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Abstract

Urbanization, habitat change, climate change, biodiversity loss, etc., are eroding human relationships with

nature but also generating new ones. Identifying and reorienting these novel human–nature relationships is

key to enabling the broad, rapid, and transformative change that today’s environmental challenges require.

This dissertation tests how a relational perspective could mobilize diverse human–nature relationships to

assist in this crucial venture.

Chapter 2 uses bird point counts (n=100) and in situ functional trait observations to explore whether

indirect relationships between people and food can be harnessed to support birds in the American Midwest.

Exploiting a Bayesian multispecies abundance model, functional traits (n=34), and metacommunity theory,

I show that perennial polyculture farms conserve birds.

Chapter 3 evaluates the relationships manifested between ecotourists and African wildlife using data on

visits to African parks (n=164) and presence of mammalian megafauna (n=9), bird diversity, and geographic

variables. Drawing on Bayesian models of tourist visits, I show that tourists prefer to visit parks with high

bird and megafauna diversity.

In Chapter 4, I investigate direct, conscious human–nature relationships. I conduct a choice experiment of

British Columbians (n=646) to test whether cultivating relational values of responsibility about rainbow trout

(Oncorhynchus mykiss) motivates habitat restoration. I use an econometric multinomial logit model to show

that emphasizing trout’s genetic distinctiveness and interdependent relationship with people substantially

increases motivation to conserve. This method may be applicable to motivate conservation of widespread

species generally.
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In Chapter 5, I combine my trout survey results with other examples from the literature to explain the

empirical utility of conducting sustainability science research with a relational ontology and epistemology.

Leveraging the huge variety of human–nature relationships for sustainability requires theories of human

action. However, each field has its own set of theories, each replete with esoteric vocabulary and implicit

assumptions. In Chapter 6, I synthesize human action theories (n=86), and provide a map of the underlying

metatheories that scientists can use to understand, organize, advance, and apply human action theories.

Finally, I conclude by discussing strengths and limitations, and how a focus on human–nature relationships

might help navigate sustainable pathways.
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Lay Summary

Environmental and interlinked public health crises endanger many creatures and landscapes. But despite

widespread recognition that human relationships with nature lie at the heart of such challenges, scholars

typically reduce these relationships to treat humans and nature as largely independent entities. This disser-

tation asks: might a focus on relationships, rather than independent entities, yield insights into these crises?

I investigated this question through a broad array of emergent relationships, including those between and

among birds, agricultural habitats, and human consumers; megafauna, birds, landscapes, and ecotourists;

humans and trout; and humans and their surroundings. I found that explicitly focusing on these relationships

showed how agriculture can help bolster birds, how ecotourists might sustain wildlife, what motivates people

to restore rainbow trout habitat, the diverse causes of human action, etc. I suggest that an explicit focus on

human relationships with nature could be key for navigating sustainable trajectories.
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Preface

Five research chapters (2,3,4,5,6) are stand-alone manuscripts intended for publication in peer-reviewed

academic journals. This results in a small amount of redundancy, particularly in introductory material.

Because these final publications result from collaborations and science is not objective, first-person plural

pronouns are used throughout these chapters.

Chapter 2 is intended for publication in a peer-reviewed journal. I am the lead author of this manuscript;

D. Srivastava, M. Kreitzman, and K. M. A. Chan are co-authors. I designed the fieldwork, with feedback

from M. Kreitzman, N. Sullivan, K. M. A. Chan, and D. Srivastava. In particular, D. Srivastava provided

key insights on metacommunity theory, which structured much of the fieldwork and the study as a whole.

Conversations with B. Phalan helped motivate the research questions. M. Kreitzman secured funding,

identified perennial polyculture sampling locations, and managed fieldwork logistics. N. Sullivan helped

develop research questions and conduct fieldwork. M. Kreitzman liaised with farmers and collected data

on farm age and crop type. I collected all other data and built Bayesian models, with guidance from E.

M. Wolkovich on parametrizing habitat type. D. Srivastava and I designed the functional trait analysis.

I executed the analysis. D. Srivastava, K. M. A. Chan, and I interpreted the results. K. M. A. Chan,

D. Srivastava, and I designed the figures. In particular, K. M. A. Chan provided key contributions to the

residuals figure, while D. Srivastava provided crucial suggestions for the habitat affinity figure. D. Srivastava,

K. M. A. Chan, and I constructed the manuscript. Their contributions were particularly crucial for laying

out the context in the Introduction and distilling the core arguments in the Discussion. E. T. Y. Wu provided

comments on an earlier draft of this manuscript. A. B. Patton, J. P. Eyster, A. M. Eyster, D. R. Newman

and T. D. Eyster provided feedback on figures. N. A. Gilbert provided feedback on fieldwork protocol and

sampling. This research was conducted under the auspices of UBC with Animal Care Committee approval
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(#A18-0079).

Chapter 3 is intended for publication in a peer-reviewed journal. I am the lead author of this manuscript;

K. M. A. Chan and R. Naidoo are co-authors. R. Naidoo and I developed the research questions and

aggregated the data. K. M. A. Chan helped refine the research questions. I constructed the models, with

guidance from R. Naidoo. K. M. A. Chan, R. Naidoo, and I designed the statistical analyses; I executed the

statistical analyses. K. M. A. Chan, R. Naidoo, and I interpreted the results. K. M. A. Chan, R. Naidoo,

and I designed the figures. In particular, they provided essential thinking for the model predictions figure.

I created the figures. R. Naidoo, K. M. A. Chan, and I constructed the manuscript. T. Satterfield helped

contextualize the paper’s contribution within the broader literature.

Chapter 4 is intended for publication in a peer-reviewed journal. I am the lead author of this manuscript;

P. Olmsted, R. Naidoo, and K. M. A. Chan are co-authors. P. Schulte, K. M. A. Chan, P. Olmsted and others

secured funding. K. M. A. Chan, P. Olmsted, and I conceived the study. P. Olmsted and I designed the

first draft of the survey instrument. K. M. A. Chan, P. Olmsted, and I refined the survey instrument, with

feedback from A. Clarke, A. Echeverri, J. Driscoll, E. Gregr, A. Jeanson, B. Van Poorten, and S. Northrup.

I implemented the choice sets, with feedback from P. Olmsted. P. Olmsted managed the survey release,

with assistance from B. Egan and me. P. Olmsted and I developed the overall analysis. I developed the

details of the analyses with guidance from P. Olmsted and feedback from R. Naidoo and K. M. A Chan.

I implemented the analysis. K. M. A. Chan and I designed the figures, with feedback from R. Naidoo, P.

Olmsted, and R. S. Delima. I created the figures. K. M. A. Chan, P. Olmsted, R. Naidoo and I constructed

the manuscript. Finally, T. Satterfield and several anonymous reviewers improved the quality of the analysis

and interpretation. This study was conducted under the auspices of UBC with Behavioral Research Ethics

Board approval (#H17-01431).

Chapter 5 is intended for publication in a peer-reviewed journal. I am the lead author of this manuscript;

T. Satterfield and K. M. A. Chan are co-authors. The project idea grew chiefly out of discussions between K.

M. A. Chan, T. Satterfield, and me. D. R. Newman, T. D. Eyster, P. Olmsted, and others helped shape these

ideas. K. M. A. Chan, T. Satterfield, and I identified the case studies. K. M. A. Chan and I designed the

figures, with input from T. Satterfield. I created the figures. T. Satterfield, K. M. A. Chan, and I constructed

the manuscript. A. Moran provided feedback on an early draft of this manuscript.
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Chapter 6 is intended for publication in a peer-reviewed journal. I am the lead author of this manuscript;

T. Satterfield and K. M. A. Chan are co-authors. K. M. A. Chan and I conceived the project. T. Satterfield,

K. M. A. Chan, and I developed the project. T. Satterfield, K. M. A. Chan, and I gathered theories for

analysis. I created the initial codes for the theories. T. Satterfield, K. M. A. Chan and I reconstructed the

codes. T. Satterfield, K. M. A. Chan, and I designed the figures. In particular, T. Satterfield and K. M. A.

Chan provided key structuring of the synopsis figure and the academic field figure, respectively. K. M. A.

Chan, T. Satterfield, and I constructed the manuscript. R. S. Delima provided key feedback on figures and

an earlier draft of this manuscript. G. McDowell, N. Bennett, T. D. Eyster, J. Fitzgibbons, and R. Lopez de

La Lama provided valuable feedback on interpretation and/or methods.

In addition to these contributions, K. M. A. Chan, R. Naidoo, T. Satterfield, and D. Srivastava provided

feedback on all chapters. I painted each of the illustrations preceding each research chapter.
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Chapter 1

Introduction

1.1 Coupled human–natural systems are in crisis

Human–natural systems are changing rapidly. Global temperatures in 2020 were 1.25◦C warmer than in

preindustrial times (Voosen, 2021). More than 3.3 million people have died from the COVID-19 pandemic (as

of May 2021), a presumed zoonotic disease (IPBES, 2020). People now impact all of Earth’s environments,

indirectly if not directly and at a historically unprecedented scale. Eighty percent of ice-free land is under

medium to intense management (Erb et al., 2017), and human impacts via climate change extend to all parts

of the globe (IPCC, 2014). The capacity of nature to contribute to good quality of life has deteriorated

substantially (IPBES, 2019). As part of this global ecological crisis (Díaz et al., 2019), one million species

are threatened with extinction (including species unknown to science; IPBES, 2019). Indeed, even abundant

and widespread species are declining precipitously (Inger et al., 2014; Stepanian et al., 2020; Craigie et al.,

2010). These interacting trends are undermining any chance of meeting global targets, such as the Aichi

Targets and the Sustainable Development Goals (Balvanera et al., 2019). Instead, meeting these goals and

transitioning towards sustainability will require transformative change (IPBES, 2019; Abson et al., 2016;

Fischer & Riechers, 2019).
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1.2 Underlying human–nature relationships are changing

Relationships between humans and the rest of nature are a central cause of this crisis (Cudworth, 2014;

Watts, 2013; K. M. A. Chan et al., 2020), and also a key consequence (e.g., N. W. Chan & Wichman, 2020;

Morse et al., 2020). For example people are increasingly living in cities: in 1300, less than 10% of the

world’s population lived in cities, in 1900 nearly 20% did (Bairoch, 1988), today more than half do (United

Nations Department of Economic and Social Affairs, 2018). This change is observed in both the majority

world (‘developing countries’ Alam, 2008) and in the minority world (‘developed countries’). For example,

in the US, the urban population increased between 1950 and 2010 from 64% to 81%. Urbanization has been

even more rapid in the majority world: China’s urban population increased between 1960 and 2017 from

16% to 58% (United Nations Department of Economic and Social Affairs, 2018). Much of this urbanization

is attributable to the growth of large cities. For example, the proportion of Americans living in cities greater

than 1 million increased between 2000 and 2010 by nearly five percent to 43% (U.S. Census Bureau, 2012).

But the ‘nature’ available for exploration in a large city is very different from that in rural areas, and both of

these ‘natures’ are changing (Erb et al., 2017). Consequently, people are building different relationships with

nature and concocting different goals about the future (Bixler et al., 2002; Chawla, 2007), some of which

may offer new opportunities for conserving biodiversity (Manfredo et al., 2020; Fischer, 2020).

But while interactions with rural wildlands are decreasing, wealth and access to global air travel and

far-flung ecotourism destinations are increasing on a decadal scale (International Air Transport Association,

2018). However, the COVID-19 pandemic has lessened international tourism, demonstrating the interde-

pendence between these changes (B. A. Mitchell & Philips, 2021). Formerly limited to zoos or the televised

world of Planet Earth, the chance to observe far-away animals is increasingly accessible to people. Further-

more, instead of interacting directly with nature by managing farms, ranches, or backyards, urban residents

interact with nature more indirectly, via their consumption choices and collectively via social processes.

More and more, individuals do not directly modify nature; instead, corporations, governments, and insti-

tutions serve as structural intermediaries (Shove, 2010). Moreover, technological tools, e.g., iPhones and

eBird, are also changing how people interface with nature (Schuttler et al., 2018), creating a new cadre of

modern ‘eNaturalists.’ As activities shift from e.g., hunting to birding, the relationships with nature also

change. Society is changing, and our relationships with nature are changing in tandem.
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Urbanization disrupts traditional recreational activities, and associated human–nature relationships. Par-

ticularly, much former outdoor recreation has moved indoors: treadmills and other indoor exercise equipment

are increasingly popular (Outdoor Foundation, 2017). But some outdoor activities are growing, e.g., running,

biking, birding, and wildlife watching (USFWS, 2016; Outdoor Foundation, 2017; Ma et al., 2013).

Modern relationships between humans and the rest of nature lie at the heart of (un)sustainable practices.

Consequently, identifying prevailing human–nature relationships and reorienting them might foment the

broad, rapid, and transformative change that today’s environmental challenges require (Schröter et al., 2020;

K. M. A. Chan et al., 2020). A number of concepts, frameworks, fields, and discourses have been advanced

to understand human–nature relationships. These lay the foundation upon which this dissertation builds.

1.3 Conservation science

Conservation seeks to stem the loss of biodiversity. While conservation is increasingly contending with

human ‘dimensions,’ it typically externalizes humans as threats or users, rather than part of the nature that

is being conserved. The late Georgina Mace chronicles the evolution of conservation from ‘nature for itself’

and ‘nature despite people’ to ‘nature for people’ (Mace, 2014). This ‘nature for people’ frame in particular

draws heavily from economics and psychology, which may overlook important human insights from other

fields (Luck et al., 2012). Furthermore, externalizing people from nature puts the focus on trying to make

people care about nature, rather than leveraging extant relationships between people and nature. For example,

J. R. Miller (2005, p. 430) suggests that people are estranged from nature; conservationists should put more

effort into “making the natural world fundamental to people’s lives.” This may be a laudable goal. However,

perhaps nature is already fundamental; it is just fundamental in different or new ways. Just because people

are not attached to nature in the same way that the conservation movement’s founders were, does not mean

that this new nature attachment is inferior. There are signs, nonetheless, of this tension within conservation.

This is evidenced by ideological clashes between ‘traditional’ and ‘new’ conservation (Collar, 1986; Tallis &

Lubchenco, 2014) and between species conservation and compassionate conservation (Wallach et al., 2018;

Driscoll & Watson, 2019; Kheel, 2008). For example, a recent paper proclaims that public and emotional

conceptions of nature are misguided, and that the ‘rational’ and ‘logical’ calculations of biologists should

be privileged (A. S. Griffin et al., 2020). This disavowal of how people care for nature (Wals, 2017; Jax
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et al., 2018; West et al., 2018) might sideline both prevalent and novel human–nature relationships (e.g.,

K. W. Johnson, 2018; Dubois & Harshaw, 2013).

By externalizing humans and many contemporary human–nature relationships, conservation remains

a niche activity. Indeed, one of the largest conservation organizations, The Nature Conservancy, gets its

donations from a very narrow subset of Americans (Fovargue et al., 2018). Such limited participation is

insufficient to address our conservation crises. Tackling today’s environmental problems requires broad,

rapid, and transformative change (United Nations Environment Programme, 2021). Humans must be

understood and inspired as central actors within systems whose conservation is essential. Mace identified a

fourth frame of conservation that is just beginning to become prevalent, ‘people and nature’ which recognizes

‘two-way, dynamic relationships between people and nature’ (Mace, 2014, p.1559). This new conception of

‘people and nature’ conservation provides a ready platform for treating humans as co-constituents of nature.

1.4 Social-ecological systems

The social-ecological systems (SES) framework has been developed to study social and ecological systems in

concert. The framework has shown success, particularly in examining dynamic feedbacks between systems

(S. Levin et al., 2012). However, it has been criticized for focusing too much on governance (especially of

common pool resources), and not enough on actor differentiation and how systems recruit and enable different

kinds of behavior (Agrawal, 2005). Furthermore, while SES scholars may be increasingly recognizing the

cohesion of people and nature, the framework sometimes assumes that social and ecological systems are

separate a priori and must be brought together (Hertz et al., 2020). Social-ecological systems thus may often

examine systems as a mixture of two pure entities (Latour, 2005). This ‘mixture’ is not just evident in SES

examples, but is also expressed in the original SES framings (McGinnis & Ostrom, 2014; Ostrom, 2009;

Berkes et al., 2008; Folke et al., 2005; but see Sala & Torchio, 2019). That is, individuals with preexisting

properties (social system) act on an ecological system with preexisting properties (McGinnis & Ostrom,

2014; S. Levin et al., 2012). And even with these two systems, SES literature tends to focus too little on

integrating social complexity (Gotts et al., 2019).

Notwithstanding, the SES literature, and the coupled human and natural systems literature more broadly,

has helped to usher in a systems approach (Liu et al., 2015; Liu et al., 2007). This systems approach
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has enabled development of underlying and fundamental system shifts, such as tipping points leading to

regime changes, resilience, and system boundaries (Gotts et al., 2019; Holling, 1995, 2001; Folke, 2006;

Folke et al., 2004). However, many of these concepts are abstract and the definitions are still crystallizing;

current definitions often differ substantially between scholars/disciplines (Janssen et al., 2006). Due to the

abstractness, applying these concepts to empirical cases can yield substantial challenges (S. Carpenter et al.,

2001). Particularly, the resilience concept’s origins within ecology (e.g., Holling, 1992) can lead it to be

applied to social systems without grappling with normative, equity, and epistemological assumptions (Cote

& Nightingale, 2011).

However, there are many signs of increasing social-ecological cohesion within this literature: a recent

review sometimes struggled to categorize articles into social and ecological (Rissman & Gillon, 2016). The

social-ecological systems framework clearly offers many opportunities for analyzing human–natural systems,

and has helped scholars study both humans and nature simultaneously, even if abstractly. The framework

has made great strides towards bringing social and ecological systems together, and this dissertation seeks

to contribute towards that goal.

1.5 Human action theories

Humans and environments create (un)sustainable trajectories through action. Human action theories can help

elucidate these patterns. By human action theories, I mean all systematic theories as to why humans do what

they do. Human action is thus the key expression, and cause, of human–nature relationships. Fortunately,

theories about human action abound in many fields across the social sciences and humanities (M. J. Stern,

2018).

For example, many psychological theories examine how personal attributes drive individual behavior

(e.g., Ajzen, 1985), while others explore the effects of cognitive processes (e.g.. Kahneman & Tversky,

1979) or subjective well-being (e.g., Waldmann & Dieterich, 2007; Ryan & Deci, 2000a). Meanwhile,

human action theories in other fields, such as in sociology, focus more on how structural factors affect

collective action (e.g. Bimber et al., 2005). In contrast, other theories, including some from sociology and

anthropology, cohesively consider the interacting connections between individuals, structures, and action

(e.g., Hand et al., 2005; Holland et al., 1998).
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This rich range of human action theories has helped elucidate and address the drivers of unsustainable

human action. For example, theories have helped lower energy consumption (Schultz et al., 2007), understand

increases in water consumption (Hand et al., 2005), foster resource stewardship by local communities (Mascia

& Mills, 2018), and characterize transnational conservation movements (Lewis, 2000).

However, these examples belie the fact that only a handful of theories are regularly used in environmental

applications (Shove, 2010). While the diversity of theories provides richness, it also stifles organization and

make it difficult for scholars and practitioners to explore and exploit the wealth of human action theories.

Human action theories occur in a highly fragmented space, crisscrossed by disciplinary, methodological, and

terminological boundaries. Thus scholars are likely only comfortable in a small subset of this theory space;

yet, transformative change requires integrated understandings of human action (United Nations Environment

Programme, 2021; K. M. A. Chan et al., 2020).

Some scholars have sought to address this challenge by organizing and synthesizing human action

theories, but often end up leaving out theories in sociology, anthropology, and other key fields (Kollmuss

& Agyeman, 2002; Davis et al., 2015). Thus, while human action theories provide great opportunities to

advance understanding of human action relevant to environmental and social problems, a dearth of theory

synthesis has prevented these opportunities from being fully realized.

1.6 Relational values: Engaging modern human–nature relationships

Relational values (RVs) are defined as the preferences, principles, and virtues associated with relationships

(K. M. A. Chan et al., 2016). This modern conception of relational values is a response to the value-as-worth

space in environmental ethics and conservation (Muraca, 2011; K. M. A. Chan et al., 2016; Klain et al.,

2017; Himes & Muraca, 2018). Relational values were originally conceptualized by Brown (1984), who

defined values as held, assigned, or relational, where relational values emerge from the interaction between a

subject and an object. He contextualized relational values as linking held values and assigned values (Brown,

1984; N. A. Jones et al., 2016).

Unlike other forms of value, mostly from psychology, that reflect the transituational (i.e., is constant across

different situations) goals of a subject (Rokeach, 1973; Sagiv et al., 2017) or, drawing on economics and
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ethics, the worth of an object (Callicott, 1985; Costanza et al., 1997), modern relational values express the

co-developed interaction between a subject (e.g., humans) and another subject (e.g., nature, other humans,

or anything else; K. M. A. Chan et al., 2016; Tadaki et al., 2017). “Relational values are not present in things

but derivative of relationships and responsibilities to them” (Chan et al., 2016, p. 1462). This co-created

character of relational values makes them well-suited for simultaneously analyzing both people and nature.

Thus, unleashing relational values of responsibility is now understood as one of the key leverage points for

pathways to sustainable futures (IPBES, 2019; K. M. A. Chan et al., 2020; Moriggi et al., 2020).

The relational values concept seeks to provide a framework for communication across a large range of

literature. For example, it is consistent with Tim Ingold’s refutation of the mind/environment dichotomy

in anthropology (Ingold, 2000). Furthermore, it is analogous to the complementary relationships between

animal and environment that psychologist James Gibson called an ‘affordance’ (Gibson, 1979). This

affordance, or relationship, cannot be understood by examining just the environment or the person, but

both must be examined in concert. Similarly, Marilyn Strathern writes that relations challenge “the kinds of

essentialist categorizations that rest precisely on the discreteness of phenomena” (Strathern, 2018). Relational

values may also be more consistent with Indigenous value systems than other value concepts. For example,

many Indigenous cosmologies often espouse relational or kincentric conceptions of nature (Watts, 2013;

Salmón, 2000; Todd, 2015).

Thus, relational values may help bridge concepts and discourses that deal with relationships and co-

development of phenomena. However, while relational values have received substantial conceptual and

theoretical attention (e.g., K. M. A. Chan et al., 2018; Himes & Muraca, 2018; Muradian & Pascual, 2018;

Jax et al., 2018), they have yet to receive much empirical examination.

1.7 This dissertation builds upon these concepts, frameworks, fields, and
discourses

Conservation, social-ecological systems, human action theories, and relational values provide a foundation

for understanding how human–nature relationships might be marshaled to enable sustainable trajectories.

This dissertation draws on each of these literatures to ask, How might a focus on relationships between

and among humans and nature advance environmental and social justice and health? Specifically, I adopt
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conservation’s applied, empirical focus, particularly the emerging conception of ‘people and nature.’ Yet

I push it a bit further, to more holistically represent that people and nature are both co-developed within a

network of relations; thus I strive for ‘people among/within nature.’ I also aim to question conservation’s

hidden, normative claims (Biermann & Mansfield, 2014).

I also adopt the focus on interacting systems promoted by the social-ecological systems framework.

I particularly build upon the more empirical and grounded implementations (sensu Leslie et al., 2015).

Thus, while this dissertation does develop high-level and abstract theories, they are rooted in empirical data

and real examples. Furthermore, rather than seeing human and natural systems as separate entities that

can subsequently be ‘mixed,’ this dissertation builds upon the increasing recognition that social-ecological

systems as merely events in a process of becoming within a single system (Connolly, 2011; Hertz et al.,

2020).

Human action theories spur this dissertation to engage with the proximate cause of environmental

degradation—human action—while also seeking to understand the ultimate causes of human action. Thus,

this dissertation seeks to make such human action theories more accessible to sustainability scholars. Lastly,

relational values provide this dissertation with a tool for specifically investigating human–nature relationships,

and in turn this dissertation seeks to further explore the empirical utility of the relational values concept.

1.8 My positionality

My own positionality emanates from my own relationships with nature and people, which, in turn, affects how

I treat those relationships in this dissertation. As Michigan’s humid summer weather set in and mosquitoes

became abundant, my younger sister and I would climb into the canopy of a Norway maple (Acer platanoides)

in our backyard. Ensconced within the globe of green leaves, we were protected from the mosquitoes, who

typically stayed in the tall grass below. We used to spend hours watching, looking, and learning within those

boughs. Each day brought new experiences. One day, a flock of Golden-crowned Kinglets (Regulus satrapa)

flitted through the tree (Figure 1.1). The joy of watching these tiny birds (with the mass of ∼ two pennies)

explore the tree inspired us to name the tree Kinglet. Thenceforth, any tree that was climbable (i.e., provided

an affordance for climbing; Gibson, 1979) received a name relating to something we had experienced in the

tree. Every fall, we would spend a day breaking off all of Kinglet’s branches that had recently died, believing
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Figure 1.1: My original fieldsketch of the namesake Golden-crowned Kinglet that I saw from the
Norway maple behind my house. The underlined ‘Kinglet’ at the top indicates that this bird was
seen from the place named Kinglet.

that this would help Kinglet heal. It was our way of thanking the tree for protecting us from mosquitoes

during the hot summer months.

This reciprocity represented a field of relations, manifested through trees, birds, mosquitoes, and dying

branches. Nature was not something separate from me; I was part of Kinglet’s life, as the tree was mine.

Kinglet mediated my relationship with my sister, mosquitoes and birds, and I mediated the tree’s relationship

with rot. My conception of Kinglet is bound up in these relationships with birds, microbial diseases,

caterpillars, and the European colonizers who introduced the species to North America. These relationships

with Norway Maples have structured the ways that I see the world, and prominence of others have propagated

care and responsibility for other denizens of Earth. This subjectivity, knowledge, and standpoint saturates

this dissertation, and prompts the research questions explored herein.

In addition to these relationships with nature, my identity and education also shape my research. I

am a White, male, settler-colonizer, born and raised in North America, on land that was taken from

Anishinabewaki, Bodéwadmiké (Potawatomi), Peoria, Meškwahki·aša·hina (Fox), Myaamia (Miami), and

the Mississauga nation, as well as Greater Prairie Chickens, and before that, woolly mammoths. My ancestors

contributed to this colonialism, actively persecuted and displaced Nimiipuu people in so-called Idaho, and I

acknowledge that this colonialism is ongoing (Whyte, 2018). I studied at home/taught myself through most
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of high school and attended highly-selective universities in the US and now Canada. Through ancestral

stories and reading, I have come to understand that the financial and educational opportunities that I have

enjoyed are the outcomes, in part, of colonialism, sexism (patriarchy), racism (White supremacy), speciesism

(anthroparchy), and other oppressive actions and networks that have made it easier for me, and people who

look like me, to succeed. These identities and experiences have shaped my visions of sustainability pathways

and how to amass knowledge about sustainability, rooted in a Western scientific tradition.

A friend once looked at one of my favorite climbing trees, and commented on its viability as firewood.

I was aghast, but learned that many people might understand otherwise identical objects very differently. I

believe that acknowledging and exploring these different knowledge sets can be important and equitable. I

have thus endeavored to educate myself on diverse ways of understanding humans and nature, and recognize

the contributions of multiple scientific traditions.

For example, the Indigenous development of relationality often goes unrecognized by academics, even

when they explicitly draw on Indigenous concepts (Todd, 2016). Academic disciplines and institutions are

“embedded in systems that uphold the exploitation and dispossession of Indigenous peoples” (Todd, 2016, p.

15). Within the relational discourse there is little recognition of the contributions of Indigenous scholars and

knowledge, and a “continued, collective reticence to address its own racist and colonial roots, and debt to

Indigenous thinkers in a meaningful and structural way.” (Todd, 2016, p.10). I thus explicitly recognize the

critical role that Indigenous scholarship and thought plays in relational theory and relationality discourses

(Watts, 2013; Todd, 2015; Hunt, 2013; D. Donald, 2009), while acknowledging my own positionality as a

White settler-colonizer.

1.9 Chapter overview

This dissertation investigates the possibility that deeply relational thinking might advance both our un-

derstanding of coupled human and natural systems and also our ability to steer these towards sustainable

trajectories. This relationality manifests in different ways and in different contexts: it means, e.g., exam-

ining the potential of agricultural systems that are intentionally designed to support a diversity of living

organisms. It also means understanding, e.g., how land-uses impact bird populations not only through static

characteristics attributed to the species, often about feeding, but also to how these bird traits—including

10



Figure 1.2: Overview of this dissertation’s research chapters. Chapter 2 investigates (a) whether human
consumption might bolster bird diversity via perennial polyculture farms. Chapter 3 investigates
(b) ecotourist preferences and relationships with bird and mammal diversity. Chapter 4 in-
vestigates (c) how relational values might motivate conservation of rainbow trout, via framing
interdependent framing and genetic distinctiveness. Chapter 5 draws on several empirical exam-
ples (d) to demonstrate the utility of relational thinking. Finally, chapter 6 investigates (e) the
metatheories that underlie human action theories, and develops a simple organization that might
increase the accessibility of these theories to sustainability applications. Icons were drawn by
me or were taken from The Noun Project: Aneeque Ahmed, Olena Panasovska, Luis Prado, Ben
Didier, Ferran Sayol, food lover, habione 404, Chris Huh CC BY-SA 3.0, and Sharon Showalter.
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favored singing perches—change in different contexts. This relational thinking does not mean rejecting

hypothesis testing, generalization, or reductionist methods, but a more deliberate preoccupation with which

variables to include and treat as dynamic and which feedbacks to consider. All told, this thesis involves a

wide variety of contexts, using methods from the natural and social sciences, with the central belief that such

an integration of disparate elements in one dissertation is necessary for a deep understanding of coupled

human-and-natural systems. Furthermore, these varied contexts and methods enable a more robust test of

the potential of relational thinking.

1.9.1 Chapter 2: Do perennial polycultures support bird diversity?

In Chapter 2 (Figure 1.2a), I examine how relationships between and among birds, human consumers, and

perennial polycultures might address bird diversity declines. Agricultural production, particularly in the

form of monocultures, is a chief driver of defaunation (Haddad et al., 2017; Fitzherbert et al., 2008; Brooks

et al., 2006). Many efforts have been made to make monocultures less bad for biodiversity, such as planting

hedgerows (Forman & Baudry, 1984), setting aside arable land for wildlife (Stubbs, 2014), or avoiding

artificial pesticides (Freemark & Kirk, 2001). However, all of these improvements act at the margin, rather

than considering how these landscapes might be transformed. Monocultures result from a relationship

between food consumers on one side and productive ecosystems on the other. Food consumption is a

primary way that humans interact with nature. While it is often a purveyor of degradation, it also offers an

opportunity for conservation. How could this opportunity be realized? Rather than focusing on the problem

and asking how monocultures can be improved, a relational perspective investigates what type of agriculture

might produce both food and biodiversity simultaneously—i.e., making the relationships between humans

and agriculture more productive of bird diversity.

Research on the micro-environmental drivers of biodiversity suggests that habitat heterogeneity is key

(R. H. MacArthur & MacArthur, 1961; Benton et al., 2003; Tscharntke et al., 2005; Nájera & Simonetti,

2010). Habitat heterogeneity is, almost by definition, limited in monocultures. But multiple species growing

together, year after year, could provide heterogeneity. People, meanwhile, require food that is affordable

and nutritious. In perennial polyculture fields, multiple perennial tree and shrub crops are grown in a single

field, bolstering heterogeneity and providing diverse food products (Shepard, 2013). This chapter thus asks,
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do perennial polycultures support bird diversity in the American Midwest? If perennial polyculture systems

can support biodiversity, it could turn the simple act of buying (particular) foods into a conservation action,

thereby broadening the base of conservation.

1.9.2 Chapter 3: Do African ecotourists prefer to visit parks rich in bird and megafauna
diversity?

Chapter 3 investigates causes and consequences of African ecotourism (Figure 1.2b). Traditionally, the

“Big Five” (i.e., lion, elephant, rhinoceros, leopard, and Cape buffalo) are assumed to be the most salient

component of the relationship between ecotourists and African parks (M. Nelson, 2010). This assumption

would imply that ecotourist visits to a given park should be partially determined by the number of these species

at that park. However, this assumption hearkens back to a time when hunting was a primary motivation

for wildlife tourism (Draper, 2005). A relational perspective might suggest that as relationships between

ecotourists and African animals change (from e.g., hunting to observation), the causes and consequences

of ecotourist visits might also change. Although tourists may be making decisions about what park to visit

based on different attributes, information, and goals, aggregate park visitation may be representative of

effective relationships between tourists and parks. This chapter harnesses a park visitation dataset to ask,

what role do mammal and bird diversity play in attracting tourists to Sub-Saharan African protected areas,

and what might the consequences of these visits be for conservation of different species?

1.9.3 Chapter 4: Can relational values motivate habitat restoration?

Reorienting relationships towards sustainable pathways requires more than just understanding. In my fourth

chapter I ask, can relational values leverage human–nature relationships to motivate habitat restoration (Figure

1.2c)? While the relational values concept has received substantial theoretical and conceptual exploration

(e.g., Klain et al., 2018; K. M. A. Chan et al., 2018), the empirical power of relational values to drive

conservation has received little attention. I present British Columbians with various relational value frames

and a choice experiment with relational attributes and assess their effects on willingness to pay to restore

rainbow trout stream habitat. This study tests the potential for relational values to reorient human–nature

relationships towards conservation.
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1.9.4 Chapter 5: Do empirical examples demonstrate the effectiveness of relational
thinking?

Despite widespread recognition that human relationships with nature lie at the heart of environmental

challenges, sustainability science typically assumes that humans and nature are largely independent and

separate. In Chapter 5, I elucidate the pernicious empirical implications of this assumption using a series of

worked examples on human morals, whales, warblers, avocados, COVID-19, etc. (Figure 1.2d). Moreover,

I explore how considering humans, animals, wetlands, etc., as a coherent network of relations produces

more accurate understandings of sustainability. I complement these examples of relational thinking with an

overview of the underlying theory, drawing from Indigenous studies, anthropology, and other disciplines.

While the other main chapters in this dissertation are written as research articles, this chapter is written as

a perspective piece, because this format may be most effective for communicating relational thinking to a

broad audience of sustainability scholars and practitioners.

1.9.5 Chapter 6: What assumptions and ideas underlie theories about why people do what
they do?

Chapters 2–5 illustrate different ways that people can take conservation action, each borne out of different

relationships and driven by different determinants. Chapter 6 synthesizes human action theories (Figure

1.2e). This diversity of conservation actions requires a commensurate diversity of theories of human

action. These theories abound across social science research on why people do what they do (M. J. Stern,

2018). Yet these theories have abundant unrealized opportunities for cross-fertilization and application by

conservationists. This neglect is understandable—the theories in question are strewn across many disjunct

social science fields, each with its own implicit assumptions and jargon.

This isolation hinders application and enrichment of these theories. The lack of an integrated theory

of human action means that people are mostly relying on limited theories of change. Indeed, at a recent

conservation conference, all studies of human action relied on a single theory—the Theory of Planned

Behavior (Ajzen, 1985) (Student Conference on Conservation Science, Cambridge, 2019—pers. obs.). This

theory only works in limited situations, and has been largely abandoned by the social science community

(Sniehotta et al., 2014). To address this inaccessibility and disorganization, I gather 86 representative and
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prominent human action theories from across the humanities and social sciences. I use a grounded theory

methodology to inductively classify each theory and explore the set of core assumptions that underlie these

human action theories.

1.9.6 Chapter 7: Conclusion

Chapter 7 synthesizes the preceding chapters and identifies overarching insights for relational thinking and

sustainability, while also discussing limitations.

15



Chapter 2

Perennial polyculture landscapes support
bird diversity and associated
metacommunity processes
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Figure 2.1: A Dickcissel (Spiza americana) singing from a hazel bush on a perennial polyculture farm
in Wisconsin, USA. Acrylic on canvas. 17



Abstract

Human shared landscapes cover most of Earth’s land area, yet their conservation value is contested.

Examining not just diversity, but also how it is maintained, could clarify the value of shared landscapes

for conservation. For example, a site exhibiting high diversity may not actually bolster populations, if

the diversity is only maintained through net immigration. Recent research has isolated the processes

that maintain metacommunities and developed functional trait methods to identify which processes are

important. However, the processes underlying bird communities remain obscure. Here, we leverage

metacommunity theory, functional trait partitioning, and a Bayesian multispecies abundance model

to assess whether a shared landscape—perennial polyculture farms in the US Midwest—bolster bird

diversity. We measured avian functional traits in situ and conducted point counts (n=100) across four

states in the US Midwest in traditional agriculture, perennial polyculture, prairie, and woods. We found

that perennial polycultures exhibited the highest bird diversity and that this was the most preferred habitat

of many species (including threatened species). Moreover, this diversity appeared to be maintained

through habitat filtering and competition, rather than merely immigration. This suggests that shared

landscapes contribute to conservation goals by providing a distinct habitat for birds, including for

threatened species. Our results demonstrate the utility of in situ functional trait partitioning within a

Bayesian framework to unmask ecological processes underlying habitat associations and help assess the

conservation value of specific land uses. These methods enable us to suggest that perennial polyculture

farms offer substantial potential to support bird populations in the US Midwest.

Key-words: bird conservation, functional traits, perennial, polyculture, human shared landscape,

human-dominated, Bayesian, multispecies abundance model, Stan, metacommunity.

2.1 Introduction

As part of the linked climate and ecological crises (IPBES, 2019), one million species are threatened with

extinction (Balvanera et al., 2019), and even abundant and widespread species are declining precipitously

(Inger et al., 2014; Stepanian et al., 2020). Given that about 80% of the world’s ice-free land area is

moderately to intensively managed by humans (Erb et al., 2017), many have argued that shared landscapes

should be a key target for conservation (Koh & Gardner, 2010; Palmer, 2004; Bawa, 2004). However,

others have cautioned that shared landscapes provide scant conservation value (Phalan et al., 2011). There

is evidence to support both these claims: some studies have found that diversity is relatively high in human-
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shared systems (e.g., Bhagwat et al., 2008) while others have found it to be low (e.g., Phalan et al., 2011;

Koh, 2008). Despite their varying outcomes, all of these studies have relied on diversity as their metric

to assess the value of human shared systems for conservation. However, observed diversity may not reveal

whether shared systems can actually sustain species (Daily et al., 2001).

Assessing whether shared landscapes conserve biodiversity requires understanding how these landscapes

maintain diversity. That is, what are the drivers of species occurrence and abundance? Species can occur in

habitats through a number of processes: by outcompeting other species (hereafter ‘competition’); because

the habitat complements their niche (habitat filtering); because the habitat is near a source of dispersing

individuals or propagules (dispersal); or simply through chance events of colonization and persistence

(stochasticity; Vellend, 2016; Leibold & Chase, 2018b; P. L. Thompson et al., 2020). Which process(es)

underlie the species composition of a given community yields insight into the conservation value of a site. For

example, even if two sites have the same diversity, one site may actually be inferior and only exhibit equivalent

diversity because species are constantly flowing into it from superior surrounding habitats (i.e., ‘source-sink

dynamics’ or ‘mass effects;’ Leibold & Chase, 2017; Brawn & Robinson, 1996). Therefore, understanding

the mechanisms that maintain biodiversity is important for reliably assessing a site’s conservation value.

Metacommunity theory provides a useful framework for identifying how communities are maintained

because it synthesizes many patterns and processes in ecology (Leibold & Chase, 2017). Metacommunity

theory posits that three underlying processes (viz. competition, habitat filtering, and dispersal) plus stochas-

ticity act to maintain species diversity across scales (P. L. Thompson et al., 2020). Recent advances in

ecology have shown that these maintenance processes can be identified by analyzing variation in functional

traits (i.e., ecologically-relevant attributes such as diet and body size) of species in communities along

environmental gradients (e.g., Le Provost et al., 2017; Jung et al., 2010). Specifically, if the functional

trait gradient matches the environmental gradient (trait convergence assembly pattern; TCAP), then habitat

filtering may be important (Ingram & Shurin, 2009; Ackerly & Cornwell, 2007; Pillar et al., 2009; Pillar &

d. S. Duarte, 2010). On the other hand, if functional traits become more different across an environmental

gradient (trait divergence assembly pattern; TDAP), then competition may be important (R. H. MacArthur,

1958; Pillar & d. S. Duarte, 2010; Stubs & Wilson, 2004, because competition drives nche partitioining, ).

Finally, if functional traits are not associated with the environmental gradient, then dispersal or stochasticity

may be more important (Leibold & Chase, 2018a). The accuracy of inferring metacommunity processes
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from trait patterns can be enhanced by measuring local functional traits in situ (Jung et al., 2010; Ackerly

& Cornwell, 2007) and by examining functional trait–environmental associations separately for each trait

(Ingram & Shurin, 2009). However, despite the success of these methods across various taxa, they have not

previously been applied to bird communities in a shared habitat context.

