
ABSTRACT 

LEITSCHUH, CAROLINE. Comparative Stress-Coping Behavior Between Wild-Derived and 
Domestic Mice in the Context of Rearing Environment, and Trends in the Public Opinion of 
Mental Health in the United States. (Under the direction of Dr. John Godwin). 
 
 Invasive rodents are responsible for 80% of island vertebrate extinctions in the last 500 

years, and are present on 80% of islands worldwide. The primary method for eradicating 

invasive rodents is toxicants, which are problematic in that they are expensive to use, are not 

species-specific, are inhumane, and have a high failure rate for mice. I joined an interdisciplinary 

cohort of graduate students exploring the use of genetic methods for managing invasive mouse 

populations. The approach examined is the insertion of Sry, a gene critical for male sex 

determination in mammals, into the tw2 variant of the t-haplotype, a naturally occurring gene 

drive found on mouse chromosome 17 with a > 95% inheritance. If enough engineered mice 

were released into an invasive mouse population, the spread of the t-Sry system should 

eventually lead to a male bias in the population. 

 Because an engineered mouse would have a laboratory background, it would likely need 

to be backcrossed with a wild mouse strain to confer the behaviors necessary for survival in the 

wild, such as anxiety-related behaviors. I compare anxiety-related behaviors between two wild-

derived mouse strains and the laboratory mouse strain with the tw2 variant (the t-Sry system is 

still in development) using the open field and novel object behavioral tests. I also compare basal 

levels of the stress-related hormone corticosterone between these strains. I found that wild-

derived mice exhibit higher levels of anxiety-related behaviors than the tw2 mice, and that female 

wild-derived mice have higher basal corticosterone than female tw2 mice. I also reared these 

strains in a complex rearing environment to assess other factors potentially influencing anxiety-

related behaviors. Rearing environment increased some anxiety-related behaviors, as well as 



 
 

lowering basal corticosterone in females. These findings show that rearing environment in 

conjunction with strain and sex can have a significant impact on anxiety-related behaviors later 

in life. 

 The behaviors I researched are also used in rodent models of human clinical depression 

and anxiety disorders, and my work has implications for that research. Though wild-derived 

mice show a greater range of behavioral variation than laboratory mice, they are not typically 

used in biomedical studies, which also control for many environmental factors and often use only 

male mice. My research shows that use of wild-derived strains, both sexes, and complex rearing 

environments can uncover key influences on anxiety-related behaviors that may be less apparent 

in more restricted comparisons 

 The final part of this dissertation project was also related to mental illness, but used an 

interdisciplinary lens to examine public opinion related to mental health. I used existing survey 

data and examined questions related to mental illness that were repeated over time to identify 

trends in public opinion on mental illness diagnosis, treatment, and stigma. Given the number of 

survey questions about mental illness, it was notable that few questions were repeated across 

surveys or asked at more than two timepoints. This lack of question repetition limits the 

assessment of longer-term trends. Overall, I found that there is discomfort in talking about 

mental illness in relation to self, and that there is a stigma against people with mental illnesses. 

Because most of the questions were about what respondents thought without a follow-up 

question related to why they thought that, I was not able to identify many potential variables 

influencing public perception of mental illness. Future surveys should repeat more questions 

over time to facilitate continued examination of these trends. They should also seek to find 



 
 

patterns in mental illness perception related to cultural factors such as gender and ethnicity to 

identify how these variables have influenced the stigmatization of mental illness over time.  
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Chapter 1 

Introduction 
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Overview 

 I entered graduate school through The Genetic Engineering and Society Center at N.C. 

State University, which was awarded an NSF Interdisciplinary Graduate Education and Research 

Traineeship (IGERT) grant to establish the Genetic Pest Management graduate student program 

in 2011. The goal of the program was to have three cohorts of graduate students study three 

different pest management problems and think about how genetic tools could be used to improve 

control methods. The problems considered have a widespread impact, and the potential use of 

these developing genetic tools called for an interdisciplinary approach to understand the 

implications of using them. Because of this need, the cohorts were composed of graduate 

students from across the natural and social sciences and the humanities. In addition to the cohorts 

being made up of students from different home disciplines, the students were also asked to study 

disciplines other than their own and to incorporate these studies into their doctoral research. I 

was a part of the second IGERT cohort, and the specific focus of my cohort was examining 

genetic alternatives to toxicants for managing populations of invasive house mice on islands. 

 Invasive house mice (Mus musculus) on islands are a huge threat to biodiversity. Though 

they comprise only 5% of Earth’s landmass, islands disproportionately house over 20% of 

terrestrial animal species (Howald et al. 2007). Islands are the sites of 80% of vertebrate 

extinctions in the last 500 years, and 80% of those extinctions were caused by invasive mice and 

rats (Ricketts et al. 2005). Toxicants, primarily the anti-coagulant Brodifacoum, are the most 

widely-used tool chosen to eradicate invasive rodents from islands (Ishizuka et al. 2008). 

Toxicant-based eradications have a failure rate of close to 40% for mice, are considered 

inhumane, and can cause secondary-poisoning deaths of other vertebrates that might consume 

them (Campbell et al. 2015; Leitschuh et al. 2017). There is therefore a need for alternatives to 
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toxicants for the management of invasive house mice, and the use of genetic tools in this effort 

was the proposal examined by my cohort. A genetic approach is potentially appealing in that it 

would be designed to specifically impact mice and would be a non-lethal method of population 

control (Leitschuh et al. 2017).  

 Though my research is limited to comparing stress-related behaviors between laboratory 

and wild-derived house mice, I co-authored a review of the biodiversity challenges of invasive 

rodents on islands (Leitschuh et al. 2017). The review covers the specific impacts of rodents on 

island ecosystems, the current eradication methods available, the details of the genetic method 

being explored by my cohort, a discussion of how the method could be implemented and the 

related biosecurity challenges, and a summary of how this method might be received by Western 

societies. Because this review is much broader in scope than the behaviors I examined as part of 

this dissertation project, I did not include it as part of my thesis. However, I have included some 

of the questions addressed to give context to my research. 

 The genetic method that my cohort explored would use gene editing to insert Sry, a key 

sex-determining gene on the Y chromosome for the development of males in mammals, into a 

naturally-occurring meiotic drive system in mice termed the t-haplotype on chromosome 17 

(Willison and Lyon 2000). The t-haplotype variant (tw2) used in this project shows natural 

meiotic drive characterized by super-Mendelian inheritance, or biased transmission to offspring 

(~96% of offspring in matings between t-bearing males [tw2/+] and wild-derived [+/+] females 

inherit the t-haplotype; Godwin laboratory, unpublished data) and was chosen for use in this 

project because of these strongly biased inheritance characteristics (Bauer et al. 2005; Leitschuh 

et al. 2017; Kanavy 2018). Although this transgenic mouse has not yet been developed, offspring 

that inherit chromosome 17 with the t-Sry complex inserted are predicted to develop 
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phenotypically as males, regardless of their sex chromosomes (XX mice with the t-Sry would be 

sterile). Mathematical modeling studies predict that releasing a high enough rate of engineered 

mice relative to a wild population of invasive mice should eventually bias the population towards 

males, thereby reducing reproduction and leading to population decline by attrition (Backus and 

Gross, 2016; see also Deredec et al. 2008; Leitschuh et al. 2017; Kanavy 2018; Prowse et al., 

2017 consider synthetic gene drives for this application). It is likely that multiple releases would 

be needed to fully eradicate an invasive mouse population (Backus and Gross 2016). Additional 

mathematical modeling of potential t-Sry mouse releases suggests that the ideal release rate 

would vary based on the fitness of the engineered mouse, the population dynamics of the 

invasive mouse population, and the potential ecological impacts of releasing more mice into an 

already-threatened ecosystem (Backus 2017).  

 Though this approach has been identified as potentially transformative for the control of 

invasive mice (Campbell et al. 2015), there are still many challenges to its potential use. The 

development of the t-Sry mice is being performed in a laboratory genetic background (C57Bl6 x 

Sv129), and it is likely that carriers of the t-Sry would need to be backcrossed with wild mice to 

increase their chances of surviving and breeding in the wild. The wild strain chosen for 

backcrossing would need to be able to establish itself in a new environment and to introgress into 

an established population of mice. However, although we know that house mice are successful at 

establishing populations in many different types of environments, we know little about 

behavioral variation between different wild populations and whether or not some strains might 

be more successful in establishing themselves than others. Additionally, if these mice were to be 

released, it would be in large numbers (Backus & Gross 2016). Screw-worms, mosquitoes, and 

other insects that are genetically modified for pest control are reared en masse to get the high 
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number of insects needed for release (Orozco-Dávila et al. 2017). The rearing of mice in a 

similar fashion and for the same reasons is being considered should this project advance to field 

trials. However, it is unclear how rearing environment characteristics could affect behaviors 

important for establishing in new environments. Chapter 3 addresses rearing environment effects 

on anxiety-related and exploratory behaviors as well as basal corticosterone. 

 There are also areas of uncertainty related to the use of genetic techniques in invasive 

mouse management. Moro and colleagues (2018) identify the house mouse as a promising 

candidate in the use of genetic techniques for invasive species management, but highlight that 

house mouse translocation biology and factors affecting their ability to introgress into an 

established population remain poorly understood. Recent research has also shown that mice 

bearing the t-haplotype are more likely to emigrate to other mouse populations (Runge & 

Lindholm 2018), and understanding this additional impact on behavior is important for 

considering releasing the t-Sry mice into invasive mouse populations. Other challenges that have 

been identified are biosecurity and the containment of engineered mice, the potential for 

hybridization with native, non-invasive rodent species, public opposition to the use of genetic 

technologies for conservation, and unanticipated impacts on the ecosystem (Leitschuh et al. 

2017; Piaggio et al. 2017). 

 While several research gaps and areas of uncertainty exist, it is important to understand 

that new technologies also create entirely new questions. Although genetic techniques have been 

used to control insect populations since the 1950s (Knipling 1959), the use of genetic 

engineering and gene drive for the purpose of population control in mammals is a very recent 

area of research (Gould 2008). There was not a compelling reason to consider questions related 

to the release of engineered mice into the wild when the only genetically engineered mice being 
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developed were for use in the laboratory exclusively. A key goal of the cohort focused on 

genetically engineered mice as a potential solution to the challenge of invasive mice was to begin 

to identify some of these key knowledge gaps and new questions raised by this novel technology. 

 There are now additional genetic methods being researched for mammals. These include 

the Trojan Female Technique, which affects male reproductive fitness but not that of females 

(Gemmell et al. 2013), and ‘shredding’ the Y chromosome of developing mice (Adikusuma et al. 

2017), along with other methods that would lead to a female-biased population (Prowse et al., in 

review). Additionally, the development of the t-Sry mouse is still underway and was the central 

focus in the thesis of another member of my cohort (Kanavy 2018). For the research presented 

here, I used mice with only the unmodified tw2 variant of the t-haplotype, and refer to these mice 

as the tw2 strain throughout my thesis. Importantly, while this focus does contribute to our 

understanding of how the t-haplotype bearing laboratory mice compare to wild-derived mice, it 

does not address any potential impacts of adding the Sry gene into the t-haplotype. 

 

Interdisciplinary Research Approach 

 As a part of the IGERT program in Genetic Pest Management, a key goal was to study 

and research in both my home discipline as well as others. As a cohort, we engaged in 

interdisciplinary studies and projects together. This included classes combining genetics, 

molecular biology, history, communication, science and technology studies, modeling, and 

policy. We also created a website (https://research.ncsu.edu/ges/igert/student-research/island-

mice-conserving-island-biodiversity; Backus et al. 2014) addressing the diversity of issues 

surrounding invasive mice on islands, their impacts on biodiversity, and the different options for 

eradicating them along with the corresponding consequences of those options. Members of my 
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cohort also contributed to the review paper I co-authored addressing the problem of invasive 

rodents on islands and potential genetically-based solutions (Leitschuh et al. 2017). In addition to 

the focus on biological questions in Chapters 2 and 3, Chapter 4 is interdisciplinary and focuses 

on a question related to science communication.  

 In addition to classes related to biological research and interdisciplinary classes in areas 

such as modeling and policy, I pursued coursework in the history of science communication, the 

history of biological sciences, and quantitative communication research. I also engaged in the 

applied practice of public science communication, participating and planning outreach events, 

training in creating outreach activities and storytelling, and co-founding a graduate student group 

to help train others in public science communication. 

 

Stress-Related Behaviors in Mice 

 I joined the IGERT program with the goal of applying research in animal behavior 

towards important conservation goals. The applied focus of the research presented is designing 

an engineered mouse that would survive in the wild, and I chose to compare the anxiety-related 

and exploratory behaviors between wild-derived and laboratory house mice, as it is likely that 

the engineered mouse developed will have to be back-crossed with a wild mouse strain. Anxiety-

related behaviors are behaviors a mouse exhibits in situations that we associate with stress 

(Lezak et al. 2017; phrased as anxiety-related because anxiety is a psychological construct rather 

than being directly observable). By contrast, exploratory behaviors are performed in the same 

situation when we perceive a mouse is ‘feeling’ less stress (Sousa et al. 2006). An example of 

this would be in a situation where a mouse was placed in a new enclosure. One anxiety-related 

behavior a mouse might display would be remaining immobile, often on an edge or in a corner, 
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while an exploratory behavior would be moving about the enclosure, especially moving away 

from the edges (Sousa et al. 2006). Both anxiety-related and exploratory behaviors are important 

for assessing new and potentially dangerous situations and are critical for wild mouse survival 

(Padurariu et al. 2017). Research comparing wild mice with laboratory mice indicates that wild 

mice have greater variation in behaviors (Koide et al. 2000; Chalfin et al. 2014), including 

differences in anxiety-related behaviors (Fonio et al. 2012). Incorporating important anxiety-

related and exploratory behaviors into an engineered strain through backcrossing with wild-

derived mice could increase survival in natural settings. 

 In addition to these behaviors, I also measured baseline corticosterone levels between 

wild-derived and laboratory mice. Corticosterone is a key steroid hormone in rodents and 

corticosterone measures are often used to assess activation of the hypothalamic-pituitary-adrenal 

axis (Malisch et al. 2006). Although research shows that wild mice have higher baseline 

corticosterone than laboratory mice (Treiman & Levine 1969; Chalfin et al. 2014), and that 

female mice have higher baseline corticosterone than male mice (Touma et al. 2003; Chalfin et 

al. 2014), there is not literature directly comparing wild-derived mice from differing habitats 

(island and mainland in this project). These comparisons are of both basic interest from the 

standpoint of endocrine stress physiology and of potential applied significance with respect to 

anxiety-related and exploratory behavioral phenotypes.  

 An additional important focus of this dissertation was the impact of rearing environment 

on anxiety-related behavior, exploratory behavior, and baseline corticosterone levels. I compared 

mice reared in standard laboratory housing with mice reared in a larger enclosure with more 

environmental complexity. There are two motivations addressed in this comparison. The first 

was that laboratory mice are typically raised in a ‘standard’ laboratory environment – usually a 
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cage with shavings, food, and water all provided, and little to no experience with more complex 

and potentially more challenging environments. Environmental complexity and enrichment, such 

as objects or food added to a mouse cage for novelty and to reduce stress (Toth et al. 2011), can 

affect adult mouse behavior, although these effects are variable (this will be addressed in greater 

detail in Chapter 3). The research addressing whether and how environmental complexity during 

development affects later behavior is more limited, but what is available shows that a more 

enriched environment during rearing influences neurological and behavioral development 

(Chapillon 2001; Toth et al. 2011; Branchi & Cirulli 2014). Understanding how different rearing 

environments impact behavior could be important to evaluating the potential survival and 

reproductive success of an engineered mouse. An applied rationale for examining rearing 

environment is the possibility of rearing many mice in larger enclosures (which would have more 

environmental and social complexity), and understanding how such rearing experiences could 

impact adult behavior. As with the sex and strain comparisons, I also measured baseline 

corticosterone in mice reared in both environments. Elevated levels of baseline corticosterone 

can be an indication of chronic stress (Keeney et al. 2006; Bowers et al. 2008), which is an 

important consideration from an animal welfare perspective and because chronic stress can 

induce behavioral changes (Jeong et al. 2006; Keeney et al. 2006; Goshen et al. 2008). 

 

Behavioral Assays 

 Comparing laboratory and wild-derived strains of mice required adapting established 

rodent behavioral assays. Standard, established assays of anxiety-related and exploratory 

behaviors are available for mice because these are widely used in biomedical research focused on 

clinical depression and anxiety disorders in humans. The primary behavioral assay I used was the 
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open field test. This is a standard test for mouse anxiety-related and exploratory behavior (Walsh 

and Cummins 1976; Likpkind et al. 2004), and is also a test that was feasible using wild-derived 

mice. One behavior that makes wild-derived mice difficult to work with is that they often jump, 

and can jump very high (some close to a meter based on personal observation). This makes some 

other tests of anxiety-related behaviors difficult to use because a wild-derived mouse could 

escape from the apparatus (e.g., an elevated plus maze). An open field test generally consists of 

an empty arena, and in our case, we were able to build an arena with walls high enough to 

prevent the wild-derived mice from escaping. A mouse is placed into the arena for anywhere 

from 2 minutes (Gould et al. 2009) to hours (Fonio et al. 2012), and its behaviors are recorded. 

Though the overall test design is considered standard, there is considerable variation in how the 

test is conducted, so the length of the test and the behaviors recorded vary (Walsh and Cummins 

1976). The arena is an unfamiliar space that is open and well lit. Both of these characteristics are 

considered stressful for mice, making this a good test for anxiety-related behavior (Walsh and 

Cummins 1976). Exploratory behaviors such as the stretch-attend risk assessment can also be 

observed if a mouse acclimates to the space (Sousa et al. 2006). 

 The second test I used is the novel object test. This test is often used as an assay of 

memory function in rodents (Antunes & Biala 2012), but has also been used to assess anxiety-

related and exploratory behaviors (Belzung & Le Pape 1994; Dulawa et al. 1999; van Gaalen & 

Steckler 2000). A novel object is placed in an arena and the mouse is placed in the arena and its 

behaviors recorded. I used the same arenas as in the open field, again to ensure containment of 

the wild-derived mice.  

 Chapters 2 and 3 examine the contributions of sex, strain, and rearing environment to the 

display of anxiety-related and exploratory behaviors as well as baseline levels of corticosterone. 
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Chapter 4 of this interdisciplinary dissertation project shifts focus to communication and more 

directly to perceptions of mental illness 

 

Public Opinion of Mental Illness 

 A particularly appealing aspect of the IGERT program was the expectation that 

interdisciplinary research would be fully incorporated into my thesis, and it was important to me 

to reflect my studies and practice of science communication through communication research. 

Public science communication has the strong potential to create more connections between 

researchers and the lay public and to make science more accessible to non-scientists. Animal 

behavior is inherently more approachable than many disciplines in because it often describes 

behaviors that the reader or audience have seen. For example, describing a behavior as “the mice 

jumped,” is understandable by a wide range of audiences. Because of this, I also wanted to have 

my interdisciplinary research topic to relate to my primary research in mouse behavior. One 

aspect of my research into anxiety-related behaviors that became interesting to me was the use of 

inbred lines of rodents as a proxy for human behavior to study clinical depression and anxiety 

disorders. Although my biological research is not designed to assess strains of mice for 

biomedical purposes, I decided to connect this application through communication research.  

 The research approach taken in Chapter 4 is in a format specific to the journal Public 

Opinion Quarterly and is known as a Poll Trends article. This type of article uses existing survey 

data to track public opinion on a topic over time by looking for questions that are worded the 

same but repeated at different timepoints (for example, Nisbet and Myers [2007] looked at the 

public opinion on global warming over a span of twenty years). The survey questions are often 
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asked by different organizations, but should be based in surveys that ideally have a sample size 

of over 1000, and the sample should be representative of the greater population.  

 For my research, I asked what the public opinion of mental illness was in the United 

States, over as great a time period as I could find questions. I developed a list of keywords 

related to mental illness and used the online public opinion data archive maintained by the Roper 

Center for Public Opinion Research at Cornell University to find my questions. Once I gathered 

all the questions containing one of my keywords, I narrowed down my options to questions 

relevant to the public opinion of mental illness. From that list of relevant questions, I found the 

questions that had been repeated at least once so that I could track trends in public opinion (see 

Chapter 4 and Appendix C for more details).  

 This method does exclude some questions with a topic that could be valuable in assessing 

public opinion if those questions were only asked at a single time-point. However, I chose to do 

an article of this style because I wanted to examine the broader picture of how mental illness is 

viewed in the United States. Biomedical researchers often examine mental illness from a narrow 

perspective that often does not take into account the social outcomes of their research. An 

important motivation for Chapter 4 is to identify and understand shifts in the social landscape in 

which this biomedical research was being conducted. The poll trends style of article fits this 

goal, as it describes trends over time rather than provide a more fine-grained and statistically 

rigorous analysis. For example, other methods such as a meta-analysis would have only looked at 

a single bivariate relationship, and would not have given a broader picture of public opinion. 
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Dissertation organization 

 This dissertation is presented in five chapters – the introduction, three data chapters, and 

a conclusion chapter integrating the biological and communication research. Chapter 2 explores 

the influences of sex and strain on anxiety-related behaviors, exploratory behaviors, and baseline 

corticosterone levels.  Chapter 3 extends this analysis with an examination of the effects of 

rearing environment during early life on these same behavioral and endocrine measures. Chapter 

4 shifts focus to science communication research into public opinion of mental illness by 

comparing related survey questions across multiple timepoints. The questions are split into four 

main themes – mental illness diagnoses, stigma of mental illness, the use of Prozac for mental 

illness treatment, and mental illness in connection with national events. The overarching trends 

that emerge are then considered in the discussion. Finally, Chapter 5 highlights major findings 

and connections across Chapters 2-4 and considers how biological and communication research 

can inform future research into mental illness.  
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Chapter 2 

Comparing Anxiety-Related Behavior and Baseline Corticosterone Between Wild-Derived 

and Domestic Mice 
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Abstract 

This study examines the stress-related behavior of laboratory mice (Mus musculus) compared to 

wild-derived mice and was performed in the context of conservation of island ecosystems and 

invasive house mice. Invasive rodents are present on 80% of islands worldwide and threaten 

native island plant and animal species. Toxicants are currently the primary method of rodent 

eradication, but are difficult to implement, have many unintended consequences, and have a high 

failure rate for mice. Genetic methods for controlling or eradicating populations of invasive mice 

on islands are being explored that would potentially involve releasing engineered laboratory 

mice into invasive mouse populations on islands. These engineered mice would likely need to be 

backcrossed with wild mice for survival and reproductive success in a wild environment. 

