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ABSTRACT 

 
Many scientists argue that the threat of invasive insects is one of the most pressing 

environmental issues of our time. Decades of research quantify the threat and risk invasive 
species pose to the New England Forest, yet there is little research combining both the 
ecological impacts of invasive insects and human attitudes of the potential threats they pose. 
This dissertation aims to understand the current attitude of landowners in the New England 
region that are experiencing the threat of hemlock woolly adelgid, emerald ash borer, or 
Asian longhorned beetle. This dissertation includes three different studies focusing on social 
psychology frameworks and theories to analyze survey data and will result in management 
decisions and implications of such attitudes. The first study focuses on understanding 
individuals’ attitude towards the threat of these invasive insects, and how exposure to the 
threat of invasive insects may influence these attitudes. The second study is to explore the 
relationship between New England landowners and their values and beliefs towards 
ecological services the land provides, and towards invasive insects. The third study analyzes 
landowner’s acceptability towards different management practices towards invasive insects. 
The combined results of this dissertation will provide key opportunities in our understanding 
of attitudes and invasive insects and expand the knowledge of attitude formation, and 
invasion ecology. 
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INTRODUCTION 
Invasive insects affect both local economies and ecosystems where they are found. 

Invasive insects cost a minimum of $70 billion per year globally for lost goods and service 

that they impair or destroy (Paini et al., 2016). This  does not include the effect they may have 

on human health, cultural values such as recreation spaces and spiritual retreats, and 

cumulative costs of management interventions (Bradshaw et al., 2016). Analysis estimating 

the cost of EAB remediation from 2009 to 2019 in the United States, which includes the 

removal of roughly half of the affected trees in Ohio, cost approximately $10.7 billion USD 

(Sydnor et. al 2007). In addition to the high costs associated with managing invasive insects, 

they also disrupt ecosystem processes. For example, in a study overviewing the impacts of 

the introduction of HWA in New England it was found that the insect continues to affect the 

widespread hemlock tree mortality, which  decreased the efficiency of water purification and 

availability of wildlife habitat while increasing soil erosion (Stadler, Müller, Orwig, & Cobb, 

2005). In addition to economic and ecological losses due to invasive insects, there are also 

impacts to cultures. For example, they decrease aesthetic “value” of recreational areas due to 

tree loss.  They can affect the health and survival of trees identified as cultural symbols such 

as the sugar maple in Vermont.  The removal of dying or dead ash trees in urban or suburban 

streets decrease real estate property value (Alsop, 2013). In addition to dying trees and altered 

ecological systems, invasive insects can affect people’s pocketbook, their sense of place, and 

even their community identity. Both Ohio and Massachusetts serve as two of many examples 

of controversies among residents and managers towards decisions made to manage the threat 

of invasive insects. There are far more controversies revolving around management of 

invasive species around the world, such as the Apple Moth in California, and white Tussock 
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Moth in New Zealand. Research for prevention and eradication of invasive species continues 

to grow, but human cooperation is needed for these management practices to be effective. 

Because people are an element of their ecological and cultural systems, it is vital to 

ask if people are indeed aware of and concerned about the threat of invasive insects. Does 

public concern about invasive insects come after the damage is done, or are people vigilant 

about potential invasive insect introductions? Moreover, do direct experiences with forested 

areas produce greater concern about the threat of invasive insects?  Does close residential 

proximity to forested areas make people more concerned about invasive insects? Are people 

living in or near forested areas more likely to be aware of the threat of invasive insects; are 

they more likely to view this as an important issue; and will they hold more negative attitudes 

about the threat? This study explores these relationships between property owners’ attitudes 

about the threat of invasive insects and their residential proximity to forested areas using the 

percent forest cover at the township level and also hopes to better understand management 

acceptability based on individuals’ attitude towards the threat of invasive insects.  

Effectively managing for socially acceptable solutions to environmental challenges 

requires analyses of human attitudes and behavior. Management practices may be more 

effective when individuals recognize and understand the problem, are aware of possible 

solutions, and are engaged in the problem-solving process.  When people are left out of this 

process, they may disapprove of intervention efforts from outsiders, which can lead to delayed 

action, disruption of practices, and local conflict. Managing invasive insects is no different. 

The complexity of this issue can lead to a lack of communication between managers and the 

public, a lack of public knowledge on the issue, and public disengagement. The resulting 

confusion about the implementation of management decisions can lead to inefficient 
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practices, wasted resources, and public resistance during and after the process. Therefore, 

understanding variation in public attitudes about invasive insect threats can help direct 

management policy and minimize social conflict during the remediation process.   

Attitude research has played a significant role in developing an understanding of 

current events relating to human behavior, public opinion, individual preference, and 

judgment (Banaji & Heiphetz, 2010; Krosnick & Petty, 1995). Unfortunately, too much 

attitude research in the environmental field has featured a simplified version of attitude 

variation among populations - what McNaughton & Urry (1994) call a “polling culture” that 

splits a population at the neutral point and creates a dichotomous approve/disapprove or 

support/oppose distribution. In a similar way, past attitude research on non-native insects 

lacks a strong theoretical background and tends to resemble an opinion poll that asks  

individuals’ about their agreement or disagreement about the issue (Nunez & Nunez, 2012). 

Research over the years has demonstrated, however, that attitudes are far more complex than 

this (Banaji & Heiphetz, 2010; Dunlap, Van Liere, Mertig, & Jones, 2000; Petty & Krosnick, 

2014). There are certainly outspoken supporters or opponents of a particular issue who garner 

the most attention and have strongly developed attitudes. Nevertheless, many more people 

have not thought much about the issue and are simply uncertain, ambivalent, or indifferent. 

The strength of an attitude is found in the dynamics of individual attitude formation and 

structure and understanding variation in attitude strength across a population is essential for 

environmental problem solving. 

Attitude strength is a construct represented by several parallel dimensions of attitudes.  

(Petty & Krosnick, 2014)  One traditional way of measuring attitude strength is by analyzing 

individuals certainty, indifference, and ambivalence towards attitude objects. (Krosnick, 



 

   4 

Boninger, Chuang, Berent, & Carnot, 1993). People with strong attitudes are more certain, 

are often more knowledgeable about the topic, identify with the attitude object, and are often 

thinking about the attitude topic. People that hold weak attitudes are the opposite, they have 

not thought about the attitude object much, are indifferent about the issue, or even ambivalent 

and could be persuaded either way. A person with a strongly held attitude are more likely to 

impact behavior and influence information processing. A person with a weakly held attitude 

are less likely to have a strong relationship between their attitude and their behavior or 

information processing. 

This dissertation is about the implications of attitude strength, attitude structure and 

overall attitudes towards the threat of invasive insect. This study aims to understand the 

implications of potentially weakly held attitudes and address the complexity of managing of 

invasive insects with the lack of public knowledge or support. This study also aims to 

understand the implications of our natural environments on our attitude formation. Our 

attitudes are constantly affected by the people we interact, our values, and our beliefs—but 

how much of this is affected by how forested the land we live in is? The purpose of this study 

is to bridge the gap between invasion ecology research and its human dimensions by 

implementing an interdisciplinary framework that analyses environmental threats posed by 

invasive insects to the New England forest.  

 

The Effect of Natural Surroundings on Attitudes   
Natural surroundings can play a significant role in  peoples’ well-being, including their 

emotions (Hartig, Evans, Jamner, Davis, & Gärling, 2003) , cognitive development (Wells & 

behavior, 2000) mental health (Raanaas, Patil, & Hartig, 2012), and healing from injuries 
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(Ottosson & Grahn, 2008). Together, this research assumes that “space or the physical 

environment is not a given; it is socially constructed” (Soja, 1989). We interact with our 

natural surroundings through “embodied cognition,” which suggests that “all of our more 

complex, abstract, or culturally specific concepts are a creative recombination of physical 

experiences we have with the world around us” (Russell et al., 2013). There are four channels 

that facilitate this process. These include knowing, interacting, perceiving, and living within 

(Russell et al., 2013). Individuals relating to nature in any of these four ways are more likely 

to do so if “nature” is accessible to them. From this perspective, accessibility to green areas 

should play a role in how people construct and interact with the physical and social world in 

which they live. As  people interact more with  their natural surroundings,  they may be also 

more likely to develop  attachment to specific places  (Russell et al., 2013; Zajonc, 1968). 

Those with greater access to forested environments may more strongly perceive threats to 

those natural areas from invasive insects. The threat of invasive insects is a direct threat to 

forests, these forests may play a role on individuals’ attitudes. By expanding the framework 

of how attitudes may be structured and affected by implementing mere-exposure, how often 

and for how long an individual may be exposed to an area, item or thought, and evaluation 

theories, how much they value these areas, items, or thoughts, we may be able to obtain a 

more nuanced picture of human attitudes towards the threat of invasive insects. This study 

specifically examines the way peoples’ contact with forested environments may contributes 

to attitude formation and attitude strength toward the threat of invasive insects.  
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Attitudes and Attitude Structure 
Attitude Structure 

Attitudes are “… a state of readiness, organized through experience, exerting a 

directive or dynamic influence upon an individual's response to all objects and situations with 

which it is related" (Allport, 1935). Attitudes are complex and have dimensions of structure, 

strength, direction, and multidimensionality (Petty & Krosnick, 2014). Variability among 

people’s receptiveness to issues is due to attitude structure. Attitude structure reflects a 

hierarchical relationship of factors that include the social values we hold, the beliefs we assert, 

and the evaluative preferences we hold (Heberlein, 2012). Individual’s attitudes are 

cognitively linked to a system of broad value orientations that inform a person’s beliefs about 

the attitude object, and which dictate one’s preferences for the way “things ought to be.” All 

of these elements may help us “infer” a person’s attitude, describe its structure (Heberlein, 

2012). The more well elaborated these structural dimensions are, the more likely one holds a 

stable and strong attitude (Eagly and Chaiken, 1995; Heberlein, 2012).  

The concept of an attitude has been a foundational concept in social psychology for 

more than a century. Attitudes were initially defined as “a positive or negative predisposition 

towards an object” (Allport, 1935). Over the decades, research has shown that attitudes are 

complex, they have strength, direction, and are multidimensional (Petty & Krosnick, 2014). 

Because of this, attitude definitions have evolved  to include cognitive, emotional 

(“affective”), and behavioral attributes also commonly known as (“conative”) (Eagly & 

Chaiken, 1993). The cognitive component refers to the attention, knowledge, and memory of 

the particular object the attitude is formed towards. The affective or emotional component 

includes the feelings or the experience an individual might have encountered towards the 
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particular object. Finally, the conative component refers to people’s actions that are oriented 

to the attitude object. Attitudes have often been used as a concept to better understand policy, 

human behavior, and business practices. Attitudes are complex, changing, and latent making 

them a challenge to study.  

 More recently, social psychologists have conceptualized attitudes as having horizontal 

and vertical structure. The vertical structure of an attitude is comprised of values, beliefs, and 

preferred beliefs/outcomes (Bem 1972; Heberlein, 2012) these items build upon each other. 

An example of the structure of a vertical attitude breakdown follows: An individuals’ value 

for long-lasting family legacy creates the base for their vertical structure. This is followed by 

the individual’s belief that land ownership is a way to continue their legacy of hard work and 

family tradition with their following generations. Their evaluative belief is that land 

inheritance is the best way to continue their traditions in the family and a power of wealth for 

their kids and grandkids. This individual would essentially have a positive and strong attitude 

about land management for future generations.   

 Values are the foundation of vertical attitude structure. There are two types of values, 

terminal and instrumental. Terminal values are “desirable ends of existence” such as legacy, 

freedom, equality. Instrumental values are the preferred ways of achieving the terminal 

values, for example, ambition, imagination, passion (Rokeach, 1968). A value does not have 

an object, attitudes do. An example of a value would be an individual’s vision and 

commitment to protecting the land for their predecessor's due to their high value of legacy, 

while the attitude object is invasive insects. An individual has a negative attitude towards the 

invasive insects (the object) and it could be sourced from their value of land conservation for 

future generations.  
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 Beliefs are also part of the vertical structure. A belief is accepting that a statement is 

true. These beliefs are also commonly known as the “cognitive component of attitudes.” 

Beliefs do not have to be correct, the only thing that matters is that the individual believes it. 

A belief is when an individual accepts for themselves that something is true/real. For example: 

if an individual believes invasive insects are dangerous species to the health of the forest, then 

they are more likely to have an attitude of invasive insects being a threat to the environment. 

These beliefs are not emotionally motivated; they are solely focused on the individuals’ 

cognitive understanding of the object.  

  Vertical attitude structure has different variables such as: values, beliefs, and 

behavior building on each other they are constantly working together to formulate their 

attitude. For example, an individuals’ attributes that compose of their attitude work together 

to overall form the attitude. An individuals’ values are similar to their beliefs, their 

preferences, and their behavior, all of this work together to complement the individuals’ 

attitude towards invasive insects.   

Cognition and the Threat of Invasive Insects 
The way attitude structures are built are a way in which we can determine how they 

may evolve over time. One of the indicators of our attitude structure is beliefs, or the 

“cognitive component of attitudes” (Heberlein, 2012). A belief is the assertion that a statement 

is true (Fishbein & Ajzen, 1977). Beliefs don’t have to be correct; the only thing that matters 

is that the individual understands it to be true. Beliefs are generally not emotionally motivated, 

but instead they are primarily focused on individuals’ cognitive understanding (Heberlein, 

2012). One person may love exploring nature while another may not. Yet both of these 

individuals can plausibly share the same belief about invasive insects posing a threat to natural 
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areas. The more an individual interacts with different pieces of information that reinforce the 

belief, the more likely the individual is to hold that belief (Heberlein, 2012). Beliefs not only 

help us structure our attitudes but they also reinforce the strength and certainty of an attitude 

object. The more strongly an individual believes something, the more likely they are to have 

a strong attitude that aligns with that belief.  

Our beliefs about nature are formed through a process of embodied cognition (Russell 

et al., 2013). Embodied cognition includes our 1) knowledge about the issue, 2) how we 

perceive the importance of the issue, 3) how we personally identify with the issue, and 4) how 

we interact daily with the issue. Knowledge refers to the amount of information we hold about 

an object. Just like beliefs, knowledge does not have to be accurate (Fazio, Chen, McDonel, 

& Sherman, 1982). It is the value of gathering knowledge, whether correct or incorrect, that 

makes a difference. The importance of an issue is related to how we prioritize information 

obtained about the issue and how we interact with the issue in general (Fazio et al., 1982). 

Individuals identity also plays a role. The more an individual identifies with an issue or being 

the “go-to” person of that issue, the more likely they are to seek more knowledge, interact 

with the issue, and even identify with a potential solution for the issue.  

Finally, the way we interact with an issue plays a role in forming our attitudes. Direct 

experience relates to the individual’s interaction with the object or threat of that object. For 

example, individuals that are experiencing the threat of invasive insects may recognize the 

damage to the tree caused by the insects, or even what the insect looks like, have higher direct 

experience, and may see the threat play out in their natural surroundings. This direct 

experience also plays a role in the relationship with beliefs. Someone that experiences the 

repercussions of an insect invasion and may view it as a devastating event and be more likely 
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to believe invasive insects are a threatening occurrence (Figure 1). Individuals that have 

attitudes based on their direct experience have more beliefs and greater stability (Heberlein, 

2012). In contrast, individuals that may not experience the threat of invasive insects, know 

what the damage may look like may believe that invasive insects are not as threatening to 

their beliefs. 

 

Attitude Strength Items  
Attitudes can have differing strength (Boninger, Krosnick, Berent, & Fabrigar, 

1995). There are weak attitudes and strong attitudes. Strong attitudes are durable and stable. 

Weak attitudes, those that are easy to change, unstable, and undecided (Krosnick & Petty, 

1995). “There is something over and above the positive versus negative character of an 

attitude that gives rise to its power to influence attitude-relevant responding. This property is 

called attitude strength…” (Eagly & Chaiken, 1993). Attitude strength research starts with 

the analysis of latitude of acceptance and rejection of attitudes (Sherif & Cantril, 1946; 

Sherif & Hovland, 1961). Research on attitude strength developed to include different 

indicators and their interplay towards overall attitudes, items such as: extremity, intensity, 

certainty, importance, knowledge, interest, commitment, direct experience, latitudes of 

rejection, and consistency (Krosnick et al., 1993; Raden, 1985). More recent work has 

improved this previous framework and refined the attitude strength items and indicators to: 

accessibility, certainty, vested interest, importance, self-identity, intensity, extremity, 

knowledge, ambivalence, and indifference (Petty & Krosnick, 2014). These items when they 

are consistent create a strong attitude, leading to persistence over time, are resistant to 



 

   11 

change, have strong impact on information processing, and strongly influence behavior 

(Petty & Krosnick, 2014).  

