 

4. DISCUSSION & CONCLUSION 

This study explored public interests associated with aquaculture by analyzing how various 

factors influence an individual’s decision to support or oppose shellfish aquaculture in RI’s 

coastal waters.  Findings show that certain attitudinal factors and personal characteristics 

influence an individual’s decision to support aquaculture.  Other studies have examined how 

people think about aquaculture impacts (e.g., D'Anna and Murray 2015; Katranidis et al. 2003), 
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yet few have explored the attitude-behavior relationship.  An exception is Chu et al. (2010) 

which showed that aquaculture stakeholders in the US and Norway who thought there were 

socioeconomic and environmental benefits of aquaculture actively supported aquaculture 

expansion.  Our study found that key attitudinal factors affecting support for aquaculture in RI 

include attitudes toward shellfish aquaculture’s impacts on the local economy, its role as a 

nutritional food option, its effects on aesthetic quality and its interference with other uses.  All of 

the key attitudes toward aquaculture impacts relate to features of the social system.  Attitudes 

related to shellfish aquaculture’s impacts on environmental conditions, like water quality, were 

not significantly related to support.  These findings highlight that support (or opposition) to 

aquaculture in RI is driven more by attitudes associated with social impacts than by attitudes 

related to environmental impacts, aligning with findings from a study in New Zealand that 

showed denials for new marine farms were more often due to social issues than environmental 

concerns (Banta and Gibbs 2009).  More generally, these results emphasize that social and 

ecological factors influence how people think about and respond to their environment (e.g., 

Dalton et al 2012).  As noted earlier, environmentally-significant behaviors (e.g., decisions to 

support an aquaculture farm) are affected by different types of causal variables such as attitudinal 

factors, personal characteristics, and external social and ecological conditions.   

To be responsive to the public interests revealed in this study, the RI CRMC should consider 

using interventions that directly address the primary factors driving support for shellfish 

aquaculture in RI’s coastal waters.  For instance, since our findings showed that attitudes related 

to environmental impacts had no effect on support, hosting environmental education programs 

that are designed to change attitudes about environmental impacts of aquaculture will not likely 

affect public support for shellfish aquaculture in RI.  More effective strategies for influencing 
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support would address attitudes related to aquaculture’s negative impacts on other users and 

aesthetic quality.  It would be useful to examine how shellfish aquaculture currently interacts 

with other uses in RI’s coastal waters.  To begin to address this issue, the state, through its recent 

shellfish management planning process, initiated participatory efforts to map aquaculture leases 

and other uses within its waters (RI CRMC 2014).  In addition, Dalton et al. (2015) have begun 

to explore how coastal users in RI salt ponds think about their interactions with other uses, 

highlighting that co-occurring uses are not always in conflict.  In fact, uses might even benefit 

from co-occurring in space and time.  Further study on the interactions of aquaculture with other 

uses and what people think about these interactions would improve understanding of how 

aquaculture interferes with other uses.   

Another potential strategy to address key factors shaping support for aquaculture would be to 

encourage farm design that fits in with Rhode Islanders’ conceptions of beauty (also called 

scenic value or aesthetic quality).  However, it is not clear from our findings what beauty 

actually means to Rhode Islanders.  Few academic studies have examined aesthetic quality in 

relation to aquaculture even though it is recognized as an important consideration in the siting 

and design of aquaculture sites (for exceptions see Depellegrin 2016; Falconer et al. 2013).  A 

survey of RI recreational boaters indicated that their perceptions of beauty included a 

combination of cultural features (e.g., traditional cottages, sailboats) and natural features (e.g., 

sandy beach, vegetation; Dalton and Thompson 2013).  Extending this type of study to a broader 

set of stakeholders and including aquaculture as a cultural feature would provide valuable 

insights into the cultural, ecological and physical features related to aquaculture that Rhode 

Islanders think are contributing to aesthetic quality in their coastal waters.  
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It is interesting to note that one of the key attitudinal factors affecting support was 

respondents’ attitudes toward aquaculture’s role in meeting nutritional needs.  Some studies have 

explored consumer behavior related to aquaculture’s role in promoting food security (e.g., Belton 

et al. 2014; Smith et al. 2015), yet few if any studies have examined how perceived nutritional 

benefits of farmed seafood influences stakeholder support for farm development.  Interventions 

that focus on perceptions of farmed seafood as a sustainable food source could potentially affect 

support for farm development.  For example, public tours of local shellfish farms could provide 

information about the nutritional effects of farmed seafood (e.g., Vasta 2015). 

Attitudes were not the only factor influencing support for aquaculture in RI’s waters.  

Respondents’ personal characteristics also significantly affected support.  For instance, model 

results suggest that respondents who live in homes with a view of RI’s coastal waters were more 

likely than those without views to support aquaculture in RI’s coastal waters.  These findings 

indicate that waterview residents in RI are supportive of using coastal waters for aquaculture 

development; however, that does not mean that they would support a farm they can see from 

their homes.  Individuals who live in homes with waterviews seem supportive of aquaculture in 

general, but as Dalton et al. (2017) indicate, their support for aquaculture in particular 

waterbodies declines rapidly as amount of farm development increases.  Aquaculture permitting 

agencies and shellfish farm applicants would benefit from an improved understanding of the 

amount at which development is no longer acceptable to waterview residents and other 

stakeholders. 