Anxiety-related and exploratory behavior, two important behaviors for wild mouse survival, 

along with baseline corticosterone levels were compared between a mainland wild-derived 

mouse strain, an island wild-derived strain, and a laboratory strain hybrid. Behaviors were 

assessed using an open field and novel object test, and basal corticosterone levels were measured 

in fecal samples. The wild-derived mice also showed more anxiety-related behaviors with 

traveling less in center, spending more time stationary, and performing more escape jumps than 

the laboratory strain. The wild-derived also mice had higher levels of basal corticosterone than 

the laboratory strain. There was evidence of behavioral differences between the island and 

mainland wild-derived strains, but no clear pattern was apparent across behaviors between the 

strains. Given that only three strains of mice were assessed, there is a need for further research 

on other laboratory strains in comparison to additional wild-derived strains to more fully assess 

the generality of these laboratory versus wild mouse differences. 
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Introduction 

 Over 50% of animal extinctions have been caused by invasive species (Clavero and 

García-Berthou, 2005; Doherty et al. 2016), and invasive species pose an especially big risk to 

island ecosystems (Sax, Gaines, and Brown 2002). Islands make up 5% of Earth’s landmass, but 

are home to over 20% of terrestrial animal species (Howald et al. 2007). Invasive rats (Rattus, R. 

norvegicus, R. exulans) and mice (Mus musculus) are present on 80% of islands worldwide and 

pose one of the greatest threats to island plant and animal species (Howald et al. 2007; Campbell 

et al. 2015). Invasive rodents have been associated with the extinction of over 60 vertebrate 

species alone (Towns et al. 2006), and their presence on islands is associated with the decline 

and extirpation of plant and invertebrate populations (Crafford & Scholtz 1987; Angel et al. 

2009). 

 The significant biodiversity threat posed by rats and mice makes their removal a critical 

conservation goal, but both species can be difficult to eradicate from many localities using the 

current preferred method, toxicants (primarily Brodifacoum; Howald et al. 2007; Campbell et al. 

2015). The use of Brodifacoum and similar toxicants is generally successful for eradicating rats 

and has only a 5-10% failure rate, but these same methods have a failure rate close to 40% when 

used for mouse eradications (Howald et al. 2007; Angel et al. 2009). It can take years to 

determine if an eradication campaign has been successful, and toxicants do not persist long in the 

environment (Howald et al. 2007). By the time failure is detected, a new campaign has to be 

developed (Howald et al. 2007). Additionally, toxicants cause death by internal bleeding, create 

animal welfare concerns, and they are not targeted to a single species and so can cause death of 

other vertebrates in an ecosystem (Campbell et al. 2015; Leitschuh et al. 2017). Toxicants are 
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also not a viable option logistically for larger islands, especially those with human populations 

(Campbell et al. 2015). 

 There is a conservation need for alternatives to toxicant-based methods. We have been 

working to explore the use of genetic technologies for mouse population control and eradication 

on islands. We focused on mice because they are easier to manipulate genetically and are harder 

to control using current methods. This type of approach could be advantageous because it is 

species-specific and would be a non-lethal method of population control (Leitschuh et al. 2017). 

 The genetic approach being explored would use gene editing to insert Sry, an important 

gene for male development in mammals, into a naturally-occurring meiotic drive system in mice 

called the t-haplotype on chromosome 17. Meiotic drive leads to offspring inheritance of greater 

than 50%, and the t-haplotype variant we are using, tw2, is inherited by about 96% of offspring 

(Godwin laboratory, unpublished data). Offspring inheriting the tw2 allele with Sry inserted 

(hereafter referred to as t-Sry) would be phenotypically male regardless of their sex 

chromosomes – XY males would be able to reproduce viably, and XX males would be sterile. If 

a large enough proportion of these engineered mice were released into a wild population of 

invasive mice, the invasive mouse population should eventually bias the population towards 

males, reducing reproduction and eventually leading to a decrease in the invasive mouse 

population (Backus and Gross, 2016; Leitschuh et al. 2017; Kanavy 2018; see also Prowse et al., 

2017 for consideration of synthetic gene drives for this application). This gene drive system is 

still in development (Kanavy 2018). 

 One knowledge gap with regards to the development of this technology is not having a 

thorough understanding of how and why house mice are so successful at invading new and 

unfamiliar areas across such a wide range of geographic and climatic characteristics (see Moro et 
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al. 2017 for an assessment of knowledge gaps in house mice). The genetically engineered mouse 

is being developed in a laboratory mouse genetic background (C57Bl6 x Sv129) with the tw2 t-

haplotype variant (the tw2 strain). Because the use of this technology would entail releasing a 

mouse engineered with the t-Sry system into existing invasive mouse populations (Campbell et 

al. 2015; Leitschuh et al. 2017; Kanavy 2018), the engineered mouse would need to effectively 

compete for resources and mating opportunities with wild mice. This makes it likely that any 

engineered mouse would need to be back-crossed with a wild mouse strain in order to survive in 

the wild and compete with invasive wild mouse populations for territories and mates.  

This study focuses on the anxiety-related and exploratory behaviors that would be 

important for adapting and succeeding in a new environment. These behaviors help mice assess 

potentially dangerous situations and explore new environments (Sousa et al. 2006; Lezak et al. 

2017; Padurariu et al. 2017). Research comparing wild mice with laboratory mice indicates that 

wild mice have greater ranges of behavior variation (Koide et al. 2000; Chalfin et al. 2014), 

including differences in anxiety-related behaviors. In one example, Fonio and colleagues (2012) 

found that by varying the duration of an open field test, they found opposite levels of anxiety 

related behavior between a wild strain and BALB/c mice. Given that there are many documented 

differences in behavior between different laboratory strains (Crawley et al. 1997; Mogil et al. 

1999; van Gaalen & Steckler 2000), it follows that there could also be differences between 

different wild strains. If these differences exist, they are important to understand for choosing a 

wild strain with which to backcross the engineered strain. To start to answer this question, I 

compared two different wild-derived strains with the tw2 strain being used for the development of 

the engineered mouse. For the purposes of my research, the tw2 mice are considered proxies for 

the engineered mice. The wild-derived strains I used were produced from progenitors captured 
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on the Farallon islands (CA, USA; hereafter referred to as MmF) and near Gainesville, FL 

(hereafter referred to as MmG), which is on the mainland. 

 To complement the behavior tests, I also compared baseline corticosterone levels using 

fecal samples from the wild-derived and laboratory mice. Corticosterone is the primary 

glucocorticoid hormone in rodents and levels of this corticosterone can be a useful indicator of 

overall activity of the endocrine stress axis (Touma et al. 2004; Malisch et al. 2007). The stress 

axis is important for mediating the stress response, and corticosterone levels can be used in 

conjunction with behavior tests to assess the stress exposure of an animal (Kolbe et al. 2015). 

Corticosterone levels of wild mice have been shown to be higher than those of laboratory mice 

(Treiman & Levine 1969; Chalfin et al. 2014) and female mice of both wild and laboratory 

strains also have higher baseline corticosterone levels than males (Touma et al. 2003; Chalfin et 

al. 2014). However, because I am looking at two different strains of wild-derived mice from 

different habitat types (island vs. mainland) and there is not generally literature comparing 

different populations of wild mice, I measured baseline corticosterone as an initial exploration of 

whether there are differences between wild-derived strains. 

 Though not a primary focus of my research, I deliberately chose one island wild-derived 

strain and one mainland wild-derived strain because there is limited evidence of behavioral 

differences between island and mainland wild house mice, specifically related to aggression. 

Aggression and anxiety-related behavior are related and share some endocrinological and 

neurobiological control mechanisms (Neumann et al. 2010). This relationship can vary by sex 

(Crawley et al. 1997), reproductive status (Bosch et al. 2005), social environment (Ferrari et al. 

1998), and other environmental factors (Crawley et al. 1997; Mosienko et al. 2012). One notable 

characteristic in the comparisons available is that island mice appear to display lower levels of 
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territorial aggression (Berry et al. 1991; Gray & Hurst 1998). Lower levels of intraspecific 

aggression may allow the development of higher population densities in this territorial species 

(Gray & Hurst 1998). This could translate to the anxiety-related behaviors of island wild-derived 

mice. By characterizing and comparing anxiety-related behaviors between strains of both island-

derived (MmF) and mainland-derived (MmG) mice, I can begin to assess whether island or 

mainland wild-derived mice exhibit lower levels of anxiety-related behavior, as differing patterns 

of behavior may be important for exploration and establishing territories in new environments 

with resident mice.  

 Based on the existing research, we hypothesized that wild-derived strains would show 

higher levels of anxiety-related behaviors and baseline corticosterone than the laboratory strain. 

We also hypothesized that wild mice with island origins would show lower levels of anxiety-

related behavior and baseline corticosterone than the wild mice derived from mainland 

populations. 

 

Methods 

 A total of 62 mice were used – 10 female and 10 male MmF mice; 9 female and 12 male 

MmG mice; and 10 female and 11 male tw2 mice. All mice were sexually naïve and between 8-10 

weeks of age at testing. The MmF mice were 4-6 generations from the wild founders. The MmG 

mice were 1-2 generations from the founders we received, but those founders came from another 

laboratory and their distance from the wild founders was unknown. Mice were reared in standard 

laboratory cages (47.5 L x 26 W x 15 D cm) with aspen pine shaving bedding (Granville Milling, 

OH, USA. Mice were weaned at 4 weeks and placed into standard laboratory cages in same-sex 

sibling pairs. All cages had aspen pine shavings, and weaned mice were fed Purina 5001 
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Laboratory Rodent Diet (Purina, MN, USA). Mice were also provided with tubes (either PVC or 

cardboard of varying sizes: 2.5-5 D x 10-15 L cm) and sunflower seeds for enrichment during 

rearing and post-weaning.  

 Because one goal of this research is to inform the release of potential release of 

engineered mice into the wild, all mice were housed year-round in a modified greenhouse in 

Raleigh, NC, USA. To better approximate wild conditions, artificial lighting was not used and 

the daytime length fluctuated throughout the year: at the summer equinox in 2017 there were 14 

hours and 35 minutes of daylight, and 9 hours and 44 minutes of daylight at the winter equinox 

(timeanddate.com). The greenhouse was insulated and air conditioners kept temperature and 

humidity as controlled as possible. In 2016, the average measured temperature in the greenhouse 

was 20.03° C ∓ 0.14 (range of 11.12 to 27.8° C) and the average humidity 45.82% ∓ 0.55 (range 

of 21 to 77%). Due to space constraints and difficulty obtaining wild-derived strains of mice, 

different groups of mice were tested at different times of year. The tw2 mice were tested between 

February and April of 2017, the MmF mice in May and June of 2017, and the MmG from 

December 2017 through February 2018. Though the overall conditions in the greenhouse are less 

controlled than standard laboratory conditions and the daylight hours fluctuated over the seasons, 

an effort was made to control testing conditions through testing the mice between 7:00 a.m. and 

11:00 a.m. regardless of the time of year. Testing was started only after the sun had come up, so 

the exact start times varied.  
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Behavioral Assays 

 Each mouse was tested sequentially with a 15-minute open field test (41.5 L x 41.5 W x 

75 D cm, with a lamp shining into the arena for a consistent lighting source) on day 1, no testing 

on day 2, and a 5-minute novel object test on day 3, using the same enclosures as used for the 

open field test (including the same lighting conditions). All tests were video recorded. I 

measured behaviors using TopScan (TopScanLite 2.00, CleverSys, Reston, VA) and through 

direct observation. The behaviors recorded are those commonly assessed for the open field and 

novel object assays for assessing anxiety-related and exploratory behaviors (Table 2.1; Walsh & 

Cummins 1976; Carobrez & Bertoglio 2005; Gould et al. 2009; Chalfin et al. 2014). I measured 

some behaviors (time in center, time in periphery, escape jumps, and stretch-attends) in both the 

open field and the novel object tests. Because the mice could have become acclimated to the 

testing arena during the open field test, only the measures of these behaviors from the open field 

test were included for analysis. The results from these behavioral analyses in the novel object test 

can be seen in Appendix A for comparison, and are very similar to those from the open field test. 

Additionally, wall climbs and grooming were excluded from the main analysis because they 

occurred at a very low frequency, but the results from these behaviors can also be seen in 

Appendix A. 

 

Table 2.1: Behaviors recorded for the open field and novel object assays. 

Behavior Definition Assay Scoring 
Thigmotaxis Time spent in the peripheral 12.2 cm 

wide area around the outside of the 
arena 

Entire open field and 
novel object 

TopScan 

Time in center Time spent in the center 50% of the 
open field arena (21.3 x 21.3 cm) 

Entire open field and 
novel object 

TopScan 
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Table 2.1 (continued). 
 
Time 
Stationary 
(velocity < 
0.05 mm/s) 

Time not in motion Entire open field TopScan 

Time 
interacting 
with object 

Time spent in contact with the object; 
object area defined in TopScan 

Entire novel object TopScan 

Distance 
traveled  

Total distance traveled in cm in 
center or periphery 

Entire open field TopScan 

Average 
velocity 

Total distance traveled over total time 
in motion, measured in mm/s 

Entire open field TopScan 

Escape Jumps Mouse launching into the air, all 4 
feet clearly not in contact with base 
of testing apparatus 

First 5 min of open 
field, entire novel 
object 

Direct 
observation 

Stretch-attends Mouse hind limbs and feet planted in 
one spot, stretching forward 
horizontally or vertically on front feet  

First 5 min of open 
field, entire novel 
object 

Direct 
observation 

Stretch-attends 
towards object 

Mouse stretching with head oriented 
towards the object specifically 

Entire novel object Direct 
observation 

Wall climbing Mouse reared on hind feet and 
scrabbling on the wall with front feet 

First 5 min of open 
field, entire novel 
object 

Direct 
observation 

Grooming Mouse in place and cleaning self with 
mouth and paws 

First 5 min of open 
field, entire novel 
object 

Direct 
observation 

 

Fecal Corticosterone Analysis 

 In order to both collect individual fecal samples and minimize the effects of any acute 

isolation stress that might affect the behavioral results, mice were placed into individual cages 24 

hours prior to testing. Fecal samples were collected using forceps from each cage while that 

mouse was being assayed in the open field test and were stored in 1.5 mL polypropylene 

microcentrifuge tubes at -80° C until extraction. Fecal samples contaminated by urine or water 

were not collected, and samples were collected from different areas of bedding in order to not 

inadvertently sample a single time-point. The fecal samples were dried at 60° C until their weight 

was consistent to 0.001 g (usually around 4-5 hours). The samples were then ground up and 
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corticosterone was extracted using 80% methanol using the procedure in Touma et al. (2004) and 

Palme et al. (2013).  

 Due to financial constraints, only extracts from six females and six males of each strain 

(36 samples total) were sent to the Endocrinological Laboratory at the Saint Louis Zoological 

Park (MO, USA) to be assayed for corticosterone. Corticosterone levels were determined using a 

commercially available corticosterone radioimmunoassay (DA Corticosterone kit, ICN MP 

Biomedicals, Orangeburg, NY). The lower detection limit of the assay was equivalent to 187.5 

pg/g fecal matter in this application and upper detection limit was equivalent to 15,000 pg/g fecal 

matter. Samples were assayed in duplicate in a single assay to control for variation. The mean 

intra-assay variation of duplicate samples was acceptable at 5.3%. Five fecal extracts with high 

levels of corticosterone were tested for linearity using serial dilutions of 1/2, 1/4, 1/8 and 1/16 

with extraction buffer and measured an average of 94.4 ± 1.3 % of expected values for 

corticosterone. Assay accuracy was assessed by adding a known amount of corticosterone to five 

fecal extracts containing low values of fecal corticosterone. Adding a known amount of 

corticosterone at three dosage levels resulted in recovery of 103.4 ± 2.4 % of added 

corticosterone. 

 

Statistical Analysis 

 Statistical analyses were performed using JMP Pro 13 (SAS Institute, Cary, NC). 

Because I found that the variances scaled with means in the results, all continuous data were 

subjected to a log10 transformation and all discrete data to a square root transformation to 

homogenize variances. Two-way ANOVAs were conducted including sex and strain as factors 

and including a sex x strain interaction term to look for interaction effects between these 
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independent variables, followed by Tukey HSD multiple comparisons test in cases of significant 

differences to further characterize differences between groups. One female MmG mouse was 

excluded from the final TopScan behavioral analysis of the open field test due to a malfunction 

in the video recorder where it only recorded part of the assay. Two male tw2 mice were excluded 

from the final TopScan behavioral analysis of the novel object test because the video recorder 

mount was shaken during the assay and the final recordings could not be analyzed digitally. No 

mice were excluded from the behaviors scored by direct observation. 

 

Results 

 The means, SE, and details of statistical comparisons are presented in Tables 2.2-2.5 to 

improve readability. 

 

Open Field Test 

 Table 2.2 summarizes the means and SE for all group and Table 2.3 summarizes the 

analysis of effects of sex and strain on behaviors in the open field and novel object tests. With 

the exception of average velocity, strain was a statistically-significant factor for all behaviors 

measured in the open field test. Both the MmF and tw2 mice spend more time in center of the 

open field than the MmG strain (Figure 2.1). There was a similar effect in distance traveled in 

the center (Figure 2.2) and periphery areas, with tw2 mice traveling more than the wild derived 

strains.  
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Table 2.2: Means ± SE for behaviors in the open field and novel object tests. OF refers to the 
open field test and NO refers to the novel object test. 
 
 MmF MmG tw2 
 ♀ ♂ ♀ ♂ ♀ ♂ 
Open Field Time 
in Center (s) 

92.37 ± 
15.91 

100.54 ± 
13.09 

55.77 ± 
12.04 

72.25 ± 
10.76 

95.54 ± 
14.7 

88.32 ± 
7.36 

Open Field 
Distance in 
Center (mm) 

5247.08 ± 
1224.01 

4604.51 ± 
928.4 

2703.71 ± 
339.63 

3149.48 ± 
285.18 

9205.21 ± 
700.48 

9615.14 ± 
765.78 

Open Field 
Distance in 
Periphery (mm) 

42561.45 
± 8386.19 

34426.63 
± 3795.16 

27448.94 
± 1944.66 

26385.21 
± 1931.36 

64359.69 
± 3047.72 

68718.57 
± 3863.09 

Open Field Time 
Stationary (s) 

342.31 ± 
41.48 

407.89 ± 
45 

415.88 ± 
21.07 

371.95 ± 
18.79 

114.5 ± 
35.38 

104.23 ± 
31.43 

Open Field 
Average Velocity 
(mm/s) 

83.83 ± 
13.24 

74.88 ± 
13.78 

66.59 ± 
6.12 

64.01 ± 
4.95 

58.52 ± 
4.14 

60.81 ± 
3.48 

Open Field 
Escape Jumps 
During the Initial 
5 min of Test 

56.6 ± 
12.03 

39.1 ± 
10.02 

9.44 ± 
2.71 

3.33 ± 
1.17 

2.1 ± 0.97 0.55 ± 
0.31 

Open Field 
Stretch-Attends 
During the Initial 
5 min of Test 

31.3 ± 
3.16 

38.6 ± 
4.57 

40.67 ± 
2.92 

49.42 ± 
2.86 

35.2 ± 
1.74 

40.82 ± 
2.81 

Novel Object 
Time in or on 
Object (s) 

33.15 ± 
6.7 

15.53 ± 
4.09 

24.45 ± 
7.89 

4.27 ± 3.2 12.75 ± 
4.59 

0.397 ± 
0.397 

Novel Object 
Stretch-Attends 
Towards Object 

1.7 ± 0.67 1.9 ± 0.74 5.78 ± 
1.34 

9 ± 1.02 4.5 ± 1.01 9.55 ± 
1.15 

 
Table 2.3: Statistical analysis of behaviors in the open field and novel object tests. 

Behavior Effect F(df) P Post Hoc Tukey-
Kramer 

Open Field Time in 
Center (s) 

Strain 5.51(2,58) < 0.01 (MmF = tw2) > MmG 

Sex 1.62(1,59) > 0.05  

Strain x Sex 0.58(2,58) > 0.05  
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Table 2.3 (continued). 
 

Open Field Distance 
in Center (mm) 

Strain 39.04(2,58) < 0.0001 tw2 > MmF > MmG 

Sex 0.14(1,59) > 0.05  

Strain x Sex 0.35(2,58) > 0.05  

Open Field Distance 
in Periphery (mm) 

Strain 36.6(2,58) < 0.0001 tw2> (MmF = MmG) 

Sex 0.15(1,59) > 0.05  

Strain x Sex 0.33(2,58) > 0.05  

Open Field Time 
Stationary (s) 

Strain 22.68(2,58) < 0.0001 (MmF = MmG) > tw2 

Sex 0.07(1,59) > 0.05  

Strain x Sex 0.19(2,59) > 0.05  

Open Field Average 
Velocity (mm/s) 

Strain 0.10(2,58) > 0.05  

Sex 0.53(1,59) > 0.05  

Strain x Sex 0.59(2,58) > 0.05  

Open Field Escape 
Jumps During the 
Initial 5 min of Test 

Strain 71.91(2,60) < 0.0001 MmF > MmG > tw2 

Sex 6.71(1,61) < 0.05 F > M 

Strain x Sex 0.48(2,60) > 0.05  

Open Field Stretch-
Attends During the 
Initial 5 min of Test 

Strain 5.09(2,60) < 0.01 MmG > MmF, (MmG = 
tw2), (MmF = tw2) 

Sex 5.43(1,61) < 0.05 M > F 

Strain x Sex 0.07(2,60) > 0.05  

Novel Object Time in 
or on Object (s) 

Strain 10.05(2,58) < 0.001 MmF > (MmG = tw2) 

Sex 16.81(1,59) < 0.0001 F > M 

Strain x Sex 0.93(2,58) > 0.05  

Novel Object Stretch-
Attends Towards 
Object 

Strain 23.44(2,60) < 0.0001 (MmG = tw2) > MmF 

Sex 8.09(1,61) < 0.01 M > F 

Strain x Sex 1.97(2,60) > 0.05  
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Figure 2.2: Distance traveled in the center (mean ± SE) of the 
open field arena. N = 10 MmF females, 10 MmF males, 8 MmG 
females, 12 MmG males, 10 tw2 females, and 11 tw2 males. 
Groups with different letters are significantly different. 

Figure 2.1: Time spent in the center (mean ± SE) of the open field 
arena. N = 10 MmF females, 10 MmF males, 8 MmG females, 12 
MmG males, 10 tw2 females, and 11 tw2 males. Groups with different 
letters are significantly different. 
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 The tw2 mice also spent less time stationary overall as compared to either wild-derived 

strain. There was an opposite pattern with escape jumps and stretch-attends. The wild-derived 

mice exhibited more escape jumps than the tw2 mice, with the MmF mice having the highest 

number of escape jumps overall (Figure 2.3). However, the MmG mice performed more stretch-

attends than the MmF mice. 

 In the open field test, sex only had a significant effect on number of escape jumps and-

stretch attends, with females performing more escape jumps and males performing more stretch-

attends. 

 

 

 

 

 

Novel Object Test 

 Both strain and sex had significant effects on behaviors of interest in the novel object test. 