Here, we apply functional trait analysis in a metacommunity framework to assess the value of a type

of shared landscape—perennial polyculture farms—for bird conservation in the US Midwest, contrasting

trait patterns in this landscape with those in adjacent natural and traditional agricultural habitats. The US

Midwest is dominated by monoculture crops of corn and soy (USDA, 2012), interspersed with woods and

natural prairie/grassland. Recently, perennial polyculture farms have sprung up within this matrix (Shepard,

2013; Lovell et al., 2017; Wolz et al., 2017). Such farms grow multiple perennial tree and shrub crops

together, which creates substantial habitat heterogeneity. Ecological theory and agroecological studies show

that heterogeneous habitats (R. H. MacArthur & MacArthur, 1961; Benton et al., 2003; Tscharntke et al.,

2005; Nájera & Simonetti, 2010; Kremen & Miles, 2012) in tree systems (Beckmann et al., 2019) are most

likely to support biodiversity in shared landscapes (Scherr & McNeely, 2007); this suggests that perennial

polyculture is a good candidate for conservation. Moreover, perennial polyculture farms are specifically

designed to bolster biodiversity (Mollison, 1988; Ferguson & Lovell, 2014; Shepard, 2013), unlike the

shared landscapes typically studied, which are merely less intensively managed (Phalan et al., 2011). This

suggests that perennial polyculture farms will provide a fair appraisal of the potential for shared landscapes

to conserve biodiversity. We survey breeding bird communities and collect in situ behavioral functional trait

data at two scales: 1) in adjacent corn, soy, hay, prairie, woods, and perennial polyculture habitats (local

scale), and 2) across 13 replicates spread along an environmental gradient ranging over four states (regional

scale). Finally, we use a Bayesian multispecies abundance model to account for non-detection, scale, null

comparisons, and uncertainty.

We expect that the perennial polyculture farms will host substantially more bird diversity than the hay,

corn, or soy fields, and will approach the diversity of the prairie and woods. We hypothesize that local bird

diversity in the perennial polyculture farms is maintained by a mixture of competition and habitat filtering,

rather than just stochasticity or dispersal, implying that this type of shared landscape is actually bolstering

bird diversity.
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2.2 Methods

2.2.1 Study region and sites

Our study took place in four states in the US Midwest (Illinois, Iowa, Wisconsin, Minnesota), a region

with abundant maize (corn) and soybean monocultures (USDA, 2012), interspersed with secondary woods,

marshes, and natural prairie/grassland. Woods in the southern part of this region are dominated by secondary

temperate broad-leaf deciduous trees, including Fraxinus, Quercus, Acer, Junglans, Gleditsia triacanthos,

Celtus, and Carya, while northern part is dominated by coniferous and broad-leaf trees, including Betula,

Pinus, Populus, Acer, Fagus, and Tsuga. Prairies are dominated by native grasses (e.g., Andropogon ger-

ardii, Schizachyrium scoparium), invasive grasses (especially Phalaris arundinacea), and forbs, particularly

Solidago, and Aster. This region also contains a growing number of perennial polyculture farms (Keefe

Keeley, pers. comm.; Shepard, 2013), defined as commercial farms that grow multiple species of perennials

in the same field (Kreitzman et al., in press (accepted); Kreitzman, 2020). These perennial polyculture

farms are quite variable, but typically include nut- or fruit-producing trees and shrubs, such as chestnut

(Castanea), hazel (Corylus), black currant (Ribes), and apple (Malus domestica) (for details, see Table A.1

and Kreitzman et al., in press (accepted)).

Within this region, we sampled from 13 clusters (see Figure 2.2). Each site cluster contained up to

four habitat types, including: 1) perennial polyculture, 2) a traditional high-intensity farm optimized for

maximum yield (either corn, soybeans, or hay-like crop), 3) woods, and 4) natural prairie, (if a prairie was

nearby; see Figure 2.2). All of these habitat types were within a few hundred meters of each other, and

typically adjacent.

2.2.2 Bird surveys

We conducted point counts between late June and early August 2018 to capture breeding bird abundance.

Within each habitat type, sampling points were selected to maximize distance between points and to habitat

edge. Points were at least 100 m from habitat edges and 150 m from each other. Thus, larger habitats

contained more sampling points (up to five) than smaller habitats (minimum of 1). Due to irregular habitat

shapes, points were selected by hand using Google Earth. Sampling points were located using a hand-held
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Figure 2.2: Map of the 13 site clusters (A) in the US Midwest states of Illinois, Iowa, Minnesota, and
Wisconsin and schematic (B) showing sampling design of habitat types at each site cluster. We
conducted 50-m radius point counts in adjacent traditional agricultural fields (corn, soy, or hay),
woods, perennial polycultures, and prairies (B). Number of point counts in each habitat type
varied by size of habitat.

GPS unit (accuracy=5–10 m). We recorded birds within a 50-m radius of each point (Hutto et al., 1986). To

enable disambiguation of non-detection and non-occurrence, each point was surveyed twice (Dorazio et al.,

2006). To control for time of day, the survey order was reversed on the second visit. Following Sorace et al.

(2000), each visit lasted 10-minutes. Point counts were only conducted in fair weather (no rain, Beaufort

wind less than 3; Robbins, 1981) and within four hours of sunrise. Along with the number of each species

of bird, the following was recorded for each visit: date, time of day, GPS location, weather, whether a bird

was a non-foraging fly-over, bird height above ground, and substrate (including plant species, substrate type,

and relative position). The following substrate types were used: ground, grass, sedge, small forb, large

grass, large forb, fence, post, vine, shrub, small tree, utility pole, utility wire, tree, evergreen tree, and air (for

example, see Figure A.1). These morning observations were supplemented with evening observations of bird

behavior (Weber, 1972), including behavior type (e.g., foraging, singing), duration, diet, height, substrate,

and nest height, where applicable. These birds surveys, as well as the motivating questions and subsequent

analyses, reflect the positionalities of the authors. Surveys were conducted by HNE, who is a White settler
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and scholar who grew up in SE Michigan. He has been avidly birding in the US Midwest for nearly twenty

years, and is intuitively familiar with the relationships between various habitats and bird communities.

2.2.3 Bayesian N-mixture multispecies abundance model

Bayesian N-mixture multispecies abundance models (MSAM, Yamaura et al., 2012; Chandler et al., 2013;

Iknayan et al., 2014; Kéry & Royle, 2016) were used to estimate the affinity of each bird species for each

habitat type and site cluster. We used these parameters to estimate the true diversity exhibited by each habitat

and to simulate communities that only reflected either effects of habitat type or site cluster. These simulated

communities enabled us to test for community process signals separately at each environmental scale, while

also accounting for uncertainty (Zhang et al., 2014; Marion et al., 2018).

These N-mixture multispecies abundance models also account for detection probability by ‘mixing’ two

data-generating processes: ecological process (abundance) and observation process (detection), thereby

enabling us to estimate probabilities that birds were present even if they were not detected. These models

require that count data be temporally replicated and that populations be effectively closed (Kéry et al.,

2005, i.e., recruitment, survival, immigration, and emigration must be negligible). Our data satisfy these

assumptions because our counts were all replicated within two days of each other and occurred in the breeding

season (when birds are quite sedentary). We removed flyovers that did not use the habitat and nocturnal

owls, since we did not target nocturnal species in our survey.

We modeled the observed abundance 𝑛 of species 𝑠 at cluster 𝑐 at time 𝑡 in habitat type ℎ at sample point

𝑖 with a Binomial error distribution (Williams et al., 2002) of the form,

𝑛𝑠𝑐𝑡ℎ𝑖 ∼ 𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝑁𝑠𝑐ℎ𝑖 , 𝑃𝑠) (2.1)

where 𝑁𝑠𝑐ℎ𝑖 is the latent true abundance of species 𝑠 at cluster 𝑐 in habitat ℎ at sample point 𝑖, and 𝑃𝑠 is the

probability of detecting species 𝑠.

We used a Poisson error distribution with log link function to model true abundance because Poisson and

zero-inflated Poisson models have proven to have higher identifiability than negative binomial models (Kéry,

2018) and yield more ecologically-realistic results (Joseph et al., 2009). The geographic extent of sampling
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meant that different clusters experienced different environmental conditions, and existed in different species

pools. Thus, true abundance varied across site clusters (with species as a random effect drawn from a normal

distribution).

The ages of the perennial polyculture farms varied substantially: older farms had mature trees and

were forest-like, while younger farms had only small trees and shrubs and were more field-like. Thus,

we subdivided the perennial farms into two types: young farms and mature farms (with a threshold age

of 20 years). This yielded seven habitat types: corn, soy, hay-like crop, prairie, woods, young perennial

polyculture, and mature perennial polyculture. To account for different species affinities for each habitat

type, we treated species as a random effect. Both cluster and habitat were modeled as index variables to ease

computation (McElreath, 2020). The full true abundance model was of the form,

𝑁𝑠𝑐ℎ𝑖 ∼𝑃𝑜𝑖𝑠𝑠𝑜𝑛(_𝑠𝑐ℎ) (2.2)

𝑙𝑜𝑔(_𝑠𝑐ℎ) =𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠𝑐 + ℎ𝑎𝑏𝑖𝑡𝑎𝑡𝑠ℎ (2.3)

𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠𝑐 ∼𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠 ) (2.4)

ℎ𝑎𝑏𝑖𝑡𝑎𝑡𝑠ℎ ∼𝑁𝑜𝑟𝑚𝑎𝑙(`ℎ𝑎𝑏𝑖𝑡𝑎𝑡ℎ , 𝜎ℎ𝑎𝑏𝑖𝑡𝑎𝑡ℎ ) (2.5)

where _𝑠𝑐ℎ is the mean abundance of species 𝑠 occurring in habitat ℎ and cluster 𝑐.

Detection probability varied across species and was treated as a random effect drawn from a logistic

distribution because normal distributions in logit-transformed space can produce high density in the tails,

leading to spurious results (Northrup & Gerber, 2018).

𝑙𝑜𝑔𝑖𝑡(𝑃𝑠) ∼𝐿𝑜𝑔𝑖𝑠𝑡𝑖𝑐(`𝑝, 𝜎𝑝) (2.6)

The likelihood function for these models presents identifiability issues, whereby 𝑝 = 0 is a local maximum,

yielding an infinite estimate of _ (Dennis et al., 2015). This occurs when the covariance between detection

on different sampling occasions is greater than zero (Dennis et al., 2015). This issue is especially likely

when the number of temporal replicates is small (as in our case). We overcame this issue by using priors
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on the detection probability and an upper constraint, 𝐾 , on the true number of individuals present at a point

count (Royle, 2004). We used a value of K = 80; this was nearly double the largest number of individuals

seen at a single point count, and it is highly unlikely that any species had this many individuals in a single

50-m radius count circle. All other parameters were given weakly informative normally distributed priors.

To make the model geometry easier to sample, we performed non-centered reparameterizations (Betancourt

& Girolami, 2015) of habitat, cluster, and detection variables (B. Carpenter, 2016).

N-Mixture models are typically built with the BUGS family of languages, which use Metropolis-Hastings

algorithms. However, these algorithms struggle to recover the mode from high-dimensional models (due

to ‘concentration of measure,’ see McElreath, 2020). The Stan probabilistic programming language (B.

Carpenter et al., 2017) overcomes this challenge by using a more efficient sampling algorithm (Hamiltonian

Monte Carlo no-U-turn sampler; Hoffman & Gelman, 2014). Stan also provides diagnostics that signal

when the posterior has not been accurately explored. Thus we used Stan to build our multispecies N-mixture

abundance model; to our knowledge, this is the first example of Stan being used to build a multispecies

abundance model.

The model was fit with four chains, each with 2000 iterations (1000 warmup, 1000 sampling). Warmup

iterations were discarded. Stan models were fit using rStan, the R interface to Stan (Stan Development

Team, 2020) in R version 3.6.3. The model was tested on simulated data and validated using prior and

posterior predictive checks (Gelman et al., 2004). Chain convergence was confirmed using �̂� (Vehtari et al.,

2019).

2.2.4 Alpha diversity estimation

We used our model to predict the true abundance of each species at each sampling point (leading to 4000

‘posterior communities’) according to the equation for true abundance (see Equation 2.2, above). Shannon

Diversity Index was calculated for each posterior community using the vegan package (Dixon, 2003;

Oksanen et al., 2020). Fifty-percent credible intervals (CrI) measured by highest density (HDI; McElreath,

2020) were calculated using the bayestestR package (Makowski et al., 2019).
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2.2.5 Quantifying environmental variation across site clusters

We used satellite-derived greenness indices to quantify environmental variation across the 13 clusters

(variation within clusters was classified according to habitat type; see Figure 2.2B). Coops et al. (2009)

showed that three greenness measures—minimum, average, and seasonal variation—were good predictors

of bird diversity across the US. Greenness accurately portrays primary productivity (Monteith, 1972) and

reveals availability of food resources (Berry et al., 2007). Greenness is measured as the dimensionless

fraction of incident photosynthetically active radiation (400-700 nm) absorbed by vegetation (FPAR). This

data is collected by MODIS Terra + Aqua satellites at a 500-m, 8-day resolution. To quantify the generalized

environment surrounding each site cluster, we downloaded 2018 FPAR data for the US Midwest (Myneni

et al., 2015) and created ∼ 50 km buffers around each site cluster (also tested with 30km and 70km, with

similar results). To ensure that our calculations were not derailed by aberrant observations, we first calculated

the maximum FPAR value for each pixel during each ∼ month (Coops et al., 2009, after removing metatdata

values). To represent variation in winter length and harshness, we calculated the minimum FPAR value for

each buffer. To represent overall productive capacity, we calculated the average FPAR value for each buffer

(first averaging across time, then space). To represent seasonality, we calculated the coefficient of variation

( 𝜎
`

) for each pixel, and then averaged across each buffer. We used these three greenness indices to represent

the regional environmental variation in our functional trait analysis.

2.2.6 Functional trait data

We gathered data on 34 functional traits, including behavioral, morphological, and life history traits; we

collected most behavioral functional traits and some life history traits in situ, and gathered the rest from

published sources (see Table 2.1). While most modern avian functional trait studies use behavioral functional

trait data gathered from global trait databases (e.g., Bregman et al., 2016; cf. Yahner, 1982), doing so ignores

intraspecific trait variation and plasticity, which is often large in birds (e.g., Castellanos & Ortega-Rubio,

1995). Studies on plants have shown that in situ trait measurement is essential for capturing the realized

traits in a given habitat (Jung et al., 2010; Ackerly & Cornwell, 2007). Moreover, the standard behavioral

functional traits—diet and foraging strata (Wilman et al., 2014)—fail to represent how birds interact with

their habitat via their singing behavior. Species may use one microhabitat for foraging, but a different one for
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singing. Ignoring singing strata could thus functionally conflate two species that forage in similar strata but

sing in different strata. Singing strata is perhaps typically excluded from analyses because early trait studies

focused on forest birds (R. H. MacArthur & MacArthur, 1961), which show highly correlated foraging and

singing heights (Holmes, 1986). Thus, in this study, behavioral trait data was gathered in situ, and included

singing strata. This in situ behavioral trait data was augmented with data from EltonTraits (Wilman et al.,

2014), Tobias and Pigot (2019) and Billerman et al. (2021) for species that were rarely encountered (we were

unable to collect in situ behavioral trait data for 4% of study species).

In contrast to behavioral traits, studies have shown that morphological bird traits typically show negligible

intraspecific variation (Pigot et al., 2016). We thus reconstructed morphological traits (see Table 2.1) from

the principal component scores and eigenvectors reported in Pigot et al. (2020) by multiplying the matrix of

principal component scores by the transpose of the eigenvector matrix (amoeba, n.d.). These morphotraits

represent mean measurements from museum specimens. Of the life history traits, nest placement was the

only one that could be feasibly measured in situ, so that trait was measured for this study, or if nests were

not found, gathered from Tobias and Pigot (2019). All other life history traits were taken from Tobias and

Pigot (2019), except for data on Brown-headed Cowbird (Molothrus ater), which was absent from Tobias and

Pigot (2019) and instead extracted from Lowther (2020). Brown-headed cowbird clutch size was estimated

by calculating the geometric mean of the minimum and maximum reported clutch sizes (following Jetz et al.,

2008). Morphological traits and clutch size were log-transformed, centered, and scaled (to achieve unit

variance; Pigot et al., 2020). Behavioral traits expressed as percentages were rank-transformed, centered,

and scaled (to achieve unit variance; Céréghino et al., 2018).

2.2.7 Functional trait dimension reduction

To account for collinearity between traits, we conducted a principal component analysis (PCA) on all 34

traits (both categorical and continuous traits) using the FactoMineR package in R (Lê et al., 2008). To

determine which of the resulting dimensions were stable and likely to represent true trait structure, we

performed a bootstrap resampling analysis, following Pillar (1999). This entailed taking 500 bootstrapped

samples (with replacement) from the trait matrix. Next we performed a PCA on each bootstrapped sample,

and calculated the correlation between the resultant bootstrap PCA values and the values from the original
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Table 2.1: Functional traits used in this study.

Trait type Functional trait Abbreviation Variable type Source

Morphological Beak length from tip to skull along the culmen beak_length_cul Numerical, continuous Pigot et al. (2020)
Morphological Beak length to the nares beak_length_nare Numerical, continuous Pigot et al. (2020)
Morphological Beak width at the nares beak_width Numerical, continuous Pigot et al. (2020)
Morphological Beak depth at the nares beak_depth Numerical, continuous Pigot et al. (2020)
Morphological Length of the tarsus tarsus_length Numerical, continuous Pigot et al. (2020)
Morphological Wing length, measured from the carpal joint to the tip

of the longest primary feather wing_length Numerical, continuous Pigot et al. (2020)
Morphological Tail length tail_length Numerical, continuous Pigot et al. (2020)
Morphological Secondary length, measured from the carpal joint to

the tip of the first secondary feather secondary_length Numerical, continuous Pigot et al. (2020)
Morphological Body mass body_mass Numerical, continuous Pigot et al. (2020)
Life history Migratory behavior Migration Categorical Tobias and Pigot (2019) amended

by Lowther (2020)
Life history Cooperative vs. noncooperative mating system MatingSystem Binary Tobias and Pigot (2019) amended

by Lowther (2020)
Life history Nest placement NestPlacement Categorical This work and Tobias and Pigot

(2019), amended by Lowther (2020)
Life history Territoriality Territoriality Binary Tobias and Pigot (2019) amended

by Lowther (2020)
Life history Clutch size LogClutchSize Numerical, continuous Tobias and Pigot (2019) amended

by Lowther (2020)
Behavioral Foraging place and method Foraging Categorical Tobias and Pigot (2019) amended

by Lowther (2020)
Behavioral Percent of diet from invertebrates Diet.Inv Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of diet from vertebrate endotherms Diet.Vend Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of diet from vertebrate ectotherms Diet.Vect Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of diet fom fish Diet.Vfish Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of diet scavanged Diet.Scav Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of diet from fruit Diet.Fruit Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of diet from nectar Diet.Nect Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of diet from seeds Diet.Seed Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of diet from other plant matter Diet.PlantO Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of time spent foraging on ground ForStrat.ground Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of time spent foraging in

understory/grass/forbs/small shrubs ForStrat.understory Numerical, percentage This work, Wilman et al. (2014),
and Billerman et al. (2021)

Behavioral Percent of time spent foraging in large medium high
canopy/tall shrubs/small trees ForStrat.midhigh Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of time spent foraging in canopy ForStrat.canopy Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percentage of time spent foraging in air above ForStrat.aerial Numerical, percentage This work, Wilman et al. (2014),

and Billerman et al. (2021)
Behavioral Percent of time spent singing from ground SingStrat.ground Numerical, percentage This work
Behavioral Percent of time spent singing from

understory/grass/forbs/small shrubs SingStrat.understory Numerical, percentage This work

Behavioral Percent of time spent singing from large medium high
canopy/tall shrubs/small trees SingStrat.midhigh Numerical, percentage This work

Behavioral Percent of time spent singing from canopy SingStrat.canopy Numerical, percentage This work
Behavioral Percentage of time spent singing in air above SingStrat.aerial Numerical, percentage This work

trait matrix (note that before estimating the correlation, we conducted a Procrustean dilation, translation,

and rotation (Schönemann & Carroll, 1970) of the bootstrapped PCA values to make them comparable with

the original PCA values). We then conducted an identical exercise, except with a trait matrix that had been

randomly permuted within traits. Finally, we compared the correlations produced by these two pipelines, and

produced a p-value that reveals which dimensions stably represent synthetic trait structure. We repeated this

analysis for each number of dimensions, up to 34 (see details in Pillar, 1999). This method suggested that
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the first dimension was highly significant (p=0.002), the second was marginal (p=0.1); additional dimensions

were highly non-significant (p >0.3). Furthermore, the first two dimensions were ecologically interpretable

(relating to size, diet, and foraging/singing strata: see Figure 2.5). Thus, all further analyses used the first

two trait dimensions to represent functional traits.

2.2.8 Metacommunity process analysis

To identify the importance of trait convergence assembly patterns (indicating abioitic filtering) vs. trait di-

vergence assembly patterns (indicating competition), we computed partial correlations between environment

and functional trait variation across communities (Stubs & Wilson, 2004; Pillar et al., 2009; Pillar & d.

S. Duarte, 2010; Leibold & Chase, 2018a). However, because these two processes lead to opposing patterns,

one can mask the signal of the other (which can be exacerbated when traits are analyzed simultaneously;

Leibold & Chase, 2018a). Thus, we separately quantified associations between each functional trait axis and

each environmental scale (i.e., local-scale variation across habitats/farms and regional-scale variation across

site clusters). See SI for details. To separate the effects of scale, we used our Bayesian model to simulate

communities (Marion et al., 2018) that only reflected either the local-scale or regional-scale variation. Thus,

our assembly analyses are not constrained by the idiosyncrasies of our sampling points. Furthermore, by

propagating the uncertainty contained in the Bayesian posterior, we could compute credible intervals for

our assembly pattern estimates without resorting to null model testing (Zhang et al., 2014). We used the

SYNCSA package (Debastiani & Pillar, 2012) in R to conduct this convergence vs. divergence analysis (see

SI for details).

To assess how well functional traits predict affinity for different habitats, we regressed affinity for each

habitat on the functional traits,

ℎ𝑎𝑏𝑖𝑡𝑎𝑡 𝑎 𝑓 𝑓 𝑖𝑛𝑖𝑡𝑦𝑠ℎ ∼ 𝑁𝑜𝑟𝑚𝑎𝑙(𝛼ℎ + 𝛽1ℎ ∗ 𝑓 𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑡𝑟𝑎𝑖𝑡1 + 𝛽2ℎ ∗ 𝑓 𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑡𝑟𝑎𝑖𝑡2, 𝜎) (2.7)

where ℎ𝑎𝑏𝑖𝑡𝑎𝑡 𝑎 𝑓 𝑓 𝑖𝑛𝑖𝑡𝑦𝑠ℎ is the affinity parameter of species 𝑠 for habitat ℎ from our Bayesian multispecies

abundance model, as described in Equation 2.5. We computed the regression in Equation 2.7 for each

posterior sample (after again randomly removing half the posterior samples to ease computation time),
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and then compared the 50% credible interval of the resulting fitted values to the 50% credible interval of

the original habitat affinity parameters from the Bayesian model. To quantify the relative functional trait

structure/predictability of each habitat, we measured how accurately functional traits predicted the affinities

of each species that most preferred each habitat. Specifically, we squared the residuals from Equation 2.7 for

each species that most preferred each habitat, calculated the mean across species, and then computed 50%

credible intervals.

2.3 Results

We observed a total of 78 diurnal bird species in our surveys. Bird diversity was highest in mature perennial

polyculture farms, and lowest in traditional agricultural crops (corn, soy, hay-like crops; see Figure 2.3).

Woods and young perennial polyculture also supported high diversity, while prairies supported intermediate

diversity. No species most preferred corn or soy monocultures (Figures A.3,A.4). However, prairie, woods,

young polyculture, and mature polyculture were the most preferred habitat for many species—see Figure 2.4

for examples. For instance, EABL (Eastern Bluebird) most preferred the young polyculture habitat. The

habitat affinity of bird species was more variable for woods than for perennial polycultures (Figure 2.4).

All of the species observed in our surveys had Least Concern conservation status according the IUCN

Red List, except five species which had Near Threatened status (IUCN, 2016). Two of these species preferred

mature perennials: Bell’s Vireo (BEVI) and Northern Bobwhite (NOBO). One preferred prairie: Henslow’s

Sparrow (HESP). The final two species preferred both woods and to a lesser extent mature perennials:

Red-headed Woodpecker (RHWO) and Wood Thrush (WOTH; Figures A.3,A.4).

We found that singing strata often differed substantially from foraging strata (see Figure A.1). This

affected behavior: in soy fields, birds were forced to fly to a utility pole or wire in order to sing from a

high location, whereas in heterogeneous perennial polyculture crops, birds could easily oscillate between

foraging and singing by simply hopping higher in a bush or tree. We also found many differences between

the behavioral traits reported in trait databases and the behaviors we observed in situ. For example, Wilman

et al. (2014) lists Dickcissels (DICK) as foraging exclusively on the ground. However, we typically observed

this species foraging on tall grasses and forbs (Figure A.1).
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Figure 2.3: Predicted Shannon Diversity Index at each sampling point. Bars represent 50% credible
intervals.

Our principal component analysis showed that size, diet, foraging strata, singing strata, and ground

nesting status were most important for representing the variation in the 34 traits we assembled. The first

two axes explained 36% of the trait variation, and were interpretable and relatively stable. Dimension 1

explained 26.5% of the trait variation and chiefly represented size, while dimension 2 explained 10% of the

trait variation and chiefly represented foraging strata, with bark and upper-strata birds loading positively,

and seedeaters, understory singers, ground foragers, and ground nesters loading negatively (see Figure 2.5).

Note, too, the deviation between understory singers and understory foragers: only understory singers were

represented on dimension 2.

Bird communities exhibited both patterns of trait–environment convergence and divergence, where en-

vironment was measured using greenness at the regional scale, and habitat type at the local scale. However,

31



−7.5

−5.0

−2.5

0.0

2.5

corn soy hay prairie woods young_poly old_poly
Habitat

H
ab

ita
t a

ffi
ni

ty
 c

oe
ffi

ci
en

t (
50

%
 c

re
di

bl
e 

in
te

rv
al

)

BARS

HESP

YTVI

EABL

BRTH

All other species

Figure 2.4: Model estimates of each species’ affinity for each habitat type. Unlike in Figure 2.3, these
estimates control for the effect of site cluster, in order to show only the effect of habitat type. Each
point is a species. Five example species that most prefer different habitats are identified (BARS
= Barn Swallow, HESP = Henslow’s Sparrow, YTVI = Yellow-throated Vireo, EABL = Eastern
Bluebird, BRTH = Brown Thrasher. See Table A.2 for scientific names). Bars represent 50%
credible intervals.

trait divergence patterns were masked when both trait dimensions were considered simultaneously (see

low trait–env. divergence value when both traits are analyzed together in Figure 2.6). Nevertheless, trait

partitioning—analyzing each trait dimension separately—showed that trait divergence was more pronounced

in trait dimension 1 at the regional scale, but more pronounced in trait dimension 2 at the local scale (see

Figure 2.6). Convergence patterns were slightly stronger than divergence patterns across both the local scale

(habitat types) and regional scale (site clusters across the Midwest; see Figure 2.6). Overall, patterns of

convergence and divergence were marginally stronger at the regional scale than the local scale.

Functional traits predicted the affinities of the species that most preferred prairie, woods, and young and

mature polyculture, but not those that most preferred hay (Figures 2.7 and A.5. Species that preferred young

polycultures were the most predictable (Figure 2.7).
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Figure 2.5: Principal components analysis (PCA) ordination of bird species by their (A) qualitative and
(B) quantitative functional traits. Dimension 1 is primarily related to bird size, while dimension
2 is related to foraging and singing height above ground. For functional trait abbreviations, see
Table 2.1. See Figure A.2 for how each species maps onto these dimensions.

2.4 Discussion

North America’s birds are declining (Rosenberg et al., 2019). We leveraged a Bayesian multispecies

abundance model, in situ and published functional traits, and a metacommunity process analysis to show that

shared landscapes could help reverse this trend. We found that soy and corn monocultures exhibit negligible

diversity, hay-like fields exhibited low diversity, and perennial polycultures exhibited high diversity. These

findings are consistent with studies showing that polycultures are more bird-diverse than monocultures (Yahya

et al., 2017). However, our results extend beyond this intra-agricultural comparison to show that perennial

polycultures support bird diversity roughly equivalent to non-agricultural woods, and greater than natural

prairie. (Such prairies are currently eligible for United States Department of Agriculture payments, but

perennial polycultures are not). While a recent study suggested that diversified agricultural landscapes may

lose species over 18 years (Hendershot et al., 2020), our results showed that mature perennial polycultures
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Figure 2.6: Trait–environment convergence and divergence assembly patterns for each set of functional
trait axes and at both scales (regional scale across site clusters and local scale across habitat types).
These patterns are estimated as 𝜌 between the trait and environment matrices, where 0 indicates
no convergence/divergence, and 1 indicates complete convergence/divergence. When traits were
analyzed together, trait–environment divergence was masked. Shaded regions represent 50%
credible interval, while line extents represent 89% credible intervals (McElreath, 2020).
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Figure 2.7: Accuracy of functional traits for predicting the affinities of species, based on the habitat
most preferred each species. Residuals calculated by Equation 2.7. No species most preferred
corn or soy. Lower values on the y-axis indicate more accurate predictions. Bars represent 50%
credible intervals.

(> 20 years old) actually have the highest diversity of any sampled habitat.

Not only did perennial polycultures exhibit high diversity, they were also the most preferred habitat

for many species, and likely support bird diversity through deterministic ecological processes based on

traits of species. As we describe shortly, a parsimonious explanation for the patterns we observed in trait

convergence and divergence between habitat types is that both competition and habitat filtering structure

these communities. That is, instead of being solely occupied through surfeit or stochastic dispersal, or

stochastic drift, these farms likely increase bird populations and thereby provide a path for bird conservation.

Given the prevalence of shared landscapes across the globe (Erb et al., 2017) and the deepening ecological

crisis (IPBES, 2019; Díaz et al., 2019), shared landscapes should play a central role in bird conservation.
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2.4.1 Functional traits reveal metacommunity processes

We found strong patterns of trait–environment convergence and divergence among our bird communities,

where convergence indicates that the traits in a given environment are more similar, whereas divergence

indicates that traits in a given environment are more different. While inferring process from pattern is

contentious (Leibold & Chase, 2018a; Cadotte & Tucker, 2017), the strength of these patterns suggests

that bird communities are partially structured through deterministic ecological processes of competition and

habitat filtering (Stubs & Wilson, 2004; Pillar et al., 2009; Pillar & d. S. Duarte, 2010; Ackerly & Cornwell,

2007). Different processes are likely important at different scales. We found that bird size was slightly more

important at the regional scale, while strata/diet was slightly more important at the local scale. Given the

large variation in strata and available food between fields, prairies, and woods, it makes sense that this trait

is more important between habitat types. Similarly, the relationship between body size and latitude has long

been recognized (C. Bergmann, 1848). This finding rejects the assumption made by Gomez et al. (2010)

that habitat filtering at regional scales (beta-niche traits) is unrelated to morphological size.

Trait partitioning unmasks these metacommunity processes. Analyzing each trait axis separately pre-

vented the effect of one trait from masking the effect of the other, and thus revealed the effect of competition

(Figure 2.6). Trait partitioning has been widely used to disentangle assembly processes for many different

ecological communities (e.g., Ingram & Shurin, 2009; Ackerly & Cornwell, 2007; Leibold & Chase, 2018a),

but despite a long history of guild-based analyses of bird communities (Ricklefs, 2012; Wiens, 1992; Holmes

et al., 1979) the use of trait convergence vs. divergence methods have yet to be extensively used for birds

(but see Gomez et al., 2010). We echo Lopez et al. (2016) in calling for future studies to test each trait axis

separately to prevent assembly pattern signals related to one trait canceling out signals from another.

2.4.2 Perennial polycultures bolster bird diversity

Perennial polycultures, woods, and prairie complement each other to bolster bird diversity. While our

metacommunty process analysis is limited to inferring patterns among the six habitat types, we suspect

that habitat filtering and competition structure specific habitats, including prairie, woods, and perennial

polyculture communities because a) functional traits are predictive of abundance in these habitats (Figure

2.7,A.5) and b) these habitats were the most preferred by many bird species (Figure 2.4,A.3). Prairie, woods,
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and mature polyculture were also the most preferred habitats for species on the IUCN Red List. Of these

habitats, mature perennials provided habitat for the greatest number of these threatened species, though

prairie and woods were more preferred by three of these species. These findings suggest that, in concert

with prairie and woods, perennial polyculture farms can help to conserve bird diversity, including threatened

species.

By contrast, corn and soy monocultures appeared to show little value for birds. Very few species were

found in these habitats, and no species most preferred these habitats, suggesting that these habitats are

suboptimal for all species. The occurrence of birds in low-affinity habitats is consistent with corn and soy

acting as sink habitats. It is possible that surfeit dispersal is thus more important for maintaining diversity in

intensive monocultures systems than in the more structured polyculture, woods, and prairie. This appraisal

is consistent with other studies in agricultural systems (Kleijn et al., 2011; Yachi & Loreau, 1999; Gámez-

Virués et al., 2015; Batary et al., 2011). Our findings corroborate this literature and suggest that corn and soy

monocultures do not contribute to the diversity of the metacommunity (at least during the breeding season).

Hay fields may be superior to corn or soy fields, and may provide important habitat for a handful of

species. Unlike corn and soy fields, hay fields were most preferred by several bird species (see Figure A.3),

but the low accuracy of functional trait predictions (Figure 2.7) make it unclear if these species are found in

hay fields because of deterministic processes, or through surfeit or stochastic dispersal. Furthermore, none

of the species that prefer hay are threatened, and hay still had very low diversity (see Figure 2.3), suggesting

that prairie, woods, and perennial polyculture are more valuable for bird conservation.

2.4.3 Bayesian models advance ecological understanding

While trait partitioning is only beginning to be recognized, scale has long been regarded as essential for

understanding ecological communities (S. A. Levin, 1992; Chase et al., 2019). Our results demonstrate how

a Bayesian hierarchical modeling framework can isolate the effect of environmental gradients across two

different scales. While previous studies have employed models to predict true community matrices (i.e.,

posterior communities) and then used these for further analysis (Karp et al., 2018; Iknayan & Beissinger,

2020), we instead leveraged the structure of our model to simulate communities that expressed either one

scale or the other. This enabled us to decipher the processes important at each scale with their associated
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uncertainty (Zhang et al., 2014).

Indeed, Bayesian models offer several advantages over null models for tackling an ongoing question in

ecology: is a pattern due to chance, or to an ecological process of interest? Most methods address this problem

by simulating many null communities, and comparing these null simulations to an observed community

(Gotelli, 2000; de Bello, 2011; Iknayan & Beissinger, 2020; Ponisio et al., 2016). However, no community

is truly ‘null,’ and identifying which features to hold constant and which to let vary randomly is both subtle

(Gotelli, 2000) and contentious (de Bello, 2011). For example, should species diversity per community be

held constant, or the number of communities per species? This choice can affect ecological interpretations (de

Bello, 2011). Bayesian abundance/occupancy models offer a different approach: the structure and uncertainty

contained within the Bayesian posterior enables ecologists to estimate the uncertainty of downstream analyses

(such as divergent/convergent assembly patterns; Zhang et al., 2014; Marion et al., 2018). Our results support

the utility of this approach for identifying community assembly processes. Furthermore, rapid advances in

computing power and algorithms have made Bayesian modeling fast, flexible, and approachable (Betancourt

& Girolami, 2015; Monnahan et al., 2017). More research is needed to understand best practices for

propagating uncertainty in Bayesian ecological models.

2.4.4 Shared landscapes are not all the same

Our findings echo Scherr and McNeely (2007): shared landscape that have been designed to support

wildlife are more likely to actually support biodiversity. The movements behind US Midwest perennial

polyculture farms—including the international ‘permaculture’ movement—explicitly focuses on decreasing

the environmental footprint of food production (Mollison, 1988; Ferguson & Lovell, 2014). Though such

social movements have received relatively little ecological investigation to date, our results show the utility

of studying such efforts. While perennial polyculture farms are not yet numerous in temperate climates,

they nonetheless offer an important glimpse at what a biodiverse shared landscape could look like. This

contrasts with other studies, which have focused on the most common shared landscapes (Phalan et al.,

2011), and found them lacking in diversity. We suggest that our results differed from those of Phalan et al.

(2011) because we chose a shared landscape that was designed to be wildlife friendly, rather than landscapes

that simply produce less food. Advancing conservation requires not only assessing current agroecological
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systems, but also novel systems that may provide a vision for conservation research and practice.

A concurrent study of these perennial polycultures suggests that they do not yet provide high yields

(Kreitzman et al., in press (accepted); Kreitzman, 2020). However, the land sparing/sharing framework’s

preoccupation with yield rather than land or food scarcity has been rightly criticized (Fischer et al., 2014).

Indeed, most of the food produced in traditional agriculture in the US Midwest goes towards fuel and animal

feed production rather than reducing food scarcity (e.g., corn: USDA, 2021). Thus reducing human energy

consumption and trophic level may compensate for decreased yield (Feeley & Machovina, 2014), particularly

when replaced by crops meant for human consumption, such as fruits and nuts. The high crop diversity in

perennial polycultures also has the potential to stabilize food production amidst climate change (Renard &

Tilman, 2019). Furthermore, perennial polycultures may become more productive over time. For example,

despite corn acreage remaining constant over the last century, yields have increased by a factor of six in the

US (USDA, 2021). Perennial polycultures elevate bird diversity and may have the potential to reduce food

scarcity and stabilize yields in the face of climate change.

2.4.5 Towards unnatural history

Our results demonstrate the importance of measuring functional traits within the ecosystem of interest.

Our in situ measurements showed that singing strata was an important feature of trait variability in our

system, even though this metric is excluded by most trait databases (such as Pigot et al., 2016; Wilman

et al., 2014). Collecting in situ trait data prompts ecologists to consider which trait metrics are needed

to represent observed behavioral variation. Our results suggest that traits are not intrinsic properties of

birds, but emergent properties of the relationships between birds and ecosystem; we echo Ross et al. (2017)

in calling for greater recognition of bird trait variation across ecosystems. Gathering this local, relational

(i.e., ‘autoecological;’ McCoy et al., 1991) data may be especially important in novel ecosystems, such

as agricultural systems, which are more likely to engender functional traits that differ from historical trait

measurements (K. A. Thompson et al., 2016; Lapiedra et al., 2018; Weinrich et al., 1992; Bonnet-Lebrun

et al., 2020). This is consistent with the larger push for “unnatural history”— observation and description

of individual birds in the context of a changing world (Callaghan, Martin, et al., 2018). Such an unnatural

history may help ecologists understand and conserve birds in the face of rapid environmental change.
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Chapter 3

Not just the Big Five: African ecotourists
prefer parks brimming with bird and
megafauna diversity
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Figure 3.1: A human visitor to an East African protected looks through their binoculars at a flock of
Red-billed Oxpeckers (Buphagus erythrorhynchus, right) and Yellow-billed Oxpeckers (Buphagus
africanus, left) foraging on a black rhinoceros (Diceros bicornis). These three species only occur
together in a handful of countries in Eastern and Southern Africa. Acrylic on paper.
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Abstract

Ecotourism plays an important role in sustaining protected areas that conserve Africa’s declining

fauna. Thus, understanding ecotourist preferences and beneficiaries could help boost African biodiversity.

The dominant attraction for ecotourists in Africa has traditionally been the ‘Big Five,’ due to historic

association with trophy hunting and subsequent ecotourism marketing efforts: elephant, lion, buffalo,

leopard, and rhinoceros. The distribution of ecotourism dollars might therefore be seen as most benefiting

landscapes that contain these species. Here we ask, Which species and landscapes do ecotourists most

prefer based on realized visitation data? And, differently, Which species and landscapes appear to most

benefit from ecotourism at continental scales? To address these research gaps, we gathered data on

average annual tourist visits, occurrence of nine mammals, bird species richness, forest cover, national

wealth, local human population, and accessibility for 164 Sub-Saharan African protected areas. To

understand ecotourists’ preferences for biodiversity beyond the Big Five, we used a Bayesian model to

test whether bird and megafaunal diversity explain visits to protected areas, while controlling for other

factors. To understand the distribution of benefits from ecotourism, we used Bayesian univariate models

to analyze spatial associations between park visitation and each species/landscape. We found that tourist

preferences extend beyond the Big Five to include bird and megafauna diversity. We also found that

ecotourism may especially conserve bird diversity, lion, cheetah, black and white rhinoceros, African

wild dog and giraffe species. Taken together, our results may help inform how to leverage ecotourism to

conserve African fauna.

3.1 Introduction

As part of the global climate and ecological crisis (IPBES, 2019; IPCC, 2014), many African animals

are threatened with extinction. This threat is substantial, since Africa contains among the most diverse

fauna in the world, many species of which are threatened (Nieto et al., 2005; BirdLife International, 2018).