Accessibility   
The first attitude strength dimension is attitude accessibility (Fazio et al., 1982). 

Accessibility measures how easily attitude relevant thoughts come to mind, how often an 

individual think about the issue (Krosnick & Petty, 1995). Attitude accessibility is the 

likelihood that an attitude will be activated from memory effortlessly when the object in 

question is presented (Fazio, Chen, McDonel, & Sherman, 1982). The more exclusively an 

attitude object is accessed, the more accessible it is (Krosnick & Smith, 1994).  For invasive 

insect attitudes, individuals who observe a forest and immediately think about or worry about 

non-native insect introductions are more likely to have a stronger attitude. Those who look at 

the same forest and first think timber resource or wildlife habitat are more likely to have 

weaker attitudes about invasive insects.  

Certainty 
The second strength dimension that Raden (1985) describes is attitude certainty. 

Certainty is the “subjective sense of conviction or validity about one’s attitude or opinion” 

(Krosnick et al., 1993). When an individual is exposed to new material they need to learn, this 

requires cognitive effort. The amount of certainty an individual develops relates to the amount 

of thought they dedicate to the issue. The more an individual thinks about the object and is 

exposed to the issue, the more certain they will be about the object (Krosnick & Petty, 1995). 

A person that is constantly thinking about the threat invasive insects pose to their backyard 

trees, the more certain they are about invasive insects being a threat.  
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Vested Interest 
The third attitude strength dimension is vested interest. Vested interest refers to the 

“extent to which an attitude object is hedonically relevant for the attitude holder.” (Crano & 

Prislin, 2006; Krosnick et al., 1993; Raden, 1985) Vested interest describes how involved an 

individual is in the issue. It reflects personal commitment and can be central to an individuals’ 

lifestyle.  For example, a person who loves being near green areas, they are more likely to 

have a vested interested in the protection of the forest, and potentially have a negative attitude 

towards invasive insects. A person who does not own land, does not spend time in the outdoors 

is less likely to have vested interest in the health of the forest, this individual is more likely to 

have a weaker attitude towards the threat of invasive insects.  

Importance  
The next dimension of attitude strength is importance. Importance is an indicator of 

how central the individuals’ attitude is towards the object. An individual may believe an issue 

is important and not have any actual vested interest in the issue.  Attitudinal importance is 

determined by the individuals’ “sense of concern, caring, and significance they attach to the 

attitude (object).” (Boninger et al., 1995)  Attitude importance is defined in comparison to 

other relevant attitude objects in one’s life, and the relative meaningfulness of the particular 

attitude object. A person who thinks the health of the forest is important is more likely to view 

invasive insects as a threat. An individual that does not think forest health is an important 

issue is more likely to have a weaker attitude towards the threat of invasive insects towards 

the health of the forest.   
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Self-Identity   
The next attitude strength dimension is self-identity. Self-identity reflects our 

thoughts, feelings, and attitudes about ourselves. People develop identities because identity is  

determined by self-awareness, the capacity to recognize one’s qualities in comparison to 

others; self-presentation, how you view yourself in relationship to others (Baumeister, 1999a, 

1999b). All of these specific items relating to the self and the individual identity, play a role 

on how we develop and express our attitudes. Individuals’ identity help shape the values, 

ideals that we hold for ourselves but also how individuals perceive these issues. For example, 

an individual with strong environmental concern (a value) that they view as key part of their 

identity, may have a more negative attitude towards invasive insects. An individual with weak 

environmental concern (a value) that they view as key part of their identity, may have a more 

indifferent attitude towards invasive insects.  

Intensity  
 Attitude intensity is a measure of affective response to an attitude object (Krosnick & 

Smith, 1994). Low-intensity attitudes are those that enact little to no emotional response. High 

intensity attitudes enacts an emotional response. For example, someone with a high intensity 

attitude toward non-native insects may not have a reaction when asked about their attitude 

about the threat of invasive insects towards the forest. Typically, intensity is emotionally 

charged and fueled by the response an issue may have and lead to implications that are not as 

cognitively derived, or knowledge based.  

Extremity  
Extremity is  “the extent to which an individual likes or dislikes an object” (Krosnick 

& Petty, 1995). Extremity is how far away from neutrality, individuals scoring “neither agree 
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nor disagree” on a survey, are. Extremity is different from intensity since it relates to the 

distance between an individuals’ attitude from neutrality, intensity has more of an emotional 

relationship to an individual where extremity deals more with the qualities of the attitude they 

hold (Petty & Krosnick, 2014). For example, an individual may have a negative attitude 

towards invasive insects and due to their large extremity on this issue they may be more 

acceptable towards very drastic solutions to the problem. An individual with high extremity 

may be more acceptable to cutting down all the trees that may be infested in the future just to 

prevent invasion.  

Knowledge  
Knowledge relates to the individuals’ cognitive experience with the object. Attitudes 

can be formed based on little or no knowledge on the topic as well as “attitude-relevant” 

knowledge in memory, but knowledge as a dimension helps explain the individuals’ cognitive 

relationship towards their attitude. (Krosnick & Smith, 1994). The amount of cognitive energy 

an individual invests in an object has can have a different effect on their overall attitude, for 

example someone that has a lot of knowledge about the intricacies of invasive insect threats 

may have a more specific acceptability towards management practices.  

Ambivalence 
Ambivalence reflects an individual’s mixed feelings about an attitude object (Ajzen 

& Fishbein, 1980; Petty & Krosnick, 2014). Throughout history, we tend to describe people’s 

attitude as having a positive or negative evaluation of an object. Unfortunately, this has led to 

the idea that attitudes are black and white. Instead, they are the outcome of a complex 

cognitive process with sometimes inconsistent beliefs, values, preferences, observations, etc. 

Therefore, people can have difficulty deciding what they think about a complex attitude 
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object. Or, they may hold competing values, beliefs, and preferences about an attitude object. 

This potential for inconsistency among attitude relevant information may lead to overall 

attitude ambivalence (Petty & Krosnick, 2014). A person with high ambivalence towards 

invasive insects is more likely to be indifferent about their overall attitude about the threat of 

invasive insects. A person with low ambivalence towards invasive insects is more likely to 

have a stronger attitude towards the threat of invasive insects.  

Indifference 
 Finally, the last attitude strength dimension is indifference. Attitude indifference 

characterizes an individual who has neither positive nor negative feelings towards the object. 

An individual that is indifferent shows a lack of concern, or interest in the attitude object. 

Indifference has been commonly interpreted as the individuals that does not care enough to 

even answer a survey. An individual  who is more indifferent about an issue is more likely 

accept inaction about the issue and may be less likely to participate in the public decision 

process (Petty & Krosnick, 2014).  

By broadening the concepts and frameworks of how we value attitudes, this study 

aims to implement social psychology frameworks as well as a background on invasion 

ecology to help understand possible solutions and effective approaches to managing the threat 

of invasive insects. By understanding humans as the first concept when looking for solutions 

of invasive insects, we are forced to implement innovative and interdisciplinary frameworks 

of attitude research. The following dissertation is organizing an elaborate methodology which 

includes sampling techniques based on environmental and spatial features of the current 

individual population and cases of invasive insects. It describes a thorough questionnaire 

implemented for data collection, and then dives into three different chapters regarding various 
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approaches for understanding the human dimensions of invasive insects in New England 

region.  

Dissertation Structure and Objectives  
The following dissertation is comprised of three distinct, but linked studies and a final 

conclusion piece in the format of a speculative narrative about invasion ecology and social 

justice. The first chapter focuses on understanding individual attitudes towards the threat of 

these invasive insects, and how exposure to the threat of invasive insects may influence these 

attitudes.  

 The second study analyzes the relationship between individual beliefs towards the 

threat of invasive insects and how the values people hold towards nature influences said 

beliefs by answering the question “Is there a relationship between New England forest owners' 

value for forest services and their beliefs towards the threat of invasive insects?”  

The third study analyzes landowner’s management acceptability towards invasive 

insects. This chapter addresses the question of “What is the acceptability of New England 

landowners towards invasive insect management options and do they differ based on state of 

local invasions?  

Chapter 4 is a reflective essay on my personal experiences as an immigrant in the 

United States and how it relates to the field and language of invasion ecology, while posing 

thought provoking questions about the role scientist play in environmental threats, and their 

framing.  
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The overall goal of this dissertation is to create a more nuanced and efficient approach 

to management decisions to control the spread of invasive insects through the inclusion of a 

better understanding of New England landowners attitudes, and their perceptions of invasive 

insects. The combined results of this dissertation will find key opportunities in our 

understanding of attitudes and invasive insects and expand the knowledge of attitude 

formation, and invasion ecology. 
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CHAPTER 1: ATTTUDE STRENGTH AND THE THREAT OF 
INVASIVE INSECTS 
 

INTRODUCTION 
Invasive insects affect both local economies and ecosystems where they are found. 

Globally, invasive insects cost a minimum of $70 billion per year in lost goods and services, 

which include property damage, pest control efforts, restoration and education initiatives 

(Paini et al., 2016). This does not include the effect they may have on human health, cultural 

values, such as decrease in the quality of recreational spaces and spiritual retreats, and 

cumulative costs of management interventions (Bradshaw et al., 2016). The U.S. Forest 

Service’s national Insect and Disease Forest Risk Assessment predicted that “at least 25% of 

standing live basal area greater than one inch in diameter will be impacted, and dead over a 

15 time year frame (2013 to 2027) due to invasive insects and diseases” (Krist Jr et al., 

2014). This might disproportionately impact New England where more than 75% of the land 

is forested (Foster et al., 2010) setting up these states as largely vulnerable to the effects of 

an invasive insect infestation.  New Hampshire, the second most forested state in the U.S., 

has 4.8 million acres or 81% forested area. Vermont, has a total of 4.5 million acres or 73% 

forested area (Randall S. Morin, 2016). Massachusetts has 3.0 million acres which equates 

to a total of 60.4 % of forested land (Butler, 2018). Insects such as the emerald ash borer 

(EAB; Agrilus planipennis), hemlock woolly adelgid (HWA; Adelges tsugae), and Asian 

longhorned beetle (ALB; Anoplophora glabripennis) feed off of eastern hemlock (Tsuga 

canadensis), sugar maple (Acer saccharum) and green ash (Fraxinus americana) trees. 

None of these insects have any natural predators in the Northeast region of the United States 
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so they eventually feed from tree species and limit nutrient uptake eventually leading to the 

death of the tree.   

This study focuses on Northern Hardwood forest in New England, a diverse forest 

typified by Northern Hardwood forest, and Northern conifer forests. The Northern 

Hardwood forest predominantly consist of sugar maple (acer saccharum), white ash 

(fraxinus Americana), yellow birch (betula alleghaniensis), and American beech (Fagus 

grandifolia). Key conifer species include, eastern hemlock, and white pine (Eyre, 1980). 

These forests not only provide ecological benefits, such as, carbon storage and wildlife 

habitat, but also play a large role in the New England economy. Trees like sugar maple, oak, 

and hemlock play a large role during “fall foliage season” by attracting millions of visitors 

each year to the region to look at their leaf change color during the season. New Hampshire 

alone attracted approximately 8.2 million visitors in the 2014 season for the fall foliage 

(Lee, 2015). Other important goods and services these forests provide, include sugar maple 

production and timber production (oak). Eastern hemlock are also key ecological species in 

which HWA predominantly feeds on—affecting their ability to filter water, and serve as 

wildlife habitat. (Stadler, Müller, Orwig, & Cobb, 2005). One invasive species, HWA, often 

establishes in the Eastern coast on Easter Hemlock, and after two years of invasion can kill 

the tree; mostly older trees are at high risk of invasion and death (McClure & Cheah, 1999). 

Asian longhorned beetle has approximately 13 host trees, sugar maple being the main 

concern due to its role in the sugar maple economy of New England (Holmes, Aukema, Von 

Holle, Liebhold, & Sills, 2009). The impact of an ALB infestation is estimated to cost $669 

billion. These costs are attributed to management practices, replacement of dead trees, and 

efforts to contain the spread of ALB. The third insect in this study is EAB, which preys on 
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ash trees, a common tree species in New England. The Union for Conservation of Nature 

has listed ash species “critically endangered” because of the threat EAB poses. EAB has 

also been described as the “most destructive forest pest ever infested into the US” (Gandhi 

& Herms, 2010; Herms & McCullough, 2014), threatening approximately 10-40% of urban 

forest canopies made up of predominantly ash trees and predicted to cost $10-$20 billion in 

losses to urban forests in the United States (USDA, 2016). Vermont was the last state in the 

sample to detect an EAB infestation. The insect was found in Orange County in 2018. 

Research shows that the state of Vermont has over 150 million ash trees which equate to 5% 

of the total amount of trees of Vermont. EAB has the potential to create a significant impact 

on the Vermont forest (VT Department of Forests, Parks & Recreation, 2019). 

Invasive insect impact focus on the ecological implications of introduction of 

invasive insects and species interactions (Lockwood, Hoopes, & Marchetti, 2013), best 

management practices and stakeholder acceptability (van Riper et al., 2019; Viragpogse, 

2016); a measurable component of human attitudes (Pyšek & Richardson, 2010). To 

adequately address the complexity of invasive insects it is also important to understand 

people’s attitude towards invasive insects, and the impact direct exposure to the problem 

may have on such attitudes. Individual’s attitudes towards invasive species may have 

implications for their acceptability towards management practices, and their acceptability 

towards different management practices (van Riper et al., 2019).  

ATTITUDE RESEARCH 
Attitudes are “… a state of readiness, organized through experience, exerting a 

directive or dynamic influence upon an individual's response to all objects and situations 
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with which it is related” (Sherif & Cantril, 1946). Attitudes are often tied to and researched 

alongside human behavior, social norms, and belief systems (Ajzen, 1991). They have also 

been described as “a learned predisposition to respond in a consistently favorable or 

unfavorable manner with respect to a given object” (Hill et al., 1977). One of the most 

valuable findings about attitudes is that they have strength (Howe & Krosnick, 2017). 

Whether an individual has a strong attitude or a weak attitude can help dictate how likely it 

is that his or her attitude will influence behavior (Ajzen, 1980, pp. 241–247). 

Parallel to attitude research, the field of attitude persuasion also created much of the 

groundwork for some of the attitude strength research that followed. Work from the 

Hovland group (Hovland, 1953; 1957), which focused on the effects of a message on 

attitude persuasion; Festinger, who focused on cognitive dissonance as an opportunity to 

evaluate attitude shifts over time (Festinger, 1962); and others such as Moscovici and Asher, 

who were much more focused on the way a message was delivered as a way to shift 

peoples’ attitudes, helped develop specific attitude strength features that were then 

researched in other case studies and scenarios (Moscovici, 1994; Asher & Sargent, 1941). 

As persuasion literature expanded, more specific approaches to the overall description of 

attitudes evolved as well. Most of the persuasion literature and research is seen as 

foundational to attitude strength research. In order to understand how attitudes can change, 

it is important to understand how to quantify their strength and structure and how they may 

be impacted (Boninger, Krosnick, Berent, & Fabrigar, 1995; Fazio, Chen, McDonel, & 

Sherman, 1982; Krosnick, Boninger, Chuang, Berent, & Carnot, 1993). Research has now 

evolved to consider specific aspects of attitudes and the changes that result when they are 

presented with different persuasive messages. For example, research has addressed how 
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individuals who were exposed to similar persuasive arguments increased the certainty of 

their attitudes, even when different controls and manipulations were used to control 

information similarity (Tormala, DeSensi, Clarkson, & Rucker, 2009). Attitude research 

began to evolve from what attitudes are to how they can change and what makes them 

change. This set the stage for the attitude strength field within the attitude sphere.  

The field of attitude strength has often been categorized by a series of features of 

which attitude strength is comprised. Attitude strength has been defined as “attitudes that are 

resistant to change, stable over time, influential on cognition, and influential on behavior” 

(Petty & Krosnick, 1995). Since attitude strength has been defined, there have been a series 

of attitude items related to attitude strength (Table 1).  

Research on attitude strength has developed to include different indicators to 

measure attitudes, including items such as extremity, intensity, certainty, importance, 

knowledge, interest, commitment, direct experience, latitudes of rejection, and consistency 

(Krosnick, Boninger, Chuang, Berent, & Carnot, 1993). More recent work has improved this 

previous framework and refined the attitude strength items and indicators to accessibility, 

certainty, direct experience, importance, self-identity, intensity, extremity, knowledge, 

ambivalence, and indifference (Krosnick & Petty, 1995). When they are consistent, these 

items create a strong attitude, leading to persistence over time; are resistant to change; have 

a strong impact on information processing; and strongly influence behavior (Fazio, Chen, 

McDonel, & Sherman, 1982; Petty & Krosnick, 2014). The more insight one has about an 

attitude's strength, the better one can determine or predict the implications of that attitude 

(Petty & Krosnick, 2014).  
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All of these features have been individually researched and explored in individual 

circumstances, some more than others. For example, attitude importance is how an 

individual perceives the priority of the matter (Boninger et al., 1995). Importance is an 

indicator of how central an individuals’ attitude is towards an attitude object. An individual 

may believe an issue is important and not have any actual vested interest in the issue. 