The three strains showed opposite patterns – the MmF strain spent the most time interacting with 

Figure 2.3: Frequency of escape jumps (mean ± SE) in the first 5 minutes 
of the open field test. N = 10 MmF females, 10 MmF males, 8 MmG 
females, 12 MmG males, 10 tw2 females, and 11 tw2 males. Groups with 
different letters are significantly different. 
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the object (Figure 2.4A), and performed the fewest number of stretch-attends towards the object 

(Figure 2.4B). Females spent more time interacting with the object, while males performed the 

greatest number of stretch-attends towards the object. 

 

 

 
Fecal Corticosterone 

The MmF mice had the highest baseline fecal corticosterone levels, and the tw2 mice the 

lowest (Table 2.4-5; Figure 2.5). Females had substantially higher baseline corticosterone than 

males (Table 2.5). Although the differences across strains appeared stronger for females than 

males, there was not a significant strain by sex interaction.  

 

Table 2.4: Means ± SE for baseline fecal corticosterone. 
 
 Standard Rearing Environment 
 MmF MmG tw2 
 ♀ ♂ ♀ ♂ ♀ ♂ 
Fecal Corticosterone 
(pg/g) 

7437.63 
± 1249.8 

1521.58 
± 131.34 

4408.37 
± 917.65 

1383.55 
± 490.28 

2278.25 
± 843.01 

790.73 ± 
124.02 

 
 

Figure 2.4: A) Time spent interacting with the object (mean ± SE). Groups with different 
letters are significantly different. B) Frequency of stretch attends performed towards the 
object (mean ± SE). Groups with different letters are significantly different. N = 10 MmF 
females, 10 MmF males, 9 MmG females, 12 MmG males, 10 tw2 females, and 9 tw2 males for 
both figures. 
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Table 2.5: Statistical Analysis of baseline fecal corticosterone. 

 Effect F(df) P Post Hoc Tukey-Kramer 

Baseline Fecal 
Corticosterone (pg/g) 

Strain 9.90(2,34) < 0.001 MmF > tw2, MmF = MmG, 
tw2 = MmG 

Sex 41.56(1,35) < 0.0001 F > M 

Strain x Sex 1.11(2,34) > 0.05  

 
 

 
 
 
 
 

Discussion  

 We hypothesized that wild-derived strains would show higher levels of anxiety-related 

behaviors and higher baseline corticosterone than the laboratory mice. We also hypothesized that 

that wild mice derived with island origins would show lower levels of anxiety-related behavior 

and baseline corticosterone than wild mice derived from mainland populations. The support for 

these hypotheses was mixed. The wild-derived mice expressed more anxiety-related behaviors 

than the laboratory strain, but the evidence for the mainland wild-derived strain (MmG strain) 

showing more anxiety-related behaviors than the island-derived strain (MmF strain) was not as 

Figure 2.5: Baseline FCM (mean ± SE). N = 36, with 6 females and 6 
males of each strain. Groups with different letters are significantly 
different. 
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strong. Though wild-derived mice did have higher basal corticosterone than laboratory mice, the 

island strain showed the highest basal corticosterone, refuting our hypothesis that at least the 

island strain used here would show lower basal corticosterone as well as lower levels of anxiety-

related behavior. 

 

Behavioral Variation Across Strains 

 Patterns in the behavioral findings were complex. The wild-derived strains traveled less 

in the center and peripheral areas (Figure 2.2), as well as spending more time stationary (Table 

2.3), behaviors that are associated with higher anxiety. The wild-derived mice also performed 

more escape jumps (Figure 2.3) which are also traditionally considered to be related to anxiety, 

but interpreting this particular behavior is challenging in the context of wild-derived mice (this is 

further addressed below). The differentiation between the two wild-derived strains was not as 

clear as that between the laboratory and wild-derived strains. There were examples where the 

MmG mainland strain showed higher levels of anxiety-related behaviors than the MmF island 

strain, such as less time in center (Figure 2.1), and less time spent interacting with the object 

(Figure 2.4A). However, the MmG strain also performed more stretch-attends towards the object 

(Figure 2.4B), which is generally considered a risk assessment exploratory behavior (Holly et al. 

2016).  

 Having a single strain representing each category of mice (mainland, island, laboratory) 

means that we cannot assess whether the behavioral profiles observed are unique to the 

individual strains tested here or instead are representative of broader mainland, island, and 

laboratory categories. The finding that the wild-derived mice showed more anxiety-related 

behaviors overall supports the likely importance of backcrossing the eventual the eventual t-Sry 
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mouse with a wild strain to create a hybrid that has the behaviors necessary for survival in a wild 

setting. However, because my results are limited to only two wild-derived strains, I am limited in 

the recommendations I can make as to which strain should be used, or even if either the MmF or 

MmG strains should be considered for backcrossing. Both of these strains are wild-derived and a 

number of generations from their wild founders, and the behaviors of wild animals change 

quickly in captivity (McPhee 2003; Håkansson 2007; Koolhaas et al. 2007; Chalfin et al. 2014; 

Schulte-Hostedde & Mastromonaco 2015). These mice were also transported from their natural 

environment and tested in a laboratory setting, which leads to asking whether the behavioral 

differences observed are because of the strain of mouse, or due to the mouse interacting with a 

substantially different environment than that of their progenitors. 

 

Endocrine Patterns  

 The sexual dimorphism between males and females for baseline corticosterone, as well as 

the higher overall levels in the wild-derived mice as compared to the tw2 strain, is consistent with 

the relatively limited literature on this topic (Treiman & Levine 1969; Touma et al. 2004; Chalfin 

et al. 2014, supplementary Table 1). However, we did not find evidence that the MmG strain had 

higher basal corticosterone levels than the MmF strain, and the opposite pattern may instead be 

true, though the difference was not significant. This does suggest that there are differences in 

baseline corticosterone levels between different strains of mice, and the pattern observed for 

corticosterone is not inconsistent with the pattern observed for behavior, as there were instances 

where the island wild-derived strain showed higher anxiety-related behaviors than the mainland 

wild-derived strain. Though I cannot draw strong conclusions based on my results, they do 
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provide some evidence that there are differences in anxiety-related behavior and activation of the 

endocrine axis between different wild-derived strains. 

 There are limitations to the interpretation of these findings. As discussed with the 

behavior results, the wild-derived strains were being tested in a laboratory setting, which likely 

had an influence on their baseline corticosterone levels. Though the laboratory setting is more 

controlled, and reduces the potential stressors of needing to find food, water, and shelter, it is 

also unfamiliar from a life-history standpoint and includes potential stressors from handling as 

well as unfamiliar scents and noises. If these wild-derived mice were to be released back into the 

wild, it is likely that their baseline corticosterone levels would be different because they would 

reflect the strains’ reactions to ‘familiar’ and ‘unfamiliar’ stressors. Lower baseline 

corticosterone levels in a wild compared to a laboratory setting has been shown in prairie voles 

(Blondel et al. 2016), and results in Chapter 3 provide evidence that a similar pattern could be 

present in mice. 

 Corticosterone also naturally varies by sex (Touma et al. 2003; Goel & Bale 2008), time 

of day (Touma et al. 2003), and season (Harper & Austad 2001; Schradin 2008). As described in 

the methods, the three strains of mice were all tested at different times of year. Though I tested 

all mice in the same time window regardless of year, the change of season and temperature could 

have affected baseline corticosterone levels. The males and females of each strain were tested in 

the same times of year, so the two sexes can be more directly compared within strains. Other 

studies have described strain differences in baseline corticosterone levels (Malisch et al. 2007; 

Kolbe et al. 2015), consistent with the results here. 
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Stress Coping Style 

 Although this study was not explicitly designed to test for behavioral syndromes or 

differences in stress coping style between wild-derived and laboratory strains, this framework is 

useful in interpreting the results. The concept of behavioral syndromes has proven useful for 

understanding some of the differences between wild-derived and laboratory rodents in other 

studies (see Koolhaas et al., 2017). Behavioral syndromes consist of a stress coping style and 

emotionality. Emotionality describes the intensity with which a behavior is expressed and ranges 

from low to high (Koolhaas et al. 2017). Koolhaas and colleagues (2017) define two stress 

coping styles, with proactive individuals being more impulsive, taking more risks, and seeking 

novelty. By contrast, reactive individuals are “more accepting of changes in their environment” 

(Koolhaas et al. 2017). Together, these two characterizations form four behavioral syndromes: 

shy (reactive, high emotionality), panicky (proactive, high emotionality), docile (reactive, low 

emotionality), and bold (proactive, low emotionality). Rodents with different coping styles 

experience stressors differently and can have the same coping style while expressing it 

differently based on the emotionality scale.  

 Considering the results of this study specifically in the context of coping styles may be 

useful in interpreting the behavioral profiles observed. One interesting behavior pattern displayed 

by the MmF strain was a low frequency of stretch-attends towards the novel object. Stretch-

attends are considered to be a risk assessment behavior and thought to be indicative of lower 

anxiety (Carobrez & Bertoglio 2005; Holly et al. 2016; Figure 2.4B. However, when placed into 

the arena with the novel object many MmF individuals immediately climbed the object or 

jumped off it (Figure 4). This is potentially consistent with a proactive coping style, especially 

taking into consideration the higher frequency of escape jumps performed by the MmF mice. 
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The MmG mice showed significantly fewer escape jumps while performing more stretch-attends 

towards the object, which could be indicative of a more reactive coping style. Overall, 

interpretation of these behavioral patterns in the context of coping styles is likely premature. 

Additional studies addressing additional stress coping behaviors and patterns of aggressive 

behavior could be informative in this respect and productive future directions. 

 Understanding coping styles in different strains of mice relates to the broader 

phenomenon of domestication. Domestication effects can be particularly relevant for 

conservation efforts (McPhee 2003). Slade and colleagues (2014) bred wild house mice for three 

generations in captivity and then released them into outdoor enclosures with mice from the 

original wild population. The majority of the matings that occurred were either between two 

captive-bred or two wild mice, suggesting strong assortative mating for both groups. If this 

pattern holds true for other strains of mice, it could compromise the potential success of the tw2 

mouse. Captive-bred individuals of other species have also shown behavioral shifts when 

released into the wild for conservation purposes (McPhee 2003; Håkansson 2007; Schulte-

Hostedde & Mastromonaco 2015). Of particular and stronger relevance to this study, there is 

evidence that mice in captivity likely undergo inadvertent selection for a more reactive coping 

style, as animals exhibiting this behavioral phenotype are easier to handle (Koolhaas et al. 2010). 

Mice with a proactive stress coping style can be less successful at establishing new territories 

than mice with a reactive coping style (Koolhaas et al. 2007). Little is known about the 

behavioral characteristics necessary for a mouse to introgress into an existing population, which 

is a ‘knowledge gap’ highlighted by Moro and colleagues (2017). It is possible that a proactive 

coping style characterized by greater aggressiveness could enhance survival, territory 

establishment, and reproduction. There is some support for this possibility based on studies 
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conducted on the Isle of May, where mice introduced from a commensal population were very 

successful at integrating into the existing population, as evidenced by the rapid spread of a Y-

linked genetic marker (Jones et al. 1995). Detailed laboratory behavioral studies by Gray and 

Hurst (1998) found that mice from the Isle of May were not aggressive relative to house mice 

from the commensal population. 

  If coping style does impact the success of introduced individuals, then a better 

understanding of how it could impact population-level processes such as migration is needed. 

Should the t-Sry mice be released into the wild, they would likely be reared and released in large 

quantities, and possibly in different locations. The potential effects of coping style and 

characteristics of particular mouse strains could be important in this context. Gray and Hurst 

(1998) found that lower levels of intraspecific aggression in island mice may allow the 

development of higher population densities in this territorial species (Gray & Hurst 1998). If 

mainland mice are generally more territorial than island mice, this behavioral characteristic may 

ultimately make them more successful at invading existing populations of mice in island settings. 

 

Limitations and Future Considerations 

 In addition to coping style, there are other factors that could have influenced our results 

that should be considered in future studies. It is possible that the differences we hypothesized are 

not present due to strain differences, but instead could be accounted for through other factors 

such as the time of year when testing occurred. However, given the research that shows 

differences in aggression between island and mainland wild mice (Gray & Hurst 1998), 

differences in anxiety-related behavior between laboratory and wild mice (Fonio et al 2012), and 

the recovery of behaviors in laboratory mice when backcrossed with wild mice (Chalfin et al. 
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2014), it seems probable that the results here are influenced by strain. Additional considerations 

are the number of generations between the wild-caught ancestors and the wild-derived mice 

tested here and inadvertent selection during breeding of the wild-derived mice. The wild-derived 

mice used in our research were more than three generations from the wild-caught founders. 

While every effort was made to have random selection in choosing breeding pairs and mice to 

use in the behavioral studies, it is likely that the mice used for this research were also subjected 

to some selection and inbreeding on their behavioral phenotype under captive conditions. Using 

directly wild-caught or F1 descendants of wild-caught mice in the same tests could produce 

different results.  

 The duration of behavioral assays can importantly influence interpretation. The length of 

the behavioral tests used in this research were fairly brief at 15 minutes for the open field test and 

5 minutes for the novel object test. While the design is consistent with the methods for open field 

tests in other studies (Walsh & Cummins 1976; Fonio et al. 2012; Carola et al. 2002), there are 

indications that test length can influence results (Fonio et al. 2006, Fonio et al. 2012). For 

example, Fonio and colleagues (2012) found that an insufficiently long test can result in a 

misleading characterization of the behavior of a common laboratory mouse strain (BALB/c) 

relative to a wild strain. During the first half-hour of an open field test (which is within the range 

of typical time periods used for this test), the wild mice showed fewer anxiety-related behaviors. 

However, after that first half hour and for up to 45 hours, wild mice consistently showed more 

anxiety-related behaviors than the BALB/c mice. Longer tests would be useful in comparing the 

strains considered here and in efforts aimed at assessing potential genetic biocontrol efforts. The 

novel object test is not used frequently for exploratory behavior assessment (Antunes & Biala 

2012), and thus there is not a standard duration or design (Belzung & Le Pape 1994; Dulawa et 
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al. 1999; van Gaalen & Steckler 2000). However, it is certainly possible that test duration could 

influence behavioral outcomes and interpretation of this assay as well. 

 Although sex differences were not the primary focus for this research, only male tw2 mice 

would be released for wild mouse population control (Leitschuh et al. 2017). Other studies are 

exploring potential approaches that would instead employ an all-female sex-biasing and release 

strategy (Gemmell et al. 2013; Adikusuma et al. 2017; Prowse et al., in review). Sex and 

behavior need to be examined in detail if these sex-biasing technologies are to be considered for 

actual implementation. While sex did not appear to have a pronounced effect on the behaviors 

examined in this study, male mice did spend more time in the periphery and performed more 

stretch-attends towards the object in the novel object test, while female mice spent more time 

interacting with the object. These behavioral differences are difficult to interpret in the context of 

coping style at this point, since most of the research related to those coping style 

characterizations has been performed in male rodents (Koolhaas et al. 2010). 

 

Conclusion 

 The wild-derived strains exhibited more frequent anxiety-related behaviors generally, but 

we found few sex effects and no sex by strain interaction effects. There was also not a clear 

differentiation between the island and mainland wild-derived strains in behavior. The baseline 

corticosterone levels did differ between the wild-derived and laboratory strains, with the wild-

derived strains generally having higher baseline levels. Additionally, there is evidence that there 

are greater corticosterone differences across females of different strains than males of different 

strains. There were not clear enough indications of differentiation in anxiety-related behavior to 
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enable recommending either of the wild-derived strains for backcrossing with a future 

engineered strain. 

 Although this research was conducted in the context of designing an engineered mouse 

for island conservation, there are broader implications for the use of mice in biomedical research 

related to human clinical depression and anxiety disorders. My results are consistent with 

observations by Koolhaas and colleagues (2010) in finding that wild-derived mice likely display 

greater variation in key behaviors of interest and thus can be valuable research models for 

understanding these phenotypes. The potential applications of my research for biomedical 

purposes is something I consider further in Chapter 3 in the context of rearing environment. 
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Chapter 3 

Differential Impacts of Rearing Environment Complexity on Anxiety-Related Behavior 

and Baseline Corticosterone Between Wild-Derived and Domestic Mice 
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Abstract 

As an invasive species on islands, house mice (Mus musculus) are a critical threat to native 

biodiversity. Currently, toxicants are the most effective form of eradicating mice from islands, 

but they are expensive, inhumane, and have a high failure rate. A gene drive system that would 

use an engineered mouse to male-bias wild invasive mouse populations is being explored as an 

alternative to toxicants. For this method to work, the laboratory engineered mouse would need to 

survive in a wild setting, and having the appropriate anxiety-related behaviors is an important 

part of wild mouse risk assessment and survival. I compare anxiety-related behaviors and basal 

corticosterone between wild-derived and laboratory mice reared in two different environments, a 

standard laboratory environment and a more complex environment, to evaluate strain differences 

and environmental factors that need to be considered in designing an engineered mouse. I used 

open field and novel object tests to assess behavior and collected fecal samples to assess baseline 

corticosterone. Rearing environment had a differential impact across sex and strains of mice. A 

complex rearing environment increased escape jumping for wild-derived mice but reduced time 

spent stationary, and increased exploratory behaviors in the laboratory mice. Mice reared in a 

complex rearing environment had a pattern of lower baseline corticosterone levels than mice 

reared in the standard conditions, with the effect being primarily evident in females. Although 

the effects of rearing environment varied across strains and were complex in some cases, it is 

noteworthy that significant effects were found for several anxiety-related behaviors and baseline 

corticosterone levels. The effects of rearing environment on anxiety-related behaviors and strain 

variation in these effects may also have implications for biomedical research focused on anxiety 

and depressive illness.  
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Introduction  

 80% of islands worldwide have invasive rodents, which threaten native island plant and 

animal species (Howald et al. 2007; Campbell et al. 2015). Toxicants are the most commonly 

used method for rodent eradication (Howald et al. 2007; Campbell et al. 2015), but are becoming 

increasingly problematic for use in mice because they are difficult to use and have a failure rate 

of around 40% when used in mouse eradications (Howald et al. 2007; Angel et al. 2009). I have 

been working with a group of researchers exploring alternative methods of invasive mouse 

eradication, specifically the use of genetic technologies for mouse population control and 

eradication on islands. The genetic approach involved in my research is the t-Sry gene drive 

system using the tw2 variant of t-haplotype, a naturally occurring system in mice on chromosome 

17, with an inserted Sry, a gene critical for male development. The tw2 variant is inherited by 

about 96% of offspring (Godwin laboratory, unpublished data), and offspring inheriting the t-Sry 

would develop as would be phenotypically male regardless of their sex chromosomes (Kanavy 

2018). If a large enough proportion of these t-Sry engineered mice were released into a wild 

population of invasive mice, the invasive mouse population should eventually bias the 

population towards males, reducing reproduction and eventually leading to a drop in the invasive 

mouse population (Backus and Gross, 2016; Leitschuh et al. 2017; Kanavy 2018). For a more 

detailed background description of the threat of invasive mice on islands, the current methods for 

population control, and details on the t-Sry system, please see Chapters 1 and 2 of this 

dissertation, along with the Leitschuh et al. (2017) review on this topic. 

 If this technology were to be used, t-Sry engineered mice would be released into existing 

invasive mouse populations (Campbell et al. 2015; Leitschuh et al. 2017; Kanavy 2018). The 

engineered mice would then need to survive in a wild setting and compete for food, territory, and 
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mates with wild mice. Given that the t-Sry system is being developed in an inbred laboratory 

strain, it is likely that it will need to be back-crossed with a wild mouse strain in order to regain 

the behaviors needed for survival in the wild, including anxiety-related behaviors. 

 Anxiety-related and exploratory behaviors help mice assess potentially dangerous 

situations, explore new environments, and are important for wild mouse survival (Sousa et al. 

2006; Lezak et al. 2017; Padurariu et al. 2017). Research comparing wild mice with laboratory 

mice indicates that wild mice have a greater range of behavior variation (Koide et al. 2000; 

Chalfin et al. 2014), including differences in anxiety-related behaviors (Fonio et al. 2012). 

Corticosterone is a stress-related hormone in rodents associated with these behaviors, and levels 

of this glucocorticoid hormone can be a useful indicator of overall activity of the endocrine stress 

axis (Touma et al. 2004; Malisch et al. 2007). Basal corticosterone levels in wild mice have been 

shown to be higher than those of laboratory mice (Treiman & Levine 1969; Chalfin et al. 2014) 

and female mice of both wild and laboratory strains also have higher baseline corticosterone 

levels than males (Touma et al. 2003; Chalfin et al. 2014). In Chapter 2 I address these 

differences using two different wild-derived strains of mice and the tw2 strain being used for the 

development of the engineered t-Sry mouse. The wild-derived strains I used were founded with 

progenitors from the Farallon islands (CA, USA; hereafter referred to as MmF) and near 

Gainesville, FL (hereafter referred to as MmG), which is on the mainland. I found that overall 

the wild-derived strains exhibited higher levels of anxiety-related behaviors and baseline 

corticosterone than the tw2 strain. 

 This chapter examines behavioral and baseline corticosterone profiles in the context of 

rearing environment complexity. Environmental complexity in the form of enrichment such as 

novel food, nesting material, and objects for climbing or chewing is often proposed as a way to 
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add novelty and reduce stress for adult mice (Toth et al. 2011; Wirz et al. 2015). Enrichment has 

been shown in some studies to reduce corticosterone levels in female mice (Girbovan & 

Plamondon 2013), but in others to have no effect (Clipperton-Allen et al. 2015). Levels of 

aggression are related to anxiety-related behaviors and have also been shown to be impacted 

differentially with enrichment – environmental enrichment can increase aggression in male mice 

(Clipperton-Allen et al. 2015), but has decreased the aggressiveness in male mice in other studies 

(Mesa-Gresa et al. 2013). There is limited research on the effects of environmental enrichment 

experienced during early development and prior to weaning, but the information available 

suggests that environmental enrichment can strongly influence adult behavior (Daly 1973; 

Chapillon et al. 2011). Though I look at rearing environment exclusively, other aspects of early 

life experience are documented to influence adult behavior. For example, higher levels of 

maternal care in rats are associated with more exploratory behavior and decreased activation of 

the endocrine stress axis in the offspring later in life (Francis et al. 1999; Meaney 2001).  

 Mice are one of the best established and characterized animal models for both basic and 

translational research. Interestingly, a growing body of research is examining how intentional 

and unintentional selection to develop specific inbred lines of mice has impacted their genetics, 

physiology, and behavior. Research more generally has shown that laboratory rodents express a 

truncated range of behavioral variation in comparison to their wild counterparts. For example, 

male Wistar rats show lower levels and less variation in aggressive behavior than wild-derived 

males (Koolhaas et al. 2010). Backcrossing laboratory mice with wild-derived strains produces 

females that exhibit higher levels of anxiety-related and aggressive behaviors towards unfamiliar 

conspecifics (Chalfin et al., 2014). Laboratory rodents can also express some behaviors to a 

much greater degree in comparison to those of wild rodents (Fonio et al. 2006; Koolhaas et al. 
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2007; Fonio et al. 2009; Fonio et al. 2012; Chalfin et al. 2014). Fonio and colleagues (2006) 

found that wild mice spent little time in the center of the arena in an open field test, while 

spending time in the center was a predominant behavior of both the FVB/NJ and C57BL/6J 

strains.  

