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ABSTRACT  
 
In this study, we describe local decision maker attitudes towards vernal pools to inform science 

communication and enhance vernal pool conservation efforts. We conducted interviews with town 

planning board and conservation commission members (n = 9) from two towns in the State of 

Maine in the northeastern United States. We then mailed a questionnaire to a stratified random 

sample of planning board members in August and September 2007 with a response rate of 48.4% (n 

= 320). The majority of survey respondents favored the protection and conservation of vernal pools 

in their towns. Decision makers were familiar with the term “vernal pool” and demonstrated 

positive attitudes to vernal pools in general. General appreciation and willingness to conserve 

vernal pools predicted support for the 2006 revisions to the Natural Resource Protection Act 

regulating Significant Vernal Pools. However, 48% of respondents were unaware of this law and 

neither prior knowledge of the law nor workshop attendance predicted support for the vernal pool 

law. Further, concerns about private property rights and development restrictions predicted 

disagreement with the vernal pool law. We conclude that science communication must rely on 

specific frames of reference, be sensitive to cultural values, and occur in an iterative system to link 

knowledge and action in support of vernal pool conservation.  

 
Keywords: Sustainability science, Science communication, Knowledge-action, Vernal pools, Local 

decision makers, Attitudes, Interviews, Survey, Multivariate analysis 
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1. Introduction  

 

In an era of rapid global change in climate, terrestrial ecosystems and water resources, the role 

of science to identify environmental problems and pose solutions has never been more relevant. 

Yet the application of science to solve problems requires integration with decision making 

processes that occur across scales (Kates et al., 2001). A call for a new social contract between 

science and society to foster sustainable development arose at the end of the 20th century 

(Gallopin et al., 2001; Lubchenco, 1998). Sustainability science is an emerging field within this new 

social contract in which researchers investigate the character of nature-society relationships, or 

social ecological systems (SES), to build human capital, promote social learning, and strengthen the 

management of natural resources (Clark and Dickson, 2003; Folke et al., 2005; Kates et al., 2001).  

 
Knowledge of the interactions between social and ecological systems is critical to identify 

solutions for sustainable development (Cash et al., 2003; Kates et al., 2001). However, knowledge 

must be accompanied by actions to implement solutions to integrated problems (Cash et al., 2003; 

van Kerkhoff and Lebel, 2006). The salience of the research problem, the credibility of the 

researchers and the information they produce, and the perceived legitimacy of science process are 

central to success in linking knowledge and action (Cash et al., 2003). Hart and Calhoun (2010) 

describe a vernal pool research program that actively works to link knowledge and action to 

improve decision making for sustainable development and vernal pool conservation. The iterative 

process of engagement between vernal pool scientists and stakeholders which they describe led to 

the most comprehensive vernal pool legislation in the United States (Hart and Calhoun, 2010).  

 
Vernal pools are temporary to semi-permanent wetlands found in forests throughout the 
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northeastern United States that provide critical breeding habitat for amphibians adapted to life in 

temporary waters. They also provide a range of ecosystem services within the forested landscape, 

including foraging and resting habitat for a variety of mammals, birds, and reptiles (Mitchell et al., 

2007). They provide biological connectivity between wetland complexes and terrestrial systems 

(Baldwin et al., 2006; Gibbs, 2000) and facilitate nutrient cycling (Gibbons et al., 2006; King, 1985). 

But, vernal pools are increasingly threatened by development pressures and land-use activities that 

degrade wetlands and fragment forested habitats (Baldwin and deMaynadier, 2009; Calhoun et al., 

2005; Windmiller and Calhoun, 2008).  

 
The 2006 revisions to Maine’s Natural Resource Protection Act for Significant Vernal Pools 

regulate a subset of vernal pools that support breeding populations of spotted salamanders 

Ambystoma maculatum, blue spotted salamanders Ambystoma laterale, wood frogs Rana sylvatica, 

and fairy shrimp Eubranchipus spp. (Department of Environmental Protection, 2006). However, the 

law only regulates a minimal radial core or zoned area of 250 feet (76.2 m) around the pool and 

permits development of up to 25% of the core zone. Although preservation of the core terrestrial 

habitat may maintain some vernal pool ecosystem processes, this approach does not conserve the 

landscape scale processes that support amphibian population persistence (Baldwin and 

deMaynadier, 2009; Calhoun et al., 2005; Gamble et al., 2006, 2007; Gibbs and Reed, 2008). Given 

the dispersal needs of vernal pool amphibians, landscape scale conservation planning at the 

beginning stages of urbanization is critical to preserve functional amphibian habitat (Baldwin et al., 

2006; Baldwin and deMaynadier, 2009).  