Attitudinal importance is determined by the individual’s “sense of concern, caring, and 

significance they attach to the  

Attitude certainty has also been proven to be a strong element in the research of 

resistance. More recent research on attitude persuasion has focused on the effects it has on 

the structure and strength items of attitude, while implementing strong foundational ideals 

from the older persuasion theories (ELM, Hovland group; Tormala et al., 2009; Tormala & 

Petty, 2002, 2004). Certainty is the “subjective sense of conviction or validity about one’s 

attitude or opinion” (Krosnick & Schuman, 1988). When an individual is exposed to new 

material he or she needs to learn, this requires cognitive effort. The amount of certainty an 

individual develops relates to the amount of thought he or she dedicates to the issue. 

Individuals that reject arguments deemed as weak coming from a non-official source are 

also more likely to increase their certainty about their own attitudes (Tormala & Petty, 

2002). The more an individual thinks about an object and is exposed to the issue, the more 

certain he or she will be about the object (Petty & Krosnick, 1995). The more a person is 

constantly thinking about the threat invasive insects pose to their backyard trees, the more 

certain they are about invasive insects being a threat. To understand the relationship 

between attitude strength items, it is important to also review some of the literature which 

summarizes the findings about each attitude strength item included in this study.  
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 Accessibility measures how easily attitude-relevant thoughts come to mind; how 

often an individual thinks about the issue (Petty & Krosnick, 1995). Attitude accessibility is 

the likelihood that an attitude will be activated from memory effortlessly when the object in 

question is presented (Fazio et al., 1982; 1989). The more exclusively an attitude object is 

accessed, the more accessible it is (Krosnick, 1989; 1994). For invasive insect attitudes, 

individuals who observe a forest and immediately think about or worry about non-native 

insect introductions are more likely to have stronger attitudes. Those who look at the same 

forest and first think timber resource or wildlife habitat are more likely to have weaker 

attitudes about invasive insects.  

  Vested interest refers to the “extent to which an attitude object is hedonically 

relevant for the attitude holder” (Crano & Prislin, 2006; Krosnick, 1994). Vested interest 

describes how involved an individual is in an issue. It reflects personal commitment and can 

be central to an individual’s lifestyle. For example, a person who loves being outside is 

more likely to have a vested interested in the protection of the forest and potentially have a 

negative attitude towards invasive insects. A person who does not own land and does not 

spend time outdoors is less likely to have vested interest in the health of the forest. This 

individual is more likely to have a weaker attitude towards the threat of invasive 

insects. This is one of the less-explored attitude strength dimensions in the social 

psychology field, but one that plays a large role in environmental studies.  

All of these specific items relating to the self and individual identity play a role in 

how individuals develop and express their attitudes. Self-identity reflects individuals’ 

thoughts, feelings, and attitudes about themselves. People develop identities because 

identity is determined by self-awareness, the capacity to recognize one’s qualities in 
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comparison to others, or self-presentation, how individuals view themselves in relationship 

to others (Baumeister, 1999a, 1999b). Individuals’ identities help shape the values and 

ideals that they hold for themselves, but also how they perceive these issues. For example, 

an individual with strong environmental concern (a value) that he or she views as key part of 

his or her identity may have a more negative attitude towards invasive insects. An individual 

with weak environmental concern (a value) that he or she views as key part of his or her 

identity may have a more indifferent attitude towards invasive insects.  

Attitude intensity is a measure of affective response to an attitude object (Krosnick 

& Smith, 1994). Low-intensity attitudes are those that evoke little to no emotional response. 

High-intensity attitudes evoke an emotional response. For example, someone with a high-

intensity attitude toward non-native insects may not have a reaction when asked about his or 

her attitude about the threat of invasive insects to the forest. Typically, intensity is 

emotionally charged and fueled by the response an issue may have evoked and leads to 

implications that are not as cognitively derived or knowledge-based.  

The next attitude strength dimension is extremity. Extremity is “the extent to which 

an individual likes or dislikes an object” (Krosnick & Petty, 1995). Extremity is how far 

away individuals are from neutrality; how far away they score from “neither agree nor 

disagree” on a survey. Extremity is different from intensity since it relates to the distance 

between an individual’s attitude from neutrality. Intensity has more of an emotional 

relationship with an individual, where extremity deals more with the qualities of the attitude 

he or she holds (Petty & Krosnick, 2014). For example, an individual may have a negative 

attitude towards invasive insects, and due to his or her high extremity on the issue, he or she 

may be more accepting of drastic solutions to the problem. An individual with high 
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extremity may be more accepting of cutting down all the trees that may be infested in the 

future just to prevent invasion.  

Knowledge is another attitude strength dimension. Knowledge relates to an 

individual’s cognitive experience with an object. Attitudes can be formed based on little or 

no knowledge on a topic as well as attitude-relevant knowledge in memory, but knowledge 

as a dimension helps explain an individual’s cognitive relationship with his or her attitude 

(Krosnick & Smith, 1994). The amount of cognitive energy an individual invests in an 

object can have a different effect on his or her overall attitude. For example, someone that 

has a lot of knowledge about the intricacies of invasive insect threats may have a more 

nuanced way of accepting different management practices.  

Ambivalence reflects an individual’s mixed feelings about an attitude object (Ajzen 

& Fishbein, 1980; Petty & Krosnick, 2014). Throughout history, people’s attitudes have 

tended to be described as having a positive or negative evaluation of an object. 

Unfortunately, this has led to the idea that attitudes are black and white. Instead, they are the 

outcome of a complex cognitive process with sometimes inconsistent beliefs, values, 

preferences, and observations. Therefore, people can have difficulty deciding what they 

think about a complex attitude object, or they may hold competing values, beliefs, and 

preferences about an attitude object. This potential for inconsistency among attitude-

relevant information may lead to overall attitude ambivalence (Petty & Krosnick, 2014). A 

person with high ambivalence towards invasive insects is more likely to be indifferent about 

his or her overall attitude about the threat of invasive insects. A person with low 

ambivalence towards invasive insects is more likely to have a stronger attitude towards the 

threat of invasive insects.  
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The last attitude strength dimension is indifference. Indifference characterizes the 

attitude of an individual who has neither positive nor negative feelings towards an object. 

An individual who is indifferent shows a lack of concern or interest in the attitude object. 

Indifference has been commonly interpreted as an individual not caring enough to even 

answer a survey. An individual who is more indifferent about an issue is more likely to 

accept inaction about an issue and may be less likely to participate in the public decision 

process (Petty & Krosnick, 2014).  

STUDY PURPOSE 
Currently, there is little research outlining the relationship between all of these 

attitude strength items and the role they play in building attitude strength. There is only 

limited amount of research applying social psychology frameworks relating to attitude 

strength to landowner perceptions of the threat of invasive insects. The purpose of this study 

is to use the current environmental threat that invasive insects pose for New England 

landowners and New England forest to analyze the relationship of these variables. 

Therefore, the more is known about New England landowners’ attitudes towards invasive 

insects, the more the understanding of invasive insects from the ecological perspective can 

be advanced by creating more viable and accepted management solutions. With that, the 

threat that invasive insects pose can be strategically addressed the from the ecological side 

(management practices) and the human side (acceptability and practicing management of 

invasive insects). A deeper knowledge of landowners’ attitude strengths towards invasive 

insects in the northern forest will allow for a better understanding of the human perception 

of the threat. This will facilitate the implementation of more efficient management practices 
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based on people’s understanding of the issue and the continual finding of efficient solutions 

for the threat of invasive insects. 

METHODS 
Study Site  

The forests of New England provide a unique case study area for this study since 

each state in the study (Vermont, New Hampshire, and Massachusetts) is experiencing 

different levels of invasion, allowing for clear stratification of the survey sample. Vermont 

discovered EAB in April 2018 whereas it has been present in the state of Massachusetts 

since 2012, and New Hampshire since 2013 (Randall S. Morin, 2016; Service, 2015; 

Widman R.H, 2016). HWA has only been identified in the southern parts of Vermont, and 

NH; it is has been contended that HWA cannot survive harsh winter temperatures limiting 

its impact to Northern parts of these states (Parker, Skinner, Gouli, Ashikaga, & Teillon, 

1999; Salom, Sharov, Mays, & Gray, 2002), and although this often proves to be the case 

with changes exacerbated to climate change, HWA may be able to expand its range as our 

climate changes.  In comparison, HWA is well-established in Massachusetts. The wide 

variety of infestation and detection of invasive insects throughout these three states creates 

an opportunity to examine different management strategies and how individuals may 

develop different attitudes towards the threat of invasive insects based on the exposure to 

the infestation.  

Sampling 

Our stratified sampling plan was based on the current status of EAB, HWA, and 

ALB presence in each state. We collected insect monitoring data from the U.S. Forest 
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Service and created a list of all the towns in the states of Vermont, New Hampshire, and 

Massachusetts that have detected either EAB, HWA, or ALB. We categorized these sites as 

“infested.” From this list, we mapped all of the towns using Google Earth Pro and then 

created a second list of towns with borders adjacent to the "infested" towns. Invasion from 

invasive insects has been highly correlated to human movement, therefore we assume that 

towns neighboring infested towns are likely to be "threatened." Finally, we used Google 

Earth Pro again to create a third list of "control" towns that did not share borders with either 

the "infested" or "threatened" towns across states. We then randomly selected six towns 

from each of the three lists for a total of 18 towns. We then randomly selected 135 

landowners from each town. The selection process included landowners with at least 1 acre 

of residential, vacation, or woodlot property (with or without forested land). We excluded 

properties held by estates or businesses because of the difficulty of identifying a specific 

individual respondent. Our final sample size totaled 2430 landowners in the state of 

Vermont, New Hampshire, and Massachusetts (Figure 1). 

We contacted New England landowners via mail, four different times to optimize 

survey responses (Dillman, 2000). Landowners first received an introduction letter to the 

study, followed by a 12-page survey and cover letter with instructions on how to respond 

and return. Ten days later, all participants received postcard follow-up, thanking them for 

returning the questionnaire, or reminding them to do so at their earliest convenience. Three 

weeks after the first mailed introduction survey, we sent a second survey mailing to those 

people who had not yet responded and urged their participation. Due to a sampling error 

Derby, VT was sampled twice and so only 4 different towns were sampled from the 

“threatened” category, and 7 in the control. We weighed our data responses in the “control” 
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group and in the town of Derby responses in order to rectify the response numbers in the 

sample.  

Questionnaire  

We developed a series of statements to measure attitude strength by following the 

framework from Petty and Krosnick  (Petty & Krosnick, 2014). In this framework, there are 

ten different attitude strength items that have been identified as reliable and consistent 

measures of attitude strength. These variables were indifference, certainty, ambivalence, 

identity, durability, extremity, accessibility, intensity, importance, and knowledge (Table 1). 

We asked landowners to rank their agreement with the statements in Table 1 by utilizing a 

Likert Scale.  Likert scales are often used in questionnaires to identify people’s relative 

scaling of responses (Likert, 1969). The Likert scale for this study was a five-point Likert 

scale of agreeability. The scale for this survey was “extremely disagree=1, somewhat 

disagree=2, neither agree nor disagree=3, somewhat agree=4, strongly agree=5.” 

To measure “knowledge” towards invasive insects, we asked landowners how well 

they could identify an infested tree, HWA, EAB, and ALB all in individual separate 

statements. They were asked to select between “Definitely No=1, Maybe No=2, Maybe 

Yes=3, Definitely Yes= 4,” Since knowledge is different than the other variables, we created 

a different scale, based on what landowners identify as their perceived knowledge about 

invasive insects. We aggregated each of the statements about knowledge to create one 

aggregate variable. The scale for the knowledge variable ranges from 4-16 points. This 

means an individual’s lowest knowledge “score” would be a 4 since they answered 
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“definitely no” for all four statements, or their highest “score” would be a 16 if they 

answered “definitely yes” for all statements.   

Analysis 

We used SPSS (SPSS, 2011) to run our analyses. We computed the average score of 

all participants responses based on their level of “attitude strength.” We then conducted a 

one-way ANOVA to compare the effect of the level of invasion: infested, threatened, 

control, on attitude strength items identified:  durability, intensity, accessibility, certainty, 

identity, extremity, indifference, knowledge. We then proceeded to analyze any significant 

differences among variables throughout the groups by implementing a Tukey HSD test. 

RESULTS 
We received a total of 649 responses out 2430 questionnaires, which equates to 27% 

response rates. We received the most responses from the landowners in the “infested” towns 

(n= 235), followed by “control” (n=225), and “threatened” (n=189) (Table 2).  

Our results show that are differences between treatments in attitude strength 

categories (Table 3). The table includes all variables, and the mean score of each variable 

from a Likert scale, the variable averages range from 1.00= extremely disagree to 5.00= 

extremely agree, and 3.00= neutral. Due to the different way of quantifying the knowledge 

variable the scale ranges from 4.00-16.00, 4= Not knowledgeable at all to 16=extremely 

knowledgeable. This table represents the overall responses of New England landowners 

attitude strength items towards the threat of invasive insects. Our results show that New 

England landowners’ “intensity” mean score was above neutral, x̄ =3, (4.17; SD=.81), this 
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means New England landowners are very likely to agree with the statement “I really hate the 

thought of invasive insects in my property.” Results also showed that New England 

landowners are somewhat likely to be “certain” that invasive insects pose a threat (x̄ =3.74; 

SD=.82). Finally, New England landowners also had a higher than neutral score of 

“importance” (x̄ = 3.71; SD= .86). This means they are likely to believe the threat of 

invasive insects is an above neutral important environmental problem compared to other 

environmental problems. New England landowners had below neutral scores of 

“indifference” (x̄ = 1.79; SD= .70), which means they are not as likely to be indifferent 

about the threat of invasive insects.  

We conducted a Pearson’s bivariate correlation test to understand how each of the 

variables relate to one another (Table 5). Our results show that all of these variables have a 

significant correlation to one another. All variables were significantly related to one another 

in the positive direction except for indifference. This means that the more “indifferent” 

individuals are about invasive insects, the less they ranked on the other “attitude strength” 

variables. Some of pairs of variables were more significantly correlated than others. 

Accessibility and Intensity r (647) =.627, and Accessibility and Extremity r (647) =.702. This 

means that individuals who were more likely to access information about invasive insects, 

were more likely to think that the threat of invasive insects is the worst thing that has 

happened to their land, and that the threat of invasive insects is the biggest environmental 

problem they face.    

Our one-way ANOVA suggest that there are some significant relationships between 

treatment groups and attitude strengths towards the threat of invasive insects, but only in 
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three dimensions of attitude strength. We found that there is a significant difference of 

“importance” between the groups F(2,590)= 3.28, p<.03], and “extremity” [F(2,591)= 6.15, 

p<.01 . We also found significant difference in “durability” between groups [F(2,692)= 

3.81, p<.02], which relates to how long they have been thinking about this issue (Table 6). 

Finally, there was a significant difference between the groups with respect to how 

knowledgeable they were about invasive insects [F (2,692) = 3.81, p<.02]. 

Our one-way ANOVA Tukey HSD test, showed the significant differences between 

groups in detail (Table 7). We found that individual “importance” levels living in “control” 

towns (x̄ = 3.71, SD= .84) was significantly higher to those in the “infested” town category 

(x̄ = 3.58, SD=.85). Individual “extremity” levels living in “control” towns (x̄ = 4.26, 

SD=.84) was significantly higher to those in the “infested” town category (x̄ = 4.16, 

SD=.83). Finally, individual’s “knowledge” levels living in “threatened” towns (x̄ = 9.20, 

SD=3.40) was significantly different to those in the “infested” town category (x̄ = 8.40, 

SD=3.05). 

 

DISCUSSION 
Descriptive Results 

The overall response rate to this study is perhaps indicative people’s interest in the 

threat of invasive insects. Even after following the Dillman method to increase participation 

(Dillman, 2002), the overall response rate to the survey was 18% of the total sample. 

Response rates to mailed surveys in the U.S have been constantly declining (Stedman, R. C., 



 

   34 

Connelly, N. A., Heberlein, T. A., Decker, D. J., & Allred, S. B. 2019), and invasive insects 

are a new and complex topic so individuals responding to the survey may be those most 

likely experiencing the effects of the threat. Individuals in infested towns may have been 

more prone to respond to the survey due to a “direct exposure” effect since they are located 

in towns that are actively affected by these issues.  