 Mouse behavior has also not been well studied in complex, naturalistic environments.  

However, researchers are now beginning to explore the influences of more naturalistic 

environments in at least laboratory mice (Garner et al. 2017). There are indications that more 

complex environments can have a large impact on physiology and behavior in comparison to 

those same experiments conducted using mice raised under standard laboratory conditions. 

Examples include uncovering the health impacts of human-relevant concentrations of sugar 

(Ruff et al. 2013), altering the immune system to better model feral mice (Beura et al. 2016), 

exposing side effects of drugs that were not evident in mice housed in a standard laboratory 

environment (Gaukler et al. 2016), and resistance to parasite infection (Leung et al. 2018).  

 This study focuses on the impacts of early life environmental complexity in both a 

laboratory strain and two wild-derived strains of mice. We hypothesized that mice reared under 

conditions of increased environmental complexity would show lower expression of anxiety-

related behaviors. We also hypothesized that mice raised with more environmental complexity 

would have lower baseline corticosterone levels as assessed by fecal measurements.  

 

Methods 

 A total of 122 mice were used (Table 3.1). All mice were sexually naïve and between 8-

10 weeks of age at testing. The MmF mice were 4-6 generations from the wild founders. The 

MmG mice were 1-2 generations from the founders we received, but those founders came from 
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another laboratory and the number of generations they were removed from the wild founders was 

unknown. 

Table 3.1: Total mice used for each strain, sex, and rearing environment 
 

 MmF MmG tw2 
 F M F M F M 

Standard rearing 
environment 

10 10 9 12 10 11 

Complex rearing 
environment 

10 10 9 10 11 10 

 
 Approximately half of the mice (the same mice as in Chapter 2) were reared in a standard 

laboratory cage (47.5 L x 26 W x 15 D cm). Aspen pine shavings were used for bedding 

(Granville Milling, OH, USA), and mice were additionally provided with tubes (either PVC or 

cardboard of varying sizes: 2.5-5 D x 10-15 L cm) and sunflower seeds ad libitum for 

enrichment. The remaining mice were reared in a more complex environment consisting of a 

semi-open enclosure constructed of melamine, as the non-porous surface allows removal of 

pheromonal cues (JL Hurst personal communication 10/2014). The base of each enclosure was 

122 x 244 cm (4’ x 8’), with wall heights of 91 cm (3’; Figure 1) to prevent the wild-derived 

mice from escaping by jumping. The complex enclosures were partitioned and each strain was 

reared in half of an enclosure (122 x 122 cm). Enrichment in the complex environments included 

aspen pine shavings and raw cotton for nest construction, PVC or cardboard tubes for hiding and 

exploration, and a running wheel (Bio-Serv, NJ, USA). Mice reared in both environments were 

weaned at 4 weeks of age and put into standard laboratory cages in same sex sibling pairs 

(Figure 3.1). All cages had aspen pine shavings, and weaned mice were fed Purina 5001 

Laboratory Rodent Diet (Purina, MN, USA). They were also provided with tubes (either PVC or 

cardboard) and sunflower seeds for enrichment post-weaning.  
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 Because one goal of this research is to inform the release of potential release of 

engineered mice into the wild, all mice were housed year-round in a modified greenhouse in 

Raleigh, NC, USA. To better approximate wild conditions, artificial lighting was not used and 

the daytime length fluctuated throughout the year: at the summer equinox in 2017 there were 14 

hours and 35 minutes of daylight, and 9 hours and 44 minutes of daylight at the winter equinox 

(timeanddate.com). The greenhouse was insulated and air conditioners kept temperature and 

humidity as controlled as possible. In 2016, the average measured temperature in the greenhouse 

was 20.03° C ∓ 0.14 (range of 11.12 to 27.8° C) and the average humidity 45.82% ∓ 0.55 (range 

of 21 to 77%). Due to space constraints and difficulty obtaining and rearing wild-derived strains 

of mice, different groups of mice were tested at different times of year. The MmF and tw2 mice 

reared in the complex environments were tested in June and July of 2016. The tw2 mice reared in 

a standard environment were tested between February and April of 2017, and the MmF mice 

reared in a standard environment were tested in May and June of 2017. All MmG mice were 

Figure 3.1: Timeline of rearing and testing. 
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tested from December 2017 through February 2018. Though the overall conditions in the 

greenhouse are less controlled than standard laboratory conditions and the daylight hours 

fluctuated over the seasons, an effort was made to control testing conditions through testing the 

mice between 7:00 a.m. and 11:00 a.m. regardless of the time of year. Testing was started only 

after the sun had come up, so the exact start times varied. 

  
Behavioral Assays 

 I tested each mouse sequentially, starting with a 15-minute open field test (41.5 L x 41.5 

W x 75 D cm, with a lamp shining into the arena for a consistent lighting source) on day 1 

(Figure 3.1), followed by a day with no testing. I tested the mice with a 5-minute novel object 

test on day 3, using the same enclosures as used for the open field test (including additional 

lighting). All tests were video recorded. I measured behaviors using TopScan (TopScanLite 2.00, 

CleverSys, Reston, VA) and through direct observation (Table 3.2). The behaviors recorded are 

those commonly assessed for the open field and novel object assays for assessing anxiety-related 

and exploratory behaviors (Table 3.2; Walsh & Cummins 1976; Carobrez & Bertoglio 2005; 

Gould et al. 2009; Chalfin et al. 2014). I measured some behaviors (time in center, time in 

periphery, escape jumps, and stretch-attends) in both the open field and the novel object tests. 

Because the mice could have become acclimated to the testing arena during the open field test, 

only the measures of these behaviors from the open field test were included for analysis. The 

results from these behavioral analyses in the novel object test can be seen in Appendix B for 

comparison, and are very similar to those from the open field test. Additionally, wall climbs and 

grooming were excluded from the main analysis because they occurred at a very low frequency, 

but the results from these behaviors can also be seen in Appendix B. 
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Table 3.2: Behaviors recorded for the open field and novel object assays. 
 
Behavior Definition Assay Scoring 
Thigmotaxis Time spent in the peripheral 12.2 cm 

wide area running around the outside 
of the arena 

Entire open field and 
novel object 

TopScan 

Time in center Time spent in the center 50% of the 
open field arena (21.3 x 21.3 cm) 

Entire open field and 
novel object 

TopScan 

Time  
Stationary 
(velocity < 
0.05mm/s) 

Time not in motion Entire open field TopScan 

Time 
interacting 
with object 

Time spent in or on the object; object 
area defined in TopScan 

Entire novel object TopScan 

Distance 
traveled  

Total distance traveled in cm in 
center or periphery 

Entire open field TopScan 

Average 
velocity 

Total distance traveled over total time 
in motion, measured in cm/s 

Entire open field TopScan 

Escape Jumps Mouse launching into the air, all 4 
feet clearly not in contact with base 
of testing apparatus 

First 5 min of open 
field, entire novel 
object 

Direct 
observation 

Stretch-attends Mouse hind limbs and feet planted in 
one spot, stretching forward 
horizontally or vertically on front feet  

First 5 min of open 
field, entire novel 
object 

Direct 
observation 

Stretch-attends 
towards object 

Mouse stretching with head oriented 
towards the object specifically 

Entire novel object Direct 
observation 

Wall climbing Mouse reared on hind feet and 
scrabbling on the wall with front feet 

First 5 min of open 
field, entire novel 
object 

Direct 
observation 

Grooming Mouse in place and cleaning self with 
mouth and paws 

First 5 min of open 
field, entire novel 
object 

Direct 
observation 

 
Fecal Corticosterone Analysis 

 In order to both collect individual fecal samples and minimize any acute isolation stress 

that might affect the behavioral results, mice were placed into individual cages (29.2 L x 19.1 W 

x 12.7 D cm) 24 hours prior to testing. Fecal samples (averaging approximately 0.1 g total 

weight) were collected using forceps from each cage while that mouse was being assayed in the 

open field test and were stored in 1.5 mL polypropylene microcentrifuge tubes at -80° C until 
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extraction. Fecal samples contaminated by urine or water were not collected, and samples were 

collected from different areas of bedding in order to not inadvertently sample a single time-point. 

The fecal samples were dried at 60° C until their weight was consistent to 0.001 g (usually 

around 4-5 hours). The samples were then ground up and corticosterone was extracted using 

80% methanol using the procedure in Touma et al. (2004) and Palme et al. (2013).  

 Due to financial constraints, only extracts from six females and six males of each strain 

and rearing environment (72 samples total – the 36 mice raised in a standard laboratory cage are 

the same mice used in Chapter 2) were sent to the Endocrinological Laboratory at the Saint Louis 

Zoological Park (MO, USA) to be assayed for corticosterone. Corticosterone levels were 

determined using a commercially available corticosterone radioimmunoassay (DA 

Corticosterone kit, ICN MP Biomedicals, Orangeburg, NY). The lower detection limit of the 

assay was equivalent to 187.5 pg/g fecal matter in this application and upper detection limit was 

equivalent to 15,000 pg/g fecal matter. Samples were assayed in duplicate in a single assay to 

control for variation. The mean intra-assay variation of duplicate samples was acceptable at 

5.3%. Five fecal extracts with high levels of corticosterone were tested for linearity using serial 

dilutions of 1/2, 1/4, 1/8 and 1/16 with extraction buffer and measured an average of 94.4 ± 1.3 

% of expected values for corticosterone. Assay accuracy was assessed by adding a known 

amount of corticosterone to five fecal extracts containing low values of fecal corticosterone. 

Adding a known amount of corticosterone at three dosage levels resulted in recovery of 103.4 ± 

2.4 % of added corticosterone. 
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Statistical Analysis 

 Statistical analyses were performed using JMP Pro 13 (SAS Institute, Cary, NC). 

Because I found that the variances scaled with means in the results, all continuous data were 

subjected to a log10 transformation and all discrete data to a square root transformation to 

homogenize variances. Three-way ANOVAs were conducted with sex, strain, and rearing 

environment as factors with tests for interaction effects between the independent variables 

included and Tukey HSD post hoc tests used to further characterize any significant differences 

between groups. Though Table 3.4 shows the statistical results for all the variables, I focus on 

rearing environment in the following results and discussion. Strain and sex effects are discussed 

in depth in Chapter 2.  

 One female MmG standard-reared mouse was excluded from the final TopScan 

behavioral analysis of the open field test due to a malfunction in the video recorder where it only 

recorded part of the assay. One male MmF complex-reared mouse and one female tw2 complex-

reared mouse were excluded from the final TopScan and hand-scored behavioral analyses of the 

open field test due to a malfunction in the video recorder that erased the recordings of the assays. 

Two male tw2 standard-reared mice, two male MmG complex-reared mice, one male MmF 

complex-reared mouse and one female MmF complex-reared mouse were excluded from the 

final TopScan behavioral analysis of the novel object test because the video recorder mount was 

shaken during the assay and the final recordings could not be analyzed digitally. No mice were 

excluded from the analysis of behaviors scored by direct observation for the novel object test. 
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Results 

 The means, SE, and details of statistical comparisons are presented in Tables 3.3-3.6 to 

improve readability. 

 

Open Field Test 

 Table 3.3 summarizes the means and SE for all group and Table 3.4 summarizes the 

analysis of effects of sex and strain on behaviors in the open field and novel object tests. Strain 

had a significant effect on time spent in center, with the MmG strain spending less time in center 

than either the tw2 or MmF strains.  
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Table 3.3: Means ± SE for behavior in the open field and novel object tests. OF refers to the open field test and NO refers to the novel 
object test. 
 
 Standard Rearing Environment Complex Rearing Environment 
 MmF MmG tw2 MmF MmG tw2 
 ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ 
OF Time 
Center (s) 

92.37 ± 
15.91 

100.54 
± 13.09 

55.77 ± 
12.04 

72.25 ± 
10.76 

95.54 ± 
14.7 

88.32 ± 
7.36 

72.86 ± 
20.1 

50.15 ± 
10.48 

26.56 ± 
4.12 

26.72 ± 
5.58 

86.82 ± 
8.09 

67.6 ± 
21.38 

OF 
Distance 
Center 
(mm) 

5247.0
8 ± 
1224.0
1 

4604.5
1 ± 
928.4 

2703.7
1 ± 
339.63 

3149.4
8 ± 
285.18 

9205.2
1 ± 
700.48 

9615.1
4 ± 
765.78 

5935.2
7 ± 
1479.8
4 

3298.0
4 ± 
558.35 

1161.0
2 ± 
122.35 

1768.7
6 ± 
340.54 

9803.9 
± 
900.24 

9178.9
5 ± 
873.56 

OF 
Distance 
Periphery 
(mm) 

42561.
45 ± 
8386.1
9 

34426.
63 ± 
3795.1
6 

27448.
94 ± 
1944.6
6 

26385.
21 ± 
1931.3
6 

64359.
69 ± 
3047.7
2 

68718.
57 ± 
3863.0
9 

49809.
32 ± 
4938.7
8 

40802.
71 ± 
3086.9
4 

18726.
01 ± 
2433.9
8 

26197.
39 ± 
2155.8
3 

69176.
5 ± 
5317.0
2 

66890.
61 ± 
219.7 

OF Time 
Stationary 
(s) 

342.31 
± 41.48 

407.89 
± 45 

415.88 
± 21.07 

371.95 
± 18.79 

114.5 ± 
35.38 

104.23 
± 31.43 

47.68 ± 
18.85 

100.23 
± 29.18 

439.27 
± 23.28 

409.6 ± 
43.45 

2.72 ± 
0.71 

21.54 ± 
20.53 

OF 
Average 
Velocity 
(mm/s) 

83.83 ± 
13.24 

74.88 ± 
13.78 

66.59 ± 
6.12 

64.01 ± 
4.95 

58.52 ± 
4.14 

60.81 ± 
3.48 

99.95 ± 
6.42 

102.41 
± 6.38 

78.98 ± 
12.63 

70.56 ± 
5.26 

61.97 ± 
4.11 

58.25 ± 
7.29 

OF Escape 
Jumps 
(first 5 
min) 

56.6 ± 
12.03 

39.1 ± 
10.02 

9.44 ± 
2.71 

3.33 ± 
1.17 

2.1 ± 
0.97 

0.55 ± 
0.31 

70.2 ± 
14.22 

57.78 ± 
8.58 

33.44 ± 
6.37 

29.9 ± 
6.87 

0.7 ± 
0.52 

0.9 ± 
1.91 

OF Stretch-
Attends 
(first 5 
min) 

31.3 ± 
3.16 

38.6 ± 
4.57 

40.67 ± 
2.92 

49.42 ± 
2.86 

35.2 ± 
1.74 

40.82 ± 
2.81 

38.2 ± 
2.98 

31.78 ± 
2.51 

35.67 ± 
3.82 

37 ± 
5.12 

38.6 ± 
2.17 

43.8 ± 
2.94 
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Table 3.3 (continued). 
 
NO Time 
Object 
Interaction 
(s) 

33.15 ± 
6.7 

15.53 ± 
4.09 

24.45 ± 
7.89 

4.27 ± 
3.2 

12.75 ± 
4.59 

0.397 ± 
0.397 

66.74 ± 
25.42 

47.13 ± 
17.56 

14.62 ± 
7.17 

13.23 ± 
6.19 

4.11 ± 
2.59 

4.91 ± 
3.23 

NO Object 
Stretch-
Attends  

1.7 ± 
0.67 

1.9 ± 
0.74 

5.78 ± 
1.34 

9 ± 
1.02 

4.5 ± 
1.01 

9.55 ± 
1.15 

3.2 ± 
1.3 

2.6 ± 
1.67 

5.11 ± 
1.05 

7.2 ± 
1.4 

14.45 ± 
1.43 

11.3 ± 
1.47 

 
 
Table 3.4: Statistical analysis of behavior in the open field and novel object tests. S indicates a standard rearing environment and C a 
complex rearing environment. 
 

Behavior Effect F(df) P Post Hoc Tukey-Kramer 

Open Field Time in 
Center (s) 

Strain 22.09(2,117) < 0.0001 (tw2 = MmF) > MmG 

Rearing 28.79(1,118) < 0.0001 S > C 

Sex 0.01(1,118) > 0.05  

Strain x Rearing 5.39(2,117) > 0.05  

Strain x Sex 0.24(2,117) > 0.05  

Rearing x Sex 2.56(2,117) > 0.05  

Strain x Rearing x 
Sex 

0.23(2,117) > 0.05  
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Table 3.4 (continued). 
 

Open Field Distance 
in Center (mm) 

Strain 109.90(2,117) < 0.0001 tw2 > MmF > MmG 

Rearing 11.37(1,118) < 0.01 S > C 

Sex 0.02(1,118) > 0.05  

Strain x Rearing 7.44(2,117) < 0.001 (tw2 S = tw2 C) >( MmF S = MmF C = MmG S) > MmG 
C 

Strain x Sex 2.77(2,117) > 0.05  

Rearing x Sex 0.39(2,117) > 0.05  

Strain x Rearing x 
Sex 

0.07(2,117) > 0.05  

Open Field Distance 
in Periphery (mm) 

Strain 70.29(2,117) < 0.0001 tw2 > MmF > MmG 

Rearing 0.02(1,118) > 0.05  

Sex 0.29(1,118) > 0.05  

Strain x Rearing 4.59(2,117) < 0.05 (tw2 C = tw2 S) > (MmF C = MmF S) ≥ MmG S  ≥ MmG 
C 

Strain x Sex 2.18(2,117) > 0.05  

Rearing x Sex 1.02(2,117) > 0.05  

Strain x Rearing x 
Sex 

2.06(2,117) > 0.05  
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Table 3.4 (continued). 
 

Open Field Time 
Stationary (s) 

Strain 90.3(2,117) < 0.0001 MmG > MmF > tw2 

Rearing 35.89(1,118) < 0.0001 S > C 

Sex 0.08(1,118) > 0.05  

Strain x Rearing 9.49(2,117) < 0.001 (MmG C = MmG S = MmF S) > (MmF C =  tw2 S) > tw2 
C 

Strain x Sex 1.1(2,117) > 0.05  

Rearing x Sex 0.49(2,117) > 0.05  

Strain x Rearing x 
Sex 

0.2(2,117) > 0.05  

Open Field Average 
Velocity (mm/s) 

Strain 3.57(2,117) < 0.05 MmF ≥ MmG ≥ tw2 

Rearing 2.60(1,118) > 0.05  

Sex 0.19(1,118) > 0.05  

Strain x Rearing 2.71(2,117) > 0.05  

Strain x Sex 0.35(2,117) > 0.05  

Rearing x Sex 0.41(2,117) > 0.05  

Strain x Rearing x 
Sex 

0.59(2,117) > 0.05  
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Table 3.4 (continued). 
 

Open Field Escape 
Jumps During the 
Initial 5 min of Test 

Strain 137.08(2,118) < 0.0001 MmF > MmG > tw2 

Rearing 18.13(1,119) < 0.0001 C > S 

Sex 4.31(1,119) < 0.05 F > M 

Strain x Rearing 9.46(2,118) < 0.001 (MmF C = MmF S) ≥ MmG C > (MmG S = tw2 S = tw2 
A) 

Strain x Sex 0.55(2,118) > 0.05  

Rearing x Sex 1.58(2,118) > 0.05  

Strain x Rearing x 
Sex 

0.03(2,118) > 0.05  

Open Field Stretch-
Attends During the 
Initial 5 min of Test 

Strain 3.21(2,118) < 0.05 MmG ≥ tw2 ≥ MmF 

Rearing 0.74(1,119) > 0.05  

Sex 2.08(1,119) > 0.05  

Strain x Rearing 3.51(2,118) < 0.05 MmG S ≥ (tw2 C = tw2 S = MmG C = MmF C) ≥ MmF S 

Strain x Sex 0.61(2,118) > 0.05  

Rearing x Sex 3.03(2,118) > 0.05  

Strain x Rearing x 
Sex 

0.77(2,118) > 0.05  
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Table 3.4 (continued). 
 

Novel Object Time in 
or on Object (s) 

Strain 21.78(2,114) < 0.0001 MmF > MmG = tw2 

Rearing 0.06(1,115) > 0.05  

Sex 7.42(1,115) < 0.001 F > M 

Strain x Rearing 0.46(2,114) > 0.05  

Strain x Sex 0.23(2,114) > 0.05  

Rearing x Sex 5.83(2,114) < 0.05 F S ≥ F C = M C ≥ M S 

Strain x Rearing x 
Sex 

0.54(2,114) > 0.05  

Novel Object Stretch-
Attends Towards 
Object 

Strain 46.86(2,120) < 0.0001 tw2 > MmG > MmF 

Rearing 3.26(1,121) > 0.05  

Sex 2.33(1,121) > 0.05  

Strain x Rearing 5.65(2,120) < 0.01 tw2 C > MmG S = tw2 S = MmG C > MmF C = MmF S 

Strain x Sex 0.83(2,120) > 0.05  

Rearing x Sex 4.29(2,120) < 0.05 F C ≥ (M S = M C) ≥ F S  

Strain x Rearing x 
Sex 

1.68(2,120) > 0.05  
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 There was a significant strain by rearing environment interaction for distance traveled in 

both center and periphery, as well as for time stationary (Figures 3.2 and 3.3). All three 

behaviors followed a similar trend, with the tw2 strain traveling the farthest and spending the least 

amount of time stationary while the MmG strain showed the lowest distance traveled and spent 

the most time stationary. MmF and tw2 mice reared in a complex environment spent less time 

stationary, but showed no changes in distance traveled in either periphery or center. MmG mice 

reared in a complex environment traveled the least distance and trended towards more time 

stationary than MmF and tw2 reared in the complex environment. The tw2 strain moved more of 

the time and for a greater distance, but the MmF strain exhibited a higher average velocity. 

 

 

 

 

 

 

Figure 3.2: Distance traveled in the center of the open field arena 
(mean ± SE). N = 10 MmF standard females, 10 MmF complex 
females, 10 MmF standard males, 9 MmF complex males, 8 MmG 
standard females, 9 MmG complex females, 12 MmG standard males, 
10 MmG complex males, 10 tw2 standard females, 10 tw2 complex 
females, 11 tw2 standard males, and 10 tw2 complex males. Groups 
with different letters are significantly different. 
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 There was a significant strain by rearing environment interaction for escape jumps 

(Figure 3.4). Mice reared in a complex environment exhibited more jumping overall and the 

MmF strain exhibited the most jumps and the tw2 strain the least in both environments with MmG 

mice being intermediate. There was also a significant strain and strain by rearing environment 

interaction for frequency of stretch-attends. Although rearing in a complex environment 

produced a trend towards an increased number of stretch-attends exhibited by the MmF and tw2 

strains, the complex rearing environment had the opposite effect on the MmG strain. For both 

rearing environments, the MmF strain showed fewer stretch-attends than the MmG strain. 