Other personal characteristics were related to an individual’s participation in recreational 

activities.  For instance, bicycle riders tend to be supportive of shellfish aquaculture while 

respondents who participate in sailing and birding are less supportive.  This is not surprising as 
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individuals who sail or bird are more likely to interact directly with aquaculture activities than 

individuals cycling along the shoreline, and interference with use was identified as a key 

attitudinal factor affecting support.   While public access is allowed in aquaculture farms in RI 

(RI CMP 300.11), shallow waters often make it physically impossible for a sailboat to pass 

through or over a shellfish farm, especially at low tide.  Also, local birders have expressed 

concerns that noise and other farm impacts disrupt bird habitat.  Coastal managers could use 

these findings to initiate dialogue with targeted groups, like sailors and birders, to learn more 

about their interests and concerns and to share information with them about aquaculture planning 

and management. 

It is not surprising that external conditions did not emerge as a major influence on support for 

shellfish aquaculture since there was little variation in external conditions in our study.  This 

study focused on one state where the same regulatory scheme applies throughout.  The only 

external condition included in the analysis (respondent’s region of residence) was not statistically 

significant in either of the models.  Also, this analysis investigated support for aquaculture in 

RI’s coastal waters in general.  Dalton et al. (2017) explores support for different types of 

aquaculture, showing that farm features, like the type of equipment used on the farm or the size 

of the farm, will affect support.  Future studies could explore how different regulatory regimes 

and environmental conditions affect support for aquaculture. 

Consistent with Stern’s (2000) model of factors influencing ESB, we found that a 

combination of attitudinal factors and personal characteristics influence an individual’s support 

for aquaculture in RI coastal waters.  Management strategies designed to influence levels of 

support should focus efforts on addressing these key drivers.   
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By identifying the broader public’s interests for shellfish aquaculture in RI, findings from 

this study and others like it can be used to address public concerns, incorporate public 

perceptions and attitudes into permitting decisions, and develop outreach targeted at specific 

stakeholder groups.  Such information will reduce unnecessary time and effort spent on 

proposing and reviewing proposed aquaculture farms that would likely elicit strong negative 

public reactions and result in lengthy and contentious public processes.   

 

 

 

Ethical approval: All procedures performed in this study involving human participants were in 

accordance with the ethical standards of the institutional and/or national research committee and 

with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. 

 

Informed consent: Informed consent was obtained from all individual participants included in the 

study. 
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APPENDIX 

Ordinal Logistic Regression Model 

The model is outlined in the context of this study as follows: let y
*
 be a continuous variable 

representing a respondent's level of support for shellfish aquaculture in RI coastal waters. We do 

not have specific information on y
*
.  The level of support is classified into 5 levels.  As a result, 

y
*
is a latent variable, i.e.,  

     
     (1) 

where x is the set of independent variables,   is a vector of parameter coefficients to be 

estimated, and   is the error term. Although we do not observe y
*
, we do observe the ordinal 

response variable y which is positively related to actual level of support for aquaculture y
*
.  As 

mentioned above, in the survey data set, y has five entries. 

We have 

    

                    
             

 
                   

  (2) 

where i (i = 1,2,...,4) are threshold parameters that distinguish the levels of support.   

Let                  the probability of y = i, for i = 1,2,...,5. The cumulative 

probabilities for     are 

                                     (3) 

The cumulative logits (i.e., log odds) are defined as (Agresti 2002) 

 

                           
        

          
 

                    
             

               
                

(4) 

The proportional odds model simultaneously uses all cumulative logits is 
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                 (5) 

Each cumulative logit has its own intercept ( i) which is increasing in i. 

Predicted probabilities are computed as (Long and Freese 2001): 

 

                 
        

   

          
   

  

         
        

   

          
   

 
           

   

             
   

                    

                   
        

   

          
   

   

 

(6) 

Since the probabilities modeled are cumulated over the lower ordered values (see Equation (3)), 

the probability of, say, y = 2 is 

                             (7) 

 

Results of Odds Ratio Estimates 

Table A1 presents the proportional odds ratios, which are the coefficients in Table 2 

exponentiated, and the corresponding 95% confidence intervals.  We see that for a one-unit 

increase in economy, the odds of high support versus the combined middle and low categories 

are 9.15 greater (Model I), given that all of the other variables in the model are held constant.  

Likewise, the odds of the combined middle and high categories versus low is 9.15 times greater.  

For respondent who participates in bicycle riding, the odds of the high category of support versus 

the low and middle categories of support are 2.22 times greater (Model I), given that the other 

variables in the model are held constant.  The same increase, 2.22 times, is found between low 

support and the combined categories of middle and high support due to the proportional odds 

assumption. 
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Table A1. Odds Ratio Estimates 

Variable 

 

Model I 

Point 

Estimate 

95% Confidence 

Limits 

Model II 

Point 

Estimate 

95% Confidence 

Limits 

Economy 9.146 5.148 16.249 8.558 4.719 15.520 

Spoil beauty 0.520 0.377 0.716 0.548 0.392 0.765 

Nutrition supply 2.619 1.695 4.046 2.117 1.325 3.380 

Interfere use 0.596 0.430 0.826 0.579 0.410 0.816 

Important - - - 1.656 1.100 2.491 

Need more - - - 1.788 1.193 2.680 

Shore visible 1.754 0.941 3.269 1.767 0.901 3.466 

Sailing - - - 0.412 0.179 0.949 

Birding 0.440 0.207 0.934 0.452 0.203 1.004 

Biking 2.223 1.151 4.294 2.751 1.376 5.500 

Meeting - - - 2.740 0.886 8.473 

Education 1.217 0.998 1.484 1.247 1.017 1.529 
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