Attitude Strength  

Individuals in this study were not indifferent about the threat of invasive insects. The 

respondents strongly disagreed with “The threats of invasive insects doesn’t matter to me” 

which means respondents do care about the threat of invasive insects, and had low levels of 

indifference about this issue. The results of participants in the study resulted in an above-

neutral levels of “intensity” attitude strength variable towards the threat of invasive insects. 

As the sample for this study consisted of landowners in New England who face an ongoing 

threat of invasive insects in New England, their high level of intensity is consistent with 

previous literature and the landscape composition of the area (Randall S. Morin, 201; Butler 

2008). Landowners may experience a high level of risk when invasive insects are detected 

on the property since it may require them to manage the land to prevent the spread or it may 

affect their land due to invasion. Detection of invasive insects in their town indicates a high 

probability of the presence of insects in their yard or nearby, especially due to the fast rate 

of these particular invasive insects. Invasive insects will affect their land, and so will the 

management decisions that are taken to address the problem. The landowner’s high level of 

intensity towards the threat of invasive insects might be as a direct relationship to how much 

is at stake if invasive insects are established and subsequently dominate the landscape. The 
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other variable averages also demonstrate the current scenario for landowners and their 

perception of invasive insects. The “identity” of individuals was the second-lowest average, 

after indifference, which shows that many people do not identify as the “go-to person” for 

this issue in their community, yet they are highly “certain” that the threat of invasive insects 

is a problem. Both variables relating to how often and for how long landowners thought 

about this issue tend to have far more neutral averages. This could also be due to the novelty 

of this issue. Out of the three invasive insects we asked about, HWA is the longest 

established insect, having been found in 1989 in Massachusetts (University of Mass Center 

for Agriculture, Food, and the Environment, 2018), and studies determined how relevant it 

is to this area. Invasive insects, and in particular EAB, HWA, and ALB are relatively new 

environmental threats in the New England forest. There is a lot of ecological studies still 

trying to better understand the implications of the spread of invasive insects, which means 

there is also continued efforts to understand people’s perception of the threat of invasive 

insects.  

Attitude Strength Correlations  

The overall relationship between these variables indicates that they are related to one 

another, which confirms the relationship proposed in attitude strength literature and Petty 

and Krosnick’s framework (Petty & Krosnick, 2014). The correlation between these 

variables indicated that each of them, and in combination, forms a larger picture of the 

attitudes of landowners towards the threat of invasive insects.  

Understanding the relationship of these variables to one another is a relatively new 

area in the attitude strength literature (Petty & Krosnick, 2014). Several papers address the 
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relationship of some variables to one another, but overall, the understanding of how they 

work together to compute the overall attitude strength is ongoing (Petersen & Dutton, 1975; 

Tesser, A. Martin L, & Mendolia M, 1995). Even in the “Attitudes and Consequences” 

overview by Petty and Krosnick, most of the examples are limited to the relationship 

between variables, and an overall summary of the history of each variable-specific research 

is limited to a review of the history of the items. Moreover, some relationships have great 

potential to continue exploring the overall relationship with one another. Furthermore, 

attitude strength variables specific to environmental attitudes and behavior is also an 

ongoing, field. Understanding the relationship of these variables from the theoretical sense 

serves a purpose but when we add the ecological elements and physical features that may 

impact people’s levels of attitude strength, we create the opportunity to understand many 

more tangible ways in which humans form their attitudes and reinforce them over time.  

Results by Treatment  

The results from this study indicate that significant differences were noted across 

treatments within “importance,” “extremity,” and “knowledge.” Landowners living in 

control towns were more likely to believe that the threat of invasive insects is a very 

important environmental issue. Landowners in control towns were also more likely than 

landowners in infested towns to believe that this is one of the worst things that has happened 

(or will happen) to their land. Finally, landowners in threatened towns are more likely to 

have high knowledge scores about invasive insects and their threat than those who live in 

infested towns.  Another potential explanation as to why we noticed significant differences 

across treatment can be attributed to shifting baseline syndrome. Shifting baseline syndrome 

refers to the generational “amnesia” that happens, and knowledge of change is not passed 
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down due to forgiving the changes in the environment. The term originally coined by Pauly 

in 1995, was used to describe and determine fisheries baseline. Shifting baseline is often a 

complex topic used to describe different effects in environmental conservation, yet it is very 

difficult to exactly identify it as an occurrence (Papworth, S. K., Rist, J., Coad, L., & 

Milner‐Gulland, E. J. 2009). In conservation, shifting baselines can affect people’s 

perception of threats to the environment, by addressing the issue while examining the 

current environment not how much it has changed over time (Carrus et. al 2008). One of the 

findings in this study suggests that shifting baseline may be the reason why individuals in 

control towns had much more different levels of attitude strength compared to those living 

in threatened and infested towns. Invasive insects, albeit damaging, take a gradual amount 

of time to see the devastation. It may be impacting people’s perception of seeing the change 

if it is slowly happening over time. By the time an individual is aware of the damage, 

shifting baselines may influence their perception and an individual in the “infested” 

category may not think it is as bad as it was forewarned.   

The way individuals relate to the issue of invasive insects also plays a role, and that 

connection can fuel how important they perceive an issue to be. The more an individual 

identifies with an issue the more likely they are to seek more knowledge, interact with the 

issue, and even identify a potential solution for the issue. Our survey shows that the 

individual’s level of importance towards the threat of invasive insects as an environmental 

threat was much higher in control towns.  

Knowledge influences the beliefs of individuals and, in part, our beliefs influence the 

overall attitudes of individuals towards an object (Olson & Zanna, 1993). The more 
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knowledge landowners think they have about the issue, the more likely it will influence their 

beliefs and attitudes (Campbell & Kirmani, 2000). In our study, it appears that landowners 

living in threatened areas are more likely to have higher levels of self-perceived knowledge 

than those in infested towns. This relationship could be attributed to two factors. 

Landowners in threatened towns may have more access to information about the threat of 

invasive insects since they are in neighboring towns and are exposed to a potentially high 

risk of the next infestation. Second, as management efforts often focus on infested towns 

and containment of the spread due to the cost-effectiveness of prevention practices, 

individuals living in neighboring towns may be aware of efforts to control the infestation 

(McLaughlin GM, 2019; Harold H.A, 2005). 

Implications: Using Attitude Strength Results for Management of Invasive 
Insects  

We developed our sampling based on invasive insect movement and the likelihood 

of spread based on proximity to an infested town. This stratification allowed us to explore 

the impact of “direct exposure.” Landowners living in areas with invasive species may be 

more aware of the threat, see the destruction species have caused, and potentially have 

engaged in management efforts (van Riper et al., 2019). On average, it takes an ALB about 

five years to kill a tree, thus, some landowners may have invasive insects infesting in their 

land but will not see the effects for some time; by the time they learn about the threat of 

invasive insects, it may be too late to intervene (USDA, 2016).  The distinction between the 

levels of infestation and how important they believe this issue to be is an opportunity for 

managers to intervene and obtain engagement from citizens. Engaging landowners in 

threatened and control towns at an early stage may create efficient management to prevent 
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spread, encourage higher levels of cooperation, and result in successful eradication of 

invasive insects spread. From a management perspective, it is far easier to engage and 

increase buy-in from landowners, which will result in effective management practices when 

the attitudes of landowners in these areas align with the attitudes of the managers (Olson & 

Zanna, 1993; McLaughlin & Dearden, 2019; Shackleton et al., 2019).  

These types of analyses and data stratification facilitate more nuanced results 

between how these variables interact with one another, instead of addressing them as 

aggregate variables to summarize people’s attitudes. Human attitudes are complex and 

difficult to pin down (Heberlein, 2012). Research has shown that they also have several 

dimensions, such as strength (Petty & Krosnick, 2014) and structure (Eagly et al., 1995), 

and the attitude strength framework presents different measurable variables of attitudes, yet 

more needs to be done to understand the interactions between such variables. The better we 

can understand the dynamic of attitude strengths, their structure, and the impact that natural 

surroundings have on their development, the better we can address the threat that our natural 

areas face. Our respondents’ attitudes were impacted by location and the detection of 

invasive insects in the town they reside in. There is a probability that individuals in these 

areas with stronger attitudes towards the threat of invasive insects are more likely to behave 

differently towards the threat and, in part, be more receptive to management strategies.  

This study aimed to better understand attitudes towards invasive insects by 

implementing an attitude strength framework approach (Petty & Krosnick, 2014). Through 

our results, we have identified that although certain attitude strength variables are affected 

by the status of invasive insects in New England, not all of them are. The results show that 
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the interaction between attitude strength variables and landowners’ location in respect to the 

threat of invasive insects is a complex one.  

CONCLUSION 
There is an ongoing increase in invasion biology research, and it has beginning to 

include human dimensions of invasion ecology (García-Llorente, Martín-López, González, 

Alcorlo, & Montes, 2008; Head, 2017; Kull et al., 2011). Understanding human’s attitudes 

and including more in-depth frameworks to quantify and verify attitudes is crucial to 

helping us understand human’s acceptability of management practices, effect of natural 

surroundings on human attitudes, and the implications it may have on their perception of 

environmental threats. Overall, this study intends to continue to grow our understanding of 

attitude strength variables and the relationship to one another, as well as continue ongoing 

attitude strength frameworks to solve complex environmental issues. 
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TABLES 

 

 

Table 1.  

Attitude features related to strength  

Importance The degree to which an individual attaches significance to the attitude 

Certainty The individual's level of confidence that his or her evaluation of the attitude object is correct 

and is clear to him or her  

Ambivalence The degree to which a person holds positive and negative evaluations of the attitude object 

simultaneously 

Accessibility The likelihood that the attitude will come to mind automatically in relevant situations 

                    

Knowledge  

The amount of information the person has about the attitude object 

                     

Extremity 

The degree to which the person likes or dislikes the attitude object 

Affective–cognitive 

consistency 

The degree to which a person's feelings about the attitude object are evaluatively consistent 

with his or her thoughts about it 

Intensity The degree to which a person's evaluation of the attitude object activates powerful emotions 

Moral conviction The degree to which the attitude is a strong and absolute belief that something is right or 

wrong or moral or immoral, or that it reflects core moral values and convictions 

Elaboration The degree of thought one has given to the attitude object's merits and shortcomings 

Vested interest The degree to which the attitude object is perceived to be of personal consequence 

Note. Reprinted from “Attitude Strength”, by Howe, Lauren C. and Krosnick, Jon A.2017. Annual Review of 

Psychology 68.1. 
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Table 2  

Attitude Strength Survey Statements  

Attitude Strength Item Attitude Strength Statement 
Indifference The threat of non-native insects doesn’t matter to me 

Durability  I have been interested in the problems of non-native insects for 
many years 

Accessibility  I often am thinking about the threats that non-native insects pose 
to the forests near me 

Certainty  I am certain that non-native insects are a major threat to forest 
health 

Ambivalence  The introduction of non-native insects in forests near me is a 
really big problem 

The introduction of non-native insects in forests near me is not a 
really big problem 

Importance  Compared to other environmental problems, how important to 
you are the threats to forest health posed by non-native insects?  

Identity                                                In my community, I am usually the person with the most 
knowledge about non-native insect threat 

Intensity I really hate the idea of non-native insects destroying the forests 
where I live 

Extremity The introduction of non-native insects is my biggest worry 

 

Table 3 
Overall attitude strength average responses description  

 

 

Mean SD Range  

Change 
from 

Neutral 
Score 

Indifference 1.79 0.7 1 to 5 1.21 
Identity 1.89 0.85 1 to 5 1.11 
Extremity 2.45 1.06 1 to 5 .55 
Accessibility 2.6 1.06 1 to 5 .40 
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Durability 2.71 1.1 1 to 5 .28 
Importance 3.71 0.86 1 to 5 .71 
Certainty 3.74 0.82 1 to 5 .74 
Intensity 4.17 0.81 1 to 5 1.17 
Knowledge 8.83 3.33 4 to 16 -- 

 

 

 

 

 

 

 

 
Table 4 
Pearson Correlation Results Between Attitude Strength Variables  
  
  Certainty Identity Durability Extremity Accessibility Intensity Importance Knowledge Indifference 

Certainty Pearson 
Correlation 1 .200** .420** .399** .501** .368** .480** .263** -.451** 
N 765 591 590 591 592 763 556 579 757 

Identity Pearson 
Correlation .200** 1 .536** .346** .432** .109** .234** .459** -.213** 
N 591 594 591 592 594 594 557 580 592 

Durability Pearson 
Correlation .420** .536** 1 .473** .627** .281** .351** .494** -.370** 
N 590 591 593 591 592 592 557 579 591 

Extremity Pearson 
Correlation .399** .346** .473** 1 .702** .336** .391** .293** -.314** 
N 591 592 591 594 594 594 557 580 592 

Accessibility 
Pearson 
Correlation .501** .432** .627** .702** 1 .355** .462** .406** -.393** 
N 592 594 592 594 595 595 558 581 593 

Intensity Pearson 
Correlation .368** .109** .281** .336** .355** 1 .344** .167** -.446** 
N 763 594 592 594 595 766 558 581 759 

Importance Pearson 
Correlation .480** .234** .351** .391** .462** .344** 1 .220** -.525** 
N 556 557 557 557 558 558 594 579 557 

Knowledge Pearson 
Correlation .263** .459** .494** .293** .406** .167** .220** 1 -.288** 
N 579 580 579 580 581 581 579 629 580 

Indifference Pearson 
Correlation -.451** -.213** -.370** -.314** -.393** -.446** -.525** -.288** 1 
N 757 592 591 592 593 759 557 580 760 

** Correlation is significant at the 0.01 level (2-tailed). 
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Table 5       
One-Way Analysis of Variance of Attitude Strength and Invasive 
Insects Treatment    

  
Sum of 
Squares df  

Mean 
Squares F  Sig.  

Importance Between Groups  4.826 2 2.413 3.27 0.039** 

 Within Groups 435.324 590 0.738   
  Total  440.15 592       

       
Indifference  Between Groups  1.548 2 0.774 1.458 0.233 

 Within Groups 401.424 756 0.531   
  Total  402.972 758       

       
Identity  Between Groups  3.04 2 1.52 2.087 0.125 

 Within Groups 430.389 591 0.728   
  Total  433.429 593       

       
Durability Between Groups  3.803 2 1.901 1.514 0.221 

 Within Groups 739.663 589 1.256   
  Total  743.466 591       

       
Extremity  Between Groups  12.982 2 6.491 6.145 0.002** 

 Within Groups 624.337 591 1.056   
  Total  637.32 593       

       
Accessibility  Between Groups  5.467 2 2.734 2.453 0.087 

 Within Groups 659.85 592 1.115   
  Total  665.317 594       

       
Intensity  Between Groups  1.464 2 0.732 1.033 0.356 

 Within Groups 539.569 762 0.708   
  Total  541.032 764       

       
Knowledge  Between Groups  84.294 2 42.147 3.816 0.023** 

 Within Groups 6914.124 626 11.045   
  Total   628       

       
Certainty  Between Groups  0.298 2 0.149 0.2 0.819 

 Within Groups 565.226 761 0.743   
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  Total  565.523 763       
 

Table 6 

One-Way Analysis of Variance Tukey Post-Hoc test of Attitude Strength and Invasive Insects 

Treatment   
 

Condition Mean 
Difference 

Std. 
Error  

Sig.  
      