Figure 3.3: Time spent stationary (velocity < 0.05 mm/s) during 
the open field test (mean ± SE). N = 10 MmF standard females, 10 
MmF complex females, 10 MmF standard males, 9 MmF complex 
males, 8 MmG standard females, 9 MmG complex females, 12 
MmG standard males, 10 MmG complex males, 10 tw2 standard 
females, 10 tw2 complex females, 11 tw2 standard males, and 10 tw2 
complex males. Groups with different letters are significantly 
different. 
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Novel Object Test 

 Behaviors recorded in the novel object test also showed significant differences across 

strain, sex and rearing environment (Table 3.4). There was a significant strain, sex, and rearing 

by sex interaction on time spent interacting with the object, with females reared in either 

environment spending more time with the object than males reared in either environment. 

Females reared in a standard environment spent more time interacting with the object than males 

reared in a standard environment, but males and females reared in a complex environment did 

not differ in time spent interacting with the object. There was a significant strain effect as well as 

significant strain by sex and strain by rearing environment interactions for stretch-attends 

towards the object (Figure 3.5). Though being reared in a complex environment increased the 

number of stretch-attends exhibited by the tw2 strain, the complex rearing environment had no 

Figure 3.4: Frequency of escape jumps in the first 5 minutes of the 
open field test (mean ± SE). N = 10 MmF standard females, 10 MmF 
complex females, 10 MmF standard males, 9 MmF complex males, 9 
MmG standard females, 9 MmG complex females, 12 MmG 
standard males, 10 MmG complex males, 10 tw2 standard females, 10 
tw2 complex females, 11 tw2 standard males, and 10 tw2 complex 
males. Groups with different letters are significantly different. 
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significant effect on the MmG strain for this measure. The MmF strain showed fewer stretch-

attends than the other two strains in both rearing environments. There was also a significant 

rearing environment by sex interaction for stretch-attends towards the object, with male tw2 and 

MmF mice performing more stretch-attends towards the object than females, but male MmG 

mice performing fewer stretch-attends towards the object. 

 

 

 

 

 

 

Fecal Corticosterone  

 Fecal corticosterone levels varied by sex, strain, and across rearing environments (Tables 

3.5-6 and Figure 3.6). Mice reared in standard conditions had higher baseline corticosterone than 

mice reared in complex conditions, and females had higher baseline corticosterone than males. 

There was a significant strain by sex interaction as females showed greater strain variation than 

Figure 3.5: Frequency of stretch-attends towards the novel object 
(mean ± SE). N = 10 MmF standard females, 10 MmF complex 
females, 10 MmF standard males, 10 MmF complex males, 9 MmG 
standard females, 9 MmG complex females, 12 MmG standard males, 
10 MmG complex males, 10 tw2 standard females, 11 tw2 complex 
females, 11 tw2 standard males, and 10 tw2 complex males. Groups with 
different letters are significantly different. 
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males (Figure 3.6). Among females, the MmF strain had the highest baseline corticosterone 

levels, followed by the MmG and tw2 strains. In males, the wild-derived strains had higher 

baseline corticosterone levels than the tw2 strain. 

Table 3.5: Means ± SE for baseline fecal corticosterone. 
 
 Standard Rearing Environment Complex Rearing Environment 
 MmF MmG tw2 MmF MmG tw2 
 ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ 
Fecal 
Corticosterone 
(pg/g) 

743
7.63 
± 
124
9.8 

152
1.58 
± 
131.
34 

440
8.37 
± 
917.
65 

138
3.55 
± 
490.
28 

227
8.25 
± 
843.
01 

790.
73 
± 
124.
02 

586
4.11 
± 
101
8.25 

106
4.85 
± 
125.
09 

287
6.08 
± 
558.
6 

119
3.31 
± 
332.
7 

762.
86 
± 
110.
71 

549.
53 
± 
78.4
8 

 
Table 3.6: Statistical analysis of baseline fecal corticosterone. 
 

 Effect F(df) P Post Hoc Tukey-Kramer 

Baseline Fecal 
Corticosterone 
(pg/g) 

Strain 33.77(2,70) < 0.0001 MmF > MmG > tw2 

Rearing 9.70 < 0.01 S > C 

Sex 84.52 < 0.0001 F > M 

Strain x Rearing 1.11 > 0.05  

Strain x Sex 5.84 < 0.01 MmF F > MmG F > MmF M 
≥ (tw2 F = MmG M) ≥ tw2 M 

Rearing x Sex 1.22 > 0.05  

Strain x Rearing 
x Sex 

0.64 > 0.05  
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Discussion 

 This study examined the effects of rearing environment on anxiety-related behaviors and 

endocrine stress axis activity across both wild-derived and laboratory strains of mice. We 

hypothesized that mice reared in conditions of increased environmental complexity would 

exhibit both reduced levels of anxiety-related behavior and basal corticosterone. While rearing 

environment did influence several key behaviors measured in the open field and novel object 

tests, the pattern of effects across behaviors was complex and does not provide unambiguous 

support for a clearer refutation of this hypothesis. However, our hypothesis that mice raised with 

more environmental complexity would exhibit lower baseline corticosterone levels was 

supported. 

 

 

Figure 3.6: Baseline fecal corticosterone (mean ± SE). N = 72, with 6 
female and 6 male mice of each strain and rearing environment. 
Groups with different letters are significantly different. 
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Impacts of Rearing Environment on Behavioral Variation  

 Rearing environment had mixed effects on the display of anxiety-related behaviors. Mice 

reared in a complex environment spent less time stationary, but also spent less time and traveled 

less distance in the center of the open field arena. Some behaviors, such as escape jumps, 

increased in frequency in wild-derived mice reared in more complex conditions, but did not 

differ for the tw2 strain (Figure 3.4). A more complex rearing environment did increase the tw2 

strain’s exploratory behavior towards the novel object (Figure 3.5), but did not affect their 

anxiety-related behaviors in the open field test (Figures 3.2 and 3.3). Taken together, the effects 

of rearing environment were not consistent with our general predictions that anxiety-related 

behaviors would be reduced. However, these predictions were made based on research primarily 

regarding enrichment for adult laboratory mice (Toth et al. 2011; Girbovan & Plamondon 2013; 

Mesa-Gresa et al. 2013; Clipperton-Allen et al. 2015; Wirz et al. 2015). These differences may 

be due to a complex rearing environment affecting the behavioral development of young mice as 

opposed to exposing adult mice to a new environment. Exploring the mechanisms of how rearing 

environment affects behavioral development is potentially an interesting area for future research. 

 Including wild-derived mice in behavior tests may require us to reconsider how some 

anxiety-related and stress coping behaviors are interpreted, such as escape jumps. Escape jumps 

are traditionally considered an anxiety-related behavior in house mice (Walsh & Cummins 

1976). In this study, the tw2 mice rarely performed escape jumps, which is consistent with the 

overall lower levels of anxiety-related behaviors I found for this strain in Chapter 2. However, 

although commonly used to assess perceived anxiety, escape jumps may need to be interpreted 

differently for wild-derived mice as compared to laboratory mice. For mice reared in a standard 

environment, there was a pattern of wild-derived mice performing more escape jumps and fewer 



   

67 
 

stretch-attends towards the novel object than the tw2 mice, and this difference was significant for 

the MmF mice. However, the wild-derived mice also spent more time in direct contact with the 

object than the tw2 mice, suggesting that the lower incidence of stretch-attends towards the object 

(a risk-assessment behavior) is not necessarily associated with higher levels of anxiety. With the 

addition of mice reared in a more complex environment, the number of escape jumps for the wild 

derived mice increased (Figure 3.4). This conflicts with the prediction that being reared in a 

complex environment would reduce the frequency of anxiety-related behaviors. However, a 

complex rearing environment did reduce time spent stationary for the MmF mice (there was no 

change for the MmG mice; Figure 3.3), showed a pattern of increasing the frequency of stretch-

attends towards the object (Figure 3.5) and the corticosterone levels for mice reared in a complex 

environment were lower, especially for females, though the differences were not significant. 

Taking these impacts of rearing environment into account, interpreting escape jumps as an 

anxiety-related behavior may be too simplistic, at least for the wild-derived mice. 

 Defining what escape jumps do represent is also difficult. Interpreting behavior in non-

human animals is challenging, and there is not a way to completely ascertain the ‘true’ 

motivation behind a behavior – we can ask a human what they are feeling, but not a mouse. The 

inclination to interpret behaviors in an anthropocentric way has been acknowledged for decades 

(for examples related to environmental enrichment, see Daly 1973). When using mice as 

biomedical models for human mental illness, much of the behavior interpretation relies on the 

idea of opposites – that is to say, if we associate one behavior as indicating higher anxiety, 

showing less of or the reverse of that behavior is interpreted as lower anxiety (Sousa et al. 2006; 

Lezak 2017). Indeed, this is reasoning I use to interpret many of my results! While I do not want 

to sidetrack this discussion too much in relation to how we interpret behavior, as it is not a focus 
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of my research, it is an epistemic question that needs to be considered when interpreting any 

animal behavior, especially when questioning the accuracy of standard interpretations. 

 Understanding what a ‘standard’ and validated test means for anxiety-related behaviors 

also makes it more difficult to interpret these behaviors. A ‘standard’ open field test can vary in 

length (from minutes to hours; Carola et al. 2002; Fonio et al. 2012), in the size, shape, and color 

of the arena (Walsh & Cummins 1976; van Gaalen & Steckler 2000), with the addition of other 

elements such as a chamber for hiding or additional lighting (Walsh & Cummins 1976; 

Tachinana 1980), and in where and how the mouse is released into the arena (Walsh & Cummins 

1976), and the behaviors being assessed (Walsh & Cummins 1976; Tachinana 1980; Choleris et 

al. 2001; Fonio et al. 2006). In fact, one of the early review articles defining the open field test 

that is still heavily referenced today in methods sections (Walsh & Cummins 1976) highlights 

many of the inconsistencies of the assay. While there has been some attempt to validate specific 

measures of the open field test more recently (Tachibana 1980), including using software for 

increased accuracy (Lipkind et al. 2004), the design and interpretation of this test is still critiqued 

(Fonio et al. 2012). Even the attempts cited here to create a replicable assay design are limited – 

not just in a limited set of behaviors, but in using predominantly laboratory strains of rodents 

(with the exception of Fonio et al. 2012) and only using predominantly male test subjects (Walsh 

& Cummins 1976; Tachibana 1980; Lipkind et al. 2004; Fonio et al 2012). Reproducing results 

is already very difficult (Loken & Gelman 2017), and there are many factors that can influence 

mouse behavior, including lighting and time of day (Robinson et al. 2018), sex of the researcher 

(Sorge et al. 2014), and data collection methods (Walsh & Cummins 1976).  

 Despite these caveats, there is research that indicates that escape jumps can be interpreted 

as something other than just an anxiety-related behavior. An alternative explanation for the 
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escape jump patterns observed is suggested by consideration of potential coping style variation. 

There are two primary coping styles; proactive individuals actively explore new situations and 

display more aggression, while reactive individuals exhibit less offensive aggression and 

exploration (Koolhaas et al. 2007). Both coping styles are present in feral and wild rodent 

populations and are thought to be adaptive (de Boer et al. 2003; Krackow 2003; McDougall et al. 

2006). Wild mouse populations often exhibit pronounced cycles (e.g., Korpimäki et al. 2004; 

USFWS 2009 for the Farallon Islands population source of the MmF mice used here) and when 

populations collapse, they tend to be skewed towards proactive individuals (Koolhaas et al. 

2007). After these population collapses, reactive individuals are more prevalent in newly 

established populations in adjacent areas (Chitty 1967; van Oortmerssen & Busser 1989). 

Though we do not know the exact population dynamics at the timepoint when the founding MmF 

and MmG mice were trapped, it is possible that the escape jumps in the wild-derived mice reflect 

the prevalence of a proactive coping style in the wild population. Exposure to a complex rearing 

environment also decreased time spent stationary and increased stretch-attends towards the novel 

object, and these also could be considered proactive behaviors when faced with novelty, which 

would further support the interpretation of escape jumps as a part of a proactive coping strategy. 

Understanding how early life experience affects coping styles, and how different coping styles 

may be adaptive in different phases of the mouse population cycle, could also be important for 

evaluating the potential success of an engineered mouse in the wild. 

 Because coping styles and their associated behaviors are to some extent heritable, 

intentional and unintentional selection in developing laboratory strains of mice can impact the 

types of stress-coping behavior exhibited in individual strains (Koolhaas et al. 2007). There is 

evidence for selection in laboratory rat strains for more docile behaviors (Koolhaas et al. 2007; 
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Chalfin et al. 2014), which may play a role in the behaviors displayed by the tw2 mice. Different 

strains of laboratory mice can show very different behavioral phenotypes (Crawley et al. 1997; 

Mogil et al. 1999; van Gaalen & Steckler 2000 Fonio et al. 2006). Anxiety-related behavior in 

mice has been linked to genetic background between different laboratory strains (Clément et al 

2002; Holmes et al. 2003; Yalcin et al. 2004; Cryan & Holmes 2005) and there is limited 

evidence that escape jumping in mice is highly heritable and that selection against this behavior 

has been a part of domestication and the development of laboratory strains (Henderson 1981). It 

is possible that the laboratory-based genetic background of the tw2 strain used here (C57BL/6 x 

129/Sv) has been selected for over time for a reactive coping style (Håkansoon 2007; Koolhaas 

et al. 2017) which could include the loss of behaviors such as escape jumping.  

 

Impacts of Rearing Environment on Baseline Corticosterone 

 As I only measured baseline corticosterone, I am more limited in this aspect of discussing 

my results. Mice reared in a more complex environment showed a pattern of lower basal 

corticosterone than mice reared in standard conditions. Consistent with my results in Chapter 2, 

females had higher basal corticosterone than males, and there was a greater effect of strain and 

rearing environment on females. While reduced baseline corticosterone in mice reared in a 

complex environment is consistent with the reduction in anxiety-related behaviors such as time 

stationary, and an increase in risk assessment behaviors such as stretch-attends, the differential 

impacts of rearing environment on basal corticosterone by sex is not reflected in the behaviors 

measured, with the exception of stretch-attends performed towards the novel object by female tw2 

mice (Figure 3.5). My findings are consistent with research in prairie voles showing that free-
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ranging voles in outdoor pens had lower basal corticosterone as compared to animals in a 

laboratory setting (Blondel et al. 2016). 

 The differences in corticosterone levels between males and females in relation to rearing 

environment may indicate differential selection by sex during the domestication process. 

Domestication has been linked to a general decrease in basal corticosterone levels in other 

species (Plyusnina & Oskinna 1997; Suzuki et al. 2012; Fallahsharoudi et al. 2015). Until very 

recently, most research using mouse models has primarily used male mice. This approach has 

been criticized by a number of researchers and discouraged by the National Institutes of Health, 

especially in the context of biomedical research that contributes to human disease diagnosis and 

treatment (Prendergast et al. 2014; Beery 2018). Chalfin and colleagues (2014) suggest that 

human selection on inbred strains of laboratory mice has had a greater impact on female mice 

than on male mice, as back-crossing a laboratory strain with a wild strain led to the recovery of 

more behaviors in females than in males. This biased selection might also explain the greater 

differences in corticosterone found in this study between the wild-derived and tw2 females as 

compared to much smaller strain differences in males (Figure 3.6). While there is not yet strong 

empirical support for this hypothesis, it is a compelling possibility and thus does provide 

additional justification for the inclusion of both sexes in rodent research. 

 

Limitations and Future Directions 

 The only significant sex by rearing environment interactions found were in the novel 

object tests (Table 3.4) where males in a complex rearing environment showed fewer exploratory 

behaviors. If the engineered t-Sry mice were to be released, phenotypically male mice would be 

used, which would include XX sterile mice carrying the Sry transgene (Leitschuh et al. 2017; 
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Kanavy 2018). As the engineered strain is still under development, XX males have not yet been 

available to study behaviorally. However, this could be an interesting research direction as sex 

chromosome genotype effects on behavior that are distinct from gonadal effects are well 

documented in mice (Arnold and Chen, 2009). 

 Another consideration for the experimental design is the potential difference in maternal 

behavior between the two rearing environments. All of the females used for breeding test 

animals were reared in standard conditions. Females then placed into the complex environments 

may have experienced more stress as compared to the females remaining in the standard 

environments, and this could have had an impact on maternal care. Alternatively, the reduction 

in some types of anxiety-related behavior and lower baseline corticosterone levels may indicate 

that maternal care was instead enhanced in the more complex environment. Differences in 

maternal care can have a great impact on stress-related behaviors later in life (Franklin et al. 

2010; Koolhaas et al. 2010). Maternal care was not examined in this research, but examining the 

effects of a complex environment on the display of maternal care could be a particularly 

interesting direction in future studies considering most mammals rear offspring in complex 

natural environments. 

 

Conclusion 

 The effects of rearing environment were entirely not consistent with our predictions that 

anxiety-related behaviors would be reduced in mice reared in a complex environment. All three 

strains tested were differentially impacted. This is consistent with the literature on the effects of 

enrichment being very variable (Girbovan & Plamondon 2013; Mesa-Gresa et al. 2013; 

Clipperton-Allen et al. 2015; Wirz et al. 2015). With the considerations of coping style variations 
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between the strains and potential sex differences with regards to rearing environment, this is an 

area of research that clearly needs to be continued.  

 In the context of invasive mouse population eradication, there are implications that both 

wild strains and the effects of rearing environment need to be carefully considered. The 

implications of rearing environment influences are perhaps even greater for the use of mouse 

models in biomedical research. The findings here suggest that rearing environment can have an 

important impact on anxiety-related and exploratory behaviors as well as endocrine stress axis 

activity, which could impact the development of diagnoses and treatments of clinical depression 

and anxiety disorders in humans. 
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Chapter 4 

The Polls – Trends in the Public Opinion of Mental Health in the United States 
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Abstract 

The purpose of this study was to look at how stigma against mental illness in the United States 

has changed in the last four decades. Tracking trends in the public opinion of mental illness is 

difficult, in large part because of the inconsistency in both when any questions related to mental 

illness are asked, as well as due to the lack of repetition of questions over time. Looking at 

questions over the last four decades, the trends indicate a discomfort with talking about mental 

illness – people are willing to talk about others having mental illness and about the importance 

for treatment, but are more reluctant to report their own diagnoses and treatment. There also does 

seem to be a stigma against wanting those with mental illness too close to the respondent’s work 

or home, and a judgement against those who do admit to a diagnosis as being self-centered and 

fragile. Given the infrequency of repeated questions, future surveys need to ask questions 

regarding mental illness more often, and with a focus on the potential causes of the discomfort 

and stigma on the topic. 

 

Introduction 

 As a biologist studying mice, examining trends in social perception is an unusual topic. I 

study the anxiety-related behavior of wild house mice, as part of a larger project looking at 

controlling invasive house mouse populations on islands, where they are often a severe threat to 

biodiversity (Leitschuh et al. 2017). The types of behaviors I look at in mice are the same 

behaviors that are examined when using rodent models for the translational study of major 

depression and anxiety disorders. Though I do not apply my research for biomedical purposes, I 

do think about how social assumptions about mental illness influence research on the topic, and 

in turn how the outcomes of biomedical research influence treatment and perceptions of mental 
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illness. Gaining a better understanding of the social factors influencing my research is important 

for me as a scientist to better understand the potential applications and impact of my research. In 

a broader sense, increasing the connections between the biomedical research on diagnosing and 

treating mental illness with the social science understanding of the socio-cultural factors related 

to mental illness can better shape the research on both sides and allow for a more nuanced 

approach to a sensitive topic. 

 To examine mental illness research from a communication perspective, I used data from 

past surveys to look at trends on the public opinion of mental illness over time. Survey data are 

useful because these instruments ask respondents their thoughts, feelings, and opinions directly, 

in a way that can be compared across different demographic groups. As a research who is not a 

social scientist, I wanted to ‘get to the source’ and know what respondents were sharing about 

their own opinions, not look at those opinions through the lens of another researcher. The poll 

trends methodology looks at the same questions over time to show how the landscape on a topic 

is (or is not) changing and allows for the researcher to draw their own conclusions on why that 

might be. Though it is limited in that it does exclude questions asked at a single time-point, it 

was appealing for the question addressed here because I could draw my own conclusions on 

public opinion and connect them to my biological research. If I were to continue with this 

biological research, I could then use this knowledge to shape future research projects and 

potentially collaborations with social scientists to piece together a broader picture of how mental 

illness is viewed and treated. 

 I used the iPOLL databank maintained by the Roper Center for Public Opinion Research 

at the University of Connecticut to obtain the results of past surveys (iPoll). Though compiled by 

the Roper Center, these surveys were all conducted by a variety of different government 
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agencies, universities, and research organizations (see Appendix C for a list of the sources of the 

surveys). To find questions related to mental illness, I developed a set of keywords to use as 

search criteria (Table 4.1). I found 1,700 potential questions containing one of my keywords. I 

then narrowed this list down to questions that were actually related to the perception of mental 

illness and had 432 questions remaining (Figure 4.1). Other topics included in the original 

question pool contained keywords but were not about mental illness, such as economic 

depression, gene therapy, and AIDS and pregnancy counselors. Of the final 432 relevant 

questions, many included mental illness with a long list of other possible health consequences, 

meaning the specific responses regarding mental illness could not be separated from other 

unrelated health topics. Because the goal was to examine trends in public opinion over time, I 

had to find questions that used the same wording and were repeated at different time-points (they 

did not need to be from the same source) to evaluate changes in public opinion. Of the 432 

relevant questions, only 31 of them were repeated, giving me 81 total individual questions that 

were included in the trend analysis (see Figure 4.2).  

 Unfortunately, I have found that even examining the most basic questions about the 

public opinion of mental illness and related topics presents a number of challenges. The number 

of survey questions on the perception of mental illness varies widely year to year (see Figure 

4.1), and there are few repeated questions. Mental illness does seem to be a prevalent media 

topic in association with specific types of events, such as school shootings and political figures, 

and media interest surrounding specific events may influence the fluctuation in the number of 

questions being asked. However, because such questions are not often repeated in subsequent 

surveys, characterizing trends on the prevalence and perception of mental health, its treatment, 

and its relationship with current events is difficult.  
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Table 4.1: Keywords used to search for public opinion survey questions. Keywords were 
generated by the author based on their own research, sources on the history of mental illness 
treatment, and frequent presence in survey questions found using a different search term. 
 