For example, the northern white rhinoceros (Ceratotherium simum cottoni) is nearly extinct and others are

experiencing rapid range contractions. Indeed, lions (Panthera leo) and elephants (Loxodonta spp.) are likely

to be extirpated from much of their historical range over the next two decades (Bauer et al., 2015; Wittemyer

et al., 2014, but see Riggio et al., 2015). Even abundant mammals are declining precipitously (Craigie

et al., 2010). Beyond mammals, Africa contains about a quarter of the world’s bird diversity, and of these

species, more than ten percent are threatened with global extinction (BirdLife International, 2018). There are
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many proximate drivers of these bird and mammal declines, expansion of intensive agriculture, urbanization,

timber harvesting, direct human–wildlife conflict, and poaching (Nicole, 2019; BirdLife International, 2018;

Balvanera et al., 2019; Wittemyer et al., 2014). Protected areas (PAs) have been shown to play a key role in

mitigating this decline in African birds (Thiollay, 2006) and mammals (Riggio et al., 2015).

Ecotourism might offer an opportunity to conserve African fauna. Defined as ‘responsible travel to natural

areas that conserves the environment, sustains the well-being of the local people, and involves interpretation

and education’ (The International Ecotourism Society, 2015), ecotourism is a key tool in support of protected

areas’ capacity to mitigate the declines of African fauna (e.g., African wild dogs in South Africa, Lindsey

et al., 2005; Higginbottom & Tribe, 2004) while also providing resources for communities to engage in

non-extractive livelihoods (Nyaupane & Poudel, 2011). Beyond merely enabling alternative livelihoods,

ecotourism may even improve livelihoods (e.g., in South Africa: Snyman, 2014). Furthermore, visits

to protected areas have been increasing (Balmford et al., 2015; Balmford et al., 2009), emphasizing the

importance of understanding the role that ecotourism can play in conservation (Balvanera et al., 2019; but

this trend has been disrupted, and complicated, by COVID-19: B. A. Mitchell & Philips, 2021; Waithaka

et al., 2021; Moore & Hopkins, 2021). Harnessing these ecotourist visits for conservation may require

understanding the preferences that underlie ecotourist visits.

Ecotourist preferences may be evolving over time. Traditionally, the chief attractant of African ecotourists

has been assumed to be the ‘Big Five’: African lion (Panthera leo), elephant (Loxodonta spp.), rhinoceros

(Dieros bicornis or Ceratotherium simum), leopard (Panthera pardus), and Cape Buffalo (Syncerus caffer;

M. Nelson, 2010). However, this conception of ecotourist preferences hearkens back to a time when hunting

was the primary motivation to visit African protected areas (Draper, 2005). Recent research does support the

continued importance of elephants (Loxodonta spp.) and African lions (Panthera leo) for attracting tourist

visits to protected areas (Naidoo et al., 2016). But other species may also be attractors: An observational

study in a Kenyan protected area showed that cheetahs (Acinonyx jubatus) were surrounded by the largest

number of stopped tourist vehicles (lions, elephants, and multiple other species were also popular; Okello

et al., 2008). Social media studies also show that less-iconic species may be key tourist attractants (Hausmann

et al., 2016; Hausmann et al., 2017). Beyond mammals, stated preference surveys of visitors to four South

African protected areas showed that scenery and bird diversity were also important to tourists (Lindsey et al.,

2007).

44



These studies suggest that ecotourist preferences may extend beyond the Big Five to biodiversity more

generally. However, these studies only represent a handful of protected areas, and thus their findings may

not be generalizable to the rest of the continent. Furthermore, stated preferences or post-arrival time/photo

allocation may not be indicative of ecotourist preferences. Deciphering tourists’ preferences for biodiversity

thus requires a broader analysis of ecotourist visits across Africa. New tourist visit datasets (Balmford et al.,

2015; Naidoo et al., 2016) could enable extensive empirical investigations of the revealed preferences that

guide ecotourist visitation.

Here, we ask (Question 1), Do ecotourists prefer parks with biodiversity beyond the Big Five? We address

this question by testing whether bird and megafaunal diversity explain visits to protected areas within a model

that also includes other potential drivers of ecotourism. We aggregate data on tourist visits, bird diversity,

and presence of nine mammal species in 164 protected areas in Sub-Saharan Africa. Additionally, we gather

landscape and human geographic variables that other studies have suggested are important determinants of

protected area visitation, including accessibility, national income, whether a park is forested, and local human

population size. We construct a Bayesian multivariable regression model to explain the effects of mammal

and bird diversity on ecotourist preferences, while controlling for the four human geographic variables. We

use this model to infer what species and landscapes are likely important for determining tourist preferences,

but note that our data does not conclusively show a causative relationship between the presence of different

species/landscapes and tourist visits. Nevertheless, by controlling for important variables and by referring

to extant literature, we suggest that our results may be suggestive of such causative relationships. We expect

that bird and mammal richness will be key components of the revealed preferences of ecotourists.

However, visitation datasets may reveal more about ecotourism than merely the revealed preferences of

ecotourists. In addition to an exploration of ecotourist preferences, empirical PA visit datasets could also

show the distribution of species and landscapes that are most likely to benefit from the infusion of ecotourism

funds, where visits are a proxy for funds (Higginbottom & Tribe, 2004). For example, if most ecotourists

are going to parks that have Species A and very few are going to parks that have Species B , then species

A has the potential to conserved through ecotourism, while species B may require alternative conservation

initiatives. Preferences for a particular species may not always correlate with visitation, since many factors

shape preferences. Thus, this additional analysis of the spatial distribution of visits might identify the

distribution of potential benefits of ecotourism, regardless of ecotourist preferences.
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Thus, here we also ask (Question 2), What is the distribution of ecotourist benefits among different species

and landscapes? We address this question by testing the spatial associations between park visitation and the

presence of each different species and landscapes. However, instead of using a single multivariable model, as

for revealed preferences, we construct a univariate Bayesian regression model for the each species/landscape

feature. Furthermore we disassociate the megafuanal diversity into the nine separate taxa, and build a

univariate model for each, resulting in a total of 14 univariate regression models. We expect that some

species/landscape may be negatively associated with ecotourist visits, even if our revealed preference analysis

shows that tourists prefer that species/landscape.

3.2 Methods

First we briefly outline our methods. We began by gathering data on PA extents, tourist visits to PAs,

animal distributions, and human and geographic variables. Next we spatially joined these datasets so that we

had data associated with each PA. Next we standardized each variable. We then 1) constructed a model of

ecotourist preferences for biodiversity, while controlling for other PA attributes; and 2) constructed univariate

models of the distribution of ecotourist visits to understand what fauna and landscapes ecotourists may best

conserve.

PA and Tourist data We gathered spatial extent and location of 164 protected areas in 25 Sub-Saharan

African countries from The world database on protected areas (wdpa) (2013). We only included protected

areas classified in IUCN Category II-IV because Category I protected areas usually formally exclude tourists.

For each protected area, we obtained average annual tourist visits between 1998 to 2007 from Balmford et al.

(2015) and Naidoo et al. (2016).

Biodiversity data We selected nine megafauna taxa, including the Big Five: African lion (Panthera leo),

elephant (Loxodonta spp.), leopard (Panthera pardus), Cape Buffalo (Syncerus caffer) (M. Nelson, 2010),

giraffe (Giraffa spp.), cheetah (Acinonyx jubatus), African wild dog (Lycaon pictus), black rhinoceros

(Diceros bicornis), and white rhinoceros (Ceratotherius simum) separately. These taxa were selected based

on park and tourism websites, personal experience, personal conversations, and published literature (e.g.,
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Lindsey et al., 2007). We gathered presence/absence distributions of each species across Sub-Saharan Africa.

Distribution data for African wild dog, leopard, Cape buffalo, and cheetah were taken from the IUCN (2008).

Black and white rhinoceros data at the country-level were taken from the IUCN (2008), and were resolved

to park-level using park websites and other gray literature. Elephant distribution data were taken from Blanc

et al. (2013) and lion data were taken from Bauer et al. (2015) and Riggio et al. (2013) via Naidoo et al.

(2016). Giraffe data were provided by Stephanie Fennesey (Giraffe Conservation Foundation, unpublished).

All giraffe species were lumped into a single variable. In addition to these charismatic mammals, we

examined bird species richness (maximum number of species in each protected area), using data extracted

from Jenkins et al. (2013, see Figure B.7).

Landscape and human data To account for non-animal drivers of tourism, we included four variables

related to humans and landscapes: whether a PA was primarily forested (binary variable; forests may hinder

wildlife viewing: Naidoo et al., 2016), PA accessibility (measured in minutes of travel time from nearest

large city), real national income (2006 US$, adjusted by purchasing power parity), and local population

size (number of people living within 100 km of the edge of each PA). These variables have previously been

shown to be important in explaining PA visits (Naidoo et al., 2016; Balmford et al., 2015). Protected area

accessibility and population size were taken from Naidoo et al. (2016) and Balmford et al. (2015) based on

data from UN FAO (2005); national income was taken from Euromonitor International (2011) via Naidoo

et al. (2016). Forest cover data were taken from the global vegetation cover dataset GLOBCOVER (Bontemps

et al., 2010) via Naidoo et al. (2016). These data are based on independent data gathering efforts reflecting

particular landscape and biodiversity classifications, and so may not necessarily represent the experiences of

tourists (Tobler, 1963; Drucker, 2009), nor the imagined potential of a protected area (L. Bergmann & Lally,

2020). Moreover, our interpretation of these data likely reflect our own positionalities. HNE is a White

settler in the US and Canada. Whether in his backyard or far away from home, experiences with birds and

large mammals stand out in his memory.

3.2.1 Spatial processing

Presence/absence for each of the nine charismatic megafauna at each PA was determined by overlapping the

PA extents with each species’ distribution (except for the rhinoceroses; see above). If any part of a species’
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range overlapped the PA, then the species was marked as present. Populations that exist in a PA but may be

too rare to be observable were marked as absent for the preference analysis (since unobserved species should

not affect park preferences), but present for the distribution of ecotourist benefits analysis (since visits to

these PAs may still benefit these unobservable species). Species classified as ‘possibly extant’ within a PA

were marked as absent.

Bird richness was calculated for each park by overlaying the bird richness raster dataset (Jenkins et al.,

2013) on top of each PA’s extant. The maximum bird species richness value within each park was used

for further analysis. Some protected areas were too small to extract the raster values in this manner and so

extraction was done manually, including for: Mgahinga Gorilla (Uganda), Bobiri (Ghana), Bontebok (South

Africa), Wilderness National Lakes Area (South Africa), Nairobi (Kenya), Shai Hills (Ghana), Simien

(Ethiopia), and Kalamaloue (Cameroon).

Spatial processing was carried out in ArcGIS version 10.5, QGIS version 3.16.3, and R version 4.0.3.

3.2.2 Statistical analysis

National income, inaccessibility, and local human population were highly skewed, thus these variables were

log-transformed. Average annual visits was also highly skewed; we thus log-transformed the response

variable to satisfy regression assumptions associated with the normal distribution. To prevent creating

undefined values, average annual visit values were increased by 1 before log-transforming. Finally, each

continuous input variable was centered and scaled by two standard deviations; each binary variable was

merely centered (following Gelman, 2008).

Modeling ecotourist preferences

High collinearity in the PA occupancy of many of the taxa (Figure B.1) prevented us from quantifying

preferences for each species separately. Instead, we summed the presence/absence of each of the nine

megafauna in each PA. We found that the resulting megafauna richness variable was not highly correlated

(𝜌 < 0.3) with bird richness or the four control variables (income, inaccessibility, local human population,

and forest). Thus, we modeled tourist preferences as depending on bird and megafauna richness, while
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controlling for effects of national income, inaccessibility, local human population, and forest according to

the following equation:

𝑙𝑜𝑔(𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑣𝑖𝑠𝑖𝑡𝑠𝑖) ∼𝑁𝑜𝑟𝑚𝑎𝑙(`𝑖 , 𝜎) (3.1)

where protected areas are indexed by 𝑖, ` is the mean and 𝜎 is the standard deviation of a normal distribution,

and

`𝑖 =𝛼 + 𝛽1 × 𝑏𝑖𝑟𝑑 𝑟𝑖𝑐ℎ𝑛𝑒𝑠𝑠𝑖 + 𝛽2 × 𝑚𝑒𝑔𝑎 𝑓 𝑎𝑢𝑛𝑎 𝑟𝑖𝑐ℎ𝑛𝑒𝑠𝑠𝑖 (3.2)

+ 𝛽3 × 𝑙𝑜𝑔 𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑖𝑛𝑐𝑜𝑚𝑒𝑖 + 𝛽4 × 𝑓 𝑜𝑟𝑒𝑠𝑡𝑖

+ 𝛽5 × 𝑙𝑜𝑔 𝑖𝑛𝑎𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦𝑖 + 𝛽6 × 𝑙𝑜𝑐𝑎𝑙 ℎ𝑢𝑚𝑎𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑖

Modeling the distribution of ecotourist benefits

To test which species and landscapes are most likely to be conserved by current levels of ecotourism

(where ecotourist visits are a proxy for conservation funds; Higginbottom & Tribe, 2004), we built Bayesian

univariate normal models for each of the 14 park features, including each of the nine megafauna taxa, bird

richness, national income, local population, inaccessibility, and forest. Models were of the form (model for

lion described here):

𝑙𝑜𝑔(𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑣𝑖𝑠𝑖𝑡𝑠𝑖) ∼𝑁𝑜𝑟𝑚𝑎𝑙(`𝑖 , 𝜎) (3.3)

where,

`𝑖 =𝛼 + 𝛽1 × 𝑙𝑖𝑜𝑛 𝑝𝑟𝑒𝑠𝑒𝑛𝑐𝑒𝑖 (3.4)
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All models were estimated using four chains, each with 2000 iterations (with half devoted to warm-up) and

weakly informative priors. All models were built with Stan (B. Carpenter et al., 2017) using brms version

2.14.8 (Bürkner, 2018) in R version 4.0.3. Chain convergence was confirmed using �̂� < 1.01 (Vehtari

et al., 2019). We verified model fits using posterior predictive checks; we explored using zero-inflated

negative binomial distributions, but we found that the normal distribution model was superior at recovering

the correlation in the data (see posterior predictive check analysis in Figure B.5). Thus we relied on normal

distributions for this analysis. We also explored using Bayesian leave-one-out-cross-validation (LOO) to

deal with the collinearity in our variables (see SI for details).

3.3 Results

Average annual visits to protected areas ranged from 0 to nearly 1.5 million, with visitation highest in

southern and eastern Africa (see Figure 3.2). The presence of our nine study mammals in protected areas

varied between 0 and 9 (Figure 3.3), while bird richness varied from 178 to 655 species (Figure 3.4). White

and black rhinoceroses were present at the fewest of the 164 protected areas, while leopard and elephant were

present at the most (see density plots in diagonal of Figure B.1). Most of the protected areas were largely

unforested (Figure B.1).

In our model of revealed preferences of ecotourists (addressing Question 1), bird and megafauna richness

were strong predictors of ecotourist visits after controlling for forest, national income, human population,

and inaccessibility (Figures 3.5–3.6). Of these control variables, national income had a positive effect on

ecotourist visits, while forest and local human population had negative effects; inaccessibility did not have a

significant effect (Figure 3.5).

The distribution of ecotourist visits across species and landscapes (Question 2), however, did not always

match ecotourist preferences. Ecotourist visits were positively associated with bird richness, national income,

and the presence of lion, rhinoceros (both species), cheetah, African wild dog, giraffe (Figure 3.7). However,

tourist visits were negatively associated with forest, local human population, and inaccessibility. Leopard,

elephant spp., and Cape buffalo were neither positively nor negatively associated with tourist visits (Figure

3.7).
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Figure 3.2: Average annual visits to 164 African protected areas from 1998–2007.
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Figure 3.3: The number of nine charismatic mammalian megafauna at each of 164 protected areas.
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Figure 3.4: Bird species richness at each of 164 protected areas.

inaccessibility

local human population

forest

national income

megafauna richness

bird richness

−5.0 −2.5 0.0 2.5 5.0
log visits

Figure 3.5: Coefficient estimates for ecotourist preference model, representing the extent to which, all
else equal, ecotourists visit protected areas with these attributes. Shaded regions represent 50%
credible intervals, line extents represent 89%. See Table B.1 for intercepts and model details.
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Figure 3.6: Additional annual visits attributable to preferences for bird diversity at 164 African pro-
tected areas. Predictions based on median parameter estimates.

3.4 Discussion

Our results suggest that all else equal, ecotourists likely prefer to visit protected areas with high biodiversity

(including bird and megafauna richness; Figures 3.5–3.6). These findings extend the growing evidence

from social media, stated preferences, and in-park observations that ecotourist preferences currently extend

beyond the Big Five (Hausmann et al., 2017; Okello et al., 2008; Hausmann et al., 2016; Lindsey et al.,

2007). Meanwhile, our spatial association results suggest that ecotourism may be well-suited to conserve

bird diversity and some megafauna (lion, both rhinoceros spp., cheetah, African wild dog, and giraffe spp.).

Ecotourist funds are more likely to go to parks in wealthy countries, but less likely to go to those that are

forested, near large human populations, or inaccessible.

3.4.1 Ecotourist preferences

Bird diversity may be an important component of ecotourist preferences. Based on empirical data from 164

PAs, our results generalize Lindsey et al.’s (2007) finding that bird diversity is part of tourist preferences

in four South African PAs. However, an alternative explanation for our results is that the effect of bird
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Figure 3.7: Coefficient densities for each of the fourteen univariate spatial association models, rep-
resenting the extent to which protected areas with these attributes appear to benefit from the
distribution of ecotourism. Shaded regions represent 50% credible intervals, line extents repre-
sent 89% credible intervals. See Tables B.3–B.16) for intercepts and other model details.
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diversity is confounded by an unmeasured PA attribute. For instance, perhaps ecotourists have preferences

for a particular type of landscape that also coincidentally supports higher bird diversity. Thus by choosing

to visit a park with that landscape, ecotourists are also indirectly choosing to visit a park with high bird

diversity. For example, it is possible that distributions of species and visits are both influenced by human

warfare (Daskin & Pringle, 2018). Nevertheless, the strength of the relationship (Figure 3.5), the inclusion

of controls in our model, and the consistency with prior stated preference studies, suggests that ecotourists

prefer bird-diverse PAs.

Our study revealed that ecotourists likely prefer biodiversity beyond the charismatic ‘Big Five.’ This

preference for biodiversity adds to the growing literature demonstrating the attraction of biodiversity. For

example, research in cities has shown that people prefer to live in neighborhoods with higher biodiversity (the

‘luxury effect’; Leong et al., 2018; Melles, 2005). Spanning the idealized nature of wildlife safaris, to the

quotidian nature in one’s front lawn, these and other studies (e.g., Boeri et al., 2020; Millenium ecosystem

assessment, 2005) suggest that biodiversity is attractive in many disparate situations. This importance has

implications for conservation marketing and planning: conservation campaigns that communicate about

and target biodiversity more broadly might be more successful, both in garnering support and in satisfying

constituents.

3.4.2 Distribution of ecotourist benefits

Our spatial association results suggest that ecotourism likely provides funds to PAs with high bird diversity

(Figure 3.7). This may mean that ecotourism contributes to the sustenance of highly bird-diverse landscapes

across Sub-Saharan Africa. However, the negative association between ecotourism and forested PAs suggests

that the birds that are most at risk of extinction— forest birds (Wotton et al., 2017)—may benefit less from

ecotourism (Figure 3.7). Future research could test this inference by examining spatial relationships between

ecotourist visits and declining bird populations.

In addition to forest birds, some mammals may benefit less from the bulk of ecotourist funds. Leopard,

elephant spp. and Cape buffalo all displayed only haphazard relationships with tourist visits, suggesting

that ecotourism should be but one component of a holistic conservation program. Like forest birds, forest

elephants are experiencing sharp declines (Wittemyer et al., 2014). Perhaps conservation programs that
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do not rely on ecotourists could be particularly important for conserving forest species. Our findings may

help inform conservation initiatives, particularly at the continent-scale. However, these results should be

interpreted with caution because our protected area sample may not represent the entire distributions of these

species.

The spatial relationships between ecotourist visits and species/landscapes (Figure 3.7) could have a

number of possible underlying explanations. The relationships could be interpreted as a map of the species

and landscapes that might benefit from the investment of ecotourist funds. Conversely, the relationships

could be interpreted as a map of the neocolonial imposition of those landscapes and species preferred by

wealthy travelers (Devine, 2017; Wondirad et al., 2019). That is, the very mechanism by which ecotourism

can aid conservation—the provision of external funds—might also constrain local sovereignty and hinder

local visions for sustainability and conservation (Ojeda, 2012). While comprehensive multinational data

have shown that on average certain types of protected areas have positive effects on the well-being of nearby

residents (Naidoo et al., 2019), localized case studies can demonstrate mixed or negative effects on local

communities (Kibicho, 2008; Appiah-Opoku, 2011; Lepp & Holland, 2006). These negative effects often

stem from physical and governance exclusion from PAs (Brockington, 2002; R. H. Nelson, 2003; Neumann,

2001, 1998). For example, when Uganda’s Kibale national park was created in 1993, people were evicted

(sometimes forcefully; Government of Uganda, 1992, cited in Lepp & Holland, 2006), and the PA became

‘out of bounds’ for residents (Lepp, 2004).

However, although these critiques of ecotourism are important, our data are insufficient to distinguish

between these two alternatives. For example, our finding of a negative association between tourist visits and

nearby human population (Figure 3.7) could mean that ecotourism funds the maintenance of parks in places

where people prefer not to live, or, it could mean that tourist funds incentivize the displacement of local

communities and the conservation of landscapes that are not locally desirable. Nevertheless, our findings

may serve as a foundation for future investigations into how ecotourist preferences affect the capacity of local

community members to pursue their goals. Preferences and visits provide an entry point for understanding

biodiversity conservation and justice. Thus, while we have explicated the distribution of ecotourist visits

and some potential drivers, how these visits translate into GDP, local employment, and sovereignty are key

avenues for future work.
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3.4.3 Multivariable and univariate analyses are complementary

Our study showed how a multivariable model of visitation data and animal/landscape features can elucidate

revealed preferences. Such ecotourist preference are typically used to represent relationships between

ecotourists and species/landscapes (e.g., Park et al., 2002). However, ecotourist preferences only represent

one facet of ecotourist–ecosystem relationships. Investigating the other facet—i.e., the distribution of

ecotourist visits—is necessary for fully understanding what types of ecosystems ecotourism will promote

(via transfer of funds from ecotourists to park planners, etc.). Thus, this study also demonstrated how

univariate models can complement revealed preference analyses. Our univariate models helped disentangle

the distribution of ecotourist benefits. Combining multivariable and univariate analyses of visitation datasets

thus enhances the usefulness of these datasets, and our understanding of how to harness ecotourism for

conservation. For example, we found that even though ecotourists have preferences for parks with diverse

megafauna, many species of megafauna are not positively associated with tourist visits, and thus may require

other conservation techniques beyond ecotourism.

As social media makes visitation data more abundant and accessible (da Mota & Pickering, 2020),

revealed preference analyses will also become increasingly feasible. We suggest that future research leverage

this growing trove of visitation data by complementing multivariable analyses of revealed preferences with

univariate analyses of the distribution of ecotourist benefits.
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Chapter 4

Motivating conservation even for
widespread species using genetic uniqueness
and relational values

58



Figure 4.1: Even if it is invisible, genetic distinctiveness can construct relational values about rainbow
trout Oncorhynchus mykiss. Acrylic on paper



Abstract

Widespread, common species continue to decline, disrupting ecosystems and human connections

with nature. New strategies to motivate people to protect widespread species are needed. Drawing on a

relational values framework, we deploy a discrete choice experiment survey to test whether foreground-

ing the genetic distinctiveness of local populations and interdependence with humans could motivate

conservation of a widespread species (rainbow trout, Oncorhynchus mykiss). Genetic/genomic data have

long been used to manage endangered species, but have heretofore not been used to motivate public

support for conservation of widespread species. Fitting our survey data to a mixed multinomial logit

model, we find that when we emphasize participants’ interdependent relationships with fish, participants

are willing to pay significantly more to support conservation projects that protect genetically distinct

populations. These findings suggest a new avenue for using an abundant resource (genetic data) to

motivate conservation of widespread species.

4.1 Introduction

As part of a global ecological crisis (IPBES, 2019; Díaz et al., 2019), populations of abundant and widespread

species are declining (Elliott et al., 2010; Inger et al., 2014; Rosenberg et al., 2019; Conrad et al., 2006;

van Dyck et al., 2009; Gaston & Fuller, 2008; Stepanian et al., 2020; Craigie et al., 2010). These

declines have disproportionate impacts on ecosystem function, such as net primary productivity (Gaston

et al., 2000; M. D. Smith & Knapp, 2003; Gaston, 2010; Luck et al., 2003) and human experiences with

nature, such as enjoyment of birdsong (Gaston et al., 2018; Echeverri et al., 2019). Thus, including abundant,

widespread species in conservation efforts is necessary to sustain both ecosystem function and human–nature

relationships.

However, because rare species are the most likely to go extinct, one of conservation’s major objectives

has been to recover these species (Gaston & Fuller, 2008). In the European Union, for example, bird

conservation directives have effectively increased populations of rare birds, but not other species (P. F.

Donald et al., 2007). In North America, conservation efforts have increased the endangered Kirtland’s

Warbler (Setophaga kirtlandii, Baird) population more than ten-fold (Bocetti et al., 2014; Doyle, 2019). But

as this and other rare species have flourished, North American bird populations have decreased by nearly

3 billion, driven by losses in common species (Rosenberg et al., 2019). Although they may not yet be
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endangered, many species that are currently common across a wide area are declining precipitously; new

conservation methods are needed to motivate the conservation of these species (henceforth referred to as

‘widespread species’).

To identify avenues for conserving widespread species, we adopt a relational values approach. Relational

values reflect the growing consensus that conservation, or lack thereof, results from the relationships that

humans build with nature (e.g., Skubel et al., 2019; West et al., 2020). Relational values enable conservation-

ists to focus on these relationships and mobilize them for conservation (Pascual et al., 2017). These values

are defined as the preferences, principles, and virtues associated with relationships (K. M. A. Chan et al.,

2018). Relational values about nature have been shown to be widely held and predictive of environmental

attitudes (Klain et al., 2017; Olmsted et al., 2019). This modern conception of relational values is a response

to the intrinsic vs. instrumental value discussion in environmental ethics and conservation (Muraca, 2011;

Klain et al., 2017; Himes & Muraca, 2018). Unlike other forms of value that are derived from the subject

(Rokeach, 1973; Sagiv et al., 2017) or the object (Callicott, 1985; Costanza et al., 1997), relational values

are co-developed by the interaction between a subject (e.g., humans) and another subject (e.g., nature, other

humans, or anything else; K. M. A. Chan et al., 2016). This co-created nature of relational values makes

them well-suited for simultaneously analyzing both people and widespread species to identify conservation

solutions. Thus, unleashing relational values of responsibility is now widely understood as one of the key

leverage points for pathways to global sustainability (IPBES, 2019; K. M. A. Chan et al., 2020; Moriggi

et al., 2020).

The relational values concept suggests that people should be motivated to conserve nature when they

relate to it as a concrete member of their community and feel a shared sense of belonging and identity

(Adler, 2017; Klain et al., 2018). How do we create such a relationship between people and a widespread

species? Building on previous work on relational values (Chapman et al., 2020; Klain et al., 2017; Olmsted

et al., 2019), we hypothesize a priori that people will be more motivated to conserve populations of a

widespread species when those populations are re-framed as genetically distinctive, nearby, and part of

an interdependent relationship with people (i.e., people impact them and they impact people). We also

hypothesize that people who undertake activities that bring them into contact with a widespread species may

be more likely to feel a sense of community with it. We expect that these framings should help to construct

a sense of belonging, connection, identity, and responsibility for a widespread species and thereby motivate
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conservation behavior. As a broad, interdisciplinary conceptual framework, relational values provide a

heuristic for efficiently identifying new hypotheses for conservation. Conservation psychologists may notice

parallels between our hypotheses and concepts in conservation psychology. We next briefly review relevant

psychological concepts.

First, self-efficacy (one’s perceived capacity to carry out an action) and response efficacy (one’s perceived

capacity to produce the desired result), are core components of motivation in psychology (Bandura, 1977;

Maloney et al., 2011). These concepts support our hypotheses: perceived efficacy is likely to be enhanced if

people believe that they impact the population (e.g., have an interdependent relationship), that these impacts

can be accounted for, and that the organism is part of a small, discrete, genetically distinct population,

rather than an overwhelmingly widespread, nebulous, species. Two additional concepts build on perceived

efficacy and add further support for our hypotheses: psychic numbing (the idea that compassion declines when

conditions remain bad, Slovic, 2010) and pseudoinefficacy (the belief that marginal advances are meaningless,

Västfjäll et al., 2015; Västfjäll et al., 2016). Similarly, the psychological concept of scarcity bias suggests that

transforming a widespread species into a small genetically distinct population will increase motivations to

conserve it (Mittone & Savadori, 2009). Also relevant is the concept of psychological distance, which holds

that engagement will increase if one perceives that a problem will affect oneself, will occur nearby, or will

occur soon (reviewed in Kusmanoff et al., 2020). This concept thus supports our hypothesis that one will be

more motivated to conserve nearby populations. Finally, psychologists have long recognized the importance

of personal norms for determining behavior (Schwartz, 1977; Niemiec et al., 2020). Personal norms

reflect one’s personal standards for ‘right’ behavior, and are key to understanding feelings of responsibility.

Studies suggest that personal norms can be activated by highlighting the consequences of one’s actions

on valued others (Niemiec et al., 2020). Relational values similarly seek to understand how responsibility

emerges from specific relationships (Rai & Fiske, 2011). Thus, personal norms are consistent with our

hypothesis that foregrounding the interdependent relationship between people and a widespread species will

increase motivation for conservation. As we have demonstrated, a relational values framework fruitfully

unites a bevy of disparate concepts in conservation psychology and allows for a more comprehensive and

interdisciplinary investigation of conservation motivation. Perhaps relational values serve as such a good

umbrella framework because many psychological concepts rest on the idea that human behavior is ultimately

driven by a fundamental need to create and maintain rewarding relationships (e.g., Ryan & Deci, 2000b;
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Cialdini, 2003; Haidt, 2001; Rai & Fiske, 2011; Chawla, 1999; Higgens, 1997; Bowlby, 1969).

While previous uses of genetic information in conservation of threatened species have largely focused on

genetic diversity (the total amount of genetic variation within a species or population) our method instead

relies on genetic distinctiveness (the degree of genetic difference between a given population and other

populations of a species). The efficacy of using within-species genetic or genomic (hereafter ‘genetic’)

distinctiveness (without reference to phenotype) to motivate people to conserve has not been tested. Tra-

ditionally, conservationists have used genetic information to manage threatened species (Frankham, 1995;

Quinzin et al., 2019), often bringing species back from the brink, such as the California Condor (Gymnogyps

californianus, Shaw Ralls & Ballou, 2004) and Atlantic Salmon (Salmo salar, L.; Tymchuk et al., 2010).

The large and growing trove of genetic information (Sayers et al., 2019) provides a promising source of fuel

that might directly motivate public support for the conservation of widespread species.

We examine this unexplored use of genetic information, population proximity, interdependence, and

species-adjacent activities in the context of rainbow trout (Oncorhynchus mykiss) habitat conservation in

British Columbia, Canada. Rainbow trout are an important part of the North American aquatic ecosystem:

their native range stretches from Alaska to Mexico, and from the Pacific Coast to the Rocky Mountains

(MacCrimmon, 1971). Rainbow trout remain common in much of their native range, but are declining

(Bernstein & Montgomery, 2008) due to anthropogenic factors, including recreational angling, climate

change, water pollution, habitat loss, roads, agriculture, forestry, and mining (Schindler, 2001; S. J. Wenger

et al., 2011; Bernstein & Montgomery, 2008). Rainbow trout are widespread and common, and thus serve

as an important link between humans and nature: rainbow trout are the main species in British Columbia’s

nearly CAN$ 1 billion recreational fish catching and killing economy (Bailey & Sumaila, 2012). Beyond

just British Columbia, recreational fishing adds USD $115 billion annually to the US economy (Southwick

Associates, 2012). By playing such a substantial role in many people’s lives, rainbow trout serve to cultivate

and enshrine a bundle of ecosystem services, cultural and otherwise (K. M. A. Chan et al., 2012; Klain

et al., 2014). Trout are thus central for shaping people’s ideas about desired and appropriate relationships

with nature (i.e., relational values: K. M. A. Chan et al., 2016), which are key to guiding societies toward

a sustainable future (K. M. A. Chan et al., 2020). Thus, as a widespread, common, declining species with

significant effects on ecosystems and humans, this species is both an important subject for conservation in

its own right, and well-suited to test how to motivate conservation of widespread species.
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To test our hypotheses about how to make a widespread species seem special and worthy of conservation,

we conducted a survey of British Columbians about their willingness to pay to restore rainbow trout habitat.

We employed willingness to pay as a proxy for conservation intent (we are interested in what factors affect

relative willingness to pay, and only secondarily in the absolute economic valuation itself; P. C. L. White et al.,

2001). We used a discrete choice experiment to examine how genetic distinctiveness, population proximity,

and conservation effectiveness (related to our hypothesis about interdependence) affected willingness to

pay for trout habitat restoration. To further test the effect of an interdependent relationship with trout, we

randomly presented respondents with either an interdependent or arms-length framing of the interactions

between British Columbians and fish, and then analyzed how frame exposure affected preferences for

the choice experiment attributes. The frames were developed based on previous studies that explored

relational values of identity, community, etc. (Klain et al., 2017). To test our hypothesis that people who

undertake activities related to a widespread species will increase conservation motivation, we included

angling frequency, proximity of rainbow trout population to participant’s home, and stream restoration

frequency. Finally, we investigated a number of additional variables, including household income, frequency

of donating to conservation, belief that unique trout are special, belief about risk to trout, general values

about nature, and hiking frequency (for a priori vs exploratory distinctions and expected signs, see Table

4.3).

4.2 Methods

4.2.1 Study population and recruitment

We conducted an online survey of British Columbian residents, recruited and compensated (CAD $1.50)

via Amazon MTurk (Buhrmester et al., 2011) and hosted by Qualtrics (Provo, UT). While not necessarily

representative of the general population, MTurk populations are generally more diverse than other internet

samples, and much more diverse than undergraduate populations (Buhrmester et al., 2011). Surveys were

collected between January and April 2019 and approved by the University of British Columbia Behavioral

Ethics Review Board (H17-01431).
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4.2.2 Survey design

The survey consisted of three sections. The first section contained background on (non-anadromous)

rainbow trout in BC and questions about respondent characteristics that may affect relationships with

trout conservation. These included perceptions of, risks to, stocking of, and adaptation in rainbow trout;

ethical positions on recreational fishing and stocking; and questions about local adaptation in rainbow trout,

environmental stewardship, home proximity to streams, and frequency of participation in environmental

stewardship, angling, hiking, non-power boating, hunting, birdwatching, stream restoration, and power

boating. The second section included a choice experiment (detailed below). The third section included

Likert-scale questions about the effectiveness of various conservation actions, questions about relational

values (Klain et al., 2017; Olmsted et al., 2019), a truncated New Ecological Paradigm (Dunlap et al., 2000),

and ended with demographic questions (see SI for full survey). To validate the survey and ensure clarity, a

pilot version was tested with colleagues, followed by a preliminary pilot batch on Amazon MTurk.

4.2.3 Choice experiment design

To test the effect of foregrounding the interdependence of humans and fish, we randomly presented each

participant with one of two frames. The first was more relational, emphasizing the interdependence between

British Columbians and fish, while the second presented a more arms-length association (see Table 4.1).

Following the frame, the choice experiment tested the importance of the proximity of the restoration,

genetic distinctiveness, and effectiveness on willingness to pay to restore a section of river habitat for rainbow

trout. Effectiveness was operationalized as the number of meters of restored river habitat, while proximity

was operationalized as whether the restoration occurred in someone’s own community or anywhere in BC.

Each alternative contained four attributes, each with either two or four levels (see Table 4.2). Each survey

participant was presented with a discrete, mutually exclusive, choice between supporting one of two unlabeled

restoration projects or neither (i.e., status quo)—see Figure 4.2 for an example choice set. The inclusion of

this status quo/no choice option provides realism to our survey (Lancsar et al., 2017).

To provide ample statistical power and prevent excessive cognitive burden (Bech et al., 2011) we created

16 sets of choices and showed half to each participant (i.e., 2 blocks, with 8 choices/participant). To ensure
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Table 4.1: Text of relational frames. Each respondent was randomly shown one of the two frames
prior to seeing the choice experiment. The interdependent frame adopts a narrative style that
highlights the numerous ways that British Columbians negatively affect fish, and the ways that
fish positively affect British Columbians. The arm’s-length frame is more didactic and presents
people’s relationships with fish as more utilitarian and extractive (Satterfield et al., 2000).

Frame type Frame text

interdependent

BC citizens influence natural habitat throughout the province both directly and
indirectly—when we buy things, land is converted for suburban expansion,
agriculture, or industry, waterways are often adversely affected. When we
harm waterways, we harm the wild fish that flourish in them and our neighbors
that rely on them for recreation and sustenance. Many of these wild fish are
declining, and if we don’t do something, they may be lost forever and future
generations may never know them. With the motto Beautiful British Columbia,
the natural environment is a key component to BC’s identity and a point of pride
and interest for much of the population.

arm’s-length

Officially, wild trout habitat restoration is the domain of the BC provincial
government, although there are a number of active groups who engage in
restoration action. Recreational fishing plays a substantial role in the economy
of many regions of BC. Furthermore, improving environmental conditions
can benefit more than a target species, including recreational opportunities,
reducing erosion and improving water quality

that the resultant choices would be sufficient to determine the main effects of each attribute, we employed

the rotation method (F. Johnson et al., 2007) to create a fractional design using the support.CEs package

(Aizaki, 2012) in R (R Development Core Team, 2018). This method uses an orthogonal main-effects array

to create the first alternative of a given choice set; the second alternative is created by cycling through to each

attribute’s next level. However, this method is imperfect: it can yield choice sets where one alternative is

clearly better (has higher utility), providing results that are not informative. To overcome this inefficiency, we

used domain expertise to estimate the utility added by each level of each attribute (prior partworth utilities,

Table 4.2), and then swapped attributes until alternatives had ~ equal utilities (Huber & Zwerina, 1996).

Table 4.2: Choice experiment attributes, levels, and prior partworth utilities

attributes levels prior partworth utilities

Genetic distinctiveness: ‘Trout type’ wild & genetically unique, 1, -1

wild & genetically similar

Proximity: Distance from home BC, my community -1, 1
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Cost: ‘Donation amount’ (CAN$) 5, 10, 25, 50 1, 0.33, -0.33, -1

Effectiveness: ‘Meters of river restored’ 50, 100, 250, 500 -1, -0.33, 0.33, 1

4.2.4 Statistical analysis

Multinomial logit models (MNL) are the classic means for interpreting discrete choice experiments (McFad-

den, 1974; Train, 2003; Greene, 2012). However, these models do not allow for heterogeneous preferences

for observed attributes and assume the independence of irrelevant alternatives (IIA), which is often violated

when choices are dissimilar (Lancsar et al., 2017). Fortunately, recent econometric advances have provided

models that account for various types of individual heterogeneity and relax the IIA assumption (Fiebig et al.,

2010; Greene & Hensher, 2010). To determine which of these models were most appropriate for our data,

we fit multinomial logit (MNL), mixed multinomial logit (MXML McFadden & Train, 2000), latent class

multinomial logit (LC Boxall & Adamowicz, 2002), mixed-mixed multinomial logit (MX-MXML Keane

& Wasi, 2013; Bujosa et al., 2010), scale heterogeneity multinomial logit (S-MNL Fiebig et al., 2010;

Keane & Wasi, 2013), and generalized multinomial logit (G-MNL Fiebig et al., 2010) with correlated and

uncorrelated random parameters. Of these models, the MXML model with correlated random parameters

yielded the most useful (i.e., it allowed testing of our hypotheses) and parsimonious fit, as measured by AIC

and BIC, following Keane and Wasi (2013) and Fiebig et al. (2010); see SI for further details. All models

were estimated with a maximum simulated likelihood estimator (Henningsen & Toomet, 2011) and the gmnl

package (Sarrias & Daziano, 2017) in R (R Development Core Team, 2018). Standard errors were calculated

with the delta method as implemented in the msm package (C. H. Jackson, 2011). To decrease estimation

time and ameliorate convergence issues resulting from variables on different scales, input variables were

mean-centered and non-binary input variables were standardized by two standard deviations (Sarrias &

Daziano, 2017; Gelman, 2008).

