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A B S T R A C T

There is growing recognition that interdisciplinary approaches that account for both ecological and social
processes are necessary to successfully address human-wildlife interactions. However, such approaches are
hindered by challenges in aligning data types, communicating across disciplines, and applying social science
information to conservation actions. To meet these challenges, we propose a conceptual model that adopts a
social-ecological systems approach and integrates social and ecological theory to identify the multiple, nested
levels of influence on both human and animal behavior. By accounting for a diverse array of influences and
feedback mechanisms between social and ecological systems, this model fulfills a need for approaches that treat
social and ecological processes with equal depth and facilitates a comprehensive understanding of the drivers of
human and animal behaviors that perpetuate human-wildlife interactions. We apply this conceptual model to
our work on human-black bear conflicts in Colorado, USA to demonstrate its utility. Using this example, we
identify key lessons and offer guidance to researchers and conservation practitioners for applying integrated
approaches to other human-wildlife systems.

1. Introduction

In his prescient work, Wilderness, Aldo Leopold (1949: 188) stated
that “One of the anomalies of modern ecology is the creation of two
groups, each of which seems barely aware of the existence of the other.
The one studies the human community, almost as if it were a separate
entity, and calls its findings sociology, economics and history. The other
studies the plant and animal community and comfortably relegates the
hodge-podge of politics to the liberal arts. The inevitable fusion of these
two lines of thought will, perhaps, constitute the outstanding advance
of this century.” This refrain has become common in the conservation
sciences since Leopold's plea (e.g., Mascia et al., 2003), yet researchers
and practitioners still struggle to work across disciplinary boundaries to
achieve conservation success. Although there is growing recognition
that approaches that integrate social and ecological knowledge should
lead to more effective and sustained conservation solutions, difficulties
in aligning data types, challenges of communicating across disciplines,

and misperceptions about the quality and utility of social science in-
formation continue to plague these efforts (Fox et al., 2006; Pooley
et al., 2014). Nonetheless, the potential for this integration remains a
critical advance for the next century of conservation (Tallis and
Lubchenco, 2014).

The need for social-ecological integration is readily apparent in the
management of human-wildlife interactions (HWIs), defined as the
spatial and temporal juxtaposition of human and wildlife activities
where humans, wildlife, or both are affected (Leong, 2010; Peterson
et al., 2010). Although HWIs are the direct result of human and/or
animal behavior, numerous social and ecological factors contribute to
the conditions shaping those behaviors, defying single-discipline ex-
planations of causal mechanisms (Dickman, 2010). Understanding the
complexity of drivers of HWIs is critical, as the value people place on
these interactions ultimately provides the foundation for wildlife con-
servation and management, whether people want to see interactions
enhanced (e.g., increased hunting opportunity, recovery of endangered
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species) or reduced (e.g., property damage; Riley et al., 2003).
Whereas a number of recent papers have called for integrated ap-

proaches to understanding HWIs, particularly in the context of human-
wildlife conflict (e.g., Dickman, 2010; Redpath et al., 2013), progress in
this area will be facilitated by a comprehensive framework to guide
investigations of the diverse array of social and ecological drivers of
HWIs. In response to this need, we propose a conceptual model of HWIs
that adopts a social-ecological systems (SES) approach. SESs are sys-
tems of biophysical and social factors that interact at multiple spatial,
temporal, and organizational scales and whose flow is regulated in
dynamic and complex ways (Redman et al., 2004). Our model in-
tegrates theory from the social and ecological sciences, building upon
recent advances applying a systems approach to understand the human
dimensions of conservation (e.g., Manfredo et al., 2016). We add to
existing frameworks aimed at addressing SES questions (Binder et al.,
2013), including previous applications of SES concepts to HWIs (e.g.,
Morzillo et al., 2014; Carter et al., 2014), by treating social and eco-
logical systems in equal depth, acknowledging the bidirectional influ-
ence of social and ecological processes, and considering both in-
dividual-level and broad, external influences on human and animal
behavior. In doing so, we provide a heuristic framework to assist re-
searchers and practitioners in understanding the relationship between
social and ecological drivers of HWIs and foster interdisciplinary ap-
proaches to addressing them. We apply the model to our work on
human-black bear (Ursus americanus) conflicts to illustrate the benefits
of our approach and conclude with a set of lessons learned, offering
guidance for applying integrated approaches to other human-wildlife
systems.

2. SES model of human-wildlife interactions

In the simplest form, HWIs can be conceptualized as the result of
two distinct, but interacting systems: social and ecological (Fig. 1a).
Although human and animal behaviors are the proximate drivers of
HWIs, the context shaping those behaviors is defined by multiple,
nested levels of external social and ecological influences (Fig. 1b) and
attributes of individual humans and animals (Fig. 1c). When viewed
through a single disciplinary lens, these systems may appear to operate
independently; however, the ecological and social systems often
overlap spatially, and feedbacks among social and ecological drivers
(represented by curved arrows in Fig. 1b) are critical determinants of
HWIs.