 
Landscape scale planning for vernal pool conservation will require engaged communication 

between scientists, decision makers, and other stakeholders (Hart and Calhoun, 2010). Through 
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dialogic participation and engagement, scientists and stakeholders may find common ground to 

form a community of researchers and practitioners (van Wyk et al., 2008). In this community, 

scientists may respond to the needs of the public to draft management plans, design empirical 

tests, and interpret data and patterns. As a result, stakeholders may gain a deeper appreciation for 

the process of science and inherent uncertainty in scientific problems and solutions (Norton, 1998).  

 
Research on environmental attitudes and worldviews provides insights into the frames of 

reference around which people construct meaning and may support efforts to identify common 

ground between scientists and stakeholders (Cash et al., 2003; Nisbet and Scheufele, 2009; St John 

et al., 2010; van Wyk et al., 2008). Several studies have used interviews and surveys to identify 

attitudes towards vernal pool and wetland conservation to inform education and land use planning 

(Johnson and Pflugh, 2008; Preisser et al., 2000; Rispoli and Hambler, 1999; Sah and Heinen, 2001). 

The New Environmental Paradigm (NEP) is a measure of environmental worldviews that may 

intersect with attitudes to influence positive and negative views towards environmental issues 

(Dunlap and Liere, 1978; Dunlap et al., 2000). The NEP scale seeks to measure environmental 

worldviews with twelve questions that orient on two dimensions, including the New Environmental 

and the Dominant Social Paradigms, to reflect specific attitudes towards the environment. Both the 

original and revised versions of the NEP have been used widely in studies of environmental atti-

tudes throughout the world (Bostrom et al., 2006; Corral-Verdugo and Armendariz, 2000; Flaten et 

al., 2010; Hunter and Rinner, 2004; Sah and Heinen, 2001).  

 

1.1 Research objectives  
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Our study connects attitude research with science communication theory to inform an iterative 

process of linking knowledge and action to improve landscape scale planning for vernal pool 

conservation. Because we draw on science communication theory to make recommendations 

based on empirical evidence, our study of attitudes to a natural resource management issue differs 

from others in this field. Extensive research on attitudes towards natural resources describes actual 

or projected behavior, in many cases drawing on the theories of reasoned action and planned 

behavior (Ajzen and Fishbein, 1980; St John et al., 2010). Researchers have examined attitudes and 

projected behavior towards protected areas (Dimitrakopoulos et al., 2010), ecological restoration 

(Bright et al., 2002), green spaces (Balram and Dragicevic, 2005), timber harvesting (Schaaf et al., 

2006), wildlife management (McCleery, 2009), recycling (Grodzinska-Jurczak et al., 2006), and water 

quality Best Management Practices (Greiner et al., 2009).  

 
Though we seek to describe intended behavior, more centrally we aim to identify decision 

maker attitudes to inform communication processes to improve the implementation of vernal pool 

regulations at the municipal level. While our research focused on vernal pool regulation in Maine, 

our empirical method for describing attitudes to enhance science communication are relevant for a 

range of natural resource management issues (Nisbet and Scheufele, 2009).  

 
Our research objectives were to:  

1) Use interviews and a state-wide survey to describe local decision maker attitudes toward 

vernal pools and associated regulations  

2) Identify components and relationships between attitudes and environmental worldviews to 

describe frames of reference for vernal pools  

3) Use frames of reference to provide communication recommendations to support vernal 
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pool conservation at the municipal scale.  

 

2. Methods  

 
We used themes from interviews and participant observations to design a subsequent postal 

survey. This methodology allowed the analysis of attitudes to take place on two levels: in-depth 

qualitative data from interviews and expanded quantitative data from a state-wide questionnaire 

(Buijs, 2009; Creswell, 2003; Kempton et al., 1996; Larson and Lach, 2008). In this study, we defined 

attitudes as a latent construct based on cognitive, affective, and behavioral components (Bright et 

al., 2002) and local decision makers as town planning board, conservation commission, code 

enforcement officers and town council members.  