ADHD Depression Mental Hospital Psychiatrist 
Antidepressant Emotional Difficulty Mental Hygiene Psychologist 
Anxiety Hysteria Mental Illness Sanatorium 
Asylum Insane Mental Institution Schizophrenia 
Bipolar Institutionalized Pathological Shock Treatment 
Counselor Madhouse Prozac Therapist 
Crazy Mental Handicap Psychiatric Hospital  
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Figure 4.1: Number of relevant questions found broken down by year asked. 432 relevant 
questions were found in total. 
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Clinical depression and anxiety disorders were the only mental illnesses named in any of 

the repeated questions. As they are also the two most common mental illnesses (NIMH 2017) 

and the ones most relevant to the biomedical side of the research I do, they are the main focus of 

this article. I examined trends in the public opinion of major depression and anxiety disorders in 

the United States from the early 1970s to 2018, focusing on a medical diagnosis, personal 

perceptions, the introduction of Prozac, and the association of mental illness with national 

specific. Though I examined these questions in part because they were the only ones available, I 

also grouped them to see how the reporting of a diagnosis and acceptance of treatment compared 

to broader perceptions of mental illness as a way to examine stigma and a willingness to address 

the topic personally.  

Figure 4.2: Relevant questions divided by topic. The darker columns 
are the number of questions related to each topic that were able to be 
used in the final analysis. Some questions addressed more than one 
topic and are included in multiple categories. 
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I discuss the following trends by grouping the questions under one of four major themes 

as a framework, and here summarize the structure of the discussion to give an overview of the 

themes I chose. The first major theme I use was looking at the self-reporting of mental illness 

diagnoses and treatment rates among respondents, along with their reporting of the same 

diagnoses and treatments in their acquaintances. Respondents appeared to be uncomfortable with 

discussing personal diagnoses for treatment or mental illness, though there were indications that 

they were more willing to discuss the diagnoses of friends and acquaintances. I used public 

perception and stigma as my second major theme, and found was that mental illness is perceived 

as a public health problem, that those with mental illness experience stigma for it, and that those 

with mental illnesses deserve access to treatment. I next looked at a series of questions about 

Prozac, the only drug mentioned by name and asked about consistently, to allow an assessment 

of how treatment of mental illness with drugs is perceived. The overall theme that emerged is 

that Prozac is seen as beneficial for mental illness, but the respondents are not very willing to 

consider taking it themselves. Finally, I looked at public opinion on mental illness in relation to 

national events. There were few questions of substance relating to this theme, and the only 

conclusions I could draw was that there does seem to be a public opinion on the relationship of 

mental illness to specific events, but that opinion cannot be determined from the few questions 

asked, and I make suggestions for future surveys in the discussion.  

 

Frequency of Diagnosis and Treatment 

 The first major theme I identified showed differences in talking about mental illness in 

others versus on a personal level. Though there are statistics on the diagnoses of mental illness, 

these do not give any insight into how mental illness is perceived and treated. Comparing these 
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statistics to self-reported diagnoses can give insight into how individuals may feel about openly 

admitting to and talking about mental illness.  

 From the early 1990s to the early 2000s, there was a slight increase in women reporting a 

diagnosis of anxiety or depression, with the figure in 2004 at being 23% (Table 4.2). There was 

very little change for the self-reported diagnosis of men during the same time period, with 11% 

reporting a diagnosis in 2004 (Table 4.3). These numbers are all self-reported and differ slightly 

from national statistics – The National Institute of Mental Health reported that from 2001-2003, 

23.4% of women and 14.3% of men reported having an anxiety disorder (U.S. adults aged 18 or 

older), and as of 2017 8.5% of women and 4.8% of men reported having had major depression 

(U.S. adults aged 18 or older; NIMH 2017). The self-reported diagnoses are roughly equal to the 

national anxiety disorder diagnosis ratio for women to men of 2:1 (Mclean et al. 2011), which 

may indicate that both men and women self-report diagnoses of mental illness at the same rate, 

but that the absolute numbers are not a valid representation of the actual diagnoses as reported by 

the National Institute of Mental Health (NIMH 2017). However, it is difficult to compare the 

national statistics with the survey data, as the national statistics are for individual illnesses and 

are more recent, while the survey data are for depression and anxiety combined. 

 The number of people reporting having visited a mental health professional stays roughly 

the same at 32% in 2006 and 35% in 2011 (Table 4.4). However, from 1998 to 2002 58% and 

66% report that they or someone they knew had visited a mental health professional (Table 4.5). 

If we assume that around 35% of respondents were self-reporting, then that leaves approximately 

30% of respondents who have not themselves visited a mental health professional knowing 

someone who had done so. However, the question in Table 5 does not distinguish whether the 

respondent or someone they knew was the person who visited a professional, and it is possible 
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that respondents are more willing to report others visiting a mental health professional than they 

are willing to report their own visits. Although comparing the national statistics with self-

reported statistics presents challenges, given that there is some discrepancy between self-reported 

diagnoses of mental illness and national statistics, the possibility of respondents being more 

likely to report the experiences of others with mental illness diagnosis and treatment cannot be 

ruled out. Interestingly, very few people refused to respond or indicated they “didn’t know” to 

any of the questions in Tables 4.2-5, potentially indicating that denial of a diagnosis or a visit to 

a mental health professional was preferred to an ambiguous answer to these questions. 

Table 4.2. Depression or Anxiety Diagnosis in Women 
“In the past five years, has a doctor told you that you have any of the following health problems 
or conditions?... Anxiety or depression” 
 
 Common Kaiser Kaiser 
 2/1993a 3/2001 7/2004 
 % % % 
Yes 15 21 23 
No 85 79 77 
Don’t know -- 0 0 
Refused -- 0 -- 
N 2,525 3,966 2,766 

a The response options were “told” or “not told” in 1993. The results included an over-sample of 
African American and Hispanic women. Results are weighted to represent the national adult 
population 
 
Table 4.3. Depression or Anxiety Diagnosis in Men 
“In the past five years, has a doctor told you that you have any of the following health problems 
or conditions?... Anxiety or depression” 
 
 Common Kaiser Kaiser 
 2/1993a 3/2001 7/2004 
 % % % 
Yes 9 11 11 
No 91 89 89 
Don’t know -- -- -- 
Refused -- -- -- 
N 1000 700 507 

a The response options were “told” or “not told” in 1993 
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Table 4.4. Personal Mental Health Professional Visit 
“Have you ever gone to see a mental health professional, such as a therapist, counselor, 
psychologist or psychiatrist, or not?” 
 
 Kaiser 60 min 
 3/2006a 5/2011b 
 % % 
Yes 32 35 
No 68 64 
Don’t know/refused 0 1 
N 2,864 1,045 

a Results included an over-sample of African Americans and men. Results are weighted to 
represent the national adult population. 
b Have you ever been to a psychiatrist or a therapist? 
 
Table 4.5. General Mental Health Professional Visit 
“Have you or has anyone else you know ever seen a psychiatrist, psychologist, or counselor?” 
 
 GSS Harris 
 2/1998a 12/2002b 
 % % 
Yes 58 66 
No 41 33 
Don’t know 1 1 
N 2,832 1,066 

*Less than 0.5% 
aAsked of 1/2 sample. 
bDo you know anyone who has gone to a psychologist or psychiatrist for counseling? Responses 
offered were “Yes”, “No”, and “Not sure.” 
 
Perception of Mental Illness 

The second major theme shows a more complicated perception of mental illness in 

comparison to only asking respondents about personal or acquaintance diagnoses – respondents 

see mental illness as a medical problem and think those with mental illness deserve treatment. 

However, when questioned about scenarios where they might have to interact directly with 

someone with mental illness, there clearly is still a stigma against them. 

 The reported belief in the cause of mental illness being “related to a chemical imbalance 

in the brain” dropped from 91% in 1989 to 51% in 1996 and 52% in 1998 (Table 4.6). The first 
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question asks about mental illness, and then in 1996 and 1998 depression and then anxiety 

disorders respectively. It is possible that mental illness as an overarching topic and individual 

illnesses may be perceived differently. Prozac was also introduced in the late 1980s, and a shift 

in perception about the ‘ease’ of treatment of mental illness may also have impacted what people 

believe is the cause (see the following section for a discussion on Prozac). Additionally, the 

number of people who were in-between or unsure combined was above 20% in the 1990s, 

potentially indicating that people have strong opinions about their individual understanding of 

mental illness and its causes, but do not have specific knowledge about depression or anxiety 

disorders.  

The belief that mental illness is a public health problem appeared to increase overall from 

1989 to 2013, with 62% believing it is an extremely or very serious problem and 26% a 

somewhat serious problem in 2013 (Table 4.7), though the differences in response options could 

be contributing to this apparent trend. Additionally, there was an apparent dip in the 

consideration of how serious a problem it was in 2012, but the response options were worded 

differently 2013 with a different connotation (e.g., “Moderately serious” in 2012 versus 

“Somewhat serious” in 2013), so it is likely some of the discrepancy is due to this difference in 

phrasing. The majority of respondents also believed that treatment for mental illness should be 

included in health insurance in the 1990s (Table 4.8). The number of people who perceive a 

stigma against mental illness has been increasing since 1978 at 34% who agree strongly to 55% 

in 2004 (Table 4.9), and as of 2016 66% of people believed that those with mental illnesses were 

discriminated against “a lot” or “some” (Table 4.10). Overall, the indication is that more than 

50% of people believe mental illness is a medical problem and believe that people with mental 

illnesses are discriminated against and deserve treatment (Tables 4.6-10). The increasing belief 
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that mental illness is a serious health problem is matched by the increasing belief that those with 

mental illnesses experience a lot of discrimination.  

Table 4.6. The Brain and Mental Illness 
“(There are many causes of mental illness. For each of the following, please tell me if you think 
this is or is not a possible cause of mental illness.)... Chemical imbalance in the brain” 
 
 Robert NMHA NMHA 
 12/1989 1/1996a 10/1998b 
 % % % 
Is a cause 91 51 52 
In-between -- 5c 12 
Is not a cause 5 23 26 
Not sure 4c 21 9 
N 1,326 1,166 1,009 

a (I'd like to read you several short statements about depression. For each one, please tell me if 
you think it is closer to a fact that is true, or closer to a myth that is false.) Depression is not 
caused by a change in the brain's chemicals. Responses offered in 1996 were “Closer to 
fact/true”, “Closer to myth/false”, “In-between (vol.)”, and “Not sure.” 
b (I will now read you a description of anxiety disorders. Please answer the next few questions 
with this description in mind. People who have an anxiety disorder experience intense feelings of 
fear, worry, or dread that continue over a period of time, or thoughts and behaviors that they can 
not control. Often these feelings and thoughts are accompanied by physical symptoms such as 
trembling, muscle tension, nausea, or a racing heartbeat. As a result, persons with anxiety 
disorders often feel like they cannot handle everyday activities. They may start to avoid certain 
situations, may feel isolated from their loved ones or may abuse alcohol and drugs to cope.) I 
shall now read to you some statements about anxiety disorders. For each statement that I read, 
please say whether you strongly disagree, disagree, neither agree nor disagree, agree, or strongly 
agree with that statement. People with anxiety disorders usually have a problem in how their 
brain functions. For the purposes of comparison, the following responses were combined: 
“Strongly agree” and “Agree”; “Strongly disagree” and “Disagree”; “Don’t know”, and 
“Refused.”; and “Neither agree nor disagree.” 
c Voluntary response. 
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Table 4.7. Perception of Mental Illness as a Public Health Problem 
“(I'd like to ask you about several health issues facing Americans today.) How serious a problem 
would you say...mental illness is? Would you say it is a very serious problem, a somewhat 
serious problem, not too serious of a problem, or not a problem at all?” 
 
 Robert Harvard AP Pew 
 12/1989 a,b 4/2001b 11/2012c,e 10/2013b,d,e 
 % % % % 
Extremely 
serious 

-- -- 14 20 

Very serious 45 53 29 47 
Somewhat 
serious 

44 38 41 26 

Not too serious 9 8 11 5 
Not at all serious 1 1 2 1 
Don’t know 1 1 2 1 
Refused -- -- * -- 
N 1,210 1,210 1,011 2,003 

*Less than 0.5% 
a For each, I would now like you to tell me whether you think it is a very serious problem in 
today's society, a somewhat serious problem, a not too serious problem, or a not at all serious 
problem.... Mental illness problems... is it a very serious, somewhat serious, not too serious or 
not at all serious a problem?  
b Asked of half the sample. 
c(I'm going to mention several health issues facing people in this country today.  How serious a 
problem is each of these issues for people in this country--not a problem at all, only a little 
serious, moderately serious, very serious, or an extremely serious problem?)...Mental illness. 
Response options in 2012 were “Extremely serious”, “Very serious”, “Moderately serious”, 
“Only a little serious”, “Not a problem at all”, “Don’t know”, and “Refused.” 
d (For each item I name, please tell me how serious a public health problem you think it is in this 
country--extremely serious, very serious, somewhat serious, or less serious than that.)...Mental 
illness. Response options in 2013 were “Extremely serious”, “Very serious”, “Somewhat 
serious”, “Less serious than that”, “Not a problem at all”, and “Don’t know/Refused.” 
eThe response option “Extremely serious” was only offered in 2012 and 2013.  
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Table 4.8. Health Insurance Coverage 
“(Here are some statements about President (Bill) Clinton's health care reform package. From 
what you've read or heard, please tell me if you agree or disagree with each statement.)... 
Treatment for mental illness should be included in the coverage to the same extent as treatment 
for physical illness.” 
 
 NBC Community 
 9/1993 5/1999a 
 % % 
Agree 82 88 
Disagree 13 10 
Not sure 5 2 
N 1,006 1,500 

a Do you consider...treatment for mental illness...as services that should be included in basic 
healthcare that everyone is guaranteed/ that everyone has a right to? “Yes”, “No”, and “Don’t 
know/Refused” were the choices offered in 1999. 
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Table 4.9. Stigma of Mental Illness 
“People have different ideas about health. Will you tell me for each of the statements on this card 
whether you agree strongly, agree partially, disagree partially or disagree strongly. There's still a 
lot of stigma attached to mental illness.” 
 
 GM Robert Harris Parade 
 10/1978a 12/1989b 12/2002c 4/2004d 
 % % % % 
Agree strongly 34 46 51 55 
Agree partially 43 34 31 -- 
Disagree 
partially 

17 14 9 -- 

Disagree 
strongly 

6 3 4 32 

Not sure -- 3 5 13 
Refused -- -- -- -- 
N 1,254 1,326 1,006 1,000 

a The sampling unit for this study was the family. 1254 adult family members were interviewed 
as 'primary respondents,' whose responses are shown here. 
b (I'm going to read you a list of things people have said about mental illness. Using the 6-point 
scale again, please tell me how much you agree or disagree with each of these statements. A '6' 
means you strongly agree and a '1' means you strongly disagree with the statement. Remember, 
you can choose any number between '1' and '6,' but the higher the rating the more you agree with 
the statement.)... There is still a lot of stigma attached to mental illness. For the purposes of 
comparison, the responses were combined as followed: “6--Strongly agree”; “5” and “4”; “3” 
and “2”; “1--Strongly disagree”; and “Not sure (vol.)” 
c (Turning to a different topic, people have different ideas about health. Will you tell me for each 
of these statements, whether you agree strongly, agree partially, disagree partially or disagree 
strongly?)...There is still a lot of stigma attached to mental illness. Responses offered in 2002 
were “Agree strongly”, “Agree somewhat”, “Disagree strongly”, “Disagree somewhat”, and 
“Not sure.” 
d Depression is a health issue that may carry a stigma for some people.  In recent years, do you 
think the stigma associated with depression has been lifted or not? Responses offered in 2004 
were “Yes”, “No”, and “Don’t know/Refused.” 
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Table 4.10. Discrimination against Mental Illness 
“How much prejudice and discrimination do you think there is against...people with serious 
mental illness in the US (United States) today?  A lot, some, only a little, or none at all?” 
 
 CASA Kaiser Kaiser 
 10/2008a 3/2013 4/2016b 
 % % % 
A lot 13 37 32 
Some 23 39 34 
Only a little 28 16 21 
Nothing at all 30 6 8 
Don’t know/Refused 6 2 4 
Refused -- -- * 
N 1,303 1,209 1,201 

*Less than 0.5% 
a (I am going to mention some issues that could be a problem in your community.  For each one I 
mention, please tell me how much of a problem you think it is in your community--a very serious 
problem, somewhat serious problem, not too much of a problem, or not a problem at 
all.)...Discrimination against people with mental illness. Response options in 2008 were “Very 
serious problem”, “Somewhat serious problem”, “Not too much of a problem”, “Not a problem 
at all”, and “Not sure.” 
b How much prejudice and discrimination, if any, do you think there is against...people who 
suffer from anxiety in this country today? A lot, some, only a little, or none at all? The “Don’t 
know” and “Refused” responses were separated out in 2016. 
 
 Although it appears that most people believe that those with mental illnesses have an 

illness with a physical cause, experience discrimination, and deserve treatment, polling results 

indicate there is still a strong stigma against people with mental illness evident within the data. 

From 1978 to 1996, those who saw mental illness as a personal or emotional weakness held 

steady at 57% and 54%, while those who saw it as a health problem did increase from 24% to 

38% in that same period (Table 4.11). From 1978 to 2002, those who agreed strongly or partially 

with the statement that mental illness was a sign of self-centeredness did decrease from 73% to 

54%, but were still the majority of those surveyed (Table 4.12). When asked to think about those 

with mental illness in a personal way, most people continued to show some bias against those 

with mental illness. In 1989, 44% of people felt very or somewhat comfortable with a person 

who had a mental illness living in their community, which stayed fairly stable at 48% in 2013 
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(Table 4.13). From 1982 to 1997, the number of people who thought that employers had a right 

to know about a potential employee’s history of mental illness overall moderately increased from 

57% to 64% (Table 4.14). The one exception was in 1992, when only 23% of people thought 

employers had a right to know; it is interesting that in 1992 the question was phrased slightly 

differently, asking if employers had a right to know information about the history of mental 

illness for the individual taking the survey. To some degree this could be explainable with the 

sociological concept of the “generalized other” and the “self,” with individuals differentiating 

between and passing judgement differently for themselves and “others” (Holdsworth & Morgan 

2007).  

Table 4.11. Mental Illness as a Character Flaw 
“Which of the following do you think of as health problems, and which do you think of as a sign 
of personal or emotional weakness? Mental illness” 
 
 GM NMHA 
 10/1978 1/1996a 
 % % 
Health problem 24 38 
Personal emotional weakness 57 54 
Both (vol.) 20 -- 
Don’t know -- 9 
N 1,254 1,166 

a …Depression. The sampling unit for this study was the family. 1254 adult family members 
were interviewed as 'primary respondents,' whose responses are shown here. 
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Table 4.12. Mental Illness is Self-centered 
“People have different ideas about health. Will you tell me for each of the statements on this card 
whether you agree strongly, agree partially, disagree partially or disagree strongly. A lot of 
people worry too much about their problems. If they were more concerned about others, there 
would be less mental illness.” 
 
 GM Harris 
 10/1978a 12/2002b 
 % % 
Agree strongly 31 30 
Agree partially 42 24 
Disagree partially 17 19 
Disagree strongly 10 21 
Not sure -- 6 
N 1,254 1.006 

a The sampling unit for this study was the family. 1254 adult family members were interviewed 
as 'primary respondents,' whose responses are shown here. 
b Response options for 2002 were “Agree strongly”, “Agree somewhat”, Disagree somewhat”, 
“Disagree strongly”, and “Not sure.” 
 
Table 4.13. Mentally Ill People in the Community 
“In general, how comfortable would you be, personally...living next door to someone who has a 
serious mental illness?  Very comfortable, somewhat comfortable, somewhat uncomfortable, or 
very uncomfortable?” 
 
 Robert Kaiser 
 12/1989a 3/2013 
 % % 
Very comfortable 15 19 
Somewhat comfortable 29 29 
Somewhat uncomfortable 33 34 
Very uncomfortable 23 13 
Don’t know/Refused -- 3 
N 1,326 1,209 

a (I will be reading a list of facilities to you. For each one, please tell me how much you would 
welcome the facility into your neighborhood. Please answer by using a scale of '1' to '6,' where a 
rating of '6' would mean you absolutely would welcome the facility into your neighborhood and 
a rating of '1' would mean you absolutely would not welcome the facility into your 
neighborhood. In other words, the higher the rating, the more you would welcome the facility 
into your neighborhood. But remember you can choose any number between '1' and '6' 
depending on how much you would welcome the facility into your neighborhood.)... Independent 
apartments for people with mental illness. Question asked of half sample. Response options were 
combined as follows for comparison: “6--Absolutely would welcome”; “5” and “4”; “3” and “2”; 
and “1--Absolutely would not welcome.” 
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Table 4.14. Employer Right-to-know 
“(Here are some different kinds of personal information that might exist on various people. (Card 
shown respondent) Would you read down that list, and for each one tell me whether it is 
information that a business corporation has a right or does not have a right to know about a 
person they are considering hiring?)...Any history of mental illness in the past” 
 
 Roper Roper ACLU Harris 
 7/1982 7/1987 11/1992a 5/1997b 
 % % % % 
Has right to know 57 59 23 64 
Does not have 
right to know 

39 37 69 31 

Don’t know 3 3 7 5 
Depends/Qualifie
dc 

-- -- * -- 

N 2,000 1,987 993 1,017 
*Less than 0.5% 
a (People have different ideas about information a person should give when applying for a job. I 
am going to mention some things employers sometimes ask for. For each, please tell me if you 
think it is information an employer has a right to know about, or whether it is part of a person's 
private life and not the employer's business.)... Whether you have ever seen a psychiatrist or 
psychological counselor. Responses offered in 1992 were “Employer has right to know”, “Not 
employer’s business”, “Depends/Qualified” and “Can’t say.” 
b Do you think employers should or should not be allowed to ask potential employees whether 
they have a mental illness? Responses offered in 1997 were “Should be allowed”, “Should not be 
allowed”, and “Not sure.” 
c Only offered in 1992. 
 
Perceptions of Treatment: Prozac 

 The third theme I found continued the dichotomy of the other and the personal, where 

respondents perceive Prozac as beneficial, yet are less willing to consider taking Prozac 

themselves. Prozac was the only treatment asked about specifically – no other drugs were 

mentioned by name, nor were any specific behavioral therapy techniques. 

 One of the first ‘modern’ antidepressants, Prozac was considered safe and easy to take 

compared to its predecessors with often debilitating side-effects (Wong et al. 2005; Herzberg 

2010). Prozac was first available in 1988 and quickly became popular – it is still widely used 

today, with over 4 million people reporting having it prescribed to them in 2013 (Agmon et al. 
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2016). It was marketed heavily following a valium addiction scare, to the point where it became 

a household name before it even hit the market (Moore 2007; Herzberg 2010). Its popularity 

allowed for specific questions to be asked about how people in the United States viewed mental 

illness, and many questions related to Prozac were asked in 1998, 2000, and 2006 (Figure 4.1). It 

was also the only drug asked about by name and the only topic where there were repeated 

questions about medication for treating mental illness, though it is unclear why the first questions 

were not asked until a decade after its release and were only asked over an 8-year period. 