This correlated parameter MXML model defines the utility,𝑈 of participant 𝑖 for alternative 𝑗 consisting

of 𝐾 attributes in choice set 𝑠 as:

𝑈𝑖 𝑗𝑠 = 𝛽0 𝑗 + x>𝑖 𝑗𝑠𝜷𝑖 + 𝜖𝑖 𝑗𝑠, (4.1)
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Figure 4.2: An example of the choice experiment questions that we presented to survey respondents.
See SI for the entire survey.

where 𝛽0 𝑗 is the alternative specific constant (ASC) of alternative 𝑗 (accounting for the opt-out label), x𝑖 𝑗𝑠

is a 𝐾 × 1 vector of the observed attributes of alternative 𝑗 , and 𝜖𝑖 𝑗𝑠 is the i.i.d. extreme value type 1

error. Attribute preferences, 𝜷𝑖 , varied across individuals and were assumed to follow a multivariate normal

distribution such that:

𝜷𝑖 ∼ 𝑀𝑉𝑁(𝜷,𝚺), (4.2)

where 𝚺 is non-diagonal, allowing for correlations in preferences across attributes. Re-expressed to account

for dependence on individual characteristics:

𝜷𝑖 = 𝜷 + 𝚷z𝑖 + L𝜼𝒊 , (4.3)

where z𝑖 is the set of 𝑀 individual characteristics of participant 𝑖, 𝚷 is a 𝐾 × 𝑀 matrix of parameters, L is

the lower-triangular Cholesky factor of 𝚺, and 𝜼𝒊 ∼ 𝑁(0, I). For the associated probabilities, see Sarrias and

Daziano (2017). To make parameter estimates more intelligible, we modeled unstandardized attributes and

calculated marginal willingness to pay, which expresses attribute preference parameters in units of marginal

attribute/price whereby:

𝑊𝑇𝑃𝛽𝑘 = −𝛽𝑘/𝛽𝑐 where 𝛽𝑐 is the cost coefficient and 𝛽𝑘 is the coefficient of interest (4.4)
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Following Olmsted et al. (2019) and Klain et al. (2018), we averaged the validated relational value questions

to create an index and verified sufficient internal consistency (Cronbach’s Alpha = 0.782). To ensure indepen-

dence between the individual characteristics, z, we investigated correlations among the items in sections one

and three of the survey (including the relational value index). We omitted items that were tightly correlated

or that did not address our hypotheses. For example, we did not include gender or frequency of recreational

power-boating, because they were well-correlated with recreational angling frequency; we included angling

frequency because it was related to our hypothesis (see introduction). This left us with the following indi-

vidual characteristics, all of which served to moderate preferences for the four choice experiment attributes

in our model: whether participants were farmers, residence proximity to water, frequency of recreational

angling, frequency of hiking, frequency of engaging in stream restoration, perceptions of risk to rainbow

trout, belief that unique rainbow trout populations are special, frequency of donation to conservation groups,

income, relational value index, and which relational frame the participant encountered. See Fig. 4.3 for

the covariates used and Table 4.3 for our a priori hypotheses. To minimize forking paths, these covariates

were chosen before beginning modeling (Gelman & Loken, 2013). Our experimental design, modeling

choices, and interpretation of results likely reflects our own positionalities (Montana et al., 2020). HNE is a

White settler/scholar who grew up in rural Michigan, USA, where he cultivated relationships with the many

denizens of his backyard.

4.3 Results

4.3.1 Sample characteristics

After removing duplicate IP addresses and incomplete surveys, our sample consisted of n=646 surveys.

Survey participants were mostly male (63%) and mean age was 31. Thus, our sample was more male and

younger than British Columbia’s overall population (for further details on the province’s demographics, see

Statistics Canada, 2017). See Fig. 4.3 for distribution of the individual characteristics used as covariates in

the choice experiment.
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Table 4.3: Survey variables showing a priori hypotheses. All other relationships were exploratory.

variable hypothesis effect on effect sign

Genetic distinctiveness a priori motivation to conserve +
Proximity a priori motivation to conserve +
Cost a priori motivation to conserve –
Effectiveness a priori motivation to conserve +
Farmer exploratory gen. dist., proximity, cost, eff. NA
Stream proximity to home a priori proximity +
Stream proximity to home exploratory gen. dist.,cost, effectiv. NA
Angling frequency a priori cost +
Angling frequency exploratory gen. dist., proximity, effective. NA
Hiking frequency exploratory gen. dist., proximity, cost, effectiv. NA
Stream restoration frequency a priori cost +
Stream restoration frequency exploratory gen. dist., proximity, effectiv. NA
Trout at risk a priori cost +
Trout at risk exploratory gen. dist., proximity, effectiv. NA
Unique trout are special a priori gen. dist. +
Unique trout are special exploratory proximity, cost, effectiv. NA
Donate to conservation a priori cost +
Donate to conservation exploratory gen. dist., proximity, effectiv. NA
Donation efficacy a priori cost, effectiv. +, –
Donation efficacy exploratory gen. dist., proximity NA
Income/year a priori cost +
Saw interdependent relational frame a priori gen. dist., proximity, cost +
Saw interdependent relational frame exploratory effectiv. NA
Relational value index a priori gen. dist., proximity, cost +
Relational value index exploratory effectiv. NA

4.3.2 Choice experiment results

We found that participants who saw the interdependent relational frame preferred effective restoration of

genetically distinct trout, but we found no evidence that preferences for proximity and cost were affected by

the frame (Fig. 4.4). Genetically distinct trout were also preferred by farmers, but not people who lived near

streams (Fig. 4.4). Effective restoration was preferred by people who believe unique trout are special and

hikers, while again not by people who lived near streams (Fig. 4.4). Nearby restoration was preferred by

hikers and anglers, but again not by people who lived near streams (Fig. 4.4). Cost was less important to

people who frequently donate to conservation, people who believe trout are at risk, people who frequently

engage in stream restoration, and people who live near streams, while it was more important to people who

believe trout are special. (Fig. 4.4). Overall, the biggest increase in willingness to pay for conservation

was associated with genetically distinct trout and the interdependent relational frame (see Table 4.4 for all

of these results expressed as marginal willingness to pay (for all WTP estimates, see SI).
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Figure 4.3: The raw distributions of the 12 individual characteristics used as covariates in choice
experiment model. All covariates were categorical, except for the relational values index, which
was a continuous variable, where higher values indicate stronger values about nature. See SI
for exact question language. The overall belief in the efficacy of conservation donations lends
credibility to the dependent variable of our choice experiment.

Several individual characteristics did not significantly affect preferences for project attributes: belief in

the efficacy of donating to conservation, income, and the relational value index.

Table 4.4: Marginal willingness to pay for all significant (p<0.05) model parameters. Negative values
indicate that individuals identifying with those covariates in the left column were willing to pay
less than average for the attribute in the middle column; positive values mean they were willing to
pay more. For example, people who saw the interdependent relational frame were willing to pay
an extra $16.20 to restore genetically distinct trout habitat.

individual covariate attribute WTP (CAN $) std error
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effectiveness 0.08 0.01

proximity -6.50 2.86

stream proximity to home proximity -11.18 4.30

angling frequency proximity 8.30 4.67

hiking frequency proximity 11.24 4.33

stream restoration frequency effectiveness -0.04 0.02

hiking frequency effectiveness 0.05 0.02

unique trout are special effectiveness 0.05 0.02

saw interdependent relational frame effectiveness 0.03 0.02

farmer genetic distinctiveness 17.97 6.74

stream proximity to home genetic distinctiveness -12.99 4.46

saw interdependent relational frame genetic distinctiveness 16.20 5.15

stream proximity to home cost 0.34 0.18

stream restoration frequency cost 0.56 0.19

trout at risk cost 0.34 0.17

unique trout are special cost -0.54 0.19

donate to conservation cost 0.61 0.19

4.4 Discussion

Our findings demonstrate a new strategy for motivating conservation of widespread species. We found

that emphasizing genetic distinctiveness, effectiveness, and interdependence motivated conservation of a

widespread and abundant but declining species: rainbow trout. These framings accentuated that fish are

genetically distinct, how fish are part of the British Columbian identity, that fish mediate relationships with

future generations, that daily human acts lead to pollution and deterioration of fish habitat, and that humans

can effectively restore trout habitat. These framings of relationships with fish provides a context in which

people decide how to act towards trout. Taken together, these results show how relational values can lead to

new avenues for conserving widespread species.
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Figure 4.4: Mean preferences for each attribute (‘mean effect’) and preference variation according
to individual covariates, including whether participants saw the interdependent relational frame
(y-axis). For the effect of each individual covariate, zero represents the mean preference for each
attribute (x-axis); deviations from the x-axis indicate deviations in preference for a given attribute
associated with a given individual-level variable (e.g., participants who were randomly presented
with the interdependent relational frame were more likely to prioritize restoration of genetically
distinct trout). White points indicate statistically significant at p<0.05 level. See SI for table with
all coefficients, standard errors, and p-values.

When framed in terms of human–fish relationships, these results are also consistent with an expanded

Self-determination Theory, which suggests that a sense of belonging and self-efficacy (one’s perceived

capacity) can increase intrinsic motivation (Ryan & Deci, 2000a). Many of our variables can be understood

as enhancing belonging, including genetic distinctiveness, degree of shared identity, and whether personal

consumption impacts trout (the latter two as characterized by the relational frame). Similarly, effectiveness

and the impacts of personal consumption (as characterized by the relational frame) may boost perceptions of

self-efficacy, and is consistent with recent calls for evidence-based donating (Freeling & Connell, 2020). Our

findings support the importance of perceived risk emphasized by other human action theories: we found that

a greater perceived risk to rainbow trout led to a greater willingness to pay (Maloney et al., 2011; Prochaska

& Vlicer, 1997). These results suggest that conservation messaging in many cases will be more effective

when it emphasizes personal, reciprocal relationships with wildlife in ways that increase a sense of belonging

and self-efficacy.

As outlined in the introduction, the relational values treated here have analogs in conservation psychology.
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However, relational values enabled the intuition to bundle these concepts together. Indeed, the effects

were most notable when the genetic distinctiveness and interdependent frames were bundled into the same

experimental context. Had we taken a more reductionist approach—as is typical (Kusmanoff et al., 2020)—

we would have tested these frames independently, and missed the most important interaction. Thinking with

relational values led us to a design that enabled higher-level insights that we likely would not have stumbled

upon if we had been thinking with psychology theories alone.

Individual preference variation The importance of genetic distinctiveness, effectiveness, proximity, and

cost varied across individuals. Consistent with our hypothesis that people who engaged in activities that

were associated with trout would be more highly motivated, the keenest conservationists resided near water

or regularly engaged in stream restoration: Even if the cost was high or trout were not genetically distinctive,

they believe restoration is important and should be undertaken. Living near water seems to cultivate a

stronger relationship with waterways and a more salient imagining of a river populated by fish. We expected

that anglers would also be the keenest fish conservationists, but they were not (although they were willing to

pay more for nearby restoration). This suggests that fish conservationists can look well beyond anglers for

support. Particularly, hikers showed greater preferences for both nearby and effective restoration, perhaps

reflecting their stronger relationships with nearby wild areas. Farmers’ greater preferences for genetic

distinctiveness might represent their knowledge of the importance of genetic diversity for crop/livestock

health. Thus, increasing general knowledge about benefits of genetic diversity might enhance preferences

for genetically distinctive populations (since conserving many genetically distinct populations would result

in a more genetically diverse species). Because angling and other variables in our dataset were correlated

with gender, we were unable to isolate the effect of gender and account for our sample’s over-representation

of men.

Finally, frames are subjective and their effect is dependent on each individual participant’s prior beliefs,

biases, and opinions. Although both frames were intended as pro-conservation, it is possible that some

participants may find the arm’s-length frame’s focus on government dismissive or uncaring. Alternatively,

the arm’s-length frame may encourage participants who distrust the government to assume greater personal

responsibility. Other participants may take the government and other groups’ interest in trout conservation as

a normative signal that encourages them to donate. However, we do not have evidence to suggest that these
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reactions would be widespread: these effects are largely unavoidable, idiosyncratic, and, while adding noise

to the data, do not overshadow the effect of interdependency. The different use of loss language in the frames

may also influence the response to each frame (Kahneman & Tversky, 1979). Future research, including

in other contexts, might investigate whether proximity to the habitat in question generally correlates with a

willingness to pay for conservation, and if so, what specifically mediates that relationship.

Our experimental design demonstrates that coupling frames with choice experiments can yield insights

into conservation. Frames have long been recognized for their impact on choice experiments, in both

traditional and behavioral economics (Carlsson et al., 2005; Gregory et al., 1993) and more recently in

conservation (Ouvrard et al., 2020). However, relational frames have rarely been used to identify how

to cultivate more sustainable choices. Our results suggest that choice experiments can test the power of

different frames—e.g., with values connotations—in determining choices. This method might help to hone

conservation messaging in a wide range of contexts, and illuminate which aspects of a case or relationship

with nature is most compelling to different audiences. Future research should test this method’s efficacy in

motivating conservation of other species, by other groups of people, and in real-life contexts. This research

contributes to the growing body of literature on how to construct effective conservation messages (Kusmanoff

et al., 2020; Reddy et al., 2020; Kidd et al., 2019).

While ‘conservation genetics’ refers to using genetic information to directly manage populations and

breeding, our results suggest that they can also be leveraged for human motivation. For conservation to

realize the opportunity inherent in the social sciences (Teel et al., 2018), there is scope for much more work

on broadening biological tools and approaches to assist the human dimensions of conservation.

Individual versus structural change This paper targets only one aspect of conservation action: deliberate

individual behavior. This is only one of a suite of possible avenues for effecting conservation (Shove,

2010). Conservation action could also be created by increasing non-deliberate behavior, such as making

habitat restoration donations occur by default when a polluting item is bought (K. M. A. Chan et al., 2017).

Conservationists could also protect populations through changing structural aspects, such as by changing

the norms around consumption (Raymond et al., 2014), or changing the legal frameworks for angling, etc.

Success in conservation likely requires all of these approaches (Díaz et al., 2019; K. M. A. Chan et al.,
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2020). The individual deliberate behavior change addressed by this paper should be viewed as part of a suite

of possible ways to sustain the environment.

However, we can also extend the findings in this paper to more structural solutions. Our findings

about individual deliberate behavior are dependent on the structures and norms that exist in the research

population: Our sample (British Columbian, mostly male, mostly young) may have different perceptions

of genetic distinctiveness and different imaginings of their relationship with fish. Therefore, these findings

may only be generalizable to other societies with similar structures and norms. But we can turn this caveat

into a structural solution by developing 1) a culture that understands the risks to wildlife and the benefits of

local genetic diversity (possibly like the Farmers in our survey), 2) consumption costs and norms that reflect

all life-cycle environmental impacts, and 3) management agencies that use precautionary, integrated, and

adaptive approaches to account for these impacts (K. M. A. Chan et al., 2020).

This research demonstrates that genetic information and relational framing can transform a common,

widespread species into special populations, worthy of conservation action. We suggest that this strategy

could be taken up by conservation practitioners to mitigate impacts that deplete populations of other common,

widespread species. These findings suggest that relational values provide a useful concept for advancing

conservation. Future research could examine the effect of other relational value frames, such as those related

to health and wildness (Klain et al., 2017).
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Chapter 5

Empirical examples demonstrate how
relational thinking advances sustainability
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Figure 5.1: Northern Michigan’s woods are shaped by relationships among humans and nature. Showy
lady’s slipper (Cypripedium reginae) is a declining, ostentatious orchid (bottom); its habitat
is increasingly being transformed by species brought to North America by humans, such as
common buckthorn (Rhamnus cathartica). Now, some humans collect the rare orchid to sell,
further diminishing its population, while others remove the buckthorn, seeking to increase the
orchid’s population.
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Abstract

Despite widespread recognition that human relationships with nature lie at the heart of environmental

challenges, sustainability science typically reduces these relationships to treat humans and nature as

largely independent entities. This reductionist thinking is prized in many scientific fields for its gen-

eralizability in comparison to holistic approaches. A relational approach presents an emerging third

alternative, but it has not been compared empirically with reductionist approaches. Here, we employ a

series of examples on how scholars have thought about facets of humans, whales, warblers, rivers, and

pandemics to compare reductionist and relational approaches. We show that attributing properties to

independent entities (rather than relationships) produces inaccurate understandings across these cases.

Instead we show that by considering humans and nature as a coherent network of relations—via relational

thinking—we can produce more accurate understandings of human and natural systems. We complement

these examples with an overview of the theory behind relational thinking, drawing from Indigenous

studies and other disciplines. Having shown in concrete terms the empirical and conceptual benefits of a

focus on relationships, we end by calling for sustainability scientists to adopt relational thinking.

5.1 Introduction

Scholars, particularly those in quantitative sciences, often study sustainability challenges using a generalizing

perspective, while those in more qualitative social sciences and humanities often employ a human-centered

and context-specific perspective (Díaz et al., 2018). Both of these perspectives provide important insights.

The generalizing perspective, or reductionist thinking, seeks to decipher universal properties and rules;

it can provide powerful and important insights into simple or closed systems. In contrast, the context-

specific perspective, or holistic thinking, tends to resist generalizations and instead seeks human-centered

and multilayered descriptions of people and places; it can enable rich representations of complex systems at

a particular location and time. However, both of these ways of thinking typically overlook the interdependent

relationships between and among humans and nature (Kluger et al., 2020). An emerging alternative—

relational thinking—accounts for this interdependency. By first attending to the relationships between and

among people and nature, relational thinking offers an opportunity to judiciously leverage the power of

reductionist and holistic methods to decipher the increasingly connected Anthropocene.

A flurry of recent papers have called for relational thinking in sustainability science (Hertz et al., 2020;
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West et al., 2020; Walsh et al., 2020; Saxena et al., 2018). Such papers have drawn on Indigenous worldviews

and findings from multiple disciplines to recommend that relational thinking might better account for the

complexity of coupled human and natural systems. Relational thinking treats the systems under study as

co-produced by relationships among humans, other organisms, between humans and nonhumans, etc. In this

alternative grounding, multifaceted relationships become the target of study (Barad, 2003). For example,

instead of attributing properties to humans (e.g., personal, held values; Sagiv et al., 2017), relational thinking

attributes properties (such as well-being) to relationships among humans and nature (e.g., relational values;

K. M. A. Chan et al., 2016).

However, while many papers have summarized relational thinking at a high level, the practical implications

for sustainability research remain obscure. In this paper, we use a series of examples to show how considering

nature and humans as isolated from their relations impedes our understanding of sustainability challenges

and thereby prevents solution identification. We first demonstrate how a widely utilized social science

theory treats people as independent of their relationships, leading to incorrect conclusions. Following this

first example, we briefly discuss the theoretical background to relational thinking. Next we elaborate using

additional examples of reductionist and relational thinking. We end with a call for sustainability scientists to

adopt relational thinking.

5.1.1 Attributing independent properties to people: the case of moral foundations theory

Few social theories have been more prominent in psychology and the social sciences more broadly than

moral foundations theory, a gloss for a set of social theories that seek to attribute generalized properties to

humans. Moral properties are assumed to reflect an individual or group’s moral constitution or ‘makeup,’

which transcend any particular situation, interaction, or relationship. Moral foundations theory has been

cited over 11,000 times, including over 1,500 times in papers associated with sustainability (Haidt & Graham,

2007; Graham et al., 2009; Haidt, 2012). Moral foundations theory suggests that the reason why people

disagree so vehemently about how to treat other humans and nature, is that different people have different

sets of foundational morals (Haidt & Graham, 2007). Specifically, this theory claims that liberals rely on

two foundational morals: harm/care, fairness/reciprocity, while conservatives rely on these two morals plus

an additional three: ingroup/loyalty, authority/respect, and purity/sanctity (Haidt & Graham, 2007; Haidt,
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2012; Graham et al., 2009).

To derive fundamental differences between people, Graham et al. (2009) surveyed US residents and asked

them questions about these five morals. For example, to determine if someone embodies a purity/sanctity

moral, Graham et al. (2009) asked about agreement with the following statement: “Chastity is still an

important virtue for teenagers today, even if many don’t think it is.” They found that conservatives were

more likely to agree with the statement (and others like it) and thus concluded that conservatives express

purity/sanctity morals, while liberals did not.

Imagine if instead of chastity, the authors had represented purity/sanctity differently (Douglas, 2003).

For example, “Plants should not be polluted with genes from other organisms.” While chastity is associated

with social conservatism, genetic modification (GM) is viewed similarly by conservatives and liberals

(Lewandowsky et al., 2015). If Graham et al. had used genetic modification in their purity question

instead of chastity, they likely would have concluded that liberals and conservatives both embody the purity

moral foundation. Similar reasoning can be applied to the other two conservatism-associated morals:

ingroup/loyalty and authority/respect. See Figure 5.2 for examples of some of the original survey items, and

our suggested modifications that might remove assumptions about the moral foundations of conservatism.

It is likely true that the original survey questions reflect real differences in the moral judgments of

conservatives and liberals. In that sense, these questions did indeed capture important moral distinctions

between liberals and conservatives for the particular relationships that the survey invoked. Nevertheless,

Graham et al. (2009) went beyond this conservative–liberal distinction in the particular relationships invoked

by the survey, and concluded that entire classes of morals were absent in liberals. Our modified survey

questions (Figure 5.2), however, suggest these morals are not truly absent. Potentially, Graham et al.’s

conclusion could be akin to asking someone who is lactose intolerant if they would like some milk, and

then concluding that they are not thirsty when they say no. They are not thirsty for milk, but that does not

provide information about their thirst generally. Survey questions provide information about a particular

relationship, not about a participant per se. While liberals may not associate purity morals with chastity,

we cannot generalize this to other situations. Morals are not pre-existent, independent features of humans,

but are expressed by and through human interactions (see also Barrett, 2017). Morals are only constructed

and expressed in relations to particular relationships, actions, and contexts (Rai & Fiske, 2011). This is
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Figure 5.2: The original moral foundations survey questions from Graham et al. (2009) with our
modifications, which change the nature of the relationships invoked. This in turn removes the
observed conservative bias (deletions in red with strike-through; modifications in blue). Indeed,
several of the modified statements might result in a liberal bias.

why relational values—as preferences, principles and virtues about human relationships involving nature

(K. M. A. Chan et al., 2016; Pascual et al., 2017)—may be more likely to offer leverage for transformations

toward sustainability than abstract ‘held’ values (Sagiv et al., 2017) like honesty and fairness (K. M. A. Chan

et al., 2018; K. M. A. Chan et al., 2020). This example illustrates how attributing generalized properties to

humans to explain differential responses can mistake attributes of relationships for attributes of individuals

and thus lead to erroneous conclusions. A deeper understanding of relational thinking is thus key to distilling

general insights.

5.2 Theoretical background to relational thinking

Relational thinking entails both a relational ontology and a relational epistemology (West et al., 2020). A

relational ontology means that “No entity preexists the relations that constitute it” (Walsh et al., 2020, p. 76),
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while a relational epistemology means that knowledge about said relations is also contingent and situated.

Humans (including human scientists) are entangled with nature, with both non-human animals and plants,

and physical objects, such as glaciers (Cruikshank, 2007). While reductionist thinking seeks to discover

independent aspects of nature and people, relational thinking examines the relationships enacted among

nature, scientists, and other humans. Relational thinking is perhaps most mature in critical Indigenous

studies (Todd, 2015; Watts, 2013; Salmón, 2000; D. Donald, 2009), anthropology (DiNovelli-Lang, 2014;

Holland et al., 1998), and geography (M. Jones, 2009; Lave et al., 2013; Drucker, 2009; L. Bergmann &

Lally, 2020). Nevertheless, relational thinking is evident in many disciplines, including physics (Bohr, 1987;

Barad, 2003), feminist and gender studies (Barad, 2003; Haraway, 1991; Butler, 1990; Noddings, 2013;

Donovan & Adams, 2007), disability studies (Taylor, 2017), ecological economics (Biesecker & Hofmeister,

2010), ecofeminsm (Mellor, 1997), sociology (Latour, 2005; Lockie, 2004; Shove, 2010; Emirbayer, 1997),

education (Wals, 2017; Weldemariam, 2017), art (Bishop, 2004), environmental history (Nash, 2005),

ecology (Packard, 1988; Levins & Lewontin, 1985), medicine (Camacho & Pienta, 2012), psychology (Heft,

2012; Lewin, 1939; Gibson, 1979), neurobiology (Barrett, 2017; Theriault et al., 2020). Relational thinking

has only recently been brought into sustainability and conservation science (West et al., 2020; Saxena et al.,

2018; Walsh et al., 2020; Hertz et al., 2020; K. M. A. Chan et al., 2016; Kluger et al., 2020).

Relational thinking is associated with a number of theoretical schools of thought, including post-

humanism, multispecies ethnography, actor–network theory, agential realism, speculative realism, pro-

cess ontology, new materialism, dialectical materialism, relational aesthetics, assemblage theory, social-

ecological network analysis, relationality, ontological turn, post-structuralism, practice theory, diffractive

methods, and others (Walsh et al., 2020; Kohn, 2015; Lockie, 2004; Barad, 2003). There is variation inherent

in these different conceptualizations of relational thinking. The flavor advocated here reflects our position-

alities. HNE is a White settler who grew up in rural Michigan, USA, where he cultivated relationships

with trees, birds, people, and topography of his surroundings, but did not see these relationships examined

in environmental science and conservation. His quest for, and use of, relational thinking stems from this

discord.

The reductionist thinking so common in many scientific traditions was formalized by Western Enlight-

enment philosophers, establishing the disaggregation of human–nature, human–human, and nature–nature

relationships (Descartes, 1996; D. Griffin, 2001). This reductionist thinking is reflected in assumptions
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about what the world is (i.e., ontology) and about how we know about it (i.e., epistemology). Reductionist

thinking emerges in different forms. In the most extreme form, objects and structures exist with independent,

objective properties. Objects are not in a state of ‘becoming’ with a complex history, but are largely rigid

and predefined. Properties and characteristics are attributable to those independent entities. This static form

is well-represented in many disciplines, such as geology, biology, chemistry, psychology, sociology, etc.

(these assumptions of independence are usually associated with critical realism, positivism, post-positivism,

structuralism, materialism, substantialism, etc.; Cudworth, 2005; Dickson, 2000; Emirbayer, 1997).

A partly-relational form of thinking recognizes the importance of human–human relationships, but largely

ignores the causative power of nature. Under this form of thinking, social processes create the world; i.e.,

the world is understood through examination of the social (Durkheim, 1938). While so far this is consistent

with relational thinking, this form externalizes nature and thus reduces the role that nature plays in creating

the world (Lockie, 2004). Instead, in this form, social human actors determine the world; nature does not

have power to co-create social facts (this set of assumptions is usually associated with social constructivism;

Burningham & Cooper, 1999; Cudworth, 2005; Collins, 1981). Although this inclusion of human–human

relationships is an advance, the discounting of relationships with nature overly privileges humans as creators

of the world (Dunlap & Catton, 1994).

In its fullest form, relational thinking recognizes simultaneous importance of nature–nature, nature–

human, and human–human relationships for creating and understanding the world. While human–human

and nature–nature relationships are increasingly being acknowledged, very few studies include human–

human, nature–nature relationships and also human–nature relationships (Kluger et al., 2020). Recognizing

this full suite of relationships is thus a key target of relational thinking. The examples explored in this paper

examine a variety of these types of relationality, showing the range of cases in which it can be useful.

Some might suggest that our argument for relational thinking is really just an argument for context-

specificity. However, relational thinking and contextual thinking differ in key ways. Relational thinking

implies that things do not exist outside of their relations. ‘Things’ cannot be extracted from their relations.

‘Context’ is thus part of what creates the observed world (although there may also be other ways in which

context may be important). Contextual thinking, on the other hand, treats things as having independent

properties that interact with and react to ‘context.’ But ‘context’ does not become part of those things, and
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things are neither dynamic nor in a constant state of becoming. Instead they have rigid, objective (though

perhaps unknowable) properties.

Empirically, however, these two alternatives cannot be separated easily since both types of thinking argue

that the observation situation matters. Nevertheless, adopting relational thinking does offer several useful

advantages over contextual thinking. While contextual thinking is bogged down by an overwhelming number

of possibly important contextual features that may be important and must be specified and accounted for,

relational thinking instead suggests examining the handful of relationships that may be the most salient

in generating the observations. Furthermore, by viewing relationships as producing observations, there is

greater opportunity for theory-building and mechanistic understandings. Thus in this paper we examine case

studies using the lens of relational thinking.

Although relational thinking is quite new in many scientific traditions, it has been the standard lens in

many Indigenous understandings of the world (Watts, 2013; Salmón, 2000). Such ‘kincentric’ ecologies

treat nature as part of human society, as kin. Nature and people are not separable; such cohesion often

stems from Indigenous histories that tell how people originated within nature, e.g., from corn (Mayan and

Rarámuri), plants and a spider (Hopi; Salmón, 2000) or within animals and land: “When Sky Woman falls

from the sky and lies on the back of a turtle, she is not only able to create land but becomes territory itself”

(Anishnaabe and Haudenosaunee; Watts, 2013, p.23). Thus in Indigenous cosmologies human thought

cannot be extracted from nature. Relational scholarship in any discipline should not ignore the ways that

relational thinking has benefited from Indigenous understandings and scholarship (Todd, 2016).

Relational thinking not only affects how scholars study the world, it also affects how they write about the

world. However, this jargon can cause confusion and make relational texts less accessible. For example,

relational theorists may write of ‘intra-action’ rather than ‘interaction,’ emphasizing that things do not preexist

their actions, but emanate from within these actions (Barad, 2003). Relational scholars also emphasize

process, action, and verbs in their writing, since things arise through a constant process of becoming (Hertz

et al., 2020; Law, 1992; Barad, 2003).

To illustrate the implications of reductionist and relational thinking, we selected examples ranging from

human–human, human–nature, and nature–nature relationships (Figure 5.3). We analyze each of these

examples to show how reductionist thinking often precludes accurate prediction, and how these flaws can be
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Figure 5.3: Diagram showing reductionist thinking (left, in red) and relational thinking (right, in blue).
Reductionist thinking attributes properties to independent entities, including humans, whales,
warblers, etc. Relational thinking, conversely, attributes properties to relationships among humans
and nature. Blue circles and arrows show that human/nature entities emerge from the relationships
among humans and nature. In the strongest form of relational thinking, these diagrams would
contain additional relationships; the ones shown here are simplified. For example, whale feeding
behavior is not only produced by relationships between whales and herring, but also with the
human fishers who depleted the herring stock. Icons taken from The Noun Project: Aneeque
Ahmed, Olena Panasovska, Luis Prado, Ben Didier, Ferran Sayol, food lover, habione 404, Chris
Huh (CC BY-SA 3.0), Zimces (CC BY-NC 3.0; image flipped), Sharon Showalter, Claire Jones,
Pha.m Thanh Lôc, Dan Heteix, Adrien Coquet, and Roman Lychkov.
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overcome by relational thinking. Our first example demonstrated how moral foundations theory incorrectly

attributes moral sentiment to person’s capacity for moral concern in general, rather than attributing moral

sentiment to the product of human relationships with other humans and nature (Figure 5.3). The next several

examples build on this initial misattribution case study and examine the negative implications of treating

entities as independent rather than emergent from relationships.

5.3 Attributing independent properties to nature: humpback whales and
avocados

In our first example, we demonstrated that researchers may incorrectly attribute properties of relationships

(morals) as properties of humans. Researchers may also mistakenly interpret attributes of relationships

as attributes of animals, for example, humpback whales (Megaptera novaeangliae). Tavares et al. (2019)

set out to estimate the effects of environmental change on marine megafaunal communities and ecosystem

function. To do so, the authors gathered, from literature, information on 33 functional traits (e.g., feeding

strategy, diet preference, dive depth) of marine megafauna, including fish, seabirds, whales, etc. They then

attributed the trait values described in the literature as independent properties of each marine megafauna

species. Finally, the authors used these functional trait properties to understand how environmental change

would affect megafauna. However, this approach overlooks the evidence that functional traits are often

ecosystem-specific (i.e., exhibit phenotypic plasticity), and so cannot necessarily be generalized to other

environments.

For example, after human fishing contributed to the collapse of Atlantic herring (Clupea harengus) in New

England, local humpback whales changed their functional traits: they began fishing using a novel feeding

behavior called ‘lobtail feeding’ to better catch a new prey species, sand lances (family Ammodytidae;

Weinrich et al., 1992; Payne, 1990). Humpback whales are long-lived, so these changes occurred within

individuals, rather than across generations. Thus, functional-traits observations of humpback whales made

before the collapse of the herring fishery would be poor predictors of humpback whale ecosystem function

after the collapse. Functional traits are not properties of species, or even of individuals, but reflect networks

of relations among species and ecosystems (Ingold, 2000). Just as the relationships invoked in morality

questions cannot be ignored, the ecosystems in which the functional traits were originally measured are
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part of the functional traits and must be accounted for. This example demonstrates the flaws of attributing

properties to species: functional traits attributed to whales are actually co-constituted by relationships among

whales, sand lances, and human fishers. Functional traits as static scalar variables—e.g., a static feeding

preference or behavior of whales—are a convenient fiction that belie the reality that feeding preference is a

relational process that varies not just across individuals but also is shaped by relationships with prey within

lives and across generations. Ecologists are beginning to recognize the variation in and flexibility of functional

traits (e.g., Ross et al., 2017; Spasojevic et al., 2016), but the emergence of global databases of functional

traits (e.g., Wilman et al., 2014) reinforces the perception that functional traits are inextricable properties

of species. Regardless if one is studying humans or something else, acknowledging that observations are

relational can help avoid error and recognize sources of uncertainty. Specifically, relational thinking would

entail interrogating the hidden histories and relations that underlie one’s study subjects: ‘How did the thing

I’m studying come into being? What network of relations does it reside within (that perhaps I was taking for

granted)?’

Ecologists have shown the importance of recognizing these hidden histories. In a classic study, Janzen

and Martin (1982) showed that modern Neotropical fruits could only be understood in relation to extinct

Pleistocene megafauna. For decades, biologists had sought to understand why trees such as avocados (Persea

americana) and forest palms (Attalea rostrata) produced so many fruit with large, hard seeds (Janzen &

Martin, 1982; Barlow, 2008). In relation to extant fauna, these seeds did not make evolutionary sense—as

many as 5000 seeds accumulate beneath a single palm tree since no frugivores are large enough to eat the

seeds intact and disperse them (Janzen & Martin, 1982). But by relating these fruit to extinct megafauna,

such as ground sloths (some nearly 4,000 kg) and Gomphotheres (similar to mastodons), Janzen and Martin

(1982) showed how these seeds were able to disperse and play a major role in Neotropical ecosystems. These

megafauna likely consumed the fruit, then walked off and later excreted the seeds intact, but now surrounded

by nitrogen-rich dung. This example shows how historical relations between trees and megafauna are still

part of these ecosystems.

Historical relationships not only illuminate the ecology and evolution of modern trees, but also the shape

of ecosystem stable states and the ‘tipping points’ that separate them. More stable ecosystem states, or

regimes, are partially determined by the set of relationships that evolved (and shaped evolution) over millions

of years (Folke et al., 2004). For example, Caribbean sea grass meadows and coral reefs co-evolved with
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large herbivorous manatees and sea turtles (J. B. C. Jackson, 1997). When these species are removed, these

ecosystems become less stable, less productive, and more prone to hit ‘tipping points’ when exposed to

pollution and fishing (J. B. C. Jackson, 1997). Understanding these regimes requires an examination of the

web of relations that built these ecosystems, “Studying grazing and depredation on reefs today is like trying to

understand the ecology of the Serengeti by studying the termites and the locusts while ignoring the elephants

and the wildebeest” (J. B. C. Jackson, 1997, p. S23). Similarly, kelp ecosystems in the Pacific Northwest

materialized with/in the presence of sea otters and sea urchins; in the absence of sea otters, kelp ecosystems

are converted into invertebrate-dominated systems (McLean, 1962; Gregr et al., 2020; Espinosa-Romero

et al., 2011). “The sea otter is an important species in determining structures and dynamic relations within

near shore communities” (Estes & Palmisano, 1974, p. 1060). These examples show that relational thinking

might help provide insights into species and ecosystems past, present, and future.

5.4 Observers/scientists are part of the network of relations: the case of
Golden-winged Warblers

Our previous example highlighted the ways that fish, humans, and whales co-constitute functional traits

attributed to whales. Our next example shows that human observers/scientists are also part of the relations

that create ecological patterns, and our knowledge of them (Barad, 2003). Specifically, this example shows

how human patriarchal hierarchies co-construct bird conservation (see Figure 5.3). Golden-winged Warblers

(Vermivora chrysoptera) breed in eastern North America and spend their non-breeding season in Central and

South America. R. E. Bennett et al. (2019) surveyed more than 1000 sites in Central America and found

that males and female Golden-winged Warblers preferred disparate types of non-breeding habitat: females

preferred lower-elevation sites along the Caribbean and Pacific slopes, while males preferred higher-elevation

sites in the interior of the isthmus. However, R. E. Bennett et al. (2019) found that this sex-biased habitat

preference was not included in conservation efforts; instead, conservation target areas contained nearly twice

as much male-preferred habitat, even though females have lost nearly twice as much high-quality habitat

than males from 2000 forward. Moreover, R. E. Bennett et al. (2019) found that this pattern was not just true

for Golden-winged Warblers, but was evident in two-thirds of the species with sex-ratio data.

This example suggests that Golden-winged Warbler sex ratios may reflect (and create) society’s patriarchal
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priorities in conservation and society. This widespread bias toward male birds (Odom et al., 2014) might

alternatively stem from a greater perceived showiness of many male birds. Regardless, we might imagine

that a more feminist (Wylie & Sismondo, 2015) or visually biased society or conservation movement might

have created conservation plans less biased against female birds. Relational thinking recognizes scientists

are part of the relations they are trying to measure (Bohr, 1987): scientist characteristics should be critically

assessed, and not viewed as independent from the ‘nature’ under study.

Some might suggest that this is merely an example of context-specificity rather than relational thinking.

But the bias for male Golden-winged Warblers is not limited to habitat conservation but is also part of the

idea of the species itself. For instance, a Google Image search for the species first reveals six pictures of

male Golden-winged Warblers before finally showing a picture of a female. Thus, the very idea of Golden-

winged Warblers appears to be male-centric: Golden-winged warblers perhaps emerge from the relationship

between bird coloration (nature) and human preferences for showy/male birds. Relational thinking suggests

that reconstructing Golden-winged Warblers as including both showy males and elegant silvery-throated

females may help conserve habitats used by both sexes, and ultimately sustain this species.

5.5 An example of relational thinking: humans and trout

Next we turn to an empirical test of whether relational thinking advances sustainability better than reductionist

thinking. Specifically, does attributing properties to relationships yield better predictions than attributing

properties to humans (Figure 5.3)? Widespread, abundant species of many taxa are declining rapidly (e.g.,

Inger et al., 2014; Rosenberg et al., 2019), yet most conservation is motivated by conserving rare species

(Gaston & Fuller, 2008). Can relational thinking identify avenues for conserving these widespread species?

As outlined above, a reductive perspective, like moral foundations theory, would suggest that people possess

intrinsic properties, such as ‘environmental values’ (Rokeach, 1968; Sagiv et al., 2017; Dunlap, 2008),

which are predictive of environmental attitudes and motivation to conserve independent entities. Relational

thinking, on the other hand, assumes that there are no generalized values about nature, or at least that these

values are likely to vary based on the relationship at hand. These human–nature relationships thus construct

[relational] values (K. M. A. Chan et al., 2016; K. M. A. Chan et al., 2018; Pascual et al., 2017), which are

in turn associated with particular types of appropriate actions (Rai & Fiske, 2011). These two very different
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ways of characterizing human positions viz. nature provide two different predictions: either generalized

values (i.e., attributable to humans; see Figure 5.3) predict motivation to conserve widespread species,

or, according to relational thinking, specific relationships work together to construct relational values (i.e.,

values attributable to enacted relationships; see Figure 5.3) and motivations to conserve widespread species.

We tested these two predictions using a choice experiment survey of British Columbians about their

willingness to pay to restore riparian habitat for a widespread, declining species: rainbow trout (Oncorhynchus

mykiss; for the full details of the methods, see Eyster et al., Under review). First, to test the role of generalized

properties of humans to predict motivations (consistent with reductionist thinking), we asked people about

their values, for example, “Plants and animals, as part of the interdependent web of life are like kin or family

to me, so how we treat them matters” (Klain et al., 2017). If these generalized properties of humans were

most important (consistent with moral foundations theory), we would expect to see that people who more

strongly endorsed these values would be more motivated to conserve trout habitat. Under this hypotheses,

people are classified according to their intrinsic attributes (‘values’).

To test the importance of constructed human–trout relationships for predicting motivations (consistent

with relational thinking), we presented each half of the survey participants with one of two frames. The first

constructed an arms-length human–human and human–nature relationships, while the second emphasized

the interdependent human–human and human–trout relationships. Furthermore, the choice experiment

included questions about the efficacy of trout restoration, the proximity of trout restoration, and the genetic

distinctiveness of trout populations. Genetic distinctiveness is not an attribute of the population that people

were given the opportunity to conserve, but about the relationship between the conserved population and

all other populations. The very concept of distinctiveness is thus relational (an attribute of trout–trout

relationships). If these relationships construct and predict conservation motivations, we would expect to see

that motivations to conserve trout vary based on what relational frame people view and whether or not the

trout are genetically distinct. Thus under relational thinking, we classify people not according to their a

priori values, but by their relationships (as constructed by the frame and choice questions).