 

2.1 Sampling and interview methodology  

 
We investigated local decision maker attitudes to vernal pool conservation with semi-structured 

interviews and participant observations in Bar Harbor and Wayne, Maine, a state in the 

northeastern United States. We selected the towns of Bar Harbor and Wayne due to existing 

municipal efforts to protect vernal pools. We conducted interviews with willing local decision 

makers using a purposeful sampling scheme that employed snowball and criterion selection 

techniques (Creswell, 1998; Patton, 2002). We interviewed five conservation commission members 

in Wayne and two conservation commission members, one planning board and one town council 

member in Bar Harbor from April to May, 2007. Interviews lasted approximately 1 h and were 

digitally recorded for transcription.  
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The interview protocol was semi-structured and in the first question we asked, “When I say the 

term ‘vernal pool’ what do you think of?” Subsequent questions focused on prior experience of 

vernal pools, perceptions and knowledge of vernal pool ecology, and state and municipal regulatory 

efforts to conserve vernal pools. In addition to interviews, we attended three public workshops to 

collect informal participant observations. We used content analysis to identify themes in the 

interviews and participant observations and these themes informed the development of questions 

and statements for the postal survey (Patton, 2002).  

 

2.2 Questionnaire methodology  

 
Our questionnaire consisted of 50 closed-ended questions, the majority of which used a 

six-point Likert scale to discourage ambiguous responses (Dillman, 2007; Likert, 1932). The 

questionnaire had three sections. Statements 1-17 measured general attitudes towards vernal 

pools. Statements 18-38 focused on responses to the 2006 revisions to the Natural Resource 

Protection Act regulating Significant Vernal Pools. After respondents read a summary of the law, 

they responded to statements with a focus on private property rights, development restrictions, 

rural preservation, and mapping efforts. Statement 38 asked participants to rate the importance of 

vernal pool conservation in town politics. The final section, Statements 39-50, used a version of the 

New Environmental Paradigm (NEP) to measure environmental world-views (Dunlap and Liere, 

1978). We piloted the questionnaire with five current or former planning board members and made 

slight revisions to clarify questions based on data analysis and direct feedback from participants.  

 
We mailed the questionnaire to a random sample (n = 700) of 2318 planning board members 

listed with the Maine Municipal Association (MMA), using a stratified sample design that attempted 
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to include at least one respondent in each town in the State of Maine (N = 463). The questionnaire 

methodology followed a modified version of the Tailored Design Method (TDM) (Dillman, 2007). 

We sent a pre-letter on August 20th, 2007, followed by the survey four days later and a reminder 

post card two weeks after that. Three weeks after the post card, we drew a random sample (n = 

250) of the 428 non-respondents and mailed them a second survey packet. To reduce costs, we 

modified the TDM by not using certified mail and by sending follow-up survey to a random sample 

of 250 non-respondents instead of all non-respondents.  

 

2.3 Data analysis  

 
We analyzed frequency data for all responses and created histograms to identify response 

trends and to look for indications of non-response bias, paying specific attention to the distribution 

of responses across the range of Likert scale categories (Hair et al., 2006; Hunter and Rinner, 2004). 

To summarize environmental worldviews, we created index scores for the New Environmental 

Paradigm by summing the Likert scale response for each statement, reversing scores on statements 

with negative orientations to the match response trends. When questions within the index were 

skipped by the respondent, we deleted the response from the index (n = 35) (Hair et al., 2006). For 

this study, the definition of ecocentrism and anthropocentrism followed Thompson and Barton’s 

(1994) description of motivations for environmental concern, where ecocentrism emphasizes the 

inherent value in nature and anthropocentrism emphasizes human benefits from nature.  