 In 1998, 86% of people had heard of Prozac, which stayed consistent at 88% in 2006 

(Table 4.15). In 1998, 9% of respondents said they had taken Prozac at some point, and that 

number did not change in 2006, with only minor fluctuations in the years between (Table 4.16). 

In contrast, 57% of people in 1998 and 2006 said they knew someone who had taken Prozac 

(Table 4.17), but dropped to 25% in 2000, likely due to the question being worded differently – 

in 1998 and 2006 the question asked if the respondent knew anyone who had taken Prozac, while 

in 2000 it asked about close friends or family (but excluded the respondent). Given the 

indications that respondents are more willing to talk about mental illness in relationship to people 

other than themselves, it is puzzling that the numbers are so different, even accounting for the 

difference in question wording. However, it is possible that the question wording in 1998 and 

2006 was interpreted to include the respondent themselves as “someone they know” and allowed 

for the respondent to report their use of Prozac indirectly. It is also possible that the increase in 

SSRIs in the 1990s contributed to a drop in prescriptions for Prozac specifically. Similar to 

mental illness diagnosis rates, this could imply a potential unwillingness by respondents to 

disclose about personal treatment. 
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Table 4.15. Prozac Awareness  
GSS: “Have you ever heard of Prozac?” 
 
 2/1998a 3/2006b 
 % % 
Yes 86 88 
No 12 11 
Not sure/Can’t remember 2 1 
N 2,832 4,510 

a Asked of 1/2 sample. 
b Asked of 1/3 sample. 
 
Table 4.16. Prozac Personal Use 
“Have you, yourself, ever taken Prozac?” 
 
 Harris GSS ABC GSS 
 9/1993a 2/1998b 3/2000c 3/2006d 
 % % % % 
Yes 9 8 12 9 
No 90 92 88 91 
Not sure/Can’t remember 1 1 0 0 
N 1,027 2,832 800 4,510 

a Have you or anyone in your family ever taken a drug called Prozac, which doctors prescribe to 
treat people who are depressed? “Not sure” was offered in 1993 in place of “Not sure/Can’t 
remember” 
b Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample). 
c Have you ever taken Prozac or a similar type of prescription drug used to treat depression? “No 
opinion” was offered in 2000 in place of “Not sure/Can’t remember” 
d (Next, I'd like to ask you some questions about the medication called Prozac.)... Asked of those 
in 1/3 sample who have ever heard of Prozac (88% of those in 1/3 sample). 
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Table 4.17. Know Someone Who Takes Prozac 
“Have you ever personally known anyone who took Prozac?” 
 
 GSS ABC GSS 
 2/1998a 3/2000b 3/2006c 
 % % % 
Yes 57 25 57 
No 40 74 41 
Not sure/Can’t remember 4 2 2 
N 2,832 1,027 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample). 
b Do you have any close friends or family who've taken Prozac or a similar type of prescription 
drug used to treat depression? Asked of those who said they have never taken Prozac or a or a 
similar type of prescription drug used to treat depression (88%). 
c (Next, I'd like to ask you some questions about the medication called Prozac.)... Asked of those 
in 1/3 sample who have ever heard of Prozac (88% of those in 1/3 sample). 
 
 When asked about using Prozac for treating depression, 50% of people in 1998 and 68% 

in 2006 strongly agreed or agreed that Prozac should be used only to treat clinical depression 

(Table 4.18). When asked what they would do if they had they symptoms of clinical depression, 

51% in 1998 and 42% in 2006 thought it was somewhat or very unlikely that they would take 

Prozac themselves (Table 4.19). Though it is clear there is are differences here, it is not apparent 

whether the bias is against Prozac or an unwillingness to consider having depression. 56% of 

respondents did agree that Prozac helps those who take it control their symptoms, holding steady 

from 55% in 1998 (Table 4.20), suggesting that the bias could be about depression rather than 

Prozac. 
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Table 4.18. Treating Depression with Prozac 
GSS: “(How much do you agree or disagree with the following statements?)... Only people who 
are diagnosed with clinical depression should take Prozac.” 
 
 2/1998a 3/2006b 
 % % 
Strongly agree 12 18 
Agree 38 40 
Neither agree nor disagree 17 21 
Disagree 10 7 
Strongly disagree 2 2 
Don’t know 21 11 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 

Table 4.19. Taking Prozac for Depression  
GSS: “(How likely would you be to take doctor prescribed Prozac in the following 
situations?...Very likely, somewhat likely, mixed, somewhat unlikely, or very unlikely)... in the 
following situation...very likely, somewhat likely,… Because you were feeling depressed, tired, 
were having trouble sleeping and concentrating, and felt worthless.” 
 
 2/1998a 3/2006b 
 % % 
Very likely 11 13 
Somewhat likely 20 24 
Mixed 11 15 
Somewhat unlikely 15 12 
Very unlikely 36 30 
Don’t know 8 5 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 
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Table 4.20. Prozac Effectiveness  
GSS: “(How much do you agree or disagree with the following statements?)... I think Prozac 
helps people control their symptoms.” 
 
 2/1998a 3/2006b 
 % % 
Strongly agree 5 7 
Agree 55 56 
Neither agree nor disagree 18 20 
Disagree 5 5 
Strongly disagree 1 2 
Don’t know 18 10 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 

 
 When asked about the benefits of Prozac for helping with stress, 65% of people strongly 

agreed or agreed that it was helpful in 2006, a small increase from 62% in 1998 (Table 4.21). But 

when asked if they would personally take Prozac for stress, only 27% of people in 1998 said they 

would, and that number only increased to 33% in 2006 (Table 4.22). Only 16% of people said 

they would be very or somewhat likely to take Prozac for personal troubles in 2006 (Table 4.23). 

However, when asked about the possibility of taking Prozac for symptoms of anxiety, 36% of 

people in 1998 said they would be very or somewhat likely to do so, which increased to 45% of 

people in 2006 (Table 4.24). This could, however, be more of a reflection on how people 

perceive the severity of symptoms, rather than a reflection of how they view the treatment of 

mental illness. 
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Table 4.21. Prozac and Stress 
GSS: “(How much do you agree or disagree with the following statements?)... Taking Prozac 
helps people deal with day-to-day stresses.” 
 
 2/1998a 3/2006b 
 % % 
Strongly agree 5 8 
Agree 57 57 
Neither agree nor disagree 15 20 
Disagree 4 4 
Strongly disagree 1 1 
Don’t know 18 10 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 
 
Table 4.22. Taking Prozac for Stress 
GSS: “(How likely would you be to take doctor prescribed Prozac in the following 
situations?...Very likely, somewhat likely, mixed, somewhat unlikely, or very unlikely)... 
Because you didn't know how to cope anymore with the stresses of life.” 
 
 2/1998a 3/2006b 
 % % 
Very likely 9 10 
Somewhat likely 18 23 
Mixed 12 16 
Somewhat unlikely 16 16 
Very unlikely 38 30 
Don’t know 8 6 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 
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Table 4.23. Prozac to Treat Personal Troubles 
GSS: “How likely would you be to take doctor prescribed Prozac in the following 
situations?...Very likely, somewhat likely, mixed, somewhat unlikely, or very unlikely... Because 
you were having trouble in your personal life.” 
 
 2/1998a 3/2006b 
 % % 
Very likely 5 5 
Somewhat likely 10 11 
Mixed 8 17 
Somewhat unlikely 16 19 
Very unlikely 53 43 
Don’t know 8 6 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 

Table 4.24. Taking Prozac for Anxiety  
GSS: “(How likely would you be to take doctor prescribed Prozac in the following 
situations?...Very likely, somewhat likely, mixed, somewhat unlikely, or very unlikely)... For no 
apparent reason you were having periods of intense fear in which you were trembling, sweating, 
feeling, dizzy, and feared losing control or going crazy.” 
 
 2/1998a 3/2006b 
 % % 
Very likely 16 20 
Somewhat likely 25 25 
Mixed 13 14 
Somewhat unlikely 11 11 
Very unlikely 27 25 
Don’t know 9 5 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 
 
 When asked about reasons for taking Prozac that are not presented as connected to mental 

illness, the support for its use is more varied. There appeared to be strong agreement that taking 

Prozac does help people have higher self-esteem, with a high of 49% strongly agreeing or 

agreeing in 2006 (Table 4.25). There seems to be much less agreement that Prozac helps enhance 

individual personalities, with only 10% of people who strongly agreed or agreed in 2006 (Table 

4.26). 
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 The fluctuations in agreement about the benefits of Prozac versus the support for 

personally using Prozac may arise from a poor understanding of how it works and its side 

effects. Most people neither agreed nor disagreed with Prozac being harmful (44% in 2006; 

Table 4.27) and interfering with daily life (32% in 2006; Table 4.28), and that answer choice had 

increased by over 10% for both topics from 1998 to 2006. None of the questions about Prozac 

directly ask about if respondents understand how it works or how it is used. Instead, they mostly 

ask about the results of Prozac use. A better understanding of the reasoning behind these 

responses could be important to reducing the stigma of mental illness and improving treatment 

outcomes. 

Table 4.25. Prozac and Self-esteem 
GSS: “(How much do you agree or disagree with the following statements?)... Taking Prozac 
makes people feel better about themselves.” 
 
 2/1998a 3/2006b 
 % % 
Strongly agree 4 5 
Agree 42 44 
Neither agree nor disagree 23 31 
Disagree 8 8 
Strongly disagree 2 2 
Don’t know 21 10 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 
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Table 4.26. Prozac Use for Personality Enhancement 
GSS: “(How much do you agree or disagree with the following statements?)... Prozac should be 
taken to enhance the strengths of people's personalities.” 
 
 2/1998a 3/2006b 
 % % 
Strongly agree 1 1 
Agree 8 9 
Neither agree nor disagree 18 23 
Disagree 36 38 
Strongly disagree 16 19 
Don’t know 21 11 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 

Table 4.27. Harmfulness of Prozac 
GSS: “How much do you agree or disagree with the following statements?... Prozac is harmful to 
the body.” 
 
 2/1998a 3/2006b 
 % % 
Strongly agree 5 6 
Agree 20 18 
Neither agree nor disagree 31 44 
Disagree 18 18 
Strongly disagree 2 3 
Don’t know 24 11 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 
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Table 4.28. Prozac Interference 
GSS: “(How much do you agree or disagree with the following statements?)... Taking Prozac 
interferes with daily activities.” 
 
 2/1998a 3/2006b 
 % % 
Strongly agree 4 4 
Agree 21 22 
Neither agree nor disagree 22 32 
Disagree 27 26 
Strongly disagree 3 4 
Don’t know 23 12 
N 2,832 4,510 

a Asked of those in 1/2 sample who have ever heard of Prozac (86% of 1/2 sample) 
b Asked of 1/4 sample 
 
Association with National Events 

 While interest in mental illness does often appear to be connected to specific events, I 

found that public opinion surveys do not reflect media coverage, making it difficult to identify 

strong themes. Some events were asked about at a single time-point only, such as Hurricane 

Katrina, and sensational crimes such as those of Andrea Yates, who drowned her 5 children in 

2005 and eventually pled not guilty by reason of insanity. Other events like September 11th, were 

asked about for a few months immediately following the event occurrence but public opinion on 

the impacts of the events was not monitored in the longer term. The following are some of the 

few topics that had repeated questions over time. 

 Though school shooting statistics are not tracked by the federal government, gun violence 

in the U.S. is broadly considered an epidemic and threat to public health (Katsiyannis et al. 

2018). Polling about laws controlling access to guns for people with mental illnesses have been 

asked regularly since January 2013, when a total of nine school shootings took place across the 

United States in that month. Support for such laws has been high, though it has declined over 

time. In January 2013, 80% of people supported laws preventing people with mental illnesses 
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from purchasing guns, and this number declined to 76% in 2016 (Table 4.29). Registered voters 

do support these laws at higher rates, peaking at 88% at the end of 2015. However, with no other 

questions regarding the perceived relationship between mental illness and gun purchasing, it is 

difficult to draw any conclusions from this trend. 

 Mental illness has also played a role in politics, though has not been asked about very 

often. Leading up to the 2000 presidential election questions about Tipper Gore, wife of 

presidential candidate Al Gore, and her treatment for depression were a hot media topic – a 

search for “Tipper Gore and depression” from the summer of 1998 to November of 2000 returns 

205 articles in LexisNexis. Though not mentioned specifically in surveys at the time, one survey 

regarding what the public would want to know about a presidential candidate and a history of 

mental illness treatment showed that the majority of the public would want to know if a 

candidate had been treated, at 69% in 1999 and 65% in 2000 (Table 4.30). 

Table 4.29. Gun Ownership 
“Do you support or oppose laws to prevent people with mental illness from purchasing guns?” 
 
 Pew Quinn Quinn Pew Quinn Pew 
 1/2013a 9/2013b 6/2014 b 7/2015c 9/2015 b 8/2016c 
 % % % % % % 
Support 80 88 89 79 88 76 
Oppose 16 9 9 19 9 22 
Don’t know/No answer 4 3 2 2 3 2 
N 1,502 1,497 1,446 2,002 1,574 2,010 

a (Please tell me if you would favor or oppose the following proposals about gun policy.) What 
about...laws to prevent people with mental illness from purchasing guns? Asked of Form 1 half 
sample. Responses offered in January 2013 were “Favor”, “Oppose”, and “Don’t 
know/Refused.” 
b Sampling population was restricted to registered voters. 
c Please tell me if you would favor or oppose the following proposals about gun policy....Laws to 
prevent people with mental illness from purchasing guns. Responses offered in July 2013 and 
2016 were “Favor”, “Oppose”, and “Don’t know/Refused.” 
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Table 4.30. Political Candidates 
FOX: “(I'm going to read you a list of behaviors, please tell me whether you would want to know 
the answers to these questions before deciding whether or not to vote for a presidential 
candidate.) Would you want to know whether he or she had... been treated for mental illness in 
the past?” 
 
 8/1999a 5/2000a,b 
 % % 
Would want answers 69 65 
Don’t care whether it’s answered 27 29 
Not sure 4 6 
N 903 900 

a Sampling population was limited to registered voters. 
b (I'm going to read you a list of behaviors, please tell me whether you think the public has the 
right to know the answers to these questions about politicians who currently hold office and 
candidates running for office.) Do you think the public has the right to know whether an 
officeholder or candidate has ever...been treated for mental illness? Responses offered in 2000 
were “Public has right to know”, “Public has no right to no”, and “Not sure/Undecided.” 
 

 Since September 11th, 2001 (9/11), terrorism has also been a consistently relevant media 

topic in the U.S. Immediately following the 9/11 attacks, questions about seeking therapy and 

treatment for mental illness in relation to the attacks were asked. Very few people sought 

immediate professional treatment, going from 5% to 3% to 4% from October to December 2001 

(Table 4.31). However, slightly more people reported starting to take prescription medications 

for mental health, peaking at 6% in December 2001 (Table 4.32). No further questions were 

asked, so it is not possible to know whether those medications had been prescribed prior to the 

attack or not, or if people were slightly more willing to admit to taking medications than seeking 

help from a medical professional. 
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Table 4.31. September 11th, 2001 and Therapy 
“As a result of concerns about terrorism since September 11th (2001, the date of the terrorist 
attacks on the World Trade Center and the Pentagon), have you...consulted a doctor, 
psychologist or other health care professional to help you cope with stress, anxiety, or 
depression?” 
 
 Newsweek Newsweek NORC 
 10/2001 11/2001 12/2001a 
 % % % 
Yes 5 3 4 
No 95 97 96 
Don’t know * -- -- 
N 1,005 1,001 805 

*Less than 0.5% 
a (In response to the September 11th (2001 terrorist) attacks (on the World Trade Center and the 
Pentagon), the anthrax cases and the ongoing war against terrorism, have you sought 
information, advice or help from any of the following people?)...A psychologist, counselor, or 
other therapist 
 
Table 4.32. September 11th, 2001 and Prescription Medication  
“As a result of concerns about terrorism since September 11th (2001 attacks on the World Trade 
Center and the Pentagon), have you... started taking prescription medicines used for depression 
or anxiety disorders?” 
 
 Newsweek Newsweek NORC 
 10/2001 11/2001a 12/2001b 
 % % % 
Yes 4 3 6 
No 96 97 94 
Don’t know * -- -- 
N 1,005 1,001 805 

*Less than 0.5% 
a (We're interested in how, if at all, people's lives are changing since the terrorist attacks of 
September 11th (2001, the day of the terrorist attacks on the World Trade Center and the 
Pentagon).) Since September 11th, have you personally... 
b (Since the September 11th (2001 terrorist) attacks (on the World Trade Center and the 
Pentagon) and the recent anthrax cases, which of the following, if any, have you personally done 
to try and reduce your risks of becoming a victim of terrorism?)... Asked your doctor for 
medicine to calm you down, help you sleep, or lift your mood 
 

Conclusion 

 On the broad topic of mental illness, it is challenging to discern overarching trends from 

the survey data itself. This is, in part, because of the inconsistency in both when any questions 
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related to mental illness are asked, as well as due to the lack of repetition of questions over time. 

However, examining the types of questions that were or were not asked, as well as the frequency 

with which questions were asked indicates important areas for future research. The general lack 

of questions about mental illness could be seen either as an indicator of mental illness not being a 

primary concern for most people, but could also indicate a discomfort around the topic. The 

trends that are discernible do indicate a discomfort with mental illness getting “too personal” – it 

seems that people are willing to talk about others having mental illness and about the importance 

for treatment, but report their own diagnoses and treatment at lower rates. Considering the 

frequency of other interactions where people are willing to say things anonymously that they 

would not say if they were identified (Suler 2004), this appears to reflect a wider cultural 

phenomenon. This phenomenon of avoiding the personal makes addressing the stigma of talking 

about mental illness harder to address. 

 The patterns of respondents’ unwillingness to disclose personal information in these 

survey questions is consistent with research on disclosure related to mental health and chronic 

illness. A perceived stigma for disclosing a health condition puts an individual in a situation 

where they need to assess the risk of disclosing against the risks of not disclosing (Greene 1999). 

This is related to the social science theory of communication boundary management, or how an 

individual defines the limits on when and why they disclose versus their need for privacy 

(Petronio 1991). Research into mental health specifically shows that stigma does play a role in 

whether or not an individual seeks treatment for mental illness (Corrigan 2004), and that 

individual demographic factors such as gender also influence seeking treatment (Doherty & 

Kartalova-O'Doherty 2010).  
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 Some of the discomfort shown in these data may also relate to how these questions are 

asked. Major depression and anxiety disorders are clinical terms, but the use of depression and 

anxiety as emotions is also common. Very few questions specified whether they were referring 

to a mental illness or an emotion, and some questions were focused on the symptoms of these 

illnesses without naming them, so the respondent may not have made the connection to a mental 

illness. Not naming the illnesses in direct, clinical terms may cause some confusion, and also 

may contribute to the stigma against speaking about mental illness. One way to combat this 

stigma may be to talk about directly about mental illness, even in the context of a public opinion 

survey. An unwillingness or inability to discuss mental illness is concerning from more than just 

a cultural standpoint. There is clearly still a stigma against mental illness, and this prevents a 

conversation about it as a public health risk. Mental illness is considered an epidemic in the U.S. 

(Whittaker 2005), and it can have serious consequences, including death. The World Health 

Organization had a world-wide campaign from 2016-2017 promoting awareness and increased 

treatment of major depression, indicating this epidemic and the stigma associated with it is not 

limited to the U.S. (WHO 2017).  

 Given the relatively few questions asked about mental illness over 4 decades and 

continuing discrimination against those with mental illnesses, there clearly is a need for research 

into not just the medical treatment of mental illness, but also a better understanding of its social 

associations and stigma. I did a trend analysis of the repeated questions, and there clearly are 

trends present. However, there are other topics that did not receive attention in large public 

opinion surveys during this time. Some of these topics are especially pertinent, such as the 

connection between substance abuse and mental illness. Understanding public opinion trends on 

addiction might help shed light on aspects of the opioid crisis. Other topics relate to the mental 
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health and safety of children, where people get their information about mental health, the 

intersection of medical marijuana and anxiety, and the impact of terrorism and warfare on quality 

of life. Yet out of 432 possible questions in the last 17 years, I could only use the 81 questions 

seen in the 31 tables here. It is not clear why more survey questions do not focus on these issues 

and concerns given their importance and the substantial burden of mental illness. Only asking 

demographic or ‘hot topic’ questions risk missing changes in the cultural conversation about 

mental illness. 

 The social conversation around mental illness is just as complicated as the biomedical 

research on treating it. However, the analysis presented in this chapter indicates this important 

topic receives less attention. The importance of understanding the biological underpinnings of 

anxiety, depression, and other mental illnesses are unquestionable. Biomedical research is 

necessary in order to treat the biological side of mental illness. Yet the public opinion data shows 

us that there are many socio-cultural factors related to mental illness and that these factors are 

poorly understood. The limited conversation around mental illness emphasizes a need for better 

connections between biomedical and social science research. Improved connections will increase 

the likelihood that questions asked in both these disciplines will increase understanding and have 

a positive impact. An interdisciplinary approach offers value by promoting increased cross-

disciplinary connections and expanding the insights beyond those that could be achieved through 

a single disciplinary lens. To get a more comprehensive understanding of treating mental illness 

medically and socially, we need a better understanding of why there is a stigma against mental 

illness. Such an improved understanding could lead to improved diagnosis and treatment for the 

many people impacted by mental illness.  
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Chapter 5 

Conclusion 
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 This interdisciplinary research effort has revealed interesting and potentially important 

influences of sex, strain, and rearing environment on behavioral phenotypes and basal 

corticosterone associated with the biology of stress and anxiety.  These findings also raise many 

important questions for future research and some of these will be discussed in this chapter. 

Rodents are important models for understanding the biology of anxiety and stress in humans and 

Chapter 4 of this interdisciplinary effort extended this work into the field of science 

communication. I started the IGERT program with the goal of addressing a focused biological 

question related to the much larger issue of conserving biodiversity on islands, and ended 

examining the gaps in knowledge on the public opinion on mental illness in the U.S. While I 

covered more breadth with my research than I originally intended, my findings are valuable to 

both conservation efforts as well as to mental illness research. I have also raised more questions 

to guide future research in these areas.  

 I found that there are differences in anxiety-related behaviors and basal corticosterone 

between wild-derived and a laboratory mouse strain, and that rearing environment had strong 

impacts on these different phenotypic characteristics. Importantly, there were also differences 

based on sex. From the applied standpoint of designing an engineered mouse as a tool for 

managing invasive mouse populations on islands, I have two major findings to shape future 

research. The first is that rearing environment can have a strong influence on behavioral 

phenotypes, which could impact the success of an engineered mouse if it were released into the 

wild. The second is that the variation in these behavioral phenotypes can vary between wild-

derived strains, which indicates that the success of an introduced engineered mouse could be 

heavily influenced by the selection of an appropriate wild strain for backcrossing. 
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 While the original motivation for my research was related to the applied goal of 

managing invasive house mice, the implications of my research on mouse behavior for mice as a 

biomedical model also have value. My research is a concrete proof-of-concept that there is a 

biological basis for strain and sex differences in behavior that applies to wild mice as well as 

laboratory mice, and that these differences can be affected significantly by rearing environment. 