Using a multinomial logit model, we found that the generalized values about nature had no discernible

effect on people’s motivation to restore rainbow trout habitat, suggesting that generalized attributes of

people were not predictive. Instead, we found that participants who had seen the interdependent relational
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frame (encoding human–nature and human–human relationships) were willing to pay an additional CAD$16

to help genetically distinct trout (encoding trout–trout relationships) and an additional CAD $30 per 100

meters to restore riparian habitat. These findings suggest that human–human, human–nature, and nature–

nature relationships construct motivations to conserve rainbow trout. Our interdependent frame constructed

relational values about trout and motivated conservation. Even though we were predicting human motivation,

the nature–nature relationship (genetic distinctiveness) proved particularly important. Relationships among

humans and trout and other trout determine motivation to conserve. Rather than using reductive thinking and

relying on a priori, static properties of humans to understand conservation motivation, relational thinking

enabled us to identify the salient relationships that construct conservation motivations. These findings also

suggest that anyone can become a conservationist if immersed in the right relationships; conservationists are

not limited to those with a priori ‘environmental values.’ Thus this finding suggests there may be broad,

latent support for many conservation initiatives. These findings are consistent with the other case studies in

this paper in suggesting the utility of relational thinking for advancing sustainability.

The relational thinking in this example enabled the deliberate choices about which variables should be

treated as static vs. dynamic (such as values about trout), but the subsequent nuts and bolts of analyzing these

relationships relied on reductionist methods. Thus the assumptions about independence or unidirectional

relationships underpinning many analytical methods are not inconsistent with relational thinking, as long

as they are employed after the important and dynamic relationships have been identified for the question

at hand. Indeed, reductionist methods, hypothesis testing, and generalization are key facets of relational

thinking; relational thinking often relies on such practices. Relational thinking does not critique reductionist

methods, but merely encourages scholars to reflect carefully about what variables are considered, and how

they are treated.

Relational thinking may be more important in some cases than others. When the prediction space and

observation space are quite similar (with no significant changes in relationships), reductionist thinking may be

sufficient. Indeed, both types of thinking may yield equivalent predictions in these situations. For example,

moral foundations theory may accurately predict a conservative’s opinion about a religious denomination’s

position on chastity. However, reductionist thinking may fail when applied to a different relationship. And

such relationships are changing quickly (e.g., due to climate change, COVID-19). Misunderstandings can

be mitigated by, at a minimum, acknowledging both the relational basis of observations and the uncertainty
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related to extrapolating reductionist understandings without considering how relationships may be different.

5.6 Not only humans have agency

Our previous examples have demonstrated that properties are best attributable to relationships, rather than

independent entities. The next two examples show how attributing properties to relationships can help reveal

the non-human causes/agency that co-construct pandemics and social-ecological systems.

5.6.1 COVID-19

Epidemiological models have been crucial for helping decision-makers plan for the global COVID-19

pandemic (Gombos et al., 2021). However, such studies often treat the pandemic’s spread as being controlled

entirely by human actors (e.g., Gevertz et al., 2021; Reiner et al., 2021; Hoertel et al., 2020; Anderson et al.,

2020), rather than resulting from the interdependent actions of humans and the virus, SARS-CoV-2 (severe

acute respiratory syndrome coronavirus 2). As but one example of a broad trend, a recent paper in Nature

Medicine overlooked the potential for SARS-CoV-2 to evolve and co-determine the spread of COVID-19

(Reiner et al., 2021). Reiner et al. (2021) used data through September 21, 2020 to model COVID-19

scenarios for the United States, including projected deaths for each state through February 28, 2021. Their

models accounted for the effects of various non-pharmaceutical initiatives (NPI), such as what percentage

of people wear masks and social distancing mandates. By including such variables, the authors recognized

that human actions, such as mask-wearing, affect infection rates. However, while they accounted for these

variations in human action, they did not account for variation in how the virus might respond to these human

actions. This variation would turn out to be substantial.

In late September 2020, just as Reiner et al. (2021) were finishing their modeling work, a newly evolved

variant was detected in England and dubbed Variant of Concern (VOC) 202012/01 or lineage B.1.1.7 (Davies

et al., 2021). The novel variant was found to contain 17 mutations, many of which likely help it bind to

human cells, and likely cause people infected by it to be more infectious (Davies et al., 2021). This new

variant likely reacted differently to mask-wearing and social distancing mandates than assumed by (Reiner

et al., 2021). Indeed, the variant caused cases to increase even as the UK underwent a lockdown (Davies

et al., 2021). The variant was estimated to have a 43–93% higher reproduction number (Davies et al., 2021)
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and was found to be associated with increased mortality, relative to the ancestral type (Grint et al., 2021).

These numbers show that viral evolution has a substantial effect on the pandemic’s spread and resultant

mortality, and can even swamp out the effects of human action. Thus, COVID-19 models should account for

non-human agency in order to accurately predict, and plan for, pandemics.

This example, however, shows that the default reductionist approach is to deny non-human agency, and

focus on human action alone. This denial is despite the widely-understood importance of viral evolution in

human influenza viruses, and the recognized issues this evolution poses to vaccine production (Krammer

et al., 2018). Given the annual variation in influenza, perhaps viral evolution is treated more as a long-term

factor? But even beyond their projection timeframe, Reiner et al. (2021) ignored non-human agency, “Longer

term, the future of COVID-19 in the United States will be determined by the deployment of an efficacious

vaccine and the evolution of herd immunity” (Reiner et al., 2021, p. 103). Replacing this reductionist

thinking with relational thinking—which fully describes the interplay between human actions and viral

evolution (e.g., Day et al., 2020)—might help us foresee and plan for global pandemics.

5.6.2 Social-ecological systems

The omission of non-human agency is not confined to public health; non-human agency is even overlooked

in literatures that seek to unite human and natural systems. Specifically, the social-ecological systems

framework has made great strides in helping researchers analyze social and ecological systems in concert.

They often represent the cohesive interplay of social and biological systems (Rissman & Gillon, 2016). Yet,

while striving for it, such analyses sometimes fail to treat these systems as a fully interdependent network of

relations (Hertz et al., 2020). Instead, social-ecological systems analyses may assume that human (subjects)

act on nature (objects) to create the social-ecological system (Lockie et al., 2013). This is even true of some

well-cited exemplary studies, such as that of Doñana social-ecological system in southwestern Spain by

Palomo et al. (2011). Conservationists and developers have widely divergent opinions about how Doñana,

one of Europe’s largest wetlands, should be managed (Palomo et al., 2011). The authors make an important

contribution to sustainability research by conducting participatory scenario planning to understand what local

residents want the wetland to be like. To create scenarios, they rely on the following definition: ‘Scenarios

are plausible descriptions of how the future might unfold based on a coherent set of assumptions about key
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Table 5.1: The drivers, aspects, and social actors that Palomo et al. (2011) used to define the Doñana
social-ecological system. Words in parenthesis were added for clarity. Note that only humans are
viewed as drivers or actors.

Drivers Aspects Social actors
Technology (human) Water Business and enterprises
Participation (human) Biodiversity ENGOs
(Anthropogenic) Climate Change Agriculture Administration
Migration (human) Tourism Scientists

Mobility Local population (human)

elements and drivers of change’ (Palomo et al., 2011, p. 23). These drivers of change seem to suggest that

only people have agency, however (nature takes on a merely reactive role as ‘aspects’—see Table 5.1), an

assumption common in applied ecology and conservation research. All of the actors are ‘social actors’ made

up of humans, not nature. This reflects the widely held idea that humans and nature are separate, and that

humans have all the agency (Lockie, 2004; Nash, 2005; Watts, 2013).

The assumption that humans have all the agency may be recognized as flawed by ecosystem restoration

practitioners, Indigenous philosophers, and others (Jordan, 2006; Gross, 2013; Salmón, 2000). An example

from a pioneer of restoration ecology attempting to enact a ‘prairie scenario’ demonstrates the necessity of

considering the active power of nature: “It was not our intention to rediscover the savanna. We learned

about it because we tried to do something else in a rigorous and non-compromising way. We were trying to

restore whole prairie landscapes, including the bur oak edge...” (Packard, 1988, p. 13). This team began

trying to restore a prairie around and under the big old oak trees by burning and then planting prairie seeds.

But this proved unsuccessful. No matter how hard they tried, prairie plants refused to grow beneath the big

oaks. “Looking back, I realize that part of our problem was that we were thinking too much about prairie

and weren’t picking up what this other community—the savanna—was trying to tell us” (Packard, 1988, p.

17). Eventually, however, a different group of plants colonized under the trees. The humans began collecting

these seeds and sowing them across the region. This produced an unimagined ecosystem, “In our work... we

hope that we may be helping to write a new chapter of this history through the resurrection of a complex,

dynamic, splendid ecosystem that no ecologist has ever seen” (Packard, 1988, p. 20). In other words, plants,

fire, and humans acted together to create an ecosystem which was different than what the human actors

originally imagined, and for which a scenario planning exercise that privileged human agency would be
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unable to predict: “every restorationist knows the ecosystem will respond in unpredictable ways that rise out

of itself” (Packard, 1993, p. 14). Including only the agency of humans misses half the action (Gross, 2013).

Understanding and restoring social-ecological systems, such as Doñana, is thus not a matter of deciding

what one wants nature to look like, and then enacting it, but a cooperative process with nature. Nature

conservation is not a single scenario-building exercise, but an active and continuous feedback among nature

and people in generating an ecosystem (see complex adaptive systems; S. Levin et al., 2012, though even

complex adaptive systems can fall into the trap of treating nature and humans as separate entities). Relational

thinking suggests that Doñana social-ecological system is produced by the intra-action of resident people,

developers, conservationists, water, storks, 𝐶𝑂2, sedges, and now SARS-CoV-2. Thus, scenarios about its

future should include each of these elements as active participants (Nash, 2005; T. Mitchell, 2002).

Imagining scenarios as outcomes of exclusively human agency not only affects practical planning and

predictions about ecosystems, this de-animation of nature also contradicts and risks undermining Indigenous

and feminist understandings of nature (Watts, 2013). “[H]abitats and ecosystems are better understood as

societies from an Indigenous point of view; meaning that they have ethical structures, inter-species treaties

and agreements, and further their ability to interpret, understand and implement. Non-human beings are

active members of society.” (Watts, 2013, p. 23). By separating out nature as a passive, mere ‘aspect,’

colonizing humans bounded the non-human and treated it as a mere resource to be exploited (Watts, 2013).

Western sustainability science must move beyond the colonized distinction between “place and thought

where land is simply dirt and thought is only possessed by humans” (Watts, 2013, p. 32).

Clearly nature has impressive abilities to exploit available opportunities. This can align with human

preferences, as in the case of ‘restoration,’ or it can contradict them, as in the case of ‘invasive weeds.’ Perhaps

sustainability scientists should be explicit about this agency of non-human nature, in our models, frameworks,

and conceptual representations. Perhaps by focusing on what human actions impeded or unleashed these

abilities, we might identify a broader and richer set of strategies for sustainability. Attributing properties to

human–nature relationships (such as in Doñana social-ecological system) or to nature–nature relationships

(such as in understanding humpback whale ecosystems) can help highlight the many sources of agency.
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5.7 Synthesizing the case for relational thinking in sustainability science

We have demonstrated how relational thinking—treating humans and nature as co-constructed and emergent—

can enable key insights about human morals, whale traits, trout conservation, and other topics. We have

synthesized the empirical advantages of adopting relational thinking in sustainability science. Realizing

these advantages of relational thinking requires considering four key points in one’s research. First, scholars

should not assume that observations are attributable to independent humans or nature per se, but to emergent

relationships among humans and nature. “[R]elational approaches are not less ambitious than generalizing

perspectives... ...relational thinking compels sustainability scientists to take the [interconnected] complexity

of the world seriously in addressing concrete, real-world problems” (West et al., 2020, p. 318). Sometimes

two relational contexts may be similar enough such that the observations generalize to a new relational con-

text, but this generalizability should not be assumed. As the world changes through global climate change

and urbanization, relational contexts may diverge further, making relational thinking all the more important.

Second, understanding how a system really works requires examining the network of relationships in

which it evolved—its history. The world is dynamic; deciphering the present and predicting the future

requires exploring historical relationships . The salient timescale could be just months or years (e.g., for

humpback whales, viruses), or thousands or more (e.g., for avocados).

Third, the observer and measurement matter. Scientists and their measurement tools are part of the

network of relations they are trying to measure. We are neither independent nor separable (Barad, 2003;

Haraway, 1988; Turnhout, 2018). Reflexive analyses of ourselves as scholars is important throughout the

research process (Montana et al., 2020), and we should endeavor to make our own positionality clear,

including in publications (e.g., Reid et al., 2020; von der Porten et al., 2016).

And finally, Scholars should recognize the interdependent agency of people and nature together in creating

each other and the world (Nash, 2005; Watts, 2013). This entails including animals, viruses, chemicals, and

other non-human actors as integral parts of predictions about, and strategies towards, sustainable futures.

Scientists might benefit from considering the ways that nature acts to create and change ecosystems; ignoring

nature’s agency provides false certainty about the future. Drawing on these examples and theoretical backing,

we contend that relational thinking offers opportunities an opportunity for scholars and practitioners to better
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address sustainability challenges.

5.8 Acknowledgments

This work was supported by a University Doctoral Fellowship to HNE and Social Sciences and Humanities

Research Council of Canada (SSHRC) Insight Grant 435-2017–1071. Thank you to D. R. Newman and T.

D. Eyster for valuable discussions and A. Moran for comments on an earlier draft of this manuscript.

98



Chapter 6

Why people do what they do: An
interdisciplinary synthesis of human action
theories
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Figure 6.1: Human action is a key expression of human–nature relationships, such as between the El
Oro parakeet and people removing trees to supply global beef markets (top), and people building
nest boxes at Reserva Buenaventura (bottom) in southern Ecuador.



Abstract

Understanding why humans do what they do is central to advancing sustainable futures in reference

to environmental and social health, justice, and other causes. However, the relevant theories—referred

to here as human action theories—are evident across many discrete social science fields and subfields,

each with its own jargon and implicit assumptions. This prevents access to the most appropriate theories

and hinders cross-fertilization between theories and literatures. To bring together these productive but

otherwise disjunct areas of work, we gathered 86 representative and prominent human action theories from

across the humanities and social sciences. We cast a much wider net than previous attempts by including

any theory that explained human action, from any field, and in any configuration. Using a grounded theory

approach to inductively classify each theory, we found eight sets of synthetic, underlying assumptions

(metatheories). We describe each metatheory and suggest which types of problems each would best

elucidate, and provide example applications. Despite their importance for explaining transformative

change, only two of these eight metatheories treat systemic or interacting factors. We conclude that

no single metatheory is sufficient to address the range of problems obstructing sustainable futures. We

contend that our synthesis will enable scholars, practitioners, and theorists to better understand and

support positive human action and to navigate sustainable pathways.

6.1 Introduction

Scholars and practitioners are recognizing the need to cross disciplinary boundaries and engage with social

science in order to address today’s social and environmental problems (N. J. Bennett et al., 2017; Teel

et al., 2018). For example, perhaps one realizes that restoring bird habitat also requires understanding what

motivates people to plant wildlife-friendly trees. Or perhaps one was trained in psychology and is building

a theory to explain the effects of urban planning on climate-relevant practices such as car ownership, and

wonders if theories in sociology or anthropology could be useful. However, upon turning to the social

sciences, the sheer number of theories that explain what people do—referred to here as human action

theories—can be overwhelming. Each subfield has its own set of theories, each replete with (often esoteric)

vocabulary and (often implicit) assumptions. Thus, human action theories have not been widely adopted, and

the few that have, such as the Theory of Planned Behavior, are often applied beyond the contexts in which they

are informative (Sniehotta et al., 2014). To advance sustainability—and all of its components, including social

justice, biological conservation, climate action, environmental protection, human and planetary health—we
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need a map to help navigate these theories.

Human action theories can help scholars identify the factors important for understanding, predicting,

and enabling sustainable action. Yet the current (often unreadable) landscape of theory about human action

prevents one from choosing the most appropriate theory for the environmental problem at hand. Instead,

many may be forced to choose a theory they happen to know, is used by colleagues, or which has been widely

applied in similar contexts. For example, the Theory of Planned Behavior is often used in conservation,

though it may sometimes be unsuitable. Developed in 1985, the Theory of Planned Behavior posits that

individual behavior is determined primarily by perceived behavioral control and intentions (Ajzen, 1985).

Unfortunately, studies have shown that the theory is unlikely to accurately predict human action unless it

is applied to self-reported, short term, individual decisions by university students or similar (McEachan

et al., 2011; Sniehotta et al., 2014). Therefore, the theory is likely only applicable to a small range of

conservation problems, such as understanding university student choices to attend tomorrow’s sustainability

class. Environmental problems that require transformative change (K. M. A. Chan et al., 2020)—rather than

short-term, marginal, individual changes—might not be aided or adequately explained by theories such as

the Theory of Planned Behavior.

But perhaps the greatest difficulty caused by the impenetrability of these theories is how they constrain

expectations about what a solution will look like. For example, another common set of theories, including

nudge theory and related forms of choice architecture, describes how to enable more optimal behavioral

outcomes by encouraging decisions normally made in automatic or semi-conscious ways (Thaler & Sunstein,

2008). For example, one might increase public transportation ridership by automatically bundling bus passes

with vehicle registration fees (making the bus passes appear ‘free’). However, since this theory targets semi-

or unconscious individual behavior, it may cast all sustainability challenges as stemming from individual

behavior, rather than structural and institutional factors (Fischer et al., 2012). This focus on individual

behavior overlooks the key role that transformative structural change plays in sustainable trajectories (Shove,

2010; Fischer et al., 2012). When you have a hammer, every problem looks like a nail. Increasing the

accessibility of the multitude of theories that target both individual and structural features (i.e., providing

access to the whole toolbox) could hasten the development and adoption of solutions to a wide variety of

social–environmental problems.
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Beyond selecting appropriate theories, increasing the accessibility of human action theories to solution-

oriented researchers could also strengthen interdisciplinary diffusion and fertilization across human action

theories. This cross-fertilization could create better theories and more unified theories (e.g., Naito et al.,

2021), and might improve management of environmental systems. For example, autonomy (the degree of

ownership over one’s actions) plays a central role in Self-determination Theory (a theory from educational

psychology that seeks to explain intrinsic motivation; Ryan & Deci, 2000a). But autonomy does not play a

role in another theory, the Extended Parallel Process Model (a communications theory that seeks to explain

how fear messages affect health-related behavior; Maloney et al., 2011). Is this because, although autonomy

is important, the originating theorists have yet to examine it? Or is there something about the context (Bross,

1953) under which the latter theory is applied—health-related behavior—that makes autonomy unimportant?

The dearth of mutual engagement across theories prevents us from distinguishing between these explanations

and creating more robust theories.

Scholars have previously attempted to make sense of the abundance of human action theories. However,

these attempts have been either directed at only a subset of theories (e.g., Kollmuss & Agyeman, 2002), and/or

aimed at summarizing rather than synthesizing (M. J. Stern, 2018). Specifically, Kollmuss and Agyeman

(2002) limited their analysis to theories of pro-environmental behavior (i.e., behavior that consciously seeks to

better the environment), thereby ignoring the many ways that people unconsciously impact the environment.

Other scholars have looked specifically at behavioral theories in an energy context (Wilson & Dowlatabadi,

2007), but broader applicability of a broader set of theories remains nebulous.

Some authors have attempted a full-spectrum review, but have employed search terms and analytic

methods that implicitly limited the disciplinary scope (Davis et al., 2015). Specifically, Davis et al., (2015)

assert (as per their discipline) that a good theory must show ‘the independence of constructs from each

other’ (p. 332). While many theories in psychology may meet this inclusion criterion, it goes against

ideas of what constitutes ‘good theories’ in other disciplines. For example, this criterion excludes practice

theories (theories that seek to explain what systems or interventions enable particular outcomes regardless

of assumptions about individual values or choice) because each cultural and physical element is inextricably

dependent on others (Hand et al., 2005). Moreover, Davis et al., (2015) limit their analysis to theories

that demonstrate ‘testability’—something that is incompatible with many sociological theories, where the

focus is on robust description of how social systems work (Kurzman, 2009). Finally, M. J. Stern (2018)
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provides succinct summaries of many relevant theories, but aimed to neither synthesize them nor investigate

underlying assumptions. Ultimately, the lack of synthetic and inclusive reviews prevents the integration of

human action theories.

Here, we gather representative and prominent human action theories from across the humanities and

social sciences. We cast a much wider net than previous attempts, and include any theory that explains

human action, from any academic field and in any factor configuration. We use a grounded theory approach

to inductively classify each theory according to its underlying assumptions, properties, and what it enables.

Our inductive classification reveals eight metatheories—i.e., underlying models of human action—that

represent all 86 analyzed theories. For each metatheory, we show which types of human action situations

it best explains, and what types of environmental problems it would most likely address. We illustrate with

examples. We conclude by identifying how these insights might be useful to a wide variety of scholars and

practitioners seeking to understand or engage in questions about human action.

6.2 Methods

6.2.1 Defining human action theories

We defined a human action theory as a description of the relationship between human action and a set of

variables. This definition is intentionally broad and differs from other conceptions of theory and human

action. First, we included models, theories, and frameworks, sensu Littlejohn (1983), although there are

distinctions (Hawes, 1975; Cox et al., 2016). Second, we did not require that theories include outcome/depen-

dent/response variables that are caused by input/independent variables. This one-way relationship between

independent and dependent variables is quite common; it implies that independent variables cause changes

in dependent variables, but not vice versa. For example, Cox et al. (2016, p. 47) defines theories as de-

scribing, “a relationship between an outcome and a set of independent variables...” As acknowledged in the

introduction, this independence requirement excludes many theories in sociology and anthropology.

We intentionally theorized ‘action’ instead of ‘behavior.’ Behavior is often associated with individual

actions by fully independent actors, and is predominant in psychology (e.g., P. C. Stern, 2000). Indeed,

much of the work on the human dimension of environmental outcomes has focused on individual ‘behavior,’
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potentially limiting the body of knowledge that appears relevant to environmental scholars (Shove, 2010). A

focus on behavior can also exclude many relevant fields and other ways of analyzing problems and enacting

solutions (Brosius, 1999). Thus we used ‘action’ as a term that has fewer disciplinary constraints.

6.2.2 Selecting Human Action Theories

To collect a diversity of representative human action theories, we used a number of approaches. We

searched Web of Science, using the following search terms in literature abstracts (“Theory” OR “Model”

OR “Framework”) AND (“Behavior” OR “Action” OR “Practice” OR “Intention” OR “Movement” OR

“motivation” OR “Change”) AND (“Human” OR “Social” OR “Person” or “People”). Additionally, we

conducted targeted searches covering the social science disciplines identified by N. J. Bennett et al. (2017).

We also found theories by following reference chains/snowball sampling (i.e., following the references of one

theory publication to find other theory publications) and consulting with scholars from a diversity of fields

about the dominant human action theories in their respective fields. Of these theories, we chose those for

inclusion that appeared highly cited or representative (i.e., typical of a set of similar theories). This resulted

in 86 theories (see Table 6.1).

Table 6.1: Human action theories represented in this paper, showing selected sources

Theory Source

Action and coping planning Carraro and Gaudreau, 2013
Affect infusion model Forgas, 1998, 1995
Anthroparchy Cudworth, 2005, 2014
Anthropocentrism Devall, 1990
Attachment theory Bowlby, 1969; Ainsworth, 1969; Hazan and Shaver,

1990; Campbell and Stanton, 2019
Attitude–behavior correlations Kraus, 1995
Attitude, behavior, context Guagnano et al., 1995
Bureaucratic discretion & constraint Tadaki, 2020
Causal model theory Waldmann and Dieterich, 2007
Cognitive dissonance Festinger, 1957; Festinger and Carlsmith, 1959;

Harmon-Jones and Mills, 2019
Cognitive hierarchy of human behavior Homer and Kahle, 1988; Vaske and Donnelly, 1999
Collective action frames Benford and Snow, 2000; Snow and Benford, 1992;

Gamson, 1995; McAdam et al., 1996
Collective action theory in organizations Bimber et al., 2005
Compassion fade Västfjäll et al., 2014
Conformity theory Cialdini, 2003
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Cultural cognition Kahan et al., 2011; Kahan, 2012
Cultural evolution Boyd and Richerson, 1988; Cavalli-Sforza and Feld-

man, 1981; Mesoudi, 2017
Cycle of credibility Latour and Woolgar, 1979
Deliberative democracy D. Miller, 1992; John et al., 2009
Deterrence theory Beccaria, 1778; Pratt et al., 2006
Diffusion model Oberschall, 1989
Diffusion of innovations Rogers, 2010; Greenhalgh et al., 2004
Domestic practice Hand et al., 2005
Dopamine and addiction Wise and Robble, 2020
Eco-Socialism Pepper, 1993; Harvey, 1996
Ecological rationality Gigerenzer et al., 2012
Efficient complexity manager Levine et al., 2015
Effort reduction framework Shah and Oppenheimer, 2008
Elaboration likelihood model Petty and Cacioppo, 1986
Environmental behavior model Hungerford and Volk, 1990
Environmental leaders Chawla, 2007
Environmental stewardship N. J. Bennett et al., 2018
Environmentalism of the poor Guha and Martinez-Alier, 1997
Environmentality Agrawal, 2005
Exploitation/exploration March, 1991; Tuncdogan et al., 2015
Extended parallel process model Maloney et al., 2011; Witte, 1992
Five factor model of personality Digman, 1990; Goldberg, 1981
Five principles of the whole person McAdams and Pals, 2006
Foot in the door Freedman and Fraser, 1966; Cialdini et al., 1995
Governing the Commons Ostrom, 1990
Guilt aversion Chang et al., 2011
Habit–intention interactions De Bruijn et al., 2007; Gardner et al., 2011
Health action process approach Luszczynska and Schwarzer, 2003; Schwarzer, 2008
Health belief model Rosenstock, 1974
Hedonic principle Freud, 1955
Identity and agency in cultural worlds Holland et al., 1998
Indigenous collaborations Reo et al., 2017
Intentional norm change Raymond et al., 2014
Intersectional Indian ecofeminism Kings, 2017
Liberation ecology Peet and Watts, 2004
Minority influence Moscovici et al., 1969; Moscovici, 1980, 1993
Model of ecological behavior Fietkau and Kessel, 1981 (summarized in Kollmuss

and Agyeman (2002))
Motivation crowding–game theory Gneezy and Rustichini, 2000
Motivation crowding–norms Gneezy and Rustichini, 2000
Motivation–hygiene theory Herzberg, 1968
Multilevel socio-technical transitions A. Smith et al., 2010
Narrative theory Polletta, 1998
Norm activation model Schwartz, 1977; De Groot and Steg, 2009
Nudge theory Wilk, 1999; Thaler and Sunstein, 2008
Place/space indigenous identity Fredericks, 2009
Prospect theory Kahneman and Tversky, 1979; Kahneman, 2011
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Rational appeal Lindauer et al., 2020
Rational choice theory Morgenstern and Neumann, 1944; Becker, 1976
Reasonable person model Kaplan and Kaplan, 2009
Regulatory focus theory Higgens, 1997; Zhao and Pechmann, 2007; Tuncdo-

gan et al., 2015
Relationship marketing Morgan and Hunt, 1994
Resource-rational analysis Lieder and Griffiths, 2020
Risk perception attitude framework Rimal, 2001
Self-affirmation theory Cohen and Steele, 2000
Self-determination theory Ryan and Deci, 2000a, 2000b
Sense of should Theriault et al., 2020
Shared decision-making Weiss, 1995
Social cognitive theory and self-efficacy Bandura, 1977
Social ecology Bookchin, 1980
Social intuitionist model Haidt, 2001
Social norms Schultz et al., 2007; Farrow et al., 2017; Cialdini,

2003
Social-defense theory Ein-Dor et al., 2010; Ein-Dor and Hirschberger, 2016
Socioecological systems framework McGinnis and Ostrom, 2014; Ostrom, 2009
Stage model of fear communication de Hoog et al., 2007
Strength model of self-control Baumeister et al., 1998; Hagger et al., 2010
Systematic/heuristic processing Chaiken, 1980
Theory of planned behavior Ajzen, 1985
Thinking fast/slow Tversky and Kahneman, 1975; Kahneman, 2011
Transition management Rotmans et al., 2001
Transtheoretical model of behavior change Prochaska and Vlicer, 1997
Value-belief-norm theory P. C. Stern, 1999, 2000

6.2.3 Categorizing human action theories

Reaching back to the revolutionary work of Linnaeus, scientists have recognized that categorization is

necessarily imperfect and sometimes arbitrary, but also very useful (Dear, 2006). We thus do not mean

to reify the emergent categories as objective and pre-existent, but instead stress them as best reflecting

a grounded effort to inductively characterize and synthesize these theories (Clarke, 2009; Belgrave &

Seide, 2019). Thus, our characterizations of Human Action Theories may reflect our own positionalities as

interdisciplinary scholars. HNE is a White settler/scholar with broad interdisciplinary training, both in the

social sciences, but also in ecology and evolution.

Our approach was grounded: rather than presupposing which factors would underlie the theories, we

sought to identify commonalities/differences between theories, and distilled the underlying factors from
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these commonalities. Through this process, we found that all the theories could be designated in reference

to several axes. These axes included academic discipline/field each theory originated in, the unit of action in

each theory (e.g., individual, collective), the type of action (e.g., volitional behavior), explanatory logic (i.e.,

whether the theory was meant to describe action or change action), and the sets of assumptions underlying

each theory (i.e., metatheory; Fiedler, 2008; Abrams, 2015). Along each axis, we assigned theories to

the same class when they seemed to fit neatly; if a theory did not fit into an established class, we created

a new class, and/or reorganized the entire axis. To classify theories into academic fields, we drew on

a combination of author affiliation, journal affiliation, self-identification, and disciplinary jargon. After

creating a preliminary classification of all the theories, we re-read every paper and re-classified each one

(i.e., asked new questions of each theory; Belgrave & Seide, 2019). This process was highly iterative,

interactive, and flexible, reflecting our grounded theory approach (Belgrave & Seide, 2019). Theories were

sometimes put into more than one class (i.e., theories were fuzzy coded). We illustrated the relationships

between categories and theories using the R package bipartite version 2.16 (Dormann et al., 2008). To

portray the relative attention each theory has received, we counted the number of times each theory’s key

source was cited, calculated the fourth root of this number, and used the result to represent the dominance

of each theory. This is only a very approximate measure of theory attention, since theories are different

ages, have a different number of foundational sources, and are used in different fields with different citation

practices and norms.

6.3 Results and discussion

6.3.1 Disciplines

Our analysis of 86 theories of human action (Table 6.1) demonstrated the vast range of such theories, but also

the underlying commonalities that might enable organization of and access to these theories. Representing

this large theoretical range, we found that our 86 theories belonged to 32 academic disciplines, primarily

from the humanities and social sciences (see Figure 6.2). Psychology was the most represented field, perhaps

due to the field’s focus on theory building (Navarro, 2021).

We found more evidence of cross-pollination in some fields than others. For example, psychology,
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Figure 6.2: Imputed academic field of each theory. The relative thickness of each interaction bar
represents approximately how much attention each theory has received (as measured by the fourth
root of the number of citations received by the foundational publication; e.g., a doubling in
thickness equals 16 times more citations). For theory sources, see Table 6.1.
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neuroscience, and economics showed substantial overlap, while psychology and anthropology showed little

overlap (Figure 6.2). Our findings reveal that economic and psychological theories might not fully represent

the wealth of human action theories. Overall, psychological theories were less interdisciplinary than most

other fields. That is, these showed less influence from other fields. Our findings reveal the broad range of

disciplines theorizing about human action, and the extent of cross-fertilization between disciplines. This

breadth of literature suggests an extensive basis for helping scientists and practitioners enable sustainable

action.

However, we found that the 32 academic fields were not the most informative categories for organizing

the extensive human action theory literature. That is, knowing what field each theory came from was neither

the best way to understand how each theory worked, nor what human actions each best explained. Instead, we

found eight synthetic, underlying assumptions about human action—called ‘metatheories’—that spanned,

and united, the 86 theories and 32 fields.

6.3.2 Eight metatheories: description and application

In aggregate, we found that eight sets of assumptions—metatheories—underlie human action theories (Figure

D.1). Such metatheories inform “...the sorts of questions one asks and does not ask...” (Abrams, 2015, p.

98). Metatheories thus dictate which explanations researchers look for: If a human takes action X, the causes

could be either Y or Z. By limiting the causes to Y or Z, metatheories constrain the types of questions asked,

the answers obtained (Abrams, 2015), and the implications of these answers. However, which metatheory

underlies a given theory is often implicit, both to theory-creators and theory-users (Fiedler, 2008). This

implicitness about fundamental differences between theories can frustrate efforts to harmonize or combine

multiple theories (Deci, 1976; Waterman, 2013). Explicating and relating these implicit metatheoretical

assumptions might help to both 1) meaningfully organize and compare different theories and 2) select the

set of theories that may be most appropriate for a given question.

We called these metatheories Independent Self, Independent Structure, Cognitive Needs, Psychological

Needs, Communal Needs, Economic Needs, Interdependent, and Top-down. We found that each of the eight

emergent metatheories assumes that a different set of factors are most generative of human action (Figure

6.4) and thus enables understanding of a distinct aspect, cause, and structure of human action (Figure 6.5).

110



political ecology
complexity science
history
archaeology
innovation studies
science and technology studies
development
feminist studies

anthropology

sociology

critical race studies
Indigenous studies
political science
literature
education
ecology
geography
evolutionary biology
management
marketing
public health
communications
conservation science
systems theory
law

economics

psychology

ethics
ethology
health psychology
criminology
neuroscience

top−down

interdependent

communal needs

independent structure

psych. needs

independent self

econ. needs

cog. needs

Figure 6.3: The relationship between each theory’s metatheory and academic discipline. The relative
thickness of each metatheory and discipline represents the relative proportion of each within
our sample (e.g., Communal Needs metatheory undergirded more theories than the Independent
Structure metatheory). The metatheories, while somewhat aligned with fields, represent deeper
underlying assumptions that cut across theories and fields.
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Figure 6.4: Simplified diagram showing the structure of each metatheory. Each metatheory makes
different assumptions about what drives human action.

For example, the Independent Self metatheory focuses on how personal attributes, like attitudes, shapes

individual behavior (Figure 6.4).

Independent Self

To elaborate, the Independent Self metatheory treats individual behavior as determined by personal charac-

teristics, such as values, attitudes, traits, beliefs, and worldviews, all of which are independent of/unaffected

by ‘external’ context and structure (for a diagram of the Independent Self metatheory, see Figure 6.4). This

‘external’ context is taken as given and theorized only indirectly. There is a clear one-way causation between
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personal characteristics and behavior; thus, this metatheory does not examine how behavior shapes personal

characteristics.

The Independent Self metatheory was one of the most common metatheories (Figure D.1), particularly in

psychology, economics, and ethics (see Figure 6.3). This metatheory contains many of the most widely-cited

theories, including the Theory of Planned Behavior and Attachment Theory (Figure D.1). This theory

category is used to both describe and change human action (Figure D.4), primarily to understand individual

(Figure D.5) behavior and decision-making (Figure D.3). It is similar to Elizabeth Shove’s ‘ABC’ (Attitude,

Behavior, Choice) label (2010), under which individually-held attitudes determine behaviors, which in turn

anticipate choices. This explanation of human action is tenacious and widely held, Shove argues: when

presented with unexplained human action, “the tendency is to commission further studies in the same mold.

This results in a self-sustaining paradigm” (2010, p. 1276). This near-habitual explanation may serve as

a self-reinforcing barrier to innovative thinking (like a stagnant Community of Practice; E. Wenger, 1998).

The Independent Self metatheory is also criticized for ‘psychologizing’ social problems—i.e., treating the

problem as solely a result of individual actions (Manne, 2017).

Although this metatheory may occasionally allude to structural factors, these are not the primary focus.

For example, the Model of Ecological Behavior includes possibilities to act pro-environmentally that are

enabled or disabled by external, infrastructural, and economic factors. However, these external factors

are only treated obliquely or as contextual information, and are not theorized to substantially affect the

personal attributes (Fietkau & Kessel, 1981). This limited role of structure distinguishes the Independent

Self metatheory from the Independent Structure and Top-down metatheories, which both focus on structural

drivers of action.

Action suitability: This metatheory is appropriate for challenges that require short-term, fast, small changes

(see Figure 6.5). It also accepts most aspects ‘as-is’ and thus is less appropriate for more substantial and

cascading changes (Hastings & Saren, 2003). Given the lack of focus on context and structure, the metatheory

is best applied to homogeneous populations where everyone experiences the same context and structures.

When volitional behavior is of interest, this set of assumptions about human action may be especially

appropriate (see Figure D.3). However, the Independent Self metatheory is likely overused (Shove, 2010),
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Figure 6.5: Synopsis of each metatheory, the types of problems it is suitable for, and an example
solution it might propose to tackle climate change.

and sustainability scholars should be wary of using it before verifying that others would not be more

appropriate.

Example application, climate change: This metatheory is appropriate for lowering greenhouse gas emis-

sions by making small changes to the individual volitional behavior of a homogeneous population. For

example, this metatheory could be used to change employee attitudes about the health benefits of bike-

commuting, which could cause employees who own bikes to bike-commute more often. This could be done

by distributing posters expounding on the health benefits of daily biking. This metatheory is best-suited for

tinkering within existing systems. But if the existing system is inadequate, this metatheory is unlikely to have

much effect. For example, employees may have a positive attitude towards bike-commuting, but if the only

way to get to work is on a highway, attitude adjustment is unlikely to substantially increase bike commuting.

Independent Structure

The Independent Structure metatheory is analogous to the Independent Self metatheory, but it focuses on

independent structural factors instead of characteristics of the self. Differences in institutions, infrastructure,

and structures are treated as the cause of human action, while personal characteristics are relatively unim-

portant and individuals are often undifferentiated. For example, according to Collective Action Theory in

Organizations, information technology (e.g., email) determines how people can communicate and carry out

collective action. This theory thus looks to technological capacity as the determinant of human action.
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The Independent Structure metatheory was one of the least common metatheories (Figure D.1). This

metatheory is represented in a number of disciplines, including geography and sociology (Figure 6.3). It

is primarily used to understand how to change (Figure D.4) the action and management (Figure D.3) of

collectives and institutions (Figure D.5).

Action suitability: This metatheory is appropriate for challenges that require moderate-term, moderately-

fast, medium-sized changes (see Figure 6.5). It allows for structural changes, but does not account for

feedbacks or interactions between various structural factors and personal attributes, and so cannot charac-

terize transformative, cascading changes. Nevertheless, this metatheory typically contains clear structural

intervention points, streamlining its application.

Example application, climate change: This metatheory is appropriate for lowering greenhouse gas emis-

sions by making a small change to an isolated institution or structure, while holding everything else constant.

For example, this metatheory might be used to make the physical environment more suited to biking, by

creating separated bike lanes and bike cages. However, if people don’t know how to bike, this change may

be inadequate, and this metatheory is not suited for understanding personal characteristics such as biking

knowledge or attitude. Some theories are hybrids, representing multiple metatheories (Figure D.1). These

are particularly common among theorists who conduct more interdisciplinary research (e.g., N. J. Bennett

et al., 2018; Tadaki, 2020). Such hybrid theories could be used to capture both structural and self factors,

although they may not theorize their interactions.

Cognitive Needs

Across the next four metatheories, a person’s action is theorized as directed towards an ultimate purpose.

In the Cognitive Needs metatheory, the ultimate purpose is survival/evolutionary fitness, which results from

the satisfaction of four cognitive needs (Figures 6.4, D.2). Human action can thus be understood as directed

towards satisfying these four cognitive needs: accurate inference, cognitive efficiency, information explo-

ration, and information exploitation (Figure D.2). Each of these cognitive needs help humans survive. The

need for accurate inference helps ensure that decisions reflect reality; cognitive efficiency helps ensure that
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limited energy resources are used to maximum effect; information exploitation (i.e., coasting; predictability)

helps ensure that humans make the most of the knowledge they have; information exploration helps ensure

that humans remain aware of changing environments. These cognitive needs are treated as fundamental,

universal human needs.

Cognitive needs are often expressed through cognitive processes. Information exploitation and cognitive

efficiency are associated with heuristic processing: unconscious, fast processing that often privileges current

knowledge and peripheral information (i.e., thinking fast; Chaiken, 1980; Evans, 2008; Kahneman, 2011).

Conversely, accurate inference and information exploration are associated with systematic processing: slow,

energy-intensive processing that privileges the content of new information (i.e., thinking slow; Chaiken,

1980; Evans, 2008; Kahneman, 2011). Recognition of this processing dichotomy is common in psychology

and economics (Evans, 2008), but the distinction goes back at least to Aristotle’s Rhetoric: he divided

persuasive appeals into two types: artistic (concerning the message itself) and inartistic (concerning the

context or attributes of the speaker; Aristotle, 1954; Littlejohn, 1983).

The Cognitive Needs metatheory was moderately common among our human action theories (Figure D.1).

This metatheory is represented in economics, psychology, ethology, and neuroscience (Figure 6.3) where it

is primarily used to describe and change (Figure D.4) individual (Figure D.5) behavior and decision-making

(Figure D.3).