Importance 

Infested  Threatened -0.184 0.088 0.092 
Control -0.19 0.084 0.05* 

Threatened  Infested 0.184 0.088 0.092 
Control -0.006 0.089 0.998 

Control Infested 0.19* 0.084 0.05* 
Threatened 0.006 0.089 0.998 

Indifference 

Infested  Threatened 0.096 0.066 0.315 
Control 0.091 0.062 0.309 

Threatened  Infested -0.096 0.066 0.315 
Control -0.005 0.067 0.997 

Control  Infested -0.091 0.062 0.309 
Threatened 0.005 0.067 0.997 

Identity 

Infested  Threatened -0.133 0.087 0.28 
Control 0.042 0.083 0.87 

Threatened  Infested 0.133 0.087 0.28 
Control 0.175 0.088 0.118 

Control Infested -0.042 0.083 0.87 
Threatened -0.175 0.088 0.118 

Durability 

Infested  Threatened -0.17 0.115 0.303 
Control -0.163 0.109 0.293 

Threatened  Infested 0.17 0.115 0.303 
Control 0.006 0.116 0.998 

Control Infested 0.163 0.109 0.293 
Threatened -0.006 0.116 0.998 

Infested  Threatened -0.168 0.105 0.249 
Control -.350* 0.1 0.001** 

Threatened  Infested 0.168 0.105 0.249 
Control -0.182 0.107 0.203 
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Extremity  

Control Infested .350* 0.1 0.001 
Threatened 0.182 0.107 0.203 

Accessibility  

 
Infested  

 
Threatened 

 
-0.213 

 
0.108 

 
0.121 

Control -0.185 0.102 0.168 
Threatened  Infested 0.213 0.108 0.121 

Control 0.028 0.109 0.965 
Control Infested 0.185 0.102 0.168 

Threatened -0.028 0.109 0.965 

Intensity  

Infested  Threatened -0.058 0.076 0.724 
Control -0.103 0.072 0.325 

Threatened  Infested 0.058 0.076 0.724 
Control -0.044 0.077 0.834 

Control Infested 0.103 0.072 0.325 
Threatened 0.044 0.077 0.834 

Knowledge  

Infested  Threatened -.83906* 0.32941 0.03* 
Control -0.66923 0.31467 0.085 

Threatened  Infested .83906* 0.32941 0.03* 
Control 0.16982 0.33407 0.867 

Control  Infested 0.66923 0.31467 0.085 
Threatened -0.16982 0.33407 0.867 

Certainty 

Infested  Threatened -0.048 0.078 0.811 
Control -0.011 0.074 0.987 

Threatened  Infested 0.048 0.078 0.811 
Control 0.037 0.079 0.887 

Control Infested 0.011 0.074 0.987 
Threatened -0.037 0.079 0.887 
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Figures  

 

Figure 1. A map of Vermont, New Hampshire, and Massachusetts including the towns that were selected to 

sample, as well as the level of invasive insect infestation. Towns are not spatially paired but threatened towns are always 

neighboring an “infested” town.  
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CHAPTER 2: IMPLICATIONS OF FOREST VALUE ON NEW 
ENGLAND LANDOWNER’S BELIEF TOWARDS THE THREAT 
OF INVASIVE INSECTS 
 

INTRODUCTION 
 

Invasive insects affect both local economies and ecosystems where they are found. 

Invasive insects cost a minimum of $70 billion per year globally for in lost goods and 

services that they impair or destroy (Paini et al., 2016). In New England, approximately 

75% of the land area is forested; thus, addressing the threat of tree-killing invasive insects is 

a growing concern among scientists and landowners. Insects such as the emerald ash borer 

(EAB; Agrilus planipennis), hemlock woolly adelgid (HWA; Adelges tsugae), and Asian 

longhorned beetle (ALB; Anoplophora glabripennis) threaten eastern hemlock (Tsuga 

canadensis), sugar maple (Acer saccharum), and green ash (Fraxinus americana) trees. This 

does not include the effects invasive species may have on human health or cultural value 

(e.g., in terms of recreation spaces or spiritual retreats) and the cumulative costs of 

management interventions (Bradshaw et al., 2016).  

Several solutions for invasive insects such as biological control, insecticide 

treatment, implementation of quarantine zones, or cutting down infested trees are often used 

to control their spread. One thing these management practices have in common is that 

people’s support for these management practices facilitates their execution and plays a role 

in making them much more efficient and successful (VanRiper, 2019). Invasive insect 

management practices that benefit from public support include monitoring trees for invasive 

(FWS, 2008), limiting the movement of firewood (Dont Move Firewood, 2020), and private 

land management. Understanding people’s beliefs and motivations behind their perceptions 
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of the threat of invasive insects is critical when assessing the best solutions to address this 

problem (Daigle, 2018; van Riper; 2019). When individuals believe in the action they are 

taking such as supporting a specific type of management strategy to eradicate invasive 

insects they are more likely to support behaviors or management practices that align with 

their beliefs. Most of these human-focused studies have interpreted human perceptions in a 

rational-actor framework (Vroom, 1994; Daigle, 2018; Winter and May 2021), where there 

is an assumption that people’s support for or alignment with an issue will determine their 

behavior.  

Similar frameworks in the field of sociology such as the theory of planned behavior 

and expectancy-value frameworks also elevate the relationship between beliefs and values 

and the impact they have on both attitudes and behavior. Even though value and beliefs both 

play a crucial role in influencing attitudes and behavior, there is little to no research 

focusing explicitly on the relationship between individuals’ beliefs about invasive insects 

and how their evaluations of the forest correlate to one another. Human belief is “a 

subjective probability that the behavior will produce an outcome” (Daigle et al. 

2002, Fishbein and Ajzen 2010). According to the theory of planned behavior, personal 

beliefs affect attitudes towards a behavior (Ajzen, 1991). The more an individual interacts 

with different pieces of information that reinforce a belief, the more likely the individual is 

to hold that belief (Heberlein, 2012). The stronger the belief the individual holds, the more 

likely it is that it will shape his or her attitude and behavior (Ajzen, 1991).  

Values are one of the main factors that inform how individuals form their beliefs. If 

an individual holds strong values, he or she is more likely to hold beliefs that support said 

values (Heberlein, 2021; Ajzen, 1991; Vroom, 1994). In the case of invasive insects, the 
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threat that they pose to the forest could indirectly play a role in determining an individual’s 

connection to this issue. According to expectancy-value literature, people’s attitudes are 

determined by the type of value and the relationship between this and their behavior 

(Vroom, 1994). Even though there is much research focusing on how both values and 

beliefs play a role in influencing attitudes and behavior, there are few pieces of research that 

focus on the relationship between an individual’s valuation of natural surroundings and how 

these may influence his or her beliefs about the threat. To truly understand how to best 

implement the human dimensions of invasion ecology, one must also explore the 

relationship between natural surroundings, how people value them, and how values help 

individuals form beliefs.  

How individuals value their natural surroundings can be explored from many 

different angles. In New England, the forest is a source of life for rural and urban 

populations, an area for recreation, and part of the New Englanders’ sense of place (Cross, 

2001). Sense of place is a person’s relationship between self and place, his or her feelings 

towards a place, and the behavioral exclusivity of the place with regard to other spaces 

(Eisenhaure et al. 2000; Stedman & Jorgensen, 2001). Studies in the realm of sense of place 

have tried to understand how people develop this. However, findings show that social 

relationships in an area and physical settings can contribute to an individual’s sense of place 

and valuation of natural surroundings (Stedman, 2002; Stedman, 2003).  

Valuing the benefits of natural surroundings has often proven to be a complex 

subject. The Millennium Ecosystem Assessment (MA) has created certain types of services 

and ways of quantifying valuation of natural surroundings (Millenium Ecosystem 

Assesment, 2005). The MA was a scientific appraisal that outlined the different types of 
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services and benefits an ecosystem provides. This framework was initially utilized to assess 

changes in conditions and the effect they have on ecosystem production. It has also often 

been used as a tool to navigate the several benefits of natural ecosystems that may be 

otherwise difficult to conceptualize. The MA has often been utilized as a way to quantify 

people’s perceptions of the value of ecosystems However, there is little research that 

explores the effect people’s own evaluations of the forest may have on their beliefs about 

threats to these ecosystems. The types of services include supporting, cultural, provisioning, 

and regulating. By understanding people’s valuation of the New England forest and the 

effect it may have on their beliefs towards invasive insects, one can also further explore 

whether an individual’s beliefs are specifically motivated by a type of service the forest 

provides.  

The purpose of this study is to understand how people's values for forest services 

may influence their beliefs about the threat of invasive insects. Understanding landowners’ 

valuations of the land and the spaces that are being managed for protection and the 

valuations’ relationship to how landowners view the threats to this land is a crucial step in 

identifying opportunities for effective management practices. This study explores the 

connection between landowner valuations of the forest and their beliefs towards the threat of 

invasive insects as a way to continue exploring the different ways in which individuals 

perceive the threat and, in part, to support solutions and management practices.  

BACKGROUND 
Attitudes are “… a state of readiness, organized through experience, exerting a 

directive or dynamic influence upon an individual's response to all objects and situations 

with which it is related” (Sherif & Cantril, 1946). Attitudes are often tied to and researched 
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alongside human behavior, social norms, and belief systems (Ajzen, 1991). They have also 

been described as “a learned predisposition to respond in a consistently favorable or 

unfavorable manner with respect to a given object” (Hill et al., 1977). Belief and values play 

a key role in helping individuals form their attitudes. For a significant amount of attitude 

research, most of the work has been dominated between the attitude and behavioral intention 

(Ajzen, 1991; Hill et al., 1977). This is in part, due to the introduction theory of planned 

behavior, which outlines a framework which has inspired many social scientists to 

understand human attitude and behavior. There is one dynamic that often goes unnoticed 

and plays a key point in human attitude and behavior development and it traces back to 

individuals’ belief systems and their values.  Human belief and values play a role in our 

overall attitude and can in part help define better management practices (Walker & Ryan, 

2008). Individuals often assign value to specific places, and natural areas to which they have 

developed a sense of place (Larson et al., 2013). This value therefore impacts their belief 

systems, which plays a role in influencing the attitude and behavior of the individuals 

(CHENG et al., 2003). Being able to analyze this correlation and connection between two 

variables can serve as a tool for managers to enact efficient and successful solutions to the 

threat of invasive insects. Research has shown the effect our natural surroundings have on 

how individuals navigate the world (Heberlein, 2013; Thomas, 1996; Stedman & Jorgensen, 

2001; Larson et al., 2013; Stedman, 2002). The purpose of this study is to explore the 

relationship between values and belief dynamic within the of the threat of invasive insects in 

the New England forest.  
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METHODS 
Study Site 

To explore how people’s appreciation for forest services impacts their beliefs about 

the threat of invasive insects, we administered a survey by mail among forest landowners in 

Vermont, New Hampshire, and Massachusetts. The states of Vermont, New Hampshire, and 

Massachusetts are home to over 8 million people (U.S. Census Bureau, 2017), accounting 

for 60% of the population of New England. The sampled region represents 75% of New 

England’s landscape, which is predominantly northern hardwood forest (Brooks, Frieswyk, 

Griffith, Cooter, & Smith, 1992).  

We selected this region because nonnative insect introductions are having an impact 

on several tree species, including hemlocks, ash, and sugar maple. Two of these invasive 

insects (EAB and ALB) were introduced through package shipments across the Great Lakes 

region. The HWA was introduced to the United States through Virginia via package 

shipments as well. These nonnative insects have invaded the states of Vermont, New 

Hampshire, and Massachusetts at different rates. The EAB was discovered in Vermont in 

2018, whereas it has been present in Massachusetts since 2012 and New Hampshire since 

2013 (Randall S. Morin, 2016; Service, 2015; Widman R.H., 2016). Due to the different 

rates of insect invasion New England is facing and the ongoing threat these insects pose to 

forest health, studying New England serves as an opportunity to understand people’s 

valuation of forest services and the impact it has on their beliefs about the threat of invasive 

insects, and allows the opportunity to test across a gradient of impact of invasive insects.  
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Sampling 
 To administer the survey, we developed a stratified random sampling plan based on 

the current spread of the EAB, HWA, and ALB in each state. We used insect monitoring 

data from the U.S. Department of Agriculture Forest Service to generate a list of towns in 

Vermont, New Hampshire, and Massachusetts that have detected EAB, HWA, or ALB 

introductions. The first stratified group of towns included places in which the EAB, HWA, 

or ALB has been found. The second sampling category included towns in which the EAB, 

HWA, and ALB were not detected but that shared a town boundary with towns where these 

insects had been detected and identified. Finally, we sampled a control group that included 

towns in which the EAB, HWA, and ALB had not been detected and that shared borders 

with other towns where these insects had never been seen. Six towns were randomly 

selected from the three categories, totaling 18 towns out of 724 potential towns.  

We randomly selected 135 property owners from all three states from each of the six 

towns who owned at least one acre of residential, vacation, or woodlot property. The final 

sample size was 2,430 landowners across all three states. We contacted each selected 

individual in the sample by mail four times to optimize the survey response (Dillman, 2000). 

As a result of these efforts, we achieved a survey response rate of 28.3%. We also decided 

to send another mailing to the remaining nonrespondents in the sample, sending a one-page 

survey to New England landowners who did not answer our original survey (n = 1,600). The 

follow-up procedure netted responses from 10.7% of nonrespondents. There was no 

significant difference in the response rate between the New England landowners from the 

original mailed survey and the follow-up survey. Women were more likely to respond to the 
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nonrespondent survey (45%) compared to the original mailed survey (26%). Females (n = 

88) were more likely than males (n = 78) to be nonrespondents.  

Measurement  
 
Forest Value 

The survey included indicators designed to measure individuals’ perceptions of 

forest ecosystem services on their lands. We asked New England landowners, “In general, 

how useful do you think forests are for providing the following benefits and services for 

people living in your area?” This was then followed by a series of 14 statements that 

outlined different ecosystem services derived from the Millennium Ecosystem Assessment 

(M. E. Assessment, 2005). The items represented four categories outlined in this document: 

provisioning, regulating, supporting, and cultural. First were provisioning services, which 

reflect the consumable products that people receive from the forest such as food and water. 

Examples of provisioning service statements are “providing food (plants, mushrooms, game 

animals, maple syrup, etc.)” and “a heating source (firewood or wood pellets).” Regulating 

services are the self-correcting functions inherent to natural landscapes such as carbon sinks 

and climate regulation. Examples of regulating service statements are “controlling runoff 

during heavy rains and floods” and “storing carbon emissions from industry and 

automobiles.” Supporting services are the types of services that maintain the conditions of 

the earth. Examples of supporting services are “supporting biodiversity” and “a habitat for 

threatened or endangered wildlife species.” Lastly, cultural services include the nonmaterial 

services humans gain from ecosystems. Examples of cultural services are “scenic views (fall 

foliage, attractive landscapes, etc.)” and “spiritual retreat.” Each ecosystem service item was 
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measured using a five-point scale of “not at all useful,” “slightly useful,” “moderately 

useful,” very useful,” and “extremely useful.”  

Beliefs 

 To measure respondents’ beliefs about the threat of invasive insects, we asked New 

England landowners to “please tell us the degree to which you agree or disagree with the 

following statements about the threats of nonnative insects in New England’s forests.” The 

section then included a series of nine statements about positive or negative beliefs toward 

invasive insects. Example positive beliefs are “it is easy to manage nonnative insect 

outbreaks in the forests near where I live” and “I don’t worry about nonnative insects 

because control methods are based on the best science.” Examples of negative belief 

statements are “an introduction of nonnative insects reduces the value of my property” and 

“an introduction of nonnative insects could destroy the sugar maple industry in New 

England.” Each belief statement was measured using a five-point scale of “strongly 

disagree,” “disagree,” “neither agree nor disagree,” “agree,” and “strongly agree.” 

To conceptualize the “belief” variable we identified four statements that were 

categorized as negative beliefs and three that were positive beliefs. Since we had positively 

worded questions and negatively worded questions, we had to reverse code for one of the 

two types of statements. We then found a one-factor solution that included four of the 

negative statements and three of the positive statements. Therefore, the more negative an 

individual’s added overall belief score was, the more they believed invasive insects were a 

threat. 
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RESULTS 
Descriptive Statistics 
 
Socioeconomic Characteristics  

The average age of our survey participants was 60.7 years (SD = 12.7). Most 

respondents were male (70.8%), married (69.7%), and had an annual household income 

between $48,000–$63,999. Study participants lived in a town that had an average of 66% 

forested land.  

Residential Characteristics 

At the time of the survey, 28.5% of the total sample lived in a rural area. 29.5% lived 

in a small town, 5.5% lived in an urban area, 10.6% lived in a suburban area, and 3.2% lived 

in a large city. However, 54.6% grew up in small towns or rural places, while 31.6% grew 

up in urban or suburban places (𝑋" = 2.6, SD = 1.4).  

Forest Benefits 

 In general, respondents recognized the benefits of healthy forests. The mean scores 

for 13 of the 14 survey question responses were greater than 3.0 on a five-point scale. In 

particular, respondents were especially aware of how forests are valuable for scenic views 

(𝑋" = 4.39, SD = .94), outdoor recreation (𝑋"	= 4.32, SD = .96), and provide a space for 

improving air quality (𝑋	$= 4.29, SD = .91). The mean score for only one of the forest benefit 

variables had a mean score that was lower than 𝑋"	= 3.00. New England landowners were 

less likely to believe forests provide good opportunities for motorized recreation (𝑋"	= 2.80, 

SD = 1.35; Table 1). 
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The forest value variables were aggregated and computed into four different 

categories (Table 2). Each of these categories comprise of the four different types of values 

stated in the MEA. Some of the groups had more variables than others, so we normalized 

the scale from 4 to 20. The results from each of these groups are significantly different (sig= 

.00) to one another. Results show that New England landowners valued “regulating” items 

more than any of the three categories (𝑋"	= 16.38, SD = 3.62). New England landowners 

valued “provisioning” items the least (𝑋"	= 13.53, SD = 4.86).  