 
We employed an exploratory principal PCA with an orthogonal rotation to reduce and extract 

constructs from the questionnaire (n = 33) and the NEP scale (n = 12) (Flaten et al., 2010; Hair et al., 

2006; Johnson and Pflugh, 2008; Nixon and Saphores, 2007). We used the Kaiser criterion to select 
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principal components with Eigenvalues 21.0 because we had an N > 250 (Stevens, 2002), a mean 

communality <0.6, and the number of variables was between 20 and 50 (Hair et al., 2006). To 

define the components, we used a five-step process of interpretation (Hair et al., 2006): (1) After 

subjecting statements to a varimax rotation, we assigned factor pattern values 20.4 to a 

component. (2) We assessed communality values less than 0.4 for possible deletion (Flaten et al., 

2010). (3) We looked for shared conceptual meaning and differentiation in the constructs and high 

loadings on a single factor. (4) We deleted variables (n = 4) that did not meet the interpretation 

criteria and recalculated the factors based on the reduced set of variables. Bartlett’s test for 

sphericity and the Kaiser-Meyer-Olkin (KMO) allowed us to examine the level of intercorrelation 

between variables and our sampling adequacy (Nixon and Saphores, 2007). (5) We measured the 

internal consistency of final components with a reliability coefficient (Cronbach’s alpha) (Hair et al., 

2006). We used a pairwise deletion approach for dealing with missing data (Vaske, 2008).  

 
We performed multiple linear regressions to determine the degree of association between prior 

knowledge and workshop attendance; attitude constructs; and environmental worldviews with 

response to Statement 20. I think this law is necessary and I support it (Connelly et al., 2003; Flaten 

et al., 2010; Hair et al., 2006; Johnson and Pflugh, 2008; Sullivan and Napier, 2005). The inde-

pendent variables consisted of the dummy coded responses (Yes = 1) to Question 2. (Have you ever 

attended a workshop or educational event focused on vernal pools?) and Question 18 (Prior to 

receiving this survey, did you know that this law was being enacted?); the mean responses to the 

variables associated with principal component attitude constructs; and the mean responses to the 

principal components from the NEP. The dependent variable was the Likert response to Statement 

20. We conducted listwise deletions for missing responses and assessed collinearity with a toler-
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ance factor (Vaske, 2008). For the analysis we used SPSS Statistics Version 19 and statistical 

significance was determined with 95% confidence levels (a < 0.05).  

 

3. Results  

 
3.1 Interview themes  

 
The content analysis of interviews with local decision makers revealed several themes, and here 

we provide a summary to demonstrate the descriptive richness and application of the themes to 

the subsequent postal questionnaire. Participants discussed a range of values associated with 

vernal pools, including ecological values, the importance of vernal pools for rural preservation 

efforts, potential economic value for real estate and tourism, and the importance of vernal pools in 

education and for future generations. The theme that vernal pools are valuable for future 

generations was captured in this quotation:  

And I would not say that people love it [vernal pools]; they would say it is here and 

we do want to show our kids the frogs and salamanders. There is a richness that we 

can’t bring back once it is gone.  

 

Participants expressed the perception that the science behind decision making is not always 

transparent. One decision maker said:  

…I would have to know how they came up with the 250 feet. How did they come up 

with 40 egg sacs, as opposed to 50 or 35? Where, I understand that there is probably 

somebody that made that decision but I hope it is not just a group of people sitting in 

a room saying, “Oh, 40 sounds good.” Because I think sometimes that is what 
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happens.  

 

Several concerns related to vernal pool regulations emerged from the interviews, most notably 

about impacts to private property rights. Private property rights concerns were further 

distinguished into specific orientations, including fears about eminent domain, property boundary 

issues, limits to the development potential of the land and the implications for investment and 

retirement savings. Speaking about private property rights, a decision maker asked: 

Have we gone too far? I don’t know that. I think there is a balance between protecting 

landowner rights and protecting vernal pools. Is it attainable? There is no question in my 

mind that it is attainable. But the question is the legislation has to be crafted to do that.  

 

Participants also expressed place-based concerns related to the dominant land use in the town. 

For example, in the largely agricultural landscape of Wayne, people expressed concern that their 

“farm pond down back” would be regulated under the new legislation. 

 

3.2 Survey response distribution  

 
The response rate for this questionnaire was 48.4%, based on a return rate of 328 out of 677 

questionnaires. A total of 700 questionnaires were initially mailed, with 23 rejected due to incorrect 

addresses. Of the 328 returned questionnaires, 320 yielded useable questionnaire data. Below we 

highlight descriptive responses that are particularly salient to the communication 

recommendations in the following discussion section.  
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3.2.1 Vernal pool knowledge  

 
Most planning board members were familiar with the term ‘vernal pool’, as 88.5% of 

respondents indicated that they had heard the term prior to receiving the questionnaire (see Table 

1). Eighty-four percent expressed confidence that they knew what a vernal pool was (Statement 3). 