Action suitability: This metatheory is appropriate for challenges that require short-term, moderately fast,

medium-sized changes (see Figure 6.5). This metatheory is particularly suited for short-term, cheap changes

(Cahill & Perera, 2008), although it can be used to make longer-term changes (Frey & Rogers, 2014).

Because it makes use of universal cognitive needs, the metatheory may be appropriate for changing the

action of heterogeneous populations. Furthermore, because it relies on cognitive needs (which have a certain

momentum), relatively small, cheap cue modifications (‘nudges’) can change behavior. Moreover, the

metatheory typically contains clear choice intervention points, making interventions more straightforward

to implement. However, these changes are at the individual level and will likely not address large-scale,

underlying, or difficult problems (Selinger & Whyte, 2012). Moreover, the cheapness and implementation

ease of this metatheory’s solutions may distract from addressing the problems that are most significant
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(Selinger & Whyte, 2012). Arguably, however, Cognitive Needs metatheory does offer a framework for

making much bigger changes (see examples in Theriault et al., 2020), but so far most of the literature has

focused on small changes. Recent work has also explored how individual actions can scale-up to produce

transformative change (Naito et al., 2021).

Example application, climate change: This metatheory is appropriate for lowering greenhouse gas emis-

sions by harmonizing cognitive needs with green behavior (Figure 6.5). For example, a solution could take

advantage of the cognitive need for efficiency by making it more difficult to buy a parking pass, and easier to

get a bike tune-up (e.g., bike mechanics come to your office once every six months and fix your bike while

you work; you don’t have to arrange to make an appointment or go anywhere).

Psychological Needs

In the Psychological Needs metatheory, the ultimate purpose of human action is to produce subjective well-

being. Subjective well-being results from the satisfaction of six psychological needs (Figure D.2). Human

action can thus be understood as directed towards satisfying psychological needs (Figure 6.4). For example,

Self-determination Theory (Deci, 1976, p. 132-3):

...[A]ssumes that people choose what to do in order to achieve their desired end-states. That is

not to say that people have free will nor even that all the decision-making is conscious; it is only

to say that behavior is understandable and predictable and that a decision-making framework

that views people as working to attain goals having psychological value to them seems to be a

productive way of studying behavior.

These six psychological needs are: relatedness, pleasure promotion, competence, consonance, pain preven-

tion, and autonomy (Figure D.2).

Relatedness was the most common need in our theories, and reflects the fundamental need to have

secure relationships with others (Figure D.2). Pleasure promotion represents the need to explore and

approach enjoyable experiences, self-actualization, and to seek out and understand novel arenas. Pain

prevention represents the need to manage and avoid painful experiences. Pleasure promotion and pain
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prevention are similar to the cognitive needs for information exploration and information exploitation,

respectively (Tuncdogan et al., 2015). However, they represent different purposes: psychological well-being

vs. survival. Competence includes conceptions of efficacy and is an important feature of ‘flow’ activities

(Csikszentmihalyi, 1990). Consonance represents the need for consistency, for the world to make sense, and

for stable self-identity. Autonomy reflects the degree of ownership over one’s actions (i.e., internal perceived

locus of causality; DeCharms, 1968).

While the Cognitive Needs metatheory is more focused on unconscious needs, the Psychological Needs

metatheory centers on experienced psychological states. Psychological needs are treated as foundational,

universal, and unchanging. For example, Cognitive Dissonance theory has been used to show that behavior

affects attitudes, but the underlying needs for conquering cognitive dissonance (consonance) are assumed to

remain impervious (Festinger & Carlsmith, 1959).

The Psychological Needs metatheory was the most common metatheory (Figure D.1). This metatheory

is primarily used in psychology, but also in a host of other fields, including evolutionary biology, sociology,

communications, and management (Figure 6.3). With its focus on increasing subjective well-being, this

metatheory is primarily used to change individual behavior, motivation, well-being, and compliance (Figures

D.4, D.3, D.5).

Action suitability: This metatheory is appropriate for a variety of challenges, ranging from short- to long-

term and incremental to transformative. For example the needs for relatedness and competence can be used to

incrementally shift people’s behavior towards community norms (Cialdini et al., 2006), while relatedness and

pleasure promotion can be harnessed to develop transformative environmental movement leaders (Chawla,

2007). The concept of relational values has also recently been proposed to leverage the relatedness need for

sustainability (though this concept also bears similarity to the Interdependent metatheory; K. M. A. Chan

et al., 2016; Eyster et al., Under review). This metatheory provides the added benefit of describing how

to increase human well-being. This focus on well-being may provide a certain momentum to changes,

making them longer lasting and resilient (Ryan & Deci, 2000b). Furthermore, because it makes use of

universal psychological needs, the metatheory may be appropriate for changing the action of heterogeneous

populations. However, because this metatheory begins with human psychological needs, it may be insufficient

118



to understand and intervene when structural factors are important.

Example application, climate change: This metatheory is appropriate for lowering greenhouse gas emis-

sions by harmonizing psychological needs with green action (Figure 6.5). For example, a solution could

take advantage of the psychological need for relatedness by creating rich relationships within environmental

movements, which would intrinsically motivate people to reliably engage in activism.

Communal Needs

In the Communal Needs metatheory, the ultimate purpose is social cooperation (collaboration, collective

action, working together, effective governance, etc.). Cooperation results from the satisfaction of communal

needs (Figure 6.4). These communal needs are variable, and may sometimes parallel psychological and

cognitive needs, but here they serve the purpose of enabling social cooperation, rather than survival or sub-

jective well-being. For example, Narrative Theory suggests that perceptions of spontaneity—i.e., not being

externally directed—can spur student collective action by implying “independence from adult leadership,

urgency, local initiative, and action by moral imperative rather than bureaucratic planning” (Polletta, 1998,

p. 137). This is similar to the psychological need for autonomy (Ryan & Deci, 2000a, 2000b). Compared to

the Cognitive Needs and Psychological Needs metatheories, needs are theorized to be less universal/funda-

mental in the Communal Needs metatheory, and more specific to the particular type of cooperation, culture,

or institution.

The Communal Needs metatheory was relatively uncommon among our human action theories (Figure

D.1). This metatheory was most used in sociology, but also in marketing, Indigenous studies, political

science, and education (Figure 6.3) where it was used to understand how to create (Figure D.4) cooperation,

and collective and institutional action (Figures D.5–D.3).

Action suitability: This metatheory is appropriate for institutional challenges that require long-term, mod-

erate to transformative changes. This metatheory helps make institutions and groups more cooperative and

successful through the satisfaction of communal needs, such as equity and ownership (D. Miller, 1992).

When confronted with a cooperation or collective management problem, this metatheory is most suitable.
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Furthermore, most of the represented theories provide clear prescriptions for how to intervene. How-

ever, changes may be slow (Rogers, 2010) and entrenched power structures may prevent the satisfaction of

communal needs.

Example application, climate change: This metatheory is appropriate for helping groups organize, en-

courage participation, and bolster the collective adoption of new practices (Figure 6.5). For example, this

metatheory might be used to adapt to climate change by helping groups organize in anticipation of climate

disasters, such as rising sea levels.

Economic Needs

In the Economic Needs metatheory, the ultimate purpose is utilitarian well-being. Unlike the subjective

well-being of Psychological Needs metatheory, this well-being is more objective, reflecting the utilitarianism

of Jeremy Bentham and John Stuart Mill. In this conception, well-being necessarily results from making

choices that satisfy preferences (Scanlon, 1997), rather than referring to a particular subjective state, as in

Psychological Needs (Waterman, 1993). “Happiness is the sole end of human action” (Mill, 1991, p. 237).

This metatheory thus treats humans as rational, cool-headed utility-maximizers with preferences that are used

to decide between various alternatives (Figure 6.4). Preferences are assumed to be exogenous: independent

of markets, choice architecture, and context. In this respect, this metatheory is similar to the Independent

metatheories.

The Economic Needs metatheory was relatively uncommon as an explicit theory among our academic

human action theories (Figure D.1), although it may underpin many policymaking applications. This

metatheory was used in economics, law, and criminology (Figure D.4) where it was exploited to understand

how to change (Figure 6.3) individual (Figure D.5) behavior and decision-making (Figure D.3). Although

focused on individual action, this metatheory is concerned with how these individual actions sum up to

collective action. The Economic Needs metatheory thus often treats individuals as undifferentiated and

substitutable.
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Action suitability: This metatheory is appropriate for rapid, marginal changes within the dominant socio-

economic system. This metatheory has the benefit of providing the clearest set of levers (e.g., change the

price or incentive). However, if the problem is associated with the system itself, then this metatheory is

ill-equipped to solve it (Pepper, 1993; Ruder & Sanniti, 2019). Furthermore, the well-being, preference,

and valuation components of this metatheory have been widely criticized (Levine et al., 2015; Ariely, 2012;

K. M. A. Chan et al., 2019; Barrington-Leigh, 2016; Ackerman & Heinzerling, 2002).

Example application, climate change: This metatheory is appropriate for lowering greenhouse gas emis-

sions by changing marginal costs within the dominant socio-economic system. For example, this metatheory

might propose subsidizing bike or electric vehicle prices. However, this metatheory is ill-suited to fundamen-

tally address climate change when political economic systems are themselves built on assumptions of nature

domination, instrumental use, endless growth, and corporate power (Bookchin, 1980). This metatheory has

a role to play in creating marginal solutions, but is likely over-applied. Like the Independent Self metatheory,

this metatheory should only be used after the features of other metatheories have been carefully considered.

Top-down

The Top-down metatheory exposes the often hidden, implicit systemic causes of human action. From

patriarchal domination to anthropocentrism (Cudworth, 2014), this metatheory examines the largest and

most fundamental drivers of human action. Under this metatheory, personal characteristics and individual

actions result from these top-down factors. This causation only goes one way: the top-down factors are rarely

treated as resulting from individual actions, in contrast to the Interdependent metatheory. This metatheory

is similar to the Independent Structure metatheory, except the former examines more hegemonic structures.

The Top-down metatheory was relatively uncommon among our metatheories (Figure D.1). It was

primarily reflected in critical disciplines, such as political ecology, geography, feminist studies, and also

sociology (Figure 6.3). This metatheory is primarily used to understand how to change societal and

institutional action (Figures D.5, D.3, D.4).
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Action suitability: This metatheory is appropriate for large systemic problems that cannot be solved by

merely tweaking or working within a system, but which require transformative, systemic change. However,

while this metatheory is good at identifying underlying issues (Watts, 2013; Cudworth, 2014; Ruder &

Sanniti, 2019) and imagining transformational futures, it rarely identifies levers or ‘how-to’ necessary to

achieve transformative change. Furthermore, this metatheory does not include important feedbacks from

actors to systems. Thus this metatheory is most appropriate for identifying sustainable futures and the

underlying issues preventing their realization, but other metatheories (such as Communal Needs) may be

more effective for determining how to achieve said sustainable futures.

Example application, climate change: This metatheory is appropriate for lowering greenhouse gas emis-

sions by identifying the systemic factors that have generated the current climate crisis and prevented it from

being resolved. For example, this metatheory might identify nature domination, instrumental use, endless

growth, and corporate power that undergird our current political–economics system (Bookchin, 1980). Other

metatheories could then be marshaled to determine how to reform or overturn these systems, such as through

social movements (Polletta, 1998; Moscovici, 1980).

Interdependent

The Interdependent metatheory treats human action as both an emergent property and the cause of interac-

tions between people and their surroundings. That is, a person’s actions are a constantly created by of an

interdependent web of values, identities, habits, goals, needs, experiences, meanings, institutions, cultures,

and politics, etc. This interdependent web of factors, in turn, are constantly created, reinforced, or destroyed

by human actions. Thus, none of these attributes exist independently, instead each is co-constituted by the

interdependent web of the others. This metatheory is thus starkly different from other metatheories, which

assume that input/independent variables cause (but are not in turn caused by) changes in a dependent/re-

sponse/outcome variable. Because of this deep difference and the relative under-utilization of these theories

(Shove, 2014; Strengers & Maller, 2014), we discuss the Interdependent Metatheory in greater depth.

These interdependent variables come together to constrain agency (Vigotsky, 1978) and lead to human

action (Holland et al., 1998). Action is both an output and an input in these theories. These factors are
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unintelligible and nonexistent by themselves, indeed perhaps action is the only observable attribute (Lewin,

1939; Bourdieu, 1977; Heft, 2012). These factors must be considered as a coherent network of relations

for them to have any meaning. Pierre Bourdieu’s Practice Theory (Bourdieu, 1977) is an archetype for this

metatheory, though we employ a less constrained version, allowing it to be an umbrella metatheory for a

diverse set of theories with interdependent determinants. The key characteristic of this metatheory is the co-

developed interdependency of the constituent factors and the action (Schatzki, 2018). Thus, this metatheory

implies that no ‘ways of life’ can be taken for granted (Redclift, 1996). Everything is interdependent and

malleable; it is impacted by and impacts everything else (Shove, 2010).

For example, Dorothy Holland and colleagues’ theory of agency (1998) and Arun Agrawal’s Environ-

mentality (2005) both demonstrate interdependency. Although these theories use different terminology,

they treat actions as resulting from a co-development of the person, culture, and position (Holland et al.,

1998; Agrawal, 2005). This is not to say that there is no agency, but that agency itself is also more or less

constrained or enabled by these co-developed factors. In their theory of agency, Holland et al. (1998) states:

“This is our objective here: to respect humans as social and cultural creatures and therefore bounded, yet to

recognize the processes whereby human collectives and individuals often move themselves – led by hope,

desperation, or even playfulness, but certainly by no rational plan – from one set of socially and cultural

formed subjectivities to another.”

This metatheory was moderately common among our theories (see Figure D.1), primarily coming from

sociology and anthropology, but also critical race studies, Indigenous studies, feminist studies, science and

technology studies, and others (Figure 6.3. This metatheory is used to describe and change human action

and practice (Figure D.5–D.3). Human action, according to this metatheory, is not merely the outcome of

culture and situation, but also a beginning of new cultural forms. Improvisation occurs when past experiences

(habitus) are brought to bear on novel situations (Bourdieu, 1977). These improvisations are then in turn

used as heuristics to “guide, authorize, legitimate, and encourage” specific human actions (Holland et al.,

1998, p. 18). Thus, in the Interdependent metatheory, individual change is seen as an improvisation, not a

choice. Furthermore, unlike other metatheories which view factors as independent, this metatheory focuses

on that interaction. In his Environmentality, Agrawal (2005) writes how the government’s use of statistics

to represent forests not only imperialized forests, it made forests. The conception of the trees cannot be

extricated from the governance of them. The Interdependent metatheory takes nothing as given or as-is.
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This metatheory can be summarized as a response to the following critique of independent theories: “it

is as if trying to write the history of a marriage, one produces a biography of the wife, and placing it next to

the biography of the husband calls it the history of the relationship itself!” (R. White (1995), as paraphrased

by Agrawal (2005, p. 204)).

Action suitability: This metatheory is appropriate for complex, uncertain, and interacting problems. While

all other metatheories focus on isolated drivers of human action, this metatheory brings all factors together

and investigates their interactions. This metatheory treats the values, needs, structures, and systems as less

fundamental than the other metatheories, and thus is well positioned to expose the taken-for-granted and

co-developed causes of human action. Furthermore, while other metatheories focus on particular units of

action such as individuals or collectives, this metatheory examines the action itself—practice—and only

understands other factors through that action. While explicitly embracing feedbacks, interactions, and the

attendant uncertainty, however, this metatheory does not always provide clear prescriptions for change or

predictions for outcomes. Nevertheless, it should help sustainability scholars and practitioners appreciate

the full range of possible causes and prepare for uncertainties.

Example application, climate change: This metatheory is appropriate for lowering greenhouse gas emis-

sions by simultaneously and relationally changing the factors underlying human action (Shove, 2014). For

example, this metatheory would increase the practice of bike-commuting by a multi-pronged focus on in-

creasing competence (e.g., through bike classes and bike-repair workshops, positive feedback, support from

friends, incentives to try it at least once), availability (provide a free city-wide bike-share program and ample

bike racks at popular locations), meanings (associate bike-commuting with responsibility for the environ-

ment, and care for others who depend on it) and technology (prioritize street design for cyclists, not cars).

While more complex than many of the other metatheories’ examples, this intervention may be more effective

(Shove, 2014).
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6.4 Knitting theories together

Our findings show that eight metatheories underlie how scholars theorize about human action. Each

metatheory examines different factors and makes different assumptions about the causes of human action.

Despite this seeming incongruity, each metatheory is ‘true’ in a sense, reflecting a particular construction

of human action. For example, the Independent Self metatheory asks how proximate, personal attributes

might affect human action. In contrast, the Cognitive needs metatheory goes a bit deeper, and asks how

evolutionary goals of survival shape human action. These distinct questions define different aspects and

contexts of human action. Given the central role that human action plays in social and environmental

changes (Turner et al., 1990), and solutions (e.g., behavioral wedges, Dietz et al., 2009), our findings may

help scholars steer towards better outcomes by leveraging a broader array of theories.

Ultimately, most grand challenges facing society cannot be answered by a single theory or scholarly

approach, but rather by a strategic combination of several different theories and approaches. The grand

challenge of advancing sustainable futures—in reference to environmental and social health, justice, etc.—is

complex and includes many overlapping and interlinked human action contexts (IPBES, 2019). Intergovern-

mental assessments have been theorizing about how to change human action for the sake of climate change or

biodiversity more broadly. For example, the United Nations’ integrative environmental report, Making peace

with nature recognized that “All [collective and individual] actors have a role to play in the transformations

needed to achieve a sustainable world” (United Nations Environment Programme, 2021, p. 133). But these

assessments have not benefited from a structured synthetic view of human action theories, which might knit

together complementary solutions to environmental problems.

For example, the Global Biodiversity Outlook 3 describes the many types of human action that might

be necessary, such as “Continue direct action to conserve biodiversity...” and “Take full advantage of

opportunities to contribute to climate change mitigation...” (Secretariat of the Convention on Biological

Diversity, 2010, p. 86). However, the report relies solely on the Economic Needs and Independent Self

metatheories to enable this biodiversity conservation. Under the Economic Needs, the report suggests

that “Using pricing, fiscal policies and other mechanisms to reflect the real value of ecosystems, powerful

incentives can be created to reverse patterns of destruction that result from the under-valuation of biodiversity”

(Secretariat of the Convention on Biological Diversity, 2010, p. 85). This statement assumes that changing
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prices and other incentives, while holding the larger economic system intact, is the best way to change action.

Similarly, under the Independent Self, the report suggests that “Through education and more effective

dissemination of scientific knowledge, a much wider section of the public and decision-makers could be

made aware of the role and value of biodiversity and the steps needed to conserve it” (Secretariat of

the Convention on Biological Diversity, 2010, p. 86). This statement suggests that changing personal

attributes—knowledge—will bring about the required changes in human action. While both the Economic

Needs and Independent Self metatheories may provide important insights into addressing the biodiversity

crisis, relying on only two of the eight metatheories may hinder conservation efforts.

Those of us studying and working to enable environmental and social health might do well to not just

cherry pick the theory or theories that best suit a narrowly defined problem. Rather, we might use multiple

metatheoretical lenses to grasp the way that other fields and scholars understand human action, the nature of

the evidence available to them, and the applicability of their theories. Our synthesis of human action theories

into eight metatheories provides an accessible starting place for scholars and practitioners to develop that

interdisciplinary fluency.

Our findings suggest new avenues for the integrative study of human action. We have attempted to

account for the prevalence of each theory using citations (Figure D.1), but this has many limitations, most

especially that it does not represent the degree to which a theory is used by practitioners. Future work that

assesses the prevalence of each metatheory in academia and practice might elucidate which metatheories are

under-used and thus which ones might be most profitably added to the toolset. Such an assessment could

also provide a fuller and more representative picture of the current state of theory usage, and perhaps show

the importance of theories that we did not include in our analysis.

Future work could also build on our findings by exploring the types of factors used in each metatheory

in more detail. We only characterized these factors for the Cognitive Needs and Psychological Needs

metatheories (Figure D.2). Future work might characterize the generalized factors used in each metatheory,

and thereby synthesize findings from within each metatheory. This synthesis might help more scholars and

practitioners use and apply these metatheories.
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6.5 Conclusion

Human action theories have been inaccessible and isolated, hampering use and improvement by sustainability

scientists. Our identification of eight synthetic metatheories enables sustainability scholars and practitioners

to navigate among these theories. Each metatheory points to a different set of factors: the first two

metatheories focus on the independent self and structure, respectively. The next four metatheories each focus

on a different set of needs, including cognitive needs, psychological needs, communal needs, and economic

needs. The seventh metatheory examines often-hidden, systemic factors; the final metatheory examines

how multiple factors interact to co-create a practice. Our analysis reveals which metatheories may be most

appropriate for different types of solutions, from incremental, fast, and cheap, to systemic and transformative.

Perhaps sustainability solutions may be most effective when they combine insights from each metatheory.

Such cross-cutting combinations are rare, but initial efforts by interdisciplinary scientists suggest that they

may be effective. For example, Tadaki (2020) included Psychological Needs, Independent structure, and

Interdependent metatheories to profitably understand the actions of New Zealander water regulators. Our

mapping makes such holistic understandings of human action easier; future research should test how different

metatheories may complement each other to provide more robust explanations.

Although directed at transdisciplinary sustainability scientists and practitioners, our synthesis should be

useful to anyone investigating why humans do what they do. Beyond helping researchers select human action

theories, our synthesis may also enable cross-fertilization between and within metatheories and a greater

communication between empirical studies and theory-building. This synthesis is merely a preliminary

categorization; we expect future research will create more complete and representative typologies to advance

understandings of human action and promote sustainable action.
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Chapter 7

Conclusion

Assuming that animals, humans, and other things are independent or separate has proven powerful for under-

standing nature and people. These assumptions enable the isolation of important factors and generalizability

to new cases. But are these assumptions always appropriate for studying human and natural systems, partic-

ularly amid rapid climate change and other dynamics? This dissertation tested whether a focus on emergent

relationships, rather than independent entities, might yield insights into wildlife conservation and enable

action towards sustainable trajectories. I tested a broad array of emergent relationships (Table 7.1), including

those between and among birds, agricultural habitats, and human consumers; megafauna, birds, landscapes,

and ecotourists; humans and trout; humans and action; and others.

I tested how these relationships might be elucidated by a broad array of methods within diverse sites and

disciplines, including metacommunity theory and ecological modeling of bird data from the US Midwest;

relational values and econometric modeling of human surveys within British Columbia, Canada; geographical

information systems and ecotourist preferences and benefits within Sub-Saharan Africa; multidisciplinary

case studies; and grounded theory and literature review.

These studies yielded a number of insights, including that perennial polycultures can conserve birds

in agricultural landscapes; that bird and mammal diversities, not just the Big Five, play an important

role in shaping ecotourist visits (and thus the distribution of ecotourist funds); that emphasizing genetic

distinctiveness and interdependent relationships can motivate conservation of widespread species, such as

rainbow trout; that relational thinking provides productive assumptions about human and natural systems ; and
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that eight core assumptions underlie human action theories. Drawn from across different literatures, methods,

and sites, these results suggest that analyzing relationships might help enable sustainable trajectories.

However, some might argue that the ‘relationships’ I investigated across various chapters look similar to

the interactions/connections between entities that are studied quite commonly. And thus, some might argue

that my pivot towards relationships is a pivot in name only. And they would be mostly correct. I do not

suggest that my specific insights could not have been produced using a reductionist lens. Indeed, in retrospect,

the relationships I studied could have been oriented in such a way as to be studied as interactions between

entities. Moreover, my statistical models did contain independent and dependent variables, consistent with a

traditional focus on connections between entities. But this equivalency does not mean that relationships do

not provide ample advantages. For instance, Ptolemy’s geocentric model accurately predicted the angular

locations of planets, but Kopernikus’ heliocentric model was more elegant, simple, and enabled many

productive insights into astronomy (Barker, 2002).

Similarly, though far less grandly, my results show, as detailed below, that relationships provide a more

simple and intuitive lens for comprehending complex human and natural systems. Thinking with relationships

first provides a better intuition about what is likely to matter for understanding/predicting human–natural

systems, and why people care about them. The nuts and bolts of analyzing relationships may end up looking

a lot like reductionist analysis, but the deliberate choices about which things to hold constant, and which are

dynamic, emanate from this focus on relationships.

7.1 Insights from relationships

7.1.1 US Midwest: Perennial polycultures

My focus on relationships in Chapter 2 differed in several ways from traditional approaches in ecology

and conservation. First, behavioral functional traits are typically assumed to be properties of species (e.g.,

Tobias & Pigot, 2019), However, I treated functional traits as emergent of species–environment relationships

(relational thinking). By measuring functional traits in situ, I was able to capture the importance of singing

height and the feeding strata that birds actually inhabited in these ‘unnatural’ agricultural systems. If

instead I had assumed that functional traits were constant properties of species—as is commonly done
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Table 7.1: In addition to the examples explored in Chapter 5, Chapters 2-4 explored a number of
different types of relationships. Of the relationships that include humans, some analyses focused
on direct, conscious, deliberate relationships (such as picking a tourist destination based on what
animals one hopes to see), while others focused on indirect relationships (such as buying hazelnuts
that coincidentally support bird diversity in the American Midwest).

Relationship Specific relationship Concept Direct? Chapter
animal–animal trout–trout genetic distinctiveness 4
animal–animal bird–bird biotic competition 2
animal–environment bird–environment habitat filtering 2
animal–environment bird–habitats in situ functional traits 2
animal–environment bird–local habitat habitat affinity 2
animal–environment bird–regional site cluster variation across 4 states 2
human–human human–human interdependent relationship direct 4
human–animal human–trout interdependent relationship direct 4
human–animal human–bird via nut and fruit consumption indirect 2
human–animal human–animal richness ecotourist preferences direct 3
human–environment human–landscape ecotourist preferences direct 3
human–animal human–animal ecotourism beneficiaries indirect 3
human–environment human–landscape ecotourism beneficiaries indirect 3

in ecology—I would have neglected these differences. Acknowledgment of intraspecific functional trait

variation is common in plant community ecology (e.g. Ackerly & Cornwell, 2007; Jung et al., 2010), but is

only beginning to be recognized as important in animal communities (e.g. Ross et al., 2017).

Second, static diversity is often the main metric used to assess the conservation potential of a habitat (e.g.,

Phalan et al., 2011; Callaghan, Major, et al., 2018). However, I sought to understand the processes by which

communities are assembled and maintained (i.e., bird communities are in a constant state of becoming).

By adopting this process lens, via metacommunity theory, I was able to avoid dangerous assumptions and

pitfalls that may stem from using static diversity as a metric . For example, static diversity can mask whether

a habitat is a biodiversity source or a biodiversity sink (Brawn & Robinson, 1996). This process-centered

approach is increasingly common in community ecology (e.g., P. L. Thompson et al., 2020; Vellend, 2016),

but has received little application by conservation biologists.

Finally, conservation initiatives often focus on identifying problematic habitats (e.g., oil palm plantations;

Fitzherbert et al., 2008) or supportive habitats (e.g., old-growth forest characteritsics; Sillett et al., 2018).

However, habitat insights may be most useful for conservation when the biodiversity-boosting habitat has

a positive relationship with humans (e.g., forests that support birds and coffee yields; Karp et al., 2013).
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Thus, I focus on habitats that have important relationships with humans, via walnut, hazelnut, corn, and soy

consumption. Although these relationships may be indirect (i.e., people may not consciously think about

birds when buying pieces of cows fed on soybeans), they may provide a mechanism (via e.g., individual

consumption and agricultural policymaking) for conserving birds via perennial polycultures. However,

further research on this point is needed.

These innovations were made possible, in part, by combining key methods from quantitative ecology

(Yamaura et al., 2012), plant community ecology (Pillar et al., 2009; Ackerly & Cornwell, 2007), and applied

statistics (B. Carpenter et al., 2017). While each of these methods has received considerable attention in

isolation, they have not before been brought together. Thus my methods are not new per se, but a combination

of extent methods created by community ecologists and statisticians.

By focusing on in situ functional traits, diversity assembly processes, and a habitat that mediates human–

bird relationships, this chapter provides a good example depiction of a more relational approach to bird

conservation in agro-ecosystems. However, my study is only a first step towards relationality. A truly

relational approach would entail other innovations, including finer-scale variation in functional traits and

interviews with consumers to understand how birds might come to consciously mediate grocery shopping,

etc.

7.1.2 Sub-Saharan Africa: Protected areas

My focus on relationships between ecotourists and species/landscapes in Chapter 3 differed in several ways

from traditional approaches to understanding ecotourist preferences. First, preference elicitation often relies

on stated preference surveys (e.g., Lindsey et al., 2007) or social media posts (da Mota & Pickering, 2020).

Both of these tools provide important insights into ecotourists. However, ecotourist preference studies rarely

focus on the most concrete metric of ecotourist–ecosystem relationships: visitation (c.f., Naidoo et al., 2016).

By directly modeling tourist visits, I was able to capture revealed preferences that may be more indicative of

the preferences that tourists actually use to select where to visit.

Second, ecotourist preference are typically used to represent relationships between ecotourists and

species/landscapes (e.g., Park et al., 2002). But ecotourist preferences only represent one facet of ecotourist–
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ecosystem relationships. Investigating the other facet—i.e., the distribution of ecotourist visits—is necessary

for fully understanding what types of ecosystems ecotourism will promote (via transfer of funds from eco-

tourists to park planners, etc.). Thus, I investigated both revealed preferences (using multivariable models)

and the distribution of ecotourist visits (using univariate models). For example, I found that even though

ecotourists have preferences for parks with diverse megafauna, many species of megafauna are not positively

associated with tourist visits, and thus may require other conservation techniques beyond ecotourism.

Some may see these simple univariate models as a limitation: by not controlling for other factors,

univariate analyses are unable to even hint at causation. However, the question that the univariate analysis

addressed did not require causation—we were simply interested in the degree to which ecotourism might

benefit and incentivise the conservation of different species and landscapes. Furthermore, even as statistical

models become more complex and multifaceted (as in my Chapter 2), some questions may still be best

answered by simple models. In this case, simple univariate models provide insights that complement the

findings from the more complex multivariable model of ecotourist preferences. Together, these two analyses

provide a more representative depiction of ecotourist–ecosystem relationships.

Like Chapter 2, this study also only scratches the surface of relationality. By using real visitation data

and complementing the model of revealed preferences with models of the distribution of ecotourist benefits,

this chapter provides an example of a more relational approach to studying ecotourism and conservation.

However, a truly relational approach would entail other analyses, most notably individual heterogeneity

in preferences, particularly between domestic, intra-continental, and inter-continental ecotourists. Our

visitation dataset did not contain individual-level data, but future work might get at this variation through

social media data.

My use of simple, reductionist methods in this chapter demonstrates the utility of such methods within a

relational thinking framework. While reductionist methods may seem inconsistent with relational thinking,

they are not. Indeed, reductionist methods were essential for answering the questions in this dissertation.

Relational thinking revealed the importance of considering both the effects of birds on tourists and the

effects of tourists on birds, but it was the reductionist models that showed the nature of these effects.

Relational thinking offer scholars the opportunity to leverage reductionist methods for inference about

complex relationships.

132



7.1.3 British Columbia: rainbow trout

Chapter 4’s focus on relationships between and among trout and humans differed from traditional techniques

for understanding wildlife conservation behavior. Specifically, values and attitudes are usually construed

as indicative of behavior (Sagiv et al., 2017; Schultz et al., 2005), and these values are typically treated as

transituational properties of individual people, rather than emergent from dynamic relationships with others

(Sagiv et al., 2017). However, I tested if motivations to conserve might better predicted if values are treated

as relational (K. M. A. Chan et al., 2016), i.e., co-developed between and among humans and rainbow trout.

This meant foregrounding relationships, and testing different manipulations of the relationships, including

the spatial relationships between humans ans trout, the sense of shared community with trout (via perceived

genetic distinctiveness of nearby trout), and the degree to which trout affect humans and humans affect trout.

If instead I had assumed that values were transituational properties of people—as is commonly assumed

in conservation—I would not have thought to manipulate the relationships, and thereby discover promising

frames that could be implemented to conserve widespread species. Moreover, these findings suggest that

anyone can become a conservationist if immersed in the right relationships; conservationists are not limited

to those with a priori ‘environmental values.’

It should be noted that it would have, conceivably, been possible to discover these frames using standard

reductionist techniques from conservation psychology. But perhaps only in retrospect. While the relational

framing techniques have analogs in conservation psychology (Kusmanoff et al., 2020), relational thinking

enabled the intuition to bundle these concepts together. Indeed, the effects of the frames were most notable

when the genetic distinctiveness and interdependent frames were bundled into the same experimental context.

Had I taken a more reductionist approach—as is typical (Kusmanoff et al., 2020)—I would have tested these

frames independently, and missed the most important interaction. The relational thinking brought me to a

design that enabled higher-level insights that I likely would not have stumbled upon if I had been thinking

with psychology theories alone.

By treating values as emergent from relationships, this chapter provides an illustration of how a relational

approach might enable conservation behavior. However, this chapter leaves much room for future studies to

more fully embody a relational approach. Such a study might have referred to real donations, real streams, and

real populations of rainbow trout, rather than hypothetical ones, which may not produce the same relational

133



values as real ones. A mixed-methods analysis also might have revealed how the different relational frames

differently shaped human–trout relationships. Finally, donating to rainbow trout restoration, which was our

response variable, is only one way that people affect trout. Testing the power of relational frames to change

behavior relating to food consumption, herbicide use, etc., might provide more useful understanding of how

to reorient human–trout relationships towards conservation.

7.1.4 Case studies in relational thinking

Chapter 5’s investigation of empirical examples of relational thinking differed substantially from how rela-

tional thinking is usually presented. Typically, relational thinking is presented at a high level of abstraction

(West et al., 2020; Hertz et al., 2020) or with rich empirics, but with jargon, assumptions, and norms that

make it inaccessible to many scientists (e.g., Barad, 2003; Kohn, 2015). For example, consider this passage

from the abstract of a paper on relationality for soil science:

In view of objections to notions of a dialectics intrinsic to nature, and given the nature of soils

and soil dynamics, a dialectical approach needs to be modified to account for the impossibil-

ity of soils’ praxis. Consequently, a materialist relationality is proposed that is reflexive as

regards selected units and scales of analysis, especially with respect to their social origins and

repercussions. Mauro, 2018, p. 52

Although this paper no doubt provides useful insights, I would hazard that few soil scientists would be

persuaded by it to adopt relationality. Relational thinking may also be heralded by Indigenous scholars (e.g.,

Watts, 2013; Salmón, 2000), but unfortunately this discourse has received relatively little attention, even by

prominent relational scholars (Todd, 2015). In contrast, Chapter 5 used empirical case studies and jargon-free

prose to explore the advantages of relational thinking. Furthermore, by using examples that spanned moral

psychology to epidemiology and food web ecology, this chapter provided a platform to translate relational

thinking into examples and language that is accessible to diverse scientists.
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7.1.5 Human action theories

Chapter 6 ’s focus on a broad range of human action theories differed in several ways from traditional analyses

of how to enable sustainable pathways. First, analyses of how to bring about sustainable change often focus

on attitudes, values, intentions, etc. (e.g., Sharma et al., 2017; Nilsson et al., 2019). However, these concepts,

in themselves, do not bring about change, and the links between them and change may be much weaker

than usually assumed (Sniehotta et al., 2014). Thus, a focus on the actual mediator of change—human

action—may be necessary. Consequently, this chapter sought to understand and bring together theories of

human action from across the social sciences and humanities.

Second, typical reviews of human action theories assume a priori, and often based only on disciplinary

assumptions, that certain types of human action theories trump others (e.g., Kollmuss & Agyeman, 2002;

Davis et al., 2015). This chapter, in contrast, accepted that each theory might be true in its own context and

set of assumptions, and thus cast a wider net that any previous review (to our knowledge). By recognizing

that each theory may have validity within certain sets of relations, I was able to census a much broader array

of human action theories, and thus achieve a more comprehensive synthesis of the state of knowledge on

human action. Indeed, at least one of the primary ways of thinking about human action (the Interdependent

metatheory) would likely have been excluded by typical analyses.

By focusing on human action as the unit of analysis, and by accepting that different theories may be

true in different networks of relations, this chapter demonstrates how a relational approach might explicate

sustainable practices. However, while this chapter embraced a diversity of theories, the analyses is still

weighted towards the sciences, and likely omits too many theories from the humanities. A truly relational

approach would further expand the accepted ways of knowing about human action, and include more theories

from the humanities, and from practice (e.g., tacit working models; Root-Bernstein, 2020).

7.2 Strengths

This dissertation embodies a deep interdisciplinarity, advancing disparate natural and social sciences and

also their integration. I thus employed insights and points of view that might normally be isolated and largely

inaccessible. This interdisciplinarity allowed me to employ disjunct methods and concepts to address single
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questions. For example, Chapter 4’s insights stemmed from a novel nexus of an interdisciplinary concept

(relational values) with disciplinary theory (e.g., framing, from psychology) and a different disciplinary

method (discrete choice experiments, from economics). My dissertation may help other scholars and

practitioners span these disciplinary divides. For example, my map of human action theories may enable

scientists to understand the disciplinary landscape and choose the theory that might be most effective for

their given problem. I have also sought to make each chapter relatively free from jargon and acronyms, in

the hope that these chapters are intelligible to interdisciplinary scholars.

This dissertation not only drew on multiple disciplines, but also used different types of research designs. I

used a natural experiment to understand perennial polycultures (Chapter 2), spatial associations to understand

ecotourism (Chapter 3), a controlled experiment to understand conservation motivations (Chapter 4), case

studies to advance relational thinking (Chapter 5), and a grounded theory approach to understand human

action (Chapter 6). This diversity of designs demonstrates that relational thinking can be profitably applied

in many different types of scientific studies and with many different assumptions.

This dissertation was enriched by my own local knowledge of Midwestern natural history. I have been

observing, sketching, and studying Midwestern flora and fauna for many years (in 2009 I was named the

American Birding Association Young Birder of the Year). I applied these skills most directly to the perennial

polyculture study (Chapter 2), though they imbue my approach to the other chapters as well. This knowledge

enabled me to collect reliable bird data efficiently and with little preparation. This knowledge also enabled

me to collect data that might be most important for understanding perennial polycultures.

For example, one of my favorite birding haunts growing up in Michigan was a white mulberry tree (Morus

alba) that grew by my driveway. I used to spend hours high up in the tree, gorging myself on berries, and

feasting my eyes on all the birds and insects which foraged blithely mere feet away. While I had always

assumed that woodpeckers fed on insects and other bark-inhabiting species, I watched daily as young and

old Downy Woodpeckers feasted on mulberries. While by no means a novel discovery, this experience

showed me how flexible bird diets could be, and that functional traits, such as diet, were produced by the

interaction between a bird (Downy Woodpecker) and the environment (mulberry tree). What a species does

is inextricable from its surroundings (relational ontology), and our knowledge of them, is inexplicable from

the relationship that we have with them (relational epistemology). If I had not had experience climbing trees
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and birding, I may not have noticed this behavior. These experiences and skills gave me insight into what

data I should collect, including the importance of measuring functional traits in situ.

7.3 Limitations

Many of the strengths of this dissertation also have attendant limitations. The first limitation reflects the

interdisciplinarity of this dissertation. By minimizing jargon and disciplinary language, some concepts and

ideas may be needlessly lengthy and apparently cumbersome for disciplinary experts. For instance, instead

of using a single term that is well-defined within a literature and may be easily understood by experts, I

have instead tried to explain each idea using simple language, which may hinder communication to experts.

Sticking to that same level of rigor that might be expected for a paper in that discipline, while still making

the writing accessible, has been a challenge. Nevertheless, I hope that, on balance, this dissertation is widely

intelligible to both interdisciplinary and disciplinary scholars.

Perhaps the biggest limitation of this dissertation is the lack of a common study system, and the somewhat

disconnected chapters. Had all of my research focused on a single site, say, British Columbian rivers, this

dissertation would no doubt be more cohesive. However, I chose instead to seize research projects which

would best take advantage of my current skills, provide me with the skills that I most sought, while

addressing the overarching question about how a relational focus might advance sustainability. Given that

only one chapter focused on each research site or narrow research question, my dissertation provides many

opportunities for future work that unite different chapters.

7.4 Future Research

The five research chapters in this dissertation represent varied topics, sites, and methods. A key avenue for

future research thus might be to apply methods or insights from one chapter to the topic of another. The

following questions for future research illustrate some of these possibilities.

My exploration of human action theories (Chapter 6) and relational values (Chapter 4) suggest an

opportunity to better connect human action theories with relational values. Two human action metatheories—

Psychological Needs and Interdependent—appear to be most relevant to relational values, but they also
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contain apparent contradictions. Investigating whether these two metatheories might be brought together

within a relational values framework is thus a key next step.

My human action theory map suggests that there are eight metatheories underlying human action theories.

A few studies have employed multiple metatheories (e.g. Tadaki, 2020). However, no study has ever tested

all of them holistically. Thus, a key question is whether approaching an environmental action problem

simultaneously with all eight metatheories might yield superior insights, or if the metatheories are sufficiently

contradictory such that applying all metatheories at once would be counterproductive.