Beliefs 

Overall, New England landowners held negative beliefs about the threat of invasive 

insects, consistently agreeing with negative statements about the threat of invasive insects 

and consistently disagreeing with neutral statements. For example, New England 

landowners agreed most with the statements “Nonnative insects pose a threat to the 

wellbeing of people who make a living from forest products” and “an introduction of 

nonnative insects could destroy the sugar maple industry in New England” (𝑋"	= 4.23, SD = 

.74). In contrast, New England landowners mainly disagreed with the statement “it is easy to 

manage nonnative insects’ outbreaks in the forests near where I live” (𝑋	$= 2.12, SD = .86). 

Our results also show that there were significant differences across respondents’ 

beliefs about invasive insects and the level of infestation. Landowners living in infested 

towns are significantly less likely to have a negative belief towards invasive insects (𝑋	$= 

4.05, SD = .83) regarding their impact to the sugar maple industry, compared to those in 

threatened (𝑋	$ = 4.33, SD = .67) and control towns (𝑋	$ = 4.31, SD = .75). Landowners were 

significantly different in their beliefs when it came to their belief about the impact of 

invasive insects and forest products. Respondents in infested towns were the least likely to 
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have a negative belief (𝑋	$ = 4.07, SD = 74), followed by respondents in the threatened town 

(𝑋	$= 4.19, SD = .83), and finally those in the control category (𝑋	$= 4.29, SD = .77). 

Respondents also had significant belief differences when it came to their belief about the 

impact it may have on their property value. Landowners in the infested category had the 

least likely negative belief about invasive insects (𝑋	$= 3.88, SD = .76) followed by 

landowners living in control group (𝑋	$= 4.01, SD = .78) and then threatened (𝑋	$= 4.14, SD = 

.76). Finally, landowners were all significantly different when asked about their beliefs on 

more regulation. Individuals in in the threatened category were the most likely to agree with 

the need for more regulation (𝑋	$ = 3.63, SD = .98), this was followed by those in the control 

group (𝑋	$= 3.45, SD = .99) and finally the infested group (𝑋	$= 3.37, SD = 1.00). 

Relationship between Forest Values and Beliefs 

We also conducted a Spearman’s bivariate correlation analysis, to understand the 

relationship between the value variables and belief variables (Table 6). This relationship is 

intended to understand if the way our respondents value forest service’s influences their 

beliefs about invasive insects. Our results show that all four types of ecosystem services 

category had a significant impact on respondents’ beliefs about invasive insects. This 

means, the more an individual values forest services, in any of the four categories alike, the 

more likely they are to have a negative belief towards invasive insects.  

Finally, we conducted the same type of analysis, to understand the effect at the 

infestation level. The results show a similar result than the overall sample with some slight 

differences. Individuals who valued provisioning ecosystem services, were only influence 

their beliefs if they were in the threatened (ρ =.312, p<.00) or control group (ρ =.402, 
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p<.00). Landowners who value cultural services only influence individuals’ belief about 

invasive insects if they are in the threatened (ρ =.353, p<.00) or control groups (ρ =.472, 

p<.00). Respondents who valued regulating ecosystem services and supporting ecosystem 

services, had a significant relationship to negative beliefs about invasive insects across all 

three groups.   

DISCUSSION  
Our study shows that people overall value the forest for their scenic views the most, 

followed by outdoor recreation. This leads us to better understand landowners in this survey 

and their relationship to the forest around us. When aggregated, landowners are more likely 

to value items in the “supporting” category of forest values. This means that they are more 

likely to value items that are supportive of other natural systems such as water purification, 

and carbon offsets. This result was followed by cultural services which includes scenic 

views and outdoor recreation. Even though participants in this study consisted of 

landowners, their interaction with forests may be heightened in a recreational setting which 

leads to different types of “vested interest” and values of the forest. If this survey was 

specifically targeted to explicitly forest owners or farmers in New England, the results of 

what they value may potentially differ.  

New England landowners also had significant strong beliefs that “People need more 

education about the threat of invasive insects.”  This indicates people’s need for more 

exposure to the threat of invasive insects, and the impact it may have on their land. The 

results support the findings from the claims of Shackleton (2019), stating that stakeholder 

engagement needs to have a much more nuanced approach and that it is key for 
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environmental management. Social learning, and feedback is crucial, and management of 

invasive insects can’t be solely based on a top-down questionnaire but instead it has to be a 

“co-design,” “co-creation,” and “co-implementation” of learning and support. Landowners 

in this study seem to be aware that there needs to be more education based on this issue 

before their “beliefs” around the threat are solidified (Shackleton, 2019).  

Our results show that there are significant differences across the level of infestation 

of towns, and what they believed about invasive insects. Landowners in infested towns were 

less likely to have a negative belief about invasive insects’ potential impact to the sugar 

maple industry, compared to those living in threatened and control towns. This could be due 

to several reasons, one of them due to the location of where the “infested towns” are located, 

and the level of dependence they have to sugar maple. The majority of the infested towns 

were located in Massachusetts and New Hampshire, this is due to Massachusetts high level 

of infestation from ALB and EAB (Figure 1). One out of 4 trees are sugar maples in 

Vermont, making them highly susceptible to the impact of ALB. The state of Vermont also 

produces around two million gallons of syrup per year, with $25 million in direct sales 

(Proctor Maple Research, 2021). Recognizing that most invasive movement has yet to 

reach, and detrimentally impact Vermont, the majority of infested towns were located in 

New Hampshire and Massachusetts. This is a potential explanation as to why individuals in 

threatened towns have the highest negative belief towards the impact on the sugar maple 

production. Landowners in threatened towns on average also had the strongest negative 

beliefs when it came to the impact of property value. Most of invasive management on the 

ground is focused on the containment of the species from limiting the spread to other nearby 

locations (Dont Move Firewood, 2020; Koch et al., 2012; Solano et al., 2021). Similarly, 
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these are the individuals who had the strongest belief regarding the need for more regulation 

of invasive insects. Due to this management strategy, landowners in the threatened towns 

are the key audience for these efforts. Landowners in threatened towns are potentially more 

likely to be aware of the issue, aware of the risk, and have the strongest negative belief 

about the threat of invasive insects.  

The results of this study demonstrate the relationship between New England 

landowners’ values towards the forest services, and their beliefs towards the threat of 

invasive insects. In line with the hypothesis, there is a significant relationship between New 

England landowner values and their beliefs about the threat of invasive insects. Literature 

shows that there are significant relationships between our changing natural surrounding and 

how we perceive the value of these areas and our beliefs (Heberlein, 2012; Ajzen 1991; 

Stedman & Jorgensen, 2001). Landowners are significantly more likely to have a negative 

belief towards the threat of invasive insects the more they value the forest. This finding was 

across all different types of “value” categories and belief, as well as individual value 

statements and belief.  

The data from this study also suggests that individuals “value” forest services 

primarily for their own enjoyment rather than the ecological benefits it provides. Future 

management efforts could include a heavier connection between the impact invasive insects 

may have on these two services. For example, the effect that ALB has on sugar maple trees, 

and the role sugar maple trees play during the “fall foliage” season. Another example could 

incorporate the findings from the impact HWA has had on the Smoky Mountain National 

Park, and the changing landscape due to the increased amount of “ghost trees” which are 

dead trees due to HWA (Roberts, 2009; (“Impacts and Management of Hemlock Woolly 
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Adelgid in National Parks of the Eastern United States,” 2014). The results build on existing 

evidence that people’s value for the forest has an impact on how they perceive the threat to 

these spaces. This is a crucial finding when thinking of how to manage for these threats, but 

also growing our understanding of people’s relationship to our natural surroundings.  

Our results also presented the different relationships between value and beliefs at the 

level of infestation respondents were located in. Across the different levels of infestation, 

value and beliefs also had as similar relationship to one another. Literature shows that if 

there is alignment and relationship between these items, they are more likely to influence 

people’s attitudes and behavior (Heberlein, 2012; Ajzen 1991; Stedman & Jorgensen, 2001). 

Future research could analyze the implications of these relationships and the impact they 

may have on behavior. If there is a relationship, this would imply an opportunity for 

managers to influence behavior and increase support and participation for management 

practices.  

More research is needed to continue dissecting the specific details of how New 

England landowners, forest owners, farmers, and individuals develop their beliefs about the 

threat of invasive insects. For example, studies should focus on the development of a more 

thorough scale to quantify the amount and type of exposure New England landowners have 

to nature and how this may influence how they value the forest and affect their beliefs about 

threats to this area.  

Finally, this study was limited to landowners, but there may be specific 

discrepancies between New England landowners, who do not necessarily own land for 

financial reasons, yet choose to live in areas based on relative closeness to natural or less 

urbanized surroundings. It is important to continue to pursue more interdisciplinary 
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methodologies to better capture and interpret attitudes. Theories of attitude strength and 

environmental psychology frameworks should be used to help develop the understanding of 

the impacts that natural and physical objects can have on something as abstract as attitudes.  

CONCLUSION 

In this paper we analyzed New England landowners’ value towards the forest, and 

the impact it has on their beliefs about the threat of invasive insects. Understanding how 

they value the forest, as well as how it dictates their belief towards the threat of invasive 

insects is a nuanced approach to better understand landowner’s relationship to the land, and 

the opportunities these findings may pose for management of this environmental issue. The 

findings on this study align with the literature that continues to highlight the importance of 

human dimension when finding efficient solutions for the threat of invasive insects. Due to 

the essential need of public support and cooperation for efficient management practices, 

learning more about how landowners perceive the threat of invasive and how they are 

influenced, is an innovative way of deciphering more opportunities for managers to be 

efficient in their task.  Furthermore, this study amplifies the knowledge we have regarding 

values and beliefs in the social psychology realm, as well as understanding more how 

people perceive the services natural areas provide.  

CITATIONS 
 
Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and Human 
Decision Processes, 50(2), 179–211. https://doi.org/10.1016/0749-5978(91)90020-t 
 
Assessment, Millennium Ecosystem %J Ecosystems, & Human Well-Being: Biodiversity 
Synthesis, Published by World Resources Institute, Washington, DC. (2005). Millennium 
ecosystem assessment. 



 

   69 

 
Assessment, Millennium Ecosystem. (2005). Ecosystems and human wellbeing. Washington, 
DC. 
Bradshaw, Corey JA, Leroy, Boris, Bellard, Céline, Roiz, David, Albert, Céline, Fournier, 
Alice, . . . Courchamp, Franck %J Nature communications. (2016). Massive yet grossly 
underestimated global costs of invasive insects. 7, 12986. 
 
Brooks, Robert T, Frieswyk, Thomas S, Griffith, Douglas M, Cooter, Ellen, & Smith, Luther 
%J Resource. Bull. NE-124. Radnor, PA: US. Department of Agriculture, Forest Service,  
 
Northeastern Forest Experiment Station. 89 p. (1992). The New England forest: baseline for 
New England forest health monitoring. 124. 
 
CHENG, A. S., KRUGER, L. E., & DANIELS, S. E. (2003). “Place” as an Integrating 
Concept in Natural Resource Politics: Propositions for a Social Science Research Agenda. 
Society & Natural Resources, 16(2), 87–104. https://doi.org/10.1080/08941920309199 
 
Dillman, Don A. (2000). Mail and internet surveys: The tailored design method (Vol. 2). 
 
Dont move firewood. (2020). Don’t Move Firewood. 
https://www.dontmovefirewood.org/resource-library/ 
 
Fishbein, Martin, & Ajzen, Icek. (1977). Belief, attitude, intention, and behavior: An 
introduction to theory and research. 
 
Hartig, Terry, Evans, Gary W, Jamner, Larry D, Davis, Deborah S, & Gärling, Tommy %J 
Journal of environmental psychology. (2003). Tracking restoration in natural and urban field 
settings. 23(2), 109-123. 
 
Hill, R. J., Fishbein, M., & Ajzen, I. (1977). Belief, Attitude, Intention and Behavior: An  
 
Introduction to Theory and Research. Contemporary Sociology, 6(2), 244. 
https://doi.org/10.2307/2065853 
 
Impacts and Management of Hemlock Woolly Adelgid in National Parks of the Eastern United 
States. (2014). Southeastern Naturalist. Published. https://doi.org/10.1656/058.013.s614 
 
Koch, F. H., Yemshanov, D., Magarey, R. D., & Smith, W. D. (2012). Dispersal of Invasive 
Forest Insects via Recreational Firewood: A Quantitative Analysis. Journal of Economic 
Entomology, 105(2), 438–450. https://doi.org/10.1603/ec11270 
 
Larson, S., De Freitas, D. M., & Hicks, C. C. (2013). Sense of place as a determinant of 
people’s attitudes towards the environment: Implications for natural resources management 
and planning in the Great Barrier Reef, Australia. Journal of Environmental Management, 
117, 226–234. https://doi.org/10.1016/j.jenvman.2012.11.035  



 

   70 

Ottosson, Johan, & Grahn, Patrik %J Landscape research. (2008). The role of natural settings 
in crisis rehabilitation: how does the level of crisis influence the response to experiences of 
nature with regard to measures of rehabilitation? , 33(1), 51-70. 
 
Paini, Dean R, Sheppard, Andy W, Cook, David C, De Barro, Paul J, Worner, Susan P, & 
Thomas, Matthew B. (2016). Global threat to agriculture from invasive species. Proceedings 
of the National Academy of Sciences, 113(27), 7575-7579. 
 
Raanaas, Ruth Kjærsti, Patil, Grete Grindal, & Hartig, Terry %J Clinical rehabilitation. (2012). 
Health benefits of a view of nature through the window: a quasi-experimental study of patients 
in a residential rehabilitation center. 26(1), 21-32. 
 
Randall S. Morin, Richard H. Widmann (2016). Forest of New Hampshire 2016. Retrieved 
from Department of Agriculture, Forest Service 
 
Russell, Roly, Guerry, Anne D., Balvanera, Patricia, Gould, Rachelle K., Basurto,  

 
Xavier, Chan, Kai M.A., . . . Tam, Jordan. (2013). Humans and Nature: How Knowing and 
Experiencing Nature Affect Well-Being. 38(1), 473-502. doi:10.1146/annurev-environ-
012312-110838 
 
Service, US Forest. (2015). Northeastern Area. 
Sharp, Ryan L, Larson, Lincoln R, & Green, Gary T %J Biological Conservation. (2011). 
Factors influencing public preferences for invasive alien species management. 144(8), 2097-
2104. 
 
Solano, A., Rodriguez, S. L., Greenwood, L., Dodds, K. J., & Coyle, D. R. (2021). Firewood 
Transport as a Vector of Forest Pest Dispersal in North America: A Scoping Review. Journal 
of Economic Entomology, 114(1), 14–23. https://doi.org/10.1093/jee/toaa278 
 
Stedman, R. C. (2002). Toward a Social Psychology of Place. Environment and Behavior, 
34(5), 561–581. https://doi.org/10.1177/0013916502034005001 
 
Thomas, K. (1996). Man and the Natural World: Changing Attitudes in England 1500–1800. 
Oxford University Press. 
 
Walker, A. J., & Ryan, R. L. (2008). Place attachment and landscape preservation in rural New     
England: A Maine case study. Landscape and Urban Planning, 86(2), 141–152. 
https://doi.org/10.1016/j.landurbplan.2008.02.001 
 
Wells, Nancy M %J Environment, & behavior. (2000). At home with nature: Effects of 
“greenness” on children’s cognitive functioning. 32(6), 775-795. 
Widman R.H, R.S Morin (2016). Forests of Vermont 2015. Retrieved from USDA: 
Zajonc, Robert (1968). Attitudinal effects of mere exposure. 9(2p2), 1. 