Within the ecological system, wildlife activities are influenced by a
suite of internal and external factors occurring across hierarchical levels
(Fig. 1b; see Table 1 for definitions of italicized terms). These levels of
decreasing organizational complexity – ranging from ecosystems to
individuals (Krebs, 2001) – provide the framework within which
wildlife activities occur and the context for HWIs. At the broadest level
of external influence, ecosystems define interactions between organisms
and their abiotic and biotic environment, and prescribe the nature,
direction, and distribution of the flow of energy and nutrients. At the
next level, ecological communities determine interactions among species
through processes such as predation and competition, further con-
straining the distribution and behavior of individual animals. The last
tier of external influence occurs at the population level, where local
dynamics influence the abundance, density, survival, and reproduction
of individuals, which in turn, can strongly affect animal behavior. In
addition to these external influences, individual behavior is the con-
sequence of various individual attributes of animals (Fig. 1c). Attributes
such as demographic characteristics (e.g., age, sex), reproductive status,
physiological condition, social status, temperament, previous experience,
and genes can all shape animal behavior directly or indirectly (Davies
et al., 2012).

Mirroring the multilevel conceptualization of the ecological system,
human activities are affected by external and internal influences within
the social system (Manfredo et al., 2014, 2016; Fig. 1b, c; Table 1). At

the broadest level, patterns in society, such as language, culture, eco-
nomic development, and human migration, shape the context within
which people live and interact with the natural environment. Institutions
and governance structures, such as decision-making authority, policies,
and methods for public engagement, comprise the next level of external
influence and affect people's perceptions and expectations about deci-
sion-making processes, power, and resource allocation. At the finest
level of external influence, groups, such as community organizations
and other affiliations with which people identify, impose and reinforce
norms for acceptable behavior in relation to one's social and environ-
mental surroundings. Individual behavior is also driven by various in-
dividual attributes (Fig. 1c), ranging from general (values) to specific
(attitudes, personal norms) cognitive influences, as well as socio-demo-
graphic characteristics, emotions, previous experience, and genes. Al-
though traditional approaches to understanding conservation-related
behaviors have assumed that rational choice and cognitive influences
guide individual actions, recent advances call for greater attention to
non-cognitive (e.g., emotions) and broader-level (e.g., groups, institu-
tions) factors captured by our model (Manfredo et al., 2014, 2016).

By explicitly acknowledging the suite of external and internal fac-
tors operating within both the social and ecological systems, re-
searchers are better able to identify the relative roles of each in driving
HWIs, and importantly, account for spatial overlap and feedbacks
within and between the two interacting systems (Redman et al., 2004;
Manfredo et al., 2016). For example, ecosystem characteristics, such as
the location of rivers and streams, can affect animal distribution, as well
as patterns of human migration and residential development, which are
societal-level drivers. Institutional influences, such as decisions to re-
introduce a threatened species, can alter predator-prey dynamics within
ecological communities and affect human attitudes by impacting people's
wildlife-related experiences. In addition to these top-down and cross-
system effects, individual human and animal behaviors can scale up
through both social and ecological systems to affect processes occurring
at higher levels. For example, collective human actions can affect in-
stitutional response, as when voting behavior on state referenda limits
the methods that wildlife agencies can use to manage species. As illu-
strated in the case study below, our model can serve as a conceptual
map to facilitate conversations across disciplines about information
gaps, research questions, and management strategies that better ac-
count for the complex and dynamic nature of HWIs.

3. Case study: applying the conceptual model to understand
drivers of human-black bear conflicts

3.1. Background

Although interactions between humans and black bears can be po-
sitive, they often result in threats to human property and safety (e.g.,
bears breaking into vehicles), nuisances (e.g., spilled trash; Gore et al.,
2006a), and increased bear mortality (e.g., lethal removal; Treves and
Karanth, 2003). As human development has encroached on bear ha-
bitat, conflicts resulting from bears foraging for anthropogenic food
near human development (e.g., garbage and fruit trees; Lewis et al.,
2015) have increased (Hristienko and McDonald, 2007), becoming a
major management challenge for wildlife agencies. Although wildlife
agencies have invested significant resources in a variety of approaches
to reduce conflicts, such as translocation, education, and harvest, these
efforts have generally yielded limited success in reducing conflicts in
residential settings (Gore et al., 2006b; Treves et al., 2010; Baruch-
Mordo et al., 2011). Investigators recognize that both ecological and
social factors contribute to human-bear conflicts (Baruch-Mordo et al.,
2009), yet few studies have attempted to integrate both types of in-
formation to guide management.

As part of a large-scale study to better understand both the ecolo-
gical and social factors associated with increases in human-bear con-
flicts, several authors of this paper conducted an experiment in
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