Many species are still widespread, but declining rapidly, such as many African megafauna (Craigie et al.,

2010). There may thus be an opportunity to test out my findings on genetic distinctiveness and human

conservation motivation. Perhaps visiting tourists might donate more to a park’s conservation efforts if they

believed that that park’s wildlife was genetically distinct from wildlife in other parks.

My demonstration of the importance of in situ functional traits prompts further questions. For example,

how are rapid landscape changes shaping the functional traits expressed by Midwest birds? One way to

answer this question would be to compare the functional traits expressed in one of the few remaining old-

growth forests left in the Midwest (e.g., Goll Woods State Nature Preserve), with much younger forests and

wood lots. Similarly to African wildlife, Midwestern birds also offer a system ripe to test the real-world

application of genetic distinctiveness and interdependent frames.

7.5 Towards relational research

As environmental and interlinked public health crises endanger the existence of many lifeforms and landscapes

(IPBES, 2019; IPCC, 2014), this dissertation suggests that understanding relationships among people and

nature may offer a way forward. Since founding the interdisciplinary Harvard College Review of Environment

and Society as an undergraduate, I have believed that using interdisciplinary methods to uncover human–

nature relationships might be key to addressing environmental challenges. This dissertation provides an

empirical demonstration of the benefits of such a relational approach, while also providing tools that may

make such empirical work more accessible to interdisciplinary scholars.

However, this dissertation is only a beginning. I have only hinted at what relationality might look like,

138



and what it might achieve. Indeed, because my own relational approach was developed while carrying out

this research, my relational thinking was still nascent when shaping the foundations of each chapter.

So what would a fully relational approach to coupled human and natural systems look like? It might

have three features. First, it would recognize that processes and relationships are the key subjects of study.

Nothing can be understood outside of relationships. But holistically elevating all possible relationships to

the highest importance would be overwhelming and would stifle insights. Thus, second, relational thinking

would require deliberate and careful decisions about which observable factors might be most important

for understanding. For example, I deliberately chose to measure behavioral functional traits in situ, but

deliberately assumed that morphological traits were roughly constant and simply extracted these traits from

the literature (i.e., I treated them as independent of habitat). Relational thinking, then, requires recognizing

that relationships are emergent, but also that many can (when done deliberately) be treated as independent

and static.

Third, relational thinking recognizes that relationships may be more generative of sustainable practices.

Just as Marxism critiques commodity fetishism because it masks the social and human–human relationships

that underlie the production and consumption of commodities, a relational approach to sustainability might

seek to make salient the human–nature relationships that underlie nearly all human experiences. Whether

shopping, recreating, or merely breathing, human–nature relationships are crucial. Emphasizing and lever-

aging these relationships and then reorienting them towards sustainability thus might be a key step towards

sustainable practices.

My dissertation has added to the discourse on relationality and begun to coax out these three features of

relational thinking. However, future research is required to show the stability of these features, and develop

best practices for thinking relationally about Dickcissels, black rhinoceroses, rainbow trout, humans, and the

many others that co-create our world.
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Appendix A

Supplementary information for: Perennial
polyculture landscapes support bird
diversity and associated metacommunity
processes

A.1 Additional methods
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A.1.2 Metacommunity process analysis

We investigated relationships between the local environment and functional traits to elucidate which assembly

processes drive bird diversity. If the functional traits expressed in a given community are unrelated to the

environment, then stochasticity and/or dispersal likely drive diversity. However, if each environment is

associated with a different set of convergent traits, then filtering likely drives diversity. On the other hand,

if an environmental gradient is associated with trait divergence, then competition likely drives diversity.

Importantly, competition and filtering can both be significant for a given metacommunity (Ingram & Shurin,

2009). For example, some traits may respond to competition (i.e., alpha-niche traits) while others respond

to filtering (i.e., beta-niche traits; Leibold & Chase, 2017). However, because these two processes lead to

opposing patterns, one can cancel the signal of the other (which can be exacerbated when traits are analyzed

simultaneously). Thus, for every individual trait axis, we looked for signs of competition (trait divergence

assembly patterns; TDAP; Stubs & Wilson, 2004; Pillar, 1999) and competition (trait convergence assembly

patterns; TCAP) using a method that independently estimates the importance of each process (Pillar et al.,

2009; Pillar & d. S. Duarte, 2010). We conducted this analysis separately at two environmental scales: local

(across habitats) and regional (across clusters).

To identify trait convergence assembly patterns (signaling filtering) we compared how well the environ-

mental gradient matched the functional trait gradient. More precisely, we computed the trait–community

matrix by multiplying the trait–species matrix by the species–community matrix. Next we computed Eu-

clidean distance matrices using the trait–community matrix and the environment–community matrix. We

then calculated the partial correlation between these two distance matrices (𝜌𝑇𝐸 , Pillar et al., 2009), which

represents the congruence between the environmental gradient and the trait gradient, thereby signaling the

presence of filtering.

To identify trait divergence assembly patterns (signaling competition) we first used the species–trait matrix

to classify each species into fuzzy types. This new type–species matrix signifies how well each species fits

into each type. We then repeated the same method as for trait convergence, except using the type–species

matrix instead of the trait–species matrix. By using this type–species matrix, we are able to identify both

trait convergence and trait divergence patterns. For example, if a community in a cold environment contains

species with moderate trait values, while a community in a hot environment contains species with both low

171



and high trait values, these communities exhibit trait divergence. Using the original trait–species matrix,

these communities would not appear to vary with temperature. But using the type–species matrix, we are

able to see that the cold environment has species in one type, while the hot environment contains species in

two other types (for details and examples, see Pillar et al., 2009). This trait-to-type transformation effectively

turns continuous trait variables into factor variables. However, using the type–species matrix reveals both

trait convergence and trait divergence patterns. To isolate trait divergence pattern (𝜌𝑋𝐸.𝑇) we effectively

removed any sign of trait convergence (as estimated using the trait–species matrix; for details, see Pillar

et al., 2009).
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A.1.3 Perennial crops

Table A.1: Perennial crops grown in each of the perennial polyculture farms included in this study

farm_no. perennial_crops

1 Chestnut, plum, blackberry, black currants, sugar
maple, witch hazel, winterberry

2 Chestnut, hazelnut, red currants, black currants,
rhubarb

3 Chestnut, pawpaw, gooseberry, black currant, com-
frey, persimon, Asian pear, heartnut, blackberry

4 Chestnut, hazelnut, persimmon, pawpaw
5 Chestnut, persimmon, cherry, apple, seaberry, paw-

paw, honeyberry, elderberry, hawthorne, apricot, hay
in some alleys

6 Hazelnut, blackberry, red currant, black currant,
chestnut, apple, saskatoon berry, raspberry, rhubarb,
hay in some alleys

7 Plum, persimmon, cherry, quince, ash, pear, black-
berry, rose, black currant, gooseberry, aronia

8 Chestnut, gooseberry, black currant, red currant,
mulberry, elderberry, apple, hazelnut

9 Apple, quince, black currant, aronia, saskatoon
berry, seaberry, elderberry, apricot, crabapple, asian
pear, plum, chives

10 Hazelnut, elderberry, corn and sunflower and clover
in alleys

12 Apple, pear, grape, saskatoon berries, red currant,
black currant, gooseberries, plum, apricot, highbush
cranberry, aronia, blueberry, honeyberry, garlic

13 Apple, plum, black currant, apricot, cherry, clover in
alleys, various flowers

14 Pear, apple, highbush cranberry, elderberry, linden

A.1.4 Bird species codes

We used four-letter alpha codes from the Institute for Bird Populations to refer to each species, according to

the following table:
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Table A.2: Alpha codes used in this paper, along with common names and new and old scientific names
for each bird species included in this study

IBP_code common_name scientific_name old_scientific_name
ALFL Alder Flycatcher Empidonax alnorum Empidonax alnorum
AMCR American Crow Corvus brachyrhynchos Corvus brachyrhynchos
AMGO American Goldfinch Spinus tristis Carduelis tristis
AMRE American Redstart Setophaga ruticilla Setophaga ruticilla
AMRO American Robin Turdus migratorius Turdus migratorius
BANS Bank Swallow Riparia riparia Riparia riparia
BAOR Baltimore Oriole Icterus galbula Icterus galbula
BARS Barn Swallow Hirundo rustica Hirundo rustica
BBCU Black-billed Cuckoo Coccyzus erythropthalmus Coccyzus erythropthalmus
BCCH Black-capped Chickadee Poecile atricapillus Parus atricapillus
BEVI Bell’s Vireo Vireo bellii Vireo bellii
BGGN Blue-gray Gnatcatcher Polioptila caerulea Polioptila caerulea
BHCO Brown-headed Cowbird Molothrus ater Molothrus ater
BLGR Blue Grosbeak Passerina caerulea Passerina caerulea
BLJA Blue Jay Cyanocitta cristata Cyanocitta cristata
BOBO Bobolink Dolichonyx oryzivorus Dolichonyx oryzivorus
NOBO Northern Bobwhite Colinus virginianus Colinus virginianus
BRTH Brown Thrasher Toxostoma rufum Toxostoma rufum
CACH Carolina Chickadee Poecile carolinensis Parus carolinensis
CARW Carolina Wren Thryothorus ludovicianus Thryothorus ludovicianus
CCSP Clay-colored Sparrow Spizella pallida Spizella pallida
CEDW Cedar Waxwing Bombycilla cedrorum Bombycilla cedrorum
CHSP Chipping Sparrow Spizella passerina Spizella passerina
CLSW Cliff Swallow Petrochelidon pyrrhonota Petrochelidon pyrrhonota
COGR Common Grackle Quiscalus quiscula Quiscalus quiscula
CORA Common Raven Corvus corax Corvus corax
COYE Common Yellowthroat Geothlypis trichas Geothlypis trichas
DICK Dickcissel Spiza americana Spiza americana
DOWO Downy Woodpecker Dryobates pubescens Picoides pubescens
EABL Eastern Bluebird Sialia sialis Sialia sialis
EAKI Eastern Kingbird Tyrannus tyrannus Tyrannus tyrannus
EAME Eastern Meadowlark Sturnella magna Sturnella magna
EAPH Eastern Phoebe Sayornis phoebe Sayornis phoebe
EATO Eastern Towhee Pipilo erythrophthalmus Pipilo erythrophthalmus
EAWP Eastern Wood-pewee Contopus virens Contopus virens
EUST European Starling Sturnus vulgaris Sturnus vulgaris
FISP Field Sparrow Spizella pusilla Spizella pusilla
GCFL Golden-crowned Kinglet Regulus satrapa Regulus satrapa
GRCA Gray Catbird Dumetella carolinensis Dumetella carolinensis
HAWO Hairy Woodpecker Dryobates villosus Picoides villosus
HESP Henslow’s Sparrow Centronyx henslowii Ammodramus henslowii
HOLA Horned Lark Eremophila alpestris Eremophila alpestris
HOSP House Sparrow Passer domesticus Passer domesticus
HOWR House Wren Troglodytes aedon Troglodytes aedon
INBU Indigo Bunting Passerina cyanea Passerina cyanea
LASP Lark Sparrow Chondestes grammacus Chondestes grammacus
LEFL Least Flycatcher Empidonax minimus Empidonax minimus
LISP Lincoln’s Sparrow Melospiza lincolnii Melospiza lincolnii
MODO Mourning Dove Zenaida macroura Zenaida macroura
NOCA Northern Cardinal Cardinalis cardinalis Cardinalis cardinalis
OROR Orchard Oriole Icterus spurius Icterus spurius
OVEN Ovenbird Seiurus aurocapilla Seiurus aurocapilla
PIGR Pine Grosbeak Pinicola enucleator Pinicola enucleator
RBGR Rose-breasted Grosbeak Pheucticus ludovicianus Pheucticus ludovicianus
RBNU Red-breasted Nuthatch Sitta canadensis Sitta canadensis
RBWO Red-bellied Woodpecker Melanerpes carolinus Melanerpes carolinus
REVI Red-eyed Vireo Vireo olivaceus Vireo olivaceus
RHWO Red-headed Woodpecker Melanerpes erythrocephalus Melanerpes erythrocephalus
RNPH Ring-necked Pheasant Phasianus colchicus Phasianus colchicus
RTHU Ruby-throated Hummingbird Archilochus colubris Archilochus colubris
RWBL Red-winged Blackbird Agelaius phoeniceus Agelaius phoeniceus
SAVS Savannah Sparrow Passerculus sandwichensis Passerculus sandwichensis
SCTA Scarlet Tanager Piranga olivacea Piranga olivacea
SEWR Sedge Wren Cistothorus platensis Cistothorus platensis
SOSP Song Sparrow Melospiza melodia Melospiza melodia
TUTI Tufted Titmouse Baeolophus bicolor Baeolophus bicolor
VESP Vesper Sparrow Pooecetes gramineus Pooecetes gramineus
WAVI Warbling Vireo Vireo gilvus Vireo gilvus
WBNU White-breasted Nuthatch Sitta carolinensis Sitta carolinensis
WIFL Willow Flycatcher Empidonax traillii Empidonax traillii
WITU Wild Turkey Meleagris gallopavo Meleagris gallopavo
WOTH Wood Thrush Hylocichla mustelina Hylocichla mustelina
YBCH Yellow-breasted Chat Icteria virens Icteria virens
YBCU Yellow-billed Cuckoo Coccyzus americanus Coccyzus americanus
YBSA Yellow-bellied Sapsucker Sphyrapicus varius Sphyrapicus varius
YEWA Yellow Warbler Setophaga petechia Dendroica petechia
YSFL Northern Flicker Colaptes auratus Colaptes auratus
YTVI Yellow-throated Vireo Vireo flavifrons Vireo flavifrons
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Figure A.1: Observed singing vs. foraging strata of Dickcissel (DICK, Spiza americana).

A.2 Results

A.2.1 Functional trait results

A.2.2 Habitat affinities by species

A.2.3 Functional trait prediction results
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Figure A.2: Principal components analysis (PCA) ordination of bird species on the two trait dimensions.
For functional trait abbreviation legend, see Table 2.1. For bird species codes, see Table A.2.
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Figure A.3: Model estimates of each species’ affinity for each habitat type, showing each species
separately. These estimates control for the effect of site cluster, in order to show only the effect
of habitat type. Bars represent 50% credible intervals.
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Figure A.4: Model estimates of each species’ habitat affinity. 50% credible interval is shown. Model
accounts for non-detection bias. See Figure A.3 for affinity faceted by species. See Table A.2 for
four-letter code legend.

178



(a)

prairie
old_poly

woods
soy

young_poly
corn
hay

−6 −4 −2
ALFL

hay
woods

old_poly
soy

prairie
young_poly

corn

−6 −4 −2 0
AMCR

prairie
young_poly

old_poly
woods

soy
corn
hay

−6 −4 −2 0 2
AMGO

woods
old_poly

young_poly
soy

prairie
hay

corn

−6 −5 −4 −3 −2 −1
AMRE

old_poly
woods

young_poly
prairie

soy
hay

corn

−6 −4 −2 0 2
AMRO

young_poly
old_poly

prairie
soy
hay

woods
corn

−6 −5 −4 −3 −2 −1
BANS

old_poly
woods

young_poly
soy
hay

prairie
corn

−6 −4 −2 0
BAOR

hay
young_poly

prairie
soy

corn
old_poly

woods

−8 −6 −4 −2 0
BARS

woods
old_poly

young_poly
soy

prairie
hay

corn

−4 −2 0
BBCU

woods
old_poly

young_poly
soy

prairie
hay

corn

−6 −4 −2 0 2
BCCH

taxa

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1 0

−5 −4 −3 −2 −1

−4 −2 0

−5 −4 −3 −2 −1

fn traits

old_poly
young_poly

soy
prairie

hay
woods

corn

−6 −4 −2 0
BEVI

woods
old_poly

prairie
young_poly

soy
hay

corn

−4 −2 0
BGGN

old_poly
young_poly

prairie
soy
hay

corn
woods

−5.0 −2.5 0.0
BHCO

young_poly
prairie

old_poly
soy
hay

woods
corn

−6 −5 −4 −3 −2
BLGR

woods
old_poly

young_poly
prairie

soy
hay

corn

−6 −4 −2 0 2
BLJA

young_poly
prairie

old_poly
soy

corn
hay

woods

−6 −4 −2 0
BOBO

old_poly
soy

young_poly
prairie

hay
corn

woods

−6 −4 −2
NOBO

old_poly
young_poly

soy
prairie

hay
woods

corn

−6 −4 −2 0
BRTH

woods
old_poly

young_poly
prairie

soy
hay

corn

−5 −4 −3 −2 −1
CACH

woods
old_poly

young_poly
prairie

soy
hay

corn

−4 −2 0
CARW

taxa

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2

−5 −4 −3 −2

−5 −4 −3 −2 −1

−5 −4 −3 −2

−5 −4 −3 −2

−5 −4 −3 −2

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

fn traits

179



(b)

young_poly
old_poly

hay
soy

prairie
corn

woods

−6 −4 −2 0
CCSP

old_poly
prairie

young_poly
woods

soy
hay

corn

−6 −4 −2 0
CEDW

old_poly
young_poly

prairie
soy
hay

woods
corn

−6 −4 −2 0 2
CHSP

young_poly
soy
hay

prairie
old_poly

corn
woods

−6 −4 −2
CLSW

old_poly
young_poly

prairie
woods

soy
hay

corn

−5 −4 −3 −2 −1
COGR

young_poly
old_poly

prairie
soy
hay

woods
corn

−5 −4 −3 −2 −1
CORA

prairie
old_poly

young_poly
woods

soy
hay

corn

−6 −4 −2 0
COYE

young_poly
prairie

hay
old_poly

soy
corn

woods

−6 −4 −2 0
DICK

woods
old_poly

young_poly
prairie

soy
hay

corn

−6 −4 −2 0
DOWO

young_poly
old_poly

prairie
soy
hay

woods
corn

−6 −4 −2 0
EABL

taxa

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−4 −2 0

−5 −4 −3 −2 −1

−5 −4 −3 −2

−4 −2 0

−5 −4 −3 −2 −1

fn traits

young_poly
old_poly

prairie
soy
hay

woods
corn

−6 −4 −2 0
EAKI

young_poly
hay

prairie
old_poly

soy
corn

woods

−6 −4 −2 0
EAME

young_poly
old_poly

woods
prairie

soy
hay

corn

−4 −2 0
EAPH

woods
old_poly

young_poly
soy

prairie
hay

corn

−4 −2 0
EATO

woods
old_poly

young_poly
soy

prairie
hay

corn

−6 −4 −2 0
EAWP

old_poly
prairie

young_poly
hay
soy

corn
woods

−5.0 −2.5 0.0
EUST

old_poly
prairie

young_poly
corn
soy
hay

woods

−6 −4 −2 0
FISP

woods
old_poly

young_poly
prairie

soy
hay

corn

−4 −2 0
GCFL

old_poly
woods

young_poly
prairie

soy
hay

corn

−6 −4 −2 0
GRCA

woods
old_poly

young_poly
soy

prairie
hay

corn

−5 −4 −3 −2 −1
HAWO

taxa

−5 −4 −3 −2 −1

−5 −4 −3 −2

−5 −4 −3 −2 −1

−5 −4 −3 −2

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−4 −2 0

fn traits

180



(c)

prairie
old_poly

soy
young_poly

hay
corn

woods

−6 −4 −2 0
HESP

young_poly
prairie

old_poly
soy
hay

woods
corn

−6 −4 −2
HOLA

young_poly
old_poly

soy
hay

corn
prairie
woods

−6 −4 −2 0
HOSP

old_poly
woods

young_poly
prairie

soy
hay

corn

−6 −4 −2 0
HOWR

old_poly
woods

young_poly
hay
soy

prairie
corn

−6 −4 −2 0 2
INBU

old_poly
prairie

young_poly
soy
hay

corn
woods

−6 −4 −2
LASP

young_poly
old_poly

prairie
soy
hay

woods
corn

−5 −4 −3 −2 −1
LEFL

young_poly
old_poly

prairie
soy
hay

woods
corn

−5 −4 −3 −2 −1
LISP

old_poly
woods

young_poly
prairie

soy
hay

corn

−4 −2 0
MODO

woods
old_poly

young_poly
soy

prairie
hay

corn

−6 −4 −2 0 2
NOCA

taxa

−5 −4 −3 −2

−5 −4 −3 −2

−5 −4 −3 −2

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2

−5 −4 −3 −2 −1

−5 −4 −3 −2

−5 −4 −3 −2

−5 −4 −3 −2 −1

fn traits

old_poly
prairie

young_poly
soy
hay

corn
woods

−6 −4 −2 0
OROR

woods
old_poly

young_poly
prairie

soy
hay

corn

−4 −2 0
OVEN

woods
old_poly

young_poly
prairie

soy
hay

corn

−4 −2 0
PIGR

old_poly
woods

young_poly
soy

prairie
hay

corn

−6 −4 −2 0
RBGR

woods
old_poly

young_poly
prairie

soy
hay

corn

−4 −2 0
RBNU

woods
old_poly

young_poly
prairie

soy
hay

corn

−6 −4 −2 0 2
RBWO

woods
old_poly

young_poly
soy

prairie
hay

corn

−6 −4 −2 0
REVI

woods
old_poly

young_poly
prairie

soy
hay

corn

−4 −2 0
RHWO

prairie
old_poly

young_poly
soy
hay

corn
woods

−6 −5 −4 −3 −2
RNPH

young_poly
prairie

old_poly
soy
hay

woods
corn

−6 −4 −2 0
RTHU

taxa

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−4 −2 0 2

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

fn traits

181



(d)

hay
young_poly

prairie
old_poly

woods
soy

corn

−6 −4 −2 0
RWBL

hay
young_poly

old_poly
soy

prairie
corn

woods

−8 −6 −4 −2 0
SAVS

woods
old_poly

young_poly
prairie

soy
hay

corn

−4 −2 0
SCTA

prairie
young_poly

old_poly
soy
hay

corn
woods

−6 −5 −4 −3 −2
SEWR

old_poly
young_poly

prairie
woods

soy
corn
hay

−6 −4 −2 0 2
SOSP

woods
old_poly

young_poly
prairie

soy
hay

corn

−5 −4 −3 −2 −1
TUTI

old_poly
soy

young_poly
prairie

hay
corn

woods

−7 −6 −5 −4 −3 −2
VESP

old_poly
woods

young_poly
soy
hay

prairie
corn

−5 −4 −3 −2 −1
WAVI

woods
young_poly

old_poly
prairie

soy
hay

corn

−6 −4 −2 0 2
WBNU

old_poly
young_poly

soy
hay

prairie
corn

woods

−6 −4 −2 0
WIFL

taxa

−5 −4 −3 −2

−5 −4 −3 −2

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

fn traits

woods
old_poly

young_poly
prairie

soy
hay

corn

−5 −4 −3 −2 −1
WITU

woods
old_poly

young_poly
soy
hay

prairie
corn

−5 −4 −3 −2
WOTH

old_poly
young_poly

soy
prairie

hay
corn

woods

−6 −4 −2 0
YBCH

woods
young_poly

old_poly
soy
hay

prairie
corn

−4 −2 0
YBCU

woods
old_poly

young_poly
prairie

soy
hay

corn

−5 −4 −3 −2 −1
YBSA

old_poly
young_poly

woods
soy

prairie
hay

corn

−5 −4 −3 −2 −1
YEWA

woods
old_poly

soy
young_poly

prairie
hay

corn

−6 −4 −2 0
YSFL

woods
old_poly

young_poly
prairie

soy
hay

corn

−4 −2 0
YTVI

taxa

−5 −4 −3 −2 −1

−5 −4 −3 −2

−5 −4 −3 −2 −1

−4 −2 0

−4 −2 0

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

−5 −4 −3 −2 −1

fn traits

Figure A.5: Model output for each taxa at each habitat type (‘taxa’) and the functional trait prediction
(‘fn trait’). Points represent medians and bars represent 50% credible intervals.
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Appendix B

Supplementary information for: Not just
the Big Five: African ecotourists prefer
parks brimming with bird and megafauna
diversity

B.1 Variable selection

B.1.1 Variable correlations

pop. 0.23 0.28 −0.16 −0.04 −0.06 −0.06 −0.07 −0.06 −0.01 −0.02 0.07 0.09 0.19 0.15
access 0.14 −0.26 −0.04 −0.17 −0.17 −0.11 0.07 0.02 0.05 0.23 −0.26 0.14 −0.02

forest −0.24 −0.16 −0.22 −0.22 −0.37 −0.40 −0.35 −0.37 −0.03 0.20 0.26 0.23

income 0.12 0.11 0.11 −0.05 −0.15 −0.16 −0.26 −0.20 −0.27 −0.32 −0.16

white.rhino 0.56 0.56 0.32 0.35 0.22 0.08 0.14 0.06 0.04 −0.03

black.rhino 1.00 0.35 0.38 0.25 0.11 0.20 0.17 0.19 0.09

0.35 0.38 0.25 0.11 0.20 0.17 0.19 0.09
giraffe 0.50 0.51 0.47 0.32 0.11 0.17 −0.00

cheetah 0.64 0.55 0.32 0.08 0.21 −0.03

lion 0.56 0.30 0.17 0.18 0.06
Af.wild.dog 0.29 0.10 0.13 0.13

leopard 0.13 0.28 0.16

bird 0.32 0.44
elephant 0.38

buffalo

Figure B.1: Pearson correlation coefficients between all variables. The upper panel shows the correla-
tion coefficients, the diagonal shows the density plot of each variable, and the lower panel shows
a heat map of the correlation coefficients.
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max.bird 0.17 −0.27 −0.26 0.09 0.20
sp.count 0.11 −0.17 −0.06 −0.22

PPP..log. −0.26 −0.16 −0.24
Access..log. 0.23 0.14

Population..log. 0.28
Forest

Figure B.2: Pearson correlations between variables used in the ecotourist preference model. All vari-
ables had correlations less extreme than 0.3. The upper panel shows the correlation coefficients,
the diagonal shows the density plot of each variable, and the lower panel shows a heat map of the
correlation coefficients.

B.1.2 Bayesian leave-one-out-cross-validation (LOO)

We also explored using Bayesian leave-one-out-cross-validation; LOO). To identify which variables were

most important, we built a Bayesian model with all 14 variables. We then conducted Bayesian leave-one-out-

cross-validation on this model and used the expected log pointwise predictive density (elpd, see Figure B.3)

to identify the most important variables (using the projpred R package and methods described in Vehtari,

2019; Vehtari et al., 2016; Piironen & Vehtari, 2016; Piironen et al., 2018). This method showed that bird

richness, cheetah presence, national income, and forest cover were the four most important variables, and

provided predictive capacity ∼ equivalent to the full model.
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Figure B.3: Expected log pointwise predictive density (elpd) and root mean square error (rmse) esti-
mated by Bayesian leave-one-out-cross-validation (LOO) of the full model with all input variables.
This plot shows that a sub model with only four variables will yield equivalent predictive capacity
to the full model.
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B.1.3 Posterior predictive checks

0 5 10 15 20

y
yrep

Figure B.4: Posterior predictions (yrep) and data(y) for the ecotourist preference model. yrep shows
fifty draws from the posterior predictive distribution.
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Figure B.5: Pearson correlations posterior predictions and lion presence for each model: normal
distribution (orange) and zero-inflated negative binomial distribution (purple). The black vertical
line is the correlation between the log visits and lion presence from the data. Densities represent
fifty draws from each posterior’s predictive distribution. The normal distribution model recovered
the correlation in the data better than the zero-inflated negative binomial distribution model.
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Figure B.6: Posterior predictions (yrep) and data(y) for univariate models with just lion presence, fit
with (A) zero-inflated negative binomial distribution and (B) normal distribution. yrep shows
fifty draws from a given posterior.
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B.1.4 Bird richness

	

Bird	Species	Richness

Figure B.7: Bird species richness across Africa. Data from Jenkins et al. (2013).

B.2 Model Results

B.2.1 Model output tables

Table B.1: Ecotourist preference model

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.02 0.21 6.68 7.36 1.01 7974.00 3193.00

bird richness 2.38 0.48 1.61 3.14 1.00 4398.00 2998.00
megafauna richness 1.26 0.44 0.57 1.95 1.00 6275.00 3179.00

national income 2.36 0.47 1.62 3.11 1.00 5204.00 3368.00
inaccessibility -0.30 0.48 -1.07 0.47 1.00 4970.00 3106.00

local human population -0.87 0.45 -1.59 -0.17 1.00 5818.00 3307.00
Forest -2.92 0.51 -3.72 -2.10 1.00 5852.00 3369.00
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forest

bird richness

national income

cheetah presence
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Figure B.8: Coefficient estimates for the four input variables that leave-one-out-cross-validation sug-
gests are the most important. Shaded regions represents 50% credible intervals, line extents
represent 89% credible intervals.

Table B.2: Summary of reduced variable model of the effect of bird richness, cheetah, forest, and
national wealth on tourist visits

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.01 0.21 6.69 7.35 1.00 5089.00 2600.00

bird richness 2.61 0.43 1.92 3.30 1.00 5488.00 3355.00
Cheetah 1.85 0.53 0.99 2.70 1.00 4529.00 2546.00

national income 3.08 0.45 2.37 3.77 1.00 4822.00 3127.00
Forest -2.68 0.54 -3.54 -1.83 1.00 4162.00 2872.00

Table B.3: Model of spatial relationship between bird richness and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.02 0.28 6.57 7.48 1.00 4401.00 3103.00

bird richness 1.46 0.55 0.59 2.34 1.00 4229.00 2807.00

Table B.4: Model of spatial relationship between lion presence and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.02 0.28 6.59 7.47 1.00 4275.00 2920.00

Lion 1.02 0.56 0.12 1.89 1.00 3702.00 2726.00
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Table B.5: Model of spatial relationship between leopard presence and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.02 0.28 6.57 7.47 1.00 4259.00 3235.00
Leopard 0.25 0.57 -0.67 1.14 1.00 3665.00 2939.00

Table B.6: Model of spatial relationship between elephant presence and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.02 0.28 6.56 7.47 1.00 3878.00 2988.00

elephant.presence 0.14 0.57 -0.77 1.06 1.00 4553.00 3097.00

Table B.7: Model of spatial relationship between Cape buffalo presence and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.01 0.28 6.57 7.46 1.00 3474.00 2970.00

Buffalo -0.38 0.79 -1.63 0.87 1.00 3385.00 2318.00

Table B.8: Model of spatial relationship between black rhinoceros presence and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.01 0.26 6.61 7.42 1.00 4049.00 2744.00

Black.Rhino 4.23 0.77 3.01 5.47 1.00 3971.00 3015.00

Table B.9: Model of spatial relationship between white rhinoceros presence and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.02 0.27 6.59 7.45 1.00 3744.00 2701.00

White.Rhino 4.16 1.13 2.37 5.93 1.00 3910.00 3122.00

Table B.10: Model of spatial relationship between cheetah presence and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.01 0.26 6.60 7.41 1.00 3898.00 2888.00
Cheetah 2.59 0.58 1.67 3.52 1.00 3663.00 2672.00

Table B.11: Model of spatial relationship between African wild dog presence and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.02 0.28 6.57 7.46 1.00 3714.00 2731.00

AfricanWildDog 1.41 0.65 0.38 2.44 1.00 3842.00 2914.00
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Table B.12: Model of spatial relationship between giraffe presence and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.02 0.26 6.60 7.43 1.00 3889.00 3140.00

Giraffe 2.39 0.58 1.44 3.30 1.00 4168.00 3035.00

Table B.13: Model of spatial relationship between national income and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.01 0.26 6.59 7.43 1.00 3984.00 2847.00

national income 2.72 0.52 1.88 3.57 1.00 3420.00 2829.00

Table B.14: Model of spatial relationship between forest and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.01 0.24 6.63 7.40 1.00 3736.00 3233.00

Forest -3.65 0.55 -4.51 -2.79 1.00 3985.00 3081.00

Table B.15: Model of spatial relationship between inaccessibility and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.01 0.27 6.60 7.44 1.00 4052.00 2665.00

inaccessibility -2.31 0.53 -3.16 -1.46 1.00 3267.00 2561.00

Table B.16: Model of spatial relationship between local human population size and log(tourist visits)

Estimate Est.Error l-89% CI u-89% CI Rhat Bulk_ESS Tail_ESS
Intercept 7.02 0.27 6.60 7.44 1.00 4148.00 3114.00

local human population -1.93 0.54 -2.80 -1.05 1.00 3926.00 2821.00
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Default Question Block

Institute for Resources, Environment & Sustainability 

2202 Main Mall 

Vancouver, BC Canada V6T 1ZT

A team of investigators at the University of British Columbia are conducting a survey about people’s preferences
based on different text and image-based descriptions. The survey will take 10-15 minutes.
 
Principal Investigator 
Dr. Patricia Schulte
University of British Columbia
6270 University Blvd
Vancouver BC, Canada
 
Sponsor 
This research project was made possible by a grant from Genome Canada, Genome BC, and the Freshwater
Fisheries Society of BC.

Purpose
This study aims to better understand the views and opinions of British Columbians associated with conservation and
fish habitat restoration practices. 
 
Study Procedures:
If you consent, you will be directed to a survey and you will make choices based on your personal views associated
with fishing and fish habitat. We will also ask a few demographic and attitude-related questions.
 
Potential Risks
To minimize and avoid psychological stress, the confidentiality of the information that you share is guaranteed and
you are free to stop participating in this survey at any point. We do not ask for information that reveals your
identity.
 
Potential Benefits
Information from your participation in this study may inform management and restoration of fish habitat. You may
find the survey educational. If you are interested in receiving a digital copy of the output of this research, please
email Paige Olmsted at paige.olmsted@alumni.ubc.ca.

Confidentiality
The survey does not ask for personally identifying information, however IP addresses and associated online data
may be collected by Research Now, as is their practice for anyone registered to the site. Their privacy policy can
be found here:  https://www.researchnow.com/privacy-policy/?lang=gb.
 
Contact for information about the study
If you have questions or want to know more information about this study, please email Paige Olmsted at
paige.olmsted@alumni.ubc.ca or Kai Chan at kaichan@ires.ubc.ca
 
Contact for concerns about the rights of research subjects
 If you have any concerns or complaints about your rights as a research participant and/or your experiences while
participating in this study, contact the Research Participant Complaint Line in the UBC Office of Research Ethics at
604-822-8598 or if long distance e-mail RSIL@ors.ubc.ca or call toll free 1-877-822-8598 
 
Consent 
I understand the elements of this study. My participation in this study is entirely voluntary and I may refuse to
participate in any or all parts of this study, or withdraw from the study at any time. Clicking the box beside “I
consent to participate in this study” indicates your consent in choosing to take this survey.



block 1

Thank you for participating in this survey. On each page please answer the questions by clicking the appropriate
button and click next to proceed to next page. The survey should take 10-15 minutes to complete.  

Do you live in British Columbia?

Thank you for your interest in the survey, we are seeking only people who live or have lived in BC for a significant
period of time. 

Would you consider the area where you live (or lived) in BC: 

In BC, do you/did you live on land that: 

From your home in BC, how far away is the nearest freshwater lake or stream/creek/river? 

Do you take part in any of the following activities?

I consent to participate in this study.

Yes

No

Not anymore, but lived there for 3+ years and feel confident in my ability to answer questions about
BC.

Urban

Rural

Suburban

    
Yes No

Is an active farm/ranch   

Has cattle   

Touches creeks, rivers or
lakes   

Is near logging
operations (within 10km)   

Is near mining operations
(within 10km)   

0 - 0.5 km

0.5 km - 1 km

1 - 10 km

more than 10 km

    
Never 1-10 times in last year Once a month or more

Angling   

Hiking   

Kayaking/canoeing/rafting/sailing   



Have you ever owned fish as pets? 

Rainbow trout in British Columbia

Rainbow trout in British Columbia

Rainbow trout are native to British Columbia, and the most common recreational fish in the province.  There are
both wild populations and populations that are stocked for recreational fishing. The following questions are
associated with rainbow trout in British Columbia.

What effect do you think the following have on rainbow trout populations at the scale of British Columbia?

Stocked rainbow trout in BC

    
Never 1-10 times in last year Once a month or more

Hunting   

Birdwatching   

Stream Clean-ups   

Recreational power boating   

Other outdoor recreational
activity   

Yes

No

    
None Minor Moderate Major Severe

Commercial fishng   

First Nations fishing   

Recreational fishing   

Water pollution   

Habitat alterations   

Commercial fish farming
(aquaculture)   

Fish diseases   

Poor stock management   

Poaching   

Predation   

Logging   

Mining   

Climate Change   

Agriculture   

Other 
  



Rainbow trout are native to British Columbia, however, many lakes in BC are stocked with captive-reared trout.
This provides fish for recreational anglers to catch.

Please indicate your level of agreement or disagreement with the following statement: 

I am concerned that WILD rainbow trout populations are currently at risk of decline

Regarding rainbow trout in BC, do you think that: 

Often, people have different views about the ethics of recreational fishing. Overall, which of the
following best describes your ethical view on recreational fishing? 

People have different views about stocking. Overall, which of the following best describes your view
of fish stocking? 

Stocking is where fish are reared in captivity and then released into lakes for recreational fishing.

Block 3

Environmental Stewardship

The following questions are related to environmental stewardship in general, not necessarily associated with
recreational fishing and trout. 

Strongly agree Somewhat agree
Neither agree nor

disagree Somewhat disagree Strongly disagree

    
Definitely Not sure Definitely not

Most rainbow trout in BC
are wild   

Most rainbow trout in BC
are stocked (reared in
captivity)

  

Most stocked rainbow
trout in BC are sterile   

Wild rainbow trout in BC
have adapted to local
waterways in which they
live

  

Unique populations of
trout deserve special
consideration

  

Wild and stocked trout
are often found in the
same waterways

  

I am ethically in favor of recreational fishing

I am ethically opposed

Recreational fishing is not an ethical issue

No opinion

I am opposed, on principle, to stocking

I am not opposed, on principle, to stocking

No opinion



Which, if any, of the following activities do you engage in? 

Which of the following factors limit your engagement with the activities above? Select all that apply. 

Other reasons/additional comments: 

CE example

Choice Experiment
 
In this section you will look at 8 different scenarios that present a choice between contributing to two
environmental restoration program in British Columbia. 
 
Please assume that the two options presented in each scenario are the only options from which you may choose,
given your current lifestyle (i.e. income, tastes, interests, etc.). Please consider carefully the  features described
for each pair and then indicate which one (if any) you would support.  

The amounts refer to an annual contribution. 

    
Never Rarely Often Always

Vote based on a
candidate's positions on
conservation

  

Donate money to
conservation groups   

Manage my land to
benefit wildlife   

Volunteer for
conservation/restoration   

Buy products that have
smaller environmental
impacts

  

Recycle   

Compost   

Avoid buying products I
don't really need   

    
Major reason minor reason not a reason

Not enough time   

I don't identify with
environmental
campaigns/issues

  

Other concerns take
priority (e.g.,education,
health)

  

Financial constraints   

I'm unsure how to best
engage in the activities
above

  



Example
 
Suppose after examining the description of the following two programs you decide the details of the program you
prefer is the second one. You would indicate this choice by ticking the radio button associated with program 2. 
 
 

 
 
 

Choice Exp intro A

BC citizens influence natural habitat throughout the province both directly and indirectly – when we buy
things, land is converted for suburban expansion, agriculture, or industry, water ways are often
adversely affected. When we harm waterways, we harm the wild fish that flourish in them and our
neighbors that rely on them for recreation and sustenance. 

Many of these wild fish are declining, and if we don’t do something, they may be lost forever and future
generations may never know them. With the motto Beautiful British Columbia, the natural environment
is a key component to BC’s identity and a point of pride and interest for much of the population.
 
 
The following questions relate to a project where woody debris are added to streams to increase wild
rainbow trout fish habitat (more rivers restored = more plentiful trout).   You will be presented with 8
pairs of restoration options that have a range of features and asked to choose which, if any, of each
pair you would prefer to support.

Choice Exp intro B

Officially, wild trout habitat restoration is the domain of the BC provincial government, although there
are a number of active groups who engage in restoration action. Recreational fishing plays a
substantial role in the economy of many regions of BC. Furthermore, improving environmental
conditions can benefit more than a target species, including recreational opportunities, reducing
erosion and improving water quality. 

The following questions relate to a project where woody debris is added to streams to increase wild
rainbow trout fish habitat (more rivers restored = more plentiful trout). You will be presented with 8 pairs
of restoration options that have a range of features. In each case, you will be asked to choose which, if
any, of each pair you would prefer to support.

CE Block A

Which one of the following, if any, would you like to support? 



Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

Program 1

Program 2

I would prefer not to support either option

Program 1

I would prefer not to support either option

Program 2

Program 2

Program 1

I would prefer not to support either option

Program 2

Program 1

I would prefer not to support either option

Program 1

Program 2

I would prefer not to support either option

Program 1

I would prefer not to support either option



Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

CE block B

Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

 

Program 2

Program 1

I would prefer not to support either option

Program 2

Program 1

I would prefer not to support either option

Program 2

Program 2

Program 1

I would prefer not to support either option

Program 1

Program 2

I would prefer not to support either option

Program 2



Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

Which one of the following, if any, would you like to support? 