 



 

   71 

 

Tables  

Table 1    
Breakdown of Sampling Response         

 Infested Threatened  Control  
Number of responses 
Percentage of Response Sample 

235 
36% 

189 
29% 

225 
34% 

Average Percentage of Forest Coverage  60.08 70 66.12 

 

 

 

 

 

Table 2 
Values towards Forest Ecosystem Services 

    Range Mean SD 
Cultural Outdoor recreation 1--5 4.32 0.964 

Scenic views 1--5 4.39 0.907 
Spiritual retreat 1--5 3.41 1.352 

Real estate investment 1--5 3.02 1.271 
Motorized recreation 1--5 2.77 1.344 

Provisioning A heating source 1--5 3.39 1.361 
A source for timber and non-timber forest products 1--5 3.05 1.473 

Regulating 
regulation 

Filtering pollutants and excess nutrients out of the 
water 1--5 3.99 1.086 
Storing excess carbon emissions from industry and 
automobiles 1--5 3.86 1.199 
Controlling runoff during heavy rains and floods 1--5 4.28 0.942 
Improving air quality 1--5 4.29 0.918 

Supporting Supporting biodiversity 1--5 4.22 0.942 
A habitat for threatened or endangered wildlife 
species 1--5 3.83 1.199 

Provisioning, Supporting, Cultural, Regulating    
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Table 3 
Value of Forested Ecosystem Services by Group  

  N Range Mean Std. Deviation 
Provisioning 584 4-20 13.5262 4.84595 
Regulation 575 4-20 16.3761 3.42587 
Cultural 571 4-20 14.3794 3.80533 
Supporting 566 4-20 16.0971 3.62014 

 

Table 4 
Value of Forested Ecosystem Services by Invasion 
  Infested Threatened Control 

 Mean Std. Deviation Mean Std. Deviation Mean Std. Deviation 
Provision 11.87 4.94 13.5713 4.81209 15.2166 4.14445 
Regulate 15.99 3.86078 16.863 3.33009 16.3759 3.55843 
Support 16.00 4.00607 16.5138 3.53687 15.85 3.79639 
Cultural 13.65 3.49601 14.5798 3.20333 14.942 3.4182 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5          
Beliefs About the Threat of Invasive Insects by Infestation 
  Infested Threatened  Control 
 Range Mean SD Range Mean SD Range Mean SD 
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People around here need more 
education about the threats of 
non-native insects 1--5 4.27 0.772 1--5 4.38 0.688 1--5 4.23 0.811 
 An introduction of non-native 
insects could destroy the sugar 
maple industry in New England 
** 1--5 4.05 0.834 1--5 4.33 0.671 1--5 4.31 0.747 
Non-native insects pose a threat 
to the well-being of people who 
make a living from forest 
products ** 1--5 4.07 0.741 1--5 4.19 0.825 1--5 4.29 0.773 
An introduction of non-native 
insects reduces the value of my 
property ** 1--5 3.88 0.764 1--5 4.14 0.76 1--5 4.01 0.788 
I believe that more regulations 
are needed to manage the threats 
of non-native insects* 1--5 3.45 0.999 1--5 3.63 0.984 1--5 3.37 1.000 
The spread of non-native insects 
is inevitable because of 
globalization 1--5 3.26 0.905 1--5 3.09 0.988 1--5 3.27 1.060 
 Landowners are capable of 
managing non-native insects 
without government 
intervention 1--5 2.36 0.917 1--5 2.36 1 1--5 2.44 0.988 
I don’t worry about non-native 
insects because control methods 
are based on the best science 1--5 2.41 0.924 1--5 2.14 0.82 1--5 2.29 0.888 
It is easy to manage non-native 
insect outbreaks in the forests 
near where I live 1--5 2.14 0.803 1--5 2.07 0.882 1--5 2.15 0.9 
Significant different at the 
**p<.00 *p<.05 level          

 

Table 6 
Relationship between MAE Categories and Belief 
towards Invasive Insects 

 Belief 
Value Group N Spearman's rho 

Provisioning 554 0.262** 
Regulating 549 0.336** 
Cultural 547 0.287** 
Supporting 540 .349** 

Significant different at the **p<.00 *p<.05 level 

 

Table 7 
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Relationship between MAE Categories and Belief towards Invasive 
Insects 
 Infested Threatened Control 

 Belief Belief Belief 
Provisioning 0.165 0.312** 0.402** 
Regulating .191** .404** 0.402** 
Cultural 0.066 .353** .472** 
Supporting .248** 0.427** .345** 

Significant different at the **p<.00 *p<.05 level 
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CHAPTER 3: WHO CARES ABOUT INVASIVE INSECTS? NEW 
ENGLAND LANDOWNERS’ ATTITUDES TOWARDS THE THREAT OF 
INVASIVE INSECTS AND THEIR IMPLICATIONS FOR MANAGEMENT 
PRACTICES 
 

INTRODUCTION 
In New England, invasive insects are increasingly posing a threat to forested areas. 

New England is approximately 75% forested, and insects such as the emerald ash borer 

(EAB; Agrilus planipennis), hemlock woolly adelgid (HWA; Adelges tsugae), and Asian 

longhorned beetle (ALB; Anoplophora glabripennis) threaten the eastern hemlock (Tsuga 

canadensis), sugar maple (Acer saccharum), and green ash (Fraxinus Americana) trees that 

make up the New England forested ecosystems. The spread of invasive insects can 

significantly impact the New England economy, shift local ecosystems, and diminish 

opportunities for recreation. For example, the introduction of the HWA in other parts of the 

U.S. has already led to widespread hemlock tree mortality, which decreased the efficiency 

of water purification and availability of wildlife habitats while increasing soil erosion 

(Stadler, Müller, Orwig, & Cobb, 2005; Vilà & Hulme, 2017). In addition to economic and 

ecological losses due to invasive insects, there are also cultural impacts. For example, 

invasive insects decrease the aesthetic value of recreational areas due to tree loss (Vilà & 

Hulme, 2017).The removal of dying or dead ash trees from urban or suburban streets 

decreases real estate property value (Alsop, 2013). Invasive insects can also affect the health 

and survival of trees identified as cultural symbols such as the sugar maple in Vermont, an 

important tree that changes colors in the fall months, attracting visitors to experience the 

change during the season.  



 

   76 

Management of invasive insects depends on the ecology of invasive insects and their 

life cycle, spread, and native range (Crowley et al., 2017). Management also depends on 

how humans perceive the threat of invasive insects, their willingness to take action, and 

their willingness to cooperate with management practices and solutions (Bennett et al., 

2017; van Riper, C. 2019; McLaughlin; 2019). Poor management and lack of support for 

initiatives can lead to conflict (Woodford et al., 2016). Even though there are many options 

for managing invasive insects in New England, none of them functions as a silver bullet 

solution. Research has highlighted the efficacy of different management practices and the 

costs of implementation (McLaughlin & Dearden, 2019; Pyšek & Richardson, 2010). 

Efficacy and success often depends on people's acceptance of these practices (Shackleton et 

al., 2019). Research on understanding landowners' preferences and understandings of 

invasive insect management will help create management plans that have public support and 

allow greater change to be more successful. To address and control invasive species and 

understand the human element of this problem, managers have to approach the problem as a 

socio-ecological system with invasion ecology science and social psychology frameworks. 

Even though attitude research explicitly outlines that human attitudes do not equal 

behavior (Heberlein, 2012), individuals with stronger attitudes are more likely to align their 

attitudes and behavior (Fazio, Chen, McDonel, & Sherman, 1982; Ajzen, 1991; Krosnick & 

Petty, 1995; Fishbein and Ajzen, 2010). Management practices are more likely to be 

effective when individuals recognize and understand a problem, are aware of possible 

solutions, and are engaged in the problem-solving process (Crowley et al., 2017; van Riper, 

C. 2019). When people are left out of this process, they may disapprove of outsiders' 
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intervention efforts, which can lead to delayed action, disruption of management practices, 

and local conflict.  

BACKGROUND 
 New England has been battling the impacts of different invasive species for a long 

time. Species such as the gypsy moth, box elder, and zebra mussel are some of the different 

species that have caused a series of management efforts and prevention of spread 

campaigns. Three particular invasive insect species that are threatening forests in Vermont, 

New Hampshire, and Massachusetts are the EAB, ALB, and HWA. These three states have 

land that is on average 72% forested, making them vulnerable to the threat of invasive 

insects that use trees as their hosts (Brett, 2014; Randall S. Morin, 2016; Widman R.H, 

2016). The EAB was first found in Michigan near Detroit and has continued to move east 

since the summer of 2002 (EABIN). The ALB, also native to Asia, has 12 different host 

trees, and it has been identified in three different states. Most of the trees that the ALB 

threatens are found in New England forests and could potentially harm the recreational and 

forest economies of rural places (USDA, 2016). Finally, the HWA, native to Asia and 

western north America, threatens hemlock trees in the New England region. This tree 

species is an important species for the water cycle. Hemlocks regulate stream flow year-

round, purify water, and serve as a buffer for soil erosion. Together, these three insects pose 

a threat to the economic, social, and ecological aspects of the forest infrastructure in New 

England. New Hampshire and Massachusetts have seen introductions of all three insects.  

 New England has recently detected an increase in invasive insects because of 

movement of products to the New England region in wood pallets, which usually carry the 

unwanted insects. Human movement across the landscape such as carrying firewood from 
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state to state also increases the chances of invasive insects being introduced into non-

invaded regions (Don’t Move Firewood, 2008). Therefore, management interventions are 

taking on greater urgency. Forest ecologists and entomologists have been the first in the 

field studying aspects such as the movement of these species, their niche adaptability, 

natural predators of the insects, and predictions about where they will be discovered next. 

From this growing body of information, scientists are actively developing best management 

prevention practices. Management of these invasive insects is no different than previous 

management practices for other invasive species. Common management practices include 

chemical applications, the introduction of non-native predators, and widespread tree 

removal, which can have direct impacts on landowners' property (Jeschke et al., 2014; 

Lodge et al., 2006). Therefore, understanding New England landowners' acceptance of 

management of invasive insects can potentially help direct management policy and practice 

and increase public engagement in these practices. 

This study aims to understand New England landowners' acceptance of the different 

management options for invasive insects. It also aims to understand if the level of invasive 

insect infestation impacts people's acceptance of management practices and their acceptance 

of more drastic interactions.  

METHODS 
Study Site 

This study took place in New England, home to the Northern Hardwood Forest. 

Which are dominated by sugar maple (Acer saccharum) yellow birch (Betula 

alleghaniensis), and American beech (Fagus grandifolia), and Northern conifer forests. 
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Other species typically found in the New England forest are eastern hemlock (tsuga 

Canadensis) and white pine (pinus strobus) (Eyre, 1980).  

Sampling 

The target population for our survey was New England landowners with less than 10 

acres of land in Vermont, New Hampshire, and Massachusetts. We selected towns for this 

survey based on the current spread of E.A.B., H.W.A., and A.L.B. in each state. The study 

used insect monitoring data from the U.S.D.A. Forest Service to generate a list of towns in 

Vermont, New Hampshire, and Massachusetts that have detected the introduction of E.A.B., 

H.W.A., or A.L.B. We grouped towns into three categories 1. Infested 2. Threatened 3. 

Control. An infested town were places where E.A.B., H.W.A., or A.L.B. had been found. 

Threatened towns is where these species were not detected, but the town shared a boundary 

with an “infested” town(s). Finally, a "control" town is where there was no detection of 

E.A.B., H.W.A., and A.L.B. and which shared borders with other towns where these insects 

had not been detected. Six towns were randomly selected from the three categories, totaling 

18 of 724 towns. 

Analysis  

The study used S.P.S.S. (SPSS, 2011) to run analyses. We examined the 

acceptability of management practices and the overall perception of whom New England 

landowners think should be responsible for executing various management practices. We 

then conducted a one-way ANOVA to compare the effects of the level of invasion: infested, 

threatened, and the control group on management acceptability. 
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Questionnaire  

Landowners received a 15-page questionnaire in the mail regarding their attitudes 

towards the threat of invasive insects and the landowner's likelihood to accept different 

management practices. The study selected a series of management practices commonly 

outlined as potential solutions for the spread of invasive insects from the invasion ecology 

literature and standard practices used today to curb the spread of invasive insects in New 

England (Lockwood et al., 2013).  

The dependent variable for our study was the perceived acceptability of specific 

potential management interventions for insect control. The management variables described 

in the questionnaire ranged from "do nothing" interventions to more dramatic methods of 

deforestation and predator introductions (Table 1). The questionnaire included 13 different 

items measured using a 4-point acceptability scale where 1 was "not at all acceptable," 2 

was "slightly acceptable," 3 was "moderately acceptable," and 4 was "very acceptable."  

RESULTS 
There was a total response of 649 survey participants. A total of 235 participants 

were part of the "infested" group, 189 were part of the "threatened" group, and 225 of the 

"control" group. The average age of respondents for the whole sample was 60 years of age 

(SD=12.83), and the average income ranged between $48,000 and $63,000. The total 

sample consisted of 68.8% individuals who identified themselves "male," 25.7% of those 

identified as "female," and 5.5% who opted not to share this information (Table 2).  
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Survey participants indicated higher levels of acceptability towards management 

practices such as "educate the public about invasive insects" (x̄ =3.71; SD=.60), "increased 

inspection of wood packaging material for all products imported into U.S. harbors" (x̄ 

=3.62; SD=.67). They were, on average, the least accepting of "a ban on all firewood sales" 

(x̄ =1.29; SD=.69) (Table 2). 

Post-hoc analysis, ANOVA Tukey HSD, showed that there were significant 

differences in individuals management acceptability between the "infested" group and 

"control" group regarding "introduce biological predators: an insect, bird, or other animal 

that feeds on the non-native insects" [F(7, 629) = 3.4, p = .03]. Individuals in the "infested" 

group were more accepting of this management practice (x̄ =2.88; SD=.96) compared to 

those in the "control" group (x̄ =2.63; SD=1.0). There were also significant differences 

between individuals in the "infested" group and both "threatened and control" groups 

regarding their acceptance towards "highway checkpoints to confiscate in-transit firewood" 

management practice [F (8, 692) = 3.6, p = .02]. Individuals in the "infested" (x̄ =2.58; 

SD=1.1) group were significantly less likely to accept "highway checkpoints to confiscate 

in-transit firewood" as a management practice in comparison to both "threatened" (x̄ =2.82; 

SD=1.1) and "control" (x̄ =2.82; SD=1.0) groups (Table 2).  

DISCUSSION 
Stakeholder preferences 

Understanding landowners' acceptance of management practices and how it differs 

based on landowners’ exposures to invasive insects is important for implementing efficient 

and well-supported management practices. Due to the increasing number of invasive insects 
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in New England forests, the relative concern about management of these species continues 

to grow, yet is dependent on the landowners' cooperation and understanding of the issue at 

large (Shackleton, 2019; van Riper, 2019; (Shackleton, Shackleton, et al., 2019). This study 

aimed to identify landowners’ attitudes towards management practices and broaden the 

research about invasive insects by using social science as a way to better implement 

management practices.  

The results of this study indicated that educating the public about invasive insects is 

a highly supported management practice. Management of invasive insects that incorporates 

education practice is mainly targeting people to teach them how to identify invasive insects 

and damage and know what to do in the case of a detection (Butler, 2018; Morin et. al, 

2017). Educating the public on this issue is an easily accessible tool for managers since the 

education can be conducted in person or online via listservs, emails, and websites. 

Education about this issue also serves as an entryway for the public to learn how to contact 

the people in charge of management of invasive insects, whether it is the Forest Service, 

parks and recreation city departments, or universities, among other organizations. 

Furthermore, the results of this study indicated that people accept educational materials 

regarding invasive insects and desire to learn more. People's acceptance of more education 

aligns with research that has shown that landowners are often aware of invasive alien 

species, but they lack specific knowledge about management and invasive 

insects (McLaughlin & Dearden, 2019; Verbrugge et al., 2013). Research has also shown 

that landowners' knowledge levels often influence public support for invasive species 

management and their perceptions of invasive species. It may seem that education is a 
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passive tool in management, but engaging stakeholders has proven to be an effective 

catalyst for building support for management practices (Garcia-Llorente, 2011). Education 

about the management of invasive insects is a cost-effective and efficient way to address the 

issue and incorporate stakeholders into the management decision conversation; it can also be 

a strategic first step in starting innovative and inclusive management. 

interventions (Shackelton, 2019). 

Landowners were least accepting of bans of firewood sales and doing nothing as 

management options. Regulation of firewood movement has been an ongoing effort to 

contain the distribution of invasive insects. Transporting firewood and wood has been one of 

the main vectors of invasive insects in North America (Lockwood, 2013). Even though 

firewood quarantines are a popular management practice, the banning of firewood sales is 

an aggressive control of the firewood sales market. Firewood is not only an important 

product used in most recreational areas; it is also commonly used as a heating source for 

homes in the winter (Jacobi, 2007). Firewood is also source of income for local economies, 

and the banning of this could be impact the people dependent on this financial source. Even 

though management practices such as the “Don’t Move Firewood” campaign have been 

successful and received positive feedback (Don’t Move Firewood – Campaign Evaluation 

Report, 2019), the complete ban of firewood sales was shown to have a negative effect, 

since this was the least accepted management practice by the people in our survey. Some of 

the reasons for this could be related to the effectiveness of the “Don’t Move Firewood” 

campaign and the elimination of the opportunity for people to sell and purchase firewood 

being unnecessary. When it comes to management implications, it is important to note that it 
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is more difficult to gain support for some management practices that are the most drastic. 

Anything that relates to eradicating something that already exists creates a large enough 

disruption for people to not be comfortable supporting it.  

Landowners in the study wanted management action, since doing nothing had the 

least support. This means that landowners did want something done regarding invasive 

insects, and that doing nothing was the least acceptable of the management practices. Even 

though doing nothing is the most cost-effective management practice, in the long-run, it 

could result in costly implications of the invasion. This result and survey participants’ high 

levels of support for education signify that people wanted something to be done about this 

issue, but they may or may not have had enough information to decide what they wanted to 

be done.  