While I cannot characterize these effects completely for the strains of mice I tested, I do know 

that these are variables that cannot be ignored when using mice as models for human behavior. 

Considering more variables has been an important topic of discussion more generally in the last 

few years in relation to sex, with research showing that we can miss important characteristics of 

animal behavior and physiology when we only test male subjects (Shansky & Woolley 2016; 

Beery 2018) and the NIH requiring the inclusion of females for studies they fund (unless there is 

a strong justification to only include one sex; Clayton & Collins 2014). My research supports the 

inclusion of females in that it shows that important patterns can be missed if only looking at 

males – for example, there were more pronounced strain and rearing differences between the 

baseline corticosterone of the female mice I tested. And while there has been increasing 

recognition of the value of sampling more broadly from available genetic diversity in terms of 

understanding the basis of a range of phenotypes, such as with the Collaborative Cross mouse 

(Churchill et al. 2004) or the Drosophila Genetic Reference Panel (Mackay et al. 2012), my 

research expands this idea by showing the value of including wild-derived mice in behavioral 

comparisons. Including more variation is challenging because of limited time and resources. 

However, if researchers wish to maximize the insights possible from rodent models to develop 

treatments that will be used in humans of different genetic and environmental backgrounds, 
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inclusion of both males and females and capitalizing on the full range of natural variation 

available for study should strongly benefit this effort.  

 The science communication component of my dissertation research also highlighted some 

important knowledge gaps in the important area of public opinion about mental illness. While 

there is some social science research showing that stigma against mental illness does impact 

decisions to get treatment (Corrigan 2004; Anderson et al. 2011), the poll trends research showed 

that the public opinion questions are not there connecting this research to what people are 

actually thinking. We know a lot of the ‘what’ with demographic questions, but not the ‘why’ 

regarding the origins of these opinions. Inferring a stigma through survey questions or 

researching variables that are correlated with a person seeking treatment for mental illness is not 

the same as asking a person why they perceive mental illness in a particular way. It does not 

matter if the public opinion of the relationship of mental illness to negative factors is actually 

true – the perception of truth when connecting mental illness to characteristics such as 

selfishness and self-centeredness or with incidents such as school shootings, is what matters and 

needs to be addressed in order to start to destigmatize mental illness. It is not the questions that 

have been posed, but rather those that have not that highlight the need for a more in-depth 

examination of public opinion related to mental illness.  

 Considering the insights from my biological and communication research together 

highlights the need for a detailed study of how researchers think about mental health issues. 

While controlling as many variables as possible is important for finding specific mechanisms or 

causes, it is also important to note that limiting the range of variables considered in terms of 

strain, sex, and experience may also limit the insights into the key processes under study. Mental 

illness affects all groups of people, and humans are very diverse. While it is likely not possible to 
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capture this diversity or the complexity in human experience more generally in rodent models, 

expanding our focus beyond those rodent models most commonly used for mental illness 

research should be very useful. A fuller understanding of all the factors affecting the presentation 

of mental illness should also benefit efforts to reduce the stigma associated with these illnesses. 

This is important because this stigma not just perceived – it can and does prevent people from 

seeking treatment and creates the potential for lasting physical and emotional harm (Corrigan et 

al. 2014). I do not doubt the good intentions of the biomedical and social scientists researching 

mental illness. Rather, I ask that they consider how their research contributes to these larger 

scope questions. 

 Both the biological and communications areas of this dissertation research identified 

useful areas of inquiry for future studies. For the mouse behavior studies, the incorporation of 

additional wild-derived and laboratory strains would help more fully address the question of 

behavioral and endocrine differences between wild-derived and laboratory strains of mice, 

although it should be noted that my results are consistent with the relatively limited published 

information available. Additionally, expanding the assessment of rearing environment effects to 

comparisons with mice in more naturalistic, fully outdoor conditions and also examining 

endocrine responses to stressors in addition to basal levels is likely to be very informative (some 

of this work is already underway in the Godwin laboratory).  

 Turning to the gaps identified in public opinion of mental health, future surveys, future 

surveys could ask whether or not attitudes about mental health issues vary among more 

demographics of people, including gender, age, ethnicity, and other cultural factors to give a 

more comprehensive idea as to where opinions differ and how. There is also a need to turn a 

more critical lens on the researchers themselves and look at the design of the surveys and 
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wording of the questions being used. Survey questions can give us an insight into how a wide 

variety of individuals think, but if questions are too broad, use inconsistent or confusing 

wording, or are asking about multiple variables in one question, the responses are not useful 

(Fitzpatrick 1991). All of these were issues I found in many of the questions on mental illness. 

As with any research question, it is critical that the researcher know what they are measuring and 

ensure the instrument being used (including surveys) provides a valid and reliable measure. A 

key and important future direction for advancing our understanding of and accurately 

characterizing public opinion in the area of mental health will be addressing these 

methodological issues in survey design. 

 Both disciplinary and interdisciplinary research are not without challenges. Given the 

prevalence of mice as research models, it is surprising that there is not more literature on their 

wild counterparts. After working with wild-derived mice, this is understandable. Wild and wild-

derived mice are difficult to work with in a variety of ways. Acquiring them is difficult, as laws 

and permits for trapping and transporting wild animals vary within the U.S. as well as 

internationally. Once acquired, wild mouse 

 colonies can be hard to maintain in a laboratory setting, in no small part because they are 

difficult to handle. The escape jumping behavior I describe in Chapters 2 and 3 was not limited 

to the testing environment. These mice frequently escaped during cage changes and one of the 

more specialized skills I acquired in graduate school is the ability to catch free-running mice 

with my bare hands. Getting permission to bring wild mice that have been exposed to disease in 

natural habitats into laboratory animal housing settings is also difficult and expensive, and the 

process of making them ‘clean’ enough to be allowed in these settings can affect some of the 

behaviors that were the reason for initially acquiring them. Though it can be challenging, using 
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wild-derived mice is also an opportunity to gain valuable insights in behavior and endocrine 

studies, as described in Chapters 2 and 3. 

 Despite the challenges and unanswered questions, my experience as an interdisciplinary 

researcher has allowed me to bring a new perspective to mental health research. Because I am 

coming at the same question from two different angles, I see the bigger picture in a different way 

and can offer reasons for why we should be asking these questions from both a biological and 

communication research standpoint. Knowing that research from other disciplines informs my 

own questions facilitates the consideration of the context of my research and broader impacts 

beyond biology. I can also embrace uncertainty with confidence – looking at the same question 

from multiple points of view has taught me to value questioning myself and understanding that 

just because no research can address all variables does it mean that those variables should still 

not be considered in research interpretation. The questions I address in my dissertation research 

are challenging and important for conservation and for public health. These problems are also 

multi-faceted, and it is critical to cross disciplines in search of solutions. 
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Appendix A: Additional statistics from Chapter 2 

Table A.1: Means ± SE for additional behaviors in the open field and novel object tests. OF 
refers to the open field test and NO refers to the novel object test. 
 
 MmF MmG tw2 
 ♀ ♂ ♀ ♂ ♀ ♂ 
       
OF Wall 
Climbs (first 5 
min) 

3.5 ± 1.54 0.3 ± 0.15 1.44 ± 0.5 1.5 ± 0.47 0.7 ± 0.6 0.64 ± 
0.39 

OF Time 
Grooming 
(first 5 min) (s) 

0.1 ± 0.1 0.2 ± 0.13 1.67 ± 
0.55 

1.33 ± 
0.31 

1.2 ± 0.2 1.09 ± 
0.09 

NO Time 
Periphery (s) 

218.4 ± 
14.28 

245.65 ± 
7.41 

251.21 ± 
12.52 

279.89 ± 
5.44 

235.68 ± 
12.03 

272.48 ± 
5.15 

NO Time 
Center (s) 

33.15 ± 
6.7 

38.55 ± 
5.32 

25.11 ± 
5.52 

15.77 ± 
2.86 

50.92 ± 
8.63 

27.12 ± 
4.91 

NO Time 
Stationary (s) 

44.25 ± 
12.82 

149.64 ± 
16.6 

147.79 ± 
16.01 

153.11 ± 
9.4 

65.58 ± 
11 

91.46 ± 
8.4 

NO Escape 
Jumps 

10.3 ± 
6.64 

6.7 ± 4.52 0.67 ± 
0.44 

1 ± 0.44 0 ± 0 0 ± 0 

NO Non-
Object Stretch-
Attends  

25.8 ± 
2.75 

35.5 ± 4.4 31.67 ± 
4.17 

33.83 ± 
2.58 

26.6 ± 
3.32 

25.09 ± 
3.18 

NO Wall 
Climbs 

4.2 ± 2.8 0.5 ± 0.22 1.11 ± 
0.48 

1.67 ± 
0.47 

0 ± 0 0 ± 0 

NO Time 
Grooming (s) 

0.8 ± 0.29 1.4 ± 0.52 2.56 ± 
0.56 

2.67 ± 0.5 1.4 ± 0.22 1.55 ± 
0.25 

 
 
Table A.2: Statistical analysis of additional behaviors in the open field and novel object tests. 
 

Behavior Effect F(df) P Post Hoc Tukey-
Kramer 

Open Field Wall 
Climbs During the 
Initial 5 min of Test 

Strain 2.04(2,60) > 0.05  

Sex 1.76(1,61) > 0.05  

Strain x Sex 1.88(2,60) > 0.05  
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Table A.2 (continued). 
 

Open Field Time 
Spent Grooming 
During the Initial 5 
min of Test (s) 

Strain 24.34(2,60) < 0.0001 (MmG = tw2) > MmF 

Sex 24.34(1,61) > 0.05  

Strain x Sex 0.24(2,60) > 0.05  

Novel Object Time in 
Periphery (s) 

Strain 5.52(2,58) < 0.01 MmG ≥ tw2 ≥ MmF 

Sex 14.56(1,59) < 0.0001 M > F 

Strain x Sex 0.11(2,58) > 0.05  

Novel Object Time in 
Center (s) 

Strain 3.86(2,58) < 0.05 MmF ≥ tw2 ≥ MmG 

Sex 0.37(1,59) > 0.05  

Strain x Sex 0.87(2,58) > 0.05  

Novel Object Time 
Stationary (s) 

Strain 17.36(2,58) < 0.0001 (MmF = MmG) > tw2 

Sex 5.68(1,59) > 0.05  

Strain x Sex 0.05(2,58) > 0.05  

Novel Object Escape 
Jumps 

Strain 10.42(2,60) < 0.0001 MmF > (MmG = tw2) 

Sex 0.01(1,61) > 0.05  

Strain x Sex 0.22(2,60) > 0.05  

Novel Object Stretch-
Attends Towards Non-
Object Parts of the 
Arena 

Strain 2.08(2,60) > 0.05  

Sex 1.27(1,61) > 0.05  

Strain x Sex 1.06(2,60) > 0.05  

Novel Object Wall 
Climbs 

Strain 6.12(2,60) < 0.01 MmG = MmF > tw2 

Sex 0.21(1,61) > 0.05  

Strain x Sex 1.85(2,60) > 0.05  

Novel Object Time 
Spent Grooming (s) 

Strain 9.14(2,60) < 0.001 MmG ≥ tw2 ≥ MmF 

Sex 0.73(1,61) > 0.05  

Strain x Sex 0.21(2,60) > 0.05  
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Appendix B: Additional statistics from Chapter 3 

Table B.1: Means ± SE for additional behaviors in the open field and novel object tests. OF refers to the open field test and NO refers 
to the novel object test. 
 
 Standard Rearing Environment Complex Rearing Environment 
 MmF MmG tw2 MmF MmG tw2 
 ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ 
OF Wall 
Climbs (first 
5 min) 

3.5 ± 
1.54 

0.3 ± 
0.15 

1.44 ± 
0.5 

1.5 ± 
0.47 

0.7 ± 
0.6 

0.64 ± 
0.39 

1 ± 
0.68 

0.78 ± 
0.32 

1.22 ± 
0.43 

2.6 ± 
0.56 

0.8 ± 
0.42 

1.3 ± 
0.52 

OF Time 
Grooming 
(first 5 min) 
(s) 

0.1 ± 
0.1 

0.2 ± 
0.13 

1.67 ± 
0.55 

1.33 ± 
0.31 

1.2 ± 
0.2 

1.09 ± 
0.09 

0.3 ± 
0.15 

0.22 ± 
0.15 

1.22 ± 
0.32 

0.8 ± 
0.2 

0.7 ± 
0.26 

1.3 ± 
0.21 

NO Time 
Periphery 
(s) 

218.4 ± 
14.28 

245.65 
± 7.41 

251.21 
± 12.52 

279.89 
± 5.44 

235.68 
± 12.03 

272.48 
± 5.15 

217.14 
± 29.83 

233.79 
± 20.42 

267.67 
± 13.34 

261.77 
± 8.41 

266.49 
± 8.1 

267.81 
± 11.13 

NO Time 
Center (s) 

33.15 ± 
6.7 

38.55 ± 
5.32 

25.11 ± 
5.52 

15.77 ± 
2.86 

50.92 ± 
8.63 

27.12 ± 
4.91 

24.45 ± 
6.85 

25.11 ± 
6.28 

17.87 ± 
6.23 

24.89 ± 
4.3 

37.34 
± 6.72 

34.83 ± 
8.85 

NO Time 
Stationary 
(s) 

44.25 ± 
12.82 

149.64 
± 16.6 

147.79 
± 16.01 

153.11 
± 9.4 

65.58 ± 
11 

91.46 ± 
8.4 

130.92 
± 17.8 

140.09 
± 16.59 

148.81 
± 11.9 

135.61 
± 7.36 

78 ± 9 84.57 ± 
9.28 

NO Escape 
Jumps 

10.3 ± 
6.64 

6.7 ± 
4.52 

0.67 ± 
0.44 

1 ± 
0.44 

0 ± 0 0 ± 0 46.4 ± 
21.1 

15.5 ± 
5.17 

16.78 ± 
6.09 

4.8 ± 
1.99 

0 ± 0 0 ± 0 

NO Non-
Object 
Stretch-
Attends  

25.8 ± 
2.75 

35.5 ± 
4.4 

31.67 ± 
4.17 

33.83 ± 
2.58 

26.6 ± 
3.32 

25.09 ± 
3.18 

18 ± 
3.8 

28.3 ± 
3.86 

27.33 ± 
3.64 

36 ± 
1.81 

22.64 
± 2.44 

26.2 ± 
2.25 
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Table B.1 (continued). 
 
NO Wall 
Climbs 

4.2 ± 
2.8 

0.5 ± 
0.22 

1.11 ± 
0.48 

1.67 ± 
0.47 

0 ± 0 0 ± 0 0.8 ± 
0.33 

0.9 ± 
0.8 

1.89 ± 
0.42 

2.2 ± 
0.55 

0.09 ± 
0.09 

0.2 ± 
0.2 

NO Time 
Grooming 
(s) 

0.8 ± 
0.29 

1.4 ± 
0.52 

2.56 ± 
0.56 

2.67 ± 
0.5 

1.4 ± 
0.22 

1.55 ± 
0.25 

0.1 ± 
0.1 

0.7 ± 
0.21 

1.89 ± 
0.45 

2 ± 
0.47 

0.82 ± 
0.26 

1.3 ± 
0.15 

 
Table B.2: Statistical analysis of additional behaviors in the open field and novel object tests. S refers to a standard rearing 
environment and C refers to a complex rearing environment. 
 

Behavior Effect F(df) P Post Hoc Tukey-Kramer 

Open Field Wall 
Climbs During the 
Initial 5 min of Test 

Strain 3.81(2,118) < 0.05 MmG ≥ MmF ≥ tw2 

Rearing 0.43(1,119) > 0.05  

Sex 0.02(1,119) > 0.05  

Strain x Rearing 0.93(2,118) > 0.05  

Strain x Sex 2.01(2,118) > 0.05  

Rearing x Sex 3.35(2,118) > 0.05  

Strain x Rearing x 
Sex 

0.51(2,118) > 0.05  
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Table B.2 (continued). 
 

Open Field Time 
Spent Grooming 
During the Initial 5 
min of Test (s) 

Strain 29.95(2,118) < 0.0001 (MmG = tw2) > MmF 

Rearing 1.29(1,119) > 0.05  

Sex 0.08(1,119) > 0.05  

Strain x Rearing 1.36(2,118) > 0.05  

Strain x Sex 1.86(2,118) > 0.05  

Rearing x Sex 0.18(2,118) > 0.05  

Strain x Rearing x 
Sex 

1.59(2,118) > 0.05  

Novel Object Time in 
Periphery (s) 

Strain 7.49(2,114) < 0.001 (MmG = tw2) > MmF 

Rearing 0.18(1,115) > 0.05  

Sex 4.38(1,115) < 0.05 M > F 

Strain x Rearing 1.12(2,114) > 0.05  

Strain x Sex 0.44(2,114) > 0.05  

Rearing x Sex 0.86(2,114) > 0.05  

Strain x Rearing x 
Sex 

0.45(2,114) > 0.05  
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Table B.2 (continued). 
 

Novel Object Time in 
Center (s) 

Strain 4.63(2,114) < 0.05 tw2 ≥ MmF ≥ MmG 

Rearing 1.13(1,115) > 0.05  

Sex 0.04(1,115) > 0.05  

Strain x Rearing 0.97(2,114) > 0.05  

Strain x Sex 1.00(2,114) > 0.05  

Rearing x Sex 1.08(2,114) > 0.05  

Strain x Rearing x 
Sex 

1.20(2,114) > 0.05  

Novel Object Time 
Stationary (s) 

Strain 33.95(2,114) < 0.0001 (MmF = MmG) > tw2 

Rearing 0.06(1,115) > 0.05  

Sex 3.85(1,115) > 0.05  

Strain x Rearing 0.19(2,114) > 0.05  

Strain x Sex 1.11(2,114) > 0.05  

Rearing x Sex 2.33(2,114) > 0.05  

Strain x Rearing x 
Sex 

0.08(2,114) > 0.05  
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Table B.2 (continued). 
 

Novel Object Escape 
Jumps 

Strain 27.59(2,120) < 0.0001 MmF > MmG > tw2 

Rearing 18.50(1,121) < 0.0001 C > S 

Sex 2.47(1,121) > 0.05  

Strain x Rearing 4.84(2,120) < 0.01 MmF C > (MmG A = MmF S) ≥ MmG S ≥ (tw2 S = tw2 
C) 

Strain x Sex 0.69(2,120) > 0.05  

Rearing x Sex 2.16(2,120) > 0.05  

Strain x Rearing x 
Sex 

0.60(2,120) > 0.05  

Novel Object Stretch-
Attends Towards 
Non-Object Parts of 
the Arena 

Strain 5.20(2,120) < 0.01 MmG > (MmF = tw2) 

Rearing 3.14(1,121) > 0.05  

Sex 8.84(1,121) < 0.01 M > F 

Strain x Rearing 1.63(2,120) > 0.05  

Strain x Sex 1.90(2,120) > 0.05  

Rearing x Sex 1.79(2,120) > 0.05  

Strain x Rearing x 
Sex 

0.03(2,120) > 0.05  
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Table B.2 (continued). 
 

Novel Object Wall 
Climbs 

Strain 16.62(2,120) < 0.0001 (MmG = MmF) > tw2 

Rearing 0.20(1,121) > 0.05  

Sex 0.22(1,121) > 0.05  

Strain x Rearing 1.71(2,120) > 0.05  

Strain x Sex 2.02(2,120) > 0.05  

Rearing x Sex 0.07(2,120) > 0.05  

Strain x Rearing x 
Sex 

0.55(2,120) > 0.05  

Novel Object Time 
Spent Grooming (s) 

Strain 23.50(2,120) < 0.0001 MmG > tw2 > MmF 

Rearing 9.54(1,121) < 0.01 S > C 

Sex 4.35(1,121) < 0.05 M > F 

Strain x Rearing 0.18(2,120) > 0.05  

Strain x Sex 1.15(2,120) > 0.05  

Rearing x Sex 0.64(2,120) > 0.05  

Strain x Rearing x 
Sex 

0.31(2,120) > 0.05  
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Appendix C: Survey Sources and Abbreviations 

 The survey questions used for this trends analysis come from the online public opinion 

data archive maintained by the Roper Center for Public Opinion Research at Cornell University. 

Survey questions were found using the keywords in Table 4.1. Surveys used for analysis had 

sample sizes of 1,000 respondents or more and were comprised of a nationally representative 

example, with some exceptions noted in individual table footnotes. The surveys used came from 

the following organizations: 

60 Min: 60 Minutes, Vanity Fair. Survey conducted by CBS News. 

ABC: ABC News. 

ACLU: American Civil Liberties Union Foundation. Survey conducted by Response Analysis.  

AP: Associated Press. Survey conducted by AP-NORC Center for Public Affairs Research.  

CASA: National Center on Addiction and Substance Abuse at Columbia University. 

Common: Commonwealth Fund. Survey conducted by Louis Harris & Associates. 

Community: Community Voices, W.K. Kellogg Foundation. Survey conducted by Belden 

Russonello & Stewart. 

Fox: Fox News. Survey conducted by Opinion Dynamics. 

GM: General Mills. Survey conducted by Yankelovich, Skelly & White. 

GSS: General Social Survey. Survey conducted by National Opinion Research Center, 

University of Chicago. 

Harris: Time, Cable News Network. Survey conducted by Harris Interactive. 

Harvard: Harvard School of Public Health, Robert Wood Johnson Foundation. Survey 

conducted by International Communications Research. 



   

138 
 

Kaiser: Henry J. Kaiser Family Foundation. Survey conducted by Princeton Survey Research 

Associates. 

NBC: NBC News, Wall Street Journal. Survey conducted Hart and Teeter Research Companies. 

Newsweek: Newsweek. Survey conducted by Princeton Survey Research Associates 

International.  

NMHA: National Mental Health Association. 1996 survey conducted by Wirthlin Group. 1998 

survey conducted by International Communications Research. 

NORC: National Opinion Research Center. 

Parade: Parade Magazine, Research!America. Survey conducted by Charlton Research 

Company.  

Pew: Pew Research Center for the People & the Press. Survey conducted by Princeton Survey 

Research Associates International. 

Quinn: Quinnipiac University Polling Institute. 

Robert: Robert Wood Johnson Foundation. Survey conducted by DYG, Inc. 

Roper: Roper Organization.  

Washington: Henry J. Kaiser Family Foundation, Harvard University, Washington Post. Survey 

conducted by International Communications Research. 

Yankelovich: Time, Cable News Network. Survey conducted by Yankelovich Partners.  

 
 