Program 1

I would prefer not to support either option

Program 1

Program 2

I would prefer not to support either option

Program 1

Program 2

I would prefer not to support either option

Program 2

Program 1

I would prefer not to support either option

Program 2

Program 1

I would prefer not to support either option

Program 2

Program 1

I would prefer not to support either option



Block 5

Alternatives to restoration donation  

A financial contribution for conservation or restoration in the example above is one way to address threats to
wildlife habitat, however there are other strategies to address concerns. Instead of/in addition to a monetary
contribution to restoration, would you prefer to: 

Effectiveness of actions

How would you rate these options in terms of effectiveness in resulting in positive change for trout? 

Values

Values
 
The following questions are regarding your personal opinions, not necessarily associated with trout. 
 

Please indicate the degree to which you agree with the following statements:

Volunteer time for conservation group

Take political action to promote spending for protection -- write to /call a politician

Take political action to promote spending for protection -- attend a public meeting

Take political action to promote stricter fishing regulations

Still donate money, but directly to conservation group for habitat restoration

Still donate money, but toward genetic research to produce stocked fish that are better adapted

None of the above

Other (please describe)

    
Most effective Somewhat effective Not effective

Volunteering   

Letters/calls to political
representatives   

Attend public meeting   

Contribute to
conservation campaign   

Donate directly to
habitat restoration   

Donate to genetic
research   

Education about
economic importance of
trout

  

Education about impact
reduction   

Education about genetic
uniqueness   

Stricter fishing
regulations   



Please indicate the degree to which you agree with the following statements:

Please indicate the degree to which you agree with the following statements:

    

Strongly
agree

Somewhat
agree

Neither
agree nor
disagree

Somewhat
disagree

Strongly
disagree

    

Strongly
agree

Somewhat
agree

Neither
agree nor
disagree

Somewhat
disagree

Strongly
disagree

How we manage the land -- both for
plants and animals and for future
people -- reflects my sense of
responsibility to the land and
stewardship of it

  

There are landscapes that say
something about who we are as a
community, a people

  

My concern with protecting a wild
place/animal is proportional to the
chance that I will get to see and
experience that place/aniimal in my
lifetime.

  

My identity primarily revolves around
other people and the things we
produce, rather than the natural world

  

Plants and animals, as part of the
interdependent web of life are like kin
or family to me, so how we treat them
matters

  

Humans have a responsibility to account
for our own impacts to the environment
because they can harm other people

  

    

Strongly
agree

Somewhat
agree

Neither agree
nor disagree

Somewhat
disagree

Strongly
disagree

Price and quality are
much more important to
me than a product's
environmental impact

  

Using resources--energy,
water, etc.-- efficiently
is part of what defines
me

  

I pride myself in using
only what I need, and
not wasting

  

I feel good about buying
things, because I know
it's what sustains our
economy

  

    

Strongly
agree

Somewhat
agree

Neither
agree nor
disagree

Somewhat
disagree

Strongly
disagree

Humans are severely abusing
the environment.   

The balance of nature is
strong enough to cope with
the impacts of modern
industrial nations

  

The so-called “ecological
crisis” facing human kind has
been greatly exaggerated

  



If you were part of habitat restoration for trout in a nearby stream, which is the closest explanation for why you would take
part? 

Is there anything else you'd like to add about your values? 

Demographic information

Demographic Information

What is your age? 

 What is your gender?

What is the highest level of education you have completed? 

    

Strongly
agree

Somewhat
agree

Neither
agree nor
disagree

Somewhat
disagree

Strongly
disagree

The earth is like a spaceship
with very limited room and
resources

  

If things continue on their
present course, we will soon
experience a major
ecological catastrophe

  

I share something in common with these fish (e.g., we live in the same region, we're both animals),
and so I must do what I can to help them

These fish are at the mercy of our treatment of them and their habitat, so I must be a responsible
caretaker/steward of their habitat

These fish all deserve to live in as nice an environment as I do, so if their habitat is worse, I must
help restore it

I've benefited from them (e.g., through angling, watching them, eating them), so I'm in their debt
and must give them a proportional amount of help to their habitat in return

Other (please describe)

Male

Female

Not listed

Prefer not to answer

Elementary school

Some high school

Some college or vocational school

College or vocational degree

Some university

University undergraduate degree

University postgraduate degree



What is your annual household income? 

For what political parties have you voted for in the last 10 years? Click all that apply. 

Using the map above, which part of BC do you/did you call home? If you have lived in multiple parts of the
province, use your current location.
 

What is your postal code?  (Optional)

Under $25,000

$25,000 -- $49,999

$50,000 -- 74,999

$75,000 -- 99,999

$100,000 -- $124,999

$125,000+

Prefer not to say

BC Liberals

NDP

Green Party

Provincial Conservative Party

Federal Liberals

Federal Conservative party

Other, please specify...

1. Vancouver Island

2. Lower Mainland

3. Southern Interior

4. Kootenay

5. Caribou

6. Skeena

7. Peace



Powered by Qualtrics

Two ways of addressing climate concerns for trout include 1) genetic research to understand how to produce trout
that are able to adapt to new conditions, or 2) restoring stream habitat to improve physical conditions for
survival. 

If you were going to support one or the other, would you prefer to support:

If you are interested in directly supporting an organization that is restoring streams, select "yes" and a link to more
information will appear. 

If you are interested in supporting genetic research select  "yes" and a link will appear at the end of the survey. 

Click below to open a new window to learn more about supporting restoration efforts in BC. 

http://www.pskf.ca/index.html
 

Click below to open a new window to learn more about supporting genetic research to support fish populations. 
 
https://support.ubc.ca/projects/salmon-facility-for-environmental-genetic-and-aquatic-research-and-
development/

Is there anything else you'd like to add or comment regarding the survey or its themes or contents?  Please
comment below.

Thank you for your participation! 

Genetic research

Restoring stream habitat

Yes

No

Yes

No



C.2 Model selection

C.2.1 Introduction to choice models

MNL

Multinomial logit models (MNL) assume that preferences are homogeneous for observed attributes and that

the error term is made up of i.i.d. extreme values. This error follows a Gumbel distribution (or a Generalized

Extreme Value distribution Type-I) (Train, 2003). This distribution implies that unobserved factors have the

same variance for all alternatives, and are not correlated across alternatives (Train, 2003). The utility, U, for

participant 𝑖 for alternative 𝑗 with attributes 𝑥 in choice scenario 𝑠 is:

𝑈𝑖 𝑗𝑠 = 𝛽 ∗ 𝑥𝑖 𝑗𝑠 + 𝜖𝑖 𝑗𝑠, (C.1)

where 𝜖𝑖 𝑗𝑠 represents i.i.d. idiosyncratic error. Because observed preferences are homogeneous, we see the

Independence of Irrelevant Alternatives principle (IIA):

𝑃( 𝑗 |𝑋𝑖𝑠)/𝑃(𝑘 |𝑋𝑖𝑠) = 𝑒(𝛽𝑖 𝑗𝑠−𝛽𝑖𝑘𝑠) (C.2)

That is, the ratio of probabilities of choosing alternative 𝑗 versus alternative 𝑘 only depends on alternatives

𝑗 and 𝑘 . This may be a reasonable assumption in some cases, but not when choices are dissimilar (Lancsar

et al., 2017).

MXML

The Mixed Multinomial Legit (MXML—also called MIXL) overcomes this IIA constraint. In this model,

the utility function is:

𝑈𝑖 𝑗𝑠 = (𝛽 + [𝑖)𝑥𝑖 𝑗𝑠 + 𝜖𝑖 𝑗𝑠 (C.3)
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Instead of having homogeneous preferences for observed attributes (e.g., each participant sharing the same

preferences for genetic uniqueness), this model allows individual preferences, [𝑖 to vary around the mean

preference, 𝛽. [𝑖 usually takes the form of a multivariate normal, MVN(0,Σ). These models are known as

normal-mixing multinomial models (Keane & Wasi, 2013). Modelers in other fields may recognize these

as random effects or mixed-effects models. However, sometimes the distribution is constrained by a priori

theories about the shape of the distribution. These models are known as theory-constrained multinomial

logit models (T-MIXL) (Keane & Wasi, 2013). For example, When 𝑥𝑖 𝑗𝑠 is a cost attribute, [𝑖 usually takes

a log-normal form to ensure that cost is always negative. For our data, T-MIXL models for cost yielded

inferior fit than normal-mixing MXML models, so we used the latter. Σ can be constrained to be a diagonal

matrix to ensure that preferences for each attribute are independent, or the constraint can be removed if the

preferences are correlated. We investigated both specifications. Multivariate normal can be expressed in

terms of eigenvectors and eigenvalues, where the eigenvectors express the curvature of the distribution away

from the coordinate axes (the degree of covariance) and the eigenvalues describing the relative variance.

Choice probabilities in MXML are complicated by the addition of random error, but are still estimated

relatively simply:

𝑝( 𝑗 |𝑋𝑖𝑠) =
1
𝐷

𝐷∑︁
𝑑=1

𝑒(𝛽+[𝑑)𝑥𝑖 𝑗𝑠∑𝐽
𝑘=1 𝑒

(𝛽+[𝑑)𝑥𝑖𝑘𝑠
. (C.4)

S-MNL

While MXML models have gained popularity, some have cautioned that they may not capture key individual

heterogeneity (Louviere et al., 2008). The scale-heterogeneity model offers another element of heterogeneity

not contained in either MXML or MNL models. To understand this heterogeneity, first we reparametrize

the error term in the MNL model. Rather than implicitly normalizing 𝜖 to one, we make the normalization

explicit:

𝑈𝑖 𝑗𝑠 = 𝛽 ∗ 𝑥𝑖 𝑗𝑠 +
𝜖𝑖 𝑗𝑠

𝜎
, where 𝜎 = 1 (C.5)
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That is, each participant 𝑖 has the same scale of variation due to unobserved attributes. However, this

assumption may not always be met. The S-MNL model is created by relaxing this scale homogeneity

constraint. In the S-MNL, the utility is expressed as:

𝑈𝑖 𝑗𝑠 = 𝛽 ∗ 𝑥𝑖 𝑗𝑠 +
𝜖𝑖 𝑗𝑠

𝜎𝑖
= (𝛽𝜎𝑖)𝑥𝑖 𝑗𝑠 + 𝜖𝑖 𝑗𝑠 (C.6)

This specification allows the scale of the utility weight to vary across individuals. While the [ in the

MXML model allowed utility to vary across individuals, the S-MNL model’s 𝜎 enables a different sort of

heterogeneity—one that is proportional to the utility weights instead of merely additive. The 𝜎 specification

is also more parsimonious than [—it requires fewer parameters to estimate (Fiebig et al., 2010).

G-MNL

However, rather than a priori guessing which heterogeneity specification is more appropriate, Fiebig et

al. (2010) recommended using both in a nested fashion. They named this more general specification the

Generalized Multinomial Logit Model (G-MNL). Utility in the G-MNL model can be expressed as:

𝑈𝑖 𝑗𝑠 = [𝜎𝑖𝛽 + 𝛾[𝑖 + (1 − 𝛾)𝜎𝑖[𝑖]𝑥𝑖 𝑗𝑠 + 𝜖𝑖 𝑗𝑠, where 𝛾 ∈ [0, 1]. (C.7)

This nests the MXML model, the S-MNL model, and two possible S-MNL/MXML combination models,

G-MNL-I and G-MNL-II. The MXML model can be expressed by setting 𝜎𝑖 = 𝜎 = 1. Similarly, the S-MNL

model can be expressed by setting the covariance matrix of [ = 0.

The S-MNL and MXML models can be combined into a single model in two different ways. Either the

scale parameter, 𝜎 only applies to 𝛽, yielding the G-MNL-I model:

𝑈𝑖 𝑗𝑠 = (𝜎𝑖𝛽 + [𝑖)𝑥𝑖 𝑗𝑠 + 𝜖𝑖 𝑗𝑠 (C.8)
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Or, the scale parameter can also apply to the individual heterogeneity, [, yielding the G-MNL-II model:

𝑈𝑖 𝑗𝑠 = 𝜎𝑖(𝛽 + [𝑖)𝑥𝑖 𝑗𝑠 + 𝜖𝑖 𝑗𝑠 (C.9)

The 𝛾 in the G-MNL model specifies the degree to which the variability of [ is correlated with the

variability of 𝛽. When 𝛾 = 1, G-MNL-I is specified. When 𝛾 = 0, G-MNL-II is specified. However, while

Fiebig et al. (2010) restricted 𝛾 to [0,1], Keane and Wasu (2003) suggest that 𝛾 could be <0 or > 1. Indeed,

the latter authors find better fit with an unconstrained 𝛾. Thus, we will not constrain the domain of 𝛾.

This combined model requires that 𝜎𝑖 is a positive real number, so we can express it as 𝜎𝑖 = 𝑒(𝜎+𝜏a𝑖),

where a ∼ 𝑁(0, 1). However, estimating 𝜏 requires that the range of 𝜏 be bounded to avoid numerical

problems from extreme values. Fiebig et al., truncated 𝜏 to [-2,2], while Greene and Hensher (2010) advised

using a more complex constraint, which we followed.

The G-MNL holistically adds many elements of heterogeneity, and thereby may create a more accurate

model when dealing with varied preferences.

LC

Finally, another set of models are suitable when individuals’ preferences are believed to fall two or more

groups, or ‘latent classes’ (Keane & Wasi, 2013; Boxall & Adamowicz, 2002). The latent class model (LC)

sorts people into discrete, homogeneous classes, where each class, 𝑐, has different sensitivities to attributes:

𝑈𝑖 𝑗𝑠 = 𝛽𝑖 ∗ 𝑥𝑖 𝑗𝑠 + 𝜖𝑖 𝑗𝑠, (C.10)

where,

𝛽𝑖 = 𝛽𝑐 with probability 𝑤𝑖𝑐 for 𝑐 = 1, . . . , 𝐶, and
∑︁
𝑐

𝑤𝑖𝑐 = 1 and 𝑤𝑖𝑐 > 0 ∀ 𝑐. (C.11)
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MX-MXML

While the LC model assumes that there are no sources of observed heterogeneity within a class (only between

classes), the mixed-mixed multinomial logit model (MX-MXML) uses a mixture of normals to model both

heterogeneity between classes and within classes (Keane & Wasi, 2013; Bujosa et al., 2010; Rossi et al.,

2005). Modifying from the equation above:

𝛽𝑖 ∼ 𝑀𝑉𝑁(𝛽𝑐 , ,Σ𝑐) with probability 𝑤𝑖𝑐 for 𝑐 = 1, . . . , 𝐶 (C.12)

Thus LC is nested within MX-MXML: if Σ𝑐 → 0 ∀ 𝑐, then the MX-MXML model becomes the LC model.

Alternative specific constants

For all models, alternative-specific constants (ASC) may be included when there is something about an

alternative that cannot be explained by the attributes (Klaiber & von Haefen, 2018). For example, when

alternatives are labeled or branded, the ASC can reflect this non-attribute feature. Because our choice

experiment provided an option to choose neither alternative (i.e., ‘opt-out,’ ‘neither.’ or ‘no choice’), we

included ASCs in all our models. For the S-MNL and G-MNL models, we did not scale the ASCs, since

Fiebig et al. (2010) shows that such scaling can lead to worse fits. To model the no-choice alternative, we

set attribute levels to the base of each attribute, i.e., trout were ‘genetically similar,’ cost was zero, meters

restored was zero, and proximity was ‘in BC’ (Veldwijk et al., 2014).

C.2.2 Model selection

The wealth of model specifications can be overwhelming. Selecting the best model requires deciding 1)

what formulation of individual heterogeneity to use: MNL, MXML, S-MNL, GMNL, LC, or MX-MXML

2) whether errors are correlated and 3) number of classes for the class models. Fiebig et al. (2010) used

simulated datasets and modeling to recommend the following criteria for model selection (see Table C.1):

Use BIC and/or CAIC to determine if these data contain scale heterogeneity (i.e., MXML vs. G-MNL or

S-MNL) and then use AIC to determine whether error correlations are important. The number of classes in

the class models can be determined using BIC (Keane & Wasi, 2013). Fiebig et al. (2010) found that the
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Table C.1: Metrics used in this paper for different types model selection, as recommended by Keane
and Wasi (2013) and Fiebig et al. (2010).

Model structure Metric
Scale heterogeneity? BIC
Error correlation? AIC
How many classes? BIC

Table C.2: Parameter estimates and AIC and BIC values for each model (without individual hetero-
geneity yet).

MNL MXML LC MX-MXML S-MNL GMNL

AIC 9162.91 7571.71 8171.56 7164.75 8331.90 7661.17
BIC 9202.17 7676.39 8256.61 7328.31 8377.69 7778.93
Log Likelihood −4575.46 −3769.85 −4072.78 −3557.37 −4158.95 −3812.58
∗∗∗ 𝑝 < 0.001; ∗∗ 𝑝 < 0.01; ∗ 𝑝 < 0.05

G-MNL model typically outperformed the MXML model. This is in part due to lexicographic preferences,

which the scale heterogeneity parameter is able to recreate. The G-MNL model is also able to model the

preferences of highly random people by imparting a large scale parameter or very small attribute weights.

Thus, we first created simple MNL, MXML, LC, MX-MXML,S-MNL and GMNL (the MXML and

GMNL models were fit with correlated errors), and estimated BIC and AIC for each model (see Table C.2)

Table C.2 shows goodness-of-fit statistics for all simple models (without individual heterogeneity yet).

The MXML and the MX-MXML models appear to be the best. The SMNL model yields little improvement

over the MNL model, and the GMNL model does not improve upon the MXML model (looking at AIC to

detect importance of scale heterogeneity, as suggested by Fiebig et al. (2010)). Thus MXML and MX-MXML

models were further refined. The others were discarded. We next added individual covariates to these two

models.

The MXML model with error correlation had a lower AIC (6537) than the MXML model with uncorrelated

errors (6554). Thus the correlated-error model is likely more appropriate (Fiebig et al., 2010). AICs also

indicated that the MX-MXML model with correlated errors was more appropriate than that with uncorrelated

errors (6103 versus 6152). Finally, we used BIC (Keane & Wasi, 2013) to determine the appropriate number

of classes for the MX-MXML model. We found that the MX-MXML model with 2 classes was superior
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(6533 versus 6740).

Choosing between MXML and MX-MXML models Thus the two best models are the MXML and the 2-class

MX-MXML model, both with correlated errors. Table C.3 shows the output of both models. While the

MX-MXML model has lower AIC and BIC values, the MXML model may be more useful for interpretation,

especially of the individual covariates. Table C.3 shows that the first class of the MX-MXML entails

significant preferences for the attributes, while the second class shows no preferences for any attributes,

making any relationships between the two classes uninformative. Thus the relationships between class and

individual covariates does not enable interpreation of the individual covariates, which is central to addressing

our hypotheses. For example, farmers are more likely to be in group two, but it’s not clear if this means that

farmers care more about trout type or less, since group two does not have a significant effect of trout type.

The MX-MXML model does not enable us to answer our research questions. The MXML model, on the

other hand, displays that farmers have higher preferences for trout type. Thus the MXML model, though it

has slightly higher AIC/BIC values, provides more useful insights. We consequently used the MXML model

with correlated errors for all further analyses and interpretation.

Table C.3: Comparing the two best models: 2-class MX-MXML and MXML, both with correlated
errors. Standard errors are in parentheses. For the MXML model, note the coefficients for the
effect of individual covariates on the attribute variables(e.g., cost.income). These coefficients are
expressed relative to the mean of the random parameter (e.g., cost), not 0. BIC and AIC values
suggest that the MX-MXML model is a better fit. However, the two groupings in the MX-MXML
model do not enable interpretation of the individual covariates (see text). Thus we chose the
MXML for further analysis.

MX-MXML (2 class, correlated) MXML (correlated)

class.1.cost −3.97 (0.42)∗∗∗

class.1.effectiveness 2.09 (0.31)∗∗∗

class.1.proximity −0.60 (0.22)∗∗

class.1.trout.type −0.21 (0.22)

class.1.asc2 0.25 (0.11)∗

class.1.asc3 −8.27 (0.94)∗∗∗

class.2.cost 0.54 (0.29)
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MX-MXML (2 class, correlated) MXML (correlated)

class.2.effectiveness 0.37 (0.25)

class.2.proximity −0.11 (0.23)

class.2.trout.type −0.39 (0.21)

class.2.asc2 0.15 (0.15)

class.2.asc3 −1.18 (0.39)∗∗

class.1.sd.cost.cost 3.15 (0.41)∗∗∗

class.1.sd.cost.effectiveness 0.04 (0.33)

class.1.sd.cost.proximity −0.02 (0.30)

class.1.sd.cost.trout.type 0.02 (0.26)

class.1.sd.cost.asc2 0.11 (0.14)

class.1.sd.cost.asc3 −1.18 (0.55)∗

class.1.sd.effectiveness.effectiveness 1.19 (0.30)∗∗∗

class.1.sd.effectiveness.proximity −1.43 (0.24)∗∗∗

class.1.sd.effectiveness.trout.type −0.83 (0.25)∗∗∗

class.1.sd.effectiveness.asc2 0.74 (0.15)∗∗∗

class.1.sd.effectiveness.asc3 −2.70 (0.46)∗∗∗

class.1.sd.proximity.proximity 0.16 (0.18)

class.1.sd.proximity.trout.type −1.85 (0.19)∗∗∗

class.1.sd.proximity.asc2 −0.43 (0.13)∗∗

class.1.sd.proximity.asc3 0.93 (0.33)∗∗

class.1.sd.trout.type.trout.type 0.77 (0.20)∗∗∗

class.1.sd.trout.type.asc2 −0.20 (0.15)

class.1.sd.trout.type.asc3 0.30 (0.33)

class.1.sd.asc2.asc2 0.28 (0.18)

class.1.sd.asc2.asc3 2.89 (0.36)∗∗∗

class.1.sd.asc3.asc3 1.42 (0.31)∗∗∗

class.2.sd.cost.cost 0.88 (0.36)∗

class.2.sd.cost.effectiveness −0.02 (0.34)
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MX-MXML (2 class, correlated) MXML (correlated)

class.2.sd.cost.proximity 0.81 (0.32)∗

class.2.sd.cost.trout.type −0.12 (0.27)

class.2.sd.cost.asc2 0.14 (0.21)

class.2.sd.cost.asc3 −1.27 (0.42)∗∗

class.2.sd.effectiveness.effectiveness 0.16 (0.32)

class.2.sd.effectiveness.proximity −0.73 (0.32)∗

class.2.sd.effectiveness.trout.type −0.48 (0.26)

class.2.sd.effectiveness.asc2 0.45 (0.23)∗

class.2.sd.effectiveness.asc3 −0.69 (0.34)∗

class.2.sd.proximity.proximity 0.48 (0.33)

class.2.sd.proximity.trout.type −0.73 (0.22)∗∗∗

class.2.sd.proximity.asc2 0.69 (0.22)∗∗

class.2.sd.proximity.asc3 −0.37 (0.38)

class.2.sd.trout.type.trout.type 0.01 (0.23)

class.2.sd.trout.type.asc2 0.14 (0.23)

class.2.sd.trout.type.asc3 −0.61 (0.35)

class.2.sd.asc2.asc2 −0.10 (0.20)

class.2.sd.asc2.asc3 0.80 (0.39)∗

class.2.sd.asc3.asc3 −0.33 (0.34)

(class)2 −1.31 (0.08)∗∗∗

‘farmer-‘:class2 −0.07 (0.17)

class2:‘water.prox-‘ 0.75 (0.11)∗∗∗

class2:angler 0.66 (0.11)∗∗∗

class2:hiker −0.60 (0.12)∗∗∗

class2:stream.steward 0.76 (0.13)∗∗∗

class2:‘trout.risk-‘ 0.19 (0.12)

class2:‘unique.special-‘ −0.75 (0.11)∗∗∗

class2:conservation.funder 1.02 (0.13)∗∗∗
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MX-MXML (2 class, correlated) MXML (correlated)

class2:‘donate.eff-‘ −0.40 (0.11)∗∗∗

class2:income 0.63 (0.11)∗∗∗

class2:rv.index −1.39 (0.13)∗∗∗

class2:rv.frame 0.11 (0.11)

2:(intercept) 0.08 (0.06)

3:(intercept) −2.73 (0.14)∗∗∗

cost −1.73 (0.16)∗∗∗

effectiveness 1.32 (0.17)∗∗∗

proximity −0.31 (0.12)∗∗

trout.type −0.07 (0.11)

proximity.‘farmer-‘ 0.12 (0.30)

proximity.‘water.prox-‘ −0.51 (0.19)∗∗

proximity.angler 0.47 (0.21)∗

proximity.hiker 0.53 (0.20)∗∗

proximity.stream.steward −0.13 (0.22)

proximity.‘trout.risk-‘ −0.16 (0.20)

proximity.‘unique.special-‘ 0.25 (0.20)

proximity.conservation.funder −0.37 (0.21)

proximity.‘donate.eff-‘ 0.10 (0.20)

proximity.income −0.00 (0.19)

proximity.rv.frame 0.05 (0.23)

proximity.rv.index −0.05 (0.19)

effectiveness.‘farmer-‘ −0.11 (0.38)

effectiveness.‘water.prox-‘ −0.76 (0.25)∗∗

effectiveness.angler 0.03 (0.28)

effectiveness.hiker 0.79 (0.29)∗∗

effectiveness.stream.steward −0.46 (0.33)

effectiveness.‘trout.risk-‘ −0.02 (0.26)
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MX-MXML (2 class, correlated) MXML (correlated)

effectiveness.‘unique.special-‘ 0.89 (0.28)∗∗

effectiveness.conservation.funder 0.16 (0.30)

effectiveness.‘donate.eff-‘ 0.46 (0.25)

effectiveness.income −0.48 (0.25)

effectiveness.rv.frame 0.62 (0.30)∗

effectiveness.rv.index −0.16 (0.25)

trout.type.‘farmer-‘ 0.68 (0.32)∗

trout.type.‘water.prox-‘ −0.58 (0.21)∗∗

trout.type.angler −0.23 (0.21)

trout.type.hiker 0.38 (0.22)

trout.type.stream.steward −0.36 (0.25)

trout.type.‘trout.risk-‘ −0.01 (0.21)

trout.type.‘unique.special-‘ 0.27 (0.24)

trout.type.conservation.funder 0.05 (0.23)

trout.type.‘donate.eff-‘ 0.04 (0.21)

trout.type.income −0.24 (0.19)

trout.type.rv.frame 0.57 (0.24)∗

trout.type.rv.index 0.11 (0.20)

cost.‘farmer-‘ 0.11 (0.47)

cost.‘water.prox-‘ 0.72 (0.30)∗

cost.angler 0.29 (0.31)

cost.hiker −0.23 (0.31)

cost.stream.steward 0.94 (0.34)∗∗

cost.‘trout.risk-‘ 0.68 (0.29)∗

cost.‘unique.special-‘ −0.84 (0.33)∗

cost.conservation.funder 1.31 (0.30)∗∗∗

cost.‘donate.eff-‘ −0.03 (0.30)

cost.income 0.33 (0.28)
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MX-MXML (2 class, correlated) MXML (correlated)

cost.rv.frame −0.09 (0.32)

cost.rv.index 0.22 (0.29)

sd.cost.cost 1.00 (0.20)∗∗∗

sd.cost.effectiveness 1.69 (0.17)∗∗∗

sd.cost.proximity 0.33 (0.13)∗

sd.cost.trout.type 0.34 (0.12)∗∗

sd.effectiveness.effectiveness −0.09 (0.27)

sd.effectiveness.proximity 0.61 (0.18)∗∗∗

sd.effectiveness.trout.type −0.05 (0.16)

sd.proximity.proximity 1.18 (0.14)∗∗∗

sd.proximity.trout.type 0.40 (0.12)∗∗∗

sd.trout.type.trout.type 1.59 (0.10)∗∗∗

AIC 6102.78 6537.06

BIC 6533.17 6948.18

Log Likelihood −2984.39 −3204.53

∗∗∗𝑝 < 0.001; ∗∗𝑝 < 0.01; ∗𝑝 < 0.05

Final model details: MXML model with correlated errors See Table C.4) for the output of the selected

model.

Table C.4: Summary of the MXML model with correlated errors. This model was used for interpreta-
tion. Standard errors are in parentheses.

Final selected model: MXML with correlated errors

2:(intercept) 0.08 (0.06)

3:(intercept) −2.73 (0.14)∗∗∗
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Final selected model: MXML with correlated errors

cost −1.73 (0.16)∗∗∗

effectiveness 1.32 (0.17)∗∗∗

proximity −0.31 (0.12)∗∗

trout.type −0.07 (0.11)

proximity.‘farmer-‘ 0.12 (0.30)

proximity.‘water.prox-‘ −0.51 (0.19)∗∗

proximity.angler 0.47 (0.21)∗

proximity.hiker 0.53 (0.20)∗∗

proximity.stream.steward −0.13 (0.22)

proximity.‘trout.risk-‘ −0.16 (0.20)

proximity.‘unique.special-‘ 0.25 (0.20)

proximity.conservation.funder −0.37 (0.21)

proximity.‘donate.eff-‘ 0.10 (0.20)

proximity.income −0.00 (0.19)

proximity.rv.frame 0.05 (0.23)

proximity.rv.index −0.05 (0.19)

effectiveness.‘farmer-‘ −0.11 (0.38)

effectiveness.‘water.prox-‘ −0.76 (0.25)∗∗

effectiveness.angler 0.03 (0.28)

effectiveness.hiker 0.79 (0.29)∗∗

effectiveness.stream.steward −0.46 (0.33)

effectiveness.‘trout.risk-‘ −0.02 (0.26)

effectiveness.‘unique.special-‘ 0.89 (0.28)∗∗

effectiveness.conservation.funder 0.16 (0.30)

effectiveness.‘donate.eff-‘ 0.46 (0.25)

effectiveness.income −0.48 (0.25)

effectiveness.rv.frame 0.62 (0.30)∗

effectiveness.rv.index −0.16 (0.25)
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Final selected model: MXML with correlated errors

trout.type.‘farmer-‘ 0.68 (0.32)∗

trout.type.‘water.prox-‘ −0.58 (0.21)∗∗

trout.type.angler −0.23 (0.21)

trout.type.hiker 0.38 (0.22)

trout.type.stream.steward −0.36 (0.25)

trout.type.‘trout.risk-‘ −0.01 (0.21)

trout.type.‘unique.special-‘ 0.27 (0.24)

trout.type.conservation.funder 0.05 (0.23)

trout.type.‘donate.eff-‘ 0.04 (0.21)

trout.type.income −0.24 (0.19)

trout.type.rv.frame 0.57 (0.24)∗

trout.type.rv.index 0.11 (0.20)

cost.‘farmer-‘ 0.11 (0.47)

cost.‘water.prox-‘ 0.72 (0.30)∗

cost.angler 0.29 (0.31)

cost.hiker −0.23 (0.31)

cost.stream.steward 0.94 (0.34)∗∗

cost.‘trout.risk-‘ 0.68 (0.29)∗

cost.‘unique.special-‘ −0.84 (0.33)∗

cost.conservation.funder 1.31 (0.30)∗∗∗

cost.‘donate.eff-‘ −0.03 (0.30)

cost.income 0.33 (0.28)

cost.rv.frame −0.09 (0.32)

cost.rv.index 0.22 (0.29)

sd.cost.cost 1.00 (0.20)∗∗∗

sd.cost.effectiveness 1.69 (0.17)∗∗∗

sd.cost.proximity 0.33 (0.13)∗

sd.cost.trout.type 0.34 (0.12)∗∗
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Final selected model: MXML with correlated errors

sd.effectiveness.effectiveness −0.09 (0.27)

sd.effectiveness.proximity 0.61 (0.18)∗∗∗

sd.effectiveness.trout.type −0.05 (0.16)

sd.proximity.proximity 1.18 (0.14)∗∗∗

sd.proximity.trout.type 0.40 (0.12)∗∗∗

sd.trout.type.trout.type 1.59 (0.10)∗∗∗

AIC 6537.06

BIC 6948.18

Log Likelihood −3204.53

∗∗∗𝑝 < 0.001; ∗∗𝑝 < 0.01; ∗𝑝 < 0.05

Note that the standard deviations displayed in the correlated MXML output (Table C.4) cannot be directly

interpreted. These numbers represent the lower triangular matrix of the Cholesky decomposition L where

LL> = 𝚺 (Sarrias & Daziano, 2017). The covariance matrix, 𝚺 is:

##

## Elements of the variance-covariance matrix

##

## Estimate Std. Error z-value Pr(>|z|)

## v.cost.cost 1.00962 0.39675 2.5448 0.010936 *

## v.cost.effectiveness 1.70177 0.30984 5.4923 3.967e-08 ***

## v.cost.proximity 0.32752 0.11264 2.9076 0.003642 **

## v.cost.trout.type 0.34123 0.11145 3.0617 0.002201 **

## v.effectiveness.effectiveness 2.87575 0.56778 5.0649 4.085e-07 ***

## v.effectiveness.proximity 0.50004 0.24339 2.0545 0.039929 *

## v.effectiveness.trout.type 0.57914 0.22772 2.5433 0.010982 *
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## v.proximity.proximity 1.86263 0.25247 7.3776 1.612e-13 ***

## v.proximity.trout.type 0.55296 0.18656 2.9640 0.003037 **

## v.trout.type.trout.type 2.79075 0.31296 8.9173 < 2.2e-16 ***

## ---

## Signif. codes: 0 ’***’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1

Wherev.cost.cost refers to the variance of the random cost parameter, andv.cost.effectiveness

refers to the covariance between the random cost and effectiveness parameters. We cal also see this as a

correlation matrix:

## cost effectiveness proximity trout.type

## cost 1.0000000 0.9987207 0.2388331 0.2032883

## effectiveness 0.9987207 1.0000000 0.2160568 0.2044318

## proximity 0.2388331 0.2160568 1.0000000 0.2425336

## trout.type 0.2032883 0.2044318 0.2425336 1.0000000

And finally, estimating the standard deviation, and associated standard errors (SE’s are estimated using

the delta method from the msm package (C. H. Jackson, 2011)) for the random parameters:

##

## Standard deviations of the random parameters

##

## Estimate Std. Error z-value Pr(>|z|)

## cost 1.004800 0.197426 5.0895 3.59e-07 ***

## effectiveness 1.695805 0.167406 10.1299 < 2.2e-16 ***

## proximity 1.364783 0.092495 14.7551 < 2.2e-16 ***

## trout.type 1.670555 0.093669 17.8347 < 2.2e-16 ***

## ---

## Signif. codes: 0 ’***’ 0.001 ’**’ 0.01 ’*’ 0.05 ’.’ 0.1 ’ ’ 1
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C.3 Willingness to pay

Table C.5 shows the full suite of willingness to pay estimates for the correlated MXML model.

Table C.5: WTP for the MXML model with correlated errors. See Table C.4 for p-values.

Estimate Std. Error
effectiveness 0.08 0.01
proximity -6.50 2.86
trout.type -4.02 2.57
proximity.‘farmer-‘ 4.20 6.43
proximity.‘water.prox-‘ -11.18 4.30
proximity.angler 8.30 4.67
proximity.hiker 11.24 4.33
proximity.stream.steward -7.89 4.62
proximity.‘trout.risk-‘ 1.46 4.18
proximity.‘unique.special-‘ 5.89 4.39
proximity.conservation.funder -4.04 4.57
proximity.‘donate.eff-‘ 3.80 4.22
proximity.income 1.41 4.23
proximity.rv.frame 0.05 4.89
proximity.rv.index -3.29 4.07
effectiveness.‘farmer-‘ 0.01 0.02
effectiveness.‘water.prox-‘ -0.04 0.02
effectiveness.angler 0.01 0.02
effectiveness.hiker 0.05 0.02
effectiveness.stream.steward -0.04 0.02
effectiveness.‘trout.risk-‘ 0.01 0.02
effectiveness.‘unique.special-‘ 0.05 0.02
effectiveness.conservation.funder 0.00 0.02
effectiveness.‘donate.eff-‘ 0.03 0.02
effectiveness.income -0.02 0.02
effectiveness.rv.frame 0.03 0.02
effectiveness.rv.index -0.01 0.02
trout.type.‘farmer-‘ 17.97 6.74
trout.type.‘water.prox-‘ -12.99 4.46
trout.type.angler -3.21 4.86
trout.type.hiker 8.01 4.42
trout.type.stream.steward -8.97 4.83
trout.type.‘trout.risk-‘ 2.77 4.39
trout.type.‘unique.special-‘ 6.27 4.67
trout.type.conservation.funder 6.93 4.92
trout.type.‘donate.eff-‘ -2.05 4.51
trout.type.income -2.71 4.32
trout.type.rv.frame 16.20 5.15
trout.type.rv.index 0.71 4.19
cost.‘farmer-‘ -0.06 0.26
cost.‘water.prox-‘ 0.34 0.18
cost.angler 0.05 0.18
cost.hiker -0.09 0.17
cost.stream.steward 0.56 0.19
cost.‘trout.risk-‘ 0.34 0.17
cost.‘unique.special-‘ -0.54 0.19
cost.conservation.funder 0.61 0.19
cost.‘donate.eff-‘ 0.03 0.18
cost.income 0.22 0.16
cost.rv.frame -0.10 0.18
cost.rv.index 0.11 0.16
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Appendix D

Supplementary information for: Why
people do what they do: An
interdisciplinary synthesis of human action
theories

D.1 Additional figures
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Multilevel socio−technical transitions

Cycle of credibility

Cultural evolution
Intentional norm change
Shared decision−making

Transition management
Domestic practice

Identity and agency in cultural worlds
Minority influence

Intersectional Indian ecofeminism
Place/space indigenous identity

Self−affirmation theory

Attachment theory

Extended parallel process model
Social−defense theory

Social cognitive theory and self−efficacy
Social norms

Foot in the door
Conformity theory

Stage model of fear communication
Social intuitionist model

Hedonic principle

Self−determination theory
Cultural cognition

Motivation−−hygiene theory

Cognitive dissonance

Norm activation model
Regulatory focus theory

Environmental leaders
Collective action theory in organizations

Socioecological systems framework
Bureaucratic discretion & constraint

Environmental stewardship

Five factor model of personality

Reasonable person model

Five principles of the whole person

Attitude, behavior, context
Model of ecological behavior

Health action process approach
Cognitive hierarchy of human behavior

Guilt aversion
Affect infusion model

Action and coping planning
Transtheoretical model of behavior change

Risk perception attitude framework
Motivation crowding−−norms

Environmental behavior model
Causal model theory

Prospect theory

Attitude−−behavior correlations
Relationship marketing

Rational appeal
Theory of planned behavior

Health belief model
Value−belief−norm theory
Effort reduction framework

Systematic/heuristic processing
Ecological rationality

Elaboration likelihood model
Sense of should

Compassion fade
Nudge theory

Habit−−intention interactions
Strength model of self−control

Efficient complexity manager
Dopamine and addiction

Thinking fast/slow
Resource−rational analysis

Deliberative democracy

Narrative theory
Collective action frames

Diffusion model

Diffusion of innovations

Exploitation/exploration
Indigenous collaborations

Motivation crowding−−game theory

Rational choice theory

Deterrence theory

Anthroparchy
Governing  the  Commons

Liberation ecology
Anthropocentrism

Social ecology
Eco−Socialism

Environmentalism of the poor

Figure D.1: Our classification theories according to the metatheory underlying each. The relative
thickness of each interaction bar represents approximately how much attention each theory has
received (as measured by the fourth root of the number of citations received by the foundational
publication). The relative heights of each metatheory represent the relative proportions of each
within our sample.
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Figure D.2: The frequency of synthetic cognitive and psychological needs in our sample of human
action theories.
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econ. needs

independent self

cog. needs

independent structure

top−down

psych. needs

interdependent

communal needs

pro−environmental behavior
volitional health behavior

unconscious decision−making
volitional and nonvolitional behavior

pro−social behavior

health behavior

volitional behavior

decision−making

behavior

relationship

pro−environmental action

motivation and wellbeing

pro−environmental management

action

compliance

response to threat
behavior and wellbeing

environmental action

practice

environmental and social action

social action
management

transition

best management

social movement recruitment
cooperation

Figure D.3: Each metatheory focuses on a different set of outcomes. The relative heights of each
metatheory and outcome represent the relative proportions of each within our sample.
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intervention

description

communal needs

top−down
econ. needs

psych. needs

independent structure

interdependent

independent self

cog. needs

Figure D.4: A majority of studies focused on understanding human action change, while a minority
focused on describing/explaining human action. The relative heights of each metatheory and
action type represent the relative proportions of each within our sample.
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independent self

psych. needs
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econ. needs

independent structure

communal needs

interdependent

top−down

individual

relationship

individual to institution

individual to collective

relationship to collective

institution

collective

practice

society

Figure D.5: Each metatheory (right side) targets a different unit of action (left side). For example,
the Independent Self metatheory primarily seeks to explain the action of individuals, while
the Economic Needs metatheory primarily seeks to explain individual actions that aggregate to
collective action. The relative heights of each metatheory and actor type represent the relative
proportions of each within our sample.
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