Research has shown that stakeholder engagement has to be multi-

directional (Steelman & Maguire, 1999; Verbrugge et al., 2013), and opportunities such as 

education about the issue can serve as a two-fold approach in which landowners learn about 

how to take action and give feedback about their preferences, leading to much more 

effective management decisions. These results are in line with research that has called for 

novel management approaches that incorporate different opinions into management 

decisions, and that incorporation of different management preferences is crucial for effective 

management of invasive insects. 

An ANOVA Tukey HSD analysis indicated some significant differences among 

treatment groups and their acceptances of management practices. Landowners in towns 

infested with invasive insects were more likely to accept biological control as a management 

practice than landowners living in threatened and control towns. Individuals in infested 
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towns were more likely to accept management practices that are considered to be more 

intrusive management practices but could lead to eradication of the invasive insects. 

Landowners in infested towns faced the effects of and damage caused by invasive insects, 

which made them more agreeable to and likely to accept any management practice that may 

solve the problem.  

On the contrary, landowners in infested towns were less likely to accept highway 

checkpoints as a management practice compared to those in threatened and control towns. 

As a management practice, highway checkpoints are often implemented to stop the spread 

of invasive insects. Landowners in infested towns were less likely to accept highway 

checkpoints than the other two groups since the invasive insects were already established in 

their towns; thus, such a management practice would be irrelevant. This analysis supported 

the theory that knowing stakeholder preferences could benefit the efficiency and public 

acceptance of invasive insect management (Viragpogse, 2016) and that there is a potential 

benefit to broadening the approach to stakeholder involvement, since different exposures to 

invasive insects could create slight but essential differences in support for management 

practices. 

Even though there were two significant differences across samples and management 

practices, these were only two management practices from the entire list of 13 management 

practices. Most management practice preferences did not differ across treatments. This is 

potentially due to the current management strategies for invasive insects. Currently, 

management for invasive insects is state-oriented. This means that individuals are more 

likely to be informed by management campaigns at the state level. The other implication of 
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this result is that, at large, people have similar perceptions of invasive insect management 

regardless of where they are located, which makes it easier for managers to tackle these 

issues. This signifies that there may be future opportunities to address invasive insect 

management on a much more detailed level, in a manner specific to invasive insects, and to 

test if there are any differences in efficacy (García-Llorente et al., 2008b; Cole et al., 2016). 

Overall, people seem to want something to be done regarding invasive insects and would be 

highly supportive of educational materials.  

CONCLUSION 
In this paper, we analyzed New England landowners’ acceptances of management 

practices for invasive insects and analyzed any significant differences between management 

acceptance and levels of invasion in the towns in which landowners were located. By 

providing a stratification based on levels of invasion for this questionnaire, we promoted a 

more nuanced approach when asking about landowners’ management preferences, since the 

level of invasion does significantly change some of the landowners’ acceptances. The 

results of this study showed that there is not a significant difference between where people 

live, the levels of invasive insect infestation, and their management practice preferences. 

This also could signify that management of invasive insects and gathering public support 

could continue to be promoted at the state level.  

Overall, the true value of this paper is its push to approach management of invasive 

insects as a collaborative effort in which managers take landowners’ preferences into 

consideration before implementing management practices. Developing studies that integrate 

the human dimension of management practices is essential when discussing how to 
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eradicate or control the threat of invasive insects. Implementing people’s preferences as a 

way to consider the success of management initiatives is an imperative approach to ensure 

that participants affected by these practices have a say in decision making and 

implementation.  

  



 

   88 

 

Table 1  
Management Acceptability Statements Organized by Most Intrusive (red) to 
Least Intrusive (green) 

  Eliminate all infested trees and carefully monitor the remaining tress 
for infestation 

  Clear-cut all trees in an infested areas 

  Eliminate all host trees in an area whether they are infested or not 

  Introduce biological predators: an insect, bird, or other animal that 
feeds on the non-native insects 

  Insecticide injections applied to individual trees 

  Insecticide sprays applied to woodlots or forests  

  A ban on all firewood sales 

  Increased inspection of wood packaging material for all products 
imported into U.S harbors  

  A ban on all timber and wood product movement within a 
quarantined area  

  Educate the public about the introduction and spread of non-native 
insect species 

  Do nothing. Let nature take its course  
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 Table 2 
Average Management Acceptability Score     

 Management Statements  Mea
n SD Range 

 A ban on all firewood sales 1.29 0.64 1-4 
  

Do nothing. Let nature take its course  1.36 0.611 1-4 
  

Clear-cut all trees in an infested areas 1.49 0.802 1-4 
  

Eliminate all host trees in an area whether they are 
infested or not 1.49 0.802 1-4 

  
Insecticide sprays applied to woodlots or forests  2.19 0.943 1-4 

  
A ban on all timber and wood product movement within 
a quarantined area  2.51 1.05 1-4 

  
Insecticide injections applied to individual trees 2.58 0.927 1-4 

  
Eliminate all infested trees and carefully monitor the 
remaining tress for infestation 2.74 0.909 1-4 

  
Introduce biological predators: an insect, bird, or other 
animal that feeds on the non-native insects 2.76 1.009 1-4 

  
Increased inspection of wood packaging material for all 
products imported into U.S harbors   3.62 0.66 1-4 
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Significant different at the **p<.00 *p<.05 level 

 
  

Table 3 
Average Management Acceptability Score by Sample Group 
  Infested  Threatened Control 

Management Practice  Mean 
Std. 

Deviation Mean 
Std. 

Deviation Mean 
Std. 

Deviation 

Do nothing. Let nature take its course  1.39 0.683 1.31 0.561 1.36 0.568 
Educate the public about the introduction and spread 
of non-native insect species 3.69 0.608 3.75 0.529 3.7 0.622 
 
Require periodic inspections on all privately owned 
woodlots by government forestry agents 2.77 0.927 2.67 0.99 2.67 1.006 
 
Introduce biological predators: an insect, bird, or 
other animal that feeds on the non-native insect 2.88** 0.965 2.75 0.99 2.63** 1.056 

Insecticide injections applied to individual trees 2.57 0.899 2.7 0.911 2.49 0.963 
 
Insecticide sprays applied to woodlots or forests 2.16 0.936 2.14 0.945 2.26 0.947 
 
Eliminate all infested trees and carefully monitor the 
remaining trees for infestation 2.64 0.946 2.8 0.873 2.78 0.894 
 
Eliminate all host trees in an area, whether they are 
infested or not 1.44 0.743 1.49 0.853 1.52 0.819 

Clear-cut all trees in an infested area 1.34 0.689 1.37 0.751 1.45 0.834 
 
Highway checkpoints to confiscate in-transit 
firewood 2.58** 1.075 2.82** 1.052 2.82** 1.037 

A ban on all firewood sales 1.31 0.639 1.33 0.687 1.23 0.604 
 
A ban on all timber and wood product movement 
within a quarantined area 2.53 1.095 2.62 1.07 2.4 0.998 
 
Increased inspection of wood packaging material for 
all products imported into U.S. harbors 3.59 0.678 3.65 0.623 3.62 0.688 
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CHAPTER 4: “NI DE AQUI, NI DE ALLA” HOW BEING A NON-
NATIVE CITIZEN GAVE ME A DIFFERENT PERSPECTIVE OF 
HOW WE TALK ABOUT INVASIVE SPECIES. 
 
 

During my studies into human perceptions towards invasive species, I was struck 

with perhaps one of the most drastic ways someone such as myself could ever be seen or 

validated by an invasion ecology book. Let me explain: environmental history and 

environmental studies in general is just now coming around the idea of interdisciplinary and 

intersectional work, which presents the history of environmental activism from the 

perspectives of those outside of the dominant white, cis, male culture norm. I was never 

used to being seen, yet alone represented by, the history books I read; in fact, as an 

immigrant, the way I have been represented is an inconsistent narrative of the value of the 

American Dream. Often immigrants are sold the idea of prosperity, and success in return of 

their hard work, yet the past four years in America have been flooded with roll-back policies 

to limit migration in to the U.S, stricter policing of migrants, and heavy handed threats to 

those seeking asylum at the border with Mexico.  

 

However, only certain types of immigrants can fulfill that. Alas, it was no surprise 

when I found a table in the Invasion Ecology book by Lockwood (2016) labeled 

“Terminology commonly used for non-native species in the English language.” I was 

confronted with words such as exotic, foreign, alien, naturalized, immigrant, imported, and 

escaped, among others. These are the same words that I have heard all my life in my 

American experience as an immigrant. It is not just me who has heard these; it is every 
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person who was not born in the United States and made their way here. Often these words 

are used to create the distinction that I am not originally from here. They are used as a way 

to weaponize my existence in the current environments in which I function. The idea that 

aliens are illegal and are naturalized, as if their original place of origin was not natural, 

implies that I am as alien as if I am not from this planet.  

Early on as a Ph.D. student, I made it a point to bring up these questions in my 

entomology lab, but was often faced with opposition and defensiveness towards my 

hypothesis that invasion ecology should consider re-framing its terminology. The ecologist 

with whom I discussed, or attempted to discuss, this would chalk up my questions to my 

lack of knowledge about invasive insects due to my being a social scientist and my lack of 

depth in the ecology realm. He was not wrong; I am no ecologist, but I am also human and 

can point out problematic things when I see them.  Coincidentally, as I am in the midst of 

wrapping up my Ph.D., we have entered a world where half of America is exploring anti-

racist systems and how to build them, and the other half is doubling down on their 

narratives. Prompted by four years of aggressive anti-immigration policies in the United 

States lead by the Trump presidency, we also saw an increase in Anti-Asian hate crimes, 

persecution and mistreatment of immigrants at the border, and the constant disregard for 

migrant farm workers in America. Yet, according to a Gallup Poll in 2020, nearly 8 out of 

ten people in the U.S think immigration is good for their country. Pro-immigration attitudes 

continue to grow, and as we know, the history and legacy of the U.S is of immigrants. Now, 

before we continue to promote and invite others to the United States, we should also take a 

hard look at our language and how invasion ecology may be more intertangled than we 

think.  I feel that this was a good opportunity to bring up questions regarding our “pro-



 

   96 

immigration” sentiments, and at the same time question whether some of our environmental 

terminology negates that.  

I am not the first one to ask this question. In fact, many papers have proposed more 

consistent and less aggressive terms for invasion ecology; only a few of those compare anti-

immigration parallels to invasion ecology though. There have also been conscious attempts 

to move away from militaristic language due to its aggressiveness and instead utilize more 

non-native connotations. Raffles (2011), in his op-ed in the New York Times, made a 

similar argument and challenged the norm due to its anti-other connotations 

(https://www.nytimes.com/2011/04/03/opinion/03Raffles.html). He introduced some of the 

benefits that invasive species have been proven to bring to their non-native environments. 

We should notice the overall message of the Raffles piece since he has valid points, but also 

take some time to upack the responses this prompted. Prominent ecologists Carlton, Lodge, 

and Simberloff responded to this article with a letter to the editor claiming that their 

intentions were not to be anti-immigration and essentially doubling down on the traditional 

labels. They stated, “None of these concerns, in the minds of environmentalists, 

conservationists and scientists with whom we work, is linked in any way to the intentional 

human immigration that continues to increase the vitality of this country.” If only one could 

simply state that his or her intentions were not to cause harm and call it a day, I think 

America would have solved many of these issues by now. If there is anything to be learned 

from this past year, it is to really listen when people have issues with our words or our 

frameworks and challenge the status quo. Over and over, we are confronted with systems 

that, whether intentionally or not, are established with exclusive and limiting components. If 

there was something I learned throughout my Ph.D., it was to dedicate time to critically 
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challenge systems and be inclusive and not offensive, even in our science. It is not a simple, 

straightforward ask, but neither is the science we produce. Having spent five years in this 

field, mainly focusing on the human side of invasive insects, here are my main thoughts on 

why invasion ecology needs a re-branding.  

First, we need to transform our invasion ecology language into one that is just and 

equitable to all. This is not the first time we have faced such challenge. Engineering 

students are often presented with “master/slave” circuit terminology. This was 

successfully challenged by Santiago Gomez who wrote to Pearson Book Publishing 

to review their phrasing. We as a society are often learning about the best ways to 

communicate with one another, and are often evolving on how to address people 

with their personal pronouns, moved away from “third-world country” labeling, 

among others.  

 

Second, one of the largest takeaways from my Ph.D. was the inherent need for 

engagement of the public in order for there to be successful management practices 

and conservation of land for the success of our human species. Perhaps militaristic 

language can automatically prime individuals to rally against invasive species, but 

how long can that hold up while scientist are continuing to engage the public, 

especially in an increasingly immigrant-based country? Who are we leaving out the 

equation when presenting management procedures that include language that is 

triggering to people’s individual experiences? Is it possible that people may be less 

likely to participate if they are offended by the way we are labeling these 

environmental issues? How do you create an equitable campaign to educate people 
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on the impact of non-natural occurring species to a population like California which 

holds 10.68 million foreign-born residents? If this is their first time learning about 

“invasives” words like “foreign,” “alien,” “non-native” will distract from the 

management objective and relate negatively to their identity, experiences and a lot of 

the “anti-immigration” propaganda we have seen for many years in the United 

States. Whether intentional or not, the similarity and parallels between these two 

topics can lead to decreased engagement down the line. Thinking about creating an 

equitable language not only increases accessibility for all but also creates an 

opportunity for engagement which could lead to successful management practices.  

 

Third, are we limiting ourselves from making potential new findings by clinging to 

an outdated and potentially problematic jargon? There are many examples in which 

novel ecosystems, environments where usually non-native plants introduced my 

humans take over. For a long time, there were a lot of unknowns about the benefits 

of these environments but in an increasingly globalized world more research has 

shown that these habitats can provide ecological benefits such as wildlife habitat 

(Kennedy, 2018). This is not to promote the idea that invasive insects are good, but 

by automatically labeling them as a problem, we are eliminating the possibility of 

new findings that may lead to other potential solutions.  

 

As I wrap up this dissertation and take some time to think about the role of science 

in building an anti-racist society, I am often overwhelmed by the amount of work we, as 

scientists, have to do. Science is often dominated by individuals who are comfortable with 
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the status quo and often defend their positions with the legitimacy of their history in the 

field and hard work. I am by no means saying that this is not valid, but as new faces emerge 

in the world of science and as new thoughts are brought to the foreground, it is our 

responsibility to listen. It is our role as scientists to continue to expand the boundary of 

knowledge in a way that is inclusive and incorporates a diversity of language, thoughts, 

ideas, and critiques. If some of our terminology, methods, and even ways of doing things do 

not sit well with a group of people, it is time to take a moment to sit and think about the 

implications this has for the group and use this as an opportunity to learn, grow, and evolve.  

 

 

 

 
 
 
 
 
 
 
 

CHAPTER 5: CONCLUSION  
 
 

Evidence from these three studies suggest that utilizing human attitude frameworks 

can be beneficial to better addressing the threat of invasive insects. Even though attitudes 

are a pivotal piece in understanding human behavior and intentions, analyzing attitudes 

alone are not sufficient to continue progressing the literature. Instead, we need to also 

understand attitude structures, strength, and the implication of all these attitude variables. 

Utilizing frameworks that help us dive deeper into human dynamics can have a positive 



 

   100 

effect on our overall implementation of management practices. These studies add to a 

growing field of interdisciplinary work to address environmental threats.  

The first chapter laid out the attitude strength dimensions that have been elevated in 

human attitude research. This study reviews the literature and different approaches to 

analyzing the attitude strength dimensions. By introducing the challenge invasive insects 

pose, we utilized attitude strength dimensions to analyze how all of these variables play a 

role and how they interact with one another. Chapter two looks at the attitude structure piece 

of attitudes, and specifically analyzes the interaction between values and beliefs. Chapter 

three takes this framework approach to understand the relationship between people’s 

attitude towards invasive insects, and the implication for management practices.  

Future research should focus on expanding this framework and narrowing in attitude 

strength variables and exploring the attitude strength items that can serve as the best 

indicator for attitudes. Sampling for future of studies should be more inclusive of all 

individuals living near impacted areas. Due to the easy accessibility to landowner contact 

information, landowner surveys are often used as an efficient methodological process. 

Landowner’s do tend to have larger vested interest in land protection due to their ownership 

of their own land. Future research needs to disrupt the emphasis on landowner collection 

data, and instead create a much more inclusive survey methodology that involves anyone 

that may be potentially impacted by the environmental threat.  

Understanding human dimensions, and the threat of invasive insects is not a silver 

bullet solution. Even within the realm of human dimensions are a very broad topic that can 

be addressed from many angles. Attitude research is one of the many different tools, 

frameworks, and fields of study that we should incorporate when trying to understand 
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human dimensions to the environmental world, and to create much more impactful and 

efficient environmental solutions. There are any ways in which can approach this problem, 

but one definite is the need for multidisciplinary and interdisciplinary approaches to asking 

questions, and attempting to find solutions.  
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