Seventy-nine percent of respondents indicated a basic knowledge of vernal pool ecology, indicating 

agreement with the statement, “Without vernal pools, some animal populations would decline 

significantly” (Statement 7). When asked if they had ever visited a vernal pool, 77.6% indicated that 

they had (Statement 14).  

 
More than half (57.7%) did not recognize the need for larger terrestrial habitats and 

connectivity between pools (Statement 22), yet a majority (72.4%) did indicate that they would like 

to learn more about vernal pools (Statement 4). Ninety percent agreed that there is value in 

teaching children about vernal pools (Statement 15).  

 
When asked specifically about the vernal pool law, 48% percent indicated they did not know 

about the new regulations prior to receiving the questionnaire (Question 18). Fifty-six percent of 

respondents agreed with Statement 19, indicating that they thought the new law was a good idea. 

Eighty percent of respondents indicated that they wanted to know more about the science behind 

the vernal pool law (Statement 28) and 76.6% indicated they generally agree with the conservation 

recommendations that scientists make (Statement 8).  

 

3.3 Attitude constructs  

 
The initial unrestricted principal components analysis (PCA) revealed six questionnaire 
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components (eigenvalues 21.0). An interpretation of the rotated factor pattern reduced to four 

components, which we labeled: 1) Concerns about private property rights, enforcement, and 

restrictions, 2) Appreciation and willingness to conserve, 3) Knowledge and experience and 4) 

Interest in knowing more (Table 2). Two components were removed because they did not meet the 

interpretability criteria. Our sample size was adequate (KMO = 0.954), our variables were related 

and suitable for structure detection based on the Bartlett’s test of sphericity (x
2 

= 4987.2, p < 

0.001), and the final constructs demonstrated inter-item reliability (α > 0.6).  

 

3.4 Environmental worldviews  

 
Overall, decision makers demonstrated ecocentric worldviews, as the mean NEP response was 

2.05 (SD = 0.9), the mean index score was 30.7 (SD =11.2) and 71.9% of respondents scored in the 

two lowest index score categories (Fig. 1). The scale loaded on two factors, including statements 

associated with the New Environmental Paradigm (eigenvalue = 5.08) and Dominant Social Para-

digm (eigenvalue =1.43) respectively (Table 3).  

 
3.5. Predictive relationships  

 
The overall multiple regression model, with prior knowledge; workshop attendance; concerns; 

appreciation; knowledge and experience; interest in knowing more; and environmental 

world-views as predictors of response to the law, was significant (F (8141) =57.39, p < 0.001) (Table 

4). Controlling for all other variables, a one unit increase in concerns resulted in 0.55 decrease in 

agreement with the vernal pool law (t (141) =-6.082, p < 0.001). A one unit increase in appreciation 

resulted in a 0.65 increase in agreement with the law (t (141) = 5.612, p < 0.001). No other 
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relationships were significant (a =0.05) and we did not encounter any collinearity issues using the 

tolerance factor (all values >0.2).  

 

4. Discussion  

 
As Nisbet and Scheufele (2009) argue, “…any science communication efforts need to be based 

on a systematic empirical understanding of an intended audience’s existing values, knowledge, and 

attitudes, their interpersonal and social contexts, and their preferred media sources and 

communication channels” (p.1767). Our description of attitude constructs and environmental 

worldviews provides an empirical framework for making decisions about the kind of information 

decision makers want to know and the frames of reference they may use for evaluating that 

information (Nisbet and Scheufele, 2009; Nisbet, 2009; Norton, 1998; Weber and Word, 2001).  

 
We found the majority of respondents to the questionnaire favored protecting vernal pools, 

generally supported the law, and demonstrated ecocentric worldviews. We also found that general 

appreciation and willingness to conserve vernal pools positively predicted support for the vernal 

pool law. However, concerns about property rights, development restrictions, and loss of local 

control predicted disagreement with the vernal pool law. These concerns, in addition to general 

appreciation and willingness, were clearly constructs in vernal pool attitudes that helped explain 

response to the vernal pool law.  

 
The result that 48% (n =153) of respondents were unaware of the vernal pool law before 

receiving the questionnaire and that prior knowledge and workshop attendance did not 

significantly predict response to the law raises interesting implications for science communication 
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efforts. The transfer and translate model of science communication assumes that knowledge about 

natural resources will result in acceptance of the science that supports NEP Index scores 

conservation laws (Allum et al., 2008; Bauer et al., 2007; Nisbet and Scheufele, 2009). In this 

approach, enhancing scientific literacy is seen as central to improving natural resource conservation 

and some studies have revealed a small but positive relationship that supports this assumption 

(Allum et al., 2008).  

 
While our study does not empirically support the conclusion that prior knowledge leads to more 

positive attitudes, decision makers may still need basic scientific and regulatory information to 

make decisions (Doremus, 2008). Research on the ways in which decision makers access 

information demonstrates the importance of using local news outlets, radio, and television (Halseth 

and Booth, 2003). A more recent analysis by Illes et al. (2010) provides several recommendations 

for innovative media technologies that may be used in science communication efforts, including 

podcasts, blogs, online discussion forums, science salons, and science cafes. Thus, a key question 

for future analysis will be to examine the ways in which decision makers prefer to receive 

information to improve the transmission of information from science and policy maker to local 

management contexts.  

 
In addition to basic information needs, communication strategies to promote vernal pool 

conservation must engage issues of personal relevance (Tarrant and Overdevest, 1997). Messages 

about private property rights, impacts to development, and enforcement challenges should be 

central to communication efforts aimed at linking knowledge and action to enhance vernal pool 

conservation and the adoption of Best Development Practices (BDPs). Planning board members also 

need and want to know more about the scientific foundation that informed the law (Hart and 
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Calhoun, 2010) and the landscape ecology of vernal pool species that BDPs help preserve (Calhoun 

et al., 2005). Further, communication around vernal pools should also feature the multiple values 

associated with vernal pools, including ecologic, intrinsic, esthetic and rural preservation (Norton, 

1998). Indeed, the most salient message about of vernal pools may be their educational value, as 

90% of respondents agreed that children should learn about vernal pools.  

 
Presentations and publications associated with the Maine Vernal Pools Project are already 

including information about the science of conservation and landscape ecology in presentations to 

promote vernal pool conservation in Maine towns (Calhoun et al., 2010). Because this research is 

set within an iterative process of linking knowledge and action, additional studies are underway 

through the Sustainability Solutions Initiative to better understand the intersection of vernal pool 

conservation and other natural resource issues with economic and social concerns such as private 

property rights and economic development restrictions (Hart and Calhoun, 2010).  

 
In sum, the implications of our study for science communication may be conceptualized along 

three orientations. First, decision makers must have a basic awareness of changes to land use laws 

and this awareness may be cultivated through a variety of print and online media. Second, 

communication about those laws and associated BDPs to improve landscape scale planning around 

vernal pool conservation should be sensitive to information needs and cultural values. Participants 

have specific attitudes that may guide the ways in which they perceive and process science 

information. Concerns about private property rights and economic development restrictions along 

with general appreciation and willingness to conserve vernal pools are important attitude 

constructs in how people evaluate vernal pool conservation. And third, knowledge of these 

attitudes and how they predict response to vernal pool laws contributes to a knowledge-action 
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system in which the critical boundary between scientists and stakeholders is better understood. 

This awareness supports inclusive and participatory communication that is respectful and cognizant 

of multiple frames of reference and cultural differences to enhance vernal pool conservation efforts 

at the municipal scale.  

 

5. Conclusions  

 
Our description of decision maker attitudes provides a snapshot in time; the conclusions we 

derived from the interviews, participant observations, and questionnaire analyses would likely be 

different if we were to conduct these studies again. For example, the vernal pool attitudes study 

occurred before the economic downturn of 2008. It is likely that expressed concerns about the 

economic impacts of vernal pool regulations would be stronger now and feelings of general 

appreciation and willingness to conserve weaker. The temporal fluidity of social systems underlines 

the critical importance of iterative knowledge-action systems that take more than a single snapshot 

in time (van Kerkhoff and Lebel, 2006). This study sought to inform this iterative process in ways 

that will potentially help support long-term relationships between communities of scientists and 

decision makers through communication processes that are inclusive, respectful, and relevant.  
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